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AREBF. HYVBIRIVF—ARD HVAIE. CDB (Coincidence Doppler Broadening) BIRE. PALS
(Positron Annihilation lifetime Spectroscopy) EIRE. 3GSPS DiEAZEIE. AMOC (Age-Momentum
Correlation) BIFEHEEEE UISEIEY AT /AT, AEEE(TEIC FecDEGIC TERSN TUET,

FBE | BEFEESD/ Ry TSN DRIEESCHMESEE XEh&PC EMETT

@ Bﬁea%%ﬁﬁ%ﬁﬁ/ Ry TSN BEIEREE
TIINHEANRD H)VAIEAR DSP (Digital Signal Processing) (B APVE002)
PALS (Positron Annihilation lifetime Spectroscopy) SAIEFRS 1 AZNRD FOX—5 G APVE702)
SESR4CH G APV3304)
TIPYTERACH G APV4004)
VME7 20v FERS v G APVO0OT7)
Ban IUFL—YavEHEs
Ge J8IM&H2S
2Na I ERNOT Y I

DOO

AEBI/NNVIY IUFPC) & LAN T—=J)by R4 vFIYINTTESGEL. NBOPTUT—I3Y
MPositronAnnihilationSystem] (UTRAP 1)) ZHFEIDCET. FSEY 2 —)LD/I \SA—TEEOANRD ~
T =B DI T DEENTCTEEK T,
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3. ZykrPvT
3. 1. T=J)UiEks

ETCOHSENERD OFF DIRRET. Ge FEIMNRLEFO BaF2 YV FL—Y 3 VRIS EEREB=S@T —J
IVCEHRUE T, SAEE— RICHUIEENZsELUE T, SAEE— FOFICONTIEBEDS, RIEEZSR
<IZEbN,

(1) wave E—R lifetme E—F

VME Power Supplies
APV9007

P T T T T T T T T s T s T s S e . cH3 | High Voltage
CH4 APV3304

Preamp Power
APV4004

Start
1.275 MeV Stop

... 511 keV <
\. ..... »  BaR#2] pmT Lo_ . _ .

Time Spectrometer PC
APV8702

Positron
Annihilation
Application

%
o
3
T
o
= Ll
ySy=

Energy Spectrometer
APV8002

Switching
Hub

1 wave T—R. lifetime T— REGBEN

SEERAPV3304 ESi&tEsE SHY DROINET—D)L (L) TEHRLUET, RELIRRT

[XAPV3304 M CH3 & CH4 & BaF2 Y YF U —Y 3 Uit etz L& I,

X BESRCH1 & CH2 (X Ge FEMNRERSARATERRO000V T, BaF> Y YFL—Y3 Uik

SBEEBRUSNFDITHDER LU TTESU ),

DA LZND FOX—5 APVET702 & BaF2 Y VFU—Y 3 VigHssZ SMA DRSNS T -
(f%B) THEELET, BHRAIN'BNC DRDYDHBSEIE BNC-SMA Z# PS5 THZFRLET,

APV8T702 MCH1 ICIZ START FiREEsE. CH2 [CIE STOP Aikthes i L& I

APV3304 & APVBTO2 EPC Z LANT—=D)L (B) TR wFII/N\JITHERLUE T,
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(2) CDBE—F. energy E—F

VME Power Supplies
APV9007

CH1

ettt ——y CH2 High Voltage
APV3304

511keV 511keV
':";' Preamp | Ge #1 eccce- . """ [ Ge #2 | Preamp = l

CH1
CH2| Preamp Power

APV4004

Time Spectrometer PG
APV8702

H1
: -? Energy Spectrometer

H
| APV8002

1
Q'O

Switching
Hub

2 CDBE—R. energy T— NEGHENEN

SEBRAPV3304 E&igHesE SHY IRDINET—J)L (EEHRE) TERUET, RETHRT

[FAPV3304 M CH1 & CH2 & Ge HEIMNR s LK T,

X SESERCHI3 & CH4 (3 BaF2 Y YFU—Y 3 VRS AEIS-4000V T, Ge HEIARH
SBEEHRUSNEDICHDER LTI,

TPV TER APVA0O04 & Ge FEIFEHRSZ Dsub9 EVIRDINET—TJ)L (LHEE) T

&g,

DSP APVB002 & Ge F&8iM&HEsZ BNC RN T—J)L () TERLET,

APV8002 M CH1 & CH2 3 LEMO JRDADZ8d BNC-LEMO Zi75 TS ZBALET,

APV3304 & APVB002 EPC ZLAN T =D)L (BB) TRA wFVIIN\JITHEHUET,
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(3) AMOC E—F

VME Power Supplies
APV9007
CH1
Pl g High Voltage
! . {CH3 | Apv3304
: Stop Stop : CH4
i 511keV 511keV !
. Sample < | CH1 | Preamp Power
1_;" Preamp | Ge #1|g==---- B ----- g CPE] T R B : APV4004
] | 1
! Start P GH
i 1.275MeV i—-%--'-;-'-'- I_-I? Time Spectrometer PG
- L1 |CH2] Apvs702  Peairon
BaFott| pwr L .. 1 i Application
|
:._._-Ql_-ll Energy Spectrometer Switching
APV8002 Hub

3 AMOC t£— FE5dFECHRY

BEEREY1—/LAPV3304 E&tEHEE SHY IROINET—J)L (LHRE) TERLET,

IREIRRCTIZ APV3304 D CH1 [ Ge FEF&HRS. CH3 & CHA [ BaF YV FL—Y 3 VisitEs

EEmLUET,

X BESBRCH1T & CH2 (X Ge FEIMRERSARATERSO000V T9, §EERCHI & CHA [

BaF2 Y UFU—Y 3 VRERSAEEAEIR-4000V T, +oEFR U TERL C<IES0),

TIPYTERFEI2—ILAPVA004 & Ge HEINELEFE D-sub9 EYIRIINET—T)L (-

B TEmULET.

BA LR OX—=5 APVET02 & BaF2 Y VFU—Y 3 UigHssa SMA JRDINET T
(%) THEMLET, BN BNC IRDYDHBSIE BNC-SMA ZH# PS5 THZFRLET,

APV8T702 MCH1 ICIZ START FEiREEs. CH2 (CIE STOP ABigtisszkai L& 3.

DSP EY2—/LAPVE002 & Ge #E(M&HEsZ BNC IRDISNET—J)L (1B TEHRLUET,

APV8002 M CHA1 [&LEMO JIRDADZ8 BNC-LEMO ZHP5 THZFA LE T,

APV3304 & APVETO2 & APVB002 EPC ZLAN T =D)L () TRA wFIUINIITHER

LEd.

KSEX  AROZE P THIC DN T—hIEsE LE T,

)

@

BaF> 1&H258 BNC-SMA 2575 75

HUBER+SUHNER #t& 33_BNC-SMA-50-1/1—_U
BNC 757 (2 -SMA Yv w2 (X2

DSP €Y1 —/Ull BNC-LEMO £# 75 745

HUBER+SUHNER #& 33_QLA-BNC-01-1/1—_N
QLA-O1 (LEMO) T35T (FR) -BNC Vv v (X2
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3. 2. ETREA

ERza ON 9 280IC Mo =iEsn L& d.
(1) BHROT—2J) VISR OERENRNC &,
(2) APV3304 D CH1 15 CH4 M ON/OFF 2 wF%Z OFF [CLET,

EFZMTROFIETON LET,
1) RAYFVINT
(2) PC
(3) VWME&ERSvD APVOOOT

Rz ON U Moot atEnLEd,
(1) Ge¥EIMNELHRIDT') 7Y TENESZEAYORI—TJICTERL OV @RICHDE V IREITRD
BN TNDREDERENINC &,
(2) BaF:YYFL—Y3 UMDY/ — REAESEZYORD—JICTERL OV EIICH OV
ISEICERDHV TN DIREDEENTRNC &,

&, Rz OFF OFHIBES ESCDBERDET,

3. 8. PIIT—=3VDALIR =)

RNEBIE Windows ETEWFI DFRD7 T — 3 [PositronAnnihilationSystem)  UMTRAP 1)
DA —HRy MBEICK O THIEILE T, CIERMRERIREICEERTD PC LA T DGR T 7
JLE National Instruments 0 LabVIEW S84 ATV IV %EA YR S—)UTDNBLDNET, A7
DA VA —=)UIHE CD [CPEFRSNTUND A VA F—DICK D THTNNEK T, 1 VA S—DICEETRAD
71ILE LabVIEW DS VA ATV IVAZFENTROXEEHIN T YA =)L TEFET, 1 VA =ILF
IBIFIMRODBEDTT,

(1) PCICEESMRTOIr VLT,

(2) WECD-ROMMA MMnstaller] I#)LIAND ISetupexel ZETUET, XEEHAICTT YA =)L
TEHET, T IV EDA VA=)V REEDERNDTT,
C¥Program Files¥ TechnoAP¥PositronAnnihilationSystem

(3) AVRAR=IRTETRO Y IICY3—RAY RP1 DVDEBRESNZE T,

P4 Y2 R=)UE TTOTSLADENEERR] DS MPositronAnninilationSystem ] Z&IRL CEIBR L

ot
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3. 4. RyrDO—D0tykrPyvT

PC EREEZ LAN T —JILENTEDR Y FO—IHEEICK o THERU CTLIES, BETIAEIREB DR
RER CHDISTEY2—)L (APVE002 « APVSTO2 » APV3304) DN _a7P)ValSiRIES0),

(1) PC DRy +DO—-DIEREEELET,
P 7L © 192168102 XER, BUBSKOIP 77 FURAESBE U VB
BIRY FVYRD . 2652562550
TIAIVNT—RDx+ ¢ 192168101

(2) IVYRIOYTHTping IVY REERTUAEEDSEY 21 —)LE PC DEEivatEss LK.

STEY2-IDIP P RURIEREICHDFT., BRLAN ZEAEL FEHR LAN ZfER UV BEE
R LAN ZEiC U C<IEELY, T2 FDRY RO —DIBRIIUROBO T,

+ APVB002 DR ~IJ—DIEER

P77 LR - 19216810128 (AR
BIRY RVYRD . 2652562550 (AR
TIAIVNT—=FDx+ ¢ 192168101 (AR

* APVBTO2 DRy RJ—DIER

P 77U o 19216810129 (AR
BIRY RVYRD . 26528562550 (AR
TIAIVNT—=FDx+ ¢ 192168101 (AR

* APV3304 DRy IJ—DIER

P 77U © 19216810130 (AR
BIRY RVYRD . 2652862550 (AR
TIAIVNT—=FDx+ ¢ 192168101 (AR
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3. 5.

1)

PTI)T—3V0DtE)

3— Ay bPA VDI ITIND) v DEFRITUET,

(2

PositronAnnihilationSystem ] H%cgiLEd,

(25— NS> - TTechnoAPJ - MPositronAnninilationSystem] 23T R0 kv T EDY

[ Positron Annihilation System  Version 6.2.6

File Config Clear

= memo Test

[ start run number |1

config

AMOC CDB lfetime wave energy advanced
file
save data auto save interval time
01:00:00 3
data save folder
C:¥Data¥ Test¥180925_cdb =3
rhigh voltage
(> Hvset | [ > Hvorr
setting output
detector output enable  yotage(v) voltage(V)
CH1 - +5kV enable o 0
CHZ: +5KV enable i} 0
CH3: -4kV enable 0 0
CH4 :  _apv enable 0 0

mode CDB

~ | meas. time | 768:00:00 [

elapsed time 00:00:00 fie size(Byte)

o WU aca emor

B 4 EEEm

3% EESIC [connection error ] TS—H¥EAETIHESII®M (7. 1. BEIS—) 221

11
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4, PTIT—Y3VEm|

4, 1. EEHE
T ———————— .
:F":‘ i:‘:g Ue:n number 0 12 memo|Test moce [Wfetme [ mess, tme | 768:00:00 31| ebpsed tme 00:00:00  fe size(3yte) o | HV] acq] emor]
o° A7 oo B
e =
I
5 tEEm
e XZTa—
Filel . Configl . [Clear] DSBS,
[Filed - Topen config file] L BERED 7L HAM
[File] - lTopen AMOC fileJ AMOC =52 71 )L+ AH
Flel - Topen CDB file CDB 7—92 71 )LD HHAH
Flel - Topen lifetime file SA D54 LANRD B)IVT—5 T 74 ) LOsd+dd+,
[Flel - Topen energy fileJ TRIVF=2RD )T =D 71 )LO55HAFH,
Filel - Topen list file R FT—=52 71 )LD+ AH
Filel - save config file] IRFEDEREE D 71 JUICIRF.
[Filel - Tsave AMOC fileJ AMOC £— FTES U ZRD BILT—9ZRZ
File] - lsave CDB file] . COBE—RFTEUSUZ S 840 LARNRD BT —9%FF,
File] - save lifetime file o lifetime €— FTEUSUIZ S 91 AZNRD BILT—HZRF,
Flel - Tsave wave file . wave E— FCHBUCKET —9%FF.
Filel - Tsave energy file wave E— FCES USRI T —9ZFRF,
[File] - 'save image file BEDF v JFv—81%%E PNG 2D 71 ) UCIRE
Filel - Treconnect HV device SEERTY 1 —)LEBEREET,
Filed - Tauitl AP T )ZHET,

12 KASHT O/ I-E-
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5T

lconfigl « TAMOCI . TCDBJ . TMNifetmel . Twavel . Tenergyl. [advanced] H'SigaS

nxd.
lconfig]
AMOC
[CDBJ
MNifetime.
f'wave]
lenergy ]
ladvanced.

« TG

S[ARET— FOHEERE -

[start/stop] ThS>/
'run Number

[memo
[model

[meas. time.

lelapsed time.J
[file size (Byte) J
Hv] (ED)
facal) (LED)
lerrorl (LED)

AT —SDIREFICRIT D ETI,

AMOC E— FDRIET—H DRI BIEDREZTUE T,

CDOB E— FORIET DKM RIEDREZTTV KT,

lifetime €— FORIET—SYDRT. BIEDFFEZTTUNE T,

wave E— FORRET —SDRIZ1TVE T,

energy E— FORIRET—YDRD RIREDHEZTTLVE T,
APV8002. APVET702. APV3304 D/\SAXA—F%ZHELET,

HlEETUE T,
D IREERSNTV\DAREE— FICCAIREZRHS/1FLELET,

ARES VIN—, ARET —YDEENRFISIC D 71 ) VEICEE TiYSSN
X9, FHEEHZ0~099999 TY, BENRIFN ON THDAIEIR T
FIISPRBSIC 1 DIRD EDVFET,

ESTFRANRY DR, AET—SYERRICCHERLIESIN,

AEE— R, DUy DIDERRSINDIIVIDY A2 —NSRIEE
—FEERUTIZSV, BIEPOE-FEBI TS T A,
AFEISRERYE, AREPICAREIEN CHLICE UICHREICEET D&
BEICAREZR T UET,

AIREISERT. RIERIED SR EIEERR LEK T,

AMOC E— RN list T—HDI 71 VT ZaRR LK,

SEBROEMIPICRUTILET,

AREPICRBUET,

IS5—FKm. MEBEDBIEIS—EHENESDERUTUET,
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4, 2, Config 87

ST — FCOHEENOSEEBROEZHIEHZT1 X,

4 PositronAnnihilation Version 6.1.8 —
File Config Clear
: [> start run number |0 3| memo Test mode | lifetime |~ | meas. time| 768:00:00 % elapsed time 00:00:00 fie size(Byte) 0 “ d d
config  AMOC CDB lfetime wave energy advanced

file

save data auto save interval time

O O 01:00:00 %

data save folder

Ci¥Data =

high voltage

(> #vset | [[> Hveif |

setting output
detector output enable  yoltage(V)  volage(V)

oHL: Y enable 2000 0

CH2: *5KV enable o 0

CH3: -4kV enable -2500 0

CH4 @ _aky enable -2500 0

< . »
6 config 52

s I

- file &0
WA=y} E—'— - 8.2 S -
save data BENRFAEEEBENC I DBEITF TV IOMY D RCF T v IEANTT, FT v

auto save
interval time
data save folder

D ANNZTIZSERERR T R EPBEC run number DY 1 DD EANFT,
AP ERHRFEEE BN I DBEIETF T v IOMY D RCF T v IOEANTKT,
EHIRT I DR E LR T, s8I 10 WS 1 BT,
BEREARDT « LD FUEERLUET,

AIREPIC FFCED interval time DINVESEIF TEF B A, AIER TIMROAIEPDT —IRFIX Z 1 —file
NoEEZED ) v DO UTURELET,

* high voltage B
HV set NS>
HV off 1ho >/
detector

output enale

setting voltage (V)
output voltage (V)

high voltage B0 advanced 5~ high voltage BiRDEFEX S LXK T,
£ CH OsEEREHEZDICUET,

advanced &R high voltage 38 detector DR EEFRTLE T,

Fv URIBICEEERENISZERUE T, advanced ¥ high voltage 58
A output enable MY > &EENL CU\ET, BFEEFREIOY H/ \RILDON/OFF
21 wFN OFF DIBSEISENNEARE TR ISEOERE TEEX B A,
advanced 97 high voltage BN voltage (V) Ds¥EEFRTHLET,

Fv URIVBICEEESRENEEEERT LT,
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4. 3. AMOC 57

AMOC £— RICAREERERTLUET., AMOC £— BRI APVE002 MU APVET02 ZFR L CisdigikeT
R —IERERFICENS I D AMOC Gaan-IRILF—1EEEA. Age-Momentum Correlation) EIEZ1TDOE

- F‘Tg—o

9 PositronAnnihilation Version 6.1.7

File Config Clear

[ [ start | run number o 3| memo | Test mode | wave ~ | meas. time 768:00:00 [% elapsed time 00:00:00  file size(Byte) o “ d M
config AMOC (DB |Ifetime wave energy advanced
AMOC(Age-Momentum Correlation) momentum sum i}
1.0
lifetime & momentum momentum
measuremeant axis of 30 graph 800.0m-+|
momentum range  lifetime range momentum(10-(-3)m0c)  lfetime(ns) counts 600.0m-
min(ch) | 225053 min(ch) 280013 | |autod min|-30 | autold min|-1 1| auto®M min|1 |5 400.0m
max(ch)| 230013 max(ch) 3200 ogCmax(30 2| leallmax/2.2 2] walmax|10 |2 200.0
m .0m-|
8
=
i 0.0+
plot update coincidence rate(cps) 0 8
-200.0m-|
1000 -400.0m-|
-600.0m-|
-800.0m
-1.0

| -
| -5.00 7 7 i 7 7 ; T T
I -34 -30 -25 -20 -15 -10 -5 -0 5 a
I momentum(10-(-3)m0c)
P ! momen @558 councs @101y HE
10 |

00 lifetime sum i}
] life time
6
%
i 4 //
Lo 8
z ~— S
2 < g 10
=% g
<
= - (]
‘o
o, ﬁ
= 1 ] ] i i ] ; ; i |
Iﬂ 0.000 0,500 1.000 1.500 2.000 2.500 2.000 2.500 4.000 4.489
m lifatime(ns)

-0.00

ifetime ﬂﬂﬂl counts ﬂﬂﬂ e al= Kl

7 AMOCHT

AMOC F T Tl AMOC E— FDERREICRITDEMANY bT—HDREEANRD )V ESHEERERRLET., BE
F B3 RGTANRD Bk BEG LFE—AVYLAZNRD B)VEBEG NES1 791 LAZNRD B)UTT,

measurement B

axis of 3D graph
coincidence rate (cps)
(BEEERIT>ST)

