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Abstract

The Symposium on Technology in Laboratories was successfully held at Tajimi Industrial
and Culture Center in GIFU, Japan from March 15t to 224 in 2018 hosted by National Institute
for Fusion Science (NIFS). 170 participants attended the symposium. Participants were
from Universities, research institutes and technical colleges. Seventy-one papers were
presented at the symposium. The participants discussed and reported the output of the new
technology, techniques and technical experiences by five sessions of the technology of
fabrication, the device technology, the diagnostic and control system, the cryogenics, and the

information network technology.

Keywords: symposium, technology, fabrication, device, diagnostic, control system,

cryogenics, information, network
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-- Generate Dividing (Counter) logic
process (clk_sys, in_reset) begin
-- process (clk sys) begin -- for testing
if (clk_sys'event and clk_sys = '1') then
if (in_reset = '1') then
counter_divide <= sto:agn_dividc;
preout_divide <= '1°';
elsif (counter_divide = 1) then
- if (counter_divide = 1) then -- for testing
counter_divide <= storage_divide;
preout_divide <= '0';
else
counter_divide <= counter_divide - 1:
preout_divide <= "1°';
end if;
end if;
end process;

X 3. /~Y— K& L7z VHDL Y — &

(FxV —{E FERE )

-- Generate ‘out divide' from 'preout_divide' logic
-- out_divide <= preout_divide and clk_sys; -- for testing
out_thro <= not(clk_sys):

process (preout_divide, in_logic, clk_sys) begin
if (in_logic = 'l') then
out_divide <= not (not (preout_divide or clk_sys)):
else
out_divide <= not (preout_divide or clk_sys);
end if:
end process;
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Simulation Geometry
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[Beam Window Geometry setting]

Fix this flange surface |

= Water pressure:1MPa

- Water temp:50°C

* Heat transfer rate:500W/m2K
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[Simulation Results : Von Mises Strass of Beam Window]

Window thickness:1mm

\

* Heat Transfer rate:500W/mX
* Zenith Stress:149MPa
* Max Stress:150MPa

Window thickness:5mm

* Heat Transfer rate:500
* Zenith Stress:31MPa
* Max Stress:47MPa
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[Simulation Results : Von Mises Stress] Heat transfer rate : 500W/m2K
Thickness dependence of window temp and stress
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Run Button

DL BMENBNFRVTT M?

® FHEILRYY

-
S

) O 2 1
9% 31% 6.2% : E Stop Button
. FUHENEREIRL/ — 3 o
Rotations Control Lever i 7 Main Spindle

BEHD (i 2)
Vise

S */\

: D)
air ir
,‘~

"l REFLSTHEEIC !
' 2 BHEHEBEICLTRI !
27.8%

B3 HAFBEEFOHE

BEEOU/N—
Auto-Feed Lever

%
X8/\Y B =Y
X-axis Handle

m4 HAICEENADLAIL
Y#t/\> RIL
Y-axis Handle

56.7% w5 HEMER LA !
5 HEEEMGHET 7 — O

3.3 BEEA O LR EE R O ER

32 THERR LTImNBEE BB IR LT REE RO —
Bz 6 IR T. ZOXIICHEOICHIT 28
BHZ R L BV A, SRR W T H REETD4
Fra NICH 3 C, REEZRY AN RELEA(E
L7z, ZHUC kD, b LTHIRRICfi DR 31
AT EEZD.

W BT 2 @R OEREIZ K 7 1277,
RETHHEITOBE, ZIX—MNILLTHRYA
FAR— RIZRE D HF 2z, %7 vy Mk & F
THZLET, ATA4 RELTHIEMA LTS, 20k
R, A7 A RCTHEPIICHIZITV, BEPORER
ICAEREETHEIET I 2 — MER BV R BE R
L7cRe E2B/NICATEL L HIC LT,

B 7 AERCE RO ZETE H O

(11 Abff &EwE, “FEBEXEE IR DRl R
L ORI EN 72 3Rt CAD FEEFHED

4. W= R, THHE 61 %2 %, 2013 4, PT-11
AEl, MO TICB T 2#fE~==2 7 /LB X0  [2] TOEIC Program DATA & ANALYSIS 2017, [E
LTFRIE~ =2 T VOEREIT o T2, Z ORI, 235 - EVRATI 2= —a U8, 2017496 A,
HEASTORALZIT TR, PAEALEEEZITS 2 P5-11

ENRRD Koy, AOBRCFEE - EE S K

DERBE ARG LTz,
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REEEFEO-HOIIFMBRBEM RV EDEEREDHFRE

Ok

A

AT B T HERT: BN

B

B EH O IO FE TITRTFTHIE AR < v
BNTNDN, HEBYE TIHEMETH DI WA
COBRNBD D, B OIZEDTEY KRN
N FEREHOMM ZRAT 57 L HXB1X
For & LTy, GO B LR n
—2AbdH DLV, —FH, BF TIEIRTHIKIARD D
B LWSLR i 2 BT 28 &2 23 5, K72 3D 7
VoA —%FHLEELEZLORHEEZBO TV 5,
LarL, SRR - 3 2 b BB, A X722 Lo
N BEBGOHM & UM B ICITFREN H
b, TNEBEZ, EHITID Y v E—IcfRb5H T
VEREAR LR 2 SUE9 5 2 L 2 RN o 7o,
Fro, RPN OBRTEREER A5 5 Rk DA
FEEE I O AR O RUERIH S & 0 | B (5EJh
BFE) ZEVWARELE 4 A0 D W% BRLG L7,

1 WFgERERE L B

BURBEEE O 72 ORI Z 41 F THRFOM
RS EHE > THRLELOR RN TH D, HIKIC
TR AER AT SN TV D720, FREEE )
REZBEV I GO EREICITRALH L, FH
T~ ERYD . REDEREDETIEM B EE
N5, FEIIMEIRE THHFEE L < | 222
SEeR ORI A S = SVASRVA LN b2 IRt = QP
72 MK T — & (X E G R — A= U 8 5 4
ECATTES, ZOMKT—X1Z3D 7Y ¥ —H
JD STL 77 A VA ToH 20, s L H
3DCAD/CAM THatiAH 5, AWFETHE~ =
7o — (MC) Tt ZRELZ, MCIE, 3D
TN = LA INTREEE B AL, INE2NE <, K
AINTR, ®EDES ThH D, MC O 3D LI
WR—NLTZ L FINVEERT LN, A7 02T

R I VIZHE Sz CHE SR LE CRBRRICER Z
F U O85BS 5, EHIic— AN—F# %
R INERET DEBELTERIE D, AFET
L SCRfR I & U CAERE T R O SR 3 KON
AR (B Z8UET 5 2L & Ui, 2H0ERT
W ORARNIAWICHERT 5 Z & TIEOUEE TR L <
HIBRE AT & 2, S I 2 I3RSLIE 72 0O T @ik
WAy 5 < 3D 7Y v A — R BBEICAB ST
BO, HEEZZLBET O TH 5,

2 SCARfRH SR i

2.1 F—HZDANFLRE

[E] HHIERPE AR — A= Uy B A HRE AT IR (FE R 108
Jisy® 1) O STL 7 —# %X 7ru—RKLiz, HH
V7 b7 B (RY)aF v 2s— AARz=
VAR ARWCTE S HIEEL S HICHHE LT,
VEGFEOBRIEOTE L L, 1B LR TH
LRz L7z, (K1) Zi % 3DCAD/CAM
TRtrirdr, FTEOHEAEHR NC 71 7T A& L
MO T U7=, sl GER 2 55 T 1)
DA RIIHEREFS % . 150 nm T &% 50mm & L7z,

=

M1 Hoyrm— LB (R5)IR)

2.2 TRk oo F N T

RHAE T RO SRR IR O EHIE & 10~20mm
D ABS 7T AF v 7 W, TIAIMICHEET—F
THEAE L TN L2177, £7-. HLk L oM BN
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7Yy N BEBARED T T AF v 7 FEH) 2 H
L7, OHITRIIGRIM T T U7 A RI L,
EFMITTEAI =T RINEMHEHL TSRS
A TEBRICER LT, 20 IMEEHAA—2a 0 0
B B D72, R— L= KL CHIE| L7z
)7 NunN—T gy HEYELT,

B L2 B o fik i [ 2 AR
L7z, Femnti @t mh & I E ©— & O R R T
BEERIRICE iR 2 R Lo, EE R AR
200m, P LNE SomE Lz, (X2, [X3) ~Ziffitih
K ECiEERZNoOE&ERFEIE Imm~2mm Th 5,
I HMOEHEE 5 FICL, ShICEGROBI Y
yF (2B F) N T252LHTED, (K4)

RN a

X 4

UFPNR— g

UL (R S 51 5 A5 LREf] 2 IRF#D)
RIS BTSSR —T 3
ERERTH D, L EFMTCIIEEHRAA—Ya b
ATz E T2 03mm MV, (X5,6)

F1 GHINLEMAE FEEAA—T a3 0) F2 UL (U7 R"—Ta )
E[ 0 e} VA Fme s F EHRE | %0 LYy F | FEEyTF
Tpm mm/min mm mm Tpm mm/min mm mm
Fe T 3000 1000 1.0~ 5 SN L 2000 1200 1 10
®12 2.0 ®20R4
-t 3500 1400 1.0 3 HE 3500 1500 0.3 0.5

LR 2R) /5 R
108 HHD 1 SLAKRE

B2 BLELE OINTEERI4 40 47)

5 EEIEIE (InTEER4 80 43)

X 3

BUBIL CINLRER# 90 47)
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BN T2 X A fitHi[1% 3D 77U o & —fl 4 L
(X 7)

~ %{@TU Y/I/féflﬂjﬂ%;"éi(:\&)éo

X7 Hpgil 3D 7Y oz —Hl

H ARG S 4 47 FOER R 2 B UET 512 H720 | b
HREHIX L 6 DD 1 v 7125 LT EECENE
B, WO X O a2 G0 60 s SRR 2
FUEL, 2R HOMTIET VIS ABS % ik
T — 7 CRE D A1 A B BNERS ATV TROK 16
VLA O T U7z, (X 8,9) Wi 7 — 71X a5 Al
Lo, wAlih B icEREFRIC W, F2, HA
FID LR &5 L EHICH AN D, RGN T
1% 12 FEIC R ST BIHI 7 xRS RE CTdh - 72,

X 8 AEEmENT# 16 B #E 400mm £ 500mm

X9 AMEEEI L% 12 1B #t 400mm £ 500mm
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F LRI VXA RO 2 7 7 ) RIS~ 7R
FCEEL, 2O T 7 U AMEHEE 1.8mDAF L
YIiR— RICil> TAAMK Z e Sz, (K10) Bl
TEEEMBSA TRE PR THRERIN TN,
HKRIF~7 2y PTEHELTHY HHIZIV AL T
T RESRTRD DD, BBIRETHLHELL 7Y
— RV OBFEORE THIKIOFE N TE D,

ViR
«
i

X 10 HARSIESSCARARHIX 108 T 43D 1
HERE 1.8m

23 BpEiEE

BPEREIT, HREEE — A —B 2 SR E
WD AMATE, B2, TRz B L Lz, B3
X TR A MBICKEE L, BRE 2mmA 7 > b L7z
S ERN— g VTN Uiz, ARBUIK Y INTH
DT VAGRINL e v M &G, ETEmRIZ 3R
MLz, BifiaEEThH 5, PRI A RAR A
FCETICENT S0, AbEE TIEERIC K
T 5, THRINZV Y a—r & Liad, FRZ 58T
B &7z, (K 11,12) ERFRI 2R B2 niE, B
DLARfl X S BETE 5, AT ITES 2mmd
BUE L OSTARAHIE 2N 7ERL LT 5, (1X13)

P a— PSRRI AE 2 T, B
Z WAL AT U 72 23 & - RIS I BRI El TR
L7z, (4 14)



B 11 SEAAfirk ot [ B pE 2

12 fkXEpELEE B L TR

X 14 Fni=aE

3 WRSERE R

RN — Y g COSRRIXT 3D Y v Z —
TIHEUER R ATRE T H D, LIEMI A IV SN
—V gl UT AN g COBILE AARYED
NSRRI AN TER L T2, B ORE ORTIEE
DHIE TR E BRI IR L L2 2 & THIFED
ERZEN I B 2otz | EOBABE LN,

— 77, BHROBEREES O [REER DR T
IR TH, BEOR—LTL FILTRELE
UTNN=2 a2 DIZI NG00 50, | & OERb
o Tz, SCRARHIRIBHA IR IR EE 5 O @ O EET
DEL., —EORREE T,

BPEREEITH I A ED ITIT B TR 28 721
SUWET 2B H 505, [E L HIEEPE N IS 5 HUE
MF—%7at, PZTHLHRIETE S,

4 HEE

AWFEEITO ETITHE, T—FREY 7 FU =
T & ZRETAW AR S TERME AT R R, )
TERpIC T 72 T R 2 TH o A TR 4% 1R
FEAR)IVE—RICEH R L B £, Ek TIET
TN < 12 E o T HARILZEZ TG L BT £,

AWFZEIE, TR 29 4R JSPS BHFE SR SE R
R 17H00222 DBz 5 0 CHEME L TV 5,
GG

E-mail: hagi.tatsuya@nitech.ac.jp
2 3Lk
(1] E R — A=

http://cyberjapandata.gsi.go.jp/3d/index.html

[2] HP 3D 7 —%

https://maps.gsi.go.jp/#15/36.225278/140.106667/
&vs=c1j010u0t0z0r0f0

(3] STL7F =2 &Y 7 b v =7

http://www.excel.co.jp/polygon/case/interview01.shtml

[4] http://cyberjapandata.gsi.go.jp/3d/images/ABS.jpg

(5] Wi 7 — 7 D%k
http://www.nichiban.co.jp/stationery/category/tape/
adhesive d.html
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WtEFERRE L-HREEEMRERAER OBIFEMT

P B2
BLERTZERT RAP SElibie e 1% T — 4

e

AR D B5 28 FEM S AR IS & A 592 2 & Tl
OFEERENEALT D Z ERHE I TS0, L
L. kDY V7T 7 4 B L2 FETE, BIR
IRH— v ORPCHIRA D 0 | FRIZIE D 27 it
RS T RER R ShTnd, 22T
X, BRI (B4R o h T = U REMAR) A<
e B AR A A T B 72 N EE) T D B
U BRI BLIE & L2 U e M 2 R Y 27 A
Fva ki (PDMS) ([ZHRE « B35 72 D4
T 2 RS N T AT IS KX » CHLE+ 2 P2 REEL
7= (K1), PDMS I~ A 7 iz EICHW B
(G SRR )L el TR Rl g Wil 327 S RN
Ua— i Th 0. Ml ES) A FLE T 5 AR
JEMENEE CTh D, o, @MEMEIZIE PDMS D F
BEEER 2 BEY & LT 7 v A 1 i — R o pR AL ER
ZhE L7,

RN T X, V727 arpiEic Lm0

MLERORE 2V IR LHRT L ZENARETH Y,

FICL AR T —L WV o T R HETF DS EIC
BOTHOWLRATWAIITHIiFcH D, &Moot
FiEIE, BRERAAYEY FTREICE D = — X
T (CECTHHEIMZ “Oo0<” LI ICUHIT 2
ML) Z8M Lz, BRI & 1X, #Elmic TR A
WEAER T < F2AERT D L T ETHEZS
HZMTHETHY ., L EFmOSEIZAER S 721
DT DRI TEASND, DF 0, EFEEMN
TIZBFLUHIE X, 717U BETENIN
T2 LEDO ALK ZREIM ~ZET 5174 TH Y |
BN TR 2 BT 5 - OIS ITREECIRE L b &
W T ENREZBE T D MERH D,

A O4RE PDMS 23 A VIA TR D3A& 7RI B S
ENTEY, EAEY (160um) Z &2 HYIHIEDT
AR S E T UVIRE R EOM LA R 2Rk 5
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PVERDH D, KT, TEEO Y =— T ICRBT
HINT A DFEF &N TR EE O REFE R0V Tl
&60

Shaper Cutting

Diamond Cutter

SUS420 J2

(i) Ultra-precision Machining

(i) Fluorocarbon Coating

v Bioreactivity

v Liquidity

(iv) Separating

1. @RI b fa ks 2 M AR D fith



1 WS AR DI T 051k

4 2 IS IR AR O ~FE 2 R,

o

- TR
0.06 %:;;_Mmﬁ" 005
0.25 0.16
Material Electroless Ni-P
Microstructure Area 5.1964 X6 mm
Number of Groove 9X25

B4 2. ks IR O~k

I G EITHE 2 K8 o TN A% NPIC-M200
(NAGASE-i) W=y = — N LaRMA L=, N
THEOHIRERIT, AR L 72D X,Y,Z DEAL 3 #hin
2T, #EIM & TRHOAEZFEST LT —7 L
B,.C Moo 72 Bt sl Th 5, ZZTiEL v =
—/VNLH N X @, oy FHMIZY @, 0
RS HIANS Z Sz SE 7, 728, I TRE XA
7 —7 )V B,C #liAHEMIIZ EE S, gEk e TR
DEBIACOREEZMH L (K 3),

