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Abstract

We propose a new type of eTe™ collider with approximately co-iinear

beams that interact at small angles to produce energetic mesons and A'¢ L'}

beamns. We apply this concept to the collision of a 2 GeV e~ linear accelerator

and a compact 1 GeV e™ storage ring and show how high luminosity opera-

tion might be achieved as well as a crab crossing geometry. We discuss the

experimental advantages of this scheme for producing energetic & beams

and o — N sHh'} interference compared to conventional o factories.

1. INTRODUCTION

There is strong scientific justification for
o factories to study CP violation in the A'® —
7w svstem and to search for possible CPT vi-
olation. These rich scientific goals are docu-
mented 1n various workshop proceedings and
in the proposals for the UCLA. Frascati. KEK
and Novosibirsk o Factories’'?=. All of these
proposals are designed for symmetric ¢ fac-
tories (i.e. equal e™ and e~ energy)*®. We
now show the considerable advantages of an
asvmmetric ¢ factory.

There are problems with experiments at
svmmetric ¢ factories which are:
(1) The A particles travel only ~ 6 mm on

average.

(2) The A% decay at rest. thus the spectrum

of photons. leptons and pions is rather

soft (down to ~ 20 MeV).

(3) A 47 detector is required for a symmetric
o factory but a smaller detector is usetul
for an asymmetric o factory.

In Fig. 1 we illustrate the effectiveness
of an asymmertric o factory for the case of
735MeV €7 on 354 MeV e™. In the cases
studied here we assume a more asvmmetric
macnine than for this case which improves the
situation and reduces the detector size.

The study of ® — A'sh’; decay provides
an interferometer and the most important pa-
rameter being measured is the decay time dis-
tribution of the s in comparison with the
A'1,. Because of problems (1) and (2), precise
measurements place great demands on the de-

tector.

* Submitted for the proceedings of the XXVT International Conference on High Energy

Physics held in Dallas. Texas. August 1992.
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1: From A. Boden. et al.. A Linear Collider o Factory and Beam Dynamics Test Machine.

Published in the proceedings of the 1989 Blois Conference on CP Violation.

THE TEST OF CPT AT A o FACTORY

These tests rely on precise measurement
of % decays and the es parameter in the
LY, KY system. Any deviation from
(1)

€g = €],

would signal a breakdown. This could occur
in the semi leptonic or non lepton channels.
The ultimate problem of measuring es at a
symmetric ¢ factory is the level of systematic

errors due to the very small decay length. An

asymmetric o factory, therefore. offers the po-
tential of a superior measurement of €5 and
of CPT tests. Our goal is to test CPT. in a

model independent fashion. tot he level of

.'\-[;\'0 - MR-o

< 1071 2
(Mp) - (2)
which is in the same range as
Mevark
auar -~ 10—18 _ 10—19 3
Mplanck )

At this level it 1s quite possible that CPT

could be violated.



3. THE ASYMMETRIC ¢ FACTORY

a) Method 1:
We consider two approximately colinear
beams of ¢* and e~ with energies E; and E,.

The center of mass energy is given by

Ecm =\/2E1E2 (1 - ﬁlﬂ? COS@) (4)

where © is the angle between the beam (0°

for colinear). In order to obtain a center of
mass energy of the ¢ resonance and well below
\/.?_m we will require that the beam cross
at a small angle such that (1 — §;8; cos Q) is
small. The net momentum of the ¢ is given
by (];1 - }_3:2) In the case we study here. we
choose El(e—) to be 2GeV and E£e+) to be
1GeV. Thus, the net momentum of the ¢ 1s
~ 3 GeV/c and the momenta of the N'g, Iy,
will be ~ 1.5GeV/c. The mean Ngs decay
length will be ~ 2cm and the A's. N, will be

produced at an angle of ~ 4. tor Ag — 7w
the mean angle of the 7’s will be ~ 16°. The
energy of the 7% and v from the decays will
be similarly boosted. This will greatly sim-
plify the detector for the ¢ physics. However.
we note that the net o energy should not be
too great or the detector problems will again
increase due to the small angles of the decay
products.

