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X 2.5 EffIFRS VFL—& X 2.6: 77 AN—HIYVFL—&
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KRBT S, TNZEMNITEY VFL—RELH 1Tz, YV FL—XDED L HEE
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77AN—BIUFL—% (H26) SHEE, B WMERLEZY Y FL—RTHD, XD
WBRD Y v F L —& (EA L4dem xF 1.5cm xEE 24em) 12, REZHT 7 A X—
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2.2.2 MPPC

APD
(Avalanch Photo Diode)

2.8: MPPC

MPPC & & Multi Pixel Photon Counter OBEFRT, EMAE b =27 AfIZ X XS 7z
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2.3.2 TDC OEIE

RFDHEZJIES S78, BRoaDIL 2T %5, ZDEVa— NV TRERDT Y XIVES
Z (AND®OR & EZNSZ&T) MLLEY, 7IVLAZHHBICHAGDERLD T LD
I HE,

7, TOEVa-INVTRTVRIVESIZZay 7ESTREAMCbERIENTWS, £
Dz, ZOEY - VIFHESMEEEZ DL, 20y 2725 1GHz DT, 1ns DHRREN D 5.,

2.12: BRoaDII

R 7 DHE % JE T 572D D[ Z BRoaDII TGt L7z, @DV A L @D Z D K
ZDRDEEREDONNVAZHIIL, ZOTDCZHET 5, OE@D/NIIVAD OR ZHD, B
TV A % 2EAFEIERITNIER SRV, @DIE+21Z Delay ZEN5 B EAH 5, £77, 1
DHDO NI A—%2FELTWBREIZ2DHD M) H =000 o722, TD2DOHD MY H—
FHELBRWE ST H20EEEH S, T2 T, MEITAEKEIAO & 51235 U7z, B0
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File Edit Setup Help

: 2 3
Sheet1[E] | Sheet2 +
IP address: 192.168.10.16 TGP port: 24 UDP port: 4660
Input Prelogic Function Fostlogic Output
FeedBack FeedBack

Measure Counter

Thput

Prelogic
HET3/8)

CntFre(1/8)

INGHE GATE Giate o Logic1 »H Delay 24ns H FeedBack1 |

OneShot_24 TN
INGHT OR

GHORGH1 and
Dly_Onz

-\+ Delay 2dns H FeedBack?2 |

OneShot24_FB

FeedBack 1
Diy_24
FeedBack? Logic? GATE run 197 |
Delay EUnsH OUT-GH3 |
FeedBack 1 H Coincidence || FeedBack2 || IdlingTime
B 2.14: TDC #I%E[A]# Sheetl
" =
Shest1 Sheet2 @ | +

IF addrese: 1921681016 TGP port: 24 UDP port: 4660

Input Prelogic Function Postlogic Cutput
FeedBack

Measure Counter

m

gt

DlyFre(5/8)

MonFnc(5/6)

Postlogic
METL0A11)

MsrCint(3/4)

Qutput{3/8}

FeedBack{4./8)
MET(3/8)

Label

Thput

Freloeic

HET(3/8)

GntFne(1/8)

FeedBack
IN-CHD

UpperPMT

gate_260nz_I20us
Dily 2finz

GATE_250ns »—} Delay Bins H:)UOHB_GATE

n

Total5ingDly

\+ Delay zangH Hling Time

Delay fns HJOHa_EAS_Tri

0520nz_120ms

Coincidence AND

DlyFre(6/8)

MonFnc(5,/6)

Postlogic

MET(O/11)

MerCnt(3/4)

Delay fns HJOH&_EAS_Tri

Delay 24ns '—Fninc idence

IN-CH1 05 _20ns [20us

LonerPHT oR (4 Delay ns HoumonoR |
FeedBack 1 H Coincidence || FeedBack2 || IdlineTime

2.15: TDC HIE 9] # Sheet2
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Output(3/9)

it

FeedBack{4/8)
NET(3/8)

Label



7% 2.6: Sheetl, Sheet2 @ Input

Input Hefveon
INCH6_GATE | OUCH6_GATE
INCH7_OR OUTCH7_OR
IN-CHO O PMT
IN-CH1 TESD PMT

7% 2.7: Sheetl, Sheet2 @ PreLogic

PreLogic Feedback ‘ Logic
GATE INCH6_GATE
CHOnCH1 INCH6_GATE and INCH7_OR

7% 2.8: Sheet1, Sheet2 @ Function

Function Logic
Mode One-Shot Function (Non-Retriggerable)
OneShot_24_IN Pulse Width 24nsec
Minimum Idle Time 6nsec
Dly Ons Delay Ons
Mode One-Shot Function (Non-Retriggerable)
OneShot24 FB Pulse Width 24nsec
Minimum Idle Time onsec
Dly_24 Delay 24ns
Mode One-Shot Function (Non-Retriggerable)
gate_250ns_120us Pulse Width 250nsec
Minimum Idle Time 20pusec
Dly26ns Delay 26mns
Mode One-Shot Function (Non-Retriggerable)
0S20ns_120ms Pulse Width 20nsec
Minimum Idle Time 20msec
Mode One-Shot Function (Non-Retriggerable)
Widen300ns_120ms Pulse Width 300nsec
Minimum Idle Time 20msec
Mode One-Shot Function (Non-Retriggerable)
0OS_20ns_20us Pulse Width 20nsec
Minimum Idle Time 20usec
Mode Delayed One-Shot (Non-Retriggerable)
Dly154nsOS20ns Delay Time 154nsec
Pulse Width 20nsec

