ooakayOIRTE)YTILIIZDNT
study of the 'Intrinsic ripples' in synchrotron

BEZRAN, 7LV —EAREYITY, HFERBY, REEXC, R R0, lLEFRAED, 5 EFiEHED
Yoshihisa Shirakabe #A) Alexander Molodozhentsev 8,
Yoshiharu Mori €, Masayuki Muto ©, Takami SakaiP), Choji YamazakiP®), Teruo Yoshino P!
A)KEK High Energy Accelerator Research Organization, B Institute of Physics, Academy of Sciences of Czech Republic
) Research Reactor Institute, Kyoto University, ® TMEIC Toshiba Mitsubishi-Electric Industrial Systems

FC&HIZ
BHAAREIRREER/NF—

BH—R AR, E8anhmR
BERTv/N\AVR HHIFTEVTER

FED

0

[mul
S

5= B9 R =

HAMERGZFEF12EF S 2015/8/6(K) 1



1.

[FCHIZ BREDBHELGUYFT DT, FILLFLTOHRXEESRTILY)

IEEE TRANSACTIONS ON NUCLEAR SCIENCE, VOL. 61. NO. 5. OCTOBER 2014 2579

stable beam ac
the sources of
this paper, ripp
magnet circuit:

2588

synchrotron mag

Study of Transient Ripple in Synchrotron

Yoshihisa Shirakabe, Yoshiharu Mori, Masayuki Muto, Takami Sakai, Choji Yamazaki. and Teruo Yoshino

IEEE TRANSACTIONS ON NUCLEAR SCIENCE. VOL. 61. NO. 5. OCTOBER 2014

— Practical Applications

- 1L UL IWNUFUFy I [Ul..i!:!.‘.‘ulllgb UL I ASULS, LFITOUCLL, Tl llldllb}'
ever ramp patter

NUMERICAL STUDY OF INTRINSIC RIPPLES IN J-PARC MAIN-RING
MAGNETS

Y. Shirakabe”. A. Molodozhentsev. M. Muto*, KEK. Tsukuba. Ibaraki. Japan

Abstract group in Fig. 1. the parallel resistance is 79 x 8 = 632€2.

The assumed ramp pattern of the QFN magnet current
1s shown in Figure 2. The pattern is generally based on the
initially designed acceleration cycle of J-PARC MR in the
30 GeV opelatlons The Iepetltlon 1ate is 3 seconds per

Numerical simulation results on intrinsic ripples in the
J-PARC Main-ring synchrotron magnets are presented.
Intrinsic ripples unavoidably arise in synchrotrons when
the magnets are operated by acceleration pattern currents.




1. [FCHIZ (1)

EETIE : [E—LDEEFEHLEINE] = &

|
|)Idmll
I
(e

I ChZzihlT2ER
(WNABWNAHEH )

vooorOy wRR-NERBHAFDOHIE ) YT )L

BEENEDT=HI1Z

. ROEARERE
(X: #E)vTIL < 1e—6

I £EMD—AT,.

W)y TILDFE - 41:1%1‘%&1%

(o |

FOSHTHLTHEEHASN TULVELN

0O FHE 70

M @

= ZHOEHARB=SEMIAELXR = #FITE0

BANMREFZEFE12[RFE S 2015/8/6(K)

3



1. [FCHIZ (2)

WHiig' ) w7 IV DR E - (iEHEE
U
FREAMNE1HELT EYYTI)ILDOEEMEREZE ]

0

I

AR/ NA—E

<

R = BHEAARRIINKT
J

BiGIZUYTILhRETS = HEVOOERR
[RTEYwFIL] 'Intrinsic ripples’

Y. Shirakabe, et al., “Study of Transient Ripplein Synchrotron,”
|EEE Transactions on Nuclear Science, vol. 61, Issue 5, Part 2, Oct. 2014, pp. 2579-2587
http://ieeexplore.ieee.org/xpl/articleDetails.j sp7arnumber=6895313

Y. Shirakabe, et al., “ Study of Transient Ripplein Synchrotron - Practical Applications,”
Ibid., pp. ?RRR 2594

http: // | eeexpl ore.ieee.org/xpl/articleDetails.jsp7arnumber=6895320

LI, BEE THIT. . .

