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1 Abstract

Parameters for an e*e” linac-ring-collider B-Factory with a lu-
minosity of 10¥em™ %571 For the ¢™ linac the
possibility to use the superconducting cavites developed for LEDP
is shown. The realization of a low emittance ¢~ source and a
high current and low emittance et ring is discussed. Simula-
tions of the beam-beam effect in the case where the ¢7 beam is
heavily disrupted by a stored et beam are presented.

are discussed.

2 JIntroduction
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energies and a luminosity of 10Mem =257 is considered to be an

interesting laboratory for a study of CP.violation in B-meson

collider at the Y (4s) resonance with asymmetric beam

decays. The luminosity requirement and the running mode with
asymmetric beam cnergies are beyond present day experience
with ¢Te™ storage rings. Several detailed studies of ring-ring-
colliders have been made{l]: some uncertainties remain il the
desired high luminosities are to be achieved.

The main thrust of linac based e* e~ colliders is towards higher
collision energies. But the different nature of the beam-beam cl-
fect and the smaller beam currents could also make such schermes
interesting options for a very high luminosity B-Factory. The
luminosity of linac-linac-collider B-Factories is limited by the
+ rates[2].
which has been recenlly discussed also in connection with high
energy colliders[3!, avoids this problem by storing the e beam,
and there scems (o be no principle obstacle to achieving very

required high ¢ sraduction The linac-ring-collider,
1 8 I g

high luminositics in a B-Factery with asymunetric beam ener-
gies (4].

This contribution summarizes the findings of an inforinal
study at CERN on the prospects for a B-Factory in the linac-ring
scheme.

3 Parameters

Figure 1 shows a layout of a linac-ring-collider. An ¢™ beam is
continuously renewed from alinac and durnped after the collision
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Figure 1: Linac-Ring-Collider Overview

Table 1: Linac Ring Collider "arameters.

Case A B C D I
L, -(Gel) 3.0 [ 3.1 | 31 | 80 | 80
L. (GeV) 90 | 9.0 | 9.0 | 35 | 35
I.-(mA) ] 26 | 2.6 2 2
1) 1 05 | 09 | 09| 18
P (M) 31 ) 80 | 80 ]16.0][ 160
pe+ () 100 | 100 | 100 | 60} 60
P (MW) 58 | 29 | 52§ 02 | 04
J(MIlz) 30 10 18 28 50
N.-(10%) 0.2 16 | 09 | 04l 03
N (10™) 2 3 3 2 2
az(jom) 1.0 2.0 | 5.0 | L4 | 40
ay(pm) 1.0 2.0 1 0.8 .14 05
7, (mm) 7 10 10 77
dr’ () 7 LU 1 O O O
Dy 660 | 350 | 610 | 130 | 230
134 0.018 | 0.05 1 0.05 | 0.05 | 0.05
Saeer (1071 L9 | 07l o4 26 110
L(0Mon=?s ] 10 1 1.0 10 | L0} 10

with an e beam stored in ating. The two beams are subject Lo
very diflerent constraints. Linac-ring-colliders are a new domain
and generally accepted recipies for parameters do vet yet exist.
In Table 1 sets of possible paraweters are given. In the following
we discuss a few important limitations to the luminosity,

For a desired luminosity the power of the ¢7 beam (F,-) is

given by (he transverse density of the stored e bunch,
. +
D TV LL A tE,- L
I,e, w 2[)]\1“ — z g 2

R A A {
Nooo (pm)? Hp GeV 10Mem— 247! (1)

A low emitlance high peak current e* beam is demanded to keep
I’,- in bounds. The e~ beam will be heavily disrupted by the
required high et charge density. The disruplion paramecter(1)),
which relates the bunch length (7,) to the effective focal length
of the beam force, is inversely proportional to I,

g MW 2 ot L

- . . z . i 2
r- 1+ f‘ em  10%em~2s! (2)

DY =281

Fven a beam power of a few MW corresponds to a disruption
parameter of several hundred and the elecirons undergo several
oscillations in the high density e* bunch.

Al energies considered here the beamstrahlung losses (65,40.)
cause no sizcable energy smearing of the e beam and the desta-
bilizing cflect on the et beam seems to be the major concern.
There is no sitaple criterion to judge the destabilizing effect frorm
the magnitude of D (sce chapter about beam-beam effect). We
quantily the beam forge by the linear tune shift(¢.+) that the
nominal linac beam causes to the e* beam, analogous to ring-
ring-colliders. A lower limit for £,+ requires an increase of the
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IYigure 2: Recirculating LINAC based on LEP Cavitics

et curreni (£,+) and of the collision frequency (/f,) proportional
Lo the belafunction (ﬂf,) at the collision point.