Cutting Fluid

Model NPIC-M200 (NAGASE-i)
NC FANUC 15i MA (FANUC)
Straight Axis XYZ : 10 nm
Resolution
Rotation Axis BC : 0.0001 °
) XY : Linear Motor,” Hydrostatic Pressure
Drive
) Z : Hydrostatic Lead Screw,” Hydrostatic Pressure
/ Guide )
BC : AC Servomotor,” Hydrostatic Pressure
X3 MIitoty v7 o7

TR &R UK E L s & 1 v
FY R CENMES0um, HAEM S, 7<),
EiFA 70, KRR 3~57 ) AL, (LT
TIOR3 FFh) HHEY < FRER SRS,

BEHEIAMIZER 10mm X & S 6mm OFEATUEER L
(HRC50~55) L7= A7 L A48 (SUS420J2) % Rk
el MLT2E0®S (160 um) AA+7I2IE
% KO HEEM NI-P D> & ZJE X 300 1 m RIE L7z,

2 T RADE

WiEzE = — "IN TT5IChy, IMLTREE
AL, HnLT, AR 3 TRICHT 2, T Ok
R ROWEEAL BT 572 DIZAFE 400 Bl > = — %
I (Fretmefigg 1 i) 222 L7z, fh BARIE.
JEE2S 0.4 pm, WAE2S 018 um & Uiz, 72, fif
HLEHERAY A YE FLEORNEIFYy—T =
vV TH DN, BT RO.2 um FRE DA EHO
TWHEENTWVWD, E-T, UHAEN 02um LT
DG, T WAERTT 4 7OBE 2T 5,

ML TROFEMITROEY THo (K4),

a. JohnL

Rt (Y0.0) T2umBBAATL ., ET.LLAE
A2 38 um BE) LA (Y£0.038) T1 pmbliA
A 2ETOITH, TNE 1Yy FELTHES 80U
m ¥ THhATe, (2 =— I T E#K : 200 [A])
b. AL

WL (Y0.0) T22umbUBAATER, Y & A4S
38um—1 pmXGIAALFEEL N 720088 L7 gE (Y
+(0.03870.001N)) T 1 pum DOYIIAAZ % 2 BT 9,
Ihzxz1lty & LTEHES 156 um £ TUHALy, (&
= —/ NI 190 [\])

c. fL kBT

#ED (Y0.0) T04um 32 10 [EHAT, Z D
L&D 3 HRPLEN S TRERIND T,
G TOHENEEL S 2D, MLPORRT %
CCD /1 A 7 CHERBIE LT L ZAMFIRIC T — 1 L
TeMNEOE Y < FRPEH SN DR F 0 B T T2,
7pB, THOPEY @ IX4 T F 1000 mm/min (const)
LTz,
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YO
Total Depth of Cut
2um 80/1604m
Y*ggum Y+38;z m
| |
lum v \—7 lum
Tum NG E lum
a. Rough
YO Total Depth of Cut
w 156/1604m
2/Jm
Y*38+1N;/ m Y+38*1Num
\ /
h”?\§Lj// \\\_7/1um
\ /
1;/ m 1/Jm
b. Medium
Slope
&//S 0.18um
w \J/ Bottom
:/k 0.4 um
c. Fine

X4, ST TRROMIT A

3 MMLKEEORIE

I Bz il e - A AT B A T EE NewView7200
(ZYGO) (2 X v iR S Z2H7E Lo/ R, FilF
EEPH EITAI Ra 1 nm Tholo, £7o, IEEEOM
T LD L O REBERRD bivlc, ZhiTF
HOM a2 —F =BT, EIEmERmo 2
NS ARRINIZEY < FREET L2 & T /AT
BINZEID S T OPHAREDNE LD EEZE BN
%o —J. WERIZIZEEVIREIO X 5 7 E N7
Ty B == IO LT ZE LWLt
S PRI TV/AY 2o g Wiel
WENRAET DBV T, £ 024 pm DELZEN
AT (K5, ZAUTTENEOEREL L EAZS
H 572012 Bl CHHIM Z 90° Al W 72BRICAE T
THEBEENRKTE LB NG, £, HBIEmIZ

TR 026° DEZICONTIE, 5 Uik
ML 52 & TTEOERAT A E 2R hIEaas
BNELTHIENAHREL S, T2 TR L,
BEHIRE o [ 7 5 VE R IR 2 O 70 I E 5 R 23
Boniz (X 6), T L=2Ekics T, K
DESHHEELZE 2 A, &R ofd 2 Jnc
MAD L 572200 DHPHER TE /2, 280 D
3K 0.75um TH Y | INTHEO X#OEITE (0.2
pm/390mm) LV HLREVETHDL, ZDHRY M
FAELTRRIE, BEIM OEEFIEE LT, Elln
H2ARDOM26IZE DR CIEDEERA Lzt &4
B4 5, o T, WHIMAEBEET D Hike LT, &
NS DRCIEDZRETHZ L, R UILODONEL
INLHEEA D72 2 BT Z &, RUILDEFORE
ZEE < L TR UIEDIC K DR AN LI &7
WEICT B2 EDMBENNRTH D,

B, MTHEEONEIIEMEA Y T AT L
a—/L (IPA) THEBTFEEF Lk, 7 vd e —R
VMR A $ RN EM L. (K 7).,

)

Distance ipm)

Ra 1.
Profil

¢ 5. VRIS Ul BaE L & DfizE

(PV=024pum, 0=0.26" )
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4 finﬁ{ﬁ?
_— VWA L = — T BIC b0 1 Kbl b Ol
AL EF AT TRE 3 SIC40T TEE 400

B DY = — T % S hE U7z, Fhn TRER A
34REMAZE L2 1 [l Z 8l 5 mOEhA R 2 pm L
TICMAD ZETLAERBEOY X7 2B TE I,
Fio, HM AN TEHOEM» SR IO T D &5
BRIGICE D INTHEIZ >R B4 LD Z &R T

=7,
Waviness 0.76 2 AfEl, WREE L 7RSI TR 2 05 L= &7
4000 5000 GOOO J: 5 %mﬂ@i%%%*ﬁ‘/\?&%ﬁﬂ*%% %{Tj’%‘—a’_‘ 5 %““{f\. c\i %%‘3
WA O BE KR AR T F OFEMMENGER & 7zBl)
235 3L ik

[1]  H. Miyoshi, J. Ju, SM. Lee, DJ. Cho, Y. Yamagata,
T. Adachi “Control of highly migratory cells by
microstructured surface based on transient change

in cell behavior” Biomaterials 31(33) 8539-8545

6. AUIEDIZERRTHMLED 9 72bh (2010).
(Waviness =0.75 u m) 2] CRAEE < BRI A< ZRd D A -

WEEBEEBICBID AN ) VT AL Vg
v HRBAMEE P A E G 23, (2016).

After Fluorocarbon Coating

X 7. TvAdw d—R TR O TS
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7B 38 CATANA 25 NDRET - 84E

CTREEN REIFBEN, WL D, RIRAGED | B P, SEREAN P,
W DL 2 ESL D, AT D, IBErEIT P AR PO
NPT R BRI o 2 —

DR TR KO TR
ONTHORTF  FREEEER

=
H A

plil

RLZEFRARE 1T, BEPERNAR O 5 CF 3000 i
AR SN TWD, Bz, BFEicsr LTk
TH KB B 72 Pl AL, it
U CH 8 m gl e b TR R R H 5, 2D DO
I o A, BIEZ, yHEZE, EC BAFITL - T,
KNI LR EERE~ 72D, LIz, BEH
FEDIC & e 5 R EBIR T 7w VTR, %
Z5f O T2 8277 O fg B 08T R BT T E O ot
FEMRBREZMS 5> 2 CHERFEREZ G2 TIND
EEZLNTND, P BEEONE I, ZE
BEZ—7y N LTARREEE — L2 LI-E
BN —ITh D, R FEOMEX, WEETEN S
FEEEZRDDLZETHREEED TWD, REHE
BOEHIE, SIS b fERL <o
PFITMz, Hor~vBoX X —DRELLETH
Do H = RRORE ST EIT R R R &2 BRI
it &% Z L CEAME IR 2 RESE, 22
MO INAH o~ ERETSHZ & T E(o)%&
WET D, [1E, FEF2REE L CIREN AR S
NS EIL, BEOKIKREDORIENLE LD, Z
DI=DITIE, MWVRHEIR L =RV X — e E
T AR DOBFE )N L EARR] K ThH 5,

| RRORE

CATANA (Cesium iodide Array for y-ray Transitions in
Atomic Nuclei at high isospin Asymmetry) & &, CsI(Na)
i 2 2NN Te @R e T o~ BRI Th D,
A FT 12 1% Nal(Ta) ## &b & JH W 72 0 >~ #i e &
DALI2[3]2 & D73, BHBIRMNMES R TH 5720
fEVMZ <o fe, F72. DALLR (EFEAH LRI O
v EREHELRINE R, By b T T
DOEFENREHELNEWIMERH -T2, 2T, Hil
(ZHRUYET D CATANA I Z O ORBEA RIS 2 K 5
RREENEENT,
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1.1 fidoblE

CATANA [ 200 fH D CsI(THfE i bR SN D,
FT A =7 b LRE LN U~ e ER
THRIET 272010, REAEE O EEL 2> T
%, 7112 DALI2 & CATANA OIS % 7R~7,

# 1. DALI2 & CATANA O g
DALI2 CATANA
i i Nal(TI) CsI(Na)
%5 160 & 200 &
=R @1 MeV ~25% ~65%

CATANA &, CsI(Na)ftga 23 % —7  MIxt L TR
SR (4n) TEOMETHD, MREOEREIX, B
— AN R LT 10 EE 7 dh & 1 e = b
ELTHENL T, ZOfEf=y M E— Aokt L
T20 HEHAET L7fiiE & L, MmOk, 78
BRERIE T —7 > "6 A5 &SRR
HETLHENL, JRTEOKSEEE B E L il
IR D L OREF SN TWVWA, FrlC, B—2Aak
TANCERE SN D ERIE, n— LY 7T —R =
VTR UHELIC R A LU VR ERE L THEEIFELTW
Do

ERI=y PEE—LABICHLT
20[HEE=4E S L /i 2Rt

10 DR & — Lig EZif~<T
WERLI=—v T B
ver 2 ver |

EZOcm

1
45 cm 1
[X] 1. CATAN & dt OB E
1.2 ZREMEOIE

CATANA [T B Ef ot > % — 0 SAMURAI




AR haA—4—FRMICHERTLZEE2BEL

Tt L7z, SAMURAL A7 b A —%—TiX, ¥

HE) A2 W R FERORERD T Tl

E—AF A AOBEARERGERPICEY BT

T EERTDHZENDD, T, By VT v TE

HIZR ST, MHSIIOEEFHEEE (PMT) O

ORI ORBEOME LS4 5D, 2T, i

T % CATANA ZEEHGE T, L FOERMBIC LV EL

77

o AUTFURAMEEMT D,

o BMHLEIEANDL, By N7 v 7EHRFC
REIZHIGTE HHiEE T 5,

o <AMEDHZ LT DALR TIIARHRESE 72k
v M7 v I bR 5,

Bt B S a2 BTN ER T A A v R

L CRREN Lo, METORER. BB TEH & B35

77]15
7
SR EENIEAICE AT D IS IS IRE LTz,

z

1.3 =y hOBRG

IR b AT v I TIT o7, ETHIOIIC, ¥
Ral—va koo RE ot
T HREE T — ADFE E1T 572, CATANA (24
DftEniE, LR, BRERH, RRFELREFIC X
T CsI(Na) % #7E L7z, CsI(Na)ftabid, WIffttn &
D 120Ky D72\ NE LT o — APNITHE AN D 3
N D, et Lok r — A1, H o ~ae 2R
WA T LR 0.5mm JE OIS AT B D & Bt
HFE TS OB E R O & AlRRIC T A& & L

] BEETRE
CENEEFR |

X2, fEghr=v k

fgh & PMT & OBE I EIZ PMT OFRE & it dh
r— ZDBNC 2 LM AT Z & THEDE L7, PMT O
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ZTBINIR DT, DT, EEHY 2y N NY A

purpose input/output) |

Raspberry Fi 38 Pin Arrngemant

2 MU A—EREKE Y ORI
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7— K@ TC74HCI132 TREE#NKESH, Thx

CMOS # A4~ LMCS55 25 B2 ANLD Z Lick» T,

7V AN Z 100ms (A T, F A284 @ GPIO IZA
STz, ZHICEY, FRARLT, 774 Y —5E5%
Iz T 5 Z LAk,

Flo. MY T —FIEREKEE ETCARAESD
ON/OFF 73533 H AR LED &), £72HIKTH K
U —FIE S 2 MR DRI, £ DE =
Uty hTB700RZ U HE T T 5,

Z X34 O GPIO % 4 fAEH LT\ 5,

1.2 [RIEEEEE S

B 302 R U — {5 1k [ B R o SR D SMEL (X 4
BN ERT, TASM A= RO T Ly R
R— RE#HE T, 222 IC A2 * 7 % — %1
DAFT, AN E DD &V EITRbETND,

T8y MRV, FE)R Z L LED A RLE L,
YT RFZIE, T AR Oy ax s 2 —|ZEHE
BeRRH SR D RRIC SR VN Uz, £72, 7 7 V2D
FHF T, NIBICES Z 6 B2 VERIZ LT D,

Power
Lamp

Input Signal

[ Output Signal
Lamp

Lamp

Raspberry Pi
HDMI Connecter

Cooling FAN ]

. B Outpt
Reset Button [

Trigger Button

Power ) § I D.C.5V Raspberry Pi Raspberry Pi ’
Switch = = | Input Lan Connecter || USB Connecter |
Input Output
X3 (5@

13 7as 7 L0k

FARLNI I NVAR—Ra s Ba—4—Thbs
7o, 7a s I AT HERARETHL, 20T s
LERLT BT - T AL —32 3 3 A5 L (08S)
121, Windows IoT Core & iV, 7'1 7 7 LAFEEICIT
HEEMSAEH LTV 5 Microsoft £L? Visual Studio -
TEIWET 2 CHEFEZ W, ZOAGDLELE LT
AL He oy MU — 7 TEBEHRLERIZ L THBITIE,
TNy 7% Visual Studio L TIT2 5728, 7urs o
LEHENEG Th T,

Windows IoT Core Zffi 9 LT, RZ A SOFEHEN
Inbox K7 A /3t DMAP (Direct Memory Mapped) R
TANEBRINRTHZ LN TED, AR BEFED KT A
NTANEFIZH LT, HIMEFDO L AR 2RV
v X —%FIZFT, DMAP O BN L AR AXRN
STV HEZBRIR, W Thotz, a7 A,
2L[FI LT, RIA3E— REZLHE LK, DMAP &
— FCTOANEE%, WHEFRHsnLETO
WEIERFL, o TR 1.3ms. IIET2.0ms TH-o7=
DXt L, Inbox E— R TIE, @ T 0.216ms, HiE
T0.326ms Tholz, ZOHRLY, AENL, Inbox E
— K& L7, X512 DMAP E— RTOANES
D7V ANERK) 100us AFL7ZHED GPIO 25 DO J{E
B E COBRERN 7 Z 7, 6 |Z Inbox E— KTOD
BIET T 7 %R,

ANESHLHNESETO RIERE
Direct Memory Mapped Driver Mode M f# B fEL.