BARIMERFESE12B/F 4L 2015/8/6(K) 4



2.

ariyiul Nuhyx

ZEDE

EHABRFERREER/ NF—2 (1)

J-PARC MR D4l

AR (BB +HECR)

Io[t)T

N Length L R C |[Cable Totd

units [m] | [mH] [mQ] [nF] | [nF] | [nF]

BM1| 16 | 585 | 1035 425| 500| 2920 3720

QFN| 48 | 156 | 59.7 392 187| 2710 3608

QDT| 6 186 | 677 396 23| 490 624
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Z Icm + ZA Z ICm + w ICn ;IZICn+1 = .I.O + anio

I

A [rad/s]
’ \/ L cn+1
: angular frequency of L C oscillation
Ay = ZRL [1/s] : damping constant
wy=0, Iy =0

{V —V, =L, I, +R,I,

lcn = Qn = CoVi_
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= | —1 =1, + | .. . .. .
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LR R T v/ \ AR
Iy | ¢ L G R
[mm] [WH/m] [nF/m] [m£2/m]
Cable | 15.9 13.5 | 0.034 @ 0.74 0.0296
Bus-bar| 500 20 0.64 @ 0.017 | 0.013
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IR R v /AR
I, I £ G R
[mm] [uH/m] [nF/m] [mC¥m]
Cable | 159 @ 13.5 | 0.034 0.0296
Bus-bar| 500 20 0.64 \0.017./ 0.013

F—J )L 500mm?)D X/ 3 R (T
INRIN—) 44 £ . 0.74nF/m ELVS B XA{E
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4. BRIV INAVR MFHIFOELTEIT / A1 BERTVV/NAVAUR (3)

R/ N\ AR
I T; ;f (6 5?,
[mm] [uH/m] [nF/m] [mC¥m]
Cable | 159 @ 13.5 | 0.034 0.0296
Bus-bar| 500 20 0.64 \0.017./ 0.013

F—J )L 500mm?)D X/ 3 R (T
INRIN—) 44 £ . 0.74nF/m ELVS B XA{E

QFN 2731 —DHl :

r— 7)b(iﬁ=lk) INRIN—

QFN Family | Amount C R QFN Family | Amount L C R
magnet /2 unit 29.9 mH 94 nF 196 nQ magnet Y2unit| 209 mH 94 nF 196 nmQ
magAn,Bn | /2 x8| 239 mH 748 nF 157 mQ magAn,Bn | 1/2 x8| 239 mH 748 nF 157 mQ
Magnet Total| 48 unit | 2868 mH 898 nF 1884 mQ Magnet Total| 48 unit | 2868 mH 898 nF 1834 mQ
cabA1l,Bl1 | 191.6 m| 652 uH{ 142 nF) 5.68 mQ busAl,Bl | 1916 m| 127 uyH 326 nF 249 mQ
cabA2,B2 | 2082 m| 690 uH| 151 nF| 6.02 mQ busA2, B2 | 2032 m| 130 uH 345nF 264 mQ
cabA3,B3 | 3193 m| 1086 uH| 237 nF| 9.46 mQ busA3,B3 | 3193 m 204 yH 543 nF 415 mQ
cabA4,B4 | 2032 m| 690 uH| 151 nF| 6.02 mQ busA4,B4 | 2032 m| 130 pyH 345 nF 264 mQ
cabA5,B5 | 3193 m| 1086 uH| 237 nF| 9.46 mQ busA5B5 | 3193 m| 204 uH 543 nF 4.15 mQ
cabA6,B6 | 2032 m| 6.90 uH| 151 nF| 6.02 mQ busA6,B6 | 2032 m| 130 uH 345 nF 264 mQ
Cable Total | 2880 m| 97.88 uH\2138 nF) 85.32 mQ Busbar Total | 2880 m| 1850 uH 489 nF 37.42 mQ
Family Total 2868 mH 3036 nF 1969 nQ Family Total 2870 mH 947 nF 1921 nQ
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4. EREERITV/NVAVX WMFHIFUE TN /4.2 )-PARC MR QFN 773—-D 45 (1)

r—7 )L (BR1K)

QFN Family | Amount L C R
magnet Y2unit| 299 mH 94 nF 196 mQ
magAn,Bn | /2 x8| 239 mH 748 nF 157 mQ
Magnet Total| 48 unit | 2868 mH 898 nF 1884 mQ
cabA1,Bl | 1916 m| 652 pHf 142 nF) 568 M
cabA2,B2 | 2082 m| 690 uH| 151 nF| 6.02 mQ
cabA3,B3 | 3193 m| 1086 uH| 237 nF| 9.46 mQ
cabA4,B4 | 2032 m| 690 uH|] 151 nF| 6.02 NQ
cabA5,B5 | 3193 m| 10.86 uH| 237 nF| 9.46 mQ
cabA6,B6 | 2032 m| 6.90 uH| 151 nF| 6.02 mQ
Cable Total | 2880 m| 97.88 uH\2138 nF) 85.32 mQ
Family Total 2868 mH 3036 nF 1969 nQ
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4. EREERITV/NVAVR WMFHIFUE TN /4.2 )-PARC MR QFN 773—-D 4 (2)

