Chapter 2

KOTO Experiment

2.1 Identification of Signal
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16 Chapter2.  KOTO Experiment

2.1.1 7° Reconstruction
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2.1 Identification of Signal 17

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

structed 7° from K; — n°v¥ decays in GEANT4 M.C..
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2.2 Experimental Apparatus

2.2.1 J-PARC Accelerator

J-PARC 9 4> 4 = LINAC(Linear Accelerator), RCS(Rapid Cycling Syn-
chrotron) 712 2] 31 MR(Main Ring) & & A& o] 30 GeV ol x| 2] A 7] 7} 7+
3t A A WS A F3HHFig2.7). LINACO| A H & 7F43tH S HY 2 W3
gtot. W3HE HY &= RCSO 4] 3 GeV 717 75 Hth 7S E H = MR ¢
Ab&Fo] MRO| A 30 GeV7hA] 7= T

(©2018 J-PARC E14 Collaboration



2.2 Experimental Apparatus 19

500 2
IE
= 450 1.8
o F
400 —1.6
350 —1.4
300} =12
250 =1
200 —038
150 - 0.6
100}— . 0.4
50— 0.2
:I L1l I L1 1 1 Ll 1 | I Ll 1 1 I Ll 1 1 I Ll 11 L1 1 1 I L1 1 1 I L1 1

20000 2500 3000 3500 4000 4500 5000 5500 6000 6500
Vertex Z [mm)]

Figure 2.3: Distribution of P, versus VertexZ from M.C. generation of K, —
n°n° events. Normalized background number is 0.02. Missing two gammas

induced background.
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Figure 2.4: Event display about how backgrounds come from K, — n*n~ n°
decay. FIgures show the dead points of charged pions. Because charged pions

are missing at beam pipe materials, only two gammas are detected.
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2.2.3 KOTO Detector

KOTO 4= 7= &4k <y Xlﬂ-&ﬂ% st 92 Csl @ & A 9
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WA AE7)0) A BAE HHXﬂﬁvl Ao AZ 79 YRS WAl
7] 918 A% 717} ATk BA2 A5 918 4% 7] NCC, €03, CCo4,

CCO05, CC06, OEV, FBAR, BHPV, BHGC 7} 9111 314 ¢ AHE v A 817] < 3 A
% 7]+ CV, BCV, BPCV, LCV, newBHCV 7} ¢t}
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Figure 2.5: Distribution of P, versus VertexZ from M.C. generation of ° pro-
duction from neutron. Neutrons are injected to NCC and 7’s are generated at

NCC. Many backgrounds which is outside signal box are made.

CsI Calorimeter
KOTO A ¢ 2 =35 A ¢+=(Undoped) CsI A S F#+e] ol 2] £} 91 4]
o] AE S A5t AFgstth Csl @A B2 F 7HA 71 A th. Csl E=A|

2} 0] 50x50 mm?o] t}. & CsI A A Q] i AL 25%25
mm?°]t}. F7 = 2% 500 mmeo] t}. o] F7 = 27 ¥ A} 24 o] (Radiation
Length, X,) &} 5 L 3tc}. 22 CsI € &A= 2240 7ol 2 Csl FA =
476 7 o|th. 7+ Csl A= 953 mm BFA 29 Y953 AH A A A A )

A X

ol Fof . CsI Z2A -2 Al KTeV A F o A Abg-3td A o]t} FA A}
S &} Csl A7 Atol9] 37 52 §lol 7] st A2 A £33
21 (Silicon Cookie) S 4] st TS Csl 2AH 2 HE UVE & Auts}

(©2018 J-PARC E14 Collaboration



22 Chapter2.  KOTO Experiment

500 = 14

:(5)3 ‘ ,‘ -\{_:_ H
3500 290 | - ;_;_.' gt 2261010

300
250
200
150
100

50
0°

i ' 786/0

L & e .,-.ll.lng_... . " S me
1220 | 0.0

IIIIIIIIIlllllllllllllllllllIIIIIIIIIII]IIIIIIIII

",
-.I.
S N & o o

| A | IFEPEPEE B | PP
2000 3000 4000 5000 6000
Figure 2.6: Distribution of P, versus VertexZ from M.C. generation of neutron

projection to CsI calorimeter. Many backgrounds which is inside signal box are

made.

N

1 93 UV filterE 4 3% tF. KOTO A1 ¥
ol CsT QA 2 3 AF5ul do] w2 Zﬂ?ﬂl/ﬂ 253 5 9= = KOTO
AHoNAM AAA oz A T5 Alade AEstt. &4, dolg +4

=
5ok FARHZ W B Gaing 57 3}7] 91 5] LASER A] 2912 o] -3 ch.