7] Average Time Delay: 1.518ms

g

ax. Time Delay : 2.043ms

Voltage [V]
N

Win. Time Delay: 1.313ms

0 0.5 1 1.5 2 2.5 3 3.5
Time [ms]
X5 DMAP RJ A 7E— RGO AINE B IZHT A

HAEZD L AR A
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21 1 HRARYE
ANMESHESHNESETO B
Inbox Driver Mode I fi B fEL 1 ﬁ H li\ LFEX %E@%*}E @%6%*&%&% \—FX
B L7z, X8 ICREREEZRT, Ko ICmE YA

SR S—

' | —[F 53 %EE (DG645S) D N U H—E=cLy, 7
B i T —rmmicvsmmmErss, froxa—v
5 DI BT R — | D7 — 5 T b 1 ST
g e B —TEREG. Gpps 15EIC L BT — 5 TN

0 Sh%b.

0 50 100 150 200 250 300 350 400
Time [us]

6 Inbox KT A/ NE— REEDOANERIZRFT S
HAEBEDO L AR A

FYRARI—TRUH—{ZILEE
Master-TCUM\G, 100psfE5% A B

E7:fuﬁ5A¢W%®&y%N*wﬁ?4x
TUAIZRRINTWD N F—12 kL [E] BB EE
BoRT, WE. 6pps 18 5 NS RHAEEE I MU T—1F
HFELTANEINTWDN, 774 Y—EE50NAT
S5 &, HEE LR T E#E Y T —E 534
EDOA e By Ml TTL HOESBHEN SN, 98 SIEREICRELE 1SHO MY H—fE - K
%@H#Fﬁ'ﬁfiﬁ\ 6pps 5 HMEIL L, ZOMIcT—#

G HIR D RRIZ 2 D,

DG645%E 4 > EE Wk Inhibit) S FIZTTLHE W& £

F'Jﬁ—ﬁ%ﬁ%ﬁ‘]ﬂ‘](:lb?&ﬁ
R

rIA—ESHATEhEE
AT —HHFSE BT DDRZ

PN —(ER R RU217—8E
BT B O

| OO EESEEETHC
| T smsmETIAR

mmﬁ_
F2023—JEFIEPE, e

K7 HoFREXLNKT 4 AT LA LETD PN T
wA=R/A NN - V(e T

77—)\7)
rIB—1{F vh‘)uh(ii"&l 733

B HEZREL, LFEX 32E O R IER I H D

AvuAa—TFOERE=4—IHEHL TS
2 LFEX RE~ORE 110 SRR ERIE R, ARG E DR L
SOy H—E R, 2 BEYEL, Eokrs  — YV RBRGOHNEPEEZHR L T AT r A
\ZHLZSA A TEIEL TV 5 A=W ATT 5 FIT D | EHEIE, 6pps THIR
waév—%—&%%%:&—bfwéﬁ\v~
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P—=ay ML, 774 Y —EHaxidlok
BEIZ 6pps (B 5 &A1k L, A v Aa—FHEOER
HEFRFL T D, £ LT, —ERFMfE - 721% . 6pps 17
FEAvuAa—FIZ NI A—EEE LTATEN,
EHC L= —HHEERER IS,

F0RA—TrA—FILEE

10 AITEBEIESINCRE L7z b Y 0 — s

3 BPLHIZ

Raspberry Pi 3B Z#fiHl L7 7'm 7 LMERIZA D
TTHTZR DD BEWEN TV S Visual Studio
DCHEBTT Ny ZTEB LRV, 707 LRFEN
Hik7cle, v 7T AR AKRIT, BThoTo, L
7> L. Windows IoT Core L ThH 712/ T ABHIEIZD
WTOE#RIZ, Web EIZIRWT, AARGETITA <,
PREYVA NBFEALEThoToo®d, BT 2D
RE 3 o Tz, 7o72, — HERMiES 5 L | HifliZ2 GPIO
BFRER L, FRICBHIE TE 1,

BEERHIE 21T 72 91272 o T, A E T, Effize /<
VarR AN NAR— RBRETHTN, 20Ty
JNAR—Rara—2—2Lh, Zfiic/i s,

S, B IHEERHIINCEE L T &b & 5,

235 3k

[1]  N.Miyanaga, et al., EDP Sciences, J.de Physique IV
133, 81 (2006).
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KEK EFBRBFAHBICETEIREEESATLAORELS L UVHER

NN ANBIE Y, g — Y KRS — P, REEFZ A D
R T e
B AT A — AR AT

RS

KEK B a1 AHE (LI TAKER) 1% 2010
EFKLLEE . PF K Y PF-AR ~ O B — A fiE#5 &
SuperKEKB F1i] D 72 6 D & MERE B — AR O 58 B %6
AT LU CEMT D720, kil « FTiRanHIERL
TUW /=, SuperKEKB F1#E[D Phase-11 Ti, k=3 v
B ADBETFE—LDERDED, BETFX
YUY S, e ARSREATISED
. ARFERTIE 2017 FEIC E MiREERAa L. 2
MUTHEWZREH Y AT AOWERB L OS%EE1T-
2o AREETIX., VAT LB DEHEMHONT N—
R =7 2RI HmET 5,

1 AR OE B A

AFH##1E. SuperKEKB (High Energy Ring &% (Y Low
Energy Ring) . i thiisk CTd % PF, PF-AR @ Fii
U ZIZEF - BET B — L 2 G 2 2 EAK 600m
OFIMEER TH D, &7 X — LIRS 80m =
EOXETHITONTEY, EiftmOEFHENDL T
Fzmn-> CIEZEICABIOBE®Z 4 — ({100 m) .
J-ARC &FEEIND 180 ElRMES. C B2 2 —. £
ke 1~5& 2 #— (500 m) THEK S TS
(1),

Ty )

Thermionic gun
Photo-cathode RF gun 1.1 GeVe+

1.5GeVe-
J-ARC 3.14GeVe-
C 1 2 3 4 )

e- Chicane
4.219 GeV

e+ target

X 1.

TR AN

2010 > 9 HinD 2017 45 A £ ToOMIE, 3 &
7 A —0 Eimic 3T BVE A BRE I TEY | £
DOE—2MFHE 3~5 B2 X — ([ AFERTHHE &

FEIEN Cuz) TIEd DB PF, PE-AR IC AN &
T, 3T EFEOERT (2 &7 % —& THtH) (2
BRI RE ) & A v & —ua v 7 (BB & RO
ar 7V — MREARESR L, MEEREL LI L Tk
WO ODZEMIZHEIL T, ZOM, A~2k&7
Z— (T A LW &R Tune) TIEEKT
BELEEEOEEEE OB EZ 1TV,
SuperKEKB ~D 7 v 77 L — KD b DB LT
TAA N AT LORFE, HMBREITO L EBIT,
EFHBITMSE O B — AR E T 4 BTV L, T
flICOE—AEIRS ATREE LT,

A FHEEER ST, bR VN OINERRE TITA
BT AR REE LRI BB EET D, 207
W, EERAFFAT DI SR EEEA LT 5 )
e HRERFA 1y I T AT KTV TIRGEE
L2z Huid7e b7y, 3T |88 & AT OMEEE 23 5%
B STV, ASER O ABE BT LR T
THIZIATH Z L L LTV,

SuperKEKB F1#j® Phase-11 Tl&, K= v & &
DIGETE—LEEET 5720, 2017 FEL VL
<HETFH 27 Y7 (Damping Ring : DR) 7%
B9 5, A& 8 TlE. SuperKEKB, PF, PF-AR,
DR Ot 5 MO MR IFIZ, =3/ F—L b — 4
FEORES B2 —252mETHUY BRI RN L
ASEIRZIT) TETHD (F 1),

[SIER==T et s A =Y
# 1. AFEHEEZRE
EEAT EHik
E—LASHE E—LEH
EFH® AREE | BT (AMER

KEKB High Energy Ring 7 GV BF (hik) - EEMAD | 2
KEKB Low Energy Ring 4 eV IBET [(313) - EHMAD | 2
PF-Ring 2.5 GeV WF I 3T TRE | KA | 2
PF-AR 6.5 GeV WF A (3T) TRE | £@MAD | 2
DR-Ring 1.1 GeV EREF = = SEE (A1) E= 1
Linacil% (Ringl AST#EL) EHEE—L EHADRUEMEN | 28 | &EHOAD [ 28
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FLLSBHT 2 DR Z A EAIMSELIE—L T  WHEAHY ., Zhb bR ERTH D3, 2=/
A VHEEOTDIZIE, 3STETHOMEL ZNETE  HHEHREN DN & ROBSHEDE LRI X 215
MFMERCCWeary s ) — NEORERNIEL  PERFEAELALND E0nb, IERGED X 5 22 NE
%, ZOLHET2017FHEICEmE N (K2), HIIATHOT, BEREOHRED AL EHT 5.

F 2. AGIERINERRE O E AR RE LTS

ARILEREMAREORMRFAR AN BERET I DA
DRSS (3 U BiBART - Y05k AFE ORI PR ETORH B R
{EAF—BOXDE/ (—FILF— ETOHDEN

F 5 U —OIERFHEIARE & B+ —BOXDA RS 2 TOHOEL

DNz =ENENRETH D) 25O TEE O
BN D I o7 b D% A #EIRFF ISR & L
Linac Ready] 1§75 &MES, Zhid, AHERIZHBW
TAEREZRN LT DA I —n Yy 7 VAT L
(Personnel Protection System, PPS) O Z & Th D,
At ETIROM A RiE OEEEREIZ DWW T, & 1
R, RO R URAE A AT O A s 0 ASAE BRI
2. ASER B MR OBEERT & AR DT, T OATE — AEHR AT 9 BRICIET
PO I, AB&#&iHE TE— A 2B TERICIX, &
ARG E LTz, 2017 FEEOAFERO LR R
eI, B — L EERRF O AIAE BREH I 122k
MG LD,

FW AR T O EBEOREIL, AR X
VO LR TFROERERET 22 B®RT 5, £
D=, FIMA~OFRER N/ S— Y Fr%— 2
7o (i), ZzoBEESREEMEL, L TR0 -
VFINF—V AT NERE LTz, DR OE NS T,
A H—ny JEEHROHERL L OBEFA v ¥ —n W= FNNF—Ry 7 A%, HAERNTERHAET
o JIEBRAEE U, BB AT ALl WHT 2 AL TV, TAZRASEA DA
fho T, HIMEOEGBRE AR LZYE L (Bih), IKREINTBY, =Y x—LiEARLOY
A —n 7 FKor PC [ % FH L=, SR ABE DB D= D8N H -7 (4 3),

22 EWH - T/ A=Y FLF— AT A

2 R=YVFNF—TRAT LOHRE
2.1 AIEROEET A Sk

NS EREIRFF A O MBSO — 2> ThH 5 IMdlds=E
DIE)NRRETH D Z L2 HRT DD, £ 2 TR T
HEHZMEERMEE LTS,

BARBIZIEL, INEERICIE U 2 8 B M O b i A
FREOBHMBREZEHR L, 2 CToEN M) RETH
HILEWMRT D, Ele. N—=YTFTAF—Ry I A
IZRTON—Y FF— L ERAEINRA ST
DI EMERT D, X¥ TV — (HER Q&

3. A=Y TFLF—T AT L

i ZEIALESS R S ANV 1P Er =Y N/ A 4T = N
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IEZRME L TWAIRET =Y F X —R Y 7
AMBN—=Y FF—% fFEE 1LICOE 1T ET
ORI D, TOR—= Y F = TIERE~D A
OEETHH Y, FiA =Y T — T FiMA
HBEDHEICH 72> Tz (X 4),

AR = (36 Sector

anmm —

i
N
s ULb—Ry IR

B 4. FERAS—YF%— 25 A L TR EBE

N—=Y FF— L ERARO S HERIZIIFAND
ID #— REHT 5, 1— N —=FFHAPARIT L -
THEMMET D, ElAE S0 A, FiAIE 32 AT
ISR ATRE & 72 > TN D, /R—=Y F L F—D4
BN BEH SN RN EINESREBEAR T E 25720, Ff
PR e LT, £F—F ZIZ RF #7 (HIEX)
WA INTWD, ARSBZEET— Moo < &,
FI D47 — b HLLK) 2m FPHN C 7 — 318 5,

23 ERAASR—YFALR—Ry I A~DHEE

RS-232C

5. R—VF X AT AR
FHHAASN—=Y F X =Ry 7 AF, NEHIZA— R
AU VEa—XEA, BERAA L PLC EHEAES
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EEZL, F—EEHELTWD (KS5),
F—HHIRME R PC & AE Ry bV —7 PC A3
%o & —HHIRILER PC & & —R v 7 A1 RS-232C
& H TR S ABE I AR LT D,
T3 — RU =2 X0 FHRH LT — NG Z NERE
BTHELL . F—hO IR 2 {5,

AR ETFRAHEAICHE- T, P S —
NF—Ry 7 A%MEL, ERAHASS—Y Fr¥%—
Ry 7 A% Ntgsam e Uiz, FilMm —>r
X —aR w7 A8 o T INEEE N o FEdE % |
B AR— Y FNF =Ry 7 2AOFRHEICH DR,

2.4 JEERFRAT

i U7 BRI IZEL Y £ & T T B g I E iR
FRIT, BREE, MEERTHD (K4, WThbE
4% PLC & O] T DC24V #REFER%T 5, A
SRR OTEEDRPLCIE UC, EREEHIE (FREEFT AT
ARFFA) ZATV, BRI RAT XN AR b/ ek a5 s
HUNEFF A ORRET D, BRI IS 2R 0H
WMEO2EHFTOAY HIZH D, DR PBEEHTHZ L1
X0 ARZHEEEZ1T 9 120IiE e — LD ASHET
H2% DR HIOERLMLETHD, ZD=d, Hilic
ASFERANRFF IS, DR IZE— AW 722V REE
DIEHEZITID X HEE L, TAEFTFA] #5712
X, E—AF—23OFF THDHZ LTz T, DRI
E— ARV REE ] SR EME Nz, E7o, D
FRiEER T ] 2 %R 95 LINAC READY £+ FiZ, DR
READY] ZfhaiBinL 7z,

3 ARESHEREE SRV O

3.1 AREHEEEE SR L L PLC

ANF L REB Y AT A TIEPLC 2 HLTEBY
A B —ny ZE 5T, AN EHIEE X O ABC #l
HE=ICH DR 2 B O PLC IZIUES N TS, ABC
RIHEIZE O PLC 1Z, A 27 X — AHE#H»H C I X
—F TORFAHDEH S TS, AFEEEHIfEE
® PLC (&% AA 2 PLC) N, 1 ¥ XZ—0bHA
I ETORETAL T & ARIBRLZERT AT
ABREROFAEE M- TV D, AGHEREIRERIE SRV
EREFJAA L PLC I, TV 10 Tl A%



LT 5, BEASFVORMITIZZEOE SHH
SN TND (X 6), AFEERBRIE SR IE, A
WEIEIR 2T ) WO OB TH Y . AGERUE
—LDAFETH H KEKB ICRE STV 5D,

& az:‘-g"ji-i

6. ASSERIERRERE 1L D B

3.2 ABEEREE SRV OkE

A EER R E SR V1L, DR &AW dE L7
(K 6), A EMRLARTOD/SRRT, 45 FBHHL D3
NTHDH, /v EIIE, A1 READY 550, ©
— A% —_ Remote/Local ¥—, FEFEILRZ L U
y bARZURHD (K T),

BEAM MODE

AR MCDE |KEKB MODE] DR MODE || PF MODE
REQ REQ REQ REQ
{J

SECTOR 3 6 SAFETY

AR KEKB DR PF

READY | READY | READY| READY
LINAC
READY

BEAM REQ BEAM REQ BEAM REQ BEAM REQ

RF OK __ READY

MODE | OFF R\ inac mooefl{ll SR | warr
AR-BT OPEN
RESET oFf | off || BEAM REQ
OFF BEAM_REQ
() GR_AS

KEKB [ PF SHTR
BERR | o EJEZ
WAIT
KL_A1_A| AR
Hv ™ | BEAM

KL_A1_B HV
7. NI ERIERR R E SRV

KL_A1_B HV

LINAC KEKB

READY 15513, TtV v 7Rl 4 ke % il
5155 TH Y, DR READY 2l -7= 2 & T,
AR/KEKB/DR/PF DIREENF R EN TN D, E—LF
—[X. OFF /RF OK/READY ® 3 B[ IR RE % 84K 4
5% —Th b, AFEEIROYA L, READY JREEIC
TOMENRSY  RFavT 4 va=r TaTH &
(21X RF OK KRB Z 8IS 5, FELOSFL Tl T
MAE—2F =272, ETMREZESTLTY
=L OR—3 iz, K74 LD Beam Mode 133
E—RKZRLTED, DR E—RFBNBINEIh/-Z &
T. AR/KEKB/DR/PF/LINAC & — R72NERFHEIC /2

272, 7 A TIE EFRICEATSHSTHL, A
H&or—2%2 8506 0E T8 (BWEFH UL RF &
TF#) NOHITPERERYT S, 22 TE, RFETHR
IR E— L AT AL vy FE2BMLZ, &
AUX, RF&E T8 ¥ v ¥ —®D Open/Close R ¥ T,
REEFHOWRER DN 03 HWT& 5 L O dud
L7z,

4 F&H

AL RRA L H—1 7 VAT LE, AR
DET -BETE—LEZ TR VZICARTS, X
XS R HEAMERR 21T 5 7o ORI T DV AT
LT, TOVAT LABREFEERMT 5L —2% A
HeEd, ARsITEETE R, ETRER T
BEfitS & DR BRI FEV, DR & Ok 2245 75 Dz
T NS ZRE Y AT MY Az, /X—YF
NF—V AT LFHE L. ABE L 2 AS 2R
e Lie, S oI, HlH OISR L 2 YE
L. #H72IC DR & DOE5ORZIEREZIR AT,
2018 4= 2 HIZ DR A3 528, BIEL AT AT A
IIARZERICERA SN TEB Y . ARSI Y
VI SDREERANG  EIEICEBRL TV, 4% b
FRL—F =B OEREZRY ANRNBG, £V
N BRN RV AT L& B L CHEERT
TWE7ZW,

2235 3R

[11 Bl BRJA, fli,  “IEESAREHL S 27 LD
R ERR 22 AR REAR R SR A BN e i

EHE, SRR 23 4E3 .
[2] A. Shirakawa et al.,
System of e+/e— LINAC for SuperKEKB Project” ,
in Proceedings of IPAC2013, the 4th International

“Upgrade of Safety Interlock

Particle Accelerator Conference, Shanghai, China,
May 12-17, 2013.

