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manipulation at the interaction region (IP) calledab
1. SuperB executive summar waist”. This new collider comprises of two colligin
P y beam rings, one at 4.2 GeV and one at 6.7 GeV, a

With this document we propose a new electron,ommon interaction region, a new injection system a
positron colliding beam accelerator to be builttaly to  ¢,| peam energies, and one of the two beams

study flavor physics in the B-meson system at @®n  |ongitudinally polarized at the IP. Most of the new

of 10 GeV in the center-of-mass. This facility &lled @ 5ccelerator techniques needed for this colliderehav
high luminosity B-factory with a project name pean achieved at other recently completed accetsrat
SupeB”. This project builds on a long history of jnciyding the new PETRA-3 light source at DESY in

successful e+e- colliders built around the worldg, aHamburg (Germany) and the upgraded@ME collider
illustrated in Figure 1.1. The key advances indbsign . 1ha |NEN laboratory at Frascati (ltaly), or i
of this accelerator come from recent successeseat tdesign studies of CLIC or the Internati(')nal Linear

DAFNE collider at INFN in Frascati, Italy, at PEPait Collider (ILC
SLAC in California, USA, and at KEKB at KEK in ollider (ILC).
Tsukuba Japan, and from new concepts in beam

,“SuperB ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ]
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Figure 1.1 Peak luminosity versus e+e- collideteenf-mass energy. Sugeis shown at the center of the plot at a
luminosity of 16%cn/s.

The project is to be designed and constructed by and Grenoble, in Russia BINP, in Poland Krakow
worldwide collaboration of accelerator and engieger University, and in the UK the Cockcroft Institute.
staff along with ties to industry. To save sigrafi¢ The construction time for this collider is a tot
construction costs, many components from the PEP-Hbout four years. The new tunnel can be bored autab
collider at SLAC will be recycled and used in thew a year. The new accelerator components can be built
accelerator. The interaction region will be des@ym@ and installed in about 4 years. The shipping of
collaboration with the particle physics detector tocomponents from PEP-II at SLAC to Italy will take
guarantee successful mutual use. about a year. A new linac and damping ring comfidex

The accelerator collaboration will consist of seder the injector for the rings can be built in abouteth
groups at present universities and national laboed.  years.
In Italy these may include INFN Frascati and the The commissioning of this new accelerator will take
University of Pisa, in the United States SLAC, LBNL about a year including the new electron and pasitro
BNL and several universities, in France IN2P3, LAPPsources, new linac, new damping ring, new beam

transport lines, two new collider rings and the

SUPERB COLLIDER PROGRESSREPORT



Interaction Region. The new particle physics detect plug power comparable to those in the current B
can be commissioned simultaneously with theFactories.
accelerator. Once beam collisions start for paticl The parameters for a Flavour Factory based on an
physics, the luminosity will increase with timekdly = asymmetric energy ‘e collider operating at a
reaching full design specifications after about ttwo luminosity of order 1% cm?®s* at theY(4S) resonance
three years of operation. and 16° cm®s* att production threshold are described
After construction, the operation of the collidedllw below. Such a collider could produce an integrated
be the responsibility of the Italian INFN governrten luminosity in excess of 12,000f{12 ab') in a running
agency. The intent is to run this accelerator attent year (10 s) at theY (4S).
months each year with about one month for acceélerat The construction and operation of modern multi-
turn-on and nine months for colliding beams. Thepunch ée colliders have brought about many advances
collider will need to operate for about 10 years ton accelerator physics in the area of high curtents
provide the required 50 dbrequested by the detector complex interaction regions, high beam-beam tune
collaboration. shifts, high-power RF systems, control of beam
Both beams as anticipated in this collider will Bav instabilities, rapid injection rates, and reliabie-times
properties that are excellent for use as sources fg90%). The successful operation of the currently

synchrotron radiation (SR). The expected photorperating B Factories has proven the validity dirth
properties are comparable to those of PETRA-3 o#lesign concepts:

NSLS-Il. The beam lines and user facilities neetted
carry out this SR program are being investigated. = Colliders with asymmetric energies work;

= Beam-beam energy transparency conditions provide
only weak constraints;
Interaction regions with two energies can be Hoiit
both head-on and small angle collisions
IR backgrounds can be handled successfully;
High-current RF systems can be operated with
excellent efficiency;
Beam-beam tune shift parameters up to 0.06 - 0.09;
Good injection rates can be sustained. Continuous
injection is now in routine operation, largely

2. Super B introduction .

2.1 A history of B-Factories .

A Super B-Factory, an asymmetric energg eollider *
with a luminosity of order 18 cm®s?, can provide a
uniquely sensitive probe of New Physics in thediav "
sector of the Standard Model. "

The PEP-Il and KEKB asymmetric colliders [1, 2]

have produced unprecedented luminosities, above 10
cm?s?, taking our understanding of the accelerator
physics and engineering demands of asymmetidtc e
colliders to a new parameter regime.

This very high Iluminosity, coupled with the

removing the distinction between peak and average
luminosity;

The electron cloud effect (ECI) can be managed; and
Bunch-by-bunch feedback works well with 4 ns
bunch spacing.

innovation of continuous injection and the high

efficiency of the accelerators and detectors, Hasved Lessons learned from SLC, and more recent ILC

each of these machines to produce 500 to 108(fb studies and experiments (FFTB, ATF, ATF2), have als

accumulated data. The study of New Physics effiects produced and proven new concepts:

the heavy quark and heavy lepton sectors, however,

requires a data sample two orders of magnitudesiarg * small horizontal and vertical emittances can be

hence the luminosity target of ¥dor SupeB. produced in a damping ring having a short damping
Attempts to design a Super B Factory date to 2001. time.

The initial approach at SLAC and KEK had much in® very small beam spot sizes and beta functions ean b

common: they were extrapolations of the very produced atthe inter- action region.

successful B Factory designs, with increased bunch _ L. _ _

charge bunches, somewhat redugtvalues, and crab ~ The design of the Sudgre’e collider combines

cavities. These proposed designs reached lumiessifi  €xtensions of the design of the current B Factaiits

5 to 7x13° but had wall plug power of the order of 100 New linear collider concepts to produce an extriaamny

MW. leap in B Factory luminosity without increasing bea
This daunting power consumption motivated us tc?Urrents or power consumption. The luminosity Laaf

adapt linear collider concepts from the SLC and tbC €€ collider is given by the expression:

the regime of high luminosity storage ring collislefhe

low emittance design presented herein reaches the

desired luminosity regime with beam currents andl wa

_ N*N-
4m0,+/(0,tand12)? + g’

SUPERB COLLIDER PROGRESSREPORT



N 4N
— D =
Ouy = IBnygxyy Of@j-(ﬁ) (aéqz 3)

where fc is the frequency of collision of each buynil
is the number of particles in the positron (+) and Piwinski anglegis defined as:

electron ¢) bunches,c is the beam size in the (0:&,[ 6)_0,06
horizontal(x), vertical (y) and longitudinal (z)rdctions, g, \2) 0,2 (4)
¢ is the beam emittancp,is the beta function (in cm) at

the collision point in each plane afdis the crossing o, being the horizontal rms bunch size the rms bunch

angle between the beam lines at the interactiontpoijength, N the number of particles per bunch. Here we

(IP). ) i ) o consider the case of flat beams, small horizontal
In this chapter we will describe the principlesté crossing anglé® << 1 and large Piwinski angte >>1.

design of a new asg;mm_gtﬂc collider that can reach |, the Cw scheme the large Piwinski angle is obtained
peak luminosity of 10 cm”s”, with beam currents and p, gecreasing the horizontal beam size and inargasi

e'e factories, through the use of smaller emittanc® a norizontal tune shift increase, and the overlam e

a new scheme of crossing angle collision. the colliding bunches is decreased proportionatly t
g, 8. So, if the vertical beta functigf}, is comparable to
2.2 The large crossing angle and crab the overlap area size: o
waist concepts B, =—X<<o0,
High luminosity can be achieved in colliders acting o ©)

on the parameters as in the following formula: several advantages follow:

N*N- a) small spot size at the IP, i.e. higher luminosity

L=f —— R (see eq. (1)),
coll 47“7ny b) reduction of the vertical tune shift (see eq. (2))
c) suppression of the vertical synchro-betatron

where fo is the collision frequency, Nand N are the resonances [6].

number of particles per bean), anda, are respectively
horizontal and vertical rms beam sizes andiRa
reduction factor which takes into account geomatric
and “hourglass” effects.

The first approach chosen by KEKB Super B-FactoryS
for luminosity upgrade was to shorten the bunche3 t P
mm (to decreasB,* at the IP, without incurring in the
“hourglass” effect)., decrease the beam emittaaces
betatron functions at the IP, so decreasing beasssi
and increase the beam currents to 9.4 A and 4.1 A
[3]. However during the past year the design ha
significantly changed to converge to beam pararaete
very similar to those of Sup@r

The option chosen for Suferto produce a peak
luminosity in excess of 0 cm?s! is based on the
“crab waist” (CW) scheme [4] for beam-beam collisions
which combines several potentially advantageouaside

-Igr,:zal\(l)Epttll?-T:alcsto?O\;Vt I?I\el::n gFrggsgte.d to the upgrade 0 suppress, through the vertical motion modulabgn
y ' - the horizontal oscillations, betatron and synchro-

.T.he T'rSt mgredlent_ (.)f this scheme 'S the Iargebetatron resonances usually arising in collisioithaut
Piwinski angle: for collisions under a crossing lan§ CW. The CW scheme is realized by a couple of

the luminosityL. and the horizontaf, and the verticay  sextupole magnets on the two sides of the IP, awrsh
tune shifts scale as (see for example in [5]): in Fig. 2.1. To provide the exact compensation the

In addition, in such a collision scheme there is no
need of decreasing the bunch length to gain lunitipos
then relaxing the problems of HOM heating, coherent
ynchrotron radiation of short bunches and excessiv
ower consumption.

Long-range beam-beam interactions are expected to
limit the maximum achievable luminosity when the
bunch distance is short (the so called “parasitic
collisions”, PC). Thanks to the large crossing arahd

all horizontal beam size in théW scheme, the
i)eams separation at the PC is large in term®,pf
automatically solving this problem.

The choice of large Piwinski angle, beneficial e t
luminosity, introduces new beam-beam resonances and
may strongly limit the maximum tune shifts achieleab
(see for example in [7]). Th€W transformation is

xpected to solve such a problem. It actually coutes

L0 ny sextupoles must have a phase advance with regpect t
) the IP ofrtthe horizontal plane and &2 in the vertical
Y one.
N\B, 2NyB,
&0 =
o1+g 00 )

SUPERB COLLIDER PROGRESSREPORT



As an example of how theCW transformation

s":;"""e _ _ Aeksdiied actually works, Fig.2.2 below shows the Sipéunch
ammmt 7 >t - T y——$ charge density envelopes at the IP when colliding
1 P T without (top) and with (bottom) thEW sextupoles. In
1 l red is the Low Energy Beam, in blue the High Energy
R ; e one, whom distribution is shown only near the caerl
au:=m2 ﬂp:mfz region. For sake of clarity, in the picture the ssiog
angle has been reduced by a factor of 4, to enhiduece

Figure 2.1.Crab waist correction by sextupole lenses. CW transformation effect.

Figure 2.2: Sketch of the large Piwinski angle arab waist scheme for SuperB.
Top: CW transformation OFF. Bottom: CW transforroatON.

The contour lines are points with the same vy,
coordinate. When there is MW transformation (top 2.3 Super B parameters
plot) the waist line is orthogonal to the axis afeo Nominal parameters for 10 **cm™?s™
bunch (LEB in this example). Otherwise, when @& The IP and ring parameters have been optimized
transformation is on (bottom plot) the waist moves based on several constraints. The most signifiaemnt
the axis of the other beam (HEB here). As atto maintain wall plug power, beam currents, bunch
consequence, each beam collides with the othehen t lengths, and RF requirements comparable to pré&sent
minimum B, region, with a net luminosity gain. Factories; _
Actually, besides the geometrical gain just mergihn * to plan for the reuse as much as possible of the-IPE
because of theCW transformation the non linear hardware;
component of the beam-beam forces decreases, herfcto require ring parameters as close as possitifeose

reducing the emittance growth due to the collisibine already achieved in the BFactories, or under sfady
CW transformation acts on the y-plane as described by the ILC Damping Ring or achieved at the ATF ILC-
the following formula: tDR FeStlf?Ci{irt]y [f|3|]:e fec A e |
_ ' » to simplify the esign as much as possible. In

y - ymxy /s (6) particular, reduce the synchrotron radiation in liRe
Wherey is the crab coefficient (of the order of one or reduce the HOM power and increase the beam stay-
less), x(y) is the particle horizontal (verticatacdinate, clear;
y'is the vertical slope. = to eliminate the effects of the parasitic beam sirags

SUPERB COLLIDER PROGRESSREPORT



= to relax as much as possible the requirements ®n th Column 1 of Table 3-1 shows the baseline parameters
set that closely matches these criteria. Furthtaildeon

beam demagnification at the IP;

= to design the final focus system to follow as clpses

possible already tested systems, and integratieg thpresented in the following sections.
system as much as possible into the ring design.

Table 3.1: Sup& parameters for baseline, low emittance and higreatioptions, and for tau/charm running.

beam-beam simulations and lattice design will be

BaseLine Low Emittance High Current Tau-charm

. HER | LER | HER | LER | HER | LER | HER | LER
Parameter Il en @ len ] @ e | @ | e | @
LUMINOSITY cm?st 1.00E+36 1.00E+36 1.00E+36 1.00E+35
Energy GeV 6.7 4.18 6.7 4.18 6.7 4.18 2.58 1.61
Circumference m 1258.4 1258.4 1258.4 1258.4
X-Angle (full) mrad 66 66 66 66
Bc@IP cm 2.6 3.2 2.6 3.2 5.06 6.22 6.76 8.32
B,@IP cm 0.0253| 0.0205 0.0179 0.0145 0.0292 0.02B37 0.06580533.
Coupling (full current) % 0.25 0.25 0.25 0.25 0.5 0.5 0.25 0.26
Emittance x (with IBS) nm 2.00 2.46 1.00 1.23 2.00 2.46 5.2( 6.4
Emittancey pm 5 6.15 25 3.075 10 12.3 13 16
Bunch length (full current) mm 5 5 5 5 4.4 4.4 5 5
Beam current mA 1892 2447 1460 1888 3094 4000 1365 1766
Buckets distance # 2 2 1
lon gap % 2 2 2 2
RF freguency MHz 476. 476. 476. 476.
Revolution frequency MHz 0.238 0.238 0.238 0.238
Har monic number # 1998 1998 1998 1998
Number of bunches # 978 978 1956 1956
N. Particle/bunch (1010) # 5.08 6.56 3.92 5.06 4.15 5.36 1.83 2.37
o, effective pHm 165.22| 165.30 165.22 165.30 145.60 145./8 166.126.616
o,@IP Hm 0.036 0.036 0.021 0.021 0.054 0.0254 0.092 0.092
Piwinski angle rad 22.88 18.60 32.36 26.30 14.43 11.74 8.80 7.15
Z, effective pHm 233.35 233.35 205.34 233.35
2, Hm 0.050 0.030 0.076 0.131
Hourglass reduction factor 0.950 0.950 0.950 0.950
Tune shift x 0.0021| 0.0033 0.001y 0.0025 0.0044  0.00p7 0.00520080.
Tuneshifty 0.097 0.097| 0.0891 0.089p 0.0684  0.0687 0.0909 10.09
Longitudinal damping time msec 13.4 20.3 13.4 20.3 134 20.3 26.4 4016
Energy Loss/turn MeV 211 0.865 211 0.865 2.11 0.864 04 0.17
M omentum compaction (10™%) 4.36 4.05 4.36 4.05 4.36 4.05 4.36 4.05
Energy spread (10 (full current) dE/E 6.43 7.34 6.43 7.34 6.43 7.34 6.43 7.34
CM energy spread (10 dE/E 5.0 5.0 5.0 5.0
Total lifetime min | 423 | 448 305] 3 708  773] 114  6f
Total RF Wall Plug Power MW 16.38 12.37 28.83 281

SUPERB COLLIDER PROGRESSREPORT



The machine is also designed to have flexibility fo wigglers will be installed in the straight sections
the parameters choice with respect to the baseline. (dispersion free) and in the ARCs, in a relativenber
particular: matched to achieve the desired beam parameters

(emittance etc...). About 15-20m of wigglers will be
= The horizontal emittance can be decreased by aboutneeded, their total lengths depends from the chosen
factor 2 in both rings by changing the partitionmagnetic field in the wigglers (to be studied). The
number (by changing the RF frequency as done in theermanent magnets in the IR will be replaced with

LEP or the orbit in the Arcs) and the natural Arcweaker versions. The main differences in the ring

emittance by readjusting the lattice functions. properties will be:
= The Final Focus system as a built-in capability o® Lower energy by a factor of about 2.6-2.8 per ring;

about a factor 2 in decreasing the IP beta funstion = Longer damping time by a factor of about 2.0 per
= The RF system will be able to support higher beam ring;

currents (up to a factor 1.6) than the baselinespne= Decreased Touschek lifetime by a factor of 3-6

when all the available PEP-II RF units are insthlle = Increased sensitivity to collective effects.

Based on these considerations, columns 2 and 3 inLuminosity should scale linearly with energy (see
Table 3-1 shows different parameters options: formula in Sec. 3.1.2). However, the damping timd a
The “Low Emittance” case relaxes the RF requirecollective effects will result in a further decreathe
ments and all the problems related to high currenuminosity. In general, the luminosity dependense i
operations (including wall-plug power) but put moreless then linear with respect to the damping tiateo(t
strain on the optic and the Tuning capabilities. 1/t 0.3-0.5). However, given all factors, we expeétt th
The “High Current” case has the oppositeoperations at lower energy will require a decrezdbe
characteristics. The requirements on vertical emét beam current and an increase of the beam emittaltce.
and IP beta functions are relaxed but the higheritsr is thus reasonable to expect a luminosity aboutriés
issues are enhanced (instabilities, HOM, synchnotrosmaller than that at 10.58 GeV. The last column in
radiation, wall-plug power etc...). Table 3-1 shows the parameters for the run at the
The cases shown have several parameters kept dsharm.
much constant as possible (bunch length, IP stagrcl
etc...), in order to reduce their impact on otherReferences
unwanted effects (Detector background, HOM heatingl] “PEP-II Status report," PAC2005 Knoxville, TN.
etc...). [2] “KEKB Status report,” PAC 2005 Knoxville, TN.
In overall the collider should be flexible enough t [3] H. Koiso, “Super B-Factories,” PAC 2005
reach the target specifications, superseding the Knoxville, TN.
encountered limitations by pushing more the ledggkal [4] P.Raimondi, “Status of the Sujger Effort,"
parameters. presentation at the "® Workshop on Super B
Factory, LNF-INFN, Frascati, March 2006,
. . http://www.Inf.infn.it/conference/superb06/talks/ra
2.4 Energy scaling for operation at the mondil.ppt(2006).
7/charm threshold [5] D. Shatilov, M. Zobov, ICFA Beam Dyn. Newslett.
SupeB can operate at a lower center-of-mass energy 37, 99 (2005).
with a somewhat reduced luminosity. In order toraee  [6] D.V.Pestrikov, Nucl. Instr. Methods Phys. Res.,
at t /charm threshold energies (in the vicinity of 3.8 Sect. A 336,427 (1993).
GeV) with minimal modifications to the machine, bea [7] K. Ohmi et al., Phys. Rev. ST Accel. Beams 7,

energies will be scaled, maintaining the nominargy 104401 (2004).
asymmetry ratio used for operation at the centér- o[8] Y. Honda et al.,, Phys. Rev. Lett. 92, 054802
mass energy of thé (4S). (2004).

All magnet currents will be rescaled accordingly. |
order to provide the necessary damping at low atirre

SUPERB COLLIDER PROGRESSREPORT



3. DA®NE upgrade results New permanent magnet quadrupole doublets are
needed in order to focus the beams to the smiatiat

Relevant modifications [1] to the machine have bee@he IP. The first ;
. . ; . ) . quadrupole of the doublet, QD9), i
realized in 2007, aimed at implementing the newgta horizontally defocusing, and common to both beams i

Piwinski angle (PA) and crab waist@W)” collision o same’ vacuum chamber: it provides a strong
scheme. A layout of the upgraded DNE is shown in separation of the beams. The following horizontally
Fig. 3.1, qnd the main hardware changes are b“eﬂﬂbcusing quadrupoles, QF1, are particularly smiall,
illustrated in the following. order to fit separated beam pipes for the two bedims
new configuration almost cancels the problems edlat
to beam-beam long range interactions (PC), becdese
two beams experience only one parasitic crossisigen
the defocusing quadrupole where, due to the large
horizontal crossing angle, they are very well safeat.

The CW sextupoles have been installed at both ends
of the IR1. Four additional electromagnetic quadiap
have been installed on both sides of IP1 to get the
proper phase advance between @W sextupoles and
the IP.

The second IR (IR2) has also been completely rgbuil
in order to provide full beam separation withoutif.

A new beam pipe at IP2, providing complete sepamnati
between the two beams, has replaced the old orie. Th
Figure 3.1: Upgraded DBNE layout. is geometrically symmetric to IR1, and its vacuum
chamber is based on the same design criteria.
Independent beam vacuum chambers are obtained by
3.1 Hardware upgrades splitting the original pipe in twahalf-moon shaped

The KLOE Interaction Region (IR1) has beensections, providing full vertical beam separatidine
modified for the installation of the SIDDHARTA Problem of the beam-beam long range interactiahis
experiment, and equipped with new quadrupoles to b@on colliding section is then naturally solved oaiing
able to lower* at the IP. The total crossing angle has@t the same time to relax the ring optics requirgme
been increased from 30 mrad to 50 mrad, by removingnPosed by beam separation at IP2. _
the splitter magnets and rotating the two sectpoléi New, fast kickers have been designed and builedas
in the long and short arcs adjacent to the intemact ON @ taper_ed strip with rectangular vacuum chamber
regions of both rings. New beam pipes have beeff0SS section. Compared to the present ODk
designed for this scheme. Existing sextupoles aselu injéction kickers the new ones have a much shorter
for the CW transformation. Fig. 3.2 shows the Pulse (~12 ns instead of ~150 ns), better unifgrroft

comparison between the KLOE IR1 layout (top) arel th the deflecting field, lower impedance and the pubsi
upgraded one (bottom). of higher injection rate (max 50 Hz). Moreover a

smooth beam pipe and tapered transitions reduce the

kicker contribution to the total ring coupling ingence.
i .@ S Gidlaynut - All these features improve the maximum storable
 wk l@ @I currents, colliding beams stability and backgrounds
. peaid u.- Sl hitting the experimental detector during injection
‘@ ﬁl New bellows have been developed and installed in
spitor magnat IR1 and in the ring. The transverse horizontal fa@si
5 e of two wigglers in the long arcs has been moved2dy
e M et i mm in both rings, in order to reduce the non-linear
p ay . L . ) .
| [ W (2 = D225 1 terms in the magnetic fleld_ predicted by simulasiamd
= 'Ew @ P _:“‘-;-Iv__mpd IP1 affecting the beam dynamics.
P | '.;@ * - e
: ‘m B ; lﬁ %= 3.2 Achieved results
B T W The maximum luminosity achieved experimentally
——— with the CW sextupoles ON is about a factor of 2.7
ik higher than the ideal one predicted numericallytfar

_ _ case of CW sextupoles switched OFF. This is a clear
Figure 3.2: Half view of old (top) and new (botto®L  proof that the crab waist concept works. However, i
layout. order to complete the studies we have dedicategrakev

SUPERB COLLIDER PROGRESSREPORT



hours tuning the collider with the CW sextupole§ of nonlinearities, it can be seen that their effecna
Fig. 3.3 shows a comparison of the luminosity as aramatic for the case of the crab sextupoles oresine
function of beam current product obtained with cralbeam size blow up is only by about 8% higher with
sextupoles ON and OFF. The maximum single bunchespect to the ideal simulations. No lifetime rethrcis
luminosity reached in the latter case was of tlieoof indicated by the simulations. In the case of the CW
1.6-1.7x18° cmi%s™. This result is also consistent with sextupoles off the beam tails are much longer fer t
numerical predictions. It should be noted that heot nonlinear lattice exceeding an aperture ofc§dn the
limitation becomes very important in collision watlit  vertical plane, which was estimated to be the dyoam
crab waist sextupoles: besides much bigger verticalperture limit. Already at 10 mA per bunch the
blow up, a sharp lifetime reduction is observe@adly calculated lifetime sharply drops down in agreement
at single bunch currents of 8-10 mA. That is whg'tkd  with experimental observations.

curve in Fig. 3.3 is interrupted at much lower euts.

By including beam-beam interaction in the dynamic

aperture simulations, which take into account datti

& | CWsextpales OFF Feb. 9P 2000 = o
| barch 15" 2008 t( 510
® | March 13" 2009 T
5102 o
w
= G0R & ;
- 2 J [
4107 L . 1 = gef .-'..o'--
- g
= hiN o C o e
b - & Py ~ - LR L T
oy oo = 310= o L LN T S -
o g Vi .
s 2107 | .',.'. g
= - Py -~ b A
[
= ot o E 210® b4y
‘@ b 5.7 = r &
f R [ o
= (7]
= P st :
a Py = 4oL O Sextupoles OFF Feb g ™ 2008 |
sl Lifetime limit || % " G 200
o
=) * L, March 13" 2003
T T T 7 c
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Figure 3.3: Luminosity vs product of beam currgfeft) and specific luminosity vs product of beamrents (right),
for two record shifts with crab sextupoles ON (read blue dots) and with crab sextupoles OFF (green

The convolved IP vertical beam size in collisiors ha with crab sextupoles OFF (left plot) and with crab
been measured by means of a beam-beam scaaxtupoles ON (right plot) is shown. The measurémen
technique. A measureB, of 5.6 u is compatible with was taken while colliding is a strong-weak regime:
the value obtained by using the coupling valuenamely 1Amps electrons beam current against 0.1Amps
(kD.7%) as measured at the Synchrotron Light Monitorof positrons beam current. It is evident that the
(SLM), being the single vertical beam size at thé bf transverse beam size is smaller and its shape memai
the order of 4. Another striking proof of the crab Gaussian during collision with the sextupoles ON.
sextupoles effectiveness is shown in Fig. 3.4 wiieee
positrons transverse beam profile measured at lthé S

1

i I PO SR .1 ST U -

i 1 1
fon 2000 1000

I R T Codl S T . DTS CRNe

i it A i N
200 400 B00 800 1000 D-mm -800 500 -400 -200 o 200 400 B00 800 1000

C T T T B
Figure 3.4: Transverse positron beam profile assomea at the SLM with crab sextupoles OFF (left) aith
crab sextupoles ON (right) for beams in collisi@63 bunches).
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Fig. 3.5 summarizes the BMNE performances in the achieved with the KLOE and FINUDA detectors before
running years, showing the improvement due to the n the DA®NE upgrade based on the crab waist concept.
collision scheme. Table 3.1 summarizes the lumiyosi The third column shows results obtained during the
and corresponding parameters at the interactiont poicurrent run with the SIDDHARTA experiment after the
(IP) for the best DANE luminosity runs for the three collider upgrade.
main experiments carried out on the collider. Tinst f
and the second column correspond to the results

5.0 10% ; ;
i i %%,
& KLOE be J *
32 + DEAR t‘. ‘.’.
4010 I Puon .
c:,"‘" + SIDDHARTA g$
E 3010™
2
7
2  2.010%
E
=
-
1.0 10%
0.0 _"’\ J . 'gi !i

2001 2002 2003 2004 2005 2006 2007 2008 2009

Figure 3.5: Luminosity vs years of running and eliént detectors (red KLOE, blue DEAR and SIDDHARGfeen
FINUDA).

Table 3.1: DAPNE best luminosity and IP parameters
for past (KLOE, FINUDA) and present (SIDDHARTA)

experimental runs
In summary, DADNE has proved that the “large

Parameter KLOE FINUDA  SIDDHARTA  Piwinski angle and crab waist” concept definitely
works. ldeal strong-strong simulations agree witkin

Date Sept. 05 April 07 April 09 25% with experimental results and the agreement is

Luminosity, 15x10%  1.6x162 4.5x167 expected to be even better if we include in sinnohest

cm’s? other luminosity limiting factors.

& current, A 1.38 15 1.43 The “crab waist” sextupoles proved to be of great
importance for the collider luminosity increasencs

e current, A 1.18 1.1 11 much lower luminosity is achieved with crab sextego
off, with a larger blow up and a sharp lifetime wetion

N. of bunches 111 106 107 is observed for bunch currents > 8-10 mA. Thisnis i

£, mm mrad 0.34 0.34 0.25 accordance with beam-beam simulations taking into
account the realistic DBNE nonlinear lattice.

By, M 15 2 0.25

As a consequence of the very good results, the

By, m 1.8 1.9 0.93 DA®NE scientific program has been approved for the

Cros. Angle, %125 %125 %25 next 3 years with an upgraded KLOE detector.

mrad

_ References
Y-tune shift 0.0245  0.029 _ 0.042 [1] DA®NE Team, Phys. Rev. Lett. 104, 174801 (2010).
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infrastructure like, power supply hall, INE and

hopefully the KLOE control room.
4. SuperB layout at LNF In the south side of the laboratory, where the new

The Supe facility will require a big complex of civil 65t house building has been built, two main servi
infrastructure. The main construction, which wiluse  piidings of about 700fmeach of covered area are
the final part of the LINAC, the injection lineshe  tyreseen to accommodate at least 12 Klystrons and
damping rings, and the storage rings, will be mainl oqyjators. These buildings are designed to have an
underground. A footprint of the Suflayout on the yngerground part to locate other devices mainly
LNF area is shown in Fig. 4.1 All the service bt ¢omponents for the cooling plants like pumping sinit
are foreseen in the LNF side while in the ENEA aré3nagnet power supplies and control  devices.
only the underground tunnel is placed. The Stora®s  Neyertheless the two roof areas can be used far hea
will have an elliptical shape with the major axisabout  gychanger and air conditioning machines allocatim.
500 m and the minor axis of about 400 m, for altotape opposite side (north-west) is foreseen theidenil
length of the circumference of about 1260 m. Inae 5 4 16x30 building with a shaft able to lower the
to reuse at maximum the civil infrastructure of tF 05,y magnet component in the pit. The surfaceipart
and in particular the D&NE facility, the machine was |5,9¢" covered area with a strong bridge crane. Four
located on the site considering the possibilinextend  g5tety egresses are foreseen only in the LNF side
the existing DADNE LINAC up to about 350m. DUe 10 according to the Italian regulations and law. Orfe o
the slope of the hill, the end of the LINAC tunnell e is |ocated in the collider hall building, amet one
be about 20 m below the ground surface from which, connection with the klystrons and modulatorsIHal
two injection tunnels housing the injection lineepart 14 third one in the south-east side of the tuanel the
in two opposite directions in order to reach t&alle  foth in the north-east side of the tunnel. ThAIAC
ring tunnel. The storage ring tunnel plane couldeha | have an access at the beginning and at theagnd
slope of about 1.8 deg versus the horizontal order e syrface building; meanwhile the underground par
to maich firstly the hill slope and secondly to notyj have two safety egresses in the central amdlfi
interfere with the foundations of the existing bngs ot (the access at the end of the surface buildamgbe
in the laboratory and ENEA side. Another possiil# | seq also as access of the beginning of the uralerdr
to dig the storage ring tunnel horizontally andt@ui 51t of the LINAC). Other buildings are foreseen fo
deep in order to pass below the DRE foundations in  oices; assuming about 200 more physicists areas
the north part of LNF. In this second case, assalte oyery day are foreseen in the laboratory. The ENiA
the tunnel is about 40m deep in the area of WSl hresently is considered only for underground civil
section (south LNF) and the injection tunnels muste  .,nsirctions but in the agreement between INFN and

a double curvature, one in horizontal plane andther  ENEA could be considered for example the usage of
in the vertical one. In the north part of the laory, existing civil infrastructure.

the tunnel is located below the BAE hall giving the
possibility to reuse all the most important civil

N
RF buildings \ . <z
s 5
i Cooling Towers

Klystron PS

I colder hall

S,

Figure 4.1: Sup@& footprint at LNF.
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5. Interaction Region

5.1 Introduction

The interaction region (IR) design has to bring the
two low emittance beams into and out of collision. The
high luminosity of the accelerator is achieved primarily
with the implementation of very small B,* values.
However, B4* also needs to be small in order to achieve
the design luminosity. These conditions are primary
driving terms in the design of the IR. The final focus
magnets (QDO and QF1) must be as close as possible to
the collision point in order to minimize chromatic and
other higher-order aberrations from these magnet fields.

Initial designs of the IR incorporated a shared (both
beams are inside) final focus quadrupole in order to get
this magnet as close as possible to the interaction point
(IP). However, with a non-zero crossing angle, a shared
magnet invariably bends one or both of the beams. The
bending can produce unwanted additional emittance
because the shared magnet is quite strong even when the
crossing angle is minimized (~+/-15 mrad). In addition,
the bending of the outgoing beams generates significant
luminosity based backgrounds for the detector.

These issues have led to an IR design with an
increased crossing angle (+/-33 mrad) in order to use
separate focusing elements for each beam. The QDO
magnet is now a twin design of side-by-side super-
conducting quadrupoles. The magnet windings are
designed so that the fringe field of the neighboring
magnet can be canceled maintaining high quality
quadrupole fields for both beams. Further details about
the magnet design can be found in the section on the
design of the final focus magnets.

5.2 IR design

Table 5.1 lists the accelerator parameters used to
design the interaction region. The QDO magnets are
placed as close to the IP as possible while maintaining
enough space between the two beams to accommodate
the super-conducting cold mass and windings and a
space of at least 5 mm between the cold mass and the
warm bore beam pipe. The beam pipe (assumed to be 1
mm thick) must be warm because the pipe intercepts
significant synchrotron radiation (SR) power from the
last bend magnet.

Table 5.1: List of accelerator parameters important for
the interaction region design.

Parameter HER (et) LER (e-)
Beam Energy (GeV) 6.70 4.18
Beam current (A) 1.89 2.45
B’x (mm) 26 32
B*y (mm) 0.25 0.21
Emittance X (nm-rad) 2.00 2.46
Emittance Y (pm-rad) 5.00 6.15

Crossing angle (mrad) +33
Beam-stay-clear 30c in x uncoupled and
10c in y fully coupled

As shown in Table 5.1, we are using a definition for
the beam-stay-clear (BSC) of 30 uncoupled beam
sigmas (all of the beam emittance in the horizontal) in
the X plane and 10 fully coupled beam sigmas (50% of
the total emittance) in the Y plane. The BSC envelopes,
the crossing angle, the space needed for the magnet
windings and the space needed for the cryostat dictate
how close we can place the face of the final focus
magnet (QDO) to the IP. In our design, we have the
QDO face located 0.6 m from the IP. The QDO magnets
are 0.4 m long and are placed parallel to the each other
and parallel to the detector magnetic field axis which
evenly divides the crossing angle. In order to achieve
vertical focusing of each beam as close to the IP as
possible we have placed permanent magnet slices
around first the LEB and then around the HEB in front
of the cryostat for the QDO and QF1 magnets. Figure
5.1 is a layout of the interaction region and Table 5.2
lists some of the magnet properties and dimensions for
QDO and QF1. Figure 5.2 shows a layout drawing of the
interaction region out to 12 m.

Table 5.2: Dimensions and field strengths of QDO, QF1.
QDO QF1
HER LER HER
Cold mass 22.5 32.5 50
inside R (mm)
Cold mass 28.5 38.5 60
outside R
(mm)
Length (m) 0.4 0.3
Dist. from 0.6 1.8
face to IP (m)
Gradient
(T/cm)
Field at inside ~ 2.31 1.99
R (T)

LER

-1.025 -0.611 0.640  0.358

3.20 1.79
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Figure 5.1. Layout of the Interaction Region. Note the change in scale for the x dimension on the left side of the
drawing. The outline of the cryostat is only approximate. There is more detail concerning a cryostat design in a later
section. For reference, the support tube from PEP-II is drawn in the picture as well as the forward door of the BaBar
detector (the gray regions on the right). The forward door has too narrow an opening and this aperture will have to be
widened if the door steel is to be reused.

I
BaBar

AR 1 S R 1 SR 115 5 P HNY B
-10 -5 0 m 5

Figure 5.2. Note the expanded scale on the left side of the drawing. The BIL magnets are the last standard bend
magnets. The BOL and BOH magnets are softer bending dipole magnets that reduce the synchrotron power from the
beam bending inside the cryostats. The BaBar detector is drawn in to indicate the relative size of the new interaction
region compared to PEP-II.
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5.3 Permanent Magnets

In order to get focusing elements as close to the
collision point as possible we have incorporated
permanent magnet (PM) slices between the cryostat and
the IP. These PM slices can generate significant
gradient fields and yet are very compact and can fit
between the two vacuum beam chambers (see Figs. 5.1
and 5.2). In our design, we are using Neodymium
magnets (Ne,Fe4B) with a B, of 13.8 kG. In this region

(0.35-0.45 m from the IP) the BSC is larger vertically
than it is horizontally. Therefore we are employing an
elliptical design for the magnet slices in order to get as
much field strength as possible. The elliptical design [1]
is an extension of the standard Halbach design [2] for
building quadrupole field magnetic slices. Table 5.3
lists the dimensions and field properties of these
magnetic slices.

Table 5.3: Dimensions and parameters of the permanent magnet slices.

IP face Length Hor.R1 Hor.R2 Ver.R1 Ver.R2 Gradient

Slice (m) (m) (mm) (mm) (mm) (mm) T/cm Beam
1 0.36 0.2 8.50 13.50 12.50 19.85 0.8363  LER
2 0.38 0.2 8.75 14.75 13.00 2191 0.8949  LER
3 0.40 0.2 gap gap gap gap 0
4 0.42 0.2 9.00 17.00 14.00 26.44 0.998 HER
5 0.44 0.2 8.50 18.50 14.50 31.56 1.0989  HER
6 0.46 0.2 8.75 19.75 15.00 33.86 1.0946  HER
7 0.48 0.2 8.75 20.75 15.50 36.76 1.0999 HER

5.4 Solenoid compensation

The cryostats on either side of the IP will contain
super-conducting solenoids to compensate the detector
solenoidal field. The QDO and QF1 magnet designs
need zero or very small external fields in order to keep
the magnetic field intensities in an acceptable range.
The overall solenoid compensation will extend out far
enough to cancel the fringing field of the detector. This
is important because the beams go through the fringe
field of the detector significantly off-axis due to the
large crossing angle and this large off-axis trajectory
can produce vertical emittance [3]. The compensation
solenoid windings out at the fringe field of the detector
may not be super-conducting. If the field strength is low
enough a normal conducting winding may be suitable.
The compensation solenoid windings can be tapered to
match the fringe field of the detector. This present
scheme leaves the central part of the detector
uncompensated since we have no room for over-
compensating windings in front of the QD0 magnets.
We will have to employ either extra compensating
solenoids outside of the detector region or extra skew
quads in the interaction region or both of these options
to fully compensate the detector magnetic field and
maintain the low coupling of the beams.

5.5 Energy changes

The SuperB accelerator is optimized for running on
the upsilon 4S resonance. However, the physics
program calls for some running time on the other three
upsilon resonances as well as having the capability of
performing an energy scan from the upsilon 4S (10.58
GeV) up to over 11 GeV center-of-mass energy (E.p).

In addition, there is a desire to be able to lower the
beam energies down to the Tau-charm threshold (about
4 GeV CM). Changing the energy of either or both
beams is complicated in the IR due to the coupled
nature of the super-conducting final focusing
quadrupoles as well as the inclusion of permanent
magnets. However, by changing the beam energies of
both beams so as to maintain the same magnetic field
ratio in the QDO and QF1 magnets we can adjust the
strength of the coupled QDO and QF1 magnets without
affecting the field quality of these magnets. This allows
us to move the CM energy of SuperB down to the other
upsilon resonances as well as perform an energy scan
above the 4S resonance. Table 5.4 shows solutions for
the upsilon resonances. The energy scan above the 4S
will have similar values of field strengths. In this case,
the permanent magnet strength goes down as the beam
energies increase which means we have to increase the
strengths of the QDO and QF 1 magnets. We also need to
run off resonance (40 MeV E., below the 4S) about
10% of the running time. Although we do not explicitly
show a solution here this should be quite
straightforward.

Moving the accelerator E.,, down to the Tau-charm
threshold (4.07 GeV) will mean we will have to remove
most, if not all, of the PM focusing slices we have
installed between the cryostats. These magnets would be
too strong for the significantly lower beam energies.
This will require rapid access to the central part of the
detector and we will discuss plans for achieving this in a
following section. Once most or all of the permanent
magnets are removed we can then just lower the QDO
and QF1 strengths, keeping the field ratios constant
until we have the desired E,.
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Table 5.4: Beam energy solutions for running on the
other upsilon resonances. Note that we want to maintain
a constant magnetic field ratio between the two QDO
and QF1 magnets. Note also that the permanent magnet
K values change with the beam energy because the field
gradient is constant in these magnets. The beam
energies are chosen to make the QDO and QF1 field
ratios between the LER and HER constant. We maintain
the same B* values at the IP and we keep the same
matching conditions (beta and alpha values) at 8.456 m
constant. These requirements slightly over-constrain the
problem. Hence we don’t perfectly keep the ratio of the
field gradients constant. However, by slightly adjusting
the beta function matching conditions located at 8.546
m from the IP we can easily keep the magnetic field
ratios constant.

Resonance Upsilon Upsilon Upsilon Upsilon
4S 3S 28 1S
Ecm 10.5794 10.3554 10.0236  9.4609
(GeV)
HER
E (GeV) 6.694 6.553 6.343 5.988
QDO - - - -
(T/cm) 0.97584 0.95329 0.91969 0.86285
QF1 0.60408 0.59132 0.57232 0.54019
(T/cm)
LER
E (GeV) 4.18 4.091 3.96 3.737
QDO - - - -
(T/ecm) 0.63941 0.62522 0.60435 0.56882
QF1 037412 036616 0.35445 0.33450
(T/cm)
QDOratio 1.52617 1.52472 1.52179 1.51693
QFlratio 1.61466 1.61491 1.61469 1.61490
Y 1.02785 1.02787 1.02787 1.02791
Boost (yB) 0.23763  0.23773  0.23775 0.23793

5.6 IR vacuum chamber

The central vacuum chamber is a circular tube of
beryllium with a water-cooled layer. The inside radius
of the chamber is 10 mm. The central chamber is £15
cm long with the window for the physics events defined
as t4cm. A 300 mrad angle of acceptance equals 3.3 cm
of z length for a beam pipe of 1 cm radius. A flange pair
with a small bellows is attached at each end of the
central chamber. Outboard of the flange pair the
chamber gradually widens in the x dimension as the
beams diverge due to the crossing angle. At 0.35 m
from the IP, the beampipe splits into two separate
chambers. The chambers now become larger in the y
dimension than they are in the x dimension and this is
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where the PM slices are installed. The beam pipe is
made of copper with water cooling channels on the
outside. A set of beam position monitors (bpms) are
located on each beampipe just before the cryostat. As
mentioned earlier, the beam pipes inside the cryostats
are at room temperature. Several Watts of synchrotron
power strike these chambers from the last upstream
bend magnets (see below). We plan to cool these
chambers either with water pipes brazed to the inside
surface of the vacuum chamber or with water channels
machined out of the chamber walls. These water
channels would have no beam pipe vacuum to water
joints. The outboard end of the cryostat has another set
of vacuum flange pairs to separate the cryostat from the
rest of the beam pipes connecting the IR vacuum to the
rest of the ring vacuum. The chambers just outboard of
the cryostats will have as much vacuum pumping as
possible. These chambers will be similar to the very low
pressure chamber used in the upstream part of the HEB
in the PEP-II accelerator. The PEP-II chamber achieved
a pressure of less than 1 nTorr at a full beam current of
nearly 2A.

5.7 Synchrotron Radiation

Backgrounds from synchrotron radiation are an
important aspect of the IR design. If not properly
controlled, these backgrounds can overwhelm the
detector readout system as well as damage the inner
layers of the detector. The background rate from this
source can jump many orders of magnitude if the
masking design does not properly cover all possible
beam conditions. Since it is very difficult for any design
to cover all possible beam conditions, a necessary part
of any design is a background rate detector that can
abort the beam if the background rate gets too high. We
will not discuss any further details of a background rate
monitor except to say a rate monitor similar to the type
used in PEP-II is envisioned.

In the SuperB design, the primary synchrotron
radiation background comes from the radiation
generated by the beams as they travel through the final
focus magnets. We call this radiation quadrupole
radiation as it is generated in the last quadrupoles before
the IP. Another kind of synchrotron radiation comes
from dipole magnets where the entire beam is bent.
Dipole radiation has about 10 times more power than
quadrupole radiation. However, the dipole radiation
usually has a lower critical energy photon spectrum
making it somewhat easier to control. Quadrupole
radiation comes about from the focusing (or bending) of
the off-axis beam particles as they travel through the
quadrupole and the critical energy of this radiation tends
to be significantly higher than dipole radiation.

Typically, the final focus magnets are first an X
focusing magnet followed by a Y focusing magnet as
the beam approaches the IP. For flat beam designs this
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is the preferred orientation. Round beam designs usually
don’t have a preference, however, the focusing
trajectories are still very similar. The synchrotron
radiation generated by the first magnet (the X focusing

The requirement of over-focusing generates steeply
angled beam trajectories that make it difficult to place
masking that can protect the detector beam pipe without
encroaching on the BSC. Figure 5.3 illustrates this

magnet) is usually the more difficult radiation to  issue.
control. The reason is that for all final focusing systems
the first magnet must over-focus the beam since the
following magnet focuses in the other dimension and

hence partially defocuses the beam in the X dimension.

).

Vertical beam focusing
(side view)

Horizontal beam focusing
(plan view)

Figure 5.3. Illustration of synchrotron radiation photon trajectories from vertically focusing and horizontally focusing
magnets. As seen in the first illustration, the photons produced by the vertically focusing magnet are generally easier
to mask. However, the second illustration shows that the over-focused horizontal trajectories produce synchrotron
photons that cross through the beam envelope and strike the other side of the detector beam pipe. As depicted in the
figure, these photons are the most difficult to prevent from directly hitting the thin central beam pipe.
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Figure 5.4a. Synchrotron radiation photon directions from a straight crossing angle geometry. The central beam pipe
is directly struck by the photons generated by the extreme beam particles.

Figure 4b. Synchrotron radiation photon directions from a design where we introduce a small amount of beam
bending in the QDO magnet. Note the photon trajectories from the most extreme beam particles now miss the central
beam pipe. The outgoing beams are not bent in this drawing. However, in many cases, in order to preserve symmetry

the outgoing beams are also bent.

The crossing angle of the SuperB design tilts the SR
from the final focus magnets so that one side of the
detector beam pipe is less likely to be hit by SR.
However, this geometry makes the other side of the
beam pipe easier to hit. The crossing angle asymmetry
can be exploited by introducing a slight bend angle in
the vertical focusing magnet (in this case QDO0). This
redirects the SR generated by the horizontally focusing
magnet (QF1) toward the side of the detector beam pipe
that is easier to shield. Figures 5.4a and 5.4b illustrate
this philosophy.

5.8 Beam tails distribution

As seen from the above illustrations the beam particle
density at high beam sigma values is an important factor
in determining the background rate from SR. For the SR
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background study, we trace the beam particles out to
200 in X and 450 in Y. At these high beam sigmas the
background rate is dominated by the assumed non-
gaussian beam tail distribution. Figure 5.5 shows a plot
of the assumed tail distribution used in the SR
background studies. The beam lifetime for the SuperB
design is 5-10 minutes at the design luminosity. This
lifetime is dominated by the luminosity or by the effects
of the beams interacting with each other. This is not a
beam-beam effect. This means that we should be able to
collimate the beam at low beam sigma values (~10-15c)
with little impact on the lifetime. Therefore by
designing the interaction region so that detector
backgrounds are acceptable for beam particles out to
200 in X and 450 in Y we develop some margin in the
design.
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Figure 5.5. Plot of the beam tail distributions used in the SR background calculations. These tails populate beam
particles out to 20c in X and 45 in Y with an intensity of about 10™ of the main core of the beam. This translates to
a beam tail lifetime estimate of less than one hour which means that these tail distributions are conservatively high.
There is about 1-2% of the total beam bunch population in these tail distributions.

5.9 Synchrotron Radiation Backgrounds

Table 5.5 summarizes the synchrotron radiation rates
striking various beam pipe surfaces near the central
beam pipe. No SR directly strikes the physics window
part of the central one cm radius beam pipe. We define
the physics window as +4cm from the collision point.
The table also includes the backscatter rate from the

surfaces that do intercept SR as well as the calculated
solid angle acceptance from these surfaces of the
physics window. Assuming the backscattered photon
angular distribution is isotropic (this is a conservative
estimate) we can estimate the rate of scattered photons
hitting the physics window from these nearby surfaces.

Table 5.5: Summary of the photon rates from sources that produce photons that strike nearby beam pipe surfaces. We
tally only photons > 10 keV. We are assuming all surfaces are Cu and that the backscatter coefficient is 0.03 of the
incident rate. Coating these surfaces with a higher Z metal (Ag or Au) will significantly reduce the backscatter rate
from these surfaces and we intend to do this after a more detailed study which will indicate the best coating material
and the best coating thickness. The Z locations are with respect to the IP and the +Z direction is in the HEB direction.

Surface
Z loc.
(m)

0.1
-0.06
-0.07
-0.1
-0.15
-0.2
-0.35

-0.1
0.06
0.07
0.1
0.2
0.35
Totals
y/xing
y/sec

v>10
keV
y/xing
748
163
5298
1.00E4
3.92E4
1.14ES
1.30E6

216
1614
4.36E4
7.49E5
8.50E5
1.81E7

Watts
0.0016
0.00028
0.0095
0.0185
0.0759
0.233
3.00

0.00033
0.0022
0.0603

1.02
1.13
25.1

Back- Calc. Inc. on det.
scatter beam pipe
Source y/xing SA/2n y/xing
LER Q1,Q0 22 0.011 0.24
LER Q1,Q0 5 0.084 0.42
LER Q1,Q0 159 0.043 6.8
LER Q1,Q0 300 0.011 33
LER Q1,Q0 1176 2.7E-3 32
LER Q1,Q0 3423 1.1E-3 3.8
LER Q1,Q0 3.90E4 1.95E-4 7.6
HER Q1,Q0 6 0.011 0.66
HER Q1,Q0 48 0.084 4.0
HER Q1,Q0 1308 0.043 56
HER Q1,Q0 2.25E4 0.011 248
HER Q1,Q0 2.55E4 1.1E-3 28
HER Q1,Q0 5.43ES 1.95E-4 106
364
8.65E10
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5.10 Final Focus quadrupoles design

The Final Focus doublets, where the beams pass each
other with significant horizontal separation due to the
crossing angle at the IP, need to provide pure
quadrupole fields to each beam in order to minimize the
background rate in the detector which would be
produced by the bending of off-energy particles if a
dipole component were present. Very good field quality
is also required to preserve the dynamic aperture of the
rings. The beam separation, though significant for a
shared magnet, is still small for separate magnets.
Because of this and because of the high gradient
required by the SuperB final focus, neither a permanent
magnet design nor a conventional multi-layer
configuration are viable solutions. Therefore a novel
design, with two  separate  super-conducting
quadrupoles, one for each beam line, with helical-type
windings, had been investigated. The magnet
requirements are listed in Table 5.6.

The QDO will be formed by three windings: two
small quadrupoles (qq) each one winded around one of
the two beam lines and a large external quadrupole (Q)
embracing both of them (see Figg. 5.6 and 5.7). The
internal radius of the warm bores of the qq is
determined by the beam stay clear envelopes (see Fig.
5.1). The limited space (22 mm) encompassed by the
two warm beam pipes is the main source of issues of
this magnet since the warm to cold transition, the
mechanical support of the windings and the windings of
the qq themselves have to be fitted inside this very
limited space (see Fig. 5.6).

