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Abstract

Buildings, utilities, equipments, etc. of J-PARC facility suffered extensive damage from Tohoku Region Pacific Coast
Earthquake. From the measured data detected by the electronic reference point, it was found out that the ground of coast
of Ibaraki Prefecture has moved by 1m toward the ocean and sagged by approximately 30cm. Also as land deformation
still continues in a wider region due to aftershocks, it is important to understand the effect of the earthquake on the
ground around J-PARC facility. At J-PARC a surveying network was prepared above ground to cover the whole facility
at the beginning of construction and GPS survey and leveling of the ground reference points were carried out in order to
support recovery works. Survey work was implemented at each facility to see the condition inside the accelerator tunnel

and realignment is being examined.

In this presentation, efforts in alignment at J-PARC facility during recovery works and the survey result of the whole
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facility is reported.
1. [FLHIC

Rk 23 A3 H 11 HIZ M9.0 @ Bk 7 K SEEEpD
HFENFA Lz, J-PARC g% &0 TILEE 6 950
RN 2 BN Tz » T iT . Ak ORK
10km (23 % K-Net JRE[EN TR S5 E11C 546gal, b
TIFMEINC 412gal O KIEENGEER SN, £
E OB - EE S TR S RlET —x P
D> B PRI LI A o0 HE 3L 1m BB L. 30cm
BELTLEZENbhr-TEBY, HERLRES
W2 LD IRWEL P T HIERZA B DSk L T B,

Bedrock Contour of the So
B -

X 1 : J-PARC ik B L oAz = v 2 —[X]
J-PARC Fiz% 801X 1129 K 9 1T M7 s

* tani.norio@jaea.go.jp

R ER->TEBY, BEET LY RAEL TORAEN
BaShTWEB FEEED IR IC k> TRA
DN, AT E AL DRI TIIEAERE (WEREE) £
THEH HBIAAZZ LN TWD, Fi2, £k Tix
1 B XIS N RVDR, BEZRE SN
e LERAA ORI ENITOI., BREZIER SN
TWnW5, BREZOSEKAEELLE LQX, 22N
WHEVINBALZL & D J-PARC [0 AR IS E)
DM TE D GPS HIEE 4 HIZATVW, 7T A B HEE
KYER A 1T > TV D, B L., fiak AL TAUER &,
%44 R: . Laser Tracker I ES35THIMFEDE ko
VN ORI R ST,

AFFETIL. BHKHEO J-PARC Mgk &0 o EE S
DIEECNHEE b > RIVNDOEBNC OV THET D,

2. GPSHIEZ

J-PARC Jfig% Tlx, &FHlEE LT 2 FEICHE
Sl OKMER R Z LR L TRV, ERANT
2010 4 8 HICEM SNz, S EIOESR TIE, &
ROBIIEEICESL T H IO, FAHIER BN
Boisd GPS HEERINZHEM L, X212 GPS
HEOBHINEZRT, Z OBLINEIXVEE I L2k
B2 A B OBLNE & A THER Uiz, RS 1k
FEMESTHEBRDS 2 WS TH 5, B IXZ
T, 4B E 2 BRI CTH D, AL, 2 WEHEST
RIS E S 72503 Leica TDAS004 2 W T
AMEETITV, GPS HIBE TR LN REEST — X %
SR L CKPANLE % 57f L 7=,

-15-



Proceedings of the 8th Annual Meeting of Particle Accelerator Society of Japan (August 1-3, 2011, Tsukuba, Japan)

SN AU T 22mm 22D 33mm DO ZR LTV
Do N MOEE NS, MEIZL > TERAEIC

X 2 : GPS & O

3 1% GPS HIETH S 47= Linac &Y RCS &34
FEYES D 2010 42 8 H 725 2011 4 4 H £ TORNICE
N LTS DN " VRIS, RO
7 MV EEIROERE FoEES AL, HR
DERAY R b o RN O IEEES %2779, GPS
OWEREE LI E5mm THh D, FRATHEN U
A%, Linac PR AHNEER1BICHE I N
WEWROEMETRLTND, KRENMD 6.8lmm Th
HZEMH, HEBIZLTRELSEMLTWRNT
EMbholz, FRCTHENTZERESIT RCS Fr
FNVHNOEESTH D, KREAMD 19.35mm H Y |
HEIZL > THhURAPIIHEEIZHRTHND Z &R
o,

