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INTRODUCTION

Isochronous, or quasi-isochronous storage rings with very small momentum
compaction factor « for various applications have been discussed recently [1] and
studied in more details by C. Pellegrini and D. Robin [2] (this paper contains
other references). This approach looks very promising for the B-Factory design.
A small momentum compaction factor reduces the bunch length at the given RF
voltage. A small bunch length allows, in principle, reduction of the beta func-
tion at the interaction point (IP) with a corresponding increase of the luminosity.
However, achieving this is not easy due to difficulties with local chromatic ef-
fects at the IP, more severe background problems in the detector, and enchanced
adverse effects of the beam-beam interaction. Although these problems can be
addressed, they require substantial changes in the present design. It is worth
noting that shorter bunches would also have larger energy losses and larger en-
ergy spread, due to wake field excitation and the smaller disruption parameter
reducing the enhancement factor. But energy losses scale with the bunch length

o, as o, ! 2, remaining small compared with the losses due to synchrotron radi-
- ation. The disruption parameter is small in the present design anyway; Hence,
these effects do not cause additional problems.

It was suggested that an isochronous ring may allow some reduction of the
RF voltage. Reduction of the RF voltage is limited by the synchrotron losses
and the beam loading. The amplitude of the field in a cavity V, driven at the
RF frequency w is [3]

Ve @70 = [V, =V} €] cos(y)

where Vj; and V}, are the voltages driven by a generator (klystron) and the beam
with dc component [y correspondingly,

2 RaIO
V, = —— JPRB , V= 0
" = 135 P b= 301

1 i1s detuning angle tany = —(éw/w)Q, ¢ is the phase of the voltage V, in a
cavity and £ is the phase of the current in respect to the phase of the generator,
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R, is the accelerator shunt impedance, and g is the coupling coefficient. The
accelerating voltage Vg = V, cos(y — €) depends on the energy losses and defines
the power F; of the generator. Consider detuning of the order of the revolution
frequency spread in a bunch. Then % is of the order of £ for a normal momentum
compaction factor a and ¢ <« € if « is reduced in a quasi-isochronous ring. In
the latter case ¥» may be omitted, and the stability to the beam loading depends
(also very weakly) only on £, related to a bunch length. Hence, the voltage V,
and power P; are independent of a. The present CDR design [4] uses parameters
which already correspond to the threshold of the beam loading stability and the
optimum coupling coeflicient S.

Dependence of the momentum compaction factor « on the relative energy

§=AF/E
a = a] + azb (1)

adds a new nonlinear term to the equation of the synchrotron oscillations. The
ratio of the new nonlinear term to the usual nonlinear term due to the nonlin-
earity of the potential well

4ag cot(gs)
qa%l/s

3/

. —3/2 .. .
increases for small oy as aza; ™' 7. The ratio is large for the a;’s we are interested

m.

A small compaction momentum factor results in low synchrotron tune v;,.
This affects the structure of the synchro-betatron resonances driven by the chro-
maticity, dispersion in the RF cavities, nonlinearities of the lattice, and beam-
beam interaction. The width of the resonances decreases as some fractional
power of v, while the distance between the resonances decreases as v;. This
~ means that for small v, there is a tendency for the resonances to overlap, giv-
ing stochastic motion. However, the resonances are very weak and can be wiped
out by the synchrotron damping or, for a very small momentum compaction fac-
tor, they can merge without damaging the beam stability. The problem may be
worth studying more carefully in future. The energy spread of the synchrotron
frequencies may also have a positive effect on the beam stability.

We also considered fluctuations of the length of the orbit due to the fluctu-
ations of the locations of the points where photons are radiated. This (usually
neglected) noise gives a very small effect unless the reduction of oy compared to
a normal value is large compared to vz/N,., where N, is the number of cells per
turn (periodicity of the dispersion function).

