M042859

18

10



(RCS)

J-PARC  3GeV 1MW 50 GeV 0.75 MW

J-PARC 3 GeV

103

m w HEEI_'—Q&—Z
Eyr=ry BHWER (8 BERE)
(B CADZAPUN RO

I |
s

—s\ (EPICS ERDRE

| I ﬂfﬁl"d’ ¢ I) l ‘ HEAD
RNz {225 gE
THER ERER
BEFR HWIER
E—LAEFR E—LAIER
ME-gE AT

|m1.ﬁEME#c§d<ﬂm%¥»|

EPICS
EPICS

1MW



EPICS
EPICS PCAS

RCS

RCS

RCS

RCS

RCS

Beam Position Monitor, BPM



1932 Cockcroft  Walton

T
RO ELEFMER
10000
7 PS|Q_I by (JAEA)
1000+ @ LoW) 43 3Gy L
g 0q ‘ (KEK) JAEA
§ 100+ TRIUME Power ( )
= - IPNS HH-50GeV J-PARC  Japan
#§ 0L © u
| E O AGS & Proton Accelerator Research Complex
| - KEK-500MeV
= [ Bt cernps© 2008 1
E SPS
- ke O o 0O [1]
01 L 12GeV PS y70 o
E Tevatron
0.01 | IHIL[I‘ | IIIILI” | Illluq | I\IILLu | IIIILlu SNS
0.1 1 10 100 1000 10000
IRILF— (GeV)
AGS
J-PARC [2] ( ) 3GeV
(RCS) 50GeV (MR) 3



HEPD

Linac

FRENTRBE

Nuclear c:nd Parhcle Ph |cs Experimental Hall

RERRBIHE

Accelerator-Driven Transmutation
Experimental Facility

J-PARC
1MW

AGS

RCS

0.181GeV
50GeV

J-PARC
RCS
AGS
25Hz
20ms
103
RCS

RCS

1MW
RCS
1
333u A RCS
3GeV
J-PARC RCS



1MW

RCS
AGS RCS
12 GeV  0.181/0.4 GeV
24 GeV 3.0 GeV
0.25 Hz 25 Hz
6U A  200/333 p A
0.14 MW 06/1MW
AGS RCS
J-PARC RCS 1MW



e —a—2

mEE SRk HEEEE (S FRENE)
— HEESRTE(E

Toox

l {RABI0kES
e R

| H@—/i— EPICS)
T l T !
EmE s frAE MR

THIER TEIEF "
E—LAER E—LBER
REMEE HE-ME







RCS
103

(EPICS)

EPICS EPICS

s —2
S IfEE HESE (5 RERE)
—| HESRTEE

! {RAEN0EESS
s WY

| HlfElY—s3i— (EPICS)

| T l

EmEE A8 M aE
MR MER [
K= LAER K= LEER
BEEE BEEE
EPICS



Simpsons
MARS / STRUCT
SAD
SAD
Simpsons

10°

1.5x 10%

MARS / STRUCT

10



EPICS

EPICS(Experimental Physics and Industrial Control System)

(ANL)
(LANL) EPICS ANL  LANL
LBNL KEK
EPICS EPICS
PC
10C(Input / Output Controller)
10C 10C
EPICS
10C
10C
ON/OFF
DI/DO(digital Input/Output) ADC(Analog to Digital Converter) / DAC(Digital to
Analog Converter) 10C

VME CAMAC LINUX

11



10C
EPICS
EPICS

(EPICS server + EPICS database)
(Channel Access protocol)
(Channel Access Client)

(Operation Interface, OPI) (GUI)
Channel Access Client (CA ) CA
Channel Access protocol (CA )
GUI
10C
EPICS
CA
EPICS
KEKB 10C
0PI
P —la
{Operation Interface) {Channel Access Client [3])
Network? {5 AL 7= Input / Output
{Channel Access protocol [2])
10C EPICS database [1]

(Input/Output Controller)| | TEIETE#E (VME, CAMAC, LINUX)

h J

¥E (Hardware, Device)

EPICS

12



EPICS Channel Access Server
Access Server (PCAS)
EPICS

10C

PCAS

Portable Channel
10C

13



EPICS PCAS

Channel Access

PCAS

( GUI)  PCAS
PCAS
CA
PCAS
PCAS
PCAS
CA
Operation Panel (GUT)
Terminal
CA Client

T I

| ¥
Network CA protocol

! !
PC as server ‘ PCAS ‘

i !
Network CA protocol

T

|

CA Client
PCasVA = Y
= e Nl 751
ILEERET I

EPICS PCAS

C5 —— INFUT PAGE and PLOT CANVAS

BT Hle Edit Window

EEX

06/20/2005 08:01:25 Help +

Exit | Set Initial r Set Initial [ Select
K1 for @M Beta param Plot Component

Start | QFH :

\22764330259537¢E
QDM : |-27340313661572
QFX: [15851304110198E
aDx:  -Z0758873746440
QFL: |19805581233383¢E
QbDL: |-Z01315889837974
QFM : |.195344533361866E

[Main application Area =]

EPICS

14



RCS

RCS 181MeV 400MeV
1.5x 104 3GeV
and Life Science Experimental Facility, MLF) 50 GeV
MR) [2] RCS 348.333m 3 !

