Proceedings of the 11th Annual Meeting of Particle Accelerator Society of Japan
August 9-11, 2014, Aomori, Japan
PASJ2014-SAP078

Shgtb 8t (J-PARC MR 1) A—4A ) BPM : SREREH LU
l,\ll & nh% D ﬁ**ﬁ-

BPMS AT THE HIGH RADIATION AREA (J-PARC MR COLLIMATOR): ANALYSIS OF
INSTALLATION ERRORS AND ORBIT MEASUREMENT ERRORS
BT sEfEs A, Ahil & D, N BZ A, Kk FERD, ARE #5, A BE D, A ERD, Kk fiE b,
W PE—ER D, HEZ B
Kotoku Hanamura *#), Takeshi Toyama® , Toshihiko Kawachi® , Takao Oogoe® , Chikashi Kubota® ,
Masashi Shirakata® , Koji Ishii® , Kazuaki Niki® , Yoichiro Hori® , Masahiko Uota®
A) Mitsubishi Electric System & Service Co.,Ltd
B High Energy Accelerator Research Organization (KEK J-PARC)

Abstract

To achieve higher beam power, it has been planned to increase the beam loss capacity by upgrading the J-PARC
Main Ring (MR) collimator. Beam Position Monitors (BPMs) installed in the collimator area are changed for more
maintainable ones in high radiation area. The output data of BPM system include errors from installation, the signal
transmission line and the signal processor. It is possible to obtain the offset when the beam passes through the center of
magnetic fields of a quadrupole magnet by the Beam Based Alignment (BBA). In this paper, current status of BPMs in
the MR collimator, results of BPM calibration, BPM survey, BBA and Beam Based Gain Calibration (BBGC) are
described.
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b1 B — A KRR, 2011 4E225 MR =2V Table 1: Layout-history in MR Collimator Area
A —Z RO DR L IEEE N ITTbTE T,
7 — dd devi detail
@a%. % Flgure 1 . @a%%ﬁ@@ % Table 1 &\_7]_\“3-«0 year aqadress evice ctal
2011 #008, #010, #011 BPM relocated
2012 relocated 2011 relocated : :
#011 Absorber 1, 2 installation
#006 Collimator A,B #007 Collimator C,Dy #008 Collimator E,F
i at #010 Wall-type Radiation Shield installation
2013 Renew 2012 #007, #009 BPM relocated
#009 #010
2012 relocated  Collimator 3 2011 relocated 4 peop o 1,2 2011 relocated #007 Collimator 1 removal
#011
EX 0 #007 Collimator A, B installation
— ’ 2013 Renew 2013 #008 Collimator 2 removal
2013 Renew OLD Absorber . . .
#008 Collimator C, D installation
. X #009 Collimator E, F installation
l:l Quadruple Magnet D Steering Magnet, BPM [ Polythene Shield
. . #009 Wall-type Radiation Shield extend
I Wall-type Radiation Shield
#009 Polythene Shield installation
#008, #010, #011 BPM renew

Figure 1: Layout of collimator system.
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Table 2: BPM in MR Collimator Area

year address  type inside diameter [mm]  detail
2011 #008 Horizontal 130 reuse
#010 Horizontal 130 reuse
#011 Vertical 134 reuse
2012 #007 Vertical 130 new
#009 Vertical 130 new
2013 #008 Horizontal 130 new
#010 Horizontal 130 new
#011 Vertical 134 new
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Blue: New —BPM1 (2012)
Red: New—-BPM2 (2012)
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Figure 2: Capacitancies of BPM electrodes. Histogram of
black lines: previous BPM electrodes and gaussian fit.
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Figure 3: BPM#008, #010 (Horizontal).
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Table 3: Result of Fitting BPM Calibration Data in MR
Collimator Area

Rotation Rotation K-value  K-value  Offset Offset
BPM

x [mrad] y [mrad] X y x [mm] y [mm]
#008 4.00791 3.7985  77.0463  76.5057 0.031584 0.104215
#010 7.50326 420318  76.5574  76.5544  0.138316  -0.037716
#011 -0.81176 0.397992  78.8395  79.1133  0.159765  -0.117578
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Figure 4: BPM and STM (Horizontal type).
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l. R—2 7 L — bk (#008)|Z STM(#008) % #it T,
STM JLUEJEZJIE, STM AL T, R—R 7
U — M A RE,  (#010, #011 [AERIZTT D)
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STM K#EE ZHE, STM #BAL T, "—2 7
L— MEYERE AT,  (#010,#011 HREAERIZITH)