The warm to cold transition can be made as small as
Smm leaving at the thinner point only 12mm for the
cold mass.

Table 5.6: QDO specifications for HER and LER part.

Parameter HER LER
Energy (GeV) 6.7 4.18
Gradient (T/cm) 1.025 0.611
Magnetic center (mm) 22 -20
Cold mass Internal radius (mm) 32.5 22.5
Front face distance from the IP (m) 0.58
Magnetic length (m) 0.40

The magnetic design of the qq will be based on the
double-helix concept that can produce a theoretically
perfect multipole field [4] inside the whole warm inner
bore of the magnet. However, since the distance
between the centres of two inner magnets is of the same
order of magnitude of their radius, the leaking field of
the magnet surrounding the LER produces intolerably
high multipolar components on-top to the LER beam
line and vice versa. A novel design concept was
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developed [5] to eliminate this effect. The two qq
magnets are designed in such a way that the
superposition of the inner field of one magnet and the
leaking field of the nearby one produces the desired
quadrupole.

Figure 5.6: Nested quadrupoles mechanical design for
the QDO (Q&qq configuration). The dimensions are
expressed in mm.

e
Figure 5.7: Nested quadrupoles magnetic design for the
QDO (Q&qq configuration). The outer quadrupole
windings (Q) are represented in red. The twin
quadrupoles (qq) in blue.

Simulation and optimization

3D finite element methods [6] have been used to
check the validity of the novel compensation scheme.
The sextupole and octupole strengths relative to the
quadrupole had been determined from the simulations at
a reference radius of Smm from the beam line showing
that a field quality of 107 is actually reachable. The
margin to quench on the load line was also estimated
from the simulations. The maximum B field on the SC
surface is 5.5 T at the working point. As a mater of fact,
even at 1.9K the maximum current density that the
available SC wires can safely carry at 5.5T is
insufficient to generate with the qq alone the needed
gradients over the needed bore while keeping the
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thickness of the magnets small enough to be fitted
inside our allotted space.

To overcome this problem the external quadrupole Q
generates part of the gradient relieving the load from the
qq. The gradient and the neutral axis of Q had been
determined minimising the current in the qq while
keeping fixed to the design value the field gradients and
the magnetic neutral axis. To achieve this a dipolar
component had been added to the qq. The results of the
optimization are reported in Tab. 5.7, the behaviour of
the vertical component of the B field as a function of the
radial displacement is showed in Fig. 5.8.

This configuration should assures a 20% margin on
the load line using an high current grade niobium
titanium round wire (®=1.3 mm, Cu/SC = 1).

Table 5.7: Dipole and quadrupole field generated by the

Q and qq magnets.
Parameter HER LER
Q gradient (T/cm) 0.5
qq gradient (T/cm) 0.525 0.111
qq dipole (T) 0.95 -0.40

Fig 5.8: The vertical component of the magnetic field
as a function of the radial coordinate. The continuos
thick line is the total By field, the red (blue) line is the
By generated by the LER (HER) magnet only, the thin
black line is their superposition and the dot dashed line
is the By generated by the outer quadrupole.

5.11 Synchrotron radiation from dipoles

The last bending magnets upstream of the collision
point will send a fan of synchrotron radiation down the
beam line and into the region near the IP. In particular,
for SuperB, the beam pipes inside the cryostats will
receive significant levels of power from this last
bending fan. The beam pipe is smallest under the
permanent magnets and therefore only a minimal
amount of dipole radiation gets through this restriction
and into the central region at the IP. The radiation from
this last bending magnet has been softened by adding a
low field bend magnet in front of the last regular bend
magnet. The lower magnetic field lowers the photon
critical energy and reduces the total SR power that

comes from the low field bend magnet. Table 5.8 shows
the power levels of the SR from the last dipoles as well
as the contribution from the final focus magnets that hit
beam pipe surfaces within 2 m of the IP.

Table 5.8: Synchrotron radiation power numbers for
beam pipe surfaces near the IP.

Z location Location Power (W)
m from I[P Upstream or HER LER
down
1.9-1.6 Upstream 59.4 4.6
1.6-1.5 Upstream 118.6 14.9
1.5-1.4 Upstream 194.7 20.9
1.4-13. Upstream 131.6 14.2
1.3-1.2 Upstream 128.4 13.8
1.2-1.1 Upstream 163.0 17.5
1.1-1.0 Upstream 87.1 9.1
1.0-0.9 Upstream 44.0 4.8
0.9-0.8 Upstream 29.7 33
0.8-0.7 Upstream 43.8 4.8
0.7-0.65 Upstream 29.7 33
0.65-0.625 Upstream 0.14 0.021
0.625-0.6 Upstream 0.10 0.014
0.6-0.5 Upstream 0.0055 5.9x10-4
0.5-0.35 Upstream 2.5 0.40
0.05-0.1 Downstream  0.041 0.0042
0.35 Downstream 0.41 0.18
0.6 Downstream 0.80 0.26
> 0.6 Downstream 8744 691

5.12 Luminosity Feedback

The PEP-II collider employed a “fast dither” system
for luminosity feedback. This system used a set of
dedicated air-core Helmholtz coils around a thin
stainless steel section of beam pipe to deflect the HEB
beam in position (x and y) and angle (y’) at the IP.
Deflection was simultaneous in all three dimensions, at
three separate frequencies near 100 Hz. Lock-in
detection of the luminosity signal allowed separation of
the three components and calculation of beam steering
corrections. The corrections were applied to standard
DC correctors and the beam could be corrected at rate of
1 Hz [8].

SuperB has much smaller beam sizes at the IP and
thus presents much more stringent requirements on
beam alignment. We plan to use a system similar to
PEP-II, but dithering the more easily deflected LEB
beam and operating with approximately an order of
magnitude higher bandwidth. Dither frequencies will be
near 1 kHz, which will allow beam correction at about
100 Hz.

We need to dither x, y and y’ at the IP. For this, we
desire dither coils for both the x and y planes at a

A/ siny is large, and
another set of coils near the IP at a location where

location near the IP where

A cosy is large. We plan to place an x and a y coil
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set as close to the IP as reasonable (about 3.5 m from
the IP, just outside of the detector solenoid field), and a
second coil set between the final two bend magnets
(B1), preferably between the quad (QD2) and sextupole
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Figure 5.14: Dither coil locations in SuperB LEB lattice

Under normal operation, the dither amplitude should
be large enough to be detectable but small enough to
have minimal impact on the luminosity. A luminosity
modulation of about 1% worked well for PEP-II; this
requires shifting the beam by about 0.2 . Idealized coil
excitations are shown in Table 5.9; coupling will mix
these excitations together to some extent. Larger dither
amplitude will be helpful during commissioning and for
machine studies.

Table 5.9: Dither coil excitations for a shift of 0.2 o,
giving a 1% luminosity reduction

Parameter Deflection Coil 1 Coil 2
Excitation  Excitation
X 2 um 7 G-cm 7.4 G-cm
Y 8 nm 0.36 G-cm  -0.06 G-cm
Y’ 200 prad -2 G-cm -60 G-cm

The beam pipe needs to provide good conductivity for
beam HOMs, but poor shielding at dither frequencies.
Assuming a 5 mm bunch, the inside of the beam pipe
should provide multiple skin depths at frequencies
above about 7 GHz. The beam pipe conductivity should
be poor enough that induced eddy currents at dither
frequencies do not induce phase shifts of more than a
few degrees.

A ceramic pipe with a 1-2 pm Cu coating fits these
requirements well. The skin depth of Cu is about 2 pum
at 1 GHz. The phase shift induced in a 5 cm diameter, 1
pm thick Cu pipe at 1 kHz is about 0.2 degrees. The
electrical resistance of this pipe is about 0.1 Q/m,
causing about 0.4 W/m power dissipation with a 2 A
beam.
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Dither coils will be curved “saddle” coils with a
cos @ current distribution and an outer ferrite cylinder
to act as a shield and flux return. This design is similar
to CRT deflection coils, and provides much better
shielding and efficiency than the open Helmholtz coil
design used in PEP-II. Estimated coil parameters are
about 1 Q, 2 mH, and 10 cm length, with either a 9 cm
ID (coil 1) or a 5 cm ID (coil 2). Coil sensitivities will
be about 50 and 150 G-cm per amp for coils 1 and 2
respectively, with maximum currents of about 2 A and
nominal currents (for deflections in Table 5.9) of less
than 400 mA. Custom coil sets with these parameters
can be purchased from commercial vendors for about
$1200 US per coil location.

The corrections will be divided between a slow and a
fast component. The slow corrections (slower than
about 1 Hz) will be made through normal dipole
correctors. Faster corrections will be made through the
dither coils themselves, as the dipole correctors will not
pass these frequencies. The coil design described above
allows enough headroom for these corrections.

The fast dither coils have other applications in
addition to fast luminosity feedback. Their high
frequency capability will provide a useful diagnostic for
identifying sources of electrical noise. They can also be
used to scan or raster the beam at larger amplitudes to
find collisions. The coil design described above will
allow rapid scanning of the collision point by about 25
pm in x and 2 pm in y in just a few milliseconds. A
larger search range can be achieved by superposing a
slower scan with normal beam correctors.
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5.13 Fast IP luminosity feedback

The “Dither” feedback is not the only option that can
be considered for implementing a luminosity feedback
system at the Interaction Point. Another approach, the
fast IP feedback, can be implemented in parallel or,
eventually in alternative, to the first system. This second
project is based on a completely different design and it
is inspired to the IntraTrain IP feedback proposed for
the ILC (International Linear Collider) by Phil Burrows
(Oxford Un.) and presented at PACO7, in the poster:
“The FONT4 ILC Intra-Train Beam-Based Digital
Feedback”. The fast IP luminosity feedback consists
basically of an orbit feedback that can work at the IP
separately in each of the x, y and y’ (or x’) planes at
much higher response frequencies than the “standard”
orbit feedbacks. Furthermore these latter systems should
be not operative in the collision area to avoid instability
and conflicts between the feedbacks of the two rings.

As well known, SuperB rings are specified to operate
at ultra-low vertical emittances and to make stable
collisions between beams with vertical sigma* of the
order of ~20 nm. Of course problems to a perfect stable
match at the IP can easily come from two main reasons:

a) mechanical vibrations from seismic sources or
vehicular traffic around the collider buildings;

b) ripples coming from the electromagnet power
supplies.

Both cases can produce “slow” shift or drift of the
beams decreasing luminosity.

The key components of the Fast IP Feedback system
are:

e beam position monitors (BPM) to pickup the
beam position, two BPM in case of angle
correction;

e signal adapting analog front end circuits with
remote gain control;

e analog to digital conversion (ADC) at 12 or 14
bits, using an ADC with differential input;

e DSP’s (Digital Signal Processors) inside one
FPGA (Field Programmable Gate Array) to
produce a position correction output from the
raw BPM signals;

e  operator interface remotely controlled;

e digital to analog conversion (DAC) at 16 bits;

o amplifiers to provide the required output signal
levels;

e kickers for applying position (or
correction to the beam;

e fast [P feedback is foreseen to work with a
propagation delay < 150ns and should
reasonably run at ~ 5-10 MHz depending on
the implemented algorithm.

angle)

If necessary the use of DSP’s will allow the
downloading of more sophisticated algorithms that can
be optimized for possible beam jitter scenarios at the IP.
The Fast IP feedback can be implemented for the
SuperB by the same kind of digital processing unit that

will be used for the bunch by bunch transverse
feedback, but with different programs inside. Using the
same hardware will be an advantage from both
economical and maintenance points of view.

In case of angle correction, the ADC dual inputs can
be used to take input signals from two different pickups
and the adapting analog electronic stages. In principle,
the fast IP feedback could work in bunch by bunch
mode but, if used in this way, it should wait one
revolution turn to kick the beam, becoming much
slower, and it will not replace the transverse (betatron)
bunch by bunch feedback systems, that uses different
algorithms and power amplifiers, so this hypothesis is
not very attractive. Of course the Fast IP feedback
should be installed as close as possible to the IP and at
least two implementation schemes should be
considered. In the first implementation, the input signal
comes from a beam and the output goes to correct the
same beam, in the second scheme, maybe more
interesting, the feedback works as a “follower”,
acquiring the signal from both the beams 1 and 2 and
correcting only the beam 2 to follow the first one in the
horizontal or in the vertical plane. Sophisticated
algorithms can be studied to have correction signals
compatible with very low vertical beam emittances and
dimensions, avoiding to feeding noise to the beams,
whilst no direct connection with the luminosity monitor
is foreseen. Practical problems could arise from the
space needed to allocate the kickers (~20 cm striplines
plus the tapering cones) near to the collision area. To
save space, kicker could be designed with four striplines
in horizontal-vertical or in diagonal position to serve for
more planes.

In conclusion, as recommendation, at least one fast IP
feedback system, working in the LER vertical plane and
taking input signals as difference from both the two
beam vertical positions with the goal to make the LEB
following the HEB, should be foreseen in the SuperB
design to cope with the uncertainty due to the trajectory
drifts of so small beams.

5.14 Machine Detector Interface

The machine detector interface (MDI) is defined on
one side by the goals of the SuperB Physics program[9]
and on the other side by the feasibility and operability of
the machine and of the detectors. The angular coverage
of the detector must be greater than 95.5% in the
laboratory centre of mass frame and the resolution on
the proper time of decay of the B mesons must match or
exceed the BaBar value in spite of reducing the Lorentz
boost of the centre of mass frame. The amount of
material present inside the detector acceptance must be
kept at a minimum to preserve the performance of the
vertex, tracking and calorimetric devices. The MDI
design must also take into account the space needed for
the ancillary sub detector services (mechanical support,
read out electronics, cooling, monitoring, etc.) that
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necessarily will be placed outside the angular coverage
of the SuperB detector.

A rough sketch of the space left for the machine
elements nearby the Interaction Point is presented in
Fig. 5.15. The hatched region is the cross section of the
volume available for the machine elements and their
mechanical support. The requested detector acceptance
and the inner support tube of the drift chamber are
represented by dashed lines.
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Figure 5.15: Layout of the MDI regions. The hatched
region is the cross section of the space available for the
machine elements. The detector angular acceptance and
the DCH inner tube is also sketched. Linear dimensions
are expressed in mm.

Proper time measurements

An important part of the SuperB research program is
represented by the measurement of the time dependent
CP asymmetries. All these measurements require a very
accurate determination of the longitudinal distance Az
among the decay vertices of the two short lived B
mesons from which their decay proper time At is
extracted.

Approximately At ~ Az/By , where Py is the Lorentz
factor of the Y(4S) in the laboratory reference frame.

The resolution on At is worsened by the SuperB
reduced boost, hence, to achieve equal or better
performance with respect to BaBar a better resolution
on Az is required. At the B factories this resolution is
dominated by the multiple Coulomb scattering that
affects the decay products traversing the material of the
beam pipe and of the tracking devices.

It is, in this respect, of uttermost importance to reduce
the amount of material of the beam pipe in the angular
acceptance window of the detector and to reduce its
radius in order to place the first layer of the Silicon
Vertex Detector (SVT LO) as close as possible to the IP
in order to minimize both the multiple scattering mean
angular deflection and its lever arm.

Monte Carlo simulations of physics events indicate
that the BaBar performance level can be reached by a
light Silicon Vertex Tracker whose inner layer (LO)
thickness is halved with respect to the BaBar vertex
layers and by a beryllium beam pipe (outer radius ~1
cm, thickness ~1.5 mm) with an inner 4pm gold coating
and a water jacket for cooling purposes (total radiation
length order of 0.5% Xj).
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Preliminary background studies indicate that the
dominant source of background for the SVT LO is two-
photon pair production occurring at the IP. The total
cross section of this process evaluated by the DIAG36
Monte Carlo generator is 7.3 mb. Only a small fraction
of these events are seen by the SuperB detector: most of
the particles produced by this process are soft enough to
be confined by the detector solenoidal field inside the
beam pipe so to escape unseen in the very
forward/backward acceptance hole of the SVT LO.

Assuming a detector solenoidal field of 1.5T and an
inner LO radius of 1.5 cm the production rate of
particles impinging on the detector is of the order of
8MHz/cm®. This rate was evaluated using DIAG36 [10]
to generate the primary particles and an ad-hoc
developed Geant4 based program to simulate their
interactions with the machine and the detector material.

The rate of this background quickly increases as the
inner vertex detector approaches the IP limiting the
smallest LO radius and hence the minimum machine
energy asymmetry tolerable while keeping the time
dependent CP asymmetries measurements in the SuperB
research program.

The limit is mainly set by the bandwidth of the read
out logic and by the overall time resolution and dead
time provided by the detector and its front end
electronics.

The baseline configuration is a LO based on state of
the art thin silicon striplet sensors mounted in a 13cm
long barrel configuration placed around the beam line.

The simulations suggest limiting to 1.9cm the inner
radius of this barrel to keep the background rate at
reasonably low level. This limit can be lowered to 1.5
cm using the presently under development thin pixel
silicon sensors.

Radiative Bhabha

In addition to all of the well known and dangerous
background sources that scale with the beam currents
and have been seen in the high current colliders such as
PEP-II and KEKB, the SuperB detector will be exposed
to major threats arising from the factor hundred increase
in the luminosity.

Off energy particles are produced at the IP via the
radiative Bhabha scattering reaction with a rate directly
proportional to the machine luminosity.

The design of the downstream part of the final focus
must guarantee an almost loss-less transport of these off
energy particles to the outside of the detector volume in
order to prevent debris from the generation of
electromagnetic showers from reaching the detector.

The design of the interaction region proposed in the
CDR [9] was based on a permanent magnet quadrupole
shared among the HER and LER. The magnetic axis of
this quadrupole was shifted toward the upstream
incoming beam to reduce the radiation dose on the SVT
LO. The dispersion generated by the dipole component
seen by the downstream outgoing beam over-steered the
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off-energy particles making most of them collide with
the vacuum chamber walls near the IP and inside the
detector. Secondary particles produced by the
electromagnetic showers were absorbed by a very thick
(order of 12 cm) tungsten hollow cylinder containing
the beam line to shield the detector against this
background.

The problem is eased in the present IR design by the
super-conducting double QDO that provides pure
quadrupole fields for each beam line. The dispersion on
the downstream doublet, hence the off-energy particle
loss rate, is greatly reduced.

The effect of this background is evaluated with a
Monte Carlo simulation. Primaries which are off-energy
particles from the radiative Bhabha scattering are
generated by the BBBrem [11] package. Their transport
in the final focus magnets and their interaction with the
vacuum chamber wall and with the detector is simulated
with a Geant4 based program. Detector occupancies and
radiation damage has been evaluated. Even the double
QDO IR design will need a 3 cm thick tungsten shield (
equivalent to 8.5 X, at normal incidence) to ensure a
reasonably low occupancy in the Drift Chamber
detector.

5.15 Assembly and Rapid Access

The cryostats of the final focus magnets (QD0O and
QF1) reside entirely inside the detector magnetic field.
The outer dimensions of the cryostats are designed to be
outside of the 300 mrad acceptance needed for the
detector. However, the detector wants to get as close to
the outer radius of the cryostats as possible. This means
the inner radius of the drift chamber is as small as
possible, minimizing the space between the outer radius
of the cryostat and the drift chamber. The anti-solenoids
in the cryostat will exert a large expulsion force once
they are energized. We also want access to the central
region between the two cryostats. A question of initial
assembly also arises. In order to solve all of these
requirements we have developed a concept of assembly
and rapid access as well as machine component support
which we describe below.

Each cryostat will have a strong rigid support that
comes up from the ground on either side of the detector
and reaches in through the detector doors to support the
cryostat. These two supports will be tied together
underneath the detector with some sort of solid
connection. For the backward cryostat the support is
cantilevered enough so that this cryostat can be pushed
through the entire detector. This gives us access to the
central section between the cryostats. The central
section then is composed of a central vacuum chamber
that contains the Be section for the physics window. The
central beam pipe is bolted to the beam pipes coming
from the two cryostats using a flange pair. There are
also small bellows at each flange pair joint to eliminate
any stress on the central Be chamber. Assembly is
accomplished by sliding the backward cryostat in

through the detector and then bringing up the forward
cryostat and bolting the two cryostats together with the
central vacuum chamber. Figures 5.16, 5.17 and 5.18
are a sequence of layouts depicting the rapid access
scenario.
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Figure 5.16: Layout of the interaction region Note the
exaggerated vertical scale depicting the horizontal
plane.
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Figure 5.17: Side view with drawings of cryostat
supports.
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Figure 5.18: Cryostat supports placed on rails and slid to
the forward side of the detector for access to the central
region. The cryostats can remain cold and connected up.
The SVT can also remain connected up.
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5.16 IR Magnet Cryogenic System

Design Goals

The cryogenic system for the SuperB IR
superconducting magnets should meet a number of
goals. These are:

1. Reliable and safe operation of the magnets

2. Meet the space requirements of the detector system

3. Allow the use of warm beam tubes

4. Ability to cool down and warm up the magnets
independent of the detector solenoid

5. Ability to move the magnet system to allow access
to the vertex detector

6. Use of the excess capacity of the Babar

refrigerator/liquefier for magnet cooling

System Description
In order to save space, reduce heat leak and simplify
the design, the superconducting IR magnets are grouped

into 2 separate helium vessels where they are bath
cooled by pressurized He II at 1.9 K. Figure 5.19 is a
preliminary Piping and Instrumentation Diagram
(P&ID) that shows one side of the IR magnet set. An
essentially identical layout would exist on the other side
of the IP. The two helium vessels are contained within a
single 80 K thermal shield and vacuum vessel. This is in
turn attached via a vacuum jacketed transfer line to an
interconnect box that sits outside the outer boundaries of
the detector.

Bath cooling by pressurized He II was chosen to
allow for higher performance magnets and to take
advantage of the mechanism of internal convection heat
transfer found in He II. This permits the transfer of large
amounts of heat with out the need for boiling or forced
flow.
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Figure 5.19: IR Magnet Cryogenic System Piping & Instrumentation Diagram

Fig. 5.20 is a schematic that shows how the system
would permit access to the vertex detector while the
magnets are still cold (though not powered). The
concept is that the magnets, transfer line, distribution
boxes and vertex detector would be mounted on a
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sliding support and that the length of the transfer line on
one side would be large enough to allow the indicated
translation. The distribution boxes are envisioned to be
connected to the refrigeration plant by flexible transfer
lines.
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Figure 5.20: Movement of IR Magnet System and IP to Provide Access to Vertex Detector

Cryostat Description

Fig. 5.21 shows a solid model based on expected
magnet and detector dimensions of the cryostats. This
view does not show the 80 K shield and shows the
vacuum vessel as see through but does show the helium
vessels and the magnets. These cryostats will use
standard construction techniques with stainless steel
helium and vacuum vessels, copper thermal radiation
shield and multilayer insulation in the vacuum space
between both the vacuum vessel wall and the 80 K
shield and between the 80 K shield and the helium
vessel. Stainless steel piping will supply the pressurized
He 11, allow for cool down and warm up of the magnets
and provide access for both instrumentation and magnet
current leads. Though not shown in this view the system
is designed to allow the beam tubes to operate at room
temperature.

Figure 5.21: Proposed IR Magnet Cryostat System

Fig. 5.22 shows the cryostat and transfer line system
(with the outer vacuum vessel and transfer line wall
visible) in relation to the space currently allocated to
this system, It shows that the system as designed does
fit within the space given.

Figure 5.22: Proposed IR Magnet Cryostat System
Showing Detector Space Limits

Interconnect Box & Transfer Line Description

The interconnect boxes (1 per side) provide both the
connection of the magnet system to the cryogenic
refrigeration plant and magnet power supplies as well as
providing the He II refrigeration for the system. As
shown in Figure 5.19, the interconnect box contains the
helium vapor/helium liquid heat exchanger, JT valve
and saturated He Il/pressurized He II heat exchanger.
This set of components converts the 4.2 K liquid from
the BaBar refrigerator into the He II used to cool the
magnets. The heat leak from the magnet system is
transferred via internal convection to the heat exchanger
in the interconnect box which then boils off the helium
in the saturated He II bath. The vapor is pumped off via
a warm vacuum pump which maintains the bath at 1.9 K
(2299 Pa). Connections to the 80 K shield circuit along
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with the warmup/cooldown line also pass through these
boxes.

The cross section of the transfer line connecting the
interconnect box and the magnet cryostats is shown in
Figure 5.23. The line contains all the service pipes
needed for the magnet system along with an 80 K shield
and blankets of multilayer insulation enclosed in a
vacuum space. The diameter of the He II supply line is
sized to allow up to 24 W of heat to be transferred via
internal convection. The other line sizes are
approximate based on experience and will be refined as
the design develops.

Connections to the BaBar Refrigerator

The existing BaBar refrigerator has two sets of
connections that supply helium at 4.2 K in addition to
those that supply the detector solenoid. These would be
connected to the interconnect boxes via flexible transfer
lines. The return flows would be pumped off by the
warm vacuum pump, cleaned of any impurities (such as
pump oil) and returned to the suction side of the main
compressors. The 80 K shield flows could either be
connected in parallel to the detector solenoid shield flow
or be supplied via another 80 K He gas source. It is
possible that the temperature of this shield may be
lowered somewhat to better match the supply from the
refrigerator.
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Figure 5.23: Cross Section of IR Magnet Transfer
Line

Connecting the IR magnets to the refrigerator in this
manner will allow the IR magnets to be cooled down or
warmed up independently of the detector solenoid.
However, the refrigerator will of course need to be cold
for the IR magnets to be at operating temperature.

Estimated Cooling Capacity and Heat Leaks

Operating the Babar refrigerator at full compressor
flow (150 g/s) will easily result in a production of 3.5
g/s of 1.9 K saturated Helium. This translates into 77 W
of total (both sides together) cooling at 1.9 K. The
maximum heat transferable by internal convection
through the 2.5 inch He II supply line is 24 W per side
at 1.9 K.
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These limits can be compared to the estimated heat
loads from the magnet system. For one side of the IP the
estimated magnet cryostat static heat into the 1.9 K fluid
is 18 W. This is based on a conservative calculation of
thermal radiation heat leak (assuming warm beam tubes
as well as an estimate of 2 W conduction heat leak to
1.9 K per each anticipated support in the magnet
cryostat and transfer line. The 18 W per side can be
compared to the 24 W available capacity per side.

Still to be calculated is the heat load due to LDI/DT
losses (dependent on magnet design) and any heat load
due to ionizing radiation.

In this conceptual design, the expected heat load
appears to be consistent with available cooling capacity.
However, this will need to be checked again as a more
detailed design evolves. The internal convection heat
transfer limit can be raised by increasing the cross
sectional area of the He II supply line so there is
additional cooling margin available.

Utilities

This cooling system requires few utilities in addition
to those already supplied for the BaBar refrigerator.
Additional electrical power will be required to power
the magnets and the vacuum pump for pumping the He
vapor from the saturated He II bath. The amount of
power needed is still to be determined but it should be
consistent with that required for large detector halls.
Depending on its design, the vacuum pump may also
require water cooling. It is expected that the cryogenic
controls for the IR magnet system will be part of the
controls for the BaBar refrigerator.

5.17 Luminosity Monitor

The PEP-II collider used a zero-angle luminosity
monitor that detected the gamma rays from the radiative
Bhabha scattering process. The detector was located
next to the HER beam pipe where the radiative Bhabha
gamma rays from the LEB were intercepted by the
vacuum pipe. Because of the synchrotron radiation
power, the vacuum chamber wall was at a shallow angle
and was water-cooled, thus presenting about 1.5
radiation lengths to the incoming gamma rays. On the
other side of the interaction region, the synchrotron
radiation from the HEB required a cooled copper beam
pipe capable of absorbing 70 kW, and this thickness of
material prevented a useful radiative Bhabha signal
from being detected.

The beam pipe design for SuperB allows for a
luminosity monitor similar to the PEP-II type to be
installed at 7-10 m from the IP. With the energy of the
HEB lower than at PEP-II, the possibility of also
measuring the radiative Bhabha rate on that side will be
reexamined. In the HEB downstream case, one possible
approach is to make use of muon pair production in the
vacuum pipe wall. An estimate of the rate of penetrating
muons is 100 kHz at full luminosity. With this signal,
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luminosity could be monitored, with 1% statistics, at 10
Hz.

The main background signal is BGB generated by the
incoming beam. This background signal is integrated
over the length of the beam trajectory near the collision
point following the last inbound bend. In the PEP-II
case this was 42 cm, and led to insignificant
backgrounds. Although the straight section in the
SuperB design is an order of magnitude longer, the
vacuum pumping and conductance will be improved to
compensate, and the background situation is expected to
be comparable.

An effect that was present at PEP-II, but will be of
greater importance at SuperB, is the suppression of the
radiative Bhabha signal occurring at small beam
dimensions [12].This effect is explained in [13] in terms
of the cutoff of transverse integrals of the
electromagnetic field to match the oncoming beam size.
Using the prescription of Kotkin and Serbo [14], we
find that, at SuperB, low energy gammas from the
scattering will be suppressed by ~40%. For gammas
close to the beam energy, the suppression will be ~20%.
For small changes in the spot size the effect does not
vary enough to cause confusion in using the radiative
Bhabha signal for machine diagnostics or feedback.
However, these calculations do not yet include the
effects of crab waists, and an investigation is warranted
for conditions where misleading signals may appear.

The luminosity counters at PEP-II functioned for
various purposes. A signal proportional to luminosity,
with an averaging time constant of ~0.5 sec, was
sampled frequently by the data collection system,

The process of developing an initial design will start
with the radiative Bhabha spectrum, and simulate
showers through various thicknesses of material with
EGS or Geant. The distribution of the surviving tracks
will be parameterized, and used to study the propagation
of Cherenkov light through a range of possible detector
models based on the PEP-II design. For converting the
Cherenkov pulse to an electronic signal, it is likely that
the fast PMT technique will remain desirable at SuperB,
for its ability to monitor the individual bunch pairs.
Presently, this restricts the choice of PMTs to a few of
the fastest models. As an alternative, and a possible path
to future shorter bunch spacing, microchannel plate
PMTs would give an improvement in timing, but
traditionally they have a limited lifetime in terms of
their ability to deliver signal charge. This should be re-
evaluated for modern microchannel plate versions,
while allowing for the possibility that modern high-gain
fast pulse amplifiers might help by reducing the wear on
the microchannel plates.

On the other hand, for purposes other than monitoring
individual bunch pairs, slower techniques may have
advantages, and deserve to be examined. Fast, narrow
gap, ion chambers could in principle provide a more
stable sensitivity than PMTs, while being intrinsically
radiation hard. This will require some research and
development to ensure that ion charge saturation does

displayed, provided to BaBar and archived. This was
also used for luminosity feedback. A faster feedback
signal was developed, responding as fast as about 1
kHz, and a signal was buffered for purposes of fast
event diagnostics. In addition, a system using the full
bandwidth of the counter continuously monitored the
relative luminosity of all colliding bunch pairs,
completing a survey of all bunches within about 3
seconds. The detector technique that drove these signals
used a 4 radiation length converter just outside the beam
pipe to rejuvenate the shower from the escaping gamma
rays close to the detector. The resulting electrons and
positrons produced Cherenkov light in fused silica
blocks. Some of the light was extracted through
prismatic edges and ducted through air light guides to
PMTs capable of resolving pulses at the full 238 MHz
of the machine. Output signals were split and processed
by different types of electronics systems. The very high
rate of the radiative Bhabha signal at PEP-II meant that
the detectors behind the shower converter had to
withstand in excess of 1 Grad per year. In fact the
detector shielding was part of the Personnel Protection
System of the machine. At SuperB the radiation level
from the radiative Bhabhas will be two orders of
magnitude higher. There is some evidence that the fused
silica used at PEP-II could withstand at least several
times the PEP-II dose. But it would be very difficult to
test at 100 Grad per year, and so palliative design work
is needed. The most straight-forward change would be
to use a much thicker shower converter to filter out most
of the radiation dose, and detect only a very penetrating
fraction of the gamma rays.

not prevent high rate operation. If this is successful, a
preliminary estimate shows that a current of ~1
microamp could be delivered by such a device without
amplification. In principle, at full Iuminosity, this
technique would allow measurement with <1%
statistical uncertainty at megahertz rates. Suitable
readout instrumentation would allow the luminosity
signal to be coupled to a fast feedback system. An
alternative to direct readout of ionization might be to
measure the fluorescence of the gas at optical
wavelengths. More speculative is the possibility of
using a fast R/F pulse from the excess of electrons over
positrons in the gamma ray shower, if ringing after the
pulse and background noise can be managed.

Although a careful selection of discriminator
thresholds allowed the PEP-II system to operate with
satisfactory linearity in counting mode with 238MHz
bunch crossings, the use of GHz digitizers synchronized
to the machine timing brings the possibility of improved
linearity of response over a wider dynamic range of
luminosity. Somewhat analogously to bunch by bunch
processing at PEP-II, data would be accepted to a deep
memory in a burst some tens of milliseconds long,
analyzed for luminosity per bucket in a fast processor,
and the cycle repeated indefinitely. Following PEP
experience, feedback may be needed to stabilize the
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relative timing between the luminosity signal processing
and the collider distributed timing pulses.

Studies on the PEP-II luminosity counter system
showed that it was possible to provide a luminosity
signal with a response time in the range of 1 to 2 msec
and signal resolution of at worst a few percent. A
similar detector at SuperB would be positioned behind
much more shielding, and so larger fluctuations in the
gamma ray showers would decrease the effective
statistical weight of each measurement. Part of the
design study will be to evaluate this effect, and to
achieve a balance between an enhanced response time
and the need for shielding. It seems likely that a
performance at least as fast as at PEP-II can be
achieved. Using either a fused silica Cherenkov detector
or possibly a narrow-gap ion chamber system, it appears
very likely that a relative luminosity signal, good to 1%,
can be provided at a rate approaching 1kHz. Such a
signal would be available for a beam position feedback
system to maintain the beams in collision within a few
percent of maximum luminosity.
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Damping Ring lattice, but has evolved since then
6. Rings lattice towards a more compact and performing design which
is described below.
6.1 Introduction

The SuperB HER and LER lattices need to comply; o Rings layout
with several constraints. These include the extheme
low emittances and IP beam sizes needed for the hi%h
luminosity, as well as damping times, beam lifesme
and polarization for the electron beam.

The SuperB rings can be basically considered as t
Damping Rings (DR), similar to the ILC and CLIC
ones, with the constraint to include a Final Fo(fisS)
section for collisions. So, the challenge is ndyydrow
to achieve low emittance beams, but also how tosho
the other beam parameters in order to reach ahighy

luminosity with reasonable lifetimes and small bean{egion' . .
degradation. Inspirations from the design of theedir The LER and HER FF bending systems provide the

collider DRs, as well as from lattices of the lastSame total bending angle and the specified 66 mrad

generation synchrotron light sources, are beingy vercrossing anglg at IP. The Iattgr requires bendmgjea
asymmetry with respect to IP in one or both rinfise

useful to define SuperB lattice characteristics. ; . I
present design uses the same bending configuration

Nevertheless a new “Arc cell” design has been axtbpt .
for SuperB and is now under study for the ILC-DR. the LE_R and HER FF, but reversed _W'th respect th ea
other in order to produce the crossing angle. Hiter

All the SuperB lattice studies so far have beersgua. , X . .
parameters free. After an intense optimization wihlk is obtained by introducing +33 mf?‘d asymmetry with
parameters corresponding to asymmetric emittances arespect to IP, where the left hand side LER FFirsam

beam currents for the two rings seem to be morgymmetriq to th_e right ha.nd gi_de HER FF aF‘d vice
consistent with other requirements. For instance: versa. This configuration simplifies the FF geoncelr

and optical match. First, it yields a symmetric ralle
» Larger emittance and lower beam current in the LEF&ZF geometry .WhiCh simp!ifies the geometric match to
is necessary to keep under control the emittanc}?e I(_aft and right hand side Arps. Secondly, 'Dw.u
dilution due to Intra-Beam-Scattering (IBS) identical HER and LER FF optics (reversed relative
« Higher beam current in the LERgis ne;:essar teach other) thus simplifying the optimization. The
gher Sary Q5trengths of the FF dipole magnets are adjustedZdr
minimize the synphronous phase spreaq differenc radial separation between the HER and LER beam
between the two rings due to the gap transient. lines in the Arcs and in the long straight secti®he

The SuperB Rings consist of the two main Iatticemain differen(_:e between th_e LER and HER FF d__esjgn !
systems: that thg LER includes a Spin Rotator (_SR) insertidgtn
' solenoids at each end of the FF while the HER has a
simple FODO section at this location.
The “parasitic crossing” between the two rings is
arranged at one end of the Arc near the left hael &f
the long straight section as shown in Fig. 6.1. The

. , crossing is obtained by a proper lengthening ofifi d
* FF System,which consists of an extremely 18- gpace in the HER Arc cell nearest to the straightisn

insertion and a Crab Waist scheme requiring a abeci;, sych a way that the two beam lines cross with

Layout of the HER (positrons) and LER (electrorss) i
own in Fig. 6.1, where the rings are in the roorial
plane, and IP is at the top of the Figure. The &F i
m&onnected to the two Arcs in two half-rings (onadn
one outer) and a long straight section on the dppos
side. The straight section comes naturally to clime
ring and readily accommodate the RF system and othe
necessities. A “parasitic crossing” for the twogsn
without beam collision will be provided in this litt

* ARCs,whose main functions are to:
= bend the beams back into collision;
= generate the design horizontal emittance.

optics Fhat: L minimal interference and provide the specifie2ll m

» provides the necessary beam demagnification at trfeparation in the straight section.
IP; . S The present rings design satisfies all the requergm

* CorTects its own chromaticity; _ luminosity, beam polarization, compatibility witHEP-

= provides the necessary conditions and constraint$ harqware wall-plug power, etc. The ring
for the Crab Waist optics. circumference is1258 m.

The first version of the Arcs lattice (describedthe
CDR [1]) has been inspired by the low emittance ILC
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Fig. 6.1 — Layout of the HER and LER rings.

The SuperB Damping Ring is using a similar Arcs
. design which provides excellent performance.
6.3 Arc lattice The HER and LER Arcs lattices are conceptually the
The Arc design has been constantly amelioratedsinGame. The main difference is that the Arc dipotethe

the CDR [1]. The design has evolved in order to: LER are a factor of 3 shorter than in the HER iderto
) _ obtain approximately the same emittance values at
* improve the transverse dynamic aperture; unequal beam energies. Geometrically, the HER and
* improve the energy acceptance; LER Arcs are parallel to each other in the horiabnt
* improve the flexibility in modifying its parameters plane while separated by2.1 m in the radial direction
(emittance, etc.) during the run; as shown in Fig. 6.1 and 6.2. The two horizontal
 decrease its natural chromaticity; crossings (IP and parasitic) result in each ringirta
 increase the momentum compaction for a giverone inner and one outer Arc. Both the inner ancrout
emittance; Arcs have the same total bending angle, but therout
« increase all the instability thresholds; Arc is made longer by increasing the drift spacauad
« increase its tuning ability in order to achieve thethe dipole magnets in order to make the two Arcs
target parameters; concentric with constant separation.
« relax the tolerances; The Arc lattice consists of short and long cellevsh
« decrease its complexity. in Fig. 6.3 and 6.4. These cells are originallyeohsn

the TME type lattice in order to minimize the eiaiite.

Fortunately, a lot of these improvements areéiowever, the standard TME cell optics is modified i
positively correlated. For instance, a lower chrooity  this design by splitting the central dipole in thalves
makes the sextupoles weaker, thus yielding a largéd inserting a focusing quadrupole between them as
dynamic aperture and weaker head-tail instability. shown in Fig. 6.3 for the short cell. This extra

The design provides safety margins on the requireguadrupole increases the cell tuning ability whyeids
specifications. For instance, presently the Arcgt better horizontal focusing at the dipoles foroever
transverse acceptance exceeds olO@hereas the emittance. Phase advance in the short cell is &djus
machine physical aperture is of the order a§.40
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nearpy = 3172, B, = W2 for optimal compensation of chromatic tune shift generated by the Arc sextupole
sextupole non-linear chromaticity. and to maximize dynamic aperture, phase advance in
the short cell is optimized.
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-300
-- sextupoles 40. t 0.40
/\ 035
30. - / / t0.30
/ [ 025
-310
20. - \ [ o020
o 015
10. 4 £ 0.10
F0.05
0.0 0.0

00 25 50 75 100 125 150 175 20.0 225 250
8¢ poc = 0. sm

Fig. 6.3 — Lattice functions in the HER short Asdlc

L I I

HER V12 3pi Cell

'awlzo 130 140 150 160 170 180 E 60, tiieran 5115 E 1a0p10-121 0.60 E

= * y F055 @
Fig. 6.2 — Layout of the HER (outer) and LER (inner 50. | 050
Arc cells [ 045
40. ) [ 0.40
. . . . / N /\ /\ [ 035
The long cell in Fig. 6.4 is approximately a 30, \ / /\ \ / \ L 030
combination of two short cells. It uses 5 indeperide / \ / \, / / \ o poes
quadrupole families for maximum flexibility which 20"/ \ o AN
helps to maximize B-functions and dispersion at 10, Lot0
sextupole locations in order to decrease theingttes 005
and their non-linear effects on dynamic aperture. |~ *00 & @ B @ & w® ® @

order to minimize emittance and th® @rder chromatic

tune Shift, bending ang]e in the two dipo|es ndar t Flg 6.4 — Lattice .fUnCtionS in the HER |0ng Arcllce
center of the long cell is reduced by 8 mrad compao  With —I transformation.

the other Arc cell dipoles. Phase advance in timg lo WMMWWWMWMWMMW

cell is matched exactly tq, = 3m p, = 7 for —I wen e
transformation in both planes. g TR R -
A high horizontal phase advance in the Arc cells is 71 o5
required for a low emittance. But the vertical phas 60. | L 00
advance can be made lower for a lower Arc s | - -0.25
chromaticity. In this design, the Arc vertical pbas 0. ] [ ~0.50
advance is made 3 times lower than the horizontal o 0] \ ‘ e
This allows to maintain —I transformation in thendp " | ) ‘ .
cells and /2 transformation in the short cells in both ] L 150
planes. The long and short cells are arranged '] HT W AW b W F 178
periodically one after the other in each Arc asvahi 00,56 780, 200, " 280. 300, 350. 400. 480, 500 550. 6000
Fig. 6.5. A dispersion suppressor cell at each ewd e = 0 "

has the dipole and quadrupole strengths adjusted fo  Fig- 6.5 — Lattice functions in one HER Arc.
dispersion cancelation.
Horizontally and vertically correcting chromatic g 4 Final Focus lattice

sextupoles are inserted at the beginning and erideof . . .
P g 9 The Final Focus is the most crucial system for

short and long cells, wheifg-functions and dispersion achieving the SuperB performance. The luminositgl go
are at maximum as can be seen in Fig. 6.3, 6.thisn . 9 pere p X '59
s based on capability of the FF to de-magnify the

. . . |
case, the identical se_xtupoles form —I pairs WhIChvertical beam size at the IP down to 35 nm and beyo
provide local cancellation of the sextupol& »rder

eometric aberrations and thé" 2order dispersion In addition, the FF design has to ensure the ful
geor : P - . functionality of the Crab Waist optics that has rbee
leaving only the higher order terms due to finite

sextupole length and partial overlap of the pairs. EL?/;/::te(;u:grirl?r?enat\ﬁltie;o(serglrg:”r?:et}ertg)e beam-beam
minimize the chromatic W-functions and non-linear P )
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This is the biggest challenge we encounter. The FF
system is based on the acquired know-how and :
experience of the systems developed for the Linear:|
Colliders. It is based on the optics developed tfa 0
“Next Linear Collider” (NLC) that had been =i — ‘ -
successfully tested on a dedicated single pass beam - | Taiseions -dodes - quadups ~segges
the “Final Focus Test Beam” (FFTB) built at SLAC, " 1 5 ) ; " 5 0
where beam sizes down to 70 nm had been measured.

Several modifications have been made in order to ) )
adapt such FF optics to a ring operation. In paleic Fig. 6.7 — Close-up of the IP region layout.

* All bending angles have the same sign to meet thg 5 Final Focus R&D

ring requirements (rather than the Linear Collider . .
.. SLC at SLAC is the only collider that had operated
ones). For example, they have to generate a speciff ith a simplified version of the SuperB FF optittshad

e o i e e e e s
locations and bending radii have been optimized fo single pass mode, each one equ!valent to ha'"f?@f
minimal ring emittance and maximum dispersion a uperB FF in terms of complexity. The achieved
the Chromatic Correction Section (CCS) sextupoles. démagnification [, = 2 mm) is about 10 times larger
« Two additional sextupoles in phase with the IRhat than the one required at the Supef§ £ 0.2 mm). It
beam waist locations upstream the CCS, provide POk 4 years to fully commission the SLC system and

great increase of the FF demagnification capadsliti make it reliable. .
and bandwidth. FFTB at SLAC had the most similar FF system to the

d%JperB FF. It achieved a comparable demagnification
nd vertical beam size. About 1 year of total beiane

as needed to fully commission the FFTB.

ATF2 at KEK is a single pass beam line to test the

» Crab Waist sextupoles have been added at eachfen
the FF. It has been proved that this is the onl
possible location in order to preserve dynamic

aperture of the system (CDR [L]). Fig. 6.6 present?LC FF design. It is presently under commissioning.

lattice functions in the current FF design, and Big X . :
shows a close-up of the IP region layout. This system s about .30% S|mple_r than_ the .SLC FF,
. : .. hence it should be easier for commissioning aridbrigl
* Dipole lengths and bending angles have been adjuste, ~ . : .
delivery of the design performance. Its design beam

in order to meet the geometrical constraints. The arameters are very similar to the FETB and SuperB
dipoles in the Y-CCS section are made weaker on orfg y P

side and stronger on the other side to satisfy+8% . .
mrad asymmetry with respect to the IP. The I:F_SuperB has four FFTB-like FF sections that have to

, imultaneously operate at full specifications. Thaye
dipoles are also made shorter than the Arc (and I:)E't?he extra requirement that the beam is not dumfted a

magnets (4 m instead of 5.4 m) to obtain the propg L .
: : P, but has to remain virtually unchanged afterspagp
separation of the two rings.1 m average). through two of such systems (in each Ring).

YN Final Focas Right 6.6 Polarization insertion

1o, Win32 version 8.51/15 17/02/10 03.32.52 ) Several schemes have been studied in order to
TR R ‘ D, " Toss provide a longitudinal polarization at the IP. Ale
35. 1 L 0.50 polarization schemes must satisfy physical congiai
30. 045 and quantized conditions that are intrinsic to $pén
25. 1 jg';‘fg dynamics, since the rotation of the spin in a gipkme

20. | " 0.30 is directly related to:
is5 | 0.25
: 0.20 e b .
10, ] 015 eam energy;
5 ] L 0.10 » bend angle in a given section;
00 J . 3 3-35 « integrated field of a solenoid (if used).
Y00 200 7 400 T 60 80 d00. T 1200

. . . . s fm) Polarization with Spin Bumps
F'ﬁ]' 6.?P_' Latt|rc]e lfl;tnctlons in the HER Final FOcus Al the polarization schemes that do not use satEno
where 1P Is on the left. to rotate the spin require vertical bumps. So far n
feasible solutions were found for such schemes that

SUPERB COLLIDER PROGRESSREPORT



33

would not have a great impact on the machine design

parameters, in particular the vertical IP beam.size Polarization in LER
Similar efforts have been made in order to modify t
Polarization with Spin Rotators LER FF to make it compatible with the solenoid

Bend angle values in the SuperB FF optimized foinsertions. In this case the impact is minimal siitcis
maximum luminosity differ from the ones required fo possible to satisfy the SR optics requirementsusy rie-
proper spin dynamics (there are very few quantizedptimizing the FF dipole magnets. The main
choices). Presently, two Spin Rotator (SR) scheanes consequences are:
developed, one for having a net polarization inHiEER
(6.7 GeV) and the other for the LER (4.18 GeV). « HER emittance increases b§%;

The required integrated solenoid field is ~70 times circumference increases byl00 m relative to the
larger in the HER SR and 40 times in the LER SR SuperB without SR;
compared to the Detector solenoid field. The Spin polarization lifetime is<20 min ( >2 hrs in the HER
Rotator tuning properties in terms of coupling SR case);
compensation, sensitivity to errors, etc. have me#n . energy asymmetry is reduced to 1.603 (1.70 in the
studied yet. HER SR case).

Polarization in HER Given the above considerations it was chosen to
S|gn|f|cant m_od|f|cat|ons of the_ HER FF were j . de the Spin Rotators in the LER ring.
required to provide the proper conditions for thends The SR solenoids are inserted between the FF and th
between the IP and the SR solenoids. In particth@r, arcs. Fig. 6.8 shows the lattice functions and M@
Spin Rotator has to be placed in the middle offReln e |ay6ut of one SR section. Detailed descriptibthe

addition, the number of —I cells in the CCS sedibas . arization constraints and rationale can be foimd
to be increased for optimization of chromatic baruttlv Chapter 16.

and emittance and preservation of the FF properties
This HER solution presents the following drawbacks:

N | |- |

« tuning ability of the FF optics while maintaininthe Lmsm'nRmamf-*f'uurum-h P
functionality of the Crab Waist is harder; g, Wni2version 8.51/15 1600210 23.5023 o0

» dynamic aperture reduction due to the crab sexéspol = s, | B B | L 045 ?:E‘
is doubled; 160. f L 0.40

« FF bandwidth is halved (range for minimum 140. 4\ | P03
achievabled,’ is halved); il [ foss

» energy acceptance is halved and Touschek lifetame i 80, 1 L 020
4 times shorter; | L0.1s

» a Dogleg is required in the long straight section r 0.10
opposite to the IP; i 3-35

* emittance and energy loss increaseb§%; 00 100 200 30, 40 50. 60,

» circumference increases byl km relative to the _ ) ) som
SuperB without SR. Fig. 6.8 — Lattice functions in the LER Spin Rotato

section.

10
== straight sections

-- dipoles

== quadrupoles
== sextupoles

-10
L N i}l i,k e
R A kA e laE i B i L A I Iii

-40

50 &
-150 -100 -50 0

Fig. 6.9 — Layout of the LER Spin Rotator sectinrttie outer ring, where SR solenoids are in blue.
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6.7 Long straight section with the parasitic crossing and injection cells tive
The long straight section located on the opposite s adjacent Arcs i.s shown i_n Fig. 6.1_0._ La;tice fuon_ﬁ in

of the rings relative to the FF contains the RFitegsy N HER straight section and injection section are

and the tune trombones. More than 50 meters of FOD@fesented in Fig. 6.11.

lattice are left free for additional hardware (mdr&

cavities, wigglers etc.). The straight section latyalong

-320

-- straight sections - dipoles -- quadrupoles :-- sextupoles -- RF cavitiesi
-330 ; : :

-350 | i \

-100 -50 0 50 100

Fig. 6.10 — Layout of the long straight sectionhnRF cavities. The parasitic crossing and the HejBction are in
the nearest Arc cell on the left side of the strgignd the LER injection section is in the Arctba right side of the
straight

straight matched to the adjacent sections. Fonguim

L L T Y A i ] i i i i i
'L[rﬂﬂu"|n||m||n|||'|m||nu|u|n|u|n|n|n|"|IWDu Ll l[pDrﬂ thg machine operation, tuning knobs using linear
200, o st g s 08 adjustment of the quadrupole strengths can beemteat

i E“ B\‘ L 05 ”5
250. F02 . . .
00 6.8 Injection section
2001 oy Beam injection will be performed in the horizontal
150, 4 " os plane in both rings. Both the HER and LER injection
Lo sections are created in the Arcs by a proper adprst
1001 :2 of one long cell in each ring.
5o | |1 The HER injection section is obtained by lengthgnin
& [ 20 the central part of the long cell by26 m in order to
005550, 4b. ~eb. b, 100, 120. 140 160, 180, 200.°7 increase space for injection, attain a lagfinction at

s (m)

oo = 0 the septum and provide the “parasitic” rings cnogsi
Fig. 6.11 — Lattice functions in the HER straigattion  near the left hand side of the long straight. nitludes
and adjacent injection section. Beam directionrésnf  injection bump kickers at each end and injectiqrtis®
left to right. The LER has a similar optics. in the middle.
Layout of the HER injection section is shown in.Fig
RE cavities 6.10 with the “parasitic” crossing on the left haside.

