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Outline:

» Current kaon experiments: NA62 at CERN, KOTO at J-PARC
» Next-generation Kaon experiment: KOTO Il

» Muon experiments: g-2 and Mu2e at FNAL, Mu3e at PSI

Muon slides provided by Joe Price, U. of Liverpool

UK leadership at the precision frontier:
current achievements and future opportunities
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Electroweak Box & Penguin (one-loop) diagrams ‘g(KL HH )
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Highly suppressed in SM: Exceptionally clean SM predictions: * | ' '
: : v dominant SD contribution
v ~ 2
Quadratic GIM suppression ~ (Mo/Muw) v' hadronic matrix from K+ — nle*ve = | - b
v Maximum CKM suppression (BR ~|Vs*Vi4|2) D = arg V,V,
Sensitive to new physics scales beyond direct collider reach R
R 10} 4
SM Predictions: irreducible theory uncertainty few % &
N
[Buras et al. EPJC 82 (2022) 7, 615] Q s A, or Ap only:
New Physics: correlations btw 1 ¢ Jexc " oc T A gy / Mo
Kt - atvy (8.60 + 0_42) x 10~ 11 charge and neutral mode significantly - J Conoral NP o A +n482
0. - 11 change for different NP models > b e Nk
K; - nPvv (294 +0.15) x 10 [EPJ C76 (2016) 0.4 182] 0 5 0 15 % % 30

B(K*t — ntvp) [1071]

Charged and neutral modes provide complementary information on the flavour structure of new physics 2
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>30 K*-> m*vv evidence . NAG62. e
NA62 Run 1: 2 x 1018 protons on target (PoT) delivered ~ NA62 Run 2: ~8 x 1018 PoT - beam stop August 3r¢ 500 participants from 32 institutions
A

warwick NA62 K*—-rntvv: from Discovery to Precision
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2021 2022 2023 2024 2025 2026 BBl

85 days 215 150 204 200 focused on K+ ? m*vv measurement
days days days dayS to 15 /0 pre-C|S|On
\ Y J Strong UK leadership at all levels
K* —» m*vv observation: the rarest decay measured at 5 significance UK groups: Birmingham, Bristol,
. FLAVOUR PHYSICS | NEWS Glasgow, Lancaster, Warwick T
Combination 2016-18 + 2021-24 data
5 007+ The kaon stays on script Combined NA62 2016-2024 result
':'; b ol ° o ® A © 2 June 2026 E ted SM SM
o —_
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— oo * o signal expectation* with B¢, = 8.4 X 10~ [not a fit]: SIg nal
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— The full NA62 dataset will define the charged-kaon benchmark for the next generation of flavour experiments _
K* - vy results: [PLB791(2019)156, JHEP11(2020)042, JHEP06(2021)093, JHEP02(2025)191] 3
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NA62 Broad Flavour Programme
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NAG62 has collected data from 2016 until 2026 > world’s largest multi-purpose sample of K+ decays

Precise Lepton Universality tests with K*—x*{*{~ decays
(>100k candidates per mode expected)

Updated Ry measurement
(expect >1M K*— e+v candidates)

Upper limits on BRs of LFV/LNV

K+ and n° decays ~ O(10-11-10-12)

K+ + ].l+ u—
Final dataset (2016-2026) projection
* >100k K*—n"u"u candidates
* Negligible background

* Assume same systematic uncertainty
as nuu result (0.3%)

I
wi’ 7 Central value and total errors

-+ +Ata—
K'—mn'e'e
Final dataset (2016-2026) projection

* >100k K*—n"e’e” candidates

* Negligible background

* Assume same systematic uncertainty
as mtup result (0.3%)

* Same external error as NA48/2

Rk = K'—e'v/K'—pu'v

Novel technique [no dedicated data taking]:
select K, decays with p decays within RICH

— both K¢, from same (PNN) trigger line
Analysis well advanced

Statistics: >1M Ke2 candidates (Runl only)
Systematic uncertainty: work in progress

LFV/LNYV decays

Final dataset (2016-2026)
projection:

