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Abstract 2 MULTIBUNCH INSTABILITIES IN

In this paper we establish simple analytical criteria for the ELECTRON STORAGE RINGS

loaded quality factors of the dipole modes in the acceleParticles in a storage ring execute betatron oscillations. If
ating rf structures to prevent the multibunch instabilities inve neglect the effect of synchrotron radiation excitation

electron storage rings and linear accelerators. and the long range wake potentials, the betatron motion of
each bunch can be simplified as a damped oscillator ex-
1 INTRODUCTION pressed as

In the modern circular and future linear colliders, the option 5 wy (8
of multibunch operation mode has to be adopted to guaran- y = Acos (“’%) eXp (‘ 2Qy. (Z)) 1)
tee the required luminosity. Due to the long range trans- T )
verse wake potentials, the transverse motion of a bunch Y¥here v denotes the transverse deviation in horizontal
a bunch train can be influenced by the precedent bunch&4@nex or vertical planez from the design orbitw, is
If the long range transverse wake potentials are not prof?€ angular betatron frequency, a@q,, (the subscript
erly controlled multibunch instabilities can occur and thélénotes the storage ring case) is the quality factor of the
luminosity will be degraded. The classical treatment of th@Scillator expressed
multibunch instabilities can be found in ref. 1 for exam- wy Eo
ple. In this paper we try to treat the problem in a different Qu.r = < Po>J, )
way. We assume that each bunch is represented by a point Y
charge and the detailed discussion about the single bun#here< P, > is the average synchrotron radiation power
longitudinal and transversal instabilities in electron storaglr one turn, E, is the particle energyyJ, is the radia-
rings can be found in refs. 2 and 3. tion damping partition number witl,—, = 1 — D and

A charged particle executes betatron oscillation in cirJy=- = 1 (=2 < D < 1). Inreality, however, charged par-
cular and linear accelerators can be regarded as an indigles interact with the environmentand produce long range
pendent damped linear oscillator if there is no long rang@ake potentials which make the independent oscillating os-
transverse wake potentials permitting the particle "talkingtillator become a coupled oscillator chain. The coupling
to its neighbours. The mechanisms of damping come frofpefficient K. . between the two successive bunches can
the synchrotron radiation in electron storage rings and tHee calculated from the coherent frequency change due to
adiabatic acceleration in linear accelerators, respectivejie ong range wake potential similar to the single bunch
The quality factor of this oscillator is related to the dampingase [3]
time and the betatron oscillation frequency. When the long ‘ Avyc 3)
range wake potentials are strong enough the particles in the vy

bunch train will begin to be coupled from one to a”OtheWhereWi(sb) (V/C/m) is the long range dipole wake po-
and the independent oscillators become a chain of couplgghtial of one turn and of unit transverse displacement,
oscillators with losses, and the betatron oscillation enefs the distance between two successive buncNess the
gies of the particles upstream can be transmitted to thog@ticle population in the buncfii, .. is the average beta
of the particles downstream, known as multibunch instabikynction at the position of the rf cavities, anglis the tune
ities. The physical picture described above is similar to thgfmber. By analogy with a coupled rf cavity chain, one

of a coupled rf cavity chain. Now, let's look at a chain offings the coupling coefficient expressed as follows
coupled rf cavities with losses which has been studied in

detail in ref. 4, one finds that to prevent the coupling be- K,, =2 ‘ Avy e
tween cavities the criterio.(Q < 2 should be satisfied, B vy
whereK is the coupling coefficient in the dispersion curve

and( i the quality factor of the corresponding mode. ByAccordlng ref. 4, one knows that under the condition

_ NI (55)8y.c
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analogy, one can find the criteria under which the multi- Ko rQyr <2 (5)
bunch instabilities can be prevented in storage rings and ) . ) i
linear accelerators. there will be no coupling between two successive oscilla-

tors. From eqgs. 2 and 4, one finds
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where f, is the revolution frequency. For an isomagneticlo reach the required loadeg ., waveguide type higher
ring order mode couplers can be installed on the accelerating

, 74Jy rf cavities and the dimensions of the coupling apertures

< W can be determined analytically as shown in ref. 8. From

. _ e _ eg. 14 one can find the condition under which the dipole

wherep is the local bending radius ands the normalized qde need not to be damped. This condition is simply that
pgmcle energy. 'In a storage ring t'he accelerating rf ca\QM . oo (this condition is somewhat strong but very use-
ities are the main components which produce long rangg since it doesn’t depend on the specific unloaded dipole

v
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Figure 1: A single rf cavity.

