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Flavor transition in quark sector

- CKM matrix (or Higgs) governs flavor transition in Standard Model
* New physics
* Generic: May have common flavor structure

* Flavor specific: May detect new physics In a specific flavor

d,

* Characteristics

7L it i
1 0 < European Strateg)

» Sensitive to high energy scale

uture

uN — eN

1 — 3e

* There may be a hint In

T — UN
|

Bl | - 3

* Lepton Flavor Universality

Current

* Unitarity in CKM matrix

 CP or T violation




Flavor Physics

Flavor transition 1.e. s —» d, g - X — g : Decay, Electric Dipole Moment, ---
— Physics In high energy scale may contribute in the intermediate state
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> |Targets for New Physics search

Rare phenomena / Tiny effects
charm top | T
 Signhal: New Physics in high energy scale AE x At ~ A
@@ g((@ q((@ t- Ba.ckground: .Sgppressec?l SM contribution
h = N Precise or Negligible contribution of SM effects
down strange bottom

* to detect new physics effects

Need to prepare huge number of events
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Flavor Physics —Collider or Fixed target?— 4

_ Huge number of interactions
Fixea target _ Table top to produce hug number of events

— Fixed target is better
High energy
— Collider Is better

Target
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Flavor Physics —Collider or Fixed target?— 5

_ Huge number of interactions
Fixea target _ Table top to produce hug number of events
- — Fixed target is better
High energy

Usually, away from
— Collider is better Y Y

the production target
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Flavor Physics —Collider or Fixed target?— 6

. : Huge number of interactions
Fixed target [Collider Table top oroduce hug number of events

tt — Fixed target is better
charm — Collider Is better
QG
y— strange e attam ® ‘ " Beamline —| Detector
-~ = ‘ Y Fixed target / non-collider — Light particles

Huge interaction—High radiation/rate

electron muon tau
neutrino neutrino neutrino

ﬁ‘ * — prepare beamline to guide particles of interest
< Characteristics of each experiment

electron muon



Flavor Physics —Topics on Fixed target— 7

Guiding particles: Long-lived particles are suitable.

Fixed target _ _ Lighter and long-lived particles

K=, K, n~, u™, neutron, v, (p, ™)
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Neutron EDM

« H=—ds- E: T odd — T violating — CP violating effect
. SM contribution: &M ~ 6(107°%) — larger value observed— new physics
. Experimental bound: |d, | < 1.8 x 107%°(90 % CL) by nEDM@PSI in 2020

- Next generation experiments with sensitivity 6(107")
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Neutron EDM

NnZ2EDM@PSI --- Blinded data taking was started from June 2026 C. CRAWEORD.

el O

DPF MEETING,
TUCAN@TRIUMEF --- New UNC source was completed. 2026-07-22
World highest class UCN density was achieved in JFY2025
arXiv:2607.03033
NEDM@LANL --- Preparation is on-going.
panEDM@ILL -~ with reactor. >/ 25m I 5 LD, oryostar L=t
?, ® stainless steel
= | & shielding

H foil holder
= gatevalve

detector

heat conductlon channel
UCN converter (He- II)
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T-violation with neutron scattering

- NOPTREX@J-PARC MLF S—— |
polarized neutron polarized target

* Measure the forward scattering amplitude.

* Amplification mechanism in compound nuclel
139L& 131X€ 117Sn 81Br o

é’ffj;iiiiii&
P-odd T-odd o - (k x I)
P:a-(éxf)%a-((_é)xj

* |t may depends on T-odd parameter.
— T-violation effect.

* Physics run in Phase | Is In progress.

EXperiment SHe Spin Filter Pol. Target Transmission Detector
Phase-l experimental setup P s p—
of measurement of A;(0xr)
at J-PARC MLF BL04
i .. ' H.M.Shimizu
_ 42nd J-PARC PAC

= 21.5m / \25m = \28.1m 29.3 m
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Neutron lifetime[

Bottle: neutron In a trap — count

Beam: neutron beam — count N,

J-PARC@MLF— count N,

Neutron lifetime

N? Nl

cutron

neutron? cutron?

and ¢, — t,

aNd Nyecay proton WIth different detectors

AN Nyecay elecron WIth the same detector (TPC)
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cutron

895 ¢ Beam method i S=alal®] S
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- T - A . P ——
890 2 J-PARC e — I =1
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arXiv:i2412.19519v1
K. Mishima CKM2025
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Neutron lifetime

g 0.98r Discrepancy
| 7, . storage method T eutron 4.60
0.978—
o
Vud: CKM unitarity bOttle
0.976 (Vus from Kaon decay) * beam
PDG2022
N ’ Cabbibo angle anomaly
A
0.974 (~30) gA/gV ~ 36
Vud: Super‘a”O‘-"/ed

