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The KOTO Experiment is searching for branching ratio of K; — n°v%, one
of rare decay modes of neutral kaon from 2013 in J-PARC, Japan. In Standard
Model, the branching ratio is estimated as (2.8 £0.4) x 107!, For rejectiong
K, — 2n°, one of major backgrounds of K, — n°v%» more strongly, Photon
veto detector, Inner Barrel is installed, which consists of Pb-Scintillator with
2.8m length and 1.9 diameter. With contribution of Inner Barrel, total radia-
tion length is increased from 13.5X, to 18.5X,. Using cosmic-ray signal, time
resolution of Inner Barrel is found to be (2.19+£0.08) x 10%ps. Also using neu-
tral kaon signal, it is confirmed that Inner Barrel has about 1.5 times better

time resolution than Main Barrel
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Figure 1.1: Feynman diagram for K° — K° mixing.
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Figure 1.2: Measured Re(e‘/€) from each experiments

1.3 CKM Matrix in Standard Model
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Chapter 2

KOTO Experiment

2.1 Identification of Signal
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Figure 2.1: Reconstruction of Pi0.
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Figure 2.2: DIstribution of Vertex Z versus Tengential momentum of recon-
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Figure 2.3: Reconstruction of Pi0.

2.2.2 Hadron Beam Facility

7t FA AFE L HBFO| & 2310 "T1 Target" % 2 3} Q& ¥l-2 3}
T1 Target> HBF&| 4}/ oll 1 x| 3to] 32}t A4 b3 o= o7 717
o] @RFE o] A TTE FFolA AAEH BAAES 4 ¥ BJo=E Y
sttt W 2kl 3 KOTO A @2 KL H 2kl o) f x| gttt A A2}t 54 Al 9]
2] AFst= ¥l&3 HBFY 271 & 183t FAEAY AT 16%
AAAM A XSk KL 2t o= FAE S5otes A2 85 st Y=}

£ At AR o A= of Yk,

(©2018 J-PARC E14 Collaboration



18 Chapter 2.  KOTO Experiment

e T e |
- ~ [ |
) B Al
g  Beam
- : : Analyzer
- ._;_- | - (SQDQD) - —
D s FF ) :_' -
- ;[mfm mm / - Beam
r . MS1 P ~ Analyzer
e ey N e s
1 Vacuum I 2
1| / : el
"~ Chamber = IF
[ Backisill T |
Sweeping Magnet I

T |Kl IBR|
[V \ | B

= [l 1 = M Iyl Il =

Water Sinm-

Figure 2.5: KOTO Full detector in 2015.
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= A o]r},
Trigger Name Csl Threshold COE Threshold Veto Counter
Physics Trigger 650MeV 165mm On
Normalization Trigger 650MeV 0 On
Minimum Bias Trigger 650MeV 0 Off

Table 2.1: List of trigger conditions
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2.3 Data Acqusition Setup for Physics Data
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Figure 2.7: KOTO Full detector in 2015.
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Figure 2.8: Trigger system for physics data acquisition
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Chapter 3

Inner Barrel

3.1 Motivation of installation of Inner Barrel
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Figure 3.1: K; — 21° background event.

Detector Number of BG from K; — 27"
MB 2.60
MB+IB(5X,,) 1.39
MB-+IB(10X,,) 1.30

Table 3.1: Number of BG from K; — 27° according to radiation length(X,)
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3.2 Composition of IB
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3.2.2 Wavelength Shifting Fiber of IB
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Figure 3.4: Emission And Absorption Spectrum of BCF-92 along wavelength.

Figure 3.5: Picture of scintillator and wavelength shifting fiber.

3.2.3 PMTs of IB

s}l s FHRE ol §3tel RS HFS S

vl| & (PhotoMultiplier Tube) S A& 3t} 34 2}5 0l &

Q= FAE o] &3] FA & I (Photoelectric effect)

(©2018 J-PARC E14 Collaboration



3.2 Composition of IB 31

ttsojlit). o] uff FAXIF o R FE S AR & (Quantum Efficiency,
QE) e} 5hH, th23} o] Ao .