@BEERIT>2)

@EG NS

SRTEZA TS LADKRE! ) —ETFHDFRE T, momentum range
[F energy E— FCEYS UIZTRILF—ZRD H)LDA, 3 KT+
IS NTEDASTRIVF—EFH%ZE ch BATCANLEY, energy ¥
TDROIFFENDANTI DCEETRETT, life time rage [ClSlifetime
E—RTESUZSA I54 LAZANRD VDA, 3RKTeEXA RIS AIC
ERDIADISEEIEZ ch I CANDLET, lifetime Y 7HGTD ROI 5%
ENDANTDCEETRECTT,

S RTER TS DT ST DEFRNEHE C I

BN SOEHEERTT,

3 RITTANRD BIVISTTY, x Ba APV8002 TEHSULIZA AR ~
FT—=8D momentum. yEEAPV8702 TEUSULIZANY +D
lifetime. z BZ$8E /XD TUNET,

E—XVAN (IRIVF=) ZARDBIVTT, xBHE—XIIA y
BHO%ERE C I,

FHp AND VT, x#lheEan. yeHMEE CI,
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4. 4. CDB&~

CDB E— i3 APVB002 AT 2 B0 Ge H3BIARHEEN SOEES 1 N> FEEYEL CDB (Coincidence
Doppler Broadening. 31 VY7 YRRy TIS5—00) BEZETOE—FTI,

[ stop run number |0 4| memo | Test meas. time | 768:00:00 2 elapsed time 00:00:51  fle size(Byte) 0 HV | acq. _M
config | AMOC | CDB | Ifetime | wave | energy | advanced
CDB(Coincidence Doppler Broadening)

plot type coincidence time(ns) coincidence count read data
range CH1 offset(ch) CH2 offset{ch} cursor  CH1  CH2  count
2048*2048 [=] o o : B0 0 0 ® @ aum O slce 0 a2 875
coincidence CH1-CH2 0.0 Hilhorizontal)
1116 17 cr [
15 50.0-
1100+ n
£ 40.0-
-10 & B
10804 = = 30.0-
H 5]
5 8
1060+ = 20.0-
-0 10.0-
1040
Z Mapping 0.0 T T T T I T T T T T
1020 ® fnear 0 200 400 600 800 1000 1200 1400 1600 1800 2047
ch
o log (s
S 1000- ch Bl councs @ 1R]ny 2
23.0- CH2(vertical)
b cHz [
60.0-
50.0-

onn [l ‘E 40.0-|
CH2 Mﬂﬂ 3 30.0-
count 8] 22[2% 20.0+
ﬂ:gj 10.0-

890-|

— " g ’ " " g g " - 0.0 -
908 920 940 960 980 1000 1020 1040 1060 1080 1110 UI 20'0 40'0 560 560 1000 12‘00 14'00 16'00 13'00 iﬂl‘ﬂ
CH1
ch
ch B counes 8] 2l

8 CDB&Y

CDB&JTIECDBE—RAREICRITZERANY b —HDRERNRD HIVaRnmUET, BELAIL 2 KT
ANRD Bbe BEGRIZ 2 Kt SUM/ XS5+ ZZAND H)UTT,
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4, 5, lifetime 57

lifetime (F5an) RIREDICHDFRERVIERZRTLEI, AMOC E— R CRIEY DRIICHFIRAIRE Clisne Il \&

g [
[>> stop run number |3 2| memo | Sekiei meas. time | 768:00:00 |2 elapsed time 15:02:17  file size(Byte) 1] HV g @9 M
config | AMOC | cDB | lifetime | wave | energy | advanced
lifetime
input(cps)  coincidence(cps)  centroid(ch) throghtput({cps) gross coun t
CHL: 4.560k 190.000 319.070 CHL [ 48.000 3.660M
CHz : 19.732k 190.000 146.780 , it =
integral energy spectrum oH2 lifetime spectrum etime
78k~ i 52.2k
|
|
| 10.0k+|
|
1.0k
£ 10k- #
E E
2 1
o
100.0
92371 2.0

T T T
0 25 50 75100

L et S S B SO B B S T T T T T T T T T T T T T T
125150 175200 225 250 275 300 325 350 375 400 425450 475 511 5 25 -0 2.5 5 75 10 125 15 175 20 225 25 27.5 30

ch ns
ch [} |J—x|x “.“‘ counts 8 |J-Y‘” ".‘1 B alml ns & “_x'x x-“' counts @ ‘ J:f|" Vv”' 2
ROI start(ch) ROI end(ch) update advanced LLDs and ULDs at ROIs ROI start(ch) ROI end(ch) calibration update ROI to AMOC Ifetime range
E:; 200 300 o s 2 Och
t|110 <200 )

9 lifetme &

7 (ZfAl i CH1 1 1275keV E—=D. CH2 : 511keV E—D. Gl 1 FanANDT H)L)

lifetime &7 Cld lifetime £— FORIEICHI T SBNEFRT —YDREEAND ML ESTEHEERER R UE T, BE
RIFIRILF—=ZANRD B)b. BRIGHSHANRD BILTT, BIIAARY FF—=5Ed ALy 3)UR, LLD.
ULD. D1V ITYREDORBEZED )P URRANY =D ETT, TNHEDRERHEFIE advanced TR
APV8TO2 BilCGRELE T,

Inout: (cos) L PFOIDVINU—IDEEEETT,
coincidence (cps) D PIDTRUYYIIVR DA VITYREED P L REET

centroid (cps)

integral enersgy

ROl start (ch)

ROlend (ch)

update hA >

Oy HICERDAFNCANRY OFHEERTY, Wak LLDULD &0
CFD/LET #HIRRSNTONE B A
© ROIARDPIMETT,
spectrum D EEETIRILF— (ch) | fi#EEE s LS TRIVF—ARD MLD
57T, IRILF—ETOYHICEDRAFNZ wave T—5 D
SEZEEICT U TED L TROSNFT, CH1 TIE START
(1275keV) B4 IVDEBDIR/IF—EFHE, CH2 TIIXSTOP
(B11keV) FAIVITEMBDIRILF—EHEZ, SRD LLD &
ULD ZEREITDCET. FanAND MUTZDIA IV DT ERIRT D
CENTRETT,
CH 8IC integral energy spectrum 25218017 ROl DBHIEIiEE
BELET, RESERL CISTRXIRN—VILDREILET,
CH 8IC integral energy spectrum 25 2ICH17D ROl & T g%
BELET, RESERL CISTRXIRN—VILHREILET.,
AR ROI start. ROl end (5&FEEZ advance 7D LLD & ULD
17 HRASHT O/ I-E—
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lifetime spectrum

throghput (cps)

gross count

ROl start (ch)

ROl end (ch)

calibration
update NS/

[CRIRSEET, &RIRE AMOC £— & lifetime E— R TRIEZ
BB, 2B TRILF—EHN CERISNIT R ~OBSEIEHRZTTIC
life time spectrum JS52Z8#LET, HIZIE CH1 T #2Na d
1275keV DE—=D, CH2 T 511keV DE—DUZZN2N RO
start & ROl end CTEHHERET D& 1275keV #EHI5R-51 1keV 18
HISRE TOEZEZANRD BVEENS T D ENTTEET,

fage CH1 & CH2 s, fiEhasaE e UIcHan AND HILTY,

FREEI T Oy HICERDRAFNIZ wave T—RIXTLUCCFD 51 =
VDZERD. CH1 & CH2 OF « RDUIR— YA I DbSEE
CUBELEY, CH1 ZRY—hk CH2 ZSTOP &L TLET,
PFOTJALwY 3R, D4 YYFT VR, rise threshold.,
CFD_walk. CFD_threshold, LLDULD F&4&2')7° UizBsi( N
> ODEHEERTT,

NI SOFFTCTT,

CH 8IC lifetime spectrum 5 2(CRITD ROl OBHAMIEZRE Lk
9, RESERL IS IRXISRN—VILHRREILZET,

CH &8I integral energy spectrum 5 2ICHI72 ROl DR ThigZ
BELFET, HESERNL IS IRXISRN—VILHRBEILZET,
BB ch F/Eld ns TIIDEZZFT.,

ROl start. ROl end DEZEZNZ21N AMOC D Ifetime range IC
RERSEFT,

18 KASHT O/ I-E-
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4, 6. wave 57

BaFz Y VFU—Y 3 VRERSND'SDENESEHER LE T, lifeime T—F® AMOC E— R CRIRES SRIICKI

DUFL—3 > LT VRL O

N—254 XD WY 3)U ROEUH DR 1TU KT,

[> stop run number |3 4| memo | Sekiei meas. time | 768:00:00 || elapsed time 15:02:26  fie size(Byte) 1] HVY ‘ acﬂ ﬂ

config | AMOC | CDB | lifetime | wave | energy | advanced

wave of APVE702 time spectrometer
input(cps) coincidence(cps)

CH1 : 4.732k 189.000
CHz:  19.682k 189.000

digit

| ®on
T @cHz

accumiztion
calibration

@ch
Cns

o B g &M

T T T T i T T T i T T T T T T T T T i T T T T i T (.
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500511

ch R

wave (J352)

lInput (cps)
coincidence (cps)

accumlation

calibration

10 waved5T

wave E— FRIREDIC ADC KDEWAFNE wave T—9&T 57 U TERRL
X9, B@EhIU YTV OTUN—/ER. fiEhidk ADC O—F (O~255) &%
TRV,

PFOIIVINU—DDEHEIERTY,

PFOTRALwya)lbR DAVITIREGED )P L SFEAMET Oy HIC
ENDRAFNEA N FOHEEETT, CFDwalk. LLD. ULD EDCFD/LET &
HIRIRSN TOE B A

wave T—SDEEHEEDEEZERLE I, ON DIFEEE0NTY,

FEBDETZ ch F2E ns MoEIRLE T,

19 KASHT O/ I-E-
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4, 7. energy 57

energy E—RICTEARATDHTTI, APVEO02 AL T Ge FEIMEHRID T P> THHIE
RUET =525t TRIVF—ZNRD H)LaD< D,

=B VYIaP)

CDB &— FOFEECEERLET,

SNSRI
stk RO ESHRRERNLET, FT AMOC £— R0

f [> start run number |1 2 memo mode energy [¥] meas. time 768:00:00 [% | elapsed time 00:03:21 file size(Byte) 0 _M _ﬂ _ﬂ
| config | amoc | o8 [ LT | wave | energy | advanced
energy spectrum APVB002 digital signal pro
CH  input total throughput input total thro deal ROI peak  centroid peak gross gross net net FWHM  FWHM  FWHM  FWTM
Mo. count count  rate(cps) mte(cns] me(cnsj ﬁtlo(/ﬁ] Mo. (ch) (ch) (count)  (count) (cps)  (count) (cps) (ch) (%)
CH1 : 82.795k 86.72k 1.474k 1.546k o 2.0 ROIl : 2550 2549.48 571.000 9.351k  170.018 8.505k 154.636 140 0.549 0.005 0.009
CH2 : 83.621k 86.356k 1.493k 1.533k o 2.0 ROIZ : o 0.000 0.000 0.000 0.000 0.0 0000 0.000 0.000
ROI3 ° 0.000 0.000 0.000 0.000 0.0 0000 0.000 0.000
ROIL ° 0.000 0.000 0.000 0.000 00 0000 0.000 0.000
ROT ° o. 0.000 0.000 0.000 00 0000 0.000 0.000
ROIE o 0.00 0.000 0.000 0.000 0.000 0.000 0.0 0.000 0.000 0.000
ROI7 o 0.00 0.000 0.000 0.000 0.000 0.000 00 0.000 0.000 0.000
ROT o 0.00 0.000 0.000 0.000 0.000 0.000 00 0000 0.000 0.000
1.k -2neray spectrum ROI ROIstart ROIend  energy
7 cH1 ROI CH (ch) (ch)
7] cH2 1 |CH1 El 2500 [H|2620 |51
2 |none[+] 0 Hisior || |1
3 none[x] |0 s|s191 |1
4 [none[~| |0 sijs191 || |1
Tmn.n— 5 [none[~| |0 SHs1o1 || |1
] 6 [none[~] 0 H|s1or |1
< 7 [none[+] o Hls1or |1
5 8 [none[+] o Hisier || |1 +
2 Lo ¥ mapping @ linear log
update ROI1 to AMOC momentum range
update ROI#1 to LLD and ULD of APVB002
11 calibration
TN HI\IIIHIIH e e
1.0-4 ! ‘ c ch
0 500 IUUU ISUU ZUUU ZSUU 3UUU ESUU 4UUU 4500 5000 SSUU SUUU SSUU 7UUU 7SUU 8191 0T -
ch el counts - AE A Bl ROL2 [= -

input total count
throughput count
input count rate(cps)
throughput count(cps)
pileup rate(cps)

dead time ratio(%)
energy spectrum
ROICH

ROl start (ch)
ROlend (ch)

energy

Y mapping

update

update

calibration
ch

11 energy 57

ADDBDOIZANRY L,
ADICTXT AESNTZEL
1 REDADDD DIEA N L
1 WEIDADICKT ARSI R L
1 RS\ VP TN R
T Y1 LB, B AHBOBHHE,
TRIVF—=ZRD B, EETRIVF—. HiEgEEne 2 T35,
ROI1 ©'5 8 & C ROl BEOXT&R CH Z2&EIRUEK T,
ROl OB IE 2 E UK T, Bfiildch TY
ROl & ThIEZssE UK T, Bfilldch TY
E=DfE& (ch) OIRIF—BEEZELFI, 60CoDHES. 11731
1332 keV) EE%%E,
TS50 Y 8OV vEYI% linear (B F2d log GiED TERL
FI, FEICHY BDINVEEZEINZT,
AMOC E— FDOIR/LF— (momentum) T S5IDEEIC RO DF5GE
ZJE—UET,
advanced ¥R APV8002 M CH1 & CH2 d LLD & ULD [C RO
DREZEIE—LZFT, COB E— FAIRERHSRIDEREICHRLET,
XBDBRTHERLET, SEICH X BN IV EEESNZE T,
ch (FvXRJ)L) 8RR, ROl O TFWTMI @ TFWHMI 73E DTS
ERITTZNFT,
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eV CeV BN, 1 DDERRISAICRITD 2 BENE—D (i) &
TRIVF—ED 2 sARIEICKD. chDeV [TI3DXRDIC 1 RS y=ax+b
DEE a R b Z8HU X #ICRELE I, RO @ TFWTMI M
TFWHM 72EDERIE “eV” IR0 FT,
keV D keV BAERTR, 1 DOERRTSAICHITD 2 FBEDE—D (hiE) &
TRIVF—ED2 RIREICKD. chBkeV [T73DXRDIC 1 RES y=ax+b
DEE a IR b Z8HU X #ICRELE I, RO @ TFWTMI M
TFWHM 72EDERIIE “keV” ITTXDZET, Il - 5717 9ch IC 60Co
M 117324keV. 64987ch [C60Co M 13325keV N'dHdiEsE. 2
SRIELD a 72020397, b Z6958297 EEEEELET,
manual D1 IREEE ymaxtb DIEE a EHIF b EEION VAERICRE L X BhlE%
ELET, BhIHERISGGHELET,

21 KASHT O/ I-E-



PZEFERMFNAERE

4, 8. advanced 57

Y27

[ERIDEEY 1 —/LOFHBREETT

DHTTI, APVET02 (CI3/ VLIAREZET DBBIRERBERY V) U AXTMHR

D 2 ENDD. NERODFFEINEIN VY RISINET,

4 PositronAnnihilation Version 6.1.8 —
File Config Clear
[ [> start ] run numher|0 E” memo | Test | mode | wave meas. time | 768:00:00 Ell elapsed time 00:00:00 file sze(Byte) 0 _ _ _
config AMOC CDB lifetime wave energy advanced
k- APVE702 time spectrometer IP address 192.166.10.129 baselne
threshold ADC CFD CFD CFD CFD level baseline
attenuator offset(V)  (mV) fullscale function dely(ns)  wak threshold LLD ULD enable lavel
CH: |on -Looo 2 [270 [ [Foomvep (O] (7 13| [1.e67 13 3000 10 w10 B [s00 13 of(aumo) o za0 2
CHZ: |on -Looo e |z70 B [7oomvpp [O] |7 B|[1.e67 2] 3000 [ 10 210 Bi[s00 & offuto) . 2s0 4
*bulkioff analog
free run  trigger CH trigger point TAC time offset integral scale pileup reject fitter RF:on coincidence time(ns)
] |cHiacHz [s0 5] [aoo0 B e pileup reject |~ 60 5
* bull:CH18ICH2 time bin ntegral range » bulkenormal or pileup reject * bulkeOns
RF:CH1orCH2 RF:off RF:10ns
B APvE002 digital signal processor —1p address 192.168.10.128
analog fast Tast siow slow slow slow digital digital
coarse  ADC fast fast pole trigger  risetime  flattop  pole trigger pile up coarse fine timing CFD CFD inhibit
gain jain diff integral zero threshold (ns) time(ns) zero threshold LLD uLp rejector gain gain select function  delay(ns) width(us)
30 |%]/8100 (=] |OFF x16 0.5000 + CFD 0.125 60 13
30 |#f]/8100 (] |OFF x16 0.5000 4| CFD 0.125 60 1%
mode monitor CH coincidence time(ns) smncldance
FIFO read count(1..200) coincidence gate time(ns)
100
list transfer length
1000
- APV3304 high voltage 1P address 192.168.10.130 port 10001
[> HVset [> HVoff | —
sweep shutdown shutdown output voltage bias bias shutdown bias shutdown
detector output enable voltage(V) (V/min) polarity threshold (V)  output (V) HV level panel switch HV polerity  shoutdown  polarity monitor(V})
cH ¢ [rsey crable |+ (2000 [2][s00 [ 21 |5 il o I [eff ] pos 0.2
cHa : [vow cncble |+ 2000 3] [s00 13 4 13 sl © L e pes 53
k3 : [Fw cocble | - (3000 2| 000 2] 20 il — | o2
cHa = [T erable | - [3000 f3| 000 2 Lofilll © I e [nea o2

3 PositronAnnihilation Version 6.1.8 -
File Config Clear
[ [> start ] run numher|0 E” memo | Test | mode | wave meas. time | 768:00:00 Ell elapsed time 00:00:00 file sze(Byte) 0 _ _ _
config  AMOC CDB  lfetime wave energy advanced
1} APV8702 time spectrometer 1P address 192.168.10.129 basaine
thresheld ADC CFD CFD CFD CFD level baseline
attenuator offset(V)  (mV) fullscale function dely(ns)  wak threshold LLD ULD enable lavel
CH: |on -Looo 12 [270 [ [Foomvep (O] 7 13 (167 3 3000 %) 10 5[0 B[s00 13 [off(auto) [ ] (240 12
CHZ: |on -Looo 5 |z70 B [7oomvpp [V] |7 Bi|[1e67 2] 3000 5 10 [ (10 B [s00 f5] [off(auto) [ 240 4]
*bulkoff  analag
free run  trigger CH trigger point TAC time offset integral scale pileup reject fitter RF:on coincidence time(ns)
O |cHiacHz [s0 5] [aoo0 B e |pileup reject
* bull:CH18ICH2 time bin ntegral range » bulkenormal or pileup reject
RF:CH1orCH2 RF:off
10:4ps
B APvE002 digital signal processor —1p address 192.168.10.128
analog fast Tast siow slow slow slow digital digital
coarse  ADC fast fast pole trigger  risetime  flattop  pole trigger pile up coarse fine timing CFD CFD inhibit
gain gain diff integral zero threshold (ns) time(ns) zero threshold LLD uLp rejector polarity  gain gain select function  delay(ns) width(us)
CH1 : 30 |%]/8100 (=] |OFF =
CH2: 30 4 |8100 4 |OFF 60
mode monitor CH idence
FIFO read count(1..200)
100
list transfer length
1000
- APV3304 high voltage 1P address 192.168.10.130 port 10001
[ vset ) (Lo - -~
sweep shutdown shutdown output voltage bias bias shutdown bias shutdown
detector output enable voltage(V) (V/min) polarity threshold (V)  output (V) HV level panel switch HV polerity  shoutdown  polarity monitor(V})
ot : [+5w e |+ [mo0 18] [0 2 5 il 0 o G [ poe ) (i) WG o>
a2 : [ encble |+ [2o0 [ [so0 L] s B ol © b et pos [ nomal | [ew | 53
oH3 ¢ [ enable | - [sow0 14 w00 2 2 [H il 0 I o [neg | nomal [ w | 02
cHa : [amw enzble | - (300 [z 2000 13 24 3| ol © I [of | [neg | nomal | [ew | -02

1

3 advanced 7 SE/ VU AR

KRBT /I -E—
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« APV8702 time spectrometer B8 BaF.¥>FL— 3 tsHesA)

attenuator
offset (V)

threshold (mV)

ADC fullscale

CFD function
CFD delay(ns)
CFD walkk
CFD threshold
PRGNS

ADESICRITDI T+ R—BIEE, off FelFon bFlF 1/5 T,
ADESICRIFDA Iy NREEDRE, @%-1V B0, N—251 VO
[CfEARLET,

POV OREERE, @8 270105 300mV, lifetime E— FIFAZIETRIL
F—RBFDIFEICEERLET,

ADC OPFOT )T =)LV, attenuator % off & UREDANIGF T
MDAIEE,

CFD OroRieie | EB3RICRE I D5%E, 8% 6 FI2IE 7.