[31 HEJIBHIA, “RF ¥ ZREAR T AT KNEANIZ XK DK
SRPRRSE N R X I 2 A8 B oD P34k, PRk 18
FEL T BREREG BIfTIEs, 2007 453 A
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J-PARC B BN E D Machine Protection System (MPS) BEiE/L

REETIED,
By A D),

O »,

VAL 7N
HEES VR
A L X — S

E/NZEEN, FEEY
IAEE D

s FERR A

. EHEAY

B A ARIRT SRS B S A

1 Frim

K 58 B - N i 5% J-PARC @ Rapid Cycling
Synchrotron (RCS) % Y Main Ring (MR) & KT EE 5
FrrrubupryThHY, =a2— U i~
470kW, /N R U fitig~ 42kW D1 B — A & fitfh
3%, AMFIELTIL J-PARC, RCS, MR & & IE
YefE D MPS OBIEE L | ARIEFE D MPS mdfbiZ i

TogaRdE, FAEICE L CHET 5,

2

2.1 &AW INEERE (Radio Frequency : RF & A7 4)
(1]

IS & VI B -2 NE T D72 DEETH D,
IR ZENE &0, IR AT D E S AT LD —

SOTHY, BEEEEICL MBI RLF—
EHAG L, R EIRO L= 3L XF—F T s
LIEBETH D,

MAEm#EZ (7 v hay) TiE, ZORRNS
fif Bk 1 % B ES TR T X 22w, 72138
T 2000 {EFEE R0, B & R0 RIS EH
T E TR S S, [ E A B oD & 8 R (Al
icxv, ZO7=® J-PARC @ RCS, MR 1%, B—
L OJERIRFRNC R U7z @ 8 EEAME R S h b,

MR %5 & 3 3UE IEZEIIL 4 S OX v v 75 fF

L. I v v 7H 0K 15kV OFE G EEZ B4 S
H5HZ LT, 1A T60kY O EMINEEE 2T
& D, B LIEIZ A JE I S & R B ORI
Low Level RF (LLRF) Tiillffl =41, D HI11E =
(~1V) 1%, BRENB RS CEREAHIESS) & F o

WAL BHIRE R (AR OE & PR TR CHIE
Ind,

MR Tl IEZERA 9 BfFE L. N7 B3NS
AT A, 2 BN ZRERE AT LELTHERAS L,
KB & — LADOREMEEFH L TN D,

22 EAWET AT LD MPS, Rk

J-PARC Y > 7 D@ JE I & A7 2, EITINERZENR
HEBEHAmE R . BEE BEEIES . RS TR S D,
He B R AR | XU A Y 2 A S, B
ThENhD7 47 A NER, CG &R, SG B Kk
OBGEE IR X Programmable Logic Controller (PLC)(Z
F vl S, BEREIC XKD BEELE2 MPS & L
THEREL T 5, TOMOEEZETYH PLC 12 X Al
K" MPS SHEREL . s CRE LM LTSS
EHNEH A LA OHIE 7 N — T RERS D MPS ¥ A
TAICEEL, BE—bfELR, E—AT7R— FEOE
VIABLBHED T DIEE L LTHIHT %, Figl .
Tablel |2 @& & & A7 L KO MPS O A FL#l L7,
O X DIz, INERR O MPS [IMERR & ARk T 5 25
BEmDO MPSE 5 &2 L TRk S v, REZRGHE

Bk D 7= 81 W%, FHTERVWE—L%
(TEOEHE THOIITAR— NI A4 o~ H L.
BEFES D,

FFoke D b — ABREEFEINGHENI A K2 O R
Mo A7 AO@mHE bR RO TN D, mEE Y
AT KBTI, %35 PLC NIZREH# S D 7
=TT T LhDAX Y HA LEFMETH LT,
MPS ¥ 27 LD Edfb 2 WifF TE 5,

J-PARCEY » &
wEs -7

REENE
zIZE(E

HnEZE AR

H4 OHMBREEE
EfuiziAE

BB RBIR

R A
PLC

Fig. RF ® MPS
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Tablel %5 i%fiilZ#% & D PLC OEEHELS
PLC B [& (&P REAR L)

KRS BN | MR — s 2

J-PARC D& JEIE > AT 22T, PLC T8 B D
FA-M3 v U —XNfEHENTWD, B PLC
% Fig4 IZXUR L7z, FA-M3 @ CPU D7 X —7' 10

FhL PLCAE 5 7L, WY 7 R Th D Widefieldd (2 TRUMTE
& BEHE R & Do
BRE) B gy BIR e B 1 2
LTGRO A 23— %(DC-DC ADES HA a4
L N— R =5t =EITARA
LS R 5 P B || ()
/ A
i)
2.3 Programmable Logic Controller (PLC) B
PLC LT, 77 TNk Y U L—FEEZHHRL, 1T+
= A E FATTLEETH D, RO E
DE N, BEE, EALOZEI 2 R72d, PLC I
BED a— LT ANR—AE Y 2 —L, HED Fig2 ¥ &N v —o » AR O
2 — /L~ ps BEREY 2 — s AR A EET
NA~EBH MG 2 ERE Y I, B L 25
NODIEFEZITRA AT Y 22—/, s ~fER e WOV T Do
|t {=E T2
HIEE1T 5 HAE Y a—, PLC OBEDEHOT | ]
- \ v VI £, TR v
075 A EZAL, MOETY 22— VIHEREEDS | T T
0720 MEDUII o SH—
CPU Y 2 — /L CHERR S LA, jﬁouuas = E;g
CPU E ¥ = —/VNENC U L —[RlEE 2 s 9~ 2 B, &
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1.2 Al DOV T

FSR D5 ZEHIIT 51280, £DF FTILHT
BEENNSWED EEE2HEET 2 BEND S, 4
FABL D7 Ty REA TOART 72 L,
AIZEHRHT (100k Q) Z i 2 fHT 2 2 & ThEA DOF
HIFPH AR T X, HOERRIZA > b L L, &
TR ORKEEREH S HOTH b L UHRE
Jx+12V & L7z, EgiEa L LTI 1, 2 1R
BRIZZ2 > T 5,
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FSR-406

FSR-406
0.1 ~ 100N 0. 1N ~ 100N
g ISwitch
M
100k Q 100k Q
/'\ Output Output
/T Output Output
100k © 100k Q S:l
\ L
L
Ehtoy— L Entoy—
FSR-406 FSR-406

0. 1N ~ 100N 1 0.1N~ 100N
+12v round

B 1. JES) ' Y —(FSR)FHHIE A AL X
(4ch (AR DRIFEIX T & 5 23 8ch LA THRIE)

X 2. FEEICH B E D o — AR
(4ch AT 7 X2 L AIZEHCHI X 8 &4 )



1.3

FSR (22U T

FSR(Force Sensing Resistors)i& PTF (Polymer thick

film :

ESTERET 4 VL) TRAL ZAD—DTHY .
T 4T T bI=H (ER)

DN L

VW, BERIEHUE D T DRt E R > TV D
B B IR INT 4 DK R 4 % I E 5

BRI

HRDNBRNLES %HE2 5%,

EEVA

SRR 7NV A — LD+ B %IRETH 5,

X 3.

FSR® 406
38mm Square x 83mm

il L 7= /& > ¥ —(FSR406)

PLF, FSR O—fmftERIC DWW CREIR T 5,

# 1. FSR O—flflAk
HH T4 fii %
73D FEFNHEH IN to 100N VAT MG
(AT
FE) ot | 0.1kg/em® to VAT MR
10kg/cm? (IRAF
I /MR E 20g to 100g v AT A &FSR
ORERE AT
ARy RATZHE | IMQLLF AL ERL
PufiE
TNA ANE B IRPUE A
20 Z % EINTHNES
FFfin 1000 J7[E LA Eo>
R LN L T
Z 5
ek A T R P -30C to 70°C 7 4V AFRMIC
A7
B KA ImA/cm?
J A ZARENT KT | e L
SRy %

EARDIRIZ U AT DHEEDIRFEN R E WV RICHE
ETHUEBRHBRNG SRa A MRT 4 —~< 2 2D EH
LEVWBFRIIRWEEZ BND,

2 EBE

2.1  FSR O E ik

FERR Y EITH D Pull-out EREEZFIH L
Glomk R BRZ1T o7, E L LTI gravel No.l
(Dsp=3.2mm) % f\v, oA/ BEFIR) O/ (it
40 mm X A 50 mm) (2} 4 DERIZS] > 5R Y J5 I 1 A 1A
G TCTIEDMFHIIC X D HEIZ FSR & A iA # gravel C
oMzED 5, Fiekat otk b 3 B EIcEHRE sk
L7z,

X 4. A (A1) 12 FSR Z B0 11T 72k

AT HIEIZOWTEL R D 2 SO HIETIT o 72,
1. YA BAOEMICER FSR ZRET 2 J71E
2. VARV OFKEIC FSR OZEhHE & [F Uik s
bR AEE L, £ O LIC FSR 2% &35 Hik

BT FIEIZ W T 2 SORE L2 3 5B
M & L TIE FSR ORERINC LY 7 — X2 LDk
ERENECDDMNIONWTHRIEEZT 520D TH 5,

1. DIETIES 28R 0 GBRIF ICHE T-[F D gravel 73
) < BEIZ FSR O E SN TV DHRIEZ O VAL OB
RPN EZNAEROEIZE 2 D BN E
Z 6, TOEMERENE % FSRICK D hoZdhE L
L THEFHHTE 5,

2.DOFETIEIDH LD EICBRAREST S Z L
TEHUl SN 2 A B VISR O HEFE & [F— 2>
RbDERY | BRI T o 5R D MO NS DR
B2 bNAKE. UAEALORFTHRRE LY Hiao
B & A S, FSR IS5 M EICH] - 3 0l
DIFN OB EZ T H T L5,
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22 REOCHM

AR OREIC P A L~D FSR O E HEIC L V15
ONDT —HDOBKRENREDLSTL B, 4AH
ZEHERD 238 Y D FEICHOWTITV, PR THEIC
OWTHEH LR T LI 2ERDAMNET S,

EE 0 Il e G e e oY VA Y= MW b B I R VA R LY
FNZ 4 >0 FSR % 5l -3E Y HaMANZ 5215 i % i 2. C

logk Y FRNZih-> TESIL, YA BADRE 55D
AL D ERIZ FSR T gravel D )30 0 4asd 2 REfH] O FI
DL &4 CH @ FSR O J) ORI RY 72 FLEZIZ DU T
BGEE1T 9 FEEIRE L2 (K5),

X 5. Pull-out RERIEE & oA /L P RAEL]IC

X4 ZRE L THDOIRD

FSR

X 6. SZBRATOHEE 25

B 6 DERIZEERD FBR TIXEFHOHIZ FSR A HLY
I ROTAEALRGHY | 2O FE EIMANIE
ELTCHEAZBL Ce— REMIZEE. 5loEDR
BREEE C 2.5 mn/min. O E T FIIZF R B D,

MR E DO v — RE /XY A 'O EIRIZNND
frEZFHHI L, FSR (XA O .U EORETO
D)% R EEPTEICEH LIRS 2720, oA 'LD
RO ARG RPEFEONDHE LR D,

3 ERRER

FEERFEFRSWTIL YA 'L~ FSR OFLY T 5
WXL DK T —HEBEMADOT —X i kv
BonT-RERFERZ L FRiRT 5,

DFAE

3.1

50

30

10

FSR (N)

EOHE)

FSRZRLVZ5I2RY R s ICHERYFH1-358)

AL DENE DD N T—& LTD FSR
T2 DOFER (B

Pull out «— CHIl CH2| CH3| CHA'

unég

HEHEBIRY
L]

160 =#=CHI(N)

Time (Sec.) —o—cra(n)

—r=CH3(N)
=—CH4(N)

-30 | 2 6B /
50

70 L

*EFTUALOUMBERE (0) ELTET—4NB3LBTI T IELTNS

% 7. MR%mwt&o%U%%
(A BNVTEERY 725

FSR % [H Y A /VIZHY (17 72556 o FHANRE 3
ZB 71T, HPITHF ORENE & Z kG
THT—HERLTHD, AKX — MNREOYIHIE %
HIZON EERL, RO CH 8 2MH % 41
fELTHRLTH D,

X 712 ZAUES FSR o —DfIH O 55 -
3RO R ORI T, DOBRHT LD,

R TZAT DINIT A BADNEE D D ERICH]
WD TR0 dih, % gravel B TiruxE LT
ZERPIR A CHLE LR TUABAVELO gravel DYL
MEVZ > T FSR AT D NI BRITEED T, 22N i
AN 70 < 7o T2 BXMEC gravel O E2NFEE FSR (C
DIV IO TN BRI TV ILE R LTV D,

EARDE) X 1RO DITRRICB W TR A IS BN
W 5 &4k D ZERNHE VMR D &
FSR DN RTIEE D, £ ORFREZE E 4 &E
#ZL, AR A L FELTRLTHLZONOHITS
VBB Z MR TR L TWS, ZHICHNIEF -8
VAGEIC &V 5 £ FSR TéH 5 CHI 726
CH4 DJIEIZREfIZE (B U4 P2 TRED @ 51 66 B
MRS 3 BHEE) TEHEHLTWSE, 72 CHI

gravel [T &
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736 CHA AT IZENWT A BT D FIDd R E L

7o TCW5, CH3 [IFEBOFESL TN K SHKE LT

DOJFEOFREME S & 0 MEEDO R AR LTz,

32 UABAOEIZBOO NY H—L L TD FSR
T—H OFER (B & IR EDEA)

FSRZRUV=5I-RY R (saM LICSIREITMY F H 35 E)

Pull out «— cml cuzl CH3 ﬂ
40 SR

% EREHIEY
BROREAN

=g CH1(N]

—a—CH2(N)

FSR (N)

= CH3(N|
e CH4(N]

160
Time (Sec. )

*EFYURNONABEERE (0) ELTRTF—4NB3ILEMTIF7ELTVS

8. FSR # /=5 -3E b ;R Ex
(A B NTERN & IITH Y (T 72558

FSR #Z[E Y A /T (117 72556 O FHlRS
Z2 8 1T d, MUK T ORENE & ZHITKHE
THT—HERLTHD,

Z D —ATIL FSR ORIZEMR &2 kA ATE 1T
PAERNMIRELTH D, K-IZINITGI -5k T
TV CH2, 3 MRE RN AT TWD, £,
BJ 7 I3 B R WZERR S L E HATRE D S D FELALA
BB, SFR 285150k Y o SOl 2 & 52
DA IVOERR gravel DZE[R & D TN < BRIC

U DNOEBEZ T T RWEEEIRT 5,

FSRZERLV=510RY R
GilsaM ICHERY =58 LRREEALISSE L0 ER)

50
Pull out «— CHll CH2| CH3| CH4|

g CH(N|
Time (Sec.)
= CH2(N|

= CH3(N,

FSR (N)
'ar;

w—e=CH4(N|

X9, UABMIEERE LZGE SR EkAT
LB L D% CHEBO)OFER

B 9 2T AT ESGRE LTS5 E LB E A TS
Bt D% CH MONDOERZFRL THD, T
(ZEAUE FSRIZEI K Bl 23R D M SN B AET
TWEORENTEY ZORBRT — X DERE L
TRINTWVWD,

0 FED

4 [A FSR % W72 2 SOEFHAITEIC>WTE R
TN 2 DL R Rl 5,

1. UA'MT gravel 235 2 51O & 1%
H#Z FSR #0500 fHF 2 FIC L, oA LVOERE
WELTHI-8RY Syt e iz, %7 (% CH) &
DiF#wmE LTRZIETEHIITE 5, 72, VA BALD
EIEHEILFARTH 298 D Ha o L LR E Y %o
W BIKROZEEZITRT,

2. TUAEBMINDDNDEI SR FRIOEED I &
ST 2 BRICIZERR OERZ2 M 72 & D % FSR & 54
(BENZYAEL) ORICHEE L, #HIT 2 FH o
WEEZMO RS ENTE, 5ok Finohzs
BRI T ENARETH D,

3. BloIRDBETA L D FSRIZHDND JJITDOWNT
4% CH OFHfEA L TH % & FSR T gravel 28 & D
B2 BERR O A5 T HS D 2 DN IR - T O FHAINE
NEET D720, BRIy —ABICEENLETH D,

4. FSRIZHDBINY OBV E T2 A I 7
BOWTIEAFNT —4 X0 CHI~4 DOJEFIZ 66 Fbff
NS 3HEICHEREI X H L TV DERGD o7z,

5. FSR #fif+ 5 FE ot Lro@)E REHIIT
. RHIEMIC Lo THONLIERICERRH D Z
s

LSIRIXTEINTH 2R B 2T O 7 & L CRTO %)
72 EIN D BRI RICE D FEMRIE R A S D L,
FTOIATEELRD 720,

235 3k

https://www.generationrobots.com/media/FSR400-
Series-Integration-

Guide.pdf#search=%27FSR+Model406%27
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St VY DB RO =H DR/ UL XERDBAS

3 RITIERESTAIA A —
OEE K&
OFf i) K5 HATE
L C®IZ

ITH,CMOS A A =22 OFENEE > TN D,
H1C ¢ Time-of-Flight £ (LA T, TOF ¥£) (2 K % FREESR
B Moo = AR IS < FRUT A~ TEE o/
a2 O TEMIERH Y, 2 = 2 F v —i)

IR EEBDLE LTINED SDOH B LD DL LT,

LRV EOTDDABENTO Y = ZAF ¥ —IC
D HERRHIEI O BRI HED HI TV D, BAMEA T T
TRBE7R & OAELE DI L0 eI L,
LA T KREREFE L 25T D . ZOREEL T
32 72 12,585, L AF D TOF k4 35 1 D B % % ik
BTN D FL L ZABS TOF BT — XA 22 AL AR B 1 TOF
%mmma@E’%wgmb)ﬂh*(@ﬁﬁmiz
NFX—Z LRI LD IEDORE L ZITIT W
BN EBTED NV RRERLS T2 2 L TAHEL
Sttt D b L e D @ s fEae s RaA a5 03,81
ROV ZNEIZ,LED OJSE THBE I N TWD.ZD
72, L—H A A —F (LLF,LD) |2 X D87z e fi N
IV ANIRDORIE N MLETH - 7.