0.972 . v with radiative correction

T « HGRHE TTECHTG PRL 121, 241804 (2018) v ~ 36

ud

0.97 :
. from V,, with
0.968 K. Mishima Vfd + V2 + Vfb =1- Vfd +V2 ~1
A . aSpect A PERKEO-III CKM2025
PRC 101, 055506 (2020) PRL 122, 24250 (2019) * from Supper—allOwed beta deCay

0.966
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1.264 1266 1268 127 1272 1274 1276 1278 128 1.282
|7d=|gA/gV|




Another look for Cabbibo Angle Anomaly :

0.226
= 10,23 { Discrepancy
| |  CKM unitarity 2.8¢
0-225] |« global fit
* unitarity
= 0.224} : | |
— | New Physics may contribute
Modified W/Z quark coupling, for example
0.223} l
| [ decays
0.222 a a " a 1 M a " A 1 N 2 " : 1 N 2 2 N 1 " M M "
0.971 0.972 0.973 0.974 0.975 0.976

V.l JHEP 03 (2023) 234
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z— decay: PIONEER@PSI

. V. can be obtained from BR of pion beta decay (BR ~ 107°) and z,

. PIBETA experiment: V= 0.97386(283) tr. o5 181803 (2004
Super-allowed beta decay: 0.97367(32) * ..

v 0.977 I I ]

> . " .

* Need more precision In pion beta decay 0.976 E

— Phase Il PIONEER experiment@PSI 0.975} R

H = ’ =

0.974 s

Phase I: LFU test & ’ ! % -

. F( 7T+ S e + Ve(l/) 0.973 - Q PIONEER Phase |I E

_ with 0.972 - <) PIONEER Phase Il E

]Z'ES bea m I iNe F(ﬂ:_l_ — /4+Vﬂ(}’) E [ Existing Measurements E

CALCRIETER 0.971 E— V,q from unitarity with V__ = 0.2233[5} (KI3 average) —:

trans PO 't + - V. from unitarity with V,, =0.2250(4] IV, N, |Imeas) -
0.97 0'—=0" Neutron Pion

ESPP input 2026

= hme may contribute to solve Cabbibo Angle Anomaly




NAG6Z2 at CERN

K™ = 7tv BR=8x10"'!in SM)

K, -7

KOTO at J-PA

0

VU (BR =3x 107! in SM)

RC
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NAG62 (2016-2024)
B s vy = (9.61 1) x 1071

B <22%x107°90%CL) (2021 data)

not observed yet

56 observation was already made

Data taking was
finished in Summer 2026

KOTO Il (J-PARC ET107): Next generation experiment

K, = 2, K, —» n%¢* ¢

|[PRL 134 (2025) 8, 081802]

v
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2021

2028

2029

2030s

CERN

Ingle worlc

J-PARC

kaon-dedicated pr

ogram

KOTO |l
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Frontiers in Kaon Decays

| | |
K" - n"vp Q 90% CL upper limit
Q)
K, —» 7z%vp g
=)
K, — rnlete 8
=3 -10 |_
K, — nu*pu” 3 10 * o -
O — SM predictions N
— Precise SM prediction ~
107" =
- Targets of KOTO I =
— (hot measured yet)
i Y LHCb continue

"HUS
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Correlation In K — =i

[
9]
T

* Generic model

» Chiral L/R only (constrained from k° — K% mixing)

BR(K; — n'vp) x 10!

» Both chiral L and R contributions I
+ Minimum flavor violation O o s
0 10 fS 210 215 30
» Correlation to K* decay BR(K* — ntuvi) x 10!
« (KT > nw)x A, — (Kt - 77vd) « |A,_,|* = (ReA,_, )* + (ImA,_, )

