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00000000000 0000000D0 Ages 000, 0000000000 20000000
gooOo.00o0DoOOO0OCCOOD 2000000 AgpsOOOODODODOOOCOCOD.OODO
0000 Agps DO OOOODO.

ob0,oe-PsO0p-PsOODO0ODO20000000.

1. o-Ps— p-PsO000 MIODO (DOODODOODO)OOO,0000000000A0.
2. 00000000sSGHz2O00DOO00DO0O0UODOODOOUODOODOOO.

O00000,000000000E100(0000O0OD)00000000000O0O [23]
o-Ps0 p-Ps0000000000000D0DOOO,E1000000000000000000
O0.0000,0Ps—p-Ps000MIOODODO,0000000. 000000000000
00003000000000,203GHz00000000000000000000.0000
0-Ps— p-Ps0000000 3.37x10°8s 1 [24]0,0-Ps00000 Ty_ps = 7.040 1(7) ps~ 1 0
000 1400000. 000 0Ps—pPs000000000000D0O0O,10kWDOO0000
000000000 sub-THzOOOOOOODO.

000000,00000000000000.0000,0000000000000,Q00
0000000000000 0000000000000,00000000000000000
ooooooooooag.

0000,000000000000000000,00000000000000,00000
0000000 sub-THzO0ODOODOOOODOO.
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1.4.2 0OO0O0OOO0O0OO0OOOOOO0OO0

0000,0000000000000000¢PsO00 pPs0000000000000. O
0oooo, (1S, m:) = [1,0), 0,0, |1,1), |1,-1)) 000. 00000000000000000
HyO,oPsO pPs00000000000D000O0,

2 Aprs — iLo—ps
—2mAprs — tI'p_ps

Do | S

Hy .
27 Anrs — il'o—ps

21 Aprs — il'o—ps
(1.19)
00000.000,00000000000000000000000000000, Hermitian
ooooooooooo.
00000 «w0000000000 B=B(®F) 0O,

B(t) = B1&, cos (wt) (1.20)

00o000.000,6,020000000000000.00000000000000000
00000 VvV=-g-BO,

V = gupB- (5 -8§.) (1.21)
/

= 95313(&_-—&+) (1.22)
/

ILE (B cos (wt) (04— — 044)} (1.23)

2

ooo,S.,S§,0000000,0000000000,#000000000,0000000
0.000000000,

O'z:<(1)(1]>,0'y:<(3_07;>,0'Z:<(1)_01>. (1.24)

goo.goobooda,

0O 0 0 O
0O 0 =z —=z
V= hA . 1.25
0 2 0 0 HES (1.25)
0 —2 0 O
dooboooodoooooooboooooo. ooag,
1 ¢'npbBi
2= —= cos (wt) , 1.26
V3 hisars Y 120

DDD,y:gO—%M)DgDDDDgDDDDDDDDDDDyDDJ@DDDDDDDD
0.00000,00000000 H=Hy+vVOO0OOOO
000000000000000000000000,000000000000000000.

p(t) = Egmwsm(t)]S, m)(S,m| (1.27)



14. DOOOOOOOOO 9

04x40000000. 000 ws, OOOO0000000O0. 000000000, von-Neuman
ooo

d
md—f = Hp— pH' (1.28)

000000000000000 p)0oOOOO.
obobooboobobo+«s,e2000 20000000

t2
Sg,y = Fp,ps ‘/t1 Re [p22 (t)] dt (1.29)

O00. 00 [¢1,#2] 0 Timing Window O OO QOO OO0,

OO00000D00D0 230000000 Fabry-Pérot Cavity 00O OO OOO. Fabry-Pérot
Cavity OOOODODOOOOOODD 24800000000000000DO.0DO0DO0ODOO0OODO
00,000000 w(z), 0000000000 w, 000005,

— B, M0 —(r/w(=))
B(r, 2) Blw(z)e (1.30)

O00.00020000000000 Py (WjJODOODO.

P22 = —~ B(r, 1.31
- /da:% (r, 2) (1.31)
1 L/2 27 oo 2 5 2
= — dz/ d@/ rdrB? w02€ 20 (1.32)
21 Jo 0 0 w(z)
nBiwiL/2
_ 1.
m (1.33)

L/20 23000000000, Fabry-Pérot Cavity 0000000, p000O0O0O0O0O0O0ODO
po=47-107"0000000000000. 000000000000 Py, 0,000 Fabry-Pérot
Cavity 000000000000 ODOOOOO. DO0OOOODOOOOO 2000000 J0,L/2]
ooooobooobooboboUobobo. booboooog, Fabry-Pérot Cavity DO 0O 10 kW O O
oOooOo00oDbOoOoooOo,000b000Doogn0 Bp=73GaussDdonoQ.
googoobooboobboobuoobooobooboo,boobbooobobg,

p(0) = (1.34)

S O ORI
S O k= O
O ke O O
= O O O

gbooboobo. bogboboboobo12900boobooboog 1sbon. 0do, Timing
Window O 00 0OO0OOOOD. 20000000000,000000000p-PsOO0O0DOO
1/4000000.203GHzO0OOO, on-poled 0 6%000 p-PsO000000,2000000
gooooo.

Timing Window [0 t1 =40 ns 00 2 =320ns 0000000 1.9000. p-PsO0D0ODO 125 ps
googo,40ns00000oogobooog,obobgbobooo0.gbobbogooon
0000000000 6%0038%000000000. 0000000000 SO 200GHzO

S00000000000000000 »=00000000.023000.
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019 10kWDOOOODOOOOOO (40-320 ns)

00000000 NDODOO,20000 8/NOODODOOOOOODODOOS 00000, 10kW
0203 GHzO0ODOOO,0000boooooobooooooooooobooobooobooobooo
goo.

oo,0o0goiokwonoooog “B—h&:GZLMHzDDD.o—PSDDDD 142ns 00000,
gboboboooobooooooooooobo. booboboboboboboboboo,
gbobooboodgboobo,oboobboobooboobboobooboboooog.

00,34200000000,000ns0040ns0000000000000000000D0D00000ODOO
0,200000000000. 0000, Timing Window JOOOOUOOOOOO 2000000000000 S/N
gooooooooo.
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ﬁ‘ﬁﬁﬁ FIRFU =~ =

e Gyrotrons and other THz radiation sources
0.1m 10 cm 1.0em 1.0 mm 0.1 mm 1004

1[]?E ' [LUOO ' (R ' (LR ' (L ' (OO ' et e

; Vacuum
Ly |_Klystron M\ Devices
105 f{Gridded Tube \
104 § PPM Focused Foraad

Helix TWT \ DC«@\

103 BJT

—_—

—

102 SIT]

£ a 4 *
e Nﬁ@
. Fulitsu - GaAs MESFET |\ \

..

. Cree - SIC MESFET i

. Toshiba - GaAs MESFET \ CIN \ e
i

Average Power (W)

CWGyrotro

[EELI

Solid State
Devices

. Raytheon - GaAs PHEMT]
F TRW - GaAs PHEMT IMPA
10-2 vl i o e R vl

A 1 10 100 1.000 10,000 100,000

(< RN SR

Frequency (GHz)

O 110 DO0oOoDoooogbodsub-THzOO. DOOD0OODOODODOODODODODODO
0203 GHz, OO0 1ooWOO 1kWODOO. OO0O0000O0OO0OCOO0O0O00ODOOOO0O00
oo.

1.5 0OO0OOogogd

O000000,000000,00000000000000000. 0000000000
0000,000000000000sub-THzO0O0OOOODODODODOOO0O0O0O0DODOOO [25).
000,00000000000000000000,0000000000000000000
oooooooooor.
00000000000 20000000. 000000 203GHz20000000000, 0
0000000000000 000000000.

1.5.1 000

ubobooboobooboooo3dboobouonooooobo. boboboob20b00bo0boonog.

g

U0kwOooOsub-THzOOODODOODOO. O 1100000 sub-THzODOOODOODOO. O
googobo,0ooobooobobooooboboobooboobooboooboobooobobo
ugbobo.obobobobobobooboboobooboobooboooboobooobooooag,boo
gboogobooobooboobooboobooboobooboob.oobo,obobooboo
ooooooboolcowbooooooobboooooooobo,booo.

"D000000000000000000000000000000D. 0000000000000 00g, O
ooooooooooooooooooon.
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goo

Oloowoooooooooooouooooboobooboooo 1okwhoooooo
O00.000200000000000000 Fabry-Pérot CavityDOO O, 0000 10000
O000O0. Fabry-Pérot Cavity 0000 00000000000 O0D0OO000OOOOOOOOO0O
ooo.gooboooboooooobboooooooogsGHzO0DObODOOODOOOO,bDOOOO
gbooboooooo.

gboboooboogn

00000000 Fabry-Pérot Cavity U000 D0O00O0O000O0DOOOCOOO,0000000
0000 Fabry-Pérot Cavity 0D OO0 D000 O0OO0OO0OO0OO0ODO0OODOO0ODOO. DOOOO
OO0DO00ODO0O0OO0O00O000 Fabyr-Pérot Cavity U D ODOOODOOOO, 0000000
gooboooboooobobo,0bobobobobooboboo 1okwooooooooog.

1.5.2 0O0O0O0O

gboboboodobboooobbooobbooobbuoooboboa. gooboobooooboobdg
gboo,0boo0booboboboobobobobobobobboooboobbo.bbobobboboo
00000,000000000000,S/NOODOUOOODODOOoOoooOoooUooooooo.

e OO UOOOOODDLOOODLOODLOOODDODO.

e yUUDODOOOOODLDDOOOOOODLDDOOO.

e /00000 OOODOODOODOOO.

e OO UOODODOODDOODLOODODOODODOOOO.

gbobobobos3sogbooooobooooog.
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20 OO0t i: odod

21 0O0O0oogn

oooOooooooooOoo21000. 0000000 22000.00,203GHz2O0000
gboobouogobooo. bobooboobuooobooobobooboobobobooboo. oo
00, Fabry-Pérot Cavity OO0 OO OO0OD0, 0000 100000000000. 0000000
00 Fabry-Pérot Cavity U0 0 O00ODO0OOOO0. O0ODO0OCOOOOO0OO0OODOOOOOOOOO
O, Fabry-Pérot Cavity 0 203 GHzO O DO OOOOOOOODOOOODOOOOOoOOoOooooOoO.
go,bo00boboo3uogooooboobooboboobooo. oobo,0ooooooooboo
gbobobobobob.

E—LiEER

Fabry-Pérot Cavity

SrA(4OkaY

U 21:0000000.0000,0000b0o000b0000,00b000b0o0o00obo0obooo
OoO0,0000C00100000000000 Fabry-Prot Cavity DOODOOOODO.
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022.00000o0ob.0booooooooooobooooooooooboooooooon
O.000000C000DO000DO00.00b0Ob0000ooDoOogO Fabry-Pérot Cavity
gooooo.
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gt
(ouuuuuuuuuuuuuuuuu“u““

HJ—Fk
0230000000000,
22 0O0OOOO0O0OO

gbbooboobooobouoobbg,obboobooobuooboobooobboo. og,boo
gobo,0b0oobboobooboooobg,bboooobooon.

221 0000OOOO0OO0OOO

u23gjbogogogooooboobobobob.obobobobobo,obobobobo
gboobO,00bobooobo,boooboooboobbod. gobboobooooboooobooboo
0000.0000000000000000000107°Pa00000000000. 0000

goooogogbob,booooooooboboobooobobooboooob. oo
0000000,00000000 sub-THzOOOOOOO [26].

oon

goooboooooo,obogb,bogb,booboo soogboooboobooboboogo.oog
0000000000 0000o0U00o0oUoO0 (0 23000000000000). 0UDOOODO
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O-8kvOOOODODOO.O0O00OOOO00ODOOOO0OOO0OO 1eoccobooog,boooooog
oo.goooooooo-12kvogooooooooooo,ooboooobooobooOo.og
00000000000000000000000000ooal.

gbobodgbooobgodooo

000000000000000,000000000000000000000000000
00.02300000000,0000000734T000000000000000. 000
000000000000000000000000000000. 00000000000, 0
Oc¢ 000009000000 F=40000,

—eBQ

we = wey/ 1 — 32, (wcoz ) (2.1)
mo

go0odo. 000 —ed0oooo, BpOooooooooooooo, mpobOoooono

gofd.opoooo 11000 oooogggoobooooon. ddd wdg

doooooooooooqn, 0, 0000000000000 000,

e?w?

Nw(0) = BZTeoc?’vi(l + cos? 0)6[we — w(l — B,/ cos6)] (2.2)

gboo.oboboy0oboo,0bobboobooboobo. gobobooobooobooog,bo
ooboooooboboooobobbooobbboooobbboo. bbb, 0,000 ﬁ: o
ooo,bbbb0000o0bb. bbbobbbooooBbbo1-6,,cos00, 000000000
ubbooboboobbooboob,obbobboobobooboo. bbobobboobobooboboboo
O000000wv, 0200000,00000((0=000000000000000,00000
oog.
ugbooboobo,gbobooboboboobobooboboobobbooboobobg
U.0booboobboobbooboobog pO

O
v

2
muvy

p=g (2.3)

gobobo,bobgoooobo.bob,gbooobobobooboboobobobobboon
DDDDD(DDDD).DDDDDDDDDDDDDDDDDDDDDDDDDv//DDDD,vL
goboooboobboobboobbo. booboooboooDoo viDDDDDD,DD
gbobobobobobobobooobooboooboo.

gooon

gooboooobooooooo,bobobobobobobobobobb.bbboobo 240
ob. 000000l mmO0O0,000000000000O000O0O00O00O0O0. 000000
gooobooo,oboboboboboboboo, TE, 00000000 OOODOODOOD0

00000000000 000000000. 000000000000000000000000000, 0
goodooo. obocooooooooooooboobooboobo,00bbbo0obobOoUobboLobboUbobL. booboboo
goboooooooboooobo.
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021: 00000000000 4,
m/n 1 2 3 4
3.832 7.016 10.173 13.324
1.841 5.331 8536 11.706
3.054 6.706 9.969 13.170
4.201 8.015 11.346 14.586
5.318 9.282 12.682 15.964

B W N — O

O0.000000000000C000OO0,00000000000OCOODOOOO0OO (r,e,2)0
00000 E,=000000000. 000 wO TE,,000D0O0OOO [27],

wpma® o (for/)

ET = j/ 3 Ho , sin (mgi)— (;50) (24)
. 2
Ey = ;"“ O HoT}, (jhmr/ @) cos (me — o) (2.5)
E., = 0 (2.6)
Hy = Y Hodl, (jhnr/a) cos (mé — o)
2 -/
H, = 'Y;jm;‘ Hojm%"r/ % sin (meb — o) (2.8)
H. = HoJu(jir/a)cos(m — o) (2.9)

DDDDD.DDD,aDDDDDDD,szC%ﬂQcﬂwDDDDD,LJ@DDDDDDD
ooo,j,0J. (x)=0000000000000000000000.000004,000
0D21000.

2.22000000000,00000000000000 TEsOO0O0000O000. 0000
0j,0000,10.173000.000240000000,00000000000000000
D00 e=arsin 22 00000000000000.

00,00000000000000000000,0000000000000000000
00.00000000000 L, 00001!000000000 w0,

o= (2) (2 210

goboog. gbbooobboioiblb w.OODOODODOOO0O0OO0OO000DO0O0000 woO O
goooooo,booogbobobogbobboob.ooogb,bobbogooboong ks,
goboobooboogbD o, 0000,

wo — kv, =qu (000 ¢OO0O) (2.11)

oob0o.00dg>1000000000,0D00D00D00. ke, 0000000O0O0ODOODO
go,0booooooooboobobooboboooboooobooboobooooboooobo
uboboobooa,bboobooobooooboon.
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024 0000000000000.

goob,booooooobooboboboboboboboobobooboo,b 2100000
ooooootdb w.0000D. 000000000000 woO OO OO 400 MHzOOODO
g, 000bbooboobobooboo.

gboboobooobobon

goooobobooboboobobooboboobooboo,obobooboboobo
gbbooboboobobooboobo,bbobbobbobbobbobbob.bobboboo
gboboobooobooobobooboooboooobooooon.

bbbt wbhbo. 0250, 0000000000 rpO0DOO0ODOOOODODDOO
oboobo.0ouib B0 z00000000000D0. zx00000D0ODOODOOOO.

bbb w=w. 000, 00000000000O00000O000O,00000040
goboo. oogbobo,o0bbodo~0D0000,000000OO0O0DOOO,00D00
goooogoog,gbobooooogob.oboboooobooboboooobooboboon
gbobogo,bboobobooboobboobooobobooooboo,bbooooobooooog.

gooboooboboobobog,b21000,0000b00b000b0obooooog,bo
gboooogoobo.0bbdw=w . 000,000000000000000000D0ODOO.
gbobh,0booobboobooboooboobobooboooboo,boobooboooboo
goobooboogo.

w=w.+e000000,000000000DO00DO0O0O0O0O0O0,0260000000,00
ubbooboboobobooboo.bboboboob,obbobooboobbobbobbobbobobo
goboo,gbboobbooboboooboooboo. ggboboobo,ooobooooboo
goboobooobooooooo.bobobobobobobobob -bobooboooboo.