1  Time of Flight 7%

TOF £ T, o4 &R S 7= 6D B Y605 B
SN, ZDHDBHEH S RP L TS TL H5ETD
N DORATHR A ZHHIT 5 = & TR £ ToO MRt Y

1
2

L=—&l,

f ] T T T T
§ 10 15 20 25 30 3 40 a5 &

B 1-2. TOF (£ TOHREE &

KD EMNTED.K 1-1 12 TOF O X %7~ L
72.2 2T L I3 8 £ Co R 1360E X, Td 1
HORATRI TdH 5. TOF IEIC L 0 $ff U 74 % X
12 2R T. 2O K5I 0355 Hns b kiR -
TL D ETORMAZFHIT 2 Z & THREME TOIE
BEmR 2 G352 LN TE 5.

2 LD GO B

BUR D 7L 2L, LED DOINE TR STV 5
F D7D LD 12K D72 72580 A SGIR OB 3E 3 s
B Tho7-. 2 FE TO LED Tid/ L A1 13ns F2

=/

-\J

e Ay

]
=0
_JU,
=9 ;
(23ER) EFfalstia

1-1.Time of Flight 7 ™ i 21
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DISENRBIRCTH - 7272, LED TlE72 < LD 2BV
T 5ns %%f#@/\"/ww%ﬁ%fﬁf% DR AR LT
B OHR O 1w O

Lk2elv
f:féﬁEmi,l/—W: X D SEBRES IE D 7=, R &
D TORFNY —% L—H =27 T 211D K
HNTEREF LTV 5.

/

#

X2 B L7ZLDYRE = br—F

3 FEREORIE

SERRIZ,13ns D LED YEJR & 5ns £ CTO/ LV A &34
T&E 2% LD WA, TOF A A — & ¥ CoHfifie
D LG TE 24T - 721X 3-1 23 13nsLED JEJi T Ok 5
Th D KEGHE T 80cm DA TO/REED 2.6mm
FBRETH 5. CHITH~BA%E L2 LD KR TOR KL
3-2 1279 .5ns @ LD HJE TlE,60cm O Hi T o5y
fiFREDS 0.9mm,80cm D EEEETH 0.11lmm & LED Y

WA TR FRED ) L CE 2 & bb.

25 ; 20
* Measured Range[m] N PP T
=20 | ¢Resolutionfmm]  ___ L 116 E
_§, : | i | a | —_
& e Lo ] 14 5
c15 o ¢ 12 5
é . | o 1 10 9
o 1.0 ) ¢ e 8 g
3 ® 16 Q
E] = =]
®05 5 4 c
[] b 12 &“
E 00 L L L L o
0.0 0.5 1.0 1.5 20 25
Real Range [m]
X 3-1.  13nsLED T g/ fRtAE
2.0 ! ! ! S
* Measured Range[m] | T
= » Resolution[mm] i 14 E
-—-15 B "; ”””””””” c
L) ' LA o
=) | = 3 B
c | Y E
£1.0 - e °
. . *
o sl ™ 2 é
o 00" %o, o
505 .o >
2} [ ] - ' 1 c
> T
2 [
= 0.0 . . : 0
0.0 05 1.0 15 20

Real Range [m]

%] 3-2.  5nsLD T gk fiFtie

4 F&

Sns FRE T/ ABRENN TE 5 LD JE % B3
L,13nsLED 7V A £ 0 & TOF A A — V& v Chrfif
RED LEMRT D ENTEZ. L, Tl
HERREME N B LTV D50 S & 0 JRIK O FH A A
HCTHDHAHBILTOF 4 A—T O KEK T T
DRER %5 2, ERICHE R EEE R 2P HRET
o N LRI IEHE IR A BRFE L, KI5 T T4 fig
RE DA ALFHN 24TV B AN T D E A b~ 1T T, 5
DILETHD.

A

ARWF5EIE, ISPS BHEWF5e 4, BEEhAFSE,No. 17H00361
OBRRIZE D 723720 TH Y, JEHW- L ET.
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Siemens ${ PLC ZFl\/- TESPEL ASIEEBOHH L X 7 LEAR

CUNIBER A, B DEEL A,

MIEC Y | HATER D, AT d A

NEREAFHEIIET BT
RO BRI ~ U 5 LR

X C®IZ

BERhA T CBA%E & 472 TESPEL(Tracer-Encapsulated
Solid Pellet)1% 7' 7 A~ HIZAHTH L, 7T X~
(RTINS AL T 2 a4 5 2 L3 T&E D, £
DE DA SN TAMIRLT X, 7T XA~ T h
L= =L LTIRDED OT, Rilihn 77 A~

C.TESPEL # A4 720 DMEE% PP DT T X~

EREEWT- XNt 595 Z & 1272 0 . Bl AT
DOFEWERE 2, FTEE NS ORIEZ =T T EEOH

7t -
A TIL, TESPEL At (&
LDFERIZHOWTHAT 5,

ML T, HIS 27 AOMSE R D T X7,
OB L il A7

TEDL I ICHEESNIONE VS HINCRIAS 1 S EE
ﬂ“( l/ A %) o
B \ o ) TESPEL AS#EE I3, K& < 431 THHIER & 228k
KA A E RAY D~y I AT T 0T B ‘
KEB O SN D, (K1)
Z A< EFEAT(IPP) & O EEILFRFZED—B & L
EEHHIEER shHEB
PGICCG3 PGICCG2 PG1
<€ W7-X BETEEEE q)
GV3 GV2 DiagJ GV 1 —— —— S SOV1
E':al Exp. -D'q- C:ambgr C:amblzer ] Disk
amber
l——€—0bs.
Pressurized
port szbGVGX |-|e|il|l,|m
1~ 3MPa

TMP3

cCGg PGD ’

\/

PGY AT

e | DR3 |
&—cxhaust %
_________________________________ Note: GV3(WTX), CCGg(Pfeiffer IKR070), PGg(Pfeiffer RPT 100):
| BT 1 Controlled by W7X CoDac only

1| HGP1: ARRELZE Hﬂ:iﬁ«zf’E—ﬁ(OV}i’\UEJb FAFTSS0CW (KR), 1
| JFA—S—10V, TC20 1
| TMP2: j?*(j‘?*-)\#n—i_\?i(F'V}E\z TMP HiPace 200 {7K:%), 1
| SER=5—PV, T 1
1 TMP3: 3‘7’(3‘_"—}\=F1_L\?i(F'V}§& TMP HiPace 400 (7}%), 1
| T FO=5—: PV, TCP350 i

DR1, DR2, DR3: 7L} f ST 1 8 DIS-90 |

| Bt EURIOHO—S5— (274 27—+ a—4L3HED 1
I MaxiGauge{l): TPG256A 1
I ChA: PG1: BS54 —35: TPR280 |
Ch.2: PG3b: 39— / TPR280 |
h.4: PGICCG2: B2 &O—JLFT — 45—/ PKR361 |
5 PGJ‘CCGS Ifj = E =S — 20 PKR361 |
1
1
1
1

X 1.

TESPEL A 34L&

B
FV1: PELINGEEY, R RaFv-55-2
SOV1: st —1—8R BRiEHfA{TE)

GV WVATHE IR — b )L (EZE: 10836-CEACF 1 14(LSH)

GVZ: VATHE UHWS — ) L ETE): 10836-CE24(CF 114)LS5)

GV2h: VATREE UHWS — k2 LT X 01082-CE2ICF070)(LSH)

GV3: VAT B UHWA — k) Lo (=) 10844-CE 24(GF 203 LA CHIREIL A3, v
GV4: VATHE BB ses — ) 4L (EE): 14040-CE2HICF 152) {LSH5)

GVS: VATHE UHWS — k) L EZE 10840-CE24(CF 152K LSH)

GV6: VATHE UHVS — b S (EZE: 10840-CE24(CF 152)(LSH)

VT1: 50— TR MW2E 74010 L (F )

VT2 VATREEE NW2E 75 L) )L (EE - 264 28-K A1
VT3 VAT MW7 L0 )L (EE R 264 28-KA21
VT4 VAT NW2E 7500 LT 264 28-KA21
VTS A —HN—T8R - TR Fahs (RIS

DRI & HIE % S
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SHEIZIX, U R 8—30> TESPEL {REFHERE
(TESPEL & 57 4 A7 LIES) & 1 | HEE 400~900
~A 71 A—hL®TESPEL # i K59 % £ Tt > b
THZENTE D, SR, Ul ELEEE D & AG
IAITEFERETD L, B FEV]Z B
& BWEA~3MPa)DANY U AT L 5T, IRERDJR
PIZ XV TESPEL 2345t &5, J4F S 7z TESPEL
FEEFPERI A Y WT-X O BEZEREMMNICAER S
7 I A= AFH IS5,

2 AT L

HIfH S AT AOEFEIZHTZY, v— A A®D
PLC(Programmable Logic Controller) & fif 52 = & |
EWV ) FUEDRFRELN TV, L LERAEIF G,
I E TR Z WA o 12729,

LSO Y — L O T EORAENHIZ L
OLMENDH ST,

RN B oD Lo, flfExg s LTid, &
YT eR. ST N0 E, BEZEFHOT —ZEY AL
28 L Y/ N Cd H 728, PLC X S7-300
U—=ATHolBRl, EELDOEZIRY GV
AT2VL—iTREE2TRbED & BEMNIC
MY SEL & e o o Bk 2 A MR &, KA
> BT ORMRAEE D R/ IMEDT= 8 B TOEZ |
SO COHEHOHIEHAR v 7 ANITHATELS 2 &
EL7z, (K2
DO 32/5x1

CPU DI 32 /@x2

AD 8xix1

IR > 7 2 DWNE

7245, TESPEL fR£57 1 2 7 OHIEHERITHI S A2 T L
ELTCBRIZTER L TR Y . AEDBAFES RN I
Tn5,

7 Z—Mffe> —/ & LT [STEPT Ver.5.5) % /3
Y@k PLC M7 — % @512 [SOFTNET-IE S7
Lean| (LAR# S7 Lean & MES)ZFIM L7, S7 Lean |2
IX. OPC(OLE for Process Control)¥—/ 3K (' VB.Net
HETHHTELIA 77 I NREENTWVD,

OPC &iF, v/ FA_ RS ELRD 08 ITF
oo CT — WA VRICT S, ZeTEEED
PEZEBEHOBEEFE TH D, SO AT LK
TIEZDAY v bEEN LYo T2, N
> Z @ PLC X°> SCADA(Supervisory Control And Data
Acquisition) MRIET 2 K 9 70 A7 A TIHEIEFITH
M2t A TH %,

HMI(Human Machine Interface) @ B 3§ 1T 1%
SHMIT(Standard HMI Template)?!ZF|H L, v /<
IUTEREDRFEEK 5T, OPC H— L DE(E
I OWT, BELERDEHRBIRONTEY R 1T
PERR O IR L & 727223, ST Lean fHg DY 7L
TaTThE A UAD Web N—U e En b1
TAERAIEIS, RALLENTEBYICTERIELZ L
NTET,

4 3.

HMI B3 DFRT

3 daH B

HARENTEE LIZEEEZ KA Y THAT 720
Wi, ERSE ST L U — A THE . AN B TEREE S
72 O CHEIRER b 7o TV B SRR A E L.
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ARy IR BN EHRD HILTWD, AlElE, PLC

DAy 7 BN L2 & &FEHT %
72 REEZE LT — A v AR, % E R

FORITEAAE L 7=,

— % ¥ v FA BN, T 2 &N
OFIHMH®E, BLOFEFOTEMFICH LT ThiLd
B TH 5, Bl S TOARWE(RA Y 2E5 T4 27
MENCAT T2 OS> F A — VN
G LR DT, AEIEFREELEKT LN T
=T,

4 FLo

RA > o PP & OIL[FEMFETH 9% TESPEL A
SPAEE DORRGEE - AT, B LOHIER OMEE A | 1
A A O BRI BE 3 L & 72> TIT 5 72,

2018 4F 1 A FAIC KA VICian) TRk S, F4E
THMNBBBENS WI-X DT 7 X<EER LY AFE
BIJE LIASEN BRI 5 TETH 5.

FERREIES A E D & HAERBRTRON G2
Doli@EH EO N7 70, BERE O IBNMKIE NI A

THZENEBEZOND, €O LY
JETTED X HIT, EREHINIC
LAERURELHEL TN,
AL, —A AR PLC ZAWEBZE v
iRl EEREEHOEERK TH D OPC R,
i HBHNC BT 2 RE b 152 Z &N TET,
BERAAF Ik, &R EIC LS < FEEE LRI
ERIATON TS, A% bAKOKEEZZ TS 2
EWBEZONDTD, ARG Uy 2B L
HHICHIETED LD, K22 TBEU,

ZH 3 <lTxf
%%%wﬂ@/xT

I 4. FEERTO TESPEL ASEEE O REF

23 R

[1] ZHpE: 77 X~ - BRGFaE 56 91 BE 4
5(2015) P.251

[2] https://www.ipp.mpg.de/w7x

(3] AUEFIEHL, fh,  “EPRERAE - BEEUH HMI 7o
T L— FOBHFE”, PRk 28 A R R ERR A

st mEE, Ak 1543 A, P-3-1

245



70T 52V EEE Python A= STARS D EPICS #— ko =4 TR S5 LDOBR

KB FEF INVE B
i T L — I SERE A W SR AR TE TR YE R R FE M R

e

STARS (%, TCP/IP V7> &AL TTF A ~D
A=V DEZETI IV IAT VN - =D
BEARYZ b o =2T7T, $=NE7v 7 I 755
Perl TENN TV D72k~ 72 OS TEIET 5,

%72 Perl, C, Java, Net, Python k% 727" 10 7
TIVIERBIIRS LA V=T 2 A ATA4T T
USSR IIEY —VEfioC s IA T N Ta s T
LEEL LN TE D, STARS (FA—T vV —2 L
LT Web TABILTEY, ETHRHARETH 5,

ARWFFE 2 Tld, MEEOHIESE Tl Sh T
HEARY 7 N0 =7 BPICS x5 & L7 STARS D —
Y= A T 07T AORBEOHIRICONTHET D,

1 STARS

STARS!"?! (Simple Transmission and Retrieval System)
T R VR ) BB 2 It 20 3 € oY s e 0 1
7% (KEK-PF) CRHZ SN HAY 7 b =7 T, KEK
BHHDOE—LT7 A4 HEHRC Y=L T A A H
—By VAT LETHEHSATWD,

STARS (%, 1 2® STARS #—/ 3 L #$ 7 STARS
7 TAT DR S AL, % STARS 7 7 A4 7~ |k
. TCP/IP ¥ 77 v b Zfi ] L T STARS ¥ — N #fi
T %, STARS 7 74 7 M=z =—7 a4l (/) —

F4) Z#FfH, STARS DT F A b 74—~ v MIH
ST XA MNEEZT H I LT, STARS $— T HE
BT AMOSTARS 7 FA T b DT 7V r—3
CHEEEIT S,

2 EPICS

EPICS™ (Experimental Physics and Industrial Control
System) %, MNE#ZER % 1L U & 725 KEE 22 S5k H
IR OBIEECHER I TS0 Y 7 by =7
7L —AU—2 T, KEK IZBWTHZ < OIEHEFD
Fl#EcHH STV 5,