Number of photoelectron

E(A) =
QE(Y) Number of incident photon
AR &2 AFe] vt ol 7] wf Foll, 3ol E d A ol Al
Foll &Et=

e AR A S AAS s o] 83T B
FEANAAZE =, ol & R4 SFE FE 2

| S R329EGPO| 1, 3t ol A A} &3t FA A=) F Lo
R77240]t}. R329EGP+ 7| &9 R329 FAAS v ol A, F=5= FE2 =
2o ¢ vl Ztst &2 8 vl A o] t}.(Extended Green Photocatthod) IE 3t
R320EGP] F&=2 22|5 FEl 2 71o] 917] w2, YAbste 8o o5

dE27F Aot Bl ol s A2V dojRug, FA 8T dojd e

ok
¥
O~
=l
=2
X
S
_|_J
ofo

M

Ad tol =5 AXEA 5=t R329EGP2] 3% 12719 Holk ==
10708 ol =2 AT

3.2.4 Inner Barrel Inside Malin Barrel

32712 &3 1B A Aol 1A= o d5H = o] FA At d-52
H}ZEE HEX] &2 1018mmeo] 37, ¢FE WX &2 840mme] T}. Inner Barrel<>
7] £ 2] Main Barrel &) ¢FZ o 9] X] sk}, Main Barrel3} Inner Barrel®] =4
L %] 9] x}o]= 227.5mmZE, Inner Barrelo] T 6}%-01] 2 %] sttt

Main Barrel & A}o] 8] £}, Inner Barrel 25 Alo]8] & A E WP F
7] 1511, Inner Barrel &5 2] W9 21| 5 4= Main Barrel 25 2] W9 2}
o ZAL AT

(©2018 J-PARC E14 Collaboration



32 Chapter 3.  Inner Barrel

TPMHBO204EB

TPMHBO7I6EA
100
o 100 :
/ N o~ CATHODE
2 N\ / N\ RADIANT
g s \ - / \\ SENSITIVITY |
’( ~ | \ g I ’; -~ ﬁ‘
L
E_ 1 g A £ 10 ! S\
@ N\ NG {7 \
ES C=A e ! \
> ] | S > Ir S\
=2 ' CATHODE Y\ =3 : SR
24 t RADIANT 4\ g & : O\
o I ) SENSTVMITY " Y| w2 QUANTUM 4, \
E o5 ! ! <\ s 1 EFFICIENCY \
= P | > |
W |
g % QUANTUM *\ < % v\
<E EFFICIENCY v\ 2 )\
o E: J o E v
A2 J w3 ' \
0% o1 ! 89 o1 '
= [ui = 1
< 1 ll. q: 1
& O v
1
1
0.01 000 300 400 500 600 700 800
200 400 600 800
WAVELENGTH (nm) WAVELENGTH (nm)
(a) (b)

Figure 3.6: (a) : QE of R329, (b) : QE of R7724.

|
I
|
|
|
:
|

}

|
|
il
|
}
|
il
I

f

&+ | -
+
H o+ +H
R
e
L L

:: z=3000 P
17=2800 z=5800 2=6148
z=2750

Figure 3.7: Inner Barrel inside KOTO (side view).

(©2018 J-PARC E14 Collaboration



itonof IB 33




Chapter 4

Cosmic-Ray Test

4.1 Advantage of Test With Cosmic Ray
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4.2 Data Acqusition Setup
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Event
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Data

Figure 4.1: Trigger Setup for Cosmic-ray data taking

4.3 Analysis of Cosmic-Ray Test

4.3.1 Pulse Shape Analysis

Flash ADCE o] §-3}o] A 7ko] ut2 5+ o) 4|7
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Number of PhotoElectron o< Pulse Height o< PulseArea
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Figure 4.2: Pulse Shape and Variables, Constant Fraction = 5
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4.3.2 Selection of Pulse of Cosmic-Ray Data
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Figure 4.3: Selection of Pulses

4.3.3 Selection of Track of Cosmic-Ray Data
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4.3 Analysis of Cosmic-Ray Test
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Figure 4.4: (a) Selection of Comic ray track along Module ID , (b) Selection of

