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10 OO0

000000000000000000000000000000000
000D0000. 00000000000000000000000000
00,0000000000000000000000000,000000
0000000000000000.1]00,00000000000000
0000000000000000000,00000000000000
000D00000000D000000000D00000000000. 00
00000000000000000,0000000000000000
000D00000000000000. 0000000000000000
000000000000000000000000.[2
0000000000000 0000D00000,0000000000
000D000000000000000. 000000000000000
000000000 u—e+y 000000 [3,00000000 [4]2, 7]
0000000000000000,00000000000000000
00000D0000D0000D0000000D0.
000000000000000000000000000000000
00000D0000,00000000000000000 (PET)0000
00000000000D000000. PETO0OD0O0D0O0D000000
000000000000,000000000000000000000,
00000 PETOO00ODOOODOOONOODD, 000000000000
0000000000000000000000000000.[3]
00000000000D00000D000,00000000000000
000000000000000,00000000000000 PETOO
0000000000000,



020 PETOOD

21 0O0OO0OOO0OO

000000000 (Positron Emission Tomography , PET) 00 D0 00O
goboob 200 511 keVyODODODODODODDOODO, 0000000000
gog,jobpbbodoooobbboooooobbbbooo.gg,obo
ooooooooooooooooOoo,gooooooooooogoo
gooooOoOoOoOoOoOOOODODOOODOOOOO0OOOOOOOOOOO
o0oo0o0ooO0o0ooo0o0(o00)0o000o000,PETO0OOOOO
gooooooooooOoOoOoOODODDOOOOO.

00 X 0O CT(Computed Tomography) 0 XOODODOOOOO XOOOO
0000000000000 oooooooo Xoooo 360°c0000
000o0.XO00oOoooooooooooooo,Xoccroooooooo
0000000000000000. 00200000000 PET/CTOO
ooooooooooo.

000000000000000 MRI(Magnetic Resonance Imaging, O
oooooo0)ooo.0oo0o0oo0o0oo,00000000o000
oo0oooooooooooooo. ooooooooooooooooo
0,0000000000000000 X0 CT00ooooooooog
gooooootd. immmO0O0o0oooooooooooooooooon,
000 (0 TYOOODOOOODoOoOOoOOoooooooo.

PETOOOODOOOOOOO,000y000CODOOOOOCODOO,
SPECT (Single photon emission computed tomography) 00O O00O. OO
ggodobbobbodooooobbbbdooooobbbbooooobo
OPETOOO.

21,1 PETOOOOO

ob0oo0oo0ob0 PETOO 21000000000000000000
oboob00oooobob0oooob0obob0nbn 4000 60ecm. OOOODO
ooboboooooooooooboooboobooboboboo,oooo
gboooobooooboboooobooooboobooooono



0 2.1: 000000 Eminance-G [6]



_:5"4 sy Sy

EEBY

0 22: PETOO0D0000OO [6]

ooboooboooooooooboo0oobbo0ooD0odl 4mm x 4mm X
200mm 00000,000000000000BGOOLSOCOODOOOOO
goboooobod. 2100b0o00oboooooboooooooooon.

oobooooboooooboooboooboooo,ocooooooooon
(PMT)OODOOOOOOOOOO. O00DD0O0O0OO0OO0O0O0OOOO (APD)
gboobooboooobobooooboooobooooboOoboooon
goooog

ooboooboooboobooooboobooooopMTOOODOOODO, O
0O(p)00O0O0DO0O 100,00 (:)000 10000000000 OODOOO

ooooooo BGO GSO LSO O Xe
oo BiGeO GdSiO LuSiO (Ce) Xe

00 [g/cm3) 7.13 6.71 7.4 2.95

000 [O0/MeV] 8200 9000 25000 43000
00 [nm] 480 440 420 178
0000 [ng 300 56 47 45

021: 0000000000000 (7



a0 1lC 13N 150 18F 94mr:[\C 1241
000 [min] 2038 9.96 204 109.8 525  4.18[days|

022 PETO0O0O0D0OO0OOO0O 1]

gboooooobooooon.

21.2 0O0O0OO

PETOOD0O0DO00O0O00O0DOO0OO0ODOODOA000000,000
000000000000, 0000,00000000 FDG(Fluoro-Deoxy-
Glucose) 100000000000 0000000000. 0000000
000000000000000000000000000000000. 0
0000000 22000.000000000000000000,000
000D000000000000000000000000. 000000
00000 (00D00000)000000000000,00000000
000 .[10]

000000000+ 0000000000000000. 000000
000000000000000000000000000,000000
0000000000000 PETO030000000000000000
000,0000000000000000000000000000000
0000D0000. 0000000,000000000000000000
00000000,000000000000000 PETO00D00000O
0000000000000 PETO00O0DO00ODO0O0OOOO0O0
0000000,00000000000000000000000000
000000000D000000000000.

H,OH

U233 00000000000000000,000000000000AO
gboooooogooboo

10



22 0000

O0o0oooopPETOOOOOOOOOOOOOOOOOOOOOOO000.