ISOCHRONOUS LATTICE

A preliminary lattice of a quasi-isochronous ring for a B Factory in the
PEP tunnel has been designed by W. Corbett, M. Donald and A. Garren [5]
The 43-meter-long cell in this design does not contain negative bends. It has the
betatron tunes v, = 0.75, vy = 0.25, and can be obtained by a modification of
three cells of a regular FODO lattice; see Fig. 1.



MINIMAL VALUE
OF THE MOMENTUM COMPACTION FACTOR

The value of ay defines the lower limit for ;. Indeed, the longitudinal
motion with a given by Eq. (1) is characterized by two stationary points: § = 0
and § = —ay/ag. Which one of them is a stable point depends on the relative
sign of a; and a2, but the distance between the stationary points should be
larger than the energy spread in the beam. Hence, the size of the RF bucket
for the quasi-isochronous ring is limited by the condition § < |ay/az|. For the
PEP isochronous lattice [6], ag = 0.027. Taking é = 0.005, which corresponds
to the 0.5% energy spread at injection and a safety factor of 8 to 10 in the ratio
of the bucket size to the rms energy spread in the collision mode, we obtain
the low limit [6] of oy = 1.35 x 10~%. This magnitude of « is smaller then
its value in the present design only by a factor of 7 (which could result in the
reduction of the beam size by a factor of 2 to 3). Such a value of o, has been
discussed by M. Zisman [7] for a B Factory with a regular lattice. Hence, the
synchrotron tune in the practically interesting case is still large compared to the
damping time; the transition energy is sufficiently small; and the longitudinal
dynamics still may be described using the standard formalism. As was noticed by
M. Zisman (7], reduction of the transverse emittance with a; can be controlled
by wigglers—implying that we do not consider the effect of small a; on the
transverse dynamics.

" Another concern is time-dependent errors of the magnets. The o can, in
principle, fluctuate in time due to ripples in the power supply and, if the design
value of a; is very small, @; may change sign. We studied variations of a; with
the code MAD giving random variation of the quadrupole strength or the field
- in the bend magnets. With rms quad strength variations 0.1%, we found the
variations a1/ < a3 >= 12%. Simultaneous variation of the dipole fields with
rms 0.01% gives éa1/ < a3 >= 16%. Such variations of & are small and would
not cause any problems.

STABILITY OF COHERENT MOTION

A study of the stability of coherent motion for a quasi-isochronous storage
ring by Pellegrini and Robin [2], emphasizes the importance of including radi-
ation damping in the stability condition. This modifies the threshold of the
microwave longitudinal instability
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by the additional factor F(b). Here Iy = ec/rg = 1.7 x 10* A, Zy = 4x/c =
377 Q, 1, is the average beam current, o, is rms bunch length, s is the bunch




spacing, and Z.g is the effective impedance for a harmonic number n = w/wyey.
The factor F'(b) is determined by the dispersion equation

1 = —iA J(a,b,d), (3)

Iy Zy T ary62o,’

and the dispersion integral J(a,b,d) = J; +1J; depends on the unperturbed lon-
gitudinal distribution function f. For the Gaussian distribution f(z) = e‘x2/\/7_r

where

dzdf [dx
a+ib+z+d- 22’

J(a,b,d) = Ji+idy = / (4)

-0

where
n,R

a = —>2= 5
V2 néay (5)
1s dimensionless coherent tune shift,
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a3

d =

, (6)
proportional to the nonlinear part as of the momentum compaction factor, and
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defines decrement of the coherent mode, or damping of the nth harmonic of the
distribution function f, o exp (—vp rt). If the imaginary part of the tune shift
. comparable with the damping time ( is allowed, v, 1 = ¢({/2), then for maximum

b =

nwy = ——= (8)

b takes the form

VT (o,
b = .
2016

Using the standard relationship between rms o, and the energy fluctuations per
turn due to synchrotron radiation <62 >tum

2 _ (Ra1>2 <62>turn
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it is easy to find that
aj

eV cos ¢

and b scales as b o 1/+/a; eVj cos ¢, where eV; is RF voltage per turn and ¢,
is equilibrium RF phase (¢s = 0 without radiation losses).
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The factor F(b) in Eq. (2) is given as F'(b) = 1/J,, with a defined by the
equation J; = 0.