222 0JO00OO00OOOOOOO

g270,000b00b0o0goboobooooooo.ooboooobooobooD,boboo
OO000O000O00DOoOooOoO0oooO0oO0. bgob 203GHzO000000DOO0O0O0QO0O0ODOO
gboboooooooo.obobogobobobob,
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HSE
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0 25 w=w. 000 0 26:w=w.+e000

e 00 0: 202.8861 GHz (By=7.34 T) 2.
e 100O: 3 MHz

e JOODOO: 600 W

e JO0UODOO TEODODO

000.00000000000,000000000000000000000002.80003.
000,0000  TEsO00000000000% 00000020000000000.

e NIOODDOOODDDO 2 mmUIO0O0D00O0O0D0DOO0O0O, 000000000000
goooooo.

e J00DDODOODDO (10°Pa) 000000000 ODDOOODOOODDOO,O0
gooo.

gboboooboobbobobooboobooboobo,bobpbobbo.0boobbobbo
gboboobob,bobobobobobobobob.
00,00000000000,00duty00000000000000O0DOO0O0O5 000
0000,0000000000(ONDOOO)ODDODOOOOOO (OFFOOO)O,000000
Oo0.D0OO00000ooOOobo0oOooooOboo0oooooo,ONOOFFOOODODOOOOOO
gbob,gbbooboobboobobuodboobbooboobog.

‘000000000000 0000D0000o.
‘0D0D000DO00DDO0O00DDO 252000.
‘D00D00D0000D000O 24000,
S000000000000D00,00000000000000.
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gbooooboobooboog,boobboobooboooboo,bboobooboooobooo
gboboobooboooboooooo.obooboobooooobooboob,boboooogon.

1. 00000000000,00000000000000000000000000000
O000ooooooos.

2.0000000b00o0bobooo,0obboobooboboooboon.

000000000,200000000000,000000000000000000000°.
e0noooobooboooooooboobog290bb. boobboobooo.oobobof
gogobooooboboo,bogooboooobbo. booobbooobobbooobbooo.
ggboobobuooobboooobooooooboboboooobboooub,oobbobogo
00000000o0o.oggoooopoooooo.somADD0O0OCDOOOOOOOOODOO
O0000.0000230000000000, Fabry-Pérot CavityDODOOODOOODO, 00
gboobobobgooboobgoooooooboooo. ooboobooorvo,7owgouoooo
goboboooooogoooo. 240000000000, 000000DODODO0ODODODO 3
go20wodo. gooogogoo,ooboobobgoooooooboogooooboon
00000.000000000000000008.
ugboboooboobo3togboboobuo,bgbbooooobooobboobgaa, oo
gbgob3obobobobobobboooooobooooo. oooooooooooooooo
gbobobobobobobobo,0bboebbobobobobobDobobOobDOg,bo
gbobooboobboobooboobboon.

‘00000000000 2.3.200. Fabry-Pérot Cavity D00 0000000000000 0000O0000O0.

"0000000 Fabry-Pérot Cavity J0 000, 0000000000000000D000O0DOO00OOO, 000
gobooooooobooboooooooo.

S0p0,000020000000000000000000000000.
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mode 0: anode scan/piezoscan
mode 1: stabilization of input power
maode 2: anode scan/piezoscan
mode 4: pedestal run

mode 5: normal run

029 0000000000000, 00000000000O00O000O0O0OObOO0ObO0OA0.
googoboobobo.boboobobobobobob.obobobobob,boboboo
O00O000D0OOooOoODn Fabry-Pérot Cavity DO O ODOOO. DOOOODOOO.
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Radius of

Curvature R *

< TR

O 2.10: Fabry-Pérot Cavity 0 0 00O

2.3 Fabry-Pérot Cavity

O0o0o0o0oooooOoo(Cow)booooooooUoooooUooooooooooo.
0000, Fabry-Pérot Cavity 00 000000000, 000000000000000. 00O
00000 Fabry-Pérot Cavity OO0 OD00O0, 0000000 CavityQOODOOOODOOOO
goo.

2.3.1 Fabry-Pérot Cavity 0 0[O

0 2.10 0 Fabry-Pérot Cavity D 000 0O O. Fabry-Pérot Cavity 0000000 OOOO
oOooooboOoOoobo. 0Do00obO0oU0Do0bboUbob CawityOOOOoDOOD. ODOO
0203GHzO0O0000 147TmmO0000,0000075mmO000000O0O.

Fabry-Pérot Cavity 0 00O

gboooooo2b0bobo1bo,b0boooboooobooboobobo,obooboobo
00000000O00,0000000000000O0O [28). 1000000O0OOOO0OOOO,
gboboobooboobboobooboboobobooboobboobooboooonooboon.

gbobogoooobooooboboobouoobooboooboboobobob. boboobo
oobooboUoboOobDOoboOoo0ooboO,o0booOoD-00000DbOb0O Fabry-Pérot
Cavity OO ODOODOOO.
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000000000000000000 L/200,00000000000 ROOOO,000
oooooo,

0§<1—é>2g1 (2.12)

000 [28). OO0OOUOOOOUODOOOO, 000000000000 UODUOOOODOD.
OO0 R=LO0O0O,0000000000 %DDDDDDDDDDDD.DDDDD,confocaID
ooooooooo.

L/2000000,00000000000000000O0DOO0O0DO,0000000000O0O
O0.000,R=300mm, L/2=150mm 000 confocal 000000000, 0000000
000o00o,00000000000. 000,0000000,000000000000000
O000o000o0ooo0oUooooUo. 0bo0ooogd, R =300 mm, L/2 =100 mm O confocal
000 Fabry-Pérot Cavity 0 0O OO .

Fabry-Pérot Cavity 1 00 OO0

0000000000000000.0000000000,000000000000000
0.0000000,sub-THz0OOOOOOOOOO0O0O000O000O0000000O
00000000000000000,000000000000000.000000000
00 Epe ™t Cavity 000 0000000000000 Ee ™, 0000000000000
00000 Epe ' 000. 000 Cavity 000000000000 0000 Ee*'000.
000000000000 R,000007;0,00000000000000000000
00000000.000000000,00000000R.,7,000.00,0000000
0000000000 ry, t, 7., 000000007,

Fabry-Pérot Cavity 00 00 00000000,00000000000000000,000
00000000000000.00000000000000030000000

1. 0000
2.00000
3. 0000

0000 L;, (j=e f)000000000000000. 0000000000 R;00007T;
oooo,
Lj=1—-R;—T; (2.13)

gooooo.

goooobb, ooooooboobbbbooboooo. bgoooooobobobobobooo Lo,
exp(—L/Ly)00000000OO. 000 LyOOODOOO,000000000000D000O. O
00,10000000000000 A0,

A=1—exp(—L/Ly) (2.14)

goboo.boobbooboobooobobon (1—A)1/2DDDDDD.

‘00000000.0000R;=r},T,=t (j=e f)
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gooooboooobo,boobooboobooboobooboobobobo.bbobobo
0000 L/20 ROOODOOO.0O0O0O00O0O0D0OO0OO000O0O TEMpOOODOOO (DODOOO
000), 0000000000000 wy 0000000000000 0O wy 0O,

e ()" (8"

ANV emr VM
wl::<2wn> lL(R1¢2)] (2.16)

000000 [28). 000, 0000000 (203GHzOOO 147mm), n00000000OO
O0.000 R=300mm, L/2=100 mm 000, wp =814 mm, w; =997 mmO00. 00O,
0000000 1000. 0000000000 0000, 0000000DOOOOOO L
o,

ffé%exp(—%)dr
ffoooexp(—%)dr
goooo. gooooobbbboooog, oodgbbD 2 =00mm0iod, 00000
L'<01%000.0000000000000O0. DUO0,0000000000O00UODOO0
ugbobooobooooboog.

000000000000000 R;0000iT;000000,000000 A00000,0
ooooogoooboo,boobbooobobooooo.booobbooDbbOooDD kODOO

20=kL0000000000000. 000000000 rery(1-A)Y2200000000,
0000000000000 00000000. 00000000000

L'=1-

(2.17)

E &> ‘
(B VD [rers (1= 4)1 262", (2.18)
1 —rpre(l — A)Y/2ei20 ’
E - S
o= rp (1= AP Y (1 - A)2] (2.20)
_ —ry+ (7“]20 + t%)re(l — A)l/zei% (2.21)
1—rpre(l — A)l/2ei20 '
(2.22)
00000000000 Eiw 0,
By = (1= A)Y4e"t, Eipny (2.23)
00000000000000.000
Bint _ by (2.24)

Ein 1 —71pre(l — A)1/2¢i20

goo.
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gooboobooobobooobog,

P, Ey |?
; = bf (2.25)
_ Ty Tov/T— A 1 (226
[1_ /RR.(1 — A)? 1 + Fsin 62 '
P, E, ?
= - |z (2.27)
2
|\VBr = (T + R)VR( = A)] +4yT; + By \[RsR.(1 - A)sin? .
[1— /RyRe(1 — A)2[1 + Fsin 2] '
P. E. |2
5 = | (2.29)
= Iy (2.30)
[1— /RfRe(1 — A)2[1 + Fsin 2] '
(2.31)

goog.aoobo,

Fo 4\ / RfRe(l — A) B (27.?)2 (2'32)

P—,UﬁRJl—A)Q_

gob.0o00 F0b0oboogob,bboooboooooo. booog,
d=mn0 (n:00) (2.33)

goo.
oo0oé, 000 %DDDDDDD 211000.00goooooobooooboobooboo, b
gboobooboobo.oooooooooooroooo,

1 1
— - == (2.34)
1+ F'sin (kI) 2

ooaxgpoooroooooooo,

A T
— VF = 2.
5T = 5 F (2.35)

goo.
O0000o0ooooooo (d=000000 0~1)00DDODO0DOOOO,

o VR - R vED =] [1+/RR(1- A)] .
[VE; + (@ + R)VR( - D) 1=\ [RyR(1 - 4)] |

000000000000 CO0000. 000000000 (Rj+T;=1,j=e,f, 000
A=0),0000000 (R.=Ry),C=1000.0000000C<1000,000000
oooooooo0o0o0oO.
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10"

n

P,/P_[A.U]

107?

5 4 -3 -2 -1 0 1 2 3 4 5
o [radian]

0 2.11: Fabry-Pérot Cavity 00 DO OO OO

00,0000000000 P, 00000000,0000000000000000000
000000000000.00002310000 P,00000000.000,000000
000000,0000000000000000000.000,0000F0000000C
00000000000000.000 P00020000000000000000000
y=T+R;<1, e=R;—y*R(1-A)<<10000e0100000000000

Pint C]-' 1 )
P . — AVR.1/?
wm \/@7 [(1 )Re]

1
[ e — Y [ =5 2.37
RV AR )> (237)
000.00,0000000 R ODODODO,y=R;+Ty=1-Ly(L;0000000000)
000000000 1000000. 000000000 ADDOODOOOOOOOOOOOOO

oo,
Pint F
=(C— 2.38
o - (2.38)
O0o0oooooono. ooobooooooboooooooooooooog.
DI:IDI]7Nz%l]DDDDDDDDDDDDDDDDDDDDD.DDD,DDDDDDDD

cOooooooo,00boNODODOOOOODDODODOOODO.
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2.3.2 0000 Fabry-Pérot Cavity O 0 O

OO00O00O00000000 Fabry-Pérot Cavity UODODOODOOOOOO. OOODOOODOO
goooooogo,F0cooboooooogooOoo.oooog F>600,C>05000.
oo Foooooooon,

1. 0oobooooooog.
2.00000000.

. 0boobooooob,0oboboon.

goo. ,200000000000000O0O0O00O00DO0,000DbO0ODODODOLOOOO
0.00ccoo0oo00ooogooo0oooOooo0obooooUoUuDoO.

oo FoOoboboboooboboooroooog. boo F=6500T'=11 pm 0O 0O
o00.000,000000(10)nmO00000000O0O0OCDODOOOODO. DDODODODODOO
gbobooboooboooboboo,bobobooooobooon.

FOOODODOOOOODOOODOOOOOODO.ODODO CcOooOoOoooOooOoOoOooooon
ggb,goobobobooodgoboboooobbobooo. goobobobooooboboboo
gboboobooobbooboobbooobooo.

gooboobooboobbooboo.

goooooo

Fabry-Pérot Cavity 0000 200000000,000000000000000,000
gbboobobooboboobooboobooboobooboo.bo,bbobbobboboo
ooooooooooooolo,

googooobooboobo,oboobooboobooboobooboobooD. o
21200 00000000000D0OOOD. 0080 mm, U0 3mmO0000000, 00
gboboobooobbo.gbooboboobooobbo213b000.

oooooobooood Ry, 000 Ty, 00000 Ly000000300000000000.

e JOODODODO 2a
e NUOODODOODO g

o UUOOODODO ¢

0000 00000000 skindepth00O0O000O0,0000000000000,000
000000000000000. 000t=1wmO000000000,0000. 00000
0,0000000000Y, 00000002, 00000000000.

YOopopDoOoO0O0O0DO000000000000000000000,000000000000000000000
gooooooooo.

H0poooooo0o00000000000000000,00000 FOOOOOD. 00DOOOO0DO0OOOOOOO
goooo,o00o00. oooboooooooooo,boocobooooo0oooooooooooooboooooon
oooooooooooooo. 0D0,sub-THzO0OOOODO skindepthO 170 nm 0000000, 00 1pgmO0
goooooo.

POp0DO0000D0000D000000000D000D0000DN000OND. 000 »=350000000
gobooo,ooboocooooooooobbodob.oddrn=1900000000000, 0000000000
goboooooooboooobo.
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022 00000000000000(M@0OO)
002 [ 000 g[pm] OO0 [pm] 000 [% 000 % 00O [%)

20 50 1 99.26 0.337 0.40
100 100 1 99.42 0.31 0.27
100 120 1 99.00 0.69 0.31
100 140 1 98.38 1.28 0.34
200 140 1 99.44 0.32 0.24
200 160 1 99.13 0.60 0.27
200 180 1 98.68 1.02 0.30
200 200 1 98.02 1.66 0.32
oooooooooooo,oog,oono,
Ry +Tr+Ly=1 (2.39)

0000000000.0000,R;00000 FO0OOD,000000000000000
0000.00 L,00000000000000,R;00000007T;<L;0000000
000000.0000,00000000000000000000000CO00000.00
0,Ty>L;00000,R;000000000000000000000000000.

000000000 200000000000000000000000 22000.0000
0, CST MWstadio 0000, 000000000000000000000000000O00
00.0220000,000000000000 Ly/T;00000000000.000000
000000000000.00,00000000 (2a,9)=(200,160)0 (2a,g) = (20,50) 0 0
0000,0000000 L/Ty000. (2a,9) = (200,160)0 Ty >2-L; 000000, 00
R;>99.1%0000000000000000.0000000000000000,0000
000000000000,0000.

0212 0000000000

U 213: 000000000000. 00 20 pm,
U080 pm, 00O 1pem, 00000O0O0OOO.



30 020 DO0O0OO0O1.000

gooooo
ugbbooobooabbdad,
1. 0000000000000000 confocalDO0DODOOODO.
2. 00000000000 FDOODODOD.
. 00bobobobobobobobobob.

g3ooog.

O000,0000 R=300mm, 0050 mm 000000000000 (0 214). 00000
099.85% 000000000. 0000 232002200, F000000000000. 0O
0,0000 R=300mm0O00,021200,000000 L/20 150 mmO00000000O
gooooobo.oboboooboobouooobobooobooboboob.ooboobooo
0cemmOI 00000000, 00000000000000. 0006mmO0O00000O00O00O0
00000028 GHz2O0ODODOO, 00000000000 0ODODO, FOOODOOOOODO.

0000000000000 ooO(DobboooooooOo,TS102) 0000 O(10) nmO0O
00000 (02158 0000000000000000000000000,0000000
0000%“ 000000000000, 0000,0000000000000000000000
00000.000000000000((@MO0000,00000000000000 MHB-50M)
go0oO0O0O0,00000000000O0O0O0OO0 (O 216). DDDODODOOOOODOOODODODO
gboooboooboob.oobobobooboobobooboboobobooboboob,obboboo
gbobooboooooooooooooobooooooo.

0214 000000000

BOooooDooo 0O nmO00000000,203GHz00000 747 um 00000000000 0000
goooUo. oooUoooUoO0oo,00000U0LO0LOU0L0O0,00000D (DOO0LO)ULOoUDOOO. O
gooooo,ooooooobooooooobobogoobobooooooboobbobOoooDbOoLoDbOoO, bbb OO
0000000000000 0o000D (D0D0D0D0O000DD00O00O00OO0). 00DO0O0,00000D0000
gobooooooobo ismmUOO0OO0odooooooooboooon.

YOoppDoOoOoO0O00,00000000000000000000. 0000 2430000.
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X-axis Stage TS102-N

31 I — N N N—

0 215: 0000000

0 216: 000000000D0O0O00OO0
gbooooo

0000000000000 000000000000000000000001'%. 02170
googo,bobooooobooobobooboo,242000000000000000 M30O
O0000ooo.M300O0O0OO0OO0O0OO0O (29,a)=(50,130)000000000000. M30O0O
000 1%000.