221 0000000

PETODOODOODOODOODOODOODOOOODOOOODOOOODO,200 v
gboooo.booboooooooooooooboooo,bobooboooon
00000000000 511kev, 000 backtoback, 0O0O0O0O0OO00OO
goooo.

uboboyO0OO00OO00OO0O emOO0O0O00oooOO0,000000000
gbobobobooobooboo. yOOobOobOOobOobOoooooooooon
oboooobo,0oboobobobooboobooooboooobooboooon
oboooooooobo. boboboooy0OobDoDbOobOoOOOoO
gboobooboooobobooooboooobooboooboOoboooon
oboooobooooo.oobo pPETOOOOODOOOOOODOOODOO
obooooooooobooog.

yOOOOoooOobooooooooboobobooboooooooobo
0000o00.00000000000o0o00o0 (Dooooooooooo
0o00oU0ooOoOo),0ooooooooo.

oboboobooboboboboboobog, 00000000 20000
oooooooboooogob 1obobooobooboobobooooboooo
gobo,0o000booobooooboo.obooboooo0oobooobon
obobooooooooo. oooooobooboboobooobooooon
oo,000000b0ob0obo 200y0b000bOO0OOOOOOOO
gbooooboooobooo.

222 Q0000

00,00000000000000000000O0DOO0O00O0O0O0. [12]
(13 000000000000000000O000DO0O00O00O0O0000
oboboooooooooooo,cboobobobOoboobooboooon
PETOODOOODOOOOOOOODOODOOODOOODOODOO.OOOOO
gbobobogooooooooo,cboobobobobobooboobooon
gbobOoooooooooo,bobobobobobobobooon
oboooo. PETOOO0OOODOOOOOOOOOOODOOODOOOOOOO
gooo,0bboobo200b00b000.b00obooboob.booo
gboobooobooooobooog.

00000000000 000000000 (filtered backprojection, FBP)
obobo0o.0o0ooboo0o,00b00bo0obobooobooboooooboooobn

11



gooooOoboOo0oo0obOdbo0oodbDOoooobOoboooboOoboooo
O00.0000000000DO00oO0oo0oboooooOooogoooD, oo
000000 Do0ooooooooooooooooooooooooon
obO0b0.00000ob0bO0 sgooodboobobOobooboooooo
goooooooooon.

O00000000000000000 ML-EM(Maximum Liklifood Ex-
pectation Maximization) 00, 000000000000 0COOOOOO
000. 0bo0oo0o0o0oo0oooOooOobDOobDOobOoboobobooooo
ooooo.e00000DOOOO0OOOOOO0ODOOOODODOOOO
00000, OSEM(Ordered Subset EM) 00 RAMLA O, DRAMAOODO
oooboooooooooooooobooboobOobobgoopogoo, oo
gooooog.

0oooooooo0ooooobooooooooon.

223 00000 PET

0000 PETOOODO0O,000000000000000.0000
0000000000000000000000000000000000
00D0. 000000000000000000000000000. 00
0,000 00000000000, 0000000000000000
0,00000000000000000000000,00000000
0000000~00,00000000000000000000000
000D000D00000D00000000. 00000000000000
0000000000000000000000.0000 PETO rO000
10000000000000000»0000000000000000
0.r0000000000 DOI(Depth Of Interact) D 0000, 0000
00D000000.DOI00000DN000D0000D00000000 rO
00000,0000000000000000000000.000000
0000 APD(Avalanche PhotoDiode) 000 DOIPET 000000000
000000 .[14] [15]

000000,0000000000000000000000000,0
000000000000,000000000000000000000
000D00D0D000D0000O0.
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030 000000 TPC

3.1 PETOOUOO TPC

oboooooboooco pPETOOOOODOODOOOOODOOOOOOO.
ggooooobboboboboboooooooobboobbooooooooo
000000 (Time Projection Chamber)[16]0000000000000.
TPCODOOOODODO,00D000000DOCOOO0DODOOOO0ODOOO
o3bobooooooooboboboooono. oboboboooboooooon
(KEK) DO0O0O0OO0OO0000O00ooooooooooooooo,0o0ooo
gbobobooooooo,boboboboboboboboboobooon
gbooooo.oo,00boooobooboooboobooboooboo,ooon
oboboobobooboooooooooooooooo,ob00og vO0
O00000000. 00, TOF(Time of Filght) 000000000000
gboooobooooboobooooboobooon.

O0oooog TpPCPETO,000O0O0000DOOOODOOOOOOOOO
00,00000000000000000.027] [2)

3.1.1 0O00oooogon

gbooboobooboobobooobooboobb 3a0oo0ooao.

3.1.2 TPCOUOODOO

0000000000000000 (TPC)00000D0000OO.

TPCOD 32000000 (K),0000 (G),0000000000 (A)
00O00. 00,0000,00000000000000000, 00-0
000000000-0000000 Ep,Eo000. TPCOOODOOOOO
000000000000,00000000000000000.0000
000000000000000000000000,000000000
000000000 GO,00000KOOD0DD0DD0DO00000O0O00OO.
0000000000000000000000000000,00000
0000000000000,00000000000000000.GO0
000000000000000000000000000000GOOO0

13



0000 (2) 54

oog 131.29
oo 165K
00 161K
ooo 12.6kJ /mol
oo0 2.30kJ /mol
001000000000000 (y) 23.7 eV
000 2.27cm
00000000000000 4.2 ns,22 ns
0000 1000000000000 15¢V
ooooooon 45 nsec
00ooo00ooo 2.2 mm /|1
0oooooo 50 cm? /s
ooooo (@o) 20

03100000000 [7][8 (9]

Pressure [atm, absolute]

PRI MRS P U S R I
120 140 160 180 200 220 240 260

Temperature (K]

.
|
== e t

031:0000000.0000161.3K,816hPal00.
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O0O00oooo. o0 G-AOoOOoOOOoOOoOo A0d0Ooooooooogo
o0,000(C00o0000o0o00)o0000o000o0o000oo00
oo00.00000000000000,G-A000lpO000000000
go.