2 ¥ 0.05  8GeV L
oo=osa. 2, P 005 9GeV (3)
L+ 7 an €+Mlp I+ 10Man~2s71

As a consequence of equation 3 higher beam energies imply
smaller positron currents, but from synchrotron radiation power
losses (P oc Lo B p) a lower B+ s preferred.

In Table 1 five sets of parameters each resulting in a luminosity
of 10™em =251 are given. The first three cases are for a 3.1 GeV
¢~ beam and a 9 GeV storage ring beam; case ) and E are for
an 8 GeV e” linac and a 3.5 GeV e* ring. Tor both cnergy
choices round and flat beam examples are given. In case A a
1 Ampere e* beam and a 1 mA e~ beam are collided with a
spot size of 1 pm; corresponding to the beam-beam simulations
described Jater. In case B and C the essential input constraints
ater Pooo= 8MW A, = 10mm and €,+ = 0.05; in Case 1) and
2l = 16MW, 3, = Tmm and £,+ = 0.05,

4 Superconducting Linac

Superconducting radiofrequency cavities are by now applied in
several projects[s]). Figure 2 outlines a recirculating linac using
LEP cavities[d] as building blocks. In LEP, four 350 MHz cav-
ities with four cells each are put into a common cryostat. The
total length of such a unit is about 10m. Assuming four recircun
lations and a gradient of TMV /0, 16 of those units(64 cavitics)
and & standard klystrons could accelerate a 2.6 mA beam up to
3GeV. The total armount of cavitics and klystrons is cornparable
to about a quarter of what is planed for the energy upgrade of
LEP.

For the envisaged low ¢™ beam current the higher order mode
(HOM) couplers of the LEP cavities are adequate. With the long
RI" wavelength and the large iris holes of the superconducting
cavities a degradation of the e~ beam quality (emiltance growth,
cnergy resolution) is not expected. In Table 2 the requirments
for a B-Factory are compared with some basic parameter of su-
perconducting RE projects at LITP, HERA, TRISTAN and CD-
BAF. None of the quantities like total gradient, peak or average
current are more demanding than those typically required in
these projecte.

Table 2: Comparison of Superconducting RF Projects.
Project LEP | HERA | KEK | CEBAF | B-Fact.
Total Gr. (GV) | 3. 0.3 0.2 0.8 0.8
rep. Ireq.(MHz) | 0.04 10. 0.2 1500. 30
Nignen(1019) 1. 2. 32. .0003 .16
o, {mm) 16 8 12 1 7
Tpear (ICA) L2 | oo 1.2 | .0005 01
Toverage(mal) 6. 30. 20. 1. 10.
far(MIiz) 350 500 500 1500 350

e (MW) 16. 9, 5. 8 8.

With Qo = 5-10%, which is not beyoend reach at TMV /ny, the
cryogenic losses due to residual RE resistance are less than 4kW
at 4.2Kelvin. In additon static heat losses of about 1.5 kW are
expected.

Gun: The high collision frequencies require a low emittance,
short electron bunch directly Irom the cathode. Photocath-
odes irradiated by a laser and directly placed into a high gra-
dient RI® c¢avity have been developed for Free-Flectron-Laser
applications(7]. o overcome the large space-charge forces in
nonrclativistic dense electron bunches, high acceleration gra-
dients directly at the photocathode are demanded.  Those
photocathode laser guns are now being studied in several
laboratorics(8] including a CERN group for CLIC. In Table 3
projects in Los Alamos, Brookhaven (BNL) and a joint study for
a gun with a supercondncting RF cavity in Wuppertal CEBAYF
and DESY(WCD) are compared to typical requirements for a
B-Tactory gun. The critical ratio of peak current to emittance

Table 3: Comparison of Laser RI" Guns.

Project Los A. BNL | WCD | B-Fact.
N,- (10%/bunch) 60. 6. 1. 1

o, (mm) 9 6 2.6 7
Tpear(A) 130 100 7.3 2.7
o (mm — mrad) 18 7.3 45 i)
frr(MI2) 1300 2850 1300 -
rep. freq. (MHz) | few Iz | few 1z 125 30

for a B-Factory is comparable to these projects. A high repeti-
tion rate could be achieved with a commercially available mode-
locked laser.

5 Low Emittance High Current Ring

The requirements for the et storage ring are comparable to these
of very advanced synchrotron light sources or damping rings for
future linear colliders. 1ligh peak and average currents Logether
with the required low emittance challenge the beam stability and
the alignment tolerances of such a ring.

Synchrotron radiation is a fast cooling mechanisin, bul to
avoid beam heating, radiation losses in regions with large dis-
persion have o be avoided. Various lattice types have been
considered for this purpose. We studied the possibility of a high
tune FODO lattice with wigglers in dispersion free zoncs. This
type of ring has for example been studied for a CLIC damping
ring in the SPS-tunnel[9].

