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1. Introduction

1.1 GENERAL

In the design of an ete~circular collider to
serve as a B-factory, a ¢-factory, or a 7-charm-
factory, the beam energies are defined by the res-
onant nature of the interaction cross section. The
challenge in the accelerator design, then, is to
push on the luminosily frontier rather than the
energy frontier. Thus, it is issues related to the
high beam intensities and the large number of col-
liding bunches that are paramount.

The goal of all these factories is to achieve lu-
minosity values approximately two orders of mag-
nitude beyond those of existing colliders in the ap-
propriate energy range. In all operating ete”mach-
ines, however, there is one characteristic param-
eter that has proven resistant to large improve-
ments from particular design choices—the beam-
beam space charge tune shift parameter, £. This
parameter—in all operating ete™ colliders and in
all energy ranges—lies between about 0.02 and
0.06. It does not seem reasonable, then, to base
a design on a value for £ that is well beyond
the range that has been seen in experiments over

many years and that has resulted from numerous
detailed and sophisticated simulation codes.

With this constraint in mind. the design op-
tions invariably proceed along two paths, as illus-
trated in Fig. 1. First, the lattice design is pushed
tc produce very low values of 5. This chcice
forces a concomitant reduction in the bunch length
to reach the operating regime where o < B,
along with a substantial amount of RF hardware
to produce the short bunch. Second, achieving
high luminosity without a greatly increased £ value
forces the design to one with many bunches (hun-
dreds, or even thousands). To avoid numercus
parasitic bunch crossings, and because of the large
circulating currents, designs for B- and 7-charm-
factories have uniformly adopted a two-ring ap-
proach. In a ¢-factory, such an approach is not
mandatory. Subsequent branches in the design
logic are indicated in Fig. 1.

The performance criterion of any “flavor fac-
tory” is usable integrated luminosity per year. A
good duty cycle is required in addition to high
peak luminosity. Defining a duty cycle D = £/L
over on. vear of calendar time, present e*e™ collid-
ers operate at D ~ 0.25[1,2]. For a B-factory

with £ = 3 x 10%, D must be close to 0.4 to ac-
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Fig. 1. Hlustration of the alternatives that must be considered in the design of a high-luminosity electron-

positron factory.

complish the physics goals as we now understand
them. One crucial ingredient in improving D will
be fast and reliable injection. Beyond this, how-
ever, system reliability must be considered at the
design stage in order to make at least a factor of
two reduction in down time (under “high stress”
operating conditions) compared with present ma-
chines. To reach this goal, planning must empha-
size not only conservative design, but also redun-
dancy. For example, some number of “hot spare”
RF stations will be needed to keep the beam in
the machine consistently. This type of analysis,
which is common in the aerospace industry, may
need to be applied to our situation.

In this paper, we will first indicate (Section
2) the key issues in designing a 3-factory and a ¢-
factory. and illustrate the approaches that are be-
tng followed to address them. In general, reaching
the B-factory parameter regime offers the most
challenges, so we will emphasize it here. Then
we will consider (Section 3) an extrapolation of

our present understanding of collider performance
and assess the maximum luminosity that could be
anticipated. To reach extremely high luminosity,
it may be necessary to consider possibilities be-
yond the scope of “standard” approaches to col-
lider design; a few illustrative examples are out-
lined in Section 4. For both the present designs
and the extrapolated parameters, R&D activities
in a few key areas are required; these areas are
discussed in Section 5.

1.2 Basic LuMINOSITY DEFINITIONS

The luminosity of a particle accelerator is de-
fined as the event rate (per second) of a process
with unit cross section:

a=L o7 (1)

In terms of machine parameters the luminosity
is given by the number of incident particles per



second times the effective density of the target
or, for a colliding beam accelerator,

N TN, @)

L=1N AT 4wozoy
where f* is the number of encounters per second,
N2 are the numbers of particles per encounter
for the two beams, A is the cross-sectional area
(here assumed equal for both beams), and o7,
are the rms horizontal and vertical beam sizes,
respectively, at the interaction point (IP). Gaus-
sian transverse distributions are assumed.

The transverse deflection given to a particle
by the macroscopic electromagnetic field of the
opposing bunch is linear for small transverse dis-
placements, Az, from the bunch center. The ef-
fects on beam dynamics of this iransverse force
are described in terms of a scaling factor, £, the
beam-beam space charge parameter, defined by

. Nir. G
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where (., is the horizontal or vertical betatron
function at the interaction point, f is the focal
length of the effective lens created by the opposing
bunch, Ny is the number of particles in the bunch,
re = 2.8 x 107!% m, and 7 is the relativistic factor.

Because the linear part of this interaction acts
like a focusing lens (for oppositely-charged parti-
cles), causing a change in the beam’s betatron
tune, £ is often referred to as the linear beam-
beam tune shift.

1.3 CHOICE OF BEAM PARAMETERS

The choice of beam parameters for a typical
high-luminosity collider design is based on the fol-
lowing, simplifying assumptions:

s The horizontal and vertical beam-beam tune

shifts of toth beams are taken to be equal
to a single specified value, §.

o The beams are constrained to exactly coin-
cide at the IP.

trom these assumptions the following well-
known relations beiween the energies E (GeV),
intensities J (A), emittances £ (nm-rad}), Juminos-
ity £ (cm~2s~!) and beta-function values (cm) at
the IP can be derived. In these formulas, given

below, r and B are constants, sg (m) is the bunch
spacing, and § is the tune shift imit. The beam
sizes at the IP of the two beams (designated by

i=120rk=21)are 0;; = /e - By, where

i=2z,y.

BB =¢le=ayfoz=r ON

BiilBa; = eaiferi = (B1/E2)(h/) =6 (5)

4.77sgIx

€z = E(tr) Gy = €z (6)

Equations (2) and (3) may be combined, elim-
inating the beam cross sections o and o, to ex-
plicitly separate luminosity performance into op-
tics parameters |r = %’.L and f;|, beam-beam dy-

H

namics, (), and total current per beam (7):

Llem™2s™1) = 2.17 x 10°48,(i + ) [IE} (7)
I

where, as mentioned, £ {GeV) is the beam en-
ergy, I (A) the total current in one beam, and
B; has units of centimeters. This forra must be
used with caution, since a horizontal beam-beam
limit or vertical aperture limit may be implicitly
contatned in the total beam current, I.

The last parenthetical expression in Eq. 7 can
be evaluated using parameters of either one of
the two beams, but not both, because of Eq. 6.
For a given € and r, maximizing luminosity is
done by maximizing this bracket, that is, produc-
ing high currents and small beta functions. It is
worth noting that, to control the beamn param-
eters (emittance, energy spread, damping time)
of the low-energy ring in a B-factory, wigglers are
often used. This approach gives the designers con-
siderable flexibility in reaching high luminosity at
whatever limiting value of £ can be reached in a
given machine.