00000 A0 KOOUOUOODOOOO 2000,000000000
gooooooooOo0ooo0o0oDooOooooooooo, K-Gooooo
gboobooboooobobooooboooobooooboOoboooon
go.

i$E 7Yk | I 3 4

e

Va
+— @

Ep

O 32 TPCOOOODOOO

3.1.3 PMTOOO

0000000000 (000000,PMT)0,00000000000
00000000000. PMTOO00O00000000000000000O
0000000000000000. 000 10PMTO00000000O
0,00000000000000 (Quantum Efficiency) 000, 0000
00,00000000000000000000000. QE.OPMTO
0000000000000 00000. 000000000000000
0000000000000. 00000000000000000000
0000000000000000000000000000. 00000
0000000000000000000000. 1000000 G000
000000,000000000000 (Gain)0 GOOOOOO. 000
0000000000000000000000000000000000
oooooo. [19)
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033000000000 PMTOODO

3.2 UO0O0OOoOgdg

3.2.1 0000000

gooooooooon
TPCOOOOOOO,000000020000000000000D000
o0oooo0o.0ooooooooo TPCOO0D0O0O0O0O0O0OODDDOO
gbooooO,0000000bocoboobooobooboboobooob. oo
gbooooobooooobooboooobobooooobobooboooob.
gbooooooooboo

99 2
5 = ~DV% (3.1)

000,¢0000000000000000000000.PO0OODOO
000000000,00000000000000000000000 50
[cm?/sec] D00 .[9) 0000000000000 000D000O00OO0OOO
0DoooOoDoooo,

, 1 x?
o(6,7) = == expl= ]
gob.boooooboooobooboo,bo0ooooocooboooobooog.
000000000000 000000000000000 5 [cm], PET
0000000050 [em]000, vy = 2fmm/ps] 00000, 0000 t4
= 25,250 [ps] 000,0000000000000000 ¢ =5x107%, 2.2
[mm] DOO.
gbobooooooooooooobooboboboooooo,ooon
oboooobooooobooboooobooooboobooboobooon

(3.2)

16



0000000000, 0000000000 180°000000000O0.
000D ®F000,00000000000 0,~01[mm],000000
op~035°0,000000.

00000000000
TPCOOOODOOOODODODOOOODODDOOOODODOOO,DOO0
000000000000000000000000005mm0O000,0
0000000000 250ns000,000000000 4MHz0000
000000000000 00D000000000O00DO0000O00DO
oooooo.

0000000000

0000000000000 D000D00000000D0O. PETOOOO
000000000 511keVOy0000,00000000000000
0oooo

E, W = 511keV]/15.6[eV] = 3.28 x 10° (3.3)

gboo,0000000o0b0oobooboboboobooooooooon
obobooooo. oooooooooboobobooboooboobooooon
O00o0oo0.j200000000ooO,00000oo0o0ooooo
gboooooo,oobooboooboooooobo,obooooobooooon
oboooooboooboooo FOOOOOCOCODOOOO.OO00ODOO0OO
obooooooa.

o2

F== (3.4)

cODDOOO,p0000DO0.DO0000DOOOOD F=10000O.
oooo,sllkevyO0O00D0OOO0OO0OOOOODOOO,

o= +/Fu=+1/20x34x105 =26 x 103 (3.5)

gbo,b0000bo0oocobooobooon

[Resolution] = 2.6 x 10%/3.4 x 10° = 0.76% (3.6)

ooooo. boboboobogoooooo. boboooooooooo
00000 [21]0000.00000000000000000000 4%0
gboooooooon.

17



040 000000000 R&D

4.1 0O0O0O0OO0OOO
4.1.1 TpPCOUODOO

ooooooooooobo TPCOOD, 000000000000, 000
o0000SuSt0 1mmO00,00000000000000D00O000OO
oboobogooooooooboob,oboboobooboooboboobooon
gooooooooooooboboooboobooobooooooo.

ooooooboo 420000 GlooooooOoOOoOoOoOooODOOOOO
0,000000000010x10mm?20,000000000000000
oboboobooooob. oooooobobobobooooboooo
oooooo,000 TPCOO0OCOOOOODOOO (OV,GND)ODODOOO
ug.0oobooocoboobooooboboooboobooooooobaa,

TPCOOODOOOSHVOOOOOOOODODOOOOOODOO,000
oo0ooo00oboOooOooopoOoOoooOooooo. oooog oMo
gbooooboooobo,bobooooooo.

4.1.2 0OO0O0O0OO

O000000000000000000000000o0ooooooog
000000.000000000000 TPCOOOO ASIC(Application
Specific Integrated Circuit) 00000000000, 000000 AMP-
TEKO A250 000000000 0O0OODO PC20 0000000000
oo.