0000000 LiTaO3 0 OO0O0O0O0OO0OO0OO0OO0O0O0OOOO (spectrum detector, SPH-49 0 O
SPC-9)0 00 (O 2.18). SPCY0 00D DIOOOO,0000DO (AD823)0D00UIOOOOOO
O0oooo (0O 219). SPH-49000000000O0OO0,0000000000O0OOOO. O
oobooooboogoooooo spH40000, 0000000000 SspHOODOOOO.

uboboobooobboobooo,10o0msb00nooonooooboog 220000. 00040
0,00,000000000000023GH2000000000,000000000000
oo0oooO0oO0OO0OO0O0OO0OO0 (CooOoOOOOOOOODODOOODOOOO). Dooooooo
duty 0 20%,20 HzOOOOOOOOO,0000000000.0000000O0DOODODOOO
gogobooob,0oooboboooboboobooooboboooobooboboobob. OO,
20 GHzOOOOODOOOOOODOOOOOOO. ooooooooooOoooooooOoo
goboodg,bbgobboobbooobo,oobboobboobbooboboo.oooboo
gboboobg,bbobbooboobooobobooboboo,oobobooboobooboo
gooo.

BOopoooDO0D0000DD0000000,000000000000000000000000000000 (00
00)oooo,00000000000000DO00O0. D0D0D00DO0O0D0O0UO0OO0O0D,0D00000D0000
gooboooooo. oo,ooooo0oooo,bbo0ooobbo0ooooOoo0LoboboOoOoobObO0obo.oooboOooon
gobo0o22000000000.
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33

U 220: 00000000bO00b0. 0boooboboo,booob,o0boooooo. boa,
sub-THzO O DUOODOOooOoooooooooooooooobobobooooboo, oo
googbooooboooobooogb.bobboobobooobobobooboboboboo

gboboobooobooooboog.
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233 0O0O0ODO

ocoooooooobooob,FO0cCcoO0Oobo0obobOoO0. 02210000D0O0O0DOOD. OO
gbooboooooooooogoo,0ooooooboobobobobob.boboboboDo
gbooboboobob.bobooboobuoobooobobooboo.boobobobo
goboobooobbooobo,obboobooobbooboooobog.

googoooobooboo,bobbobbobbooboob.ooboobbobb 100
U,2m0O0000000, 00000000, D00DODOODOO0ODOOOO0O 100 mO0O0O
uoboooobog,gbooooooano, b, obbooboooobog. booboboon 2.22,
2230000000, ODOOOODOOOODODOOODD, D000 DbOoOoOobLDbOoOoODg.
goooooog,oogoogoooobobo.oooboobobobo Fobobobo,0bobooon
oooooobogoobocooooob.booooobogoooooo

p0 (p2)?
(z —p1)? + (p2)?

000,0000000000000000.00000000006~00000,023100
00000. 000222, 00000000 (2a,9)=(200,160)00, 000000071 =p2=
1.12+0.02 pm, 00000000000000000 %8 -034000000. 0000 235
00000000 F=650+£60000. 000000 CO0000C=1-034=0.66000.
00000000 (2a,9)=(20,50)000000000,F=646+7,C=0420000. 00
000 2530002300000000
FOOOOOOOODOOOOOOOOO220000000000000000000. 6. 000
0D000000000000023GH00000000000000,000000000,0
0000000000000 0000000,00000000000000000000000
0D0000000000000.00000000000000000000000,00000
000 Fabry-Pérot Cavity 000000000000 ¢ >1000000000000.
00,00000000000000000000,0000000000000000000
0D0000000000. 000000000, 000000000000000000000.

goboobooboooboon.

f(x) = + p3 (2.40)

Y00000000000000000000,(2a,9) = (200,160) O F=614, (2a,g) = (20,50) 0 F=704000.
000000 (2a,9) =(200,130) 000000 F=76 00000 F=61+0.6000. 0000000000000
000000000000000000.
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2.3. Fabry-Pérot Cavity

0 2.21: Fabry-Pérot Cavity 0 0O 0O 0.
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e e s F T T T T T T T
] -S;TW WT{ 1 jmmm‘mﬁ W
—  16F M E - F % E
= £ )%‘ * | 2 0.9 ); f |
= — | * 4
§ 1'4: * % ] S r * ]
8 12F * e g os8p Xy -
g “x E 5 F x ]
& i3 « 1 € o7f x 1
081 X E E * ]
£ ] 0.6 -
0'6? | \X | B :‘H\‘H\H‘\H‘T%Hmumumum:
360 365 370 375 380 380 382 384 386 388 390 392 394 396
position [um] position [um]
¥* 1 ndf 3.365/132 %21 ndf 0.3299 /110
po 8.597 + 0.09253 po 3.885+0.03273
p1 370.3+ 0.006008 p1 388.1+ 0.00461
T —— 2 1122+ 0.01904 T T ) 1133 £ 0.0157
p3 0.03893 + 0.0164 4 * p3 0.02112+ 0.008913
8 = E =
— E — 3.5F =
= 7 E = af E
s 6 E 8 g E
8 s E 8 25 3
5 4 E § 2 E
< 3 3 © 1.5 =
= 3 = E E
2 E L E
1 E 0.5E E
o IRt 3 & cs N IR BRI M =]
960 365 370 375 380 980 382 384 386 388 390 392 394 396
position [um] position [um]

0 222: 0000 (2a,9) = (200,160). 0000 O 2.23: D000 (2a,9) = (20,50). 00000,
0D,00000000000. 0oooooooooo.
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24 000000
0000000000000 Fabry-Pérot Cavity 000 0000000000000.
1. 00000000000000 Fabry-Pérot Cavity 000000000000,
2.00000000000000000000.
3.000000000000000000000000000000000d.

0100000000,00000000 Fabry-Pérot Cavity 00 00000000,0000
000000000000000.00000000000000000

020000000,000000000000000000000000000000000
000000000000000.0000000203GH20000000001.9600000,
000000000000 10000 10%000000000000000000, Fabry-Pérot
Cavity 100000000000 00O0O0D. 0000000023 GH20000000000
0,10000034%000000. 17 .

030000000,00000000000000,0000TEsOOOOOOOODOO,O
0000000000000000000000000000000. 00000000000
0000000000000000, CavityDOOOOODOOO0ODOOO0D0OO0O0O0O0O0,00000
0000000000.00000,0200000000000000,0000000000
goooooog.

0000000000000000000,00000000000000000000000
goo.

24.1 000OOOOOOOOOO

0000000000000 0000000 TEsOOOOOO (O 2.24). 00O Fabry-Pérot
Cavity U0 DOOOOO TEMpOOO,000000000D0CO00O0O0O0OO0DOOCO0ODOOO
(0 225). 000000000O0OODOOO.

e JJ00OOUOODOOOUDOOUOL,D0OUODOOUULODOUOOD. OO, Fabry-
Pérot Cavity D0 DD O0O0O0O,0000000000000DOO0O0O0O0O.

e TEp;3;00000O0DOA0DODOOOODO(DOOD)DOO,0000D0D0DOO0O0DODODOO,O
OOO0D0O0O. 00, Fabry-Pérot Cavity OO OO0, 0000000O0COO.

OO0000,000000000000D00 Fabry-Pérot CavityOODOOOOODOO,00000
0O0oo0d0.0o0o00b0o000ooOo coopooooo0o.oooooboogooooo,

e« 0000000000000 OOOONDNONONONONONOO0ON, TEDOO00000000
0 (O 2.8).

goooooogooo.ooo,gbogbb TEsbO0obooboooooooooobogoo
goo,0bbo0obooboboobobooboobboobon.

Y000 m,n2000000010000 RO R= 2000000, 203GHz000000000000
014500000 100000 3.4%00000.
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Power [A.U.]

Y5 40 5 0 5 10 15
X [mm] X [mm]

0224 0000000000000O0O0 O 2.25: Fabry-Pérot Cavity DO OO 0OOODO

242 0J00OO00OOOOO0OOOODO

TEpO0O0O0,000000000000,00000000000000 80%0O0O0O0O00O
000000000000 (29 000000000 ODOOO00DOOOO0OO. DOoOooooo
00000000 4000000000 (O 2.26).

1. 0000000oooo (O 2.27)
2. 000000 Mo(O 2.28)

3. 000000 M1

4. 000000 M2

gbo,00b0boboboboboon.
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oooboboobobo Mo

o

FMEME JEEgb fi&a

§

B \

1@”’ \\\/ N

-& AA—DY—R
R (Xor Yor 2¢)

0 2.29: TEs— 000000000 (O) CQ
Ik a=0.17 radian
X PR

0 2.30: TEs— 000000000 (0)

goooboobooboooboobooooo, oo Mooooobooboobooobo
0o0o00,00000000DO00000000O0O0.

02290, 00000000000 MoOb0bOoboOooOo0. bo0ob0obobo0od TEsD O
goo0ooooobOobooooooo. 0oob0ooobooo,00b00oo00ooOobOooooo
0000O.000o0ooooooooopoooooon.

goooboooobo MoOODOOo,gbooboobooboboooboboboboobo
goodbOo. ooobobobo,000b00bobO,00000bU0bOobOobOooDOooDOooDOon
oooboooo. joboooob a0bOo b0, 00obooobD,00bOo0oooo
000000000, 000000000000000O0D0. 00000060 0DDOODODOO
goooo0o,0bobbodbooobob0oobob0b0obDoobooDoobOooObOOoDooD
oo.

g30000o0oooboboboboboo MoObooooooobobO. bobobobo
000000000000 00O0O0000 [30]. bOOoODU0DO0ODOO0DU0OOOODOODOOOOoO
000000000,0000000 (z¢,¥.,2.)00000000000. 000,-2f, <z <2fp,
—2acota <y—y.<2acosal U,

2\ 32 22
B, — o — ) exp [—ik(y — ye .
<1+4fp2> (1 4f5)e p[—ik(y — y.) cos o (2.41)
E, = 0 (2.42)
E., = 0 (2.43)
H, = 0 (2.44)
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E
H, = —sina (2.45)
n
E
H, = ——Fcosa (2.46)
1

O,0000000000000.000p00000000000O, /0000000000
00000.00 a:arcsin%?%D,aDDDDDD,j(/)gDDDDDDDDDDDDDDDDDD
booogobodgbd. oboobobdobooobogbobdooo,gboooooboobdoooon
ooo.o000000000o0o0 Sooooooooobooooooon,

E2

|5\:\ﬁxﬁ\:| ”;' (2.47)
n

00000000, 0000000, TEsO000000000000000000000000

goood.

M1 0O M2

gooooooooooooooooMoobooogobooooboooobooooo. o
00 Fabry-Pérot Cavity 000000000 O0OOCO0O0O0O0ODOODOOOOODOOO,O00000O
gbobooobobo.obooogoboobogooobobo M1O M20O0O0.

2310000, M10 000000000000 0000,MOODOODOODOOD 2000
O0o0.M20000000000000O, (y,2)000000000.00000O00ODOOODO
(00000, GOH-40B15) 00000, 000 1000000000000 OO. 0DO0O00OOOD
gboobooobooooboooooooooo Msbobobobobuobooboobooooo.

gobo,0o0MiOM2000000000000D0DOOC. D0000O0O0DO0O0ODOO TEsOO
gbboobggboa,bgobuogboobboobodgboob,oobooboooboo
uogoboooboobooo. oobooboooboobo,booobooboboooooobooooboboon,
000000000,00000 Fabry-Pérot Cavity 0000000000000 00O,
e=50mmUO0000000M2000000O,00000000D00O000.000DO0O0O0OD
gbobooboooboooooboon.

0pDO0O0000000000DO0,00000000000000000000000000000O000oDaO,
gpoooooooooooooooooo,0bobobobbo0oobOoobboobLbObOoOobbo0obobObOoobboOooD. oo
goooooooooboooooboooobo,b0obooboooooboooboooDbobooo.
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M2 y
X z
N 0%,
TIN—Fx—
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MO FEEAYS1ZT57—M3

02310000000 —-000000O0OO
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l

,
IRl /eS51Y

Nwaist

0 232: 00000000

243 0U00O0D0OOOOOO

000000000000000,0000000000D00000O (0 232). 0000000
O000,0000000000 (000000000 DO00DOO0ODOO0ODOO,0D000D00OD
o0000o0o)oooooooooo0oo0or-0oo00oooboboooo,

2 2

wo —r . . r .
E(r,z) = Ey o) exp <w2(2)> exp (—zkz - zsz(z) + zg’(z)) (2.48)

O000000,000000000000D0000 [28). 000

e kODODO

e w(z)0ODODO0001/e00000000

e wo=w(0)000000000000000000 (0000000000)
e R()0000000000000

e (()000000000 (:0000000000000)

gobD.oobooboboobtdw oo,

N\ 2
w(z) = wo 1—1—(20) (2.49)
R(z) = zl+(?)j (2.50)
C(z) = tan(z/z)"" (2.51)
2
2 = Q? (2.52)

ubobooo. oo, 0bo0booobiboin pobooobooboo,oboobob. oo
goboog,0bbooboboobbooobooitb wbOoobDO, 00000000000
gboboboooooo.
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Fabry-Pérot Cavity 00 00000, 00000000000 0C0OODODOOODOOOOO. Fabry-
Pétor Cavity 0000000 DOO0O0O0COOOOOOOOOOOOCOO,00D00000BO0O0O
gboobobo.boboboooooobooooboooboobD,0b0b0ob0ob TEMpODOODO
oooo0o0ooo0oooOo0o. oo0oooogd TEM,, DOO0O0O0(OODOOODOOOO0).
O0000000000000000 (x=rcosh, y=rsinb, z)0

Emn(2,y,2) = Eow—O)Hm <\/§w(z)> (fw(z)>

w(z

2 2
- exp <w2(z)> exp (—ikz 3R + iCmn(z )) (2.53)

0ooo0oo0. o000 H,(t)OOODOODOOUOOOOO.00,00000000000000O

Cn(2) = (m 4+ n + 1) tan (z/29) " (2.54)

gboobo.b2530200000000000000000. 0233000000000060
gboboboobooooooo.

Hermute_Gauss2D Hermite_Gauss2D

N 08060422 0 02 04 0.6 08 1

Hermite_Gauss2D

N 08-06 0492 0 02 04 0608 1 "N 08050492 0 02 04 06 08 1 N 08-06 0492 0 02 04 0608 1

0233 0000000000o0o0o0ooo

00000,00000000 éum(x»)0m+n0000000000O0O00.000O0O0OOO
gboogboboob,bogbobboobobooobuoboboboobobooboboono
gbooo,bo0b0boobbobobooobo.bbobbooboobbobboobooboonbg
gbobobobobooboooooboob.boooooooooobooDog.

1. 000000 w(>:)0000000000000000DO0DO0OOOOOO0OOO.
2. 000000000000, Fabry-Pérot Cavity U OO OOOO0ODOOOOODOOOOOO.

3. Fabry-Pérot Cavity 00 0O DO000O0O000000OOOCODOOOO0O000OO.
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U 234: 00000000000

4. DOgooooobooobogoooboboobobo,oobo0obooobb,0bgboooboobo
googoo.

0000000000000 2340000.00000000000000000000000
0OM3OOODD,000000000000000000000000000000000000
00000000.00000000000000000000.00000000000000
0000000,00000000000000000000000

02350000000000000000000000,000000000000000.0
0000000000000,0000000000000000000. 00000000000
00000000 (0000000000000000000000). 00000 L/2 ~ 150 mm
ooooo.

0180 ymO00400000000000.00000000000000,203GHz000
00735 mI00000000¢01000000000000000,0000000000
oooo.

000000000000 TEMOOOOODO. 000000 m+20000000000
00. 00000000 TEMy; O TEM,o 0000000000000 0. 0000 TEMgs,
TEM;;, TEM;o 000000, 000 TEMgs, TEM;2, TEMy;, TEM3 000000000,

00000, TEMu+TEM;, o 0000000000,000 TEMwOOOO. 0OOOODOOO
$0.6mmO0000000000000000000000O0,000000000000000
000000 10100000.000 TEMy, TEM;,,000000000000000000
0o.

TEMy, TEMp 0000 1000000000000000000,0 23300000000
000000000 00000000000.000002000000000000000,0
000000,0000000000000000000000000000000000000
0.000,000000000000000

00000000000000 236000. TEMy;, O TEM;o0 00000000000, O
000 TEMy(0OOOOO0OO0)000000000000000. 000m+nr=20000
000023500000000.m+nr=2030000000000, TEMgeO TEMy 00O
00 23300000000000000000000000000000.0000,m4+n=2
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g3fbogboobooboboobobbob,bboboobobbobooboboboobg
goooogoobogbobooooobooobob. oo, 0b0boboboooooboboboon
uboboboboobbobobooboobooboo.oob,obbobobooboboboobo
goobooboo.gobgooboobboobo,bbgoboobbooboooboog.
gboobooooo,bobobooobobooooooboooooog.
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U 235: 000000000booo0oo 0 236: 00b000boboooaaon



24. 0DOD0OOODOO 47

244 (0OJ00000OO0OO0OOOOODOOODOO
gboobooboobooooooobooooboooooooobo.gopooooooo 20000,
1. 0boboobobobobobob
2. 000 (Mo, M1, M2, 000000,M3,0000000)000000000O0O0O.