Cosmic ray track along Hit position

4.3.4 Correction of Hit Position From Cosmic-Rays
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AN X E A 74 & 5k

TUpMeas — Tincidence + Tprop toup + OUp (45)
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Figure 4.5: Result of Edge fitting

bu: bd% O]%‘fﬂ_oq H]J‘?‘ EX&% }\] ZJ: TCOT‘Up) TCorDown % H‘%J;" ZE ] Eﬁ—@_
% 9lrh

TCorUp — TUpMeas o (bu + bd)/40 (4.12)

TCorDown — TDownMeas + (bu + bd)/40 (413)

4.3.5 Correction of Hit Time From Cosmic-Ray Tracks
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42 Chapter 4.  Cosmic-Ray Test

QA A7} Be) o] BES Ak ul, 7 REZY AL AZke] Aol
AAL7} ol& o= dl 2 el= AZH A X5l oF ghrt.
TOFif = Tlinadence o Tij;icidence (415)
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2 Aol AFE Tt 2ol AL 5 ek
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4.3.6 Attenuation Effect
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Figure 4.6: Determination of M;; and S;;
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Figure 4.7: Distribution of IntegratedADC according to Hit position of particle

4.4 Results

4.4.1 Propagation Velocity
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Figure 4.9: Propagation Velocity along Module ID

4.4.2 Time Resolution
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Figure 4.10: (a) Fitting result of Outer Main Barrel and Inner Barrel (b) Fitting
result of Outer Main Barrel and Inner Main Barrel (c) Fitting result of Inner

Main Barrel and Inner Barrel

Detector Wavelength Shifting Fiber Flash ADC

IB BCF-92 (2.7ns) 500MHz FADC

MB Y11 (12.5ns) 125MHz FADC

Table 4.1: Comparison between Main Barrel and Inner Barrel about composi-

tion
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Figure 4.11: Feynman Diagram of K, — 37°
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Chapter 5

K; — 37tY Reconstruction

5.1 Motivation

5.2 Data sets

GEANT4 7] ¥Fe] M.C.(Monte carlo) 2} 2015, 2016 28] 317 20174 d] o]
Bl & o] &3} K, » 3n° A FAS BEASAT AT+ 58S H 715

23t AAABALE o] &3 M.C. dlo|H & A3t A3tk M.C. U

50



5.2 Data sets 51

olB 2 A2 IA 4GA 2 v oAtk A A DA = GEANT4 A AHE
Atelth. o] TAl = Ak} v A k] vk-g= A4t 7] &Sk ©A o] ok
T 1A DA = 3 dAE Aot 918 A AFE A= GEANT4 H 4FE AL

3= @A o]t} Al WA kA = Clustering ©] T}. Clustering-2 Csl & 4| 9]
AT E o]-§sto] Csl @FA R YAS FAHE A A ot A ot} o] W

A DA = K, — 3n° Aotk A7 H FAe} MBY 413 & o] &5
K, —3n° A+ E T3St MC HoHE AT o A Aol 5
GEANT4 Simulation Pulse Shape Simulation
Interaction calculation | Convert hit data to pulse
gsim4test gsim2dst
*option : Accidental overlay
Clustering KL3pi0 Reconstruction
Cluster reconstruction »  Reconstruction of K,
el4clustering eldgbana

Figure 5.1: Analysis flow for Monte Carlo
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KOTO A d o A A3 Al & (Accidentals) = 1] - = Q8 81 20| t}. M.C.7}
AR ASDEloE S E AR ool $AR A5 2 AP
T} M.C.o| A 43t AT E A& 37 95} "Accidental Overlay" 3% 2
Aa stk Aol A ool H g 258 o "TMon ol o " & %7 5
SH9A T J-PARCTL A9 sh5ol 4% A% 718 A sto] A2 e
&5 5 (Activity) & E13tth o] uf HF A7 ERHY AT E ETA
N5z A8 she] Blo] B & A S skt o Ho] S TMon tl o] H g1 2
C}. TMon dH] ©] 8] &= Clock Trigger t] o] ] & F-AFSHA] 9 1 2] A 7] & 118
Sk A o] Clock Trigger | ©] 8| 2} t} &4 o]t} M.C. Hlo|H| A AA F 3}
3] A ALE A} A o] Al TMon ] o] E] & M.C. Z2 3}o]| B sF+= A o] "Accidental
Overlay" 3% o| t}.