000000 opOC0D 1000000O0ODODOOODODOO,0D0DOO
1v/pCl000,000000000000000 FETO0ODOO0ODO0OO00OO
oooooooooao.

gobooooooboooooooog.

450000,0000000000000DO00D00 —ADOPOODOO
0000 (0o0)0000000o0n0 Ry0O000DOODOOC,O0DOO0. O
00ooooooo wiVour0OO. 0OO0O0O0O0OoOoOoOOOoO0oOooono
ooooooO CwoOooooo. 000000 INOO QDooooooo
goooooboooboog,
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041: 000000 TPC
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0 42: 0000 PAD

Q=Qr+ QN (4.1)
Vour = —AVix (4.2)

goboboooboobooboobo

Ct(Vin — Vour) = Qs
CinVin = Q1N

0000 (41)000000

O
|

= Ci(Vin — Vour) + CinVin
(C¢ 4+ Cin)Vin + CeVour (4.3)

000 (42)0000.

1%
Q= (Cs+ Cv) SZT + CtVour

AOD0D0OOOO0OOOOOOOOOOOOOOOO,

20



PMT

TPC i
TVIRE =k

NIMZ92

d cathode
.w:.a

| TPC & i 1

043 000000 TPCOOOOO
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HSAEN
THEHLS

=1\

il

U044 000000000
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Vi RA Vour

045 00000000000

Q = CtVour
Vour = £ (4.4)
Ct

ubo,0000o0000o0boobobobobobooooooooon
oboooooooboobooOooooobobob. bobo ReOODOODO
o00o00ooO00ooooO0oDoooooDooDO0 r=CeReO00O0OO0ODO.

4.1.3 PMT

0000000000000 00000 R5900-06AL12S-ASSY PMT O
ob0,00000000.0b000bo0bobo0oobobooboo0oooboooobon
Oo0oooooooo0 (AZ=1nm) 00000000, OOOOOOOO
gbooooooooobooog.

4.2 0O0O0O0OO0OOODOOO

oobooO0oooobooooobooooobooo48000. 00000000
gbooooooobobobooooooboboooooboboobobog.

4.2.1 0O0O0O0O

gboobooooooooooooboooboobobobooooooo, oo
gobobooobooboobobobooboaobooboooboboaboo

23



046 0000000 R5900-06AL12S-ASSY

o0ooooooooo.oogTPCOOODDOOOOOOOOOOOOOO
gbobooobooooooboooooooo.ooo,0o00000000
obooooooboooooboboooog.

gbooboobooooooboooooboobobobooo,cooooo
gboboooooooooboboboboooooooo. obooooon
oboooooooooobooboooooocoobobobo,b0oooon
goooobooooooboobooboooboooboboooboooooooo.
gboobooboooboobobooboobooooboooobooboooon
gboooooboooobooo.

0490000000 PTRPDCOs, DOOOODODOODOOOO 165 KOO
ob22aWwWOOooOoooooo.

4.2.2 0OO000O0OO0OOO

gboobooboooobobooooboooobobooooboon
ob. 0o0b000oo0oooooobo0obobo0o2000b000000000A0
gboboboooooobooooooobogoo0o. obobooooboooo
gbooo,0bobooboobooboboobooboooboooobobooboon
gooooa.

24



oo 27 x 27 mm?

oooooo 18 x 18 mm?
oono oo
oooo Rb-Cs-Sb
0000 20 %

0000000 00000000
oo 120

soovVooooo 9.0 x 106

O 4.1: R5900 PMT OO0

4.2.3 0O0O0OO

oboooooooo,b00obobgooboooobobooooooooon
ooodb. boboooooooooooooobobooboooobooooo
gbood.ooooboobooboobooboobooobooob, oo
oboboooboobO. oocooooooobooboboboooooooon
ooooobbo.0o0obbooooooobbooboooboobooo,00b0000b0
gbobooooboo. oooboobooboboboboooooobooooon
0000000000000 .]22]

0000000000000 00000O0OO SAESODoooooooog
00,Al-Zr000000O0O00O0,000D0O000O0DOCOOODODOOOOO
OdolpppbO0000OOO0O0DOOO.

gbooooobooooobooboooo-~0O000b0oo,

N = Npe™~ (4.5)

oooooob. NDDOOODOD,tODOO0O0D0DO. ODOO00D 70,00
obooooboooog pboboooa,

T=Kp! (4.6)

0000, K ~300[us-ppb] D00,

4.2.4 00000

obooooobobooooooooooobob,oo0ooooooon
ooobooooooooo,bobobobobobooooboobooooon
gbd. oboooobooboooooboobobobobooooooooon

25



oboooobo.0oobbooooooboooooOooobooooo,booobon
gboooooboobooobooboooobobooooooo.

4.2.5 000

480000000000DO0O0O 701000000000 ODO. OO
gbooooboooboobobooooboooobobooooboOobooon
obooboooooooobo,00b0oboobooboobobobooboooon
ooooooog.

4.2.6 DUOOO0OOOOOO

gbobooooooooooooooboobo,boboooooooooon
obobooboooobO. oooooooooboobooboooooooon
oboboooooooo. ogogooobobobobooooboogoo
gbobobobobobobobobobobobob. oboboobooobo
gbobooobooobooooo,coboooobooboooooo. obo
oboooobooooboboooobobooobooboooboOobooon
oogo,0b00bgobob. boooobobobooooooobooboo
go.