e AK; - ) x d_,— A o Im(d,_ )T (K, » 7'vi) (ImAHd)z

s—d s—d

N-
() V2

. Br(K, - nvp) < 4.3 x Br(K* = ntv): Grossman-Nir bound




Correlation to B decay

* New Flavor symmetry — correlation to other flavors 68% and 95% CL regions

suggested from global fit
SM Average PRD.109.112006 EPJC 86 (2026) 9, 1063 g9 g
4L' ) > » » -
§ - Belle IT 7362 fhl, ¢ aombined — : : : :
2 B 107 i BR(B* — K*wp) [ R B eSS S eSS ee SRS s s s s e a sy
o Belle 11 {362 fb"!, hadronic) X - -
. " 1 1.1 7l HYTHLY: - ! ! L |
: l Belle IT (362 fh !, inclusive)
| e 2.70 above SM 3k 5
: 1L~ belle 11 (63 tb, inclosivey 0 |pessssssssss recdecsstbdocscscnccnnccsenscccncnsanascscnccanann;
: | - 1.4 1.5 127, 1 2
_._i_ Belle (711 fb!, semileptonic)
: " 10+08 RUGE. 0110
: 9 Belle (711 fy'. hadronic) =
: 23+ 1A CRDST, 111163 I/S\ /£
—— B.leAR (418 fb 1, semileptonic) Y N L
: 1203 PRDEZ L1202 — l
_E._— BABAR (129 b hadronic) u yt :::: :‘f‘
i ‘ :‘ : ‘ ‘ , . l‘.;l.‘; "Illll'hi;llﬁil(l:'; ‘ l ‘ ‘ < .
0 % 1 6 8 10 0 0 1 T 0 25
10°x Br(BT—K T w1 E +
Broken = |2
Q
: .  E787 U(2) symmetry
E949
+ 1L
- : NA62 2016-2018 ] : X Lo
, New Physics - EEERE ® K™ = w"vi
o oniy | . ' NA62 2021-2022 : R * Kp—mvi
Theory r |n3rdgen. P A S A S
0 1 2 : 4
—e— NAG2 2023-2024 :
B(K — wvv)
—e— NA62 2016-2024 B(K — mvv)su
L e S Correlation to B decay

B(K™ — 7 vi) x 10H

arXiv:2607.16413 —BR(K; — z'vp): x3 enhancement may occur.
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Another look for Cabbibo Angle Anomaly |

0.226 —— |
Discrepancy
| Kol i CKM unitarity 2.8¢
0-225] |+ global fit
* unitarity
S 0.224 K3 ‘ - -
— | New Physics may contribute
Modified W/Z quark coupling, for example
0.223F |
K | T3 - | NAB2Z may give more precision
| p decays [ on VvV, from kaon decays
0.971 0.972 0.973 0.974 0.975 0.976

V.l JHEP 03 (2023) 234
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K* decay NA62@CERN SPS

4OO GeV proton

400 GeV Protons, °

Secondary 75 GeV/c beam:
T:T70%,p :23%,K" : 6%

Cherenkov

| kaon tagger

from SPS
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NAGZ (2016-2024)
B sy = (9.67719) x 10711 —20% precision
By adding 2025-26 data

(~ 1/3 of 2016-26),
15% precision is expected.




K, decay: KOTO@J-PARC MR
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Neutral beam line
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Publication Year

Exceeding
Grossman-Nir bound
aiming at

the sensitivity < 10719
in 2020s.




K, decay: KOTO ll@J-PARC MR LIl ==

Y N
* Next generation rare kaon decay experiment Proposal submitted

. 0 — 0+ »— |InDec 2024,
- Study of rare K, decay especially on K; — zvw and K; — 7°6¥¢™ |, xi,.0501.14827 [hep-ex

Scientifically approved
with Stage-1 status

* Next generation rare kaon decay dedicated experiment in April 2025.

* Indispensable information in the quest of flavor physics.

. K, —» nvv search with the same method as in KOTO: “2y from z%+ nothing else”

K

[Target| |[Beam dump| |Detector behind the dump

3 3

Calorimeter

30 GeV proton S e \%

KL2 beam line 2

5° production angle

KL annex -



https://arxiv.org/abs/2501.14827
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Impact of KOTO Il

NAG2

|20

MI
arg
— arg

lo ] ?xdras

A; or Ap only:

N x Im A%(R) / Mé(/)

‘EK‘

|Ap +Ag | X|AT|

\ General NP

10 15 20 25

BR(KT — 7tup) x 10!

23

100-kW beam, 3x10’s =6.3x10% POT

SES: 8.5x 10715, S/B=0.9

- 35 SM signal / 40 background events
—5.60 Observation

. ARBIB =25%Tor SM value of &%

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

IKOTO |

Example

250% deviation from SM

30

| 70% deviation from SM

May find NP effect



Conclusions

* Flavor physics In quark sector will have progress
with Non-collider (fixed target) experiments. We may find new physics!

2030 2040
NEDM 6(107%7) more sensitivity

T-violation with compound nuclel
neutron lifetime

LFU test with z+ decay nt beta decay

Br(K™ — zTvp) 15% precision

0 .
Br(K, —» 7n°vv) exceeding Br(K, — z°v0) measurement

Grossman-Nir bound
New physics, new source of CP violation?
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