COut CM .C. CiTMOTl (5.1)

A7) A ¢CE M.Co A AEE o]§sto] AP 39 i A £,
C/ M= TMon Bl o] H ol A H 53 oo il A Fo], ¢ 1 <= TA
M HFSHoZ A= 9tF 9 i A Eololth M.C. Hl ol B A/l AL
gk TMon t o] E]+= 20153 9] t o] E] & AH&-3F3ATh

B LS 93lo] AFL3SHolH 9 Eg] A £ AL "Minimum bias Trigger" ]

K, decay Number of KLs Effective Number of KLs Accidental Data

K; — 3n° Only 10° 5.12 x 10° 2015

Natural K; 10° 10° 2015

Table 5.1: List of trigger conditions

T}, "Physics Trigger" =719 79 COE A€ o] A G B =E £ Ao & 3}s}A|
ort}. T SE "Normalization Trigger" 2 A2 3% MBol| =2 oY X 7} E A

A =l slF AHdE AT 947 Wil 24 & #ske] AFSst7]

2851 A ¢F-2 d] o] ] o] t}. "Normalization Trigger' Z 71 2] tf o] E] = MB9|
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Fo A7 FAA Y-S A Foll T "Minimum Bias Trigger" Z 74 2] d] ]
Bl o} 5 Ao A A S o Sl

o] o] 8] &] A %2 PO.T.(Proton On Target) 3t= ©]-&3lo] 3T 4 Qo)
PO.T.+= Secondary Emission Chamber(S.E.C.)& ©]-&3}o] AA st} 7154
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PO.T. = Cg,.qope; X S-E.C. (5.2)

20150 =3 v o] 89 %L RO.T T £, 2.3 x 10'%, 2016 o) =3
Hol B9l 2 2.77 x 10, 20173 o] 537 o o] B &] ¢F2 1.02 x 10" ©]
ct.

Experiment time [year] 2015 2016 2017
PO.T. 2.30 x 10" 2.77x 10" 1.02x 10%
IB installation Not installed  Installed Installed
CDT Trigger X X O
CsecToPot 9.79x 10°  10.97 x 10° 10.97 x 10°

Table 5.2: List of trigger conditions
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5.3 Principle of K; — 37" Reconstruction

5.3.1 Clustering

gk o] G AE7E Csl S A ol A A, o B A2 o] Csl € & A ol
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A A A] 9k Clustere] -7 o] #42 I3 5HA] A=t
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ol w FA] YA EE e 3t7] A5t T4 Aol HA L A4

5.3.2 Vertex Reconstruction of Two 7°s From Five ys
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5.3.3 Selection of Hit on Barrel

K, - 3n° 23 R =04 A" 347} %7 Barrele] A5 E 12 0
27] 9sto] A 7hA) A zAS T sk, 2 A

5.3.4 Reconstruction of Sixth y

%4 Aol 2o BAXE 7543 Barrelo] 919 2 A0 OFE Hit 1.2

Holl, Barrel & 2 JAFSE 33219 &5 = W& Barrel®] Module ID(M;p), Al
DRH, S Aol HAHS o] &5t +& 4 glt}. o] ulf Barrelo <]
e BA A 9] x, y AR My S o] -8 5F0], 5= Barrele] A 7HY B E ol
&3lo) areAT.
32
— M — S.
X r cos(M;p X 360) (5.9)
= in(M 5.10
Yy rsin(M;, 360) ( )
(T T OWTl) ro
g = ‘12 2 — Zoyertens, (5.11)
. XX +yy+22 (5.12)
V X2+ y2+ g2
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5.3 Principle of K, — 37° Reconstruction S/