4.3 0UO0OOOO
4.3.1 NIM CAMAC

oboooogvooooooo 1oooboooob. oo NIMDOOO
0O,CAMACOOOO ,TPCOOO0O0O0O0O0OOOOOOOOO.

NIMOODOO PMTOODOODO, PMTOOOODOODOOOOOOOOO
oooooooooo,oo000 TPCOOOOOOCOOOOOOOOO.
CAMACOOOOOOOOOOOOODODOOOOOOOD CC/NETOODO
gboo,b0ob0obooobobooboboboboboboboboobooon
ooobopCcOOOODOOO.

PMTODOO TPCODOOOOODODOODOODOODOOODODOOO
CAMACOODOOODO ADC(Analog to Degital Converter), LeCroy O 2249A
gooooa.

OO0 ADCOOO0O0O 42000,
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oo
ch O
oo
ooo
oooooo
oooo

CAMAC1O
12
Lemo 5012
10 bit
256 pC
60 s

0 42: 0000 ADC

27



b DY1 OY2 OY3 Ov4 DYS OYG OY7 DY& DYS OYI0 OYil DY12

.A

RISSRISSRIE =Aa17

w08 L3 Lo Loz 108 [ B2 | A8 | 82 [RiD 1514 | fe2| i3
) (R ) f daedad ) { gemed | ) BEEe) (A g ) dasa 0 A ey s I Ky ==a V) Kzl e YN Y wy mwy
1| ¢

e | 5

=118

1
RI-AD : &.53 MOl %178 W 1
RE-RIZ T 3 RDRL . 178 & o}
RI4-RIG ¢ SI Q41 % 1/10 W +HV
RIZ.RI0 & 10 k01 % 176 ¥ (RG=-108A/U)

R18 3 100 04t X176 W
Cl-C3 ¢ 0,002 o, 500 ¥
C4.05 1 0.01 oF.2 1Y

- —————— -
e e —

)
BOTRYY

(RG=196A7U)

047 PMTOODODO

28



(18£E)

N Mghi0l A

Y s

—
o

048 0000000000

SLA

-

£

(Uiw0z: xew)



- .

¢ o w00 = wm w50 im
| | |

049 0000000

0 4.10: SAESOPS300000O

30



s OO0

5.1 UO0O0O0O0OOO0OODODOO

20090 50,000000000O00O00O0OO0DOOOOOOOOOOO0
gbooooboooboobobooooobooo.

0000 (0oo0)oo0o0,0000000O0oO0O00ooOOoOoooo
ooooooOoobo0ooelDODOOOODDOOOODO.

ooboooo,00boocooooobobooooboobooooooooooon
ooobogoooooooooobooboob,oboboooooobooooon
ooooo,0o000g0oooooo pPMTOODODODO. DOOOOOO
gbooooswgoboooooo. boooo,boboooooog 1wao
oboooooooo.

oooooo TpCOOOODOOOOODOODODOODODOO.

5.2 PMTUOUOOO

gbobooobooooooboooboooooboooboooboo,ooo pPMT
gboooobobooooobooon.

LEDOOOO PMTOODOOOOOOODOOO,0000000000AO
gobogbboobbooboobodoboogbooboobaon.

5.2.1 0O00OO0OO0OOOO0OO0OO0

oooooopPMTOOOODOOOODO, TPCODDOOOODOOO
O0. PMTOOOOODODOOODOOOOOOODOOOOOOO, ' Am0 «
obooo s30000000o00.

LEDOOOO0DODOOO0ODOOO0OO0OOOO00OD (PG)OOODO. 00O
oooorGOOOOOO,000,0000000D00D0O00000. LED
ooooooooooOo0oooooo rGOODOOOOOOOO,RCOO
o0 (50Q, 100pC)0 0000000000000 O0OOOCOOO LEDOO
ooooog.

31



ﬁ"

,,_wmwmu\_,mf\_\

AT A
. e —

S/
v

i

wm

:mz\f_\

Os51: 0000000000

32



E]g-.g
2
il

b

¥
i

72 )

| g

IV-G0MN | AV-000ZY  V-IEN  ZVRND L AWR) W VIO-MO

N -

|89 3
ot
e
N
N
wa §
"‘ls
:
t-
£

G
iz..

-i|[5
2|8
il

g[j?%

S

L ‘§

3

§

g -,
3
HE
:

3

[z}

0 5.2: LabVIEW O0ODOOOOO

33

82 e

RELYYy R FEE OY-- QW 3T YL



000 200Bq0 2 Am 0000000000000 O0DOOOOOO
0000000000000000000. 2Am 00000 4320, a0
obooo0o0Og0 5.49 MeVv.