The rings RF accelerating cavities are includethe Fig 6'12_ ?”d_6-13 s_how the injection lattice f_uonsi
FODO lattice of the long straight section as shawn and the injection orbit bump at septum, respegfivel
Fig. 6.10 and 6.11. The HER and LER cavities are The LER injection section has a similar design, ibut
placed far from the nearest Arc bend magnets ieraa IS shorter than in the HER‘_ Its length is kgpts_aene as
minimize the synchrotron radiation load on themeTh in the standard long cell in order to mamtam_m
standard RF configuration includes 14 HER cavitied geometry. Thg cell magnet§ have been readjusted for
8 LER cavities, but the ample extra space in tiglo Maximum horizontalp-function at the septum and
straight allows installation of additional cavitieSach ~Mminimal kicker strength (i.e. maximum,Roetween the
pair of cavities occupies a drift between quadrepoh  Kickers and septum). The kickers are placed ateie
a half FODO cell adjusted to accommodate the PEP-§Nds and the septum is in the middle. The LER figac

size cavities. lattice functions and the orbit bump are shown iig. F
6.14 and 6.15, respectively.
Tune trombone The two identical injection kickers are separatgdb

FODO cells in the long straight section, includinghorizontal phase advance of 540° in order to clbse
those with the RF cavities, will be used as a tundhection bump. The required kicker angular deflTt
trombone to control and adjust the HER and LERS of the order of 0.4 mrad.
betatron tunes. This is achieved by variation of th
FODO cell phase advance while keeping the long
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HER Injection Cell

Win32 version 8.51/15

10/03/10 16.40.24

LER Injection Cell

— 275.0 0.65 — 0.010 Win32 version 8.51/15 10/03/10 17.11.20
2 5] B B coe0 £ B 00051 ¥
= toss < b '
220.0 ] =
L 0.50 0.0 +
192.5 4 L 045 -0.005
165.0 1 L 0.40 -0.010 ]
137.5 1 L 035 -0.015
110.0 7 P 030 -0.020
825 1 L 0.25 :
: L o020 -0.025
55.0 4 [ o015 -0.030
27.5 1 L 0.0 -0.035
0.0 20 30 40 S0 60 7 ¢.05 0,040 —
0.0 10. 20. 30. 40. 50. 60. 70. (8)0‘ 00 3. 10 15 20. 25 30. 35 40
1 5 (m)

Fig. 6.12 — Lattice functions in the HER injection

Fig. 6.15 — Horizontal injection bump in the LER.

section.
R
T HER V12
HER Injection Cell < 50, —Uni erl\c/nZB 141 B e 11/03(10 182609 (). 75 £
w45 B ’ Foso 2
Win32 version 8.51/15 10/03/10 17.13.57 =
_ 0.010 0. ] o025
£ 0.005 4 X [ oo
= 0.0 35. .
0.005 - F-0.25
0.010 t-0.50
0.015 t-0.75
0.020 L -1.00
0.025 L-1.25
0.030 150
0.035 [
0.040 - Tl | ‘ i) [1.75
0.045 0055 200, 400, 600. 800, 1000, 1200, 1400, 16000
0.050 ‘ . \ . . ‘ . I~
0.0 10. 20. 30. 40. 50. 60. 70. 80. 5 pic = 0
s (m)

S /. n

Fig. 6.13 — Horizontal injection bump in the HER.

|

A0,

uD‘DDD‘DUJﬂE

Fig. 6.16 — HER lattice functions, where IP is et

middle.

AN Y

LERVI2

o~ 50, qunixyersion 8 51/15 - 120310 17,48, 0.75
LER Injection Cell o B2 Loso &
160 u-';néz version [;;.51/15 16/02/10 23.50.23 o 40. :zf
140. ' L 0.35 025
L -0.50
120, E0.30 [-075
IOO L 025 - -1.00
L -1.25
80. - 0.20 [ 150
60. L0.15 A
40, Lo.1n 1400. 51(5)30'.2‘00
S/ pic = 0
p! = . - - -
20. 0.05 Fig. 6.17 — LER lattice functions, where IP is et
0.0 . 0.0 i
. 35 40. middle.

sim)
Fig. 6.14 — Lattice functions in the LER injection

section. 6.10 Rings dynamic aperture

Introduction
The SuperB lattice has been converted fromMiad®
6.9 Complete Ring lattice input file to that of theAcceleraticumsimulation code;
Lattice functions in the complete HER and LER are?"d size of the dynamic aperture was explored under
presented in Fig. 6.16 and 6.17, respectively. [tige ~ Various conditions. Main parameters for HER and LER
direction is clockwise for both rings in these Fies Iatt|c_es byAcceleraticumare listed in Table 61 The
starting from the middle of the long straight seati fractional tunes (0.54, 0.57) are recommended &map
for reaching high luminosity: beam-beam simulations
for bare linear lattice have shown that due to the
moderate value of the beam-beam paramqtgr:(o,l)
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neither beam blow up nor beam lifetime reductioa arrelatively large momentum dynamic aperture (see
observed for the design luminosity (see Chapter 8)ig.6.23) increasing when the horizontal tune moves
However a slightly different fractional tune point away from the half integer resonance (Fig.6.24).
(0.575, 0.595) has been chosen which provides

Table 6.1: Main SuperB parameters.

Parameters LER HER
Circumferencel. (m) 258

Energy,E (GeV) 4.18 6.70
Compaction factorg 4.04.10" 4.35.10%
Emittance coupling factox, (%) 0.25 0.25
Horizontal emittances, (nm) 1.83 1.98
Energy spreadse 6.68-10* 6.31-10"
Damping times,z,/z, 40.6/20.3 26.7/13.3
Betatron tunesy/v, 42.575/18.595 40.575/17.595
Synchrotron tune 0.0129 0.0135
Natural chromaticity&,/&, -137/-449 -134/-447
Beta functions @ IP3,/f; (cm) 2.6/0.0274 2.6/0.0274
Beam size @ IR/, (M) 7.16/0.037 6.88/0.035
Bunch lengthgg (cm) 0.408 0.420

All  damping parameters are calculated forcancellation of the second order terms. The -arc

synchrotron radiation only and no IBS is taken intosextupole pairs are partially overlapped.

account at this stage. Optical functions profile for the IR straight sexti
The dynamic aperture study consists of: (where the bulk of nonlinear perturbation concdrsh
(1) simulation of a stable particle motion areaemd is shown in Fig. 6.18.

as full as possible list of perturbations: chromati

sextupoles, crab sextupoles, magnet fringe fields,

kinematic terms, synchrotron oscillation, lattiogoes, HER Final Focus Left

TITLE: SuperB FF

etc.; 40, Win32 version 8.51/15 17/02/10 03.18.05 , o
(2) optimization of the dynamic aperture by nondine 5] P B D o5
correctors and tune point modification if necessary 30. L 0.45
However this section will concentrate mainly on the 25 { I o

b 0.30
Fo.25
Fo.20
Fo.1s
o.10
/ ) b 0.05

; . . : 0.0
Perturbation sources 0.0 20. 40. 60. 80. 100. 120,

All sextupoles can be classified in three famili€ls): ) _ ) s
crab sextupoles, (2) IR chromatic sextupoles whicifigure 6.18: IR optical functions: two peaks/gfat S-
compensate chromaticity of the FF quadrupoles (botROSition of=25 m and=45 m correspond to the vertical
for tunes and betas), and (3) arc chromatic selegpo IR chromatic sextupoles while two peaks/hfat S~ 65
which correct chromaticity of the rest part of tfieg. ™M and<85 m relate to the horizontal ones.

The crab sextupoles_ are placed at the proper b_Btatr Finite length of sextupole magnets in case —of
phase advance relative to the IP and to each olS.  goparation gives effective cancellation for theosec
phasing is equal to thel condition which cancels the orqer terms, but generates higher order terms. With
second order aberrations outside of the sextupaie p accuracy up to third order in initial coordinates,

The IR chromatic sextupoles are arranged in NONgansformation through such sextupole pair is gitgn
interleaved pairs which also provide effecuve[z]:

first issue. Should the dynamic aperture requirthér
optimization, the second step will be performediryr
the TDR stage.
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X, ==X, = Pyl - klz) (x¢ + %, y2)L2 + O(L%).
Pa =P~ (k26L)2 (2 +%y2 )L - klé) (BP.0X2 +2p,0% Yo * PoY2 )2 +O(L®).
vo=¥o- it - ED gy, + 2l ror). @)
Py =—Pyo ~ (kz(li')z (x§ o+ g)L - (ki;)z (pyoxg +2p,0% Yo +3py0y§)L2 +0(L%),

In the simulation the sextupole magnets are tdeate
Note, that cubic monomial of the obtained exprassioa sequence of (many) symplectic kicks spaced aloag
differs from the standard octupole (like for exaepl magnet length, so the higher order effects duehto t
_ Ks( s 2\ 2) and thus it is not NON-zero sextupole length are included.
X =X+ prL_*(XO ~3ye L) Fringe fields exist for all kinds of magnets aneyth
possible to cancel exactly this monomial by meahs c&"® an important source of nonlinearities in beam
octupole lenses. The value of cubic perturbatianafo dynamics. If the betatron functions reach high ealin

finite length sextupole is the square of the inégd 9quadrupole magnets, the quadrupole fringe field
2 nonlinearities should be carefully taken into acdou
strengtf(kzL) .

. . ) In the hard edge approximation, a symplectic 6D map
This effect can reduce the dynamic aperture botin  throygh the rising field of the quadrupole is givsnthe
case surprisingly the third order nonlinearity frahe (5. 1ae below [3], wheré, and3 are the quadrupole

qguadrupole fringe fields and the kinematic termse(s strength and energy deviation respectively:
below) recover partly damage from the sextupoledthi

order aberration and increase the dynamic aperture.

K=+ (4 3yE)

12(1+ J)
. k(-
px_[p“’ 4(1+5)[p*°(x° *¥3)-2ps °y°]ﬁl @+oy 16 }
_ K,
Y=Y~ Tous 5)( +3¢Y, ). @

_ 2 klz (Xg B yg)Z
p, —[pyo 4(1+5) [pyo( yo)_szoxoyo]} Eﬁl_ (1+5)2 16 ]

z2=27,— [pxo (X +3yo) pyoyo(y§+3x§)]

12(1+ o)’

For instance the detuning coefficients, defined as:
Since the betatron functions in SuperB lattice neac

rather low minima (_especiglly the vertical one Ial_,l Av, = Cxx‘]x + Cx J. .
the effect of the kinematic terms on the nonlinear y
beam dynamics has been considered. Expecting the Av,=C,J,+C,.J,,
main contribution from the IP section, we take into
account only the leading kinematic term describgd b where J is the action, can be estimated in the first
1/, L\ perturbation order as [4]:
H, == (p? + p) ®
8 3 2
= T§ ¥ (s)ds,
It is worthwhile to note that the kinematic effect 7
does not depend only of-functions (as magnetic _ 2
nonlinear terms do) but on this Twiss parameter: Cy = Eff v, (s)ds.
1
=(@+a®)/B. Cpy =Cpu= o1 (I, (8)ds.
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Fig. 6.19 shows the distribution of the vertigal
parameter along the beam orbit. The maximum
gamma relates to the minimum beta at a waist
position; and it is clearly seen that this occuntyo
close to the IP. This fact allows us to consider th
kinematic terms in the FF straight section only and
save processor time. In this case Hamiltonian
equations corresponding to the Hamiltonian in Eq. 3
can be solved explicitty and the relevant
transformation has been implemented in the computer
code.

LER SuperB V12

[T

0.35

o
Gz, cm

_

J

°
o
T[T T[T [T T T

<
L

O 4 10

T |—

Figure 6.19: Twiss functions(s) near IR starting
from the IP.

Because of the extremely larfepeaks, the SuperB
lattice is sensitive to the magnetic field impetiec
placed at the azimuth of high betas. One kind ohsu
imperfection should be mentioned here: small optica
detuning of the-l transformation produces imperfect

cancellation of the second order terms. i/, . is

the phase advance error in the sextupole pair, the
residue second order variables transformation as t
form:

k,L
= > )(X§ - y2) B, B,
Ap, = (kZZL) [ly2 -3¢, s, + 22 tar, |- (9
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By = ~(k, L)%Y, (B, Loy,
Ap, = (kzL)Xoyo (ax Oy, + 2a, Db_,uy)-

Dynamic aperture calculation

As usually, dynamic aperture is defined for 1000
particle revolutions (corresponding to 13 synclowotr
oscillations) for both on and off-energy cases.
Observation point is at the IP with the beam
parameters listed in Table 6.1.

As it was mentioned above, third order effects from
the quadrupole fringe fields and the kinematic &®rm
may cure the third order effect from the chromatic
sextupoles. However the crab sextupoles reduce
effectiveness of this recovering and below we
distinguish two cases with and without the crab
sextupoles.

Fig. 6.20 shows the on-energy dynamic aperture for
LER and HER with and without the crab sextupoles.
In spite of the crab sextupoles substantially
decreasing the dynamic aperture, this still seems
enough to reach the project luminosity V\Jtyhz 0.1.

In principle, this effect can be improved by weak
sextupole correctors placed close to the crab
sextupoles, but in the present lattice there i& laic
space in the vicinity of the crab sextupoles. Main
parameters of the crab sextupoles are given ineTabl
6.2.

Table 6.2: Crab sextupole parameters.

Parameters LER HER Units
Length,L 35 35 cm
StrengthK, 33.34 33.34 m
Horizontal betapy 14.6 14.6 m
Vertical betag, 200 200 m




39

LER SuperB V12 HER SuperB V12
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Figure 6.20: On-energy dynamic aperture withoypend with (bottom) crab sextupoles.

For a better understanding of the crab sextupole the particle motion with and without the crab
effect one can examine the phase space portraits of sextupoles (Figs. 6.21 and 6.22).

Px

<10

Figure 6.21Phase trajectories for the LER without (top) anthybottom) crab sextupoles.
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Figure 6.22Phase trajectories for the HER without (top) anth\{bottom) crab sextupoles.

The crab sextupoles introduce strong irregulanity i
the vertical motion and produce a rather wide 5
order resonance island inside the stable areaef th
horizontal motion. In spite of the fact that for an
“ideal motion” this resonance is stable and the
dynamic aperture extends beyond its separatrix, one
can expect that lattice errors and imperfections ca
destroy the regular trajectory above therésonance
and the dynamic aperture can shrink.

Besides the phase portraits, useful information on
the nonlinear system behaviour can be found fram th
tune-amplitude dependence (see Figure 6.23).

For the IR sextupoles only, the particle amplitude
increases when the tunes approach the half integer
resonance. It is well known that close to the half
integer resonance the relevant tune-amplitude term
demonstrates the resonance behavior:

A2k
v-n’
so the tune at high amplitude very fast reaches the
unstable region. When the quadrupole fringe fields
and kinematic effects are included, they change the
sign of the tune-amplitude dependence, so the tunes
move away from the half integer resonance and the
dynamic aperture opens up.

V(A) ~
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The crab sextupoles do not significantly change the
tune-amplitude behavior (see Table 6.3) but (a)
introduce rather strong nonlinear betatron coup(ihg
is clearly seen from the vertical phase space smear
with the crab sextupoles in Fig. 6.21, 6.22) angd (b
generate high order resonances (see horizontakphas
space trajectories in Fig. 6.21, 6.22). The fingten
coefficients for the tune versus action dependence

J~A? are summarized in Table 6.3. Tune-
amplitude dependence coefficients are a very useful
tool to estimate quantitatively the strength ofeatiént
perturbation sources. Regarding the oscillation esod
distortion, one can say that the vertical motion
prevails, after that the coupling mode comes aed th
last is the horizontal motion. Regarding the
perturbation sources, the strongest are the IR
sextupoles and then the quadrupole fringe fields an
the kinematic terms (with the sign opposite to liRe
sextupoles).

Off-energy dynamic aperture with and without the
crab sextupoles is shown in Fig. 6.24. Both plots
include the effect of synchrotron oscillations. RF
parameters for this simulation are listed in Tahke
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Table 6.3 Tune-action coefficients.
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Type LER HER
Cux Cx Cz Cux Cx Cz Units
IP Sextupoles =25 =511 —-8300 -25 =51 -8300 cm*
Crab sextupoles —0.6 —5(5 -114 -0.6 -55 -114 ch
Arcs sextupoles 273 -4%0 -93 270 —330, =71 cm
Sub total: all sextupoles 247 | -510| -8520 253 —402 | —6510| cm®
Octupoles =120 112 384 -124 142 365 Tem
Quadrupole fringe fields 240 1440 5750 240 1510 583( ch
Kinematic term 0.6 35 5090 0.6 35 4440  tm
Total 368 1205 3380 375 1320 3390 cm™
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:_“ 450 AEE=4+1% — :" 450, AEE=+1% —
o A A/\/r_’—\\'\flv\f‘ i wu A i\/\/l \\\'\« S

390

r\N\‘N' v v 350

N hey o
/ | \,

300

250

UL L UL LD L LN AN LN

p—
<

L E
=
o

200 200 A A \/\‘
= LA F
R "y N - W\

-40{ 20 m 20 20 940 20 0 '“]' 20 a0

oes : HER SuperB V12 o =:’ - _

- A\ -

o /\ = /\

[ o V2 TN
S0 N7

s S RAR Y AN - N

o S A W AL

Figure 6.24: Off-energy dynamic aperture withoapjtand with (bottom) crab sextupoles.
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Table 6.4: RF parameters for off-energy tracking.

Parameters LER HER Units
RF stations 8 28
RF Frequency 479.1 MHz
RF voltage 0.75 0.35 MV
RF phase 152.8 152.8 degree
Synchrotron tune 0.0129 0.0135
- e S :
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e . ;
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Betatron tunes as a function of the beam energy
deviation are depicted in Fig. 6.25. Even if thare
stable tune points behind the positive momentum
deviation of ~1% (below the half integer resonaimce
both direction), particles are unstable at thetioaal

tune of 0.5 and the value AE/ E, =1% limits

the bandwidth. In absence of gradient errors, which
may produce strong half-integer resonances, in our
case the limitation comes from relatively weak (but
still unstable) resonance generated by the thidgror

perturbation terms.
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Figure 6.25: Tune-momentum dependence for LER @op)HER (bottom). All sextupoles, fringes and kiragics

are included.

The size of the horizontal dynamic aperture as a
function of energy deviation is demonstrated in
Figure 6.26, while Figure 6.27 shows dependence of

LER SuperB V12
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F ==\
o
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PS=AE/E, 0,
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©
>

this aperture on the distance from the half integer
resonance. It is seen that the aperture tendstease

HER SuperB V12

with betatron tune moving away from 0.5.
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Figure 6.26: Horizontal DA vs. energy deviationnslrotron oscillations are on (red) and off (blaftk) LER (top)

and HER (bottom).
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Figure 6.27: Energy acceptance vs. horizontal tmidatine for LER (top) and HER (bottom).

= Leading kinematic terms due to the extremely low

Main sources of dynamic aperture limitation vertical beta at IP.
An important issue of the dynamic aperture
exploration is the analysis of the main perturbatio

sources in the rings. In our case we distinguish:

The following sextupole magnets can be found in the
IR (and the complementary pairs symmetrically te th

IP):
= Chromatic sextupoles in the Interaction Region,
= Crab sextupoles, = SDY1 & SDY2 in the vertical chromatic section,
= Chromatic sextupoles in the arcs, » SFX1 & SFX2 in the horizontal chromatic section,
= Leading (third) order term in the quadrupole® SDYO & SFXO0 for larger energy dependent

fringes, dynamic aperture.

LER SuperB V12 HER SuperB V12
Only SDYs

~ ~
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A
/ )
Y

50 9
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e
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50
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Fig. 6.28: On-energy DA due to the vertical IR sgdles (red), all IR sextupoles (blue) and duehtodombined
effect of IR sextupoles + Quad Fringes + Kinematioagenta). Here and below black curves refer ¢éolA with
all nonlinearities included.

term in all three kinds of perturbation (finite sgpole

The strongest effect on dynamic aperture comes fromgngth, quadrupole fringe field and kinematics) esm
the IR section of the vertical ChromatiCity corient from the third order aberration, which can intesfer
(F|g 628) The aperture size due to the horizont%ither Constructive|y or destructive'y_
section is much larger (~80 horizontal sigmas and The origin of the DA limitation caused by the crab
~12000 vertical sigmas). sextupoles is also explained by the finite mageegth.

Analysis shows that the DA limitation by the IR However, the crab sextupoles alone do not sigmifiga
sextupoles is explained by a finite magnet lengthen  reduce the dynamic aperture as it is illustrated in
the length approaches zero (while the integrategtiq 6.29. So the crab sextupole effect which issshin
strength is conserved) the dynamic aperture ineeap  Fig. 6.20 is caused by the interference betweerthie
to infinity. Including the quadrupole fringe fieldnd  sextupoles and the IR sextupoles. Also from Fi§06.

kinematic terms introduces pOSitive tune shift Withone may conclude that the arc Sextup0|es are nmatr
amplitude and recovers the vertical DA reducedh®y t for the DA limitation.

IR sextupoles. The horizontal DA slightly shrinkatb
not critically. Such effect is possible becausel#aeling
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Fig. 6.29: On-energy dynamic aperture limited bg/ ¢hab sextupoles only.
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Fig. 6.30: On-energy dynamic aperture limited by éinc sextupoles only.

One more source of the nonlinear perturbation comeguadrupole fringes do not influence the dynamic

from

the quadrupole

fringe

fields.

Since

nonlinearity is rather weak, it can be only impatta
when B-functions are high. And indeed, simulation limit the dynamic aperture but contributes to thaeet
in the vertical

shows that for SuperB the main contribution is eaus amplitude dependence,

this aperture at all (Fig. 6.31).

As for the kinematic terms, this effect alone does

by the FF quadrupoles, then by the quadrupolegén t direction.

especially

chromatic correction sections, while all other
(CHER SuperB v12 |
All quadrs All quadrs
:_N 50“: IR quadrs _— :’; 50“: IR quadrs —
L ) Only QDO L Only QDO
- 7N I Ve
‘IUU_ / h\\ U_ ! 7
JUU_ ) Q S0
: \ : /w’ ‘m\
200 200 / /\‘\\\ .
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Fig. 6-31: Dynamic aperture limited by the quadiegddnge fields. Green line corresponds to thstfitefocusing
quadrupole g = 1200 m), red line corresponds to all quadrupolé&h W > 200 m and blue comes from all
qguadrupole fringe fields.
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Errors and imperfections . perturbation of the-l condition. Fig.6.32 shows the
Since the lattices show similar nonlinear features, results for the vertical IR sextupole section (SDY1
study the errors influence for the LER only. SDY2) which is most critical for the DA limitation.

Taking into account high strength of the IR chramat
sextupoles, it is important to estimate sensitivity

LER SuperB V12 LER SuperB V12 |
& F AV, =0 - o 450 v, =0 :
N 500 Av, =0.001 N AT~ Av, =0.001
C Av, =0.005 409 ! V\,\ Av, =0.005
c A——— Av, =001 T 350 | i Av, =001 —
- \ N N7 mmore —

300

NN R .
o e
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20 20 20 0" 0 20 0 . )

3 Ox s Ox

Without the crab sextupoles
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A
400 v =002 T
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—
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N L Av, =0.001 T N L Av,=0.001 ——
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o— eIl A i o—g——— LA Lh 1 e
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With the crab sextupoles

Fig. 6.32: Effect ofl condition detuning for the IR vertical chromatécton.

In this simulation the phase advance between the Similar calculations, but for the crab sextupoles
sextupole centres is detuned while the betatromismatch are illustrated in Fig. 6.33.
functions remain the same. Note that in Fig. 6132 t
betatron phase mismatch is given in terms
of Av = Au/2n for one chromatic section; in the other

section the phase advance is also changed idéwtical
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Fig. 6.33: Effect of- condition detuning for the crab sextupoles.

It is worth noting that for some value of the phasesensitivity of the dynamic aperture to such optical
advance mismatch the dynamic aperture increases. Thrrors, we introduce random integrated gradienbrerr
question arises if this effect is reliable (and cet be with the rms value of %0.1%, first in the QDO
destroyed by other errors) and if it is possibleuse it quadrupole alone, and then in all other quadrupoles
for the DA correction. Unstable solutions and those with maximum beta

The next point is the effect of linear optical esro distortions which exceeded 10% are sorted out. The
which also distort th@-functions and create a mismatch results for 10 random seeds are shown in Fig. 6.34.
of phase advance in thel sextupole pairs. To test

LER SuperB V12 LER SuperB V12
o' 250 o 2500
) i SN

200 200

//

I
A\ AR A
JEY 7N (Y, G

0 -20 20

, Oy X, O,

Fig.6.34: On-energy DA due to the 1htegrated gradient errors in QDO (left plot) anall quadrupoles in the ring
(right plot).

The curves in Fig. 6.34 show that the errors in QDO
have dominant effect on dynamic aperture. = DA vs. tune looks similar for both rings (LER and
More sophisticated study of errors and imperfection  HER);
such as nonlinear components in magnets or infeilene a net of (rather strong) betatron resonances (mainl
of the polarization insertions, requires more dethi coupling ones) surround the chosen tune point;
knowledge of the perturbation sources and strengths = fine tune optimization should be done in the future
One of the obvious ways is the reduction of the
Tune point selection vertical fractional tune to ~0.54 while keeping the
As the dynamic aperture is sensitive to the beatatro  horizontal tune at the same value;
tune point selection, it is of interest to simulatscan of = all identified resonances are of even order, which
the DA size as a function of the betatron tunes. also confirms that they are produced by the third
Preliminary results of these scans are given in &i8p, order (octupole-like) nonlinearities.
where the colour scale indicates the DA size.
The following can be concluded from this tune scan:
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Ax, cm Az, cm

HER

Fig. 6.35: DA scan (horizontal aperture is on #fednd the vertical is on the right plot) as achion of the betatron
tunes. Bold dot indicates the chosen tune point.

Summary of DA calculations make it less sensitive to the lattice errors. kdéng
For a vertical space charge parameter ~0.1 thfact concerns the DA increase with the betatrorspha
computed dynamic aperture seems at the moment largéismatch in the-l sextupole pairs with finite length.
enough to get the design luminosity, even witha@tive  This influence deserves special attention and an
correction of the existing nonlinearities. For karg explanation in future. Clearly, the final conclusitor
values the beam-beam (BB) footprint crosses the BBynamic aperture budget may come only from the
resonances and beam core blow up is observed. realistic simulation of the beam-beam effects in
The question is how the dynamic aperture will bepresence of the lattice nonlinearities, errors and
influenced by the machine errors and by other &ffec imperfections, which is rather time consuming but i
such as, for example, a strong solenoid fringedfiel will be performed in the future.
which is traversed by the particles at the angle,
producing third order nonlinear terms, emphasizgd bReferences ] o
the high value of the vertical betatron functiono T [1] M. Bona et al, “SuperB: A High-Luminosity

include this effect in our simulation a realistieldl map Asymmetric e+e- Super Flavor Factory. Conceptual
of the SuperB detector solenoid field is needed. Design Report”, SLAC-R-856, INFN-AE-07-02,
Moreover the sextupolel sections mismatch and the  LAL-07-15 (2007). _
focusing errors all other errors and imperfectishsuld  [2] A.Bogomyagkov, S.Glukhov, E.Levichev,
be taken into account. This work will be perforniad P.Piminov. “Effect of the Sextupole Finite Length
the future. Special care is also needed for thdimear on Dynamic Aperture in the Collider Final Focus”,

multipole field components in the FF quadrupoles du  arXiv:0909.4872 (2009). o
to the largeB-functions there. In any scenario, moving[3] E.Perevedentsev, Private communication.
the tune point away from strong betatron resonaizes [4] E.Levichev, P.Piminov. “Analytic estimation die

desirable; this should increase the dynamic apeend non-linear tune shift due to the quadrupole magnet
fringe field”, arXiv:0903.3028 (2009).

SUPERB COLLIDER PROGRESSREPORT



49

7. Imperfections and errors

7.1 Tolerances, Vibrations and Stability

The movement of elements in the magnetic lattice
of the SuperB accelerator will affect the equilitoni
emittance of the beam. The horizontal emittancd, an
particularly the vertical emittance, are quite draabd
will require special care to achieve. We will first
discuss errors in the rings outside the interaction
region. The roll stability of quadrupole magnets, a
well as the horizontal and vertical offset stapilitf
the quadrupole magnets, are the most important
sources of errors. There are several recent stfimlies
the next generation low-emittance storage ring$ tha
have looked extensively at this stability issue.
PETRA-III, NSLS-II, and the ILC Damping Rings all
have lattice specifications that are similar to #ne
and straight section magnets for SuperB. The design
reports of these accelerators discuss these tokesan
[1]. The total effect is estimated by including mag
errors around the complete ring with the approgriat
betatron and phase weighting. The amplitude of fast
magnet motion due to normal ground motion has only
a small impact on the emittance. However, slow
magnet motion can lead to an increased emittance,
according to AT L’ models, which incorporate
temporal and spatial correlations in reasonable
agreement with observations. In the model <y
AT L, where y is the transverse offsatjs a constant
about 4 x 10 pnf/m/s, T is the time and. is the
separation distance between points of interest, for
example two adjacent quadrupoles. As a resultfairbi
steering corrections at the 5-10 um level are redui
over timescale of a few minutes in order to keep th
vertical emittance within specifications. BPM
resolutions of order 1 um are also needed.

The final quadrupole doublets adjacent to the IP
have strong fields and the beams have large beta
functions. Vibration tolerances for these magnets a
especially tight. Typically, there is a one-to-one
correspondence between the size and direction of
vertical motion by final doublet quadrupole magnets
and motion of the beam at the IP. The vertical beam
size at the IR is 20—35 nm. Since we need to keep
beam in collision with tolerances at the 0.1 sigma
level or less, quadrupole magnets must be be kept
stable to 2—4 nm. The vibration of large objectshsu
as quadrupoles depends on the design of the
mechanical supports and the local ground excitation

Typical motion is about 50 nm in the 50 Hz range.
Since there are only a few of these magnets, active
vibration controls in the mechanical supports can b
employed to bring vibrations within specificatioAn
active vibration suppression by a factor of 10-20 i
within industry standards.

Bunches will collide at 476 MHz. To maintain
luminosity it is important to keep the bunches
transversely centered on one another. Feedback

systems using the position monitors and the
luminosity signal will be required. A discussion is
presented in Section 5.

7.2 Coupling and Dispersion Tuning for
Low Vertical Emittance Rings

A variety of collective effects can increase the
vertical beam emittance at high currents; howeiver,
the low-current limit, which we consider in this
section, three effects dominate contributions te th
vertical emittance. The non-zero vertical opening
angle of the synchrotron radiation in dipole magnet
fields excites vertical betatron motion of particlas
they “recoil” from photon emission. Vertical
dispersion from steering errors generates vertical
emittance, in the same way that horizontal dispersi
from the bending magnets determines the horizontal
emittance of the beam. Betatron coupling from skew
guadrupole errors leads to a transfer of horizontal
betatron motion (and hence horizontal emittance) in
the vertical plane. The first of these effects, tioa-
zero vertical opening angle of the synchrotron
radiation, places a fundamental lower limit on the
vertical emittance that can be achieved in anyager
ring; this can be calculated for a given latticsige.

In most rings, including the SuperB rings, the lowe
limit is a fraction of a picometer, and is signéfitly
smaller than the specified vertical emittance. The
effects of vertical dispersion and betatron couplin
which arise from magnet alignment and field errors,
invariably dominate the vertical emittance in an
operating storage ring; reducing the vertical eanite

in the SuperB rings to the value required to aahiev
the specified luminosity will require highly preeis
initial alignment of the machine, followed by caref
tuning and error correction.

The lowest vertical emittance achieved in an
operating storage ring is 2 pm in the Swiss
Synchrotron Light Source at PSI (Zurich); the Si&per
rings are specified to operate at 5-6 pm so the
alignment and tuning issues require some attention.

Broadly speaking, we may characterize the
behavior of the vertical emittance in a given tatby
calculating the vertical emittance generated by a
variety of magnet alignment errors. The principal
errors to consider, in this context, are vertical
sextupole misalignments and rotations or tilts of
guadrupoles around the beam axis, both of which
generate unwanted skew quadrupole components.
Also relevant is the closed orbit distortion geneda
by vertical misalignments of the quadrupoles, which
results in vertical beam offsets in the sextupelgh
the same consequences as vertical misalignments of
the sextupoles themselves. Estimates of the séhsiti
of a lattice to these errors can be made using
analytical formulae [2] involving the magnet
strengths and lattice functions; it is usually fduhat
simulations support the results of these analytical
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calculations. However for SuperB a dedicated
procedure for the so called “Low Emittance Tuning”
(LET) has been expressly developed.

7.3 LET Procedure

Tools
To implement the LET procedure we use MADX
[3] and MATLAB[4]. MADX might be used alone,
implementing  misalignments,  correction and
iterations, but it does not allow complete freediom
plotting and correction may not be handled to idelu
additional steering constraints. Moreover to change
monitor or corrector pattern is slow and may lead t
errors. Using Matlab a graphical interface was tbuil
that allows for:
= interactivity with MADX for input definition and
elements installation
= analysis of any machine and/or error sequence
= definition of multiple errors in any element
(including or excluding IR)
= showing and saving plots
= using user defined correction methods.

Orbit and Dispersion Free Steering

Using only the information retrieved from monitors
it is possible to correct the orbit generated bymae
imperfections using Singular Value Decomposition to
calculate a pseudo-inverse of the Response
Matrix(ces). Following[5], we use Dispersion Free
Steering that allows constraining at the same time
orbit and dispersion. In this work dispersion is
computed at monitors via:

'l£+g£:_ — 1{-_%@
TN = 2‘1—};

The complete orbit-dispersion system is:
( (1—a) M ) _ ( (1-a)ORM )K’-
o ﬁ' - a DRM !

with ORM the Orbit Response Matrix, DRM the
calculated Dispersion Response Matrix amdthe
relative weight between orbit and dispersion
correction. Orbits are obtained by MADX with the
input defined via the Matlab interface. Matlab then
reads MADX output to build the matrices, and
calculates the correction using the selected weight
All matrices are calculated without misalignments
applied, so the correction needs to be reiterated
including the effect of previously applied kicksh&
kicks K., applied an + 1 iteration will be:

jr::ru+1 = S?-'d '::ﬂf]_l (_I':é —+ Jﬂl-fj—:rn)

where K,, are the previous kicksR is the readings
vector andM the Response Matrix used.
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Coupling and B-beating Free Steering
The same procedure may be further specialized.
Without introducing additional correctors or skew
qguadrupoles it is possible to measure two new
response matrices for coupling (CRM) afdeating
(BRM). The columns of the response matrices are
calculated as follows:
Tray —F_ay
) ) IAY
VY kick K CRM? = (1)

JpaH—d AH
2AH
TiAH—F_AH
_ A H
¥ Xkick K] GRM? = (

Tpay —j—Ay
2AY

(]

whereAH and AV are two fixed kicks applied in the
horizontal or in the vertical plane whileandy are
column vectors of the orbit at the BPMs. For exampl
the notationx—AH represents the x orbit in presence
of a fixed kick in the Horizontal plane of value\H

and the response matrix for this vector is the top
guadrant offRM. The first matrix (CRM) is studied
only varying Y correctors, while the second one
(BRM) only varying X correctors. Calling the
coupling orbit ands-beating orbit to be corrected
and g (calculated as the columns of the response
matrix) the complete systems of equations for e t
planes are now:

(1-—a-w)M, (1-—a—w)ORM
« ffi _ a DRM 7
w BRM
w BRM, o

(3)

(1—a—w), (1-a—-w)ORM
a iy _ a DRM R
wC - wCRM Ly
wCrya w CRM, 5
(4)

wherez/2 indicates the use of a different corrector at a

phase advance of approximately 90 degrees for both
planes. Solving this system is now like selecting

among all the possible orbits, the one that has the
minimum rms dispersion and coupling, hence the

minimum vertical emittance.

Steering parameters

In Figure 7.1 a simulation for SuperB HER lattice
(excluding the FF) shows how vertical emittance and
rms kick strength vary using an increasing number o
eigenvectors (ordered by decreasing eigenvalug. It
clear that 65 eigenvectors are a good guess to have
optimal correction, maintaining at the same time
small kick sizes. This value is also confirmed bg t
same plot for rms dispersion and rms orbit, notgho
here. To determine the optimal values doandw, a
scan for different values of these parameters is
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performed. The selected values are 0.5 andw =
0.01, being at the center of the optimal correction
region.
£ and V-Kick vs # Eigenvectors _
10 — —i
: : o : : :
===0sd :
——0+.43d+.010+.01B |}

ms Y-emittance
H

tele?” i i ; ; i i i
o 20 40 60 80 100 120 140 160
number of eigenvetors

Figure 7.1: rmsg, (m) and rms Kick applied (rad) vs
number of eigenvectors used (ordered by decreasing
eigenvalue), after vertical correction for machines
with 100 pm vertical misalignments in quadrupoles
and sextupoles. Kick increases while emittance
decreases.

Simulations

All simulations presented are made for HER at 6.7
GeVwith 168 H and V correctors, and 168 H and V
monitors, installed at every quadrupole, sextujpole
octupole. Misalignments are applied with a gaussian
distribution truncated at 2.5. To determine the
maximum tolerated misalignment, plots as that in
Figure 7.2 are considered [6]. For 10 differentuesl

of error variance a summary of the distribution
obtained is given. The central mark shows the
average, while the error bars include the distriut
from the 5th to the 95th percentile. The effecB&M
offsets of 300um, is also taken into account. A
comparison of different correction scheme is also
presented to give evidence of the improvement given
by dispersion (D) and coupling afiebeating (C) free
steering respect to pure orbit (O) correction.
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Figure 7.2: Vertical emittance (m) for machine
misalignment from 30 to 3@®n H and V for Sext
and Quad and quadrupole Tilts of 30-30@d. Orbit
(O), Dispersion (D) and Coupling and Beta-beating
(C) Free Steering are compared.

Tolerance Table
To summarize the result of LET a table (Table 7.1)

of tolerated imperfections is built. To determire t

tolerated value the following procedure is used:

1. misalignments of sextupoles and misalignments
and tilts of quadrupoles are analyzed separately
for increasing variance

2. an interval of variances that leads to emittances
under 1pm is selected in both cases

3. these intervals of variances are applied together
and the tolerated values are selected as those
giving a 0.5 pm threshold

4. once the values of the previous step are fixed, the
monitor offset variance is studied.

As a result of this analysis the combination ofth#
imperfections gives a vertical emittance of lesanth
1pm for the tolerated values. This low threshold is
necessary to allow the subsequent introduction of
errors in solenoids and FF magnets.

Correction is performed for every simulation in
three steps: the first with sextupoles off and anlyit
correction, the second and third using dispersion,
coupling and p-beating free steering parameters
mentioned above.

Figure 7.3 shows the effect of quadrupole
displacements and tilts (red), sextupole displacesne
(blue) and monitor offsets (green). Using the new
correction scheme errors like monitor offsets and
guadrupole displacements influence less the final
emittance and the tolerated values may be higher.
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Figure 7.3: Misalignments tilt and BPM offset egor
Every point is the average of 5 simulations.

In Figure 7.4 is shown a histogram of the vertical
emittance before and after correction for 50 défer
machine misalignments sets with the imperfections
variances listed in Table 7.1.

Table 7.1: SuperB magnets tolerated imperfections

Error Tolerance
Quadrupole Y 30Qm
Quadrupole X 30Qm
Quadrupole Tilt 30Qurad
Sextupole Y 15@m
Sextupole X 15Gm
BPM offset 40Qum
Vertical emittance <1 pm rad
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Figure 7.4: Vertical emittance for 50 simulatiortiwi
misalignment and tilts from Table 7.1.

Final Focus

The same analysis can be applied to the ring with
FF. A preliminary study was performed including 230
correctors and 250 monitors. The same weights and
correction scheme are applied using 90 eigenvectors
In all the simulations the errors in the arcs ated to
the values determined for the machine without final
focus. However, for these values, the errors ttdera

in the final focus are very little (< 3@m). This work

is preliminary and needs to be completed with aemor
realistic simulation of common errors for elements
installed on the same support.

7.4 Final Focus Tuning

The FF “tuning knobs” are adjustments of magnet
field and alignment to compensate the linear and no
linear beam aberrations and beam size growth at the
IP caused by “slow” field or tilt errors in the FF
guadrupoles. Sextupoles, octupoles and decapates ca
be used in the tuning knobs. Alternatively, thenalr
and skew quadrupole correcting coils can be
considered, which have the advantage of not crgatin
second-order orbit distortions. This method hasmbee
studied for the FF systems of the NLC, ILC, ATF2
(see for example ref. [7]) since all these machines
employ the same design principles. A short summary
is provided here.

Very large peaks produce a characteristic 90° to-IP
phase advance at most of the FF magnets. This 90°
phase advance reduces the number of efficientgunin
knobs, but also helps in correcting the FF errsirge
the FF correctors are effectively at the same phase
the FF errors. However, this assumes that the But-o
90° phase aberrations propagating to the IP froen th
upstream optics can be corrected prior to the FF.

A number of linear and non-linear tuning knobs can
be implemented. Examples of orthogonal linear knobs
are:

SUPERB COLLIDER PROGRESSREPORT

= horizontal offset in a sextupole to correct the
horizontal dispersion at IP and the longitudinal

offset of3s*, B,* waists (3 knobs);

= vertical offset in a sextupole to correct the
vertical IP dispersion and the dominant (X, y)
coupling term (R, ) at the IP (2 knobs).

Adjustment of field and tilt angles of the FF
sextupoles can be used to correct second-ordarabpti
aberrations at the IP, which is needed as well
Additionally, adjustment of the octupole and dedapo
fields can be used for the third- and fourth-order
corrections. These magnets create many high-order
terms; “absolute” orthogonality between different
terms is therefore typically not possible to ackiev
using a limited number of correctors. Hence thel goa
is to create approximately orthogonal knobs that
excite one dominant term per knob, while keepirgy th
other terms small. The sextupole knobs can be
calculated with second-order matrix optimization
using MAD code [3]. A simple octupole knob can
correct the octupole field error, and two decapole
knobs can correct the decapole field error and the
field difference between the two decapoles. Thedix
90° phase to the IP limits the number of matrixter
(knobs) which can be created. To improve the
orthogonality of knobs based on sextupole fields,
extra sextupoles can be added to the lattice.

The effectiveness of these knobs depends on the set
of the random machine errors, which cause the IP
aberrations. Tracking of many sets of errors would
show which aberrations are the largest at the nl, a
therefore which correcting knobs are most important
An example of the iterative procedure for FF tuning
can be found in Ref. [7]. An ideal initial beam
distribution is first generated with a large numbér
particles, and tracking is done without magnetrstro
thereby characterizing the ideal beam at the IP.
Random field and alignment errors are then assigned
to magnets and BPMs, and tracking with the errors
before any correction and measurement of the beam
at IP is performed. The initial orbit is correctesing
the corrector quadrupole x, y offsets, and the kmow
response matrix between the correctors and BPMs,
and then tracking is performed again. The IP tuning
correction is obtained by applying the tuning knobs
one-by-one with the orbit correction after eachtkno
followed by tracking and measuring again. In the
tuning loop, the linear knobs are applied firsgrththe
second-order vertical and horizontal knobs. Finally
octupole and decapole knobs can be applied. This
procedure can be iterated as needed, and various
combinations of rms errors must be studied. An
example of the efficiency of this method for the®IL
Final Focus tuning simulation is shown in Fig. 7.5.
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A good tuning efficiency requires that the residual
orbit in the FF is well corrected. Therefore, arhea
based alignment (BBA) procedure is required to
minimize the misalignments; and the orbit corrattio
must be optimized. Tracking with various levels of

G, * vs. knob number
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misalignment will demonstrate the level of residual
alignment error required for good tuning.
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Figure 7.5: Example of IP beam size tuning in the&NFF using 17 tuning knobs in presence of mageét &nd tilt
errors. The knobs are applied one-by-one in twpdablue and green), where the effect of each knodpresented

by a bin.
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8. Intensity dependent effects

8.1 Beam-beam interaction

The Crab Waist collision scheme turned out to be
very beneficial for beam-beam effects. Due to
effective  suppression of beam-beam induced
resonances [1] it allows increasing the valuedby
a factor of about 3 as compared with the ordinary
head-on collision. Accordingly, the same factor can
be gained in the luminosity. In [2] the design \eabf
& was 0.17, appreciably below the limit and therefor
widening the area of possible working points. The
luminosity contour plot (old parameters) versus the
betatron tunes is shown in Fig. 8.1. In these
simulations the machine lattice was consideredeto b
linear, without betatron coupling, and the vertical
emittance was generated by a Gaussian noise which
does not depend on the betatron tunes. In reality,
course, the vertical emittance is generated by
coupling, so the working point must be above and no
too close to the main coupling resonance — abowe th
dashed line in Fig.1. The red colour corresponds to
the luminosity L> 0.9510% cmi’c?, and the distance
between successive contour linesAls = 0.0510%°
cm?c™. It is worth mentioning that the tune shift limit
increases when the betatron tunes are shiftedrdiose
half-integer resonance. For instance at the working
point (0.525, 0.545), marked by a white star in. Fig
8.1,¢, can even reach the value of 0.25.
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0. 56
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Figure 8.1: Luminosity contour plot vs. the betatro
tunes. Parameters of December 200@ 70.17,
v=0.02. In the red area*.0.9510%* cmi’s™. Working
point should be chosen above dashed line.
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Usually in colliders is desirable to keépclose to
the beam-beam limit, but in the current version of
SuperB parameters its design value was lowered to
about 0.1. As a result, the area of possible wagrkin
points widens significantly, see Fig. 8.2. For treav
set of parameters the horizontal sinchro-betatron
resonances (satellites of half-integer), which appe
as vertical lines of low luminosity, are also weake
The main reasons are the decrease of the synchrotro
tune and of the horizontal beam-beam tune &hift
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Figure 8.2. Luminosity contour plot vs. the betatro
tunes. Parameters as of September 2@990.097,
vs=0.0118. In the red area® 0.951036 cm-2c-1.
Working point should be chosen above dashed line.

Increasing the area of possible working points due
to lowering the&, value can be very useful, since
there are other factors limiting its choice, e.g.
Dynamic Aperture optimization. One more advantage
of working with small, is that we avoid any beam-
beam induced blow-up and long tails in the
distribution density, thus improving the beam Iife
and detector background. On the other hand, when
considering operation with higher tune shifts, vawd
to take into account the following aspects:

= First, it is not so easy to achieve higher values o
&, even without beam-beam considerations.
Possible ways are to decrease the vertical
emittance, which is already extremely small, or
decrease the bunch length, that is rather
questionable, or increase the bunch current.
Besides, in all these cases the IBS contribution to
the vertical emittance grows and the Touschek
lifetime diminishes so affecting the total lifetime
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= Second, increasingi, means increasing the
luminosity for the same bunch current, so
decreasing the luminosity lifetime in the same
proportion. Being this rather short already, about
5 minutes only, a further decrease is not
desirable.

On the other side, our goal is to maximize the
luminosity, not the tune shift. And we do not need
rising it up, if the designed value of ¥@m?s* can
be achieved with a relatively smal|. Besides, we
always have a possibility to increagg without
incurring into beam-beam problems — if the other
conditions allow.

Due to the asymmetry in emittances and beta-
functions between HER and LER, the optimum waist
rotations are different for the two beams: 0.8 haf t
nominal value for HER and 1.0 for LER. The beam-
beam perturbations are more pronounced in LER, but
& is too small to make the difference significant.
Simulation results of equilibrium beam density
distributions (with linear lattice) are shown ingFi
8.3. The working point was chosen not too close to
half-integer, taking into account the possible DA
issuesv,=0.553,v,=0.580. As shown in the pictures,
both the core region and the beam tails remain
actually unperturbed for both LER and HER.

Ay L L L ||Er*l\”3w L L L Ay L

her 13

Figure 8.3. Equilibrium density contour plots irth
plane of normalized betatron amplitudes for LER
(left) and HER (right).

Of course, more realistic simulations with the
nonlinear lattice are required. This will be dore a
soon as the lattice is finalized and DA optimizBdt
in general we do not expect any serious problems
with beam-beam effects, since the designed value of
¢, is reasonably small.
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8.2 Electron cloud effect and remediation

Under certain conditions, electrons can accumulate
in the vacuum chamber of a positron storage ring.
Primary electrons are generated by the interacifon
beam synchrotron radiation with the chamber walls o
by ionization of residual gas. These primary etatsr
produce secondary electrons after impact with the
vacuum chamber walls. An electron cloud develops if
beam and chamber properties are such to generate
secondaries at a sufficiently high rate. Depending
the electron density level, the interaction betwden
cloud and beam may lead to detrimental effects such
as single-bunch and coupled-bunch instabilities [1]
Electron cloud effects have been a limitation foe t
B-factories, requiring installation of solenoids to
suppress the build-up of the cloud, and are exgecte
to be a serious issue in the SuperB positron (HER)
ring. For a complete evaluation, both the buildedp
the cloud and its effects on the beam must be
considered. In the following we present estimates,
based on numerical simulations, of the cloud dgnsit
at which single-bunch instability is expected tbise
and of the density levels of the electron cloudhe
SuperB HER.

Numerical simulations

In order to estimate with great accuracy the single
bunch instability threshold we performed simulation
with the strong-strong code CMAD [2]. In this code
both the bunch and the electron cloud are repredent
by macro-particles, and the interactions between
them are determined by solving a two-dimensional
Poisson equation using the particle-in-a-cell métho

Table 8.1: Input parameters for CMAD simulations.

