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Abstract

The mbtrack code is a multi-bunch tracking code to investigate collective effects in circular accelerators. In the next
generation light sources, the impact of harmonic cavity on the beam dynamics should be investigated. For this purpose,
we extended the mbtrack code to be able to treat high-Q resonators in a more general manner as the previous versions. By
using this extension, the impact of main/harmonic rf cavities and their parasitic resonant modes can be investigated with
arbitary bunch filling patterns. As a result of benchmarking tests, it is confirmed that well-known instabilities caused by
cavity-impedances, such as AC/DC Robinson and coupled bunch instabilities, could be simulated.
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2. MBTRACK CODE
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Vb(m) = Vb(m_l) €xXp |:<in - (“)T) (tm - tml):|
_ers

2Q

IRz 2 T f/c(m) 1% Generator-induced voltage f/g b
Vi oy LTER 5N,

gm (1)

f/;(m) _ Vg + Vb(m) (2)

T 2TV, IR |V,| B L ORI 6, THREMIT SN D
BTHb, ZHT4— KRRy 27 L—FLIZBVTIE. V,
L ow, BFWTEIE LN —EERMS, 27U, w,
DIEIFF 2 —= I %4 LTEES NS,

4. NVFR=UTAh

FRSBEIC D VW THENEL TN TWVWE Z & 2R
FTEEDIIRVF =TT ANefiolz, RVFI—72
T A MEEERPFERT DA LZEMED S S, DC KT AC
Robinson AZEME [6] F L CTRIADERE— K5 &id
NV FREEMARLERIZOWTEHR ZIT oz, T D
BR, BEY VI DNAFT A=K UTIE KEK BMREL 7=
KA 3GeV g 6IR (KEK-LS) [7] & W, BHEIEHE
WWHWTHEODD NI A=K EEFH Lz, THoHFtEIzE
BRI E BT T 1 VSR — BN AR
DRDPT WA= T A —L T4 VEFEAL,

72, SEEEMULBERETENVF Yy FI2L 558
BN EBHEEZLOHBEEEETH D, ZOHMIZIE
Swiss Light Source (SLS) TSR & FHW 28 % W T
155 N7 R E 8] L ITIFFE L WD EEZ T X —
R % BB U CEHE DY M2 L U 72,

KR~ 7ok 781 A L, ©—48A0N4
LA — L0 EHENREBIZ RS £ TR 2T o 72,

4.1 DC Robinson ~ZZaEM:

DC Robinson A% M: 13 Static Robinson AZ2E M &
I, EEHENIZEIET 2 REERDD S b Y — L%

— 3 T T T T 4
E mbtrack X
4, 2.5 Analytical
2 37
5 2 E
5 —
2. =
215 2 2
= =
: :
g 2
= mbtrack O 11 5
2 05F  Analytical
>
5]

0 N AN 4 N 0

0 0.1 0.2 0.3 4 0.5

Stored current [Aj

Figure 1: Coherent frequencies and growth rates as
functions of the stored current for the KEK-LS storage
ring [10]. The solid curves indicate the analytical solution
of the equations of motions for synchrotron oscillations.
The evaluated values by mbtrak investigations are plotted
by circles and crosses.
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Figure 2: Amplitude invariants for longitudinal bunch cen-

ter motions as functions for turn numbers with three differ-

ent tunings offset for MC [10]. The growth rates obtained

by numerical fittings are also shown in this figure.

Table 1: Comparison of Growth Rates Calculated by the
mbtrack and Analytical Method

Frequency shift mbtrack Analytical method
[kHz] [1/s] [1/s]
+6 524 £21 513
+56 211 +4 216
+106 41.7+£ 0.6 43.7

4.2 AC Robinson RNZEM:

AC Robinson AZEMIZELFAOMEL Y E—X VA
WHET B —LARLZEETHY, REEENELZ &
BBFAVFIZEMME (N FREEE—R0) TEFT
%, ZDONZEMIZ, 22 oI E B RE JEEE (&
T¥— L DR E R OREAE D S B 23 O HNG R K
WZERBHIEVWHED) HREL B LD 5,

Z ® AC Robinson N2 E M % i35 7=, KEK-LS
D EZEIZ DWW THIB RS E +6,56,106 kHz & LT
MNowvFvFvIalb—varvaEiiok, £, B5hN
TN FEODORMFED T — X (Fig.2) %Jtic. A
& FREDFEIZ T Growth rate & 3K 7=,

Z OISR DY 7 N2 L 185 N7z Growth rate D
fii% Table 1 (2% &5, Table 1| TIXfEIILFHETT
HlX 5 Growth rate % f}fid L 7z, Table A, mbtrack {Z
535 Growthrate DT T =X 714 v F 47T T5—T
» Y. mbtrack TOFERERITMTFE L IZIEFHEL W T
EhRbhr s,

I HIZZ 2T Z HIE T 523, Fig. 2 TR Ui
BN, LM Growth rate D /N X WEER 2 U TR
BMARZ MVERER L, C—ARLEDNY FHEGE—
R0 &b Z e HMRLTWS,
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Table 2: Comparison of Growth Rates Calculated by the
mbtrack and Analytical Method

