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New Physics search through rare decays

Heavy particles could
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Flavor-changing neutral current in Kaon decays
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FCNC processes in Kaon decays are unique probe in search for New Physics



Reachable energy scaled via Rare Kaon decay
Very rough calculation by experimentalist

Standard Model
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Beyond Standard Model
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K, —» %0 decay In the SM
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Loop function for top
Precisely calculated K* — ne*v decay data

Extracted from

(Isospin symmetry)

B(Kp — 7vi) = 2.78(6)spi(2) L0 (29) para X 107
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Kt — ztvi decay in the SM
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Loop function for top (charm)
Precisely calculated
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genuine light-quark long-distance contribution
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Correlation to K™ — ztup
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New physics scenario (Generic Model) :
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New physics scenario (U(2) Flavor Symetry) .
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K— 7 V V experiments at
CERN and J-PARC

K+% C+V V @NA62 [Joel Swallow, ICHEP2026]
KL= Ov v@KOTO
KL= Oy v@KOTO |l



https://indico.cern.ch/event/1522800/contributions/6982678/attachments/3321436/5946795/ICHEP26_NA62_Kpnn_JSwallow_vP.pdf

NA62 experiments @ CERN

- NAGZ Is the last from a long traditiona of fixed-target Kaon experiments in the CERN North Area

. The primary goal is the measurement of BR(K* — ztwi)
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History of kaon experiments @ CERN SPS
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2001 direct CPV
NA48/1 Rare K and
§ 2002 (Ky/hyperons)  hyperon decays
2003 Direct CPV,

|  NA48/2 (K'/K') Rare K7/K decays
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2007 R, =TI'(K*—e*v)/
| NA62-R (K'/K) K- 1)
2008 Rare K*/K~ decays
2016 K*—n'wy,
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~300 participants,
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Signal identification

Momentum:75GeV/c y veto
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NAG62 key for signal ID

Define the signal region in m2miss Vs 7+ momentum plane

NA62 Performance Keystones:
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NAG6Z2 K+ - ntvy Latest results

Dominant BG in the analysis is Upstream Background
-7/.5 among 12 total BG for the 2023-24 dataset

arXiv:2007.16413

20106-24 data results
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https://arxiv.org/pdf/2607.16413

NAGZ2 Kt — z*vv Prospect

. Data taking was completed in August 2020.

. Final dataset(2016-2026) Projection

. In total, more than 60 SM events are expected.

. Expected BR uncertainty = 15%
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KOTO experiment @ J-PARC [koTo=ko at TOkai

. Search for KL= m9v v decay at J-PARC - KOTO detector

. Aim to discover the decay mode . Calorimeter + Hermetic Veto system
FB NCC MB CvV CC04 CC05 CC06 BHCY BHPV

J-PARC@Ibaraki, Tokal
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Singal Definition

- KL%y v events
- 27 In the calorimeter + nothing else

- Calculate the m° vertex and transverse momentum with 2 ¥ energies and positions measured by CS| calorimeter

Vertex calculation CSI calorimeter

1\’1730 E
281 By

cosfd =1

he signal region Is defiend on P1 vs Z plane
19 Z vertex



Background events

Key components to suppress BGs

-High detection efficiency for extra particles
-Minimize the K+ flux In the neutral beam

-Minimize beam halo components and
detector materials near the beam hole

Caused By Beam Halo Particles

Intensit Upstream BG CV-n BG Hadron cluster BG Halo KL.—2y BG

Beam position

20



Accumulated #protons on target

KOTO data accumulation
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Black : observed
Red : estimated

: K, — n'vo MC
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.081802
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| —  Total Uncertainty

—  Stat. Uncertainty

¥
'_+_. +0.052
+ ! 0.252 £0.055 lstat ~0.067 |syst
v
0.00 0.05 0.10 0.15 0.20 0.25 0.30

Expected Number of Events

23




2021 FLEDOBRHEFOURE R - Lt Eh R4z (UCV) DR +FE A

KAMGA

',YW‘N |

-K+ flux x1/10(MC-F7%E)

i —

UCV (2021)

UCV (2023-)

