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K, = n'vr

® Bm(K; — 7u0) = (3.4 £0.6) X 107! gEHP112015)033)

(2.94 +0.15) x 10~ (Eur.Phys.J.C 83 (2023)66)

N

® Suppressed SM process

® Theoretically clean 20

® CKM parameter uncertainty
® theoretical uncertainty ~2%
® Sensitive to new physics

® High energy scale as large as 1000 T

® Correlation to B(K™ — n7LD)

A; or A, only:
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® Grossman-Nir bound
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Sensitivity — Ultimate Grossman-Nir bound — Grossman-Nir bound

® Ultimate Grossman-Nir bound
BEK Ny = (8.4 +1.0)x 1071
— %43 : 3.6x04)x 10710

(bench mark of future bound)

® Goal of current KOTO experiment

SES: below 1071
—Upper limit<3.6 x 1071

1 NP oc 12 T8l =y

84  BK* = nrup)[10~]
NA62 : (10.613% £0.9) x 107" (68 % CL) JHEP 06 (2021), 093

B(K; — zvp)[1071]
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KOTO experiment in Hadron Experimental Faclility at J-PARC

3
J-PARCEEEE 12x8x66 mm3 Gold target
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Slow extraction
65 kW, 2-s spill / 5.2-s spill (2021)



Concept of signal detection
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Where are we? KOTO results of 2021 analysis

source

Current estimation

Upstream m0©

0.004+0.050(stat)£0.006(sys)

KL—2 770 0.060 = (0.022) ., (F0020)sys
K+ 0.043 £ (0.015) 1,0, (H0 030 sys
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0.024+0.004 (stat)+0.006(sys)
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KOTO results of 2021 analysis

Single

Cvent Sensitivity (S.E.S.):8./x10-10

source

Current estimation

Upstream 0

0.004+0.050(stat)=0.006(sys)

KL—~>270 0.060 £ (0.022),, (X050,
K+ 0.043 = (0.015),,,(*5 ggg)sys

Hadron cluster

0.024+0.004(stat)+0.006(sys)

BG
Scattered 0.022+0.005(stat)£0.004(sys)
KL—2 71
Halo KL—2 r 0.018x0.007 (stat)=0.004(sys)

n production In
CcV

0.023+0.010(stat)=0.006(sys)

Sum

0.255+0.058(stat) (1) 073,

c.f. 2016-2018 analysis:7.2x10-10
No signal candidate observed
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Number of protons on target

Prospects for future run < Shiomi

KEK IPNS seminar

Beam Power :64kW— 80-100kW

Better beam structure

Upgrade the power supply
of the magnet in Main Ring

80 <10 - .
601 Tuplished o gene with 60 days/year data taking
E SES7.2x10710 SESl:S-MO”Z SES will reach the sensitivity
40—
soE below 10-10
20; .
10:— -~
0 5010 2012 2014 2016 2018 2020 2022 2024 2026 2028
T Year
Installed a new UCV| [Install a new magnet
upgrade DAQ in the KL beam line to suppress K=

63
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KOTO current status and prospects
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We need new experiments

Publication Year with larger statistics
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KOTO 11 with extension of hadron experimental facility

[ . Extension of hall with 2nd target|

Extraction angle: 16° — 5°
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1
KOTO II with extension of hadron experimental facility

Extension of hall with 2nd target Extension was supported by

D : KEK Project Implementation Plan 2022
— Top priority to request new budget

e Released on 2022.6.24

https://www.kek .jp/wp-content/uploads/2022/07/KEK-PIP2022 .pdt

- “
- “ i
. »
N N [ .
_* e
1B : ump :
e - —— - - - - .
| 2L V| i cdll 111NcC
-t - = | & :
-
. ]

’4 V L " : : / o U A r ) r r - ,]
- g g , .
&S 4 4
g J ’

1A y A/ ¥ t.,. /',.’/[‘»"/" ‘. > . - '.‘ (:1; \ i . o o
L7 gl U0 M ' Extraction angle: 16° — 5
o Y rm 24 1K1.1/K1.1BR,

ol -\ NS 56m .
NN i Higher momentum &

higher intensity K;



https://www.kek.jp/wp-content/uploads/2022/07/KEK-PIP2022.pdf
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More K;

SR sy R . Small extraction angle 6 — High flux, High momentum
Proton Extraction angle &
< neutron background

Key to use long decay volume

K; — 5° is optimal
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Design of beam line

Current KOTO beam line Extrapolate at 5° — too long
T target ’\s/, | ~ Primary beam line . K; 18 reduced due to decay and solid angle
'C — - : =i e = O
° \55/—‘ ~
/ — w\*

— KOTO area — m
__*ai |Primary beam line shield
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Design of beam line

Current KOTO beam line Extrapolate with 5° — too long
T trge?’\/. | ~ Primary beam line K is reduced due to decay and solid angle

Primary beam line shield

Current KOTO beam line Beam dump—stop primary beam
I

T target ’\/ . Primary beam line

- KOTO area —

Detector behind the beam dump
for shorter beam line

Not fit in the current g
hadron experimental hall
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KOTO 11 with extension of hadron experimental facility