00000000000000000000,000000000000000000000O0
0.252000000000,0000000000,0000000000000000000
00000000.0000000000000000000D0,00000000000000
oooooob,

000000237000 242000. 000000000000000,000000000
000000000000,000000000.0240000000000 ¢=50mm0O00
0000000000000, 000,000 40%0000. 0000000000000O000
241000. 00000000000000000O0O0%. 0000000000000 0 (00O
0000)0000242000.000,10%00000000000000000.00000
00000 wpD wg =948 mmO 000

00000 Fabry-Pérot Cavity 0 000 0000000000000 0. 0D0O0O0O0OOOO
00 w,w,00020000000000¢,v,00000000,

dw?w?
M= 1) 2.55
(w§ + w3)? + (2b/k)? (2:55)

oooooob.boosbooboobobooooobobL. bbb bogbL=00D00
oboobD. obobobooboooooobooboobtd we=81400000 M =098000,
9% 1000000000000000000. 000 Fabry-Pérot Cavity OO0, 05000
oobocooooooooooo.

0000000000000 00O0O000 40%0,00009%00000,0000 1/30
000.00000000,100%00000000000000000000000O0O00O0OO
gboooo.gbobooboboobobooooobobOo TEs O ODOOOOO0ODbOOOODO
gboboobooobob. oobooboboobooboobobooboooboog.

YO0oDDO0O0O0DO0O0O000D0000D0O0000D00 252000000.

0p00,000000000000000000000000000D000000000000000. 00000
goooooooooooooooooob,bo0obb00obOOoUbbO0LOOoL0. boobbobboLoDDbOD
goooooooooooo,b0oooooobooooo,bb000oboOo0oobObOoooDbbO0. ob,0b00000
gpooooobooooooooooooooboboobooobobo0o. 0boobboobooboboobbooobOboLoDbOo,bon
goboooooooboooo,obobooooog.
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Power [A.U.]
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25 ODOooooood

oobooobobobooooooooboooboOo,0boobobD 203GH2O00D0O00D0O0O0DOO
0.0000000O0000000DbO0O 238000000,0000F00D00O0O00CODDOO
ooo0.00oooooo00ooooooo0Oooooob0. 000,000 203GHz, OO0
lkwoooooooo,ooboogooooooo. booboooooooboboooboboooDo
gooooo.

25,1 JO00ObOOoOOoOoOoooboo

goooogoooboobobo,0oboboobogoboobo.o02430,0000000000
ooobooooopobo.obo0ooboooooooogo,203GHzO0000DOODOODOOO
goboobooboboo.bogbboobooboobboon.

l. Jboboboboobooooooboooon.

2. 000000000 ((@0O0)20ccO000,00000O0OO.

. ubooboboobooboooboboon.

4. DO00oO0oooooo.

5. OOobbhOoOoboobobono,0oobboobooboobooooDg.

6. 000000000000 00O0,0000 (D0000 10secd 20sec)J00OO0OOOO
gooo.

7. 0000000000,0000000000000000 (10 secO).
g Ubouoooboboo,boobaa.
9. Jb0ooboboobuoobooooboobo,obboon.

gobooboobbooboobooob.oobbooo,

4.2 x Viee] x AT[K]

PIw] = Atlsec] x D.R. (2.56)

OO00.000,vodooo,AT0000D0, A¢t00000,D.ROOOOO0ODOOO dutyd
goo.gboobobooooobobobooboobooobo,oboboooboboboboon
gogbobooobooobbooobbo. boobooboooobbooobobooobboon
0.000000D00000, Fabry-Pérot Cavity U0 DO DOO0O0OOODOOOO. OO0OODODOO
googooboob,boooboobooooboboobooboooooboboobooboDboo
gboboooood.

gbooboobo,booooboooobooboboobobooobooooo. bog,b0booboo
googoooboobooboobboobbooboobbobboo.boob,obbobbo
0203GHzOOOO .-0000Ooooooooboooooooooboooo.oobooog,boog
ubooboooobobobooobobooboobouooboboooboooooboo,oboooo
goboobooboobbooboon.
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U 243: 000000000

25.2 J000OOOOoOoOobObOOoOoOn

ooooob203GHzODODOO0O. Doooooooboooooobooooooboo,oboo
goboogoooooooobobgoogoooboobob. oo 244000, 0000
gbobobooboobooobooooooooo,oooboobooooboooboo,0b0ooobooobo. b
OoooooooooOoO0oOooooooOoOoooooOoDO. 203GHzO0O0ODOOOOOOOO
o,0boboboboboon.

gbooboobobooo,oo0boobgooboboob. oboboobobooboobooboo
gobooboooboob,bgbobobobobobobobobo.boboooo,

l. Jbobobobobooobooooooobooooboo,boooboo.
2. 00000000000O0,00000000D0.
. 00bobobobobobobooobooobOo,bobobobbobobooboob.

O000000000000000 (pixelUD)0,00000000000000000O00O0O0ODO
goooooogb. cooobobobooboooboboboooooo,oboboon
gobobooobobooboboboobobooboobooboo.

00oo0oooo SOo,00000ooo PWjjoooo,

P
5= 0.0114 £ 0.0011 (2.57)

O000. D000000oo0o0o0Uooo0ooUooo 10%0000000. OO0DOO0OOOOO
0000000000000,00000050%000000000000.0000,0000
0000000000000 00000,0000000 % o000000000. 00,00
gbobobooooooooo.
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0 2.3: Fabry-Pérot Cavity 00O 00O

002 [p] OO0 gpm] O0O0OOO[W] C F Gain 00000 kW]
200 160 7243 0.66 6506 138 £1 9.9+0.4
20 50 62+3 0.42 6467 86.4+0.9 5.3 £ 0.2
10 50 68+3 0.85 170+ 2 46.0 £0.5 3.1+0.1
50 130 150£2 091 92+ 0.3 26.6+0.1 4.0+ 0.1
100 230 96+4 0.88 58+0.5  16.2+0.1 1.6£0.1

253 U0O0OOOOO0OO0ObOObOObOOOOn
O00000opoooooooo

Fabry-Pérot Cavity U0 OO0 O00O0O00ODOO,00000000OO0C0O00O0DOOO0OO00OD
u.ggboboobobooboboooboooboooooo,obbooboboobo,ob0boo
goobo.gbo,0bogboobboobooboooboboon.

1. Fabry-Pérot Cavity U0 OO0 O0O0O0OO0DOOOOOOO0ODOOOOOOODOOOOOO.

2. 000o00oo0oooobooobob0obob,bobobO0obOobUobobobbobboLooboon
ooo.

000000, 000000000000000000UO00O0DUOOOUOD IVjooooo
gooooo.oon,

PIW]

—— =200 £ 9|W/V 2.58
0000.00000000000000,0000000000O0C0OODOOOOO PWJDO
g, dgobobobobbbotbddoooooboboobbboooouooon.

gboboobooobbod

goboooooobo,boboboooobobobobo. obobooooobobooooobo
00230002, 0000, (2a,9)=(200,160)00000000000000000 9.940.4kW
gbobooobooooboog.

gbboobuogboobobodobod

gboooboooboooo,b 231000000000 b0obo0obooo0.boobobbo
gbobooboobo,0obobobobobobobobobo,

P,
P = % (2.59)

gbooooob.ooooooogoo 1. 000000 ooooooooon.

2lgpgoo00,0000000000000000D0000.
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0 24: 0000000 Fabry-Pérot Cavity DO DO O0O0O. OO0D0OO0OOOOOOOOD,000
gbo,000o00obobooboobobooobobo. boboboobooo,bobobobono
00000000000000000000.00000050%00000000000A0.

002 [y D0O0O0gpm] 000O0O0[V] 00000 Py kW] FCOODODOOOOOOO kW]

200 160 8.7 8.0 (+1.7/-1.3) 9.9+0.4
20 50 4.1 3.8 (+0.8/-0.6) 5.3 40.2
10 50 3.6 3.3 (+0.8/-0.6) 3.1+0.1
50 130 46 4.2 (+0.9/-0.7) 4.0+ 0.1
100 230 2.1 1.9 (+0.4/-0.3) 1.640.1

0000,000000000000000000,00000000000000000. 0
000000000000 000 R.OOOOOO,0D0D0D0DO203GH2O000000O (A/2)00
0000000000000 (0.6mm). 00000000023 GHz2000000000000
00000000000000000000. 00000000000000000000. 00
002450000000000.000000000000%.

1. 000000000, 000000O0o0000D RO WJODOOODOD.
2. 0000000000000O0OOOOOO0OO,00000¢tO [V]oooOoOoOo.

3.0=%0,0000000000,00000000000000000000000.0
0 1.46(+0.24/-0.23)[W/V] 00002,

4. 00000000000, 000000000000000 ¢00000. 00 ¢ =
1.59(4+0.05/ — 0.21) x 1073 0 0 0O 24

5. 00000¢V]000, % W] 00000000000000.

gbbooboobooboobooboobooboobbobboboboboboobd aqd
good,rooogoooooooooobobobobo. b0, g0 ,OODO
+toooooooogoogogoo.oodo AO P, 00000000O00OO0OO0ODOO. O
gooo,0o0gbogoboobob0o pOot0DObObO0OoboobOobL. 0D0b,0D0b0bbooD
goboooobgoobooobgooboooboobooobuobo vy0bObO 2160000, 248000
gbobooboooboob.oobobobo,0bobobobobobobobbobbobobobbo
gboboobh.ob0bobbobbob O, 00000000000, 00000000D0DOO
gbooboobo.

00000,000000000000000C0O0OODOODOOOOO0OO (024). 00000
O,fF0cO0O0O000OO0oO0OoOoO0O0OOO0O0oOoOOoOoOO0U0oDoOobOboUOOoDoDO.

20Q0D,00000000000000000000D000000000000000, 00000000000
gooooooooooooooob. ooooobobooboooobboo,oboobobooobboobobooDbbOoo
goooooooooog.

BQUoU000000000000DO,000000000000000000000DOoO.

00000000 2mmOI000000000000O0O0O0000OO0.
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FryTL—tarEs Te
Cy = Po/Pit JEH IR
EAG/8T—P, (W] { i

BBEZAFTA t [V]

—}(‘-"F—V'J?‘b—’za‘/iﬁl

¢, = P,/t [W/V]
T.P,

e

INFLAET /XD —P, [W]

Pint/t = €1Pini/Po=ci/c,

Pt = tXx Cy/C,

O 245: 000000000O0O00O0O00O0O0O0OOOO
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30 btz oottt

3.1 00000000
031000000000000.000000000000000000000000
e J0000O0OOOOOOODOOO
e y000O00O
e ArOODO

0000, Fabry-Pérot Cavity 000000 3.20000000.

0 32() 000000 LaBrs 00O, OO Fabry-Pérot Cavity 00O 0O0O00. ODO0OOOO
0000000000 TiD0D00000000000 2Na00000. 0000000000
JdolnmnmUdodoooooooboodd. b oguoooboboooooooob, oo
000000000000 200000000000 Fabry-Pérot Cavity OO OO OO, 000
goooootb. dddddooouoououooooooooboob. oy ooo
LaBr3(Ce) DOOOOOOO. UODODODOO Fine MeshOO OO ODODO R5924-70000. 000
gooboboooouoooooboooooo, bbb bboooonbobooon
gogoooooooooooob. iy yuyuuuuo o
0 (30 mmx60 mm) J00000.

0 3.2(b) O fT0000000000000000D0000000. 2Na000000000
gooogbooboooboobobo,boboooobobooboboboboobobboobo
00000 R329-20000000. LaBrg(Ce) D0 ODODOODO, 00000000000 0O0OODO
000000000,00000 v0000, Fabry-Pérot Cavity U0 O 0000000 O0OO0O
goboobooobobooboo.

032(c)00000000000O0O0O0OO. LaBr3g(Ce)DODOODODOOOOOOO,000O0
Jooooooooobbbobobbotbotbogooo.bbobbbbbouoggg 09 atm, OOO
gbolatmbOdooooobo,00boobodboboob,obbo0boobobooboo
Ugd. joddddoooooooboooboobbbooooooooouobobobbbbbbboon
0000000000 0. 0000000000000 0D0 203GHz2O00000000D000ORO.
0000000000 00000D00000,00000000203GHz20000000000
gogodo.gdoooboobbooodooooooubooboooo.
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031 000000.00b0b0obobonpooooboboobooboboo.ooobobo
0000000000 Fabry-Pérot Cavity U0 0. 0000000000 ODOOOOOOOOO
0000000000 BT000.00000000,0000000000000000000
O000000000.00000 LaBrg(Ce)DODOODODOOOOOOOO, 0000000004
gboobobo.
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TSRFYY T
Q Naik2
(3‘)»1*7—/ T W)

LaBr, % & \ ‘

Fine Mesh PMT

(b) FATAR

\

HAFTIN—

PMTRILA —

o7

0 3.2: (a)Fabry-Pérot Cavity 000, LaBrs 0D DOOO0O. (b)0OOOOOODODODOOOO

00000000,000000000. ()ODO00O0D0D0O0O0O0OODOOODOoOOOO.
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3.2 OOOOOOOOOO

00000000, 00000000000000000000O0, 0000000000
0000000. 0000000 #2Na0000009atm, 00000 01atmO000000OO0
go.

3.2.1 /00

000000D0,00000000000000000 #NaOODODODOD (03.3). 00000
0000000000000000. 2Na00089.8% 0000 2NedD g000,03400
000000000000000000546keVO00000D0O0O0Y O0O0DODOOO,040
000000 1275keVO yO000000. 0000 260000. 000,00 1MBqOOO0O
ooo.

1800
1600
1400
1200
1000
800
600
400
200

counts [A.U.]

energy [keV]

. : 22
033 TiooDOO*NaDOODODOO0 34: 0000000000000 (00000

O0-00000000)

3.2.2 00O

ugboboboooboboooobbooobobooobbuooobobooo. oobbooooboobg
goobooooooo.

1. 0oobogboobboobooboobobgooog.
2.203GHz000000000DO,00000000.

. uboooooooo.

'DoooooO0o00 101% 00000000,

oo e b e b by ey
100 200 300 400 500
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4. D0Db0bO0boOobobooboo.

gil1gogz2000b0oogobooogoboooob.oooo,o s, 04000000000
goooo.

goboobooooo

gbooloogooooooobooogo,bobobobobobobobobobob. rgobo
goooooogoboboooogo,bobobobobooboooboob,bobo0 I-68eVOO0O
gooooobobboobooogobooboboo.boogel8eVOoUb 1100ooonD, 00O
gboboboogoobooogooobo. bgbg,boboboobogooboooooboobooo,boon
ggoboboooboo,bbooooobooobobuoooboobooobo. obobboooboobooa,
00002000000 (00000000 DiracOOODO)

APsaow = 7T’I“(2)C’I’LZeﬁf = 2.00 x 1O5Zeﬁ st (3.1)

00000 [1]. 000,7, 00000000 282fm,¢c000,n000000000, Zy00O
000000000000 0000000000000. 00000000 »n000 P, 00T
Doo0n=fYap0poo0. OO0 N,OOOOOOOOOOD. 00000000 (P, T) =
(1013 hPa, 273 K) OO O 0.

0200000023 GH00000000000,000000000000000. 00
O Zeg O, Zey(N2) =29.75+0.85000 [31],

Aps,,o (N2) = 5.94(17) x 10 ?ns ™! (3.2)

O00. 00000ogno 168.3+48ns0 00, o-PsO00O0O 142 ns00000O, 0000000
goooogooobuoboboooobooboboobogbL. bbb obobooooD, o
goobooobobooboboboobooobooo.

O0000000000000,00000 (2-methylpropane, iso-C4H1 o) 0O OOO0O. OO0
000 Zeg(iso) = 14400000 [32],

Aps,,,., (i50) = 2.87ns ™! (3.3)

oob,0000348ns00 0000, e-PsO0O00DOOODOO. ODO,00D000000000
0000000000000 0000000O00ODO0O000U0OOD W,0o0o00,00000
gbobo30,0400000000000000000000D0OO0.

ooobob 203 GHzOODODOOoOoOD

oobooob2203GHzODOO0OOOOOUODOODODODODODOODOOODOO,ODODbOObO
gbooobooob.oobooboobooboobbobbobobobobo,oobboboo
O Fabry-Pérot Cavity 000000000000 203 GHzO0O0ODOOOODO.