71 M, r2 Barrel 54 2] REAIF, T,p, Tyoune BN A $10] 52 A2 9]
AR Z A7) BHFZ A 7Ho] 31, k= Barrelol] 9 A3 FApe] &% HlE}o]
r}. o1& MB(IMB)9 A% r =1068 mm, v} Z-Z MB(OMB)9] A% r =1218
mmo]th. 59 A FA}o] o] FHFL Gl dFAZTHE LT F9long
278 F A+ 707 = (opening angle) & A4S 4= T} F A Abo] & )+
225 o] &3t TA Fol9 A2 7HE S thx 611 A FAEe] o | A

1 =
£ Al 5 ATk

cosf = k-ks (5.13)

E Moo 5.14
® " 2E.(1—cosH) (5.14)

N

;= Csloll AALE T A B4e] o] 5, cosf T FAA] 9 AT
2%, B 69 A k9] o U] o] o,

5.3.5 Reconstruction of K; Vertex X, Y

|4 74 stol 22 X, Y H3H<= 022 71HA

= = of| A

3Lt A Aol &9 HA$5 F(Tangential Momentum)2 Al AHE uf] X,
R
AN\

=]
Y ZAAo] 223 Q4E 2237 W X, Y ZAAL 317 )5
HHE 2= e iTh vhE A Y A AR &A= COESY A 4kol T} 674
O FA}] YA &} FHFE BT TR wlEol o A0S FA2] Center

> Zcs1 — Zvertex
Xeo X (O E)+E) = (O xE)+ “ Y EX  (5.15)

i=1 vertexg,

> Z¢s1 —Z te
O yE)+ —— X By (5.16)

Yeor X ((Z E;) + Eg)

i=1 vertexg,
o] 71 AN A, X(Y)cop= COEL] X(Y) W3 A E2 37, x(y), = CI E€HA =
PAFSE F X} A FA oA A 8] A, 20 = 6148 mm-2 CsI € FA & 3 HY

AAE oulsitt 4 Aol Lo A LE] 277} )¢ FLLe T
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58  cChapter5. K, — 37° Reconstruction

Elh

. ¥
VertexX, ¥ =0 \

Figure 5.2: Schematic View of K; — 37° Reconstruction
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5.3 Principle of K, — 37° Reconstructon 59
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Figure 5.3: (a) Iteraction Status (b) Vertex X Distributions. MC with red line,

Data with Black line (c¢) Vertex Y Distributions. MC with red line, Data with

Black line

5.3.6 Invariant Mass of K,

4 Aol o9 AN AFE ke o) ATHE > Yk

3 2 3 2
MKS — (Z Ein) T (Z P_l)ﬂ) (5.17)

2
N,
2
2
rlr
w
)
o
of
o,
1)
o,
rlo
Ao
o,
X
S
ot
s>

3
rlr
rL
N
35
s
rlo
o
=2,

My — (Z E) _ (Z p) (5,18
i=1 [
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60 Chapter5. K, — 37° Reconstruction

5.4 Event Selection

. A WA = Barrelo]] Y71
(@)

5.4.1 Hit of Barrel Selection

5 Aol 29) o] AWl A FA7} Barrelo] AAFSEA] Lol & B3}

T Aol AAFABEHE BF7 Ak olE @ BT dojuhe & A 2 o
5 27HA E v 7 Ath A WA o]+ CsI G FA oAl e] A7 ot
2] A o] Y} 7HEM Shower Leakage) ©] 12, & WA o]+ Barrel®] 3k Al
& (Accidental Hit) o] t}. A 2} 7] t}bo] Csl DA 2 el Aloj U A< Csl
A 2 oA Barrel?] A Z7F A H T AT Hite] A-f-ol= /\17 9]
At5/d o] Holx gketh F ol EFE A= Wi G A= Al A S

¢ 3t Barrel 4215 9] el =42 A g3t} MB2] %% o= 2.164[ns], IBY]

Selection Range name

Gamma Hit Position[mm] 3000 < HitZ < 5500 HitZ Cut

Vertex Time Difference[ns] -30 < Tyrp <30 T, rp Cut

Table 5.3: List of barrel hit selection, o will be defined later
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5.4 Event Selection 61

A5 o + 1.68[ns] ©|t}.