Beam energy E[GeV] 6.7
Circumference L[m] 1370
Bunch population Nb 5.74x1010
Bunch lengthoz [mm] 5
Horizontal emittancex [nm] 1.6
Vertical emittancey [pm] 4

Hor./vert. betatron tung/v, [40.57/17.54

Synchrotron tuneg 0.01
Hor./vert. av. beta function 20/20
Momentum compaction 4.04 10

Although the code can track the evolution of the
instability trough a realistic lattice, here we @s®
that the interaction between beam and cloud is
localized at 40 positions uniformly distributed ana
the ring, assuming a uniform value of tHg
functions. Figure 8.4 shows emittance growth, for
various cloud densities, due to the interactionhef
electron cloud with a bunch in the SuperB HER as
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obtained by CMAD using the input parameters of numerical simulation, we determine that in SuperB
Table 8.1. The threshold density is determinedhey t HER the instability starts gf, = 4x10" m*,
density at which the growth starts. From this
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Figure 8.4. Emittance growth due to the fast hedldristability caused by the electron cloud effect

Electron cloud density Table 8.2: e-cloud densities from ECLOUD simulasion
We have used the simulation code ECLOUD [3] to

evaluate the contribution to the electron clouddsup SEY n . [10* &/m]

in the arc bends of SuperB. The KEKB and PEP-Il B 11 95% 0.4

Factories have adopted external solenoid fields to
” I : 1.1 99% 0.09

mitigate the electron cloud effect in field-freegi@ns,

which constitute a large fraction of the rings. In 1.2 95% 0.9

magnetic field regions, external solenoid fielde aot 99%
effective in suppressing the build-up of the elaatr 12 0.2
cloud. Thus, we have focused our simulations on the 1.3 95% 8.0
build-up of an electron cloud in the arc bend regio

We have assumed a vacuum chamber with an
antechamber design and, in order to take into adcou . ] )
the reduction of electron yield by the ante-chamber The density values given in Table 8.2 have to be

they cover the ring), which amount to about 0.5e Th

d
e /e’ /m= —nyY @-n) results show that a that a peak secondary elegisdd
ds of 1.2 and 99% antechamber protection result itoadc
where dn,/ds is the average number of emitted density close to the instability threshold.

photons per meter p&’, Y is the quantum efficiency, o )
and 7 is the percentage of photons absorbed by thE'€ctron Cloud Remediation Techniques

antechambers. In Table 8.2 are reported the saorat Possible remedies for the electron cloud formation
values of the electron cloud central densities, (iwéthin considered recently include clearing electrodes and

a region of 16,x100, around the beam centre) asvacuum phamper grooves [4, 5]. Our sin_1u|ations show
obtained from ECLOUD for different values of theage that the insertion of clearing electrodes in theuan
secondary emission yield (SEY) and of the antecteambChamber is indeed a extremely powerful way to sespr
protection factor ofy. Simulation were performed for a €lectron cloud formation. We will describe the effef
typical SuperB bending magnet, assuming a uniforgiearing electrodes in the dipole magnetic fieldizas
vertical bending field B = 0.5T and an elliptical and the chamber layout.

chamber geometry with horizontal and a vertical

aperture 95mm, and 55mm respectively. Electron cloud build-up and clearing
electrode effect

The simulation code POSINST was used to evaluate
the contribution to the electron cloud build-uptlwe arc

1.3 99% 4.0
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bends of SuperB. The KEKB and PEP-II B-Factoriepotential. In a bend or wiggler magnet, the eletgs
have adopted external solenoid fields to mitigdte t can be arranged along the top and bottom, since the
electron cloud effect in field-free regions, whichelectron cloud forms mostly along stripes direcéshg
constitute a large fraction of the rings [6, 7].€TBuperB the vertical magnetic field lines [7]. The effect the
rings typically do not have long field free regio®®r electrodes is to compensate, on average, for tutriel

the most part of the ring the beam pipe is surredrioy  field from the positron bunch, which tends to attréne
magnets, where large electron cloud densities maglectrons to the center of the chamber. The elestat
develop. In magnetic field regions, external soidno the wall are first accelerated to the center byhthech,
fields are not effective in suppressing the buidefithe and then accelerated back to the surface by the
electron cloud. Thus, we have focused our simulatio electrodes, during the time interval between busche
on the build-up of an electron cloud in the arc dbenThe effect of the two clearing electrodes is shawhig.
regions. To remove most of the synchrotron radiatio3-76. The average cloud chamber density and thieaten
emitted in the arc sections, we have assumed auwacucloud density are plotted on the left and righesid the
chamber with an antechamber design. For thedmure, respectively, for different electrode bias
preliminary simulations, we have assumed the sanpotentials. A bias voltage of 1 kV is sufficier t
bunch population of 2 x ®particles per bunch but a suppress electron cloud formation and drasticaltjuce
reduced bunch spacing of 1.5 ns in comparison Wi the central cloud density near the beam. These
ILC DR (6.154 ns). Results for the electron clowdld>  simulations show the effect of the clearing eledtro
up are shown in Fig. 3. To mitigate the formatidran  suppression in SuperB, although with beam parameter
electron cloud, we have also simulated the effeéct dbunch population and bunch spacing) that diffemfr
clearing electrodes installed in the bend vacuurthe SuperB configuration.

chamber, and extending along the longitudinal diivec

of the magnet. The electrodes are biased with @iyms

SUPER B Factory, ARC BEND, bs=1.54ns. 2 clearing electrodes

1015

SUPER B Factory, ARC BEMND, bs=1.54ns, 2 clearing ¢lectrodes

m T
i i H i i
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|
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Time [ns)

Mear baam electron density {aIm:‘} =r=1mm

clearing electrode +1000V
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Bunch number
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Figure 8.5: Simulation of electron cloud build-upSuperB, using two clearing electrodes. Averagh)(and central
(right) electron density, with and without cleariatgctrodes are illustrated. Note: up to 1 £ f@croparticles to
represent the electrons were used.
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8.3 Space charge effects in the LER beam losses at later times, if the working pointuime-

The large bunch population and small beam sizeSPace is sufficiently close to an unstable lattice
result in appreciable space charge tune shiftshen t €Sonance. Proximity to stable resonances woulddse

SuperB rings, and in particular in the LER, as epaCdamaging, but could also be detrimental, and ctadd

charge effects scale inversely with the beam enégy to unacceptable emittance degra_dation. Far_ from
the LER at the design equilibrium and bunch pofutat €S0nances, space charge may still compromise the

N = 6.5 x 169 linear theory (i = X, y): target vertical equilibrium emittance, when its Bapis
( ) yc( y) considered in combination with radiation and linear
Ay = _1 2r, j AB ds coupling in a non-ideal lattice. The latter effect,

[ 4 B*y° 2 0. (0, + O'y) however, should be small [1], and was neglected.her

yields the following horizontal and vertical spaterge A.prellmmary study was cqnducted for the CDR
tune shifts:Av,=-0.002,Av,=-0.07. This equation, in version of the SuperB LER Iatt|cexné(3.65 nm-rad,=
which B andy are the relativistic factorg,, p, are the 2-4 Pm-rad, 0,=2.46, N=6.1210"", Av,=-0.004,
lattice functions,s,, o, the horizontal and vertical rms Avy=-0.179) using the weak-strong model for space
beam sizesA= N/(2n o,)"? the longitudinal peak chargg implemented in an augmented version of the
density 6,=5 mm is the rms longitudinal bunch length), Maryhe/lmpact (MLI) c_ode [.2]' The _code was vahde!t
applies to particles undergoing infinitesimally $ma during the ILC damping ring studies by calculations
betatron and synchrotron oscillations about thereesf carried out independently using SAD 3, A.']' Thecepa

a gaussian bunch. Plots of the transverse beam fsize charge effects were assessed by_ producing tunes spac
the LER at equilibrium, as determined using thegtes scans and looking for the rms emittance changeken

emittancese,=2.46 nm-rad, anc:,=6.15 pm-rad are 'Ejrans_versle plaﬂe. _The hresults_are replortedf ahs-color
shown in Figure 8.6. ensity plots showing the maximum value of the rms

emittance experienced by the macroparticle beafmmwit
the indicated duration of tracking.

1.0 T R T T In Figure 8.7 the case with space charge is cordpare
[ with the case without space charge. In the absefce
08p space charge, the vertical emittance tune scan sshow

0 6 ] evidence of two third-order resonances &g, Bvo,=n
T and 2g,~vo=n, with the first being considerably
04l ] stronger, and resulting in about 100% emittancevtjro

[ ' over 300 machine turns. The other resonance résulte
0z W‘ l ll ' ‘ 'ﬂ: a smaller ~10% growth over the same tracking time.
0

o[ mm]

0.0

200 400 &00  H00 1000 1200 max ¢,
s[m] » ;
100 - ———————— &2
20 ] 300 umne
g a0t 1 — E
bﬁ 401 ] :I ' H ' !
» g I" ‘L.‘ummmi I
|:| i i i # X | i 1 - 600 turns — PN :ww bﬁO;un\s . s
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s[m] Figure 8.7: Tune scan of horizontal and vertical
Figure 8.6: rms transverse beam sizes along the LERaximum rms emittance growth over 600 machine
lattice at equilibrium. turns, with (top) and without (bottom) the effea$

space charge. The color coding shows the vertiet) (
and horizontal (right) emittance on a linear sdaden
Minimum to maximum. The design working point is
shown as a black dot.

While space charge should have little effect o
injection efficiency, since its effects become cetible
only after several damping times, it could causeigla
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Outside these narrow resonances, the vertical rmsIn our casey = 27m* for No = 1.9 x 16° andP = 3 x
emittance appears to remain largely unchanged0® Pa. We investigate ion instabilities for various
Inclusion of space charge causes some additiondlunch filling pattern in SuperB. A simulation metho
degradation of the rms vertical emittance that @ n based on the model shown in Fig. 8.8 is used.
apparent in short term-tracking. Not unexpectettg,
largest growth occurs along the half-integg=48.5
line. This resonance is already present in a litied,
but with visible consequences only on the horizionta
motion. Its impact on the vertical motion is fosty e <
the x/y coupling introduced by space charge. The jes l l l l l
emittance growth detected along this line was ven °
large, and for some choices of the vertical tunes wa
found to lead to particle losses. Outside this masce
line and the upper part of the region affected hg t
voy=22.5 resonance we observe some smaller, butlons are represented by macro-particles, and each
clearly noticeable, emittance growth up to abou%30 bunch is represented by a rigid transverse gaussian
over 600 turns (region with bluish shading). macro-particle. The beam size of the bunch is fixed

In conclusion, this preliminary study indicates ttha determined by the emittance afidfunction, and only
space charge effects are noticeable in the lowggner dipole motion is considered. Beam-ion interactien i
ring. One clear consequence is the enlargement expressed by the Bassetti-Erskine formula [1] for a
strong half integer structural lattice resonancessgnt beam with gaussian distribution in the transvelseg
in the bare lattice, causing fast emittance grommld The equations of motion for electrons and ions are
possibly, particle losses. This alone poses afgigni expressed as:
limitation to the choice of the working point besauwf
the sizeable space charge vertical tune shift. @nger d?x, ,
time scale, we encountered some areas of modénate, d
clearly detectable, emittance growth. Encouragingly
however, calculations also show the existencegibres
in the tune space that appear little affected bittante
growth. Further studies are needed to insure tloiom
stability persists on a longer timescale, up toew f where the suffixes ande denote the ion and electron,

lon electron bunches

Figure 8.8: Model of beam-ion interaction.

r &
+K(S) X, =7QZF(xe,a -%;)
j=1

d?x . 2 N
ZIYJ = 21,C ZF(Xij =~ Xea)
dt M, /m, ‘ ‘

a=1

damping times, and in the presence of lattice srror respectively.M; and me are masses, aNdandN, are
their numbery and re are the Lorentz factor of the beam
References and the classical electron radius, respectively) is the

[1] M. Vgrlltulrini, K. Qide, and A. Wolski,' “Spaqe-O@@ and Coulomb force expressed by the Bassetti-Erskine
Equilibrium  Emittances in Damping Rings,” LBNL formula. These consist &f, + N; differential equations,
EEPAC?OQ% LBN;-595;09, (2006) Berkeley, (also inwhere each electron couples to the motion of alkjo

- roceedings). N and each ion couples to the motion of all electrons

[2] A. Dragt, et al, MARYLIE Manual, University of It is easy to solve the equations simultaneousth i
Maryland, College Park, MD (2004). . .

[3] K. Oide, Nucl. Instr. Methods Phys. Res., S&cp76, 427 ~numerical method [2]. The structure of the bunetintr
(1989). and thep function variation are also taken into account

[4] M. Venturini and K. Oide, “Direct Space-Chargéfegts ~ With this approach. The effect of a bunch-by-bunch
on the ILC Damping Rings: Task Force Report,” LBNL feedback system is included in the simulation. The
Report LBNL-59511 (2006). feedback system has a damping time of 50 turns and

fluctuation 0f0.02 gy. This gain is rather conservative

8.4 Fast ion instability with present technology.

Model . . . 3 Simulation of ion instability

We consider CO ions as the instability source, The simulation gives the position and momenta of
because the major components of residual gas iBvery bunch, turn by turn. Figure 8.9 shows theiaair
vacuum systems are CO and, tand the ionization position of every bunch after 1000 turns. We use as
cross-section of CO is 5 times higher than thaHaf filing parameters the bunch population (Ne = 5.5 x
The ionization cross-section is 1.9x¥0m?for CO at  10!%, the bunch spacing (.= 4 ns), the number of
the electron beam energy, E = 7 GeV. We assume thBtinches in a train (N= 1000). Gaps between trains are
the partial pressure of CO gas is P = 3 X"RR. The  sjmulated for three cases,h= 10, 20 and 90 x 4 ns. In
number of ions created by the electron beam with figure 8.9, the gap is removed: i.p.at 1-5Q 51-100

population N is expressed by: etc. are the vertical bunch positions of the fisstcond
etc. trains, respectively. The amplitude of thedche&
n[m™] = 0.046N_P[Pa] the first train is exactly zero, because there dasion
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effect, and the amplitudes of the first 50 bunath@sot

depend on the gap length.
100

1' ' Lgap:l180 ns -
Lgap=40 ns
50 - Lga‘pE:ZO‘ns |
Ea. 0F L b
= i
|
50 | -
00 I R .
0 50 100 150 200
bunch

Figure 8.9: Vertical position of all bunches aft®&00

turns for various train gap lengths.

Those of the second, third etc. trains are not,zand
depend on the gap length. Some ions remaining thiger
passage of previous trains affect the head pathef
subsequent trains. The maximum amplitude is sadrat
for all trains atlLg,, < 40 ns This means that the gap
length is efficient for clearing the ions. On thther

Lgap < 20 ns i.e., the gap length is not sufficient, and
ions are built up.

The maximum amplitude for all bunchedl, is
obtained turn-by-turn from the simulation. Figurd @

shows the evolution of'J, with turn number. The red
and blue lines show the evolution with and withthe
bunch-by-bunch feedback system, respectively. From
top to bottom, the amplitude growth is shown foe th
three gap lengthsl 4, = 20, 40 and 180 ns Beam
oscillations are suppressed by the feedback sy&tem
Lgap < 40 ns while considerable residual oscillation
remains forLg,, < 20 ns

Figure 8.11 shows the variation in amplitude growth
with the number of bunches in a traiN,(= 100, 150,
200), wherel gz, = 180 ns The instability forN, = 100
is suppressed by the feedback system, but it is not
suppressed for longer traird, > 150

References

[1] M. Bassetti and G.A. Erskine, “Closed Expressionthe
Electrical Field of a Two-Dimensional Gaussian Cledrg
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hand, the maximum amplitudes increase along trfains
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Figure 8.11. Evolution of maximum amplitudgoy ) for various train lengths (top to bottoid)=100, 150, 200.

somewhat larger bunch charge, so we may expect
. similar emittance growth from IBS in SuperB tottia
8.5 Intra Beam Scattering the ILC damping rings. There is a strong scalinghwi
Intrabeam scattering [1, 2] is associated with thenergy, with IBS growth rates decreasing rapidlyhwi
Touschek effect; while single large-angle scatterin increasing energy. Therefore, we expect signifigant
events between particles in a bunch leads to Iéss targer IBS emittance growth in the SuperB low egerg
particles (Touschek lifetime), multiple small-angle ring than in the high energy ring.
scattering events lead to emittance growth, arceffat Several formalisms have been developed for
is well known in hadron colliders and referred ® a calculating IBS growth rates in storage rings, hiyta
intrabeam scattering (IBS). In most electron steragthose by Piwinski [1] and by Bjorken and Mtingwd.[2
rings, the growth rates arising from IBS are usuediry  IBS growth rates depend on the bunch sizes, whéci v
much longer than synchrotron radiation damping $ime with the lattice functions around the ring; to cadte
and the effect is not observable. However, IBS ghow accurately the overall growth rates, one shouldefioee
rates increase with increasing bunch charge demsity  calculate the growth rates at each point in theckt
for machines that operate with high bunch chargek a and average over the circumference. Furthermonegesi
very low vertical emittance, the IBS growth ratemde |BS results in an increase in emittance, whichtdiithe
large enough that significant emittance increaselm® bunch charge density and affects the IBS growtstat
observed. Qualitative observations of IBS have beer necessary to iterate the calculation to find the
made in the LBNL Advanced Light Source [3], andequilibrium, including radiation damping, quantum
measurements in the KEK Accelerator Test Facilityexcitation and IBS emittance growth. The full IBS
(ATF) [4] have been shown to be in good agreemerformulae include complicated integrals that must be
with IBS theory, IBS is expected to increase theevaluated numerically, and can take significant
horizontal emittance in the ILC damping rings bycomputation time; however, methods have been
roughly 30% [5]; the SuperB rings will operate with developed [5, 6] to allow reasonably rapid comporat
comparable bunch sizes and beam energy, and with
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of the equilibrium emittances, including averagingemittance growth collected at the ATF [4, 7]. Inrou
around the circumference and iteration. calculations, the average growth rates are founch fr
For calculation of the IBS emittance growth in thethe growth rates at each point in the lattice, by
SuperB rings, we use the formulae of Kubo et 4. [6 integrating over the circumference; we assumeckatti
which are based on an approximation to the Bjorkenratural emittances as equilibrium values at lowdbun
Mtingwa formalism [2]. This approximation has beencurrent and use iteration to find the equilibrium
shown to be in good agreement with data on IBS&mittances in the presence of radiation and IBS.

0 1 3 3 1 3 6 7 0 1 > 3 4 5 6 7
Na0W Nyt

Figure 8.12: Transverse emittance growth, and drawbunch length and energy spread in the Sup&R,las
functions of the bunch charge.
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8.6 Multibunch instability and feedbacks
Multibunch Instabilities Zr(w) = (R * Zo/ b°) * 35(w))
Electromagnetic interaction between charged particl
beam and its surroundings and between differerivhere R is the accelerator radius, & the vacuum
bunches of the same beam can cause collective affaracteristic impedancésis the skin depth, which is
coupled-bunch instabilities, which must be coneolto  Proportional to the square root of the conductiafythe
achieve the SuperB ambitious luminosity design gjoal chamber wall, and b is the aperture radius. Thet mos
Control requires a combination of passive dampingommon materials for the vacuum chamber are copper,
techniques and fast active feedbacks on agluminum and stainless steel. The first two mesatsw
unprecedented technological scale. Solutions ofnuch lower impedance than the third one, therefdse
multibunch instability control problems can be thea  better to avoid using stainless steel for the vetuu
different approaches and steps: chambers to keep the transverse impedandey)Zas
a) theoretical analysis of the instability sourceslow as possible.
possibly using analog (i.e. real particle circular The beam also loses energy due to wake fields,hwhic
accelerators) and digital (i.e. software) models t@re excited in the beam pipe vacuum elements. Wake

foresee their effects versus beam specificationfields include short-range fields, like resistivalivand
and bunch patterns; geometrical wake fields, and long-range fields like

b) implementation of efficient and powerful higher order modes (HOMs) excited in the RF casitie
instability diagnostics for an accurate charac-and kickers and possible low-Q geometrical cavitie

terization of the actual problems; the beam pipe, for example between in and out saper
c) identification of the instability sources; A powerful and efficient way to analyze and measure
d) cure or mitigation of the undesired effects; (a posteriori) the beam modal growth rates in autar
e) passive damping techniques; accelerator is by switching off — switching on blixy-

f) fast active bunch-by-bunch feedback systems ipunch feedback systems and recording data streams a
the two transverse planes and in the longitudinashown in Figure 8.13. These results can be analyzed
one. offline by using diagnostics programs [1], [#veloped

during last 10-15 years mainly for feedback testing

In the transverse plane, the resistive wall impedan purpose.

is one of the most important sources of coherent
multibunch growth rate. The resistive wall impedanc
can be estimated by the following formula:

| S¥YSTEM: IGPF DEVICE:HorEle [mELe | [ExIT | | SYSTEM: IGPF DEVICE:HorFos [meLe | [ExiT.
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Figure 8.13: DAPNE: e- (left) and e+ (right) real time feedback-bféedback-on plots automatically generated by
the “iGp” feedback systems installed in the hortabe+ / e- planes.

Coupled bunch instabilities in the longitudinal andlimit the charge arrival time uncertainty to a pemak
transverse planes can be also easily excited hitter <1 ps.
mismatches in energy, by phase jitters or by ttajgc Parasitic electron clouds in the positron ring and
errors of the injected charges. As consequence, thmositive charged ions in the electron ring are la@ot
timing and the injection system specifications dtlou source of coherent coupled bunch instabilities. For
example in DADNE, as shown in Figure 8.14, the two
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main rings, in spite of their identical RF cavitiead

picture), corresponding to ~ 30 revolution time.the

vacuum chambers, show very different behavior irother twin ring, the electron beam has shown much

terms of coherent coupled bunch instabilifigs In the
positron ring, coherent instability growth ratesvéa
been measured with speed up to 19 (not in the

Electran Horizonta) [ine] AVertizal ) kizin Aifg [octo708]
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Figure 8.14: DAPNE € and € horizontal inverse growth rate (1/ms) versus beament. The dnverse rate of 7
ms* corresponds to 148, while the e+ 83 rifscorresponds to 1j2s. The e+ beam shows at least a factor 12 in the
instability growth rate respect to thebeam.

The past experience at PEP-Il indicates that the
actual inverse growth rate for transverse instadoli
has been close to 1/ms, several times larger than
originally estimated [4]. In term of revolution peds,
this value gives a rough estimate of more than 100
turns for the PEP-II coherent growth rates. For the
SuperB that have much shorter bunches and much
lower transverse emittances, the hypothetical dgrowt
rates could reach speeds close to few revolution
periods or even less. However from tests performed
in the DA®NE positron ring, we know that it is
always possible manage more power in the feedbacks
installing as many systems as necessary. Indéwets it
been proved [5] that two separate feedback systems
for the same oscillation plane can work in perfect
collaboration doubling the feedback damping inverse
time, as shown in Figure 8.15, where it is showa th
DA®NE single horizontal feedback (top plots, for
I=560mA, mode -1 [=119], grow=34.5 fhsdamp=-
104 ms'), and double horizontal feedback (bottom
plots: 1=712mA, mode -1 [=119] , grow=43.7 Ts
damp=-233 m¥d). The instability damping time is 4.3
us, i.e. ~13 revolution turns.
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Transverse and Longitudinal Bunch-by-
Bunch Feedback Systems
The motivations for a new design of the bunch-by-
bunch feedback are based on the following three
points:

1. Dramatic acceleration of electronic component
development, is making obsolete in short time all
the signal processing modules of the existing
PEP-II and DAPNE transverse and longitudinal
bunch-by-bunch feedback systems, and SuperB
commissioning cannot start before 2014.

2. Moreover the present advancement of the
electronic technology doesn’t justify anymore
two different designs for the transverse [6-10]
and the longitudinal [11-14] feedbacks, as it was
necessary in the past for PEP-Il and other
circular accelerators for many reasons. Two
different designs bring of course also to more
maintenance problems, both from
hardware/software and from human resource
points of view.

3. Low emittance beams ask for small impact
feedback design. Horizontal and vertical
emittances can be calculated using the following
formula [15]:

SuperB bunch-by-bunch feedbacks

bunch

o’ =B & + (N1 0:)?
whereg; is the measured beam size in the horizontal
or vertical plane (i= x, y)B; andn; are respectively
the betatron and dispersion functions at the source
point in the corresponding plane; andndo; are the
emittance and the relative energy spread of thees+
beam [3]. From the above formula (8.5.2), it is
evident that an increment of the beam size leads
directly to an emittance growth and the feedback
systems, that send the correction signals by patverf
amplifiers, can increase the beam size, in pagicul
the vertical one, pumping undesired noise even if
minimal.

A new feedback design can’t be just a software
porting but it must be based on robustness, flétibi
scalability and innovation, and, as first consegaen
the digital processing unit (DPU) should be the sam
for transverse and longitudinal feedback systems.
New feedback systems needs internal and beam
diagnostics tools and the legacy of the previous
systems should be carefully implemented with the
best compatibility. A preliminary scheme of the
transverse and longitudinal bunch-by-bunch feed-
backs is shown in Figure 8.16.
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DPU

250W/500W

Q0% UGZL

DPU

Operator interface:
realtime and offine
analysis programs

Amplitude detector (X e

LG RLE]S

-‘ FPGA !—.

20V I9ZE

IRF
transverse

.=

Fig. 8.16: SuperB bunch-by-bunch feedbacks are doase identical DPU (digital processing unit) fortho
longitudinal and transverse systems. The DPU comaplemented by a single powerful FPGA (field peogmable

gate array) containing >2000 DSP (digital signaigasssor).

The bunch-bunch feedback R&D list includes the
following main upgrade points respect to the prasio
feedback versions:

1. have a very low noise analog front end @ n*RF,
with n in a range between 3 and 6;

2. maintain low cross-talk between adjacent
bunches under 40 dB (better 60 dB) in front end;

3. given that in the proposed DPU (digital
processing unit) the betatron (or synchrotron)
phase response is generated by a flexible F.I.R
(finite impulse response) filter, only one pickup

for each feedback system is at this point
necessary. This simplifies design, installation and
maintenance of the systems and helps to have
less noise in the output correction signals;

digital processing unit with 12-bit ADC (analog
to digital converter) and 16-bit DAC (digital to
analog converter) for high dynamic range
feedback loop >= 72dB and to have minimal
quantization noise. Jitter on the sampling clock
signal (476 MHz) must be less than 1ps (peak-
peak);
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5. *“dual gain” approach to minimize residual beam
motion and feedback noise on the beam: this
feature can be implemented in DPU,;

6. integrated beam-feedback model with easy code
and parameter download to DPU;

7. test (at DAPNE) 500W versus 250W power
amplifiers with a bandwidth > 476MHz/2 to cope
with fully populated buckets (2.1 ns spacing)
even if, in the first commissioning times, this
feature will not be strictly necessary. A 250MHz
(>RF/2) bandwidth is enough large frequency
band because every unstable mode to be damped
has two sidebands and it is sufficient for damping
to kick just one of them;

8. dual separated timing to pilot the transverse
power stage and the stripline kickers by a more
flexible timing scheme;

9. Cavity kickers (for longitudinal systems) and
stripline kickers (for transverse systems) for 2.1
ns bunch spacing. Respect to the past PEP-II,
working with double bunch spacing, shorter
stripline kickers for the transverse systems are
necessary, with a 31.5 cm length (half bucket) to
allow electromagnetic filling of the kickers
avoiding crosstalk between bunches.
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8.7 Coherent synchrotron radiation

With a very short bunch length, coherent synch-
rotron radiation (CSR) emission can bring additlona
energy losses and can drive microwave instabilities
The physics of this effect can be seen from the
pictures of electric force lines of a charged bunch
moving in a magnetic field inside a vacuum chamber
[1], see Figure 8.17.
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Figure 8.17: Snapshots of electric force lines of a
charged bunch moving in a magnetic field inside a

vacuum chamber.
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In the open space the energy loss per turn due to
CSR may be described by the formula [2]

_ ZOCQ p 4/3
UCSR_ 2 Py
0 \ 20

We use the following definitionsQ is the bunch

charge,p is the bending radius/, is the impedance

of a free space; is the speed of light. This formula is
valid if the bunch length satisfies the condition:

0
o<~
%

This condition is very well fulfilled in the Sup&-
case: HER energy is 6.7 GeV and LER energy is 4.18
GeV, corresponding to relativistic factors of 1.8 1
and 0.8 16 However it is surprising that energy loss

per turn increases with the bending radiup#3.

If the bunch length is comparable to the size ef th
beam pipe then metal walls will shield CSR emission
To take into account this effect we may use an
approximate formula for the results, obtained in
reference [3] for the parallel plate shieldirgig half
the distance between plates)

< z _~N12o |p
UCSR =U csRA 2= N
sinh®) h h

In this case we have a more physical result for the
energy loss: it decreases with the bending radius:

~ h)® 1
U .Ol—] x——
CRS (Uj 0.1/3p2/3

The shielding function is shown in Fig. 18.8.
Parallel plates shield the CSR emission by a factor

of 10 wher2 = 4.5. Power loss of the beam with a
currentl is.

PCSR =uU CSR>< l

The bunch length is designed to be 5 mm in the
Super-B HER and LER and the bunch cha@y®.3
nC for the nominal currerit=2.12 A and number of
bunches oN=1018. The two rings have different type
of bending magnets (see Figure 8.19), however the
most of the dipole magnets have a bending radius of
85.2 m in HER and 28.4 m in LER. For comparison,
PEP-II had dipole magnets with a bending radius of
164 min HER and 13.8 min LER.
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Figure 8.18: Parallel plate shielding
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Figure 8.19: Bending fields in HER and LER.

The energy loss and power loss for nominal
currents are shown in Fig. 8.20. We may statettteat
CSR effect will not play an important role in the
Super-B project.
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Figure 8.20: Energy loss due to CSR emission.
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8.8 Single bunch impedance effects

The main effect, which determines the stability of
the beam in a storage ring, is electromagnetic
interaction of the beam particles with vacuum
chamber elements. We describe this interactioméy t
wake potentials of all vacuum elements in the ring.
Phase-space  distribution  function effectively
describes the motion of particles in the bunch.sThi
function is the solution of the Fokker-Planck
equation. We use an effective numerical algorithin [
to solve this non-linear equation together with evak
field potentials.

Wake Green function
We describe wake potentigl/ (s) as convolution

of charge density distributionp(s) and wake
function w(s)

W(9=[ ws 9p( Y d

We use known analytical expressions for the wake
(or Green) function. Green function is the wake
potential of a point charge for a particular accatar
element. Direct numerical solution of the Maxwell
equations gives wake potentials only for finitegtm
bunches. We introduce a new wake function

W=W(s,,s), which has an additional distance

parametes, . We define this function as a "quasi-
Green function". With this function we calculate
directly the approximationw(s) of the wake
potential

W(9=|Wg 90(s & 3 d

From the expression (2) one can see that the quasi
Green function becomes real Green function, when
the distance parameter takes zero value

W(s,9 - W3when s

Fokker-Plank equation

To study the effect of the wake fields on the
longitudinal beam dynamics in a storage ring we use
the solutions of the Fokker-Planck equation for the
phase-space distribution functiogy =¢(t,x, p) of

momentum and coordinate:

0 0 0 0 0
—YHEX—UW+ D—U=A— +—
at"” Xax"” pap"/’ ap{w/ ap"/j}

Time derivatives of the canonical coordinates are:
X=p
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sink. x+¢@,) —si
- KiX+dp) n¢o+ eNc Wi, )
Ky Vi @i 0,
Gy 1= 2
" CJO fsrdamp

Bunch density is:
ptX) = [@(t,x p)dp

Wake potential is:
X"‘Xq
W(t, X) = jp(t, X')W(X,, X+ X, =X )dX

The coordinate and momentum are normalized by
natural (zero-current) value of the bunch length
and momentum spreado.pTime is measured in
synchrotron periods. So for the description of the ring
we need only:

* natural bunch lengtty,

=  bunch chargeeN
* RF voltageV,

* RF frequency;
= synchrotron frequencyl‘s

= damping time7

Wake potentials

We consider two models of the beam vacuum
chamber of the ring.

First model includes only the most important
elements: RF cavities; longitudinal, transverse,
injection and abort kickers; interaction region and
collimators. We also include resistive wall wakes.
Wake potentials were calculated for a bunch of 0.5
mm length. Several wake potentials are shown in
Figures. 8.21 to 8.23.
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Figure 8.21: Cavity wake potential
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Figure 8.22: Resistive-wall wake potential

Figure 8.23: Transverse kicker wake potential.

Total wake potential for the Super-B low energy
ring (LER) is shown in Figure 8.24. The wake
potential for the nominal bunch length of 5 mm is
shown in Figure 8.25. Loss factor is 11 V/pC.
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Figure 8.24: Total wake potential for LER
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Figure 8.25: Wake potential for a 5 mm bunch .

Result of simulations of the bunch particle motion
the LER for the nominal parameters is shown in
Figure 8.26.
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Figure 8.26: Distribution function and bunch shape
for the nominal super-B parameters.

Bunch lengthening and energy spread is shown in
Figure 8.27. Instability starts at 40 nC per buack
has a turbulent character (see Figure 8.28).
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Figure 8.27: Bunch lengthening and energy spread.
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Figure 8.28: Turbulent instability at 11 mA per bhn
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Results for the high energy ring (bunch lengthening
and energy spread) are shown in Figure 8.29. We did
not find instability up to 50 nC per bunch.

SUPERB COLLIDER PROGRESSREPORT



70

bunch length —=—dEE

§ qro-memeemoeepesssseessosesoposoeoop 2
5 &
%_5 ________________________________________ 1s &
i 1.6 §
E I et .
E 14 %
z 2
--------------- - o
45 -

a
—

Bunch charge [nC]
Figure 8.29: Bunch lengthening in the HER ring.

Other model is the vacuum chamber of the PEP-II
rings. We found wake potentials for LER and HER
rings from the results of the real measuremenhef t
loss factor and the bunch length current dependence
[2-4]. This wake potential describes real chamber,
which includes a lot of different elements like
vacuum ports, gap rings, and bellows and so on. We
assume that for the Super-B the wake potential must
be approximately two times smaller as the Super-b
ring is smaller than PEP-Il ring. Results of
simulations for bunch lengthening and energy spread
are shown in Fig. 8.301. Now instability startsliear
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at 13 nQ, but still higher than the nominal bunch
charge.
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Figure 8.30: Bunch lengthening and energy spread
based on the PEP-II model.
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9. Lifetime overview

9.1 Touschek lifetime

The Touschek effect [1] in SuperB is expected to
be relevant, particularly for the LER, becausehsf t
extremely small beam emittance. Dedicated studies
have been performed for handling both Touschek
lifetime and backgrounds, using a numerical code
developed for DANE firstly tested with the KLOE
data [2] and, more recently, on the crab waist
collision scheme [3].

The generation of the scattering events in the
simulation code is done continuously all over the
ring, averaging the Touschek probability density
function on every three machine elements. Touschek
particles are extracted randomly within one
transversely Gaussian bunch with the proper energy

spectra and beam sizes, and then tracked over many

turns or until they are lost, checking at everyntur

whether they exceed the RF or the physical
acceptance. If the scattered particle is lost durin
tracking, then its transverse positions and
divergences are recorded all the way from the
longitudinal position where the scattering takes
place to where it gets lost. The Touschek lifetime

dN

1
is evaluated from— = ——— where N is the initial
T

number of particles and dN/dt the losses of the
Touschek scattered particles during tracking. Waslus
the Touschek probability density function given by
Le Duff [4]

1 \/Fr&cN

T (4T[)3/2 820;(\/3 Ox0y0Og

C(Umin),

where € is the momentum acceptanee the beam
size in the three planegjs the Lorentz factor,

2
_ €
Umin =| ——
YOx

and

€ Dya 2
Oy = X+0F2{DX+X X]
X Bx

is the beam angular divergence.
For the function C(d4,) we use the Bruck's
apprximation [5], valid for w,<0.01:

1 3
Clumin) =In| —=o— | -=.
1780min ) 2

The total machine acceptaneés the minimum
between the RF acceptance and the lattice
acceptance, due to physical or dynamic aperture,

Emachine= MIN(ERE, Efatiice)
The RF acceptance is evaluated from:

Ere = Vo [ Vre
mchEo Uo

with F(q)= Z(qu -1- arcosu/q)j.

The machine parameters relevant for the
evaluation of the Touschek effect are listed in
Table 9.1 and are referred to the V12 lattice. The
SuperB RF acceptance is about 4% for the LER
and 3% for the HER. However, the minimum
momentum acceptance is given by the dynamic
aperture that is intrinsically taken into accouwt b
including sextupoles and octupoles in the tracking,
resulting about 1%. Figure 9.1 shows the
Touschek probability loss as a function of the
particle energy deviatiodE/E for the first five
machine turns.

Table 9.1.Nominal SuperB beam parameters for th2 [¥ttice

HER LER
Beam Energy(GeV) 6.7 4.18
Bunch lengh (mm) 5 5
Nominal horizontal emittancénm) 1.97 1.80
Horiz. emittanceg(nm) including IBS 2.00 2.46
Coupling (%) 0.25 0.25
Particlegbunch 5.08 x 16° | 6.56 x 10°
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Figure 9.1: Energy acceptance of Touschek scatfmddtles for the HER and LER for the first fiveaohine
turns as resulting from tracking simulations.

The LER Touschek lifetime is 7.8 minutes, with
§=2.4nm due to the IBS effect, diminishing to
5.9 minutes with the nominal horizontal emittanée o
&=1.8 nm. The HER Touschek beam lifetime is
40 minutes without collimators and it is reduced to
33.2 minutes after the collimators insertion. Tehl2
summarizeshe Touschek beantifetimes for both

rings at their design energy showing the
dependence on the emittance enlargement due & intr
beam scattering (IBS) for the LER. Moreover, the
proposed collimators set that minimizes IR particle
losses reduces lifetime by a factor 20% for botrRHE
and LER.

Table 9.2.Summary of SuperB Touschek lifetime

Trou HER [Min] T, LER [Min]

The larger lifetime value obtained for the HER is
due to higher energy, lower beam current and higher
horizontal emittance. In collision, however, siribe
luminosity beam lifetime will be lower for the
HER than theLER, dueto the smaller number of
paticles preset in an HER bunch, the actud
beam lifetimes are expeded to be similar; a few
minutes for eachring.

The IR particle losses due to Touschek scattering
can be analysed in detail, determining upstream and

No collimatorsg, including IBS 40.0 7.8
No collimators, nominad, (no I1BS) 39.8 5.9
Optimal set of Collimators, including IBS 33.2 6.6

chamber of 4 cm has been assumed all over the rings
but for the IR.

Collimation studies have been performed with the
goal of reducing as much as possible IR particle
losses while keeping the subsequent lifetime
reduction within 20%. The most effective locatian f
collimators would be at longitudinal positions
corresponding to large radial oscillation of saatte
particles that is at higB, and D locations in the final
focus upstream the IR.

downstream rates, transverse phase space and energy The proposed solution is to have three primary

deviation of these off-energy particle losses as a
function of different beam parameters, of different
optics and for different sets of movable collimator
In fact, the simulation code gives the longitudinal
positions where Touschek particles are generated,
showing also the longitudinal positions correspagdi

to large radial oscillations of the scattered particle
Assuming that each collimator has an external and a
internal jaw that can be separately inserted in the
vacuum pipe, the optimal radial jaw opening ca be
found with numerical studies. A circular vacuum

collimators in the final focus that would intercept
most of the particles that would otherwise be lost
in the IR. Their longitudinal positions are at s=-
49 m for COL2, s=-67.7 m for COL3 and s=-

85.5m for COL4 far from the IP, as shown in
Figure 9.2. A secondary collimator at s=-21 m
(COL1) would stop the remaining Touschek
scattered particles generated so close to thedR th
secondary collimators cannot be effective (see
lower left plot of Figure 9.4 for the HER and

upper right plot of Figure 9.5 for the LER).
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Longitudinal position of collimators is the same
for the HER and the LER, even if positions of the
two radial jaws have been optimized separately
for each ring, and also for each collimator.
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Figure 9.2: Longitudinal position of collimatorstime
final focus of the V12 lattice, all at higB, and G,
locations. COL1 is the secondary collimator, being
the closest to the IP (S=0 m) while COL2, COL3 and
COL4 are the primary ones.

A rough estimate of the horizontal opening
position of the two collimators jaws can be
obtained from the condition that they should
intercept particles that would be lost at the QF1

physical aperture (PhA), obtaining the following
condition:

B (COL)
B (QFY)

where the 0.9 factor has been cautiously added.

For example, for the two HER collimators
COL3 and COL4 we get a radial opening of
1.5 cm for the two jaws just by substituting the
QF1 physical aperture of 4 crf8,(QF1)= 390 m
and 3, = 70 m. However, starting from the jaws
opening positions found with this criterion, the
two radial jaws of each collimator have been
optimized by simulations finding the best trade off
between lifetime and IR losses reduction. The
final optimized values found by simulation for
COL3 and COL4 are close to +1.5cm, being -
1.8cm and +1.4 cm for COL3 and -1.4 cm and
+1.8 cm for COL4. The complete collimators sets
for HER and LER are reported in Table 9.3.

Figure 9.3 summarizes some results on HER
Touschek background simulations. Left plots shosv th
trajectories of scattered particles that are ewalytu
lost at the IR for the HER without (upper) and with
(lower) collimators; right upper plot show the tadi
position of the IR losses with collimation whileglnit
lower their energy deviation for the correspondioss
position.

Aperture(COL) = 0.9 [(PhA(QF1)

Table 9.3Final set of collimators external and internal ehgws

Collimator name HER (cm) LER (cm)
coL1 -1.0/+1.2 -1.1/+1.4
coL2 -1.0/+4.0 -1.4/+4.0
coL3 -1.8/+1.4 -4.0/+1.6
coL4 -1.4/+1.8 -1.4/4.0
'g 0.04 i T f E 0.05-] radial position of IR losses, with collimators |
~" <
= 0.02 ".v 0.04-
0 0.03
] 0.02
-0.02 0.01
-0.04 | 04 0.6 08 1 1.2 14 1.6 ¢ 1.8
= 0.04 0 -0.02 i
- 1 | m AE/E(%) of IR losses, with collimators
= 0.02 ~20.022-
0] -0.024 ‘
-0.02 ‘ ’ \“ D6 |
04 | ‘ _0.02804 G B R
-150 -100 -50 0 50 : : : > : "5 (m)

Figure 9.3: Trajectories of HER Touschek partigde®ntually lost at IR (|s|<2 m) in the first fiverns without
(upper) and with (lower) collimators. Right plotsosv the radial position and the energy deviatiorthef particles

not intercepted by the collimators and lost atlfe
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Upper plots of Figure 9.4 show the HER Touschek

trajectories zoomed at the
(right)  collimators

insertion.

IR without (left) andhwi
Corresponding

distributions of IR particle losses are reportedha
lower plots, showing that collimators are very
effective, reducing rates by a large factor. Moexov
it can be noticed that when collimators are in only

losses downstream the

IP are foreseen, with a

calculated rate of 0.45 KHz for one bunch at nomina
current ) =1.9 mA.

Figure 9.5 summarizes LER Touschek simulation
Left plots show the

studies.

trajectories and

0.04
0.02
0
-0.02
. -0.04
x 104 -2 0 2 4
v 6000 ALLCHAN __0109aE+07 | w400
250001 16 collimators = 300
= 4000 ="
Z.3000 T 200
2 2000 4 100
21000 | 8
0~ 1 a4
- 0-4 -2 0 2 = 0
s (m)

distribution of particle losses in the final colkors

set configuration zoomed at the IR. Expected loss
rates are higher than for HER, as expected, ragulti
14.5 KHz for a single bunch a nominal current
I, = 2.5 mA. Some particle losses downstream the IP,
corresponding to the QF1 position, are foreseem eve
with collimation system on. Generation points and
trajectories of these particles are shown in upiogat

plot of Figure 9.5. Lower right plots indicates ithe
energy deviation.

-4 2 0 2 4
ALLCHAN 452.7
final collimators set
|
-4 2 0 2 4
s (m)

Figure 9.4: Trajectories and distribution of HERuSohek particles lost at IR (Js|<2 m) in the firng® turns without
(left) and with (right) collimators inserted. Calated rates of IR particles losses are also indicabrrespondingly
in the upper right plot, referred to a single buatmominal current. With the final collimator satly downstream
losses are foreseen, with strongly reduced rates.

-4 -2 0 2 4 -1
Uj ALLCHAN  0.1450E+05 ifi 0.04
= 6000 [
= <1 0.02
=, 4000 0
6
é 2000 -0.02
=] ‘ -0.04
- -4 -2 0 2

s (m)

00 -75 50 25 0 25 50
' s(m)
|
|
. . P .
2 -1 0 1
s(m)

Figure 9.5: Summary of LER Touschek simulationshvitte optimized collimators set. Left plots: IR tices
trajectories and distribution of IR losses. Righitg: trajectories of particles not interceptedtbg collimators and
lost at the IR with their energy deviation (upped dower, respectively).

SUPERB COLLIDER PROGRESSREPORT



75

In conclusions, Touschek effect is relevant at
SuperB, especially for the LER, but it is not the
limiting effect for lifetime. However, special care
needed to properly control Touschek particle losses
and reduce possible showers in the detectors. A
proper set of collimators that fulfils this requirent
has been found.
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9.2 Radiative and elastic Bhabha lifetime

Electro-magnetic scattering occurring at the inter-
action point are among the principal causes of beam
particle losses. The huge cross section of these
processes together with the unprecedented lumjnosit
of SupeB lead to an extremely short beam lifetime.

The luminosity loss rate for the ring’ ‘depends on
the luminosityL and on the “particle loss” cross
sectiono; according to:

%Z—O}L
dt

whereN, are the total number of particles in the ring
AssumingL constant, the following approximation
holds:

oL

N, (t + At) = N, (t,) e ™

At

The beam lifetime; of the ring 1” is defined as:

= Ni(t)
=l

T

The principal processes contributing to  are the
radiative and the elastic Bhabha scatterings, i.e.
e'e - e'ey ande'e” - e'e.

The photon emitted by the beam particle can carry
away enough energy to bring the radiating lepton
outside the energy acceptance region of the storage
ring. The cross section of this process is giveth wi
good approximation by [1]:

16y (1 s |5 Linas2-3_7
ol 3 Kz Innf18+logA£]+2(lnA£) g 6}

wherelg is the fractional energy aperture of the ring,
a is the fine structure constargt,s the total energy
squared in the center of mass reference franiethe
classical radius of the electron andimits mass.

For a 1% energy acceptance the previous formula
gives us a cross section at th@lS) peak of 265 mb.

Actual measurements of this cross section [2]
found a smaller value with respect to predictiohisT
reduction can be ascribed to the effect of finiadh
density. To correctly model this effect the BBBREM
Monte Carlo generator [3] was used. The predicted
cross section as a function of the energy accegptasnc
shown in Fig. 9.6 together with the best fitting
function:

o =-439mbllog(2A¢)

The cross section predicted by BBBREM for a ring
energy acceptance of 1% is 170 mb, corresponding to
radiative Bhabha beam lifetimes reported in Tabfe 9
for the various Sup@rconfigurations

Table 9.4: Radiative Bhabha beam lifetimes for
several SuperB options.

Base Low Emittance | High Current

Line
HER | LER | HER | LER | HER | LER
(mrin) 487 | 6.29| 3.76| 485 7.96 108

A different treatment of the finite size and finite
density of the colliding bunches reported in [4]
predicts a radiative Bhabha cross section of 166mb.

Despite the fairly good agreement of this result
with the BBBrem one it is worth while to note that
this is a mere coincidence holding as long as the
infrared cut-off parameter used in [4] (i.e., thetical
beam size at the waist position) is comparable with
the BBBrem cut-of parameter [3] (i.e. the typical
distance among neighborhood particles at waist).

The other loss mechanism connected with
scattering occurring at the IP is the elastic Blaa#n
electron and a positron can knock each other hard
enough to be deflected outside the transverse ring
acceptance.

Assuming a mechanical aperture of 80 on the
radial plane and a dynamical aperture ofg®n the
vertical plane the contribution to the cross sectp
can be evaluated at tree level by:

. :8n(hca')2Ej[l+ 1}

° s E|(& &

y
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where E; is the energy of the beam for which the
lifetime is under evaluatiorE; is the energy of the

opposite beam an@x(ﬁy) are the radial (vertical)

angular deflection beyond which scattered particles
would be lost. The expected cross section losDis 1
mb for the HER and 21 mb for the LER. The Bhabha
(radiative plus elastic) scattering beam lifetime i
reported in Table 9.5.

Table 9.5: Bhabha (radiative and elastic) beam
lifetimes for several SuperB options.

Base Low Emittance | High Current
Line
HER | LER | HER | LER | HER | LER

4.6 5.6 3.6 4.3 7.5 9.2

(min)

Rad. Bhabha Cross Section (mbarn) vs. Delta E /E

"Bbbrem®
0x)

200 |

150 |

100 |

50 |

0

0 0.005 001 0015 0402

Figure 9.6: Radiative Bhabha cross section in mbarn
as a function of the minimum fractional radiated

energy. BBBrem predictions are represented by the
crosses. The best fit is represented by a contsuou
line.
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Measured and calculated frequencies and Q-values of
longitudinal higher order modes in the PEP-II cavit
are shown in the Table 10.1 (from [1]). Table 10.2
presents the impedance of the transverse higher ord
modes. PEP-II spectrum, calculated from the wake
potential of a 4 mm bunch is shown in Fig. 10.bitfr

[2])-

10.High Order Modes heating

10.1 HOM in RF cavities

The main contribution to the narrow-band
impedance comes from the RF cavities. This means
that HOMs trapped in the cavity must be very well
damped like it was done in the PEP-Il cavities.

TABLE 10.1: Impedance an@'s of monopole modes estimated from calculatiors measurements. Shunt
impedance definitiofR =V%/2P.

f meas[MHZ] R/Q meas[Ohm] Qmeas Rmeas[Ohm] fcalc [MHZ] Rcalc [Ohm] Q:alc
476 117.{35.2 32469 3.809 x 10 476
758 44.6 £134 18*99 809222 758 879 15
1009 +000 +00 +00
0.43_ o5 12825, 55 70 1010 35 100
1283 +64 +47 +2272
6.70_ 500 259, 173657 1291 1013 88
1295 103221 22230 2287742, 1307 1831 203
1595 +000 +00 +00
2.43_,1, 300570 729 50, 1596 214 52
1710 0.4410.11 32072 141750 1721 476 54
1820 0.13 +0.013 5 4331200 703.5
1898 0.1720.043|  55gg™20 | 44231 1906 715 685
2121 1.8210.18 33800 616 o0 2113 1346 163
2160 0.053 +10 +20
119_ 6_ 2153 293 300
+0.011 = 30
2265 0.064 +00 +32
1975_ 126_ 2263 450 306
+0.016 1314 95
2344 693°00,

TABLE 10.2: Transverse impedance d&d of dipole modes estimated from calculations amghsurements

frmeas(MHZ) | RIQmeas[€)] Qmeas RumeafkQ/m] | freac [MHZ] | Rucac [€/m] Qealc

792 9.69+0.997 115 42.0+4.2 800 38.7 96
1063 50.4 +10.1 27 38.047.6 1071 40.1 34
1133 1.29+0.65 54 1.82+0.91

1202 0.56+0.56 871 12.2 1218 17.6 642
1327 0.56+0.56 611 76.7 1335 99.5 510
1420 5.58 +0.28 1138 126.9 1417 143.7 554
1542 0.50+0.50 92 0.89 1553 2.0 130
1595 0.51+0.21 145 1.39 1611 116 180
1676 4.63 +0.46 783 64.5 1672 33.9 265
1749 0.10£0.01 1317 2.31 1774 9.15 1234
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® FR/Q cut-off real{Ww} Loss Integral (4mm bunch) k=0 805V/pC
120 0.8

100 07 g
— a0 . —— 06 &
E To5 3
S 60 04 =
0 1 =
2 40 03 =
Hll T02 §

20 J 194 S

0 i ANTADY. 0
0 1 2 3 4 5 6
Frequency [GHz]

Fig. 10.1: PEP-II cavity spectrum, R/Q and loss

HOM power for bellow cut-off frequencies
Power loss into i mode in a cavity according to

integral.

R=Ixrxk
1-eqp-2-
A
Pnzlszx(‘;R n
120" | o)+ el 5

=20
2

Definitions: K, is los factor,| is beam current,
T is bunch spacingQ) , and is a loaded Q.

Table 10.3 shows, for a beam current of 1 A, the
HOM power into each bellow cut-off modes, and the

[3. 4] s: total loss of a PEP-II cavity.
Table 10.3: HOM power in a PEP-II cavity for modedlow cut-off for the current of 1 A.
Mode R/Q Qload Loss Filling cos() exp() Bunch Power loss
frequency factor time spacing forl=1A
GHz Ohm V/pC mks nsec KW
0.475997 117.3 8000 0.1754 2.675 1.000 0.9969 4.202 0.0000
0.758 44.6 18 0.1062 0.004 0.398 0.1082 4.202 0.4701
1.009 0.43 128 0.0014 0.020 0.066 0.6595 4.202 0.0013
1.283 6.7 259 0.0270 0.032 -0.774 0.7699 4.202 0.0083
1.295 10.3 222 0.0419 0.027 -0.933 0.7349 4.202 0.0140
1.595 2.43 300 0.0122 0.030 -0.299 0.7552 4.202 0.0055
1.71 0.44 320 0.0024 0.030 0.398 0.7542 4.202 0.0023
1.82 0.13 543 0.0007 0.047 -0.602 0.8378 4.202 0.0002
1.898 0.17 2588 0.0010 0.217 0.988 0.962 4.202 0.0065
2.121 1.82 338 0.0121 0.025 0.850 0.718 4.202 0.0519
2.16 0.053 119 0.0004 0.009 0.889 0.3835 4.202 0.0033
2.265 0.064 1975 0.0005 0.139 -0.994 0.9412 4.202 0.0000
184.4370 0.3811 Total HOM  power 0.5635

HOM power for above cut-off frequencies
Calculated loss factor [5, 2] for different bunch
length is shown in Fig. 10.2.