CFD OEESEICRI I Q550E, @ 1.333 FH/2lE 1667,

CFD D walk [CBET Z5%0E, &% 3.

CFD 0HEICEE I S5%E, EF 10,

AREBE TITEDIAAISEINS CFD (Constant Fraction Discriminator) WURCKNE CH mPO20RS 1=
VOESHUTUET, CFD WA R C=/al V2O 58 4 DORSESD UFDESE LEan A/RD ) U ChEn

WAV a3
LLD

uLDb

baseline level enable

baseline level

free run

trigger ch

trigger point

TAC time offset

time bin

integral scale

Integral energy Spectrum D NRIBICEIT 255E €I, Na DIRILF—INX
D RUCHRITD 1275keV X0 511keV DE—DEEEIC, ZDY1IVIER
DEDO RGBS U TERLE T,

Integral energy Spectrum DLIRIBICEIT 258E €I, 2Na DIRILF—N
D RUCHRITD 1275keV X0 511keV DE—=DEEEIC, ZDY1IVIER
DRD LPREHEE U TERLE T,

BRENR—251 Y UNLOBARTEZEERLUE T, off (auto) DIHBSIFIRED
EDAHBENSEE TRN—= 51 Y IUNIVERELE T, on DIBSIERD
baseline level DIEEEEN— 51 IILNILELTERLEYT, aF% RF)
)NV SRR COHFERI T, N—R 51 VEREHHEICESER/ W ANEFENTL
FUWR=2S51 UHELLEE TSR ES TDXIR T,

I baseline level enable % on IC UIZIZE CC COEEEZEREDN—25
1 ILNVELFT, BRE 240 T,

FTYDOEANDEAREET 10Hz D ~UIESZEERULER U GRS T —YENS
FDCENTEZT, Ao offset FFEED./ 1 XN LODHESREICERALE T,
FUHNETDCHDER, (CH1/CH2/CHI&CH2) , /LT AIREDIZSIFE
BFRIE CHD CHIACH2 ZEBLET, &8FK (RF) /YL AXThRDZEE
CH1 F2IZCH2 DY) < FTTEARLET.

wave E— RIFD ~JT51 IO DRETY, @S 50digit TI,

lifetime €— RICHITS life time spectrum DIFEZ v ~DRE, BE
30000 TY, @@% RF) /VYLZXITRDIZSEE0 T,

lifetime E— FICRITSB life time spectrum 520 1bin &I LOBFEIBDER
ECY, OBk RIEEERId+60ns X TOEHESE 1040s T,

integral energy spectrum [ JOEEART —) VIEEICEE I 2550 E, IREDMEDHS

23 KASHT O/ I-E-
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Re1/ZEBCUET, T4 UNSEOEENL BERDBRMASTHELS
ISBIZH 512¢h [CHRSFDRDITGRELUET.

iNntegral range . integral energy spectrum AITDEDEHEICEEI DECI, &% 10T,
pileup rejector filtter DNV Y TPy TII IO NIEEH 2 DEESIEIREREESICANELE U

TFERURNETAHEEETT, @5 normarml IMERIERDUI D) F2
(& plleupreject ZERUE T, 2K RF /YL XTBROEZSIS off T,

analog coincidence time  ©  [CIESHERK - DEIFE RIS IEHD LIRBE, &FE 60ns, B (RF) /YL
FRODIZSIF 0TI,

24 KASHT O/ I-E-



PEFHMEmAEEE Y27l

« APV8002 digital signal processor 3 (Ge 3:8{M&Hesm) -

analog coarse gain

ADC gain
fast diff

fast integral
fast pole zero

fast trigger threshold

slow risetime(ns)

slow flattop time(ns)

slow pole zero

PFOTD- GB T4, RBHCEDRAAIE )77 THEDESOBIEEER
TY, 1. 2. 5. 10BLSBRLET, 70V~ \R)LMON BHimFEFY
O D—TJ 7z ARRD monitor type Z preamp [CLTIESLANILATO 'S
1V DRICHRSFTDRDICEEELZ T,

ADC T4 Y (FvRIVEEZIEEVED @R1E8192¢ch TI,

fast ZMDOORBDEE, EHIE 200 TI,

fast RIEDORSDEE, ERIE 200 T,

fast FR—ILEOF v IV ERELET, BREEO BEERE TI,

fast 22 1 LA ZEHRE UISEENSERE DY 1 S VT DRIETY, E{iild digit T
g, ®RE 10 D5 20 TI, /1 ANIUHBEIEEE 30 MUEICRBI5E
HDFET, input total rate (cps) DFHEEREER UIXD OIGHCIBNAE TS
B/ A AN UBAERDDUARE B CREELE T, TPV THENESETTIC,
B4 2T 1 )VIP > TEREDMDIREFEDNIEE UIE fast 72 + )L
ZERUE T, ZORPICHUNTCORRBM EITIRSIZHSIC. DR TDIF
RIIBERENSS - IR O IE—P YA TD D 1 ) VR ARRES
WBDYA TS UET, EICIHEENS (F1ARYYD) (CBHRLET.
slow R 1IWAIDTA X1 ©ERELET, @EIF 6000ns (PP T
Susec 18H) TY, NSEREINIFEHENSI ENDFINDTRILF—DEREEN
BIRDFT,

slow B2 1 ILADISw b by T84 ©AEFELE T, @&Eld 700ns T,
slow FN=)LEPOF v RIVEESELET., 20V~ R MONI BAiGFE
ZYDRI—T &5 SBED monitor type Z slow [CLUTR—=R 51 A%aE
[CA—/\—=2— P VS - 2 — FMENKON—)L PO EEEELE T,

rise time flattop time

-t
-t

A

\ A

[
-t

Y

slow trigger threshold

pole zero
(Peaking time)

14 rise time & flattop time & pole zero

slow F7 + ) LY SR UIZRENSERBDS 1 VD DREZSELE T, BR
[F200'5307TY, /A ANIVKDETF LETERDLLD IMHIRELET,
throughput rate (cos) DEtEERZEESD LSO OIBIHRICEBNIAELED /1 X
LN UBERD D URES B TREELE T, ERSNIZAND RO D=7V
TOT 1 IVIBHICRNTTORBMULEICZ o IZHBEIC. FRE U

25 KASHT O/ I-E-
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(slow rise timetslow flattop time) [CRITDESBEZERLE T,
LLD : IRILF—LD (Lower Level Discriminator) Zs8E L& I, Efiild ch TI,
CORHEXDTD ch (30 FLEE A, show trigger threshold IMEAD
ULD KDINSUMBICERELE T,
UuLD © IRILF—ULD Upper Level Discriminator) Z58E L&, &fiild ch TI,
CORHEXD LD ch [FNDY ELEFEEA, LLD KDAKS MEICERELZE T,

O X X

YA /\
ZANVAWIRN

15 LLD&ULD

pileup rejecter SNV TUY D L OERAYEERELE T, @8 OFF T9,

polarity L JUPVIESOBMEERLE T, pos (ST neg [FEHETT,

digital coarse gain DT VEA B 218, 418 818, 1618 3218, 64 18, 128
BHSERUET,

digital fine gain TIPSO A T U ERELE T, sREEIHIL 03333051 TY, T
RIVF—=2NRD BILDE—DNIBOMEREEIC{ERLET,

timing select L DA LARI VT ERET DY IV EERUET,

LET: J—F+4PITwvY (Leading Edge Timing) ,» HdK'JH—ILANILt
[CEEUCAIIVITY, RUESYIIVOId a &b O&DICESN
ZONIJSEEERNZET,

1

I

1

1

|
a, b’

16 U—F14 0TI vY (Leading Edge Timing) MEZF

26 KASHT O/ I-E-
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CFD : DYZRFYVERISDY3VFAIVT (Constant Fraction Disicriminator
Timing) »
ADIES a
.................. b
__________________________ vV o oo
T R
! oo L.,y VZCEDfunction -
i VI*CFD function
: c
AIESE CFD Delay DiE e
N PR R R R f
1 CFD delay |
AR EBEENIE
g

1
1

1

1

e e e e e e e e e e e e e e e h

.

! L

1

1

1

1

h

CFD
17 DRI RIS 38437 (Constant Fraction Disicriminator Timing) MOZZF5

FNOFESDRE a b ICxh MO c d Ce f &g h DRIIEEIZEERK LUK,
e d | KfadbZ&CFD function &L, &5 UIZEHE

Bize f | Ba &b & CFD delay D UITREHY

e h | BFc&e TR d & f ZNRITRE

g EhDPODIORYAIVTTHD CrD (3 DS EADENE U Thnd. RenZEtL
TETTECHD. EWVVDRENDDFET,

CFD function . CFD 8ERICTTRzEEINT DIcHDEER, 0125, 025, 0375, 04,
05, 0625, 075, 0875 NHERLFT,
CFD delay . CFDBEsEZ 10, 20, 30, 40, 50, 60, 70, 80ns "'oERLE T,
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inhibit width (ns)

monitor CH

monitor type

coincidence time

concidence gate time(ns)

concidence delay time(ns) :

Uty R Ge HSIFREEST VEE Y MESENENC TSNS EREE I DE
TY, FEEHEO NS 16383ns,

DAC B0 CH&ESZERUE T,

DAC HHODRER, DACHNESEAYORI—TTRDICEICKD, DSP
BB CONUPIRRE ST C=F I,

preamp : JUPVIES

fast D fast RD v ILYIES
slow . slow R0 I)ILYIES
CFD . CFDOE=

RIFAREE R IISEEIFH CY, ®% 100ns, fast 2 /LY ZREEFHEICD
FRLET,

[FIFAIE CORSBET Z5HI DISEZRE LK T, BE slow rise timetslow
flattop time KD+DAEL ME THRELF T, slow rise time H'60000 Tslow
flattop time 700 MBS, 8000 3 E LK T,
RFFHIEEIE, &% O TY, T—JIURDE VREDREREERICERLEY.,

* APV3304 high voltage 80 (SEEFA)

HV set Y~/
HV off N~

normal/ emergency off

error
detector

output enable

voltage

sweep(V/min)

shutdown polarity

ERDOEREZ APV3304 NFELET,

£ CHOEEEREHZ OFF [CLUET, sweepv/min ICi U CiEE LK T,
=R POEEE UL \RILD EMO 21 wFz& 3 M ERIBLI D E
TRUTUET, RUIBHCI3E CH OsEEHD%Z sweepv/min [ U CRERE LR
9, BRI DCHITE. VME ERS v OIDERE OFF [CLET,
WELS—HRE UCIHBSICRIUET,

f&RHRE M, ERSIIZEANDLET,

SEER ON/OFF #IR, APV3304 J0Y ~\®R)LD ON/OFF 21 wFH'
OFF DIZEMEEMNCRD. ON DIBSIEERYEETY, HHID CH D
ON/OFF 21 wFZ&ZONICL T, ZDOCHDeneble NIV &ED w2 L, HV
set MAVED ) wDIDCE CEEEREDFIENBELET,

SOEEHE, BEAREA APV3304 (3. sRASREEEEE CH1 & CH2 (&
+5000V. CH3 & CH4 [F-4000V TY, BHIERAT T APV3304 DA
RE[CKDZFT, BHIEBRD HV polarity [CCHER CEEJ.,

SRESHE Voltage (V) [CER T DD 1 DEEFE FFETI,
ASVWEZRETDE, BHESICX USRICSEEMIETDCEITRNET, &

B CIHESTRN\K DICBLVREICEHE T DUEN' DIV KT,

APV3304 70 ~\RILD CH1 B SHTD1 D% CH4 A3 SHTD4 & Tfg
SANBFICRNTNA PRY v ROV ET DB ERELF T, BikdD
shutdown thresholdV) EEEICERLE T, BIAIEER CH2 DX DIC
shutdown polarity Z& low. shutdown threshold(V) & 4(V) EE%7E U
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shutdown threshold(\V)

output

output voltage (V)

HV level
panel switch
HV polarity

bias shutdown

shutdown polarity

bias shutdown monitor (V)

SHTD2 IC53V h > T \BIES. SHTD2 IwFlC 4V MTRDEELID o2
BEICINA PRI vy BIDVHIHINBRIEUE T, /N1 PRI vy ROV
FRIFIEHEEA — N —OIEIC K DR D F I D THOERDIMETT,
APV3304 70V ~/\RILD CH1 B SHTD1 ' CH4 BB SHTD4 ETOfE
SADFRFICRNTINA PRI v MDY ETDEHEZRELF T, BIRD
shutdown polarity EEEICERULET,
SEEROHAREERTLUET,
E 0 SEEHOFF
=E . BEUCZEEE/N\ERD
U L BEUZEEEREE P
IREDEHEEBEZRTUE T, BESIEEHSEZSRDIRESWIZETI, C
DIERR ETERBE DD 1 BIATNSDEZSIRBEIFFRISNT B A, HHEEICIZE
BFFIEN DDIZE. BIEIDAEEICK > TUSEHESEE voltage (V) ECDRTA
E3DIEESHDDFT,
IREDHNEFBEETOT U UN—TERRLUET, mA+FZE-5000V TT,
20 ~\RILD ON/OFF 21 wFDIRREZERRLE T,
APV3304 [CEESN T \SEEEREDSEZERTLET, &8 CH1 & CH2
[Epos (EMEM) . CH3 & CH4 [dneg (Bi&) TY,
INA PR vy B VFSICRTUET, FHIREHEED/NA PRV vy b
AONESEDMHHRE. BIRD shutdown polarity & shutdown threshold(V)
DFEICKDFT,
BIRD shutdown polarity DFFEIRREZEZRT LK T,

SHTD1 ©'% SHTD4 ICANTSNZIESOEERE (V) Z2FRmUET, Al
M shutdown polarity & shutdown threshold (V) s EIECDIEZEEEICH
ELZFET, BHEsDEN1 VE—F VAN S MSSIE LSRR CEREEND
NI,
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5. AlRE
5. 1. SESREON0

AREZRNE 9 IR LSRR O U CREE 2N LT,

BEERZRFI DR0C FeDRE R IZSU ),

X SHV T —=J)UROT PV TERT— ) UHWHEE E L<EHRSN TN\ S,

X RUBSOSEEEE (TSRFLREIVATR) « RNERERE. 1 DEICEESCTSIEESEIEEE (V/min) .
X Bt TAPV3304 BUfERIIE ] DFESIE

(1) advanced A high voltage EflC C e &R LE I,

APY3304 high voltage P address 192.168.10.120 port 10001

FNCTE | PN T

- b sweep shutdown shutdown output voltage bias bias shutdown bias shutdown
detector output enzble voltage(V)  (V/min) polarity threshold (V)  output (V) HV level panel switch HV polarity  shoutdown  polarity monitor(V)
: [+5mv enable | + (2000 [2f|[so0 = -24 _oftd 0 I [NEFI | pos [Wncimal| BEERN 02

s [k ensble | + [mo00 [ [s00 5 4 _oftud 0 I G | pos | Fnommel | BNRRRN 5

s [ ercbe | - 300 | [s000 2 2 ot © i [ofi [Tnea | nomel  [Tew 02

[ enable HECEEIEEE 24 _offd 0 I | off [ meg | nomal [ ow 02

18 EEFD high voltage 6

output enable 1 OFF JRRED DEBHNE THDE,
sweep (V/min) MBS CU\BIBHERICH DIEHEICZ o TNDBTE, BlEUT, Ge FEIMEHEE =TSN
TULVBCH1 & CH2 31 @iz 500V FE UIZUL RS 500V/min ERELE Y, BaF Y FL—Y 3k
SIS CL\D CHS & CH4 (3 1 DREHIZD 4000V FE UiZL IBE 4000V/min ESRELET,
shutdown polarity & shutdown threshold (V) [F#&EHEESIC/ N1 PRy v v DO UESHE \ZE3EE L
low E-24V EEELE T, TNIFEAPV3304 020 B NRILSHTDA D' SHTD4 JRIPICZ=HT D CH
DINA PR v R IINESDOLANIUH-24V ZRNABIBEIT/NNA PRV v RV EHS LENIARTI RN
I, INAPRYv v RIINESDLANIULS bias shutdown monitor V) [CRRSNET, /A PRAYvw RS
>OEIETREO CH2 (CEeE LE T,

APWY3304 high voltage IP address 192.168.10.130 port 10001
[> HVset [> HVoff
b L sweep shutdown shutdown output voltage bias bias shutdown bias shutdown
detector output enable voltage(V) (V/min) polarity threshold (V)  output (V) HV level panel switch HV polarity  shoutdown  polarity monitor(V)
TSR enable + 0 3 so0 |2 24 2 a pos -0.2
t[+5kY enable +00 SIECE 6 s 0 -
: [ enable | - 0 Hf 400 [ N o 0 0.
i enbe | - [0 B W 2 _offd © I | off [meg | nomel [ ow | -

19 CH2 IN\A PRI vy RIDVIARE

CH2 MFEEIF Iow & (+) BV [ZXH LT bias shutdown monitor (V) H'53V &> TEV ZRa>Th)
DI TIRE T shutdown EFRTSNTNE T, CODZSEMIZERNET DBIETEFH B A, FITEINIPICTIIR
REICIZ oIEiBE sweep (V/min) OSEICIH U TRFELET,
output HSEKT L output voltage (V) DO mIDIE THDE,