—
=
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—
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X
: o
Statistical+systemati [fromBR(“—W(J )J e e 2 . . g) E
atistical+systematic errors r —r —r E
—— Statistical errors only s Central value and total errors l Cen.tra.l value and total errors 1 =
PDG average (2022), without NA62 result — Statistical+systematic errors Statistical errors only S i
S PD 2024
E865 (200(';;)G averege B ‘ Eﬁgs;::lr:r:z::z B SMCZI:;ei(r::gre\ ((Cirigl)iano et al., 2007) g 1 0_10 E
430 events I : 3] E
o CERN PS (1975) . . o L
41 events i KLOE (2009) I o i
HyperCP (2002) ] 13.8k Ke2 events c 10_11
110 events & E777 (1992) . = E
NA48/2 (2011) soevents 1 NAG2 (2013) ) g
150k Ke2 events e © r non-exhaustive: list
p— fo = 3
3120 events — el Ll et 862 ract ” 0 e of LEV/LNV decays!]
projection, peSSImls ic E
NA62 (2022) NA48/2 (2009 >1M Ke2 events, 0.4% sy 1 E
27679 events g ( ) | oties [centered on PDG 2024 value] r
R I Present NA62 limits . NA62 (projection)
. . NAG62 (projection, optimistic)
NA62 (prO]eCtlon) NA62 (pro]ection) >1M Ke2 events, 0.2% systematics M 10-13 - s 3 = w
100000 events 100000 events s [centered on PDG 2024 value] . , @ Q0 @ @ ,Q x@
[tfenlterled ?n 1PDP 210214 val‘”?] | | 1 | § N N B | [Icer\te‘rex;j qn ?D'G ?0?4 ral‘ue'] i A T p o b b by by (ISR L O & ,@Q‘ 8\} ,s\e’ Q’ Q‘
7 8 9 10 11 1 15 2 25 3 3.5 236238 24 242 244 246 248 25 2525 x/"t x 4";. ;&gﬁ‘@/‘
B(K+ ST utp) X 108 B(K" — mwte*e) x 107 Analysis supported in part by MSCA Fellowship CZ - UK2 RK x 10 - L S I o &
Angela Romano All NA62 projections to final/full dataset presented at KAON 2025 4



https://indico.cern.ch/event/1485702/contributions/6584995/attachments/3133698/5564706/KAON2025_NA62_prospects.pdf
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Measurements of B(K* — n*vv)

108 . Evolution of KL= 1Pvv search
BNL , - ; 2 '% i g : : ¥V Upper limit at 90% C.L.
I 1 f 1 - :
& (o) J I v O Single event sensitivity
T ‘.“‘...’.’.0.. -g 1 O _:E__. .............. ¥ ..................................... ............. - ;
) 9:9.0.9.90.0.9.0.9.9.0.9.0:0.90.0.9.9.0.0.9.0.9.9.90.9.0 [ o : i : :
- = G 0.0.0.0.9.9.9:0.9.9.0.0:0.0.9.0.0.0.9.9.0.0.0.9.0.¢ o : 3 -
NAG2 2016-2018 = — SIRTIE cSotetetotetatoretotetatoresotesatoresoresstotessteosec ISt N WNNNE RN M i
— ..‘.’.‘.’."’...‘.‘...".””’00’,‘ man-Nir bound 10 7 et o : |
Nal ..’.’“’.’.‘.’.’.:.’.’ (oL Gross! m £ FNAL KTeV : b 2 v ‘
\ . SRR - (USA) o ¥ v Latest
NA62 2021-2022  —r— - tnre DYRSE| ENRNE RTRON SN SO S-S .
; < 3 KEK E391a ¥ v
NA62 2023-2024 —o— 10710 g 1572 [t smesoveon S — . Y .
[paper approval stage] i Total - - =
NA62 combined )_T_{ Theory 10 ?F i Standafrd Model
T T T T T T -11 . . . . . . . . — ] § i :
° S R e TS0 75 10 ids 8o is 260 25 20 107995 2000 2005 2010 2015 2020 2025 2030
o+ +up 11 + o5 11
B(K* — mtvw) x 10 1o B(K" — m'vr) x 10 Publication vear
NA62 at CERN: KOTO at J-PARC:
> First observation of ultra-rare K*- n*vv decay » Current world-leading search for K, > nlvv
> Smallest BR ever measured at > 50 significance > Latest result: B(K; = n'vp) <2.2x 1077 (90% C.L.)
» B(K*- n*vv) measured to < 20% precision > Validate the exp technique required for neutral mode
> Aim at 15% precision measurement with legacy analysis > Aim to reach SES ~10719and Grossman-Nir bound by 2028
_ ) - - . o1 . :
Following the observation of K* - r*vv, the next major experimental % K_ - nlvv:directly CP-violating decay

R/

% SM branching ratio: ~3 x10-11

challenge is the discovery and measurement of K; - nlvy =——————
% Not yet observed