HOM mode T™O011 TMO12
Frequecny [MHz] 794 1312
Q-factor 34900 8500
Shunt impedance [M(2] 9.3 0.2
Analytical calculation

Growth rate [1/s] 79 159

CB mode 559 594
mbtrack calculation

Growth rate [1/s] 86+3 156+7

CB mode 559 594

43 ZEAEIRE — FIZ X 5Ny FREGRIAN L N

4 [E R U 7z mbtrack Z W5 Z & TZIZEET B
BEIRE— R (HOM) DR T 2NV FRESGHAZENS
HET B eAAREE 25Tz,

RUF =7 TREMFEN Y FREGURZEN 28] &
BZTEOPOERE—F (BARMZIE PF 812450 [11]
@ TMO11, TMO012 ZA%E) 122\ T, E4H & 13D
narrowband-resonator 23V ¥ ZNIZEMFET 5 & U TEE
%1757z, mbtrack DFERZ TN LR TTFHIEI NS
FEE L (Table2) U7z & Z A, Growth rate O
TEEOIREIE— N L =T 5 Z &2 HENDH 5Tz,

44 NV FMHEREEIIN T S — AAMAEH DRE

TANNE =N FF ¥ v TWEET D L Z2HA
TEF v v TEHICB W T Y — AFIREE O UG A — K
kbbb, BREEDOIRKRKIE® Y — ALK T 25 RF
MNAHEDPEETZ, o TNy FEEEE T, E2H -
B EHOWT NG Z O % %\ EEZAT) (transient
beam loading effect) AU %5, ZDEBDOIRS FEV Id—
MRz 22 & SRR TR 572, BARR A “lat
potential condition” % /N> F b L 1 Y 2KIZE N TR
WWEBT A Z L EARAREL 5, ZhiE, NV FFXry
TWZEB2EBEEHZMS LD LSETHELZWRY, o
=T = LD T 1 VR X — o TEARI RNV F iR
SIREMRET LI LIIRETH D Z L 2EKT S [12],

ok U7z & 5102 SLS CREHFH MBS AT LNy
FXY Yy IRFEETIEMETEHL, XV FXFry TS
DRI N FMIERDMMTIZ DR SE Z & 2 BH L
7z [8]s SLS Tl Passive B D {z 3 & F I 22 1 A3 £
INTWD, SLS DT IV—T1E7 1 /& — 2 280 ns
DNV F Xy oy TEFZNT, FHER 320 mA TV F
MRERE 2 ATz, ZDRE, N F ML A VS i
IhdvrrabharykEA MY =2 AT THIEL
A bUAYHONY FELMIBLZED 210 ps
(peak-to-peak) £ 72 D, NV FEld rms T 24 25 66 ps
ENVFAEITIR U TS D Z L DR S Nz, SLS
VY TN FMREREZTORVWEEOERN VY FE
138 14 ps (rms) TH 5,
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Figure 3: Bunch center phase (red) and length (blue) along
the bunch train with large bunch gaps for the SLS storage
ring during the HC operation [10].

mbtrack % A\, BEXH [8] L IZIEFRILNT A =&
Ty Iab—yavaEfmliz, ©—L0MEAFH
IRFBIZELZBOR AN FOEMLMIE L N FE% RF
Ny MIEDOBHE LTTry hLAZHD% Fig. 3 12
R, YIalb—varvofEf, fohz Ny FEML

DEEDY 189 ps (peak-to-peak), /N> FEHI 223 05
51.5ps (rms) TH -7z, SLS OFEFRTITY > ZAIZZE
A V=RV AN BTN FILHEE 5 X DRk~
RERVGETEI L, HIEOKERE2FRT S L.
mbtrack DFHAERITERZ IZIFELHLTVWREEZS
nbd,

5. SRRZERERDAREM

Ny F Y —27F A T mbtrack DEFEDZ Y M % 38
U7z, SRR ZERANEETA2RIZB T —-LK1F
I AOREERBLUZ, ZZTREEO—HERT,

5.1 @i ZEA DR N F X — &

ZERIC N A G TR PR T 2 RICBWT, Y v
7%HET5 BTE— LML S REES V(6) 1. ;
ZEAEIE Ve, m IR D @ d i 22 B Vi, D22 &
ZRT Bk = Vie/Vie & ZNENDALH ¢fc,¢hc

HOWTHUTD LS icET 5,

V(¢) = VfC{COS (¢ + Qbfc) + kcos (m(b =+ ¢hc)} (4)

EEONYFMIRRE G S 72D O 22 #Eiig 5
(ky b rey e DAMEE) 1 ERXAT 2L ¥ — 17 A1
V(0) = Up/e (Up 1) > 7 — i d 7= b DR E 2T 5L
Fo) FEHUEZWANAVYFELTOEREAR V=G
C—LDRESEME V" g D3 DOBRERZT LD &

Table 3: Principal Parameters of ESRF-EBS

RF frequency MHz 352.370
Harmonics number 992
Revolution frequency MHz 0.355
Main rf voltage MV 6.6