and

Ql,r <
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wake potentials (narrow band impedance). In the followg,gge quality factor) wheV, satisfies

ing one considers only the T)\,y mode in the accelerating
rf cavities sincélV' (sp) =~ W1 ;,4(ss) for the long range

wake potential. The Tiyio mode wake potential can be

expressed as

2CK1 Sp

%4 = N.h sin(w,.f1— )X
1,110 wrf,1a2 ( fs c )
Wrf1

exp (- e (S—Cb)> exp (- ) (8)

where N, is the number of the cavities in the ring, is
the inner length of the cavitys, is the rms bunch length
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Taking Beijing Tau-Charm Factory (BTCF) parameters

for example, from eq. 14 one gefs , = 99 with s, = 12

m, R. = 0224 m,h = 0.22m,a = 0.044 m, K; =

1.4 x 1011 (V/C/m), N, = 12, N, = 1.5 x 10!}, B, . = 10

m,o., =0.01m, Jy—, =1, p = 8.58 m, andE, = 2 GeV.

This result justifies what has been found in ref. 10.

3 MULTIBUNCH INSTABILITIES IN
LINEAR ACCELERATORS

(o, is used to calculate the transverse wake potential and

the point charge assumption is still valid),;; andQ -

In a linear accelerator the physical picture is a little bit dif-

are the angular frequency and the loaded quality factor é¢rent from that in a storage ring. The betatron motion can

the dipole mode, respectively. According to ref. /5, in

still be written as that in eq. 1, the quality factor, however,

eq. 8 corresponding to a single cavity can be expressétlexpressed as

analytically as follows

J2 (“R—a)

= ms (z1)* )

S(z) = 22 (10)
xX

o1 = };‘; (11)

Wrf1 & C;?Cl (12)

whereR, is the cavity radiusg is the iris radius as shown
in Fig. 1, andu;; = 3.832 is the first root of the first
order Bessel functionw,¢,; in eq. 12 can be rather pre-

cisely determined by using the analytical formulae from
perturbation methods [6][7]. Being pessimistic, we assumeg

sin(wrr,1%) = 1 and find consequently from eq. 7 that

o (552 (%)) -

Wrf 1
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whereF, is the accelerating gradient and the subsdrijst
this section denotes linear accelerator case. The damping
effect is due to the fact that a particle is accelerated contin-
uously and the betatron oscillation is adiabatically damped
[9]. The relative coherent betatron oscillation frequency
variation due to the long range transverse wakefield is

Awy.| 27T€2NeCWLL(Sb)ﬁ_y
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where W/ ; (sp) (V/ICIm?) is the long range transverse

wakefield strength of unit transverse displacementand
is the average beta function value in the linac. In the follow-
ing one considers only the Ty mode in the accelerating
(sv) = W 1 1(sp) for the long
range wakefield, wher®’| ; |,,(ss) is the TMi1o wake-
field expressed as '

rf structures sincéV’ |
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h Here we give an example of an ideal detuned S-band

linear accelerating structure. From eq. 25 one finds

Q1,0=2740 withs, = 5 m, R = 0.04 m, h = 0.0292

m,D = 0.035m,a = 0.0l m, K ;, = 10 x 102 (V/C/m),

N, =2x10%, 3, =85m,0, = 0.005m, F(s,)=0.0065,

— andE, = 17 MV/m. If a constant impedance structure is
used ther); ;=187 for the the same set of parameters.
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4 CONCLUSION

In this paper we give simple criteria to determine the loaded
quality factors of the dipole modes in the accelerating rf

structures which are responsible for the multibunch insta-
bilities in electron storage rings and linear accelerators.
The relation between the beam and the machine param-
ters are well established, and the analytical criteria can
e served as scaling laws to optimize the machine perfor-
mance.

Figure 2: A disk-loaded accelerating structure.
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wherew,f 1 1, andQ)y, 1, are the synchronous frequency ancﬁ
the loaded quality factor of the TiMly mode passband, re-
spectively, andF'(s) is the wakefield reduction function

comes from the detuning effect (for a constant impedance

accelerating structur& = 1). According to ref. 5, one 5 REFERENCES
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Similar to the storage ring case, one gets the condition un-
der which no higher order mode coupler is needed
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