The scheme proposed here is to collide a
very intense low emittance e~ beam produced
by a compact linac with a high current stored
e’ beam in a compact superconducting stor-
age ring. This scheme 1s shown schematically
in Fig. 2a. The beams are made to cross at
the appropriate angle to produce the ¢ mass
in the ete™ rest frame. To insure maximum
overlap beam density and luminosity a crab
crossing scheme may be useful. We also ex-
plore the possibility of increasing the inter-

action probability by having the e* and e~
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Fig. 2a: Schematic of an asvmmetric ¢ factory that uses a linac and storage ring collider.



beams cross at several points in the interac-
tion region in an oscillatory fashion. In prin-
ciple. there could be many such beam cross-
ings and the luminosity could be considerably
enhanced.

The luminosity of the collider, assum-
ing cross angles comparable to the physical
crossing angles and large energy asymmetry,
1s given by
_fNe+ N.-H

£sin” 6 (5)
d7oL 0y

L
where f is the interaction frequency, N+ 1s
the number of positrons in each bunch, V.- 1s
the number of electrons in each linac bunch,
o, and o, are the transverse beam sizes, H is
the pinch enhancement, and ¢ is the number
of different interactions the beams make in
the interaction area. We take the following
parameters for illustration:

H=1. f=2x10%sec™?, N.+ =2 x 10},
Ne-=5x 10 og,=5y=10"4em,
(=4. and sin’d=1/4.

The resulting luminosity is
L~ 1.6 x10* cm™?sec™! (6)

Note that these beams are not expected to be
seriously disrupted due to the colinear nature
of the collision. There will. however, be some
electrostatic pinch for these colinear beams.
We expect that the storage ring will need to
be refilled every 4 -5 hours under any extent.
Since the revolution frequency of the storage
ring is 14 MHz and the collision rate is 10*Hz,
the positrons generally have 103 revolutions
between collisions to partially damp out the
effects of the interaction. Several bunch oper-
ations of the collider will also be envisioned.

The e~ linac should be a very compact

device modeled on the the 1 GeV X-band test

linac presently being constructed at SLAC.
The e~ beam is driven by a bright RF gun/
photocathode source. The e storage ring is
expected to follow the initial design of the
UCLA & Factory storage ring with a mod-
ified lattice proposed by Al Garren and W.
Gabella®. The storage ring will be 18 m in cir-
cumference. The positron source also follows
the original UCLA @ Factory design®. It is
not clear, however. that full energy injection
1s required In the present case since it was
originally proposed for the eTe™ beam collid-
ing in the same storage ring for the UCLA
® Factory. It may be possible to acceler-
ate in the storage ring to the desired energy
and obtain the desired high current operation.
These options will be studied in the forthcom-

Ing report.

b) Method 2:

A second method to produce an asym-
metric ¢ factory is to achieve head on col-
lision between the 2GeV/c? e~ beam and a
stored et beam of energy 120MeV/c?. (In
1988 we studied a case for 735 MeV e~ on
354 MeV eT beams. A. Boden et al.) This
case 1s illustrated in Fig. 2b. The positron
storage ring can be constructed with normal
magnets and the positron source can be gen-
erated using the spent e~ beam after the colli-
sion. The e beam would have to be matched
to the e~ beam in order to obtain the highest
possible luminosity (~ 10*3cm™?sec™!). The
advantage of this scheme is that the storage
ring 1s very modest and much less expensive.
The disadvantage is the low energy beam dy-
namics. In the future a small team at UCLA
will study this option. This concept is simi-

lar to the quasi linear collider scheme for BB



Factories”. Another option to be studied is
a 1GeV ¢~ linac and a 250 MeV e™ storage

ring.
4. SUMMARY

In summary, we propose here a new type
of o factory that is asymmetric and helps
overcome some of the most severe detector
problems for the study of K'¢’s in a symmet-
ric o factory. We believe the detailed study of
the N3 K'Y interference patterns with the high
time resolution that should be possible as the
LK% decays will provide a unique test of CPT
and study of various CP violating amplitudes
in the future.

In some ways this will be a second gener-
ation o factory. This is due to the fact that,
because the N2, K}, K. and N~ beams
are now very collimated. 1t will be possible to
carry out experiments with long decay paths
as well without the need of an expensive 47

detector.
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Fig. 2b: Schematic of an asymmetric ¢ factory using head on collisions between the e™ and e~ beams.
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