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KOTO Detector

Csl calorimeter
CC04 CC05 CC06 BHCYV

Vacuum chamber

HINEMOS BCV LCV OEV CCo3

> 10m




"Hadron Hall so far

Production Target

30 GeV Proton beam
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Beamline
construction
finished
(2009 Aug)

calorimeter
stacking
finished

(2011 Feb)

FB installation (2012 Nov)

Sub detectors (CC04 etc.)
Installation (2012 Dec)

NCC installation

(2012 Nov) Main Barrel installation (2012
IS

CIosmg vacuum chamber

/ (2012 Dec)
KL— event display [M(‘W‘
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Inner barrel

@ Alternation lead sheet (1mm) and plastic scintillator(5mm)

@ Wave length shifting fiber read-out (BCF-92, ¢1.5mm)
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Result of 2015 Run

Several detector upgrades to
reject background events
observed the first physics run

Background estimation with

<9
>
)
2
=
=W
>
B
3
)
=~

blinded signal region

' Opened Box in June 2018

2000 3000 4000 5000 6000
No signal candidate Rec. ' Z,,, (mm)

BR<3.0x10-9 @90%C.L.
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Background budget

background source #BG
Halo neutron hitting CSI 0.24+0.17

Halo neutron hitting upstream 0.0420.03
detectors
n background 0.03+0.02

Rec. 1" P (MeV/c)

KL->2m 0 0.02+0.02 B E f ] ,
_ 2000 3000 4000 5000 6000

Sum 0.40+0.18 Rec. 7 Z . (mm)

vix
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2000 3000 4000 5000 6000
Rec.z [mm]

CCO5 CCO6

- and/or t were not detec-
ted due to interaction with

vacuum pipe

I
vacuum pipe B

20



»

»

Beam pipe with lighter material

@ Stainless Steel -> Aluminum

Beam Pipe Charged Veto
@ 5mm-thick Plastic Scintillator
@ Wavelength shifting fiber readout

21



Current Setup

| Entries 3080

s ] Upgrade pl.an

G10atcsl J .
J G10 at cc04 Flange1i.

- Flange2

\Ne_w

Detector

~——
e

\ Downstream Square Beam Pipe
\ Membrane Plpe '
Membrane m front of CV

BPCV Beam Pipe Charged Veto

lllllllllllll*llllllllllllllllillllllllllll

6000 7000 8000 9000 10000 11000 12000 13000 2 1 4?00
mm
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Downstream Charged Veto

Csl surface
(z=6] 68)

b U/

F

,l»\

6
Membrane doesn’t be changed (using current one).
DCV1 start 946 downstream from the Csl surface.
1. Cross section is 166mmX166mm and length of 1410mm
DCV2 start 89mm downstream from the DCV1 rare edge.
1. Cross section is 176mmX176mm and length of 1480mm
. Thickness of DCV1 and DCV2 is 5mm
Csl G-10 : change length 900 ->550
1. start 50mm in front of the Csl




Outgassing

@ Chamber Evacuation

P(t)=F, exp(

Vv

P(t) : Chamber pressure at time t
PO : Initial Pressure

S : Pumping speed

Q : Rate of outgassing

V : Volume of chamber

24



% Measurement on outgassing rate
u|

/

= ~ Turbo Molecular Pump

op :‘ \"
Separating Wall \ \
havmga hoIe e =)

s
. Q—C(Pl P2)



% Outgassing rate of plastic scin.

Difference:Plastic_Scintillator - Empty13

Material: Plastic_Scintillator
« Difference Q
[Pa.m3/s]

Matter Temp [C-
deg]

Temp [C-deg]

~——
v
S~
m
£
[
e
o

Running Time [Hour]

Q=1.0X10-°Pa - m3 /s for 2X10->m?

26




@ DCV contribution

@ Total surface of DCV : 2 m2

@ 90.1 times larger than test sample

@ Pumping speed of TMP : (800 1/s)X4
@ Outgassing rate :1.0X10-6 Pa - m3/s
@ Total outgassing rate:9.0X10->Pa - m3 /s

@ Reaching Pressure P = 2.8 X 10-> Pa
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@ R&D for light guide

Simple transparent light guide

] A ]
- Matter of material selection

refection sheet

Variation of light guide

O
1 To change shape of light guide for

better light collection

"\ No light guide
Insert fiber into reflecting box

Sample making

ﬁ Variation of reflecting box
Insert a reflecting cone in the box



z ~
Bend ' ng LOSS How to determine R ?

