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Abstract

KOPIO (BNL-E926) experiment is concerned with CP violation, and which is due in 2005 at Brookhaven
National Laboratory. The aim is to measure the branching ratio of K? — 7% whichis~ 107! order.

The method, to identify K? — 7% decay mode, isto detect 2ys from 7 — 2+ and not to veto events which
contain vs from another 7° or other charged particles. So, it needs to get rid of another decay mode, because
of the small branching ratio. The most dangerous background is K? — 7%7° decay mode. K9 — 77 decay

creats 4ys. The trouble is that if 2ys among 4vs losts at K? — 7%7% decay mode, we cannot distinguish
between Kg — mOup with Kg — w070,

70 detector system needs a hole to pass through a secondary neutral particles which are created at K? pro-

duction target. So, we must develop the beam catcher which is willing to veto the ~ on beam line. As the
requirement of this beam catcher, it has strong efficiency to ~. But because of it is on the beam ling, it needs no
efficiency to neutron. As a prototype of this beam catcher, we developed an Aerogel Cherenkov type counter,
and tested. In conclusion, radiation effect to proton was larger than assumed one.

It is considered that the light is influenced by Nitrogen scintillation. The purpose of this study is the confirma-
tion of provability of Nitrogen scintillation on the Aerogel Cherenkov beam catcher and calibration of the best
suited gas.

In first chapter, It is described the background of this study. Especially, Cabibbo-KOBAYASHI-MASKAWA
matrix has been written.

In Second chapter, It is described the theory of scintillation. Especially, Bethe-Bloch formula and Quenching
mechanism have been written.

In Third chapter, It is described the Experiment of Nitrogen scintillation.
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Chapter 1
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1.1 Introduction
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Figure 1.1: Electromagnetic Interaction Feynman Diagram
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Figure 1.3: Weak Interaction Feynman Diagram
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Chapter 2

The Theory of Scintillation

2.1 Introduction
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B Ap3? I(1—p?)
O000.0000,000000000000000000000 »0200,00000000 20
do0odoOo0o0oOoOo.0bdobOdo,00dbodbo0ooooo0o pOo0ooOOoOobOOoOooOOon
0o0o0o0odo.odo,g<o0100JLindnard0D 000000000 DODOOOO.O0O,8>0.0600
H.ABetheO FBlochOOOOOODOO.00l<4<0.0500000000000000000O00OR0O.

Lindhad O OO pgO00C0000, 000000 Ferm 0 00000. 0000000 Ferm 00000
0D000000oo,VepOOD FemiDOOO0O0MDO0

(2.6)

dE 2N0m et zlzgv 137VE 2c
- 1 Inm—1 2.7
dr  AB@re)? |t e TN v, 27)
o,00000. .
Bethe-BlochO O O, O (2.6)DDDDDDDDDDDDD.DDD,'yz\/li—@DD,ﬂ:BDDDD
_ c
000000000,0 (26)0
_@ B 47TN07“877’L@C2Z%22 n 2mec?3?
de ApB? I(1-p32)’
27TN07“877’L@C2Z%22 ) < 2mec? 32 >2
- 2 _ 32 )
4 11— ) 28
27rN0r§m6022%22 4m 0454
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AP 2(1— 2
27TN07“8m602z%zQ 1 4m272v202ﬁ2
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AP (1)

ooog.
000,0000000MOO00000m. 0000000000, 7= 487y, Wiax ~ 2mec®n? 0000
DZDDDDDDDDDDD,DDDDDDD

dFE 27TN0T(2)meC2Z%ZQ | 4me’y v2c? 32
= n

Cdw Ap? 2(1-p%) "
B 27TN01"(2)m3022%zQ In dm2y2v?cin? 2.9)
AR? 12 ’
27TN0T(2)meC2Z%ZQ 2m672v2Wmax
- AR . 2 ‘
YWr =0.106¢
ZDDDD,S:”;; 2mecn’ 000,2me22 0000000,
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O00.000 densityeffect0 0000 60 ,shell correction0 0000 COO0OO0O00O0O0OOOOO
Bethe-Bloch O O

C

22'

(2.10)

dFE 9 929 zf | 2Me 20> Winax
- T

)—2ﬁ2—5—2

oboobooboooooo.
O000,00 BetheBlochOOOOOOoOOOO.

