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KOTO experiment
+ KOTO (K° at TOkai)

o Ki—rhw : RFINPIEKPEF(K)DI%BBIEIERES
.+ Br(Ki—r) o« 52 ~ 2.5x101

i

e EEFE/Y
o Ki—nvwERIBERDF

o BRIENIRILAIEICKD
CPVIN\S X =5, DEERTE

K. Nakamura et al. (Particle Data Group), J. Phys. G 37, 075021 (2010)
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Concept

 ETDEE

e VIIBEBTERWLWDT., tHDSDERENFZRED
e TOHD2Y

e CSIAOUX—HTrofiiE «- TXRILFXF—%K. n°%BERK

e KLETODEFIAMDIN(VICKDEHEBRITDERE)

o ZODMICHAIEHRIFHEL




Csl calorimeter
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« RFAM@S50cm. 27164ADpure CsliERZ{ERE
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Read out scheme

S @ —2.40mVv

e CslOEMEPMT CHREZIRL .
| : : _ _ 3 _ m: —154ns
VTP VT TEBESCERBRUTREMDE & i ““ﬂ ﬁmu.i,w.uﬂ,,w”m -

o ]O_po|e filter Tof}gzﬂé%%ﬁzﬁj(gy) ~13.0mv

. BOOOCh%BEbnﬁ_%%’G)EP’CAD E RSVl OR
SIRIFFADCIIfED I, KZZH ST H N EHRA

” ﬁ(~1 4MeV) UD,EZJT/

5 oomvw Chz 5.00mv<: M 100ns| Al Chl 6. EUm‘J
Ch3| 300my Chd| 300mV¥ < 8 Apr 2009
Math 1.00mV 6.253MHz 00 (30.60 % 20:00:21

Cslh 5

e N
axz _1/— Dlﬂ:.;Slngle _l/— )( ]O—po.le) v i ]2511332

bessel filter
Cat.6 LAN cable FADC

> {be]s.g—eFI)?illier) > 1Z£§EE
FADC module
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CshEkfet> 7))L

o ERICE—ALAZRAVWTESNIREY Y TIL(ETH)

'u@&ﬁﬂbt@£7kﬁ%|ﬁ%mbu3?
o« D& EFEAZIFTMSETULDL, BN DFRBINEREES ?

10MeV sample 453.8/20
1644 = 1.535

15.55 + 0.005575

3.506 = 0.004202

0.06343 + 0.0008476

449.1 = 0.9302

Fit function
t — 2

f(t) = poexp [—( 01?1) ]+p4 . . . :

20 30 40 50

o(t) = p3(t — p1) + po 160 240 320 400 [nsec])
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FHEiRZAL
e MIP?BIZ,\ T

&) 70 A RE DT

Run1642 Event6
1

llllllllllllllll‘
HEEEEEEEEEEEEEEEAE

BA LY~

_gﬁx-‘-g \\/ _\7 lj e (ei) %}Eﬁ L, \ 7—: REEEEEEERaas
< 200MeV TD
REEDTH

Cosmic track sample

-800 -600 -400 -200 0 200 400 600 800

-800 -600 -400 -200 200 400 600 800

JPS 2011 AUTUMN MEETING @QHIROSAKI UNIVERSITY

16PSHOG6



Getting timing method

« DR 3BODEEAFELLR U

« (Constant fraction
e  EEMN¥ENIETIEFBEE. ESORBEEERT D

S _ 2
+ Fitting ) =poesp |~ B
o SEEEIIERIMAOIIPIER)TI1 v kU, .
HOVPYVDBEREZESOREETET D, o(t) =p3(t —p1) +po

 Top of gaussian
« BREDEAMIRZHNOIVPVEREL, ZDHVI PV DIER %

ESOBREEERT D, 10MeV sample 453.8/20
. 1644 + 1.535

15.55 + 0.005575
3.506 = 0.004202
0.06343 = 0.0008476
449.1 = 0.9302

30 40 50
JPS 20 240 320 400 [nsec])
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Timing resolution

FEIRZRWVT. MIPAEE TORE D AFEE

« KEnNHhEetROLICnElUL,
ZTNZENOREE (CFH

v J:—Flqu: S 7—“’ e BB( ’J) @ I : ” 5 : ml-arge peak: o |
H% Feﬁ# \zﬁd)dig 1}= # Gl] I 480.3 count o

