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K, — n%vpin SM

* Direct CP violating process, BR(K; — n'vi)g, « n°
* Clean with a few % uncertainty, dominated by top quark mass.

e Ultra-rare:

* BR(K;, = n'wi)g,; = (3.4+0.6) X 107! [Buras et al, JHEP 1511]

* Sensitive to new physics, but experimentally challenging!

CKM Triangle (10 Charm



K — 7mvly & New Physics

* BR(K, — n'vp) < 4.3 X BR(K™ — ntvi) (Grossman-Nir bound) [Phys.Lett.B398.163]
e Grossman-Nir bound: BR(K;, — 7vp) < 6.2 x 107!V (NA62) [JHEP06.095]
« Experimental limit: BR(K;, — 7"vi) < 3.0 x 1077 (KOTO) [PRL.122.021802]
e New physics could contribute to BR(K+) & BR(K?) differently. [JHEP 11(2015)]
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Detection of K; — n'vi

Kyl —= 70 |vv

untagged \l/ undetectable

meeasured by Csl

20m beam line

Signal SignatureS: Sweeping magnet and collimatr
I

. i

Hermetic veto
* 2y + nothing else

.o Narrow bea
* large 70 Pt (missing momentum taken by vo)
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Reconstruction of K; - =

Reconstruct decay vertex (Z,,,) by
assuming M(yy) = M,

Calculate transverse momentum (P;)
of 7’ by using Z

Signal Region:
* Large 7 P;

» 7, within fiducial region

rec. 1° Pt [GeV/c

Opp

] calorimeter
[_] photon veto

charged veto
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Run History

2015 data: set the current best limit on B(K;, — 7).

2016-2018 data: recent results with new background sources.

2019-2021: analysis in progress.
Beam power: 64.5kW at highest in 2021
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Recent Results

2015 Data
235%1115130 (0)27 0.15 308
—331.5+13. 27+0.15 .
o 2015 data [PRL.122.021802]: S .08
. . > e !
* No event observed with 0.42 predicted BGs. Se o e
250 — i '
: C = F i o ol
* Single Event Sensitivity (S.E.S): < ME o |0o42*°-18 * ¥
Q, 10t < | 2016
1 100 - el 1 P
. S.E.S.= =1.30x 1077 = L4013 |0
(Ky, flux) X (Acceptancey,) S50 2500 S0 S o0 5o 550 s
+ BR(K, — 7°%0) <3.0x 107 at 90% C.L. Zyr (mm)

e Current best imait.




Recent Results

e 2015 data [PRL..122.021802]:
* No event observed with 0.42 predicted BGs.
¢ S.E.S.=130%x107
* BR(K;, —» n'%wi) <3.0%x107°at90% C.L.

e Current best Iimait.

e 2016-2018 data [PRL.126.121801]:
e S.E.S.=720x10710
e Observed 3 events with 1.22 predicted BG.

* 1.22 BG events included newly found BGs.

 BR(K; - i) <4.9%x10°at90% C.L.
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New BG Sources

Beam halo K1, BG (K; = 7y)

Lst 2st BG Table

Collimator Collimator

’____—-—-—-"k’l<: of 2016-2018 data
_

source Number of events

Kr K —3m’ 0.01 £ 0.01

K1 — 2~ (beam halo)  0.26 + 0.07 *

Other K1, decays 0.005 £ 0.005

+ O + K= 0.87 £0.25°

Ki B G ( K - —> JT € I/) Neutron Hadron cluster 0.017 £ 0.002
CVn 0.03 £0.01
Upstream 7° 0.03 4 0.03
Ist 2st total 122 026

Collimator Collimator

Sk, e e g R
B B

* Background sources studied after looking inside
the blind region.



Beam Halo K1, BG

CSI calorimeter

Beam halo K1, BG Halo K,

Ist 2st
Collimator Collimator

’KL____E-——T——-'_&,

K, =2 -~

_—————_____————-_"—“———?
.-- -
-
—"
—'—

- o Signal |
M BG - 1

e o
.g
Ill[ll T

# of Events

e New cut based on the cluster shape and y angle

suppressed the halo Ki. by 1/16.
(new cut isn’t applied to the 2016-2018 analysis)

* BG level ~0.4 events at BRpxp(K; — ﬂOVD) ~ 0(10_11)° 002 04 06 08 1
(BG like) Likelihood Ratio  (Sig. like)
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Charged Kaon BG

ISR wio uey veto

2021 S0 Y T O RN

° UCV was installed 100; """""" """"""""" """"""""" """"""""" -------------- ----------------- = 103; """"" """" w/ UCV veto
° Scintillating ﬁber. 805_ ........... .................. .................. ................. ................. ................. _ e o
° K,_, BG 5 1/15 60%— ....... .................. ................. ................. ................. - 1; __________

a0t

20 1 - — — — S— 3

9 SR A I R

t 4

005 01 015 02 o.és 0;3 035 04 260 360 460 560 600 7()0 860 9()0 1000
MeV Rec. K* Mass [MeV]

New Upstream Charged Veto (UCV)
Ist 2st

Collimator = Collimator
Kk .= LA
= 2= I T

Magnet
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Charged Kaon BG

2021 2022 2023

* UCV was installed. * UCV will be upgraded. + Will install a magnet
* Scintillating fiber. * Scintillator film. after 2nd collimator.
* K= BG x 1/13 * K BG x 1/100 « K: BG x 1/10

New Upstream Charged Veto (UCV)
Ist 2st

Collimator  Collimator
RO W Y

* Combined reduction ~1/1000 after 2023.

i\hgncl

*K: BG ~0.02 events in the SM S.E.S.
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2019-2021 Data Analysis

* Analysis in progress.

e ~75% of 2019-2021

¢ S.E.S.=12x107° (preliminary).

* Cut condition not o

500
450
400

data. 350

Py (MeV/c)

e Plan to unblind the tu
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Prospects

2021-2022 Accelerator Shutdown
* Main-ring power supply upgrade.
e Beam power 64kW — 80-100kW.

2023-2025
* Expect to collect x11 data.
* Projected S.E.S. ~O(10-11) by 2026.

Number of protons on target
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SES:7.2 % 10710 Ifl> POT : X 11 ||~ more than 2016-18
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Analysis
on-going

Published

—Update the results
i

80-100 kW beam
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Summary

Analysis Status:
* 2015 data [PRL.122.021802]
* BR(K; - n’wp) <3.0x107 at 90% C.L.
* The current best limit on BR(K;, — n'vp)
* 2016-2018 data [PRI..126.121801]
* BR(K, - ) <49x107 at 90% C.L.
* New background sources found.
* 2019-2021 data (analysis in progress)
* New detector and analysis tools for suppressing new BG.
Prospects:

 KOTO expects to improve the S.E.S. to O(10-11) by 2026.
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