5.4.2 Detector Veto

Barrel A% 7] 9} Gsl A7 o]9] 9] A& 7)o FE& 457 JL 0] 5
g Aol AT}l A% 7ol AASATITL AZEste] AL WA B

l
ot A=7|vicke] wiAl 242 o3} 2ok

Detector Timing Width|[ns] Energy Threshold[MeV] Note
CV 50 0.2 Charged Veto
BCV 50 0.5
BPCV 30 1.0
LCV 30 2.0
newBHCV  Coincidence Hit 0.001 2 layers
NCC 40 2..0 Photon Veto
CCO03 40 3.0
CC04 50 3.0
CCO5 50 3.0
CCO06 50 3.0
OEV 70 2.0
FBAR 45 2.0
BHPV Coincidence Hit 3.0 3 layers
BHGC Coincidence Hit 3.0 1 layer

Table 5.4: List of trigger conditions
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62  Chapter5. K, — 37° Reconstruction

5.4.3 Kinematic Cut

a2 A A4 E K, - 3n°S 18317 f5te] A8 E
A2 J&39th A AR FAY AFAZE oA &) A=
Q

it ol
N
1o
[-'>~

Bz 8 e
AL ALttt F21e o Y 2= 100 MeVHE t} = 17 2000 MeVH t} 2+
& 275t S99 S AHE 8k KOTO A oll= A3 AT 7 wol
A7l ol o] E ERAH o E A F7] 95t 100 MeVe 27 A
&5t sl @FAZHE V2= AT S A Z3}H(Saturation) H

8
)
N
Ac)
o
®)

%_
S A48 517 ¢7] 918ko] 2000 Meve] 272 A3tk F iAl e
Pt Apole] Aelolnt. G Aol el A7 ul ¢ A A F A FA

s AR RS sube] S AN BRE 5 ATk ol& T )

o 175 mmol] /2] A2l 7} QlojofF = L35kt Al A &= FAFS] Csl
AFAANA Y Aot FA7FCsT AFA S 7R o] JAFSHA &
A7 9t = AA 7 ok o] Gsl A A RS 2 Aoy 4= lth o] & &
Lo oY A A FA & o HA 7] w2 oll FA] $ 2] 7} r < 850 mm<}
x| > 150 mm & & |y| > 150 mm ¥4 A S S35tk v dAA = F A
©] Shapey“©| t}. Shapey*&t, Fx}7F Y AFSo] Csl E A o F7]+= ol
2] B 3£ 9] of| =3} & st} Shapey?ol thall 2 < 4.69] A2 A-L35k9ch

Bojol that A2 AT} 2], 379 F4 o] FolA Csl SFA
2 o] §31o] AR 2749 B4 ol o] ThI Az AL A G}
4 Aol BAAL o] §5te] FA shol2o] FA A AT
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5.4 Event Selection 63

plote] 2} a1 St} Dalitz Cuto] 2, K; — 3nPo| A A A

AL WEFA) S 0 A7S WAL o vl g

Cut variable Selected region note
v Energy 100<e<2000 [MeV] v Quality
Distance between y d>175 [mm ]
Radial Position of y in Csl r<850 [mm ]
X, Y Position of y |x|)>150 or |y|>150) [mm]
Shape y 2 ¥><4.6
% Mass 129.98<m<139.98 [MeV/c?] 70 Quality
Differece of two n°s |m; —m,|<5 [MeV/c?]
K; Vertex 2500<Z o1 ox,, <5000 [mm] K? Quality
1st Vertex y* r> <4
2nd Vertex y? ¥%>10
K, Pt P, < 40 [MeV/c]
Dalitz Cut Graphical Cut Kinematic Boundary

Table 5.5: List of event selections
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64  Chapter5. K, — 37° Reconstruction

i 2 2 ; 2 2
Dalitz Plot, M, versus M, Dalitz Plot, M, versus M,

3 3
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Figure 5.4: (a) Before applying Dalitz Cut (b) After applying Dalitz Cut

5.5 Reconstruction Quality

M.C.E 0] 83l K, - 3n° S R=o AlFAe] ASAHS &3t
o}, A& 719 9SS o] &3t A LA T E8 S M.C. oA A
) dte] 74 Ao e FAstgirh vlme Yoz AT g

