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Abstract
Single-bunch instability of electron beamsdatuble 2 BROADBAND IMPEDANCE

storage ring (DSR) in MUSES project at RIKEN was The sources of théroadband impedance arttieir

calculated. Taking into account broadband impedance estimatedimpedance ardisted in Table 1. Theapers
estimated atthe DSR ring, the calculationsvere given in the tablerefor the undulatosection. The tube
performed inboth the frequencydomain and the time radius is also assumed to be 2%m. The biggest
domain for small-emittance operatiomde ofthe DSR. contribution to thebroadband impedanceomes from

Results of both calculationare consistent witheach bellows.

other. The single-bunch threshold current for the presently

designed DSR is found to be about 0.75 mA at 1 GeV and 3 CALCULATION IN FREQUENCY
6.6 mA at 2 GeV. DOMAIN

1 INTRODUCTION The instability calculation infrequency domain is
In the Rl beam factory projet], we will construct based on treatment of the eigenequation derived from well-
acceleratocomplex, which iscalled MUSES project [2], known Sacherer’s equation:

downstreamthe super-conductinging cyclotronand the (Q-mws) Rm(r) = - i mefwo @

fragment separators. At tHeSR in the MUSES, we ETo BZ r

plan to make unique experiments such edsctron-RI 0 [ ® '

collision and X-ray-RI collision experiments. Fothese Z ’ Rm(r)rdr im-m-z M\]m(w'r) Jn(w'r)
experiment [3], we have to store high-qualijectron m=e | p=e W 1)
beam withlarge averagecurrent. Especially, foX-ray-Rl  for |ongitudinal and

collision experiment, the electron beam emittance shou _ . vE2wiw

be order of 16 mrad to producdigh-brilliant soft X ray l?l-wg-moos) Rin(1) = - I4 - r%] US)B $olr)

using an undulator [4]. Theéesign ofthe DSR lattice [5] o [

for small emittance electron beam give us serious z R(r)rdri™™

problem on the beam instability. Weave to specially nf=e |

careabout the instability to get th@arget current of 500 o £ 0o £ 0o

mA in theenergy range 00.3 GeV - 2.5 GeV. As the Y Z1(W) In(w'r - == 1) In(WT - 272 r)

first step of study of the instability at DSR, walculated p=e f f @)

the single bunch instability caused by broadband for transversewherew'=pw,+Q, R(r) is radial part of

impedancefor small emittance operatiomode of the the perturbed pai(r) of particle distributionp(r):

presently designed DSR. The calculations are performed in 0() = dolr) + da(r) = do(r) + Z Re(r) M@
m=-c0

both the frequency domain and the time domain. ©)
in the longitudinal phase spacg,id Bessefunction, and
Table 1. List of sources of broadband impedance. the others are conventional notations. The solutio®-of
Elements # Z/n[Q] Z. [MQ/m] mw, andQ-wg-maw; is complex number; the imaginary
Bellows 50 -0.637i -0.087i part gives the growttrate of excitedm-th mode of
Tapers 2 -0.0008i -0.0001i instability. Assuming the Gaussian distribution ¢agr),
Vacuum ports 90 -0.0027i -0.0004i we can express ) by Laguerre polynomial L(R).
Button electrodes 20 -0.076i -0.0103i Finally, we can find a simple eigenequation:
Flanges 300 -0.003i -0.0004i ™ o o
Weldments 200 -0.0006i -0.00008i Q m) _ mn) (n)
Valves 30 12/n -0.001i 14/n-0.001i (TS m) 4 _n;, ;, LARE @)
Space charge - -0.0006i -0.00008i
Resistive wall - 0.6(1-) 14n 0.08(1-i) 14/n for longitudinal, where @™ is expansioncoefficient in
Cavities 2 8000(1+) UWn  1098(1+) 1NN R (1) and the matrix elements are expressed as

Mﬁ"} n _ i mezr]woN jmn ZL((D') Ll
2 T E ToP?0%ws n;x, r; Zm w
®)
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whereg is the bunch length and

- 00

3 - : q
Ee=1GeV

lmh=| eRLIM(R)In(woV2r) dR 25 Vif =35 kv

Transverse
Mode-Coupling

70 ) ) ) ) é 2 VIf = 77 kV
For transverse direction, the same kind e§uation B
including chromatisity is easilgerived. Inthe treatment S 1.5 Vi ook
of broadbandimpedance, we can findhat the matrix 2 TR
elements are written by only real numbers. 1 >
Because useriquest orthe electron beam energy is Motk Coupling
mainly 1 GeV - 2 GeV, the following calculations are 9%704 06 08 1 12 14 16 18 2
performed for the case of the energy of 1 GeV or 2 GeV. Bunch current [mA]
. ‘ Fig. 2. Bunch lengthening due to potential-well
, (8) Ee=1GeV distortion. The mode-coupling starting points are indicated

by open circles together with lines for guide the eyes.