2. Present Status
2.1 B-FACTORY PARAMETER REGIME
2.1.1 Beam-Beam Issuss

The beam-beam tune shift descrihed above
decreases rapidly for particles passing through the
opposing bunch with transverse displacements larg-
er than one sigma. A particle’s betatron tune is
therefcre dependent on its betatron amplitude.
While the Landau damping introduced by this
tune spread can rednzce the growth rate of coher-
ent resonances, the resulting spread in tunes can
push individual particles onto single-particle res-
onances[3]. In addition, vertical motion may be
driven parametrically by motion in the horizen-
tal plane, which generally has at least an order
of magnitude larger emittance. Both these effects
increase with the beam-beam parameter, £, until
o, or g7 becomes unacceptably large or the beam
.ifetime becomes unacceptably short.

Although efforts to calculate limits to € have
had some qualified success, most of our guidance
has come from empirical measurements[4], which
show a range of 0.02-0.06 for both £, and &, in
olactror.y asitron colliders. While several rollid-
‘1s over a wide range of design energies, have
achieved £ ~ 0.05, various operating conditions
are known to decrease the attainable tune shift.
These include: dispersion at the interaction point,
displacement or angle between the two colliding
beams, or > $°, and asymmetries in optics be-
tween the multiple interaction points of a ma-
chine. Furthermore, in a given collider £ decreases
as the operating energy decreases from the maxi-
mum design energy[4].

Round beam cross sections may yield more
luminosity per unit current. The (1 + r) term
in Eq. 7 gives a geometrical factor of two. Fur-
thermore, some computer simulations suggest[5]
that £ may be as much as two times higher for
round beams than for flat beams. At this time,
however, efforts to design interaction region optics
for round beams have resulted in 8° values two to
three times larger than for flat beams[6], compro-
mising much, if not all, of the potential advan-
tage of round beams. An additional drawback of
round beams is that the magnets needed to sep-
arate and focus them produce copious amounts
of synchrotron radiation power near the interac-
tion point, leading to severe masking and heating
problems.

The question, then, is what value of £ to
choose for a B-factory parameter list. Given the
lack of experimental data on the effects of unequal
energy beams, crossing angles, and wigglers on §,
some caution is warranted. A value of £ = 0.03
has been the choice of most machine designers.
There is good reason to hope that, with experi- |
ence, £ may be pushed closer to the value attained
by several existing colliders, 0.04-0.05.

2.1.2  Interaction Region Design

2.1.2.1 Minimizing 8*

The smallest §* values attainable are lim-
ited by (i) the need to separate the beams suf-
ficiently to lead them into independent channels
(thereby avoiding damaging parasitic heam-beam
interactions), (ii) the need to produce the §* val-
ues with quadrupoles that do not cause excessive
chromaticity, (iii) the need to do the separation
and focusing without producing more synchrotron
radiation (SR) than can be absorbed by a masking
system, (iv) the need to avoid components that
present excessive impedance to the beams, and
{v) (but certainly not least) the need to make the
design compatible with the detector constraints.

2.1.2.2 Beam Separation

The initial beam separation can be accom-
plished by crab-cavity assisted crossings, by dipole
fields at or near the IP, by the bending action
of quadrupoles on ofi-center beams, or by some
combination of these methods. At present, there
seems to be a consensus to use off-center quadru-
poles in combination either with dipole magnets,
with tilted solenoids near the IP, or with a mod-
est crab-type crossing angle. In all of these cases,
both beams pass through two or three common
quadrupoles on each side of the 1P, followed by
a special quadrupole that acts only on the high
energy beam (or possibly with equal and opposite
gradients on both beams). This special quadrupole
is followed by a horizontal or vertical septum mag-
net that completes the separation of the beams
and directs them into independent channels.

At present, the two asymmetric B-factory ma-
chine designs in the U.S.A. have similar parame-
ters and interaction region concepts, except that
one uses dipoles to initiate the separation while
the other uses small crab-crossing angles. The
common elements are permanent magnets with
sufficiently low fields and/or gradients to make
synchrotron radiation problems tractable. The
other constraints listed above are thought to be
satisfied.




Different strategies are being explored for the
transverse placement of the common quadrupoles,
driven by the conflicting needs to obtain rapid
separation and to reduce synchrotron radiation
near the IP. It is generally desirable to bring the
common elements as close to the IP as possible,
consistent with allowing a sufficient solid angle for
the detector.

2.1.2.3 Final Focusing System

For the two U.S.A. designs currently envi-
sioned, the first focusing elements proceeding away
from the IP comprise u quadrupole doublet or
triplet common to both beams, placed either di-
rectly after the separating dipole magnet (ir the
head-on case) or as close t> the I as possible
(in the crab-crossing case). These are adjusted
primarily to control the rapid rise of the low-
energy ring (LER) vertical beta-function. The
first quadrupole is vertically focusing, and the
others alternate in focusing gradient. The next el-
ement is the special quadrupole, vertically focus-
ing, that acts only on the beam in the high-energy
ring (HER). After a few meters, another normal
HER horizontally-focusing quadrupole brings the
beta-functions to their maximum values.

The quadrupoles are typically 40-60 cm long,
separated by about 20 c¢m, and the common ele-
ments end two or three meters from the IP. Typ-
ical machine parameters are:

£=3x108¥ em™ %74,

sg = 1.26 m,
r=0.04,
b=2cm,

E, =9 GeV,

=148 A,
Bi. =1 cm,
Biy =3cm,

€1, = 46 nm - rad,

€1,y = 1.8 nm - rad,

E; = 3.1 GeV,
I =214 A,
B3, =375cm,
Bz, =15 cm,

€,z = 92 nm-rad,
€,y = 3.6 nm - rad.

The peak beta-function values are about 250 m
and 50 m for the high- and low-energy beams,
respectively.

2.1.3 Masking and Background Issues

One key issue in B-factory design concerns
the interface between the detector and the stor-
age rings. A detailed discussion of these con-
siderations is given as part of the report of the
B-Factory Interaction Region Design and Mask-
ing group (see report elsewhere in these Proceed-
ings). The interaction region (IR) optics must
not only provide low beta functions (strong fo-
cusing) and separation of the two beams (as dis-
cussed in Section 2.1.2), it must provide low back-
grounds in the detector. The backgrounds are
of two main types: synchrotron radiation; and
scattered-particle backgrounds arising from Brems-
strahlung and beam-gas elastic scattering in the
straight sections that precede the IP. Great care is
needed to shield against these backgrounds. The
optics must be optimized so as to minimize the
synchrotron radiation emission from the dipoles
and quadrupoles. Even then, the masks must be
capable of attenuating the synchrotron radiation
by a factor of 10® and dissipating power levels
on the order of 100 W/mm?. Contral of scattered
particle background levels requires a pressure as
low as 10~® Torr in the straight sections in order
to satisfy the occupancy and cormponent radia-
tion damage standards of the detector. Both the
SLAC/LBL and Cornell groups lave done opti-
mization of the IR optics as well as detailed mod-
eling of the backgrounds. 1n both cases it appears
that the backgrounds can be reduced to a level
where the detector criteria are satisfied.

