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A PROPOSED MINI BETA INSERTION
FOR SPEAR*

K. WILLE
Stanford Lincar Accelerator Center
Stanford Universily, Stanford, Colifornia 94505

1. Introduction

A significant gain in Juminosity has e¢en achieved by use of “mini beta in-
sertions” implemented in several electron-positron storage rings (CESR, DORIS
W, PEP, PETRA) during the last year. This concept consists of strong verticat
focusing quadrupoles mounted as close as possible to the interaction point. Such
an arrangement avaids the seceplaace and chromaticity problems caused by an
extreme focusing with the normal magnet structure. On the other hand these
“mini beta quads” interfere with the particle detectors and in particular if the
detector has a magnelic (leld one has to use additional measures to protect the
quadrupole from this field. For the ARGUS detector at DORIS 11 with a longitu-
dinal field of B = .8 T this problemn has been successfully solved by meana of

compensating coils surrounding the quadrupoles.
in this paper a mint beta insertion for SPEAR is suggested which is rather

similar to that developed for DORIS 11.! The essentinl element is a conventional

* Wark supported by the Department of Energy, contract DE-ACD3-78SF00515
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iron magnel with moderate design values up to an energy of E = 4 GeV. The
resulling opties allow vertical amplitude functions down to 85 = 3 em ot the
interaction points. Compared Lo the present SPEAR optics, the mini beta oplies is
only different in the interaction regions but unchanged in the whole ares, This is
of grent importance to the injection system which does’nt need nny medification.

The resulting gain in luminosity is ealeulated to be approximately a factor of four.

2. Lumincsity

The luminosity of an electron storage ring at the space charge limit is given

by the following expression for oac bunch per beam:
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Without the use of wigglers, the present measured luminosity of SPEAR s

E [GeV] I{mA) L em=2 see™1)

1.547 5.0 4.5 x 1020
1.842 9.5 1.1 x 10%
With the optical data
Bl=119m, By =0.103m, ép =404 X 1077 x mrad

one can devive the following average values for & and AQ:
k=011, AQ=20.0281

Taking these numbers one gets the luminosity versus energy as shown in Fig. 1,
which fits very well with the best average values achieved so far. In the pew mini
beta optics the emittance é; is unchanged and the coupling k¥ = £:/¢; and the
tune shift AQ are assumed to be the same as well. Only the amplitude functions

in the internction points have the following different values:
SPEAR Miai Beta Optics f:=080m, By =0D3m

The resulting luminosity is alse showsn in Fig- 1. It lncludes a correction fac-
tor due to the variation of the beta function along the bunch as figured out by
G. Fischer.? Thus the mini beta insertion will increase the luminosity of SPEAR
by & factor of Bve. This value may be somewhat too high; it is possible that

the maximum Lune shift AQ due to beam-beam jnteraction will be decreascd
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Figure 1. Luminecsity of SPEAR with mini beta insertion

compared to presenl values (without wiggler).



because of the non-negligible variation of the beta function along the bunch

mentioned above. Byt in any case one can expect a gain factor of about four.

3. Lattice and Optics
In order lo implement the new mini beta insertion in the SPEAR lattice, Lhe

firsl vertical focusing quadrupole @3 is removed and replaced by a new magnot
with n significantly higher gradieat, The front face of this “mini beta quadrupole”
MDQ3 is only 1.34 m away from the interaction point. The first horizontal
focusing magnet Q2 has to be moved one meter closer Lo the interaction point,

whereas all other magnets are uachanged (see Fig. 2).
The strengths of the siandard quads QF and QD are exactly the same

as in the present SPEAR optics, The matching of the new mini beta inser-
tion to the unchanged lattice of the ares is done by varying the first six quads
MBQ@3, @2, @1, QF1, @D1, and QF2, Since all quadrupoles between the kicker
magnets are yachanged, the betatron phase in this region is not changed either,
and the matching of the kicker beam bump is not affected. Therefore the new

mini beta optics don't reguire any modifications of the injection system.

The mini beta optics for SPEAR have been calculated using the computer
codes “COMFONRT™® and “PATRICIA". The optics design provides 8 vertical
beta function of Ay = 0.03 m in_ihe interaction point and.the msc-detniled
investiga'tions have been done with this value. But several other optics with

Ag-values between 0,025 and 0.05 m have also been calculated.

