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Abstract

A new system to monitor environmental parameters (temperature, atmospheric pressure, and humidity) has been
developed in order to investigate primary factors for dynamic transverse displacements of the tunnel floor and accelerator
units in the laser-based alignment system of the KEKB injector linac. The laser-based alignment system with remote-
controllable sensing system is stably and continuously in real-time operation during about 2.5 years since Jan.01.2016.
Although the injector linac had initially been aligned with a laser-based alignment system, it could be found that the
transverse displacements of the tunnel floor to the laser axis caused by dynamic ground motion and deformation of the
linac building due to environmental parameters are not negligibly small compared with the required alignment tolerance,
in terms of the straightness of the beam line. This is a reason why we constructed the new monitoring system for
environmental parameters. This report describes the new monitoring system for environmental parameters, and some

correlation analysis results are briefly demonstrated.
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Figure 1: Schematic layout of the KEKB injector linac and laser fiducials for two long straight sections. The abbreviation,

e.j.,

indicates an expansion joint between the building blocks of the linac. The two arrows (red) show the laser-based

fiducials for two long straight sections. The solid circles (blue) represent the remote-controllable QPDs and the open
circles (blue) represent the reference remote-controllable QPDs fixed at the tunnel floor. Several locations for environ-
mental temperature measurement in the tunnel are also shown, and for outdoor environmental temperature measurement,
only the boring point located in the vicinity of unit 1-3 (in the 17.6 m north from the entrance of the linac) is also shown.

W ERHOEWZRT) ILEEH QPD 2m7. e.j.
(expansion joint) (& Rk H DAL % R U KA O HE)
QPD (i (B)) e TEEMEE  IZTRES 0. )7,
flh> B QPD (5% (k) (XA R M EH H S B TR E X
nrz.

BENEREE N T A — X GHALR S B (R (FR) 12R
LTWa. NI A= RGHIEZ ARHRERICE REL,
AB 71 2L 2 5 (AB,RA), C5 74 IZH U 4 5%
@B2B4B5m&ﬂﬁ;é%L.Mﬁl—/bl3ﬁﬁ
D RN ERBGIRE G R & 30, AS R e B
fﬁ(mf"’%:nﬂEJT EBHL51T L.

3. ERREREEHY AT A

BNREREF AL ANSB N 2AVOERIZHED
6 7 MICIRIBE DR E SN, DU RIVADRE L IEE %
WIREHAIL TWa. KR 2B GHEALR T, IRE LR EITm
Z, [/IEBHEIEHIITCE S K51z L 7.

AR AT LIE, 2016 RO & B & ki, 2017 4
1 Hp o RN EHI 2 Blfa U T 5. Tiiwahicid s A
b — % DI EZ H1 s (testo 6651), [EFHIZIXT IV X
I — Lt DOKRGE R > — (HD990ST) # EA L 7.

B Y= oDEFIE 4HHE (T 74 A Y FEE)
SR e [FH#) oA L1 4O Linux/PLC-ADC (2 & b 5
VRNVT = RITEBL, FHEBICREL TV A,

4. BARBRESHIRAT A

BAOBREIEE 2T 572012, ASEHXE» S
612 17.6 m, BEEED S HIZ 1.5 m DO H s 2 B R % B
O, AF#BY—LAS 1 v OMNBRZRIEN 1 22K L
TIELW.

COMSTEE 3m,5m, 10m @ 3 EHaro iR g %
T 2772010, RAEE I0mOKR—Y v 2i7nwtE
FHAEZTLHI LI U o2, BBIRE Y HBER DR
HAGHRIA AT RE 722 & 9 k A=V VT EPSIEITE FIZ
BT HEER FIT BEEHNSE 3 rrRIFA
Iz U7z,

A=V 7#EIF, 2018 4FE2 H 1 H»5 2 HIZHED

Thh, EEOEEGBIIEMIEX2E8D 15HTH-
72 K212 R =V V THBEDHEMDORTF %2R T . EEON

Figure 2: Preparation of boring devices and a boring point
in the 17.6 m north from the entrance of the injector linac
building.
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Table 1: Summary Table in Soil Surveying Based on a Me-
chanical Boring in the Ground to a Depth of 10 m

wE EE THE#A BARE N

[m] [m] [m]

0.3 0.3 MA/mE YV b

3.8 3.50 Mb/EEHESRLE SOV b 1.15-1.49 2
2.15-2.45 9
3.15-3.45 3

6.5 270  #E/U0 NEREL 4.15-4.58 2
5.15-5.55 1
6.15-6.55 2

7.8 1.30 hRp 7.15-7.45 8

8.8 1.00 A 8.15-8.45 15
9.8 1.00  WEI L 9.15-9.45 14
1045 0.65 IV MERE 10.15-1045 6

6 ARz, ABERHE L (WAl ke, BRAN O 3 »FricE
3KD T RIBEN 2 8% U 7. Pl & sl Tix, BvEso
oY —EAaE EOary ) — NREICEERIZET S
XD ITEE I T, M, Rk, EET — TR ERE K
I NHAONBADO Y I ) — MNREIZEE SN, Ko
T, i, EEMICHBIZBINZEE TR, L
AHRBIZEBINZEZOREEMIFHHINE L E X T
Rk nwizs5.

T BEGES & U CHfb T2 (T-101S) 2 HVW7. &
VY —¥IIH—-a v AR RS, HO K B
HARZA F 3y 7Ly Iina (-200-300°C), HlE
WEIZBWTENEZEN (75 2 1, £0.5°C) 2H>D
TEHTHZ2I1C Uz 2P —IF, 61.6 mm DfE#EE
(SUS316) DHIZ A>TH Y, T DFHEE 2 HEERICH
EETZHZ T, BfERBEELHEZICEMAIOND LD
U7 BVERORKESIZE RO 35m (AR AE
50m) TH -7z,

Figure 3: Thermocouples installed in the ground for envi-
ronment temperature measurement.
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Figure 4: Penetration hole viewed from the east-side wall
surface of the linac building for passing thermocouples.
The signals of the thermocouples are sent from the outside
to a data logger unit installed in the inside.
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Figure 5: Time trace of atmospheric temperature measured
at the east-side outdoor of the linac building during the
long term Aug.1.2017-July.13.2018.
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Figure 6: Time traces of environmental temperature mea-
sured at (a) 3-m underground, (b) 5-m underground, and
(c) 10-m underground of the linac building during the short
term Feb.19-July.13.2018.
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Figure 7: Time traces of environmental temperature mea-
sured at (a) the outdoor, (b) the top floor (east), (c) the
top floor (middle), and (d) the top floor (west) of the linac
building during the short term Feb.19-July.13.2018.
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Figure 8: Correlation plots in the transverse displacement
measurement of QPD_28REFUA versus environmental
temperature measured at the top floor (middle) of the linac
building during the short term Feb.19-July.13.2018. (a)
and (b) show the correlation plots in the x and y displace-
ment measurements, respectively.
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Table 2: Summary Table in Correlation Measurements for
the Transverse Displacements of the Tunnel Floor versus
Environmental Temperatures

QPD Env. Temp. i SR HHBES R
B pm/K Ry pm/K

28REFUA  Outdoor 0728 63 0813 -5.1
Top-East 0.581 42 -0.693 3.7
Top-Middle 0.790 8.6 -0.860 -6.8
Top-West 0.586 4.4 0712 -39
3-m Und. 0.678  — 0540 -
5-m Und. -0.830 — 0.819 —
10-m Und.  -0425 ~— 0312 —
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