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ABSTRACT

To increase the luminosity and reduce the cost of future colliders one must inerease the beam density in 6-D phase space. We

describe two design strategles to realize a high luminesity, asvinmetric e¥e”

4

colliders suitable for a 10% em ™

sec ' BB factory,

The colliders are an isochronous storage ring collider with short bunches and very low 3* and a quasi-linear collider that uses e
recirculation and small spot size at the interaction peint (IP}. The R & D effort associated with the proposed TCLA ¢ Factory

can establish the principles and resolve the attendant physics

1. INTRODUCTION

Numerous examinations of the potential to study CP vi
olation in the B meson system have established the require-
ments for a BB factory working at the T{48): 1) asymmetric
beam energies, i1} a luminosity of > 1034 em ™ 2sec ! and
i) an integrated number of 10% or greater reconstructed BB
events of per year. Three coucepts have survived for estal-
lishing & high luminosity BB factory: 1) high current storage
rings colliders with a few Amps, 2) low current, isochronons
storage rings, 3) guasi-linear (or linac-ring) colliders with e
positron recirculation. Although raising the current in storage
rings 1o a few amps may the most straight forward approach
to increasing luminosity, such a collider would require very

large power due to the synchrotron radiation. In the second

arg

scheme, operating the cizeular collider in an isochronous mode

allows shord bunches. Short bunches in tarn allow for a lower
3% at the IP and a corresponding small spot size. The quasi-
linear collider aims at even smaller spot size at the IP. Its

potential difficulty of positron production is overcome by o™

recireulation. In this scheme large disruption is allowed for
the electron beam. A major limitation of high luminosity col-
liders is the reduced lifetime due to beam-beam interactions.
The Quasi-licear collider option removes this obstable since
it Is o continuously filled system.

2. AN ISOCHRONQUS COLLIDER BB FACTORY

High luminosity may be cobtained in storage rings with
beam currents at 100 mA level, by using an “isochronous”
lattice and by reducing the bunch length and the beta function

at the TP, The luminosity can be written as

LY %

e (or with 2+ 1} (2.1)
derreme?ors ’

where (P)) and (Dy) are the power and the distuption pa-
rameter of beam 1, and o1z is the bunch length of beam 2.
To increase £ without increasing the power, one must either

increase D and/or decrease ¢,.

Inn an isochronous storage ring, the revolution frequency is
. - . 20 .
independen® of energy. Previous studies (2.2.23] of isochronous

rings as demping rings for linear colliders and as beam sources

issues of these options,

for free electron lasers have examined some of their properties.
Potential advantages of an isochronous ring as a collider are:
reduction of the bunch length from the centimeter range to
the millimeter range; the elimination of synchro-betatron res-
onaaces that limit the beam density at the IP and constrain
the geometry of the IP. By reducing o by 10 and increasing
T by a factor of 2, we can reduce the current to =2 100 mA for
a luminosity of 103%cm™2s71. The reduced current consider-
ably ameliorates the formidable masking problem associated
with the design of the interaction region in conventional high
current colliders.”

Analysis of the equations of motion {or the longitudinal
degree of freedom of a sterage ring reveals the major differ-
ences in longitudinal heam dynmmnies between conventional
rings and isochronons storage rings. Using as variables the
relative energy deviation, & = (E - E)/E and the angular
distanice = ¢ ~ @, from a 1eference particle of energy B

: : : 2.4
and angle ¢, we can write the equations of motien asl2!

(i 4 Jed) + Huctuations (2.3}

where Uy is the energy radiated per turn by the reference
particle, J, is the radiation damping partition number, and
fluctuations indicate the influcnce of fluctuations in the emis-
sion of synchrotron radiation, The superscript  mplics a
derivative with respect to wyt, where 1 is time and wy is the
revolution frequency.