Angela Romano 5



WARWICK KOTO II: from

precision measurement

With higher K| flux

30GeV p —— 7[5 (KOTO I1)

KL beam| [¢. koTO)

[arXiv: 2501.14827 ]

New beam line = 1.1 x 107 K; /2 x 102 pOT

Improvements wrt KOTO:
X 3 higher K; momentum: longer decay

volume larger acceptance — new exp. area

Neutral beamline Detector

yabsorber
on
o L& T SA

,bq 1st collimator 2nd collimator

search to

Based on KOTO
experimental concept
with improved
sensitivity

With larger detector

3-m diameter

calorimeter

Upgraded detectors to improve background suppression

Summary of sensitivity and impact:

Signal (branching fraction : 3 x 10~ 11) S 35.3+0.4
Background B 40 + 2.7
Single event sensitivity (3x107H)/S  85x 107
Signal-to-background ratio S/B 0.89
Significance of the observation S/VB 5.60
90%-C.L. excess / deficit 1.64 x /S + B 14 events
1.64 x /S + B/S  40% of SM
Precision on branching fraction VS +B/S 25%

0.5 x v/S+ B/S 12%

Precision on CKM parameter 7

* . . . . . .
A running time of 3 x 107 s is assumed in the calculation.

Aiming to run in mid 2030’s in Hadron Hall extension
Expect 35 SM K| - n’vv events (40 background), ~25% precision on branching fraction
Sensitive to NP with >40% deviation from SM at 90% C.L.

Angela Romano KOTO II will open the precision frontier in ultra-rare neutral-kaon decays 6
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WARWICK KOTO II: UK Leadership & Roadmap
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PPAP Roadmap 2021: UK leadership in current kaon experiments recognised; investment in the
future kaon programme recommended.

KOTO II Physics proposal approved at J-PARC PAC (https://arxiv.org/abs/2501.14827)

> J-PARC E107 experiment _KOTO II ROADMAP
KOTO II collaboration formed with KEK as host institution 2026-2028 Design,
: detector R&D
UK Leadership: ; '
tot d TDR
» UK is a founder member of the KOTO II collaboration X Prototyping an )
» UK Co-Spokesperson and Speaker’s Bureau

» UK Leadership of software, detector and physics working groups
Growing UK community building on expertise developed through NA48 and NA62

( )
2030-2034 Detector

N construction

YW »* UK groups: Birmingham, installation and

W, | L Edinburgh, Glasgow, commissionin

75 merbl o ulili Lancaster, Liverpool, L 9 )
el =ou »I‘IeS | Manchester, Warwick
-

( N
From 2035 Physics
data taking and
\i¥ exploitation
KOTQHH orkshop Wainz, S % er 2025 \ /

KOTO II provides a clear route for sustalned UK leadership in rare-kaon physics into the 2030s & beyond
Angela Romano
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Muon Physics in the UK - summary

e STFC funded experiments 4 X N\ [~ )
* g-2 (Fermilab) A H MUZ /3@
* Mu2e (Fermilab) - @ . @ ©

 Mu3e (PSI) DIPOLE MOMENTS CLFV: CHARGE LEPTON

\ / \ FLAVOUR VIOLATION /

» ~40 staff/post-docs across 9 institutes in the UK

e Additional experiments
« DIPOLE MOMENTS: muonE (CERN), KLOE (DAFNE), muEDM (PSI), g-2 (J-PARC)
 CLFV: COMET (J-PARC), MEG-II (PS/)

° _ .
g Imperial College | 4ncasterem UNIVERSITY OF

Vé University of ¢> ,« Lon don University ® ® LIVERPOOL

(3
m BRISTOL The Cockeroft Institute %
& Science & Technology Facilities Council ﬁ
@ Rutherford Appleton Laboratory

MANCHESTER

1824

The University of Manchester

Joe Price, University of Liverpool PPAP — Muon Physics



Fermilab g-2 experiment

Joe Price, University of Liverpool
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Data taking 2017 — 2023. All data
now analysed

Measured the anomalous magnetic
dipole moment (a,) to 127ppb —
reached target precision!