(2) BHRENSOHNESEAYORI-JTTEZALFT, COEDENNBHEEEERENFE UICHEITE
BICHV off NI VZED w30 APV3304 20 H\R)LD EM-OFF (ZFRs8EEREEIN
52 NV 3MMEETRI BN ON/OFF 2+ vF7%Z OFF ICUSEERDEHZ OFF [CLET,
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(3) APV3304 70 R \RILD ON/OFF 2«1 wF&ON [CUET, panel switch DskTLC ON (T75:
. output enable Y VHBSEDICIRNZET,

APW3304 high voltage IP address 192.168.10.120 port 10001
[ > vveet | [ [> aos J ———
—_— sweep shutdown shutdown output voltage blas shutdown bias shutdown
detector output enaEe voltage(V) (V/min} polarity threshold (V)  output (V) HV level panel switc] polarity shoutdown polarity monitor(V}

: [w rn B I 2 2] Lol 5 I s e, o2

s [Farv I 4 18 _offd 0 I Cnomal [ w53

[ ensble | - ol w0 2 & Lol 0 I [ off [Tmeg | nomel | [low 02

JEm e | o sl o 8 2 5 il 0 | G e ol WA 02

20 CH1 2EdJsBIARE
(4) voltage (V) [CHEEESICHCIZEINOUIZVERBEEAD L. output enable ThY>%Z ON L&Y,

(5) HVsetmMAYED WD UEY, D')vwIEE ACH DO EIRRENEIESNEININBHEINE
I, ENNIPIZ output D' a output voltage (V) EHV level DEENILETT,

APV3304 high vo?tage IP address 192.168.10.130 port 10001
[ tvset | (15 st ] vomal ] emor]
! sweep shutdown  shutdown output voltage bias bias shutdown bias shutdown
detector output enable  voftage(V) J(V/min) polarity threshold (V| output (V) HV level panel switch HV polarity shoutdown  polarity monitor(V)
B + 2000 & (50 | 24 :I off | 323 u on ~ pos [ nomel | [ew | 02
: [ == =t |2 + .  pos | nomal  [Tow 53
: [ cisle | - o8] [we0 -1 i e s ol | e 02
[ e R e T 5 ol © . Lo [meg . nomal kw2

21 CH1 FE%

(6) voltage (V) ITEBE UCEEICENET DE output DskT L. output voltage (V) & HV level HESE
USmBOEICENEY, Fe. BEGLEOHV B2 UET,

APV3304 high voltage

1P address 192.168.10.130 port 10001

[[> avset | [ > alos R |

swieep shutdown  shutdown output voltage bias shutdown bias shutdown

detector output enable voltage(V) (V/min} polarity threshold (V) | output (V) HV level nel switch HV polarity shoutdowm polarity monitor(V)

e + (2000 & [s00 | -24 2001 -0.2
: I

B E  pos | nomal  [low
HI e enable + |0 ) so0 s 4 ks v _—— 5.3
: [av anable | - [o ]| 4000 |2 2 |8 _offl 0 I [ off  [meg | nomal [ ew | 02
s [rv enable - o | [4000 2] 24 B off © I [ off [ neg | nomal [ w02

22 CH1 Elniss s

(7) EEERDON/OFF 1213 Tt config 57 hih voltage BN SERTI ST ENTHETT,

[ PositronAnnihilation Version &1.7

File Config Clear

(> stant ] run number [0 2] memo|Test | moce |\wave [+ mess. time 768:00:00 '+ elapsed time 00:00:00  file size(Byte) 0 _M - ‘

config  AMOC (DB lfetime wave energy advanced

save data auto save interval time
01:00:00
data save folder
C¥Datz
[~ high voltage
(> setal | [ [> allofts
setting output

detector output enable  voltage(v)  voltaga(V)
cHry P ~diszble 2000 2000
CHz: *SkV enable 3000 0
CH3 ; -4V enable -3000 o
CHet -akv enable -3000 o

& 23 config 7 COSESRRENMOIRRERR
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5. 2. energy E—F

energy E— FIZ APVB002 SR U TV VIRTRIVF—2ND HVAIEZETDE— R TI.,

5 2. 1. ®’R

(1) energy T— FEERAIIRIFTEEZ NIDI DICERL CTIZSU )\,

VME Power Supplies
APV9007
CH1
S T - CH2 High Voltage
; : APV3304
1 1
! 511keV 511keV i_|..cH1 . .
- .1_ | reamp Power
.:--_;-: Preamp | Ge #1 dfecccca . """ » Ge #2 | Preamp :_ ______________ :r CH2 APV4004
1
Sample | :
ML
Ly Time Spectrometer PC
) ositron
Oscilloscope : \ APV8702 A:nih'itlation
. | Application
N L | cH
:__.__Q 2 | Energy Spectrometer Switching
Hub
J\ P MoNi | APV8002

24 energy T— FEGHEHEN
5 2. 2. ¥
(1) advanced Y JRIC T FeDEEETVET, NHDBREIIBLZ CHDIRBICKNESTNZET,

APWS8002 digital signal processor—IP address 192.168.10.128
analog fast Tast SIoW slowr slow slowr digital digial

coarse  ADC fast fast pale trigger  risetime  flattop pole trigger pile up coarse fine timing CFD CFD inhibit

gain gain diff integral zero threshold (ns) time(ns) zero threshold LLD uLD rejector polarty gain gain select function delay(ns) width{us)
CH1; |x2 |+ ||8192 + | 100 |« | 200 ~ | |0 2|10 = 6000 (2f 700 |+ |676 (=] |20 (= 30 & 8100 (=] OFF |+ | |pos |v| x16 |+ | |0.5000 (= |CFD |+ |0.125 «| 40 |« 60 [&
CH2: |x2 |+ 8192 | |100 |« 200 | |0 <1110 (={ |e000 (2 700 (3 |676 = |20 =30 [= 8100 = OFF |+ | |pos |« | x16 |+ ||0.5000}%| |CFD |w| 0.125 | |40 |« &0

mode monitor CH coincidence CH coincidence AMOC coincidence time(ns)

= o 182 [v defay(ns) w000 2

FIFO read count(1..200) monitor type coincidence time(ns) CHL: o 3 AMC delay time(ns)

w0 v pre amp | 100 $ CHZ: o & 2800 |3

list transfer length coincidence gate time(ns) CH3: 0 =

1000 v S CH4: O -

25 energy E—REE (BD

mode ICC energy B2RLE T,

FRZEZE(C APVBO02 DINDA—DERELUET, S/ \OAXA—FD5AF4. 8. advanced
A ITROBIBOD DSP V2 oz PN _aP)VasiBUTEal),

meas. time ZERAMD 768 8l EEE LXK T,

BEHF S config YT save data & OFF IC9 B ERIEBICT—ZERELUEZE A

APVE002 70 M\RILD MINl iFEAYOR DT &5 UE T, EiidDET
APV8002 NEIDIESIUMBMIRREZ RS U CAYORI—T TR CE, 7 XM= L 20D
FEREETUET, AVORD—TDREDEZIIHEEH 100 usec/Div., #itEh 100mV/Div. CJ,
X2 —Config Z220') v Ls&E%Z APVB002 NAIELE T,
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(2) PFOTREREOERELET., PFTOTREID Ge FERELBEND T 77V TENESICHLIZ
APV8OO2 fINEEETT,

polality [CCREHESOIBM ZERE LE T, [ESE CoNId pos. BB CThHNIE neg ZRELET.
analog coarse gain [IX2 fBFEIIXS5 BE LU TREZT,

monitor CH Z CH1. monitor type % preamp [CL&E T, MONliwmFHS CH1 D APVE002 A
TIPYIESHAYORDI—JICTHET CEET, ONS+1V OEEARTHDTFL—3> LT
LVSU W EREER LE T,
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(3) PFOOTAvEPFOON—)ILPOERELET, DSP#eO0Y M \RILE TFG) (PFOInI 7+
T4 HQUSHS. TUPYIESOREN 400mV H'S 600mV DEIRICRDIDICHEEELET,

BEHID « — R/ \w JRIDEE

a4
i

B UPIPER ﬁ :

@& Toomv

rd

M[4.00s| A Ch1 & 16.0mV] @l Toomv

26 Al

M[4.00ps| A Ch1 + 436mV]

Y27 &

DSP#es00Y R XRILE TPZ) (PFOdom—ILE0) ZaUshs. JUPYIHESOR—)LP0%ESH

BLII,

T v B v

“
X ,-I-:—)L‘ED*EHE ﬁ—)bﬁﬂﬂiﬁﬁg .
i RPN A R T X T W E R YT Ch TR P NS A AE YR
28 s (A—/\—Ya2—~DIF5) 29 g1 (P —Ya1—+Digs
l

N v ] T i

&l 20.0mv ]

M[200us A Ch1 + 42.4mVv]

SRR (IO

M 100ps| A Chi £ 42.4mv) @l s.00mv ]

30 & 31
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4

€

(6)

Uty RO

DSP #8570~ ~/\R)LE TMONU ImFNenT' )Py TENESEAYDORI—T Chtsa L& J,
DSP#EE 70 MN\RIVE TPZ) (PrOJm—)LE0) ZRISEHRDICED TNFNF] CBDE
TIRDEIDFE T,

@ DSP #2570V \RILE TFG1 (PFOIDI 7+« VT7+(>) ZQUSsHS, TPV IHESD
EEN'400mV D15 600mV [C12DX DISFREELET,

)
)

FTI8)UIN—=)LPOEFELE T, monitor CH Z CH1. monitor type & slow [CLUZE Y, MON im+F
H'5 CH1 D APVE002 Nslow 2+ I)LS (B 1 ILY) IBFEEFAESH A YO I—JIC R C=
x99,

/\a...

200my M 20.0us A Chl & 108mv

32 a1 PS5 —ya—h) X 33 &

[eif] 200mv M 20.0us A Chl & 108mV

AUy YI3)VRERELE T, ALy Y I ROEEIT—T v RR=S51 VU PSS BLR) ORIEEL
THALEY, fast trigger threshold & slow trigger threshold D 2 F &880\ N XY, fast trigger
threshold I3, B1IVITRD 1 )LINSESEEE I DITHORIHE TY, slow trigger threshold (&, RAZEE
D+ ILINSIESZHRBIT DITHDRHE T,

start MY V&0 )y VAREZRHE LE T,

X [fast trigger threshold] ZHIFERELWE GO EE) ZAN LU Cinput total rate (cps) 2R
BILET, ALy a)lREFRIDNELK U input total rate (cps) DAELISZDEZRDITET, 2D
BOESE /1 ADEBEFRISD T, ZOEBERD+3~+10BEISKELF T, BLI 10105 20 TI,

RIC Tslow trigger threshold) ZHAEEASUE GO 2E) ZAN LT throughput rate (cos) Z&
E#RILET, slow trigger threshold ZRRICINELK U throughput rate (cps) DAESLKEBEZRD
TET, ZDENMESE /A ADEFRED T, ZDEXD+3~+10 FEISGHELFT, BZld 20~30
T,

EB5NEE./ 1 AUNUCTRESIRDEL V2. TRILF—DfFEEN0 I SIERICH DT,

TIBNIPAVD=2TAIETIPINI A IT+1 VEFEELET, start MYV=ED ) v U=
BB E T, digital coarse gain & digital fine gain 2223 & CIRILAF—INRD MUCRITDEE
IR I EZ R C=E T,

LECRRIRICERERIZITI THO. COMICETERPOIREICEK o UIDFENHYRITTZDINEBIONE T,

ZDHEIIRIMDODSP VI RO 7Y _a PV asiRUTLIES0),
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5 2. 3. A%

ARG TR ERRE LT,

(1) RIENIEEDERTOEERIIC energy FIITLIDENDDFT, AIEPF acal ED D=Ly EBEAFPTUN
BIEPTHDCEERUET, SHERDBEROIRIVF—AND LTS INRRSINET. ROI DFHEZIRIF
FRCETTSDDEEIDIRIVF—RIEZTTOZD, RO ICXT SBSHERERTSEITN I D ENTES
9, SEHEDHBICEEL TUI4. 7. energy §TZSRUTIZSLN,

[ [ start | run number |1 % memo mode energy [=| meas, time 768:00:00 £ e@psed time 00:03:21  file size(Byte) ] _M _ﬂ _M

config | amoc | coB [ LT | wave | eneroy | advanced |

energy spectrum APV8002 digital signal processor

CH input total throughput input total throughput pileup  dead time ROI peak centroid peak aross aross net net FWHM  FWHM  FWHM FWTM

No. count count  rate(cps) rate(cps) rate(cps) ratio(%) No. (ch) (ch} (count)  (count) (cps) (count) (cps) (ch) (%)

CH1 : 82.795k 86.72k 1.474k 1.546k 0 2.0 ROI1 : 2550 254948  571.000 9351k  170.018 8505k  154.636 14.0 0545  0.005 0.009

CHZ : 83.621k 86.356k 1.493k 1.533k 0 2.0 ROIZ o 0.00 0.000 0.000 0000  0.000 0.000 00 0000 0000  0.000
ROI3 : ° 0.00 0.000 0.000 0.000 0.000 0.000 0.0 0000 0.000 0.000
ROT4 o 0.00 0.000 0.000 0.000 0.000 0.000 0.0 0000 0.000 0.000
ROIS 0 0.00 0.000 0.000 0.000 0.000 0.000 0.0 0000 0.000 0.000
ROIE : o 0.00 0.000 0.000 0.000 0.000 0.000 0.0 0.000 0.000 0.000
ROT7 0 0.00 0.000 0.000 0.000 0.000 0.000 0.0 0000 0.000 0.000
ROIE ° 0.00 0.000 0.000 0.000 0.000 0.000 0.0 0.000 0.000 0.000

lukienergvsuectrum ROT ROIstart ROlend energy
. T h)

7] cHL ROI CH (ch) (d

1 |cH = 8 =
—— [~] |2500 2620 1

2 |none[~] |0 s8191 2|1 $

2 |none[~] |0 s8191 2|1 $

4 [none[~] |0 s8191 2|1 4

100.0- . . -

. 5 |none[+| |0 s8191 2|1 4

2 & |[none[~| |0 s8191 #|1 4

= 7 |none[+| |0 s8191 #| 1 4
i

= ry ry S

g g [none|«| |0 48191 £ 1 =

Y mapping @ linear log
update ROIL to AMOC momentum range

III| i calbration

|
INY
LI HI\III\HIII | R s
1.0-f n ‘ o) energ

ROI ce = an
0 500 1000 1500 2000 2500 3000 ESEII] 4[II]EI 45EII] EEII]EI SSI]EI 6000 6500 7000 7500 8191 ROI [+].
5 ch S o
ch 8284 counts & x|y BEmm | ozl

& 34 energy E—FAEEE (?Na A2 L)

elapsed time D' meastime [CERET DD\ start N CRIRERRISE. BEBIICER I stop [CE
NVFET, ) &0y DIBCETEENSILEUET,

config ¥7ICT save data MIBBICF v INDAN CTHONIFRIERLEIFICRIET—4 & config
741 )VHBEITIREFESNZE T, 1RFF config S TDRERCRISN TV VD NATIEDFET,
FIEAERLBIC X Za—/\—D save energy file &0 ) w DI B ETCERET—YERFID
CENTEZT, config STDEREDEHBCDOINTIZ4. 2. Config ¥TESIRUTLIES0),

36 KASHT O/ I-E-



PZEFHREmAIEEE

-
S. 3. COBE—F

Za’lb

CDB E— I3 APVB002 AL T 2 B0 Ge HAB(HHiHIN SO A MEEYSL CDB (Coincidence
Doppler Broadening. 3 VY5 YRRy IS5—N0) AEZETOE—RFTI,

5 3. 1. B&

(1) CDB t— FZEAI RIAREEZ FIDI DICEHL TIES ),

VME Power Supplies
APV9007

CH1

oo e CH2 High Voltage
APV3304

}
!
511keV 511keV 1.|.cHi
U
T

—p b4 CH2| Preamp Power
; _.V.. Preamp | Ge #1 Ge #2 | Preamp :_ ______________ | APV4004

Time Spectrometer PC
Oscilloscope APV8702 A:;;Im;n

Application

1

|

1

1

]

!
L : i B _9 1
! | CH2| Energy Spectrometer

MONI APV8002

Switching
Hub

AN

35 CDB t— FEficiE

(1) EWFE—RZenergy E—RICEIDBZ TRREZTU\ energy D energy spectrum 2520
CH1 & CH2 IZ511keV DE—DOHFRRINDEDIC advance YT DFEEE1TUN\E T, energy
— ROBEICDNTIES. 2. energy E—RESERLUTTES0),

(1)  energy 7D energy spectrum N 51 1keV E—2IZ ROl start (ch) & ROl stop (ch) &EDXK
DITEHELET, HEIDEZHITDN—IIWHDVYISTRNERSEILET (R NaEKED .

| [> start | run number |1 4| memo mode | energy meas. time | 768:00:00 |£/ elapsed time 00:03:21 fie size(Byte) [ _M _ﬂ _M
config | AMOC | DB | LT | wave | eneray | advanced

energy spectrum APVB002 digital signal processor

CH  input total throughput nput total throughput pleup  deadtme  ROI  peak  centroid peak  gross gross  met net  FWHM FWHM RWHM  FWTM

MNo.  count  count rate(cps) rate(cps) rate(cps) ratio(%) No. () (ch) (count)  (count) (cps)  (count)  (ps)  (ch) (%)

CHL: 82.705k 8672k 1474k 1.546k ) 20 Rol . 550 2549.48 571000 5351k 170018 8305k 154636 140 0545 0005 0009

CHZ : 83.621k 86.356k 1.493k 1.533k 0 20 RoR : o 000 0000 0000 0000  0.000 0000 00 0000 0000  0.000
RoB ; o 000 0000 0000 0000  0.000 0000 00 0000 0000  0.000
RO o 000 0000 0000 0000 0000 0000 00 0000 0000  0.000
ROTS - o 000 0000 0000 0000 0000 0000 00 0000 0000 0000
ROI6 o 000 0000 0000 0000 0000 0000 00 0000 0000  0.000
RO o 000 0000 0000 0000 0000 0000 00 0000 0000  0.000
RO = o 0.00 0.000 0.000 0000  0.000 0.000 00 0000 0000 0000

1.0k EergY spectrum — ROI ROIstart ROIend ergy

7 cH1 [ ROI CH (ch) (ch)
1 CHL [+] (2500 [sf|2620 1+
7] cH2

one . ey

3 none[+] 0 sifsior f4 |1

4 none[v] |0 ssror K |1
T1UU.U— 5 none[<] 0 Hle1or B 1
g 6 none[+] 0 Slser 1 1
= 7 none[+] 0 Slsior K1
% g none[<] 0 +le1o1 141
g

Y mapping @ linear © log

update ROT#1 to AMOC momentum fange
update ROI#1 to LLD and ULD of APVB002

Il cabretan
AT o D ey o

T T T T T v v v v v v v T T T T
500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8191

@ BIE counss BI0IY @ PRI

36 ROIF=E
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NZallb

(2) advanced 7D LD MIEBIC ROl start (ch) ZULD MDIBBIC ROl stop (ch) DIEBEANTTD
O\ F2lZ update ROIHT to LLD and ULD of APVS002 MY VED ) wo L, BEIR/ILF—

(3

T TR LUE T,

energy spectrum IZ LLD « ULD OEFENRIRSNZEZANRD ~IUHRARSN CU\BDCEETERUE

9.