0.2-mm-thick
scintillator film

[ 2-pum-thick
/ Al mylar

l
PMT

PMT
PMT
v -
K_
. 0.5mmt-sqg. scinti. fiber ‘ 0.2mmt scinti. Film
Material T o TETRE
%ﬁ%ﬁg\%ﬁwﬁM%m
MPPC PMT
Readout ‘

—S/NDE L, BEERY X —2 DIER

7.8%

‘ 6X1O'4\

Ingfficiency




K.|_ .ﬂux eStimatiOn Reconstructed K+ mass distribution

KOTO 2024-2025 Preliminary Rec. Mass
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K+ flux was reduced due to the newly
Installed second magnet
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Data/MC

K+/KL flux ratio was reduced by
a factor 27. (Preliminary).
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Halo KL flux estimation

Source points of Halo KL Flux of Halo KL was evaluated by KL—=37©°

Scattered at the collimators
-Configuration change to install the second magnet

was atfected ﬁ
Scattered at the UCV %
-The chagne of UCV thickness(0.5mm->0.2mm) 0
O
U
O

was affected ﬁ

107:
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# of events / 40.0 [mm|

Halo KL flux estimation

Halo KL - Scatterred at the surface of the collimators
Scattered KL: Scatterred at the UCV

Halo KL measured with

Halo KL flux
KL—3 10 samples
= — — 08
: ! Data = = [ |HaloK,
104 & Doq 07— - Scattered K.
= MC samples: :2 o E_ Y Total unc.
10° .Halo Kp—3n" é E
o ~ Y I
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é 03
10 -
02—
1 0.1
0 =
200 250 300 350 400 450 500 S50 600
2021 2024-25

Rcog [mm]
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New deep learning cut against Halo KL—2y BG

[Rec. Z, Rec. Pt, Cluster Distancet

Y1

Cluster image
17%x17

0.9, X, Y] —>

ICluster image
17%17

[6, ¢, X, V] '

K, - =

CNN

0

vy Signal — 1

Halo KL — 2y BG — 0

(0~1)
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. Halo KL—2 r BG can be reduced to 4~2% with 95% signal efficiency.
— 6 times higher rejection power than that in the previous cuts.



PT & Z distubition for 2024-2025 data set

SES=4.22x10-10

of background events in the signal box KOTO 2024-2025 Preliminary
; 500_ I I I I | I I I I | I I I I | I I I I | I I I I | I I 9
5 - N
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1?)00 2000 3000 4000 5000 6000
0
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- while SES is x2




KOTO prospect
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To MEASURE K_— 1w

KOTO " @ J-PARC (And to study K:—'n0I+I- (I=e,u) also)

KOTO |l collaboration meeting at Osaka on 18-20 August 2026

. Aiming to discover K, — z%v and measure

the branching ratio
. ~ 35 event/ ~ 40 background events
. >b odiscovery of SM events

. 25% precision of the BR measurements

. 90% NP indication if BR>1.4xBR(SM)

The proposal (arXiv:2501.14827) was submitted to J-PARC PAC I\/Ilany NAEéTrgelrlnbers
and was scientifically approved (Stage 1 approved) == o0
SPARC ROTO 1l (E107) (scientifically approved) yTq || heeds significant modification(extenstion) of the

Y g N
[I - A I] +9@, experimental facility as well as construction of a new
Bl & % detector, which requires a large-scale budget,
77 members + 2 observers KOTOB]II IS making efforts toward realization in 2030s.

34 institutions, 11 countries



From KOTO to KOTO Il to obtain x 100 sensitivity

. More KL Primary 30 GeV proton
_ el SR « « « « s s ssusssnununsnnannnsnpssnsssnnys:
- Use forward production angle B e A | 5 (KOTO Il
E_‘y_ 3 —KOTOll |
: = 1 |k
x2.6 flux + harder spectrum : _koto |7 [% | 16 (KOTO) |
< - 1

- More signal acceptance lKey 1.4 29 GeV/c

peak

Flux : 042 %107 = 1.1 x 10°/10"3 POT

- Lnger decay volume

llllllllllllll

- Lager calorimeter KL momentum(GeV/c) 20

Beam hole : 20 cm x 20 cm
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KOTO Il detector (base design)