There are a number of engineering consider-
ations that are required before the interaction re-
gion design can be considered complete. Engi-
neering tolerances on the interaction region ele-
ments (masks and magnets) are challenging. For
example, the focusing and separation magnets must
fit within a roughly 300-mrad cone defined by the



detector. Compact permznent magnets may be
needed to accommodate both beams. The syn-
chrotron radiation masks must be designed taking
into account both the total power loading and the
photon energy spectrum. Care must be taken in
the choice and mix of materials.

In summary, the interaction region/detector
interface for high luminosity e¥e~ machines pre-
sents a significant challenge. Most of the problems
have been addressed: optics designs are available
that provide adequate protection for the detec-
tor, but detailed engineering solutions for some
beam-line components are still needed. The cur-
rent outlook is that suitable IR designs are within
reach.

2.1.4 Bunch Length Limits

To take advantage of the small g, value re-
quired for reaching high luminosity, it is necessary
to achieve a bunch length such that oy < §;. This
choice minimizes the influence of synchrotron mo-
tion on beam dynamics (betatron tune modula-
tion at the IP) and avoids the luminosity loss as-
sociated with the beam size increase near the IP
{“hourglass effect”).

The straightforward way to obtain short bunch-
s 1s to use suitable RF parameters, that is, a high
voltage and high frequency, since

2 _ (E/e)cho:
L= Ve frr " ®

For a given lattice and beam energy, the nu-
merator in the above equation is a constant, so the

bunch length scales inversely with (VRFfRF)%.
Taking typical (but not corresponding to any one
design) B-factory parameters (see Table I), gives

1
VRrfrr = — 9
9L

where Vrr is in MV, fpr is in MHz, and oy is
in m. At a typical frequency of 500 MHz adopted
in most B-factory designs, a voltage of 20 MV is
needed to obtain a l-cm rms bunch length.

To avoid an unwanted increase in the bunch
length, the beam current must stay below the lon-
gitudinal microwave instability threshold, which
can be written in terms of average (single-bunch)
current as

Table I
Typical B-Factory Parameters Used
for Numerical Estimates

Beam energy, E [GeV]} 9.0
Circumference, C [m) 1200.0
Average radius, /¢ [m] 191
Bending radius, p (m] 100
Harmonic number, h 2000
Momentum compaction, o 0.002
Bunch length, g, [m] 0.01
Relative momentum spread, op | 0.001
RF frequency, frr [MHz] 500
Beam pipe aperture radius, b fem)| 5

< YEbI(E ol

Z

n

(10)

eff

The only parameter to which we have access
in the above equation is the broadband impedance,
|Z/nlyy. The impedance is “effective” in the sense
that the bunch samples the ring impedance weight-
ed by its power spectrum. A short bunch—one
having a frequency spectrum extending well be-
yond the beam pipe cut-off frequency—does not
sample the impedance fully[7]; such a reduction
in |Z/n|ess has been observed in this bunch length
regime at LEP[8].

In many modern storage rings, a typical value
of the low-frequency broadband impedance (i.e.,
the impedance that would be sampled by a long
bunch) is 2-3 Q. Presently in PEP, for example,
|Z/n| = 3 Q, of which two-thirds is attributed to
the RF[9]. Using a modern RF system, we expect
that a B-factory ring can be built with {Z/n| =
1.5 Q, giving an effective impedance of about 0.1
(2. The above parameters “hen correspond to a
threshold current of 24 mA—a comfortable value.

With short bunches, non-resonant higher-or-

der mode losses can become significant. These
scale as
12
Pryom =1 x 10'%k(0p)— (11)
kpfo

where k(o) (in V/pC) is the loss parameter, whose
dependence on the bunch length is explicitly called



Table I1
Higher-Order Mode Loss Estimates®
ket  Prom

Device # of Units (V/pC} (kW)

RF cavity 20 4.63 74.1
Septa 2 0.27 43
Kicker ceramics 4 0.03 0.5
Gate valves 22 0.13 2.1
Sliding joints 100 045 7.2
Horiz. scrapers 10 0.01 0.1
Vert. scrapers 8 0.07 1.1

Distributed pumps

(per m) 600 0.11 1.8
Lumped pumps 100 0.18 29
TOTALS 5.88  94.1

* Loss parameters scaled from CESR hardware, as-
suming reasonable design improvements. A bunch
length of 1 ¢m and a total beam current of 2 A
(in 1000 bunches) were taken.

out by our notation. For the designs under con-
sideration, 7 == 2 A, but kp is also large (= 1000).
If we scale loss parameters from present CESR
hardware, taking account of reasonable design im-
provements, we obtain the values summarized in
Table II. Then we expect typical HOM losses of
about 90 kW, which should not be of concern. It
is worth noting in Table IT that nearly 80% of the
total HOM loss is associated with the RF cavities.

2.1.5 RF Parameters

The choice of frequency and voltage are main-
ly driven by technology considerations. With con-
ventional RF systems, the power requirement scaies
as Vg, so reducing the voltage is beneficial from
this viewpoint. Superconducting RF systems, on
the other hand, provide higher gradients without
a penalty in RF power. In practice, the beam
currents in a B-factory are high (1-3 A in each
beam), so the RF power requirement is dominated
by the need to replenish the beam power lost to
synchrotron radiation. Thus, the choice of con-
ventional vs. superconducting RF is not strongly
influenced by power considerations.

To obtain the short bunches needed for reach-
ing high luminosity, it is attractive—especially for

a conventional RF system—to reduce the volt-
age requirement by increasing frr. Restrictions
on the choice of frequency arise from two issues.
First, the dimensions of the RF structure decrease
with frequency, and can give rise to considerable
transverse impedance:

2R|Z
Sl Py

(12)

e.g., ascaled 3-GHz structure would have 36 times
the 2, of a 500-MHz structure. For large rings,
the transverse impedance typically limits the sin-
gle-bunch current that can be stored. Less funda-
mental, but perhaps more significant, is the lack
of high-power sources at the higher frequencies.
Klystrons capable of 1 MW CW power are com-
mercially available only at 350 and 500 MHz, al-
though lower power klystrons at 1 GHz can be ob-
tained. If need be, higher frequency high-power
sources could be developed, but the power reduc-
tion implied by Eq. (3) does not provide great
incentive in a design dominated by beam loading.