[> start run number | 0 2| memo Test

‘ config | AMOC | CDB | lfetime I wave ‘ energy ‘ advanced

meas. time 768:00:00 = elapsed time 00:00:29 file sze(Byte) 0

energy spectrum APV8002 digital signal processor

ch

MH@I counts Eﬂﬂl

ch

0= T T T T T T T T T T T T T T T T T T
762775 800 825 850 875 900 925 950 975 1000 1025 1050 1075 1100 1125 1150 1175 1200 1228

=Bkl

CH input total  throughput input total throughput  pileup dead time ROI peak centroid peak aross aross net
No. count count rate(cps) rate(cps)  rate(cps) ratio(%) No. (ch) (ch) (count) (count) (cps) (count)
CH1: 49.208k 6.707k 1.711k 226 0 26 ROIl : 1007 1004.60 971.000 6.626k 228.483 6.626k
CH2 : 33.597k 5.708k 1.134k 163 0 1.8 ROIZ: 1005 1003.47 898.000 5.644k 194.621 5.644k
ROI3 : o 0.00 0.000 0.000 0.000 0.000
ROHM4 : o 0.00 0.000 0.000 0.000 0.000
ROIS : o 0.00 0.000 0.000 0.000 0.000
ROI6 : o 0.00 0.000 0.000 0.000 0.000
ROT7 : o 0.00 0.000 0.000 0.000 0.000
ROI8 : o 0.00 0.000 0.000 0.000 0.000
1.0k~ energy spectrum
: HL ROI
1
900.0 H2 ;
800.0 3
700.0 4
~ 5
m 600.0
5 6
= 500.0 7
€
3 400.0 8
300.0
200.0
100.0

Wl eco. eial
net FWHM FWHM FWHM  FWTM
(cps)  (ch) (%)

228483 5.5 0.542 0.005 0.010
194.621 5.2 0.520 0.005 0.010
0.000 0.0 0.000 0.000 0.000
0.000 0.0 0.000 0.000 0.000
0.000 0.0 0.000 0.000 0.000
0.000 0.0 0.000 0.000 0.000
0.000 0.0 0.000 0.000 0.000
0.000 0.0 0.000 0.000 0.000
ROI ROIstart ROlIend energy
cH (ch) (ch)
cH1 [+] o0 21100 5|[1 %
CH2 [«] o0 1100 21 +
none[~| |0 Ss1e1 4|1 4
none[=| o slsio1 |1 &
none|=| o slsior |1 +
none[~| |0 Ss1e1 4|1 4
none[=| o slsio1 |1 &
none|=| o slsio1 |1 &
¥ mapping @ lnear © log
update ROI1 to AMOC momentum range
calibration
@ ch ©ev O kev manual
ROI ) Inf
ROM | - +b | Nal
ROIZ [+ - Me

37 511keV E—DZEDBXDICLLD & ULD DEESNCTRILF—2ARD H)U

(4) CDBE—RFCTOFREERAITS. ROF
© mode DINAIFDIIYAZa—=&D )y L TCDOB&EERLFT,

CDB&JICtI0BZFT,

BICHE > CGEREZTTVNE T,

range [CC 2048x2048 &&ERULE T,
CHA1 offset (ch) /CH2 offset (ch) IC advanced 7 CREULIZE CHDLLD DIEZEAD
L&, & COB T—ADENaREEIHId 2048ch D TIDT 51 1keV E—=INDLLD LI
2048ch RICABZV MZEIEEISICCOEEEIEDO U CADI DI LUET,

meas. time Z38E UEJ,

38
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5. 3. 3. AE

RRODGEEST TR ERHE L d,

(1) start/hWYVZD )y D UAIRRZRIBLET.

[> stop run number |0 4] memo Test meas. time | 768:00:00 [<| elapsed time 00:00:51  fie size(Byte) 0 HV | acg. _M
config | AMOC | CDB | lifatim rgy | ad d
CD8(Concidence Doppler Broadening) plot type coincidence time(ns) coincidence count  read data
range CH1 offsat(ch) CH2 offset(ch) cursor CH1 CH2 count
0 =10 = o To—To ® ® sum slice 0 424 i
CH1(horizontal
oincidence CH1-CH2 60.0 { L
-17 Nl
15 50.0-
a
g 40.0-
-10 o a8
= S 3004
H Ea
R 20.0
-0 10.0+
Z Mapping 0.0 T T T T T 0 0 0 30
) lnear o 200 400 600 800 1000 1200 1400 1600 1800 2047
ch
o log " e
3 o B counes (81070 R
73.0 CHZ(vertical)
] cH2 [u™]
60.0-|
50.0-|
CH1 ﬂgﬂ Equ_gf
o @Ik Sap
count @122 20.0
10.0-|
R
890 - ] | ' D D | g D et 0. , , ! — ! . . . —
SUBSI0 9RO 960 880 1000 1020 1040 1060 1080 1110 0 200 400 600 800 1000 1200 1400 1600 1800 2047
ch
ch B counts B HAlE

38 511keV E—DUZFELLDIC LLD & ULD HEEESNETRILF—2ZNRD MU

HikAH DI read data TOTUN—ENIL CGrihdAHETIRRERTLUE T, 1 QDFHAH
[COWRERLIET,

TSDRT—IDEFET TN ) v D UBZEAND L. AT =)V TDCENTESEHT,

AIEDPIX acal ED Dl AAB AP TUNNBEP ChdEZR LK, coincidence CH1-
CH2 [C2 KR TS ANRRSNET,

plot type [CC sum BEIRIDEGRID L RERT S DIC 2 Rt A TS TSRO IQDIFIR /D
FILDRISNE T,

plot type [CC slice EIRTDET ST EON—VIVEIRFI D ETHRIDIRILF—2 RTAND U
DSIDDASA AT 5 I7ERNIDCENTEET,

elapsed time N meastime [CERET DN\ stop MIYVED ) w I B ETARNISIE LET,
config HJ1CT save data DIBBICTF v IODAN THONIEBIREZLEIF CRIRET—4 & config T 7
1 JUDBEF TIRIFESNTE T, 1RFS config T D RERCRRSNTL D/ NAITIZNFET, BIREELE

BICXZa—/\—Dsave CDB file 20 w DI B ETERRET —YERFI DCENTEFET,
config DT DEHEDEHBCDUINTIZ4. 2. Config TR UTEE0),
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5. 4. wave E—F

wave E— 3 APVET702 &FER U CANESORET—YEIUS I DE— R TY, lifetime E— FAIRERIICIZA
Fwave E— RO AR LUE T,

5 4. 1. ®’R

(1) wave E— F2ERT IRNIFEEZ NIDX DITHEHR L CTIESL),

VME Power Supplies

APV9007
_________________________________________________ i CH3 | High Voltage
' . APV3304
i CH4
i
Start : Preamp Power
1.275 MeV ~ Stop : APV4004
V... 511 keV -
~ . ..... - |BaF#2] PvT L. .. - CHi
[T T T - Time Spectrometer PG
Sample Lomme CH2| Apvs702 ot
Application
Energy Spectrometer Switohing
Hub

APV8002

39 wave T— REGBE

5 4. 2. #FE

(1) BaFyrFUL—y3a U gtssN\osEERE OFF [CLET,
(2) advanced Y TAICTRELODFEZTTVEX T, NHDREFELZ CHDREICIDERDFET,
f [ start run number |0 +| memo Test mode | wave +| meas. time | 768:00:00 = ebkpsed time 00:00:08  fie size(Byte)

config AMOC (DB lfetme wave energy advanced

APVB702 time spectrometer IP 3ddress 192.168.10.129 bacel
aseline
threshold ADC CFD CFD CFD CFD level baseline
attenuator offset(V) (mv) fullscale function delay(ns) walk threshold LLD uLD enable level
CHi: jon ~ | -1.000 =290 [ 840mVp-p |« | 6 +1.667 | |3.000 )10 =10 | |500 B offauto 240 &
CHZ: Jon  |w| -1ooo 2200 |2 B4omvp-p (| 6 2] (1667 3| |3.000 [#H] 10 (3 10 3] 500 13| offauto 240 %
* bulk:off
free run  trigger CH trigger point TAC time offset integral scale pileup reject fittter RF:on coincidence timel
CH1&CHZ [+ 50 % o000 3 8 v pileup reject [ 60 |2
* bulk:CH18CH2 time bin integral range * bulk:inermal or pileup reject *+ bulkisOns
RF:CH1orCHZ = RFioff RF:10ns
10.4ps v 10 -

40 wave BE—REE (BD)

mode ICC wave ZEIRLUET,

FRESEC APVET02 DI\NDA—DERELET, B/\SAX—VD5RAF4. 8. advanced
DIESIRUTLIES ),

free run ICFT v O LT,

meas. time ZEAD 768 iFElC 58 E LI,

SEEDSS config A save data & OFF IC9 DERIEBICT—YERELEE A

start NI >V&D' ) w2 UAIREERNIBLET,

40 BRARTH /I—E—
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(3) BAIEMEFDERIDEERIC wave FIITEIDEBNDVFT, BIEPIF acal ED D3l EBEEAT
UNNBEP CTHRICEEZRLET, wave TS50 2 DORNARISNE T, FTIE D )-S5 TEWF
UTROAFFEDIZYY N =S VDA T2y hBD > T VSN EADDNDET,

[ PositronAnnihilation Version 6.1.8 -
File
[ stop. run number | 0 % memo | Test wave meas. time | 768:00:00 31| elapsed time 00:00:11  file sze(Byte) 0 ‘ acg. | d
config AMOC CDB  lfetime wave  energy advanced
wave of APVB702 time spectromeater
input(cps)  coincidence(cps) >
CH1: 0.000 10.000 ~N— _/r‘
CH2 0.000 10.000 Xj -
255 1AV
M cHL
240
¥ Row
220- K accumiation
2007 calbration
®ch
180 Ons
160
140
=3
~ 1204
100+
80|
60|
40
20
0} v T v v ] T T ] T T ] T ] ] ] ] T ] ] ] ] T ] ] 1
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500511
N LI DT A P e HERw

41 ZFDOty NEERID -3V

(4) Aoty EFERELET, free run TEIESE., CH1 KU CH2 MAR— S5 VOiERDED' 240digit
MBAITTZDERDICTIHD offset (V) ZEHELE T, AIEAEILL Coffset (V) DFEZNERIM N TIE
ZEZ CBEAFEZEDIRLUET,

threshold

attenuator] offset(V) | (mV)
- -
.
CH1: |on ~f-1.105 =) (290 =
- - -
CHZ2: fon v -1.265 3] 290 %
[ PositronAnnihilation Version 6.1.8 -
File
[ stop run number | 0 4 memo Test wave meas. time | 768:00:00 '+ elapsed time 00:00:20  file sze(Byte) [} ‘ acg. ‘
config  AMOC CDB  lfetime Wave  energy advanced
wave of APV8702 time spectrometer
input(cps)  coincidence(cps)
CH1 : 0.000 10.000
CH2 : 0.000 10.000
wave
Bl cH
—I McHz [~
220 accumiation
5 PostronAnni -
200 Fie
1804 Lo run number [0 3] memo Test meas. time | 768:00:00 5 elapsed tme 00:01:05  fie sze(eyee) o il acg. emad]
confiy  AMOC (DB Ketme energy  advanced
160-] e o
Gt g 9.000
140-] cHz 8000 Suo0!
e -
= 120- 245 Eon [~
Moz |
244
100- s i
242 Sibrat
80- "
Ons
60-
40
&
=
20-
236
0- 7 7 T 7 i T T T =
0 20 40 60 80 100 120 140 160 4
LR = [T 1 EEER
212
21
230
0 20 40 60 B0 100 120 140 160 160 200 220 240 260 260 300 330 340 360 380 400 430 440 460 480 500511
o I e (AN @ R

42 A0ty ~NEEE (HA: advanced YTWESRE. il : 2R B IR0

(5) BaFYYFUL—Y3ViEHssN\SEERZLINILET,

41 KASHT O/ I-E-
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(6) ReEEwEILEI, freerun DF T v IEHLwave E—RTRRLET, MR U GRRECHA
<IZ&L), R TIE trigger CH D'CHA1&CH2 THY. threshold B8 ULIES1 I ‘/D“CCD&}UD‘%T
éhgg— CHA1 &U CH2 @/&H’/@/&ﬂm L) bb\%ﬂﬁﬁm 0 D\b 255dlg|t [79&_—1— \%égéutéﬁﬁmu

<IZEb),

[ PositronAnnihilation Version 6.1.8
File

[ stop. | run number [0 3| memo | Test

config AMOC (DB Ifetime wave energy advanced
vave of APVE702 time spectrometer
input(cps)  coincidence(cps)
CH1: 20434k 17.000
CH2: 12773k 17.000

meas. time | 768:00:00 14/ elapsed tme 00:00:58  fle sze(Byte) 0 AV | acq. | |emonl

threshold 21~

M [~
200 L A sy WE
[ oy SFTYTTPTIRTY
(B%R)
200 aalbrat
®ch
180 Ons

threshold
100mMV  «ebeeeneond
(B®R)

0 ZU 4EI 60 BEI IEIEI IZU 14U 160 IBU ZUU ZZU Z4U ZSU ZBU EUU 32EI 340 360 EBU 4EIEI 420 44U 460 480 SUUSH
E Al

-1 1L BT )

43 FEE. input (cps) TR

threshold MIBEAEL TDER—251 VISEI= input (cps) HRELIZENZET, threshold HY

BESLYINSHNDE input (cps) HYO R0 wave DEFHOEFENDFT,
FEEYF threshold DIEEsHRIBZ CTH D EESED TIIH D FEE Avs

(7)) REBEZFELFET, CH1 KU CH2 ORFEDRSLNILHYED O 05 255digit RICHDRTEDLD

[CUET, free run OF = v OENRUEERHBELE T, TS

ROUINTNET,

SWF v IRIVEERSLANIVIAEL

B PositronAnnihilation Version 6.1.8
File
[>.s1p. . run number [0 2/ memo]Test

config  AMOC ~CDB  lfetme Wwave energy advanced
vave of APVB702 time sp:
input

mezs. time 768:00:00 || efapsed tme 00:00:06  file sze(Byte)

o Hv.| aca] emol

e
uu{ ) idence(cps)
CHL 27.528k 34.000
CH2 18264k 34.000
255 Wave
240 |
CH2
220 accumiation
2007 albration
®ch
180-{
160-|
140-|
o
=
120-|
100-|
80
60-
40-]
20
0

P AL P AP EIR

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 4su 5DD511
ch

& 44

RSB

—FDBUDDRKE'L_J: DES LA L EHEIRNICRSHDEDIC LK,

attenuator Z2ON [CF B,

ADCfullscale & 840mVop I3EICIAIT2,

APV8702 D CHA KRU CH2 DEDEICIMHT 7w T R—IZIDIITD, D

7&‘&73 BLIRBIEENBDDET,
FEROEMNIEEHEZ NI, D5

ISR ENTELIS
42

SIS i)

DHENDDET,
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5. 4. 3. A€

RRODGEEST TR ERHE LS T,
(1) TEOREZITV\EY, FHETEBLZ ChHDMESBRORRICINEE LT,

2

[ start run number |0 3| memo | Test mode | wave ~ | meas. time 768:00:00 3 elapsed time 00:00:00 fie size(Byte)

config AMOC (DB |lfetime wave energy advanced

APVE702 time spectrometer IP address 192.168.10.129 —
aseline
threshold ADC CFD CFD CFD CFD level baseline

attenuator offset(V)  (mV) fullscale function delay(ns) walk threshold LLD ULD enable level
CH1: on ~ | |-1.105 290 |3 |840mVp-p |+ | |B =i |1.667 < 3.000 10 |10 = | 500 o ) 2410

290 |3 |840mVpp |v| |6 1.667 3.000 10 |10 500

v | [4v
v | [4v

CHZ: on ~||-1.265

* bulk:off

free run  trigger CH trigger point TAC time offset integral scale pileup reject fitter RF:on tl
O CH1BCH2 [ 50 3 30000 R 8 v pilaup reject [« 50 %
*bulleCH1&CHZ time bin integral range * bulk:normal or pileup reject + bulk:60ns
RE:CH1orCH2 o RF:off RF:10ns
10.4ps v 10 &

X 45 3%ER)

[=]]]

mode [CC wave Z&RULET,

FREZEIC APVET02 DINSA—EHELET,
BINSA=DDRAF4. 8. advanced HTESIRLU TSN,

config YN save data & ON [CTBDERIEBICT—YEEMNRF C=FJ,

start Y VED v D UAIEERIB LE T,

£ PositronAnnihilation Version 6.1.8
File

[ stop run number [0 2/ memo|Test meas. time | 768:00:00 |+]| elipsed tme 00:00:16  file size(Byte) 0 W | acg _ﬂ
config  AMOC CDB  lfetime Wave  energy advanced
wave of APV8702 time spectrometer

nput(cps) _comcidence(cps)

CHL : 20.436k 31.000
CH2: 13.011k 31.000

wave

M cHL
[ cH2

accumiation
calibration

®ch
Ons

digit

T T T T T T T T T T T T T T T T T T T T T T T
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500511

0 40
P 1 - R N o HE W

46 wave B—REIRE

BRI S D(CRRSNE T,

meas. time [CERET DERIESHE T LE T, BIEEPRTI DIHE stop MY V=D ) w2 LET,

config A save data & ON DIFE. :8E U I # LI ReeD D 71 IVIMERRSNZE T, T 71)LD
IR, 6. wave TP IVESIRSIZSL )\,

RUNS99O999 configini LOERREIPAIV

RUNS99999 wavecsv . owave T2

3% 999999 [FRIREEFD run number [CINFET,

config A save data &2 ON DIFE. run number D88 T 1 DIED_ENDFT,

43 KASHT O/ I-E-
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5. 5. lifetime E—F

lifetime E— FIZAPVE702 ZFR L (EEFERFmAREZTDOE—RTY, ifetime T— Fa(ERET IFRIAFE
B MDFDITEHRL C<IESl ),

VME Power Supplies

APV9007
1 i S :EC;‘{;(’)I:age
E CH4
}
i
Start : Preamp Power
1.275 MeV  Stop : APV4004
Ve 511 keV -
~ . ..... »  BaR#2| PuT Lo _. —.: CHA1
;T T e Time Spectrometer PC
Sample L _(_;H£ APV8702 A:’;:l:::"
Application
Energy Spectrometer

Switching
Hub

APV8002

47  lifetime T— FEFBOEN

5 6. 1. #&

(1)  EFE—R&wave E—RICUDEBZ TAREZEIL . wave D wave TS5 ch1. ch2 ORFZT
—AIDRRINDEDIC advance FITDEEEE1TUNE T, wave E— ROIBEICDNTIES. 4. wave
E-RESBLTLIER),