Entries 10000
Mean 6.529e+04

25 mm RMS 296.2

200 mm Mean : 65287.5

——— 100 mm Mean : 65976.6

~—=—— 50 mm Mean : 64293.1

—— 30 mm Mean : 65294.6

-~ 25 mm Mean : 63490.7

20 mm Mean : 62423.1

~—— 15 mm Mean : 54819.6

lean : 52583.1

&

o)

50000 52000 54000 56000 58000 60000 2000 6400 66000 68000 70000
FADC Channel




@ Bending Loss

Light Loss

=
N

o
s
an

o
i 3

How to determine R ?

Multiple-time measurement
Non-reversal (large R -> Small R)
PMT V.S. MPPC

R S (R (RN MR NS YA (AN ok !
40 60 80 100

Bending radius (mm)




® For better measurement

R=15M550F TEmmATY T T, BDRSEME(E1.7mm

R=5M550F TEmmATY T T, BODRSEMEIEL1.7mm



“ Pitch depenaency ¢

_

p— &

4 |,en pItc S-f-:rO\I__
~ 10mm 6.6 m‘,ﬁ:nm' | {
2 different WLS fiber

1
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- Best light yield !
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% First tnial

Will be delivered by the end of this month
Overall configuration will be tested
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Things to do

Decision on pitch of groove

Selection of Reflector

Design of fiber attachment (lightguide)
Establishing gluing process

Read-out circuit

Feed-through

34



Decision on pitch of groove

@ Select one of the 6 different configuration.
# Best light yield. Y11 : Bending loss
@ Position dependency Light Yield

@ Kye is the measurement on number of
photo-electorns

- By the end of this week ?
® Repeat same measurement with EJ-200

- By the end of this month

35
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Selection of Reflector

Large light yield

As light as possible (~tens of micron ?)
Operation inside vacuum

No falling down into the beam line
Alumilized myler

1st week on October (including wrapping method)
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Design of fiber attachment (lightguide)

»)i‘- 0 2 DrototVvbDE '."s.':‘y' n ANA --S.
7 \ t‘

@ Test & selec lol By.trlie iddle of Oct.
™ s il

#® Gluing process will be related.
o bl

l

37



y
e

=

L

. |

st pre

[‘i

otdtybe _by mid

dle_ of 0c_t

@ Llnal destgn by the end of Oct
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MPPC selection

513360-6025CS/-6050CS/-6075CS 5$13360-6025PE/-6050PE/-6075PE

10.1+0.1

2X@E
6.0x6.0\
\

0.425 + 0.15

2.0 £0.1

45 0.2

ﬂf
[

AVFIORI—Y:
U=k
//

/
KAPDAO157JA KAPDAO153JA

$13360-1350CS
S$13360-1350PE
$13360-3050CS
S13360-3050PE
S$13360-6050CS
S13360-6050PE
S$13360-1375CS
S13360-1375PE
S$13360-3075CS
S13360-3075PE
$13360-6075CS
S$13360-6075PE




BRSNS LURFMSE EEDRVBERIZTyp. Ta=25 °C)

. F—0h0 k*2 RN
BRERR |[RARE |#REHE U BRR | B8R | #REEHE | 2 pu
we | WE | #E R | PDE* RE | #EX | BE | -0 | BE ..%%ﬁ
= ey A Ap A=hp | TYP- | Max. | oy M VBR | M= Vop | Fiven
(nm) (nm) (%) (keps) | (keps) | (pF) (V) (%) (V) (mV/C)
$13360-1325CS 270 ~ 900

S$13360-1325PE 320 ~ 900 70 210 60

S$13360-3025CS | Vover | 270 ~ 900

5
e M e 25 | 400 | 1200 | 320 |7.0x 10 1 | VBr+5
$13360-6025CS 270 ~ 900
$13360-6025PE 320 ~ 900 1600 | 5000 | 1280
$13360-1350CS 270 ~ 900
27
$13360-1350PE 320 ~ 900 90 0| 6o

