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Abstract

Perturbation of the particle motion by a crab-cavity can
excite the synchrobetatron resonances. We estimate the
the tolerances of the residual dispersion function in the
crab-cavity as well as of the chromatic distortion of the
phase advance between cavities due to these resonances.

[. INTRODUCTION

An important option of the B-factories with close by
spacing bunches inside the beam is the use of a large cross-
ing angle collision schemes [1,2]. In order to avoid the loss
of the luminosity and synchrobetatron resonances, which
are specific to the conventional crossing angle schemes
[3], it was suggested [4] to use the so-called crab-crossing
schemne, which initially was invented for linear colliders [5].
In this report we discuss the tolerances for the ring im-
perfections, related to synchrobetatron resonances due to
crab-cavity. We assume the scheme, where bunches are
tilted in the horizontal plane by RF-kickers, placed at
points, with Fr/2 phase advances of the horizontal be-
tatron oscillations from the collision point. For numerical
estimations we use the parameters reported in [2].

[I. DISPERSION IN A CRAB-CAVITY
TMI110-mode with a transverse deflecting voltage

ve_—E¢ (1)
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can give a necessary kick. Here, F is the particle energy,
2¢ crossing angle, @ RF-frequency of the cavity, 3% g-
function at the IP and 8.qs F-function at the crab-cavity.
To produce the crossing angle of 50 mrad, the deftecting
voltages must be 0.82 MV for LER and 1.9 MV for HER.
For the sake of simplicity we neglect the effect of the edge
flelds of the crab-cavity and assume that a vector potential
of the deflecting TM110-mode is

2z .
Ay = —VmJl(le)A(s) sin(P). (2)
Here, ® = Qt4-heg, @o is the phase of the synchronous par-
ticle, £ the RF-harmonic number, J;(z) the Bessel function
of the lst order, 7y its first root (v ~ 3.832), &y = 11 /b, b
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the radius of the cavity; r? = 2% 4 22;
A(s) = 8(s 4 L/2) + 6(s — L/2), 3)

where L is the distance between cavities. We take that
the oscillations of a particle near the closed orbit are de-
scribed by the following equations (7 = wqt is taken as an
independent variable, yo 3> 1)
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=xp 1, Tp=ayCOSYPy, 2z =a,costy,
b=7+¢, @=pcost,, @ =vp,sing,,
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The hamiltonian part of equations of moticn of a perturbed
particle i1s generated by the following Hamiltonian

H=vid: +v.d, —veldo + Upp — WA(s)sin(P),
2 > 7
W = [/V()k—l‘]l (klr), VVO — 2e¥ R[) (5)
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where Uy describes the beam-beam interaction. Provided
that the dispersion function in the cavities is zero, and the
betatron phase advance between the tilting and restoring
cavities is 7, the Harniltonian in Eq.(5) predicts only res-
onances due to the beam-beam interaction. We assume
that the working point of the ring is chosen outside the
stopbands of the beam-beam instability. Then, the term
Uyy describes only the beam-beam tune shifts. For a bunch
with a very flat, Gaussian distribution in transverse coordi-
nataes the tune shift of the horizontal betatron oscillations

is
—exp(—Jy/2€;) Ne?

, = — 6
Jz/2€, T 9nEe, (6)
Assuming » < b and using a Taylor expansion of the Bessel
function, we write

Ave = E:rl
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The lowest synchrobetatron resonances due to the restdual
dispersion are made by 611 A(s)sin(®), where

§W, = —1.83Wyn
P

These resonances correspond to combinations 2v, +m,v, =
n - lfwg and 2v, + myv, = n — Qfwg, where my = 21, !
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and n are integers. If we take {2/wy = h, the averaging
of the Hamiltonian {5) near, for instance, the resonance
2v. = Mgy, tesults in

H=Ho+&F + Algm, 2y, (he )|z cos x,

Jr/zfx
Ho = vpds —ndy, F =2 al=e”
0 = Vedr — Yady, = «fg r ) (9)
i}
eVvyferas
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A=55 2 Fha X = 2¢; —m, Y,

Due to Jy(z) ~ 2™/{2"m!), when z < 1, this instabil-
ity mainly affects the particles with large amplitudes of
synchrotron osallations.

Since H in Eq.(9) depends only on one phase vari-
able y, we can use an additional integral of motion C =
(Js/mg) — (J2/2) to reduce the study of a 4-dimensional
problem described by ff to the study of an equivalent
two-dimensional problem, described by the Hamiltonian
HUJr xy = H{Je,m(J:/2 + C),x). The character of
the trajectories in the phase-space {J,,x) can be figured
out inspecting the behaviour of the curves H*{J.) =
H'(J.,cosxy = *1). The oscillations are stable, if the
horizontal line H' = const starting, for instance, from the
curve H¥(J) crosses the curve H~(J), or crosses the curve
HY(J) again. Otherwise, the Hamiltonian H'(J,,x) de-
scribes unstable oscillations(see, for instance, Ref.[6]).