2.2.2 Bethe-Bloch Formula

E
DDDD,DDDD(2.10)DDDDDDDDDDD,Z—DDDDDDDDDDDD.DDDD,D(2.10)

T
0000000 z1,29,4,6,I00000,0000000000D00COO.
0000 (210000,000000 p00oo0O,0000DOCOCOO0.0O0DO,0D000000,00

dE
gboooooobobooooobob.obo,0o0bon pDDDDDDDDDD,d—[eV/cm]DD
T

O00000000.000,p0000 BetheBlochOOOOO,00000000000O0DODODOD.

> —23% -5 — 2g . (2.11)

dE 29 23 [ln <2m372v2WmaX
z2

—— =2t Nyr2me.c?p== 2L
dx ™ OTO e p 12

Te: classical electron radius = 2.817 x 1073[cm]  p: density of absorbing material

me.  €lectron mass 2. charge of incident particlein units of e
No:  Avogadro’s number = 6.022 x 10?3[mol 1] = Y of theincident particle
. . ‘1
I = mean excitention potential y= \/17_@
L2y atomic number of absorbing material 0: density correction
A atomic weight of absorbing material C: shell correction

Winax: maximum energy transfer in asingle collision

goo,/obobobooboooooo,goooooooobooobobobooboboobobbo.og, g
O0BohrOOO PankOCOOODOOOOOOOOOAMOOOOCOOOOOOOOOOOOOOOO,O
O 0O oscillator strength U0 D 0000000000 vy0O00O00OO00OO0ODOOOODLDODOODOOO.
OO00,0000 oscillator strength U0 0000, 0000000000000000D0000DOO

E
obooooobo.gpooboooo,obobobooooob rgoogoogoo Z—DDDDDDDDDDDD
T
O00,00001I0 20fiting000000.000000000000DO.

— = <12 + 1) [eV] 29 < 13,
22

(2.12)
— = (9.76 + 58.82; 1''7) [eV] 29 > 13.

0000000,000000000 10 »00000000.000,000000000 Table210O,
density effect0 000 O00O.

density effect 0 000 0000000000000 0O0O0O0OO0O0O0O0OO0O0O0O0OO0O0OO,00000
0.000,0000000000000D00O0O0COCOO,0000000D00000COCOOCO0O0O.00
goo,00dfdoo0oboooooooooooon.

O000oooooodésd Sternhemer0 00000000 O0OO0OOOOOO.
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0 X < Xp
§ =14 4.6052X +C +a(X; —X)"  Xo< X <X;
4.6052X + C X > Xy, (2.13)

X =logyo(B7).

oo0,00é0000000C00D0DOOO0O0O00ODOODODOOOOO.O00,000000 Xp,X1,Ca,m
goooo0oboOobooOoOo.ocoobooobogoooooob oo,

I
C=- <2lnh——|—l>. (2.14)

Vp

O000000.000 v, OOOOO0O0O0O0O00O0 v,0

N_e?
I VR
e (2.15)

N, (density of electron) = Nopz—j.

gooooo.
00 BetheBlochO OOOOOOOO,0000000000O0OOOO0O0OO0DOOCOO,0O0D000O
f20000000000,F000000000000000 mAy20000000.0000000

gboobo.oobo,0bobobobobob Z—EDDDDD.
x

Table 2.1: Constants for the density effect correction

Material IleV] —-C a m X Xo
Mg 156 453 0.0816 3.62 3.07 0.1499
Cu 322 442 01434 290 328 -0.0254
Al 166 4.24 0.0802 363 301 0.1708
Fe 286 429 01468 296 3.15 -0.0012
Au 790 557 0.0976 311 370 0.2021
Pb 823 620 0.0936 316 381 0.3776
S 173 444 01492 325 287 0.2014
Nal 452 6.06 0.1252 3.04 359 0.1203
Ny 82 105 01534 321 413 1.738
Oq 95 10.7 01178 329 432 1.754
H>O 75 350 00911 348 280 0.2400
lucite 74 330 01143 338 267 0.1824
Air 85.7 106 0.1091 340 4728 1.742
BGO 534 574 0.0957 3.08 3.78 0.0456