S$13360-3050CS | Vover | 270 ~ 900
$13360-3050PE | =3 V | 320 ~ 900

450 40 500 | 1500 | 320 |17X10°|53+5| 3 VBR + 3 54

$13360-6050CS 270 ~ 900
$13360-6050PE 320 ~ 900 2000 | 6000 | 1280
$13360-1375CS 270 ~ 900
$13360-1375PE 320 ~ 900 % | 270 | 60
$13360-3075CS | Vover | 270 ~ 900
1 2 4.0 X 106 7 VBR +
S133603075PE | =3V | 320~ 900 50 500 | 1500 | 320 140X10 BR+3
e n - = %@‘QOL
$13360-6075PE 320~ 900 2000 | 6000 | 1280
*7. s;‘g\ 7q ~_ . —J’--—J—A:_—..>|‘.|.
2 Wi=0.5 pe. Ask estimate for 50 pcs (~4M Won) i
) B, 2R oD 1 £ 2 R R e T2 2,
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Schedule

O 0 11 12

Scintillator delivery

pitch (p.e. !neas.)

— (p.e. mgas.) Groove making
Reflector

a

> > < > ]
Bending loss . Gluing :
Light guide
fPrototype 0 '\ read-out (Fabrication)

f (gluing test)

Prototype |

(Light Yield) /" prototype II
) (Vacuum test)

\\m
N

== > —>
—— i ®

Feed—though‘ (signlcable, connector) Feed-though (Fabrication)

MPPC selection . MPPC delivery ‘

No contingency plan. Keep schedule
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S13360-6050CS




Wide pedestal ?

Entries 10000
Mean 90.75
RMS 7.091
%2/ ndf 53.57 /10
Prob 5.831e-08
Constant 1264 +17.2
Mean 89.57 +0.11
Sigma 5.525 +0.075

0 70 80 90 100 110 120 130 140 150 160
ADC Channel
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Wide pedestal ?

Entries 10000
Single electron 1.6X10-19 Mean 90.75
RMS 7.091

MPPC gain :1.6X106 2/ ndf 84.31/28

- Prob 1.498e-07
Amp gain : 10 PO 8042 + 82.2

=>2.6X10-12C ~ 10 ch p1 0.1851 + 0.0158

p2 8.594 + 0.452

ADC channel
Normalization Factor po
S T 5L p1
e — 2 p2
RFA¥ ) E—7 D channel

ma:t:

AZ exp




Entries 10000

Mean 94.35

RMS 8.521

x2 / ndf 162.8 / 31

Prob 8.02e-20

° po 8625 + 147.2

Weak LED L'ght 1 p1 0.7614 +0.0432

p2 9.695 + 0.248

5 A ‘ : . : Source

z”“i”“f"?”f?“?'“?““ﬁ““? ______ | 130 140 150 160
T T T ADC Channel

@I 1.00mve ‘Ch2 - 500mV QM 100ns “A Ch2 \ -470mV. ~more-
e

Type Tha e W

= Mode
Level | Auto

-470mV | g Hoidoff

T —
— T »



Diff. Over Voltage

ov: 3V

Entries
Mean
RMS
%2 / ndf

h1
10000
941
5.311
565.3 /33
0.03318 = 0.00675
5.779 = 0.690
4071+ 43.0

Entries 10000
Mean 90.57
RMS 8.829
x2 I ndf 308.9 /61
0.2059 = 0.0128

11.86 = 0.41

3684 + 37.7

Entries
Mean
RMS
x2 I ndf

10000

89.97

15.26

422/ 96

0.3648 = 0.0137
20.46 £ 0.40
3153 + 32.3
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With this fitting performance,
it 1s hard to mention about
single photon

Reconsider fittine function

(Typ. Ta=25 °C)

/ (Typ. Ta=25 °C)
0-3050CS —® /

S1336

—

\ 513360-3050CS

A= h2 bk (keps)
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I e |
QjRemoJing'] high frequency components ?

|

@ Just cancellation out for charge integration ?

]

- @ Higher gain amplifier
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i NN,

MPPC: V,=V,,+3V
Amplifier x100 (100mV/Div.)

Wl Bandwidth
wl 300MHz

Bandwidth
20MHz



Jise.

Ch Lrge sensntlve o

|
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l
|
@ High

| l !
o il
1

er gain ampllfler
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Summary

% New type of charged particle detector.
@ There are lots of R&D items.

@ We will fabricate the detector by the
end of this year.

@ It will be good candidate for trigger
counter for LAMPS.
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