The following list contains the most important parameters of the 3 em mini

bete optics:
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Parameters 3 em Optics Present Optics
Beta functions at interaction point: A2 [m) 0.900 1.100
A3 [m] 0.030 0.103
Tune: e 5.2057 5.273
vy 5.1633 5.161
Chromaticity: £; ~12.102 - 885
& -26.485 -15.36
Momentum compaction: o 0.04115 0.0418
Emittance (at 1 GeV): ¢z [mrad] | 4.872 %103 404 Xx1078

The plots of the betn- nnd dispersion-functions sre shown in Fig. 3; the lattice
parameters, the beam-dynamics parameters and the mast important integrals

are fisted in Tables 1-3,

4. Chromaticity Compensation

The chromaticity of the 3 cm optics is—especially in the vertical plane—
relatively large (£ = —12.1, £ = —26.5) lor a machine of Lhe size of SPEAR,
Therefore a very cffective sextupole arraagement is required, which sets the ehro-
maticily to §z = £ =3 without significent reduction of the dynamic aperiure.
The present chromaticity compensation consists of two sextupole families, one
for each plane. Using only these twa [amilies for the 3 em mini beta aptics, the off
momentam particles show a sirong nonlinear behavior. As plotied in Fige. 5 and
8, the vertical tune a3 well as the vertical bets function in the interaction point
vary strongly with momenium and for values of Apfp < —0.7% the program

can't even find a periodie solution. In Lhe horizonts) plane, however, there are no
7
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such problems. Therefore it seems to be reasonable to keep the one horrantal

sextypole family and to split the vertical sextupole circuit into two families,

Under ideal conditions one enn compensate the undesired kick of n sextupole
on an on-momenium particle with large belrtron amplitudes with another sex-
tupale of the same strength. The beta functions at the sextupoles are supposed
to be equal and the belotion phase between the sextupoles hes to be Ay = 180°.
Forlunately in the present magnet arrangement of SPEAR one can easily ind two
vertiea) sextupole grovps, which almost satisfy these conditions, as sketched in
Fig. 4. Because of the pericdicity in the arcs, carresponding betn lunctions are
equal and the phase advances of ) = 166.7° and ¢ = 10890.1°, respectively, are
very close to the ideal value.

With these three sextupole families (SF, SD SD1} o much better solutinn was

found, The sextupole strength aud other important paramelers are given in the

following table:
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4 IWLTIPOLE gLtxinl BET1IMY mils LY ETAZIMD SMLY/HAwZ)

LI e Ll S1orTum
Y. U TIHCL sl g = B sr 8.0 3.419 0.94% b %6t +.%0 0. AT
I matirmf ats o r AE w 1,97 In. MY il Y e & a1y
boorantiraLl ave 3T f4 0 L] 18 8=y q A T a0 ik LYl
v mLTeRalt alv s = e N T o I T S
1. MATIFIL AT« 2= 18 *m §.08% FLEE q Ase o.M5 " anr a wigay
&, mILPIPULL 4ty 3 = 73 FUL] MR H HRLL L3y L a Ar 1~ 4.%a80
T. MULTIXLE a1y 3= 3% hd TR L MRTT a_#e? T .0 AVEDS
b, MULTICOLL %y 4 ¢ 23 ) 4« [T L LT 1.8%8 1 LD3 M
P, FRMIMNE aFx 2 Hg i e b5 L | 1 oas 1 5 Lzrey
e AP At v e [ 1] LLIELH LR CH [ * Ha RSN -0 RV
I, RULITPDLE #Te 5 2 AA e L 34 ] 22 4% LI [ 14 Zim AT ]
TUTAL HUFRILR OF #MULTIFOLES TW B10ALGe MG n6s . .’..;.:

As drawn in Figs. 5 and 8, the resulting variation of tune and vertical betn
lunetion By is significantly smaller than in the eace ol anly two sextipole families
over the whole range of Ap/p = £17%.
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Figure 4. Three-family sextupole arrangement for mini beta optics.
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It is importnnt to mentjan that this result has been nchieved without any ad-
ditional sextupole. The plot of Lracked particles aver 500 tevolutians {Fig. 7)
also shows a more stable vertienl phase ellipse for the three lamily solution
rather than for the two (amilics. The tracking has been perfarmed for particles
with eight transverse standard devialions in both planes and six standard energy

deviations ineluding synchrotron oseillations,

6. Mini Beta Quadrupole and Compensation of the Detector Field

The mini beta coneept reguires n distance s smal} a8 possible betwern the
interaction point and the first vertically focusing quadrupole. On the other hand,
ure lind to consider Lhe limitations given by the particle detector. For the SpPEaR
mini bela insertion a distance of 1.34 m between first quad and interaction point
is chosen which seams to be the best compromise between detector and marhine
requirements. The magnelic tength of this first vertically focusing quadrupole,
the “mini beta guadrupole,” is set to 1 m, whirh gives 3 quadrupole streagth of
k= 0.92 m™>. In order to achieve this high value, the mngnet aperture should

be 18 small as poasibie.