[ . Extension of hall with 2nd target|

Extraction angle: 16° — 5°
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Idea of experiment behind the

Primary beam line Detector

A EEE D

Proton

1. Narrow beam<= Signal reconstruction (Beam width at calorimeter : 15 ¢cm)

2. Longer decay volume to increase the decay — 20-m long detector
3. Shorter beam-line length 1s better
to have larger solid angle
to minimize the decay loss
— Minimize the distance between the target and the dump
< Should keep the beam line away from the main body of the dump

dump

- Calorimeter

Solid angle :4.8usr

16



30 GeV proton

T2 target p~

KL.2 beam line
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Magnet 1st Colhmator

e

G4 GGoP BERT
—— G4 FTFP_BERT
—— G3 GFLUKA
— FLUKA

...............................................................................

500 :I;I‘ --------------------------------------------------------------------------------------------------------------
mi
Off. I I I

3 GeVTe

—

- -
- ~
— Dump
L LSS
' — B ———— o .
-
. ._4 .
"'
-~ > -

| 2nd Collimator

_f hAagnet

.;-f; A= 20m ,.¢15 cm

Production
angle

Beam | Solid
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20m | 7.8 usr

KOTO 11 S5° 43 m | 4.8 usr -
X 2.4 gain
Gain X S Xx08 | x0.6 | fomKOTO

1.1 x 10’K L/ (2 X 1013POT) at the entrance of detector

for 100 kW beam on T2



K; rate at the detector

4500 g o o B — ~Giaesp BERT |
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Arbitrary

Beam core neutron and photon

Photon spectrum

Neutron spectrum

Arbitrary

Momentum (GeV/c)

—_
o

10° &
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[0z on s

...........................................................

..................................................

________ oMey

Photon

d_

Particle

Energy range

On-spill rate
(MHz)

K

24

Photon

>10 MeV
>100 MeV

Neutron

>0.1 GeV
>1 GeV

1 illIIIIIIIIIIIIiIIIlillIIEIIIIEIIIIEIIIIEIIII
10 20 30 40 50 a/n n an

Energy (GeV/c)

Harsh condition
for in-beam counters

19
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Collimator design to suppress beam halo

1 st collimator

2nd collimator
Cut particles from Photon absorber
Cut particles from edge of 1st collimator

Define the shape
—4.8 USr
3
S
0

7-cm long A

Pb photon absorber ~1°

/

l]] | | | | | | | | |
Y
——
= - -
-‘-'-—
'-
—"—‘-
--—_'
- -

\Hide inner surtface from the target
7

I Reduce 2nd scattering points
to suppress beam halo
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Flux of beam halo neutron

XY profile of neutrons at 64 m downstream of T2 = Z@Calorimeter
20-cm square region=Calorimeter beam hole
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Magnets to suppress charged particles

R(K*/K;) = 4.1 x 107° without 2nd magnet

— < 1.1 X 107° with 2nd magnet

R(K'/K;) = 0.41 x 107° is assumed
for background study

Momentum kick : 0.9 GeV/c
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KOTO-II detector

Peak K; momentum : 1.4 GeV/c (step-1) = 3 GeV/c (step-2)

Possible to use longer decay volume (2 m — 12 m)

Larger diameter calorimeter (2 m — 3 m)

Beam hole : 20 cm X 20 cm

44m from T2

Om 3m 6.5m 15m 20m
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Candidate of in-beam charged veto

Thinner 1s better

§ Full simulation
— Less hits due to y/neutrons < [ (i Gammels / Tayen) X (3 Tayers)
< | _
MWPC-type gas wire chamber -
e\ = (Thin Gap Chamber) = 10 kHz/ct
30 M\ o Tolerable for 100kHz/cm? hit rate
L R L S 99.9% efficiency with 2-out-of-3 logic |
‘ Used in KOTO s
Gas : CFs:n-pentane = 55:45 ChamberTDG
4 mm R R i+
5 2s0f fimeJitter2>ns T Rate / channel
“0;) o o > | 0 Counter rate with 2-out-of-3 logic
m I e 1505—
- A Operational
- . J{ 00E 10 20 60 70 80 90 100 3O_ns veto Wlndow
2 < <\&5 ¢ = 50 ym Au/W wire N 2.9 MHz hit
o Oum thick carbon-coated polyimide foil 8.3% loss contribution
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Candidate of in-beam photon veto

Full simulation

un (s¢

) 6

gl K110 4141 e e e 4 e 4 R U R I L S B e e
i —~ [£|35.2 MHz — Al -
|[Parameters for each module E oF — photon |-
Module No.: 1-10 A 11-23 2425 > - neutron |-
Thickness of lead sheets: 1.5 mm 3 mm Omm £ F -
Thickness of aerogel: 2.9 cm 5.8 cm 58cm  PA b =
® [ead : photon—=e™e” o] - -
o . - r Bl I_|_|_ .
Aerogel : Cherenkov radiator 10 MHZ°F _ =
® 3-consecutive hits S| _“'—l_,ﬁ_Hq_—
These reduce neutron / low energy 7y hits T B R