(2) TPECDFEREZTIVVET,

&
o
n

[ start run number |2 21| memo | Sekiei made | lifetime [+ meas. time 768:00:00 | elpsed time 00:00:11  file size(Byt

config | AMOC | COB | lifetime | wave | energy | advenced

7} APVB702 time spectrometer IP address 192.168.10.129 -
baseline
threshold ADC CFD CFD CFD CFD level baseline
attenuatoroffset(V) (mv} fullscale function defay(ns) walk threshold LLD ULD enable level
CHi: lon  [+]-t.010 (#]|250 [4] 700mVp-p [=] 7 4 1.667 [4[3.000 14|10 [|[10 [2|[500 [4|offlauto) [+] 240 |
CH2: lon  [+]|-1.000 (2250 4] 700mVp-p [=] |7 4] 1.667 [2[3.000 12|10 [ |10 [2||500 [2] offauto) [+] 240 |2
*bulk:off analog
free run  trigger CH trigger point TAC time offset integral scale pileup reject fittter RF:on coincidence time(ns)
CH1&CH2 [+ ] 50 = 30000 5 4 [=] pieup reject [+ 60 =
*bulk:CH1&CH2 time bin integral range *bulk:normal or pileup reject * bulk:
RF:CH1lorCH2 10.4ps |z| 10 = RF:off 60ns
iV B
48 FEERI

mode DI IV A Za—&27') w2 UT lifetime TR LUET,

advanced A JICEINEZTmDCH D LLD & 10, ULD%E 500 [CEHELET,
meas. time ZEAD 768 a8 E LT,

SEEDS S config YA save data & OFF ICF BERIEBICT—YERELEE A
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start N VED' )y D URIEZBHE LET,. TRID lifetime S IICEIDEND T,

¢ [ start run number |2 4 memo | Sekiei mode | lifetime [+ meas. time | 768:00:00 '+ ebpsed time 00:00:11  file siza(Byte) 0 HV‘ d H

config [ amoc [ coB | Wetime | wave [ eneroy | advanced |

lfatime
input(cps) coincidence(cps)  centroid(ch) throghtput(cps)  gross count
CHl: 22872k 1.088k 322.650 cHL [ 847.000 9.058k
CH2:  25.340k 1088k 148850 , i Fax
integral energy spectrum o [ lifetime spectrum etime
144 T - 105,05
100
8 B
g g
3 2 100
g 1 8
L S S | Ly S S S T S N S Iy 1.0 } \H .} { { H T T ‘\
0 25 50 75 100125150 175200 225 250 275 300 325 350 375 400 425450 475 511 30.146 20 -10 0 10 20 20 40 50 59.854
ch ns
o B o @I Bl ns @I coures @I +a
ROI start{ch) ROI end(ch) update advanced LLDs and ULDs 2t ROIs ROI start(ch) RO end(ch) calbration  update ROI to AMOC Ifetime range
= - = = @ch
cHz: (110 lelf200 s

49 lietime E—F (threshold KU LLD. ULD iEE&a0)

CH1 & CH2 Minput(cps) NTBIUITISDELDIC, TV IILEBRONBZFEELE T,
TRID integral energy sepectrum 75 2IC QDC AR ~IUHFRRSNE T, 2Na D51 1keV
& 1275keV DMENRE — DRI CEIEX CtEaEEa U d.,
SHEOHDITIEE SN S stop MY VED ) wD U CREZELE LET,
CH1 [31275keV &ESTART 100 CH2I1E511keV ZSTOP A1V TJELET,
FNKDIBENTRILF—FDT—HIFTAZIZDT threshold Z5FEEL CTHINIETET,
threshold jaDc

gttenuatoroffset{V) | (mV) fullscale
CHi: [on  [+]|-1.010 150 [2l||700mvp-p []

CH2: lon  [+]|-1.000 220 2] |700mvpp [=]

kL

1k

| [> start run number |3 = memo  Sekiei madz | lifetime  [+] meas. time 768:00:00 |+ ehpsed time 00:00:16 file size(Byte) i} HV‘ ‘ ﬂ

config | AmocC [ cos | Wetime | wave | eneray | advanced |

lfetime
input(cps) coincidence(cps)  centroid(ch) throghtput(cps)  gross count
CHL: 4.707k 251.000 322.160 CHL | 236.000 3.357k
CHz: 191780k 251.000 148230 , w =
63 integral energy spectrum o2 [ s5.0 lifetime spectrum etime
. < ; :
1 D
0 |
1 D
o |
1 D
o |
I
1
I
8 |
15 10-] 1 . 9 10.0
=1 . | s
5 i : s
g . ]
; |
0 I
1 D
o |
1 D
o |
1 D
o |
1 D
o |
1 D
0 |
1 D
: |
Tt T T e 10 ] g T J 7 J T
0 25 50 75 100125150 175200 225 250 275 300 325 350 375 400 425450 475 511 30198 20 10 0 10 20 30 40 50 59.802
ch ns
o Bl s Bl a0l v Bl i 80y Rl
ROI start(ch) ROI end(ch) update advanced LLDs and ULDs at ROIs ROI start(ch) RO1 end(ch) calibration update ROI to AMOC lifetime range
- = = = @ch
chz:|110 200 |2

50 lietime E—R (threshold 2%, LLD & ULD BE880)

start hW9 V&0 ) w2 UCARZERIE I DELRIN QDC IS5 IDETRILF—RIALINIE TSN T
V&I,
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ROlstart,ROlend [CEIBEZESEEL CH1 M ROIHY1275keV. CH2 DROIH 51 1keV ZHSELD
[CU T update WIVZED WD LUET, D' w2 ROl DEEEN advanced YA LLD & ULD
([CRIRENZE T,

[ stop run number |3 % memo | Sekiei meas. time | 768:00:00 |+ elapsed time 00:00:17 fie size(Byte) [) HV o aca.y M
[ config | AmMoc | coB | Ifetme | wave [ eneray | advanced |
lifetime
input{cps)  coincidence(cps)  centroid(ch) throghtput{cps) gross count
CHI: 4532k 189.000 322.000 it [N 57.000 1189k
CHz: 191202 186,000 148340 .
30-Mte0rel energy soectrum cH2 43,0 fetime spectrum Ifetime
_nteqral energy spectrum -
. I
| .
. I
| .
. I
| .
. I
I 10.0
I
10- I
P | 9
B | 8
£ 0
g <
g g
1 e e ey e et s T s ey et B e g B S e 1.0- T T T T
0 25 50 75 100 125150 175 200 225 250 275 300 325 350 375 400 425450 475 511 30198 20 -10 0 10 20 30 40 50 50.802
ch ns
o B ouns 120y Rl ns IS counts Jjﬂl e
ROI start(ch) ROI end(ch) update advanced LLDs and ULDs at ROIs ROI start(ch) ROI end(ch) calbration  update ROT ta AMOC Ifetime range
. : > = ch
E:; 200 [ B o [f[ster 2 oo
Ji0 Elao B )

51 Jietime E—R (threshold. LLD. ULD 58E&%)

start RV &ED ) w2 UCAIEERNETDEZAIN QDC IS5 IRV T LLD & ULD D CIE
IRIF—RIESTIRILF—RDEIDE TEN TN,

HAID lifetime spectrum [CIECH1 D 1275keV DSTART 54T ECH2 D 511keV D
STOP 54 VT EMEEDE R IS AIRASNE T,

MEHRIDTRA > 3%

SHIERIS throughput (cps) DR C 100cps IMTREHEELE T, AT 200cps FCH'BZE T
., SHENS<EDE/NAIVP Y TOFEENMEZ ANRD ~UINCREN T L BHBENDNET,

2/\9 '\) IJH/'IK‘(-E’““D‘@% 7/1J_E!\ —FUBGD%D\]’“ uuéﬂ&'@'
SEERT —J)VORERNODEST —JILEBVZDEDIHRIFIER T, BIFUSIRRET
(EIEEESN
SRR TIVOEICRENZD o120, U TILEARRNATN T VD,
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1)

2

TECDFREZTTVNE T, REIFBL CHDMESBRORRICLNEE LI,

APV8702 time spectrometer 1P address 192.168.10.129

baseline
threshold ADC CFD CFD CFD CFD level baseline
attenuatoroffset(v) (mv) fullscale function delay(ns) walk threshold LLD ULD enable level

CHi: jon  [+][-1.000 [&)[150 4 |700mVpp [+]||7 14| 1.667 |2 3.000 |10 |2 290 2[390 4 [offfauto) [+ 240 |
CH2: Jon [ |-1.000 [ |220 4 [700mvp-p [«] |7 4| |1.667 [+ |3.000 B |10 (110 200 ] offaute) [¢] 240 12
*pulk:off analog

free run  trigger CH trigger point TAC time offset integral scale pileup reject filtter RF:on cmnadence time(ns)
o CH1&CHZ [»] |50 3 T 4 [=] pileup reject |~ | 60 |+
*bulk:CH1&CH2 time bin integral range =bulk:normal or pileup reject = bulk:
RF:CH1o0rCH2 104ps  [7] 10 - RF:off 60ns
W A=)
52 FE5EBI

mode [CC lifetime Z2&RULZET,

FREZEIC APVET02 DINSA—EHELET,
BINDA=DDAI4. 8. advanced YTZSIRL TLIESL ),

config 7N save data & ON [CTDERIFEBICT—YEEMNRTF C=FJ,

start Y VED v D UAIEERIB LE T,

[ stop. run number | 3 2 memo  Sekiei meas. time | 768:00:00 [+ elapsed time 00:00:17  fie size(Byte) i} HV § aca ﬂ
config | AMOC | cDB | Ifetime | wave | energy | advanced |
fetime
input(cps)  coincidence(cps) centroid(ch) throghtput(cps) gross count
CH1: 4.632k 188.000 322.090 oL [ 57.000 1189
CH2: 19202k 189,000 1483340 , i <
3., tegral energy spectrum a2 [ 2.0 lifetime spectrum etime
T .
. |
| D
. |
| D
. |
| D
. I
! 10.0
|
10 [
@ ! o
| ] B
S 5
g g
1 L e T e B M B B B e s B T 1.0 v T i T y 7 T J
0 25 50 75 100 125150 175200 225 250 275 300 325 350 375 400 425450 475 511 30,198 20 -10 0 10 20 30 40 50 59.802
ch ns
o BIEE ouns (1YY B2 s BB  ouns @1AYIEY ekl
ROI start{ch) ROI end(ch) update advanced LLDs and ULDs 2t ROIs ROI start(ch) ROI end(ch) calbration  update ROI to AMOC Ifetime range
- - = - ch
CH2:|110 2200 = )

53 lifetime T— REIRE

SBIRED lifeime A INZID integral energy spectrum 25 2(CHUT CHA (ZIZ 1275keV DRARD
VO F2 CH2 [CE 51 1keV DRNRD BUATRHRSNET, GRID lifetime spectrum ICIE CHA D
1275keV D START 1 IVTECH2 D 511keV D STOP V41 IV T EMISEZEDE R RIS AN
RIaNEI,

meas. time [CERET DERIETHE T LE T, BIEEPRTI DIHE stop MY V=D ) w2 LET,

config 7N save data &2 ON DIFSE. ZE LD )LD I 71 JUIWER SNE T, T 7-1)LD
SHpIRme. 3. lifetime 7—97 71 IVESIRIZS0),

RUN999999 configini COBRREDI AL

RUNS99999 | T_diffcsv o lifetime ZARZ B (DUNXEIDFTFX D

RUNSQ9999 | T_diffdat o lifetime 2D )L (10 HIARIZNR—=EEDOTF R MZZD
RUN999999 LT _diff revdat : lifetime &REz AR ~IU (10 HIEERIZRNR—"GEEDTF A RV
RUNS99999 | T integralcsvy  :  integral energy XX <)L DYNXEDDFTFZ MZED

3% 999999 [FBIREIFD run number [CI3NFET,
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5. 6. AMOC E—F
AMOC E— FIFAPV8002 KU APVETO2 Z#R U CisElBRE TR L F—IER2[isICANS I © AMOC (55
a3 TRILF—HBEEA. Age-Momentum Correlation) BIEZITOE—RTY,

5 6. 1. ®’R

(1) AMOC E£— FZ2f I JREAREEE MRIDI DI L TTIZS0

VME Power Supplies
APV9007
CH1
e o High Voltage
! . |CH3] Apy3304
: Stop Stop : CH4
i 511keV 511keV I
[ Sample < | CH1 | Preamp Power
4['_ > proamp | Ge #1 | - ----- B ----- plBar, 2| eur LZ -, : APV4004
; !
! Start P oH
 1.275MeV i—-{----;---'-'-> Time Spectrometer PC
- bl _|CH2] Apvsr02  Posron
BaF, #1] PMT N J I Application
[}
Lo --Ql:ll Energy Spectrometer Switching
APV8002 Hub

54 AMOC t— BN

5 6. 2. &

(1) IMFE—FRZenergy E—RICEIDBZ TRAREETTL\ energy D energy spectrum 27520 CH1
IC Ge FEIMEHRED TR LF—ANRD ) UHFRRSINDKDIC advance Y I D =1TUE T,
energy E— ROREICDINTIES. 2. energy E—RESRUTIES),

511keV ODE—DZRD RV EERUIZSD. COE—DEHESISIC RO @ ROl start & ROl end &55%E
L update NIVED )W DO UET, 2'J)w D% AMOC R momentun range M min (ch) & max
(ch) IZCM RO start & ROl end Hh'=BEENET,

| [ start | un number |1 | memo mode | energy [+] meas. time| 768:00:00 %| elapsed time 00:03:21  file size(Byte) 0 M d ﬂ

config | AMOC [ coB [ LT [ wave | eneray | advanced

energy spectrum APVS002 digital signal processor

CH  input total throughput input total throughput pileup  dead time ROI peak  centroid peak Qross Qross net net FWHM  FWHM  FWHM  FWTM

No. count count  rate(cps) rate(cps) rate(cps) ratio(%) Ho. (ch) (ch) (count)  (count) (cps)  (count) (cps) (ch) (%)

CH1 : 82.795k 86.72k 1.474k 1.546k (1] 2.0 ROIL 2550 254948  571.000 9351k 170.018 8505k  154.636 140 0543  0.005 0.009

CHZ : 83.621k 86.356k 1.493k 1.533k 0 2.0 Ro1z o o000 0000 0000 0000  0.000 0.000 00 0000 0000  0.000
ROI3 . 0 0.00 0.000 0.000 0.000 0.000 0.000 0.0 0.000 0.000 0.000
ROI4 0 0.00 0.000 0.000 0.000 0.000 0.000 0.0 0.000 0.000 0.000
ROIS 0 0.00 0.000 0.000 0.000 0.000 0.000 0.0 0.000 0.000 0.000
ROIE o 0.00 0.000 0.000 0.000 0.000 0.000 00 0.000 0.000 0.000
ROL7 0 0.00 0.000 0.000 0.000 0.000 0.000 00 0000 0.000 0.000
ROI8 0 0.00 0.000 0.000 0.000 0.000 0.000 00 0000 0000  0.000

1 ok EnerY spectrum ROIL ROIstart ROIend ergy
o ) cHi ROI CH [CONR !
7 a2 CH1 [+] |2500 t+:|2620 [+ $
|

1
2 none|~| [0 28191 F[[1
3 nonev| |0 H|sio1 K|[1
100.0 4 none[+] |0 sllam fl|[1
e 5 none[v| |0 #8191 Ki||1
g 6 none[«] |0 8191 4|1
. 7 none«| |0 Hs1o Kil[1
5 g none[~] |0 s1o1 1] [1
L4 " L

10.0+|
update I update ROI#1 to AMOC momentum range

|
i update ROI#1 to LLD and ULD of APY8002

Il i 1
i1 HIII]I Il
Winy Il i calbration
(UL B e
1.0+ l ROI centroid energy =3 nan

T 0 T v g v 0 v 0 0 T T T
500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8101

ch Mﬂﬂ' counts ﬂﬂﬂ' o 2wl RO2 |

55 energy E— RTOIRILF—IEHEHE
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2

3

4

FWEE— RZ&E wave T— RICUIDEZ TAIEETTL . wave 9T Dwave I5(C chl. ch2 OikHT
—IDRRINDEDIC advance FTDFEEE1TU\E T, wave E— ROIREICDUNTIED. 4. wave
E-RESRUTIES),

IMNEE— RZ&Elife TE— RICEIDEZ TAEETTL\ lifetime D lifetime spectrum 25 2(ZFanA/RD
;LRSS DL DIC advance S JDFEEEETTUNE T, lifetime E— RDIEEICDNTIES. 5. lifetime
—RESRBRLUTLIES),

ANRD MILDE—DEERUED. COE—DEFHFTEISIC RO start & ROl end Z38E . update Th
VED IO UET, D) wD% AMOC A lifetime range MW min (ch) & max (ch) [CZO RO start
& ROl end h'=I=NET,

B —rrREEAaEE [E=nEE =
File
[> stop run number | 14 2| memo meas, time| 768:00:00/%]| elpsed tine 00:04:02  file sze(Byte) o “ acg. | H
config | AMOC | 0B | LT | wave | energy | advanced | HvAdiust |
LT(Life Time)
input(cps)  throghput(cpskentroid(ch) gross cout  net cout FWHM(keV) FWTM(kev) throghtput(cps) centroid(ch) gross cout  netcout  FWHM(ps) FWTM(ps)
CHL : 65.643k 3. IDUK 172.900 64.800k 13.329k 236.290 291.328 238.000  2900.080 60.528k 60.350k 32332 77105
CH2 : 70.336k 5.190k 54.350 64.800k 39.947k 144.146 230.130

integral energy spectrum ife: Wime spectrum

k-

1.6k~
| | CHL ROI 10k
i | CH2 ROT

[¥] liff ROT

100.0-|

counts
counts

B Ry e Lt S S s s S S B W 1.0+
0 25 50 75 100125150 175 200 225 250 275 200 325 350 375 400 425450 475 511 2750 | 2800 2850 2000 2050 3000 3050 3100 3150 3200 3250 2300
ch —
o DI s 1Y e ol one 8lui L

ROI start(ch) ROI end(ch) energyt(keV)  calibration update advanced LLDs and ULDs at ROIs ROI start(ch) ROI end(ch) C2lbration  update ROI to AMOC iife time range
ch1:(150 [l[aro e 1275 1 @ch 2800 123300 & @ch

. = - - Orkev o
H2: 42 +f|70 o 511 B

& 56 lifetime B— R COHnBIEESE

NECDEEZTTUNE T,

AMOC(Age-Momentum Correlation)
lifetime & momentum

measurament axis of 3D graph

momentum range  lifetime range momentum(10-(-3)mic)  [fetimel(ns) counts
min({ch) [2265= min(ch) 2800= auto L] min|-30 B auted min|-1 B auto b min|1 >
max(ch)| 233951 max(ch) | 3200= log [ max|30 |2 log [ x| 2.2 |2 log [ max|10 £
axis update' | plot updatel coincidence rate{cps) 0

X 57 5%EH

AMOC A JICEINEZZF T, momentum range & lifetime range (BHRDEEEE U\ T energy
B ITAKRD lifetime TR update ThS &' ) w0 UIZIEHDRIRSN CUET,

axis of 3D graph [C[Z AMOC A 3 Rt 5 I DNHRNEHDREE UET, sHEERINT IS
[F axis update NI VED ) wD LET,

meas. time ZERAD 768 iFEl58E LXK T,

FERSI config TN save data & OFF [ICF BEBIEBICT—IZEIRFELUEXE A,
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=B VYIaP)

mode [CC AMOC Z&EIRUET,

config 7N save data & ON [Z3 B8

start hYV&ED ) v D VAREZBHE LK T,

EBICT —528EREF CS3J,

8 SRTRSERINES

=

File Config Clear

[> start run number | 1

& memo

AMOC | co8 | LT [ wave [ eneray [ advanced | nvadust |

mode wave [=] mess. time | 768:00:00/%] elapsed time 00:00:00  fie size(Byte) 0

v | sca] | emor]