On the other hand a sufficient aperture for the beam is necessary; it should
be at least 12 o under all conditions  The tnaxitnum eaergy of SPEAR is ap-
proximately &£ = 4 GeV. At this eneegy the horizontal emittance 8 ¢y =
7.80 X 10~7 mnrad sud the emittance coupling is asstimed to be k= tyfty =02
The optics calesiation deliver the maximsm bela fun-lwb in the mini beta
quadrupole 85 Femar == 13.2 m and Aymar = B8 D 0 respectively. Thus ¢he

minitnum required apertures in this vertically focusing magnet are:

14
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Figure 7.

Tracking of particles over five hundred revolutions with
{n) two and (b) three sextupole families.
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Ay =12 \/.f_; Bzmaz == 38.5 mm

ady - l2 \’ kl [F) ﬂ!qna: = 404 mun [ku cz ﬂ.-!!

Therefore it seems to be reasonable 1o chaose a pole rading of B = 0 mm
for B = 3937 in}] With these values, the maximum poletip fivld becenss
Byoe = 0614 T which is eathier moderate and possible with a conventionad
iron magnet,

Since this magnet has to be buill into the MARK 1 detector there are also
restriclions concerning the outer dimensions, ilere the lunit is givea by the
maxinum tolerable flux densily in the iron yoke which &5 supposed not to exeeed

2 = 1.5 T in order to nvoid saturntion effects.

The final maguet design® has been done by use of the computer code
“potssoN,"” which also was used Lo find the best pole contour with the lowes
possible higher multipole fields. The iron yoke of the mini beta quadrupate is
shown in Fig. 8 The magnet coils consist of conventinnal enpper conductor with
the following data (vwne quadrupole coil):

Nuomber of Lurns ; n=7
Current : I =17482 A (at £ GeV)
Current density ; dijdF == 12.4 A/mm?
Resistance ; 1, =2.16 m{l

Powey consumption : N = B.8D kW

The field lines of ant octant are displayed in Fig. 9. The relative field error with
respect ta an ideal linear quadrupole (8, = gz) is shown in Fig. 10. These

vatues are derived from POISSON enlculations.
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Figure 8.  Iron yoke of the SPEAR mini beta quadrupole MBQ3.
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The proporiions of higher multipole firlde for the chosen pole contour are

(Tour pole = 100%):
12 pole : 0.94%

20 pole : 0.24%
28 pole : .41
38 pole : 0.04%
A particular problem is due to the longitedinal magoetic field of the MARK (It
detector with a sirength of By = 0.4 T. Since nearly hall of the mini beta
quadrupole reaches into the detector, one has tn surround this part by a special
mngnet eoil which produres s longitudinal ficld of the snme flux density, bul with
opposite direction, as the main detector ficld. An ndditional shielding is pravided
by a 19 min thick misror plate mounted at the front face of the quadrupole inside
the detector. The enlire arrangement of the mini beta quadrupole with mirror
plote nnd surrounding “bucking” enil is sketebed in Fig. 11.
‘The bucking coil is o conventivnal design with water coaled copper condue-
tors. In order to avoid unnecessary iuterference with parts of the detector, the
outer diameter of Lthe cuil is made v smal! as possible, The following list shows

the most important coil data:

Number of turns:  n = 101
Current : I=17822 A
Current desity 1 ¢f/dF = 12.5 A/mm?
Resistance : R, = 17.88 mi]
Power copsumption : N =568 kw