4 CALCULATION IN TIME DOMAIN

0~z Another approach adopted here is calculation in time
domain. This calculation is based on the tracking
calculation using  motion equations  including
2040608 1 1214 16 18 2 wakepotential produced by bunched beam itself at the
Single bunch current [mA] source of impedancelisted in Table 1. We start from well
3. . known betatron motion equations and synchrotron motion
m=2 equations. They are written as
dy _ i dyi _ _((og + Emoéi)z yi+ Fyi(t,s)
ds a ds v I E ’
du - -n o, QZQ—%H e Vi(Ls) -£(1+26i) :
dt dt n ToE  ToE (6)
for i-th particle, where {{1,s) and \(1,s) are the force
and the potential due to wakefield, the others are
2l | conventional notations. Transverse motion in only
z 3 vertical direction is took into account in the present

. . . . calculation. Introducing valuableg and6;
Fig. 1. Eigenvalues as a function of single-bunch current g P '

at 1 GeV and 2 GeV. ni=Y =Ré g6) &#9] |, e:vi

Mode number
=

(b) Ee=2GeV

2

Mode number
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Single bunch current [mA]

1gs ,
B

e can make motion equation for the .amplitlaﬂé) as

Figure 1 shows eigenvalues as a function of single-
bunch current. They are obtained by solving the eq. (
using above impedance. When we solve the equation, Wwe- Np Nz
took into account the bunch lengthening due to potentia a0) = Ay 5a(8) + € 5 ga(e) S BrWim(5-T)
well distortion. As shown in the figure, the mode d6 4TiE 1; =1
coupling starts at about 0.75 mA and 6.6 mA for 1 GeV @)
and 2 GeV, respectively. We found that the mod®r transverse and "
coupling in transverse direction also starts at 1.4 mA a eV PNz
7.8 mA for 1 GeV and 2 GeV, respectively. Theses arrgg_eil-;sm((pdg“) ) %; 9 mzzl Wim(G-Ti)
threshold current of strong instability. _Up (1+26-)

The threshold current dependsthe RF voltage, because -?0 Voo
the bunch length is changed by the RF voltage. Relatiog ¢, _ _nhv 5

between the threshold and the bunch length is shown igg R 8)

Fig. 2. Open circles indicate the threshold current at eaﬁ;} Iongitudinal1 where ) is number of particle in a
RF voltage. The threshold current increase as increasigg, ., ais the,charge of j-th particle,,Ns number of

the RF voltage. Its bunch length, however, is going t0 BR, <ource of impedance, apdis beta function at m-th

shorter. The bunch shortening limits —the pOSSIbI‘gource. Transverse radiation damping effect have to be

maximum current. It is supposed from the figure that thgdd s f la obtai
. ) t df . (7) and (8
maximum is not exceede® mA for the case of 1 GeV. etb recurrenceformula obtained from egs. (7) and (8)

That is about one orderless than our target current of 588
mA (single bunch current 16 mA times 30 bunches).
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A a =- I M Im[a* é e VB:I e_ l e VB 7E$2GeV:Itﬁ0mA 1 rEe=2(sev:lb:5rnA |
r ; ©) .

where d is the amplitudebeforethe cavity. Theradiation

excitation is also included as:

Aa= 4 AT € Viéani
Voot (10)

for transverse and

Aéizrﬂ(ﬁ)u w — L ‘
Te E (ll) 2107 Ee=2GeV : b=10mA Ee=2GeV : 1b=20mA o

for longitudinal, where AT is time advance, ¢, the il
equilibrium emittancet, the betatron dampingme, T, :
the synchrotron damping time, the equilibriumenergy _
spread, v and y are randomnumber forming gaussian 1107
distribution with rms=1,and w is random number
forming uniform distribution. Details of the calculation is

010° -

DE/E

-210°?
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-0.06 -0.04 -002 0 0.02 004 006

described in Ref.[6]. Tau [nsec]
19610 — Fig. 4. Single-particle trajectory in phase space.
Ee=2 GeV [ 1 20mA
5 CONCLUSION
1.9510*
® From present calculation, we found that the threshold
E 0mA single-bunch current is about 0.75 mA and 6.6 mA at the
'r—;zl-9410"’ energy of 1 GeV and 2 GeV, respectively, for presently
< designed DSR. Both calculations in frequency domain and

i

tes1gt L " 1mA time domain give nearly the same results for the beam

instability. These results make us to understand the
PN A M ey existing state of the electron beam at the DSR and
19210 | YV j suggest how to increase the current up to the target
0 z T“ime[mse?] 8 10 current of 500 mA.
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