AT G Aol & BAF AT 2H7he] Hol

k. AT g BT g Aol REE AN FHE ZA
72} pxe RS TaAh
M.C.E ol §5te] ATAE AAE Fol A Sk 74 A g

1) 34 7ol o] K, - 3n° 9o tE BER B3 golE BT 51
K, - 3n° AT 0] o] 7ol A B

2) K, —37° 337} Aol kA ¥k 54 sho] 29| Dalitz Decay7} 44 5]
6712 A7k ob ol = BT 8T 679 FAZ ATHE B9

3) K, — 310 B3 o A 6709] FAH7k LhA 9 5709 Frk O A A
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5.5 Reconstruction Quality 65

Variable o Error of o

Z ortex 49.25 [mm] | 0.62 [mm]
Kp
Xyertexy, 13.28 [mm] | 0.15 [mm]

Yiertex, 13.90 [mm] | 0.17 [mm]
EReco _ EGen

9.69x 1072 | 1.03x1073

EGen

Table 5.6: List of event selections

2 JABA A 109 B4} Barrel 2 YASHA 912
& b A4 A ST AL 1 8 A9 54 Aol L
229 R 352 A Aste] FAFAL FA A oL 1077 o H Y=

VA 30 BARS clslo) B2 ¥R =S 3L ATHAA U3
th.2) o A9 H WL K, - 3n B BEE 7] Aste] $4 Aol o] B
AREEK, - 302 xﬂ@-s}om. 3) ﬂ C-’M Be FAFS 247 9

A A= 9] Particle Encoding—?:: Q?J'B‘}S’iﬂr Particle Encoding©| &,
AR A A] 7 ATk TS DS QAT Aol whet 2442 W2

= LA
ot T4 Alol2 L2 RE O FA4 ulo]2o] 3747} o ofstal T Ao F
d Fto] 2o 2 RE FA7F 67N a= FAsHT 3) & Fes) 1 #5h]
FAe] 2 WhE A= ekt AR FH & 9 A A= 2l sk
o™ A=A vE&st A=A &ttt
, Number of event
Variable Number of events
Total Reconstructed Event
Contamination from other decays 0 0
Contamination from Dalitz decay 13.28 [mm] 0.15 [mm]
Missing One Gamma 13.90 [mm] 0.17 [mm ]

Table 5.7: List of event selections
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66  Chapter5. K, — 37° Reconstruction

5.6 Data/M.C.

PO.T.E &4 Aol AAI A+ ZE T3 317 95l 4], "Normalization
Trigger"2} "Minimum Bias Trigger"ol| 4 &) & 9] PO.T. & A+ A = K; —
3n°, K, = 2n° 2831 K, — 2y & MFE M.C.oA S =8 =29} v dtt)

Zall NKLdata . Zall NKLM.C.
Zall PO.T. Zall Nincident

H H A Coorox© BABZRAY W3}l et Hzted ¢ glomg,
2 Cpo 1o = 578 SH-

K, —» 3n° A A o] &5 5 A o 3to, Data®} M.C.9] B E 3}9
t}. Data®] 4 A o] 29 A4+ 2F8.146 x 10°7) o]t} Dataol| A ] =4
Aol A (ng, gara) = Thard 2ol 73 5 St

(5.19)

Cro.Ttoxr X

M
>,
oo

38

nKL,data = PO.T. x CP.O.T.toKL X Cpre (520)

Cpre= ZF EB] AUt} Prescale 3t 2, EB AV C,, . H LT uff, $H7) <
AP S H ol H & A A 3tth= & vl ot} "Physics Trigger"9| 4+ C,., = 1,
"Normalization Trigger"®] 7 -5~ C,,, = 30, "Minimum Bias Trigger"®] 73