@)

Z
rlo
™
of]
ox
fuj
=2
X
o
i
2
N,
N,
R=)

Front Barrel (FB) and Main Barrel (MB)
FBSE MBE 54 70129 ¥ A8 & F 28 SeA T Ak $4 Ao
29 S 2RE WA FAE A= FBE MB= -4 3419 28
AHAR Ao agAor PAEolE 5th A3AY AH3= A7

=
_4

tlcl
ofl

(©2018 J-PARC E14 Collaboration
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Figure 2.8: Mimetic diagram of Hadron Beam Facility.
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2.2 Experimental Apparatus 25

Front Barrel Main Barrel
Length (m) 2.75 5.5
Number of scintillator layers 59 45

Number of lead layers 59(1.5mm) 15(1.0 mm) + 30(2.0 mm)
Thickness (X,) 16.5 13.5

Table 2.1: Specification of Front Barrel and Main Barrel.
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26 Chapter2.  KOTO Experiment

o) 2ol A k. 7oV REOIA hos A5 S ¥ TolA geth o o)
A Sgol 5 FA G0 APHe &3 ol E B Ao A Kol ). B
] T At Ve
2709 B0z 749 o} it AR Zo] 9 52 Frone CY SHH %] 9l
=& Rear CVE} SHT}. Front CVE 749 487128 R EE o] F o] A 971 Rear
CVel 7% 44719 RERE o] Fo]A 3

Scintillatorl BC404 (Saint-Gobain)
Wavelength Shifting Fiber Y-11(350)MSJ (Kuraray)
1 mm in diameter

Glue EJ500 (Eljen)

Table 2.2: Specification of CV

Outer Edge Veto(OEV)
OEVE Csl @A &L Csl dFAE A A== H5F 7+2= Atelol 94
Sto] Csl @F A ANA Ao vt AR ehdS A< 3ok OEVE 943
A ERY PE7]0m o] uf ¢ T 1.5mm AFA ] FAE 5.0. mm
olth OEVE &5 oA T AEE ejon F 44702 5= F4H ] 9
o} Cst AA A A )9} st AA Afole} g+ e AT 7] 9 5to] AE 7))
7PEArel o] 2E A2l 2 E W

Collar Counter 03(CC03) and Linear Charged Veto(LCV)

i of]

CCO3% ¥ o] 2 9] W} Csl A &7 Aol o ] X 5ho] W Tho] = F
5.5 x 18

s AAES AE T CC3E sl AR o= TAH ] 4
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mm?¢] & A3} 500 mm? 9] FAE 7HAth 9 LCVE ® Theo] Wi o
AR5k W vpo]az e} vh-g-5h7] A of LeVe}l WA Rbg-stA st Y AFE ol
HAE717F obd 8ol Wh53to] Lol A A @Al gt LCVE 3 mm 77| ¢
g3 Aol 1570 2] sbgolF FA 18 AMgste] g E2th A3 e 9t
Fols e Cvet 22 A= AHgstith

Collar Counters(CC04, CC05 and CC06)

g Aol e B2 AR YA sol L AF 02 Sojzte W 3
UAE AEst7] Asto] Wl shelz R d&71€ AAsAH ol
3t A= 7]E ccoxXeta sttt A AE A=7)|5L2 72+7F CC04, CCO5 18] 12
CCO6 7} At AZE7|= Csl ZH o7 o] Fo A rt

oft  ofy

Contents CC04 CCO05 CC06

Number of Modules 42(E391) + 54(E391) + 54(E391) +
16(KTeV) +  4(Scintillator) 4(Scintillator)

4(Scintillator)

Central Z Position [mm ] 7415 8793 10338

Table 2.3: Information of CCOX

Beam Pipe Charged Veto(BPCV)
W FtolZ= AEV| 7 o BE FA Aol AE YA Sho]
shakgahe Y AAE dolwd + ek olele 3¢ YAH] A
o] W] glo] Lo} Bo] 9 AE7]E A X stgth BPCVE 1000 mme] Z o]
2} 200 mm &} 3 5 mme] 77| 2] A FA| ™ CCO52F CC06 Aol ol ] %] &}
% shol o] MREE BeAT Utk 4709 RER FAH 0] gov Ak
Qe WE 2 9 shol Zop B2 of ek A IA ke Wg 1079

g}A o)l 5 FA G Z IE oA =t}

21
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28 Chapter2.  KOTO Experiment