US e d iIl KOTO Consecutive 3-module coincidence for all the modules

35.2 MHz, 6-ns veto window
— 199% accidental loss contribution

— PMT with moderate gain+ fast amplifier



Detector rate environment

Front Barrel Upstream Collar  Central Barrel Calorimeter  Downstream Collar

Beam-hole charged veto
Beam-hole photon veto

Ch?argedVeto

= ssE \ ' ' 7T / —
i 35 ME
1:; 2.2 MHz .3 5 MHz 3 MHy :é

Width of 20ns 20ns 40ns 20ns 20ns| 30ns 6ns

indow - - j j
veto windo Fast simulation Full simulation



Accidental loss

Signal can be vetoed with accidental K; decay or beam particle hits

BN e—

Beam phot0n|

e mE
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Accidental loss

Calorimeter

/

Beam-hole

hoton
veto

/
Co
K7
2/ 6)

&
°&§ Charged
NG
v Veto

TTTTTITTTTTTITITT

Individual Loss (%)
OND2OOONAMOOW
T AT
(?O'G/
\
<

Width of 20ns 20ns 40ns 20ns 20ns 30ns 6 ns
veto window Accidental Loss=1 — exp (— Z Rate; X Widthl-)=39%
i
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Radiation environment behind the dump

- 20 m
Current dump configuration T
X-Z view TRRRRE T
U rate
[Taggingplane( 7.5 MHz/detector

Cu main body

(simple dump model + Geant3 simulation)

Z(m)
6.0 9.245 17,645
Y Y

cause accidental loss
up to 60%.

-
o
N

29
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Radiation environment behind the dump

Proposed dump configuration Additional steel 4 X 3 X 7 m’

X view|
— 7.5 MHz — 0.7 MHz
B

| Muons crossing detector region
1.0 6.0 9.245 17,645
\ ' I
, 10° i b
=i T St St S SO SRRttt LLEELLEEELLEEELLEEE! LEELLLEEL L L EE L LESLEESE
i :I:.'I:Z::::::::Z:%:Z:Z::::::Z:I:I:I:::;:::::I:Z:Z:Z:::::::ﬁgﬁﬁZ:I::::::::I:I:I:Zgﬁ::::::::::::: — Current dump

T T conetessts
ot ”EEEEEEEEEEEEEEEEEEEEEE':;EEEEEEEEEEEEEEEEEEEE?EEEEEEEEEEEEEEEEEEEE?EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE;EEEEEEEEEEEEEEEEEEEEE;EEEEEEEEE o . .
i — 1 Additional steel 1s included

/

| 11T N W SN R
Concrete

in the budget request

............................................

............................................




Update

Measurement of muon flux behind the dump |Y.Hirayama.
T.Matsumura
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Muon flux measurement behind the beam dump in Run90 , ,
Measurement in June 2023 with beam

Motivation: to confirm the muon flux coming to KOTO II/KL2 area, which

will be built behind the beam dump E F 1745 2145 [e MuonFiux
o B : —_ : : D] —
| " 10° i 684 ——f_._7z.9 - MC Flux
30GeV Beam dump |o=x| Experimental area S Eosy v ' T
Froton o~ @ ARl ———2>x—— 5 degree é [ & 30
—a"_ou- — — —_— . : *e
, _ . : _ -\ = .:._ 45 - —;.-..,.- > < —— ! ‘ 102 g_ ..................... I e s Sapsweessersascuecesusscssano frentsess usesechsresatenssoressfusssasensson
S TR ; — | = ~ - s s ; -+ 35! ‘
LLLLY L B P Nl = ra FEIT S - r ~ ? 5 5 e :
1st collimat —i— . Imii ’ f B 5
Dl V| Ses— Joreliminary . v ..
SRSy 43m from the target, o = ﬁ ﬁ . +f1-
Another magnet at most downstream behind the proton dump B - - ; ; ; ; ;l_‘,1 31 ,l, |
: ' : . : : : : - ' .
Measure the muon - E ‘ Measured data 0.32
and neutron flux / - ; : ; 9 @
- underground observing 0 S U SR — SN S W— S — 50,071
. behind th t | z | 1 aile | f s | M
PR enine the SUlrent etten Pl container : MC(detailed dump geometry + (Geant4)
Proton beam : sEmLErte T downstream 2 l l l l l l l l l |
= "e" ": = wa" 10 . | I 1 11 11 11 L1 11 L 111 L1 1 1 L 111 L1111 L 111 L 111 1111
2 i s =1500-1000 -500 O 500 1000 1500 2000 2500 3000 3500 4000

A Height from beam level (mm)
Beam level

Detailed analysis in progress

Measurements are consistent to MC (detailed dump geometry + Geant4).
This MC gives 2.1 MHz for KOTO II detector rate without additional steel
— (.1 MHz with additional steel — contribution to accidental loss : 0.4%