Extraction area

~/ \Septums
Collimators

Transverse scatters | \é
‘w? |

injection area

from linac/ /) [N\ = g )
“00MeV) // | ~Heemmec®= -~ RT Acceleration area

/ Longitudinal scatter

RCS
RCS 24
Magnet, BM) 60 (Quadrupole Magnet, QM)
BM
(
( )
54
QM

(Materials
(Main Ring,

J-PARC RCS

BM

18

e t03GeV Exp. users
b and 50GeV ring

(Bending
QM
QM
)

15



RCS RCS

181MeV 6 T mm-mrad 30 mA
500p s 240
( ) APPENDIXA
( )
486 1 mm-mrad
324 m
mm-mrad 98%
RCS 2%

348.333 m 348.333 m
55.44 m 55.44 m
0.181/0.4 GeV 0.181 GeV
3.0 GeV 3.0 GeV
213171629 u s 2131y s
119 u s 119 p s
25 Hz 0.1 Hz
333 p A 0.014pu A
30 / 50 mA 5 mA
240 / 308 24
500 u s 50u s

4 - 61 mm-mrad
216 T mm-mrad
324 1 mm-mrad

486 T mm-mrad

6 T mm-mrad

486 Tt mm-mrad

RCS

16



( 30 mA)

RCS

BPM

232 234
BPM

5 mA)

(BPM)

50

17



Beam Position Monitor, BPM

BPM
RCS 54 BPM
BPM BPM
AR BPM [4]
BPM
Closed Orbit Distortion
Correction, COD Correction BPM
BPM
1013
1
1000 10000
BPM
BPM
RCS BPM
BPM

AR)

18



*, y)

2.3.2 BPM
1
1MW
(5] 1
=A fn
X - Qrms ﬁfﬁ;n fo (2.1)
ms ~
4 AT Af
6 rms B e, B Mx
BPM fo Afg (Av
xfo) L (6 rms) P
B
0, £[1+EJEX,
pc (2.2)
\ZP
E,=——
d
c Ex P
Z (=50Q +50Q =100Q ) 2
ZP (KEK) 12 GeV
(Proton Synchrotron, PS)
(d) 2
KEK PS RCS

19



KEK PS RCS

L (m) 0.7 081
p (GeV/c) 1.09 - 12.9 061 - 3.82
Z(Q) 100 100

P (W) 1000 1000

d (m) 0.126 0.509

B Blm) 15 159 9.39, 8.0

A f, (kHz) 550 — 550 234 _, 417
AV 0006 -~ 005 0.6 - 0.03
R (mm) 75 1485

KEKPS RCS

£O1E &

KEK-PS



RCS RCS

Extraction area

e t03GeV Exp. users
b and 50GeV ring

Collimators

Transverse scatters

\~
injection area ' l? ‘

from linac| ,"‘,‘
(400MeV)| //

"RF Acceleration area

, / Longitudinal scatter

BM19 QFX50 BM18

— pejien —

QDN51 QFX49 QDN48

RCS

AX’n
. 2 N1 Q.

AX =60 .[— cos[2r—n+¢,
n rms NJZ_(; [ o, ¢J]

. Af,
Qj:QO+JN_1

[6] vV, o

¢

P/N

21



(2.2) =

1000 [W]
Af
SAD [7][8][9]
SAD
SAD
(2.3) AX SAD
SAD (X,
X, Y.,z A plp)
X, X' 2%
z, A plp
SAD
z A plp
t=nT, _z
pc
) e
p p
p=g= 2
oCoe)
To, p n mo c
A X
P
BPM
3.1

22



232 2.3.3

RF

Vo

(181 MeV - 3 GeV)

fre

BPM

[10]

\%

V =V, sin(2af  t +¢)

fre

dE = —eV, sin(27f ;t + ¢ )

RCS
frf
Vo fre
Ap_ 1 AT
p n f

10

(2.5)

dE
(2.6)

10

(2.7)

APPENDIX B

23



(z=0) A plp
SAD z

Af

2.7)

z=0

24



RCS

[11]

181 MeV o = 0.38m mm-mrad

RCS

E 0.181 GeV
, A p/p 1%
, € o = 0.38 Tt mm-mrad
. Z 85 m

25



*,y)
[10][12]

(BPM) ( 1 348333 )

BPM
Vv X 6.68

BPM

View of Betatron Oscillation : Tune = 6.68

A Y AV
se ;'\* f/; AU SIS ;/-\-
i ]

I i 1 / | : | s i
sk \ / \ S N S TR WA O
1B .f‘[ \.le \\ujl \I}/ \'\.,lj \t{ \‘u
0 50 100 150 Z00 Z50 300
s [m]