Radiation loss per turn MeV/turn 32
Stored Current mA 200

Longitudinal damping time ms 8.6

Table 4: Parameter of Harminic Cavity

frequency MHz 3x352.370
Unloaded Quality factor 20000
R/Q,R=V?2/Pc Q 290
H5,
2
m UQ
cos = —— 5
e m2 —1eVy. ©)
G/V; sin
tan ¢p. = m—/ fot Sindye (6)
cos P,
cos P yc
k= ———-"" 7
m2 cos P @)

ZIZT, G=00DKIZEEYRP LR (ZDREZ flat
potentail condition ¥ FEF%) & 720 NV FMHIRRITEK
b, GUERANEERETFF a—2 UROEELR
Gy = —Vfc Sln(bfc’() ({EE~¢fc,O #+ ¢fc) EhRELlhh
WENY FERE, DS BRIV FHERE 2 5,

5.2 ESRF-EBS D

ESRF-EBS 13 2020 fF0 a3 v ¥ a = v /% Hig
UBRAE B /e D t?@@%ﬁﬁﬂﬁﬁﬂz%ﬁ‘éﬁ VI TH
D, ¥—ALAZAXNF—6GeVIZT, KEZIvAXVA
150 pmrad, Z#& & 200 mA %:E?El'é’ BIAEAHE T 5 — )
FHE TIEERAB TS TNV, ko 535
Belm B2 B LSRR O BitEd S hTn b,

ESRF-EBS [3] 2T Active A D &2 2 8H U
EHBEDOE — LA REEIZOWT 74 W Z =2 LT
A=7 r— L% RE UHAE %17 -7z, ESRF-EBS O%TH
VYT DNT A—R% Table 312, {RE U 7= & iK% 221
DINT A—R % Table 4 IZRT, A TIXEF LM%
SERAWE EEAT, ZDOHE. flat potential condition
(G =0) 2FEBT 2DICHERZEHOEE NN T A — X%
k =0.286,¢f. = 56.9 &£, pp. = —10224 [ 05, &
PR OFE S B ITER» S OS2 R/NIT B XS5
wétﬂv_mmtab 5 A 2 & il B DT i
TR ATBILITEEITA28kW 2725,

$%iqum0:0mam%ﬂwotLTﬁ
DN TA—Z2DE LFEL 4R % Table 5 2R
T, 2FEL, SFBEERAOKEAEZFTNEFNERAL
S5DRHER/NMNITEELDIC ‘“‘E/\,to ¥72. G/Gy =
0.000,0.075,0.150 1 ¥ — A RLZEMENE U R WIGE,
NUFEMNA3,32,26ps L2 B5MHIGT 5, @A
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Table 5: Beam Stability for Bunch Lenghening Operation

G/Go stable or unstable Growth rate [1/s]
0.000  unstable (CB mode = 0) 1000 ~ 2000
0.075  unstable (CB mode = 1) 330 ~ 500
0.150 stable -

W22 & W 72 W4 @ ESRF-EBS O HAN Y FEIX
10ps TH B, FEDHR. G/Gy=0.000,0.075 T —
LARGZEMIZ LB — L0 ANFHENER, EFN
VFORBENES LI ZAREEEDE—R®
Growth rate W ZNEFNRL -7, £/, G/Gy = 0.150
UK, BFE— LD LZEIZRENBT S Z LA FHlX
Nz,

& Z AT MAX-IV Tl v FHEEEEL OB, &k o
i 27 LD T5 X —% %% L flat potential condition
EHELZEZA, E=F0DALEWENEL, T 51
E-—RNOXRVNN—%EAT B TARLZENZ T
5T LU Z EDEFERESINTWS [13), £/~
ALS-U ##E L7381z B WT, Viasov HERZ AW
TR ORE R, BN EROM G Y E—K
ANE—N 0,1 DNV FIEGRIRZEWE 25 S r]
BEMAREBINTWVWS 2], TUSDEFHRELS. 5
[ mbtrack T/RIE X N7 RELZEMIZ DWW THMIZHEET
LT ENEENS,

BER 4 1Z mbtrack 12X 2YIal—YavesEX
ik [2] DFiE%E E2EH % GO THER U 72 Viasov VLN —
ERAWT, 2D TVS, IThoHMERIZDOVTIR
OTHIXEFETHRET L TETH 5,
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N9 5 —LRLEMR transient beam loading {2 D\
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FEROZY M Z MR L 72,

BITE. mbtrack (ZH1 X BI&EBAFE L 7z Viasov VY VN —%
FAWT, Bl ERY AT LDEETDRIZBITEE—
LAEAFITZARFAEL TS, RIFEIZ X0 HifE
WY AT LW —LAARLES 2 SR ITIREEZ LY
HECHMBL, REROEHFERY V2B WTHLEI
EE T & B EPAW LR Y AT b &2 T Y1 - RF ]
- C—LllElZESo58mro&kitTAIEEH
89,

HEE

AW 52 % #E 8 % 12 8\ T SOLEIL synchrotron @
P. Marchand [, ESRF @ J. Jacob KT & & 3 423
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SOLEIL synchrotron ® A & v 7 DR IZ 1% 55 O %
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