. Mol [
concrete -lron . copper P&y sand -



# of decay /m

0

K; —» m'vy

Pdecay (3 m <z<15 m) |s

0.014¢ Decay
'Decay probablhty 10% :
0.012 ‘—Wlth 2 v hits |
. 0.01 =
1
0.0081— — , -
B D - T
0.006 - ccay =
0.004]- — 5
F 2y hits '
0.002f
OE i N ]
0 5000 10000 15000 20000
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Signal — 2y in calorimeter —
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1:| | 1
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Signal — modeling of calorimeter —

(\)
Smearing energy and position N X
Model based on the performance of the current Csl calorimeter Qf §°
N
w 0.05——— — 12 .§0
20,0450 L E i
- > 10
0.035 0
0.03 8
0.025 7
0.02 5
0.015 S
0.01 4
0.005: 3
% ~"7500 1000 1500 2000 ) 7500 1000 1500 2000
p [MeV/c] p [MeV/c]

spec spec



Signal — event selections —

Ey+ E; > 500 MeV
\/xl.2 +yl-2 < 1350 mm

max(|x;|,|y;|) > 175 mm

E;. > 100 MeV
|r; —ry| > 300 mm

0. . <150

proj

>

130 MeV/c < pr <250 MeV/c

Tight pr at downstream

High py signal characteristics
Region with worse pr resolution

selection with cluster shape and wavetorm
Discrimination of photon/neutron clusters
Discrimination of true/fake incident angle

400 | =
350 ' —
300 —
250 —------+- ey e —
- A T H Ny -
200 - Alllmnnmnuunmanmy e e -
- AAIIH e .
- A1 HEHTIJEDOOE -
150 a§§§§&§§§§§§§§§&\\xs, : —
100§ e -
50 =" —
O : | | | | | | | | | | | i | | | | ]
0 5000 10000 15000 20000

El r1=(X1,y1) ro=(XO’yO)

Calorimeter surface
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Signal — cut acceptance —

O, |
O — _
5 1
o i ) .
§ i o Signal acceptance :
< 08F e o o 1 0.4 % (0.9)* = 0.26 in total
- . —
0.6F - \
- . - . .
0.4 o Assumed signal etficiency

® n/y discrimination (3 cuts) : 0.9
® Consistency between the

Cumulative 0'2_1 000.860.76 0.76 0.75 0.65 0.46 0. 4Q reconstructed v angle and the
Individual  [1 OO 0. 86 0. 88 1 00 1 oo 0. 86 0. 70 0. 87 shower shape: 0.9




Signal loss

® Accidental loss : evaluated to be 39%

® Shower leakage loss

37
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Single loss — shower leakage loss —

Gammas from 7" decay in K, — &
— Signal happens to be vetoed.

0

vU sometimes cause shower-leakage to veto counters
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Single loss — shower leakage to Central Barrel : backsplash —

~

K Central Barrel

Central Barrel
photon from

Backsplash
% other K; decay

Background : Should veto Signal : Should not veto

How to discriminate ?



Signal loss — suppress backsplash loss —

tBarrelVeto = [tBarrelHit o tCalorimeterHit] T (ZCaloriemter - ZBarrelHit)/ ¢

- [tCalorimeterHit o tBarrelHit] T (ZCaloriemter o ZBarrelHit)/ ¢

0

Distribution for K; — 77U

(Shower simulation)

K; decay (background) Backsplash (signal)

4 (- )

tBarrelVeto ~ 2 (anlorimeter R ZBarrelHIt/ C)

’ | "

ktBarrelVeto ~ 0 tBarrelVeto > 0
\\w// e

D — —7r1 1 1 ' ""-\-1':-?5“'.,.';.-'.-'.'-' 3

c 140 o, = 500 mm R

o — ._.- . . -"\-'l':":j'.' v ]

% 120 — g - -gt = 2 ns for .1—M6V_:: }f"_.t‘:__:}; —
§ 100 — l_..-r"?:-'l - —
80 :_ . r _: .
60-No Veto =

40— —

20 Veto E

O —

-20 —

_40 :_ | | | | _:

0 5000 10000 15000 20000

Barrel incident z (mm)

Shower-leakage 10ss=9%
Signal survival probability=91%

40

0.045
0.04
0.035
0.03
0.025
0.02
0.015
0.01
0.005

Number of entries / event
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# of signal events

- 10

p_(MeV/c)

pr (MeV/0)S

= 1

Decay

3.3%
x2.6 10%
2.6 3

26%
24%

0.9

KOTO II

Improvement
factor

107"

g

(beam power) X (running time)

ber of K, /POT
(beam energy) < (number of K./ )

X Piecay X Ageom X Acut X (1-accidental loss) x (1-backsplash loss) X Bg, 0,5
(100 kW) x (3 x 107 s) (1.1 x 107K7)

(30 GeV) * (2% 108 POT)
x 9.9% x 24% x 26% x (1 —39%) x 91% x (3 x 10~

=30.