O350,0000001atm00009atmO0000000O0OO0O0OOODOO, Fabry-Pérot
CavityOODOOUOODOOOOOODOOOO.OODOOOODOOOOODOO,DOO00O0O
gboboobooboobooboobg.o3eb0bbdbo9atmtdin 0.l atmdnog
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goboooboo.oobboobooobboob,gooboobobooboboooboobobo. o
goboboboogooo,bobobobooooobooooobobobobo.oboo,oon
ooooodo20 GHzOODODOODOOOOOOODOOOOoOOoOoDoOooo.

o3roooboooobobooobobooo, bbb oonooboboooDbo.
gbobooboooooobtlatmOOb00. g0Oooooboobobooooobobobon
0000000000, D00DUODoDoOoooooOoO, 000000 B% O oODo0D00, 00000
0latmO OO O09atmO0000000000O0000O00O0O0O0O0OO0O. 000000000
gbobobobob

0.1 X Aps.. (is0) + 0.9 X Aps., (N3) = 0.292ns~! 3.4
slow slow

Uo0o,0034ns00000. 0000000 o-PsOb0DO0OOOOOOOD.

ubgboodoboobooboboobobogboboooboboobobooboboon, o
uobooboooboboobbooooogo,ogbbuooobooooboboonobooboboon
goboobogooog.

ooboooobooooo 3suunD. bbooboU0boy0OODOOOOO 511£10keV, OO
ug2000000b0b00000o0boo0oobboboooboboobooa. OO0 800-1000 nsd O
goboobboobooobool1oooboooboobbooboo. 00 onsbog
0000000000000 00000000U000U0O0. 0000000000000 100%0
ubobooooboobbobboob.oboboob,0boobooboooboooboobono 20
gobooboogbbooobooo.

f(z) =p0 (exp <_ptl> —|—p2> exp (p3 - t) (3.5)

00000000 (50mns, 1000ns) D00 FitOOO,00 175.64+6.7ns0, 0000000000
gboboboboboboboo.

gooobobooobobbdotlatmdbgo9atmddnoooonD. O00OO0O0O000O0O
goooooogo.boooobobo,0boboboooboobobooooboooboobOobo
gboobooobooooooo.
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ooooooooog

counts [A.U.]

) x* I ndf 18.04 /17
fit function: ———— p0 38.09 + 2.085
1+p1xx/100 o1 217+ 0.2428
50 ——
45F
40¢
> E
< 30
c 25
o -
~ 20
e - e e
10
S e S S S S
o:llllillllillIlilllliIlllillllillllillllillIIiIIII
0 10 20 30 40 50 60 70 80 90
iso-C,H,, [%]
037: 000000 203GHz0000
x* I ndf 219.4/172
- —— po 1.996 + 0.040
C . p1 175.6 + 6.7
- Slow Positron p2 0.5353 + 0.0398
1076 N, 1.0 atm p3 0.0006641+ 0.0000809
E —— N, 0.9 atm + isobutane 0.1 atm E
1081 —— (00 exp(-t/p1) + p2) exp(p3 t) 3
e E
I, ‘

200 400

time [ns]
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800 1000

038 00000000
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0 3.9 LaBrs OO OQDOOODOO

3.3 40000

4+0000000,0015000,0020000 LaBrg(Ce)000000000000 (O
3.9) [33]. LaBr3(Ce) 000000000000,

1. FWHM=4%@511 keV OO O OOOOOOOOOO.
2. 16ns00000O0OO0DOOODO.
3. FWHM=200 ps@511 keV OO OODOOOOOO.

Uo00. obgbobobgoooobogooo st keVvoyOooobo, obobogooooboon
ooooboboooboog ePsO3000b00O00OO0ODOODODLDDO. DODODODO,
LaBr3(Ce) DO ODOOODOOO 3yOOOOOOODOOOODO.

0000000000 LaBrs 00000 (THR=20keV)12kHzO OO, 0000000000
o0,00b00000000000b0000,LaBrs 00 000ooooooobbogoooo
gboboobood.

3.4 /4000

gobooobooobooooooboog,2bg0ooooooboo.bog,gboobobooooo
gobobooobooooboboooobbooobobooobob. bobooobooobooboon
goobooboooboo.

3.4.1 OU000OO0ObOOOoOoOobOoOoOoooboo

03100 700000000000 0000. 00O 226 mm, 0 80 mm, 00 10 mm OO0
gooogog,060mm, 030mmd0000000. O0O000O0000 01lmmO000
000000000 (NE102)000000. 0000 2®Na000,00000000000 (O
33)0000000. 0000000000000 UD0000ODOO00O0D0D0DUODOOOO,
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TIOUNESAAAR

RIRRILE —

TIRAFYILFL—E
EEF

0 3.10: /- 000000.00000000000000000. 0000000000000
gboboooboooooobooooooooo.

gbobooboob,0booboboboboboobobobo.0obobobobbobbobboboo
gbboobooboboobboobooboboooboobooon.
us3iliogoooooooooboooobo. booboboboboboboboboDbo
gboobou. gbooobooboboobobboboobooo. boobobbobobobo
gbooboobooobooboob,ooboobb,obbo0obooobbooboobobooboon
goo.gbooooobooboobobooooboboob.0ooboboboobooboboon
0000 Fabry-Pérot Cavity DO OUOOO. OOOO0OO0O0OOOOOOOOOOOOOODOO,O
gbooobooboobooboobooob. bob,o0bo0oobobbobbobbobboboo
gobooooo,gb12ymbooboobooobooboooboob. bobbobooboobb
gbooboobo,boboboboboboboobon.

342 0000O0OOOOS/NOOO

U3i20000bo0boooobooob. bbooboboooboobbooboobooboo
oobooooooon, LaBrs 00000 0oO0ooooobooo. goboooooooobobooo
gbboobbooboboobooboobo.obooboob,obbobbobbobbobobo
goobobobobobog,bobd pPsO00ooon0 125 ps0ooooon, oo
gbobobob 34ns0O0000000D0O0ODO0ODOODOODOODOODODO.

gbooboobg,boobobgbobogb 400 nsd00gooboOooD. OO0 o-PsO O
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031 ggpoooobgn

gboooooog. oobob,bobboobob 20000000000 00000. Timing
WindowODOOOOOOOO0O0OO,0000000000000000O0,S/NOOOODOOOOO
Ooobob.00b00d0d Timing Window OO QOUOQO 4000000000.

3.5 UJUooon

gboooooooooogogoboobgobob si13gooogooo,ooooooboog.
0000o0o0oon (r2)=>1.0m,12m00000000O0O0O0OOOCODO. 0DO00OODOO
gooopoob2mTOOOOOODOOOD. DOO0O0ODOO0ODO0ODOODOOOODOODLO
gboob,bobobobob20000000.

1. 0000000 R329-0200000000 (H7195)
2. 0000000 RK924-7000000000 (H6614-70)

gobooboboboobooboooobooooobbooobobooboob,0booboooboo
00. 00 Single Photo Electron (S.P.E)O0O0O0OOOO R32900000000000O0O0O0OO
gboooooob.boboobboboboobooboobooboobooboooboon, o
00000000000 0000.R3290 S.PEOOODOOODOOO,00000000000
gboboooobo. oo oooboboboboooooooooosmmibonogon
gboboobo,ob0boobooobobooon.

U0 LaBrs OO OO OO0O0OO0O0OO0OO0ODOOODODOOODOODOOODOODOOD. 2mTOO
gboobo,bgbobobobobobuoboRr3290bobgoooooo,bobobon
b 1500000000, 000 LaBrgOOOOOOOOOoOOoOooobOoDoooobooo
O FineMeshOOUOOOOODOODO,RA924-700 0000

3.6 JUUoooogd

0000000000 NIMOOOODOO CAMACODODOODODODODOOOOO. O
.400000000000.0300NIMODODOODOODO RPN-005-153, RPN-011-053,
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JovJrERtE
1061’\"'—.
g 1055' timing =
<- i window 3
— | i
"g' i
4 1 _
g 107 -
. |
10° 1(
I 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 I:

0 200 400 600 800 1000
time [ns]

0 3.12: Timing Window 0000 S/NO OO

z(m) 300
2.50
2.00
1.50
1.00
0.50

0.00

2.50

r(m)

0 313 000O0OoOoooOoooOoOoOoO0. 00 () =(0mO0m)O00O0O0O0OOOOOOOO
0,000000000000000000000. 0000000 (r,2)=(1.0m,1.2m)00
0(00o0)00o0000o0U0o000. D000 o00 2mTOOOOOOOOOOOO.
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OO00O0O0D0D0O 120107r000000. OOODO CAMACODOOODOODOO, toyo PS-800HO OO
gboo.oooooooooooooooooogoooogon.

3.6.1 0OO0OO4O

0 3.15,3.163.17 000000000 bod. oooooooooooboooooog
Jooooooooooooooooobbooooobbb. oodoooogoo 400000
god.gogoobbogoogooobboooo,gbbbouooobboobooooubo
000000 (O 3.15). 00,000000000000000000O0O0O0OOOOOOOO
O000,0000000000000000 LATCHOOOOOOD (O 3.16). OO0OO0DOOO
goooO0oO0OoOOOOObOOOOOO0OOUOO (D38, OO, D0000O0ODODODODOO
Analog-to-Digital Converter (ADC) O Time-to-Digital Converter (TDC) 00 O OO, Linux O
0000000oooOo CAMACODODOODOO. 0D0DOO0ODOOOO0ODOOOO0O0OO0ODOOO0OO 3.18
gooo.

O00,0000000 CAMACODODOOODODOODODOOOODODOODOOOO0O0OO0OO0O.

e QDC-1:CAEN C1205 (LaBrs 0000000, 00000000000000C0O00O0OCOO
O00oOooooooooo.)

e QDC-22REPIC RPC-022 (DD D OODOOOOOOOOODOOODODOOO.

e TDC:GNC-060, 2 GHz U direct clock 00000 TDC (DO0OOOOOOOO. 0O0OOO
O0o0Ooooooo.)

e SCALER-1:KC3122 (livetime 0 00 OO O0O0OOO.)
e SCALER-2:KC3122 (000 ODO0O0O0OOOOOOOOOOOODODOOO.
e output register 1:KC3470 (LATCHO OO OO vetoOOOODO )

e output register 2:KC3470 (0000000000000 OO0OOODOOOOOOOOOO
0.)

e input register:LeCroy CO05 (00 0000000 OO0OOOOOOO.)
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WIDTH 50ns

A THR 100mYy
DISCRIMINATOR
-
TTL LOGIC LEVEL ADAPTER MIM LOGIC FAR IMFARN CQUT PHILLIPS 705
M-TS 221 Lelroy 4204

Tnput register

sssss

CLOCK GENERATCR [ ]
HOSHIN MNO10 z

0317 00booooooooooo

3.6.2 OUO0OOOOOO

00000000 #2Na00000 (1 MBq)DOOOOOO. CAMACOOOOOOOOOO
OO0b03kHzO0OOODOOOOOO0OO,on-line000000D0O0OOOOOOOOOOODOO
ooo. gooo, NIMOOOOooooooogooooogoobooogoouoobooooboo
g.0oobobobooobooboobooboboobooboobooboobooboo,bobbobobo
Ubd~y00000 LaBrg OO0 UOOoooooboobobD. D0bo0oboboboboboo
gboboobooobooobboobooob. boobooobooooboog.

gboooobooboobboobooboobbooboobooooboon.

1. 0000000000000000000000000000000,000000000
0000000 (R329)000000 (00 Ps-1, Ps-2).

2. 000boboobouooboboooboboobooboboobo -oboob,yODbDOO.

3. 000000400000 LaBr3(Ce)10000000000000000,00000
00000000 (R5924-70) 000000 (LaBr3-1 00 LaBr3-4).

000000000000 0O0O00ooO00oOoO,00000 3150000000000 (1)-(6)
ooob.0oobo,0obooobogooooboo0oo0oooooooDboO,obbooboboo
oOoOoooOooooooooooooo.

0000000000000 00D0O00 diseriminator(7)-(12)000000000000O0O. O
O, discriminator O threshold 0-45 mVOODOOOO. OO0 LaBrs OO O0OOODOOOOOO
UoobD20keVODO,0000000000000000000000 single photo electron U
0000.00000000D0000D0000 3180 @@GeUOO. 00,000000000
0,0000LaBrs00000o0o0oo2000,00b00bobo0ooboooooboon.
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000000000000000000000000000000000000000000
0000 (200kHzO0O)O0O0O0O, 500 kHz0O0O0O0O00O00O000. 00000000000
00,000000000000000000 (03180 @). 00000,0000 280 kHzO
00000. 000000 40000000000 300kHz00000,90%00000000
000000000. 00000000000000000012000s000 (@), 000000
LaBrs 10 000000000000000000000

000000000000000~00,511keVO 200 y0000. 00000 LaBrgOd 0
0000,40000000000200000000000000000000000 (®).

000000000000,4t000000@@0003.150B)0,400000000 @(O
003150 C)000000000000.00000,000000000000000000
000000. 00000000000000000 (000000000 @, 000 3.1600
oooooo 27).

3.6.3 LATCHUOOODO

O00000000000D 2800 LATCHODODO vetoOOOOOOO, CAMACODODOD
OO000O0000oooooooOOoOOO0O00O0. oD vetoO SCALER-1000C0DO0O0OO, DO
OO00000 livetimedOOGQOODO.

OO0000000O00DO0OO029000000,0000000QDC-10000 (o O TDCO
0000000 (@uoUion0)0oooo. bc20000000000O000UOODUOOUD
ugboboo,ogbbobobooboooboobobooboooboobboobogoo,boo
goobooboo.obbooboobooobboon.

1. 00000000000 Width=2000ns000000 @ (D00 3.160 D)0OO.

2. 000 @0 1200 s 0000 (0 A), 0000000 @QO0O0O0OQDC20000 B O
oo.

. 000bobo0obooboooboobobobog s ogbooboooooog.

00000000,000000000000000,0000000000000000000
0D00000000000000000000. 00,000000000000000000
0000000000, QDC-200000 output register 20 LEVELO 0O ODO0O00O0O0OO,
10kHz0OOOOOOODOOO00O000O000000 (00 3.16,0000000 33, 34, 36, 37,
38).

000000000000000000000000000 31000

3.6.4 UO0OOO0OOOO

O0000000000000000CWOO0O,0 2200000 dutyO 20.0%, 000 20.0 Hz,
0000 30% ,b.0Hz0 0000000000 O0. 0000000000000 OODOOOOOD
OO0 ON/OFFOUU0U0O0OO00ODOD0OO. 000000 oooooooooo.

e 100IDOODODOODOODOODODOO Function Generator 0 O O O input register 0 0 0O O
oooooog.
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031 0000000000.

Ps-1 >1PE. 620 kHz
Ps-2 >1PE. 520 kHz
LaBrs-1 >20 keV 11 kHz
LaBr3-2 >20keV 11 kHz
LaBr3-3 >20 keV 10 kHz
LaBrs-4 >20 keV 10 kHz

} coincidence (20 ns) 280 kHz

coincidence (1200 ns) 530 Hz
Any Two (20 ns) 720 Hz

e JJJ0ODDOUUDDOUODDOOUODDODODOO SCALER20D0O00O0DODODOOODDOOO.
SCALER 20 1 MHzOOODODOOOOOOO.

0000000,0000000 CAMACOODOOODO,ONOOD OFFOOOOODOO. O0DODO
0000000,000000000ON/OFFOOOOOUOOO.O00DODOOUOOOODOO
000 Fabry-Pérot Cavity 00000000000 OOO. Fabry-Pérot Cavity D0 OO0 00O
CAMACODODOO slow-control 0 OO0 00O, 000000 CAMACOOOOOOOODODOOOO
0.200000000,000000000000000 1us000000O00O0O3. slow-control O
00000 Fabry-Pérot Cavity U0 OO ODOOOO0O0OO0ODO,000000000O0ODOOOODO
ooooooooooo.

3.6.5 CAMACUOOOOOOODO

000000 CAMACOOOOOOODOOOOOOOODOO CC/NETOOO. DOOO
booboo0 Lnx0ogoooobgoooooo. boboooooobobooooooo
0,00 Linx PCOOOODOOnfsO0OO0ODOOOOOO.

CAMACOOOOOOOOOOOODOOODOOOO.

~OOOOOODO 000 LaBrsOODOO0OOOOOO, QDC-1 (CAEN, Cl1205)00000. OO
O0000000000000000 ADCO,000300000000000. 00000
000000000 (16bit, 000000 650pC)0,511keVO 0000000008
gooooooooavbooooooo.

AT000000000000000000000000 000 QDC-2 (REPIC, RPC-022) O
OO000O0.00000D000 12bit, 00000 1000pCOOOOO ADCO,O0000
gooooog.

0000000000000 LaBrsOOOOOOOOOOO ODOO TDC(GNC-060) 0000
O.000000002GHz2000000000000,000000000000 TDC
O00.00000000oDooOCocOO0000oooD, LaBrs00O 3180000 ®, @2 O
OO0O0ObO20000000,200ns0delay00000O0O0OOOODOOOOOOO. O
O00000ooO0oooDooooooo,@,@00 @0 1200nsdelay0 0000000
oo.
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LaBr; 0000000000000 OD0OOOODOOOODOODOODO DOooboobuooooo,
U0 oe-PsOUDOO0OO0ODOODOOLOOO,00000D00O0ODODODODODOODOO. D
gboooboboobooob,oobuoobooboboobooboooboboobooobooo
gboo.gbobooboobooboosigoooobboobooboo.booobo
vbobgooboooooo,bgbooboooboboobouoobobo,booboboobo
O~000000OD0OO00ODO0OOCOO. D0O0DO0O00 o-PsO 203 GHzOOOOO p-PsO
uboog2y000bobooobgogb,o00boog,boobooobbooboobooo
voooo.obobooooooobooooobobob,boy0bO0b0OOODODOD.
U00 LaBrs DO O00OOO0OODOODODyOODOODODOOOOODOODOODODODODOO
OooooO. bc-10jbooooooooooooooooooboogobo,0ooooo
0000000000 off-lineveto0 00 O0OO0OODO.

livetime 0 00000 SCALER-1(KC3122)00000000. 00000000 100 MHz O
000000000000 000. LATCHODODOODODODODOOOO vetoOOOOOODO
1IMHzO0OOOOOODOoOooOooOooOoooo,0b0oobobooooobooooooo
00000,000 LaBr3 000 discriminator 0 00000000002 .

