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Physics on KL—1i0vv

New Physics Contribution??
I s )

Ki—m0v v decay in Standard Model
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Signature:

K,—1novv decay

Neutral beam line

target

/I

proton

“2y+Nothing”

Assuming 2y from no,

Calculate z vertex.

M2(i0)=2E1E2(1-cos0)
Calculate 0 Pt (large Pt for signal)




KOTO detector
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Data accumulation history

P.O.T. = Protons On Target
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x10

4 In analysis
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2016-18 data

: Published
| (Phys. Rev. Lett. 126, 121801)

(Phy®. Rev. Lett. 122,
021802)
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Recent Results

*  Noevent wasobserved with 0.42 predicted BGs.

* 2015 data[PRL.122.021802]:

« S.E.S.=130x%x107°

* BR(K, —

m™w)<3.0x1072at90% C.L.

e Theworld'sbest limit.

* 2016-2018 data[PRL.126.121801]:

. S.E.S.=720x10710

*  Observed 3 events with 1.22 predicted BG.
« 1.22 BG events included newly found BGs.

. BR(K, —

m™w)<49x102at90% C . L.
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New BG Sources

Beam halo K; BG (KL — W)

1st Collimator 2st Collimator BG Table
of 2016-2018data
source Number of events
Kr, Kr—3n’ 0.01 +0.01
K —2v (beam halo) 0.26 +0.07°
Other K1, decays 0.005 £ 0.005
K~ 0.87 +025¢
Neutron Hadron cluster 0.017 +=0.002
+ +
K=BG (K— — TI‘Oe—V) CV 7 0.03 + 0.01
Upstream 7° 0.03 +0.03
total 1.22 4+ 0.26

1st Collimator 2st Collimator

* Background sources studied after looking inside
the blind region.
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Kt BG

K:BG (K* - mle*y)

Ist 2st
Collimator Collimator
KL

‘_______________,

* Installed Upstream Charged Veto(UCV) for K=
detection

* A plane of square scintillation fibers read by
MPPC

s 0.5 mm—squére fibers tilted 25 degree



Reduction of Kt BG e s
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T [ B Other K, decays

- Inefficiency of Upstream Charged Veto(UCV) was
evaluated by identifying K* — 1110 decay

# of events / 16.0 [MeV]
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- 3 Cluster events s T a __________________ __________________ —
. Tvertex reconstruction from 2y S | e __________________
. TT" reconstruction assuming 0 | e -
transverse momentum balance of |
0L,
K* BG can be reduced by a factor of 13 20 ------ ------------------ - u
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Charged Kaon

2021 P —— 2023
. UCV wasinstalled. & 3 . UCV will be upgraded.
- Scintillating fiber. . Scintillator film.

- KstBG % 1/13 - KsBG x1/100

New Upstream Charged Veto (UCV)

1st Collimator 2st CollimatOI\ 2 O 2 3
K = 42000 | - Willinstall amagnet
T aller 2nd collimator
Viagnet . KBG x 1/10

. Combined reduction~1/1000 after 2023.
. KtBG ~0.02 events at BRgyp(K;, — mw)~0O(10-11).

1"



Halo KL—2y BG

Ist 2st
Collimator CollimatorK F

_

* Developed new cuts based on the difference of
kinematical distributions or shower shape to reduce the Halo KL—=2y BGQG

10



_ Signal effici :95%
New cuts against Halo KL—2y BG |, .7 .

Shower shape consistency - Multi variable Analysis with kinematical variables
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Status of 2021 data set analysis

Currently we are focusing on the analysis

of t

ne 2021 data set

-High statistics, UCV was installed against K* BG

Single Event Sensitvity(S.E.S)=7.9x10-10

BG Estimation

c.f.2016-18 analysis: 7.2x10-10
source #BG in the signal box
[ Ki—o2mo 0.141£0.059 |
K+ 0043i%8%8
Hadron cluster BG 0.042=0.007
Halo KL—2 y 0.013+0.006
Scattered KL—2 vy 0.025+0.005
n production in CV 0.023x0.010
Upstream 0 0.02x0.02
KL—3m0 0.019+0.019
Sum 0.325°91%;
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c.f.2016-2018 analysis:1.23£0.26
E 450 ;— 4.5
= 400 4
- 350237 - ~de=3.5
= 343, 38+26 blind region
T 005 5 70,526 0. 090}
. 250 :_I e —— —1 5
L - i .
ﬁ 200 ;_ﬁ':i_ 00 b
150 ;_.tlf _______________________________________ 1.5
100 z_,*' ................................................................................... 1
T SN (SN | S R | . | Y
Sﬂg - 0182+0059 | O: 0.5
0 2000 3000 4000 5000 6000 0
Rec. 1’ Z , (mm)
Black:Data Red:Estimation