To minimize problems with coupled-bunch in-
stabilities, it is necessary to minimize the number
of RF cells. For a B-factory, the limit on the num-
ber of cells is based on power considerations. The
main issues are:

o dissipating the wall power required to de-
velop the voltage; and

e transmitting the total (beam + wall) power
through the RF input window.

Single-cell 500-MHz RF cavities have been de-
signed (and are soon tc be tested) at Py = 60
kW; an increase in this value by a factor of ahout
two would be desirable for a B-factory.

The total power through the window is aiso
a limitation at present. For the high-energy ring
of our “generic” asymmetric B-factory, we need
20 MV to produce a 1-cm bunch. To do this re-
quires Py = 0.12 MW/cell. Including a beam
power of 5 MW, the required input power is 0.4
MW/cell. This is higher than what has been
routinely demonstrated in an RF cavity, but is-
well below the capabilities of today’s high-power
klystrons. Even assuming no improvement in win-
dow technology, the power could, in principle, be
fed through two windows and recombined. Al
ternatively, the number of cells could be doubled,
which would be undesirable (but not unaccept-
able) from an impedance standpoint. With super-
conducting RF, the wall power is negligible so the
input power requirement is reduced by about one



third. If the window capabilities were the same
for the superconducting and room temperature
systems, fewer cells would be needed in the for-
mer case. Given the significant engineering chal-
lenges associated with the superconducting envi-
ronment, it remains to be seen how much of the
potential reduction in RF hardware can be real-
ized with this technology.

Wakefields trapped in high-Q resonant ob-
Jjects can couple the motion of successive bunches
in a storage ring and lead to unstable motion that
must be controlled with feedback. If the decay
time of the wakefields is long compared with the
interbunch spacing (as is usually the case), the
growth ra! s scale with total current, and are in-
sensitive to the bunch pattern (Fig. 2). The ap-
proach being followed to minimize the coupled-
bunch instability problem is to use single-cell cavi-
ties with a large-bore radius to minimize the num-
ber of trapped modes. Calculations indicate that
a 1 MQ impedance gives a growth rate of about
10* s™1. A target value for the growth rate is
1/74 <1000 s7?, as this value can be handled with
a manageable feedback system[10). This corre-
sponds to an allowable R, =~ 0.1 MQ or 5 kQ/cell.
If a typical HOM has R,/Q = 10 and Q = 20,000,
then we must damp the mode to @ < 500 without
significantly degrading the fundamental. Tech-
niques for achieving this damping, using wave-
guides on the cavity body to couple out the HOM
power, have been shown[10] in low-power tests to
give @ = 70, 2 comrfortable margin.
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Fig. 2. Dependence of growth rate for longitudi-
nal coupled-bunch instability as a function
of the separation between (equally-spaced)
bunches. Until the bunch separation time
is longer than the typical time for the wake-
fields to cecay, the growth rate is essentially
independent of separation.

2.1.6 Feedback System

Because of the significant damping needed to
reduce R, of the HOMs to acceptable values, the
modes from the various cells will overlap. In ad-
dition, they are sufficiently broad that there is no
possibility of “avoiding” them with the beam ro-
tation harmonics. There are several multibunch
feedback system options that have been exam-
ined and found to be acceptable[11]. For exam-
ple, one could employ a low-power system, hav-
ing a bandwidth greater than the required 125
MHz at 1.125 GHz, that is based on 10 kickers,
each consisting of four series-connected loops. To-
tal power required is 1.6 kW, which can be pro-
vided by ten 160-W solid-state amplifiers. If more
power were needed, an alternative system Lased
on 14 stagger-tuned, damped RF cavities could
be employed. This system would be powered by
commercially available 50 kW UHF TV klystrons.
With this latter (albeit costly) approach, much
higher power is available, and additional band-
width can be gained simply by adding more chan-
nels. It is worth noting that the power require-
ments for the feedback system may well be dom-
inated by injection errors, so this aspect must be
carefully considered in the system design.

2.1.7 Vacuum System

There are two design issues that must be ad-
dressed: heating of the vacuum chamber walls
from the synchrotron radiation and photodesorp-
tion of gas molecules. For the first issue, the “fig-
ure of merit” is the linear power density given by

E4
P =885x 10"517—;2 . (13)

For a beam of 1 A at 9 GeV and p =~ 100 m,
we estimate P, = 9 kW/m compared with 5-10
kW/m for present chamber designs. This value
is acceptable for a copper vacuum chamber[12],
and is perhaps acceptable for an aluminum cham-
ber if sufficient cooling water passages are pro-
vided. However, a higher beam current at this
p value would almost certainly preclude the use
of aluminum. Because of its higher Z, copper is
self-shielding for the copious synchrotron radia-
tion produced by the beam and therefore is the
favored material for a B-factory vacuum chamber.

The photodesorption rate is given by



Qgas = 24~2E[Ge\l] . I[A] .gr Torr-lfs  (14)

where nr is the desorption coefficient. A copper
surface is expected to behave similarly to stain-
less steel(13]. Thus, it will take a dose of abuut
100-1000 A-hr to reach pr = 2 x 10~% depend-
ing on pre-treatment. To reach P < 10 nTorr,
as dictated by lifetime considerations (7gas & 3
hrs), requires a pumping speed of about 100 1/s
per meter, which is not too different from that
of existing rings. Achieving such low values for
nF requires careful handling of the vacuum sys-
tem, as has been demonstrated in test samples of
stainless steel at BNL[13].

2.1.8 Ion Trapping

The large number of electron bunches in a
two-ring collider like a B-factory raises the prob-
lem of ion trapping in the potential well of the
electron beam. This phenomenon has been seen
in all synchrotron radiation sources that utilize
electron beams. The most effective cure is to leave
a gap in the train of bunches (typically 10-20% of
the ring circumference). This remedy should also
work with a high-luminosity collider. However,
if one relies solely on a gap to suppress ion trap-
ping, the implications of the gap on other systems
(e.g. transient beam loading of the crab-crossing
or regular RF cavities) needs to be investigated.

Another widely used method for suppressing
ion trapping is to install clearing electrodes inside
the vacuum chamber. These electrodes typically
create a transverse static electric field that drags
the ions out of the potential well. The potential
across the electrodes is typically on the order of
a few kV. A comprehensive theoretical and com-
putational study of ion trapping has shown(14]
that the effectiveness of the clearing electrodes
can be greatly enhanced by superposing on the
static field an electric field oscillating at the nat-
ural transverse frequencies of the ion motion. The
study also confirms the experimental observation
that ions can be trapped in the alternating mag-
netic field structure of insertion devices. Special
care will be required to avoid having damping wig-
glers in a B-factory low-energy ring become a trap
for ions.