X 4 1% 3NBT & OW'EAmB L% (MLF)
JED OIS DR Y MLV ERT, RILTHENR
725013 3NBT F o R VNOEES TH S, WTho
A 10mm BEOEMEZRLTEY, X7 FLE&
MOHEEIZ X - T RSC MIIZ 10mm FEREBH L, B
FE DV ICEEE L TWD,

HATHENTZSIL MLF B ER O ASICHE

20mm FRPEERB®E L, KEFRHE D ICEEE LTV 5,

X 4 : 3NBT & X MLF &34 ® GPS Il &t 3

6003 L Ao
NT,A72 /8 A 6002 .\ﬁqroj_ ! %.M
N7 T . i
3,3-5’@054, R i | 5 1=
B30 NT4 /) | 03— 89 gt
W e 7, 5 02 _ o2, ?28 \
L 2% NBT_02 i @\
£ Py ! i
//// |/ 8|

X5 :==—tY /haRE200 GPS Il &% R

B 5id=a— btV /Jasx 5L O RER DB~
MV ERT, RILCTHENZAIF==2—F) J E—
LIAVDEERTHD, Ia—F By P TR
SN 9.77Tmm DN Z R L TWDHHR, X—47 v b

-16-



Proceedings of the 8th Annual Meeting of Particle Accelerator Society of Japan (August 1-3, 2011, Tsukuba, Japan)

AT —3 a3 X0 TS mm OFE &> T
T E W7D, b 0REESIFHEIZ L > TKRE
SEYNWTWRWZ 3 bhhotz,

X6 X MR KO Ko U fiiak 80 O BAL~ 7 kv

ZRT, FRALTHENZ AL MR O b RVNITER
BIN-EESTRA 11.6lmm 205 54lmm £ TO
BEMRREINTWD, 72, PrRAHIZ 6 5H D
FUES O, RIMKR TR E Iz 2 AT B 5
HMEAEBELZ AW CEZEHBE CX 2 2o M T,
O T OEMNRY SRR LKREREER LT
Wb, FEEMNRT MVOREDNERDZEND RV
FIVHDORELEF LTS EEbh b,

HFRTHEN-AIIANAFr DAL v F ¥ — FIC
REINT-EEST 1.62mm OELITHY . HIEIC
FoTRELEMLTWARNWT LR T,

X6 : MR U R UhiekJE 0 O GPS I & R

3. BEROEH

3.1 Linac

7% Linac b RIVNDOFEFEZIFR—Z2T 1L —
MIERELE L )LiE T ¥ ¥ )L L)L (Leica
DNAO03) THIEE L7=2010F7 H2>5 2011 F4 A
TOEEZRL TS, EHMRBEL T T L,
SDTL £ 7 ¥ = > ® EJifil T 40mm %z 58N
U1, BT —27LUBEOE—L5 T AR— NS
T, EERAFELTIIA OGNV DD, =F A
Ryvay-YaAfryMzBWT, F—7—7HnN
TIE L.lmm, % "7 —27 AO T 3.0mm OEEN
AL, £, EREICA A R EO R E i
FHEE O RCS 01 DO ZEE Imm FE2EH 5,

KT DOEENZ DWW TIE, b RV EMNc
E— AT A EITIIRE LS L~Yy——%
h—% )L 25— 3 (Leica TDA5005) & CHIE
L7, #OfEHR, SDTLEZ v ar & ACStEZ 3

NTTHNMAR O RNRAEL, V=T v Vi R
BT — 7 AOTCTHBREERT DL L. BRI
25mm FREEZLI L TWAZ Eidbao=M, 2011 48
12 Ao —LrElRZ HfE L C, V=7 v 7% SDTL
LV TR DOHRET 74 A M &EEHT D,

10

0

(mm]
[ )
L[]
\
—

-10 T 9 1
RCS_01

[SEEw )

-20

30 . TE2 Y as etk

-40

-50

0 50 100 150 200 250 300 350 400 450
EFARUE [m]

7 :Linac b RV NIRIEME RO H S A H)