Io ILcabAl ILmagA1 ILcabA6 ILmagA6
Io(t) —> — — — S
| T —Wv 00 —Wv - Wy I —W——y
| S S S AL |
® | | ] | |
| chabBl l}ﬁabBl |LmagB1 lA(;nagBl L.cabB6 l}lc\abB6 |LmagB6 IA{I{nagB6
To Ti.cabB1 IL;nagBl Ti.cabB6 IL;nagB6
r—7 )L (BR1K)
QFN Family | Amount L C R
magnet Y2unit| 299 mH 94 nF 196 mQ
magAn,Bn | 1/2 x8| 239 mH 748 nF 157 mQ
Magnet Total| 48 unit | 2868 mH 898 nF 1884 mQ
cabAl,Bl | 1916 m 652 uH(f 142 n 5.68 mQ2
cabA2,B2 | 2032 m| 690 uH|] 151 nF| 6.02 MQ
cabA3,B3 | 3193 m| 10.86 uH|] 237 nF| 9.46 nQ
cabA4,B4 | 2032 m 6.90 uHJ] 151 nF] 6.02 mQ
cabA5,B5 | 3193 m| 10.86 uH|] 237 nF| 9.46 mQ
cabA6,B6 | 2032 m| 690 uHJ] 151 nFj 6.02 MQ
Cable Total | 2880 m| 97.88 uH\2138 nF) 85.32 mQ
Family Total 2868 mH 3036 nF 1969 mQ
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Io ILcabAl ILmagA1 ILcabA6 ILmagA6
Io(t) —> — — — S
| T —Wv 00 —Wv - Wy I —W——y
| S S S AL |
® | | ] | |
| chabBl l}ﬁabBl |LmagB1 lA(;nagBl L.cabB6 l}lc\abB6 |LmagB6 IA{I{nagB6
To Ti.cabB1 IL;nagBl Ti.cabB6 IL;nagB6
r—7 )L (BR1K)
QFN Family | Amount L C R
magnet Y2unit| 299 mH 94 nF 196 mQ
magAn,Bn | 1/2 x8| 239 mH 748 nF 157 mQ
Magnet Total| 48 unit | 2868 mH 898 nF 1884 mQ
cabAl,Bl | 1916 m 652 uH(f 142 n 5.68 mQ2
cabA2,B2 | 2032 m| 690 uH|] 151 nF| 6.02 MQ
cabA3,B3 | 3193 m| 10.86 uH|] 237 nF| 9.46 nQ
cabA4,B4 | 2032 m 6.90 uHJ] 151 nF] 6.02 mQ
cabA5,B5 | 3193 m| 10.86 uH|] 237 nF| 9.46 mQ
cabA6,B6 | 2032 m| 690 uHJ] 151 nFj 6.02 MQ
Cable Total | 2880 m| 97.88 uH\2138 nF) 85.32 mQ
Family Total 2868 mH 3036 nF 1969 mQ
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Io ILcabB1 ILmagB1 Ti.cabB6 ILmagB6
F— 7)L(EE=IX)
QFN Family | Amount C R
magnet /2 unit 29.9 mH 94 nF 196 nQ
magAn,Bn | 1/2 x8| 239 mH 748 nF 157 mQ
Magnet Total| 48 unit | 2868 mH 898 nF 1884 mQ
cabAl,Bl | 1916 m 652 uH(f 142 n 5.68 mQ
cabA2,B2 | 2032 m| 690 uH|] 151 nF| 6.02 MQ
cabA3,B3 | 3193 m| 10.86 uH|] 237 nF| 9.46 nQ
cabA4,B4 | 2032 m 6.90 uHJ] 151 nF] 6.02 mQ
cabA5,B5 | 3193 m| 10.86 uH|] 237 nF| 9.46 mQ
cabA6,B6 | 2032 m| 690 uHJ] 151 nFj 6.02 MQ
Cable Total | 2880 m| 97.88 uH\2138 nF) 85.32 mQ
Family Total 2868 mH 3036 Nk 1969 mQ) 100~/00A0 0 D00 DOOOOO
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(& Ramp Pattern

1 (b) Current Deviation Rate on Cables

(c) Current Deviation Rate on M agnets
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