1 V x=6.68

¥ [mm]
—_ LII'I = n —_
i

26



APPENDIX A

r=20
r=3
( )
)
q
1 2

v
mv, +nv, =k

m, n, k

y

[10][12]

(3.1)

(3.2)

(3.3)

(3.4)

27



vV x Vy)

RCS

6.0 7.0
RCS
(v x V y)=(6.68, 6.27)

(v x6.0~7.0, v y:6.0~7.0)

;unemof\'
- |

6.7
6.6

)

6.4
6.3
6.2
6.1

*
(6.68,6.27)

II|[III[IIII|IIII|IIII I[IITIIII[III[

JllllJlIJIllllJI]Il

6.6 67 68 69 7
Tune of X

VvV xV y) = (6.68, 6.27)

]III

64 65

28



RCS

BPM
BPM
( ) BPM
(Fast Fourier Transform, FFT) FET
BPM N
( )
FFT 1/2N
0.001 1000

RCS
RCS

29



% [m]

0oz

001

-.001

-.00z

\

AP [m]
"|""I""I"':ﬁ"'l""I""I"

XP [m]
"I""|""|"':ﬁ"'|""|""|"

10 20 30 40
Number of turn

BPM

60

30



BPM 0=02 05 1mm

BPM 0=0.2,05,1mm FFT

o=0.2mm

+10dB

10
10

. Fourier transform
- T T T T T T | T T T | T T

ol .

Frequéncy of X diréction

BPM g =0.2mm
- | IFolurlielr t‘rapsrorlm‘
750; _
B-oof- E

| .Hmlwm.mmWﬂmhllmlll\W.nmmhimﬂnmlMluWﬂleJ.Ml|w||.

Freqﬁency of X direction

¢ )y )

31



o [mm]

[dB]

[dB]

0.2
0.5

-76
-68
-60

-66
-58
-50

FFT

BPM

30

50—
60

<70

A EEr = 1000/

1 | i

500

el i L g gy
1000 1500 2000 2500 3000

Power [W]

W
=

e
a0f
as|
s0[
-
0|
51
70

751

Power = 1000 [W]

L i T G L
2000 4000 6000

L e )
8000 10000

A = =

32



BPM

mm

BPM

BPM
0 < 0.5 mm 58 dB
1k W N = 1000
30 MA-5mA BPM
BPM BPM
N > 4000
A fn
dB
-30 E Kumber uf Trns = {1008
: + .\.--l:rqf:-um:;:
35 + Z«::wﬂ Tirems = 410
- Namber of Firas = 1008
: =+ Number of Fivas = Jioe
s =+ FNumber of Tovws = o0
40— ;
L ; ; +
-45[ i il
K '
e '; T e amm |
-55-+ i
MR e e ) ]
S
E J=0.2 mm
700
-T5:—
_BuzllltljjlII[IIIIJIIIL[J!II'
500 1000 1500 2000 2500 3000
Power [W]

BPM

33



(3.4)

ATIT

[10]

APPENDIX B

/
— I

A plp

(3.5)

(3.6)

(3.7)

RF

34



RCS

BPM
frev fo(=V b frev)
BPM [11] D A plp
A X
Ax=D2P (3.8)
p
BPM
RCS BPM
FFT
BPM o =0.2mm, 1x 104 FFT
0.0115 FFT
V s
v s=0.0115 + 0.0001
FFT
. h 2  E 0.181 GeV
Y 200000 V Y 119
Qs 3.141592
Fourier transform

o L e T B s e

-B0F—
e -850
=

-100f

-120

005 01 015 0z 025
Frequency of X direction

Peak in Plot Ranae : .0115

03 035

35



\Y

S

APPENDIX B

y heV cos ¢, o (3.9)
) 2_1 2nE

n
3 2nEVZ(y® -1)
heV cos¢,y* (3.10)

n= 0691 + 0.012

BPM FFT
FFT

36



1 ¢c
Ex ==, K(s)B,(s)ds
1 fC
i | K(s)B, (s)ds
€x &y (%) (v)
_ 1%
- Bp ox
Bx By
p Ap
Av =_ﬁ K(s)ﬂ(s)dsA—;)
3
Av

[12]

(3.11)

(3.12)

(3.13)

(3.14)

37



RCS

RF
[11] RCS
(3.15) RF
T
Ap f 1 Af
?“(—1}“5'7 (3.15)
Y
14
n
A plp 0.005 0.005 0.001
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APPENDIX A
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K(s)=K(s+C)

O

56



0

Xo, X0’

X

s=0

, dx
ds
!
v Xo ..U
X=X, cosEs+—sm—s

VR

v, .V v
=——X,SiN—S+X, COS—S
R R

!

X

A-5

k=v /R

{X} _ | cosks lsin ks {Xo}
= k !
X1 |—ksinks cosks |-%o

A-6

X | | cosks sinks | X,
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A- 13
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A- 14
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