2.1.9 Injection System

High-luminosity electron-positron colliders
such as B-, ¢- and 7-charm-factories will require
full-energy, low-emittance sources of positrons and
electrons suitable for filling the storage rings. The
large B-factories may require as much as 10-20 uC
each of stored positrons and electrons. In con- .
trast, compact ¢-factories may contain as little
as 40 nC of each species. Ideally, the fill time (or
topping-off time) should be much shorter than the
beam lifetime of the rings. As the luminosity life-
times (due to all beam losses) of the proposed
colliders are not expected to be much longer than
a few hours, such machines should have a power-
ful, reliable, and dedicated injector to ensure high
integrated luminosity.

The fill time of the positron ring will ulti-
mately be limited by the design of the positron
production target. Whereas the SLC positron
target is designed to operate at 100% duty fac-
tor, the target for the high-luminosity colliders
considered here need only have a duty factor of
several percent. Based on the experience with
the SLC positron source, one can expect to gen-
erate, damp, and accelerate = 20 nA of positrons
per kW of electron beam incident on the produc-
tion target. Assuming a capture efficiency of 30%
for the collider, this rate means that even large
B-factory rings can be filled quickly without ex-
ceeding the 30 kW (at 100% duty factor) design
rating of the new SLC target. Small ¢-factories,
of course, can be filled in a few tens of seconds
with only a few hundred watts on the target.

If the aperture of the positron ring is suffi-
ciently large, it may be unnecessary to use an
intermediate accumulator or fast damping ring,
especially if the injection is accomplished with
full-energy linacs that can have repetition rates
of hundreds of hertz. This case seems to apply
for small ¢-factories but not for B-factories.

As the luminosity of the collider is increased
and the luminosity lifetime falls, present acceler-
ator technology can still meet injection demands
if it is possible to “top-offi” the ring when the
beam intensity falls below, say, 80% of the nom-
inal value. In particular, the positton source is
readily scaled to high production rate (by increas-
ing its duty factor) while remaining well within
the state-of-the-art. Indeed, the most pressing
technical challenge may be the design of a detec-
tor that can continue to operate (or cycle rapidly)
while the main rings are being “topped-off.” This
technical challenge is likely to arise first for ¢-
factories, which contain relatively few beam par-
ticles and thus have lifetimes strongly limited by



beam-beam Bremsstrahlung at luminosities ap-
proaching 103 em—2s71.

A more conservative, albeit more costly means
of providing fast injection is to employ a full en-
ergy damping/accumulator ring of the same size
as the positron storage ring and to fill the storage
ring in a single-turn transfer. In such a scenario,
the rings can be thought of as being continually
filled. Given such an additional large ring plus
continual filling, the transition from the conven-
tional storage ring approach to the quasi-linear
collider (in which the interaction region is moved
to a bypass outside the positron ring) is readily
suggested. The injection difficulty is then trans-
ferred from positron production to the generation
of low-emittance electron beam pulses at a suit-
ably high effective rate (> 50 kHz). The relevant
electron linac technologies are being pursued for
TeV linear colliders. Although the required tech-
nology is still beyond the state-of-the-art for both
the linac and the electron source, research appears
promising.

2.2

There is only one e*e~collider operating to-
day at the ¢ energy (1020 MeV c.m.), VEPP2M
at Novosibirsk. Its luminosity is appraximately
3 « 10%° em=2s~!. The luminosity needed for a ¢-
factory is £ > 5x 1032 cm™2s™!, about two orders
of magnitude larger than that of VEPP2M.

Proposals and studies for ¢-factories in this
luminosity range have been presented recently by
groups at Novosibirsk[15], Frascati[16], UCLA[17],
NIKHEF(18], and KEK[19).

The Novosibirsk design is aimed at an initial
luminosity of 1 x 1033 em~2s™!, while the oth-
ers are aimed initially at 10° (or a few times
10%%) cm~2s™!, along with plans to increase the
luminosity beyond this value as an R&D program.
The Frascati and NIKHEF designs are based on
two rings, each about 100 m long, and many bunch-
es. The Novosibirsk and UCLA designs use super-
conducting magnets and one small ring, about 27
m and 15 m long, respectively, and employ only
one bunch each of positrons and electrons.

The main luminosity limitations in a ¢-factory
are similar to those of a B-factory and we will fol-
low and use the discussion of Section 2.1. The
tune shift can be assumed to be 0.05 in the sin-
gle bunch design and about 0.025 to 0.03 in the
multibunch design.

The bunch length is determined by the mi-
crowave instability. In a small ring, it is more dif-
ficult to obtain a small value of the longitudinal
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coupling impedance and, in addition, the vacuum
impedance (due to the emission of coherent syn-
chrotron radiation) becomes important. (This is
discussed in Sec. 3.1.2 later.) In particular, in the
Novosibirsk and UCLA designs this impedance,
which can be estimated with the simple formula
3006/ R, where R is the machine radius and & is
the vacuum chamber vertical half-aperture, is on
the order of 3 Q. It is then impossible with stan-
dard storage ring parameters to obtain a short
bunch length and thus to make use of a low g-.
In the UCLA design for example, * is 5 cm.

The average current needed for a luminosity
of 3 x10% cm~257! is about 2 A for a §* of sev-
eral centimeters. Similar currents have already
been obtained in low-energy rings, like the VUV
ring at NSLS. Due to the low beam energy, 0.5
GeV, the synchrotron radiation loss is small, 14
keV/turn. In the UCLA case, for a current of 2
A, the synchrotron radiation power loss is only 30
k\W. Hence, there is no problem associated with
RF power. In the Frascati design, using room
temperature magnets, wigglers are added to the
ring lattice to increase the synchrotron radiation
loss to about 10 keV and reduce the damping time
to about 10 ms. One advantage of using super-
conducting magnets and a small ring is a short
damping time of about 2 to 3 ms, which helps to
control not only instabilities but effects like intra-
beam scattering.

In the UCLA or Novosibirsk designs, the syn-
chrotron radiation power density can be on the or-
der of 10 kW/m, similar to a B-factory. Although
we believe it can be handled, the vacuum system
will require a careful design.

Multibunch instabilities are expected in the
Frascati design but are absent in the UCLA de-
sign. They can be controlled with a high-band-
width feedback system, similar to that of a B-
factory but requiring much less power. In fact,
the RF system driving the multibunch instabil-
ity has typically only one cavity in a ¢-factory,
compared with 20 or more cavities in a typical
B-factory design.

3. Improvements to Luminosity

In this scction we consider extrapolations of
tie present design strategies to see what gain in
luminosity might be possible if we do not confine
ourselves to “conservative” parameters.