Published Sept 2025: Phys. Rev.
Lett. 135, 101802

0.08 T T T T T T T T T T T T T T

» Data i} L]
—— Fit i
Out-of-phase
In-phase

0.04—

0.021+ "2

i I ] °
! :

5 : ]
~0.021 .
—0.08/— { A -

- PRELIMINARY .. E °

mod(t,T) [us]

PPAP —

Lancaster E=Ea NIVERSITY OF

MANCHESTER University © ® LIVERPOOL

The University of Manchester

BNL E821I I & I I

a1 — - ——

Run-2/3 ! 0 :

Run-4/5/6 +—0—+

Run-1-6 +—o—t

Expaverage _________________________________________________________________________________________________________________________________

] ] ] ] | 1 ] ] ] | - L ] ] | ] 1 ] ] |
20.0 20.5 21.0 21.5

a,- 10° — 1165900

World’s most sensitive direct muon EDM
search - expected Aug 2026

Look for out of phase tilt in e™ angle (Hy)

Uses UK-built tracking detectors, UK-lead
analysis

BSM Lorentz- and CPT- violation searches to
follow

Muon Physics



MuZ2e —summary and status

Transport solenoid

* Final solenoid (detector sole

First physics run end of 2027 before PIP-Il shutdown

e 2027 data: Sensitivity improves worlds best CLFV
limit by factor of 30 — discovery potential!

* 2030-34 data, (post PIP-II): further sensitivity X 300,
to reach goal of 10,000 improvement

Joe Price, University of Liverpool

|
- A S - e
| Y -~ - «’
> I ’ >
: A A% A
L A AV S
3 o
& .

B © iverrool

The University of Manchester

Production solenoid

* Mu2e searches for CLFV via a muon
conversion to an electron

* Need to measure muon conversion
rate and muon capture rate

* All detectors installed in the hall -
DAQ/Cosmic test runs ongoing

* UK responsible for stopping target
Rate of Muon conversion monitor (capture rate) + DAQ

(P +Al— e +AD) 2 run co-ordinators from the UK
[r(y— + Al — v, + Mg)]

Rate of Muon Capture

noid) arrives this month

Tracker and Calorimeter

PPAP — Muon Physics

10
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Mu3e

Search for CLFVviau™ - etete”
* UK responsible for clock-and-reset system and HV-MAPS outer pixel tracker
* Lowest mass fast pixel tracker (~0.1%XO0 per layer )

» 17/18-chip pixel ladders produced in Oxford & 4-ladder modules assembled in
Liverpool

 First outer tracking layers installed in Mu3e this August

* Gradual increase of detector acceptance and CLFV sensitivity

* 8 weeks of beam commissioning data in 2026

» ~30 week physics run in 2027 (Phase-0, central detector) = will surpass the

| -

SINDRUM limit very fast W\ 7
AN

: - Y g

* Completion of Phase-1 programme in 2030-2032 after High Intensity ,.;//-/./—-l l
Muon Beam upgrade /_;___

* Mid 2030s Mu3e upgrade for Phase-2

* Multiple UK coordinating positions: physics, tracker (production,
installation and overall), DQ, MC Ladders produced in Oxfords

Joe Price, University of Liverpool PPAP — Muon Physics 11



Summary

KAON Programme:

» UK has played a leading role in experimental kaon physics for several decades

» NAG62 achieved the first observation of K*— ntvv and is delivering a broad programme of precision measurements
and searches for new physics

The next frontier is the discovery and precision measurement of K, — n’vv

KOTO II brings together the international kaon community to address this challenge

The UK is already playing a leading role in establishing KOTO II and its physics programme

YV V VY

uon Programme:

UK has 9 institutes with 40 staff working on dedicated muon physics experiments

g-2 experiment published measurement of a,, reaching precision goal of 127ppb

New results imminent for muon EDM measurement at Fermilab muon g-2 experiment - UK lead

Mu2e and Mu3e are at/entering commissioning phase, begin physics data taking next year

Both will reach full sensitivity in the second phase of running, 2030-34

STFC funding key part of muon programme in the UK, with additional experiments broadening UK muon expertise

VVVYVYVYVZ

STRATEGIC OPPORTUNITY
% Maintains UK leadership in kaon and muon precision measurements
% Provides long-term opportunities for detector R&D, students and early-career researchers
% Complements collider, neutrino programmes in the search for new physics

Angela Romano 12
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wARwick  Probing third-generation New Physics =
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» EFT with dimension-six semileptonic operators built in terms of SM fields
> Minimally-broken U(2)> flavour symmetry acting on the lightest two SM families
» Reduce the number of relevant operators and free parameters
» Using 5 parameters analyse a large set of observables that includes direct searches, EWPO, FCNC
> Key role of the two neutrino modes in determining the allowed parameter space
| o Minimal U(2), [ar)f(iv_2410_ 21444] U Wil T2, (for com parison)
- e General U(2), E E » Uienerul U'ﬁ'f].l.
4l 1
<L | N
< T
_T T &l
2|4 2t —|m
—|m 4 =L
58] 5 =
: Mk 2! s S
1] S v S ob
0 1 9 3 (] 1 2 3 B 5