Plastic Scint. 647 320 01610 324 249 0.1464

2.2.3 Estimation of dF/dx on this Experiment

dE N
O000,000000 00000 2AmOO0O00O0O d—D EsimaionD 000000 O0oOoQ.
X
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000 (211)0,000000000 2xNgrdm.c?000000
21 Norgmec? = 0.1535 x 10°[eVem? /g]. (2.16)
000.0000 (11)0000000

dFE Z9
———= =0.1535 x 10%p=
dz Py

C

2 2 2,2 e
“1 [ln (M el (2.17)
22

2 e

00000000000 me=051[MeV/c?]00000000000000D0D0O00.0000000
000,00000 2Am0 o0,000 pureNitrogen0 00,00 « 000000000000 0OO
o000 gooooooag.

ﬂDEDDDDDDDDD,DDDDDDDDDDDDDDD.
c

>—2ﬂ2—6—2

_ P
|E]

00000,f0000000000 p0000.2AmO000000 0000000000000
000 5443MeV] O 13%, 5.486[MeV] 0 85% 000, 00000000 «000000O0OOO ELO,

3 (2.18)

Ej, =5.443 x 0.13 + 5.486 x 0.85,

2.19
= 5.37069[MeV]. (219)

O0c000HeOOODOOOOOO,00000000000002000.000000000 my,
goooboooom, 0000

m, = 938.3[MeV/c?],m,, = 939.6[MeV /. (2.20)
O0000,a0000 mO

m = 2(my +my),

2.21
= 3.76[GeV/c?]. (221)
ooos
O00,000000000 0000
Eio = /m2c* + p2c2. (2.22)
ooo0oooOoon
Ey = Etot — Ep. (2.23)

0, 000000000000 EpODDOD BRODDO.O0DOO0O0,000000000,0 (223)000
ooooo,

Eiot = Ei, + Eo,
v m? —i—pQ2 = (Ek + \/W)2,
m? + p? = B} + 2Eym + m?, (224)
p =t/ Eg(Ey + 2m),
p ~ 208[MeV /c].

‘DO00O0D00000,0D00000000000.
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ooo0.0o0o0p>0000.000p000OCODO0O0O0O0O0ODO,D (21890000 pOODODO,

3 ~0.05. (2.25)

oogd.
O0000,000000000,A,2,2,p0000.000000000,00000000000A0.

000000000000 pueNitrogenO OO OO0,

A=14,2 =2,2p = 7,p = 1.25[mg/cm?]. (2.26)

o000t (21y0ooo,0oooo.o0ooo,

dE
e 1.36]MeV /cm)]. (2.27)

O000.0000000 SmuletionOO0OOCOO,000000O.

dE/dX Simulation -pure Nitrogen-

le+07 " T L L T T T L i
r ; ; | | ; "dedx_mev.dat’ —+—
le+06
B
L
>
2. 100000 |
< L
RS
w
©
10000 -
h000 et
0.1 1 10 100 1000 10000 100000 1le+06 le+07
Energy [MeV]

Figure 2.1: Comparison of the Bethe-Bloch formula with the shell ans density corrections. The Simulation

shown hereisfor pure Nitrogen

goo,bo0bgoboobobgobooooboobooob.gooooboboboboobob,0oboobo
00oo0oooo [de/de, 000, f,0n0000000000000O00

oS (%) , (228)
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O00000000000.000,0000000,N20 80%,0.020%00000000,000 00
dE

——0oo
dz ’
dE
<_> ~ 1.46[MeV /em]. (2.29)
dx O
000,0 (2270000,
dE _ 2240 (dEY | 640 (dE
dr 2880 \dz ), 2880 \dz )’ (2.30)

~ 1.38[MeV /cm].

goooooogo.
b0, 000000000000 ogbooooooogn 0

E
dz
O000000oo0o00o,000n0 EgimationO 000,
5.4
= — . . :2. :2
T=Tog 3.9[cm] (2.32)

oogd.
000,0 (232)0000000,000000000O0DOOCOOO0OO0O00OOODODOOOOCOOO

D,CCZZ—EDDDDDDDDDDDDDDDDDDDDD.DDD Z—EDDDDDDDDDDDDD,DD
T

x
gbooboooboooboobooboobooboon.