3.1 B-FACTORY PARAMETER REGIME

As there are a number of parameters that can
be adjusted, some selection process is inevitable.
Here we have focused first on the constraints that
seemn best understood and have left as secondary
considerations the resultant parameters insofar as
they are not obviously impractical. The logic we
apply is as follows:

e Reduce 8* and o, to see which is the lim-
iting feature (crab crossing is implicitly as-
sumed to be available).

Take the beam current limitation to corre-
spond to a vacuum chamber heat load of
20kW/m.

Take £ = 0.05 to estimate luminosity.

¢ Take the same frp (500 MHz) and assume
sp is limited by the longitudinal microwave
instability.

Take superconducting RF, limited by V.. =
1.6 MV, to get n..y.

Check HOM power and vacuum require-
ments.

Check (scaled) coupled-bunch instability
growth rates agaiast f; to see if this lim-
its beam current; also look at implications
for feedback system.

3.1.1

Assuming that the systems outlined in Sec.
2.1.2 perform as planned, what luminosity up-
grades can be contemplated? A factor of two in-
crease might be possible by reducing the bunch
spacing by a factor of two and increasing the to-
tal currents by the same factor. No other IP beam
parameters would be changed. However, the mag-
netic dipole separation scheme would no longer
work, because the parasitic crossings would occur
in that dipole, before the beams were sufficiently
separated. (The crab-crossing scheme, however,
would work, although the crossing angle might
have to be increased.) The reason for the reduced
separation is that the ratio N, of beam separa-
tion to transverse beam size is nearly constant
for distances from the IP greater than twice the
f* value. With the modified bunch spacing, the
parasitic crossings will occur at a distance about
equal to 7, where N, is less. 1t is thought that
safe values of N, are in the range of five to seven.
Another corsequence of the changes is that the
SR power will double due to the increase of cur-
rent.

Interaction Region Modifications
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A further factor of two improvement in lu-
minosity might be achieved by reducing sp by a
factor of two without increasing the currents. The
beta functions and emittances would also need to
be reduced by the same factor of two, as would tie
bunch length. This would not alter the separa-
tion at the parasitic crossings, but the final focus .
quadrupoles would have to be scaled down a fac-
tor of two in all dimensions and their poletip ficlds
would have to be doubled. This would be dif-
ficult with permanent-magnet quadrupoles. Su-
perconducting quadrupoles would probably work
but might be too large transversely to fit in the
allowed detector solid angle clear space. More-
over, the SR power from the interaction region
quadrupoles would double.

Another approach would be to leave the quad-
rupoles about where they are in present designs,
but increase their aperture and length. As the
chromatic contributions of the quadrupoles would
increase, local chromatic correction sections might
be needed to maintain adequate dynamic aner-
ture. Also, the synchrotron radiation fans would
increase due to the higher beta-function values in
the interaction region quadrupoles. This would
require a redesign of the IR masking scheme.

3.1.2 Bunch Length and g°

At present, lattice designs exist for a f° value
of 1 cm. Present scaling arguments suggest that it
will be difficult, even with a crab-crossing schema,
to reduce 8° much below this value if separate
optics for the two beams are needed. For this
discussion, we will assume a value of 8" = 0.5 cm
to be a plausible lower limit.

With the representative B-factory lattice pa-
rameters assumed in Section 2.1, a o, of 0.5 cm
(requiring Vrr = 80 MV) would permit I,
4] mA before the bunch stability is limited by
|Zfnly. As the bunch gets shorter, however,
there is a new impedance phenomenon that po-
tentially comes into play; the impedance sampled-
by a short bunch is not expected to continue to
decrease at very high frequencizs because, in this
regime, the process of synchrotron radiation emis-
sion itself induces coherence within a bunch and
generates a self-impedance. The magnitude of the
impedance has been estimated by Bisognano et
al.[20] as {Z/n|s; = 300(b/R) Q2 where b is the
chamber radius and R is th2 machine radius. This
impedance is manifested at quite high frequencies:

=
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=3.6x 10" 57!

(15)

corresponding to a bunch length of 0.8 mm. Note
that, wriiten in terms of average current, the in-
stability threshold, Eq. (10), is independent of the
machine radius and depends only on b. With this
self-impedance, the threshold is reduced to about
15 mA, but this is still not a performance limita-
tion.

If we restrict the linear power density to 20
kW/m, then for our standard parameters (C =
1200 m) the maximum tolerable current is 1.1 A.
Because this is a relatively low current, we have
also examined alternative lattice parameters cor-
responding to a larger ring. In this case (o =
0.001, p=165m, R=350m, 0, = 6 x 107%), a
bunch of 5 mm can be produced with Yrp = 27
MV. Now the power density limit corresponds
to .9 A. The longitudinal microwave instabil-
ity limit, however, is only 1.9 mA/bunch, so the
bunch spacing must be reduced to 0.6 m (every
RF bucket). The drawback to this approach for
the high-energy ring is that (based on the same
i~eam-beam tune shift in each ring) it implies a
beam current of about 17 A in the low-energy
ring. For this reason we did not pursue this alter-
native set of parameters further.

Basad on the assumed f; value of 0.5 cm, the

luminosity for our original lattice parameters is

£ = 2.17 x 10%(0.05) (12’5‘ 9)

=2x 10 cm™%7!

3.1.3 RF Parameters

‘Ne require a very high voltage of 80 MV
to produce a 5-mm bunch length. Here, we as-
sume a superconducting RF system capable of 1.6
MV /cell, so that 50 cells are used. For a beam
power of 12.5 MW, only 0.25 MW /cell is required,
and the number of cells is dictated by the voltage
requirement.

Assuming similar HOM impedance, the multi-

bunch instability growth rates would scale as (%)

x ((1)—-;-) = 5.5 times the nominal growth rate (i.e.,
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to 1/7 ~ 5500 s!). The increase in vs at the
higher voltage will reduce the growth by about a
factor of two from this estimate. Overall, then, we
would require an eightfold increase in the feedback
system power, which in turn might force the use of
the high-power staggered klystron approach men-
tioned in Section 2.1.6. The growth rate is still
well below f,, which ensures the validity of scal- -
ing previous results into this parameter regime.

Becausz of the shorter bunches, HOM power
increases in this extended scenario. For our stan-
dard parameters, Pyom = 190 kW is expected;
it is nontrivial to handle such power.

3.1.4 Vacuum System

The required pumping speed to maintain a
pressure of 10 nTorr is 80 l/s per meter. This
value is not cause for concern.

3.1.5 OQverview

It is worth taking a critical look at the pa-
rameters we have adopted. The reduced 8* value
is only a factor of two below present schemes, and
conceivably could be pushed even lower. The dif-
ficulties here are related to the focusing strength
of the quadrupoles, chromaticity correction, and
mechanical interferences between quadrupoles ior
the two rings. In addition, backgrounds under
these conditions will require careful evaluation.
It is implicitly assumed here that a crab-crossing
scheme has been used, as this should minimize
both the interference and the background prob-
lems.