B(K' — ntvp) B{K; — )

B(f&vl — T .’JP}SM

B(K* — ntvp)™ = (8.09 £ 0.63) x 1071

B — o riey
B(Kp — 7vp)™ = (2.58 + 0.30) x 10~

(*INA62 K+ > rrvv result from 2016-2022 datasets, updated plots in preparation 14


https://doi.org/10.48550/arXiv.2410.21444

NA62 Prospects

~ Published results
601 —— This result
—— Projected

401

30

Cumulative expected SM K™ — m7vr events
[\

0 N~

2016, 45 days, PLB 791 (2019) 156

2017, 160 days, JHEP 11 (2020) 042

2018, 217 days, PRL 127 (2021) 131802 /

10 - | / -------

1 2023-2024, 325 days, this result | /

/ 2025-2026, 320 days, projected
B adin

2021-2022, 300 days, JHEP 02 (2025) 191

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

e Current: 2016—2024
o Expected SM* signal, N°M = 43 + |

v

o Expected background,Nbg = 30J_r§'

Angela Romano  ° Observed, N, = 84

Year T

e Full: 2016—2026
e Expect ~1/3 of data still to come (2025+2026)
e Improve BR precision further: from 20% towards 15%.
¢ Study kinematic distributions (shapes).

15
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WARWICK NA62 Physics Programme
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Invisible particles
o« 7° — yA’ [JHEP 05 (2019) 182]

Kt - natvp

Precision measurements & rare decays

2016 data [PLB 791 (2019) 156
[ g ac] ¢ KT — e™N [PLB 807 (2020) 135599]

e Kt — atpupu~ [JHEP 11 (2022) 011] e 2017 data [JHEP 11 (2020) 042] .

. e 7’ — inv. [JHEP 02 (2021) 201]
« K* — ntetuy [JHEP 09 (2023) 040] 2018 data [JHEP 06 (2021) 093] ) )

e 2021-2022 data [JHEP 02 (2025) 191] e K™ — pu™ +inv. [PLB 816 (2021) 136259]
e Kt — nteteTeTe™ [PLB 846 (2023) 138193] ,

e 2023-2024 [this talk] e K — 7t + inv. [JHEP 11 (2025) 143]

e K* — ntyy [PLB 850 (2024) 138513]

e 7t — TN [PLB 872 (2026) 140119]

Forbidden decays
+ - o+ o+ - — —_— —
e KT > €€ [PLB 797 (2019) 134794] Dum Mode

o 7° — ete™ [Moriond2024]

Kt — utvutu~ [KAON2025
i prEprp ] o K¥ - mue & 7° — pe [PRL 127 (2021) 131802] N
e A" — putu~ [JHEP 09 (2023) 035]

+ *
o K™ — e"vy [KAON2025]| « K+ = 77 (n%e*e™ [PLB 830 (2022) 132172]

o A’ — ete™ [PRL 133 (2024) 111802]

o Kt — ntntn"y [KAON2025] « K* > puvete* [PLB 838 (2023) 137679]

e K* — 7%1yue [PLB 859 (2024) 139122] « A" — hadrons [EPJC 85 (2025) 571]

Neutrino Tagging: [PLB 863 (2025) 139345]

Angela Romano 16



WA'RW'ICK The KOTO Expe rin;mewnt

X

Vﬂ.
Qi ~ iL
‘Q§

THE UNIVERSITY OF WARWICK 3007 pIm o B pim ] 120§
— ¢ r : o : 202425 | %
Search for K, - n°vv @ J-PARC S Pullicest Puishpa Puiied 1005
= & - z
. . Rssak- s o -
Primary 30 GeV/c protons on gold target located in HEF =0 . 1%
Secondary neutral beam (K, , neutrons, photons) 1501 L ; §§° —60 =
H B [3 o > -
v beam angle ~16°, 7.8 psr “pencil” beam Wb S50 'Sl ! J g8 140
. - Published X ' f i ®» .
v K. momentum peak: 1.4 GeV/c PTEP 2017 (2017) 021C01 ol § ] il =: £
v K| flux: 2.1 x107 per proton on target PRL 122 (2019) 021802 - a ;
TR SR PRL 126 (2021) 121801 v Mo L, LA 1o
v Fiducial decay region ~3 m [PRL 134 (2025) 061602] e o Bt e B0 i B 0 e gm pm g g
FB NCC Hinemos MB IBCV IB CVMBCVCC03 OEVLCVCC04 CC05 DCV CCo6 newBHCV BHPV BHGC