3.2 RCS

X 8 1% RCS MV RIANDRIZHKE LI LSS
DNAO03 CTHIFE L7 20104F 8 A5 20114 H & 6
AOEEHZRLTWD, EHEATX RCS 03 BN b A
NENRKE -T2, BER%IT RCS_FO8 23t K
E<ETFL, ZOEKET 3mm BREL o7z,
SDFERAZX 1 & i3 2 L U OB K R g
DEREIFIFE-FHLTWNDZ ERbND, 2011 4F 4
HANS 6 HETOEMN/NI N b, RESIC
X3\ oEEIRNEEZOND, KEHFRDOE
#Hix, L—P—Fr7 v h— (Leica LTD600) % >
THIE S H, FHE & OB M Thi Tz, B — A
WZxF U TR M O e RZANCIEAY 10mm F2 B, B — A
W4T 7 10 O e RZERTHE L Smm F2JE & 72 - 7P B
£, ThoOEZHWCHUERRE L TR, fHEN

H7BEWTT 74 A NOKFHZED 5,
2.5 S S S N N S N N A B
——g» ANE (2011 F4 B - 2010F3 H)
2.0 —— 10 B (201196 5201048 §)
1.5
1.0
E 0.5
L - T
el R \‘:\
B -0.5 / .
-1.0 . ¥
-1.5 4 i
-2.0
5EEPSB38BBEEEEREE
L N T - A LN N T T N N
Jugudyylypdytyppidyypy
(48 : RCS b R/AWREMHERO S SEH)
33 WEAEGBEERMER (MLF)

RCS 76 2 24y « TEAJRE TO Y — Ak
AT L TH5D INBT TlE., B E Tz =% 2

-17 -



Proceedings of the 8th Annual Meeting of Particle Accelerator Society of Japan (August 1-3, 2011, Tsukuba, Japan)

Rovay - PaAfr hnFiFrbnTtng, ERKT
T RO AR Tay - PaAg s NOBERE
ELTRBY, HEGAIELUWVRENH -7 & Bb
b, £72. 3NBT kvl EEo ERE Y 4T
20cm OF LWL T2 & T b, 3NBT k>3
JLNTIL, B DNAO3 & TDAS005 % AV THE
B e =4 OMLENE S N, X9 IZESHI%
@ 3NBT b > RO S E#%ZR7, 3NBT FitD
MLF &E T 10mm 2 FEOWLTFRABEIESNTWES,
F/-. MR PR =a—bt) T4 AR
Ja—AEDORERTHILTRBH SN TS, K
SEHRODOEMIZONT S, RO TF A/ g
v VaA Ly FTHEANS Smm FRE O JRETH 2R AL
Do, BT 74 A MELIZE — L OHIE LK 8
TRIRDL & 72> TN 51,

Height difference from 2010
RCSEEE

4.0 ?
20 SRV =
m U7 T2 =L
E 0.0 o T »\ !/ ﬁ \
£ 20 va T -
g /\x ExP2
c -4.0
: !
£ 60
& i\
-8.0 *
B
-10.0 LS
-12.0
o 50 100 150 200 250 300

S[m]
X9 : 3NBT k2RO SZEH)

MLF O ZEBRFR—/VNIE, ERREEICHES LT
DR ST RE T, MBI XD T IdFA Lo
EO, Lo, EBRA— A OFRICERERE— AT
A OfFERE LT, RRERE (BL-08) % 3
EBrA— (BL-19) H5, b OHEHEERT
X, MLF B8Rl ooF 2802 ar - PaAfr b
HCTRREEN 90mm, 5 3 EERA—/LD 120 205
140mm BEOLTFAR 5N 7-®, BLO8 1T —AF
A HE DYy X T v L, LoULFRHESE A 2011 4F
12 AECTET 5, {HL, 2011 4 10 Al A RE
DFEXEZIT D, BL19 [XHERRE RN O E 2 il
L. 2011 4F 9 HRE CICEEBMEZITV, 2011 £
10 A5 2012481 AE CTICEEOHFRBELXIT O,

3.4 Main Ring (MR)

RCS 75 Main Ring (MR) & TbE—AZ#gkd 25
3-50BT Ti, 2011 4 7 AIZ DNA03 Z#HW\T k>
FIVORICERE SN R ERBRE SN, K10
/X RCS 03 ZZEHEIZ LT, 2010 4= 8 A5 2011 4
7T AETOREEROEG SEHZRLTWD, 20
HIEFERS D RCS_03 & MHRO02 M &K 4mm
INSL Ip ol Z E RS, J-PARC ik O &
¥ThDd JRR3 ZHEE LZRIEMED DX,
RCS 03 7% 440mm Ok T, MHRO02 7% 0.36mm Dk
TeoTEY, 3-50BT Ljiiis MHRO2 (Zxf LT
R TommIT<IE FLZZ EBnbhot,