EPICS [3H—N 7 T4 7 PIU AT LT,
TCP/UDP ZfEH L7=F v » x/L7 7 & A (Channel
Access, CA) EPFEIZINA 7 ha LR LT, ==
— 7 IR AR & ER O RREZ$ (Process Variables, PV) @
EOZRE OMEO LRI L > THIEEZITH>, 2D PV
ERTL2ORY—N"TarsInkind,

3 STARS EPICS #—hU=A 70T T A
\ZoOWT

STARS D EPICS 7 — 7 = A 7’11 77 L |E STARS
DI TAT L hTa T LELTELTEPICS 77
AT s nE LTEETD, (K1)

STARS EPICS 7'— MU =4 7’1t 7/F L%, STARS

-
e S
A " TCP/IP, - CA Process Variables
=P STAR g S [ARS EP o | 1o |
Name translation file
101.Vall Devl.Vall
102.Vall Devl.Val2
B4 1. STARSEPICS 7'— hU = A 71/ J A&
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235D PV OIS D EAFER 252 1 (115 T PV
DE~DOWEDLEREEWZ 2175, F£72 EPICS
D> PV OAE DT 2 BEAH L EcH D PV Dfi 4 STARS
HNCEET DHEEZ B LTV D

3.1 STARS EPICS #— h U =A 707 T LT H
STARS # v & —

STARS DF F A 74—~ ME. [EEL/, —
R + [>] + Isase /) — 4] + (223 + [

v = UFH|] L7725 TE Y, STARS O PV Off
(X HEREER & . STARS i~ PV O O
DFEITHIET D STARS A v E—I3UFFNEFR 1 O
WY TH A,

# 1. STARS (2B % PV DfE~DILERIZ
KT D A B— VT
PV O STARS 2 vt — Y 3FF
EiIAYEY skca “GetValue”
C&<) “SetValue”+ 281 + T[]
BHTOMED | “ ChangedValue”+ [Z8H ] +
HME e

STARS EPICS 7' — h UV =A 7 7 Z LA &FIH LT
KEK-PFDOPF UL ALy MEDE=ZY v T %,
FEREZZ — I F L LD STARS A v B— Y D% T
ITo TV LT 2R T 5, (K2)

$ telnet \oca\host 6057
Trying 127.0.0

Cornected to \ocalhost
Egg?pe character is

terml <password>
System>terml Ok:

System>terml>
ezip?." n mg. GetValue| BETOKE-PF )80 L 0 FOMLEHhE

C L
e?spf .PFRine.0CCT>tern] @GetValue 435.8089791] SERMKEK-PFU 5 H L HEQTERE
e2epf .PFRing. ICCT GetValue

e?spf PFRing.OCCT>terml @GetVa\ue 435. 7723287

System> @
System flgon e?spf.PFRing.OCCT| STARSIZ& 1T BHHEK-PFO U LS L HEDEZ &) » FRIGIET
System>terml @f [zon Node eZspf.PFRing.DCCT has been registered.

eZept .PFRIng. ICC > term] | D,

eZspf . PFRing. OCCT>term ue 435.5000335
eZspt .PFRing.ICCT>term
eZepf .PFRing. ICCT> term
e?spf .PFRing.ICCT> term
e2epf .PFRIng.ICCT> term
eZspf . PFRing.OCCT>term
e2spf .PFRing.ICCT>term
e2spt .PFRI alue 2.4399367

200t PRI, DOCT {2 m] Chengedialy 545
wsten flzoff e Spf.PF ng. DCCT STARSICHI1FTBRER-PFO Y 5N L 2 HEDEZ R U U SR TR
eZept .PFRinz. erm ansedyalue 435.4587572

System>terml @f lzoff MNode eZspf .PFRing.DCCT has been removed.

&
=N
=

RIFOKEK-PF ) o Fh L HED B#IEE

A DA 8D
=
@
5
. o
£ =
&
=
=
=4

>lerm

o
=
&
=
=]

2. KEK-PF ® PF U 7 L MHEIZ
B9-% STARS D A v & — k%% DRk
3.2 EPICS @ PV 4 & STARS / — R4 DZ5#

STARS EPICS [AHA. T PV DfED T — X Rk %17
I 7= OIZIEX . EPICS D PVA > TEB L LERDH 5,

STARS EPICS ¥ — h U = A 7’07 T A TiX, 7FA
RR—=2Z2D7 7 A WMZH BT PV 4 & STARS O
J— RA4ORIGERIBLTEE, vy 7 ARLEE
WZZDT7 7 A NEGHRABZDHNEFIZE>TT v s
7 LDOHT STARS / — R4 & PV 4 OB 21T

Do

4  Python i)t STARS EPICS 7' — F 7 = A
1 77 LGHTE OB

4.1  Perl it STARS EPICS #— b T = A 702 /T A
DR

2013 2T 07T I T ERE Perl & W2 RO
STARS EPICS 7' — h 7V = A 70 77 LW S 472,

ZoO7a 7T A%, EPICS @ Perl S5fA v 4 —7
= A A% T, Linux OS TEIET 5 Z & Z Rz,
EPICS |0 PV DIEDOEH MR T L7 n R L
STARS Hh— b aIa=r—a %279 7rtX

T ek AMEE O E R LT
STARS EPICS D7 — Z fizik & EBL L T\ D,

Perl j){® STARS EPICS 7' — NV = A 7’00 /7 LD
STARS EPICS [H] D7 — #2634 L CEMET 5723,
— H. EPICS il & DilfE#eke "8It T L E 9 & EPICS
D PV DEOELZERT L7 m 2R T+5—
FHTSTARS =Nt Daa=lr—va&2i1H7
o A3 | EPICS @ PV (27 27 £ A TE AU R
THDHDIZH B 5 STARS 2 S I EF ICEMEL
TWEND XD ITHZ DIREED eI 2,

KEK-PF X, STARS EPICS #— hU=A 71/
T LEHNT, SR T NV—T N EEET S EPICS $—
NEA LT, EEHETOCRM S B — LT A AT
—va BT TIE®REZL Y £V LTEY, EPICS

(ll

loBEREICRTT 5, EESIT EPICS H— DR
L D2HONITEAETHLN, RAEREIHNA
BLhhoTET-,

STARS (21, STARS 711 /T LD 7 1t ZE A &
1T 9 ’manager” £ FEEN D 7' 0 7T A3 ) | STARS
DT AMEIE LG BB THER S 5
#LADYE H DT, EPICS il & D iE{E LIETRF 12 STARS
EPICS 7"'— NU =A 70T ANRFERIIKTIHED
eI T O MRIR & 72 D,
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4.2 Python i)t STARS EPICS 7' — h U = A 711 /'

LDBHFEITE B hk

ZOXS RO F 2017 FFEIC, 2 KT
2 timepix” @ STARS Hilfil 7 7 7" 7 L O BARSAKIE DY FF
T HiT,

2 WITh 28 timepix” (2 x%F L C I EPICS @ 2 Kt
BEEEE Y 7 vy 2 TRk s TR Y,
STARS EPICS 7' — U = A 7'ma 7' F K& T U,
STARS Z M+ 2 E— LT A Sl 2T LMD
EPICS N— A D2k thttids Y 7 b v =7 ZAilf# L 2
WICIR i as timepix” Z BT 5 Z L W A[EETH 5,

WP, BEFED Perl ~X— A STARS EPICS %7 — |
VAT a7 AORHERT LR, LT OBEE
/& Python Jilt ™ STARS EPICS /' — h 7 = A 711 /' 5
LB DOWREIZE - T,

o 2 oLk R timepix” O il fHI HLA:

s EPICS ® Python A > % —7 = A AD PV Bfii
BRI OO o1 — LR 7 B D YR — b

*  Python it STARS A > % —7 = A1

2 Itk H#R“timepix” Dl 1 £ & L T, EPICS X
—AD 2 WILHRHERY 7 b U = T OfIfEOMIZ, H
&7 7 A /W(TIFF B0) & AR E L7z FHRALEE S &
D, HEIATIZIBRRELTNWDL TR T T IS
Z735 Python DFIHNT-WA~ALNEITH D, SHIT
EPICS @ Python - > % —7 = A A & R4 L 7= ft 5.
Perl I CITFEE SN TR o7z PV BRI
D=y 7 BEERREISNTEBY . 2 EFIH
L T EPICS il & DB(EREFR DT 1 7T MET 245
GIWCEBT HZ ENAREL o7, £ LT 2017 1
KITIL STARS D Python S35 & & —7 = A AD ]|
23520 L. Python & HIU T STARS 712 7' 5 L 75
HIZHABTCE L LI oTWie, BLEDOBEHBN
Python )t ™ STARS EPICS 7' — bV = A 7’11 7' F LB
HaED LB L 2o T,

5  Python it STARS EPICS 7 — k7 = A 7
v 77 AOEEEREE

STARS @ Python A > ¥ —7 = A A|% Python2, 3
W& AR— K L TW\Wb, &L TEPICS @ Python
Y H =T = A ADEERMIT 2018 £4F 1 7 R ALERT /S

—3 =3 327 T EPICS @ Channel Access Library

(3.14.8 LL E) | Python 2.7, 3.5, 3.6 (%) L7p2-
TU %, STARS & EPICS £ ® Python 1 > F —
7 = A AZ Linux, Windows OS [fi /5 CEI{ET 5 23,
Python it STARS EPICS 7' — U = A 710 77 LT,
Linux OS CTENET 5 Z L 2RO BIEE T 5,

KEK-PF C Perl i)t STARS EPICS 7' — 7 =4 7'
7T LPEEL TV SREAZFHELLL ZAETO
BR 5% C EPICS Python A ¥ ¥ — 7 = A AEWESM: %0
ZLTWk, ZLTA YA M= VHRRF2 AV M E
Z:fii L C EPICS Python A > % — 7 = A A" pyepics” D
A VANV EATORER A VA = TED D
LR LT,

EPICS Python £ > & —7 = A ZADA A h—)L
B LTEBEBRE O 7 v 7 7 A VI T 0@ Y TH
5o

e OS: Ubuntu 16.04.3 LTS 64 bit
Channel Access Library: 315.1, Python 2.7.12
e OS: Scientific Linux release 6.9 2.7.3 64bit
Channel Access Library: 314.12.3, Python 2.7.3
e OS: Ubuntu 12.04.3 LTS 64 bit
Channel Access Library: 314.12.3, Python 2.7.3

6  Python i)t STARS EPICS 7*'— Fh 7 = A 7
v 77 LDOBRA%E

6.1  STARS EPICS 7'— h 7V = A HERED /N v 7 —
7477 U1k

EPICS @ PV 4 & STARS J — R&4 DOEHHT % A
N7 7 A NV DFEIr AT % T STARS « EPICS [ D
T — ZHRE TR AR Z £ & © 72 Python D/ v 7
—V 7477 Y DO EITV . STARS EPICS 7' — b
VA7 a s T AT TR, o Python 71 7T
LPBRHATE S LT L,

2 IR s “timepix” Dl 7' 1 77 F K220 T
. STARS EPICS /' — h T = A Ry r—V T4 75
V&R L TR EITo 72,

EPICS @ PV 44 & STARS / — R4 DM 7
7ANVERXRDOREL

6.2

STARS EPICS DT — ¥ $5ik&4T 91 2H 72> T 2
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Wtk t#s “timepix” 4 CHEMH 9% STARS A v &
— I, STARS EPICS 7' — b U = A 7' /"7 K THl
M3 %% 1 D STARS A v E—UTIXREY 22w,
STARS A v E—VH(LEICERTEDHLI, 774
NEARDFLE L E1T -7, STARS / — K4 & STARS
A=V OB EDEIIK LT, EPICS ® PV 4
CEOBMEE ST BND L HIc Lz, (X 3)

HPYHAME StarsNode- ACCESS- STARECommand
13TIMY caml thcguire -+ R [sBusy

13TIM icaml shcouire -+ W:1-Start

T3TIMY tcaml thcguire - W:0-5top

T3TIMI scaml sAcouire -+ E+ _ChangedIsBusy

3. EPICS ® PV 4 & STARS / — RZ D
BT 7 A A A= (FLE L)

6.3 EPICS 1R D5t W s o b its

EPICS Python A > % —7 = A AN+ % PV 4%
e QTR 2 — L Ny 7 BEBERE 2RI L T
STARS EPICS 7' — h 7V = A 7’10 77T LT T, PV G
FFIZ STARSEPICS 77— F U = A T 7T KAl T &
¥HEIa—TFT 4 T EITo7, FRllcTrTros 7
LDOaA—T 4 T ONEERNT 5, (K4)

HPVHEFBFITEABFCal | BackRAEL
def onEPICSConnect ionChanged (pvname=None, conn= None, xxkws):

global st
zlobal epicsstars
zelf = epicsstars

SHE 7 7 1L TPYEIC %E-Jlibhﬂ\&smns) P& A BRI

|f(s(arsnude is not Nune and evenlcummaﬂd is not None):
iz o ftRE
py = se\f.getpuinslance(rﬂvname)
if(pv is not None):
if (conn is None):
st. termlnaleMam\oop()
elif(conn == True
st send(starsn?de*r >Bystem '+ 7_Connected”)
eli |
\ﬁtwﬁﬁ FOSS LERTERELhDaT 2R
st.sendistarsnode+ >8ystem "+ _Disconnected™)

|st.terninateMainloop ()]

X4, s AIBTS
EPICS {HIl# ¢ D iRE o LB D Felak

7 BV T NY =T O L OGEE

7.1  EPICS ¥ — 3 & i@ 15 LI IR O Eh{ERERR

Python it ™ STARS EPICS 7" — NV = A 7’10 75 A
ZEE) ST VU £ — h® EPICS ¥ — NZHHE S8 T
MHFR Yy KT =7 —T ) %5 & BT RTRE R,
PV Bl LTI 1 — LS 7 BISIFO I S 4, 7
0T ABKTTHT EaMR LT,

uh
el

7.2 EPICS I/~ 6 D PV DL AR OSLAE ML D

ey

k=]
s/

EPICS flI7>5d PF U > 7Ly hOEFED
STARS (28T 2 ZEHEIZHOWTHEREZIT72, 2
NI =0 DT T 4w 73R e EBET DDA
IR UG F CORHANTEE L 25, Perl iit& Python
Jix?> STARS EPICS 7' — bV = A 7’10 7' T L Z BT
BESEL A, M7 r T A0 BZEREN 10
ORI CHRI 23 [A] & 72 0 | Perl i)t & Python iU G2 {5 4H

\ZZEMN TN LB T E T,

RIZ Perl it & Python fiitifi /7@ STARS EPICS 7" —
Mo T 7T LEWAT L CTEESEZE 2 A,
FMCHA I TRUEZZETETWD Z LD
P T&E 7, F7- Perl R, Python it HiAM THEA L7285
B LHBR L TZEREOKR TR ORI o7,

S BT Perl it & Python Jiftifi /57 & STARS EPICS 7
—hY A TS T NEWAT L CTEMES |,
it STARS EPICS 77— b U = A 7’10 /'T LZX LT D
7 STARS 7> &
ETXANEBIRETLETOa~ R) afkE
L7=& Z A, Perl it& Python UXFRI U XA 2>/ C
[fl U %325 T&E TV A RZEREIE FAR S
72, STARS 7> STARS EPICS #— k7 =A 0 /'
AORIWEDEMIREL 0 BoLa, ZERE 10
B TH 16 [B1 & 72 0 STARS DGR WG HE A 722
UVIREE & L TRABERFEICH L M RIE TR R b
72, STARS 76 ORWAOHERIIEZ 0.1 FIcEH S

& ZAF BT 10 FRNCHK 22 [B] & [mIFE LT,

STARS 2> 5 OWA b L 0 B & LAl
ZAERBOK T NEE L e -BH & LT, Hiflic
STARS H— W HEH&H7- 0 K&ED STARS X vt —
VENAFIZAEL L TV A DI & T B ATHEMED
B2 LN P RERILIE N TRV, SR
A TU9 & STARS 2>5 STARS EPICS %7 — k7 = A
a7 A~OBWEDbEMEEZ 0.1 BT H L
TZAFEH DK T A2 FEETE TWVWDH Z &%, STARS
O PV OfEOMWEbEa~y ROXEZLUMSTEH
STARS @ PV OEFOMEDOEEHREZETLHZ L
TPV OEEEST D Z L NATEERO T, EH EOM
BT Z I nWEEBE2 N Z 0D, BIEMET
X STARSEPICS 7' — h 7V = A ' 7T MMEM D EJE

RS

Python

“hello” =< > K (“nice to meet you.”