-2

Geometrical
Probability Acceptance efficiency

3%
26%
3.7

Beam power : 100 kKW at T2 target
Data taking : 3 X 10’ s
# of events (SM) : 35 events

Cut 1-Backsplash

1- Accidental loss
loss

36%
61%
1.7

50%
91 %
1.8

Improvement factor
X 190 in total



Background evaluation

Beam power : 100 kW at T2 target
Data taking : 3 X 10’ s

472



Photon inefficiency

Background — Inefficiency modeling —

Calorimeter

50-cm long Csl

1E
107 :
1072
10“’;
10-4;
10-5;

106 £

_7:IIIIIIIIIIIIIIIIIIIIII
107077700 200 300 400 500 600 700 800 900 1000

Photon incident energy (MeV)

New Barrel
Lead (1 mm)

Scintillator(5 mm)

1-MeV threshold 6 V
Layers stacked 1n z direction

N 3000 LI l LI l LI l LI l LI l LI l LI l LI l LI

MeV

= 25001 —
20001

1500

Photon incident energy

1000

500

%0 20 40 60 80 100 120 140 160 180

Photon incident angle (deg)

90 deg : inefficient

x10°
1400

1200

1000

800

600

400

200

0

Inefficiency

<Less photons, low energy

—h —h I ¢
Q. 9 <
w N — —
I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII_}

—h
<
AN

107
107°

107/

N
(LD

? 9

—O E
__I_I_ITITﬁI)_I IIIIIIII I IIIIIIII I IIIIIIII I IIIIIIII I IIIIIIII I I'IIIII

10 10

10°
Energy (MeV)



o, = 500 mm
o, = 2 ns for 1-MeV y

500¢ | w5 10
450;— KL—>2][O " -_i -
w005 103+0.8 . =L

10.33+0.75

mm conm sm B -
N TR S TR IS TR SO TR T I TR S T S A SR T S TR
0 5000 10000 15000 20000

1072

Z (mm)

alorimeter

T
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Background —K; — 27—

Update from KAON2022

10.3 events are expected.
layer 1n radial direction 1s better

33.2 events are expected.
(KAON2022)



Background —K, — 27" —

tBarrelVeto — [tBarrelHit o tCalorimeterHit] + (ZCaloriemter o ZBarrelHit)/ ¢

- [tCalorimeterHit o tBarrelHit] T (ZCaloriemter _ ZBarrelHit)/ C

K; decay (background)

-

—>

tB arrelVeto "~ 0

tB arrelVeto > 0

lam =\

6

\_ &

High momentum K;| |Backward vy tends to be low energy Barrel Incident z (mm)
— boost — negligible impacts (originally inefficient)

tB arrelVeto (IIS)
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Distribution for K, — 27"
(Shower simulation)

140
120
100

2I|III|III|III|I_

o, = 500 mm
o, = 2 ns for 1-MeV y

N
o O
[TTT]

[ 1
= oo™ | -
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" 5000 10000 15000 20000
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=
0.5 o
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©
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-
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0.1
0



Background —K;, — 7" n "«

alorimeter

—
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O

In-beam inefficiency : 5 X 1077

7~ Inefficiency: 4 X 107* — 107> dependmg on momentum

2.5 events are expected

¥ pr is limited with kinematics and resolution
One charged pion 1s lost in Charged Veto

The other one 1s lost in Beam Hole Charged Veto

—~~

p_(MeV/c

500
450
400
350
300

250F
200F
150F

100
50

O T T R

2.46+0.39

s N

3 = 10
Tlghter pT 3
at downstream= -

-
-

1072

5000

T [ T S WA SR A T T S TR
10000 15000 20000

zvtx(mm)
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Background — K, — 77ev —

Reduction to be X 10~'* for penetrating two

500

charged particles

450
~ 400
350
300
250
200

150
0.08 events are expected 100

Two layers with 10™%/layer/charged particle 50

0_(MeV/c)

0.078+0.0006

s

—h
<

1072

107

KOTO CV : 107 /layer/charged particle was achieved. of——

)

T B
5000

R R R TR TN SR SR N SR TR SR SR
10000 15000 20000
Z(mm)
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Background —halo K; — 2y—

Halo KL CSI calorimeter
Calorimeter
Larger p; due to wrong reconstructed vertex
— Cluster shape mis-match B~ @ 500 g = 10
==llllllllllllllllllllllllllll”lll - ™ % 4503— —E E
=========“==========a==== 2 ,o0b 1 1 4.8 events expected
EEEEEEEEN halo K ENEEEEP<«EN4EEEE — 1160 /_\Q_'— = =
EEEEEEEEN L HEEE dAEN//EEEEN — - . .
T HeHHHHH .5 %% = <1 |with the assumption:
ANEESESEEEEEEEEEENEEEENY EEEEEEEEEEN — =
EEEEEEEEEEEEEEEY VESESs EESEEEEEEEE > 300 1 d . b
B e 4 |X /100 reduction by
AR e oo 26 = E "
HERZ m EmENANINNENEEEsSNSEEEEEEEEE g 2 i ,-|[requiring shower-
HECL=N H EEEEEEERCNE HEEEEEEEE —180 L% 150 — .
ORI o 100 E shape consistency
==lllllllllllllllll o EEEEEEEE = ] h h d
1T _ _ . 50 —
1 Reconstruction with 7" on z-axisf e with the reconstructe
20 . .
==lllllllllllllllllllllllllllllllll 0 | °000 10090 15000 Z( 20;)00 lnCIdent angle
, mm




p_(MeV/c)

Background — K~ — 7

500 ————

450
400
350
300
250
200
150
100

10

A

R R R
5000

A S A S T SR S R SR SR S S 10—2
10000 15000 20000

Z(mm)
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-+
06_1/ —

alorimeter

4.0 events are expected.
Second magnet is assumed to reduce it to be X 1/10.