PEP-II cavity loss factor [V/pC]

—— SR approximation & Calculated loss factor

1.7

2

4

6 8 10 12 14
Bunch length [mm]

Fig. 10.2: Wake field Loss factor.

HOM power above cut-off frequency for a PEP-II
cavity [2]
1.7

Jom

HOM losses for bellow and above cut-off
frequencies are shown in Table 10.4. Total HOM all
cavity losses for PEP-Il and Super-B parameters are
also shown there. At the “High current” regime the
bunch spacing is two times smaller i.e. 2.1 ns.

~.3811x7_. xI?

I:)kW = spacing
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Table 10.4: Total all cavities HOM power.

Beam Bunch Number Power Power  Total HOM
current length of cavities bellow above cavity
A mm cut-off cut-off power
kW kw kW
LER Base line 2.447 5 8 26.99 76.28 103.28
High current 4 4.4 12 54.10 173.11 227.21
HER Base line 1.892 5 12 24.21 68.41 92.61
High current  3.094 4.4 20 53.94 172.62 226.56
10 2 HOM |n vacuum System LER Loss factor -4.635870 V/pC ——HERR/W Loss factor -4.719936 V/pC
’ =Dhunch 5.0mm
Vacuum chamber geometry and resistive .
wall wake fields A [ oot

We will assume that Super-B vacuum chamber is
approximately same as PEP-Il vacuum chamber for
LER and HER, as we use PEP-Il magnets; however th

- 001

circumference is smaller and it is 1258.4 m

Table 10.5: PEP-Il LER and HER vacuum chamber

Material % pipe Radius [m] resistivity [Ohm m]
LER Cu 10 0.025 1.69E-08
Al 50 0.035 2.86E-08
SS 40 0.045 7.14E-07
HER Cu 60 0.025 1.69E-08
SS 40 0.045 7.14E-07

Resistive wall loss factor [6]:

1/3
$ :(Zazéj when2 << 1

O-Z
3/2
~020%C 1| of2?
Koy 0203 % UZ] 0 ZZODFéib}

For these beam pipe geometries loss factor is @almos

the same (Fig. 10.3), because Al part of LER hegela
size. Calculated resistive wall losses for LER &R

rings are shown in Table 10.5 for PEP-Il and Tdlfle&s

and 10.7 for Super-B.

- 0.00

60 80 100

0.00

F-001

F-001

x - 002

-0.02

Figure 10.3: Resistive wake potential for LER arteiRH

Table 10.6: LER resistive wall losses.

Base line  High current
Bunch length [m] 0.005 0.0044
Bunch spacing [nsec] 4.2 2.1
Beam current [A] 2.447 4
Power (10/50/40) [kW] 122.49 198.24

Table 10.7: HER resistive wall losses.

Base line  High current
Bunch length [m] 0.005 0.0044
Bunch spacing [nsec] 4.2 21
Beam current [A] 1.892 3.094
Power (60/0/40) [kW] 74.55 120.76

Other beam chamber elements
Longitudinal kickers

Longitudinal kicker spectrum and loss factor as a
function of bunch length from the azimuthally
symmetric model are shown at Fig. 10.4. Fig. 10.5
shows measured single bunch spectrum of the kiaker
PEP-Il and wake potential for a 5 mm bunch. Wake
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field power in longitudinal kickers of LER and HEBY

100
90
80
70
60
50
40
30

Spectrum and loss integral

20
10
0

3 4 5 6 7 8

9 10 11 12 13 14 15

Frequency [GHz]

Loss factor [V/pC]

Super-B parameters is given in Table 10.8.

y = 0.9429x %7

3 4 5 6 7 8 9 10 1 12 13 14
Bunch length [mm]

Figure 10.4: Longitudinal kicker spectrum (left)ddnss factor as a function of bunch length.
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Figure 10.5: Measured single bunch spectrum anckywakential of a longitudinal kicker.

Table 10.8: Wake field power in longitudinal kicker

Beam Bunch Number of Wake field
current length  long. Kickers power
A (mm) (kw)
LER Basic Line 2.447 5 2 10.40
High currents 4 4.4 2 31.34
HER Basic Line 1.892 5 2 6.22
High currents  3.094 4.4 2 18.75

Transverse kickers
Transverse kicker loss factor as a function of bunc
length from the azimuthally symmetric model are

shown at Fig. 10.6. Wake field power in the
transverse LER and HER kickers for Super-B
parameters is given in Table 10.9.

Table 10.9: Wake field power in the transverse &isk
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Beam Bunch number of Wake field
current length  long. Kickers power
A mm kw
LER Basic Line 2.447 5 2 12.57
High Currents 4 4.4 2 18.27
HER Basic Line 1.892 5 2 6.22
High Currents  3.094 4.4 2 9.38
0s wake field power for Super-B parameters is listad i
Table 10.10.
025
e HOMs in LER PRO8 ~ yicker
2 PRO8: T3036
5 500 : ‘ . . ‘ 58 Ohm
L o5 H ! H H !
] 450 1
bt — kicker
4 06623 400 7 PRO8: T2024
= o1 y =0.7254x = 350 § 58 Ohm
'S 300 |
o5 g 250 — Kicker
= 200 PROS: T3034
[=] 58 Ohm
. I 150 +
5 6 7 8 9 10 11 12 13 14 15 100 - .
kicker
Bunch length [mm] 50 1 PRO08: T3035
0 #—F ; ; ; ; 56 Ohm
Figure 10.6: Transverse kicker loss factor as atfan 0 500 1000 1500 2000 2500 300
of bunch length. LER [mA]

Figure 10.7: Dissipated power in injection and &abor

Abort kickers kickers in LER PEP-II.

Fig. 10.7 shows beam current dependence of the
power dissipated in the injection and abort kickers
LER PEP-II. At beam current of 3 A the power ingbe
4 LER kickers reaches 2 kW at bunch spacing oh2.1
We may assume that bunch dependence goes as
resistive wall wake field dependeng&’?. Estimated

Table 10.10: Wake field power in injection and abickers

Beam Bunch number of Wake field
current length  long. Kickers power
A mm kw
LER Basic Line 2.447 5 4 9.89
High Currents 4 4.4 4 16.01
HER Basic Line 1.892 5 4 5.92
High Currents  3.094 4.4 4 9.58
_ 55
PEP-II collimator k{\,,pc] —02—

We may use in Super-B the beam collimators of Z{mmi

PEP-II type, presented in Fig. 10.8. Wake field collimator losses for Super-B
The loss factor bunch length dependence is parameters are shown in Table 10.11.
described by a formula:
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Smm-Collimalor Loss Factor, K= Smm-Collimator Loss Factar, Y=
(R1
R Ly T
g 014 T
5 P i
E 0.08 -+
g =008+
0950 ] [ o] :
i 002+ i i
= D ' - " B ' - - [
0| -8 6 4 2 0 2 4 @ B i 20 <15 I ] 5 o 5 0 15 0
Besm Y-potkion [mm) em= X-poskion [mm]

Figure 10.8: PEP-II collimator and calculated Itsstor.

Table 10.11: Wake field power from collimators

LER HER
Base Line High Currents Base Line High Currents
Beam current (A) 2.447 4 1.892 3.094
Bunch length (mm) 5 4.4 5 4.4
Number of collimators 7 7 6 6
Wake field power (kW) 19.36 66.82 19.85 34.27

10.3HOM in IR

Geometrical wake fields in the Super-B
Interaction Region

The geometry of storage ring collider interaction
regions presents an impedance to beam fields irgult
in the generation of additional electromagnetiddiie
(higher order modes or wake fields) which affeat th
beam energy and trajectory. These affects are catpu
for the Super B interaction region by evaluating
longitudinal loss factors and averaged transversksk
for short range wake fields. Results indicate astea
factor of 2 lower wake field power generation, in

comparison with the interaction region geometrythef Figure 10.9: Cutaway model of the Super B
PEP-II B-factory collider. Wake field reduction & interaction region. Dimensions are in meters. Beam
consideration in the Super B design. Transverskskic direction is along the z-axis.

are consistent with an attractive potential frone th

crotch nearest the beam trajectory. The longitudoss HOM generation is affected by beam trajectory. This

factor scales as the -2.5 power of the bunch length, o :
. . . gated by computing the loss factors for
Figure 10.9is a cutaway orthographic view of thdel horizontally displaced beam trajectories. Figurel@0

of the Super B IP region used for this study. Th%is P
plays the calculated longitudinal loss factowske
geometry spans 0.11 by 0.04 by 1.5 meters. Onbeof t potentials, and the bunch profile for horizontal

beam chamber axis is oriented along the z-axis, th&?splacements of -1.6. 0 and + 1.6 mm from the maini

direction a_simulated bunch _prOpagates. This meglel beam trajectory for a 6 mm long bunch. Longitudinal

meshed with up to 23 million points. The chamber,qg taciors are respectively -0.379, -0.114 an@3D

material is considered infinitely conductive. FieIdV/pC decreasing with positive offset’. With refecerto

solvers Gdfidl [7] and MAFIA [8] are used to evalea the geometry of Figure 10.2, a positive horizoofédet

wake field loss factors and averaged transverseewalbringS the beam closer to the upstream crotch. A

field kicks. negative offset means a trajectory closer to the
downstream crotch. Loss factors increase with
proximity to the downstream crotch.
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Offset 0 +1.6 -1.6

loss factors  -0.1137 -0.03723 -0.3785
5e+12

Super-B: HOM power generated i,

T .
bunch &

z wake-offset +1.6 mm e

lesiz f z waltgoffset -1.6 mm -

Se+11 |

be+11 |

le+12 |

5 B.5: (5]

Bunch length
58412 unch length [mm]

0.01 0.02 0.03 0.04 0.05 0.08

meters Figure 10.12HOM generated power at IP as a fu

of a bunch length.
Figure 10.10: Longitudinal wake fields and loss

factors for a 6 mm long bunch at various horizontal

beam trajectory offsets from the ideal beam path: - . 10 make a comparison we show the PEP-II
1.6 mm, 0, and +1.6 mm. interaction region model at Fig. 10.13. This model

includes only a small part of the IR, however ityma
generate much more power. Tapers, masks and offsets
For a given total charge shorter bunch lengthare the dominant contribution to wake field gerierat
increases the peak current and excites highep this case. For a bunch length of 13 mm in tHE®RI
frequencies in the wake field spectrum. In gen#é® interaction region the loss factor was computedéo
leads to higher loss factors. Loss factor vs bueogth  4=0.06 v/pC. Scaled to a 5 mm bunch length with both

is shown in Figure 10.1 for the case of the Super BER and HER current,=2.12 Amperes, and bunch
interaction region. This increase in loss facton@- spacing of 7=4.2 ns this small part of the PEP-II

linear and varies as the -2.55 power of the buength.  jnieraction region generat®e, = 14 kW, which is a

factor of two larger than wake field power genedate
Super-B IR loss factor the Super-B interaction region for the same opegati
035 | parameters.
| Based on this comparison with PEP-II, the Super B
interaction region design presents a smaller impesla
to the beam. This helps preserve emittance andvallo
|

o
[N}

the Super-B factory IR to sustain the short bundites
the currents required to produce high luminosity.

Loss facter [V/pC]
=
o

=
BES

2
=
&

(=]

4 45 5 55 6 8.5 7 75
Bunch length [mm)]

o
3]

Figure 10.11: Loss factor dependence on bunch
length is nonlinear.

For one 5 mm long bunch the Super B interaction
region loss factor isk=0.186 V/pC. Both beams
contribute to wake field generation under nominal
colliding conditions. For a 5 mm bunch length thakey -
field power Ppeam generated with both LER and HER 0.170 m ——
currentl.=2.12 Amperes, and bunch spacing6f4.2
nsis Figure 10.13Section of PEP-II interaction region

P =x@MI’+12)~7.0 kW used for loss factor comparison.

<— 0.05m —»

beam

HOM generated power at IP as a function of a buncfReferences . .
length is shown at Fig. 10.12 1] R.A.Rimmer, J.M.Byrd, D.Li, Comparison of

calculated, measured, and beam sampled
impedances of a higher-order-mode-damped rf
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11.Rings Magnet System

The SuperB rings will be built with room-
temperature magnets. The lattice has been destgned
take maximum advantage of the potential availabilit
of the PEP-II ring magnets without compromising
perfor-mances. This is possible, since the energies
and the circumference of the PEP-II rings are quite
comparable to those of SuperB.

In order for PEP-Il magnets to be suitable for
SuperB, the magnet apertures must be sufficierit, bu
not too much larger than needed to avoid excessive
power consumption. At SuperB, with its small beam
sizes, the apertures will be dominated by impedance
and vacuum conductance considerations, rather than
the size of the beams, and the apertures requilled w

be similar to those of PEP-II. Thus, there is adyoo
match between the size of the PEP-II magnet
apertures and the anticipated SuperB requirements.
Table 11.1 lists the magnet inventory of the PEP-II
HER. In many cases, these magnets are capable of
higher field strengths than used operationally EPP

I, since they were originally designed for the G8V
PEP-I rings. This has been taken into account bieTa
11.1.

The PEP-II LER magnet inventory is listed in Table
11.2. These magnets were built specifically for the
PEP-II LER. In most cases, the maximum field was
specified such that the PEP-II LER can reach 38 Ge
in energy, while for SuperB LER the request is for
4.18 GeV. In the Tables sagittas and gradients have
been computed at the nominal SuperB energies.

Table 11.1: PEP-II High Energy Ring magnets.

Dipoles Length | Aperture Field Int. Stregth Sggnéaev@ Current | Quantity
(L ocation) (m) (mm) (M) (T m) kmm) (A) #)
Arc 5.4 60. 0.27 1.4 44, 950 194
IR Soft 2.0 150x100 0.092 0.184 2. 170 6
Quadrupoles | Length | Aperture | Gradient | Int. Stregth K2@6.7 Current | Quantity
(L ocation) (m) (mm) (T/m) (T GeV (m?) (A) (#
Arc 0.56 R 50 16.96 9.5 0.76 350 202
Injection section 0.45 R 50 11.11 5 0.5 200 4
Straight 0.73 R 50 17.53 12.8 0.79 350 81
IR 1.5 - 6.67 10 0.3 650 2
IR 1.5 - 10 15 0.45 1150 2
Global skew 0.3 R 90 2.33 0.7 0.1 250 4
IR Skew 0.2 R 50 0.32 0.064 0.014 50 4
IR Skew 0.3 R 50 1.33 0.4 0.06 12 4
Sextupoles Length | Aperture | Gradient | Int. Stregth K3 @6.7 Current | Quantity
(Location) (m) (mm) (T/m?) (T/m) GeV (m?) (A) (#)
Arc SF, SD1 0.3 R 60 210 63 0.94 400 104
Correctors Length | Aperture Field Int. Stregth Current | Quantity
(L ocation) (m) (mm) (T (T m) (A) (#
Arc X 0.3 90x50 0.018 0.0054 - 12 96
Arc Y 0.3 90x50 0.01 0.003 - 12 96
Straight 0.3 R 50 0.012 0.0036 - 12 91
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Table 11.2: PEP-II Low Energy Ring magnets.

Dipoles Length | Aperture Field Int. Sagitta @ Current | Quantity
(Location) (m) (mm) (T) Strength 4.18 A) @
(Tm) GeV(mm)
Arc 0.45 63.5 0.93 0.42 1.7 750 192
Straight BB+/- 0.45 - - - - - 10
Straight BM,BV 0.5 - 0.56 0.28 1.26 850 10
Straight, BC 15 - 0.37 0.562 7.5 175 10
Quadrupoles | Length | Aperture | Gradient Strlenr;[. th K2 @4.18 | Current | Quantity
(L ocation) (m) (mm) (T/m) (T)g GeV (m?) (A) #
Arc, Q58Al4 0.43 R5 9.5 4.1 0.682 160 196
Straight Q58Al4 0.43 R5 9.5 4.1 0.682 160 127
IR 2 Q58Cu4 0.43 R5 11.9 5.1 0.854 200 30
Insertion QF2 0.5 - 13.6 6.8 0.976 120( 2
Insertion QD1 1.2 - - - - (pm) 2
Insertion SK1 0.2 - - - - (pm) 2
Skew 0.2 - 2.6 0.52 0.187 12 15
Sextupoles Length | Aperture | Gradient Strlgr:. th K3 @4.18 | Current | Quantity
(Location) (m) (mm) (T/m?) T /n% GeV (m?®) (A) #)
Arc SF, SD1 0.25 R 60 192 48.1 13.78 31(Q 76
Arc SD2 0.35 R 60 245 85.6 17.58 500 8
IR2 0.25 R 60 - - - - 7
Correctors Length | Aperture Field Strlgr:. th Current | Quantity
(L ocation) (m) (mm) (M) (T n?) (A) #®
Arc X 0.233 130x90 0.0365 0.0085 - 12 96
ArcY 0.312 250x90 0.0212 0.0066 - 12 92
Arc X wide - - - 0.012 - 12 4
Straight 0.3 - 0.0252 0.00755 - 12 104
11.1 Dipoles = o [
HER dipoles 1350—5 |
Positrons will be stored in the HER. The PEP-II 4 S

HER dipoles have C-shaped yokes and 2.2 cm sagitta
based on their design 165 m bending radius. For | -
SuperB, the bending radius for the main arc dipsles 4‘ P

80 and 91 m, for the two different cells, and the B
sagitta will range from 4. to 4.5 cm. This valueyma == e =
be tolerable given the more than 5 cm total width f o
the good-field region and the fact that the magnets
can always be centered on the average beam orbit.
Figure 11.1 shows a sketch of a PEP-II HER dipible.
has to be checked if there is significant space
available in the horizontal plane to accommodate an
antechamber for the vacuum system.

While the PEP-II HER dipoles are the original PEP
dipoles, the magnets were completely overhauled and
refurbished during construction of PEP-II, seriadiz
and mechanically and magnetically measured. The
measurement data — 1 Bdl, field harmonics at 0.9 Tm
and gap height vs. s — are available in the arshife
the Magnetic Measurement Group at SLAC [1].

Figure 11.1: Cross section of a PEP-Il HER main
dipole. All dimensions are in inches.

They have been in constant use since PEP-II
commissioning began. Despite the high beam current,
the radiation environment in the PEP-Il arcs is
actually quite benign, and no evidence for sigaific
radiation damage to the magnet coils has been seen.
We therefore, at present, see no need to re-measure
refurbish the dipole magnets, although each magnet
coil will be carefully inspected for signs of aging
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LER dipoles

The 0.45 m-long PEP-II LER dipoles are box-type
magnets. Because of their short length, there is no
issue with the different sagitta at any reasonable
bending angle. In SuperB the actual dipole length w
be 0.9m, however it is probably possible to puesid
to-side two PEP-II LER dipoles. The missing dipoles
will be newly built, likely using the laminationaut
for the existing PEP-II LER arc dipoles. The PEP-II
LER dipole magnets were built new at the time of
PEP-II construction. They were measured at the
factory at that time however an individualized sét
measurements does not exist for each magnet. There
is also a certain variation of field shape with
excitation in these magnets. We therefore antieipat
re-measuring each of the dipoles at the operatid f
for SuperB, before installation in the SuperB LER.
in case of the HER dipoles, however, there is rexine
to refurbish the PEP-II LER dipole magnets; a adref
inspection should suffice. Figure 11.2 shows tlusgr
section of the LER dipoles.

21 672
55 048

6o o

Figure 11.2: Crossestion of a PEP-II LER main
arc dipole. Dimensionare given in inches (upper
numbers) and cm (lowenumbers).

Final Focus dipoles

For the Final Focus brand new dipoles, 4 m and 2.8
m long, will be needed.

11.2 Quadrupoles

It is anticipated that most PEP-II quadrupoles will
find use in SuperB. Most of the 0.56 m quadrupoles
of the PEP-II HER will be used in the SuperB HER.
For the 0.43 m-long SuperB quadrupoles the needs
are covered by the existing PEP-II LER quadrupoles,
with spares available. The latter come in three
different coil configurations with somewhat diffete
maximum excitation, so care will be taken in
matching the coil type to the requirements. In
addition, about forty new 0.215 m long quadru-poles
are needed; however with some adjustments in the
cells layout design we may well use the exceeding
0.43 m long LER quadrupoles. For the 0.73 m long

ones the need is well satisfied by the existing iEP
HER ones. A complete audit trail exists for the
measurements of the PEP- || HER quadrupoles, while
for the PEP-II LER quadrupoles only a sparse detta s
is available. As a result, we will need to re-measu
the PEP-Il LER quadrupoles as well. Careful
inspection of all coils will detect any sign of agj
and there is a significant number of spare coils
available in case it is decided to replace somthef
coils. There may, however, be cases of quadrupoles
SuperB being excited at higher current than in FEP-
In these cases we will change the cooling circtaits
connect all coils in parallel, thus minimizing ttegal
temperature increase during operation.

Figure 11.3 shows a cross sectional and side view
of a PEP-II HER quadrupole, while Fig. 11.4 shows a
PEP-II LER quadrupole.

30.709 —=
[— 27.953 —|

- 13.976 +|
m

28.086

}— 21.000 —ﬁ
———

3.543

1.378

#3.937
bore

30.709

| I—

i—— 27.953

Figure 11.3: Cross section and side view of a FEP-I
HER main arc quadrupole. All dimensions are in
inches).

The IR quadrupoles have been described in the
Interaction Region Chapter 5.

Figure 11.4: Cross section of a PEP-II LER main arc
quadrupole.

11.3 Sextupoles

Altogether, the two SuperB rings will use about
200 sextupoles, with magnetic length ranging from
0.25 to 0.4 m. Most of them are available from PEP-
II, The longer ones in the FF (0.4 m) are quitersgr
and will need a new design. Eight additional magnet
0.35m-long will be needed, and may be built using
the original PEP-II lamination die, same for the 12
0.25m long ones which are missing and maybe
replaced in the design by can use the 0.3 m-loeg on
that we have in excess.
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11.4 Correctors

The basic orbit-corrector dipoles exist in three
types for each ring: horizontal arc-type, vertiaat-
type and straight-section type, which are mounted
either as horizontal or vertical correctors arotinel
chamber of circular cross section. Where prudent
these magnets will be reused. However, the SuperB
vacuum system will differ from that of PEP-II, whic
may prevent reuse of some of these magnets. Since
the cost for orbit correctors is fairly modestjipears
prudent to avoid compromising the vacuum chamber
geometry in order to reuse existing orbit corrector
magnets. The same principle applies to other
correction magnets, such as skew quadrupoles.eAt th
moment the number of correctors used in the Low
Emittance Tuning procedure is 168/ring, but this
number can be reduced further.

11.5 Field quality

Field uniformity requirements for SuperB magnets
will be determined following more detailed tracking
studies. However, since the beam sizes are small an
orbit excursions will have to be tightly controlléa
order to preserve the small emittances, the beams d
not sample field regions far from the nominal cente
line. We therefore expect the field uniformity
tolerances of the PEP-Il magnets to be sufficient f
SuperB applications.

The field uniformity of the PEP-Il HER dipole is
shown in Fig. 11.4; the field harmonics of the PEP-
HER 0.56 m quadrupoles magnets are shown in Fig.
11.3. Since we will have individual measuremenadat
for each magnet, sorting algorithms will be emptbye
as necessary to mitigate the effect of field ddferes
between the magnets in a family, as was done for
PEP-II.

The magnet errors were based on those observed
for the PEP-II ring magnets (see Table 11.3 for the
HER and Table 11.4 for the LER). They are
parameterized in terms of a multipole expansion:

(B, +iB,)
By(r)

where r is the reference radius ang iB the main
field of the magnets.

=30, +ia)] % +iryjn_l
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igure 11.4: Field uniformity of a sample of PEP-II
HER 5.4-m dipole magnets.
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Figure 11.5: Harmonic spectrum of a sample of
PEP-Il HER 0.56m quadrupoles. Harmonic # 2 is the
gradient.

Table 11.3: PEP-Il HER magnet errors

Multipole n | Systematic: | Random:
index(n) by by i
(rE(i)F_)g:lgem) 3 1.00 x 10° 3.20 x 10
5 ] 3.20 x 10°
7 6.40 x 10°
9 8.20 x 10°
(%r“:"’(‘)d.gg:%'e 3| 1.02x10* | 4.63 x 10°
4 | 1.91x10* | 8.09 x 10°
5 | 1.89x 10° | 8.86 x 10°
6 | 5.69x10* | 2.80 x 10°
7 | 6.60x 10° | 3.45x 10°
8 | 9.60x 10° | 5.72 x 10°
Sextupole
(r=0.05652m)| > 2.20 x 10°
. 1.05 x 10°
-1.45x 10% | .
15| -1.30 x 10% | -
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Table 11.4: PEP-II LER magnet errors

’;"nlég(p(%')e n | Systematic: b, | Random: b,
(rEi)pc?:L?n) 3| -050x10* | 1.00 x10*
5| 3.00x10* 1.00 x10*
7 - 1.00 x10°
9 - 1.00 x10°
Quadrupole | 3| 10954104 | 4.63 x10°
(r=0.05m)
4| 1.91x10* 8.09 x10°
5| 1.89x10° 8.86 x10°
6| 5.69x10* 2.80 x10°
7| 6.60x10° 3.45 x10°
8| 9.60x10° 5.72 x10°
g| 7.14x10° 3.85 x10°
10| 3.37 x10* 5.62 x10°
11| 6.08 x10° 3.32 x10°
12| 5.34 x10° 6.20 x10°
13| 1.10 x10° 6.53 x10°
14| 6.65 x10° 8.20 x10°
Sextupole 3
5 - 2.20 x10
(r=0.05652m) X
. 1.05 x10°
g| -1.45x102 .
15| -1.30 x102 .

.11.6 Power Conversion

The DC power supplies for the magnets represent a
significant share of the overall cost of the magnet
system. The approach taken in PEP-Il is to power
long strings of identical magnets with 500V, 400A
chopper units fed from a bulk power supply (one for
each ring), which in turn is fed by a 480V ac line.
Shorter strings (or \families") are fed from smalle

individual supplies operating on 208 or 480V ac
feeds. All of these supplies are of relatively node
switching type and therefore, in principle, capabie
being operated at the 50 Hz ac frequency used in
Europe (as opposed to the 60 Hz used in North
America) including the large bulk power supplies fo
the choppers [97]. While the details must worked ou
reuse of components of the PEP-II magnet power
system appears to be feasible.

11.7 Summary of Regular Lattice
Magnets

SuperB magnet requirements are well within the
performance envelope of the PEP-II magnets, and
almost all PEP-Il magnets, with the possible
exception of specialty magnets such as the ingertio
guadrupoles, will be reused.

Additional magnets will be built to existing desiggn
wherever feasible. Only a limited number of SuperB
magnet designs have no PEP-II counterpart and will
be of a new design. The summary of the overall
magnet number needed for SuperB LER and HER is
in Table 11.5. To have a summary of the fields and
gradients needed for the different magnets, in §abl
11.6 and 11.7 are the summary of needed gradients
and fields for SuperB HER and LER, while in Figures
11.5 to 11.10 are summarized the LER and HER
types of magnets for different families (IR
guadrupoles, QDO and Qf1, are not here)..

There will be also need of some small octupole and
decapole magnets in the IR.

References

[1] SLAC Metrology Department.,, Magnetic
Measurement Group Archive Server, http://www-
group.slac.stanford.edu/met/MagMeas/MagHom
e.html

Table 11.5: Summary of SuperB magnets neetlé&® (f new are built 0.9 m long)
Super B HER+L ER|Existent @ PEP-11| Needed Design

Dipoles (L =5.4 m) 84 194 -
Dipoles (L =4. m) 44 - 44 Soft bends
Dipoles (L =2.8 m) 16 - 16 Soft bends
Dipoles (L =0.45 ny) 320 202 118 or B9PEP-II (lamin.
Quads (L =0.56 m 198 202 -
Quads (L =0.73 m 54 81 -
Quads (L =0.215 m) 36 - 36 PEP-II
Quads (L =0.43 m 264 353 -
Sexts (L =0.25 m) 86 76 10 PEP-II
Sexts (L =0.30 m) 84 104 -
Sexts (L =0.35 m) 16 8 8 New
Sexts (L =0.4 m) - 8 New
Octupoles 8 - 8 New
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Table 11.6: SuperB High Energ

Ring magnets.

Dipoles Length Field Int. Strength Radius Sagitta | Quantity
(L ocation) (m) (M (Tm) (m) (mm) (#)
Arc 5.4 0.28 15 80.44 45.3 52
Arc 5.4 0.245 1.3 91.33 40. 28
Disp. Supp. 3.13 0.28 1.5 80.44 15.2 4
IR 2.8 0.42 0.184 52.8 18.6 2
IR Soft 2.8 0.08-0.18 0.22-0.5 265-165 3.7-78 4
IR 4.0 0.22-0.3 0.9-1.2 101-75.5 20.26.5 12
IR Soft 4.0 0.11-0.17 0.44-0.7 201-138 10.-16 10
Total
Quadrupoles | Length | Gradient | Int. Strength K 2mex Quantity
(L ocation) (m) (T/m) (T) (m? #
Arc 0.56 12 6.7 0.5 107
Arc 0.43 10 4.4 0.46 90
Straight 0.73 18 13 0.8 54
IR 0.43 22.4 9.6 1.0 18
IR 0.215 224 4.8 1.0 18
Sextupoles Length | Gradient | Int. Strength K3 max Quantity
(L ocation) (m) (T/m?) (T/m) (m® #)
Arc SF/SD 0.3 356 107 16.0 84
IR crab 0.35 740. 260. 33. 2
IR SD 0.35 360. 126. 16 6
IR SF 0.25 180. 45 8. 2
IR SD 0.40 560. 225. 25. 4
Table 11.7: SuperB Low Energy Ring magnets.
Dipoles Length Field Int. Strength Radius Sagitta Quantity
(L ocation) (m) (T (T m) (m) (mm) #
Arc 0.9 0.46 0.42 3.3 56
Arc 0.9 0.52 0.47 3.8 104
Straight 0.522 0.52 0.27 1.27 4
IR 2.8 0.05-0.11 0.14-0.31 3.7-7.8 4
IR 2.8 0.26 0.73 18.6 2
IR 4.0 0.15-0.19 0.6-0.76 22-26.5 10
IR 4.0 0.05-0.14 0.2-0.56 3.7-19.8 16
Quadrupoles | Length Gradient Int. Strength K2 max Quantity
(L ocation) (m) (T/m) (T (m? #
Arc 0.56 12. 6.7 0.9 91
Straight 0.43 9. 3.9 0.8 156
IR 0.43 14. 6. 1. 18
IR 0.215 14. 3. 1. 18
Sextupoles | Length Gradient Int. Strength K 3 max Quantity
(Location) (m) (T/m?) (T/m) (m3) #)
Arc SF/SD 0.25 165. 42. 12. 84
IR SF 0.35 230. 81. 16.5 6
IR crab 0.35 460. 160. 33. 2
IR SD 0.4 265. 106. 19. 4
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Figure11.5: Number of bending magnet vs. magnetiifssrfor LER.
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Figurell.6: Number of quadrupole lenses vs. quadeujamilies for LER.

o
o N -
2 2 5 -
moﬁooﬁﬁoﬂﬁoﬁﬁuuga
O » o o & » 6 ® P 6 o 6 B B B

30 28
25
20 1 18
z 15
12
10 1 8 8
5 4 4 4
21 1 |:||:| |:| 121222
o1H = = EEESE = 0 = 0 @ 0
0 839 100 111 120 121 125 129 134 136 163 185 222 223 228 265 349
S, Tim~2

Figure 11.7: Number of sextupole lenses vs. sextujpmnilies for LER.
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12. RF systems Znows = Tp* K
' y The ring loss factor must not include the lossdaof
12.1 Super-B parameters and RF specification the cavity main mode. The loss factor strongly dejse

The main task of the Super-B RF system is to pevidUPon the bunch length. The_natural (zero curremtich
power to the beam necessary to compensate the bedf#Rdth may be calculated using the formula:

energy loss and to control the longitudinal beam c ah E
I . . . g =—X0_X |—X
stability in the ring. The main parameters of the 0 " o s
machine, which will be used in this chapter, arevah Re COS( 0 -a
in Table 12.1. where the synchronous phase should satisfy the
Table 12.1. Main parameters of the machine equation:
Par ameter Symbol value value | Units . _Ug
HER | LER sin{ 90 - ¢ =V
Beam Energy E 6.7 4.18 GeV RF
Beam Current I 2.12 2.12 A The synchrotron frequency and synchrotron tune are
RF frequency fre 476 476 MHz calculated using these formulas
fF:«Sc\;/S:eur:::c;n fro 227 227 | kHz
a V. Cos@ fg
Bunch . 4.2 4.2 ns fg = for L x RETTEFS vg=h—=
spacing b ' ) 2mh E for
rlarmonic h 2100 | 2100
number Values for these parameters and synchrotron loss
lk\)lumaer of N, 1018 1018 power, calculated from the ring parameters (TaBld )L
SUSCEES are shown in Table 12.2.
RLENergy oy 2.03 0.83 | MeVv
loss per turn ]
Momentum o 4.04 224 Table 12.2. Other parameters of the machine
- 4 4
g)e?;%?,znon x10 x10 Parameter Symbol | value value Units
Energy 5 6.l§x10 ?.57X10 HER LER
spread _ Synchronous @ 69.1 78.3 degrees
Longitudinal - 145 22 ms phase
S a .
gﬁgmg time ﬁé’gﬁg;"g{on f, 2355 | 2652 | kHz
Voltage Ver 57 41 MV Synchrotron tune| 1 0.01033| 0.001163
Longitudinal | 10.8 108 | ms Bunch length % 5.0 5.0 mm
damping time
S.R. Power Psr 4.3 1.76 MW

The majority of the beam energy loss comes from the
synchrotron radiation in bending magnets. This is There must also be additional power to compensate
mainly incoherent radiation power, which isthe main mode Joule losses in the room-temperature
proportional to the beam current and the fourthguoeé  cavities. This power is proportional to the squafr¢he
the beam energy. There is also a small amount détal RF voltage and inversely proportional to #iteeint
synchrotron radiation loss due to coherent synobnot impedance of the cavity and the number of cavities:

radiation (CSR). V2
The beam also loses energy due to wake fields,hwhic Peay = _RF
are excited in the beam pipe vacuum elements. Wake 2N¢Zgh
fields include short-range fields, like resistivalivand With unmatched conditions, when beam is not

geometrical wake fields, and long-range fields likeperfectly coupled to the cavity, some power will be
higher order modes (HOMs) excited in the RF casitie rgflected back from the cavity. We must also inelud
and kickers and possible low-Q geometrical cavilies thjs in the total power consideration. The reflesti

the beam pipe, for example between in and out$aper gefficient can be described by a formula:
The power of the wake fields, like power of CSR, is

proportional to square of the beam current. Totsdrb M=1- Teay
losses are: + Ps.r * Priowm
= 2 +1)P
Ream=U s X1 +Z omx | (B+)F,
incoherent coherent i ity;
incoheren! ohgrent whered,, , [ are geometrical parameters of a cavity;

The averaged HOM impedance is proportional to thé represents a coupling coefficient or coupling dact
bunch spacing and the loss factor of the ring:
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The reflected power is proportional to the incident 20 0.40
power and reflection coefficient squared: |— Pin/Pbeam — Reflection]
5 1.5
Pref = Rn|T| : 5
[} E=1
£ 1.0 +020 3
So the total incident power will be the sum of beam £ 4
power loss, cavity losses and reflected power 05 - L 010
Rn = I:E)eam-" I:)cav-" I:)ref
12.2 Beam and RF power " ) . 6 s o
The choice of the RF voltage and number of cavities Pbeam/Pcav

is based on the bunch length, the maximum opemtion Figure 12.1: Efficiency of the transmitted powethe

voltage in a cavity and the maximum transmitted andbeam and reflected coefficient squared as a fumctfo

reflected power through a cavity RF window necegsar ratio of beam losses to cavity losses. Couplintgpfac

to separate the cavity vacuum from the waveguitiee B=3.6.

existing coupling factor may limit the total beamrent

because of large reflected power with unmatched We can change the coupling factor in order to

conditions. decrease the reflected power and power consumbtion
For the Super-B RF system we propose to re-use thgodifying only the coupler box of a cavity assembly

main elements of the PEP-II RF system as klystrongFig 12.2.)

modulators, circulators and cavities with couplbaxes Coupler box flange

[1-8]. SLAC PEP-II RF operational experience shows

that the power limit for each cavity window is S5KV.

Stable operational voltage in one cavity should be

limited to 750-800 kV to avoid cavity arcs [9-12)ne

klystron may supply power for two cavities. Paragngt

of a PEP-II cavity are shown in Table 12.3. Dethile

information about calculated and measured parameter

of the longitudinal and transverse modes of the-REP

cavity is given in reference [1].

Table 12.3. PEP-II RF cavity parameters.

Par ameter value units “ O BB
RF frequency 476 MHz A\
Shunt impedance 3.8 MOhmM RF window
Unloaded Q 32000
R/Q 118 Ohm
Coupling factor 3.6 L
Maximum incident power 500 kw [
Maximum cavity voltage 750-900 kV L/EW’L
For a given coupling factor we may optimize the | \ 4 ‘

transmitted power to the beam. The ratio of thédeat
power to the beam loss, as a function of a ratithef
beam losses to PEP-Il cavity losses, is shown gn Fi
12.1.

With the PEP-Il coupling factor, the minimum We will change the small dimension of the waveguide
reflected power is achieved when beam losses &e Zleading to the coupler slot for 1/4 of a wavelength
times larger than the cavity losses. However, thdorming a quarter-wave transformer. The waveguide
minimum incident power is achieved with a highearaa impedance varies directly with this dimensionp Ap to
of beam to cavity power (4 to 6). Based on this6 is achievable without changes to the cavity fitsel
optimization for the Super-B parameters and takimg  Since the quality of the match varies only slowigw,
account power and voltage limits we can calculatge t we may optimize for a common coupling factor fdr al
necessary number of cavities and klystron (sta}jonscavities.
and the supply power. For HOM power calculation we RF parameters for the Super-B case are shown in
use the PEP-II LER impedance. Table 12.4. We assume that klystrons have 50%

efficiency.
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Table 12.4. RF parameters (coupling factor 6.0)
I*@R HER A HER HER  HER HER HER | HER HER | HER | HER | HER &  HER+t
Total  Zerol Max Number Total Total | Total Power foireflected LER
RF | Bunch Bunch wvoltage  of SR. HOM  cavity reflectecforward to one from & Total
voltage length spacing)er cavit) cavities power power logs power power cavity @ one forward
MV mm nsec MV Kystroo MW MW MW MW MW MW MW MW

5.78 5.00 4.20 0.51  12.00 430 045 037 1.30 6.41 0.53 0.11 9.03

6.00
HER+
LER | LER LER | LER | LER | LER | LER | LER | LER | LER | LER | LER | LER
Total Zerol Max Number Total Total Total Power foreflected Plug

RF | Bunch Bunch voltage of SR. HOM | cavity reflectecforward to one  from | Power |
voltage| length spacing)er cavity cavities power power loss power power cavity = one =f~50%
MV mm nsec MV Kystro MW MW MW MW MW MW MW MW

4.10 @ 5.01 420 0.58 8.00 176 040 028 017 | 261 0.33 0.02 18.05
4.00

We consider using 6 stations for HER and 4 statiortke HER and LER, the number of LER cavities can be
for LER. We may install one spare station in eanoly,r adjusted to approximately match the phase trarsient
assuming that the impedance of the four detunettiesyv yielding the phase transients shown in Fig. 128e T
will not bring instability problems.The klystrons RMS phase error is only 0.2 degrees, resulting in a
required, plus several spares, exist at SLAC, atjho negligible luminosity reduction.
more klystrons may eventually be built to replenilsé
supply as tubes age.

12.3 Gap transient and frequency detuning

The existence of an ion-clearing gap in the electro
bunch train causes a change in cavity voltage &ade
along the bunch train. The cavity voltage changéhér
causes a change in synchronous phase of the electr
bunches. The result is a turn-by-turn ““phase teats
or “gap transient". The phases of the electrorches

—HEB
—=LEB
— Diff

Phase (deg)

6
5
4
3
2
1
0
1
2
3
4

will be modulated at the revolution harmonics cagsi 7 RF Bucke
the bunch phases to vary in a quasi-sawtooth fashio Figure 12.3: Phase transient in HER and LER and
along the bunch train. difference. The RMS phase error is 0.2 degree.

The p,* at the SuperB IP is significantly shorter than 14 aygid resonant instability at the main frequency
the bunch length, and the beams cross with a n[m—zeg{

i.e. to compensate for beam loading), the RF iEsvit
angle. As a result, the HER and LER bunches mu

. ; ust be detuned from resonance according to the
overlap exactly at the IP or the luminosity willffeu. following formula

For a 5 mm & bunch length, a 1.0 mm relative shift in 7
z-position (corresponding to about 0.5 degrees Bf R Of =—f_ xIsh x— Ng
phase) between the HER and LER bunches will reduce RF A

luminosity by about 1%. The HER and LER phase g, 1o gyper-B parameters the detuning in HER is

tran_sients must maich to apout_ 0.5 (_jegr_ees RMS %22 kHz and 233 kHz in LER. These numbers are near
avoid more than a 1% reduction in luminosity. A9 yho reyolution frequency (227 kHz). The feedback
mismatch in phase transients will also cause #tabil system must be designed to damp this -1 mode
problems due to tune shifts along the bunch train. We can check beam stability for higher order modes

Thg magnitude.and shape of t_he phase transients E?ng the same approach as in reference [14]. HOM
functions of cavity beam loading and synchronoua,jwity impedance must be less than the stability

phase, which are functi.ons. of the number of C"’B’m?d threshold defined by the beam and ring parameters
the beam currents. With fixed (equal) beam cusrémt including radiation damping time
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7 (e) = 4y, _ o
th ar.Nlw The needed wall plug power is shown in Fig. 12.6.
Fig. 12.4 shows the impedance of a PEP-II cavily [1 |- Plug Power eff ~50% Mw/|

and the threshold for super-B LER and HER beams. Th 0.0
left peak is the fundamental mode at 476 MHz. For
comparison we present also the thresholds achiaved
PEP-II, which are several times lower. If we uséPRE 3000 |
type feedback systems we may increase the bealg
3

35.00 -

currents at Super-B several times. 25.00

0 20.00 |

—— Stability HER SuperB
——— Stability LER SuperB
----- Stability HER PEP-II 10.00

Stability LER PEP-II 1.5 2 25 3 35 4 4.5

Beam crrent [A]

——PEP-II Cavity Impedance 15.00

Figure 12.6: Wall plug power as a function of tieain
current.

Impedance [kOhm]

01

12.4 RF environment

The RF stations are located in the support building
(Fig. 12.7). Each station consists of a 2 MW (9Q RS
025 05 075 1 125 15 175 2 225 A) h|gh Voltage power Supply (HVPS), alz2 MW
Frequency [Ghz) klystron amplifier with a high-power circulator for
Figure 12.4: Impedance of a PEP-II cavity (bluee)in protection of the klystron from reflected powempaver
and thresholds for Super-B HER (red upper line) anshlitter (Magic-tee with a 1.2 MW RF load), follodiy
LER (green upper line) and for the PEP-Il HER andvaveguide distribution system from surface levevdo
LER rings (down lines). to the tunnel ending in two cavities. The RF disition
; ; is, via WR2100 waveguide, chosen primarily for low
Increasing the currents we need to increase tlgseroup delay. Each cavity has three HOM loads. For

number of cavities, increase the coupling factat ttal o
voltage. Plots for number of cavities and voltage asafety these loads were specified for up to 10 kw

functions of the beam current are shown in FigSlZ.d'Ss'patlon each [15-16].
We assume that HER and LER have the same currents.

Control Raok5
Y &

——HER Number of cavities -= LER Number of cavities

30

25 o
/

g 2 ///
*; 15 ///
; [
210 L

5

0 T T T T

1.5 2 25 3 35 4 4.5
< ER T R vt~ LER Totl R votas Figure 12.7: PEP-Il HER RF station 12-3

12

1 - 12.5 Low Level RF System
g° T A low-level RF system provides control and feedback
° A . . .
£ — for stable multi-bunch high current operation. hare
3 o several feedback loops [17-20] (see Fig. 12.8).

2]

0

1.5 2 25 3 3.5 4 45
Beam current [A]

Figure 12.5: Number of cavities and voltage as tions
of the beam current.
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o keeps the measured gap voltage of the station eéqual
?Sfte‘f;fm "lklys sat. loop |—'HVPS it's requested "Station Gap Voltage" by adjustihg t
DAC in the gap voltage feed-forward module. The
ripple loop is intended to remove amplitude andsgha
ripple in the klystron output power but at the tifhés
only utilized to keep the low bandwidth phase asithe
klystron and drive amplifier constant as the klyatr
voltage is varied. The gap feed forward loop isuneyl

to tell the direct loop to ignore the effects o€ tlon-
loop clearing gap in the beam bunch train. Functiontily

direct RF loop Ut . .
/ ’ loop learns about the variation in the klystronvdri
caused by the beam gap and adds an equal variation
band limited b filters |<——
kick signal

longitudinal multi-bunch
feedback system

ap loop w00

A
i g
RF

I

reference

/ the reference signal so that the error signal dgivihe
,be“m klystron stays unchanged. This loop adapts fully in

/

/

about 1000 beam revolutions. The longitudinal fesdtb
§ BPM woofer is the third cavity impedance reduction loop
. ) o along with the direct loop and the comb loop. Itivks
Figure 12.8: Block diagram of RF feedback circuits  jis jnformation from the lowest beam oscillation des
detected by the longitudinal bunch-by-bunch feellbac

. The direct loop is requir(_ad for Iower_ing.the CaVitysystem and uses one RF station in each ring as a
impedance to reduce multi-bunch oscillations of thﬁowerful longitudinal kicker.

beam. Functionally the direct loop keeps the gdtage

constant as set by a DAC reference over an 800 kHz

bandwidth. The loop compares the combined basebahd.6 Synchronization and timing

field signals of a station's cavities to the refiee  The goal of the synchronization and timing system i
generated by the gap module. The resultant ergmabi to assure that all the RF systems and the othedtim
is up-converted to RF and drives the klystron. @inect devices will be able to work with signal and fregcies
loop contains a PID controller with an integrallocked in phase within the ranges defined by the
compensation for smoothing out the ripple causethby specifications. A master sinusoidal oscillator et RF
Klystron high voltage power supply and leadrequency (476 MHz) including a phase continuity
compensation that increases the bandwidth and afainfeature must be considered, and it must be able to
the loop. The direct feedback loop options conth@ provide a 13 short term stability. Small change of
optional functions of the direct loop: frequencyfset frequency in a range <100 KHz (by steps of 1 oHz)k
tracking, integral compensation and lead compemsati must be accepted without loose of signal phase. The
The frequency offset tracking loop takes out thasgh distribution of the RF main signal must be assuit
shift caused by detuning of the cavities duringwea a peak-peak jitter < 0.5 ps. Very low jitter phasifters
beam loading. It is used as a diagnostic for amljgshe must be implemented to synchronize, separatelgdch
waveguide network. The comb loop provides addiionaing, beam collisions and bunch injections. The
impedance reduction for the cavities at specifigynchronization and timing system must also provide
synchrotron frequency sidebands around the rewsluti sinusoidal frequencies for the LINAC cavities, tadly
harmonics of the beam. It operates over a bandvafith 6 and/or 12 times the main RF sinusoidal signal.
2 MHz and includes a 1 turn delay. The tuner laoges Generation of other (m/n)*RF frequencies, with nd an
and maintains each cavity at resonance. It corfects integer, could be considered if necessary. The stmo
thermal frequency variations and compensates cavigigak-peak jitter for these devices can be withirs 2The
beam loading by keeping the phase relationshipdmtw injection triggers have to be locked to the main RF
forward power and cavity field, as seen by the tyavi frequency and to the 50 Hz of the main power segpli
probe, constant. The relevant phases are measyredDiagnostics and injection triggers must includdeaist
digital 1Q detectors and the loop is completed inhe “Fiducial” (a reference revolution frequencyegi
software controlling the tuner position via a si@gp by main RF frequency divided by the harmonic number
motor. The HVPS loop adjusts the voltage to thand bunch number triggers, all locked in phase with
Klystron to provide sufficient output power to opEr RF main frequency within a 2 ps peak-peak jitter.

the station under whatever gap voltage or beamrigad

is requested. Functionally the loop keeps the idyst References

operating at about 10% below saturated output powdi] R.Rimmer et.al., “An RF Cavity for the B-Facydy
The loop measures the drive power at the inpuhéo t Proc. 1991 U.S. Part. Accel. Conf., May 6-9, San
klystron and compares it to the ON CW drive powr s Francisco, USA, pp 819-21.

point. Based on the error the set-point for thehhig[2] R.A. Rimmer et.al., "Updated Impedance Estingfte
voltage power supply is adjusted up for excessiieed the PEP-II RF Cavity", Proc EPAC 96, Sitges,
and down for insufficient drive. This is a slow fpwith Barcelona, 10-14 June, 1996, pp 2037-7, PEP-II AP
about a 1 Hz bandwidth. The DAC loop is a slow (0.1 Note 96.06, LBNL 38929, SLAC PUB 7211

Hz bandwidth) loop in software which functionally

to wideband
kicker %
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In these conditions, a first simulation has been

13. Vacuum systems performed (see Figure 13.4 left). Most of the pnégms
_ is the hydrogen with an average pressure of 3%10
13.1 Introduction mbar. The pressure of other gases is about twaafe

The main constraints on the ultimate performandes magnitudes smaller.
the vacuum system are given by the cells layouhef

LER and HER and from the geometry of the vacuum |Cell HER # 2 (Note: drawing not in scale !)
chamber. Due to the charge exchange in SuperB rings : a A
with respect to PEP-II, we will assume to use fop&B - B = E E

HER the PEP-II LER chambers and vice versa. The
geometrical configuration imposes the pumping ports
and so the static vacuum level. At the same tinge th

magnetic strength and the curvature radius of ipeles Total cell length is 20.62 m |

will impact on the dynamical vacuum due to the [ magnetsi pu ]

synchrotron radiation emission. |A=0otsm| | B =narsoxupon ossm |
Pressure simulations have been performed on the LER 5:&3;5:“'": : E:::‘::::j‘:::;"m

and HER cells. The simulation program used is Vatuu |Ecosm | gf:g:;mion:;:w.asm

Stability Code VASCO since it can take into accatinet
ions cross out gassing of one gas for differentsion
species. This implies that the equation for one gas
density is linked to the other gas densities.

The vacuum system is split into different segments. “ \ /
Each segment is characterised by different set of -~~~ /—\ |
parameters (uniform out gassing rate, conductages, 55 mm 0O p | ==0009 T3 15mm
flow and holding pump at each extremity, uniform |~ \_/ i
distributed pumping, uniform ion stimulated destmpt AN z N
uniform photon stimulated desorption, uniform elent
stimulated desorption, etc...). — 95mm —»

As far as the dynamical vacuum simulations are
concerned, at present, we will take into accouty e Figure 13.2: PEP-Il LER Arc quadrupole vacuum
synchrotron radiation induced degassing. So therothchamber. Shaded part is the envelope of magnes pole
effects like ions or electron desorption is notsidared. and coils.