-0.33 in the signal region
-0.53 in the blind region




K, » 272" —> 4y

|SSU€S on KL—)Z"TO BG | ‘ Barrel detector

CSI
_}
* BGL for KL—2m 0 BG is increased. -
arrel detector ‘
BGL = #BG X (S.E.S)
2016-2018 ana 2021 ana Simulation study
(Geant4 9.5.2) (Geant4 10.6.2) with a modeled barrel detector
BGL for Ki—2 0 <0.6x10-10@90% C.L. (1.1£0.4) x 10-10 e 1% < vios
o 10—1 = vi10.2
O
E 5 v10.1
* Photon inefficiency of the barrel detectors = | o ves
depends on the GEANT4 version =
107 o
* Physics model was changed between two L I
. c Y S S L.
versions due to difficulty of code management. 10

B T
(Info from a GEANT4 code manager) 107 500 1000
13 Incident photon energy (MeV)



Inefficiency evaluation with 5y data
6 th y with high energy into barrel detector

Reconstructed EV>200|\/|eV Black: Data
0 Red: KL—3 70 MC (Geant4 v10.6)

Blue: KL 370 MC (Geant4v9.5) ~

1

Destination: Barrel detector

* For1l MeV threshold 10

# of events/1.0 []

* Ineffipata=(4.8 =4.8)x10-5

* |neffivc=(6.2%2.5)x10-5 (for v10.6) 1
=(2.1£1.5)x10-5(for v9.5)

0.5 Lol

7 S T |

-Need more statistics to distinguish the version

Data/MC

difference.

-The systematic uncertainties will be accounted to be
~100%.

=

T5 Maximum energy deposit on the barrel detector (MeV)
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Prospects P
= 0
® 2021-2022Accelerator Shutdown g iz:
® Main-ring power supplyupgrade. § 30§—
® Beam power 64kW — 80-100kW. § ?Z: l%
E 0:201'0'2'011 22014 2016 2018 2020 2022""2‘0224 2(;26”2(;28

Year

® Will resume data-taking from May, 2023

=
o
©

¢ By 2027, with 2-3 month run per year

® Expect to collect xXI1 more data. 1077
® 5 E.S. can reach below O(10-10),

~11 |, | | | | .
10 2016 2018 2020 2022 2024 2026 2028 Year




Run History and Results

2015 data: set the current best limiton B(K,— m°%v v ).[PRL.122.021802]
2016-2018 data: recent results with new background sources. [PRL.126.121801]
2019-2021: analysis In progress.

First limit: 1992, SES ~1.0X10*

Effective Data Statistics: N X Agjg 5 1075¢
0.014>< 10! E _6§ Tev m ,v: Upper Limit
1107 kTev (Dalitz) #SES.
o F = E301
0.011 = 107 ¢ = E391
> - s E391 final
_8_
0.007 10 KOTO 2016-p018
: v KOTO 2015
102 =Grossman-Nir bound (NA62)*
0.004 -
10101
0 = Standard Model
—11_|||||||||||||||||||||||||||||||||.I
2013 2015 2016-18 2019-21 10 1995 2000 2005 2010 2015 2020 2025 2030

*S.E.S. (Single Event Sensitivity) = BR of one signal event Year

13
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KOTO I with extension of hadron experimental facility
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_ Measure branching ratio of the KL—1ovv decay with
-Higher intensity KL beam
-Larger detector

- ~50 SM events for 3x107 s run time
with 100kW beam
- Signal-to-background ratio ~ 0.4

Experimental area

e Lz);‘;__h___ 5 degree = Br(KL—>1TOW) =SM
A e —_— >
,, R e—— =

:E:I:l:|===r='

—> — ~50 discovery

T3 target 1st collimator

2nd collimator

Another magnet at most downstream

- - |Br(KL—TTovV)-SM|/SM >40%
T —Indication of new physics

43m from the target,
behind the proton dump

18



N/ustr/1e6 POT
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A new KL beam line ’