0_(MeV/c)

Background — hadron cluster background —

halo neutrbn

alorimeter

neutr()nJ_

]

450
400
350
300
250
200
150
100

50

3 events are expected.
X 10~ reduction with 73% signal efficiency ( 0.9° ) is assumed

500————

3.04+0.51 -

HIHIIII'IIII

e

o

I R I T
5000

A S K SR R SR T S T SR S S
10000 15000 20000
Z(mm)

10

10~

1072

/KOTO achieved ~ 107/ reduction \
with 0.65 signal efficiency

Cluster shape + Pulse shape
X (2.5 X 107°) with 72% signal efficiency

Shower depth
k X (2.1 X 107%) with 90% signal efﬁciency/

50
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Background — Upstream 1) —

Halo neutron — 7Y

500 ———— 10

1

III|
—i

0.2 events are expected.
Fully active upstream collar counter 1s assumed.

0.19+0.11

-

107

3

N
O
)
cerrfrrerprreryperrreyprrrefrerrprrerprrrrprrrepren
AR RRLL RN R LR R L R

N T I TR SO TR T EN T SR S T R T S SN S -2
5000 10000 15000 20000 10

Z(mm)

&)
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Background — # production at CV —

Halo neutron — 7

3.2 events are expected.

3-mm thick plastic scintillator at 30-cm
upstream of the calorimeter 1s assumed.

More reduction by using the cluster shape cuts
10" can be expected.

III|
—

8.22+2.28

|3

TR TR NN R SR SR SR N SN TR NN SR SN SR S SR S
5000 10000 15000 20000
Z(mm)

N
o)
o
crreprreryprrerprrrrprrerrprerrfrereprrrrp et
AR R R LR L R R

1072

)



Background summary

100 kW beam, 3 x 107s  # of signal events (SM) : 35 SES: 8.5 x 107"
—~ POT: 6.3 x 104V # of background events : 33

S/N=1.1 — 6.10 observation
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A=\ 450F _' = > 450 0 - o 450 + = E
E — 11 = - — e v E =
8 400 KL é 2]2«. -l:_E %;'_ 400E- KL ﬁ JZ-_I_]Z- 71- _; " Q_I— 400 L g _E
Ep 2, == 0.078 £0.001 Lo E -k
EINE . E| = 300 = -
= 250F- E E
= —f 2002— —; _; _
4 107 10 150/ E Ry E 10"
100 = E
50F E =
— _ 3 AL )
O° 150( 2 % 5000 10000 15000 20000 '© % 5000 10000 15000 20000 '° % 5000 10000 15000 20000 10
0 "z (mm) ZOOOO 2l 2y 2
= 500 = —510 § 500'E """""""" o T — 51‘ Q) S00——7T 7 ] —510 S 500'5 """"""""""" g —§1O
> 450F = ] 1 3 450F 0 = =
[0) = - - -
s wr KT 4 1 Hadron cluster S wof Upstream 7z 31  nproduction at CV -
- = 350 F- = —
2 40+04 4 3005 . Cw 02x01 0 o 8.2£2.3 E |
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150 = 150F == RRRE Bl 150~ _ _ : 10 150 =
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B(I(L — 7TOI/I7)

>4

Impact of KOTO 11

Base design — better sensitivity with more studies

20

100 kW beam, 3 X 10’s = 6.3 x 10°° POT
SES: 8.5 x 1071°, S/B=1.1
| [+ 35 SM signal / 33 background events

—
u
T

—06.10 observation

10l Ile ARBIAB =23%—=An/n =12 %
« 38% deviation from SM—90%-CL 1ndication of NP
'AL ';)111; ARI onlgrzz ;MR Example. .
—‘g}‘y S S B e 7 ¢ 1 ey o 70% deviation from SM
' \ 7 B
\(}(‘11(*1‘211 NP 2 A i
L=< M May find NP effect
0 5 10 15 20 25 30

B(Kt — ntup) [10—11]
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Impact of KOTO 11

100 kW beam, 3 X 10’s = 6.3 x 10?° POT

May find NP eftect

« An/n =12 %
Belle IT 50 ab™" with only Tree contribution

0-7 : II.D | | | | | ! | | | | | | | | | | | | | | ]
0.6 f_z E q)3((|) ) BELLIE.I:Iiii:atb'?Slrﬂ f

gl : =
0.5 [Fu

- |8 SNEN Hight from %B(K, — n’up), for example
04 5 li =
0.3 f— —f
02 -
0.1 A
0.0 = | S S

0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0

2l
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Preparation of KOTO II — realistic detector —

® Realistic detector geometry — Weight / Cost evaluation

~® Geant4 geometry — ready for full simulation

2190

|
L

S iy s R I M | Y TV

& ‘\H“J AN ENS NN NE AN
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Preparation of KOTO II — barrel detector —