14



% 2.9: Sheet1, Sheet2 @ Postlogic

PostLogic ‘ Logic

Logicl | (OneShot_24_IN or Dly_Ons) and Gate and (not OneShot24_FB)
Logic2 Dly_Ons and (not OneShot24 _FB) and Dly_24

Z 2.10: Measure Counter: run0197

GATE | Measure During True
SRC Gate Time

ZDEHIZPMT & EEEEF DY N7 v 7 T2O0 PMTIZ 1,450V DNA 7 A& % FHIN
Lzl &, Ao 2Aa—7THD XS 7% TDC ORI ERTE 72, HEIIZ, CHL D2 DD
FEDILH RN DIED D721 DIEZR > 727V AN CH4 TR.6 15,

HNuaise Filter Off
i I‘ |

TEHTTTT

B> ,,E‘:t',,%ﬁ,.H__l‘w"e' ‘;««"«--'

& S0y SO0y |

wvents found: 0

2.16: A A a— S THEZR I Nz TDC DIRIE

% 2.11: K216 ® CH

CH1 22O PMT®OR
CH4 CH1D22D/N)VAD TDC
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B3E ERAE

3.1 GAEAE

3.1.1 N1 A
243 24 X 2cm
|
T
158
:: acm
:: scm

24X 24 % 2cm T;

X 3.1: ¥V F L —XOEE

SEDOEBRTIREBHAMDWRIR T I AF v I v F L —REH W, TOFHIEHDY v F
L—& T, T, ROEHERNEHDOY v F L —XD E, B, THO, MBID LS ICHBE XN T
%o T\.TH i By, B, ZEO D IZRBESINT WS, T, T, 2 E-> - FHBI LD M) % By, F,
WPFBZET, 4D2FTRTOVYVFU—RE@E-ZFHBIIN U T, TOF & EEkEL % HE
TEHIIENTES, ¥72, YVFUV—ROFKREGRLE LT, WEMZMERALZ20, 4D
YFU—RDONEP I5EOMEEZE > TVWED, FHIRO L — M, HADHEE T cos®6 (0

IZRTEA) IZHHIT 2D TRERPEL G20,
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3.2 EBEBEXKAIEEZEDRIE
3.2.1 PMTHsEXDORE

AHIEIZB W TEBEERIZX 1,450V IZRE L 72DY, ZHUTFHBEO L — b OHEIEIZ & > Tk
E L7z, TOHEZLATFIZERS,

BRoaDII TFHIRZHET 2720 DEIERIEEZ G Uiz, £72, TORHZT 74 N =G
LBV F L —%— (MEZA&) %#6HL 7%,

File Edit Setup Help

e o oRg e
4-‘J i v = L}
Sheet! [ | Sheet2 +
Tnput
IP address: 192.168.1016 TGP port: 24 UDP port: 4660 i
Prelogic
Tnput Prelogic Function Postlogic Output NET(8/8)

FeedBack FeedBack

Measure Gounter
IN-GHO + thru — GATE
IN-GHI1 :I%-

CntFnc(7/8)

GATE
ch lsecounter

DlyFnc(7/8)

m

Sl

Delay El]nsH GUT-GH1 | NonFrc(4/6)

OUT-CH2

Postlogic

MET(7/11)

ostic_Ray_Pulsed-. Output

Il MerCnt{3/4)

Output(5/8)

FeedBack(7/8)
MET(7/8)

Label

FeedBackD

2 3.2: FHIMRHIAE [A]# Sheet1

File Edit Setup Help

e, . Do I
4-‘J L v & B u
Shest! Sheet2[ | +
Trput
IP address: 192.168.10.16 TGP port: 24 LIDP port: 4660 i
Prelogic
Tnput Prelogic Function Postlogic Output NET(8/8)

FeedBack. FeedBack.
Measure Counter
CrtFne(7./6)

Ins 05G ﬂ Delay 24ns H FeedBack( DlyFrel7/8)

/ Delay ﬁl]nsH OUT-GHO | NonFre(4/6)
FeedBackD Gate

Diyd Fostlogic

MET(2/11)
| MarGntl3/4)
Output(5/8)

FeedBack(?/8)
MET(7/8)

A

Label

FeedBackl

3.3 FEARHIE 0] # Sheet?2
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7% 3.1: Sheetl, Sheet2 @ Input

Input ‘ Hefeon
IN-CHO OUT-CHO
IN-CHL | ¥ F L —&X—

%% 3.2: Sheetl, Sheet2 @ PreLogic
PreLogic Feedback ‘ Logic

IN-CHO
IN-CH1

thru
Cosmic_Ray _Pulse

7% 3.3: Sheetl, Sheet2 @ Function

Function ‘ Logic
Mode Oscillator Function
1ns True Width 1 sec
False Width 1000000nsec
Dly0 |  Delay Ons