T : ‘ 121/38
N A 7 1567 = 9.6
~ @ % (E |\ >< ) ] " 4803+ 14

e BZFONEE(,)N\NT7EID o D
MOEFE(x1/V/2)D
RN AFEEE 18D

.Il]_

H

L7c,

Entries 1917510
Mean
RMS

250.3

small peak: 133.7

244.5 count
~ 14MeV

||LU|\

800
[ADC count]

il Lol Sl SEdd Lol bl] bl Ll ol &

fisacfsst fsizfsafisufsisfisia o

)2 ) S s S
) P D P

Entries
Mean

313
0.5938 + 0.05509

5f1396§397 | 398 1399400k 40114024 403 | RMS 0746+ 003893
7j1348)349 §3soh3s1fiaszhasshiasafass Overflow 0
!---..ﬂ Integral 313
]= 3026B027B028B029B030B03 doook -

o2 1

ho oy

e o)

o 004
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Timing resolution (cosmic)

 Constant fraction " &RERDER E R o7,
0.88nsec @ 10MeV

Timing resolution (cosmic ray)

Energy [MeV]
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How to get to

« FERIANY &I,

ZDFERNB o ELBRRT DOREZE Al 2Rk D
Atz](l < j) =1, — tj

P —— T ) - \ PAN A - =
* EFERINVEZBELT 27D Al nhzEdHd
[ JLYOORJO7 HOJU NV ILIPIIAfIII IO TR I T 2251300
(52 T ) 0 O E [N o oases
14441445 1446 1447 J1 4481449 |145¢ Underflow 0
1396 {400J1401 1402403 Integral 1786
350 1351 J1352}1353 355

S
o
i
g m
= E=I
o-n IS
S p—
()
o &
g =
)
-2 IS
@ h
ol (9
S
a u‘
=1 =
-z )
a c
—s %)
HE
21
Bl Lol el Hadll Bl Lol el Bl

HEH
=4

S
=
[t

Time 1498-1400

Entries 47
Mean -2.071 = 0.3017
RMS 2.068 = 0.2133
Underflow 0

ABRAALRELEBR AR E LA EELIELRESE Bl B
—
(3]
S
(=)
(78]
[—)
oy

HEEELS
HERMKHA

Overflow 0
Integral 47

* AtjERIMETDELSIC, BRBOE/A Iy ~EHAET S
. FEROREFHEERE
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Atij distribution

At distribution Enirics 62780

Mean -0.01451

RMS 3.111
i 57840

-0.02985
3.05

. BUTFD 2% i o ——

.| Mean 0.01405

=/IMET DX D7 o R e e 8
OffsetijZ2 X3 . e

RFfE =

This histogram is Atjj of each (i, j) pair.
There are around 60,000 pairs.

20 25 30
Atij [nsec]

1<J

X2 o Z _Mean(Atij) = Offsetz- 2 Offsetj i
& EITOl”OfMGaIl(Atij )

G
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After minimization
« RMS

 Top of gaussian : 3.1 — 0.34 nsec
* Fitting 3.1 > 0.24 nsec

e Z55% constant fractionh' 2R EHEHOTULD
Top of gaussian |___peak |

Top of gaussian |Eatries 62780 Entries 62780
. RMS 3111 : : : : R Mean -0.003237
Fitting ! Fitting RMS 03425

Constant fraction |Men  -ooss: onndneeelef. COnstant fraction (L__mtne |

RMS 3.05 Entries 57840

Mean -0.001481
Mean | 001408 L W T R B B O (%
RMS 2856 ‘ : : : : : : : edge

: Entries 61819
: : : : : : : : : Mean  0.000324
RMS 0.2163

25 - - - 25 30
Atij [nsec] Atij [nsec]
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Constant fraction

o /3t. Constant fractionh&mHEREU\?

e BAIUFvPYRILTH, BEENFBOEZ > TLWIOHNEREBHOND
. BCREOBENEE
o RIENERDBRAHISE. RIEKREER

Pulse shape (Crystal 1001)

],
(]
S
=

DC count

=
~Nd
=
20
=)
<
=
-
=
==

Crystal 1001 DEBKEZEREZLLELHD

30MeV < Energy < 300MeV
E— 2 %Z0nseclc i 2%
E—7 OE S THRIB

[T

Time [nsec]
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ESN

e E—LABEXDet%Z

by o &AL

16

> —

_Ll

e Ki—mev (Br ~ 40.6%)

¢ CslLitlCsxEa

ITRILF—

=N7c

NN
R DE D AEREZ KD D

EiA(KURAMA) & Drift chamberzHA L)

TKLE—LAD S DERIENFZtrackingL. e*ZZ20H I,

«  FNAEDFFMX19pSE-6

dry room
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Timing resolution (EM)

SEbIRINF—DAREVWVERDO L TELEAERDH %
1L\ D
— 6 pairs.