C,. =3000] T} M.C.9] 7% K, s B3R Eol o] ee 1097 A4 o
A, o= ZA Aol 5.12x10° = 10°/0.195237} 5 A 5} t}. Datagl?;ea
o] B2 MCERE O BE A3} 44 Npgraromc. = 85.11426:11009
1.590]th. A3} A48 o] §3to] HEE A734 7, Data/M.C. & 54
Aol 22 H3 A, T4 7ol HAd(tangential) =& %, 67 &#t2] =1
Aok, o4 W A Bk ATAE oA, o AW Al FAke] MBE 9] A}
A, &AW A FRke] MBol @7l ol A2 v wahg o
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5.6 Data/M.C.
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Chapter 6

Study of Barrel Response With y

0
From K I

6.1 Vertex Time Difference

AT K, — 300 B AN A 6749 FAE TLL A7) E
(FA Aol 29 £7 AN A4 o], 7 AE7) 2 2 2B 54
Aol o B A Gl & ATA Hojglrhy, 2

o] §3te], FALY FLAL FL 54 Ao

TKL — TDetected o |rDetector o rvertexl/c (6.1)

o] 7] ofl A Tor Bats} A2 7)) SN ZHO) I, 1o = BAFS] AS
N2 QA A, s T4 A0]29] 3149 BRI A o] T} FA4 Al o] 29
B A S Csl AFA S o] 2 3ko] A4 5 9l ulol 2}, MBIB)
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70  Chapter6. Study of Barrel Response With ¥ From K?

TKBLarrel TKCLsI — TVTD (62)
TVTD ~ g(OBarrel _ OCsI: 0) (63)
o = \/O-?ISI + 0-123arrel (64)

21 Entries 136857

=3

O
% Mean 8.265
10000 RMS 0.4781
%2 I ndf 14.6/12

Constant231e+04 + 4.750e+01

: Mean 8.264 +0.002
5000}~ Sigma 0.4299 +0.0017
0 . . | . |
6 8 10 12 14
Tymp [NS]

Figure 6.1: (Unitary Triangle.
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6.1 Vertex Time Difference 71

6.1.1 Fine Time Calibration

T AHS7IY T, & Aol & SAF oz R, + HA=7|7He] dH Aol

A& = Atk olH3t FAHAAE ZE HE &Qlsto] uA| AT

=384 glt}.Barrel®] Module ID7} B} o] &

B2 2 ZFBarrel®] R 53 Csl EEFA 9 94 29
o}

2t} i A Barrel®] TypE T, 2t T &3,

o o o

T\l/TD ~ g(0;

Ti,, o 7FS A ZALS 3tol, 7h2 At B2 FAYS BE
%

R0l o= Hel g}, uA A7
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R S e + ------------ T —
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Figure 6.2: (Unitary Triangle.
gahh
T;ine — Tiincidence o Olii’arrel + Ogarrel (66)
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6.1.2 Time Resolution of Barrel Counter

A<7|oA A= A3 Aol et 2719 Al7F B350 &3
2 dg <A Atk e AFo tis A, A7 i S EUESE
f)=f(t,m,0)e} Zo] & o+ A=W, n7l A3Fo] Ao FAA=EH A= o

7o) B9 R4 e} 2o

o, o< C(Constant X

vV Edep

AR U Ao whebA W o] WEE Weistol, Ty, L2 £E W
A e 2ol A& T 5 k.

= FAst= Aol BE, Tyrp Cut=

€ )
A g3tA) ekgrth I uA GH 2 E L AL3, Tyrpd RETY o)
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6.2 Sampling Fratcion 73

6.1.3 Back Splash Events

29 FAZE e AlSd o RS Csl dFAE AASE B A7
ARSE ek b ko 7 Al & YAE wHE 4 1], ©] & Back
Splash’ 2}l St} o] 8 gt & ¢ A= 2 Barreloll YA ASE 37

TVTD — OBarre T OCsI + TOFTrue T TOFFalse (612)
TOFTrue — |rgsI o rve_r)texl/c + |rBa_i>‘rel o rgsll/c (613)
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H AA AAA] 2 AFA o F2 ol 2] 2] B & Sampling Fraction©] 2}
o

St

E. ..
S.F.= Active (6.15)
EActive + EPassive

6.2.1 Fine Energy Calibration
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6.2

/5

Sampling Fratcion
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Figure 6.3: Distributions of Ty, according to Epep
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