%% 3.4: Sheetl, Sheet2 @ Postlogic

PostLogic ‘ Logic
GATE thru
Output | Cosmic_Ray_Pulse

# 3.5: Measure Counter: 1sec_Counter

GATE Measure During True

SRC | Number of times that True appears

Z OEEFRE TIX, BRoaDII ® OUT-CHO & IN-CHO # LV EX — IV TEE, Vo F L —
R—6DIEE % IN-CHLIZESRE T %, 728, OUT-CH1 & OUT-CH2 lZA v oA a—7TC#H

RY D dITRIT T, DR T OFMIFRBINMEIIZRT,

Zhizky, MBADOHIERERZE~, EBIIZ, YV F L —X =2 BETEIEN & FH
WMAE 2Bl 2N, —HEEREVE /A AN BoThHT Y VEDPKEL L5, *
D=8, BE-L—bF DT 71, WEZEZ20W3MEERO X S12%5, MBAO 7ay ~

Z 3MEZHATIHEMS %5 &, HMBADHRZZ S, TDF,

f(z) =3.59 x 107%2® — 1.56 x 10~%2* + 22.72 — 1.10 x 10*

18



TREND, X EI) DL,

~1.56 x 1072
= — ~ 14
T= 3350100~ 40 V]
Thb, ZOLEIZBTS, HEOMEZIZ017THY, T4hbb, °~10°DF5 h—TdhH 5

2, ZOEMENRHMOBTEIZSEI DLW, £oT, 1,450V Z2AHED PMT DEEFEE LT,

Cosmic Ray Rate

Rate [Hz]

L T TS T T NN YT N IS Y R SN M SR
1400 1420 1440 1460 1480
Voltage [V]

4 3.4: FHIHHIE

3.2.2 MIPE—7%BW:=45414 VAEIEDRIE

HRO MIPIZ k2 —2D ADCHE (BAR7 1 295) 1%, MPPCB XUV Y FL—&»N
JFRWZ &> TR B, TZT, B —2DF ¥ VINVDT AT, IEPDTAUR—ET 3 &
INRIEZRIT D, £2ZD7 A% IMIP LW B2 T 5, RERTIX, REARLKELRE
MOR FEPERTESL L1, IMIP ZREEWT 1 > THD, HIIMEE67.01VORD, F¥
YRI3IDA VR IMIP & U,
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ch3

o
=]
|

eveants
T

80—

60—

35 F¥ o xI)N3DADCY—72
3.2.3 A Vi

14 0%, MPPC AD AR EEZ T T L, HINEEIZHEKIFES 5, MPPC ~NOHIINETE % &
LXET A 2B EE, FNFNDODTFrA V2 T7ay 958, 1IRAZ2E5 (KBO).
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ADC

220

200

180

160

140

120

100

80

60

| ‘ |
65.6 65.8 66 66.2 664 66.6 66.8 67

\)
X 3.6: 1 >D7TaWw h

BREEW3ITF Y URNLNDTA VEFNFNDF v 2D 1 IRKTMRAL, E@YREINEE
2155 (MBI,

700
-]
< =

600 — 11

500 —

400

ch3

TOT A EISHIIERE

X 3.7: 1IRAWZXAF¥Yy VT L —vay
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MR Z2HBIITRT,

1600

1400

1200

1000

800

600

400

200

3.8: £16 F ¥ VIV OHINEE

FUINEE ZFARI L 72, 74 Y OFTNIEEZAEL Tz, 67.01V TOHEEIZSITET7 142D
MEMRAEDNKE L, EMR 1IREAPBONLR oD EZ 60D,

T D 72T,
LR THh 5,

Fyrxrl R
0 2.64618
1 3.56683
2 2.16376
3 1
4 3.27534
5 2.33877
6 2.76424
7 2.30265
8 2.62238
9 2.61372
10 3.27169
11 1.72043
12 3.78817
13 1.99068
14 2.8746
15 1.90994

# 3.6: T A VBRI

22

TAVEZTAZDUNTOBREEZH W, RBIEVWIF Yy 2 VDT A1 V%1
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R
JdUT

41 VZRIT7IVITYX L

MAIEEF ¥ ANV eDTRXLF—HEDHZR LTS, ZDOXDIZ, TRILVF—HE
RKAEPETSET, 2 DA XY N TFEHBIZEBEEVEROF ¥ 2 VIZbTz>THN,
I, FHEPRIDIZARNT I TEROY v FL—22@BLEY, YV FL—RHIZ
FEUENHEOY Vv F U —RIZENZ0 T 52 ENFERTH 5,

BHETHS 72 L 1IRF DI TARTHY, 1RFDOITRIVF—BRIZET T ARXRDRES
HETHEZXOoNE, TDd, B2F vV RIVOHEMZ & B2 T, 1RFDA XY NaDh, 2
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