LHRCE [mm]
o

1.0 ™ pd
\\ %

-2.0

-3.0

R T T A I R W B I IR R IR )
N S S S S S F S S E S e E
<& PP PSP S

X1 0 :3-50BT o RV EAES D5 X45H)

MR OFERAIEL 2011 £ 5 AlZL—%— KT v
J—% HWTHIE S 4L, & S J7 &K R OED
BonzPl K1 11% 2010 4F 8 H b0 E & 5
DEMLZ TR LTS, AGHE R (INS-A) & L 2 ik
bE<l, IMFAKREVDIE, BLRYVIHLE—LT
A > (INS-B)/ 5 Arc-B ~A - T QFX099 (Z/F T &,
Arc-B N HEWELY H L B — AT A (INS-C)D
HFRETTHD, 20D EK1 LT &
QFX099 75 QFN162 (22> ) T oK Ak ot
RE—FHLTWDLZ ER05, QDNI93 IZH DL
T, 3NBT 7 A U RAHORR B2 H 50030
FAEE DR NER 2% S LTV %, INS-B O i Hl
T NIETFICH S > TWDAERICR Z D0, Z O
VX BB, RHBA~E S5 7 h R
MWoTEN, TO2AREKZTWDLEEZLND,

F 2. KETFEOEEIFRFHE & O T,
E— Ak U TR 1 O e RZEAIBE S 35mm FEPE
v — AT T A O RENIE X 12mm FRJE & 7o 7o

RJEICE > THE S TR T R O ZEN 3072 0 &
HTEMNHAL, 2B ADT F4 A M 2011
E -8 AMS 10 AT CETLII L o7,
L, BERAREOFHERZEBZTCVDLIHOL
20 BFEH V. TOXIGERG LTS,

4.0

Vertical displacement from 2010/08 to 2011/05 '\
.0 AN A >
’ J \’Lcrackscn floor cracks on floor -
-
E 00 |n * | N * ...........
E & o AH o e ~
= o = 2 o D b M S [ & <
5 888 SmE B3 S 3
g 50 & SIS AT E S S
g & é\aaiaamgcamga 25
: \ \
2 -40 3 \
Arc-A / Arc-B -][‘ Arc-C
-6.0 \/ —¥ \
3NBTATZE £5
5 Ins-a INs-p  AFX099 INS-C -

X1 1 : MR ERBA O E S H

35 ==2— NV EBRfE

12F=a2—F )/ —RE—LT A 3L
DIRIZERE SN~ LS OE &% DNA03 THIE L
722010 47 A5 2011 45 AL TOMEBIZ L DA
A LTV 5, MR Il %ES MHR3S % FLE|C

- 18-



Proceedings of the 8th Annual Meeting of Particle Accelerator Society of Japan (August 1-3, 2011, Tsukuba, Japan)

BN R L TCWDTDBICE > THRIELZX I
B 2 5725, JRR-3 HYETOMNER S EEIT
MHR38 T 7.2mm BELTL TS, E—ALTFA
T2 0T gy s Va A v MEE TR
ENELTWD, 2, KEFHEIZONTHTF A
Rovay s VaAr hEEICRE RBENRES
NTEY, 1 RE—LITA LTI A FNPLE
Lo TS, FD® \ﬁ1~bU/1ﬁE~A
74/Ti WREERA DS 21 B 15 B, Bis
ﬁwﬁwivwﬁusﬁ)%7§4fy%¢éﬁ
$HC. 10 HPHE THND RIALTH 5,

4500

ol k
-

MR o [ e ——
2o WwETOZH g g ~a-oia10517-1007 22
- : &

2o ) S
3 3 s—r7 9k

aso | AT—3v

! HE#®BH2HATOER /
e rrseesrseees g 05228 003085808
0m§§§2§233233§ 222222222222222233232
B12:—RE—LTA VREMESOR ILH