O000,FRgue210000,000000000D0CCOO0O,0000ppO00000DODOOODOO

dE
d—DDDDDDDD,DD x00 (232)000000000C0000000ODO.
T

dE . .
ooo,p0000 d—,DDDDDDDDDDD Smulaion0 00 O0000O.
T

dEdx / beta Energy / beta

6e+06

1.6e+07

"deﬁbel‘a.dat" ' “betaﬁer‘\ergy.dat"‘

1.4e+07

5e+06

1.2e+07

4e+06

le+07

3e+06

8e+06

dE/dx [eV/cm]
Energy[eV]

6e+06

2e+06

4e+06

\\\\\\\\\\\\\ 1e+06

2e+06

/

0

0
0 0.01 0.02 0.03 0.04 0.05 0.06 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05
beta beta

Figure 2.2: Z——ﬂ, kinetic Energy-3 Simulation -Pure Nitrogen-
T

0.055
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) E

FlgureZ.ZDD,ﬂDDDDDDDDDDDD,Z—DDDDDDDDDDDD.DDDDD,DDDDDD
x

gboobogoooboobgboboobobo,booooboobooobobobobobobobooboobo

gooooo.

oo,00o0oboooobo0ooobooboooobooDbog,pbobbobbOOb0obOODODbDOObOO
E . .

0.00 B,Z—DDDDDDD Smulaion0O0OOOOO.
T

0.06

0.05

0.04

Beta
o
o
@

0.01

Beta / Distance

"beta_ ] x.dat"

10

15 20 25 30

Distance[mm]

dE/dx

dE/dx / Distance

1.6e+07

1.4e+07

1.2e+07

1e+07

8e+06

6e+06

4e+06

e

2e+06 ———
[

0

0 5 10

15 20 25 30

Distance[mm]

, dE ! . .
Figure 2.3: (-dzx, %—da: Simulation -Pure Nitrogen-

Figure230 0,54MevV 000000, 2Z2mmO000COCOCOCOOOODO.OOO, Bethe-BlochO OO O
oboobobobg,4femiboo.0obo,0bobgo Z—EDDDDDDDDDD Estimation 0 0 O

ogoo.

Energy[eV]

X

Energy / Distance

6e+06

5e+06

"enerdy_dx.dat" ‘
5400000 - 0.01357 * 10000000 * X -------

4e+06

3e+06

2e+06

1e+06 \
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25
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Figure 2.4: kinetic Energy - dz Simulation -Pure Nitrogen-
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2.3 TheTheory of Scintillation

goboogooooobooboooooobo,0obooboobobo.obobobbobob,0boobo
goooooooboo,booobooboooobooboboboo.oboobooboobooboboooog.
ub,0b000booobobo,boobobboboboboobo,0boobooobobbo.0bon
gboooobooboobobooboob,obboboboobbooboobooboboonn.
ooob, 0000000 OOobooooobobobobuobuoboboobo.

2.3.1 GasScintillator

gooooogboooooboobobooobooobooooo.oobooooobo,0o0boobon,
Xe HeOOOUOOOOOoooD.ooobooooobobooobo,0boboobooboobobooon
go,0o0boboo,obooobobooboobobooboooboboboooboobD.0oboobo
ubooooboooboobog,boobobbooboboboboboooobobooboob.ooboooboon
gboooogoogoobooobobo,0ooooobobobobobooobobo,boboboboooo
ubooboobooobooooooo.

000000000000 N,0000D0,022000000000000000%00000,000
ugboobooboooboooooo.
Table220000,00000000000000O0O0OODDOOOOCCOOOOCOOOOOOO.OO
goooog,0booogooboooooooboboooboooboobob.0bo,0bobob,ooo
nmUO000000000000000000,0000000000000000000000O00O000O40
gooooo.
goooo,0ooooogoooboobobooboobo,0b0obobbobobobooboobooDb,o
00000oooo00,0000o0o00oooo0oooooo00oDoO. DO, Fgue21 0000,

gbooboobogbo,0bboooboobooooon CCZZ—EDDDDDDDDD.
x

Table 2.2: Characteristics of gas scintillator in the atmosphere

Gas Mean wave length of scintillation | Mean Photon Number / 4.7MeV a-particle(A > 200nm)
Xe 325nm 3700
Kr 318nm 2100
Ar 250nm 1100
He 390nm 1100
No 390nm 800
Nal (TI)(comparation) 410nm 41000