Issues of RF and feedback system parameters,
and of HOM Xeating, are difficult to examine in
detail at a workshop. Although the results here
are believed to be reasonable, this would have to
be confirmed by actual engineering studies.

An increase in the beam-beam parameter £
is difficult to justify theoretically, and must be
considered as a research topic requiring botl ex-
perimental and computational efforts. If the v, ig-
inal value of 0.03 were retained, the estimated lu-
minosity would drop to 60% of the value quoted
in Section 3.1.2, but would remain greater than-
10% em=2s71.

3.2 ¢-FACTORY PARAMETER REGIME

The high luminosity of the Novosibirsk ¢-fac-
tory is reached using a very short bunch length
and a * smaller than 1 cm, together with a large
beam-beam tune shift (€ = 0.07). A luminos-
ity improvement in the Frascati approach can be



based on the use of crab crossing to reduce the
bunch spacing. In the UCLA design, one can usea
quasi-isochronous ring configuration[21] to reduce
the bunch length and thus make use of a lower 8*.
This concept is discussed in Section 4.

With these improvements , one should be able
to reach a luminosity of about 103 em=%s~1. It
seems very difficult to push the storage ring tech-
nology much above this luminosity. In addition,
the beam lifetime due to bean:- heam Bremsstrahl-
ung becomes very short at £ = 10% em~?s71,
only a few minutes, rrjuiring very frequent in-
jection and making the ring operation compli-
cated. We believe that to reach luminosities in the
10% ¢m~25™? range, new collider concepts need to
be developed, such as the quasi-linear coliider[22)].

4. New Concepts

As discussed previously, the luminosity of a
storage ring collider is limited by the beam-beam
tune shift, by 87, and by the allowable beam cur-
rent. It is worthwhile to discuss possibilities and
recent ideas to overcome these limitations. We
will try to do so in this section.

Recent work on the physics of t..e beam-beam
interaction and on the importance of effects like
non-~=ro bunch length, round beams, synchro-
betatron coupling, etc., is leading to a better un-
derstanding of these issues, and may ultimately
lead to a better ring design, a higher beam-beam
tune shift limit, and higher luminosities.

Several yvears ago, the Crsay Group proposed
a scheme to compensate the beam-beam interac-
tion by colliding four charge-compensated beams,
thus reducing the electric and magnetic fields act-
ing on the beams to zero. This was implemented
in DCI, but without success, and so DCI was
brought back to a standard two-beam configura-
tion. The reason for this failure is stili not fully
explained and it may be useful to revisit this con-
cept. Either the beam neutralization or the other
improvements could lead to a luminosity increase
of up to one order of magnitude.

A reduction of ° is possible only if we can
reduce the bunch length below its present typ-
ical value of about one centimeter (see the dis-
cussion in Section 3.1.2). A proposal to do this
using a quasi-isochronous ring has been advanced
recently by Pellegrini and Robin[21]. In a quasi-
isochronous ring, the linear term of the momen-
tum compaction is made small by using negative
dispersion in some of the ring dipoles. How small
the linear term can be made is determined by
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the nonlinear terms of the momentum compaction
factor, as discussed, for example, by Chattopad-
hyay et al{23]. When the momentum compaction
is reduced, the threshold condition for the mi-
crowave instability decreases; however, the growth
rate also decreases suck that, at some point, the
instability can be controlled by radiation damp-
ing. The result is a bunch as short as one mil-
limeter with a higher current than could be ob-
tained in a conventional ring. This scheme leaves
open the limitation on peak current due to the
fast head-tail instability. This instability can, in
principle, be controlled with Landau damping us-
ing octupole magnets. However, these octupoles
are likely to reduce the ring dynamic aperture to
an vnacceptably small value. This problem can
possibly be soived using the “modified nonlinear
lenses” proposed recently by Cornacchia and Hal-
bach{24]. Such proposed lenses produce fields that
are noniinear near the beam axis but almost lin-
ear at large amplitudes. Modified sextupoles have
been shown by means of calculations to be very ef-
fective in improving the aynamic aperture in the
UCLA ¢-factory design, and their use could be
effective in other situations as well. :

The quasi-isochronous ring and thc modified
nonlinear lenses might lead to improved storage
ring design and (with a reduction of 8° by one
order of magnitude), to higher luminosities. The
concept should be further studied. A Juminosity
increase by a factor of 10 is conceivable as a result.
In addition to the gain obtainable from a reduced
bunch length and $*, the small synchrotron tune
in a quasi-isochronous ring will reduce the effect
of synchrobetatron resonances in the beam-beam
interaction, and might lead to a larger tune shift
limit.

Another idea that we want to mention as an
example of alternative collider concepts is that of
a quasi-linear collider22], using a ring to store
and recover positrons, a high brightness linac to
produce the electrons, and having the collisions
in a bypass of the ring. This approach has scme
potential advantages: easing the positron refill
requirements to compensate for beam losses due -
to beam-beam Bremsstrahlung; allowing a small
beam pipe at the IP, thus facilitating vertex de-
tection; and allowing a larger energy asymmetry.
A luminoesity in the 10® — 10** em~2s™! range
may be possible.

Each one of the effects discussed above has
the potential to provide a luminosity increase by
one order of magnitude. Although further analy-
sis may show that such a large luminosity increase



may not be obtainable from any one technique, it
seems likely that by adopting a combination of
new techniques, a total luminosity gain of a fac-
tor of ten or more, say 5 x 10 em™?s7! for a
B-factory, might be possible.

5. R&D Issues

The development of very high luminosity col-
liders pushes some aspects of the technology of ac-
celerator design considerably beyond the present
state-of-the-art. The high demands placed on the
circulating beam current, on the optics design,
and on the operational reliability require a plan
for carrying out an R&D program. In this section,
we briefly review what we perceive as the major
R&D issues. The emphasis here is on the highest
energy collider issues (B-factory), although, on a
qualitative basis, the challenges are common also
to tower energy colliders (¢-factories and r-charm-
factories).

The single most important technological chal-
lenge is represented by the high circulating beam
current. For a B-factory, this is one to three amps,
depending on the particular design. This current
is up to a factor of 20 higher than in any col-
lider ring in operation today (CESR has achieved
a 170 mA current in one beam). The techno-
logical challenges involved in the extrapolation to
the B-factory parameter regime concern the large
amount of RF power that has to be provided to
the beam to compensate for beam loading and
synchrotron radiation losses, as well as the diffi-
culty of getting rid of the radiation in a way that
does noi compromise the pressure.

