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SIMULATION ON BUNCH LENGTHENING WITH 3.5 HARMONIC CAVITY FOR
SPRING-8-I1 PLAN
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Abstract

At SPring-8 II plan, bunches with long bunch length would be stored using a higher harmonic cavity in order to avoid
emittance growth due to intra beam scattering and to achieve enough beam life time. Bunch length with harmonic
cavities was evaluated by tracking simulation. In the simulation, transient beam loading caused by bunch filling patter
was considered. If superconducting cavities with low R/Q were used as the harmonic cavity, bunches were lengthened
almost enough. Although anomalous oscillation was observed at bunch length more than 30ps, a feedback scheme
which directly detects energy shift damped the oscillation successfully.
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Table 1 parameters of SPring-8 II

parameter Symbol Value
Beam energy E 6 GeV
Energy loss per turn Usy 4 MeV

Up 4 MeV

Upw 2 MeV
Accelerating voltage v, 16 MV
Harmonic voltage Vss 3.5MV
Accelerating frequency | fzr 508.58 MHz
Harmonic number h 2436
energy spread Ap/p 0.15%
slippage factor n 1.55E-5
Beam current Ib 300 mA
natural bunch length oy 5.4ps
(w/o CSR, IBS)

: Ve=16MV, U=10MeV /turn,dpp=0.15%, alpha=1.55E-5

phin [ deg)
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Figure 1: Bunch length dependence on harmonic cavity
voltage and phase

Bunch length is calculated as FWHM/2.35.

_V#/azhdlv—/aJ

BARBOTED L & W0 TE BT 2

E—LAEFICL o TSNS, V7 1D
%%%&E ADW?%/?%@LKN/?ﬁ%i
i D 7=DITIINF T ED 7 aF AFERN
YR &% *F%EE%@%_Jﬁféb%#%
DHe TDIDIZ T wvHF v Ialb—va sk
ﬁotovi1v~v5y@ﬁMﬁ&@k%D?%
Do

o KN U LT 1EATHREICRMERA. AL

R, X704 77 —lX>TZRIF—

ERAEL, LR —NOORAEIZL - T

v aF AN LTS,

FEARPE 221 TN v, ZERICEIE A b T 5,

1 R ZE W T & A, ZERICEIE A T S,

vz bho AR Y bRV E R CREARK

D ZE Fmﬁmwﬁr I7%5 X 91T RE JRD

ENBIORTF 2 —F—IC K92 5,
vIal—variz im%ﬂﬁtm%%t%%ﬁ
LTCTRBY, Zh5OIEEER CEERIRIEIZ 72 - 2K
DN FREEREEIBATFEL LI, N F b
WO~ 7 aN—7 4 7% 1000 & L7, 20D
KO 7Ny ay hTREAVFREIZONT
DOFSRHEE N BNV, BHBEIC L > T
PN FOEDREIN 43I E > THDH & 5T 1000
A — IR ST, 2O OE R Z & OEST
TS FMNE oA THD ERRLUTHEAL, N
FREOHEEZToT20 AN T7 4 U v T NE— %
BITED SPring-8 TEEHERIZHW LI TN D /LTF A
VFCERE 160 N FDNUF R LA b 43 Ny
FDZEx Ny hATHE U CERIRIC 1 2 &K
ENDT7 4 U DBy MZORERE LT,
D7 4 VT TIREREAT Y NONR T ERIZE
—THHDT, I a2l — 32T fundamental
Re—bu—T 4 ORI BRE Lol F
7oy NUTFEBIMNKREBIR ToH D720, potential well
distortion & & & L7720 > 72,

AT 7= K 512, 25O R/IQ A/ EUNE EN
VFTEONUTFEOEERL —ARITELS D LB X
HNHM, KWV R/Q THY eidn, BRHENTZAN—
XKEwT+%&mﬁ%F%$Léﬁé TR
Ze L b BIEEERAAE L CWD EBEZLND,
F7-. BEEZRTYH L2 L Y e LR
T2 RIQ ZIE< LERHNAETH D20
Table2 (Znd Yy M CRHMliZ T o702, a2 b—
a VITHWIE EAREEFROFRE T A—4
RERT A —% B LOEREZEROBRER L
ZEM/NT A —2 B L OERE 2 B LVZEHANT A —H
% Table 3 IR 7,

Figure 2 (a), (b), (¢), (d)iZcase 1 DT I = L — 3
ViR ZRT, Figure 4 (a)lZRT L IR F B
LA ORI D N F DI 50ps £ THE SN
TWAN, ZDIFNDNF 1T 20ps FRE T, &b
N H DT 15ps BREEIZ 72> TN 5, T4 Figure
2 (OISR R DT HAHE & i O ZE A BB A3 N
YFRUA R TERES N, ZRIZEoTA
YFOvrraF AL RESEHINTND

- 878 -



Proceedings of the 10th Annual Meeting of Particle Accelerator Society of Japan (August 3-5, 2013, Nagoya, Japan)

(a)
60
50 + sy
: L 3 s H i i 5 H : 2 H
40 + .