Proton
KL yield dependence on extractionangle K;
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A neW KL beam Iine ﬁ:)rt‘)df ()1_22-;9;21

200

R

1200 :_ pO 1193 +11.8

n pl 2.909 +0.027

. . 1000~ Ez 1.722 +0.017

— ~0.2011 + 0.0052

B a S I C d e S I g n B p4 0.005615 +0.000344
800 =
30GeV Sweeping magnet = Experimental area 600 + P peak= 2.9GeV / C J
T w 400 -

T2 target st collimator e T 00~ 5000 10000 15000 20000 25000 30000
2nd collimator K, momentum at z=-5mm(MeV/c)
43m from the target,
Another magnet at most downstream behind the proton dump KOTO KOTO | Gain for Ki

yield

o : Production
Hh degree production Angle 16 degree | 5 degree x5
* The beam line length is 43m. Beam line 50m 13m 0.8

* KOTO llarea is located behind the beam dump. Length

Solid angle 7.8 usr 4.8 usr x0.06

N(KL)= 4.8x107/spill @ 100kW beam on T2 Target

—x 2.6 higher than KOTO (per POT)




Detector for KOTO ||

Signal

-qF---i
d region !

KOTO

KOTO I
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Signhal acceptance

* Beam power: 100kW at T2 target

H00E
: oo * KL yield: 4.8x107/spill = x2.6from KOTO (per POT)
> E mm 0.4
D -
=, 35.3+0.36 * Data taking :3 Snowmass years (3x107s)
o5

Decay Geometrical Cut 1-Backsplash

P robability Acceptance efficiency 1- Accidental foss loss

KOTO Il
Efficiency

KOTO
Efficiency

24%

I\)-Illlllllllll IIIIIIIIIIIIIIII|IIII|I._|_i_|_L._|_-
|

3.3% 26 % 3% 36% 50%

Improvement

3 0.9 8.7 1.7 1.8
factor

Product of improvement factor on efficiency ) X (Increase of KLyield)=190

22



BG estimation

101

Halo KL—2 y Hadron cluster
g o 50¢
E -
E E O
E

w50l production in CV

FY L. - - - - - - ~ 10

50 - T
E -~ b cV _

P o b 5 Signal :35.3%x0.4

> [ 246:039 ' = £ 8.22#2.28 E s O 7

T A £ - EIRE 210 eution BG in total :56+2.8
E_ 10~ - _% 101
: : . : A halo neutron interacts with CV and S/N:O63
E > - ..o F, . AWy produces —wrong vertex reconstruction

Og =00 zvtx(m) 20 s
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B(K;, — mvp)
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Prospects for KOTO to KOTO I
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25

30

KOTO will reach
O(10~11) sensitivity

Upper limits or a few events
with # of backgrounds ~ 0

KOTO Il aims at measurements
of B(K;, — v V)

~40 events In SM sensitivity
O(10~13) sensitivity
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Toward KOTO 11

® Detector R&D for the KOTO Il experiment is also on going.

Barrel detector Candidate

z-segmented barrel concept

T

Calorimeter Candidate

.

[KoPIO

KLOE q

Pb/Plastic scintillator
0.275mm/1.5mm WLS fiber

Pb/Scintillating fiber (Imm¢) «
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U U

ANGLES
ALUNINUM EXTERNAL CONNECTING
Rotpalliatbos SCINTILLATOR 2 MODULES MODULE SIDE PLATE
IN PLATE WITH
-
“EXTERNAL  CHARGED VETO FIBERS 3 WITH GROOVES FOR
“ 2B sTRAPS

SCINTILLATOR

VACUUM
VESSEL

Fine Segmented calorimeter capable ofangle measurement

1-mm lead/5-mm plastic scinti. )
- - B
y Even layer ID Odd layer ID L
A . \
1
15-mm wide strip
FLANGETO
PMT
>

Full geametry 105 Tayers

Yy, Z position 81 x,zposition X



Summary

*The KL—m0v v decay is sensitive to New Physics.

* KOTO
* Currently finalizing the 2021 data analysis;

* Will reach S.E.S below 10'%in 3-4 years data taking.

* KOTO I

* Have the potential of 5 o discovery if Br(KL—mov v) is same
as the SM prediction.

* Detector R&D for KOTO Il is on going.
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