Modular Barrel Veto
Pb 1 mm / Plastic scintl. bmm + WLS fibers

;
I load BzC
to suppress 20 m
A=

__B|hits from
thermal neutrons

S—

o

i
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Detector R&D for KOTO Il

Calorimeter prototype In outer region: Shashlyk counter| -
: " Monltor PMT,

Barrel Detector

-

PvT T el | cad/SCi g
— / \ | — —

= WL fibers

Mechanical design

Circunferertial rib’

7/ cm X 7cm (Pb 03 mm / SCI ] 5 mm)x172 Iayers — 31 cm = 10X0

" with a help from engir;e-eringv
= (6.91 = 0. V + ) group from U of Chicago
op/E = (6.9120.0) % /\/E (GeV) & (07) % —3%/\/E (GeV) with 27X, (less leakage _
=B0x1) (PS)/\/E (GeV) & (59 £2) (ns) |Measurement| | Extrapolation | Module deS|gn
Measured resolutions meet the requirements, Depth reconstruction with both-end readout

Alternating plastic scintille

p—

Side view

Beam Hole Photon Veto (BHPV) ) T

Compact Fast Crystal option P S Electrons:

20 cm % 20 cm x 16X, o, ~ 140 psiVE(GeV) @ 95 ps
Preliminary

MIPs:

o, ~ 100-130 ps

Preliminary

WLS fibers .

Ultra-fast PWO
crystal PWO-UF| |Fast Metal-channel PMTs |Winstone cone

| [Prototype

"~ 300 mm => < 250 mm

ceeeen creneah. LAB0 hibers seem fo be the maximum 1%
Oroeslngposlﬂon quuuebhmm
\\_




DAQ R&D for KOTO i

TDAQ:
base design: Level N trigger with waveform readout
ADC prototype: 16 channel, 14 bit, 500 MHz ‘@™ <CTO

Al trigger for cluster shape (e/z separation for example)

L1 + L2 : Eventbuilding High Level Trigger (HLT)
1 O :Total energy + # of clusters ¥ THOUIN R EFAVOING Mo Computing node Disk node
o < O R ot it : I - Event selection and waveform compression Temporary data storage
: . D A § ; :
| | - : 10 Gb
~ — — ADCs x16 OFC-I v ' 0 =
. )| : BRI X _ | zoa0pe _
= — | b= | X18ADC : i x18 : 5 T EEeE 1 S [TTTTIT — G| 4Gbps
: O % : Coiasan . : - ; : 2 ug) é"“"" 1 (]3) To KEK
: ' Lo : NN
v > © T L - OFC-I| |
| ADCs x16 OFC-| EEEE S
KOTO Cel Calerimeter KOTO Csl Calm.mm:, ..............................................................................................................
- Overall Workflow
- Trainin : " 5 Hardware
8 > hls4ml > Vitis hls :
Model i - Deployment

e e e e e o —— T e —— o —— e ——

Development with a help from KEK [TDC

B 8 & 8 o

Feasible according to simulations




Physics Impact of KOTO I

N
(-

BR(K; — n'vi) x 10!

-
.
T

—
Q
T

oun
T

NAG2
2¢ lo Bdras, Buttazz0, Knegjens
JHEP 151 (2015)A66
MFV .
arg A\,
::zwéY?;
/ > 4
: A; or Ap only:

NP 1 A2/ g2
I(:]\ I X 1111 AL(L’) ’/ I\'!Z[r:

A r ‘+' A a A A‘!”
\ (General NP oc ——2
M2,

5 10 15 20 25

BR(K* — n*vp) X 10

3
1

100-kW beam, 3x10’s =6.3x10% POT

SES: 85x 107", S/B=0.9

- 35 SM signal / 40 background events
—5.60 observation

. ABIGE =25 %Tor SM value of &

. 40% deviation from SM
—90%-CL indication of NP

IKOTO I

Example
250% deviation from SM

| 70% deviation from SM

May find NP effect
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Summary

. K — mvv decay provides us with a unique probe to search for New

Physics.
2025 2030 2035 2040
J-PARC KOTO BR(K, — z%)<3x10-10
KL BR(K;, — z%wi) 25% precision
KOTO I
BR(K* — #7uvi)

+
CERN K NAGZ precision 20%—15%
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