2.3.2 TheTheory of Quenching

O000,Quenching0 00 0000D00CCOO0O00O0ODODOOCODOOOO.
uboooobooobobooboo,oobooboooboobobobboo,obboobobboobon
OO0000DOCO000.000000b0DCOO00OON OO0 O0000,0000Db0D0000000, N,
ooboooooooooobooooboooboobog, oo obooboo N ODbOObOboOooon
OO0 QuenchingOOOOO.QuenchingDOODODOOOOOOOODO,0000000D0O00CCODOO
goooooo.

‘00000000 380nmO0 780nmO 000000
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O0ooooo,SenVomer JOO0O0OO0OO0DO000O0O0OOOO.000O IpO pureNitrogenO OO OO
000,70 QuenchingOOODOOOOO,cd CO000,K=20000.

Iy
I = . 2.
1+ Kc (2.33)
000000, 00000 02000,0000 (233)0¢0000000000,
I
=22, (2.34)

9
1
gobo.00b00b0 EDDDDDDD,DDDDDDDDDDDDDDDDD.DD,DDD 4.6[MeV]

1
O0«00000000 Table2.200 800PhotonO OO ,000 EDD,16OPhOt0nDDDD Quench O
goooooo.

2.3.3 Collisonal Quenching

«000000,000000000000000000,N,000000000000.N,0000
00000000000 100000000000000,CGrind Schopper 00000000000.0
0,000,0000000000,000000000000N,0000,000000000000
oooo00o0o0Oo0ooooO.
000,000N,000,000053[MeV]0a000000000,300-400[mu]00000000
0 1000 [photon] 000 O000.00000,000000000000.1% 0000000000000
0.00,00000N,00000000000000000000.

WadO N, OOOODODOOOOCO «O0O0000O0O0ODOOODODOOOODOOOOOOO.0000000,

oo Z—LDDDDD,DD r0000000000CO000.0000D00C0C0,Table230000,
T

doooooooo, 0o oooooo. 0o, 0bdoo0boooooooon
QuenchingO OO OOOOOO.

Table 2.3: Scintillation Photons per 4-6MeV «a-Particle in Nitrogen
Pressure p[cm Hg] 625 | 488 | 249
Total number of photons N | 1060 | 1310 | 1970

000,000000000000000000 QuenchingOOOOO.O0O,000 p,p, =76[mmHg]
uboob.0d0-0 0000000000000, 0000 p,0000O00O0DOO0O0O.

ubogd,n0O n:napDDDDDDDDD.DD,kf,ki,knDDDDD QuenchingD, 0000000
Pa

O00D0000000 QuenchingDOOOODODDOODDOO0O0OO0DODODDOS 000000000000
UbgqUbobobobuobobobg.

ky 0
_ _ , 2.35
Tkt kirkn 142 (239

000 py0r0,000000000.
/ (kf+ki) :paTc

P =Pa kn, 0
1

_kf-i-ki.
skaDDDDDDDDDDD,]ﬁDDD Quench, kn 000 QuenchO OO

)

(2.36)

70
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O00,q00 2350000 n=0000,

kf—l—kz"

q0 (237)

O00.000000,¢U000000000D0000000D0O,7000000 QuenchingDOOO
gooboooooooogo.ooo,

(2.38)

1
Te = .
© kng

0,00000000000 QuenchingOOOOOOOODO.
ubooooo,r00bboobooobobooon.

1 )
T = = .
kp+kitkn 1+5

(2.39)

O0000,pureN, 000000 QuenchOOOOOOOOOOOOOOOOOOOOO0O0O00O0.00O
O0O000OQuenchOOODOOOOOOOODOO.



Chapter 3

Experiments

3.1 Introduction

goodob,booboboooobo.obobobbobooooboboobob0b0 egonDO
ob.«0b0ooooboobobobo,boboboboboooobobobobDoboobo.od
gbili0ooooobobobooobog,«dbobooooobobobo.ob0.oboboboobo o
ooooo,0oobbbbbo00ooob Tgghooooooo.ooo,000bobod T OO0
oooo,NoO0o0oooooboobon.