30 .

“AAAAANAANAAN

bunch length (FWHM/2.35) (ps)

0 203 406 609 812 1015 1218 1421 1624 1827 2030 2233 2436
bucket number

(b)

— 4

2 164 =
) 3.8 %
£ 162 2
> 36 &
I AN ANAANATAATA AT I

34

H s}
2 158 2
% 32 E
g s =

L 1 L i L i 1 L 1 L 1 3
0 203 406 609 812 1015121814211624 1827 203022332436
bucket number

~
(¢}
~

100

RERRRRRRREE
. VA
\\\\\\\\\\\\

timing of bunch center of mass (ps)
o

-150

Figure 2: Tracking simulation when 160 bunch train x 12
(only even bucket) is stored with NC 508MHz cavities
and SC 1-cell harmonic cavities

(a) Bunch length: Bunches in the head of the train lean
into forward direction and vice versa. (b) Variation of
fundamental (red) and harmonic (blue) cavity voltage
along the bunch train, (c) Synchronous phase, (d)
Longitudinal bunch profile in the train
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Figure 3: Tracking simulation when 160 bunch train x 12
(only even bucket) is stored with NC 508MHz cavities
and SC 2-cell harmonic cavities

(a): Bunch length: All bunches are less than 20ps. (b)
Variation of fundamental (red) and harmonic (blue) cavity
voltage along the bunch train, (c) Synchronous phase, (d)
Longitudinal bunch profile in the train
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Figure 4: Tracking simulation when 160 bunch train x
12 (only even bucket) is stored with SC 508MHz
cavities and SC 1-cell harmonic cavities
Figure 3 (T case 2 @F%%ﬁ‘ﬁ‘ ToicRsh
TN TFIRAFER T, WL N LA O
PSZ Y 7 1ﬂ0)’f%z_f AR A INI= S 4
2 F ANARIC S Y 7 1 JHOREERBIL TN D
ZHLTWDIE—LDT7 U TR —2120% 1
H— 2 OFEEITEWS, BRIIROLIICEZD
ZENTE D, @2 RIQ AR E W &R
I Q ENMEL 22572, ZBROA L E—H A
N7 u—RiZhoTEY ., 1 EREERE B
RN CHLELEEET S, S50, SREE
FICEVRT vy A RFELLEE L TWDHTZD,
DOFNRBIEICL > TR F DO 7 vt A0
DET D,

ZIoWo vy uaF AN ORE N EN S
EIZHOWT, YT alb—yarTHkEeE A,
h—% LD R/Q EHH 200 QLLF THIVIERIE e
WZ ENnoTz,
Figure 4 |Z case 3 DfE R A R~T, BAP 2R G
fREZEE L, RIQ # FF5Z & TRUF RLA
YO TH 20ps DN TFENEG LN, L,
BEEENRIZTHET, BAREO =% 1D
R/Q 23 1/4 (27272 LTHELNDI NV TR
&L TUTIREREMIT R,

Moo NONTFERICARZ Rl Tr—
T AT EBREMTE RV L2, FFlodkE
T LRI DD TR, B HILAHEMR L
LTiE, E—2FETLIEELY bHoE0E
JEARASEDLZ L THDHD, KL @@4%@
I ROONTEY , RRLEITEHWINEEE
@%#é:&ﬁﬁ%%@%%%fi@w&%z%
ns,

Table 2: Cases of tracking simulation

case FEARWZHE mR 2
1 NC SC (Icell )
2 NC SC (2cell)
3 e SC(Icell)

Table 3: Cavity parameters

parameter R/Q Qo § Ncav
(@300mA)

NC 508MHz 124 221Q 29 24

NC 508MHz 90 2.7E8 8438 8

SC HC (Icell ) 80 2390 3200 2

SC HC ( 2cell) 221 2.7E8 2390 2
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[ HarmonicCavity ] R/G=80 x 2 ohm, Q0=1E9, 1003200 (ev psi=74 Bde:
[fundamental] : Ve=16MV, vwsmw R=7 6Mohm/cavif 00:6!30024-:0!!0.' ho\aﬂi psi= 18.3560
1b=300mA, one-bucket spacing. 1000/bunch, alpha=1.76E-5 (Higher Order is not considered), U=’ IDM fitum
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Figure 5: Synchronous phase and bunch length oscillation
occurred w/o synchrotron oscillation feedback
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