00000000000 OD0O0O0O0D0O0O0O0, input register 0 SCALER-2(KC3122)0 0000
booooboobooboo,obooboobooboon.

000000000000,000 CAMACODODODODOODODOODODDOOOO.
e output register 1 0000 LATCHOOOODODOOD

e output register 2 1 D 0000 OODO0O0OODODOO0O0OODOOO0O0OO0OOOOOOoODOO
000 (level output)

e 100D OODDDO CAMACOOUOUODO ready0 000 0OONODO, output register 2 0
00000000000 (level output)

D00000000000000. 000000000000 00000 visual scaler 000000000000
gooooooo.
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@ Ps-1 discri. (7)
620 kHz |

030 DbDObOz20000000

@ Ps-2 discri. (8)
540 kHz

@) Ps coin. (14)
280 kHz

@ Ps coin. Gate
190 kHz

®) LaBrs-1 discri.
11 kHz

® LaBrs-3 discri.
10 kHz

700 Hz

1200 ns

Ps & LaBrs coin. (26)
540 Hz

(@ LaBr3 2/4 coin. AU

-
— delay 100 n\ \\U

‘ ®© Main Trigger (27) |
DAQ rate 460 Hz

QDC-1 gate (31)

TDC start veto by LATCH
- — - >
150 ns
. W b e
2000 ns

@D Large gate (30)

(2 Coincidence between
Large gate &
Delayed Ps coin. (35)

delay 1200 ns \J

(3 QDC-2 gate (39)

U318 dubobooooogooobobon.



3.6.

ooooooogon

(D Ps analog w V
() LaBrs analog \/

@ QDC-1 gate

Triggered by pileup

U 3.19: LaBr; 00000000 DOO0ODOODODOODOLOODOOOOO
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3.7

030 DbDObOz20000000

Jooooo -gobogoobogo

00000000000, GEANT40000000000 -000000000000O [34][35].
gobooboogobbooobooo.

3.7.1

gbobooboogooood

gboboboobooboobooboooooooo 20000,

1.

googobooboooo.

2.y0000000DO0.

gb20000000,0000000000DO0OO0OOODO,D00O00DOUOLOODODOOO.

goo

,jguoboboboboboboobbooboobooboooooooooono. oboogn

goobooboooboo.

OO00OCOO0O0DbD PENELOPEOOOODOOODOOODOOOOOOOOODOOODOOOO

0Dooooo [36).

oooboboobob ooobo,00bo0ob0obuobooooogn,e-PsO0dDbO0 142080

OO

O000,00000000000 pickof0000O00OO0O,0000000000.00
U,00b00oobobotoblnmOfdoog. 00000000 Oo00booooobooon
gboobboooboobog,ogboobboobuod~yb0bo0obooboaoboo
goooooboon.

ugb gbooobbdo~yoobgooaoo.

1. o-PsO0000O00O00ODOOOO200511keVOOODOOOODO vO
2.00000000000DO0D0OD0ODOD 1275 keVO v O
3.o-PsO000D00DO0ODO,D0D00D00D00OO00O 300 ~v0O

4. o-PsO00000000O pick-of COOOOODO 200511keVOOOOOO vO

5. 0Ps0 203CH00000 pPs0000, 00000000000 200 511keVO
00000 «O0

U1oo0bobgo2000boboobboobbo,2000b0000boo0oo0o0ooof
Oo0,1275keVO OO0 0OO00OO00ODOOO0ODOO. OD300000DO0O 1275 keVO vODO
gbooboobobooooo,30b0boboboboobooboboobobobooooooon
O0000000D0000.04000050000000000000000000003.
Uo20000000 125keVOy000O00OO0OODOODOODOO,,2000000000
gboobdbooboboobouoobobooboo. oo, ogbooooobodo -gago
ubooooobooooodd,

000,203 CHz2000000000 10mmOI00000000000O0,00000000000000. O
O pick-off 00000000000 O0O0OOOOOODO. 000000 DOOO0OO0O0OOOO0DooOOoO,o000
goboooooooboboooooooobooooo.



3.7 000oo0O0o0O -00obo0bOobo 7

e typel : 2000000000+1275keVO v0 (4x10°0000)
e typell : 3000000000 (2x10°0000)
o typelll : 2000000000 (1x10°0000)

O000.00,3000000000000000000000 O(e)D00O0OOOODOO
O00oo0ooooooo [37.

00000000000 GEANT4ODOOOOODODOOOO,

1. 000b0o0bogb wypell OO, 0000000000 ~y00DOODO.
gboobboobuodgboobboobuoobobooboboon.

.boobobo,0gbobboooboobouoboobooboobo0,0bOod typed
goooooooo.oogoogoog.

4. vO0O LaBrg(Ce) 000 ODODODOOOODOOOODO

w

O0000000000OoO0OC0O0O0000ooDoOO,000000 offlinedDOO.

1. LaBrs(Ce) 00O 0O0ODOO0O0OO,0000000000D0000O0DOOO0ODOOOO

2.000b0ooboboobooboobobbobooboobo,0booobooobooobgoon
gboogooboob,obboobuooboboobobooboobobooobboon.

3.7.2 0O0O0OOO

0000000000000 000000000000D0 LaBrg(Ce)0 00O yO0O0OOODO
ooooooo.0boooooooooooboooobboooDog.sllkevO 2000000
~O00,00000000000000000000 LaBrg(Ce)DOODOOOOOO,00300
0000000000000000000 200000000000004 0000,0000
00000000 (0320000000000000000OOOOOOOOOOODOON).

3.73 OO0OOOODOO

ubboobogbooobboobuoobooboobobooooo.

gboboboboooooooooooooogoooooono

g32t0dboooboboobbooobuoobooobooboboobooboooboooboonoo
gb. obobgooobobobooooobobogoooo,0kevOoooooooboboo
u.0boogboobooboobuooboobuoboboboobooboooboobob.obobo
oobO2rkeVOOOO. 000,421 000000000000000C000O0O0O0DROOO
goobooboooboog.

‘0000 FO keVOODOUO~y0OOOODOODO,00000000000000,

2
MeC

hv(= 511)[1 — cos (6 = 0)] + mec?
ooooOoooOooOoOo(@oooooooooo).

=340 < E <511 (3.6)
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900
800
700
600
500
400
300
200
100

0 vl by by by v b by Ly

20 40 60 80 100 120 140 160 180 200
energy [keV]

counts [A.U.]

III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|+

0 320 0O000OoOooooooooooooooooooobooobono. bgooog 27 kev
goo

uboboooboooboobon

goboobobooboooboonb,b 321000 323000, 00booboboooobg
oo 1lmnmO0goooOooOOobOobO, 0000000000 0DbO0DO0ODb0ODL,bO0O000OD0
OO0O0O0O0000.00000000D000D0 Fabry-Pérot CavityOOODOOO. O 321000
ULaBrs UO0UOQ0OOOOD0D. O0OODO,0010mm0000000O00O0O00OOOO0OO0OOOO
oooooobo.bbobo,00booboo0guoobobooonos200b000g, Fabry-Pérot
Caivty OO ODOOOOO,DO0D0ODODODODO. 0323000000000, ODOO
Cavity DODODOUODOODOOOOOOOODOODODOOD,000000O0O0DO0ODOOODOO
gbob40mmOOO00ooOonO.

yOOOODDOOOO

03240,0000000000032100032100000000000000000 20
goo,0obg3obobobuob, LaBrs 0o ooobobgoboogo. obgobgoo
000200 (O 1275keVO ~0), 000000000 300000. O0OO0UOOOOOOO
ooboooOo,00boooobooooooo 10kevOoooo Xooooooooooooo.
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] PO 0.0348 + 0.0004 ] PO 0.03312+ 0.00043
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Ly p1 133+ 1.7 - p1 133+1.9
o | p2 0.006331+ 0.000121 o p2 0.006801+ 0.000122
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IS | p3 -2.736e-05 + 2.265€-05 S . p3 -1.36e-05 + 2.14e-05
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o Il o 1
L I
|
| IR R BRI BRI SR II...I...I...I...I...I.
0 200 400 600 800 1000 0 200 400 600 800 1000
LaBr,-3 time [ns] LaBr,-4 time [ns]

U 4.14: o-PsO0O00D0O00O0O. OO0 LaBrs-1, 000 LaBrg-2, D00 LaBrs-3, 0 O0O
LaBrs-4 0D ODOODO. ODOOODOODO 100ns00 1000 ns00 00000 0ODOODODO.

460 keV) DO ODOO,
f(z) = (}DOeﬂ”/p1 +p2> er3 e (4.3)

gbooobooo.ooboboobb,0obbg100nsdgboooog,bobboobobooboo
goo,bbooo,gbbooobbuoooboboooobbooobbooob. bboobg
0000 10ns00 10ns000 200ns0000000O000O00O0O0DOODODO.
0000000000000000000004.130000000.000000,000 x2/ndf
00.000000,100ns00000000000000000000000000. x?/ndf0
0900 1100000000, 100nsO00000. 0D0OODO,0000Db00OOODOODOD
gbooooobooogoboooboobooooobob. 430000, 000000000D0OO
0000000000000.000000000000000000000000000?.

D000000000000000 ns0000,000000.1atm000000000000O00. 00000
Ooe-PsOOO0OOOOOOOOO,00D0DDD0O0O0O0O0O0O0ODOD,00000000010ns0000000008O
goboooooboooobbooooooo.oobooboooobooo,bo0ob s4ns00000OD 4nsOonDOOO. O
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040 0OO0OO0OO0OOO0OOOOODOOD-00

D00000000000 4140000000. 000 ¥?/ndf00000,00000000

100 ns0 000000000 0O0ODO. D0000,000 1338+x12ns0000. 00000 o-Ps
000 142ns0000 pick-of 00 000000000000 . pick-of 00000 pieck—ogr O,

1 1
e AT e—
142ns | pick—off = a5

(4.4)

goooooog, oo Fpick_off:4.31(4)X10_4DS_1DDDD. ood,e-PsOOOOODO

142 ns

000,61%000.0000,0000 o-PsU 6.1%0000 pick-of 00DD0DODOO 20

goood

4.3.2 ODO0O0O0OO0OO0OOOOO0

uboogoooboboobooboo,gdovatmbbgbooolatmbOOnnonoong

goobooboboo,boobboobbooobuoo,bboob 00 O0bbOo0ODbOO
ugbboobd.-gboobboobuooboobb.ooboob -bobboobooboo
ugoo,000boood0 yoobooo,obbooboboobooboooboboobobooboobo, o
gooboobooooboo.

1. 000000 o-PsOOO0O NY,

& L o-Ps00000~00000 N3 000,

2.000000 -00000000000O,b000bO0o0bObOOo0bD 200000000

god Nf/?égas,i%DDDDDDDDDDD N&WégaSDD,DDDDDDDDDDDDDDD2
gboogbooboab Nf/?éwaHDDD.DDDDDDDDDDDDDWDDDDDDDD
gb,00bo0obooboobbooboobdgdb «c000bo0obooboonbbo
guo.

.00bob0o-oooooooooooog 0000 Nuc O,

Nifl = [z (025 N3eE™ +0.75 - Nj#™) + (1L - ) N3 + N3] (4.5)

gbooob.oboo20b0o0oooboboooo,boobooboboboooogn, o
Ub0obobOd pPsO0O 025, 0-PsO0 070000000, 0D 30000000000
gboooooooogooooooboobooboobo,obogooobobobobobobob
. 0ogboobooboobboobooboboobbobbobobobobobobooobo
gboogooboo.

.boo0obooboobooboobobooo0, 000 y0000OD0O0ODO 0-PsO0 Rgata,

Ry OO O
N3
Riata = —data (4.6)
Nita
NS%gas
Ryc = —M¢ (4.7)
Nt

0000000000000 000000000000000000, x*/ndf0 5000, 000000000000
goooo.
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042 00000000000

Nglt 283 £17 st

N 19.3 + 04 57!

Nyl 514 1(7) 1074(MCOD0000000)
Ny 1.252(4) 1074(MCOD00000000)
NJEEs 175 5(3) 1074(MCOD0000000)

5. Riata =Ry 000000000000 z000000O0O,
4 n727,all
3 Vv

€r =
3v.gas [ Nl 2v,gas
Ny < N T ) = Ny¢

(4.8)

3y
data

000.000020000.000, Ng#' = N2eEs + N 00000, 0000
00000000,000000000000000000000

gobooooooooooboooooooooobooo NODODO.Obo,00bbooboog
oo NOODODOUOoOooooDoUo. U000 back-to-backDOOOOO LaBrs DO OO O
100 keVOOOOO,000000D0O00OO.

oooooo N2, N opoooo N O,000000000000000000.000
000 livetime 00000000. 000 N3 00000,000000000000,00
00000000000000000000.000431000000000000 100 ns
00 1000ns0000000.000 43000, p0e /710 o-Ps0000000. 000
0000 p0-pl0,00003y000000. 0000000 p0 = 0.150 £ 0.002[/1ns/s],
pl=1291+21ns]000. 0000 42000000000

00000000000 NG, Naees N2lnppoono 000000,000000 back-
toback 000000 LaBrs 00000 100keVOOODOODOOOOD, 00000000
0000000000000000000 1.PEOOOODOOODDD,00000000
0000. 20000000000 prompt 0000000000, 3.700 typel0OODO
0000,1275kVO000000000000. 000300000 typellOOD0OODO
O00000.000042000000000

googdo,dbgobogo9atm, 000000l atmUO0O000000O0OO0O0O, 0000000
00000 z0,
x = 0.30 = 0.02 (stat.) + 0.03 (sys.) (4.9)

goobo.gog,b0oo0oo3yoobobobgooooo0 -oboboboboboobon
10%0000.
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4.4 UO0O0O0OOOOOO

ubboooobuoooboooobooobboobbuooboboooboooboobooooboog
g.0bggboobbooboobboobon.

uboboobodob obbooobooobboob,o0obbooobooobboobuoobbon
gooobooob.ooboooboobbobboobboobboboboobooboobo
oobooo. boobooboboooooooboo THR=0300000. DOOOO0OO0O0O
gbobooooooobooo1sPEOODOODO.

00 LaBrs0 200000 (30000 ThCOOOOOOOOOO),00 200 LaBrgO
obooboog3s0noooooon. obOoo, back-to-back D OO OO O LaBrs OO
oboob, 100 kVOOOOOOD. DDO0ODOODDOODDODOOOO onlinebyd o
20keVODOOODOOODOODOO, Time-WalkOOOOOOOOOOOODO 100 keV O
OOooO0o0020000000.0D0000D0O0OC0ODOO, 00 511 kevO0O0O Energy
cwtO0oooo.

Energy Cut 00O back-to-back OO0 OO0 200 LaBrs OO OO0, 00000 511 keV£30 O
000,000 Energy Ctt 00O0. O0OO0O,200000000000000000
ooooooo.

Timing Window p-PsO0000000O0O0O0OOOO, 000000000000, 0D00ODO
Timing Window D 0000 100 ns 00000000 O0OO0OOOODO. DOOOOOOO
ugboooobooobooobooboa.

PsOnTime Cut 0000000000 OOOOODOOOODOOOOOOOODOOOOODO
OO0, Timing Window OO OO OOOOODOOOOOOODOO,0C00001000000.
gboog319oo00oooooboo,booboooboobooboboob,o0boo
Oobodoe-bPsOObbO0OOOODOODODOODOODO. DDODOODOODOyDOODOO
gobooboboogoobobooboobooogbobboooboob. b0 LaBrsooooono
O00000000000000000000 (PsOnTime) 000000000, 00000
gooooo

ugboobooboobooboboobo,obooboobbooobooon,
1. o-Ps3000000000000O0OO

2. pick-off 100000020000 (D0O0DDOOOUOOOOOOO)
. 0b0oooooonog

goo.
gbooobobooobobooobobobooobobo,boboobobooboboobo
. oo,0bogobooobooobuoooboobbuoob,boobbooobboooboo
gbodob.oobodg,oobodobuodgoooboobooboboboboboobo.obada,
gbbooboobooobobooboooboooboobooog.
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4.4.1 Energy Cut

goboooobobooobobooob,gobooob20000o0o0oooboo0o.obbboboooo
oopbooob3200,300000200000000000DO0O00DO,000000 511 keV
Uooooooobobooooob. oogslltkeVE3e DO O OODOOOODO. OODOO 4.15
gbooooo.
OOo0O,0000003b00b00bbo0bDooooopDooog,12keVOyODOOO
googobooboboooobog. 200000 back-to-back DO ODODOODODOOO. ODOO,
back-to-back 000000 LaBrs DO O O0O0OOODOOOOOOO.
3.7.300000000,00000000D0DO0O00DOO0O0O0O Fabry-Pérot Cavity OO OO
gooogo. boboogobooo 4le0boboboboo. bobooooooboboboo
OO0oo0oooOg, bOo0d Fabry-Pérot Cavity UO O ODOOO0O. JO0O0OODOOOOCODOOOOO
OO000,000000000 LaBrs0O0O L1000, back-to-back OO0 OOO0D0OOOOOOOO0O
o000 L20 L3g20000. 00000b0bobobooboobuobooon, 511 keVE3o O
ooooooboo. 1o bogoogooobobooboob4700obL. Ob0OoOooOOoOoOO
ubobooboobobooobooboobobg.
uboobooobobobobooboboboboobobooboboooobobobob.obo
gbobooboobooooooooooooooo.