I st prototype
° 1 mOdUIe : 1 35 layers Of ~ 900 mm ~ 900 mm ~ 900 mm ~ 900 mm p . p'
scintillator (1-mm thick) and '
lead (5-mm thick) I S P Y P

® Read out with PMT outside of the vacuum

® 32 modules in ¢ X 4 1n z — 1 vacuum tank

MOCkup StUdy VES VES VES VES

ANGLES
ALUMINUM EXTERNAL CONNECTING
“SHIM” PLATES SCINTILLATOR 2 MODULES /MODULE SIDE PLATE

COVERING PLATE WITH

SCINTILLATOR --,.:.Z, —

% N VACUUM
1;{"« ) x-ﬁ Wy = ‘i:\'lu_\ VESSEL

TRUSS

VACUUM
VESSEL’'S
FLANGE

|[|Work 1n progress
in U of Chicago

FLANGETO
- ;u",» =
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Preparation of KOTO II — barrel detector —

550 mm

#inzZ| 2 2 4 4 4 4 4

#1n ¢ 20 20 24 32 32 32 32




Preparation of KOTO II — Calorimeter —

® An example
configuration to
study more.

® Idea of assembly

® Stacking from
the bottom.

® Fix with
pressure from
side and top

6l
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Preparation of KOTO 11

62

— 'Trial of photon angle measurement with Calorimeter —

84'5&‘ LN BUELELE BN LN | N I =
SN S aft " Oue=25deg i Lead/Scintilator sandwich
SO Sast TR OPAR(E 20356 - — 15-mm-wide scintillator readout
OO OO @ af - ¥2/NDF= 3.83/7 = 0.55 -
e % G — Shower development
<><)y* 25 Front 32 layers, 100k training 7
N E., > 0.01E, E
3 Photon incident angle resolution
i3 a few degree for £,0.2-2 GeV

lllllllll llllllllll L1l L1l l
0 02 04 06 08 1 12 14 16 18 2
E, (GeV)

Simulation of angular resolution of new electromagnetic sampling calorimeter I
(NIMA 1052 (2023)168261)

® Construction of prototype modules

® Lead : 0.15-mm-thick, Scintillator: 1-mm-square scintillating fibers

® Read out with MPPCs 15 stk b 156

P!

-

<

® 5-layer 14-mm-wide module : Light yield : ~100 p.e./MeV

< 264mm
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Design of KL annex —Radiation shielding —

“® Dose rate 1n vertical average ‘@ Dose rate 1n horizontal average
I 1. Matsumura

—L 2.00x103- |- roof of KL annex. ..

. -.. ’.Lf‘-
“K—|1|1.5 miron
i1 KL beam dump
-1oox103-  Bottom soil

| oof- 2m for 2.5uSv/h

] -2.00x103 - 1
No limit for 71, (0.5mz <20 m)

1.00x103 -

| | | | cm ! I I I -
3 3 3 3
450)(103 600)(103 750X103 900X103 o 450X10 GOOXIO 75OX10 900X10
—— m— — — . r o . 5 e TR xP
102 1o° 102 10 107 1o 107" S o™ L»z 10 10 10 10 10 10 10 10 10
mSv/h @ 100kW beam mSv/h @ 100kW beam

Determined the minimum thickness of wall and roof — Realistic annex design by company
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Preparation of KL Annex — Determination of roof access —

1 7000
y Access region from root E[oo

22000
1000

00 _
2000

00 5000

6 m
|
6000

00

3847

|“““\
s oo
o ole
N
10000
N

10 m
I I

Determined the position / size of the roof open—Realistic annex design by company
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Hadron hall : Proton target

Preliminarily result (in Air)

i t',O‘lgzO rom.

70.0
[
60.0
50.0 —&—turbo fin (new rotation system)
40.0
‘ Operation speed (plan)

150kW
equivalent

[
[
7
—— —— -

N
O
o

/

[W
O
o

AT(K) for 100W-heat-deposition
S
o

(4 / temperature of
: ~ each gold piece is
measured at left

. and right edges
Stainless SEENE

" steel

. y
i 4 e AN ) by’
" ’ b/
" . / 4 "‘
J 1 & |
R
VY | -
.

O 100 200 300 400 500 600 700 800 900 1000

AT Rotation speed (rpm)

500 rpm — enough cooling performance

Temperature-controlled :

(newly installed) by H. Takahashi at 3rd HEF-ex WS




Architectural and Civil Engineering Design
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Realistic design by Nikken Sekkel based on site level survey

Extended hall and Road

In consultation with

| B PR 224N
t}ﬂ r%

e [C27 > + (B8

e FASRERE Y — |

JAEA and 7

the local government—

] +—
) » . , f¥— 18Il = kv 2
et icpReE | EREES HZ SRR
(BX¥%)
\/1 1111111111111111111111 - A_d

<'A.

