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Abstract

A prelumnary design for a Bofactory has been made using
asyvnunetric collisions between positrons in the PEP storage ring
anid electrons in a new, low-energy ring. The design utilizes
small aperture, permanent-magnet quadrupoles close to the in-
teraction pomnt (IP). Optimization of optical and beam param-
eters at the [P will be discussed, as well as the lattice design of
the mteraction region and of the rings.

Introduction

To create large numbers of B-mesons in a way to facilitate sep-
aration of the two B-mesons created, an interesting possibility s
to make electron positron collisions at unequal energies between
an existing storage ring, such as PEP, and a new lower-energy
ring. Collisious between unequal energy beams complicates the
rhotee of iteraction point parameters; however, if one makes a
frw plausible assumptions, such as complete beamn overlap and
equial beam-beam tune shifta, the situation is greatly simplified.
After a few basie parameters are chosen, such as the energies,
currents and the lowest J-function value at the [P, most other
patneters follow, including the lunnnosity.

Based on known properties nud limitations of PEP, reasonable
assumptions on the low-energy ring, and the above considera-
tions on beam parameters, a preliminary design for a 12 GeV x
2 GeV B-factory has been made, called Apiary 1.1 This design,
which will be described here, gives the rather modest luminosity
of 0.5 x10% em~2see~! A major limitation was the power that
can be absorbed by the PEP vacuum chamber. By going to a
more svinmetrical system such as 9 GeV x 3 GeV, it may be
possible to go to almost a factor of four higher luminosity. A
consistant set of [P parameters of this type will be given A
deargn study based on this second set of parameters is now in
prroress

Interaction Point Parameters

The chotee of beam paraneters is based on the following sim-
phifving assumptions:

e The Lionzoutal and vertical beam-benm tune shifts of both
beamns should be equal to a single sperified value, £

o The beams should exactly comneide at the [P

From these asswnpuions three smportant relations between the
roergy, ntensity, emuttaner and JJ3-function valves can be de-
rivesl, and explicit expressions for emnittance and luninosity ob-
tannied
Equal bearns
The first assumption gives a relation hetween the honzontal and
vertieal o function and enuttance values 1 the beana are 1den-
tiead the tine shifts are
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where r. is the classical electron radius, N the number of parn
cles per bunch, 7 the relativistic energy,1 = r,yand o, = ¢ 1.
(at the IP) Equating the tune shifts: A, = Aury, gives the first
rule:

Iy =€, /¢ =a,/a, =r. i1
where 713 a constant.
Unequal beams
Two unequal beams, designated by superscripts 3 = 1,2, Lave
beam sizes 6] = /el 3] Setting o} = o} gives the second rule:

B3t = elfel = b, (2

where 1 = r,y and b is a second constant. The tune shifts are
given by
rrd{ ‘v&

= k& :
2mylafiof + ob)

Ay}

where ; = 1.2; k = 2, 1. Equatng the four tune slufts,
Av! = Av? =€, 1= 1y, gives the third rule:

b=3l/8E = (1} /43 (N' N (34

Emittance
An explicit forinula for emisttance 1s obtained from the tune-shaft
formula and replacement of o* by o7
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Luminosty

The luminosity for equal beam sizes is given by

£ = cN'N¥/4rSpo.a,, where Sp is the bunch spacing  Suls
stituting a,0, = Jy¢;, using the above emittance formula, and
replacing N by the current [ = ecN/S5p. we get

C_{(1+.-)(Q)"‘

Zer, Ay
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where [ 13 10 Amperes, En GeVooand Jy wnocm

The above relationa have been obtammed independently 1noa
group at DESY L4l They can be used to produce self consictant
sets of parameters; but which ones shanld be chosen and whirh
ones derived 1s somewhat arintrary The approach hiere s to pick

the energles, currents, aspect ratio r, and Jy of the low energy
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Figure 1. Interactiou region of Apiary [ B-Fuctory design.

Apiary I

Parameters

A first attempt at a complete design was made with FEP at
12 GeV and the low-energy ring at 2 GeV. The current in PED,
0.267 A was hased on the power deposition on the vacuum cham-
ber wall; that in the 2 GeV ring was taken to be twice as high,
since this wns within the range of existing rings such as the
NSLS VUV ring and BESSY. Siuce the PEP bunch length is
about 2 e, we set 3, for the 2 GeV ring to 2.5 em, and then
took an aspeet ratio r = 0.1, in accord with normal PEP oper-
ation. The tune shift Lmit was set at £ = 0.05, since that value
had been achiieved in PEP. With these choices, the relations of
the previous seetion yicld the parameters of Table I This table
alsoincludes a few other parameters, such as the bunch spaciag,
whicl was chiosen partly in view of the lengtl needed to separate
the two beats.

Talde §  APIAIIY | Paseneetenn
T Beam 1 Dram 2
Furigy E 12 2 GeV
Dunrh sparing Sa 2 7?2 m
Pucticlm/bunch Ng 151=10% 302« 10"
Corermt I 0 267 0335 A
Ermittances A o108 ans )
v aoins acns um
J e toma 1 0P [ 82 254 L]
5 1612 14 om
Dispmrewm st 1P " n o -
Deam hrnms tuns shifts S, 008 [\
de, aos Q0%
Luminnsity 4 05=10* em-Tyt
Cirruinfeyener W X0 63 "
Lattire

A schematic dingram of the interaction region is shown in Figure
1. The beams collide hiead-on at the IP i a beam pipe of about
I em rading, to allow the detectors to be as close as possible.
After transversing a 30 cm drift space, the beams go through
a triplet of permancnt-mngnet quadrupoles that focus the low-
energy benw to zero slope and minimize its size there. After
the triplet the two benns go through a 2 m long low-field dipole
that brgins to separate the beams. [t is followed by & septum
magnet that acts on the low-cnergy beam only and completes
the separation. A simpler alternntive is to replace the septum by
a strong, Jdipole acting on both benms; however, this might not
he femsible due to aynchrotron radiation from the high energy
beatn,

The complete optics of the 2 GeV ring is shown in Figure 2.
After the dipole and septum magnet, a quadrupole triplet and
a doublet match the beams into the arc. The complete ring lias
a racetrack shape, with two semicircular arcs and two straiglit
sections. The number of cells and thetr phiase advances were
chosen to achicve the design cmittance.