BCIRILF—DRERERTZEVTE T,

IRILF—EEECRTFEOKEENHZEL T D
(= F&)

Pt DSigma/v2H%
ZDIRILF—MEH TOFENEREEE 12D

16- 32 MeV

1566

0.9487 + 0.02626
1.037 = 0.01857
0

7

1559

69.42 /57
1141+ 38
0+0.0

1.042 = 0.022

0 [nsec]

{Energy Heumtet

IHNGNE "N
O) H |

i HOHNE
1NN HEl
N

1iming B

7 8
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Timing resolution (EM)

2.9
o¢|nsec| = -0.27

v/ E[MeV]
Timing resolution (electron/position) %/ ndf 4.374 / 4

p0 2.534 + 0.304
pl 0.2696 = 0.04024

2
lqinergy [MeV}

JPS 2011 AUTUMN MEETING @QHIROSAKI UNIVERSITY 16PSHOG6
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Summary

KOTOZEER

o Ki—rnlvy BHER
« pure CslD{E=%ZBessel filterzABUL\T,

FEXFRA DD P VDRSS ESE[E L. 125MHzDFADCCaEAHE I,

Timing resolution

ETFEﬁ ﬂ:ﬁb
o FREDEE(E. Constant fractionhmE
« 0.88nsec @ 10MeV (Cosmic ray)

2.9
. 0Oy|nsec| = -0.27

v/ E[MeV]
(EM Shower)

SIEZ AR
h ?Egﬁﬁ% FULNT 0.22nseCrms @*%Effkﬁ

JPS 2011 AUTUMN MEETING @QHIROSAKI UNIVERSITY 16PSHOG6






21

Beyond SM

Excluded area
Grossman-Nir bound

81.2
70.0

L
I
X
=)

B(K —>:r|:0vv) x 10"

N
N
o

331-Z
7 i

| -‘
58 8.0 10.2 124 14.6 168 19.0 21.2 234 25.6 278

B(K ->m W) x 10"

FlaviAnet
| ) e [
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Concept

S=DEE
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VISIRETERUVDT, nOHOSDRRENFZRED
nODEARE—
m0—ete r farsflFDtrackinglc k2 tODBBENTIEE (Br 1.2%)
m0—27r PMEREED AR Z LY (Br 98.8%)
TOMNS D2 r
CslhOUX—HTr DiiE - TRILFx—%&K., nOZHEEM

KLE mODEENARDIT (Y IC KD ETBHEBRITOIFEE)
Z D1t H BLFHYEELY V

p— ‘r._
"1_ -
AR
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B | TSRO 15
E - A . 5
T
rw
i
i
R— Y




Energy deposit

h1

500

o

Entries
Mean
RMS

Underflow

Overflow
Integral

188245
332.1
204.8

0
0
1.882e+05

|
100

o | W ([
1500 2000

Max Energy deposite [MeV]
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CV-1'B.G.

¢ IXRILF—ZKRES<LEEZ
2 E1EN0

1?)001500200(RSO0300()350040004500500055006000 1?)001500200025003000350040004500500055006000

Z Vertex Z Vertex
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CCO2-nB.G.

e TRILFXF—Z/NSLKBHEZ D EIEND

1?)001500200025003000350040004500500055006000 1?)001500200025003000350040004500500055006000

7 Vertex 7 Vertex
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Read out scheme
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FADC module
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JIrr>7

=n=1 5

oX ol /eN/cA

« BEENZWZDLH. 7/ —+FRIIENZSO(CERTE

« /A XAMZEEDHDICH. EBNEN+STPT—TIL TGS
2R 1B/ 14X - GENDT7 VT DERE

PreampinCWhbase
cﬂ +5V AC Analysis

10M 100M 1G .
@ 7u - Frequency[Hz]
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CW base spec

HPMC-1.8N-05 HPMC-1.8N-04
Cockcroft-Walton
+5V, +1.5V, £5V (7
-1800V
K 2-1-2-2-2-2-1 A K 3-2-2-2-2-1 A