10 511 keV +/- 30

counts / 1kev /s

L f/\ Ll

102 ‘

o by by by by 1
100 200 300 400 500
energy [keV]

0 4.15: 100000 Energy CutO0O0O. 511 keVE£3c 0O ODOOO.

4.4.2 Timing Window

Timing Window 0 OO0, 00000000000DOOCO0OOODOO. 0413000000,
gobooobooobooobooobooo 1nsdbgobboooboo, bbb
ooooooDo. 000, 150ns00 320 ns 0 Timing Window 0 OO O .

OOooDoOoOooDo,0bbo00n 2029 GHz, CavityO OO OOO 10kWODOOO, 00
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HRAFTIN—

AFt/ 87—

4D (D LaBr, Roro=r L
A Rl AR

0 4.16: back-to-back 00O O0OO00O0O. OO0 LaBrs 00000 O, back-to-back D OO0 OO
LaBrs O 2000.

gbobobobobobobobobob 418000 00000OO0OOODODODODODO
O,100ns0 00000000000 DOO0OOOOOOO0OODOO0O0O. 00 Timing Window U
O000000,0-PsO0 p-PsO000000OODOOOOOS%OO000,0000000000
ooobooooooob.ooobooooooboobo00bO0D Timing Window OO OO OO
gbooboobo.

Timing Window D OO OO0 OQOO

100ns 00 0000000000000 0O0O0O, LaBrs 00000000000 ODOODOODO
OO0DOO00O0. 00003180 @O0 ThCOOOODODOODOODOD,0D00000DODO LaBrs
goooooooooooThbCOODOOOODOOOOOOOOOOODODODOODOOOO. OO
O,00000TDCOOOODODO @UO, @O Main Trigger 1000000000 TDCO fast
cear000000D0OO0OOCO. OO0DOOOOOOODOODOOOO.

443 LaBr; 00000000000O0COOOOO0OOCOO (PsOnTime)O0OOO
goo

PsOnTime OO0 OOODOO,00 THROOOOOODOOOOOOOOOOD,000D00O0O
oobooo. oo THROOOOOODODOoOooooo.

OOoboOooOoOo00ooooDoooDooDoOoDbboOn PsOnTimeOD OO0 THROOODODO
gb,00booobobobobobobooboo. bbobobooboboobooboobobooboo
ooboo0ooDO0O,Dbo0000 Timing Window 100-320ns 000, 00000000000 O0O
O.00000000000000 Rpewpe OOOOOOOOOOO.

Rpiteup = Te X Ry x Ry, X Ry (4.10)
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511 keV +/-3 o
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100 200 300 400 500 600
LaBr,-1 [keV]

0 4.17: 200000 Energy Cut 00 0O. back-to-back 000000 200 LaBrs 0000,
511 keV+3c OO O ODO.

000,7.0000000000000000 LaBrs 000000000000, 03.150 BO
COO0OO0O01220ns. R,000BOOOOOOOOOOOOO000000000O0OOOOO,
187 kHzO0OOO3% R, 000 CO LaBry 0000 200000000,722Hz20000. RO
Timing Window 000000000000, 00000000000000000000000
00000 1130ns0000000 Ry =232 =0.195. 00000000000000000
Rpyjlenp =322 Hz200000. 000, THROOOOOOOO PsOnTime 0000000000
0000000000000 THROOO. 0000000000000004300000.0
000, THR=0.100 005000000000,

0440000,000 THR=0.1000000000000000000000000000
00000.00,0000000000000000000,200 PsOnTimeO OO THR=0.1

gboboboobooooooooooboob,obobobooboooboooo.

PsOnTime 00 OO0OOOOO0ODOOOOOO

00 PsOnTime0O0O0O0O0O0O0O0O0O0O0COCOOOOOOOOOOOOOOODOODOODOODD.
oOobo0o0oO0boboOo419000.00000000DOOO0ODOOOOOO, Timing Window O
goobobooobboooobooobooobbooobboooobobooob. obbboo
OO00O0OD00OO0O00O0OoON, 00 OFFOODO. 000000000000 Timing Window O OO
gboboobooooboog.

oboo4190,000000b00b0obobobobobobooon.

0000000000000 00000DU00000DUD00D 280 kHz200000, 000 1200ns000
000 LaBrs 000000O0O0OOOOO,033000000000.
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gboo3gbooooooobo,boboobooboooboboobooboboooobonoobo
gb.0pogobdgbdonsdbobooboobobob,oboobobooboboobo
gboboobogodan.
O00,0419000000000.000,PsOnTimed000000OO0O0OODO QDC-10
LaBrs 00000000000 gate 000000000 OO0O0O. PsOnTimed LaBrs 0000
gbogboobobobodobobobobuooboboo,oboobobobobobodgbo
Uoooooo0. bo0b00 LaBrsODOODOO0O0OO gate D000 O0OOO0DOO,00000
000000000000 00D00000 LaBrsOOOO0OOOOOOODOOOOOODO PsOnTime
oobooobD. obooobooboobbo0obbo,0b0b00o0oubO PsOnTime D Cut OO
gooboooboob. booboboo,g0 1nsddobooooobooobooooboboon
oobooooob 419000, 0418000000, Timing Window D OO OO O ODOOODODO
gbobooboobooo,bobobobobooboboooobooon.
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0 4.3: PsOnTime 0 THR
THR[A.U.] pileup rate [Hz]

0.7 21.0
0.6 22.7
0.5 24.3
0.4 25.8
0.3 27.1
0.2 28.6
0.1 30.7
0.08 31.5
0.05 33.7

0000 PsONTime 0O OOOODOOODOOOOODODOOODO. ODOODO ADCOOOOODO
U0, LaBrs 000000000, 000D0000000OO000DOODOO0OODOOODOOO
gbbodgbooobbooooa.
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4.5 UO0O0Ugbobooboboobouobbooboood

gooooooobob440000000000D0O0DODOOODOODOD,DOODOODO
gboooooobooboob.bob,o0obooboobobbobbobboobboboo
gbobobob -ocoboogobogooooobooooon.

4.5.1 OD0OO0OO0OO0OOOOOO0OO0OOO

g4200000000000000000,100 LaBrsUDOOOOoooobooboboonoO
gooboogoo. bbooobooobooobboobb. ooopbooobboobobooo,
000000o0ooo 193%0000. 00000000000 UoooUoooUoooUoaO,
100 LaBrs DO ODOOO0OODO,D0000000DO0ODOO0O0ODOOOODOODODOOD
oooogo. sllkeVOOODODODOODOOD 1000DOODOO0DOO0ODODOO. Timing Window
goboogooooboboobo,oboboboobooboboboboobo,bobobo -obo
gboboobooboooboon.

4.5.2 Energy Cut [

Energy Cut 00 000000000000 421000. Back-to-backDOODDOODOODOO
LaBrs U000 511 keVE3o DO O OODOOOOODOOOO, 100 LaBrs OO OOOOODODOO
OO00OOo00DOO0b0O00.0bbo0o000oOgsllkeVvOOd 3c000000O Energy Cut OO
gooog.

00 Energy Cut 000, 00000000000000O0 103%000. 000000000
gbooobooooboooboooboobn, e-PsO0bbobooboboooboob. OD420000,
M0keVODODODODODODODODODODODODODODODODODO.
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0.6

0.5

0.4

0.3

counts [A.U.]

0.2

0.1

1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 L
0 100 200 300 400 500

energy [keV]

0420 000000000000 100 LaBrsOOOOOOoOoooooO.
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counts [A.U.]
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energy [keV]

0 4.21: back-to-back OO OO OOOO 100 LaBrs OO OOOO0OO0OOODODO. back-to-back
000000 LaBrs OO OODOODODOOODODOO 511 keVE3c OO O OODO, LaBrs O OO0
O00OO000oDoooooDoOo. DoobobooooosllkevOO 3c 0000, 000000000
0000000 Energy Cat 00O 0O.



45, 000000 O0OO0OO0OO0bOO0bOO0bOO0bOODbOD 107

Timing Window

O 4.22 0 Timing Window 150 ns 00 320 ns 000000 O00ODOOOOOOCOOOODO
OO00. back-to-back DOOOUOO LaBrs OO0 OO0OOOOCOOOOO 511 keVx3c OO OO
00,LaBr; 0000000000D0O0OO0,000000000000000O0. Energy Cut
0000 Timing Window OO OOOO,0000000000039%0000000000A0.

Timing Window OO0 0000, 43000000000000000000D00OC0ODOOO
gooboooboooobobooo. gobbooobbooobbboooobbbooo 3b0bboo
ooooogooog, pickof 1D, 00000D000O0. 00003 700000000000
gbobooboooboooboobooobo. oboo,boboboobbobbobbobobobobo
gooboobooobog.

gobooo3r4b0obbooboobono92-0670b00. 000LOODO, 000000
gboboobooobbooboobooobooboon.

1.300000000000000 :2-0.75 - Stw

2. pick-offt 0O :(SDDDDDDDDDDDDDD)-F?CM

o—Ps

3. 000000 : Pag - Wrw

000 0000000000000 2=0.30,0750000000000 o-PsOO0OOO, Stw
000000 Timing Window 00000000, Timing Window O ¢t1 00 200000

Stw = e It _ M2 (4.11)

0000,000000 0 pick-of 0000000 o—PsDDDDDDD,F:ﬁ(l—FM)ns_I

1_‘o—Ps

gboo. oo F%‘z%;‘;ﬁ:O.OGlD o-PsO000000 pick-of 00000000, P, 0OO0OO0O
ooboooooogn, Wrw O Timing Window O O 320 — 150 ns O 0O O .
gboboobooboooboobobgooob4220000,0000000000D0D0ODO
OO00O0O0DOD0O0OD0. ODbO00D0O PsOnTime Cwt OOODOOODOOOOOOOOOOOOO. O
000,00000000000000000000000000020% 0000000000
. gbggboobboobuoobboobuooboobbooboobobg.
oogo,bboboo0ooobpoobooogo,bboo0g0 -ogoobboboo0ggn. Timing
Window 800 ns O 970 ns U o-Ps DO 00O 0ODOOOO, D000D00OD00O0ODO0ODODOOODO
U.0ogbogboooooobooobooobobo423000. 00, 000000000000
000000000000 1%000000000000000000. ODO0OOOO, 511 keV
0000000000000 0 10%0000,00000000000000000O0O0000OCO
O0000000. 00000000000 4220000 20%000000000. 000000
OOoDoO0oDOo0ooOoO0,bo psONTime 00 O0O0D0OO0O0OOOOCOOOOOOOODOODOO
gobooboob,oobooboboobooobbooboooboog.
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0 4.22: Timing Window 000000000000, Energy Ctt 000, 000000000
Uobobodb1s0ns00 320 ns0 00000000000 OO0O0OOO. ODOoO0oOOOooOoa,
googoobooboboobobooobooobobobbooboobooboobobo.ogboo,bo
ooboooooD3gobboooooobboooD,bopick-oft, IO00OO0DOOOOOOODO.
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0.2 rro At
018
0.16
0.14
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0.08
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counts / 5keV / sec

HgH\g\\\g\Hg\\\g\\\g\\\g\\\g\\\l
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energy [keV]

0423: 00000000000000000O0DOODO0O0O0O -0000000000O0 1. PsOn-
TimedODOODOODOOOOOOOOOOOODODODOODOD. DOOODOODOO,000O
42300000,0000000000000000D0DODOODODODO. D000 Timing
Window 800 ns 00 970 ns 0000 . 000000000000 00000O0O0O0OOO0OO 0.1%0
gboobooooooooooogo.
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0 4.24: PsOnTime O OO0OO0O0O0O0OO0OOOODOODOODOOO. DOOOODOODO
511keVO0O 3c0000,00000DOO00O0OC0O0ODOOOOOODDOODOOO.

4.5.3 ODO00OOO0OoOoOOOoOoooon

04240 PsOnTimed CutO000O000O0O00O0DOCOOOODOOOOODOO. OOO0OOOO
000000000000 0.034%000.

O00000000000000, PsOnTimeO Cut00000000000O0O0O0OOO. OO
gb,g0booobboboboobooboobboobooboobbobbooboab, o
go,0b0oooooboobobuooooobooobooooboboooboboob. bbooo, 30
000, pickof 010,0000000000000000O0D0O0COC.300000000000OO
SllkeVOOODOOOODOOOOODOOOUOODOOOO,000 EnergyCwtd00OOoooono.

OO0, pPsOnTime0 00 00O0D0O0O00O0ODOOCOCOO0ODOOOOOODOODOOOOODODOO
OO00. PsONTime 0000000000000 O0O00OOO0OOOODOOODO425000. 000
gbobooboboooboboobuoob,bodgbuobbobodgbuobooboboboo
oooo,sllkevOOO0ODOOOOOOODODODOOOOODOOODO. DOODDOODODOOO
goboobooboobbooboobooobooboon.

gboboooooooooooooooooogooooob 4400000
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OO | A S
0.007 —— expected pileup : |

0.006

0.005

counts / 5keV / sec

0.004
0.003

=.H\g\\Hg\\\\g\\\\g\\\\[\\\\l

0.002

\\\\i\\\\i\\\\i\\\\i\\\\i\\\\i\\\\l

0.001

HH‘\—-

Ll
500
energy [keV]

N IR IR SN S
100 200 300 400

0425: 000000000000000000O0DOODO0O0O0O -00000000000 2. PsOn-
TmeOODODODOODODOODODODODODOOOOOOOODOD. DODOOODOO,000O
42300000,00000000000000O00D0ODODOD0ODOD. D000 Timing
Window 800 ns 00 970 ns 0000 . 000000000000 00000O0OO00OO0OOO0 0.1%0
gbbooboodgboobooobd.

044 000000000000O00COO0DOOO0O (ODOO).DDDOOO0DOOOODDOOOODO
oobooooboooooooogoooon. livetimed 300000.

ooood ooooQ
oooo0 9.3 x 107
Dooo0ooooo 1.8 x 107
back-to-back 511keV3o (1) 1.9 x 10°
Timing Window (2) 1.1 x 10°
PsOnTime Cut (3) 1.9 x 10°

(1) 00O (2) 71178

(1) 0O (3) 26895

(2) 0O (3) 498544

()00 (2)00 (3) 6179
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IS4 ///l// >,
'..'_";I

.
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7

0426 D0O00O0OO0ODOOODOOOOOO0OO. ODOOO0DbOo0OoOshllkevOO 3c0000,
gobobooobooboogoobogooooboboobooob. boboboobobobooobboo
gboboboobo.

4.6 0J0O0ODOOOONDOOFFOUO

vbobgoobooooboobgobooobooboboooboobooboobobooboboobobobOono
g.gbobgboooobooboooobooboboboooboboooooboob.boboon
0000 Timing Window 150 ns0 0 320n 150 ns 00 320 ns 0, 00000000 O0ODOOO
00 10kWDO 203 GHzO (D000 202.9 GHz) OO o-Ps—p-PsO0000O00O 05%000. 0O
goooboo4200000000000000000O0. DO0OLOO,0000DLDOODOOO
gboboobooobbooboooboog.

oo, 450 000000,0000b0b00b00bbo0boooboobboobDoboooDoDb. Do
go,0o0gbooobooboobooooooboobooooboboo2b00o0o0obOobn
gboboobooooboog.

OO00oOoO0ooO0oOobO,00b000oOooNO0ODDODOOO0OO0 OFFOOOODOOOODOD
Ooooooo.ooo0o,0o000ooooONO OFFOOOODOOOOOOO,000D0O.
gbooboobobogbobooboobobobbobonooooboobo,bobbobo
gbooobobobooobobooboboo. obobobobobobooboboboboobo
gooooo.

OOo,0000obooN0OOO0ODOoOobObOOobObOoooog pPsOb 20000000
OO000,e-bPsOOOO0O300000000O0O00O.ODO0OONDOOFFODO,0000000O
gboboboooooooooooooon.

OO0 OND OFFoOOooooooooobbobobooobo.ob,bb0b0ob00n0O oOND
U100ns00000000ooboooooooobboon. 0Dbo 10nsbogoooog,
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0000000000000 0000000000 (4.3.1). 0000, Timing Window O 150 ns
gbooboooboo.

OooDoo0ooD -opbbo0obboogo,042r00b0o0O0d. Timing Window O 150 ns O
0320ns00 o-Ps—p-Ps0 000000 05%00000,0000000000 ONOOOO
Oooo0oOooooo. ONDO OFFOO0O0O0DODOOCODOOO0O00OO0ODODOOODOOOOOOOD
gbobg,boobboobogbo,oobooobooobooobooan.

ooooog -obogooboobobooooboobooboo,0booooooboooooboobog,
gboboooboooooooooooooooooooon.