Figure 13.1: Magnetic layout of HER cell #2

475mm ——»

13.2 Static vacuum in HER

Basic vacuum parameters under static condition

The schematic magnetic layout of one HER Arc cell i ||
shown in Figure 13.1. In a first approximation, ayply T 1‘ T
the geometry of HER (arc) quadrupole chamber to all
the chambers. The linear conductance is considered._, . . .
approximately at 43 | m/s for the CO at 20°C and th Figure 13.3: Positions of hoIdmg pumps in HER cell
perimeter at 54 mm (see Figure 13.2, PEP-Il LERMip  (Plack arrows) and half holding pump (red arrows).
chamber used for SuperB HER).

The simulation has been performed with 4 gases (Hsimulation with distributed pumping HER
CH,, CO, CQ) because those are main gases in a bakedWe have simulated the pressure distribution with
installation. NEG strip on dipoles and drift sections antechambetr

We consider for each segment that the vacuuom the quadrupoles and the sextupoles chambis.
chamber is in copper (OFE) or copper plated. The opumping adds to the holding pumping. According to
gassing rate of baked copper in situ has been takenCDR data [2], the linear pumping speed has beesntak
1.33x10" mbar | & cm? for H, (20°C), at 6.65x1&° at 200 | & m. We considered that this pumping speed
mbar | s'cm? for CH, (20°C), at 1.33.1¢ mbar.l.s was given for the CO and G@nd respectively for the
L.em? for CO (20°C) and 6.65.16 mbar.l.§.cm? for H, and the CH we set as speed 40 l/s/m and 0 (NEG
CO; (20°C) [1]. The holding pumps are situated on botboesn’t pump Ch). In this case, most of gas is the
dipoles sides (Figure 13.3), in first approximatise hydrogen with an average pressure of 1.2%I@bar.
have taken as effective pumping speed 60 I/s (263C) With distributed pumping, the average pressure
un-saturated “starcell” ion pump and for all gas&s. decreased by a factor of 2.5 (Figure 13.4 righte TH,
each extremity of HER Cell, we took a half holdingpecomes the second majority gas with an average
pumping. pressure of 2xI& mbar.

T
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Figure 13.4: Pressure distribution in HER withdaft] and with (right) distributed pumping.

13.3 Static vacuum in LER The simulation has been performed with the same fou
: gases of the LER (1CH,, CO, CQ ).Also in this case
Basic vacuum parar_nete_rs under static condition the vacuum chamber is in copper (OFE) or copper
In a first approximation, the geometry of LER (arClyated, with the same out gassing rates. The hgldin
qguadrupole chamber to all the chambers is applibd. pumps are situated on both sides of the dipolegu(Ei
linear conductance is considered approximately5at 3 13.7), in first approximation we have taken as etfie

m/s for the CO and at 20°C and the perimeter ah@8  ,;mping speed 60 I/s (20°C) for unsaturated staiwel
(Figures 13.5 and 13.6). pump and for all gases. At each extremity of CetiRA

B ‘ we took a half holding pumping.
Cell LER # 2 (Note: drawing not in scale !) }

= Pttt

" - Figure 13.7: Positions of holding pumps in LER cell

t‘[ioiél cell length is 20.62 m i

Magnets: (Physict) .
Drifts: = half sextupole, L=0.15 m (black arrows) and half holding pump (red arrows).
A=0.015m [] = sextupole, L=0.30 m
B=1.915m
C=064m E = quadrupole, L=0.68 m
D=13m = quadrupole, L=0.85 m
E=0.79m = deokit=tTm In these conditions, a first simulation has been

performed (Figure 13.8 left). The majority gas le t
Figure 13.5: Magnetic layout of LER cell #2 hydrogen with an average pressure of 2Xtfbar. The
pressure of other gases is about two orders of
magnitudes smaller.

Simulation with distributed pumping LER

The pressure distribution with NEG strip on drift
sections antechamber (not on quadrupoles and
sextupoles chambers) and ion pump on dipole
antechamber has been evaluated. This pumping adds t
the holding pumping. Also in this case the linear
Coolingbar ~ Beam Axis Distributed ion pump pumping speed for the NEG strips has been assumed t
150 | ' m™ for the CO and C@and respectively 30 I/s

Figure 13.6: Cross section of PEP-Il HER dipole /M and 0 for the K The distributed pumping inside
vacuum chamber (used for SuperB LER). dipole antechamber is an ionic pumping of 120 I/&m
all the gases
In this case, the majority gas is the hydrogen \aith
average pressure of 5x1imbar (Figure 13.8 right).

SUPERB COLLIDER PROGRESSREPORT



101

W

L
o
=
0]
& CO
E 1
0]
—~ CO
3
] -/ Y

/
-12 "/

= L 773 iy
il v

#

-1z 1 | 1 1 | | | 1 1 1
o 200 400 600 200 1000 1200 1400 1600 1300 2000 2200

110

Distance (cir

2quw) ainssald

CH,

O
A\

\4(\
AN
R —

A
T N R R LT

1 1 1 1 1 1 1 1 1 1
o 200 400 600 B00 puii} 1200 1400 1600 1800 2000 2200

distance en am

Distance (cir

10

Figure 13.8: Pressure distribution in HER withdaft] and with (right) distributed pumping.

13.4 Dynamic vacuum in LER and HER

The previous estimations and boundary conditions
have been taken into account to estimate the
equilibrium vacuum in dynamical regime, with the
presence of the beam. In this case the importaat ra
of synchrotron radiation emission affect the out
gassing rate and so the ultimate vacuum level.

It was previously estimated that, under static
vacuum, the majority gas is the hydrogen with an
average pressure of 5x10mbar. The pressure of
other gases is about two orders of magnitudes
smaller. The lower contribution to synchrotron
radiation is given in the HER with respect to tHeR.
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Dynamic vacuum in HER

Simulations input for the HER: the synchrotron
radiation flux from the HER dipolep£148.97 m), at
6.7 GeV and with a beam average current of 1892A,
is T = 1.1x16° ph/s/m with E~ 4.5 keV and P = 2.4
kW/m.

The photo-desorption rate after conditioning has
been obtained from the PEP-Il results: '10
molecule/photon for B} CO and C@ and 1@ for
CH,.

In Figure 13.9 the emitted photon flux in the cell
arc (left) and the resulting vacuum pressure (yight
illustrated. In these conditions a Hydrogen equili-
brium pressure of A0"° mbar is estimated and
1.7/1.2x10° mbar for the CO or CQand CH. The
total pressure is close to i@nbar.
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Figure 13.9: Emitted photon flux in the HER celt @left) and the resulting vacuum pressure (right).

SUPERB COLLIDER PROGRESSREPORT



102

Dynamic vacuum in LER

In the LER the situation is more difficult due twet
short dipoles and their curvature radius. The
synchrotron radiation flux from the LER dipoles
(p=29.8 m), at 4.18 GeV and with a beam average
current of 2447A, i§ = 4.42x16° ph/s/m with E ~
5.45 keV and P = 11.8 kW/m.

The photo-desorption rate after conditioning has
been obtained from the PEP-Il results: '10
molecule/photon for )} CO and CQ@ and 13 for
CH;. In Figure 13.10 the emitted photon flux in the
cell arc (left) and the resulting vacuum pressure
(right) are illustrated.

Under this condition an average pressure of 8%10
mbar for the Hydrogen and respectively 5 and 110
mbar for the CO or COand the CHlis evaluated. So
the total pressure is approximately of 1.9%I@bar.
This pressure is near a factor three higher than th
expected one (see [2]).

To obtain a better performance it will be possible
coat NEG on the drift chambers at the place of the
NEG strip. This will significantly reduce CO and €O

2 NN

ph/s/

m_w A |
YN N

A

S

18 s,

=
'
@

(requ) @nssa id

Rt =45 mm

Distance (m)

pressures in the drifts chambers but it will notéha
strong impact on the dipoles chambers were the
Hydrogen partial pressure will decrease from 8 to
5x10" mbar. The other possibility is to increase the
pumping speed in the dipoles chambers or to have
longer dipoles with a longer curvature radius. Ehes
estimations are based on the CDR hypothesis asfar
the pumping speed is concerned. Different detailed
simulations, taking into account the effective
pumping speed for each gas species, should pravide
better estimation.

This is the results for HER and LER after a full
scrubbing of the vacuum chambers walls. At the
beginning of the injection in the rings it will be
impossible to inject the full current due to thawe
strong out gassing given by the synchrotron raatiati
flux. A strategy for the gradual process of thewan
improvement should then be established

Pm(H2)—=—8.10"
Pm(Chy)—=—1.10"
P..(C05) =Pn(Co) = 5.10™
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Figure 13.10: Emitted photon flux in the LER calt fleft) and the resulting vacuum pressure (right)
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axes (with variations for the different cross-sasi of
14. Instrumentation and controls the vacuum c_hambers) to avoid direct _hits from
synchrotron radiation. These buttons are stairdéssl,
. . mounted on molybdenum pins that pass through a
14j1 Beam-Position Monitors ceramic feedthrough to an SMA connector outside the
Requirements ) _ chamber. For copper (LER near the IP, HER arcs) and
The beam-position monitors (BPMs) for SuperB will siainjess-steel (standard straights for both ringspum
benefit from the experiences of other rings. H&abY  chambers, the button assemblies were electron-beam
the unprecedented beam currents in PEP-Il and KEKGe|ded into place. However, they were not suitdbte
drove improvements in electrode (*button”) desighe \ye|ding to aluminum chambers (LER arcs and wiggler
growing number of synchrotron light sources, whhit straights), and so the buttons there were mounted o
demanding requirements for orbit stability, has ted flanges.
impressive commercial processors that supporifdost In June 2005, the RF voltage in the LER of PEP-II
feedback. o was increased from 4.05 to 5.4 MV to shorten thechu
The BPMs must serve a range of conditions, fromengih, The additional high-order mode heating,
trackmg the orbit of a small injected charge .cmfltst combined with typical currents of 2.4 A, caused som
turn, with an accuracy of 100 um, to measuringablet pyttons on the upper half of a few chambers todll
orbit to 200 nm in a full ring with over 2.4 A of wjthin a week. The end of the molybdenum pin was
circulating beam. The measured orbit must bgaptyred inside a socket on the back surface of the
insensitive to the fill pattern. Measurements sastthe  giqinless button with a press fit requiring somengp
phase advance require turn-by-turn beam positions f¢5rce This force appeared to have weakened a@rsy
100_0_ or more consecutive turns all around the ff®  5f thermal cycling, and gave way completely witle th
position history of the last 1000 or more turns the  jycreased high-order-mode power from the shorter
available after a beam abort for post-mortemy nches.
investigation. Data must be available on a speed The flanged buttons in PEP were replaced with the 7
compatible with global orbit feedback. mm-diameter buttons shown in Fig. 14.1(a). These
Butt buttons and pins are made together from a singleepi
uttons : H :
. of molybdenum. Another suitable design (Fig. 141L(b
PEP-Il used 15-mm-diameter buttons mounted flushy, developed for SuperKEKB and uses 6-mm buttons
with the chamber walls to measure beam positio 1]. The choice for SuperB will be decided after

Identical bUtthS vye;g lr?eddbaskplck-gpi for th omparative modeling and testing. Given the difficu
transverse and longitudinal feedbacks, and t e amae in replacing welded buttons, all SuperB buttonsusdho
bunch-current monitors. The buttons were mounted 3o mounted on flanges

approximately 45 degrees to the horizontal andicadrt

Molybdenum Button and Pin
7mm

Borosilicate Glass

Boron Nitride

15

[}
L
10
1

Figure 14.1: Top (a): New PEP-II BPM 7-mm buttoseasbly, mounted in a vacuum flange. Note the iategr
molybdenum button and pin. Bottom (b): 6-mm testdnudeveloped for SuperKEKB, flanged and attadioed
chamber.
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It is also essential that the mechanical positibeach doing feedback computations for a cluster. Thetetus
BPM is fixed relative to the adjacent quadrupolath topology must be carefully planned by taking into
only 0.25% coupling, the vertical beam size is oaly account the ring’s symmetries and the locationgasf
few microns. There can be little tolerance for ther correctors.
and diurnal motion of the magnets or BPMs, and dach
button set must have negligible roll.

PrOEESSOVS _ ber of liah J h14.2 Beam-Size Monitors
T € growing number of light sources around the In storage rings, synchrotron radiation from bend
world in recent years has stimulated the developroén .
. magnets provides the standard measurement of beam
commercial BPM processors that should also satiefy . ; ) ;
) . . ,Size. However, the coupling of 0.25% in SuperB will
requirements for SuperB. Electronics change rap|dI¥ead to a very small vertical size, below 10 pnttia

and so it is too early to select a processor fiergloject, . .
. ; .arcs, even near defocusing quadrupoles, and simple
but the performance available commercially is

illustrated by the Libera Brilliance processor f2dm imaging d°‘?s not have sufficient reso]ution. Westfir
. S : choose lattice locations for the monitors, and then
Instrumentation Technologies in Slovenia. evaluate several techniques
Each Brilliance is a 1-unit-high rack-mounted cl&ss '
that receives the four coaxial cables from thedmdt a
ring-turn clock (238 kHz for SuperB), an acquigitio
trigger, and a beam-abort trigger. The analog irfput
each button includes a 19-MHz bandpass filter a
automatic gain control for a wide dynamic rangee Th
four buttons are reassigned to different input cleds outside the coupled region around the IP, where

using a crossbar switch at 13 kHz, so that theceté coupling due to the detector solenoid is correckath

differences among the channels is removed from the."shouid have two monitors, where the horizontal

averaged position. The sig_nals are digitiz_ed at ispersion makes a small and large contributioth&®
frequency near 120 MHz (adjusted for each ring’y R horizontal size, in order to measure the emittarares

and downconverted digitally. For SuperB, the .
appropriate frequency would be/4 = 119 MHz. energy spread. Then the sizes found at the desector

The beam position is computed by firmware in abe transferred to the IP using a fully coupled nhaahel

Paking the beam-beam interaction at the IP intaant
FPGA. An internal processor can run EPICS to stee JS]I g : : '

measurements to the control system over etherpet (
Section 10). The data may be read at various ratgs
sample by sample, turn by turn, 10 kHz for fastitorbT
feedback, or 10 Hz for position monitoring. Depemngi
on the requested rate, digital filters further oarrthe
bandwidth to reduce noise and to remove dependamce
the fill pattern. In turn-by turn mode, the proamss
records data from up to hundreds of thousands
consecutive turns following the acquisition trigger
which can be synchronized either with stored beam
with an injection fiducial. Similarly, the abortigger
freezes a 16,000-entry circular buffer of turn-byat
beam positions measured prior to the abort.
Global-orbit feedback can be run at rates up tédz k
using the 10-kHz data, which is streamed through fa
gigabit ethernet from each Brilliance unit to a gegssor

Monitor Locations
The source point for the synchrotron light shougdalb
point where the vertical beam size is as large as
ssible, and so should be in a dipole close to a
(horizontally) defocusing quadrupole (QD). It shabible

Table 14.1 and Fig. 14.2 shows two appropriate
cations in an arc, with low and with high dispens
he third possibility is a location near the IPpgsd
enough to benefit from the large beta functions
approaching the final focus, but far enough from IR
to be outside the coupled zone. There we need to
easure a vertical beam size of 40 um, while a tooni
an arc must resolve 8 um. However, we need the
second location only for the smaller contributioh o
Rorizontal dispersion. It is sufficient to resoltbe
vertical size only where it is larger, near the Mext we
examine several techniques to determine their
suitability.
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Table 14.1: Lattice parameters and beam sizessailge locations for synchrotron-light monitors.

HER LER
X | y X | y
EnergyE [GeV] 6.7 4.18
Energy spread[10%] 6.31 6.68
Emittancee [pm] 2000 | 5 2460 | 6.15
1. Arcat Low Dispersion
s[m from IP, clockwise] 568.9 562.2
Critical energyE, [keV] 8.29 6.04
Beta functions [m] 1.59 15.6 1.61 17.5
DispersionD [m] 0.028 0 0.030 0
Size withoutD [um] 56 8.8 63 10.4
Beam size wittD [um] 59 8.8 66 10.4
2. Arcat High Dispersion
s[m from IP, clockwise] 508.0 510.7
Critical energyE, [keV] 8.29 6.04
Beta functionZ [m] 1.65 14.7 3.21 29.6
DispersionD [m] 0.065 0 0.090 0
Size withoutD [um] 57 8.6 89 135
Beam size wittD [um] 70 8.6 107 135
3. Near IP at High Dispersion
s[m from IP, clockwise] 42.7 1215.7
Critical energyE, [keV] 6.60 1.60
Beta functions[m] 12.1 323 12.1 323
DispersionD [m] 0.251 0 0.251 0
Size withoutD [um] 156 40.2 173 44.6
Beam size wittD [um] 222 40.2 241 44.6
e 8
~=1216m P T
.-:"/ \
LER /HER LER) HER
i C=1258.3582m i
|
\ i
A /
\ . /
\ | e V.
\ Dispersion: 7
N High 7
S v
e N 562 m -
—= 22025508 m

Figure 14.2: The locations listed in Table 14.1dgnchrotron-light monitor
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Interferometry with Visible Light
A two-slit interferometer using visible synchrotron

the beam gets larger (Figs. 14.3(b) and 14.4). dewi
bandwidth also washes out visibility (Figs. 14.34cd

light can be a useful alternative to imaging. This(d)), since the distance between adjacent minira%esc

technique, originally devised by Michelson to measu
the diameter of a star, was much later adaptedaonb
size measurements by Mitsuhashi [5]. As in thesitas
experiment by Young, a monochromatic point sousce i

with wavelength, and so a narrow optical bandpittes f
must be used. Expressions including source size and
bandwidth are given in Ref. [6].

Fig. 14.4 shows the visibility of the fringes as a

imaged by a lens onto a screen. When a narrofunction of beam size, measured under the conditidn

horizontal slit is placed in front of the lens, thereen
shows a (siply)? intensity pattern. The second slit
imposes a cdsmodulation with minima where the
optical path from each slit differs by half a waamjth
(see Fig. 14.3(a) for a calculated example forHiER
of SuperB). When the source has a finite size, th

Fig. 14.3(c). We see that the 40-nm beam size ¢agec
with 0.25% coupling for the source point near tRe |
should be measurable, but not the size at the sourc
points in the arcs. However, two measurements are
needed only in the horizontal; to separate thectffef
emittance and energy spread, but in the vertica on

minima from various points on the source fall atinterferometer may be sufficient.

different places, and so the contrast between maxim
and minimum—the visibility of the fringes—drops as
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Figure 14.3: Calculated interference pattern fer HER of SuperB following Ref. [6]. This is a profien of the
pattern on the camera onto one axis for 1.2-mm-wiiig, 20 mm apart and 10 m from the source, ugibgm lens
and 400-nm light. (a) A monochromatic point sou@d.Widen the previous beam to a 25-um-RMS Gans$@
Widen the bandwidth to 10 nm (full width at half xmaum). (d) Widen the bandwidth to 40 nm.
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Figure 14.4: Visibility of fringes of Fig. 14.3(®)r
different beam sizes.
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Does blurring due to depth of field, discussed &bov
for imaging, also affect this interferometric
measurement? Considering the vertical directionirfas
Fig. 14.3), a poiny on the image plane receives photons
emitted at different positions along the orbit and at
different heightsy(s) on the plane as. Since all these
photons are uncorrelated, the fringes arise from th
interference of the two slits for any emitting pto¥ts).

If we extend the arguments of [6] to a source psthiat
is not at the nominal source plase 0, then the optical-
path difference between a ray frofrto y via the center
of the upper slit compared to a ray through theereof
the lower slit is:
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b y S some light above and below center, and so a project
As = —_[Y(s)+—} 1+— of the image has two peaks separated by a nula In
< m Zy manner that resembles the interferometer, the asntr

Hereb is the distance between the two slits,is the rom peak to valley is reduced as the source siae/g
distance from the nominal source plane to thepiine because the nulls from different heights on thercs®u
(10 m here), andn is the optical magnification from &re |r_naged_ to different heights on th_e camera. This
source to image plane. We see from Fig. 3.10.5tteat  {€Chnique, first developed at MAX-Lab in Sweden, [7]
phase differencekAs| for s = 0 runs up to perhaps 10 has been used with visible light at the Swiss Light
fringes. The factor (1% ) can reduce fringe visibility, S°Urce (SLS) to resolve beams as small as 1 pmdrom

but since § < 5 cm, this correction is no more thanVertical émittance as low as 2.8 pm [8,9], as shawn

; Fig. 14.7.
0.005, or to 0.05 fringes. Consequently, degth o L . .
up g guenty Ht As with interferometry, the vertical size cannot be

field does not significantly affect this measuremen . X . .
g y seen directly from the image, but is determined by

Null in the Vertical Polarization running a complete model of the emission and the

The vertically polarized component of synchrotronOPtical system, including diffraction, using thedeo
emission, viewed as a function of vertical angkes bdd ~ SRW [10, 11]. The smallest beams measured at SLS
symmetry about the horizontal plane, with a nultieat ~ @PPear to be near the limit of the technique, big t
plane [4]. With vertical polarization, an electron resolutlon_ is suitable for all the emission points
orbiting on axis must image to a null on axis, hs t proposed in Table 14.1 for SuperB.
equal and opposite components from emission above
and below the midplane cancel. Diffraction produces

140
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Figure 14.7: Image of the SLS beam using vertigadilarized, visible synchrotron light [9]. Distaiscen the vertical
and horizontal projections are in pm.

X-Ray Pinhole Camera 5 Ad
The resolution of a pinhole is limited by geometric g, =— 2 (0.0.2)
optics for large holes, and by diffraction for shiailes. 8 r

If d, is the distance from the source to a pinhole of The overall resolution is the quadrature sum o$¢he
radiusr andd, is the distance from the pinhole to the two effects. The optimal pinhole radius is:

image, then geometric optics gives a resolutiorthen 5 5\/5 /]dl
image plane of: lopt = o 7 (0.0.3)
c d+d 87 1+d, /d,
O,=—F= L2 (0.0.1) and the corresponding resolution—now adjusted by
\/é d1 the magnificationd,/d; to give the resolution on the

Diffraction limits the resolution on the image péan source plane—is:
to:
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5 d Fresnel regime, or on the boundary between the two.
o> =—— _|1+=2 ,1dl (0.0.4) Their full diffraction calculation gives a resolai that
opt 47Tx/§ 5 is roughly half that calculated with the expression

The resolution improves as the wavelength getébove- o _
shorter, but the power emitted drops quickly betbe The scintillator can also coarsen image resolutfn.
critical wavelength, limitingA to about A/5. The thick scintillator spreads the source of visiblghti
distanced, to the pinhole should be as short as possibld®ngitudinally, adding depth of field consideratiprand
but is limited by the length of the magnet and rtieed transversely, with isotropic emission followed by

for sufficient drift space to separate the photénosn refraction at the scintillator's surface. But a nthi
the particles. There must be additional room betweeScintillator converts only a fraction of the enewfyhard

the magnet and pinhole for x-ray filters to removePhotons. In addition, the image must span many came

longer wavelengths, since they have poorer resoiuti PIX€lS to avoid resolution loss. .
Filters also help to remove heat that would distbet With some care, t.he resolution of a pmhole_camera
pinhole, since half the synchrotron power isiat A.. can be adequate to image the beams at all sountes po
Collimation before the filters and pinhole is usetho, in Table 14.1.
by blocking heat at_larger radii. The pinhole_ caanfer Fresnel Zone Plate
th_e LER Of.PEP'” n R.Ef' [12] shows a_\_typ|_cal layo A zone plate is essentially a lens that focusesgusi
Finally, Oopt IMPrOVeES with a Ia_rge magmﬂcatmda/ d; > diffraction rather than refraction or reflection4f16].
2, butd, can be limited by available space in the tunnel. n x-ray-opaque metal, typically gold, is deposited
.AS an_example, a measurement at 0.1 nm (12_'_4 ke Battern ofN (typically hundreds) of narrow (~1 pm)
with a pinhole 7 m from_the source and a magniteat circular rings (Fig. 14.8) onto a thin membranecohy-
of 2, has an optimal pinhole r.ad|us of 13. Hm and ?ransparent material, such asNgi The thickness and
resolution of.16 um. The optlma}l resolution on theseparation of the rings vary systematically so, thvien
source plane is somewhat better with a square [8nh0 jy;minated by a collimated and monochromatic x-ray
, _ 1 d, beam, each ring forms a first-order diffraction
Uopt “or 1+d_ Ad,(0.0.5) maximum that adds in phase at a focal point
2 downstream. Zone plates are produced commerciglly b
By lowering the wavelength to 0.05 nm, putting afirms such as Xradia [17] for use at synchrotraghti
square pinhole 5 m from the source, and using 8gources.
magnification of 3, the resolution becomes 7.3 um.
However, Ref. [13] notes that the expression (0.0.2
for the diffraction resolution applies only in the
Fraunhofer diffraction zone, while x-ray pinhole
cameras with a layout typical of light sources iaréhe

Zone Plate

»
£

- f -
Figure 14.8: A monochromatic x-ray beam focuseé lzgne plate [16].
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The focal length of a zone plate of radius [4]:
2
f :r_
NA
Since f depends on the wavelength the lens is
strongly chromatic, and so the bandwidth of x ragm
a dipole’s synchrotron emission must be first naed.
Bandwidth selection also helps with high beam ause
by reducing the power striking the zone plate teafe
level for this delicate structure.

reflectivity of a mirror with alternating layers @&,C
and Mo [19]. The center of the band may be tuned by
small variations in the angle of incidence. To pres
the direction of the incident beam while tuninge th
mirrors are commonly used in pairs, with the outgoi
beam parallel to the incoming beam, but displaced
slightly. Like zone plates, such mirrors are avudéa
commercially for use at light sources, from firmgls
as Rigaku/Osmic [20].

The high heat load now strikes the first multilayer

As an example, Fig. 14.9 shows the imaging systermnirror rather than the zone plate. Although theraniis

at the Accelerator Test Facility at KEK in JapamisT
uses two zone plates to resolve vertical sizesvb@o
pm, with an overall system resolution of 0.7 pm]|[18

far more robust than a zone plate, it is important
reduce the surface heating to maintain the flateess
thickness of the layers. As with the pinhole camera

Common x-ray monochromators, such as that used gbllimation and filtering are necessary beforertigor.
ATF, are based on Bragg diffraction from a singleGrazing incidence at 1° spreads the remaining heat.

crystal, with a typical bandpagsE/E of 10°. This is
costly in terms of flux and is far narrower thareded

Water-cooling channels in the substrate (silicon or
silicon carbide) are carefully designed to condilnis

for imaging. Instead, a bandwidth of about 1% can bheat away with minimal distortion.

obtained with a grazing-incidence multilayer mirrar
substrate coated with alternating thin layers giitiand

heavy materials. Fig. 14.10 shows the calculated

Light source

electron

source point
orbit i

Imaged object

X-ray
CCD

Y

Fast mechanical shutter

Figure 14.9: Top (a) Imaging with two zone platetha ATF [18]. Bottom (b) Layout of the ATF bearndi
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Figure 14.10: Calculated reflectivity [19] versuseegy for a single multilayer mirror. P-polarizedays incident at
1.007° to grazing on a mirror with 200 layers ea€l2.1 nm of BC and 0.9 nm of Mo, and with an interdiffusion

thickness of 0.5 nm, deposited on a silicon sutestra
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Figure 14.11: (a) Vertical and (b) horizontal phapace of 0.1-nm x rays emitted in the HER archat low-
dispersion point. Lines show the edges of a zoateplith a 1-mm radius and of a circular pinholéhwihe optimum

radius of Eq. (0.0.4).

The blurring effect of depth of field in the dipole
significant for visible imaging (Sec. 3.10.2.2),t ot
for x rays, with their narrow opening angle. FiglR11
plots the phase space of x rays emitted in the HEER

Unlike Fig. 3.10.3(a) and 3.10.4(a), x rays emitt&d
cm off the nominal source plane are easily rejecied
no significant blurring is expected

Laser Techniques

The laser wire uses a lens with a small F-number to
make a tight focus in the middle of the beampipethe
electrons are gradually scanned horizontally or
vertically across the focus, the PMT signal maps th
bunch profile along the scan direction. The resotuts
limited by the size of the focal spot, which fosmall
F-number is essentially the wavelength, and soesrgu
for near-ultraviolet light (~250 nm). However, the
smallest focus is not always best: for a projectite

Two other techniques [21] use laser light to measurlaser light should remain essentially paralleltgsasses

small beams: the laser wire and the laser interieter.

through the electrons, and so its Rayleigh lenptukl

The incoming laser photons Compton scatter from thge at least twice the RMS bunch size in the laser's
electrons (or positrons), producing gammas that are

measured with a scintillator and photomultiplier.
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direction. For the SuperB arcs, these criteria give and x-ray imaging with zone plates—have demongtrate
resolution of 2 um. the necessary resolution.
If the laser light is split into two beams that €scas
g 3 14.3 Beam-Abort System

they pass transversely through the beampipe, they f : .

: ; : At design currents, the stored energy in the HER an
a standing wave with a peak spacing that dependseon

Ing wave wi P pacing P LER beams of SuperB is 53 and 42 kJ respectively. A

crossing angle. As the electron bunch is scannezksic e : ;
the standing wave, the modulation of gamma signaT”dden beam loss depositing this energy into alsmal

depends whether the electron bunch is narrow caedpar €910n could melt the beam pipe, and so we recaire

to peak spacing. This technique has measured 60-n stem that quickly detects faults and then extrétet
beams in the EETB at SLAC. eam into a dump. Moreover, a gap in the bunclepatt

The resolution of these techniques comes at a codf mandatory for avoiding ion-trapping mechanism in

both require a substantial laser, with harmoni¢€ €lectronring. .

generation to produce ultraviolet, and both involve Several types of fat_JIts should trigger beam aborts,
scanning the electron beam through the light. ler t SUCh as a trip of a main magnet string, a faultnrRF
beam size in SuperB, neither is truly needed. SéverStation, @ rapid loss of beam current, or excessive
concepts discussed earlier—interferometry, the mull back_ground ra_dlatl(_)n in the detector. Table 14.3
the vertically polarized image, the x-ray pinhoserera provides a detailed list.

Table 14.3: Triggers for beam aborts.

Manual abort from control room Fault in beam-aliogger system
Beam-stopper insertion (Personnel Protection) H\aloort kicker < 80%
Vacuum-valve insertion Rapid drop in beam current
Fault in dipole or major quadrupole string Suddangé orbit excursion
Fault in an RF station High radiation level at SupeBAR
Fault in longitudinal feedback Temperature ovelitliom a thermocouple
Fault in transverse feedback Trip of a klixon (that switch)

The fastest of these mechanisms is a loss of REpomentary excursion can be determined. Also, amtabo
causing beam to spiral inward and scrape withinesomoften causes the firing of other abort triggersr Fo
tens of turns. A suitable response speed can bmedt example, RF stations will indicate high reflectemver
only with a hard-wired system that bypasses thenlat  after the beam is dumped. The automatic recording o
inherent to the network of control-system computersprecise time stamps for each trigger is essental t
Other fault processes are substantially slower. idag determine the sequence of events.
trips are slowed by inductance, but the response ti  The dump itself need not be under vacuum. In PEP-II
(milliseconds) is still fast enough to hard-wireeth the beam exited the vacuum through a thin aluminum
trigger. Thermocouple trips are still slower duehtat window on a chamber downstream of the kicker. Tihen
capacity, and so can be detected by the contréémsys was stopped by blocks of graphite, aluminum, and
which then triggers the abort. finally copper in a meter-long dump. To ensure that

In a large machine, abort triggering is necessariljpeam had not burned a hole through the dump, there
distributed, with processing electronics at severalvas a small pocket of gas, at a pressure somewhat
stations around the ring. At PEP-Il, these wereabove ambient, trapped between the second and third
connected together in a bidirectional loop for eanh. layers. If the pressure in this burn-through manito
Each station passes on a request for an aboretoetkt  dropped, then an interlock would halt all further
station. For fail-safe operation, this abort-requése injection. (The PEP-Il dumps never showed such
normally propagates a fast clock (the “heartbetdl} is damage.)
halted to initiate an abort. The loop starts andkeat the The abort kicker must dump the beam within one
controller for the abort kicker, which monitors theturn. Since a bunch passing through the kicker magn
heartbeat. while its field is rising would not get a sufficiekick to

The triggering hardware must latch the source ef thexit into the dump, but instead would instead start
abort and pass this information along to the cdntrolarge orbit oscillation, the kicker must have at fase
system, so that the source of an abort triggered by that is synchronized with a short gap in the fdktprn.

SUPERB COLLIDER PROGRESSREPORT



112

Then the field must decay slowly over the coursera Some devices, such as the BPM processors discussed
ring turn, so that all bunches strike the dump, éath in Section 3.10.1.3, can run EPICS on their embédde
deposits its energy at a different point, in orteavoid  processors, turning the device itself into parttioé
damage to the dump window and to the dump itself.  control system. These also have the capabilityate s
data from many ring turns and to work jointly wither
processors and higher-level applications to impleme
14.4 Control System fast orbit feedback.

The control system outlined here takes advantage of Other diagnostics need special hardware for bunch-
the considerable body of experience from otheby-bunch data capture. For example, transverse and
accelerator laboratories, while leaving the flelifipito  longitudinal feedback, and bunch-current monitoring
draw upon new technology. In particular, the globalall begin with a task-specific analog front end ttha
EPICS collaboration provides a standard architegtur combines signals from beam pick-ups, mixes theltresu
with a distributed database and a large collecvbn with an appropriate harmonic of the ring’s RF, and
software tools that are continually developed, stiar outputs a signal suitable for digitizing at the Rife or
supported and upgraded by the many participatibg. la faster. All bunch-by-bunch tasks can use identical
The collaboration is large, mature, and invaluabilece  digital hardware, starting with a fast digitizeoléwed
it is no longer necessary to write custom codetdsks by an FPGA (field-programmable gate array), and
that are common to many machines. finally a fast DAC (digital-to-analog converter) diive

The architecture of the control system has threesti the feedback correction signal. A computer, either
of distributed computing. At the front end, EPIG30s  nearby or on an additional board in the same hmadd
(input-output  controllers)  communicate  with the FPGA with firmware written for the specific job
instruments, process the measurements, and see/e theads the data accumulated by the FPGA, and sasves
data by way of gateway computers and middleware tan 10C to communicate with the rest of the control

user applications at the top layer. system. The FPGA data includes both the essential
. results (such as the charge in each bunch) and a
Front-End Designs considerable body of supplemental beam-diagnostic

Older instrumentation commonly involves modules injnformation (such as the spectrum of modes being
VME and VXI crates, or in CAMAC crates for even corrected by feedback). All of this can be monitbby
older installations. Stand-alone instruments likethe user over EPICS.
oscilloscopes communicate through short-range GPIB ag always, video is needed in many places, suclt as
connections to a local computer or to a GPIB-toscreens on the injection line, or for measuringiesize
ethernet interface, allowing control by a distantwith synchrotron light. In older systems, analogiesas
machine. send signals over coaxial cable either to modudafior
~ This arrangement is substantially changed in nev§ closed-circuit cable television system that bsing
installations. CAMAC, VXI and GPIB are gone, ané th myltiple channels to users in the control room,tar
need for VME is greatly reduced. Some devicegjjgitizers on frame-grabber boards in computersidat
interface to an 10C through PLCs (programmabledogi the tunnel. Digital cameras have also been availahlt
controllers). Newer instruments communicate disect! ywith interfaces that do not allow transmission otres
over ethernet and often include embedded Processolgng distances typical of large rings or linacs.
arranged with one for each device or for a cokecof Recently, a new camera standard has been introduced
||ke deViceS. G|gab|t Ethernet and I’IetWOI’k—industry that rep'aces the coaxial ana|og video Output vaith
standard fast busses such as ATCA provide anothgfgabit ethernet port. The output is all digitataran be
possibility for special applications. transmitted over 100 m with no loss of resoluti®mce

The EPICS collaboration has deVeIOped drivers for @n the network, the image can be d|Sp|ayed or aBd|y
wide range of hardware and inStl’umentS, such q§y any Computer_ Many such images m|ght overwhelm
motors, video cameras, and oscilloscopes. A scope N the capacity of the network, delaying communication
is essentially a computer hidden behind a frontepan ith other instrumentation. One way to preserve
with the usual oscilloscope knobs and display. EIC petwork bandwidth is to set the cameras for a lower
communicates with the scope and gathers data througjpdate rate for slowly changing images. A more
its ethernet pOI’t. It is interesting to note thhede thorough approach gives the cameras a Separatbitgiga
instruments often allow remote control via a webpetwork.
browser, using a web page served by the scopé. itsel Thjs progress can be seen in the current support fo
While this method is of limited use for our apptica, the LCLS at SLAC. In addition, there are strong

since it is not integrated with the control systetie  standardization efforts underway for controls-otéeh
concept illustrates the evolution of instrumentaATCA hardware and software.

architecture.
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High-Level Applications

Many applications that will be fundamental
running SuperB are similar to those at other acatdes
and so are available from the EPICS collaboratidth
only modest modification. This category might irdxu
BPM orbit displays, steering, orbit feedback, videa
oscilloscope displays, an archiver (recording @jhals
on change or periodically, typically at 1 Hz), aad
error log (a recording of each change to a setingn
accelerator component, such as a magnet, or statb,
as an excessive temperature).

A high-level mathematical language such as Ma#iab i
useful for writing applications, but tools must daded
to provide access to EPICS data, ideally in a mannd®!
structured by physical devices to organize the man ]
EPICS channel names. SNS as well as the LCLS, for
example, are using XAL, a Java class hierarchy
providing a programming framework based on theg]
physical layout of the accelerator. The user iakef
for broadly used applications should be designetth wi
input from operators and physicists. For less elatieo

[2]
to [3]

(4]
(5]

tasks, the tools should allow the accelerator [istsi [0
themselves to write the necessary code.
Management [10]

Several items must be organized at an early skge.
example, a relational database of control itemstrhas

http://www.i-tech.si/products.php?menil=3

W. Kozanecki, A.J. Bevan, B.F. Viaud, Y. Cai, A.S.
Fisher, C. O'Grady, B. Lindquist, A. Roodman, J. M.
Thompson and M. Weaver, ‘“Interaction-Point
Phase-Space Characterization using Single-Beam and
Luminous-Region Measurements at PEP-II,” Nucl.
Instrum. Method#\607 (2009) 293-321.

A. Thompsonet al., X-Ray Data Booklet, LBNL/PUB-
490, rev. 2 (2001).

T. Mitsuhashi, “Beam Profile and Size Measuremean

SR Interferometers,” in Beam Measurement, Proc. Joint
US-CERN-Japan-Russia School on Particle Accelerators,
Montreux, Switzerland, 11-20 May 1998 (World
Scientific, Singapore), pp. 399-427.

A.S. Fisher, “Fringe Pattern of the PEP-II Sgratron-
Light Interferometers,” SLAC-TN-05-048, May 2005.

A. Andersson, M. Eriksson and O. Chubar, “Beam
Profile Measurements with Visible Synchrotron Ligint
MAX-II,” Proc. PAC 1995 (Dallas, TX, May 1995).

A. Andersson, A. Liideke, M. Rohrer, V. Schio#,
Streun, O. Chubar, “Recent Results from the Electron
Beam Profile Monitor at the Swiss Light Source,” ®ro
DIPAC 2007 (Venice, May 3007).

A. Andersson, M. Bdge, A. Ludeke, V. Schlott, A.
Streun, “Determination of a Small Vertical Electron
Beam Profile and Emittance at the Swiss Light Source,
Nucl. Instruments and Method&91 (2008) 437-446.

O. Chubar and P. Elleaume, “Accurate and Edfici
Computation of Synchrotron Radiation in the Neardiel
Region,” Proc. EPAC 1998 (Stockholm, June 1998).

set up at the outset, along with a well-plannedingm [11]http://www.esrf.eu/Accelerators/Groups/Insertion@es/

convention that includes both an overall scheme and
many examples. Another early need is an environmert2]
for developing, versioning, and testing code. This
provides a basis for code management and bug tigicki

as well as for code testing and release.

Also, the timing system should be carefully planned
and started early. Timing includes both a means of
generating triggers and a means of distributingseul [13]
information to devices or processes which need that
information. This combination allows triggering and
data acquisition linked to events like the travélan
electron or positron bunch along the linac, to thd14]
injection of a bunch into a ring, or to one or mwens
of a stored bunch in either ring.

3.10.6.4 Safety and Security

The computers on the control-system network mus[t16]
be highly secure, but still must allow remote uskers
connect and control the machine. These requirements
need secure firewalls and gateways restrictingidets [17]
access, and also good security even within thevéilis. [18]

Safety systems, in the sense of a subsystem of the
general control system, both for machine protecsiod
for personnel protection need special attentioneséh
two, and especially the latter, must be kept distirom
the rest of the control system and designed to meﬁg]
rigorous standards. [20]

(21]

(15]
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15. Injection system

15.1 Overview

The injection system for SuperB is capable of
injecting electrons and positrons into their respective
rings at full energies. The HER requires positrons at 6.7
GeV and the LER 4.18 GeV polarized electrons. At full
luminosity and beam currents, up to 4 A, the HER and
LER have expected beam lifetimes in the range 3+8
minutes. Thus, the injection process must be continuous,
called top-up injection, to keep nearly constant beam
current and luminosity. Multiple bunches (~five) will be
injected on each linac pulse into one or the other of the
two rings. Positron bunches are generated by striking a
high charge electron bunch onto a positron converter
target and collecting the emergent positrons.

The transverse and longitudinal emittances of the
electron bunches and, especially, of the generated
positron bunches are larger than the LER and HER
acceptances and must be pre-damped. A specially
designed damping ring at 1 GeV is used to reduce the
injected beam emittances. This damping ring is shared
for the beams to reduce costs. A sketch of the injection
system is shown in Figure 15.1. The transport lines into
and out of the damping ring are shown in Figure 15.2.

Electron to positron conversion is done at about 0.6
GeV using a newly designed capture section to produce
a yield of more than 10%.

Electrons from the gun source are longitudinally
polarized. The particle spins are rotated to the vertical
plane in a special transport section downstream of the
gun. The spins now remain vertical for the rest of the
injection system and injected in this vertical state into
the LER.

The specific injection parameter values are described
here. The linac operates at 50 Hz. A short train of 5
bunches (1 to 20 possible) at a time are produced for
each beam type, stored for 20 msec in the damping ring,
and then extracted and accelerated to full injection
energy. The nominal stored beam current in the rings is
~2 A, but the injector is designed to provide a maximum
positron current of 3 A. At 3 A the total number of
stored positrons are about 10'*. Taking into account the
beam lifetime (~7 minutes), ~2 x 10'" particles are lost
per second per ring. With 5 injected bunches per pulse
and an injection rate of 25 Hz per ring, each injected
bunch must provide a charge of about 300 pC (2 x 10°
particles/bunch). This charge is about 3 % of the SuperB
stored positron bunch charge. The injection of electrons
in the respective ring is less critical thanks to the larger
margin in e- generation and transport. The vertical
polarization averaged over the electron bunch is
expected to be about 88%. The details of the injection
system are described in the following sections.

PS
e+
1GeV U 0.6-1GeV
BP
e-

> 6.8 GeV

\

>4.2 GeV

6 GeV

Figure 15.1: Overall layout of the SuperB Injection System.
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Figure 15.2: Injection and extraction from the shared Damping Ring.
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15.2 Electron source

The electron source for the injector linac of SuperB
will be a nearly identical copy of the source used by the
SLC collider at SLAC [1]. The SuperB source needs to
produce single or a few electron bunches that are

longitudinally polarized. The polarization is expected to
be above 80% which was routine during the SLC
operation. An overview of this source is shown in
Figure 15.3 below.

First
Leser , Accelerator
Goen Thermionic Gun Seation
i S-Band (40 MeY)
7 Buncher
’l
OITIT CIIIIID
Helmholtz - nrn
Coils -4 =
. 3 |
Polarzed - ezzza
Gun y o Wie []Solenoid
. acuum Sceaner  Subhsemonic Magrets
‘ég‘ﬁ.":'" Bunchers Fastc
ction € Fast Cumrent
3¢ Bend Monitor
LoadLock Magnet

Figure 15.3: Overview of the polarized electron source for SuperB including initial bunch compression.

The polarized electrons are emitted from a
GaAs/GaAsP strained layer super-lattice cathode after
being struck by a pulsed polarized laser beam. Single
or multiple bunches can be emitted depending on how
the laser pulse is sub-divided. The properties and
capabilities of the gun are listed in Table 15.1. The
gun at SLAC is presently available for use in SuperB
if desired, although some modest refurbishment is
needed to bring the controls to modern standards.
Spare parts are also available. The construction of the
photocathode is illustrated in Figure 15.4.

References
[1] J. E. Clendenin et al., RF Guns for Generation of
Polarized Electron Beams, SLAC-Pub 11526

Table 15.1: Properties of the polarized electron source

Parameter Units SLC
Electron charge per bunch nC 16
Bunches per pulse 2
Pulse rep rate Hz 120
Cathode area cm? 3
Cathode bias kV -120
Gun to SHB1 drift cm 150
Gun g, rms (fm EGUN) 10°m 15
RF frequency MHz 475

GaAs/GaAsP strained layer superlattice

GaAsP 30A
strained GaAs 40 A
e — :
1000 A Active Region .
GaAsP
25 um GaAsy P06 strained GaAs
Buffer GaAsP
strained GaAs
25 um GaAs; P,
Graded Layer
GaAs
Substrate

Figure 15.4: Construction details of the strained layer super-lattice of the polarized cathode.
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15.3 Linac

The SuperB injector will make use of the Polarized
Electron Source (PES) developed at SLAC for SLC [1].
It consists of a polarized laser system which drives a
GaAs photocathode. Two different trains are produced
at 25 Hz repetition rate:

1) high intensity electron bunches (up to 10 nC) for
positron production;

2) low intensity electron bunches for injection in the
HER.

Bunches are compressed by 2 sub-harmonics cavities
and a B-graded S-band short section. The beam is then
accelerated along a series of S-band travelling wave
structures up to the positron converter area. Here, the
high charge electron bunches hit the positron target
while the low charge ones, after 20 msec, pass through a
5 mm hole made off axis in the target. Both particle
types, at a rate of 50 Hz, are alternately accelerated up
to 1 GeV and injected/extracted into/from the Damping
Ring (DR) by means of the system of kickers k2L-k3C
and k1L-k4C, as shown schematically in Fig. 15.2. The
injected bunches are damped for 20 ms, extracted and
accelerated to the final energy for injection into the
main rings. In the electron mode, 12 out of 29 RF
stations of the high energy linac are switched off so it is
possible to accelerate the beam to 4.2 GeV without an
intermediate extraction and a dedicated transfer line.

Similar procedure is adopted in the low energy section,
when the injector operates in electron mode. A wall plug
power reduction by about 15 % can be achieved in this
way.

To have better positron capture efficiency, an L-band
1 GeV linac is used after the positron target.

Low energy conversion linac

The solution proposed in [2] allows producing the
positrons at energy between 0.6 and 1 GeV. In this case,
as shown in fig.2, after the bunching system, the beam
is accelerated up to 0.6+1 GeV by means of a S-band
linac. The high charge electron bunches hit the tungsten
target and produce positron bunches that are accelerated
to 1 GeV and injected into the DR. In order to increase
the capture efficiency of the positrons going out from
the target, it is proposed to use an L-band 1428 MHz
linac up to 1 GeV before the injection in the DR.

The low charge electron bunches, generated in the
next phase, after 20 msec, by-pass the positron target
and travel along the linac to the damping ring.

Electron and positron bunches are generated and
injected in each main ring every 40 msec (25 Hz) in an
alternate sequence while the klystron stations operate at
50 Hz. The injector timing is schematically shown in
Figure 15.5.
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Figure 15.5:

High energy conversion linac option

An alternative option to produce the positron
bunches, in case the low energy conversion solution
shouldn’t guarantee enough positron particles, is shown
in Figure 15.6. The positron conversion energy is 6
GeV. Three operation phases, schematically shown in
Figure 15.7, are foreseen in this case.

First, high charge electron bunches are accelerated up
to 6 GeV and hit the target bulk. The generated positron
bunches, collected and accelerated to 1 GeV, are
transferred back with an additional transfer line and
injected into the DR.

Injector timing.

The second phase is the extraction of the damped e+
bunches from the DR and the acceleration, up to the
nominal energy, through the target hole. Meanwhile,
low charge electron bunches are generated from the gun,
accelerated up to 1 GeV and injected into the DR.
Finally, the electron bunches are extracted from the DR
and accelerated to the nominal energy passing through
the target hole. The three phases are alternated at 50 Hz
but each ring is filled every 60 msec, because one phase
is used to produce the positron beam.
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GUN
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Figure 15.6: Overall layout of the SuperB Injection System for the high energy conversion option.
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Figure 15.7: Timing of the high energy conversion injector option.

Buncher RF system

The polarized gun can generate electron bunches with
charge > 10 nC and length of 10 ns FWHM. In order to
accelerate the beam with a S-band linac, the bunches
must be compressed down to 10 psec FWHM. To meet
this requirement a bunching system must follow the gun
before the S-band linac.

Figure 15.8 shows the layout of the proposed Sub-
Harmonic pre-buncher (SHB) for the SuperB injector. It
consists of 2 standing wave cavities operating at 238
MHz and 476 MHz, the 12" and the 6" sub-harmonics
of 2856 MHz respectively, followed by a S-band
buncher.

The SH cavities are room temperature, re-entrant
type, copper resonators. This type of bunching system
has been already adopted or proposed in other
laboratories and projects [2, 3].

Solid state or IOT pulsed amplifiers, needed to supply
the SH cavities, are commonly available by the
broadcasting market since the frequencies lay in the TV
UHF-band. The output power of the UHF amplifiers is
between 10 and 20 kW.

The SH pre-bunching cavities compress initially the
bunches to =~ 20 psec FWHM. A B-matched, S-band TW
buncher, captures the beam coming out from the SH
cavities and compresses the bunches to 10 psec FWHM.
The B-graded buncher and the first few cells of the

following TW pre-accelerator are immersed in a
solenoidal field to focus the beam. A 2856 MHz, 3
meters, 25 MV/m, = 1, TW section increases the beam
energy to ~ 80 MeV. The S-band buncher and the
following TW section are supplied with a 20 MW peak
klystron.

2856 MHz

20 MW
238 MHz 476 MHz KLYSTRON

10-15 kW
PULSED
AMP

y
A \

High-gradient
-graded gnh-g
Bsgcm)n S-bandsection

SHB1

Figure 15.8: RF Layout of the bunching system.

S-band accelerating structures

The accelerating structures of the SuperB linac are
travelling wave (TW), constant gradient (CG), 2w/3, 3
mt. long, 2.856 GHz units. They are made of a series of
86 RF copper cells, joint with a brazing process
performed in high temperature, under vacuum furnaces.
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The cells are coupled by means of on-axis circular irises
with decreasing diameter, from input-to-output, to
achieve a constant-gradient configuration. The RF
power is transferred to the accelerating section through
a rectangular slot coupled to the first cell. The power not
dissipated in the structure (about 1/3") is coupled-out
from the last RF cell and dissipated on an external load.

The industrial companies, which can develop the
accelerating structures, are only a few in the world. The
fabrication is a complex task that requires specialized
know-how, availability of very advanced equipment and
facilities and top-level organization.

The maximum achievable accelerating gradient is the
most important parameter of such devices. The SuperB
operates at an average gradient of 23.5 MV/m that is a
medium level accelerating field. Nevertheless, it
requires the wuse of selected materials, precise
machining, high-quality brazing process, surface
treatments and cleaning, ultra-pure water rinsing,
careful vacuum and RF low power tests. Table 15.2
gives the main parameters of the sections. Figure 15.9
shows an S-band accelerating structure before being
installed on the beam-line.

In order to maintain the structure tuned to the 2m/3
mode, that guarantees the necessary cumulative energy
gain for the beam particles, the accelerating sections are
kept at very constant temperature (AT = + 0.1°C) by
means of regulated cooling water systems.