3.2 Modules

ooo0o,00o0obo00booOo0ooooO0.0b0oo0ooDboOooboOooOgUObO,NIMDO CAMACOEO
Oo.NMO,0000000000DO0O0DOO,CAMACOOOOOOODOODOODOO.DOO,
ooooooboo,NM,CAMACOODOOODOOODOODOOOODOOODOO.

A. NIM- Clock Generator
Clock Gengrator D D 000000000000 OOOLOOO.O0,LEDODODODOOOOOOODO
oog.

B. NIM- Gate and Delay Generator
Gateand Delay Genarator 0, 0 0 0 00000000000 O0OODOOOODOODOODOOODOO.
Gateand Delay Generator 0 20000 000.100 WidhO OO OO, 000000000000
000d0O00O0db000Oo0.00 100 bday0 OO0, 00000O00DO0O0O0DOODOODOOO.

C. NIM- Visual Scaller
Visud Scdler D 0 000000000000 DOO0O0OO0DO0O0O0O0OO0OO0O,000000.000
00,000000000000000000.00000650[ns]0O DelayOOQ.

D. NIM- Dual Fanout
Dua Fanout 10000000 200000000000.

E. NIM- 4 FOLD Concidence
4 FOLD Coincidence 0 , 400 000000000000 OOOOO, 000000000000
000.00000,0000000000000000000000000000,000000
gooooooooooon.

19
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. NIM- Linear Amplifier

gbobgoboooooboobob.booooboobobo,ob0oboboboobobobonDo
gb.gooog,gooooogoogo.

. NIM- Delay and Variable Delay

000000000000, 20[cm/sf000.00000,00000000000000000
00,00000000000 Dday000000.00000OOS0[ns0 Delay0 0. 0o,
VariableDelay 0 0 OO0 0O 0. VariableDedlay 0,0 0000 GateGenegrator 0 0 00000000
0,0000000000000.0000000000,1[ng000000O0DODO0O.

. NIM- Discriminator

Discriminator 0,0 000000000000 0ODO0OO,00000000000000O0DOODOO
O. Discriminator D 0D 0000 AndogueeJ OO NIMOOOOOOODOOOOOODOOOOOO.
Discriminator 0000000000, 0000 NMOOOOOOO0OOODOODOO.

. NIM- Octal Divider

Divider 0,00 000000O0O0O0DO2000000000000.00000Y0C00000O
O,NIMODOODOOQOOOoOoOOoOooSs0[Quuooooooog,1e[Quooo Yoo 3gn
gobobobobo.

. Variable Attenator

Attenator 0,0 0000000000000 DOOCOCCO.0000001MBODOOOOOOOOO.

. NIM- High Voltage

gooooooobooobogooooooooobooo.booboooboDbOo,400Db0ODOO
o, 0boboboboboboobobg.

. CAMAC- ADC

ADC O O, Analogue Digital Convertor O 0000, 0000000000000 O0OOO0OOODOO
O00.000,00000 Discrimnator 0000 ,20000000000000000.000
oobooboooDoOo.0oo,Gae00000O0O0OODO GateGenerator 1 OO OO, ADCOOO
oooobood.Gaeooooo,0bboooooobbOob00ooDOobOb0OoLDDO,O
ooooDoOoOOooOoooOOoOoOo0oboOobO0.0o0oD,00boo0o0o ADCOOObODOOOnO
Oooooo.gg,AbDCloO0gggo2spClOooooo.ooo,Gaed00oooO,000
OopClCO00D0OO0OO000D0D0UU00OUOO,000ADCOODODUOOOOOOO.OOOg,ADCO
goboboboboobooboog.

. CAMAC- Peak Hold ADC

oobOOoO0,00b000ADCOO0OCO,ODO000D0O0ODOODOO,DOO0DOOODOOODOO
goooo.

. CAMAC- CCP

CCPO,CAMACOOUODOOODOODOODOOODOODODOOO.ODOOOO,ODO0DOODOO
00000D0.0000000,SCS00000.00000,000000000000000
oooooboodooboooooboOo,0o0obogooooooog,scsgoog.