We envisage an R&D program aimed at opti-
mizing the location and characteristics of RF win-
dows from the point of view of breakdown. Plans
include investigating wave-guide coupling versus
standard loop coupling, examining the feasibility
of putting an RF window in an evacuated wave-
guide far from the cavity entrance, and study-
ing the limits on the maximum power transmis-
sion through a window. The implications of beam
loading on the fundamental accelerating mode of
the RF cavities in the presence of amperes of
beam current is also an important R&D issue.

Effort should be directed towards the devel-
opment of RF cavities able to offer a low impedance
for the potentially dangerous coupled-bunch modes
of beam oscillation, while allowing a high impe-
dance at the main accelerating frequency. Labo-
ratory studies and bench measurements will ex-
amine cavity structures with transverse and lon-
gitudinal slots. Active cavity-to-cavity feedback
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should be pursued in an operating ring such as
CESR or PEP. We also point out the need for
studies aimed at understanding the HOM losses
in the RF cavities under the heavy loading situa-
tion typical of a B-factory.

The synchrotron radiation power density a-
str long the curved sections of the ring is, again
in the case of a B-factory collider, on the or-
der of 10~20 kW/m. This value is several times
that of existing accelerators but is expected to be
manageable with a copper vacuum chamber. In
addition, third-generation synchrotron radiation
sources have made progress in the design and con-
struction of vacuum systems that can get rid of
the radiation in a controlled way. These systems
involve the use of a beam duct with an antecham-
ber. Further R&D is needed in order to improve
our understanding of gas desorption from a cham-
ber wall subjected to synchrotron radiation bom-
bardment. These studies may make use of the
intense radiation available from light sources and
colliders (PEP, SPEAR, CESR, etc.).

As discussed earlier in this report, the road to
high luminosity requires the use of many bunches.
Longitudinal and transverse feedback systems able
to observe and correct the motion of individual
bunches will be necessary. The technological chal-
lenges here are represented by the demands of
high power (to cope with fast-growing instabili-
ties) and high bandwidth (to control each bunch
individually). The estimated power levels and
bandwidth are greater than anything in opera-
tion today. Several accelerator physics issues have
emerged from the studies carried out so far. Many
of these issues can be investigated, and hopefully
resolved, by accelerator physics experiments at
existing facilities (CESR, PEP, TRISTAN, etc.).
A prototype feedback system of, say, 100 MHz
bandwidth with kickers having high frequency shunt
impedances on the order of 2.5-5 k2 (and with
fast processing circuits to handle the information)
should be designed, fabricated and tested. Very
high sensitivity beam position monitors should be
developed, either in the form of stripline quarter-
wavelength series loops, or as other traveling-wave
structures.

New experiments may shed some light on the
still-elusive beam-beam interaction. Such exper-
iments may involve studies of tails in the bunch
transverse charge distribution (relevant to experi-
mental background), of the long range beam-beam
interaction (relevant to the design of the experi-
mental insertion and to the determination of the
number of bunches), and of the sensitivity of the
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beam-beam interaction to small beam misalign-
ments and beta function errors at the interaction
point. Also, of great interest is the dependence
of the beam-beam tune shift limit on energy and
damping times. This study could be carried out
at existing collider facilities where wigglers are in-
stalled (like CESR and PEP).

The crab-crossing scheme should be tested.
The round-beam option is also an interesting R&D
item if it could be tried in one of the operating
facilities; here the background must be carefully
evaluated as well. We aiso strongly recommend
an experimental study at an existing machine of
the impedance seen by a short bunch.

Trapping of ions in the potential well of the
electron beam always represents a threat to the
stability of electron-only accelerators. Although
this is a very elusive phenomenon, difficult to in-
terpret, a study should be made of ways to avoid
ion trapping, such as a gap in the train of bunches.
Clearing electrodes may also be effective in sup-
pressing the ions: one should verify experimen-
tally the benefits of a combination of a static elec-
tric field and a superposed electric field oscillating
at the frequencies of the trapped ions. Calcula-
tions have shown[14] that this combination holds
the promise of suppressing the ions while keeping
the clearing electrode voltage at reasonable levels,
and experiments[25] at the CERN Antiproton Ac-
cumulator ring have demonstrated the efficacy of
the technique.

The R&D program suggested so far involves
issues related to the present B-factory, ¢-factory,
and r-charm-factory proposals. In spite of the
challenging problems these machines offer to ac-
celerator designers and builders, they are basically
extrapolations of established accelerator concepts
and technologies. We recommend that the study
of “new ideas” should proceed in parallel with the
R&D of more conventional technology. We have
identified some ideas worth pursuing. The quasi-
isochronous lattice concept carries the promise of
providing very short bunches, one to a few mm,
with associated luminosity benefits (described ear-
lier in this report). It would be useful to explore
the possibility of modifying the lattice of an ex-
isting facility in order to verify the method ex-
perimentally. The recently proposed[24] “modi-
fied multipoles” may allow high luminosities (sex-
tupoles) and provide Landau damping against sin-
gle-bunch transverse collective instabilities (oc-
tupoles) while preserving a large dynamic aper-
ture. Prototypes of such magnets should be built
and tested at existing facilities.
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6. Summary and Conclusions

In this report we have examined the poten-
tial of et e~ colliders to achieve very high luminos-
ity. Existing design studies of B-factories and ¢-
factories provided representative parameters that .
formed the starting point for our discussions. Af-
ter examining these parameters, we considered
what their limitations were and assesszd what lu-
minosity enhancement was possible by pushing
ihe limits further than was deemed suitable for an
initial machine proposal. Several alternative ap-
proaches to high iuminosity were also discussed.

Given that we are attempting to enhance the
coliider luminosity by several orders of magnitude
over today’s machines, there are some issues that
will require R&D to confirm parameter choices
and optimize designs. We have identified several
areas where R&D activities are deemed appropri-
ate and outlined the requisite tasks. Besides the
technology R&D, we wish Lo emphasize that new
approaches to high-luminosity colliders will re-
quire a more generalized R&D effort in accelerator
physics. To ensure a viable future for high-energy
physics accelerators, it is essential that such R&D
be properly snpported.

Based on our discussions, we conclude that:

o Technical solutions for a B-factory at £
3 x 10 cm~%~! and a ¢-factory at £
3 x 10% em~%"! are in hand.

e A luminosity upgrade to £ = 2x 10> ¢cm™2%s!

(B-factory) or to £ = 3 x 10® cm~ 27!
(#-Tactory) is possible by extending the ex-
isting designs. Achieving these goals will
require R&D activities in the key iechni-
cal areas; this implies a commitment by the
high-energy physics community for money,
time, and people.

New approaches offer the possibility of ten-
fold improvements in luminosity. Accelera-
tor physics R&D programs to validate these
projections are also crucial and should be
supported. :
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