Table 15.2: S-band sections parameters

Frequency 2.856 GHz
Type TW,CG
Structure Disk-loaded
Mode of operation 2n/3

Phase velocity c

Period 3.499 cm

Number of cells 86 (including couplers)

Attenuation constant 0.57 nepers

Normalized group velocity 0.0202 to 0.0065 (V,/C)

Shunt impedance 53 to 60 MQ/m

No load energy (50 MW input) 70 MeV (theoretical)
Bandwidth (VSWR < 1.2) >4 MHz

Phase shift per cell 120

Filling time 0.85 psec

Q of structure 13400 (approx)

In/Out VSWR <11

.

Figure 15.9: S-band accelerating structure.

RF Power Sources

The RF power sources for the SuperB injector consist
of 60 MW peak S-band klystrons. Klystrons that meet
the requirements of the SuperB linac are available on
the market. A set of klystron parameters is given in
Table 15.3. RF power sources of similar specifications
are used in other accelerator laboratories. Each klystron,
equipped with beam focusing coils, will be supplied by
a High Voltage (HV) Modulator and installed in the
upper tunnel of the linac.

Table 15.3: SuperB klystron main specifications

Frequency 2.856 GHz
RF pulse duration 4 usec
Repetition rate 50 pps
Cathode voltage 350 +370kV
Beam current 400 +420 A
HV Pulse width FWHM 6 usec

RF Peak Power 60 MW

Basically, a pulsed Modulator consists of a HV
charging unit, a Line-Type Pulse Forming Network
(PFN) and a 1/n HV pulse transformer, immersed in a
tank filled with insulating oil. The system, schematically
shown in Figure 15.10, generates almost rectangular HV
pulses, applied to the klystron cathode, after the PFN
discharge that occurs when the HV switch, that can be a
thyratron or a solid state device, is operated by a trigger
signal. The nominal HV pulse duration is 6 psec FWHM
with rise and fall time, determined by the PFN
parameters, respectively of 0.5 and 1 psec.

HV charging PEN

unit WIMI‘ -

HV switch Pulse klystron

Ln Transformer

Figure 15.10: Schematic layout of a Pulsed Power
Modulator.
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Some manufacturers replace the line-type PFN with a
series of solid-state switching boards. The goal is to
make the modulator size compact and lower the primary
voltages but the long term reliability of this solid state
solution is still being proved. The HV Modulators for
scientific applications are very special systems produced
by a few specialized industries. The main features are
the very high voltage of the modulator pulse needed to
drive the klystron and some tight requirements
regarding amplitude and pulse-to-pulse phase stability.
Table 15.4 gives the parameters for the SuperB injector
modulator.

Table 15.4: HV Pulsed Modulator parameters

Pulse primary transformer voltage 25kV
Pulse secondary transformer voltage/klystron 370 kV
gun

Pulse secondary transformer current/klystron 420 A
gun

Pulse transformer ratio 1/15
High voltage pulse duration (FWHM) 6 usec
High voltage rise/fall time (0 to 90%) 0.5/1 psec
Pulse flatness during flat-top +0.1%
Pulse to pulse Voltage fluctuation +0.3 %
Pulse repetition rate 50 Hz

RF Power Distribution

The layout of the S-band power station for the
SuperB is shown in Figure 15.11. The 60 MW klystron
sources feed, through the KEK-type energy compressor,
3 TW accelerating structures. To divide equally the RF
power among 3 units, a 4.8 dB directional coupler is
used to draw 1/3™ of the full power for feeding the first
section. A 3 dB directional coupler split into two halves
the remaining power to the following sections.

About 50 MW peak are available to each accelerating
structure after the pulse compressor. Such a power level
produces an average accelerating gradient of 23.5
MV/m that is an energy gain of about 210 MeV per RF
station. A network of rectangular WR284 copper
waveguides distributes the RF power to the Pulse
Compressors and to the accelerating structures. The
waveguides are pumped down to 10® mbar with a
distributed pumping system and are connected to the
accelerating structures with ceramic RF windows to
protect the beam line vacuum.

60 MW

2.856 GHz
KLYSTRON

)<<O>SLED
48 dB ws_'

] [ ] | ]
s1 s2 s3

210 MeV

Figure 15.11: Layout of the SuperB injector RF Power
Station.

The L-band Linac

The need to improve the positron production
efficiency requires to use an L-band linac, just after the
positron converter. Since the beam consists of a train of
5 bunches at 4.2 nsec apart, the L-band frequency must
be a sub-harmonics of the 2856 MHz, that is 1428 MHz.
L-band room temperature linacs are not common in the
accelerator laboratories. However, the design and the
manufacturing of 1428 MHz accelerating structures
shouldn’t be a hard task. By scaling the 1300 MHz
Linac of the ISIR, Osaka University [4], a possible set
of L-band structure parameters is shown in Table 15.5.

Table 15.5: L-band sections parameters

Frequency 1.428 GHz

Type TW, Constant Gradient
Structure Disk-loaded

Mode of operation 2n/3

Length (L) 3m

Period 7.00 cm

Attenuation constant (t) 0.3 nepers

Shunt impedance (Z) 45 to 50 MQ/m
Filling time 1.7 psec

Q of structure 18000 (approx)
In/Out VSWR <12

With the above parameters, the energy gain per
section is:

Vitey = [PZLe(1-¢2")]"* = 7.8+(Pyw)"?

Therefore, with a 30 MW - 4 psec klystron, two L-
band, 1428 MHz structures can be driven in pairs,
obtaining:
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Exiy = 2°7.8(15yw)"* = 60 MeV

per power station, i.e. 10 MV/m.

The energy gain per power station could be 100 MeV
(16.6 MV/m) with the use of a pulse compressor that
should be developed ad hoc. A 1 GeV L-band linac for
the SuperB injector will consist therefore of 17 power
stations and 34 L-band accelerating sections (or 11
stations and 22 sections with the pulse compressor). The
high energy section of the linac, after the DR, is made
of S-band structures (see Fig. 15.12).

Sband
60 MW Ky

Lband

30 MW Kly

1GeV L-band Linac

80-120m 06-1GeV
-—
5 GeV Linac

e+>6.7GeV

e->4.2GeV

PDEDF‘ |

A 350m

Figure 15.12: RF Layout of the injector with the L-band
linac.

Low Level RF

The Low level RF system (LLRF) provides:

a) RF power to the RF stations, with proper phase and
amplitude.

1 GeV L-Band Linac

PHASE REFERENCE LINE

M [~
SUB DRIVE LINE
Sub-Booster
[ 2x
1428 MHz

476 MHz ma

0.6-1GeV S-Band Linac s s s

b) interface to set and monitor the operating
parameters

c) interlocks to protect people, machine, klystrons,
windows, etc.

The RF distribution system is based on the use of a
476 MHz Main Drive Line made of a rigid, low losses,
low thermal variations coaxial cable which transports
the reference signal along the Linac. The 476 MHz
signal is synchronized with the general master oscillator
of the SuperB main rings. The 1428 and the 2856 MHz
frequencies are derived from the master signal by means
of x3 and x6 multiplications.

In addition, Phase Reference Lines for the L-band and
S-band systems, cover the linac length with low-thermal
cables.

The LLRF must guarantee the beam energy stability
within a few tens of %. Therefore, in addition to
working with the klystrons in saturation, phase loops
around the klystrons will be implemented.

Moreover, one S-band cavity at the linac-end, driven
by a dedicated low power klystron, can be used for
beam energy control. In this station, the klystron would
not work in saturation but the output power would be
modulated by a signal proportional to the beam energy
deviation.

Extensive use of the digital technology is foreseen for
signal monitoring and feedback loops implementation.
A simplified scheme of the LLRF is shown in Figure
15.13.

ref_erenlce = v\/\’/i COAXIAL RIGID MAIN DRIVE LINE -
signal ﬁ =
ub-Bot M| SUBDRIVELINE ™M~ | M| N~ N
1%
M| M| M ’_VIN 7777777
PHASE REFERENCE LINE
oy
“AE.
6 GeV S-Band Linac IIIIIIII_>
Figure 15.13: Synthetic scheme of the Linac LLRF system.
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15.4 Positron production

In SuperB, the positron source performances are
constrained by the required injection rate in the LER
and HER ring and by the injection acceptance of the
Damping Ring. At present, the injection scheme
foresees a 50 Hz operation of the injection complex,
with half of the repetition frequency to be used for the
positron production, capture and injection.

Every 40 ms a train of five positron bunches will be
sent in the DR to reduce their emittance. This implies
that a charge per bunch of ~ 300 pC is required to
fulfill the SuperB constraints imposed by the beam
lifetime. The phase space volume of the injected
bunches must fit the DR acceptance of 1% energy
spread (£ 10 MeV) and an emittance of 3 10°°[m rad].

The reasonable required charge per bunch, the
impressive performances of the SLAC electron gun
(up to 16 nC per bunch) and the necessity to reduce
the injector total length and costs suggested to
propose a positron source based on a low energy
drive beam. In the studied configuration the positrons

et/e-

Primary beam
v Target

Linac for e

10nC

e gun 600 MeV

Pre-injector
Linac for e*

~300 MeV

are generated by a train of 5 e” bunches — 10nC each,
impinging on an amorphous tungsten target at 600
MeV. In the target the electrons create gammas by
bremsstrahlung that in the nuclear field of the target
will generate e'e’ pairs. At the target exit the
produced positrons show an important angular and
energy spread. To reduce the angular dispersion an
Adiabatic Matching System (AMD) is foreseen,
where a decreasing magnetic field (from 6 to 0.5 T in
0.5 m) transforms beam divergences in positions.
Immediately after the AMD the positrons are bunched
and accelerated by a pre-injector system of
accelerating cavities, surrounded by coils which
guarantee the transversal confinement with a constant
0.5 T magnetic field. The accelerating capture section
takes the beam up to the energy of ~ 300 MeV,
downstream which, the transverse confinement is
assured by a FODO lattice.

In Figure 15.14 the schematics of the positron
source system is illustrated.

Conventional
linac for e*

~1 GeV Damping Ring

Figure 15.14: Scheme for the SuperB low energy drive beam positron source. A drive beam of 600 MeV impinges on
a tungsten target. The AMD collects the positrons and injects them in the pre injector, which accelerates the bunches

up to ~ 300 MeV.

Several simulations, with different methods, were
carried out to estimate the efficiency of this positron
source. The pairs production is estimated at 600 MeV
by GEANT4 and is optimized at 1.7 e+/e- for a target
thickness of 1.04 cm. The produced positrons are then
given as inputs to ASTRA [1] simulation for the
positrons capture and acceleration.

Optimization studies were carried out taking into
account  different AMD  configuration and
acceleration section structures. The first approach was
to use the standard SLAC cavities for capture and
acceleration. This strongly reduces the geometrical
acceptance of the system due to the small radius of
the cavity iris. Therefore, to increase the geometrical
acceptance, the capture in a L band system was
proposed. To maintain the harmonic of the SLAC
cavities a frequency of 1.428 GHz, requiring a new
design, was adopted.

Different scenarios were studied to optimize the
positron yield at the injection depending on the

frequency and on the phase of the capture cavities.
Both S and L band were tested in full acceleration
scenario, as well as in the scheme proposed at SLAC
[2], where the first cavity is decelerating to improve
the bunching. In the end a new idea was proposed,
where the L band capture is performed, but the first
decelerating cavity is operated in the TM020 mode.
This allows for preserving the large geometrical
acceptance of the L band cavity but at the same time
for increasing the bunching effect of the decelerating
phase.

Results are summarized in Table 15.6 below. For
comparison purposes the results are given, for each
scenario, with a similar cavity peak gradient of 25
MV/m. More studies [3] have been performed
including lower peak gradient for the 1.428 GHz case
and have shown negligible differences to the results
of this table.
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Table 15.6: Different scenarios for the positrons capture with similar maximum cavity peak gradient for acceleration.

Scenario 1 2 3 4
2856 1428 .
RF (MHz) 2856 . Deceleration and | Deceleration and 3000 decelerat{on
full acceleration . . 1428 acceleration
acceleration acceleration
Mean Energy (MeV) 302 287 295 333
E.ns (MeV) 21.4 323 16.83 52
7 :ms (Mm) 2.7 6.4 8.89 3.5
X ims (Mm) 3.8 4.4 8.0 8.1
X’ 1ms (mrad) 1.02 1.11 1.69 1.4
e, =X’X (mm.mrad) 3.8 4.6 13.0 11.4
Total Yield (%) 2.8 7.53 323 31.9
'Yield + 10 MeV (%) 1.3 3.9 19.6 29.3

It is worthwhile to note that, especially for the last
case, the positron yield accepted in a low energy
spread is important. In fact, taking into account a 10
nC drive beam, this will result in ~ 3 nC per bunch in
the accepted energy spread (also if some % can be
lost in the transport to 1 GeV). Regardless, this is a
factor of 20 more than the required bunch intensity in
SuperB. The longitudinal phase space of the fourth

scenario is showed in Figure 15.15.
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Fig. 15.15: Longitudinal phase space of the captured
positrons, at the exit of the pre-injector in the case of
deceleration in the TM 020 mode and acceleration at
1.428GHz. One can appreciate the very good
bunching.

This gives very good confidence as far as the
transport losses and transverse emittance selection are
concerned, before injection. It is important to
remember there are still some ‘safety knobs’ as far as
the total positron rate is concerned, like the number of
bunches per train and the energy of the drive beam.

These studies demonstrate that the low energy
solution for the SuperB positron source is feasible.
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15.5 Damping ring

The tight tolerances on the injected beam due to the
small acceptance of the collider main rings led to the
design of a small emittance, small energy spread and
short bunch length Damping Ring which can store
alternatively both electrons and positrons at 1 GeV.

The lattice is based on the same kind of cell
adopted for the SuperB main rings. The phase
advance per cell of 0.75*2r in the horizontal plane
and 0.25*2r in the vertical one helps in cancelling the
non linear contributions of the chromaticity correcting
sextupoles. This kind of cell, due to the small
dispersion in the dipoles, yields a low value of the
momentum compaction, and therefore a short bunch
length, which, however, must be further reduced by a
bunch compression system at extraction. Betatron
damping times slightly larger than 7 msec ensure
adequate reduction of the injected beam emittance
and energy spread at the maximum repetition rate of
50 Hz foreseen by the injection scheme. Figure 15.16
shows a schematic layout of the ring, while Table
15.7 summarizes the main parameters of the damping
ring.
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Electrons are injected at one of the two septa
indicated with S in the figure and extracted from the
other one. Positrons follow the opposite path with the
same fields in the ring. A train of 5 consecutive
bunches from the Linac are stored in the damping
ring at each injection pulse by means of the fast
kicker, indicated with K in the figure, downstream the
septum, damped and finally extracted by the second
kicker upstream the extraction septum. Fig.15.17
shows the optical functions of half ring, the second
half being identical. Each half ring consists of three
cells surrounded by two half dispersion suppressors
providing enough space for injection septa and
kickers with the correct horizontal phase advance
between them.

S

1852 m

\

’\%% - K 6@@\3@

S

1259 m
(
Q'&%W\

Figure 15.16: Damping ring layout.
Table 15.7: Damping ring main parameters

Parameter Units

Energy GeV 1.0
Circumference m 51.1
Horizontal betatron tune 7.403
Vertical betatron tune 2.717
Horizontal chromaticity -11.5
Vertical chromaticity -6.5
Horizontal phase advance/cell degrees 270
Vertical phase advance/cell degrees 90
Maximum horizontal beta m 7.9
Maximum vertical beta m 7.3
Maximum dispersion m 0.77
Equil. horizontal emittance nm 23
Momentum compaction 0.0057
Hor. betatron damping time msec 7.26
Vert. betatron damping time msec 7.36
Synchrotron damping time msec 3.70
Equilibrium energy spread 6.2x10™
RF frequency MHz 475
Harmonic number 81
RF peak voltage MV 0.5
Bunch length cm 0.48

| 1 v ! ' ' ' ' | | | ' | ' i " 0 | ' 0 ' 0 ' ' | P
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Figure 15.17: Optical functions of half damping ring. Dipoles are red, quadrupoles black, sextupoles blue.

The quadrupoles in the cells are powered in three

Units
independent families, while five other power supplies
are needed for the dispersion suppressors. Table 15.8 ~ Number of dipoles (rectangular) 16
summarizes the requirements for the magnet system. Dipole length m 0.75
Dipole field T 1.745
Table 15.8: Magnet system parameters Number of quadrupoles 50
Quadrupole length m 0.3
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Maximum gradient T/m 23.3
Number of independent power 8

supplies

Number of sextupoles 24
Maximum integrated gradient T/m 19.0
[(&*B/ox?)ds

Number of independent power 2

supplies

Bunches will be injected and extracted at a repetition
rate of 50 Hz, synchronized with the Linac and the RF
system of the Main Rings. The emittance of the
extracted beam is:

2t 2t

e=¢ge T +g|l-e *

where ¢g; is the emittance of the injected beam (3.0
mm.mrad for e’, much smaller for the ¢), &, the
equilibrium emittance of the damping ring, t the storage
time (20 msec) and t the betatron damping time (7.26
msec). The result is 35 nm (12. nm from the first term
and 23. nm from the second) for e', which after
adiabatic damping due to the acceleration in the Linac to
6.7 GeV, becomes 5.2 nm. For ¢ the emittance injected
in the damping ring is much smaller and at the exit it
will be equal to the DR equilibrium emittance; after
acceleration in the Linac to 4.2 GeV, it becomes 5.5 nm.

With a RF voltage of 0.5 MV, the low current bunch
length has an r.m.s. value of 4.8 mm. The corresponding
energy spread at the end of the Linac would be =4% at
one standard deviation of the bunch distribution. A
bunch compressor at extraction is therefore required,
with a compression factor of 4 to reach a final energy
spread of 0.3%, about half the off-energy dynamic
aperture of LER.

The phase advance of the basic lattice cell ensures
complete cancellation of the aberrations induced by the
sextupoles if they are separated by two cells. Due to the
small number of cells (3 in each half ring) only two
sextupoles can be used to correct chromaticity in each
plane in a non-interleaved scheme, leading to extremely
large required gradients. An interleaved scheme with 8
horizontally focusing sextupoles placed at the boundary
of each cell and 16 vertically focusing ones inside each
quadrupoles doublet in the cell has been adopted,
obtaining a smooth distribution of moderate gradient
sextupoles.

Figure 15.18 shows the energy and oscillation
amplitude dependence of the tunes with and without
sextupoles, while Figure 15.19.represents the dynamic
aperture on energy and at +1% energy deviation.
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Figure 15.18: Tune dependence on energy deviation
(top) and oscillation amplitude (bottom).Red: horizontal,
blue: vertical. Empty dots: without sextupoles, full dots:
with sextupoles.

35 T T

Y (mm) Ymax Apfp=0
/_/ k\ Ymax Apfp=+1.0% J..
20 };‘l PIAY N
15 \

......... Ymax Apip=-1.0%
/" o =0.300 mm \
L
10 ;
!,.- a =0.135 mm \
I_- ¥
5 i ks
l i \ X(mm)
. !

-30 =20 -10 1] 10 20 30

30

25

Figure 15.19: Damping ring dynamic aperture (black on
energy, red £1% energy deviation).

15.6 Bunch compressor

After the damping ring, the electron and positron
beams are transported to a linac where they are
accelerated up to their nominal energy and injected in
the main rings. Due to the acceleration, the longitudinal
distribution of the beam will be changed and the energy
spread may increase. Therefore, the beam is compressed
before the linac by means of a RF cavity running on the
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zero phase and a magnetic chicane in order to minimize
the rms momentum spread. The acceleration in the linac
is assumed on crest and the phase of the particle does
not change during the transport in the linac (ultra-
relativistic beam). The different parameters used for the
optimization of the chicane are summarized in Table
15.9. The beam is assumed to be uncorrelated in the
longitudinal phase space when it crosses the RF cavity
before the chicane.

Table 15.9: Parameters for the chicane

F

| Units | Notation | e | e

After the damping ring
Energy of the
reference particle GeV Eao ! !
rms bunch length mm Iy 4.8 4.8
rms phase rad 0, |0287 0287
extension
rms momentum 10% ¥ 6.2 6.2
spread
After the linac
Energy of the
reference particle GeV Euo 4.18 6.7
RF frequency GHz fi 2.856 | 2.856
Main ring
Total energy GeV Eg 4.18 6.7
Slipping factor 10 n 4.86 | 433
RF voltage MV Virr 4.0 5.7
Synchronous phase rad Oy 0.156 | 0.372
RF frequency MHz fri 476 476
Harmonic number - h 2015 | 2015
Synchrotron period ms 0.35 | 040
Longitudinal ms 134 | 28
damping time

The synchrotron period is small compared to the
longitudinal damping time. Therefore, during the first
synchrotron periods, the synchrotron damping can be
neglected. After the damping ring, the longitudinal
distribution is Gaussian. At first order, the matrix of the
chicane in the longitudinal phase space is a 2x2 matrix
with 1 on the diagonal and a non-zero term Rs in the top
right. After acceleration in the linac, the rms energy
spread of the injected beam §,is linked to the RF cavity
voltage V., to the matrix term Rsq of the chicane and to
the total voltage V| in the linac by:

E? p2 ’
8 =N +—2257 +—|1—exp —2(fcedj
E; 2E; 1

c

2
V| sexp| = o B | ||| 2, Res®Ve @
2E B

E.—-F
with A = — 40
S

“ 2
F(x,y,z) = ﬁ I cos(x@ + ysin z@)exp(— zzjda
d —o

d

By using the parameters given in Table 15.9, we
obtain Figure 15.20 which links the rms energy spread
of the beam to the compressor RF cavity voltage. For the
LER (HER), the minimum is reached for V=17 MV
(21 MV) and then o0g,=0.14% (0.11%). A good
compromise for the cavity voltage is then a value of
=19 MV. The corresponding value of Rss is 0.92 m and
the total voltage in the linac Vi=3.18 GV (5.70 GV).

An idea to correct the non linearities was to add
another X-band cavity at the frequency 11.424 GHz.
The results showed that the energy spread does not
significantly change. The best compromise was for the
voltages V=19 MV for the S-band cavity and Vx=-
0.6 MV for the X-band cavity. The value of Rss is
0.97 m.

10 15 gl po 30
V1 [MV]

Figure 15.20: rms energy maximum vs the RF cavity

voltage in the LER (red) and in the HER (blue).

The bunch compressor chicane consists in a RF cavity
of frequency f,=2.856 GHz, of voltage V., at the phase
180° (particles in the head of the bunch lose energy)
followed by a chicane made of several dipoles which
give a path length which depends on the energy. The
needed voltage of the cavity is V=19 MV whereas the
value of Ry is then R5s=0.97 m. We have chosen to use
a C-chicane because it is naturally achromatic [1]. The
edges of the rectangular dipoles are then perpendicular
to the linac axis. Let o be the angle of one of the
dipoles in the chicane. The layout of the chicane is given
in Figure 15.21.

Ip I : Iy : Iy

Figure 15.21: Layout of the bunch compressor chicane
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To realize the C-chicane, we have four groups of
dipoles. It was chosen to use the same dipoles of the
PEPII LER. The maximum field of these dipoles is
0.93 T and their gap is 63.5 mm. The magnetic length is
Leip=0.45 m. For a 1-GeV electron beam, the maximum
angle is then a,,,,=7.19°, but, to keep a margin of 10%
on the field, we chose to use an angle of
04ip=90°/14=6.23°. The magnetic field in the dipoles is
then 0.83 T. For each group of dipoles, the best
compromise was to use three PEP-II dipoles. The
distance between the first two groups is then L;=2.8 m
and the one between the two middle groups is L,=1 m.
The distance between two dipoles of the same group was
set to 0.5 m. In fact, we need two chicanes which have
the first and last dipole in common. The first dipole is
used as a separator between the incoming electron and
positron beams, the last as a recombiner. Therefore, we
cannot use the PEPII magnets for this dipole and its
design will be specific. Nevertheless, for geometrical
reasons, the total angle of this dipole must be equal to
3agp. To simplify, we use the same magnetic field in this
dipole as in the other dipoles of the chicane. Its length is
then 1.35 m. The gap between the centres of the electron
and positron beams must then be sufficient at the second
dipole. The horizontal aperture of one of these dipoles is
around 646 mm. The distance between the centres of
these two beams must be greater than this value at the
second dipole.

The distance between the two centres is about
528 mm after the separator. At the end of the L;-long
drift, the separation is then 2.7 m, which is sufficient.
The obtained lattice is given in Figure 15.22 where the
initial betatron functions were arbitrarily chosen to have
a waist at the middle. The betatron functions in the
chicane are sufficiently small to make the insertion of
quadrupoles unnecessary. The total length of the C-
chicane is 14.0 m.
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Figure 15.22: Optical functions in the chicane. In red [,
in blue By, and in green Dy. The square boxes correspond
to the rectangular dipoles.

References

[1] F. Stulle, A bunch compressor for small emittances
and high peak currents at the VUV free-electron laser,
PhD thesis, 2004, University of Hamburg.

15.7 Transport lines

In the present scheme, two linacs are used. The first
one accelerates up to 1 GeV electrons and positrons,
which are then injected into the damping ring. After
damping, they are extracted and transported to the
second linac to be accelerated up to the main rings.

Transport line from/to the damping ring

Let be respectively (E1), (P1) the transport lines
which go from the low energy linac to the damping ring
and (E2), (P2) those going from the damping ring to the
second linac for the electron and positron beams. The
layout of these transport lines is given in Figure 15.23.
The transport lines (E1) and (E2) are symmetric as well
as (P1) and (P2). In order to keep the two parts of the
linac in the same building, the distance between both
linacs must be = 5 m (4.76 m in the present design).
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Figure 15.23: Synoptic of the transport lines going
from/to the damping ring. The transport lines for the
electrons are in blue and those for the positrons in red.

The dipoles and quadrupoles used for the transport
lines are assumed to be the same as those of PEP II. The
beam is extracted from the damping ring by means of a
septum magnet. Another set of dipoles is then put as
near as possible to cancel the deviation angle. A kicker
and a septum magnet are inserted behind them to
separate the positron beam from the electron one. The
separator magnet at the beginning of (E1), (P1) and at
the end of (E2) and (P2) are assumed to be the same as
those in the bunch compressor chicane.

The transport lines must be achromatic. The lines (P1)
and (E2) have some quadrupoles in common, as (P2)
and (E1). Since the particles have opposite charges and
opposite velocities, the same force is applied in both
transport lines. However, in the linacs, the strengths of
the quadrupoles are opposite because the charges are
opposite and the velocities are the same. The betatron
functions at the end/beginning of the linac in the
horizontal (vertical) plane for positrons are then equal to
those in the vertical (horizontal) plane for electrons. A
3.5 m-long drift is put at the end of (E2) and (P2) to
enable the insertion of the compressor RF cavity.

The optical functions for (E1), (E2), (P1) and (P2) are
given in Figures 15.24, 15.25, 15.26 and 15.27. The
maximum for the betatron functions is less than 60 m.
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The minimum for the betatron functions is ~0.3 m. The
maximum gradient for the quadrupoles is equal to
7.12 T/m, which is inside the range of PEP II
quadrupoles. The extreme values for the optical
functions and the value of Rs¢ are summarized in Table

15.10.

Table 15.10: Summary of the optical functions in the
transport lines (E1), (E2), (P1) and (P2).

E) _ [@®) [eh) [ @)

Max. B, (m) | 26.623 32.594 | 28.349 | 32.228
Min. B, (m) 0.4556 0.5329 | 0.3150 | 0.5775
Max. B, (m) | 48.438 57.655 | 57.655 | 42.627
Min. B, (m) 1.5603 0.4175 | 0.3504 | 0.4957
Max. D, (m) | 2.6576 49404 | 1.9158 | 2.3301
Min. D, (m) | 3371 | -3.469 | -3.855 | -2.810
Length (m) 35.749 57.018 | 34.108 | 55.376
Ry, (m) -0.803 | -0.501 | -0.306 | 0.7607
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Figure 15.24: Optical functions in the transport lines

(E1). The horizontal betatron function is in red, the

vertical one in blue and the horizontal dispersion in

green.
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Figure 15.25: Optical functions in the transport lines
(E2).
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Figure 15.26: Optical functions in the transport lines
(P1).
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Figure 15.27: Optical functions in the transport lines
(P2).

Transport line to the main rings

The electron and positron beams are accelerated in the
second linac up to their nominal energy and injected into
the main rings. Since the damping ring and the main
rings are not at the same ground level, a ~10-m vertical
bump must be foreseen in the transport lines. The top
view layout of the transport lines between the linac and
the injection points in the main rings is given in Figure
15.28 (positrons on the left, electrons on the right).
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Figure 15.28: Schematic top view of the transport lines
going from the linac to the main rings.
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The design of the transport line to the LER was made
to keep the orientation of the polarization vector despite
the vertical dipoles. The requirement of injecting
downstream the RF cavities implies a long straight
section in the transport line to the HER, which must lie
in the same tunnel as the LER.

A side view layout of the transport line to the LER is
given in Figure 15.29. The vertical bump can be made
by a =30-m long dog-leg. In the transport line to the
HER, the vertical bump can be made in the long straight
section. The location of the vertical dipoles is given in
Figure 15.30 and Figure 15.31. Although performing the
vertical bump in the transport line seems to be feasible,
an alternative could be to do it at lower energy in the
linac. The advantages of this solution is to use weaker
dipoles or/and to shorten the vertical bump. Moreover,
there is less constraint on the transport lines, which
enables a better optimization of the betatron functions.

% [m]

Figure 15.29: Schematic side view of the transport lines
going to the LER.

The injection is performed by using a set of two
septum magnets. The first one is 4 mm thick and has a
magnetic field of ~0.2 T. The deflection given by this
septum is not sufficient and the incoming beam must go
through the quadrupole near the septum. The effect of
this quadrupole was taken into account for the design.
The second septum is more than 1 cm thick and has a
field of 0.8 T.

The beam dynamics in the linac is not completely
defined at this stage of the project. The design of the
transport lines was then made by considering the initial
betatron functions as a free parameter.

The optical functions of the transport lines are given
in Figure 15.30 for the LER and in Figure 15.31 for the
HER. The maximum and minimum values of the optical
functions and the value of Rs¢ are summarized in Table
15.11. The maximum needed field for the dipoles and
the maximum gradient of the quadrupoles are
respectively 1.4 T and 16.7 T/m for the transport line to
the LER and 1.2 T and 13.7 T/m for the transport line to
the HER.

Table 15.11: Summary of the optical functions to the

main rings.
LER HER

Max. By (m) 113.459 | 120.019
Min. B, (m) 0.436 0.973
Max. By (m) 76.827 | 73.695
Min. B, (m) 0.475 4.466
Max. Dy (m) 2.321 1.285
Min. D, (m) 0.000 0.000
Max. D, (m) 2.731 2.079
Min. D, (m) 2.731 -2.079
Length (m) 89.472 | 224.004
Rs6 (M) -3.484 | -1.204
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Figure 15.30: Optical functions in the transport line from
the linac to the LER.
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Figurel15.31: Optical functions in the transport line from
the linac to the HER.

15.8 Injection into the rings

Injection into the main rings is done at full energy in a
continuous mode, called top-up injection, to keep nearly
constant beam current and luminosity. Both single and
multiple bunches (~five) will be injected on each linac
pulse into one or the other of the two rings. The
transverse and longitudinal emittances of the electron
and positron bunches are damped at 1 GeV in a damping
ring.

The injection system is made of the first septum
magnet (4 mm thick), used to deflect the injected beam
on an orbit parallel to the ring orbit, and two pulsed
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stripline kickers to make a fast orbit bump used for the
injection. To make a closed orbit bump with its
maximum at the septum the phase advance between the
kickers is a multiple of w and the phase advance between
kicker and septum is m/2+2kmn/2.

Since we inject with colliding beams we want to keep
the betatron oscillation of the injected beam as low as
possible to avoid any perturbation to luminosity and
detector backgrounds. Therefore we propose a
configuration with non-zero dispersion at injection and
an energy offset of the injected beam. This allows
smaller oscillations of the injected beams at the
interaction point, where dispersion is zero.

A schematic view of the injected and stored beam
layout in the horizontal phase space, with the indication
of the main injection parameters is shown in Figure
15.32.
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Fig.15.32 - Schematic view of the injected and stored
beam layout in phase space

Let’s indicate with

o =+ (oLD) )

and

inj __ inj inj inj ryinj
lo —\/5x B +(0'p D! )

the beam sizes at the ring entrance for the stored and
injected beam respectively.

First a configuration with zero dispersion
D" =D =0 is considered. The value of the beam
stay-clear A, is determined by beam lifetime
considerations.

At the entrance of the injected beam the closed orbit is
displaced by the fast closed bump Ax”. To avoid losses
of the stored beam on the septum it has to be:

Ax* < A - 463‘:
and to avoid losses on the injected beam:

Ax" > As+2ko™

To calculate the maximum oscillation amplitude of

the injected beam in the ring in units of the stored beam

size let’s take the largest possible value of the orbit
displacement:

Ax' = A, - 40"

Finally a check that it is inside the beam stay clear
aperture is needed:

inj inj

X As o A
T T Tk ras<—
O-X O-X O-X O-X

The parameters for injection in both LER and HER
rings are listed in Table 15.12, columns 1 and 3. The
value of the betatron function in the ring is large to
reduce the contribution of the septum thickness. The
value of the betatron function of the injected beam has
been calculated to match the ring acceptance.

Table 15.12: Parameters for injection in LER and HER

LER HER
Dxlnj =0 Dxlnj ;& 0 DXInJ =0 Dxlnj ;[; 0
DI=D™(m) | 0 0.33 0 0.63
3.00E- 3.00E-
g 0 03 0 03
B (m) 140 140 270 270
B™ (m) 60 60 120 120
o 5.80E- | 6.086- | 7.35E- | 8.35E-
oy (m) 04 04 04 04
inj 5.75E- | 7.17E- | 7.92E- | 9.39E-
oy (m) 04 04 04 04
inj 5.75B- | 5.75B- | 7.92E- | 7.92E-
Gy (M) 04 04 04 04
AJo M 30 30 30 30
As (m) 0.004 0.004 0.004 0.004
0y (mrad) 0.17 0.18 0.16 0.18
X" e (m) 9.8E-03 | 8.9E-03 | 1.2E-02 | 1.0E-02
X Jo 16.8 14.6 15.0 12.2

If a configuration with non zero dispersion
D =D #0 and an energy offset & of the injected
beam are taken into account, all the same relations hold
but now the injected beam oscillates with respect to a
closed orbit displaced by Ax" - D.5 with respect to the
central orbit. Its maximum oscillation amplitude in units
of the stored beam size is now:

inj inj

X As o D6
msatx = st +2k xs,f +4- Xst
JX O-X O-X X

where O';'Z =/ B . The injection parameters for

this configuration, are listed in Table 1, columns 2 and 4
for LER and HER ring respectively.
The angle of the injection kicker is given by:

6, = Ax“/m
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also listed in Table 15.12 for all the configurations.

The configuration with non-zero dispersion allows
smaller betatron oscillations of the injected beams (15 oy
for LER and 12 o, for HER) and should give enough
safety margin when beam-beam and nonlinear effects
are taken into account. A possibility that could be
explored to reduce this oscillation is a thinner septum,
which poses more challenges on the septum magnet
design.

The kickers strength is nearly the same as the
DA®NE kickers and therefore it is possible to use the
same type of fast pulsers, allowing single bunch
injection with a small, even negligible, perturbation of
the neighbouring bunches. In this case it is possible to
share the oscillation amplitude between the stored and

the injected beam by increasing the strength of the
kicker on the injected beam with respect to the value
needed for the closed orbit bump. This would allow
values of the oscillation amplitude as low as 6+8c,. for
LER (60, for HER). To inject trains of up to 5 bunches
it is necessary to have also kickers pulses with 20 ns flat
top. This can be achieved by using two stripline kickers
for each position, a short one (~30 cm) with a fast pulser
and a longer one (~1m) for the longer pulse.

A simulation tracking the distribution of injected
particles through the ring, taking into account the effect
of the beam-beam kick and the machine errors and
nonlinearities, will be performed to set the tolerances on
the injection parameters.
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16. Spin polarization

Before describing concepts for attaining electron spin
polarization for SuperB we present a brief overview of
the theory and phenomenology. We can then draw on
this later as required. This overview is necessarily brief
but more details can be found in [1, 2].

16.1 Self polarization

The spin polarization of an ensemble of spin —%

fermions with the same energies travelling in the same
direction is defined as

B :<36> )
h

where & is the spin operator in the rest frame and <>
denotes the expectation value for the mixed spin state.
We denote the single particle rest-frame expectation

value of %5‘ by S and we call this the “spin”. The

polarization is then the average of S over an ensemble
of particles such as that of a bunch of particles.

In a storage ring the spins are not stationary but
precess in the external fields In particular, the motion of

S for a charged particle travelling in electric and
magnetic ﬁelds is governed by the Thomas—BMT

equatlon = Q) x S where s is the distance around the

ring (2, 3]. The vector Q2 depends on the electric (E)
and magnetic (B) fields, the energy and the velocity

which evolve according to the Lorentz equation. Thus

Q depends on s and on the position of the particle in
the 6-d phase space of the motion. For a purely

transverse B field and vanishing E field, the Thomas-
BMT equation describes spin precession about B with
the angle GO = 7/(9 2@ (relative to the orbit). Here
® is the

7G = 0.0011596.

In any storage ring with or without misalignments,
there exists a l-turn periodic “stable spin direction”
attached to the closed orbit at each location in the ring,
denoted by the unit vector ﬁo- For particles on the

closed orbit and in the absence of synchrotron radiation,

deflection angle; for electrons,

a polarization vector P ||, will remain stationary turn

after turn. Any component of P normal to ﬁo will
precess about ﬁo and the number of such spin
revolutions per turn is called the “spin tune”. For
particles away from the closed orbit executing synchro-
betatron oscillations, the concept of N, must be
generalized to a vector N to be discussed later. In a
perfectly aligned flat ring with no solenoids ﬁo is
vertical everywhere and the spin tune is G .

Relativistic electrons circulating in the guide field of
a storage ring emit synchrotron radiation and a tiny

3

fraction of the photons can cause spin flip from “‘up”’
along an initial direction to ‘‘down’’, and vice versa.
However, the up—to—down and down—to—up rates differ,
with the result that the beam can become spin polarized.
In a perfectly aligned flat ring with no solenoids the
polarization is anti—parallel to the vertical guide field,

reaching a maximum polarization, Py, of % =92.4%.
This, the Sokolov—Ternov (S-T) polarizing process [4],
is very slow on the time scale of other dynamical
phenomena occurring in storage rings, and the inverse

time constant for the exponential build up in a uniform
dipole field is [4]:

L SV3 ryn
st — o
8 m,

2)

where I, is the classical electron radius, y, the Lorentz
factor, p, the radius of curvature in the field and the
other symbols have their usual meanings.

In a simplified picture the majority of the photons in
the synchrotron radiation do not cause spin flip but tend
instead to randomize the orbital motion in the magnetic
fields due to the presence of dispersion. Then the spin-
orbit coupling embodied in the Thomas—BMT equation
together with the non-uniformity of the quadrupole
fields can cause spin diffusion, i.e. depolarization.
Compared to the S-T polarizing effect the
depolarization tends to rise very strongly with beam
energy. The equilibrium polarization is then less than
92.4% and will depend on the relative strengths of the
polarization and depolarization processes. Even without
depolarization, certain dipole layouts can reduce the
equilibrium polarization to below 92.4 %.

Analytical estimates of the attainable equilibrium
polarization are best based on the Derbenev-
Kondratenko (D-K) formalism [5, 6]. This implicitly
asserts that the value of the equilibrium polarization in
an electron storage ring is the same at all points in phase
space and is given by

P, =7F 8 §d< ﬁ_%)>s
dk 5\/§§d5<m( _7(n S) 8(;,;)2)>S

where ( ); denotes an average over phase space at

)

azimuth s, § is the direction of motion and b is the
magnetic field direction. A is a unit 3—vector field over
the phase space satisfying the Thomas—BMT equation
along particle trajectories U(S) (which are assumed to
be integrable) and it is 1-turn
A(u,s+C)=n(u,s
the ring. & is the fractional energy offset due to
synchrotron oscillations.

The vector field ﬁ(U,S) is a key object for
systematizing spin dynamics in storage rings. It
provides a reference direction for spin at each point in
phase space and it is now called the “invariant spin
field” [2, 7, 8]. At zero orbital amplitude, i.e. on the
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closed orbit, ﬁ(O,S) is justﬁO(S). For electron rings,
and away from so-called spin—orbit resonances [1], A is
normally at most a few milliradians away from ﬁo.

A central ingredient of the D-K formalism is the
implicit assumption that the equilibrium electron
polarization at each point in phase space is parallel to A
at that point. In the approximation that the particles have
the same energies and are travelling in the same
direction, the polarization of a bunch measured in a
polarimeter at s is then the ensemble average

ISens,dk (S) = Py <ﬁ>s : “4)

In conventional situations in electron rings, <ﬁ>sis
very nearly aligned along no(s). The value of the

ensemble average, P, (S), is essentially independent

of’s.
In the presence of radiative depolarization the rate in
Eq. 16.2 must be replaced by:

- 53 r7°h 1 s 1-2(A-8) + (2 (5)
& =
&8 m, C ‘,O(S]3 .
The quantity d> = %)2 is a key parameter in

evaluating the expected polarization. Large values of d”
cause low equilibrium polarization Pens’dk (S) and small

time constants 7, thus reducing the polarization
attainable. d”* can become very large at the spin-orbit
resonances [1]. The polarization build-up time 7; of a
real ring is obtained by setting d” to zero in the above
equation. It depends on the layout of the ring and it is
usually in the range of a few minutes to a few hours.

16.2 Polarization in SuperB
Quantitative evaluation of 7, for SuperB gives about

5...7 hours for either ring (the bending radii of the
dipoles in the LER are much smaller than those for the
HER, compensating for the lower energy). Such large
times are not useful in practice. Therefore SuperB will
achieve polarized beams by injecting polarized electrons
into the LER. We chose the LER rather than the HER
because the spin rotators (see below) employ solenoids
which scale in strength with energy.

In SuperB at high luminosity the beam lifetime will
be only 3...5 minutes and continuous-injection
(“trickle-charge”) operation is a key component of the
proposal. By injecting at a high rate with a polarized
beam one can override the depolarization in the ring as
long as the depolarization time constant is not too small.
The equilibrium polarization under continuous injection
is given by
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where 7, is the beam lifetime of the ring and P,, the

polarization of the injected beam. As long as 7, < T,

the first term dominates (for high Pi).

16.3 Spin Rotators

In the ring arcs, the vector ﬁo which gives the
direction of the polarization must be close to vertical to
minimize depolarization. In order to obtain longitudinal
polarization at the IP, a net rotation of ﬁo by 90° about
the radial axis is required. To do this directly with
vertical dipoles [9], significant vertical bending would
be required causing vertical dispersion and emittance
growth, which is not acceptable in SuperB. A series of
interleaved horizontal and vertical dipoles can achieve
the required spin rotation [10, 11], but still at too strong
an effect on the vertical emittance. A rotation of 90° in a
solenoid followed by a spin rotation of 90° in the
horizontal plane also provides the required net rotation
about the radial axis without any vertical bending and is
therefore adopted for SuperB. In addition, the solenoid
rotator is more compact. The solenoid field integral
required is 21.88 Tm for 90° spin rotation, well within
the technical capabilities of superconducting solenoids
of the required aperture.

After the IP ﬁo , and with it the polarization, has to be

restored to vertical by a second spin rotator. Two
geometries are possible: an antisymmetric geometry
where the dipoles and solenoids after the IP have
polarities opposite to those before the IP and a
symmetric geometry, where the polarities are all the
same. The two solutions have significantly different
properties [12]:

With

alignment, ﬁo is vertical in the arcs at all energies.

the antisymmetric geometry and perfect

However it is exactly longitudinal at the IP for just the
design energy. Moreover the whole interaction region,
seen from the arc, is spin transparent [1] for synchrotron
motion. This is because the rotator fields and the
horizontal dispersion are antisymmetric so that the
effects on spin due to small energy offsets § cancel.
Then if spin transparency for horizontal betatron motion
can be arranged, d” at the dipoles in the arcs can be
small unless ﬁo is strongly tilted in the arcs because of
misalignments. On the other hand, the dipole bending,
being a net 0°, does not contribute to the overall
bending required. However, the spin-rotator insertion
causes significant increase in the length of the ring.
With the symmetric geometry ﬁo is vertical in the
arcs and longitudinal at the IP at just the design energy
and the whole interaction region will normally not be
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spin transparent since deviations in the spin rotation due
to any energy offset 6 will add up. Then it is likely that
d? is large at the dipoles in the arcs. However, by
bending in the same direction, the dipoles now become
part of the overall bending. Thus the additional length
required for the spin rotators is limited to that of the
solenoids and associated optics.

For SuperB at high luminosity, the LER beam
lifetime is about 3...5 min. Under these conditions it
turns out that a symmetric spin-rotator scheme is
feasible and can achieve 70% polarization or better (see
below).

Coupling induced by two solenoids needs to be
compensated somehow. The simplest and at the same
time very convenient way to do this was suggested by
V.Litvinenko and A.Zholents [13]. If matrices of the
FODO lattice, which is inserted between solenoids,
satisfy the requirement:

T, =T,

then the horizontal and the vertical betatron oscillations
became fully decoupled. Additional requirement comes
from the spin transparency condition [7] (see Fig. 16.1):

1 0
T =-T =
ey )

For a spin rotation by the total angle® < 7, this
expression transforms into:

However, it might still be necessary to find settings
for the quadrupoles in the interaction region and
between the half solenoids to obtain sufficient spin
transparency of the whole interaction region (IR).

16.4 LER Spin rotator layout

Figure 16.2 shows the IR of the LER with spin
rotators. The rotator parameters are given in Table 16.1.

Table 16.1: Parameters of spin rotator

Parameter Value | Unit | Comment
Design energy 4.18 GeV
Spin rotation of 90 o one side
solenoids
Solenmd field 4%1094 | Tm 4 1nd1V.1dual
integral solenoids
Solenoid field 2.39 T

includes
Total lfangth (.)f 23.07 m decoupling
solenoid section .

optics
Spln rotation of 270 o one side
dipoles
B.endlng of 28.4 ° one side
dipoles

—cos(¢) —2r-sin(o)
T.=-T, = o , I=pc/eB
(2r) -sin(p)  —cos()
Decoupling optics: T, = - T, for spin transparency

|d pinE
,.
F D FD F

Each solenoid provides a 45° spin rotation,
quadrupoles are not tilted

Figure 16.1: FODO lattice decouples horizontal and
vertical motion in the spin rotator.

Note that the dipole section rotates the spin by 270°
instead of 90°; this was done in order to integrate the
rotators with the local chromaticity correction needed in
the IR. With 90° dipole angle, either the total bending
would have been too small and the dispersion
insufficient for effective chromaticity correction, or one
would have to place the solenoids in the middle of the
chromaticity-correcting section (between the vertical
and the horizontal subsections). An attempt to do this
was made but it was found that the constraints did not
allow optimization of the optical properties of the whole
section, leading to unacceptable compromises in
transverse beam dynamics. The price paid is a further
increase in d>. On the positive side, the chosen layout
provides a space with nearly longitudinal polarization
away from the detector, for inclusion of a precision
polarimeter (see section 16.6 below).

Figure 16.2: Layout of LER IR with spin rotators. The arrows and circles indicate the direction of P.
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16.5 Spin dynamics

In order to evaluate the rate of depolarization we used
the code SLICKTRACK [14]. This code is an extension
of the code SLICK which can perform analytic first-
order thick-lens evaluations using the SLIM [15]
formalism. The extension comprises a Monte-Carlo
spin-orbit tracking algorithm for simulating full 3-d
spin-orbit motion in the presence of synchrotron
radiation.

The following results are based on the MAD lattice
model of the LER to which accelerating cavities have
been added. A limited set of misalignments (in the arcs
only) was implemented. Orbit correction was done in
SLICKTRACK using a reduced set of correctors.
SLICKTRACK calculates beam emittances and the

values obtained are close to the design values in the
horizontal plane, while larger than the design in the
vertical plane (due to limited attempts at orbit
correction). The energy spread and synchrotron tune are
close to the design values. The differences to the MAD
parameters are explained by the different treatment of
RBENDs in MAD vs SLICKTRACK (MAD takes the
hardware length as orbit length whereas SLICKTRACK
corrects for the sagitta) as well as the different
misalignment and orbit-correction setups.

Figure 16.3 shows a plot of the (de-) polarization

time 7, Vs ring energy (which is 0.441- G GeV).

18 /

Lol

[Dajpeinszation timee imiruse)

N

\_/
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Ervngy (3eY)

Figure 16.3: Depolarization time VS ring energy in the LER.

The behavior seen mainly reflects the variation in d* in
the arcs as the angle of tilt of ﬁo from the vertical in the
arcs varies with the ring energy as a result of using the
symmetric rotator. Moreover since the interaction
regions are not spin transparent, d” is not small even
when ﬁo is vertical in the arcs. Consequently 7 is
always much smaller than the Sokolov-Ternov time.

Figure 16.4 shows the attainable equilibrium
polarization due to the pure Sokolov-Ternov effect.
While the Sokolov-Ternov polarization would
eventually reach values above 90% (except at energies
close to integer values of the spin tune )G), the
expected equilibrium polarization in the LER is very
small due to the large values of d*.
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Figure 16.4: Equilibrium polarization in the LER. The green curve is the pure Sokolov-Ternov polarization, the red
curve includes spin diffusion.
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In all these plots, narrow dips can be seen near 4.1
GeV. These reflect the presence of spin-betatron
resonances [1] where harmonics of the spin tune and the
betatron tunes coincide. Their widths depend on the
quantum excitation in the ring and their location on the
betatron tunes. The wide dips are due to spin-
synchrotron resonances. These are always strong when

A

N, is tilted in the arcs for then, electron spins with non-
zero & couple to the vertical quadrupole fields because
of the horizontal dispersion.

For the above parameters we can evaluate the
expected degree of polarization under continuous

injection. Figure 16.5 shows the result for 90%

P (%)
1007

807
607
407

207

polarization at injection and a beam lifetime of 3.5 min
(i.e. at full luminosity). There is a significant band in
energy where the polarization is expected to exceed
70%. We also evaluated the deviation of ﬁo from the
longitudinal direction at the IP vs beam energy, shown
in Figure 16.6. Given that the longitudinal component of
the polarization scales with the cosine of this angle,
there is a wide plateau where effectively Pjon=P. This
dependence may be important in assessing any
systematic effect for the precision polarimetry.
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Figure 16.5: Equilibrium polarization in the LER under continuous injection at full luminosity.
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Figure 16.6: Tilt of ﬁo axis against the beam direction at the IP. The longitudinal component is plotted.

The estimates presented here are based on 1¥-order
analytic evaluation. Initial tracking runs indicate that
any higher-order effects resulting from the full 3-d
motion of spins should be quite small and should not
significantly restrict the operating range in energy.
Higher-order effects would manifest themselves in dips
in the depolarization time at energies corresponding to
the higher-order depolarizing resonances. The studies
have been carried out without the detector solenoid
field. This reflects our plan to compensate the detector
field to a high degree. Moreover, so far there has been
no attempt to satisfy some specific conditions on the

optics among the rotator solenoids aimed at achieving
spin transparency [1] in the transverse and longitudinal
planes.

The results obtained so far give confidence that a
polarization in excess of 70% at high luminosity can be
achieved in the SuperB LER with the injection of
polarized beams. Further studies will focus on the
assessment of the need to improve the spin matching [1]
of the interaction region including the rotator solenoid
sections, the effect of imperfections including residual
detector solenoid fields, and spin-tracking to include the
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higher order effects. The preservation of the polarization
during the injection process should also be studied.
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16.6 Polarimetry

Overview

The physics program of the SuperB [1] demands
precise polarimetry with <1.0% accuracy. The
polarization measurement will be performed using a
Compton polarimeter. An accuracy of (APe_/ Pe ) =
1.0% should be achievable. Compton polarimetry is
chosen for several reasons:

e  The physics of the scattering process is well
understood in QED, with radiative corrections less
than 0.1%;!

e  Detector backgrounds are easy to measure and
correct by using laser off pulses;
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e Polarimetry data can be taken simultaneously with
physics data;

e  The Compton scattering rate is high and small
statistical errors can be achieved in a short amount
of time (sub-1% precision in 30 seconds is
feasible);

e  The laser helicity can be selected every ~100 msec;

e  The laser polarization is readily determined with
0.1% accuracy.