3.6 Ko EElsk

MR#%AFDV£%%$KE—A%%%T6A
Faey « 24 vF¥— KNTIiE 2011 £ 5 AlZ
Y=+ T v h—FHNTE ME®@%¢¥#H®M
7= 2008 4E 5 H OBFIERER L E LT, FiRIC
1T L2y o TEBMADEMITKRE L . AFEHH
WZIEARR T 22mm BEAMICEM L TWD, BT,
A v FX— R FROZFRANR gy Tadfy
NN R e o EBRFEERAD & S FAICH 2.5mm D
LR, AKEFHEITIE TR H D> TEMNIZE) 4mm
OBENBRISNTZ, TDD, BE—AT A UI34E
WIZT FA4 A bEITO F#HTH D,

4. FED

GPS HIEIZ XLV | HIIEHER b o RN O FEUE ST
BRI R E S N T SRR R & KR R o
oo, fHL, U ZhnEgs (RCS., MR) Ti,
BB FEDENRT SABBL LN b RIVDFIR
DEFELTWD, Fliik TiTbhb-&EllE (£
f4 « JKUE - Laser Tracker) 726, BE—AL T A& L
TEZFARVar s VaAr bETOEMN
ﬁ%<\7?4xybﬁmgkﬁofméo%£ﬁ
MOEM L, HEEOEKIZIFEF—HLTWND

12ﬂ@E~A@E@ﬁT £ hEE%k TE— A74
VDT TA A IBEFHEHINTND,

5. &t
A RICH F) LTI Rt 8 2 = 0 = 1
TR, BT IR L

S5 3K

[1] B SERAEARTJERT « SRERBIIAE (K-Net) |
http://www.k-net.bosai.go.jp/k-net/data/

[2] = EEE « Fpk 23 4 (2011 ) HALH 7 R SEEE
MBI D AN S>WT ~F—H[EIRIZ LD,
LS COEEB NI L NIC~,
http://www.gsi.go.jp/chibankansi/chikakukanshi tohoku2.h
tml

[3] N. Tani, et al., “Present status of survey and alignment for
J-PARC”, Proceedings of Particle Accelerator Society
Meeting in Japan (2009) 317-319.

[4] T. Morishita, et al., “#iZE(Z X 5 J-PARC UV =7 v 7 7 7
A A F~D B> Proceedings of the 8th Annual
Meeting of Particle Accelerator Society of Japan,
MOPS165, Tsukuba, Aug. 1-3, 2011.

[5] N. Tani, et al., “#17E|(Z & 5 J-PARC 3GeV RCS 7 7 A A
vV h D ﬁ.“”, Proceedings of the 8th Annual Meeting of
Particle Accelerator Society of Japan, MOPS164, Tsukuba,

Aug. 1-3,2011.
[ﬂswmwﬁmhﬂkmckﬁﬁ$ﬁ%ﬁ~@%%f~
Lk (3NBT) [281F 5 KEK DL, Proceedings

of the 8th Annual Meeting of Particle Accelerator Society
of Japan, MOPS155, Tsukuba, Aug. 1-3, 2011.

[7] M. Harada, et al., “HH Zlijifﬁ‘“ Z X% J-PARC W&

i B SRR e 5 FORER b FEHE DO ZEE)”, Proceedings of
the 8th Annual Meeting of Particle Accelerator Society of
Japan, MOPS161, Tsukuba, Aug. 1-3, 2011.

[8] H. Stefanus, et al., “J-PARC H 7B E OB A A K
BREOE—LT AT T4 A MIRPL”, Proceedings
of the 8th Annual Meeting of Particle Accelerator Society
of Japan, MOPS162, Tsukuba, Aug. 1-3, 2011.

[9] M. Shirakata, et al., “E')I%ﬁéfﬁ@ J-PARC £V 77 74
AR, Proceedlngs of the 8th Annual Meeting of
Particle Accelerator Society of Japan, MOPS018, Tsukuba,
Aug. 1-3,2011.

[10] T. Ishii, et al., “J-PARC == — kU / EBfigk ~DE
S DB Proceedings of the 8th Annual Meeting of
Particle Accelerator Society of Japan, TUMHO3, Tsukuba,
Aug. 1-3,2011.

[11] Y. Shirakabe, et al., “FE K Fif% TD J-PARC /~ K 5
ik A A v F¥—RKE—AT A DL —H—h
Z v B — &L, Proceedings of the 8th Annual
Meeting of Particle Accelerator Society of Japan,
MOPS048, Tsukuba, Aug. 1-3, 2011.

-19-