249



FTARERELTHASNTOORAE A TNETZN,

7.3 2 Wk HER “timepix” HlfH T v 7T ADOARE
AR

2017 4 11 A2, 2 Rookttias “timepix” 4 7 m
7Z 5@ KEK-PF B — AT A L COREFIH % BRLE
L. STARS 75 @ EPICS @ PV OfE D EHLEW I
JOVEPICS l> PV [EDT =X v 7 flHEbE
TR OBELRENTATEBY, ZREToOL
ZARE T TNAL R ARG T L TWS,
AR

2 ook thds “timepix” HIHNZ XIS S 5 HHYT
EPICS @ PV 4 & STARS / — KA DEMH 7 7 A v
DRI D RE L &#17 > 7273, STARS EPICS 7" —
N2 TR T T ATPEFOY 7707 7 A UER
SO DOFRBEITO THhIZEZA, £ 1 O
STARS A v E—VIZHIESE DOV E DD PV (T
UGB URTE Bl LT 3 (FOITORIRN M & 72
DERNDEME L IeoT-, DVWTIEHEY 74 LERX
DIE L & 2 WIS 7250k D 72 ET 5,

% 72 KEK-PF ClZHIfE STARS |2 81T 5 Python 7' 1
77 LS OFEREAL DS BIIRHEIT LTV 5 A, Python
Jit STARS EPICS 7' — U = A 70 7' F L L 2 IRouhk
HER “timepix” HlfH 7 v 7T L OB IIAE WL A R
MENDHINLEFL WD, /7500
U — A2 L CIL STARS Python 7' 12 7' A DFEHE(L,
WZhbETru s L0EXELEERT S,

7.3.1

8 FLOLAEKDOTIE

Python it STARS ® EPICS 7' — U = A 74 7 F
DOEMEILXFER IZLE L TEY Perl MR Z TV
REERRT D Z LN T,

Python /it STARS EPICS 7" — b7 = A 7’1 /"7 AT
DWW, 201842 AN D PF B L NPF-AR DY
JIERELE I CRATEM 2 O AT EHICE) 0 B % %
KA 1T 5

A%, £ EPICS @ PV 4 & STARS / — R4 D
7 7 A VB % i S Python it STARS
EPICS ' —hU = ANy =V T4 77 HHES
¥5,

% L T STARS Python 7 17 7' 5 L DFEHEY, A F e &
HTSTARSDEPICS 7 — U =A 70 7T LR 2R
JLRR R timepixHl#H 7 v 7' 7 AOHEEZ HEE L T
W<,

BeARINC I, i R o Perl it STARS @ EPICS 47—
N = A 71T 5O Python ilt~DE X 1z A1
<,

23 3CHK

[1T] T. Kosuge and Y.Saito, “RECENT PROGRESS OF
STARS”, in Proc. PCaPAC’05, Hayama
2005.

Japan,

[2] STARS, http://stars.kek.jp
[3] EPICS, https://epics.anl.gov/

[4] JKBHET-, /NEPFE, “STARS Python A % — 7
= A ADORFE”, Rk 28 B ER A Hiff
e, PRk 29 43 1
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BeagleBone R L= ZILT /L RY—/N

NERE, AT A
R Ve na BE DI T A Sy R 2 i3]

L

8 T L — I ERA FeREAE Photon Factory @&
— LT AT, RS232C A V¥ —7 = — A% FFD
Bé#sF 2, Ethernet 7057 7 & AATREZR L U 7T N
A AP —=_ZHHLTWD, LarL, ZHIXUSB A
VH—T7 x—RAEFFH | PC FITHR ORI A
COM port & L THERET 2l IZFIH TE 220,
Fex X, &l T Linux 23E){ER]HE7L Beaglebone % 7|
AL U T AT R — R ER LTz,

1 Y UTIT NS AP —

18 =R L X — R FEE S Photon Factory (DATF
KEK-PF) (Zi% PF-2.5GeV K" PF-AR DtV v
ITHRHY, vrrm ba U ERE LRk 7
FEBRPITONATWD, BIfE, PF-2.5GeV Y v 71T
22 K, PF-AR IZIZ 8 KD A A L E— LT A U HFHE
INTEY, TNETNDOAL U E—LTA 0L 1~3
DT T FE—LTA L IHESh, Y rn b
VHESIEE =L T A UINFRERTENENDE
BRAT—3 g L ATEMND,

KEK-PF Cl&, B — A7 A VPR E R T 5720
DAT B TE—Fary tn—7, ERT—#
AT HHERR L, He BRI ERN S TE
D, ZNHIFNA—=YFLarva—2nbilEn
DON—EHITH 5, BT Tl Ethernet 1 % —7
= — AR N LR o TETWVH A, RS-232C
A B =T x—REFOMEm bR IT RV, Zh
O OBEERITKINT D720, Fox id MOXA #:0 NPort
REDVVTNTNA A —NEFEH LTS, Z
NEDL VT NTNA A —=NEMEHT L L
RS-232C #%+ % Ethernet #8H THEAET 5 2 & 73 rl6E
(K1) &5,
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YT ILTINA RH—N

RS-232C

RS-232¢ Ethernet

RS-232C

RS-232C

X 1. U T AT NA AP —N

2 STARS 75 OF|

KEK-PF T3 — 247 A Ul L HIEH DY 7
7 x7 & LT STARS (Simple Transmission and
Retrieval System) 1214 MR % & 7V DRk
DENWT AT LEEH LT 5, STARS Tk 15D
STARS Server (2% STARS Client 7% TCP/IP Socket
ERMALTERL, 7XAIR—ZADA v -k
EZTDHIETHE Y AT A& FEHL TWV5D,
STARS Client [ZZhEN2=—2 72 [/ — R4 &
FRIEN 240012 HFD, F£72. STARS Client OFHH &
LTy T 74 a—F A o B—T2— 2D LD
72 User Client, FZFED/N— R =7 Ol 21T 9 7 /3
AARTAN=D XS 72%H %232 10 Client 238 %,
2 1L STARS IZRAW T D a~y Rk & R L7zb D
Th b, BlZIE TTerml] LW H /) — R4 & FEo T2
User Client 7% Devl] &9/ — K4 %EFR->72 10
Client 7267 —# Z 4G L7c WAL, Terml ] 1%
STARS Server (Zxf L C [Devl GetValue] @ X 5 72
Devl] Z#HTHRICLIETHA MDA yE—TVEE
%, STARS Server [Z L VD . 2D A »&—1F 10 Client
ToHo Devl] (2T HNDDOT, MDevl) IFHERIC



Term1
(GUI Client)

(1) Devl message

(2) Term1>Dev1 message
(3) Term! @message

(4) Devl>Term! @message

TCP/1P

STARS

(Simple Transmission
and
Retrieval System)

Dev1 TCP/IP,

(/0 Client)

X 2. STARS TP =< Kik% (STARS Web site
http://stars.kek.jp/ £ V)

N= R ZT 0BT —Z Y iATe 72 ¥ OWLEEZ T
9, LT, ZOfER% STARS Server ~i% 0 ETH
5 [Terml] Z%%E LT FA MDA vE—T %0k
%, STARS Server [ Z D A vt—T % [Terml | (ZH
E9 50T, fEREAIC TTerml] (£ [Devl] O H 2~
— RO N T =2 ERSET LI ENTE D,

PLEDX D 7FENS STARS 2 L7V AT AT
. FEEOAN— R =T ZHliE3 2354551 10 Client
NZITFROZ L&D,

KEK-PE I8 W T, "— Ry =7 BT 55734
ARTAN=DUENZ 72D L9 7EaRIE, kD72
ALV EIICLTWnE, 2oz sicky, 0S
RN—V g VORI E B R 5 2 L3 FRE &
2%, BIZIL RS-232C A L7z oWV Tids Y
T IVT INA AV —s3% TCP Server Mode THIHAT %
DON—{HITH Y . 10 Client T Ethernet Z#&H L T
RS-232C 27 7 A9 %, TCP Server Mode TiZ VU
T VT XA A A — 378 TCP/IP Socket D —/3 & 7 -
TWDHDTY Y T NTNA XY — 2L TCP/IP
Client & L CTHfid %, #Ehi 5 T3 %5 & TCP/IP
Socket il L Ciko7oT — & NZE D FE £ RS-232C R
— MIEHEND & & BHIT RS232C A— b DT
— 4 % TCP/IP Socket % i L CZ{59 5 Z &N AlRE &
2%, Tk, YU T AT AL AP — T Ko T,
RS-232CHOE v b L— F72 EDFE % HTTP X° Telnet
FEHCIT O ERREAR B OB H D,

3 BeagleBone Black

BeagleBone*| X7 L'y A — R4 XD Linux =
VB 2 —4—"T, Ubuntu X°> Android4.0 72 & HEI{E X
W52 LA TE S, BeagleBone (21X DD T A
Yl TN DM, 4lElF # 1% BeageleBone Black %
FAL T YT AT AN A —=Ralflid 52 & L
L7z, RO~ 703 a—FiZo0n Tk
Raspberry Pi 72 E ORI b o 7273, E=F —F
—AR—=RREEZMAELRSTH, USB 7 —7 /L% i@
LTy N7 v 7EENFHE TdH 5 BeagleBone
Black 85T 2%F & L7z,

3 By RTvT

BeagleBone Black (21X 4GB 8-bit eMMC A >
A=K7 v aAML—UIZ Linux 284 2 A h—
NENTEY, FIlBRRELZT LI ERIAfHED
USB 7 —7 V=Y ar ta—4 kit 5
720 CHRENTRE TH 223, A ENIE OYLRME & B &
L. 32GB ® microSDHC (Z Ubuntu % > A h—/1 L
THEMAT L& L L, BB, SEIOA A F—)L
TEETIT o2 ERFNRTLUTOEY TH S,

1. BeagleBone Black H{ Ubuntu ® Y 7 h 7 =7 A A

—VaEFyru—F
2. mictoSDHC ~ @ A A — ¥ O H & A
(VMware+Ubuntu)

3. 4 A — ¥V & FH A A2 microSDHC %
BeagleBone Black ~7& LiAZ~, microSDHC 725
Ubuntu % 2 &

4. WIHNREETIZT 4 A7 K& S L 51T -
TWwWhwo T, JEEH A7 YV 7k

(grow_partition.sh) ZfEH L TF 1 R 7 fILik,

5. BA DY — U ERRIE,

6. v NU—2 DRE,

7. Ubuntu @7 v 77— K (apt-get update & D%
apt-get upgrade)

microSDHC ~D A A — TV DEXIAHRIZ OV T
Windows D7 TAT 5 Kk Eb o 5 M, 4l
VMware [ CEI{EJ % Ubuntu 16.04 LTS % fd ] L T1T
572, 72F. microSDHC (F/N—Y Fara—4
WD T4 7 TiZ/e< USBD T A 7 —& M LT,
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32 VU T VRO

481D A% Cld BeagleBone Black (2 USB /N7 %
it L TUSBAR— RMEYRR L7295 2T, v U 7B
L LTIl USB ¥V 7 v/ — 7 )L iBUFFALO
BSUSRCO06 }% U* Arduino Uno ZfEH L7= (IX13),

X 3. >V TSR DR

PUNIZEBNRF 2 7 O (2~ > K dmesg 2 H)
TH 5N, Arduino Uno (% ttyACMO, BSUSRC06 7%
ttyUSBO & L TRk SN TV D DR TE 5,

[ 19 671412] cdc_acm 1-1.4.1.0: ttyACHO: USB
ACH device

[ 19 686905] usbcore: registered new interface
driver cdc_acm

[ 19. 686930] cdc_acm: USB Abstract Control
Mode! driver for USB modems and ISDN adapters
[ 21.208711] usb 1-1.2: Detected FI232BM

[ 21.259237] usb 1-1.2. FIDI USB Serial Device
converter now attached to ttyUSBO

4 U TNTNA AP =T a7 N

SEIBFE LIZ U T AT NA A — T 1 75 A
41% sdevPortpy & L, BAROTDDOT w7 FI T
Sar e L TE Python3 2 L7z, 7288, U TR
— h~DT 72 ADTDHIZIE PySerial €Y 2 — /L%
ER LTV 2,

4.1  Ethernet/> U 7 /L2 HA

sdevPort.py & %179 % &, TCP/IP Socket @ Server
T uk ANEE) L Client 75 O &2 2 T 5 &
91272 %, % LT TCP/IP Socket D 71 7 ¥ =V H3ffe
ST A E L Client 22H 7 —Z NELITEI2GATL,
ZTOEFEYTNAR— M) (Ethernet = ~ U7

IVEHRHERE) . 2 ) TLIR— R B AR B o 255
IXZDFEFE Client ([ZH /135 (VU 7 /L=>Ethernet
BHHERE), 728, 2D 2 DOREIINI 2 DAL v
RCIITEND DT, FEFRMOBEIZ S xS FEET
b,

42 WREZ 7 AN

TCP/IP Socket @ Server 7' &2 AXMEH I B KR — b
T, YUTIR—= b DOKR— 4, >V T LHR— b
DEyY FL— Ry MR, XU T 4 —RREDNT
A= BITRET 7 A MK VBREEAT 9o LT IERR
ET 7 AN (ttyACMl.cfg) DOFITH 5.,

[serial]

Device = /dev/ttyACM1
Speed = 9600

Data =8

Parity = No

Stop =1

XonXoff = No

RtsCts = No

DsrDtr = No

[top]

PortNumber = 4003

ek, REIAIAFH DT DI sdevPortpy %
configparser & ¥ = — /L ZFI| ] L T\ %, Configparser
YV a2 VEIRET 7 A VD/3—HThH Y Microsoft
Windows @ INI 7 7 A /W= EDRRE T 7 A IV
O T EMARETH D,

5 SEEROFIH

X417 USBA & —7 = —RAA o EH2%Lr — o
> b & —F PFEIFFER 8 TPG361 Z FEERIZfEH L Tuvy

[ 4. B2 —a s b o— 5 O
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LHITH D,

ZOBITIEY =Ry R T OYEREES DR %
fToTEYH,TPG361 ICL VT A MNHF = X—DH
iz E=4—1LT\5, £LTTPG361 ® USB A
VE—T7— A%, AR LU T TN R
Y= NITHERE S AL TN D, BIDGATICERE S L7z /8
— Y ar v a—4 ETIESTARS # W o EZE—
TLE Y AT LWUHREMEL TH Y, TPG361 H D
STARS Client (%> hU—2ZBLCZDOV I TV
FRAL 2P =T 7 & A, EECE L E & A

lesoge  — o X
[ PFESF-IEST-HE x

(= C 1) | ® pfexp-env-serverkekjp/cgi-bin/local testaauge tr| i
i 77U Bookmarks B Google Vu7 - B

PFRER—IRERT -7 (B

Institutional Use » ZOfBOTHIV-T

B4 — ) (215 v - 07220 v BL T

2017-12-20 23:59:30 +1.4400E-08

TEST:TPG361(Sensorl) (testgaugel.1)

1.0e-02

1.0e-03

1.0e-04

1.0e-05

1.0e-06

1.0e-07

i

1.0e-08
12/15 4215 12/6 12/6 12/1F 4217 1218 12/5 12/18 4219 12/20 12/20  12/21
00300 42300 0000 1200 0000 42300 0000 1200 0000 42:00 000 1200 00:00

[Current]

SEON—-23 > Ty T EBRISIRFE

“ »

X 5. EZ2—tE Y 2T L TOER

Ate, 51320 TPG361 DEZEHOHES % H 25—
TCEH Y AT LD Web F R T, BEZHEOHER &
BT HENRHFKD,

6 FLHEABOBHE

4 8l¥, % 13, BeagleBone Black i L7=> U 7 /v
TNA R —=NEZRRETHZ LI L, £,
ZOETYY TR — NEF ol TRl
USB A 4 —7 = — X &ffh | PC FHITHHEDOBRITAR
5 COM port & L CHRET DastIC b x0T 52 &
MA[BE L 725 7-, 7038, BeagleBone Black | Tix
STARS Server 4% < ¢ STARS Client 2NEET 25 =
L xR LT Y, —D0 BeagleBone Black 7217 T
STARS ¥ AT LEMEET 5 K 970, HEHIC
NRU AT L HREEERETH D,

KU TNNTNAL AP =DA% OFE E LTI,
VUTNR—=NDONTA=ZHRGEIRE % Web A &
— 7 == ANBATR DHEREDIBINR ENET NS,

235 3CHR

[1]  http://stars.kek.jp/

Za Ny

[2] T. Kosuge and Y. Nagatani, “STARS: Current
Development Status”, in Proc. PCaPAC’14,
Karlsruhe, Germany, Oct. 2014, paper WPOO019.