. CAMAC- Event LAM Resistor

Event LAM Resistor 0 Look AtMeO OO OOOOO,ADCOODOOCOOOOOOODO,O000
OO0 ADCOOOODO0OODOOUDODOO. EventLAMResstor 000000000, Gate
Ganerator J veto DU OO UOODOO0O0ODO,GaeD DO DO OOOOOODO.

1Small Conputers Systems Interface
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POOODOODO
gobooooo,0gbooooboboobogooboobob,0bobobobobooboobonDo
obooboobogoogoog.

Q. LED Driver
LEDDriver 0,0 0000000000000, Clock Gengrator 00000000000 LEDO
goooooooog.

R OO0OOObDODOooDOoogd
gboboooooooboog,gboboboboobooboooooboon.

S 0o
gobo,0b0bogoobobooboooboo.ooobgoobo,ooboooboo,booboo
goo.ooooobogoogbooobo,0gbooboooboobooobooboob.oobon,
goboooboooooboooooboooo,bbooboobooooboon.

T O0O0O0OO0O0OO0O
oobooooooobbooobobooobboobobooobDooo PNCDOODOODODOOODO.

U. Pressure Gauge
PressureGauge 0, 0 00000000000 OO0DOOOODOOOOODOODO.10000 00O
o0.

V. Digital Multimeter
000DO0D0O0DO0DOO0DOO0ODOOD.00000,PressureGauge 00 0000O0O0O00OO.

W. No OO
oobooobooooooobog N DbDOOoD.

X. Preamplifier
Preemplifiecre D00 000000000000 0O00OO.00000, 0000000000000
000000oooooooo0ooooooooooog.

Y. ooooO
gobooooogooooooo.

Z. o000 2Am
«00000,0000000000.0000000 «0000,00000000 54MeVO,
10000 3300000002,

3.3 PMT Calibration using LED

O000,LEDO0OD0DODOODOO00OO00O00ODOOOO0.LEDODOOOOOOOODOODOO0nOOg
000,0000000000000000,0pPhoton00000000O0OO0OOOOOOOO.O00
000,0000000000 GO0OO00O000O00D0O0.000LEDODOOODODOS0000O0nAO,
PoissonO0 OO0 00000000 O0DODOO,Poisscon000000000O0OOOOOOOOOOO0O.

O0,SinglePhotond0 0000000, SinglePhotonO 0, 000000 <n>0 1000000000
OO00000.LEDOOO0OO0OOO1000000000O000O00O0O00O000O000O00O000O0000O

23.3kBq
3Photon
“Photoelectron
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Figure 3.1: Single Photon Method LED 3.90V
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Figure 3.2: Mean Sigma Method
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3.4 «range measurement experiment by using Plastic Scintillator
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Table 3.1: Mean Sigma Method

LED voltage[ V] fitting | Mean | Pedestal | Sigma | < a > < n > | Gain[ADC/Photon]

3.85 80-86 | 84.72 77.33 | 3.832 596 | 2419031
3.90 81-87 | 84.72 77.33 | 5.285 7.39 | 1955235
395 | 85-100 | 9251 7733 | 1193 | 15.18| 1.619059
4.00 | 95-120 | 107.8 77.33| 1525| 3047| 3.992135
4.05 | 110-145 | 128.1 7733 | 1855| 50.77| 7.490721
4.10 | 140-180 | 160.4 77.33| 24.06| 83.07| 11.920574
4.15 | 180-235 | 207.4 77.33 | 30.33 | 130.07 | 18.391174
4.20 | 240-350 | 293.3 77.33 | 3894 | 215.97| 30.760611

2.463796
3.779597
9.375817
7.632507
6.777674
6.968624
7.072414
7.020992

Gain

D 3 12345
ENTRIES § L0

0.00 | 0.00 10.00

0.00 © 0.00 10.00

0.00 © 0.00 10.00

| ‘ | | ‘ | | ‘ | | ‘ | | ‘ | | ‘ |

5 10 15 20 25 30

<n>

GAIN%NUM

Figure 3.3: Gain(G)- Mean Photoel ectron(< n >) Graph.
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3.4.3 Analysis

15 mm:

20 mm:

25 mm:

30 mm:

35 mm:

40 mm:

45 mm:

60 mm:

80 mm:
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Single Photon
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Figure 3.5: LED Calibration
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O00000,FRgure390000,000000000000 fittingDO.000,dx =00 Photoelectron

E
0 D5.4MeVDDDDDDDDDDDDD,Z—DDDDDDDDDD.SDD,DDDDDDDD.DD

T
oo, 0000b00o0oooooog,oooooboobooobooDog.