-
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Figure 11. Mini beta quadrupole mounted in the regior of the
MARK iii detector with a longitudinal magnetic field.
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That such a compensating scheme really works has heen demonstrated vith the
mini beta quadrupoles of DORIS I} monnted in the ARGUS detector.” Beeause of
the weaker deteclor field the suggested design for SPEAR i3 in fact even more
conservative than that which worked in DORIS 11. The bucking coil deseribed
in Fig. 11 is only used to keep the quadrupole iron as free 8s possible from the
detector field, but there is still the influence of the detector field on the beam
which inereases the emittance conpling considerahly. Unfortunateiy there is no
space available inside the detector to install another compensating coil for this
purpose. Therefore, one has to compensate the emittance coupling outside the

detector by use of rotated quadrupoles.®

8. Optics for Dedicated Synchrotron Radiation Runs

Half of the running time of SPEAR is usced as dedicated time for syachrotron-
radistion experiments wilh only one beam stored. Therefore it is necessary to
demonstrate the compatibility of the new mini beta insertions with the ayn-
chratron radiation requirements. In order to nchieve s high brightness of the
synchrotron light beam, the emittance has to be as small as possible. As men-
tioned above, the opties in the ares is unchanged compared to the present situn-

tion and consequently the emittance is not changed either,

Another important parameter is the beam lifetime, which is supposed 10 be
at least twenty hours, The lifetime is essentially determined by the vacuum pres-
sure and the dynamic aperture, Since the vaceum conditinns will be Lhe same
83 belore, the dynamic aperture is the main item to play with. As observed
in SPEAR as well as in other storage rings, the lifetime can be improved by
reducing the chromaticily and consequently the sextupole strength. This effect

is well understood and demonstrated in various Lracking caleulations. The reason
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is that the nonlinear magnetic fields, produced by strong sextupole maguets may
reduce the dynamic l.lperturc significantly.

Beesuse of the beam waists in the interaction points, and the resulting large
betn functions in the first quadrupoles, the main portion of the chromaticity
is produced in this region. Thercfore an increase of the beta functions in the
interaction regions, especially in the vertical plane, will easily reduce the chro-
maticity. For instnnee, a value of By = 5 cm will cause n vertical chromaticity

al & = —18.7 instead of £; = —26.5 for the 3 cm optics.

Unlortunately there are matching problems, it 87 > 6 em which leads to
unreaschable amplitude functions in the ares or even a Iack of periodie solutions.
But for the new mini beta latlice of SPEAR one can find another stable region
in the 82 ,-dingram (Fig. 12) which gives proper matching conditions. In this
region values of 32 = 20 m and Sy = 35 m have been chosen to caleulate a
particular “synchrotron radiation optics” with low chromaticity. The beta and
dispersion funclions of this optics are plotted in Fig. 13. As in the 3 cm mini
lieta optics, the quadrupole strengths in the ares (QF and QD) are not changed.
One horizontal matching quadrupole {QF1) which also acts on the dispersion is
reduced by 25% compared to the luminosity optics. This results in a nenzero
dispersion in the interaction point {2 = 1.8 m). A dispersion in this region is
tolerable, since this optics will never be used for colliding beam runs.

The high beta synchrotron radiation opties bas no waists in the interaction
paiuts ;".nd consequently the betatron phase advance in this region is very small
compared to Ay == 180° of the luminosity optics. Therefore the integer number
of the tune is reduced by one in both planes, The quadrupole strengihs and some
important optica dnta of the syachrotron radistion optics, as well as the 3 em

luminosity optica are listed below:
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Figure 13. Amplitude and dispersion functions of the synchrotron radiation optics.
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Quadrupole strength: k [m™32
Quads Mini Beta Optics Sychretron Radistion Optics
MBQ3 0.92048 0.17607
Q2 -0.37121 -0.17123
o 0.17661 0.15011
QF1 -0.06053 -0.40149
QD1 0.65148 0.58660
QF2 -0.30886 -0.31745
QD 0.48853 0.48853
QF -0.27809 -0.27809
Synchrotron Luminosity
Parameters Radiation Optics Optics
Tuge: v 4.270 5.208
vy 4,165 5.163
Chromaticity: £» -4.65 -12.50
&y -8.31 -28.40
Sextupole families: 2 3
Sextupole sirength:  [m™=] SIF=-0.35281 Si"=-0.8332)
SD=0.25887 SD=0.50299
SDl!=0.05000

This high beln optics has the expected low chromaticity values and thercfore

a sufficient compensation is possibie with only Lwo sextupole families and very
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low sextupole strengths, The variatinn of the tune withk momentum is alse very
o
small and extremely linear over the whole range of Ap/p = +1%. Therefore

this optics should have no aperture resirictions due to sextupole felds.
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