053 LEDOODOOOOODOOO

5.2.2 UJO0OOOOO

1,LEDOOOOO
pMTOOOOOOOOOOOCOOODOO.
LEDOO0DOOO0OO0O0O0OOO0O0O0DOO00O0, 0000000000 PMT
OoO0O0 ADCOOOOO.O00000O0D00OODOO s5000000.0
00000000000000,00000 ADCOOO0O0OOOOO0 ADCO
000¢20000.PMTOOODODOO0O0O0OOOOOOOOOOOOOD
oo,

., _ADC" |

o° = Nye + 0§ (5.1)
DDDDDDDDDD.NpeDDDDDDD,J§DDDDDDDDDDD
oO0oO0opDOoOo0o ADCOOO0OO0DOOOOOOoOoD. AbCcOOboOooono

34



Fo/ oFr A -ADKRE

LED
/T

- = =
a1

054000000000

Function — 1000(Hz] KR
Generalor

RC thr:25aV width:1ims

e
[pmr1 ]

ADC
2y

055 LEDOODOOOOODOOODOO

35



000000000 COADCO 100000000,GOPMTOOOO
ooo,

CADC = NyeeG (5.2)

00000000 (5.1) 0

02:%XADC+JS

¢ =" Ipe (53)
0‘2—0'2
~ 1.6 x 10° ADCO (5.4)

000 GOOO00,LEDO0C0OCOOOOD0D0D0000000000000
00,0000000000000.0000000000000PMTOO
ooooo.

PMTOOO0O00OOOCOOO0O0OOOOOOOO0OOOOOOOO.

2,«0000000

000000 241000000000000000055MeVvO000.0
0000000000000000000000000000000000
00000000 PMTOOOOOOOO.

00 XeODOOOOOOODOOOOOOOOODOOO0O0O0O0OOOOO 23
eVOOO, X Am 000 o000

Nphoton = 5.5 x 10°/23 = 2.3 x 10° (5.5)

goobooooooboocoobo.booopMTOOODOOOODOOOOO

Q
@ = Nphoton X i Q.E. xGxe (5.6)

gooooo.

5.2.3 0OU

OOpPMTOOOOODOOOoOVOOOOOOOOOOO,000 ADC
oooooOoOooOoOoOoO ApDCOO0oODOoOoOOOOOoOOODODOOO.

oboboobobobgooboooooooooooo pMTOOOOOO
ub 4490 4160000. 5400000000000000 7.000 6.48
goooo.

oboogbooes0-800 VOODOOOOOOOOOOODODOODOOODOOO
goooo.

36



| Gain Calteaticn with LEO(PMTY) | Gain Calibratlon with LED|PMT2) |
3 abt
D
C -
s
2. 24
! :m-
A 2
= —
&0
o
ACHD P ACDI Y.

056 PMTOO 700VO0 oc—pO00O0O

Ubcb0oboooooooooooboon s8b0ub,obooooan
OO0 ADCOOODOOOOOOOOOOOO,000b0ODO0OOooODOO

oo.
O(Ge000000PMTOOOOOOOO,PMTOOTOOVOODOO

Q = 23x10°x80x103x02x6.5x1.6x10"1
370[pC] = 1500[ADCcounts] (5.7)

uboboobgo,boboobooboobi40bO0bOob0oboooooon
obooooobooooooobooooboboooboooon.

5.3 U0OOOOO4Og

oboooobooooobooboooobobooobooboooooboon
o,00b0oo0oboo0ooobooboboboobooboboboobooDoon
ooooooo0o.oooooooooslbooo,bob 20000000
gbooooboooobooboooobooooboooon.

oboooooboboboooobo,obobobobooobooboboooog.
gbobooboobobooobbou cbooboboboobboobooboon
ao.

05900000 PMTOOO ADCOOOOOOOOO.

ooooo,ADCOO0OO0D0OOOO0DOOoOoOoDoO.

gbooboobooooboobooooboooobooboooooboon
g,0ob0ooboobooboooboobobobobooobOobOooboon

37



PMT Gain Voltage Dependence

25
+ PMT1 o
20 [ = PMT2 -
PO |
A6 - .
215 .
X . N &
£10 | "
) “ S}
&) .
¢ # mn N
5 f s é
s #
o 1 L 1 1
600 650 700 750 800

Voltage

850

Os5700000PMTODOOODOO

38



g

] M’
T
11!
aiom‘fmrion’nioi:[‘{%a"‘

os8 000000

gboo,b0oboboboobooobooboobooooooobOoboobooon
gboooooa.

5.3.1 00000000

ooooooooo TPCODOOOO,00000000DODOOOOO
000000000 ORTEC 142PCOO00000O0O0DODOOODOOOOO
gooooa.

00000000 TPCOODOODODOO0OO00000 30g/em®0000
oo 1em000O0O0O0O0ODOOOODODOOOOO,

1.2MeVg~ lem® x 3gem™3 x lem = 3.6MeV (5.8)

o,0b00oobooboo,oboo0booonoa

3.6MeV /15eV x 1.6 x 10719C = 3.8 x 107 14C (5.9)

O00.00012pCO0000DDOOO0OOO020mVO0O0O0O0O0OO
oboboooboob0o. oocooooooobobobobooooooooon
oboooboobooooooo.