. _219.76
T 5.8814°
dE Qay,
—-— = T+ ag.
dx Tmax
ooooood
dE
e 144.5[keV /mm)].
ooo.

Table 3.2: Mean-Photon Tabl

dz | Mean | Photon

0| 1414 | 216.54

5| 1239 | 189.74
10 | 1057 | 161.87
15| 8792 | 134.64
20 | 6920 | 105.97
25| 4833 | 74.01
30| 2472 | 37.86

000,000 F0000000000000000000DO0.

e

(3.6)

(3.7)
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Figure 3.6: Distance from PMT Equipped Plastic Scintillator. This figure shows «-particle achieves 35 mm~45
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Figure 3.7: Distance from PMT Equipped Plastic Scintillator (fitting0-15mm)
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Figure 3.9: Mean Photon Graph. This figure shows a-particle loss its kinetic Energy about 40mm

3.4.4 Discussion
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3.5 Scintillation measurement experiment without tagging
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3.5.2 Experiment
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Figure 3.12: a-particle histogram
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Figure 3.17: No a-particle and Distance 15mm, 20mm, and 25mm. This figure shows Nitrogen Scintilation

varying its intensity depends on the distance.
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Figure 3.20: Distance 20mm, and 25mm
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Figure 3.22: Geometry Acceptance. The Calculation shown here is distance from 15mm to 40mm.
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Table 3.4: Mean Probability - Distance -

Distance from Source [mm] \ Probability

40
35
30
25
20
15
10
5
1

0.0640121
0.0645826
0.0614823
0.0543758
0.0421504
0.0217082
0
0
0

45
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Table 3.5: Mean Probability - Distance -
Distance from Source [mm] | Probability

30 535
25 417
20 434
15 513

000, Table2300,46MeV OO0 PhotonO 0 8000 0000 0O0OO,00000 22Am5.4MeV O
0,940 PhotonO OO O O.

1
O0D0O00,00 PhotonO O §DDDDDD,DDDDDDDDDDDDDDDDD.

3.6.4 Discussion
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3.7 N, Scintillation measurement by using Semiconductor Radiation Detector
and New Cryostat

3.7.1 Setup
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3.7.2 Experiment
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3.7.3 Analysis
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Figure 3.26: LED Calibration
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O00,000000 «0O0 kineticeEnergy 000 54Mev0000,000000000 ADCOOO
Oo0oO0O0O0ODDOODODOODOO Aourel3d3l0000,000000000000000000.000O
O00,ac004cmO000000DO0000DOOCOO0OODOOO.O0O0O,FQure3.3200,000000
photoelectron0 0 0 00 .000,Fgure324000000000000000000O0OO0ODOOCOO.

Table 3.6: Geometry Acceptance - Distance -
Distance from Source [mm] | Probability

7.2 0.018320
122 0.020377
16.4 0.020780
21.6 0.021212
24.3 0.021352
315 0.021128
34.5 0.020932

000,0000 Photon0 00000000, Figue33400000000000000000.000
0000,000000 2821photon'MeV 00 0.

000,000000000 0000 Photon00000.00,0000000 IMeV OO0 O Photon
000 a00 kineticEnergy D00 54MeV 000,000 0,000 QuenchingD OO 0,0 (2.34) O
05000000,0000000000,00 Photon0 0 pyap 0000

Prm(air) = T61. (3.12)

000.000,54MeV 00 PhotonO 0 Table2200 00 O00,940photon0 0000000000,
0000,0 (311)0000,Photon 000000, Figure3.33000 .
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Figure 3.31: The Energy deposit on PIN Photo diode. Therest of 5.4MeV is deposited in the Air. The value of
measurement in vacuum is used for normalization.
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Appendix B

Semiconductor Radiation Detector

B.1 Introduction
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b) electric field
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Figure B.2: Electric Charge Distribution Density
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KOPIO

C.1 Wolfenstein Parameterization
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Bethe Bloch Formula Simulator
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