Due to the low emiitance, small aperlure quadrupoles can be
used in the low 3 insertion and detector background problems
[rom the high current ring should be small. Jontrapping prob-
lems inherent to e rings are avoided.

A more delailed feasibility study of the ring is needed.



6 Beam-Beam Effect

The beam-beam limil in storage rings is caused largely by the
nonlinearities of the beam forces. A disrupted e¢” beam with
a drastically reshaped charge distribution might increase these
nonlinearities. On the other hand the possibility to discard the
beam alter the collision opens new possiblities; also coherent
phenomena and flip-flop effects are of less concern.

Simulations with two different programs have been performed
using beam parameters corresponding to case A in Table 1) in
addition the size of the ¢ beam has been varied.

Figure 3a shows the 20 contours of the ¢* beam with dil-
ferent e~ trajeclories oscillating through the e bunch. At the
center of the collision arca the ¢ density is enhanced {pinch
effect). In Iigure 3b an ¢™ beam with ¢ = Ljom is simulated,
A luminosity enhancement appears, but the maximal tuneshilt
and the nonlinearitics increase. In Figure 3¢ a much broader
e~ beam distribution (¢ = 3pzm), but with a neminal e bunch
(m = lym) is simulated; electrons are drawn in by the smaller
¢* bunch and the two bunches are better matched than in Fig-
ure 3b. Due to the intial phase space spread and the nonlinear
forces of the Gaussian ¢ bunch no strong phase correlation be-
lween {he eleciron trajectories exist.

In these simulations the positton field is taken from the un-
perturbed bear (Cweak-strong’). In a second program developed
for CLIC both beam forces are simulated simultanously ("strong-
strong’). Figure 4 shows how the envelopes of the twoe beams
evolve during the collision for different e bunch sizes. For the
case of a broader clectron distribution (3m}) the two bunches
are overlapping at the collision time. Table 4 gives the lumi-

nostity with and without beam-beam forces for different €7 spot
sizes normalized (o an unperturbed collision size of T om.
Table 4: Luinosity Enkancement(Hp = f‘;)
ot {prn) | a® (pm) Hp(noforce) Hp(withforce)
i. 1.5 0.53 1.56
1. 2.0 0,10 1.27
1. 3.0 0.20 0.94

The possibility to influence the nenlinear beam-beam forces by
adjusting the electron beam initial condition looks encouraging.

Figure 3: Electron Trajectories in Positron Bunch.
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fligure 4: Beam Fnvelope during Collision,

To get a more quantitative picture for a possible limit of the
linear tuneshift €.+ a storage ring with nonlincarities and a low
B insertton has to be simulated together with a large value of 1.
An experimental test of such a beam-beam inleraction scenario
would be helpful.

7  Conclusions

High luminesities scem possible in the linac-ring-collider scherme.
The superconducting radiofrequency linac and the e gun could
be Luilt based on existing technology. The low emittance and
high current e¥ ring could be designed along the lines of ad-
vanced synchrotron light sources or damping rings for future
lincar colliders. Compared Lo a ring-ring-collider the linac-ring-
collider avoids a high current ¢ ring and allows lower emittance
beams. The fact that one beam is discarded alter the collision
opens new possibilities to iinprove the beam-beam limit. A linac-
ring-collider appears atiractive, but Turther studies are nceded,
Lo see how much of its polential could be realizad.

References

[1} Feasibility Study for a B-Meson Factory in the CERN ISR
Tunnel, CERN 90-02,PST PR-80-08, ed. T. Nakada
and references therein

{2] U. Amaldi et al.,, EPAC Proc., Rome, 1988 p.754

[3] P. Grosse-Wiesmann, Nucl. Instr. Methods, A274(1989)21
C. Rubbia, EPAC Proc. , Rome, 1988, p.290

{4] J.J. Bisognano et al.,, CEBAI" Note, November 1988
U. Amaldi and G. Coignet, Moriond Proc., 1989,p.491

(6] W. Weingarten, Particle World,1(1990)93
D. Proch,EPAC Proc., Rome, 1988, p.29
. Snogushi, this conference

o

{6] C. Benvenuti et al. this conference
(7] R.L. Sheffield et al., Nuch Iustr. Methods, A272(1988)222

[8] Y. Baconnier et al. this conference
K. Batchelor et al., EPAC Proc., Rome, 1988, p. 954
. Chaloupka et al.,’liPAC Proc., Rome, 1988, p.1312

[9] L. Evans and R. Schmidt, CLIC Note 58, Geneva, 1988