54 UO0OOOOOO

pMTOOOOOOOOOOOODOOOODDODOOO,000D0D00O0 TPC
gboboboooooboooooooooooboo. obooooooooo
OofCOooooooD,000oooooo0ooooooobooooooon

39



- 40:_ adcplot_runNo.1
L - Entries 3000
120 C E1§ Mean 102
100 [ RMS 8275
80f
60
4
20
o .lrlllllllllllllllllllllllllllllllllll Lll-llllllll
0 50 100 150 200 250 300 350 400 450 500
140~ adcplot_runNo.5
120:— 2 B%ﬁg Entries 3000
C Mean 18513
100:— RMS 80.92
80—
60—
40—
: H
20_—
:lrlllll llllllllllllllllllllllllll
00 50 100 150 200 250 300 350 400 450 500
140:_ Iadcplot_runNo.G
120 :_ yal H#Fsﬁ Entriecs 3000
L Mean 180
el RMS  80.69
80
60
40
20 40
0:| pbloroa b e o bl

50 100 150 200 250 300 350 400 450 500

059 0000 ADCOOOOO



0,000000000000,AMP-TEKO A25000000000000
goooo.

5.4.1 0O00OO0OO0OOO0OO0OO0

ooooooooooooo,0o0o0o00oobobo0ooo0oooDo TEST
gbooobOooooboooobooboboo,o s1wdooooboooon
obooooooboooooboooooboobooon.

Tek Ju Trig’d M Pos: =51.000s CH2
+

&l 20z

I Yoits/Div
L 1 ! ! g

100
Yoltage
8
CH1 S00mY M 50008 CH1 \120mY

CH4 200V 4=-AUG-08 21108 793.996Hz

0510 000000000O00O000O0000

ooooooooooboooooooooobooooboooboooog,
gooooboooooobooooobooooooboooboooooboooD. O
5110000000000000000.

U s1200000000000000000O0O00O00O0O0O0O,00¢0
obooooobooooobobooooboooobobooboboooon
gooob,b00o0boobooodobooobobobooboo,0boo0baon
gobooooboooob.oooooboooobooboooboooooon
obooooooo s13000.

54.2 0000 TPCOOO

obooooboobobgooooooboooooboboboo,oboooo
0000000000ooooooooon0. 05140000 TPCOOO
gbooooooooo.

41



function

GRID

generator

2mm

GND

PAD

0s511: 0000000000000

Fi

Tek . T MPosQ000s  TREGER
D e s e

Av>

to_.

O S00mY  CH2 100¥ M SSeens

CH4 100V 13-AUG-08 1658  1.07107M4x

0 5.12: 50 Hz O O

42

A250

oscillo
scope




* GED 2000z
> Yolts/Div

Ol 500wy CH2 1.00% M 25005 CHz 1L 120mv
G4 100V 13-AUG-05 1640 S00.934H:

U s513: 000000000000000000DO0O000O0

gbooboobooooboboooobooooboobooooboon
gboobO,000000000o0booboobooboboboboooboooon
oboboooo. oo,0coboooooooobooboobooobo,oo0o0, 0
gooooooo.pMTOOOODOODOOOODODOOOODO.

gboobooboooobobooooboooobobooooboon
oo,000TPCOODOOOOO,00000000DOO000DO0DODOOOO
oboooooooo.0boob0oboooboboboobOo,2mVOO0OOO
gbooboobobooobooboooobobooooooa.

5.4.3 UU0O0OO0OO,000000

ooo,000b000b000b0o0bo0oboob,boo0oooooooon
oooooo. pMTOOOOOOOO0OOOOODOOODOOOOOOOOO
gbobooboooooobooooooboooboobobobooboooobooon. o
o, TpCOO00O0O0O0OO00DOOOODOO,00DOO000DOOODOOOO
gbooooooboooobobooooboooobobooobooboooo
gobooo.obooob,0bogobocoobooobooooooboooon
gbooo,0o0boboooooboooooboobooooobon.

obO,000000b0000b00b00obobooboooooboobooobon
gooooooog, TpCcO0O0O0O0OO0O0ODOOOODOOO,O00000O
gbobooooooooooooboobdobo. oboboboobooooo
gboooooob2pMHzOOOOOOOOOO, 000000000000
oooo.0ooooooo TPCOODOOOOOD,00O0DOOOO0OO

43



PAD mesh _ cathode
1mm
200M0 ; /_ \
10mm
100MC2
o souree on W wirel MES)

Ugs.14:0000000000D00O00D0O0O0DODO

44



gboodo2o80000006000000000,000000000RO0

oboooooboooon.
gbo,b00b0oboooboobobobooboobooooobooooooo

gbooooboobooooonog.sas

Tek gL Trgy'd I Pos: 00005 TRIGGER
+

“ 3ham P — proe ol

P N

s»WM’:‘#’MM,{*‘) - "

CH2 500mY M 1.00us CH1 /34

A CH 0 diy .

Us515:000000b00ooooobo

544 0O0O0O0OO0OO

ubobooboooooooooo,obobobooboooooooooon
oboooobooboooooboobooooo.booooooowo,ooon
000000000000 0000000000000 (000 5000),0
gboobooboooobooboooobobooobooboooon.
ubbooooobooobooooooobo,0o0booooo oboan
ob. 0bobobobobobobo. oboboboooobooooooon
gboboboooo,0obcooboobooboboboboboobooobooon
gboooobooboobobooooboooooo.
O0,0000000 A200000000000000000,00 FET
ooooo(@oooo,jooM Q)OO0 (OO000O0000,1pF) 00000
gboooobo,boboooooboooooan.
gbooobooboooboobobooooboooobooooo.

