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Abstract 
The study of rare and CP-violating B meson decays is well 

suited to a high-luminosity e + e~ collider. For studying cer
tain decay processes there are also substantial benefits asso
ciated with asymmetric beam energies, which give a moving 
center of mass for the B mesons. We describe a design for a 
9 GeV x 3.1 GeV B Factory in the PEP tunnel that would op
erate initially at a luminosity of 3 X 10**cni - V' 1 . Technical 
problems include issues related to high currents {e.g., beam in
stabilities, feedback systems, lifetime degradation and detector 
radiation power dissipation) and those related to the hetero-
energetic beams <e.g., beam separation, beam-beam interaction 
and detector requirements). Issues requiring R&D effort are 
identified. 

1. Introduction 
It is now generally accepted that the best facility to study 

rare CP'Violatiug B meson decays is a high-luminosity electron-
position collider in which the particles have different energies.' 
Such a B Factory based on the PEP storage ring at SLAC has 
been under study for about two years, originally as a collabora
tion among LBL, SLAC, Caltech, and many university groups, 
and recently joined by LLNL. The names of the participants in 
this study can be found in two internal reports/1* which cover 
the design activities in more detail than can be contained in this 
paper. 

2. General 
The project consists •>{ two rings of equal circumference, 

both housed in the PEP tunnel. The High Energy Ring (HER) 
has a nominal energy of 9.0 GeV while the Low Energy Ring 
(LER.) has a nominal energy of 3.1 GeV. An initial luminos
ity of 3 x 1 0 3 3 c m ~ 2 s _ 1 , with possible enhancement up to 
10" an""*s—*, is required for an asymmetric storage ring at the 
T(4S) resonance. The design must be 'conservative* so that the 
initial luminosity can be achieved soon after turn-on. The injec
tor will be the SLC, which has filling rates achieved today that 
meet the requirements for the B Factory. (This scenario does 
not preclude use of SLC for R&D for future linear colliders.) 
The infrastructure of PEP will be used wherever possible. The 
HER will use the PEP magnets while the LER will use some 
parts of the PEP vacuum system. The facility must be designed 
and built as a "factory,'' which means either adopting design pa
rameters that are tried and tested or providing flexibility when 
we are obliged to operate in an unknown regime. 

3. Parameter Choices 
The luminosity I, in an asymmetric collider is given by' 

. Ul + r)flE] 

where { is the beam-beam tune shift, r is the aspect ratio, / 
is the beam current, E is the beam energy, fiy is the vertical 
beta function at the IP and the other symbols have the usual 
significance. With equal tune shifts and beam sizes at the IP. 
the expression in curly brackets must be equal for both beams. 

A conservative value of 0.03 has been adopted for the beam-
beam tune shift for both beams is both planes; practically every 
electron collider has reached this value. Flat beams (r as 0) are 
preferred, because the synchrotron radiation produced in the 
Interaction Region (1R) ̂  iboul a factor of ten less for flat 
beams than for round bear * This is because the angular di
vergence at the IP is smai'« reducing the beam sizes in the 
IR qu ad ru poles (which are a.-so weaker), and thus minimizing 
the qu^rupole synchrotron radiation. The smaller divergence 
also reduces the angle needed n separate the two beams. Fi
nally in additional benefit is lb ' the angular divergence of the 
synchrotron radiation is reduced, thereby easing the masking 
problems. 

Given the distance to the nearest quadrupole, the values of 
fiy were chosen to ensure that the chromatic aberrations can 
be corrected. The smallest value must also be greater than 
the buncb length of 1 cm. The rati s of horizontal to vertical 
emittances and beta functions at th< IP were chosen to be 25. 
comfortably less than the emittance tio achieved routinely in 
PEP. A larger ratio would be easier: *r beam separation and 
for backgrounds, so this is a conserva; »e choice. 

GeV 

Table 1. Machine Parameters 
HER LER 

Particle Election Positron 
Energy 9.0 3.1 

Luminosity 3 x 10 3 S 

Tune shift .03 .03 
RF frequency 476 

Number of bunches 1746 1T46 
Bunch spacing 1.26 1.26 

A 3.0 1.5 
ft 75.0 37.5 

Separation Horizontal 
Beam current 1.48 2.14 

Particles per bunch 3.9 x l O 1 0 5.6 x l O 1 0 

Vert, emittance 1.8 3.6 
Horn, emittance 46 9 2 

Vert, sigma at IP 7.4 7.4 
Horiz. sigma at IP 166 186 

MHz 

cm 
cm 

nm*rad 
nm-rad 
| im 
mm 

These considerations lead to the parameter list for the col
lider shown in table 1. The single bunch current is less than 
that already achieved in PEP at the same energy. The new 
challenges are the high total current and the large number of 
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to the water (film transfer coefficient), so fins or multiple water 
passages will be used. 

The LER will most likely have the same period length as 
PEP. a choice that still permits sufficient flexibility in the op
tics. The choice of bending radius will be determined by in
jection conditions and engineering considerations. We are cur
rently devoting considerable effort to ensuring that the LER 
has sufficient flexibility to conform with "energy transparency" 
conditions if tbey prove important.7'" In particular, room will 
bt left in the lattice for wigglers to contral the damping time 
of the ring. 

7. RF and Feedback 
The RF system must provide 18.5 MV in the HER and 

8 MV in the LER to maintain the bunch length at 1 cm. ID ad
dition, the synchrotron radiation power of 5.5 MW in the HER 
and 2.7 MW in the LER must be replaced by the RF systems. 
The solution adopted has 1 MW klystrons each feeding 2 or 4 
single-cell cavities. The 4-cavity solution is easier from an RF 
power point of view as it only requires an RF window capable of 
handling 250 k\V near the cavity. The 2-eavity solution is better 
for impedance and cost reasons so a research program is being 
initiated to develop 500 kW windows. Engineering has begun 
on laying out an RF module having 1 klystron and 4 cavities 
but that can easily have an additional klystron added. There 
is enough space in existing buildings to house these klystrons 
and the existing transformers have sufficient capacity to power 
them. 

An RF frequency of 476 MHz is our preferred choice (one-
sixth of the Linac frequency) and the detailed cavity shape is 
being designed. The cavities will be made of copper and the 
higher-order trapped modes must be heavily damped to reduce 
the multi-bunch instabilities to manageable levels. We are cur
rently evaluating waveguide couplers on the sides of the single-
cell cavities, both by computer simulation and using a model 
cavity. First results are encouraging. The preliminary design 
of a feedback system exists that could stabilize multi-bunch in
stabilities with growth rates of about 3 ms. The system uses a 
series array of 10 striplines at a central frequency of 1 GHz, each 

1/4-A long with ronnecting transmission lines l/'JA iong. 'I |i<-
total power required is estimated to be 3 kW with a bandwidth 
of 120 MHz.3 

8. Summary 
The present study will lead to a Conceptual Design Report 

to be published in January 1991 that will also contain a detailed 
breakdown of cost and schedule. It is intended that the facility 
be built jointly by LBL. l.LNL and SLAC. At the recent work
shop on Asymmetric B Factories at Berkeley, it was concluded 
that 'there is no known reason to expect that such a facility can
not be built.' We believe that we are close to demonstrating 
that we have a totally viable solution. 
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