Table 4: Result of Reproducibility Check

Check Base Plate Alignment reproducibility

No. No. Point [mm]
1 #008 Base Plate 0.088
1 #008 STM(#008) 0.067
1 #010 Base Plate 0.052
1 #010 STM(#010) 0.07
1 #011 Base Plate 0.051
1 #011 STM(#011) 0.093
2 Reference Base Plate 0.022
2 Reference STM(#008) 0.076
2 Reference Base Plate 0.014
2 Reference STM(#010) 0.024
2 Reference Base Plate 0.017
2 Reference STM(#011) 0.042
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Figure 5: Coordinate system of alignment (top view).

Table 5: Result of Alignment and Installation

#008, #010 #011
Alignment Design Value [mm] Alignment Design Value [mm]
Point X y . Point . y 2
BPM 1 830 -50 -477.5 BPM 1 560 -50 -471.5
BPM 2 830 50 -477.5 BPM 2 560 50 -471.5
BPM 3 560 0 -471.5 BPM 3 830 0 -477.5
#008
Alignment Alignment [mm] Installation [mm]
Point X y . X y .
STM 1 554.549 -100.84 -349.035 | 553.9579 -100.4747 -348.903
STM 2 553.078 99.225 -349.152 | 552.5105 99.5413 | -349.0027
STM 3 833.824 1.251 -348.724 | 833.3063 1.5351 -348.4422
BPM 1 830.013 -49.986 -477.544 | 829.5532 -49.7001 -477.2957
BPM 2 830.037 50.013 -477.505 | 829.5842 50.3005 | -477.2256
BPM 3 560.024 0.011 -477.538 | 559.5035 0.3738 -477.4254
#010
Alignment Alignment [mm] Installation [mm]
Point . y 2 . y 2
STM 1 555.000 -100.544 -349.647 | 554.2832 -100.4127 -349.609
STM 2 555.067 99.486 -349.648 | 554.3437 99.6095 -349.5534
STM 3 835.041 -0.58 -349.988 | 834.4068 -0.4989 | -349.7452
BPM 1 829.94 -49.992 -477.526 | 829.3982 -49.8951 -477.335
BPM 2 829.897 49.961 -477.537 | 829.3655 50.065 -477.3264
BPM 3 559.903 0.012 -477.506 | 559.2825 0.1564 | -477.4853
#011
Alignment Alignment [mm] Installation [mm]
Point X y 2 X y 2
STM 1 552.295 -105.644 -117.076 | 550.3059 -105.4745 -117.0313
STM 2 551.145 94.388 -115.71 549.1527 94.5512 -115.7143
STM 3 831.719 -4.008 -114.74 | 829.7826 -3.8638 -114.2971
BPM 1 559.803 -50.012 -477.424 558.354 -49.8909 | -477.4556
BPM 2 559.832 49.986 -477.491 558.3914 50.1095 -477.5415
BPM 3 829.838 -0.035 -477.449 828.435 0.0452 -477.0809
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Table 5 OJEFET — X LR O T ERR L,
x: 0.34mm, y: 0.21mm AN T&H D (Table 6) .

Table 6: Rotation Error and Offset of BPM

f=i

BPM Rotation  Rotation  Rotation  Offset Offset

x [mrad]  y[mrad] z[mrad] x[mm] y [mm]
#008 0.610 0.273 -0.701 -0.337 0.157
#010 0.572 0.265 -0.086 -0.121 0.092
#011 1.546 0.237 0.859 -0.077 0.210

BPM#010

BPM#011
Figure 6: After installation BPM.
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Table 7: Result of BBA in MR Collimator Area

BPM  Offset x [mm] Offset y [mm]

#008 0.805 -0.939
#010 -1.573 -0.240
#011 -0.842 -0.188
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Table 8: Result of BBGC in MR Collimator Area

BPM R+ R- Y+ Y-

#008 1.00953 1.00000 1.01636 0.99196

#010 0.98824 1.00000 0.99117 1.00193

#011 1.03622 1.00000 1.02264 1.01365
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