4 ‘.'.. ) o ‘ & : : '~ l-‘l o i — A g < 3y \/ B s ‘ .
e UmW(CW) + NVW{(AMP, ZIdJ A =45 C400W) |

o AR T i ST el ey T, (e Y P R '_:'1, PO e T NS G = T i f‘_-.“_-;.‘ '-T{_._ =

d \Y;
)
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Noise

o ] I\/IeV%)E!'JE'é‘%T:N)(:LZ\EE@%1¢:(<1 SO}JVrmS)%
2CaicLlTng

Large

(Preamp x20)
Small Entries 1420

Low gain Mean 133.1
(Preamp x41) /

rms

RMS 13.75

>
=
—
A\
S~
72]
D
72!
S
=
S
S
=

High gain
Preamp x67)

?00

2010-09-12 22:22:29

JPS 2011 AUTUMN MEETING @QHIROSAKI UNIVERSITY 16PSHOG6



31

Csl Calorimeter test

« 2010/10-11A. Csl Calorimeter®integration testz
1To7,
¢« 1196c¢ch/2716ch(B6TX)
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Cosmic ray analysis

. Trlgger
Csl Calorimeter® _ET(C29 D,

=H44DPlastic scintillator Z:&& L7, _ | _
o REBODEETTIE , ~ Ve " ' '
so0v00. SO [rigger scmtlllators

0000000000000000
OOOOOOOOOOOOOOOOO

Tl _E T2 D coincidence D H# 7= E3K R ' (top of Cs calorimeter)
S E— Aiﬂﬂﬁﬁd)1ﬁ%%125mmﬂ)$ﬁ(C%UIZE L. LT L1 g .. : ‘ \BA \

CsIN TORAMBORELZRE I\

A L ™ . R

-"l.'-f.‘ "
(F N L

IS guW .
- s - s Bm b

| ﬁd\h\éﬁn‘& —

Run1642 Event6
Cosmic track sample

NN N Y Y I I
IIIIIIIIIIIIIIIN.

-800 -600 -400 -200 200 400 600 800

=3
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po 17.86 + 1.27

375

370

365

360

355

350

345

pl 15.66 = 0.5954
p2 4911 = 0.6133
p3 0.2959 + 0.1262

x* / ndf 26.75/19

p4 351.1+ 0.7863

10MeV x* / ndf 33.54/19

165.2 = 1.151

14.98 = 0.04046
3.55 + 0.03199
0.09175 = 0.006422

396.2 = 0.7108

100MeV x2 [ ndf 895/19

1640 = 1.177

2000
1800F
1600F
1400F
1200/ __________________________ __________________________ __________________________

YY) A NN ¥ S SR T— T

400

200 [ [ [ —— -

BOO Fv i — E—

00—t A — S

15.26 = 0.004278
3.428 = 0.003161
0.05728 = 0.0006726

900MeV v2 / ndf 1.589¢+04 / 23

295.3+0.7052

12000

10000

8000

6000

4000

2000

p0 1.473e+04 = 1.323

pl 18.48 + 0.00105
p2 3.891 = 0.0005751
p3 0.08069 + 0.000121

p4 304.7 = 0.04038

M R R R N TN

40 50
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Timing resolution (Laser)

e Method

* Collecting timing deference from certain crystal 961) for each
crystal event by event, then | got timing resolution of each crystal.

« Light yield of each crystal distributes wide range, so it is able to
derive timing resolution vs. integrated pulse shape.

2.16
o¢|nsec| = -0.0697

v/ E[MeV] 0.29nsec @ 100MeV

lhsec @ 6MeV

ms:eventsum {rms<2}

Entries

Mean 1.253e+04

Mean y 0.3628

¥2 / ndf 79.4 /42

p0 26.39 + 0.38
0.06971 = 0.00308

[y
=)

Entries

Mean x 1.236e+0

: 1 OOMeY E E Meany (3634 =
-------- (Energy equivalent) : : RMSx 894

RMSy 0.1584 +

RMS [nsec]

Integral

10000 50000 3000 10000 20000 10000 20000 30000 40000 50000 60000 70000 80000
%nterated ?se shape A?)g count Integrated pulse shape [ADC count]

DU 2010-12-04 00:01:54
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PMT transit time

* Small - Large
e 14.88 + 0.30 nsec

Small(1500V)

Large(1500V)

LED Trigger

Laser data (Run1550) Measured with LED

M20.0ns A S 760mV
6 Dec 2010
010.40% 21:44:00

Small 0.73 = 0.08

Large 15.61 = 0.29

—e— Small (YA0133)
—eo— Large (LA2218)

—e— Difference

—
(]
7]
75}
=

e
2]

B

p=)
]

o
72!
=]
]
]
p=)

-60 M [ ‘50 800 1200 1400 1600 1800
2010-12-03 21:53:24 ean nsec 2010-12-07 23:20:34 HV[-V]
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Laser timing

+ BT DSmall signalBISiDHEE (&

DAZIVITTHBZ TS ?