Figure 3 shows a half sextant of the superperiad that contains

the B-factory interaction region. After the triplet and low-field
bend cominan to bath beans, the rest of the IR s siwilar to that
uscd now in PEDP. The are cells are tuned to prodiree the design
cmittance, the main triplet and the first few are quadrupoles
match the beam between the IP and the are.
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Figure 3 {alf of the PEP sextant contmning the 1)-Factory 1R
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Beam current limitaticns

The Apiary | parameters have been examined briefly for pos-

3)

sible beam current limitations by use of the ZAP program.

Single- Bunch Thresholds

Single bunch limitations arise from the longitudinal microwave
and transverse mode-coupling instabilities. The former insta-
bility does not cause beam loss but could lead to a decrease in
lummnosity through bunch lengthening. In contrast, the mode-
coupling threshold is a hard limit. For PEP, we take [Z/n]| = N
for the microwave instability and the same value, scaled to A
for mede coupling. This value is roughly compatible with ex-

. 4
petimental results for both phenomena.

At 12 GeV', we expect the single-bunch current of 3.3 mA to
e below the microwave threshold, so the rms bunch length will
remain at its natural value, i.e.. below 2 cm. The mode-coupling
should not be a problem since the observed threshold in PEP at

14 GeV rauges {rom 8 to 14 m.-\Alsl

For the low-energy ring, asswning an impedance (including
that from the RF) of 1.75 ohms, bunch lengthening about 10%
heyond the natural value is expected, but this will not jeopardize
the luminosity. Furthermore, transverse mode coupling should
not be a problem. In the ALS, a similar ring, the caleulated
Linut s 44 mA per bunch.

Lifrtarnie

For PED. the ligh beam energy makes the Touschek scattering
provess npimportant.  For the low energy ring, the Touschek
lifetune is estimated to be more than 10 honrs.

Coupled- Bunch Inatabbsties

Wiketiclds induced by a circulating electron or positron beam
1 high Q resonant struetures, i.c., the RF cavities, can couple
different bunches and induce unstable mnotion either longitudi-
nally or transversely. For clectron storage rings having high
beaw curtents and short bunches, the growth rates can be quite
fast  well beyond that of the counteracting radistion damp-
g process. Estimates have been made for both rings, based on
available information on the PEP RF cavity higher-order modes.
It is nsswned that the prrscnlt RF frequency of PEP, 353 Mhaz,
5]

will be used in the two rings.

Far PEP the predicted growth times for the longitudinal case
are below 0.1 ms for the fastest-growing dipole (a=1) modes.
Transverse growtls is somewhat slower, 0.1-1 ms for the fastest-
growing rigid dipole (a=0) modes. Both rates far exceed the
radiation damping rates (about 8 ms and 16 ms for the longitu-
diunl and transverse planes, respectively). Thus, some combina-
tion of mode damping, feedback and/or a modified RF system

15 clearly called for

wliere there are fewer bunches and
el less RF hardware is reqared - the story is similar bue
less severe. Predicted growth times in this case, based on PEP-
like RF Ingher-order modes, are about 1 ms for the longitudinal

[u the low energy ring

mstability (n=1) and about 10 ms for the transverse instability
(a=0) It is likeiy that growth tunes on this order could be easily
contrulled with a suitable combination of feedback and damping.

Future possibilities
It 1% tended o seek a path to even higher jununosity. A

large step ran be made by reducing the energy asymmetry from
12 GeV x 2 GeV o to 9 GeV x 3 GeV The reduced separation

of the decay B mesons should be acceptable. The huinosity
can then be significantly improved, mainly because the curreunt
in PEP can be increased a factor of three without exceeding the
vacuum chamber wall-heating limit. With round rather than
flat beams one can seek to exploit the (1 + r) factor in the lum-
nosity formuin {5). The round beams may rause an inerease of
the peak J-function value in PEP. However the Apiary [ value i-
lower than present PEP operational values. Furthermore, by 1
tuning the other five IRts, the present chromaticity can probobly
be maintained. Parameters based on these considerations. which
are being used in a new design study, are shown iu Tabic [I:

Table I Proyuesi new PEP B factory parnineters
o Deam 1 Bean 2 e
Energy E 9 3 Ged
Bunch spacing Sa 136 136 i
Particles per hunh AP 23-10" 2.t
Curerut ] uss 085 A
Emsttances 0o 0 061 0183 et
[N 0 061 0183 son
3 fumr rers 1P 3; 9 3 S
3, ] 3 en
Dispermsan st il LM 0 0 "
Bram-beasn tune siufis A, ous a03
A, 008 003
Luminematy [ 1840t I
Circumference R 2200 9 w

Further improvements require hardware changes. such as modi-
fying the vacuum chamber and lowering the impedence {from the
RF. It should be noted that Porter has used a simiiar encrgy
asymmetry in his parameter study.
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