The momentum compaction term « is defined as

(2.4

where A is the change in ¥ per turn for giver AE. In the

simplest approximation
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where ~ is the ratio of the particles total energy to that of its
rest energy{“)“‘k
For highly relativistic particles, the first term dominates;

it is usually positive but it can be made nearly zero or negative
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Expanding « to first order in & and neglecting the contribu-

tions from the betatron oscillations, we have

a = aj + azd 2.0

with o givern by Eq. (2.5). The aq term is given by

w L 2
g = L&f T”‘ ‘SZ (28)

The value of a; can be adjusted to be zero or negative but, as
ay s always positive, its effect can never becompletely elim
inated. For a; = 0 and negligible damping the BEq. (2.2)
hecomes

5 4 Inwgran =0 (2.10)
This equation leads to unstable phase trajectories, described
by, (8% 4 (%)W‘(.rmzﬁ:‘ = constant.

There are two ways to stabilize the longitudinal motion.
The first makes o % 0 and dominant over a4 to introduce
an clastic-like focusing foree and thus to provide a stable os-
cillation region near the origin (& = ¢ = 0). The area of the
stable region can be usually made large enough for convenient
accelerator operation as in all existing proton and electron
synchrotrons and storage rings. The sccond method, when ay
is small, ig to increase the rate of synchrotron damping of the
systemn to slow the rate of the instability growth.

Next we address the question: given ap, what is the
smallest value of o necessary to make the equations of motion
stable?

Initially we chose 1 = 0.0001, & = 0.001 and Ty =
~0.01, where Ty is the period of oscillation. The v corre-
sponds to an initial displacement of about 1 cm for a ring
with a circumfereace of 760 m. With no damping, for each ag

there exists an oy which just stabilizes the motion. The graph

of & verses ¥ i3 a closed separatrix. All choices of ¢ and &
lying inside the separatrix result in stable states. Conversely,
all cholces lyving outside are unstable. Choosing oy greater
than the limiting value also produces a closed curve that lies
inside the Liniting separatrix and that is smoother than the
limiting separatrix. In contrast, for smaller values of ay, the
curve will be open and the trajectory will be unstable.
With finite damping again every ay has a corresponding
1 such that all larger values are stable and all smaller values
are unstable. The graph of of § verses ¥ for this limiting
case no longer yields a closed separatrix, but rather a spiral
which is sharp at the bottom and slowly converges to origin.

v into the stability

As a; increases, moving the system far

on, the phase trajectory becomes smoother and rotates

more quickly

For stable operation of a storage ring, a; must be chosen to

lie above the curves. If we increase ¢ and §, by a factor of
three, we find similar stability boundaries, except that the cor-

. Hence,

the “tighter” the initial conditions for the bunch, the smaller

responding values of ay are almost three times larger

one can make o.

Applying the concept of the isochronous ring to a collider
we exploit the fact that the bunch length scales roughly as the
square root of the momentum compaction. Reducing o by a
factor of 100 allows to reduce # at the IP by a factor of 10.
This freedom allows us to reduce the average current in the

ring to practical values
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Figure 2.1: Three curves which define the stability limits for

oy S]l(J\VIl ﬂ)r three different values of damping with & = 0.001
and ¢y = 0.0001.

3. A QUASI LINEAR COLLIDER BB FACTORY Y

The design of a quasi-linear collider is based on the fol
lowing features:(*-21 1) unequal beam energies, 2) positron re-
covery and cooling; 3) possibility of positioning the vertex
detectors very near to the interaction point (IP); 4) possibil-
ity of changing the center of mass energy in the 10 to 15 GeV
range, mamtaining a high luminosity, to be able to operate

cffectively at the T(4S) resonance or above; 5) a small beam

energy spread, less than 0.1%, to utilize effectively the YT(4S)

resonance.
To satisfy these conditions we propose a scheme utilizing: 1)
a 3 to § GeV, high gradient electron linac, with a 5 kHz rep-
etition rate, 2) one positron cooling and recovery ring (CRR)
provided with a bypass where the IP is located: 3) o positron
converter, low energy positron accumulator, and booster syn-
chrotron to provide the positrons. This scheme is illustrated
in Figure 3.1a. Other proposals® *#4 utilizing a linac and «
storage ring to obtain electror-positron collisions in the same

In contrast, we assume the collisions to occur in a bypass
to decouple the cooling and recovery function of the ring from
the IP, thus allowing an independent optimization of these
different parts. For example the vacuum beam pipe near the
interaction point can have very small diameter without lim
iting the beawn lifetime in the storage ring or increasing the

background in the detector.