45



el OO0

6.1 OO

oboooooboobOOo PETOOODOOOOOCOOPETOOOOO
oooooooooooo.

PETODOOOOODOODO TPCOOOODOOOOOOODOOODO.

o JOOOODDOOOPMTODOOOOODOODDODDOODOODOOODO
goog.

oboooOoboooooboooooooboooooboooon.

o TPCOOUODODDOOUUODDODOOOUODODOUODOODOODODOO
go.

e NUODOUOODOODLOODLOODLOODLOODLOODODLDOD.

e JO0O0OOOOODOOUOODODLOOODOODOOOODN.

6.2 OOUOOO

gboobooboobooooobooboooooboooboooo,o
gbobooooooooooobo,obobopMTODOODOO, OO
obooooooboooooboooooon.

gboboobOobooooboboobooboobooboboooo.

O0O0O0oOooooo ASsicOo0oooooouoooooooooog
oooooooogoon.

e JOOO0ODOOODOOODOOODOOOOOODOODLOO.OODOO
oooogoooTPCODODOOODOOOOOOOOOOOODODOOO
oo.

ocooooo TPCOOOO0OOOOODOOOOODODODOOODODOD.

46



[]

1
2]
3]
[4]
[5]

[6]
7]
18]
[9]
[10]

[11]
[12]
[13]

[14]

0o

T.Doke, Scintillation of Liquid Xenon and Its Application to Nuclear
Radiation Detectors, IEEE Trans. Dielct. El. In. 13(2006) 640

THaruyama, 00000000000 O0ODOOOCOOOOOO, HEP
news Vol.24 No.1 (2005) 4.5.6

T.Mori et al.,Search for y — ey down to 10~'* branching ratio, Re-
search Proposal to PSI, May 1999

E.April et al., The XENON dark matter search experiment, New Astron.
Rev. 49(2005) 289

0000,000000 TPC-PET 000 PETOO0OO0OOOOOOO
0, (2007)

0000 00000 Web http://www.shimadzu.co.jp/
GFKnoll OO0OOOOO0OOOO0OOO 30 0000000 (2001)
L.S.Miller, S.Howe, W.E.Spear,Phys. Rev. 166(1968) 871
T.Doke, NIM 196(1982) 87

O.Nakayama T.Iguchi, PET O O00OO0O0OOOO Jpn. J. Rad. Tech.
62(2006) Vol. 6,pp.778-780.

O odond o oogoano 0oooooao Web,
http://kakuyaku.cyric.tohoku.ac.jp /Research/Research-j.html

E.Tanaka, PETOO00O0O0O00OO0OOO, 62(2006) Vol. 62 pp.771-
T

H.shinohara K.Sakaguchi T.Hashimoto, Excel 0 000000000,
ooooo

T.Tsuda et al.,Performance Fvaluation of a Subset of Four-Layer LSO
Detector for a Small Animal DOI PET Scanner: jPET-RD,IEEFE
Trans. Nuc. Sci. 53(2006)No.1

47



[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

N.Inadama et al.,8-Layer DOI Encoding of 3-Dimensional Crystal Ar-
ray ,JEEE Trans. Nuc. Sci.53(2006) No.5

D.Fancher et al.,PERFORMANCE OF A TIME-PROJECTION
CHAMBER,Nuc. Inst. Meth.161(1979) pp.383-390

J.P.Cussonneau et al.,Nuclear medical imaging using ST coin-
cidences from **Sc radio-nuclide with liquid zenon as detection
medium, ARRONAX International Scientofic Committee (2005)

K.Giboni et al,Compton Positron Emission Tomography with a Liquid
Xenon Time Projection Chamber, J. Inst. 2 P10001 (2007)

ugbogog boboooobo,cboobboaoboaod

E.Conti et al.,Correlated fluctuations between luminescence and ioniza-
tion in liquid zenon,Phys. Rev.B68(2003) 54201

E.April et al.,Observation of anticorrelation between scintillationand
ionization for MeV gamma rays in liquid zenon,Phys. Rev.B76(2007)
014115

U.Beriotto et al.,Electron Lifetime Measurement in a Liquid Xenon
ionization Chamber with the Signal-shape Analysis Method, Nucl. Inst.
Meth. Phys.A335(1993) 1-2 pp.338-340

48



HEN

goboooboooboooobooooboooobooooooo,oooon
obooobooobOoooobooobooboob. KEKOOooooooo
oboboooboooobooooooboooob. bobooooboobooooo
oooooooobooboooooobooboobD. booobo,booboOoo
gbooooob,booooboobooboooo,ob0oboobo.ooo
ob,00000,000000000000000O000O0000000~O0
0.0000000000 KEKOOODOoooooooo,oooooooo
gbooooooo. oboobo,b00boboooobooooooboboon
gboooobooooboooobooo.oobooo,0b000,0000
o,00000,00000,000000000,0000000000A0O
goooooooboobooboooooobooboobooobooobooDb. bo, o
Columbia 00 Karl Giboni 000000 COO0O0O0O0O0O00O0O0OOOOO
gboooooo,00booboobooboobo,0coboooboooon
oboooobo.oobooboooo,bocobobooobooboooooboooon
goooo.

gbooooboooo.

49



