THE SIMULATION STUDY OF THE SINGLE BUNCH INSTABILITIES
IN THE SPRING-8 STORAGE RING

Takeshi Nakamura, SPring-8, Kamigori, Ako-gun, Hyogo, Japan

1. INTRODUCTION

The simulaion code for single-bunch instabilities,
SISR(Single-Bunch Instabilities in Storage Rings) was
devel oped and applied to study instabilities in the SPring-
8 storage ring. SISR uses complex amplitude of betatrom
motion and it enable to tregt both dstributed broad-band
impedance such assmall discontinuitiesof abeam pipeand
locdized impedancelike cavities.

2. EQUATIONS OF MOTION

The transverse motion of i-th e ectron under the forceF
is represented with r]I
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wherev,, B andE isthebetatron tune, the betafunctionand
the energy, respectively.
Theforce F; from wakefieldis
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smaller than the betatronperiod A p/c, and using the phasers
shown below,
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The thirdterm of theright hand side canbeset to zeroin
usual cases because B*4 usually does not have the Fourier
component of the frequency 2v.,.

Hence the equation
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is used to simulate dlstrlbuted impedance.

Theintegra in this equamion (9) can bewritten as
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Thefind form of the equation of transverse motion of
particlesusedin CISR is
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3. DIFFERENCE EQUATIONS

The dfference equations used in CISR to simulate the
eectron motion are as follows. For longitudna motion,
AE=E-E, and z=s-ct, where s is the co-odnae to the
direction of particle, isused to describelongitudinal motion
of particles. T,, and E, aretherevol ution period andreference
energy, repectively.

In thefollowing, the symbol with superscript + and- are
the valueafter and beforethepassageof eachelement. Inthe

following, respectively.

3.1 Lattice with Distributed Broad-Band
Impedance
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where 08 = 212~ T, a=re'®,

3.2 Localized Broad-Band Impedance

For the localized impedance such as cavities,
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3.3 Accdleration
For acceleration by eV,(z) = eV, sin( 2y &+ (pc) ,
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Eq.(25) is transverse radiation damping.
3.4 Radiation Excitation
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where u, v ae the Gaussian random number and w is
uniform random number. AT isthetime differencebetween
each excitation and 1 andt,, isradiationdampingtimefor E
and x, respectively. og , and g, are natural energy spreadand
emittance.

4. PARTICLE-IN-CELL METHOD

SISR is the paticde code and a PaticeIn-Cdl(PIC)
method is used to make wake fied d and interact the patide
with the wake field. The shape function used in SISR is
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ae evduaed on the mesh points whose position is
represented by z,

And wake potentids gppeared in dbove equations are
evaluated at the mesh poi nts using these distributions as
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The wake potentias at the particles are obtained with
Nmesh

E(z)= le §(z) 9 %+2)

5. WAKE FUNCTIONS

The three types of impedance modds listed bdow are
used to get wake functions. For longitudinal,
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6. THE SPRING-8 STORAGE RING

The CISR is gpplied to the study of the instabilities of
the SPring-8 storage ring. The parameters of thering is
shown in Table 1.

Table 1. The parameters of the SPring-8 storagering.
Parameter Vaue [Unit
Energy E, 8 GeVv
Revolution Frequency T, 208.77 | kHz
Energy Loss per Turn U, 9.2 MV
Damping Partition Numbers J/J| 2/1
Momentum Compaction Factor | o | 1.41x10*
Betatron Tune (vertical) Vg 16.16
Averaged Betatron Function B 17.3 m

Theimpedance of the ring is estimated.in ref.[1] andis

7l = 1.67x 1Fwi + 400+ 149« 1H-1" 28)
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where Z° is verticd transverse impedance. The unit for
them are Q and Q/m, respectively.

6.1 Longitudinal Instabilities

Figure 1 shows the dependence of the bunch length and
the energy spread 6/E on thebunch current I,. Thisringis
rather inductive compared with colliders, the potential-well
dstortion lengthen the bunch length and the threshold of
microwave instabilities can not seen until the threshold
current of the transverse instabilities mentioned later.
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Figure 1. The bunch length and energy spread.

6.2 Transverse Instabilities

Figure 2 shows thebunch currentincrease vs. time used
in the simulation.
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Figure 2. bunch current shapevs. time

Figure 3 and Figure 4 show the amplitude of betaron
motion of thebunch vs. timefor chromaticity§=0and&=4,
respectively. Instabilities occursat 1,=3mA and I,=7mA for
&=0and I,=10mA for &=4.

] ] ]

Bunch Current

3 I 3mA
10 - TmA—/ A
cﬂ\:\ .¢""f 5mA_,
-4 ",.“",\/ ’\J'\/V'\'
lo _% ,.Afll;‘.l \ GmA
om
Lo° L 2mAl™A~
| | | |
5 10 15 _ 20

Time [x10  s]
Figure 3. Amplitude of the betatronmotion vs. time. £=0.
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Figure 4. amplitude of the betatron motion vs. time. £=4.

Figure5 and6 arethespectrum of the betatron motion of
the bunch. (m,n)=(0,0) and (m,n)=(0,1) mode can be seen.
The m=1 mode must be exist a the synchrotron frequency
f=1.5kHz lower position, around f=32 kHz, but no signd
can be seen.

From Figure 5, whichis for £=0, the coupling of mode
(m,n)=(0,0) and (M,n)=(1,0) occurs a I, =3mA and the
coupling of mode (m,n)=(0,0) and (M,n)=(2,0) occurs a
I,=7mA. Bothleadtoinstabilities. For chromaticity =4, of

which data is not shown here the signd of mode
(m,n)=(0,0) can not beseen.

In Figure 4, No instabilities occurs near 1,=3mA, but
the m=2 mode growths up a 1,=10mA. The dfference
between €=0 and £¢=4 seems to be from the effect of the
head-tail damping, which canbe seen at thebeginning of the
bunch currentincrease, wheretime ~5ms in Figure 4 andit
is faster than radaion damping time which is seen for
[,=0mA.
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Figure 5. Spectrum of the betatron motion of the
bunch ,I,=0mA,1mA,2mA,3mA. &=0.
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Figure 6. Spectrum of the betatron motion of the
bunch ,I,=4mA,5mA, 6mA,7mA. &=0.
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Figure 7. The position of pesk of each mode of the
spectrum of the betatron motion of the bunch. &= 0.
When chromaticity £=-2, the growth-rate of the head-
tall mode of m=0 is so high and the threshold current is
around few tenth mA.
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7. CONCLUSION

The simulation codefor single-bunch instabilitieswas
developed and applied to the SPring-8 storage ring. No
longtidnd microwave instabilities can not seen and the
threshold of thetransverseinstabilitiesis afewmA andthe
positive chromaticity increase the threshold current.
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