From Eq.(9), we obtain (A = v, — m,v, [2)

HE = A AlgmsJn (hp )|+ & F,
o, oty (Jo = Jrin )

M ARy, €y

(10)
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where ,;, 18 initlal amplitude of synchrotron oscillations
and Jyi, initial value of J,. As far as F' ~ 2¢, In(J, /e, ),
when J; > €., the Hamiltonians HE describe unstable
oscillations provided that

|A] < Ay = Alpmg T, (hes)). (11)

In the colliding heam mode the instability at small ampli-
tudes is suppressed by a nonlinearity of the beam-beam
kick. At large amplitudes of betatron oscillations the
beam-beam nonlinearity becomes too weak to suppress the
instability. The balance between excitation and suppres-
sion effects determines the dynamic aperture of the ring.
As can be seen from Fig.1, on exact resonance 2u, = 2u,
the instability limits dynamic aperture of tail particles at
a; ~ 20=300,. However since the value A, indeed is very
snall (A = 107%), this resonance is very narrow and can
be easily avoided by a small variation of either v, or v,.

For KEK B-factory (8ap)r = 203:40): [2] and, there-
fore the strengths of the vertical synchrobetatron reso-
nances are § times smaller then the strengths of the cor-
responding horizontal resonances. However, since this in-
stability determines vertical dynamic aperture in terms of
7., due to small aspect ratio (0. < ;) the limitation of
the vertical dynamic aperture due to this instability can
he more severe.
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Figure 1. Hamiltonjans H*; n = 10cm, m, = 2,

As = 2004, agin = 200,, A = 0.

[11. CHROMATIC DISTORTIONS

Stronger perturbations can be caused by the dependence
of the phase advance of the horizontal betatron oscillations

L2
/ ds
B(s)

on the particle momentum 3(s, Ap) = A(s){(1 + (Ap/p),
where ¢ = (8 In3/81np). Assuming that |[(Ap/p| < 1 and
that ( = const between the tilting and restoring cavities,
the additional phase advance (Ay = 7+ 8%) becomes §1) =~
—7((Ap/p). Then, a combination WA(s)sin(®) excites
the following set of resonances: v, + myr, = n, 3v; +
Myt =N, ... my = 2. The lowest family (v; +m,v, =

n) is described by the perturbation (4 = \/Berat/€z)

0 H = A“/f—{cos(){), Ay =¢

Due to 8H ~ /7T, this perturbation can open Hamiltoni-
ans H* for resonant particles (A = v; + myv, — n < )
in the region J; ~ ¢; {see Fig.2). Fig.3 shows examples
of the trajectories for such particles in the slow phase-

space (z = \/J,/ez cosx and p = —/Jz /s sinx). These

0.5

Ay =

(12)

eVmuuy|Jm, (he )l
Ehat

. (13)

Ga:/a'ar
Figure 2: Hamiltonians H*; ¢ = 1, my, = 2, 4, = 50,
Qgin = Og, A= —.66, f = .05.

curves were calculated taking into account the synchrotron
radiation damping and neglecting the variation of ¥, due
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Figure 3: Phase trajectories corresponding to the Hamil-
tonians H* shown in Fig.2; A, = 107%g; pin = 0; 1.
Pin = =2, 2, 24 = 2.
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Figure 4: Hamiltonians H*; ( = 1, m, = 2, A, = 5o,

apin = 200, A =0, = .05.
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Figure 5: Resonance curve for horizontal oscillations;
6= 16AL /A, (=1, m, =2
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to the variation of J;. At large amplitudes (J; > ¢;) and
A = 0 Hamiltonian in Eq.(13) describes instable oscilla-
tions (see Fig.4) which can limit the dynamic aperture of
the ring. As seen from Fig.5, the width of unstable region
is A < AZ/(16&,). For KEK B-factory [2] and ¢ = 1 this
gives A < 0.01.

IV. CONCLUSION

In this paper we showed that without special efforts the
perturbations due to residual dispersion in a crab-cavity
and chromatic distortions limit the dynamic aperture of
the ring, if the working point approaches the lines of the
synchrobetatron resonances. Since the value of the dy-
namic aperture essentially depends on the nonlinearity of
the beam-beam deflecting force, one can expect the de-
crease of the dynamic aperture when £ decreases (such a
decay may occur due to, say, the loss of the bunch inten-
sity). Since the strength of these resonances is proportional
to J.., (he,), they mainly disturbe the particles with large
amplitudes of synchrotron oscillations (A, > ;).

The perturbation due to residual dispersion in crab-
cavities causes rather nerrow resonances, which can be
avoided by small variations of tunes.

Chromatic distortions seems to be more dangerous due
to the possibility of the excitation of the synchrotron
satelites near integer resonance (v, + m,v,). Since these
resonances are not suppressed by the synchrotron radia-
tion damping, they must be avoided by the proper choice
of the working point in the tune diagram.

In both cases the strengths of resonances are propor-
tional to the ratio v, /o o« 1/y/a. This fact can cause an
additional limitation on the use of the low-o lattices in the
rings with crab-crossing.
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