KIOZ7 <~y R

I e | _J~_Hl

' uacr? M\W:‘E ;%r Wb! .'\.FE])i%?ﬁﬁ'ﬁf%ﬁﬂﬁgﬁ

‘.\\‘%

__,_,,__\(

)

— — — b — ;;3\
—— L 0N N
| . |
\
L

by H. Takahashi at 3rd HEF-ex WS
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Time line of Hadron Experimental Facility extension

® Time line for the earliest case
® Ist Priority to get budget on KEK PIP2020

® Depends on the budget request (every one year)

Slipped by 1 year

FY2022 | FY2023 | FY2024 | FY2025 | FY2026 | FY2027 | FY2028 | FY2029 | FY2030 | FY2031 | FY2032

= | HK starts
UaCCe ;rator BELLE2 LS2
pErace construction parallel to beam operation in the first 4 years,

beam-suspension in the next 2.5 years

The Extension Project of H..on Eeinena Fuciy (7 yeQrs)

Hadron I — E—
Hall Current Programs :
Hall Extension

xpanded Programs

ith more beam lines

with SX Power towards 100kW




FY2022

FY2023

FY2024

FY2025

Phasing

KOTO II Preparation group KOTO II collaboration
Proposal New design / .

FY2026

FY2027

FY2028

FY2029

FY2030

FY2031

63

FY2032

MR accelerator
Upgrade

HK starts

BELLLE

2 LS2

construction parallel to beam operation in the first 4 years,

Hadron
Hall

beam-suspension in the next 2.5 years

The Extension Project of H..on Eeinena Fuciy (7 yeQrs)
[

Current Programs

with SX Power towards 100kW

Hall Extension

Expanded Programs

ith more beam lines




Current and future R&D items

Trial production and performance test of shashlyc counter
for calorimeter candidate
Energy, timing resolutions, neutron/y discrimination

‘_‘1\—\

Prototype test of photon-angle measurement

_— , (G.Y.Lim + Korean group)
Radiation environments Y EvenlayerID  Oddlayer D

< Use of MPPCs

read out of fibers from side with MPPCs  vepsion  szposiion  x



- ._“—h___ |

f Straw-chamber tracker tor K; — 7
—> precise vertex reconstruction
S-mm diameter, 12-um thick foil

Ot~

CV: 3-m diameter charged veto without any gap(<1()_3)

Scintillator pad? for < 300 ps resolution
Readout with MPPCs, APDs...?7 < radiation damage

New scintillator
with perovskite quantum dots
— O(10) ps timing may be expected




I Current and future R&D items °
Delayed component '
xit o FT[L_ = 'V=‘. — =

Ucv
I(L

gold .
talget [ — T ———

> T
~20 m (70 ns with speed of light) On ‘
~60% T from K, decay = mtp— m°n reaction = 11 I ‘K\‘r‘” R e—

7~ hits the detector — thermal neutron — capture —high counting rate

B,C sheet for each lead layer will reduce the detector hit rate
— Prepare a lead-B,C-scintillator module — Test at J-PARC I

l SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS MODULE SIDE PLATE

CCCCCCCC HARGED VET PLATE WITH . WITH GROOVES FOR

EEEEEEEEEEEEEEE >, ~
I SCINTILLATOR = + = W STRAPS

' . e A’/ i fr”k VACUUM
e : TN 4 VESSEL

- ;'\“ \ T | ;:'\\ i ’::;;'44‘“

e ' AN - !r"‘II; i '8

P e e ; T L

- 4 L) i ——— o ; "";; 23 : > "

\ B - — :‘»" - ~' ");‘ v ‘ N ""/. N - I/

X @ ) - : 4 , . q, i G i RS~ ¢

: [ ) ) . 2 ‘ \o _\ i y f‘

IS o 6 el \

W Design of upstream co ATRRRRS ] Y
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Realistic mechanical design of barrel (U of Chicago)



In-beam photon veto o)

Current and future R&D items lead-aerogel module is considered

Any other 1deas?

In-beam charged veto
Low Gain Avalanche Diode?




More study items and more collaboration

Korea-Japan co-research (2023-2024)

® Dual readout calorimeter, LGAD, ... for KOTO II

Mechanical design : will have supports from engineer group 1n U of Chicago.

KEK detector R&D platform

® Development of quantum-dot scintillator with fast timing

Study with Full-simulation / Fast-simulation packages

® Reduction of background using cluster shape : halo K; — 2y, n production in CV, ...

® Feasibility studies for other decay modes, K; — n’eTe™, K, — n°utu=, K, = n°X ...
Will prepare KOTO-II proposal in JFY2023.

® Any suggestions, contributions are welcome.

® More international collaboration is one of the keys.

® Could you consider to join the KOTO-II preparation group to prepare a proposal?
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Conclusion

KOTO II at extended hadron experimental facility at J-PC will measure B(K; — 7°LD)

® Extension of Hadron Experimental Facility
— Supported by KEK PIP 2022

® 40 events can be observation in SM with S/B=1.1 — 66 discovery.

® Deviation of 38% may give 90% indication of NP.
® Preparation toward KOTO II is on-going.

Many challenges 1n the detector / analysis — many chances of contributions.
Will prepare our proposal in JFY2024.
You are more than welcome to join us.

Let’s make a next generation experiment!
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