[3] http://beagleboard.org/

[4] AHEETD, AU, VERE, [STARS ZHwW
TmHEZE U E Y AT N AKENIFES
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J-PARC V=7 v HUSARMAVT—LINERDIESE

CHRRIEZ N, RIRHE — B, FeEgm M. IR O fwEdtHiTE ©
NHART RRUVARNT7 )my—
B R AT IWFSEBR JE M J-PARC & > ¥ —
O = /L F— M J-PARC & ¥ —

L

JPARC U =7 v 7 THET O3 T4 X bR
YOERT ) — FiEEL AT 5 HAT, 25Hz
A B =B A LD EACE TG AR/ T — &
WHEREHE L., ZhbDOT —ZnbEmiAs
HICHEHEORNREH 2L 2 A, WEICERNT LE
JE RIS 1 AR I TORIE S S S 7z, 2 DR RSN
2T, 774 A My OFMITLE D ZSHIRF 4 7
TOBCHENRT —Z b/ TR, A7 —F I
LAT BIE, @ JEBIR O % E THREFER 72 8 HE 21T
ITDDHEHN Y =V ThH D,

1 IC®IZ

J-PARC (Japan Proton Research Complex) (£, 3 D
DIE#E. 3 DO IR ) DAL S AT IE R
THD[], V=T v 7% 3 SONEZED & _LRICAL
L. REHFO E— LT 50mA | BUKSRA A
E— L% 400MeV £ THET 5, 7L AY R LI
25 Hz, ~ 7 27UV AHE:500 us THDH[2], 3-MeV D
RFQ(Radio Frequency Quadrupole)?® FiitiZJlIEY, DTL
(Drift Tube Linac), SDTL(Separated-type DTL), ACS
(Annular-ring Coupled Structure)? 135 Z2 i THERL < 11

TW5, ZNOICKEHOEBEEENZMIGET 55K
HEHIMEZR N 7 TA A b Th Y, AR D ZEH
T7/—=F M-T/—F) {3 BERETHD, 324
MHz (3740A %! : TETD ) /972 MHz (3766A ! :
TETD ) O LA A RO D[3]03% 220 K,/
25K, BT THD,

AFE B 72 F1 1R 23 B AA L7254 20,000 REfE#R
Mmb, 7 T4 A R r RSB O & EE L2
2% L | INisge O FI] A R 2 (K & 72 [4], 3,
FI A EER P ZSREKBIE E TRIEZHM X 72 <
RO FHEND Y TA R a o BITo T, ZTD X
VIR D 7 T A A b DRE TRk 72 E
B ERE=F R L, ZhoDIFHRE —H
B RE/R T — Z IR R AT DIE¥EA 2014 )
DARKEIIZ A X — k LTz,

2 M7 — MR — 5 IR

2.1 M-T/ — RECERN & & E R Ik
RS AR 298 D 1 RERIT. 324MHz 2 T
AAMBUCDOM-T /) —RERT 4 (T —RER)
DEFIHETH T, HE»DEEFEILICES RN
1X. FUFEIEAE—RF B & il - £ =2 3 2% s
DIRENE-RRENEIC LD R AR LA 2 —m

# 1. BEERYTOI FA A bu oy —2INESR (B3

H OH F=H e NN 5| = Bt e &For

324MHz fi M-7 7 — FijE %ﬁ??ﬁi{ BT N3 g ELAN
sS4 A Rmy WG, . W ZL/J e FIETER N3 7

vaAa—7
M-7 ) — NIk plh oo s — TR e A

2MH
7?;X§§‘ FrAl. I V& ). YA

7 7 2SHz S L AEHIE  4omza—~  25Hz UL 24k
- TG 7 R Fomames Y REEN 45 N5k S HIEILAN
SROETAEY  E1ERL, W E R DT0%%RE Wl IR
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7 (ILK) #F&—EIR IR E I ME) & & &
11k, THD[5), MEPIEETLZA I 7L, 25
Hz-700us 25575y 2 (LA 25Hz 7SV ) DA v 2 —
NIV E A L:393ms DIEEDRLICTH -7, L,
RF JE O F) L 0 EH LT\ % RF 527 — X IUEE
v A7 2 (PLC LAN, InTouch) [6]D 4 DD &% E
=% BV — NEE - ERVKJINERIM-T7 / — RE
£ « EEJi(Va, la) (X, 25Hz A » # —/3 L5 A LD
b EREHE TR 572, K1IZM-T /— KT
JEEHAE L, WIEERDS HV-OFF L72REO &% 3
F=FWIRORER 2T, KH, 25Hz 70 A dcf
Ta vy hO 4 FHTE 3 FAETOT 3 v MEIZHEN
ELTVDHERTFDE=FINTEBY, ZOMENE
Fafglb s, LHAlng, £ 1 ICB(EERL
TSI IAA MR YT —ZIUEROMELZ £ L0
7o WEBREAOI Y F—FVa—b; 12 HEA
YEAIA=T IS ENLRY W 25Hz A X
— VA LOWREDE=FARETH D,

Time Scale
50mside,

X 1. M-7 / — R C @R O HV-OFF 73%
ELTEFEOREN LGSR 3 E=X B

22 WERHE -V ETF—HINER

M-7 / — FOREREHIC NIM 2 g, 74 227 Y
IR AR TOREI T A —FE TV a—
DR INT, 4 BHD7 T4 X by (FHEEBRE
RS DAIMERZ 1 BOEY 2 —MIZEHL, =
ARNE T LT K2 () ICEY 2 — MK A X
2 (h) ZiF 1 AN 0EY 2— /LR ()
%~ 7, [¥] 2 @ Differential Comparator (LM311D Texas
Inst)D AT : A BICIEAH Y — RBRE=FEZ (T
FTurz oV R) ZRH L, Y — RERIZ, 78

—NEMERF L GO T, M7/ — REEZLE “E”
OB H Y, F5DONH ENY = P THRELZ R
4%, B AOBEEEIZEY 2 —/LINEETAR L
TEY, 25Hz SV ADOH Y — RERT =X HOK
10% (7Fm 27, DC) ITHREL TW\D, ZOMHEHE
ML~V EZRELTEY SNEEZR EEEDL 2L
T "KL MEFES” EFTE=XIHKD,
Comparator 17178 High OFf, B2 27 VA r—T —
(BT A PERCR) AV NT v 745 L3k
(2. 2us—TTL L UUE S ZANTIC I 3% (D A).

Gow 183G R E
= _".?: -El."-'- s A b

e e
fonnx 3

' &Jl,a |

3= & pi

X 2.

(£) BT Y 2 — oMK,
(F) Y =2 — /L PNER O [ # ]
WIZT—ZDOWERTH LN, “ArrRra—7v
— =" LRERT TV — 3 v B IE R
LAN [C#fs LA m 2 a—7 Mo O E —§EE
HLTWD, NEERHIE LAN Eo PCEBREE T T, i
BRAROESER 4 T=2WIF, RERERL L Z
DORERY|T—% (BE1ar) nE=FHKs, Finm
Aa—7D K Y H—% One-Shot [ZFHEL, DKV
—\HE S T H =Y 2 — )L DAE G R
ANT B LT, ERAENAEFETX D, Fn
AA—TF B a—T =V AT LATE=HXINTZM-T /

X 3.DTL3 7 74 A b D M-T /— RIEE
34D RFQ~DL3 1 Y — REFIE
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— FICER AR OEN 2 Y — FEfT =2 EE
¥ 312" F, DTL3 7 A A b 25Hz 73V A
BERIDOZ A I 7 THRENEA L, £ 0.4ms %IZI
BERTOBEMICEE L, LMRTE 5, M-7/
— N ER K O & EE RS LR IE, 25Hz Y
T — 5 FL 2R DFEIERT R R Veto [HIFEEA 72 & O xhR
[SI3 A BT, 2016 AFRKLARE KIRIARIR S 4v7z,

3 T4 R ba RO T

AT —HWERTHRONTEIET —4 b, 77
A A~ o O AR DA R R T — 2 055
bILTW5, EOMREF E LT, K 4(F)IZ 324MHz
. (FIUZ972MHz [, %% D7 74 X ka2 D M-
7 ) — FIELIEOIREN R O 5 E =2 %
T, =R IA4 A haroFEMEII Y —RTA

7. WbhWwbTI v va VB TEKRON Y — NER
ERFLNRNKETH D, £ DM, RF BOMIEEN
WESNTND2, BURDFEFK TILJ-PARC V) =7 v
JDI TAA B CFEMEIET, M-T / — ROE
REDRRETH -7z,

B 10V

X 4. ( F)324MHz, (F)972MHz, %7 74 A k
0 DEERE=ZEIE

3.1 324MHz M7 A4 A hwr

X4 (F) »5iE, 25Hz 7OV ADK) Tms BiiD X A
SUTIEM-T ) — RCIENBE LR M-T /) —
NEE A Y — REE LD IRV VREEDY 25Hz XL
AFETHERL WD, 2 EITL T, Y — FER
I, BMEmEA Len B, K Tms Jdvkeld 7o &
KB D, EEOBERBIIN 3 IR LzL DI
9 0.4ms BIITHERIOBIEMEICEE T 5, Z 0K
TEEALOHIED S, M 4 (1) O — A TfE% D M-

7 — RIZERDTEANRT 2T 72 b, HCE IR
LTWD &R TE 5, — AT, MHES LD
<bE DEMREN ERD, mm*%ﬁﬁﬁﬂ§<
D, D2ENBZLNDLZ b, K4 (B) ©
5&%:9&%@%&%&@%%%%L1mé\k
Brl3BEZ TS, EEE LT, M-7/ — NIgER
FEITE MBI S U TH B 3~Eh A R ITIRZE0R,
EOBIENSHMTE /el gl r—AN 3 KDV Z
AAIBRTELR, ZORKBRNS, M-7 /—RT
EFRRRIENE=F SN/ T4 A br /Zon
TiE, EOE#A T o AR I AT 5, Wb
% “FHmuaHMZHANCTOEKED 7 T4 A b
/%Hﬁ_xﬁﬁé,ﬁﬁ%&mbfwé Fim & )
AT TA XM T T 5O 9 DR
AV Y MDD 0, IR RS 2R
DA, BOCEHRBRE, IERERZF RS 5,
BaTRBEN 2T 0 AV v M &2 T, IEEEF
TS A B S 5 RS & 2016, 2017 D 2
T 5 RD 324MHz 17 74 A b1 & FFaniidl
ZDAMNCAH L, BAFRRERZH{THD
32 912MHz 7 74 A bw v

972MHz f1 27 5 A A kv > OBA . 324MHz D i
FARDL SRR Y | DAEF AR OFCE L~ /b3
ETELRVBUNEE M-7 /7 — REITFEO =1
THELBEZOND) HXER, 2)25Hz 7L AR,
A B =B A LOR) IR FEN LI, ORI E
AT %, ZOROREHRILIEHIZK 4(TIIRT,
2017 =D 1 H FAIZ, ACSI1 7 A4 A hva v CTHGE
NI L= 8 BEflic il 54 Y — &
ZWEEORERET — 2 Th V| kX 1 & FiRlo
ACS12 7 A4 A b IS RIRFICFR R LTz, 25Hz
IV ANDREIT DIEE—2 1 ADOHE K, 2)ZEiH
~O RF /N7 — AJJi K, S04 U D -0 BRAED S
WHISFETH D, Fexld, 7 74 A O Y —
KEJEME% FiF, MPS (Machine Protection System) %§
WHEEZ IR ST 5, —Ri RN T A —2 T
TAA MR EBESE S 2 & TR HERR T O
TRIZEZD TN D, ZORFOREN2FIE LT K5I
ACSI1 7 A4 A ha DY — NREBTEZIEHE O
2D 4KV FIF 72l 25Hz 7LV AN OR/INE

GER et
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& MPS SEIAIE & DA RS, IR TH 1 [al/Kf
> MPS ZEHAE IR S TR Y, 2 HWHIZ 1 [H
D1 HATF AR E T OHEERZ G L7214,
7 I7AA RN DRBNEEEZIT>TND, - T,
972MHz JHZ 54 A2 b O848, M-7 / — FhE
A v 2 a—713, [Acquire Mode <0 | (ZF%E
L. 25Hz-700 us 7SIVARE DY a vy b eE=4T5
FREEH LA FE 10 2BHZMR), 20T
X, EE ANy MU LT — & [NET D 5B E
Z RN BUR TIIBLS COMBER THE LT
BY IELRHIE LAN ~O#G N5 % OETH 5,

ACS#11
20170122

12

2017/01/23

Number of discharge

1011121314151617181920212223 01 2 3 4 5 678 9
Time( Hour )

%] 5. 25Hz 7L AN OB INCE R B (k) &
MPS F&3R B (R B & oD b

A

Fom A a—7 & JEIRLANGER I B3 2 0
W, Ay Ra—FEa—T — AT LOREIC
BS L. J-PARCHNEE SRHIH ORI DR =72 &
F Lz MBI Z—FY 22— LORYEIZONT
VUES () ORI, BRERICZHAVWEEE
F L7,

35 3CHR

[1] K. Hasegawa et al., “J-PARC /Il 2% @ BLk” |
Proceedings of the 14th Annual Meeting of Particle
Accelerator Society of Japan, Sapporo, FSP002

[2] K.Hasegawa, “Progressand Operation Experiences
of the J-PARC Linac” , Proceedings of LINAC2016,
East Lansing, MI, USA, MOPLRO054.

[31 AYano et, al, “DEVELOPMENT OF THE

KLYSTRONS FOR THE HIGH INTENSITY PROTON

(5]
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ACCELERATOR FACILITY”, Proceedings of the second
Asian particle accelerator Conference, Beijing, China,
2001, p783-785
T.Hori et., al., “J-PARC V=7 v 27 774 A fu
e I FE R 5 1R B8 E D e, Proceedings of the 10 th
Annual Meeting of Particle Accelerator Society of Japan,
Nagoya, Japan, p1001 — 1003
T.Hori et., al., “J-PARC U =7 > 7 324dMHz 7 7 A A
fa DT — KA & 2 OxRe, Proceedings
of the 11" Annual Meeting of Particle Accelerator Society
of Japan, Aomori, Japan, p1099 - 1102
Y.Fukui et., al., “ J-PARC U =7 >~ 7 324MHz 7 7 A
A hvrOF—HINE T AT A<, Proceedings of the
4™ Annual Meeting of Particle Accelerator Society of
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Ta—FVRRFWAEREDEHRER

ENERIPS
RBRHINER S WFFESCRTR

L

3EVEFBRD I 2 — A v gl E R (X 1)
OFEHEEE L E L7, OS2, Windows95 TL 2 b
ET 53V 2 DOFMDO LI AFOREI DB
R0 EFEHICEY EBEOHIBE L JEZ, XY 3T
1772 >TEY 0S %, Windows7 {2 LA > HF 7 =—R
ZUSBDO VO IZEEHEZ F LT,

EEIX, 7 r 7T L ERHMICEZHRZ NG00
USB ##5t C L7275, OS IZBREDEAH Y | £ DIRE
EWREES 22 T LR,

1 OSONRN—TVarrvyr/

0S 73, Windows95 2> B LTV % Windows7 £
TOHMIZNN— ROZEGIL, MBEA Y — R EFEN,
KIEIZHERT 5, CPU 7 1 v 73 60MHz FREND
2GHz FJEIZ72 0 AE Y — % 640KB 725 4GB F2EE I
oty AN A X, ®Iha <y R ShEhT
FRIZIIHE X 2L 2o TWET, v 7 r Y7 ME
D CEilzr 7347 MS C, Ver2 TERL L7729,
ZOFHIT VO B L TR NWENDLZDEE T
kFE LT,

1.1 ANV OFEH

S IZH L TRERD WD R a v v ) —
NUD Y 2 A2 L TA T 2D #2055\ USB #2
felcE & Haz = LC, USB I/O 28, HilREshC\napE
MO AN EENEIE LT — 2 OV AR %z SHED
FHEZLE LTz, 2T, Y aro AT, Wt
RoTWEREZEND L OICRD L,

R

1. HE
12 V7 NEBE

OS DWIZHEH Z3E1E. MS C Ver.2 2> BV 5} Basic
~NEEZF LTz, WAMIZIX, Visual Studio F Tl
:yn47:;o<%:&B%m@%#Eb%ﬁ<ﬁ
STWET, USB X, A—HF—D RTAN—%fi5
ETATZVDORH L TAMNEZRAET,

L2 L, Windows 7 # W =Did, A€V — L&
Fa2aUT 4N, ML ROV A=V a3 0T v 7%
Windows10 Tl&, =7 — % 29 X 51272 Y Windows
7T TOMERE D F LT,

2 HIE &l

Z OWPELEE TIX, Windows 7 TP USB_I/O DI
BORED,

SERIfE (A7) 2120.100 1S,
FHIME (H177) 2124.700 1S
EH2mS TL 7=,

HIETAEROMMIZ, 25.6uS OFPFHN TT I,
Z OESyIE, CPLD CTHIA MBI A2 AV T = —
F R, W L EE AT METOEFIC
HIE LB AT 7= O FEIRFE=4 U 7 HiskiviX
— X BUAZ O CTRIREIZ A2 0 £77,
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WY, AEEN, Tr T A EoN—FTREL TR
VIAD IR o T, JRRNFTIEITR T JSEITHI 2mS D
REE 230D To o' =2 — R WEHER DD
10mS OEkETH A ~—H D AL Z FIWTZ D 10mS
IR CllIR{E 5 24 2 RICEEE ORI E R 5 7 > b
MHDOETIEFERZ THERM A 7 v 2 EY A
erolclEL, (K27 —Frv—FZH)

F— 5 BAH
CPLDY & F

74 I~DREF
E-2

END

2 2. 7 1 —F - — b
3 HERFH ORI

FATHORIZOTE 8, FERERFFD, < THERD
FATRERRNC X, VBT T D 7e T — 203, R
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