Beam Hole Charged Veto(BHCV)
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Beam Hole Photon Veto(BHPV)
BHPV= CCO6 A =& 7] H ot} 8ol 9 x| 5tof 744 st/ 7kA] I3 FAE
Z 3t} BHPVE 99 ZAlo)] 9 x)5to] A # o) &1} 37 QY Abet= uk
F 4717} BHPVE 2|77 Bk of o 54 Aok g 5hA) koW A
298] REZ¥hS 2 517] 9 5to] @-ofl o] 2 A (aerogel) R E H=E7
Al Zst ATt FA7F BHPVE G AFsho] ol A 248 /d (Pair-Creation)
S 7ith. BHPVE A A" AA-FA A7 o o] 2 A o A REE &= A =
3 (Cherenkov) W& AZ=3lt}. A=7] A Zro| AFL3 ofjo] 2R ZH S
n=1.030]H, oo 2A 2] t+H AL 320 x 320 mm?°] 1, F7|*= 58 mm ©
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Beam Hole Guard Counter(BHGC)
Zaee He) X2 Q5] BHPVY 91171 839 Fof Bake] A 7}
53 QA1 42 BHPVZF 23] 93 97 23k7] w2l o] & B a7 9]
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3 BHPVS] 713 3lFH &l BHGCE A %] 3} 9 th.

2.3 Data Acqusition System

2.3.1 Wavefom
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2.3.2 Triggering
KOTO A& Ky — n®vi A& B28}7] ) 3ke] Csl LA o) S
AZ7F 5 &AL FA the WA E 7)o o AT E S-S

e)E &3t A E "L1 Trigger"

— =

|

Al 7} gt Bdstd S wf) "L2 Trigger"&H A 2 3 o] 7k} "L2 Trigger" ©F
= Csl A 9] Al15-37]-%4], Center of Energy(COE)Z 7 AF8lt},
K, - n®vy Ab o] dojgd wl] n°9 HAbgake] 535 2715 183t
COE9] F¥°] 165 mm Xt} F A& 2 3Ht}H("Physics Trigger"). COE7} &5
e d=tH "L3 Trigger" & 'd o] 7HA] ©| o] B| & A 7 3kT}. J-PARCO] A%

H o o] Bl KEKZ ThA] A$E ok
KOTO A Ao A K, — n®vve] 53 Zefu| & Astei® K, - n®vy AL
T2 AA = Alo] AL = ARSHA At AA A4 Aol
o ATE &7l At S48 Aol thE THEE HolHE H 53

T} ("Normalization Trigger").

st Al HE719 52 FAs7] fske] viAl A&7 A5 AR E
AL H ol B S A S3t) o2 A AS53 vlolEHE EA s B4 2
¥}= Normalization Trigger®} B 2 3tc}. vl & F3lo] EA wjA| =77}

o] AFo] =A] &olgk 4~ ) t}("Minimum Bias Trigger").
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Figure 2.11: KOTO Detector in 2015.
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Figure 2.12: Front view of CsI Calorimeter
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Figure 2.13: Readout systme of CsI Calorimeter.
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Figure 2.14: Side view of one module of Main Barrel.

Figure 2.15: Front view of Front Barrel and Main Barrel. Inner circle means

FB and outer circle means MB.
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Figure 2.16: Front and side view of NCC and HINEMOS.
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Figure 2.17: Configuration of CV.
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Beam pipe CC03
(CFRP, 4.5 mm-thick)
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Figure 2.18: Schematic view of CC0O3 and LCV.

number=CC04ModID

® 42 Csl crystals of 70x70%300mm,
16 Csl crystals of 50%50%250mm,

4 scintillator of thickness 10mm (dead channel)
north south
1 q0:]12] 12 13 13[27]41
38|24 /10| | 64 10 1 65| [11]2539
22| 8 8 9 119 [23]37
59¢m 24844 44 ] 45 45435357
3#j20l6| |2 e[ I'T'““ 7 63| |7]2135
ofg42 42 43 | A34751]s5]
32/18| 4 4 5 5 [19]33
Yy 5 Y
30(16]2| 60 2 3 6l [3 (17|31
2814/ 0 0 [ I [15]29
. L —
2lem 60cm 2lem
z | X z
(view from north) (view from upstream) (view from south)

Figure 2.19: Configuration of CC04.
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Figure 2.20: Configuration of BPCV.
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Figure 2.21: Schematic view of BHPV from above.
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Figure 2.22: Configuation of BHPV.
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Figure 2.23: Pulse shape before Gaussian Shaping(dots) and after Gaussian

shaping(line).
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Figure 2.24: Block diagram of trigger system.
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