AMOC(Age-Momentum Correlation)
life time & momentum

momentum range life time range
min(ch) | 27102 min(ch) 2860/%
max(ch) | 27701 max(ch) 31001

uto[Z) min|-30 & auto [l min|-1

axis of 3D graph
momentum(10~(-3)m0c)  Ife time(ns)
a

loglmax[30 % log[max|2.2 %

counts

# auto™® min1 &

el [ ]

coincidence rate(cps)

o

B LA E]

1130 momentum sum 0
= momentum
250.0-|
log [ max |15 £ 200.04]
g 150.0
g
13.00 100.0-
50.0
-6.50 0.0-75 T 0 T @ T T 7
21 -15 -10 5 -0 5 10 15 20 23
momentum(10-(-3)mac)
momen BIBIE councs (8101 HE
FID life time sum 0
200
Ife time
100+
S
2
g 1o

Ml

Ife time(ns)

e @IS counts EINIEY

T T T T T T ] T T T
-0.458 -0.208 0.042 0.292 0.542 0.792 1.042 1.292 1.542 1.792 2.042 2.292

HEw

& 58 AMOC AlE

AIRED lifeime S TAZCRIND 3 Roto 5T IC[3Egsan. Mg T=/ILF— SEIDY D AMOC AIE

update NI VED ) WD LUET,

DSITNRISING T, PC DIREREICKD TSI DBEEFENT TR BENDNFTT, ZDFHS plot

HRLEERD momentum S5 IICIZTRILFE—2RD <) UHERITERD lifetime 25121355655 2/87

IVRISNE T,

meas. time [CEEIT DEBREFHR T LET,

AIEZIHTI D%

S stop NI V&I ) WD LET,

config 7N save data & ON DIFE. HEULC I A IS ITREED I 71 )IUIMVERSNE T, T 71 )LD
SHBIBD6. 5. AMOC 7—977‘(»7&/,.“<7' =),
SED AL

3¢ 999999 (FBIREFFD run number ([CIXNFET,

RUNS99999 configini

50
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6. rP1IU

6. 1. BEI I

KPP T IOKERR T 71)UTT, I 71 ILEIFRUNI99999 configini, ZE— REIEIR TIICT—45 EHICIRES
NFI, X2 —DSFhAHCETHEZBIRT DCEETRECTT,

Bl :

[System]

PCConfigPort = 55001
PCStatusPort = 55000
PCDataPort = 55002
DevConfigPort = 5000
DevStatusPort = 5001
DevDataPort = 5002
SubnetMask = “255. 255. 255. 0"
Gateway = “192.168.10. 17
ChNumber = 2

3

Enable = 1

IP = “192.168. 10. 129"
CHI="00150602300000
CH2="0022060200000
Mode = 0
WaveTrigCH = 3
WaveTrighlode = 0

ADGBufSize = 0

ADCReadSize = 1

TrigPoint = 50
CalcFIFOIRQTrig = 200
CalcDiscriMode = 0

TimeOffset = 30000

TimeBin = 3

IntegralScale = 2
IntegralRange = 10
CoinGateTime = 3

PileupRe jectFilter = 1

ForRF =1

[DSP]
Enable =1
IP = "192.168. 10. 128"

1.666665 3 10 290 372 00000 0 150 255 0 -1.01 1 0 60 31 0 0 240"
1.666665 3 10 110 195000000220 255 0 -1 1 0 60 31 0 0 240"

~~

CH1 ="10 3 4 6000 700 0 676 10 30 8100 20
CH2 =" 6000 700 0 676 10 30 8100 20
CH3 = 000 700 0 680 30 30 8190 30
CH4 = 000 700 0 672 30 30 8190 gg

0

90
000 700 0 680 30 30 8190
000 700 0 680 30 30 8190 30
000 700 0 680 30 30 8190

oooesecs
OO ODOOOO
COOOOOWW
oSS SO
&£55555833

ot

1034
30446
30446
CH5 =304 4 6000 700 0 680 30 30 81
“30446
30446
30446

[HV]

Mode| = “APV3304”
Enable = 1

IP = “192. 168. 10. 130"
Port = 10001

CH=14

HV1 = “+5kV 2000 500 8192 8192 8176 8439 8120 8162 0 -24 6000”
HV2 = “+5kV 0 500 8192 8192 8197 8371 8192 8102 0 -24 6000”

HV3 = “~4kV 3000 4000 8232 8192 8240 8253 8156 8080 0 -24 4000”
HV4 = “~4kV 3000 4000 8232 8192 8240 8249 8030 8089 0 -24 4000”

[Config]

RunNumber = 5

Memo = “SUS”

Mode = 3

MeasTime (s) = 2764800
SaveData = 1

SaveFolder = “/G/Data/180510_KUR_Sekiei”
ListSave = 1

ListPath = “/C/Temp/list_. bin”
ListFileNum = 16

ListFileSize Byte) = 100000000
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AutoSave = 1
IntervalTime (s) = 3600

[AMOC]

MeasRange = “2250 2300 2800 3200

3DAxis ="00-303000-122101 10"
LifeAxis = "2 0 0 4.487472 2 1 1 100"
MomeAxis = “2 0 -33. 885286 9.472864 2 0 -1 1”
LifeMultOffset = “0.010417 0”

MomeMu [ tOffset = “0. 867163 —33. 885286

[CDB]

MapAxis = “0 0 1186 1216 0 0 1185 1213 0 0 0 100"
MapCursor = “998. 800895 1002. 813793”

Hor iVertPlotType = 1

HoriGraphAxis = “2 0 0 2047 2 0 -1 17
VertGraphAxis = “2 002047 2 0 -1 1"

[LifeTime]

InteROI = “290 372 110 195"

InteGraphAxis = “2 0 0 511 2 1 3 3217
InteGraphEnergy = “0 0”

InteGraphXScale = 0

LiferROI = “0 8191”

LifeGraphAxis = “0 0 —4. 96875 30.03125 2 1 1 513"
LifeGraphXScale = 1

[Wave]

Display = “1 17

Accume = 0

XScale = 0

WaveAxis = “2 0 0 511 0 0 0 255"
XScaleA = 1.000000

XScaleCentroid (ch) = "0 0"
XScaleEnergy keV) ="11"
XScaleA = -Inf

XScaleB = NaN

ManualUnit = “MeV”
CalibrationROI = "1 2”
CalculationSmoothing = 1
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6. 2. energy =52 71U

energy E—RTDT—ATY, IRIF—IRD FILT—=IRURT—H X0 RO| ADESHSRIREMREFNT
WET, DYVXUODDOTFINMER DI 7L T, D71 )LRAIXRUSSS999 spectrum.csvs

51

[Header]

Measurement mode, Real Time

Measurement time, 2764800

Real time, 39

Live time, 36

Dead time, 3

Start Time, 15/12/21 17:47:45

End Time, 15/12/21 17:48:55

//Cht, ACG, ADG, FIT, FDI, SFR(ns), SFP (ns), FPZ, SPZ, FTH, LLD, ULD,
CH1, 2.0, 3, 3, 6000, 700, 0, 680, 10, 30, 8100, 20, 0, 0, 5, 0. 632033,
CH2, 2,0, 3, 3, 6000, 700, 0, 680, 10, 30, 8100, 20, 0, 0, 5, 0. 708600,
CH3, 2,1, 4, 4, 6000, 700, 0, 680, 30, 30, 8190, 30, 0, 1, 5, 0. 500000,
CH4, 2,1, 4, 4, 6000, 700, 0, 672, 30, 30, 8190, 30, 0, 1, 5, 0. 500000,
CHS, 2,1, 4, 4, 6000, 700, 0, 680, 30, 30, 8190, 30, 0, 1, 5, 0. 500000,
CH6, 2, 1, 4, 4, 6000, 700, 0, 680, 30, 30, 8190, 30, 0, 1, 5, 0. 500000,
CH7, 2,1, 4,4, 6000, 700, 0, 680, 30, 30, 8190, 30, 0, 1, 5, 0. 500000,
%8, (2),1,4, 4,6000, 700, 0, 680, 30, 30, 8190, 30, 0, 1, 5, 0. 500000,

MVD, O

M[M 2764800

[Calculation]

//ROI_CH, ROI_start, ROI_end, Energy, peak (ch) , centroid (ch) ,peak (count) ,gross (count) ,gross (cps) ,net (count) ,net (cps) ,FWHM
(ch)”, FWHM %) , FWHM, FWTM

CH1, 1990, 2095, 1173, 2036, 2036. 16, 2556, 34452, 883. 385, 33082. 486, 848. 269, 11. 291, 0. 555, 6. 505, 13. 56

CH1, 5027, 5143, 1333, 5082, 5081. 96, 1163, 9194, 235. 744, 9086. 362, 232. 984, 7. 125, 0. 14, 1. 869, 3. 543

(€H0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
CHO, 4614, 5344, 511,0, 0,0,0,000,00,0,0

TH, PUR, POL, DCG, DFG, TMS, CFF, CFD, THW, PZD, FGD, DIF, BRS, BTS

—‘—‘—‘—‘—‘—‘—*—‘U
OO OoOoOoOoOWm
OO0 OoOoOowWw™XT

PU
, 60
, 60
,40
,40
,40
,40
,40
40

0,0,00,00,0,0
, 0,0,0,0,000,0,0
CHO, 0,8191,1,0,0,0,0,0,0,0,0,0,0,0
0,0,0,0,00,0,0,0

[Status]

//CH, input total count, through

pu
CH1, 241307, 224267, 6153, 5739, 6, 8.

‘Ecount, input total rate (cps) , throughput rate (cps) ,pileup rate (cps) ,dead time ratio %)

I

oocoocooooo
cococococococoo

LW LRI NINI NI RINININI A —t b —t bt 4t = = O O I D T N —
NP OORNDTARWON OO N TNPRWON O oo oo:
CO0O0OCOO0OCOOOOOOOOOOOOO

R =TT =YY oYYy oYYy Y Y Y Y N Y o gy

HONO
cooco

W
e
oI~
>SS
o

381926 h 43
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6. 3. lifetime 7—%52 71 )L

lifetime E— R TOT—5TY, FEADESD MDD 71 )LONalsICIRESNS T,

(1) FEAND BV (D71 )VEIERUNG9999I L T_diff dat)
FoIAND RIL O 71 )ILEIERUNOG99999 | T_diff_revdat)

prn AR=ZAXEPDFTF M) e TVY—2DDTU (Technical University of Denmark) TR
IZPALSTit3 (htip://palsfitdk/) THHAAZL . 1 178 Time/binhs). 2 178H'S 10 HIAs8H R/ R—
AERICTHREFESNTNEY, 71 ILBIC_rev MYV VETSIZZANRD B)LDITODRER (reverse) UIZHZZN
EIXoTNET,

i :

0.010417

38192ch 43
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(2) FANRD RV O 71 ILEIERUNSG99999 | T_diffcsv)
csv NIUNVKEIDTH ) Azl

o1 -

[Header]

meas. start, 2018/05/11,10:19:30
meas. end, 2018/05/11, 18:20:32
meas. time (s) , 2764800
elapsed time (s) , 28862
EnergyROICHT (ch) , 290, 372
EnergyROICH2 (ch) , 110,195
LifetimeROI (ch) ,0, 8191
input (cps) , 7851, 43067
coincidence (cps) , 338, 338
centroid (cps) ,317.92, 146. 28
throughput (cps) , 88

gross count, 2740070
a,0.010417

b, -30. 125000

TimePerCh(ns), 0.010417

[Data]

15 :
%8192ch 43

55 KASHT O/ I-E-



PZEFEMEmAERE

6. 4. COBFT—52771)U

NZallb

HITRUDDTFR MR, EICCH1 ECH2 D EERT—H EZDRIBDADY FEICHT Deh (bin)

CH2 ®ch (bin) « A2 DI

ECIREFSN. RAITEIT 4AM (2048%2048) EIxDET,

51
[Header]
CH1Range=2048
CH2Range=2048
CH10ffset=0
CH20ffset=0
meas. start, 2018/09/26, 08:34:16
meas. end, 2018/09/26, 08:34:31
meas. time (s), 2764800
elapsed time(s), 14
total counts, 14300
[Data]
#CH1 (ch) CH2 (ch)  Counts
912 933 1
912 948 1
912 1012 1
912 1018 1
912 1033 1
912 1035 1
912 1036 3
912 1037 1
912 1038 14
912 1039 14
912 1040 16
912 1041 20
912 1042 14
912 1043 8
912 1044 2
912 1045 2
912 1046 2
912 1080 1
912 1088 1
912 1089 1
912 1129 1
913 918 1
913 935 1
913 984 1
913 1030 1
913 1035 3
913 1036 1
913 1037 11
913 1038 13
913 1039 17
913 1040 21
913 1041 11
913 1042 10
913 1043 16
913 1044 4
913 1045 1
913 1144 1
914 923 1
914 925 1
914 982 1
914 991 1
914 994 1
914 1002 1
914 1021 1
914 1023 1
914 1031 1
914 1032 2
914 1034 1
914 1036 4
914 1037 1
914 1038 9
914 1039 19
914 1040 22
914 1041 14
914 1042 16
914 1043 10
914 1044 4
914 1049 1
914 1109 1
914 1145 1
915 913 1
915 956 1
915 973 1
915 991 1
915 995 1
915 1018 1
915 1032 1
915 1034 1
915 1035 2
915 1036 5
XAER
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6. 5. AMOC =527 )U

AMOC E— RTH7—5TY, FERADESD NI 71 )UHElsCIRFESNE T,
(1) AMOC 3D 57—% (D7 IL&IZRUNSS9999 AMOC_3Dcsv)
NIUNXDTFZ . EIC momentum Elifetime D ch T—5 EZDRIBEDAD Y R momentum

bin) | lifetime (bin) « AV FEDIETIRESNTNET, RFT I momentum B (ch) X
lifetime & (ch) OOEKRTI,
51 :

[Header]

meas. start, 2018/09/26, 08:34:16
meas. end, 2018/09/27, 08:34:31
meas. time (s), 2764800

elapsed time(s), 86414

total counts, 1430120

Momentum start, —45. 002651, 1990
Momentum end, 58. 045506, 2095
Life time start, 0. 802083, 2800
Life time end, 2. 322905, 3100
[Data]

#Momentum (ch) ,Life time (ch) ,Counts
1990, 2868, 1

1990, 2869, 1

1990, 2870, 1

1990, 2875, 1

1990, 2879, 1

1990, 2880, 1

1990, 2882, 2

1990, 2884, 1

1990, 2887, 2

1990, 2895, 1

1990, 2918, 1

1991, 2865, 1

1991, 2869, 1

1991, 2872, 1

1991, 2874, 1

1991, 2876, 1

1991, 2878, 1

1991, 2880, 1

1991, 2881, 3

1991, 2882, 1

1991, 2884, 1

1991, 2887, 1

1991, 2894, 1

1991, 2914,1
1992, 2864, 1
1992, 2867, 2
1992, 2871, 3
1992, 2873, 1
1992, 2876, 1
1992, 2877, 1
1992, 2880, 1
1992, 2882, 1
1992, 2889, 2
1992, 2929, 1
1992, 2946, 1
1992, 3080, 1
1993, 2867, 1
1993, 2872, 1
1993, 2873, 1
1993, 2879, 1
1993, 2880, 1
1993, 2882, 1
1993, 2883, 1
1993, 2885, 1
1993, 2886, 1
1993, 2891, 1
1993, 2893, 1
1993, 2902, 1
1993, 2903, 1
1993, 2924, 1
1993, 2955, 1
1993, 2962, 1
1994, 2866, 1
1994, 2868, 1
1994, 2869, 2
1994, 2876, 1
1994, 2877, 1
1994, 2884, 1
1994, 2890, 1

SEEEES
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(2) AMOC FEaANRI ML O 71 )L&IXRUNG99999 AMOC LT csv)
csv (MIUVXINFTFZ ) fizde. AMOC TR lifetime Z/RD <)LFT—5,

[Header]
a,0.010417
b, -0. 802083
[Data]

CIERWNTIN—=N—=W—=NW—O—=—=—=NOO—O0O0OOON—=-N—=-—00—=—=—=—==NO—-W—=O—=NOoOOoOO—=O

2285
2508
2715
2913
3121
3292
3297

38192ch 43
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(3) AMOC IRILF—ZRT )L O 71 )LEIXRUNS99999 AMOC_mocsv)
csv (NIUVKEIDTHFR ) fiel. AMOC A momentum 2R <)L7—4,

[Header]

a, 0. 981411
b, -45. 002652
[Data]

14

3%8192ch 43
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NZallb

(4) AMOC URFFT—5 (D71 )L&IERUNS99999 Jistbin)
EwIITYFT« PURRDINA FTUFT—5, AMOC DT momentum ZANRD ~ILT—5,

1 ARV EHIZD 160bit 20Byte. 10WORD)

Bit15 BitO
APV8002 ABS[47.32]
APV8002 ABS[31.16]
APV8002 ABS[15.4] APV8002 ABS EiEN #1[3.0]
Z2E[2.0] APV8002 PHA (momentum) [12.0]

z==[8.0]

UNIT3.0]

CH[2.0]

lifetime CH1 integral[15.0]

lifetime CH2 integral[15.0]

lifetime MSB[31..16]

lifetime LSB[15.0]

dummy data OxABCD

60

KASHT O/ I-E-




PEFHMEmAEEE Y27l

6. O. wave =52 71 )l
csv (MIUNVXEINTFZ ) figmt, CHA1 & CH2 D 16 @D —4 512 s MRIFESN CL T,
Bl :

ch,CH1 (digit) ,CH2 (digit) , CHI-1, CH1-2, CH1-3, CH1-4, CH1-5, CH1-6, CH1-7, CH1-8, CH1-9, CH1-10, CH1-11, CH1-12, CH1-13, CH1-14, CH1-15, CH1-16, CH2-1, CH2-2, CH2-
3, CH2-4, CH2-5, CH2-6, CH2-7, CH2-8, CH2-9, CH2-10, CH2-11, CH2-12, CH2-13, CH2-14, CH2-15, CH2-16