0.018
0.016F
0.014¢
0.012¢

0.01F
0.008
0.006
0.004 ¢
0.002F

counts / 5keV / sec

100 200 300 400 500
energy [keV]

0427 000000 -000C00O0O00OO0O0ODOODOODOO.O00ODOOODOO ON,d
OOFFO,0000000000.000,ONOOFFOOOOOODOOODODOOOOOODDO
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ooboooobooog,b04280000000.511keVOO 30000000 —1.5£1.3 mHz
gboo,0boobogobobgobobobobo.

Ooooooogooboo,04290000000.511keVO0 30000000 1.8£0.9 mHz
gobo,00b0bo0boboobboobb 2000000000000 DOO0OODOO. ODOO
ooobboooooboooobooooobobogno. 00, Timing Windowld0 nsO0O0O 30000
gbbooboobooboobgo,boobobogbooobo,oboobbooobog.
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counts / 5keV / sec

100 150 200 250 300 350 400 450 500 550 600
energy [keV]

0428 00000000000 0O0O0ODO0O0.000O0O0O0ODODOOON,0D0OFFO,0000
gooboob.oo,boboobobooboooooooooooooooooboooboooon.
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0_016:._,..,....!....,.......!.....,.,..,....,....,.............,.,..,.,..,...................,.,..,....,...,!,,..,.,,..,.,.!.,.,,,,,_,_
0_014: —— measured ON ]
0.012F

0.01f :
0.008 Lyt
0.006}

0.004

counts / 5keV / sec

0.002F

100 150 200 250 300 350 400 450 500 550 600

energy [keV]

0429: 000000000CCOO0O0O0O0O.000COCOCCOOOON,ODDOOFFO,000O0DO
gboobo.googooogoooog.



116

Us0 Ubgubotodn

gooboooooooboboooobooooobooob. obboooobooooboboo
goooogoobobooooboobobobooobooobob.boboobobob,bobooon
gboboobooobbooboobog.

5.1 UDUOOOOOOUOooboonDd

ugbodgbooobuodg,boobuoobouoobooobuoobooboobob.bobboboo
oOo000oOooOOoOobooOoobbo,0b0b000DooOo0, PsONTime00O0O0O0OOOOOOOO
gooboobbooobooboboobboob.oboooboo48bogobooobobon
ggbbobuooob,oobbbuooobobobooobbobuooobobuooobbbooann
. 0boobooobooooog.

1. 0000000000D0DOCO000O0D,00000DO delay00DOO0OO0O0OO fast
clear OO OO0,

2. TDCO fast clear OO O0O0O0O, LaBrs DO O0OOODOOOOOOODO.

3. PsOnTime 00000 LaBrs 0 ADCOODODOOOOCOCOCO,000 ADCOOOOOOO.

000000000000 40ns000000,0000000000 2500 14%0000
gobooboo.gslibbogboobobooboobboo,booboobbooboo
gbooboboobooo.bobgo426000,0000025000000O00D0O0DO0OD. DOO
ooooOoOoooOoOoooooo,00oo0ooo0oos3soo0ogo pickof00OOOOOO
0. 000 Timing WindowO O OOQOOOUODOOOOO,e-PsOO00O0OOOODOODOODODO
goboooo. boboo,boboboooboobobo,boboooobob,0o0booboon
ONO OrFrO0OO0OO0O00O0ODOOOODOObDOOO.

0000000000000 DOO0DOOO0OONO OFFOODDOOODODOODODOO 2000
g.googoogoob -gbbboooooooobooboooob,0oboobooboobo
goog.

OOOOCOOONODOFFOOO7"TmHzDODOD,DODODODODOODOOOODODODO 900 Run Time
oboob 3c00,100000D00D00O e O0DO0DODODODODODOD. ODODOODO
gbobobo,gooooooooboooobo,gbobobobobob0,bd LaBrg 00
ugbobh2y0000000000b0bOobbo0obooboooboo0. booboobooonboo
goobo,gbbooboboobobooo,boobboobboobb.bboobbooboo
u,buogbboobooboobbodobooa.

ubo,000bo0booobooboobobooboonooob. 03230000,000 20mm0O0
gooboooobg,obboobobo20b00. ggbb,o0oboooboboooboboobbon



5. 1. OO0OO0OOOOOOODbOOO 117

goooooboboo,0gboobbdbub LaBrsoooooobooooooboo, oo
gboobos32gbooogooogooobogb. obob,0o0bo0ooooooooooooon
gboboooboog,booboooboooboooog.

U0, LaBrs 000000000000 0ODO0ODODOD. D000, 20mmOdb00oooonog
gobobobo20b0bgobo,0boboboobooboob.bgboooobooboooon,n
boooooooboboboobod. LaBrs OO 00O ooobooo,0000obobobn
LaBrs OO ODOODOOOOOOOOOOOOODO.

gboobobobobobobob,0ob0bo40b00b00b0000000.0D0DO,000
gbboobboobbooboobo,bbobbobbobbobbobbobboob.boboo
00000000 Smm(0000000000000OO0)000000ODOOOO,00000A0
gboooooooo.

ugboabo,gubouooboobboobuooboobooboboobga,buoobooboo
oogoboboboobobobbooooobooboob. bbbooooobobooog sebb0oga
uo.

oo,0oooooooooobooooooooooobboooDbO,bboobboooNODO
OOo0oO00oO0ooOoOoDboOobo.0oD,0000b00000 Timing Window 40 ns 0 0O 320 ns O
googb,gbbobobobboobobooboobooboo.bobbobbobobobbo
gbobooboboooooo,bobobobobobooooooo.
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n
>
O
th) 3 ]
S 1R ve D M
€ — 3 < AN
=) —— picko :
8 —— pileup ; R \\‘\
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T N
100 200 300 400 600

energy [keV]

0 5.1: Timing Window 40ns 00 320ns 00O OO 0OO0OO0OOO -00000O0O00O0OODO
gboobooo 1. 0bobobobo2s00000.
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—— expected ON

0.035
0.03
0.025
0.02
0.015
0.01
0.005

—— expected OFF

—— expected SUB

counts / 5keV / sec

SIS (SRS NOOTIVIS SYOVSYIVIS SSTOTIRIS SOVIYII SOTIINE ROy

HH‘H\\‘H\\‘H\g\\\\g\\\\g\\\\l\\\

|

200 300 400 500 600
energy [keV]

N
o
o

O 5.2: Timing Window 40ns 00 320ns 00000000 OODOC -O0000C0O0DOOOOO
00000002 1000000000000. 000000000 ON,O00 OFFO,0000
goobob.obobdob -oboobobooboboobbobobobobo,bobobOobooD
gobooobooooo.
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5.2 UOUOOOOOUOOobOUOobobOooOn

ubooobodoog,boboobobooobobobo. bogboboobobooboboo,
gbobooboboboobo.obooboobooboo,oobooboob 2000000
gboo.0oooooooooos100o0.

O0000000000000O0O00000,0000000000 2% 0000000000.
0000000000000 20%(50) 000000, 56%00000000000000000
O000000o000. 000000000 0oUo0oooooUoOs%Uoooooooon,o
gbbooboobboobodo.bboboboboobooboag.

gooooood

ooooOoooooobo0oobDboOooooOoboboOo,0bo0obDboO0Oo oOND OFFOOODDO
oOoooO0.doo,oNOD 200000000,0030000000000000,2000
gbo3dbooooogogooobobooo.obo,2000000b003obobobobo,
uboboob -oobodgboobbooboobooboboooboboobooboo.booo
gooboobog -0bogoboobooboboob.

ooo0ooooo,3.740000000,00 10%00000000000000000000
gb.bobbobbobboobb 2mnmO0d0ogooooooooog,gobobobofobd
goobooo.

ooboooobbooboboooobooboog,wpelb 200000000000 00000O0DO
0000000000 (0 3.25). 000000000000 OOOOOOOOOOODOOOOO
00030000000000000,000 10%000000000000000 (O 3.27).0
googbob,goboobobooboboobooboboobobboobobDboobOobo
gbbodgbooobuodgbooo. bboobuoobboobooobooboo.obb,o
00 back-to-back OO0 0OD0O0O 400 LaBrs 00O 200000000000O0000O00O0DOOO,
gooob3goobooboobobooboboooooo.bobobooooboboobo
gbob,gboobboobogboobboooooab.

goooooooobo4s200b000oooooobooboboooooooooboobo. o
000000000 ONO OFFOOODOOODO,00D000D0O00DODO0DOOO0DO, 00000
gbobgogboooon.

0000,000000000000000000000010%00000000000. 00,
0000000000000,0000000000000000 (7x10°0000)00000
gboboooboobo.boogogobogoboobooboboobooboboboboobo.

gooboobod

vgbobobuoooo,obobuobooboobobooboboobooba.bo,uobooboo
0000 Fabry-Pérot Cavity OO OO DOOOO0ODO,0000000DOCO0OO0ODOOOO0O,00
000 % 000000000000000000000000O.

O00000000000oooo0oO0 10%0000000000,0000000C0O0DOO.
ug,gooboboooobooboogoob,ooboboobooooboobobooooobooboooon.
00000000000 0oo0o0oooOooooOs% I 000000000 oo000. Doo
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g,0bogdb200b0000bo0,0b20b000booboboobobooboOo. boo
u,gbogobobobobobobobooooboooo.

oo, 0boobboobboobboobbobboboo.bo0obooboobooboobo
OO0O00O000O0.0D000b00203GH2O0000,000000,000,00000000
gobooooobooboooooooboobob.booboooobooboobobobo
ugobooboobdgobob,ooboboo. ogboboobboobooboobboobo,oboboo
gboobooboobobooboobooboob.ooboobooboooboo,oobboboo
gboooooooo.

051 00000000.

god gboooobooog
oboooob -ooboooooo 10%
googon 5%
ubbogobogboobo 10%
goboobooobbooboobooobooboon 50%(00)
RN 52%
gooooboooogn 0o

53 Uuooobod

gboobooobog,booboobbooboobboobbooboobbooooobog.

good

gooooobuooobooobooobooobbooboboobboobDboooboo
gbogbobgobob. oo, boboboboboboooooobobobo,0no
gbobooboobooboboobooboobooobo. oboobooboobo,obboobboboo
goobodbboobooob.oboobboobob,oobboobboobbooboobo
gbogbobodo,gbuoobobooboboob,boobobo.oboboboob,0bo
gbooobobooobob,oboboobobooobobboobooboboobobooono
OO00.0000,pickof 00000000 00ODOOOOOO0ODOOODODOOODOO.

goo

0000000000000 00D0O000000 off-Resonance 0000000, TE;3O00ODO
0000 171 GHz, TE,; 00O OOO0D0O0O 199 GHz2OODOOO,00000000000O00C0OO
U.000b00b0gbuo TEsOOOoOooobooog TEsOODooooooooooooo,
TEx OO O0O0O0O0OO0oOoobOoboooob,0booboooobobooboobooboo. oo, b
oobO0 2034 GHz2O000000C00O0O00DOOODOO,D00O00D0OODODODOODO
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gooogboobooboboobooboob.bobbo,0boobobbobbobbobbobobo
gooooo.

ubooodoboobooboboo,bobboobobooboboobobooboboooobo
gooboob.bog,boobbooboooob -ogbbooboobbooboobbod
go.ooobogboboooooooboboboooooooboboboboboobooboobo,n
gbogbobooboobob,oboboobobbooboobobooboboboono
0.000000245000000, P, 000 P, 0000000, Fabry-Pérot Cavity OO O
goboboodobooboobooo,obobbobobboboobobboobobobobooD
ug.0bobobobobobobooboobooboobooboobuooobooobgoob,boo
gboobooobooogo.
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gbooboobooboobbooboobog 39s0bobooonobo. obboobooo
gbooboooooboooobooboobooboobob0. obobobbobooboobboo
goboooboooboboon.

O0OO0000DOO00bODOO00ooObO00ooObO0. 0bOooobDObO00bDbDbO0O0 203.4GHz
Osub-THzOOODOOO,0OOO0ODOOUOODOOOOD. ODO0O0,00000000000000
gbobooboobbooboobbooboo.

oobooboooooooboooooobooooooooooooooooboOo,00bo0og 10kW
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gbboobogboobb,obboobbooboooboon.

000000000000 o00O00ooDOoO0 2% 000000000000, 000000
000 -000000000000010%00000,000000000000000000O
000 56%00000000000.000050%00000000000000000000
ugb.b0ob0,00b00bo0obooobobobobobobooobbobbobbobboboo
g.0bgog,booboobooboboo,bobobooboobbooboon.
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gbod,gubooboobooobo,bobooboboobooboboobooobobod.
gboobooboooboooboooog.



123

oo

1] O000,0000,0000,0000,00000000,00000000 (1987).

[2] G. S. Adkins, N. M. McGovern, R. N. Fell, and J. Sapirstein, Phys. Rev. A 68, 032512
(2003).

[3] G.S. Adkins, R. N. Fell, and J. Sapirstein, Ann. Phys. (N.Y.) 295, 136 (2002).

[4] A. H. Al-Ramadhan and D. W. Gidley, Phys. Rev. Lett. 72, 1632 (1994).

[5] Y. Kataoka, S. Asai, and T. Kobayashi, Phys. Lett. B 671, 219 (2009).

[6] S. G. Karshenboim, Phys. Rep. 422, 1 (2005).

[7] M. W. Ritter, P. O. Egan, V. W. Hughes, and K. A. Woodle, Phys. Rev. A 30, 1331 (1984).
[8] A. P. Mills, Jr., Phys. Rev. A 27, 262 (1983).

[9] R. Weinstein, M. Deutsch, and S. Brown, Phys. Rev. 94, 758 (1954), 98, 223 (1955).
[10] V. W. Hughes, S. Marder, and C. S. Wu, Phys. Rev. 106, 934 (1957).

[11] E. D. Theriot, Jr., R. H. Beers, V. W. Hughes, and K. O. H. Ziock, Phys. Rev. A 2, 707
(1970).

[12] E. R. Carlson, V. W. Hughes, M. L. Lewis, and I. Lindgren, Phys. Rev. Lett. 29, 1059
(1972).

[13] A. P. Mills, Jr. and G. H. Bearman, Phys. Rev. Lett. 34, 246 (1975).

[14] E. R. Carlson, V. W. Hughes, and I. Lindgren, Phys. Rev. A 15, 241 (1977).

[15] P. O. Egan, V. W. Hughes, and M. H. Yam, Phys. Rev. A 15, 251 (1977).

[16] C. Itzykson and J. B. Zuber, ”Quantum Field Theory”, Dover (2005).

[17] B. A. Kniehl and A. A. Penin, Phys. Rev. Lett. 85, 5094 (2000).

18] OO0, 000000 00000000000 DOOOOoOoOo (2010).

[19] Y. Nagashima, M. Kakimoto, T. Hyodo, and K. Fujiwara, Phys. Rev. A52, 258 (1995).

[20] F. Saito, Y. Nagashima, and T. Hyodo, J. Phys. B36, 4191 (2003).



124

[21]

[22]

el 0OOO

M. Skalsey, J. J. Engbrecht, R. K. Bithell, R. S. Vallery, and D. W. Gidley, Phys. Rev.
Lett. 80, 3727 (1998).

M. Skalsey, J. J. Engbrecht, C. M. Nakamura, R. S. Vallery, and D. W. Gidley, Phys. Rev.
A67, 022504 (2003).

C. J. Foot, “Atomic Physics, OXFORD MASTER SERIES IN ATOMIC, OPTICAL AND
LASER PHYSICS”, OXFORD UNIVERSITY PRESS (2003).

V. V. Burdyuzha, Ph. Durouchoux, and V.L. Kauts, Astro. Lett. 25, 3, 172 (1999).
T.H. Chang, and T. Idehara, J. Appl. Phys. 105, 063304 (2009).
O0000,000000 (2009).

O0000,000000-000000,0000 (1986).

A. Yariv, P. Yeh, “PHOTONICS, OPTICAL ELECTRONICS IN MODERN COMMUNI-
CATIONS”, OXFORD UNIVERSITY PRESS (2005).

O0000,0000000000000000000O000O000 (1987).

I. Ogawa, A. SASAKI, T. Idehara, K. Kawahata, and W. Kasparek, Int. J. Elec. 83, 5, 635
(1995).

K. Iwata, R. G. Greaves, T. J. Murphy, M. D. Tinkle, and C. M. Surko, Phys. Rev. A 51,
473 (1995).

D. A. L. Paul and L. Saint-Pierre, Phys. Rev. Lett. 11, 493 (1963).

SAINT-GOBAIN CRYSTALS, Scintillation Products Technical Note: BrilLanCe™ Scin-
tillators Performance Summary (Revision: January, 2009).

S. Agostinelli et al., Nucl. Instr. and Meth. A 506, 250 (2003).
J. Allison et al., IEEE Trans. Nucl. Sci. 53, 270 (2006).

J. Baré et al., Nucl. Instr. and Meth. B 100, 31 (1995).

G. S. Adkins, Phys. Rev. Lett. 76, 4903 (1996).

Bene Brun and Fons Rademakers, ROOT - An Object Oriented Data Analysis Framework,
Proceedings AIHENP’96 Workshop, Lausanne, Sep. 1996, Nucl. Inst. & Meth. in Phys. Res.
A 389, 81 (1997), See also http://root.cern.ch/.

IT/ASD CERN, MINUIT Function Minimization and Error Analysis, version 94.1 (1998),
D506 CERN Program Library.