Compton scattering basics

One defines Ej and w, to be the incident energies of
the electron and photon, and E and o to be the scattered
energies of the electron and photon. The dimensionless
X, y and r scattering parameters are defined by:

X=4E%a)°cosz(t90/2) z4E+a)° (1)
m m
y=1-—=2 @
EO EO
y
=—— 3)
x(1-y)

where m is the mass of the electron and 90 is the

crossing angle between the electron beam and the laser
beam. For polarimeters with small crossing angles at the

Compton interaction point, cos’( 90 12) = 1.

The spin-dependent differential
section is given by:

do do
— =| == 1+P-4-A (X, “4)
[ dy JCompton [ dy junpol [ Z( y)]

(dO-J :O49barn|:l+1_y_4r(l_r):| (5)
dy unpol X 1- y

A, (% Y) = X(1=2r)(2 - y) (6)

Compton cross

where P is the longitudinal polarization of the electron
and A is the circular polarization of the laser photon.
The Compton asymmetry analyzing power, A, (X; y), is
maximal at the kinematic endpoint, corresponding to
1800 backscattering in the center-of-mass frame, with

E,.=E,— (7)
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Figure 16.7: Compton cross section for scattering of 532 nm photons with a 4.18 GeV electron beam a) electron

energy (b) Gamma energy. The J, =3/2 (J, = 1/2) cross section for electron and photon spins aligned (anti-aligned) is
shown in red/darker line (green/lighter line).

For a 4.18 GeV electron beam colliding with a 532-
nm laser, the Compton-scattered electrons have their
kinematic endpoint at E.;, = 3.64 GeV. Figure 16.7
shows the resulting J,= 3/2 and J, = 1/2 Compton cross
sections. Table 16.2 gives the maximum Compton
gamma energy and asymmetries for two different laser

energies on 4.18 GeV electrons. The analyzing power at
the Compton edge is 0.137 for the present default laser
giving green light at the Compton IP. A larger analyzing
power occurs for UV light and a laser system giving
light in the UV is being evaluated.

Table 16.2: Compton polarimeter asymmetries (A) and cross section for two laser systems with 2.33 eV (green light)

and 3.45¢V (UV light) on 4.18 GeV electrons.

Ebeam (GeV) Ephoton (eV) Winax (GeV) A'ymax Ayflux wt AyEWt Gunpol (mbarn)
4.18 2.33 green 0.537 0.137 0.030 0.064 1089
4.18 3.45 U0V 0.756 0.197 0.040 0.088 731

Spin Alignment

The electron beam spin direction is normal to the ring
at injection and stays in the vertical direction for most of
the orbit in the SuperB ring as shown in Figure 16.8.
The physics program requires longitudinal polarization
of the electron beam at the electron-positron Interaction
Region. The spin is rotated from the wvertical to
longitudinal in a system of solenoids and dipole

magnets on each side of the interaction region. There
are 1'% m spin rotations in the horizontal plane between
the solenoid and the IR. In groups of 5 the helicity of
the 1011 electron bunches in the ring will be randomly
selected to be left or right-handed at the polarized
electron gun and be topped off in the ring with the
correct polarization every few seconds.
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Figure 16.8: SuperB ring showing the location of spin rotation solenoids and the Compton polarimeter at z = 87 m

upstream of the Interaction Region.

Compton Polarimeter

The preferred location of the Compton Polarimeter is
immediately downstream of the IR where the direction
of the electron beam is the same as at the IR. However,
the space at this location is minimal to locate the
Compton IP and severe backgrounds from the e'e’
collisions would be intolerable in the Compton gamma
and electron detectors. As a result the Compton
Polarimeter will be located upstream of the IR where
the spin rotation is close to 180 degrees from the spin
orientation at the IR. An ideal location is where the spin
orientation is longitudinal and exactly © rotation from
that at the IP. However, that point occurs inside a dipole
magnet of the SuperB lattice.

The orbit angle change for & spin rotation is -0.3312
radians at 4.18 GeV. The selected location of the
Compton IP in a magnetic field free region has an orbit
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angle change of -0.3580 radians between the Compton
IP and the Interaction Region resulting in the spin
direction ~14 degrees from longitudinal. At the
Compton IP the longitudinal spin projection is 0.968.
The longitudinal polarization at the IR will be larger by
1/0.968 than that measured in the Compton polarimeter.
A systematic error will be introduced in the
extrapolation due to uncertainty in the beam direction at
the Compton IP with respect to that at the IR. An
uncertainty of 1 mrad in the orbit will give an
uncertainty in the polarization at the IR of 0.25%. A
beam energy uncertainty of 20MeV from 4.18 GeV will
give a 0.2% error in the polarization at the IR from the
measurement at the Compton IP. The layout of the
Compton polarimeter is shown in Figure 16.9.
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Figure 16.9: Layout of the Compton polarimeter.
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The Compton polarimeter is considered using a 1 watt
mode locked Nd:YLF circularly polarized laser at 119
megahertz which provides short pulses of 10ps length
of 2.3 x 10" photons with 2.33 eV. The laser beam
enters ~4 cm above the beam line upstream of bend
magnet 103 B6-3 and exits 14 m later near bend magnet
124 B6-4 with a crossing angle in the vertical of ~5.7
mrad. The Compton IP is in a no field region as shown
in Figure 3. The small crossing angle allows the laser
light to see all electron bunches even as they arrive early
or late due to the sawtooth timing effect. A crossing
angle in the vertical is required to avoid synchrotron
radiation damage on the input optics window. Special
design features for the beam pipe are needed to avoid
RF heating on the input/output optical windows. The
Compton electron and gamma detector must have time
resolution < 4.2 nsec.

Compton electrons generated at the Compton IP will
propagate essentially along the electron beam direction.
Two dipole magnets and three quadrupole magnets fan
out the Compton electron energy spectrum at the
location of the Compton detector shown in Figure 16.9.
The segmented electron detector samples the Compton

electron flux at energies between 4.06 GeV and the
Compton kinematic edge at 3.64 GeV. The Compton
electron detector must discern the Compton edge
electrons and must be located outside a 1.5cm beam stay
clear. The first cell will start at ~2.5 cm from the beam.
The Compton electron distance from the beam for
different Compton electron energies is given in the
insert of Figure 16.9 with the Compton edge electrons
occurring at 12.7 cm from the beam. The detector
shown in Figure 16.10 is a hodoscope of 30 quartz bars
on a movable stage so the Compton edge can be
determined with high precision. Each quartz bar is Smm
x 5 cm by 2.5 cm long. Each channel covers ~21 MeV
of backscattered electrons. The 1mm aluminum beam
pipe is flared and angled at ~200mrad. The silica bars
are staggered to allow photomultiplier tubes to match
the pitch of the counters and will give roughly 12
photoelectrons per track. Fused silica is a good match to
the radiation dose in the quartz bars which will absorb
~50 megarads per year from the signal itself.
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Figure 16.10: Detail for the Compton electron detector located in the drift region after quadrupole QXI1.

The forward Compton gammas are detected ina 5 x 5
x 2.5 cm deep quartz plate. The Compton gammas exit
through ~1.5 RL water cooled Al window to remove the
heat from absorbed synchrotron radiation. The shower is
rejuvenated using a local plate of tungsten of ~2 RL
with the fused silica plate behind it. Cherenkov light is
taken out through a slanted roof into a light pipe and
matched to a fast PMT. The calorimeter will be shielded
from backgrounds.

The Compton laser is pulsed with a pattern that
matches the pulse and bunch structure of the electron
bunches in the SuperB ring. Table 2 gives polarimeter
parameters.

Table 16.3: Compton polarimeter parameters
at4.18 GeV.

Beam Parameter Electron Beam Laser Beam

Oy 500 um 100 pm

Gy 5 pm 100 pm

G, 5 mm 1.3 mm
# particles/bunch 5.7x 10" 2.3x10"

The unpolarized Compton cross section for head-on
collisions of 4.18 GeV electrons with 2.33 eV photons
is 1.09 barns giving a rate of

N

electrons ~ 'Y photons

0 = —
RCompton - GCompton : = 0.9/bunch

0,0,

The small vertical crossing angle, coupled with the
electron bunch length, will increase the -effective
vertical spotsize of the colliding beams. This is
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parameterized by f___which for small crossing angles

geom
is given by:

R = R? f

Compton ' geom

where

Oy

f eom =
9 \/(Gy)z + (g)(l:ompton .O_Z)Z

- 100m -0.96

J(@00mY +(5.7mrad - Smmy’

giving an effective rate for Compton scatters of 0.66
scatters per collision from a 1W laser beam at 119 MHz.
The 0.87 scatters per collision are high enough to be
non-linear in a counting mode giving a larger systematic
error. For this reason it may be desirable to run at lower
laser power.

Each of the 1011 electron bunches goes around the
1323 m ring 226,597 revolutions per sec giving a rate in
the Compton gamma detector of ~196,980 gammas/sec
for each of the bunches sampled (i.e. a rate of 78 MHz).
Each cell of the Compton electron detector will see
~8360 Compton electrons/second per bunch sampled for
a 3 MHz rate. The mode locked 119 MHz Compton
laser pulses will collide with every other electron bunch
in the ring. The timing of the Compton laser pulses can
be varied so as to sample the other 505 electron
bunches. The electron beam polarization at the Compton
IP is determined from the rate in the Compton detectors
by:

o(E/E,)=

—0,(E/E,)-[1+ PP . A(E/E, )]
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with the measured asymmetry in the i" channel being
> ¢
Aim — N i -N i —
> > laseroff
N7 +N7C—2-N|

_ . pp ComptonIP
=a,-P, P,

The analyzing power is calculated from the Compton
cross section and the channel response function, R; .

jdGO - A(X)- R, (X) - dx
a = OX .

deO “R.(X)- dx
dx

The polarization at the IR is:

PeIR — PeCOmptonIP /COS(HComptoan):

spin
— PeComptonIP / 0.9676

Luminosity-weighted beam Polarization at the IR

The luminosity-weighted beam polarization may
differ from the measured polarization due to disruption
and radiation in the beam-beam collision process. There
are also effects from polarization spread and spin
transport. The spin motion of a deflected electron or
positron beam in a transverse magnetic field follows
from the familiar T-BMT expression

gspin =y g -2 orbit — EO orbit
2 0.44065GeV

where @°™ and @°"" are the orbit deflection and spin

precession angles, E, is the beam energy, ¥ = E,/m,

(10)

and (g-2)/2 is the famous g-factor anomaly of the
magnetic moment of the electron. The difference
between the luminosity-weighted beam polarization and
the polarimeter measurement is written

anP _ Plum—wt _ PClP

— 'z z
required that the beam direction at the Compton IP be
known with the collision axis at the e’e¢” IR to within
Imrad. Orbit misalignments between the polarimeter IP
and the collision IP are expected to be below lmrad,

which would give dP < 0.25%. The effect of Sokolov-
Ternov spin flips is expected to be small. Effects from
the angular divergence of the beam at the Compton IP
and the IR are expected to be negligible. Effects from
chromatic aberrations are expected to be negligible.
Table 3 gives estimates for the systematic errors on the
polarization at the IR that can be expected from the
polarization measurement. The measurement of
polarization at the 1% systematic error level is feasible
based on SLD experience [3] and at Jefferson
Laboratory [4].

To minimizedP, it is

Table 16.4: Systematic errors expected for the polarization measurement.

Item 3P/P
Laser Polarization <0.1%
Background uncertainty <0.25%
Linearity of phototube response <0.25%
Uncertainty in dP (Difference between the luminosity weighted polarization and the

Compton IP polarization. Includes uncertainties due to beam energy and direction

uncertainties.) <0.4%
Uncertainty in asymmetry analyzing power ~0.5%
[Total Systematic Error <1.0%

Summary

A scheme for measuring the electron beam
polarization at SuperB near the IR has been described.
The Compton polarimeter has been designed to fit into
the existing lattice of the SuperB ring and results in the
Compton IP measuring the polarization where the beam
is almost longitudinal with opposite helicity to that at the
IR. The polarization at the IR can be determined from
the measurement at the Compton IP provided the beam
direction at the electron-positron Interaction Region and
the Compton IP are well known and the beam energy is
measured to better than 20 MeV.
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17. Site geology

The SuperB complex is proposed as an extension of
the Frascati National Laboratories (LNF). The
Laboratories, founded in the early 1955, are located on
the slope of the Volcano Laziale. Site geology started
more than 730000 years ago, when from the
Mediterranean sea raised up a volcano, whose activity
ended about 30000 years ago. Some gases, mainly
carbon-dioxide, are still exhaled from the subsoil today.
See Figure 17.1 for a pictorial view of the “Volcano
Laziale”, its cross-section and a seismic map of Italy.

The underground composition reflects the evolution
of the volcano activity, as it is possible to see in Figure
17.2, where a cross section of the ground in the north-
south direction, in the central part of the Frascati
Laboratory is reported up to a depth of 50 m. Below the
vegetable soil, a few meters deep, there is a first layer of

solid lava (layer 7 in Figure 17.2) having a thickness
variable from 5 to 7.8 m. Then, different layers of
pyroclastic grounds, with different types of inclusions,
are present. They have a thickness of about 20 m, with
one or more layers of lava rocks, variable from 1 to 5 m,
have been again found (layer 3 in Figure 17.2).

These pyroclastic grounds are a mixture of sand and
clay able to damp vibrations coming from natural
sources like seismic activity or human noise coming,
e.g., from surface roads and railways, as confirmed by
vibration measurements.

From a seismic point of view the area is quite stable
even if it is located near the boundary of a very active
region (the central part of Italy). The maximum ground
acceleration here is between 0.17g to 0.15g where g is
the gravitational acceleration (see Figure 17.1).
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Figure 17.1: Volcano Laziale (top left), Seismic map of Italy (top right), Volcano Cross section (bottom).
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Figure 17.2: Laziale geological cross-section in the south part of the Frascati laboratory.

18. Potential Synchrotron Radiation
Light Source Beam Lines

The possibility of state of the art synchrotron
radiation beam lines being added to the SuperB collider
was envisioned in the design process. Both the low
energy and high energy rings have transverse and
longitudinal emittances that are comparable to world
class light sources, such as the recently commissioned
PETRA3 and the NSLS-2 under -construction.
Furthermore, SuperB will have beam currents that are
several factors higher than these other light source rings.
Thus, the x-ray flux levels and spectral brilliance should
compete favorably with these other sources.

The expected photon brilliance for SuperB is
presently under study with many possibilities given the
breadth of wiggler and undulator types available now.

In the following preliminary results for the spectral
central intensity, spectral flux and brightness, as
calculated analytically for bend magnets and undulators,
will be shown. The radiation characteristics of bend
magnets and undulators have been described in
numerous publications (e.g. X-Ray Data Booklet [1])
where the fundamental properties are described which
have been used to generate the following plots. In order
to estimate the properties of possible SuperB
synchrotron beam lines, several light sources have been
considered. The parameters used in this comparative
study for the light coming from bend magnets are
shown in Table 18.1, and for undulators in Table 18.2.
The sources for these parameters shown in the tables are
either from the individual light source web pages or
their published Design Reports.

Table 18.1: Parameters for different light sources used to compare figures of merit of synchrotron radiation generated

from the bend magnets.

SuperB SuperB

Parameters H‘;ER LE’ER NSLSII | APS ESRF | ELETTRA | ALS
E [GeV] 6.7 4.18 3.0 7.0 6.03 2.0 1.9

I [mA] 1892 2447 500 100 200 320 500

o [m] 69.64 26.8 24975 | 38961 | 23.623 555 4.81
¢, [m rad] 2.0e-9 2.46e-9 0.55¢-9 | 2.514e-9 | 4.0e9 7.0e-9 6.3e9
£, [m rad] 5.0e-12 6.15e-12 | 8.0e-12 | 22.6e-12 | 25.0e-12 | 70.0e-12 | 50.0e-12
v, [m] 0.334 0.537 0.050 0.101 0.10 0.50 0.740
o, [mm] 82.1e-3 92.1e-3 | 125.0e-3 | 81.7e-3 | 77.0e-3 | 139.0e-3 | 101.8e-3
G, [mm] 8.66e-3 9.11e-3 13.4e-3 | 27.0e-3 | 29.5¢3 28.0e-3 8.2e-3
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The flux from bend magnets for different storage
rings is shown in Figure 18.1. The SuperB LER and
HER rings have the highest flux in this comparison due
to the high beam current.

Fig. 18.2 shows a comparison of bend magnets
spectral brightness from different storage rings. The
calculation was performed analytically using the

Flux Bend Magnet

parameters from Table 18.1. From this comparison both
Super-B storage rings show very good performances.
The difference between SuperB and the other machines
considered is here reduced, since the source size
parameters in the light source storage rings have been of
course optimized.
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Figure 18.1: Comparison of bend magnets flux from different storage rings. The calculation was performed
analytically using the parameters from Table 18.1.
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Figure 18.2: Comparison of bend magnets spectral brightness from different storage rings. The calculation was

performed analytically using the parameters from Table 18.1.
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New designs for light sources are optimized for
synchrotron radiation from insertion devices. The
performance of these devices is used to benchmark
individual facilities. To allow for a comparison with the
LER and HER a standard undulator was used to in
combination with the ring and optics parameters as

shown in Table 18.2. The resulting flux and brightness
comparison is shown in Figures 18.3 and 18.4. The flux
of both SuperB LER and HER exceed those of all other
sources due to the large beam current. Only the spectral
brightness of PEPX is larger, due to its small horizontal
source size.

Table 18.2: Parameters for different light sources used to compare figures of merit of synchrotron radiation generated
from undulators.

Parameters | SuperB SuperB NSLS II APS PEPX Soleil Spring8 Petralll
HER LER
Undulator U20 U20 1VU20 U33 U23 U20 U24 U29
E [GeV] 6.7 4.18 3.0 7.0 4.5 2.75 8.0 6.0
I [mA] 1892 2447 500 100 1500 500 100 100
Oy [mm] 60.0e-3 67.0e-3 33.3e-3 278e-3 22.2¢-3 388e-3 286e-3 140e-3
Oy [mm] 3.0e-3 3.0e-3 2.9e-3 8.9¢-3 7.0e-3 8.08e-3 6.0e-3 5.6e-3
o, [mrad] 33.3e-3 37.0e-3 16.5¢-3 11.3e-3 7.4e-3 14.5¢-3 11.0e-3 7.9¢e-3
o, [mrad] 2.7e-3 2.4e-3 2.7e-3 3.3e-3 1.2e-3 4.6e-3 1.0e-3 4.1e-6
N [1] 148 148 148 72 150 90 186 172
A, [mm] 20 20 20 33 23 20 24 29
Kinax [1] 1.83 1.83 1.83 2.75 2.26 1.9 2.21 2.2
Koin [1] 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
- Flux for Undulators from Various Rings for the first five harmonics.
=) Sole
= 1Pl
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Figure 18.3: Comparison of undulator flux from different storage rings. The calculation was performed analytically
using the parameters from Table 18.2.
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34 Spectral Brightness for Undulators from Various Rings for the first five harmonics.
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Figure 18.4: Comparison of undulator spectral brightness from different storage rings. The calculation was
performed analytically using the parameters from Table 18.2.

It would be natural to have beam lines on both the
high energy ring for hard x-ray users and on the low
energy ring for soft x-ray users. Both sets of beam lines
could operate during colliding beam operation. A
possible layout of x-ray beam lines is shown in Figure
18.5 where, in this example, SuperB is located on the
Frascati INFN site. Since the HER is on the outside over
half the circumference and the LER the other half,

[ 1 RF bulldings
"1 cooling Towers

i:] Klystron PS
] collider hall

having respective beam lines on these halves makes
sense.

References

[1] X-Ray Data Booklet, LBNL/PUB-490 Rev3,
Oct.2009.

Figure 18.5: Possible locations of synchrotron x-ray lines at SuperB.
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19. Ground motion measurements at
LNF

Similar to the studies of the Virgo team [1], more
detailed ground motion measurements have been
performed at the LNF site for the SuperB project in
collaboration with the French group from LAPP.

Point 3 —
(new building) __°

| RF t\uir]uruy-\‘l. 2= E.::
- \
] Cooling Twa\‘&w. A

Kiystron PS
| Collider hall

Point 4
(hole S0m)

19.1 Measurement locations

A potential location of about 1.3 Km SuperB on the
LNF site is shown in Fig. 19.1.

Measurements have been performed at different
locations of the LNF site (see Fig. 19.1). Each location
presents various properties and has been chosen in order
to compare the influence of various vibrations sources
(such as traffic, air cooling, railway track...) and the
influence of the quality of the concrete.

Point 1
(hole S0m)

Railway Roma - Cassino

Figure 19.1: Layout of the LNF site showing the points where vibration measurements were performed.

The first point where measurements were performed
corresponds to the location of the future collider hall. It
is situated in the proximity of the main road (E. Fermi)
where there is heavy traffic during the day and a power
electrical substation is situated. Measurements have
been done both at the surface and in the bottom of a
hole at a depth of 50m (see Fig. 19.2).

"
ts at point 1.

The second point of measurements was located beside
the DA®NE damping ring and not far from the main
pumping station of the DA®NE cooling plant. The

original plan was to do a set of measurements at the
surface and also in a dedicated hole (40m depth), but
due to a large quantity of water accumulated in the hole,
only surface measurements have been performed. The
last point of measurements was the point 3, where
coherence measurements were performed on two
different types of floor close to each other (see Fig.
19.3): on surface in the parking (soft floor) and on the
concrete basement of the new guest house building
(rigid floor). The last set of measurements was taken on
the basement of this new guesthouse building in an
acquisition session of 18 hours. Note that this point is
also situated in the proximity of a main road as the point
1. No measurements have been performed in the holes
located at the points 3 and 4 because one was blocked
by a stone (point 3) and the other was filled with water
(point 4).

SUPERB COLLIDER PROGRESS REPORT



148

19.2 Ground motion amplitude with time

Measurements were done during an 18 hours period
in the vertical direction near a main road on the surface.
They show that earth motion (from 0.2Hz to 1Hz) is
around 70 nm, and that cultural noise (from 1Hz to
100Hz) varies from about 12nm to 35 nm between
17h40 and 8h00 and from 38nm to 65 nm between
09h40 and 11h40 on average, but increases significantly
between 8h00 and 09h40 due to rush hours traffic ([3 to
30] Hz) up to 240nm.

Figure 19.3: Layout of the set of measurements done at
the point 3 on two different types of floor (at left: soft
floor and at right: rigid floor).

PED of greund mation in 1ha hasamans of the new quest houss

S0 [ Hz)

Time 5] “5” v

Frequenty [Hz|

Figure 19.4: PSD of ground motion at point 3 (basement of the new guest house) versus time and frequency.

Many of the power spectral density (PSD) PSD of ground metion in the basement of the new guest house
measurements have similar spectra with tim@, except e~ icroseismic peak |
between 8h00 and 9h40 where their amplitude increases @:ﬂ : |
much in the frequency range [3 to 30] Hz (see red e E
rectangle in 19.4). This increase is certainly due to 10" ‘\\ '“‘_.mﬁt Ll | )

traffic since the time corresponds to rush hour and other 0 % L]

. . . I - - - 1 TR
studies have shown that vibrations due to traffic are N‘E* ("L —07h40-08n00 . ! anl | |
exactly in this frequency range [2]. In order to have a 5 —08h00-08h20 “\ ; ’ r'.‘\* '
better view of the amplitude increase, the PSDs are 3,10‘30_—08h20-8h40 i ‘\
shown in Figure 19.5 (data reliable above 0.2Hz) in 2 _mosl' 0 ghtiggo &
dimensions (amplitude, frequency) only in the time area R T
where the amplitude increases 09h40-10h00 !

—Noise i |
10" 3 10

Frequency [Hz)

Figure 19.5: PSD of ground motion at point 3 (basement
of the new guest house) versus frequency.

In the frequency range [3; 30] Hz, it is clearly seen
that the amplitude slowly increases from 08h00 to

SUPERB COLLIDER PROGRESS REPORT



149

08h20, then highly increases from 08h20 to 8h40, and
finally slowly decreases from 8h40 to 10h00 down to
the same amplitude before 08h00. Note that below 1Hz,
ground motion is due to earth motion and that above
1Hz, ground motion is due to cultural noise, that is to
say human activities [3]. Especially in the frequency
range [0.1; 1] Hz, ground motion is mostly due to the
micro-seismic peak (motion of waves in the ocean),
whose frequency can be seen around 0.2Hz in Figure
19.6. In order to have values of the amplitude of ground
motion with time, the PSDs shown above have been
integrated in different bandwidths (integrated RMS
calculations): from 0.2Hz to 100Hz, from 1Hz to
100Hz, from 10Hz to 100Hz and from 50Hz to 100Hz.
Results are shown in Fig. 19.6 below.

Igtegrated RMS of ground motion in the basement of the new guest house
10—
| +[0.2:100]Hz :
+#[1:100Hz i
[10;100]Hz

7 #[50;100]Hz
10+

X K X X S
_ %/\V\(“ Y, ‘“ﬂx: 5 K

1510/09

Mo S

=)

Integrated RMS [m]

16110009 |
4 | 1
101716 1920 21 22 23 00 01 02 03 04 05 06 07 06 09 10 11 12
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Figure 19.6: RMS of ground motion versus time at point

3 (basement of the new guest house) integrated in
different bandwidths.

In the bandwidths [1; 100] Hz and [10; 100] Hz,
amplitudes of ground motion vary from 12nm to 35nm
and from 9nm to 21nm respectively between 17h40 and
8h00 (smallest values the night due to reduced human
activities), and increase from 38nm to 65nm and from
20nm to 38nm respectively between 09h40 and 11h40
(increase due to the beginning of the day). However, the
amplitudes highly increase up to 240nm above 1Hz and
up to 144nm above 10Hz between 8h00 and 9h40. This
time period corresponds to the peaks observed on the
PSDs between 3Hz and 30Hz. These results
consequently show that traffic can highly increase
ground motion (more than a factor 10).

19.3 Comparison between surface and
underground

At point 1, ground motion has been measured
simultaneously on the surface and in a hole of 50m
depth. From these measurements, ground motion PSDs
on the surface and inside the hole as well as the
vibration transfer function between the surface and the
bottom of the hole have been calculated and are plotted
in Fig. 19.7, top and bottom respectively. Results are

shown above 1.3Hz, frequency from where data are
reliable (high signal to noise ratio).

—Surface

1 ]
i ' 50m depth hole
10"6_*1]%,:& d —Noise
M M J )
\

Transfer function []

10"
Frequency [Hz]

Figure 19.7: PSD of ground motion measured
simultaneously on the surface and inside the 50 m depth
hole (top) and vibration transfer function between the
surface and the hole.

It can be clearly observed that vibrations are damped
in the hole above 2.4Hz (beginning of human activities).
Above 20Hz, the factor of damping goes up to 20. In
order to get values in nanometer, the integrated RMSs of
ground motion on the surface and inside the hole has
been calculated and is plotted in Figure 19.8.

Integrated RMS of GM measured simultaneously on surface and on the 50m depth hole
107 S . —_—
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Figure 19.8: Integrated RMS of ground motion
measured simultaneously on the surface and inside the
50m depth hole.

Above 1.5Hz, ground motion is of 36.0nm on surface
and of 12.1nm inside the hole, that is to say a factor 3.0
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of damping. Above 5Hz, it is of 32.7nm on surface
against 6.2nm inside the hole, which gives a factor 5.3
of damping. This factor would be probably well higher
during rush hours since cultural noise is much more
important. All these results clearly show that cultural
noise is well attenuated in depth.

19.4 Ground motion coherence

Measurements of ground motion coherence were
performed in the vertical direction only at point 3 on the
parking (soft floor) and on the basement of the new
guesthouse building (rigid floor) in order to confirm the
importance of a rigid floor for stability [4]. These
measurements have been done up to 10m since
coherence is lost down to low frequencies and above
this distance. In Fig. 19.9, results are shown at top for
the parking and at bottom for the basement of the new

guesthouse. Results are shown above 3Hz since
coherence was lost below this frequency (problem with
one of the Guralp geophone). However, coherence is
still at 1 for the highest distance (10m) from 3Hz to 6Hz
(left) and from 3Hz to 4Hz (right) and is thus in reality
at 1 below 3Hz. Fig. 19.10 shows ground motion
coherence measurements done on the ATF2 beam line
where a special floor was built for stability (same data
analysis performed than for the LNF site). Results are
shown above 0.3Hz, frequency from where data are
reliable (high signal to noise ratio).

Ground motlen coherence in the parkl ng at point 3
1n e . ‘H 7 o i
\'\l EWC W
I
0.8 |'] '
806 :
= 1
2 1
q, 1
S04 :
© i
02 ;
0 T : i 1 3 -
3 7 10 7 31 46 10
Frequency [Hz]
Grcund motion coherence in the basement of the new guest house at point 3
0.8
206
= i
o i
2 :
s 0.4 i
© i
0.2
0 A - ks, !
3 910 18 29 47 50 66 10
Frequency [Hz]
Figure 19.9: Ground motion coherence for different distances at point 3 on the parking whose
floor is soft (top) and in the basement of the new guesthouse whose floor is rigid (bottom).

SUPERB COLLIDER PROGRESS REPORT



151

Coherence of ATF2 ground motion from the IP
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Figure 19.10: Ground motion coherence from the IP for different distances in the
ATF2 beam line.

In the three plots above, the frequency where the
coherence highly falls under a value of 0.8 is indicated
for each distance in order to make a comparison
between these 3 different floors. Note that for the
basement of the new guesthouse, a peak of coherence
appears between 29Hz and 47Hz even if the coherence
has already fallen below this frequency range due to the
distance. This peak of coherence may be due to the
pylons (see Fig. 19.11) which transmit vibrations as
seen in the measurements of ground motion coherence
in the LHC tunnel [5]. This peak of coherence was
consequently not taken into account to determine the
frequency where the coherence highly falls.

Figure 19.11: Basement of the new guest house with
pylons (point 3).
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20. Tunnels

The 1.35 km-circumference tunnel for the SuperB
Factory has a horse shoe cross section type of about Sm
wide and 3.4 m high to accommodate the two
accelerator rings, trays for the power and control cables,
cooling water pipes, access path for equipments, and
room for safety egress, see Fig. 20.1. Other cross
section shapes, e.g. circular, have been considered for
the storage ring tunnels but at the moment the horse
shoe type seems to meet the major requirements coming
from the accelerator group, safety, etc. The two
accelerator rings will be placed side-by-side in one
tunnel to keep both rings in the same plane. This
reduces or eliminates vertical bends that tend to increase
the vertical emittance. The magnet power supplies,
cooling water conditioners, RF power supplies,
diagnostic and controls will be housed in the straight
section buildings. The ring tunnel will be fully
underground. Several digging techniques have been
investigated for the construction of the SuperB storage
ring tunnel, one possible method is the traditional one:
drill and blast or mechanical machine when stiff rock
layers are encountered and the punctual milling devices
for soft layers made of sand and clay. The boring rate in
the optimistic case is about 10m per day. A Tunnel

Boring Machine (TBM) cannot be used because the
length of the tunnel is less than 3Km making it not
economically feasible and also because, as seen in the
geology section, the underground type soil changes
suddenly and the head of the TBM cannot be chosen
properly and unambiguously.

For the LINAC tunnel, the diaphragm wall and cut
and cover methods can be considered since the area to
dig is not built yet, in fact it is located under an existing
road. Two overlapped tunnels are foreseen for the
LINAC component allocation, see Figure 20.2. The
upper one is used to house modulators and klystrons
while the lower one for accelerating structures. For the
first 70m the DA®NE LINAC civil infrastructure will
be reused. In the next 70m the existing building will be
modified and will play the role of connection between
the old and new underground part. In the area of the
present DA®NE damping ring, a new building is
foreseen about 20x20m’ to allocate the new damping
ring. In order to provide radiation containment, the soil
surrounding the tunnels must have a thickness of about
3 to 6 meters, depending on detailed radioprotection
calculations. A detailed study is underway. A floor
drainage system with sump pumps will be provided in
the tunnels to contain, collect and treat any free-running
water.

Figure 20.1: Tunnel occupancy.
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Figure 20.2: Diaphragm wall technique.

21. Alignment

The HER and LER of SuperB need to be aligned well
in order to allow the very low horizontal and vertical
beam emittances to be produced. The quadrupoles of
both rings must be aligned to about 50 microns in the
vertical direction and 100 microns in the radial

direction, whereas the dipoles need to be aligned to
about 200 microns in both directions. These
specifications are attainable, for relative alignment of
components over sliding windows of approximately 100
m, with standard alignment methods and instruments.
The very tight tolerances for the interaction region
magnets also need careful attention.
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The alignment of the accelerator components is
carried out using laser alignment trackers, exploiting
their accuracy and good versatility. Optical levels and
theodolites will be used in order to have redundancy of
respectively vertical and horizontal measurements.

For the accelerator, a set of survey markers are
mounted on the floor and walls of the tunnel about
every 5 m. The laser trackers are then used to measure
where these markers are situated relative to each around
the whole ring in three dimensions. This forms a global
survey grid. Optical levels are used to perform a cross
check of the vertical positions of survey markers, which
is necessary due to the lower accuracy of laser
measurements in the vertical direction. A high density
of network nodes together with the fact that the tunnel
closes on itself are powerful constraints to reduce errors.
The necessity and the opportunity of connecting this
local grid to other external survey monuments on site is
still under study. The survey grid using laser trackers is
used to align the mounting bases for the magnets during
installation. Finally the magnets are installed and
aligned with the appropriate accuracy. A complete
mapping of component positions is then carried out and,
if the needed tolerances are not met, some subsequent
local smoothing operations are iterated until the
requirements are reached.

The alignment of components in the interaction region
requires special attention as typically sightings can not
be done directly through the detector. In this case a
more extensive array of grid markers are mounted on
the floor and walls of the detector hall to provide a local
grid with enhanced sensitivity. This enhanced grid is
then used to align the accelerator components on either
side of the detector as well as the detector itself. The
final alignment of the final doublet will be anyway
performed with Beam Based Alignment techniques.

22. AC power

The accelerator requires power for electromagnets,
RF systems, diagnostics and controls, and air handling
systems. The largest power contribution is from the RF
system used to replace the energy lost by the beams due
to synchrotron radiation in the bending magnets and
wigglers. The power requirements for SuperB are
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shown in Table 3.1 in Chapter 3. The table includes RF
power including inefficiencies of the klystrons and
power supplies, magnet power for the two rings, power
for water distribution and cooling, control power,
injector power and the total estimated requirement. The
power required depends on the beam energies, since the
beam current, synchrotron radiation and injector energy
change with the energy of each ring. The needed power
for three possible combinations of HER and LER beam
energies are shown. Within this range of configurations,
the minimum site power is about 34 MW and the
maximum is 43 MW. The minimum wall power
requirement is achieved with the design asymmetry of 4
on 7 GeV.

22.1 Electrical substation

The Electrical substation at LNF is connected to the
national grid via two 150KV electric lines. Presently the
substation allocate two 10 MVA transformers plus all
the equipments needed. A preliminary study showed that
an upgrade can be done and two transformers of 63
MVA each (the red box on the left of Figure 22.1), 150
kV/20 kV, can easily located without any particular
difficulty, reusing at maximum all the aerial
components. If more power will be needed, special
solutions with vented transformers or forced oil cooling
have to be found. Enough room is also in the nearest
building (the right one), where the Medium Voltage
breakers for the MV distribution are located, so that
another 24 MV breakers can find place, see Figure 22.1.
From there the MV voltage, 20 kV, distribution cables
will bring the electric power directly to the 20 kV
utilities or to the secondary MV/LV (0,4 kV)
distribution sub-stations for the capillary power
distribution. Where to put these sub-station, how many
will be needed and how to realize the LV electric power
distribution will be subject of a study as soon as the
footprint of the Super-B and the positioning of the
various systems and components will be finalized and
frozen.
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Figure 22.1: Electrical substation.

23. Cooling system

The electromagnets and RF systems require cooling
water to operate at constant temperature. The cooling
water must be pumped around the ring with two supply
lines and two return lines. Each subsystem will tap into
these lines. The cooling water will be chilled with
cooling towers, dry coolers, pumps, and heat exchangers
outside the tunnel. The preliminary study turns out that
the covered areas needed are about four of about 700m’
each while the no covered areas required are about four
1000m? each.

The covered rooms will be allocated in the two RF
buildings in the south part of LNF, in the collider hall
building and in the hangar where presently the DAONE
main pumping units are allocated. The no covered
rooms can be allocated on the roof of the RF and
collider hall buildings and other areas near the existing
buildings. Approximately 80% of the entire power must
be removed using cooling towers or dry coolers. The
remainder will be dissipated external to the tunnel,
mostly by the high-power high-voltage power supplies
for the RF system.

24. Air conditioning

The water-cooling system is needed to provide a
steady temperature environment. All effort will be made
to remove excess heat from equipments using the
cooling water system, but the remaining heat will be
removed using an air conditioning system, which will
need a capacity of about 2.5 MW to remove the power
unavoidably transferred to the building air via current-
carrying cables etc.
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25. Construction schedule

The schedule for SuperB requires a period of about
four years for construction and installation and an
additional six months for commissioning of the two
rings before physics delivery to the detector can start.
The injector will be commissioned during the last six

months of ring installation. During the first year, the
tunnel will be drilled, lined and finished. Then, in the
following three years, the tasks of installing ring water
systems, controls, supports, magnets, vacuum systems,
RF systems, and the interaction region will be carried
out. A rough schedule is included below in Table 25.1.

Table 25.1: Construction schedule

Y ear Quarter 1 | Quarter 2 Quarter 3 | Quarter 4
1 = Tunnel design completed = Ring tunnel digging started
= Injector components designed = Injector tunnel digging started
= Ring component studied = Injector components started manufacturing
= Tunnel contracts awarded = Ring components designed
= Injector components ordered = Tunnel digging continued
= Ring components designed = [njector components are in manufacturing
= Ring components orders started
2 = Ring tunnel digging continues = Ring tunnel is completed
= Injector tunnel finished = Injector installation starts
= Injector components start to arrive = Ring components start to arrive for
= Ring components orders finished installation
=  PEP-II components shipped from SLAC
3 = Injector installation continues = Injector installation is completed
= Ring component installation starts = Ring installation continues
4 = Injector checkout starts = Injector beam commissioning starts
= Ring installation continues = Ring installation is completed
= Ring checkout starts
5 = Ring beam commissioning starts = SuperB beam delivery to detector starts

26. SuperB Accelerator and Facility
Budgets

The SuperB accelerator and infrastructure facility
costs are presented in this chapter. The cost estimates
have been determined using various techniques
including local work estimates in the Rome and Frascati
regions, estimates for PEP-II dismantlement at SLAC
(Menlo Park, California), costs for LCLS construction
at SLAC, costs for NSLS-II construction at Brookhaven
(Upton, New York), and local shop refurbishment rates.

The reuse and refurbishment of existing equipment
and components from PEP-II have been shown to
significantly reduce the cost of the SuperB accelerator.
The use of PEP-II components has been built into the
design from the start and has not affected the desired
technical outcome. Although the cost estimates
presented here are based on existing knowledge of
recent work, the estimates still need additional study to
be sufficiently sound to be used for detailed final project
planning. Thus, further scrutiny is needed. There are
still technical decisions that need to be made that affect
the overall cost. The site selection is one of these
choices. The possible inclusion of synchrotron radiation
beam lines is another.
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Given the complexity of this project and the
multinational nature of the work distribution, there are
several challenging general issues to determine the costs
including fluctuating currency rates, escalation of raw
material costs, global and local economic factors, and
the workings of the European ERIC governance model
for the project.

The costing model used in this chapter is similar to
that used for the CDR produced in 2007. The
components are estimated in four different general
categorizes: 1) EDIA (Engineering, Design, Inspection,
and Acceptance), 2) Labor, 3) M&S, and 4)
Replacement Value. All values are listed in man-months
or in FY2010 kilo-Euros. The EDIA and Labor are
monetized by using a generic rate of 12 keuros per man-
month including overhead and benefits. A final and
accurate monetary conversion can only be attempted
after institutional responsibilities have been identified
and the project time schedule and has been specified.
Thus, the final total cost can be determined once the
responsibilities are identified.

The cost for each component includes the design,
procurement, construction, transportation, and labora-
tory testing costs. The installation and checkout costs of
all these components are included in the Labor and
M&S columns. The reuse column would be used for
“in-kind” value determination only. The replacement
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values of the reused components represent how much
money it would take to build them from scratch and
were obtained by escalating the original cost of
production for PEP-II and checked with recent costs for
LCLS and NSLC-II. The replacement value costs do not
include the costs for removal of the reused PEP-II
components from the SLAC tunnel, refurbishment,
transportation, testing, costs, and final installation.
These costs are included in the EDIA, Labor and M&S
columns for the respective components. Contingency
for these all these work areas has been estimated at

about 50% and have been added only to the total project
cost at the roll up line at the top of the Tables.

The SuperB accelerator budget costs are shown in
Table 26.1 listed to Work Breakdown Structure WBS
level 2. These costs will depend somewhat on the
specific site chosen and economic factors at the time of
project approval.

The SuperB facility costs for the site and utilities are
shown in Table 26.2 listed to WBS level 3. These costs
will depend somewhat on the specific site chosen for the
collider and local economic factors at the time of project
approval.

Table 26.1: Accelerator budget estimate

WBS | Item Number | EDIA | Labor | M&S | Total Re"él'(g)a' ue
of units | (mm) | (mm) (k€) (k€) (not in total)
2.00 g\t/;rau SuperB Accelerator 3159 | 2852 | 285350 | 357476 85760
2.01 | Contingency and VAT (50%) 1053 951 95117 | 119159 0
2.02 | Overall Super B Project Sub-total 2106 1901 190233 | 238317 85760
2.03 | Project management and admin 13 }r/r;an- 180 0 400 2560 0
2.03 | Accelerator physics 10;;an 120 0 200 1640 0
2.10 | HER Ring Total 275 300 30976 37876 15690
2.11 | Dipole magnets 112 15 19 2265 2673 5100
2.12 | Quadrupole magnets 289 35 40 3760 4660 6300
2.13 | Sextupole magnets 98 24 20 722 1250 2200
2.14 | Dipole steering correctors 290 8 12 90 330 310
2.15 | Special magnets 8 15 13 350 686 200
2.16 | Vacuum chambers 1250m 50 85 13163 14783 180
2.17 | Power supplies and cables 400 48 45 7967 9083 250
2.18 | Supports 995 55 36 2485 3577 600
2.19 | Abort system and trigger 1 25 30 174 834 550
2.20 | LER Ring Total 311 352 35209 43165 17070
2.21 | Dipole magnets 356 30 34 5260 6028 8060
2.22 | Quadrupole magnets 303 38 46 3540 4548 5200
2.23 | Sextupole magnets 98 24 20 575 1103 2020
2.24 | Dipole steering correctors 310 8 12 90 330 310
225 | Special magnets and spin 12 27 45 670 1534 250
rotators

2.26 | Vacuum chambers 1250m 50 85 13163 14783 180
2.27 | Power supplies & cables 500 44 40 7857 8865 200
2.28 | Supports 1085 65 40 3880 5140 300
2.29 | Abort system and trigger 1 25 30 174 834 550
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2.30 | Interaction Region Total 139 147 10020 13452 0
231 | QPM 4 12 13 420 720 0
2.32 | QDO 4 15 17 1150 1534 0
2.33 | QF1 4 15 17 1240 1624 0
2.34 | Solenoids 4 10 12 1100 1364 0
2.35 | Vacuum chambers 5 24 24 1245 1821 0
2.36 | Power supplies and cables 12 16 12 1085 1421 0
2,37 | Mech supports & vibration 26 14 14 1510 | 1846 0
control
2.3 | Cryostatand He plant and 2 13 17 1720 | 2080 0
controls
239 Lumié&polar monitor & IP 1 20 1 550 1042 0
feedback
240 | RF System Total 119 116 4378 7198 41150
2.41 | Cavities 36 14 14 540 876 18200
2.42 | Klystrons 15 15 17 420 804 12000
2.43 | Circulators 15 8 9 135 339 3000
2.44 | Wavequides and Ts 300 m 15 13 270 606 900
2.45 | RF loads 30 6 6 80 224 200
2.46 | Supports 15 12 14 613 925 100
2.47 | Low level RF controls 15 24 22 910 1462 300
2.48 | High voltage power supplies 15 11 13 780 1068 6000
2.49 | High voltage switch gear 15 14 8 630 894 450
2.50 | Ring Controls and Diagnostics Total 252 237 12465 18333 6170
251 | Control computers & 4 120 80 1600 | 4000 250
distribution
2.52 | Power supply controllers 900 18 12 1350 1710 0
2.53 | Beam position monitor system 640 16 20 7200 7632 0
254 Current monitor & Ibun 4 10 3 35 751 270
controller
2.55 | Transverse feedback 4 24 30 520 1168 2400
2.56 | Longitudinal feedback 2 24 32 470 1142 1900
2.57 | Thermo monitor system 1700 14 17 450 822 350
2.58 STyuSI;:H‘f‘ synch rad monitor 6 20 27 760 1324 780
2.59 | Beam loss monitor system 200 6 11 80 284 220
2.60 | e-/e+ Sources, Damping Ring Total 216 234 21300 26700 2680
2.61 | Laser for source 1 12 14 350 662 100
2.62 | e- polarized source 1 14 16 190 550 350
2.63 | Buncher 1 8 8 380 572 650
2.64 | e+ target & capture section 1 14 9 780 1056 880
2.65 | Damping ring magnets & 60 48 40 8700 | 9756 0
supports
2.66 | Damping ring vacuum chambers 1 28 40 3500 4316 0
2.67 | Damping ring RF 1 16 20 400 832 400
2.68 | Transport lines, kickers, septa 1 36 37 3300 4176 300
269 Controls, pwr supplies, diag, 1 40 50 3700 4780 0

cable
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2.70 | Linac Total 164 186 48235 52435 300
2.71 | Accelerating structures 100 36 48 20000 21008 0
2.72 | Klystrons 33 10 18 6600 6936 0
2.73 | Waveguides, splitters, loads 800 m 15 12 2000 2324 0
2.74 | Vacuum system 400 m 18 20 2300 2756 0
2.75 | Mechanical supports 380 20 10 2600 2960 0
2.76 | Quadrupole magnets 32 12 14 640 952 200
2.77 | Steering dipoles 32 5 6 65 197 100
2.78 | Klystron modulators 33 18 18 8250 8682 0
279 Controls, pwr supplies, diag, 33 30 40 5780 6620 0
cable
2.80 | Injection Transport Total 123 124 9350 12314 2700
2.81 | Dipole magnets 30 16 16 1200 1584 450
2.82 | Quadrupole magnets 60 14 18 1800 2184 350
2.83 | Vacuum system 250 m 18 20 2500 2956 0
2.84 | Mechanical supports 100 16 9 1300 1600 0
2.85 | Collimators 4 6 6 90 234 0
2.86 | Injection kickers and septa 8 16 12 420 756 1800
2.87 | Injection diagnostics 10 12 14 700 1012 100
2.88 | Ring collimators for inj losses 4 7 5 240 384 0
2.89 | Controls, pwr supplies, cables 2 18 24 1100 1604 0
2.90 | Installation, alignment, & testing 207 205 17700 22644 0
291 | HER 1 27 17 4300 4828 0
2.92 | LER 1 29 18 4590 5154 0
2.93 | Interaction region 1 15 18 790 1186 0
2.94 | RF system 1 18 15 2200 2596 0
2.95 | Controls and Diagnostics 1 16 19 850 1270 0
2.96 | Sources and Damping ring 1 36 40 1360 2272 0
2.97 | Linac 1 38 47 2550 3570 0
2.98 | Injection transport 1 20 23 780 1296 0
2.99 | Control room 1 8 8 280 472 0
Table 26.2: Site and Utilities budget estimate
WBS | Item Number | EDIA | Labor | M&S | Total | Repl. Value
of units | (mm) | (mm) | (M€) | (M€) (M€)o
3.00 | Overall Siteand Utility total 0.0 00 | 157.0 | 1570 0.0
3.01 | Contingency and VAT 0.0 0.0 26.2 | 26.2 0.0
3.02 | Overall sub-total 0.0 0.0 130.8 | 130.8 0.0
3.10 | Site geological preparation | 0.0 0.0 2.5 2.5 0.0
3.20 | Tunnel design and documents 1 0.0 0.0 3.2 32 0.0
3.30 | Tunnel + surface buildings construction | 0.0 0.0 70.1 | 70.1 0.0
3.40 | Utility professional design 1 0.0 0.0 2.4 24 0.0
3.50 | Electric substation 5 0.0 0.0 7.0 7.0 0.0
3.60 | Cooling plant 1 0.0 0.0 40.0 | 40.0 0.0
3.70 | Project management | 0.0 0.0 4.9 4.9 0.0
3.80 | Acceptance tests 1 0.0 0.0 0.2 0.2 0.0
3.90 | Accessory costs 1 0.0 0.0 0.5 0.5 0.0
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27. Operations personnel and costs

The overall operational plan for the SuperB
accelerator is to run for particle physics data taking for
the detector for about 10 months each year. There will
be about a two month down each year for standard
routine maintenance, the installation of new accelerator
hardware to improve the luminosity performance, and
for any realignment of the accelerator components, if
necessary. The first month of operation will usually
encompass shaking down the accelerator components
that have failed during the downtime, testing new
hardware, and for trying newly-developed tuning
techniques. The detector will also use this month to do
similar work for their hardware and software systems.
The following nine months will be for a solid straight
run, 24hr/7days, to integrate as much data as possible.
Every week or so a few shifts will be used for
accelerator machine development to study and improve
the luminosity towards the wultimate machine
performance.

The power needed for SuperB is about 26 MW
including about 16 MW for the RF system at full beam
capacity and 10 MW for all the other systems including
water pumps, lights, controls, safety systems, magnet
power supplies, etc. This power will be needed for
about 9.5 months per year. The remaining 2.5 months
the power will be the maintenance mode power at about
5to 7 MW.

The staff needed to operate SuperB includes many
different skill sets. These skill sets cover all the various

occupations needed to run, maintain, improve, and
analyze the subcomponents of the accelerator. These
skill sets are described in the next few paragraphs.

Accelerator physicists are needed to watch the
complex SuperB accelerator, calculate the expected
performance, analyze the resulting performance, and
predict the improvements by new system upgrades. An
estimate of the needed accelerator physicists is about ten
to cover all the aspects of the machine.

The accelerator control room operators run the
accelerator, manage the safety systems of the
accelerator, tune to maximize the luminosity, and tune
to minimize the detector backgrounds. For SuperB there
needs to be about four operators on every shift: one
supervisor, one operator to tune beams in the injector,
one operator to tune the beams in the rings, and one
operator to tune the interaction region. All this work is
done in real time. Given effective availability of the
operations staff, about 5 full time people are needed to
cover one chair. Thus, a total of about twenty operations
staff members are needed to cover control room
activities.

There are many other systems to maintain and
upgrade through out the SuperB complex. Several of
these systems are at a very high technical level and quite
involved and they will need constant attention every
day. An approximate estimate of the number of staff
members, needed for each system, can be made (see
Table 27.1). Offices, shop space and storage areas are
needed to house these people.

Table 27.1: Operation staff needs (approx. numbers)

System People | System People
RF 10 Power supplies 12
Controls and computing 20 Electric power 8
Cooling systems 9 Alignment 3
Vacuum 11 Mechanical design 6
Building maintenance 10 Machinists 10
HVAC department 8 Area technical managers 6
Project management, human resources, purchasing, safety, and administrative staff 25
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