0, 239, 240, 239, 239, 239, 240, 239, 239, 239, 239, 239, 239, 238, 239, 239, 239, 239, 239, 240, 241, 240, 241, 240, 240, 240, 240, 240, 240, 240, 240, 240, 241, 240, 240
1, 240, 240, 240, 240, 239, 241, 239, 239, 240, 241, 239, 240, 239, 239, 240, 240, 239, 239, 240, 239, 240, 241, 240, 241, 240, 240, 239, 240, 239, 240, 239, 240, 240, 238
2,240, 241, 240, 240, 239, 239, 239, 238, 238, 239, 240, 239, 239, 239, 239, 240, 239, 239, 241, 240, 240, 240, 240, 241, 240, 240, 240, 240, 240, 240, 239, 241, 241, 240
3,241,241, 241, 240, 239, 240, 239, 240, 238, 240, 240, 240, 239, 239, 239, 241, 239, 240, 241, 241, 240, 239, 239, 240, 239, 239, 240, 240, 241, 240, 240, 241, 241, 240
4,239, 240, 239, 239, 238, 240, 239, 240, 239, 239, 239, 239, 238, 238, 239, 239, 239, 239, 240, 241, 240, 240, 240, 240, 241, 240, 240, 240, 240, 241, 240, 240, 240, 240
240, 240, 240, 240, 239, 240, 239, 239, 240, 241, 239, 240, 240, 239, 240, 240, 239, 239, 240, 240, 239, 240, 240, 241, 241, 240, 239, 240, 239, 240, 240, 240, 240, 239
40, 240, 240, 239, 239, 239, 239, 239, 238, 239, 239, 239, 239, 239, 239, 239, 239, 239, 240, 240, 239, 240, 240, 240, 240, 240, 240, 240, 240, 240, 240, 241, 239, 239
41, 241, 241, 241, 239, 240, 239, 239, 239, 239, 240, 240, 240, 239, 240, 241, 239, 240, 241, 241, 240, 240, 239, 240, 240, 240, 240, 240, 241, 240, 240, 241, 240, 241
39, 240, 239, 239, 238, 240, 239, 239, 239, 239, 239, 239, 238, 239, 239, 239, 239, 239, 240, 240, 240, 240, 239, 240, 240, 240, 240, 240, 240, 241, 240, 240, 240, 240
40, 240, 240, 239, 239, 241, 240, 241, 239, 240, 239, 239, 238, 239, 240, 239, 239, 239, 240, 239, 240, 240, 240, 240, 241, 240, 239, 240, 239, 240, 240, 240, 240, 239
10, 239, 240, 239, 240, 239, 239, 240, 239, 238, 239, 239, 239, 239, 238, 239, 239, 239, 239, 240, 241, 240, 241, 241, 240, 240, 240, 240, 241, 240, 240, 240, 241, 239, 240
11, 240, 240, 240, 241, 240, 239, 239, 239, 239, 240, 240, 240, 239, 239, 240, 240, 238, 240, 240, 241, 240, 240, 240, 240, 240, 240, 241, 241, 241, 240, 240, 241, 240, 240
12,239, 240, 239, 239, 239, 240, 239, 239, 239, 239, 240, 238, 238, 239, 239, 239, 239, 239, 240, 240, 240, 240, 240, 241, 240, 240, 240, 240, 240, 240, 240, 240, 240, 240
13, 240, 240, 240, 239, 238, 241, 240, 239, 239, 239, 239, 239, 239, 239, 239, 240, 239, 238, 240, 239, 240, 240, 240, 240, 241, 240, 239, 240, 240, 239, 239, 240, 239, 239
14, 240, 241, 240, 240, 239, 239, 239, 239, 239, 239, 239, 240, 239, 238, 239, 240, 239, 239, 241, 240, 240, 241, 241, 240, 240, 240, 241, 240, 241, 239, 239, 241, 239, 240
15, 240, 240, 240, 241, 240, 239, 239, 239, 240, 240, 241, 240, 239, 239, 240, 240, 239, 240, 240, 241, 240, 240, 240, 240, 240, 240, 241, 241, 240, 240, 240, 241, 240, 240
16, 239, 240, 239, 239, 239, 240, 239, 240, 239, 239, 240, 238, 238, 239, 239, 239, 238, 238, 240, 240, 240, 240, 240, 241, 240, 240, 241, 240, 239, 240, 240, 240, 240, 240
17,239, 240, 239, 239, 238, 240, 240, 239, 240, 240, 239, 240, 239, 239, 240, 239, 239, 239, 240, 240, 240, 240, 241, 240, 240, 240, 239, 240, 240, 240, 240, 241, 240, 239
18, 240, 241, 240, 240, 240, 239, 239, 239, 239, 239, 239, 240, 239, 238, 239, 240, 239, 239, 241, 240, 239, 241, 241, 240, 241, 240, 240, 240, 240, 240, 240, 240, 240, 240
19, 241, 240, 241, 241, 240, 240, 239, 240, 239, 240, 241, 240, 239, 239, 240, 241, 240, 239, 240, 241, 240, 240, 240, 240, 240, 240, 240, 240, 240, 240, 240, 241, 240, 240
20, 239, 240, 239, 238, 238, 240, 239, 239, 239, 240, 240, 239, 238, 239, 239, 239, 239, 238, 240, 241, 240, 240, 240, 240, 240, 241, 241, 240, 240, 240, 239, 240, 240, 240
21,239, 239, 239, 239, 238, 241, 239, 240, 240, 241, 240, 240, 239, 239, 240, 239, 239, 239, 239, 240, 240, 240, 240, 240, 240, 240, 240, 240, 240, 239, 239, 239, 240, 240
22, 240, 240, 240, 240, 239, 239, 238, 238, 239, 239, 240, 239, 239, 239, 240, 239, 239, 239, 240, 240, 239, 240, 241, 240, 241, 240, 241, 241, 240, 239, 240, 240, 240, 240
23,241, 241, 241, 241, 239, 240, 239, 239, 239, 240, 241, 240, 239, 240, 240, 241, 239, 240, 241, 241, 240, 240, 240, 240, 240, 240, 240, 240, 240, 240, 239, 241, 241, 240
24,239, 240, 239, 239, 238, 240, 239, 239, 239, 239, 239, 238, 238, 239, 239, 238, 239, 238, 240, 241, 240, 240, 240, 241, 240, 241, 240, 240, 240, 240, 238, 240, 240, 240
25, 240, 240, 240, 239, 239, 241, 239, 239, 239, 241, 239, 239, 239, 239, 240, 239, 240, 239, 240, 240, 240, 240, 240, 241, 240, 240, 240, 240, 240, 240, 238, 240, 239, 240
26, 239, 240, 239, 239, 240, 239, 238, 238, 239, 239, 239, 239, 238, 238, 240, 240, 239, 239, 240, 240, 241, 240, 240, 240, 241, 240, 241, 240, 240, 240, 239, 240, 240, 241
21, 240, 240, 240, 240, 239, 240, 239, 239, 239, 240, 241, 240, 239, 239, 241, 240, 240, 240, 240, 241, 240, 240, 240, 240, 239, 240, 240, 241, 240, 240, 238, 240, 241, 240
28,239, 240, 239, 239, 238, 239, 240, 239, 239, 239, 239, 238, 239, 239, 239, 239, 239, 238, 240, 240, 239, 240, 240, 241, 240, 240, 240, 240, 240, 241, 239, 239, 240, 240
29, 239, 239, 239, 240, 239, 240, 239, 240, 239, 240, 240, 239, 239, 239, 239, 239, 239, 239, 239, 240, 239, 240, 241, 241, 240, 240, 240, 240, 240, 240, 239, 239, 240, 240
30, 239, 240, 239, 240, 239, 239, 238, 239, 239, 240, 239, 239, 239, 239, 239, 240, 239, 239, 240, 239, 240, 240, 240, 240, 240, 240, 241, 240, 240, 241, 239, 240, 240, 240
31, 240, 240, 240, 241, 240, 240, 239, 239, 239, 240, 239, 241, 240, 240, 239, 240, 239, 240, 240, 240, 240, 240, 240, 240, 240, 240, 240, 240, 240, 241, 240, 240, 241, 240
32, 239, 240, 239, 239, 238, 239, 239, 239, 239, 239, 239, 239, 239, 239, 239, 239, 239, 239, 240, 239, 240, 240, 240, 240, 240, 240, 241, 240, 240, 240, 240, 240, 240, 240
33,239, 240, 239, 240, 238, 240, 239, 240, 239, 241, 240, 240, 239, 240, 239, 239, 239, 239, 240, 240, 239, 240, 240, 240, 240, 240, 240, 240, 239, 240, 239, 240, 240, 240
34,239, 241, 239, 240, 239, 239, 239, 239, 239, 239, 239, 240, 239, 239, 240, 239, 239, 239, 241, 240, 240, 240, 240, 240, 241, 240, 241, 240, 241, 239, 239, 239, 240, 240
35, 241, 240, 241, 241, 240, 240, 239, 239, 239, 240, 240, 240, 240, 240, 241, 241, 239, 240, 240, 239, 240, 239, 240, 240, 240, 239, 241, 240, 241, 240, 239, 240, 240, 241
36, 239, 240, 239, 239, 239, 240, 239, 239, 239, 240, 239, 238, 238, 239, 239, 239, 239, 238, 240, 234, 239, 240, 240, 240, 241, 240, 240, 240, 240, 240, 240, 240, 240, 241
37, 239, 240, 239, 240, 238, 240, 240, 240, 240, 241, 240, 240, 238, 239, 239, 238, 239, 239, 240, 225, 239, 241, 240, 241, 240, 240, 240, 239, 240, 238, 238, 240, 240, 240
38, 239, 240, 239, 240, 239, 239, 239, 239, 239, 239, 239, 239, 239, 239, 240, 239, 239, 238, 240, 203, 240, 240, 240, 240, 240, 241, 241, 240, 241, 240, 239, 239, 240, 240
39, 241, 240, 241, 241, 239, 240, 239, 239, 239, 239, 240, 240, 240, 240, 241, 240, 240, 239, 240, 162, 240, 239, 240, 240, 238, 240, 241, 240, 240, 240, 239, 240, 241, 240
40, 239, 240, 239, 239, 239, 240, 239, 239, 239, 240, 239, 239, 239, 239, 239, 239, 239, 238, 240, 108, 240, 240, 240, 239, 241, 239, 240, 239, 240, 241, 240, 240, 241, 241
41, 240, 239, 240, 240, 239, 240, 238, 240, 240, 241, 239, 240, 238, 239, 239, 239, 240, 239, 239, 57, 239, 241, 240, 241, 240, 240, 239, 236, 240, 239, 240, 240, 239, 240
42,239, 240, 239, 240, 238, 239, 239, 238, 239, 239, 240, 239, 238, 239, 240, 239, 239, 239, 240, 25, 240, 240, 240, 241, 240, 241, 240, 230, 240, 241, 239, 239, 240, 240
43,241, 240, 241, 241, 239, 239, 239, 239, 239, 239, 240, 240, 239, 240, 240, 240, 240, 239, 240, 21, 240, 236, 240, 240, 239, 240, 239, 219, 241, 241, 239, 238, 240, 240
44,239, 240, 239, 239, 238, 238, 239, 240, 239, 239, 239, 238, 238, 239, 239, 238, 239, 238, 240, 42, 240, 232, 241, 240, 241, 239, 235, 204, 240, 241, 239, 233, 238, 240
45, 239, 240, 239, 239, 238, 238, 239, 240, 238, 239, 238, 238, 236, 239, 239, 238, 239, 239, 240, 65, 239, 222, 240, 240, 241, 237, 230, 187, 239, 239, 232, 225, 233, 239
46, 239, 240, 239, 236, 238, 236, 236, 238, 237, 238, 236, 236, 233, 238, 238, 235, 236, 239, 240, 86, 240, 205, 239, 240, 240, 229, 220, 179, 238, 239, 221, 213, 226, 240
47,239, 240, 239, 231, 238, 232, 234, 231, 234, 235, 229, 233, 221, 236, 235, 227, 232, 238, 240, 105, 239, 183, 239, 240, 237, 217, 208, 180, 233, 238, 198, 199, 216, 240
48, 234, 240, 234, 223, 233, 224, 230, 232, 225, 228, 217, 221, 216, 229, 230, 214, 224, 234, 240, 129, 237, 169, 240, 239, 234, 205, 197, 186, 226, 233, 160, 190, 206, 239
49,227,239, 221, 214, 224, 215, 224, 220, 206, 214, 201, 221, 207, 221, 224, 199, 214, 2217, 239, 149, 232, 164, 240, 237, 223, 195, 193, 190, 217, 225, 116, 190, 200, 235
50, 218, 240, 218, 204, 209, 209, 216, 198, 173, 197, 184, 218, 203, 209, 216, 187, 205, 210, 240, 164, 226, 169, 239, 233, 208, 194, 195, 194, 211, 213, 84, 195, 201, 229
51, 206, 239, 206, 198, 185, 208, 209, 172, 135, 182, 173, 218, 201, 197, 212, 180, 200, 184, 239, 173, 216, 176, 239, 227, 189, 196, 199, 199, 209, 201, 74, 201, 204, 214
52, 195, 236, 195, 195, 160, 209, 206, 146, 100, 174, 168, 218, 199, 188, 209, 177, 199, 153, 236, 183, 209, 180, 240, 218, 178, 201, 203, 204, 212, 193, 88, 204, 205, 190
53, 189, 229, 189, 195, 140, 211, 203, 127, 79, 174,171, 219, 201, 183, 210, 181, 200, 127, 229, 192, 206, 184, 240, 210, 178, 205, 210, 209, 216, 191, 109, 209, 207, 161
54,188, 220, 188, 197, 133, 212, 203, 119, 74, 178, 178, 220, 203, 183, 212, 185, 203, 113, 220, 200, 207, 191, 241, 207, 186, 209, 214, 212, 221, 195, 125, 214, 209, 138
55, 186, 202, 186, 199, 136, 213, 205, 121, 83, 182, 186, 224, 207, 185, 216, 191, 207, 111, 202, 208, 210, 198, 239, 209, 196, 214, 217, 215, 222, 197, 138, 218, 211, 127
56, 186, 182, 186, 201, 148, 216, 208, 130, 101, 187, 193, 224, 210, 187, 217, 197, 211, 118, 182, 212, 211, 205, 240, 214, 204, 220, 218, 218, 223, 201, 151, 220, 214,127
57,192,168, 192, 206, 160, 218, 212, 142,119, 193, 201, 226, 215, 191, 220, 204, 215, 127, 168, 215, 212, 211, 240, 217, 207, 223, 219, 222, 224, 204, 165, 223, 217,134
58, 200, 168, 200, 210, 171, 219, 217, 154, 135, 199, 207, 229, 219, 196, 221, 209, 220, 137, 168, 219, 215, 214, 241, 217, 209, 223, 221, 225, 225, 208, 176, 224, 221, 147
59, 204, 176, 204, 215, 180, 223, 220, 168, 147, 206, 212, 232, 222, 201, 223, 213, 223, 151, 176, 223, 217, 218, 239, 218, 212, 223, 223, 221, 2217, 212, 181, 221, 222, 162
60, 207, 185, 207, 218, 186, 225, 223, 180, 158, 210, 215, 232, 223, 206, 224, 216, 225, 164, 185, 224, 220, 220, 240, 220, 216, 224, 226, 229, 229, 216, 185, 221, 225, 179
61,210, 191, 210, 223, 192, 228, 225, 187, 169, 213, 217, 232, 225, 210, 226, 220, 228, 177, 191, 225, 221, 220, 240, 222, 220, 226, 228, 231, 230, 217, 190, 228, 228, 190
62, 213,195, 213, 224, 196, 229, 227, 193, 178, 215, 220, 233, 227, 213, 228, 223, 230, 184, 195, 227, 224, 223, 240, 224, 223, 228, 230, 233, 230, 219, 197, 231, 230, 197
63, 218, 198, 218, 227, 201, 231, 228, 200, 188, 218, 223, 235, 230, 216, 230, 225, 231, 191, 198, 228, 225, 226, 239, 226, 224, 232, 231, 232, 230, 220, 205, 234, 231, 203
64, 221, 203, 221, 226, 202, 233, 231, 205, 195, 221, 225, 235, 231, 218, 231, 225, 231, 199, 203, 228, 225, 227, 240, 228, 221, 234, 233, 232, 231, 222, 210, 235, 234, 207
65, 224, 209, 224, 229, 206, 234, 233, 206, 200, 224, 228, 235, 232, 220, 234, 228, 232, 206, 209, 228, 226, 230, 240, 229, 229, 235, 233, 233, 232, 225, 214, 235, 235, 212
66, 227, 214, 221, 230, 210, 234, 232, 209, 207, 226, 230, 236, 234, 223, 235, 230, 232, 211, 214, 227, 221, 230, 240, 230, 231, 235, 234, 234, 236, 228, 217, 235, 235, 214
67,229, 218, 229, 232, 213, 235, 233, 213, 212, 229, 231, 238, 236, 225, 235, 231, 233, 215, 218, 229, 228, 231, 239, 232, 232, 236, 235, 237, 236, 230, 220, 235, 234, 217
68, 230, 222, 230, 232, 215, 235, 234, 217, 216, 229, 231, 235, 235, 225, 235, 231, 234, 218, 222, 229, 230, 232, 239, 234, 233, 239, 236, 237, 237, 231, 220, 235, 234, 220
69, 233, 224, 233, 233, 218, 235, 235, 222, 219, 230, 233, 237, 236, 228, 231, 233, 235, 221, 224, 230, 232, 233, 240, 235, 234, 238, 236, 237, 231, 233, 222, 236, 235, 223
70, 234, 226, 234, 233, 221, 234, 236, 222, 220, 230, 233, 236, 236, 228, 237, 233, 235, 224, 226, 232, 233, 233, 240, 236, 236, 236, 237, 238, 237, 234, 224, 236, 235, 226
T, 234, 228, 234, 233, 223, 235, 236, 224, 222, 230, 233, 238, 238, 230, 238, 235, 236, 226, 228, 231, 234, 233, 239, 236, 236, 236, 238, 238, 238, 233, 226, 237, 235, 228
72, 234, 230, 234, 233, 223, 235, 231, 221, 224, 231, 232, 237, 236, 230, 236, 234, 236, 225, 230, 231, 234, 233, 239, 231, 235, 237, 238, 238, 238, 232, 228, 231, 235, 229
73, 236, 233, 236, 234, 224, 231, 231, 228, 225, 232, 232, 238, 237, 231, 238, 234, 231, 221, 233, 231, 235, 233, 240, 238, 237, 231, 236, 237, 238, 233, 230, 236, 237, 230
74, 234, 234, 234, 235, 226, 235, 231, 228, 225, 232, 232, 238, 236, 232, 238, 234, 236, 228, 234, 230, 237, 233, 240, 2317, 237, 237, 231, 238, 239, 235, 232, 231, 231, 232
75, 235, 235, 235, 231, 226, 236, 231, 230, 226, 233, 233, 239, 236, 233, 239, 235, 237, 231, 235, 229, 236, 233, 240, 237, 236, 236, 238, 238, 238, 237, 232, 239, 236, 232
76, 234, 236, 234, 236, 226, 236, 237, 230, 226, 233, 232, 237, 236, 233, 238, 234, 238, 231, 236, 227, 236, 234, 240, 238, 237, 237, 238, 237, 236, 237, 231, 239, 236, 233
71,236, 236, 236, 237, 221, 238, 239, 231, 221, 234, 233, 237, 231, 235, 238, 235, 238, 232, 236, 223, 236, 234, 240, 239, 237, 238, 238, 235, 236, 237, 231, 238, 238, 233
78, 234, 237, 234, 231, 228, 231, 238, 230, 227, 234, 233, 237, 236, 234, 238, 236, 237, 232, 237, 221, 235, 233, 240, 239, 237, 238, 237, 235, 237, 231, 233, 238, 239, 234
79, 236, 237, 236, 238, 230, 239, 238, 232, 228, 236, 233, 237, 236, 234, 238, 236, 238, 231, 237, 220, 236, 232, 240, 238, 237, 238, 238, 235, 238, 237, 233, 238, 238, 235
80, 234, 239, 234, 236, 230, 238, 239, 231, 227, 236, 233, 236, 234, 236, 237, 235, 238, 231, 239, 224, 238, 233, 240, 239, 237, 238, 2317, 233, 239, 2317, 232, 238, 238, 235
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