For the B Factory, we take the ratio of the rms é to a bucket size a1 /ay equal
to 10; then d = v/2 = 0.1414. The function F(b) is depicted in Fig. 2. For the
LER parameters ¢ = 37 msec, § = 1073, o, =1 cm, and for oy = 1.5 x 1073,
parameter b = 0.53. This corresponds to the factor F' ~ 2.0 instead of F' = 1/+/2,
if the damping is not taken into account (b=0). Hence, the damping substantially
increases the threshold current. Calculations given are for large b scaling F'(b) ~

b*, where £ ~ 2.5 for large b; see Fig. 3. The impedance for bunches that are

short compared to the beam pipe radius, scales as (Z/n)g 02/2. In this case,

1
o (eVp cos ¢g)r~1 . ©)

T o

In the “broad band impedance” model, (Z/n)qg o o2, giving

1
av . 1
fay (o,eVpcos gg)~1 (10)

Thus, scaling down o, with RF voltage fixed increases the threshold current
for the same bunch length, provided k > 1. This is the case for sufficiently
large b (see Fig. 3). The threshold current increases with b, meaning that the
same damping is more efficient for small ;. Another effect, dependence of the
synchrotron tune on 6 at a given a;, depends on a3. Comparing curves with two
different values of the parameters b,d, it is easy to see that the energy spread
" of the synchrotron tune tends to increase the threshold current, but the effect
is small. The deviation from a linear dependence F' « b is already noticable for
b ~ 1. The lower limit of the RF voltage is set by the radiation losses.

The coherent tune shift scales for maximum harmonic n [Eq. (8)] as a(b)/b.
The dependence a(b) is practically linear; see Fig. 4. Hence, v, g is almost
independent of b—changing from the value Vn,R = —2.7x 1072 at b=0.53 (which
corresponds to § = 1072, a3 = 1073, R = 350 m, 0, = 1 cm) to v, =
—1.1 x 1072 at very large b > 1.

The coherent tune shift for longitudinal coupled bunch instability scales in

the Wang formalism as a1 /vs o< /1. Again, no additional problems should be
expected with small «;.

It is worth noticing that the standard formalism describing instabilities
might need some revision. Particularly for small v, the increment of the in-
stability may be smaller then the synchrotron tune. In this case, instability
should be considered as a fast, single-turn instability which may have unusual
(not exponential) growth in time [8].



CONCLUSION

The threshold average current of a beam of short bunches moving in a quasi-
isochronous lattice may be substantially higher than that of a regular ring. It is
worthwhile to design the lattice for the B factory to allow for change to the quasi-
isochronous lattice, as has been done by W. Corbett, M. Donald and A. Garren.
Except perhaps for the effect of synchro-betatron resonances, which will require
some additional study and maybe tighter constraints on the energy spread at
injection, the quasi-isochronous ring looks very promising. The field errors and
fluctuation of the power supply do not cause major problems. However, short
bunches may require a completely new design of the interaction region.
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Fig. 1. Lattice for the low a B Factory, by M. Donald et al.

7



FACTOR F

7-91

0 02 0.4 0.6 0.8
FACTOR B

Fig. 2. Factor F(b) versus b at small b for two values of d.

8

1.0

6978A2



20 | I | I |

— D=0.1414

FACTOR F

150
L
S
= 100
O
<
L
50
0

| FACTOR B

Fig. 3. The same as in Fig. 2. Dependence on b is well approximated by 5.
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Fig. 4. Factor a(b) versus b. The tune shift decreases linearly with b.
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