As each bunch passes through the TP only every few



damping times, one may increase the beam-beam tune shift
€ (or equivalently the disruption, D) to a value larger than
that achievable in a storage ring collider, in which a colli-
sion oceurs at each revolution, and thus inerease the lumi-
nosity per interaction. As the electron beam is not stored,
its disruption can be much larger than that of the positrons;
hence, the electron beam power can be reduced for a given lu-
minosity, To minimize the positron disruption the positrons
should have an energy larger than that of the electrons. Thus,
the characteristics of the two beams at the IP are completely
asymmetric, with one beam having a large disruption, 1000
or more, and the other having a small or negligible disrup
tion. This casc has not yet been studied in the literature on
beamn-beam interactions?¥), although it can make the collider
design much more effective.

The collision frequency is set by the linac. For a room
tersperature linac rates will be in the 0.1 to & kHz range.
Hence to compensate for the low rate, one must accelerate a
train of ten banches to collide with a similar train extracted
from the storage ring. Thus one obtains an effective collision
frequency betweer: 1 and 50 kHz with a room temperature
linac. To allow a small spot at the 1P the electron gun should
produce & bunch with a normalized transverse emittance ey =
107% m rad, a longitudinal emittance e, = 0.02 m, and a

charge per bunch of up to 101

particles.

The heart of the quasi-linear collider is the CRR which
provides low emittance bunches of positrons to the IP at a
bigh repetition rate. The bunches are extracted from the ring
and sent to the bypass where they collide with the electrons at
the IP. After the collision the positrons are sent back into the
CRR where rediation damping restores their initial condition
after a fow damping times. The disruption and beamstrahlung
losses of the positrons during collisions should be such that
only a small fraction, {less than 1%), are lost during the cy-
cle. The CRE must provide fast damping. short bunches to

1 peak current for

reduce the electron beam disraption, hig
large luminosity, and small emittance.

To provide a positron beam with appropriate character
istics at the [P, we must manipulate the beam in the bypass
to increase the bunch length and reduce its energy spread.
For a 8 GeV CRR we can increase the bunch length to 0.5
em, reducing the energy spread to a alue smaller than the
beamstrahlung parameter. If the damping ring can operate
isochronously, the buncher and debuncher could be eliminated
from the by-pass. The dispersion should zero at the entrance
and exit poinss of the CRR and at the IP, where the beam
should collide at a shallow crossing angle in the horizontal
plane to avoid unwanted multiple collisions between bunches.
Hence the bypass may need transverse deflection cavities to
allow for crab crossing.

The technical difficulties of quasi-linear collider include fre
quent beam manipulation without degradation of emittance,
the development of high frequency extraction and injection
systems, and the development of very bright, high repetition

rate electron beam sources.
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New types of colliders discussed in this report could lead
to higher luminosity ( 10% — 10%%cm~Zsec™ ) and less expen-
sive charm / 7, or BB factories compared to the conventional
approach. They would also advance the state of the art in ac
celerator physies. Consequently we advocate a major R & D
program to study these possibilities. Qur initial studies ind:
cate the feasibility of constructing a test collider and ¢ factory
that will reach a luminosity of 10*crn=%sec™". The electron

and positron beam densiti

s in the ¢ factory will be variable
over several orders of magnitnde. Therefore, the disruption
parameters can be varied over a wide range. Thus, this col
lider will allow a study of beam-bears interaction dynamies in
totally new regimes.
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