. Laser(3d Et FEERECANE =N, FNFNEIRD
M—UYITR—)LHOSAFT B,

«  SmallOLFE Large signali@iZh
VM1 ZIVITIEEZRLN
. ZHZEAEIOISHEBEND S ?
«  PMT gainOnHmEDBRIFHDDH ?

° t:::25&f::ESﬁifqua)ﬁgﬁﬁiﬁE%jQTTL\%s ) -é | | A

-600 -400 -200 0 200 400 600

« FADCEYa—-JLEDIEE?
« JfIEUFADCEY 2—I)LI3E8xi2T1IEI 2 —IL .
(Channel AssignldAppendix) o

. | | IS A O '
JPS 2011 4 - -600 - -200 0 200 600




Cosmic ray distribution

Pulse height distribution (Cosmic ray)

10°

3

1000

2000

JPS 2011 AUTUMN MEETING @QHIROSAKI UNIVERSITY

3

000

4000

Entries 1925596
Mean 2551

RMS 155.3

Entries 1844558
Mean 245 4

RMS 138.1

Entries 81038
Mean 475.7
RMS 296.8

5000 [ADC count]
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Trackt&

 Asymmetric gaussian fit
* pulse height > 30 (~2MeV)

 Require 1 or adjacent 2 hit on the
top line and also bottom line

« Stirring line, | adopt the line

which
S

JPS 2011 AUTUMN MEETING

10101010101010111212121313121313131212111

] 010101010101111101@)1010111111111111111l21213131414131314141'31312121313131

WHIROSAKI

41414151 615161616151 6161718181817161 6161616151413 1:414141312121212121 119

4151516151515151 516161615151 515151414151414141313 121 111111011101 01010L0

UNIVERSITY

33

Mean x -1.188
Meany 0.2094
RMSx 14.17 =
RMSy 5505

Integral 1
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(=3
o
<
)y
©
<
<
-
(]
E
=

EemEORBEE At

1786

0.8265 = 0.03657
1.545 = 0.02586

Entries
Mean
RMS

0
0

1786
47

0

0

47

-2.071 = 0.3017
2.068 = 0.2133

time difference [nsec]

Underflow
Overflow

Mean

| RMS
‘1 Underflow

7| Entries

Time 1498-1400

HEE m.mmm
21
\ \™
M.=“_=u-=‘
Y I3 70; m
.54 4ao m
MEEEEEI-
E-n=ﬂ-=-—
R EE JEEEE

SENFEOOITTNEESSN N TN N N O

Overflow
-1 Integral

time difference [nsec]

i cut

o At

2

NDF > 10
X
ND

D

<l
'

MeanError < 5.0

<

D

0

16PSHOG6
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Timing offset distribution

s FrURILBDWOIILITFODHLTED.,
%O)/;%M:* -F(;O.ZZHSGCrmsT“@éo

* Sigma ~ 1.2 nsec (small)
~ 1.5 nsec (large)

t, distribution Entries 1056 At distribution

Mean 0.0002564 Entries 62780
RMS 1.552 : : : . : : : : Mean -0.003237
x* / ndf 59.84/51 n RMS 0.3425
| Constant 62.91 = 2.56 § : : . : : :
] Mean  -0.05314 = 0.03992 B Entries 57840
— Small Sigma 1.23+ 0.03 : : : : : : : : Mean -0.001481

— Large : : Entries 125 RMS 0.2383

Jl g Mean 000129 i Do
(Each center value is set to 0) |¢ : : Rzl\/dsdf 2.189 Entries 61819
: ; ; ; : : x*/m : : : : : : :

19.68 / 24 Mean  0.000324
Constant 11.25 + 1.41 RMS 0.2163

;] Mean 0.4371 = 0.1499
-] Sigma 1.463 = 0.123

> - 20 25 30
t, [nsec] Atij [nsec]
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to distribution

Offset vs. crystal (Constant fraction)
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Istribution
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et cluster
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Timing resolution
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Timing dist. In cluster
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Timing dist. In cluster

e Mean time is about 1nsec earlier than hit
crystal
* RMS increases along o
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sigma*8:height/244.5*14 {crystallD==1001 && height>500 && height<5000} asymmetric:sigma*8 {crystallD==1001 && height>500 && height<5000}
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