</‘\.
)

2[¥im \/\_VJ TN
Neutral beam line 1L_Y\ o ;zz

target =B Decay region |
F ol ~—Jabeam L O I I
[ =
\ J y— Y
AN C - . X z

3 D G Ev C ! — T T T T T . ——— concrete/iron shield

.. / | | | | | . | g | | | g . Z[m]
Main Ring protons 0 2 4 6 8 10 12 14 16 18 -

Lead-scintillator sandwich

jm]

Hermetic photon detection
& veto systems

Plastic scintillator counter
CsI Calorimeter from KTeV

Signal: 2 pHotons from =0
+ nothing else in detector

Angela Romano
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w : ., 2024-2025
JOT. 2 Pr :
WARWICK s e ospects = a0 '
rewversTYorws KOTO upgrades (2021-23) ¢ b 552 0 0 .
v Upstream Charged Veto "o
v' Permanent magnet at the end of beam-line - N
v DAQ system 200F- 0 _

Analysis of KOTO 2024-25 data
v’ x2 statistics of 2021 data
v expected bkg improvement wrt 2021 data analysis

0

| |

L Ll ' EETE FRREE ind B PR AT 0
1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500

+ T I I L s s s e B Y B Rec. M7 (mm)
K 2021
Halo KL 2024, 2025 (Expectation) 10
0 e 3 monthe/year) 3 m/y (100 kW)
K, - 2rn Sys. error of K, — 27" BG could potentially be reduced to 10% o 7 Assumed s monthsiyear /
5 w77
Neutron — 1month_.2 ? ? ? /// g
?3 o (95 kW) ? 4 ? é |
GV = vevoy
5 - 22277
o
Upstream-:r0 2 2 2 2 ?
2 L2077
Sum BG can be reduced to 75% AR,
I | I I ! - 0 2?3 2015 2016 2019 2020 2021 ZE}_TS 2024 2025 2{?6 2%7 2%8 26/§9 20/430
0 0.1 0.2 0.3 04 -2018
Assume the same sensitivity of 2021 data analysis # of BG Accumulated POT will reach x10
Improved conditions for K, — n’vv search thanks to the upgrades more than 2021 data around 2028
L

Angela Romano 18
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. Taken in our standard trigger mixin

Special trigger (run) required

Other KL decay search @ KOTO EM: y or e*/e

THE UNIVERSITY OF WARWICK

1y K. =71y : Dark photon search
SES=2.9x108 (2 hours run), expected Nec=12.7, observed 13 => BR<3.5x107 (90% CL)
oy K. - 7°X (X: invisible)

Simple byproduct of K; — 7°

VU analysis
3\(‘ K, - Jrﬂ}f : Violating Lorentz invariance
(2016-18 data) SES=7.1x108, estimated Nec=0.34, No events observed, BR<1.7x10-7 (30% CL)
4Y K, — 2°2°X (x: invisible)
4y K, - XX, X —> 2y
(2018 data) Nsc=0.61, No events observed.
BR<(1-4)x10-7 (Mx: 40-110MeV/c?), BR<(1-2)x10-¢ (Mx: 210-240MeV/c?)
By K, — 2'n"°X, X -2
(2018 data) Maximal SES=4.5x109 in Mx=155-190MeV/c?2
(2021 data) Analyzing; Results coming soon
B6EM K, — n%e
(2018 data) No events observed, BR<4.1x10-7 (90% CL)
4EM K, — nlete™ ... trial data accumulation in 2024

3EM K; — yete™ and/or K; — yA,A — e*e™ ... data accumulation in 2025

A 4

Angela Romano
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WARWICK KOTO II: Impact & Global picture

THE UNIVERSITY OF WARWICK

(7] Vﬂ.
"o~ iL
‘o

A complete experimental programme requires both the charged and neutral modes

N
o

NA62 (2016-2024)
9.6713 x 10711

=
Ul
T

BR(K, — #%¥) X 1011

%

> 100kW beam, 3x107 s = 6.3 x 1020 P.O.T
> SES: 8.5x 1013, 5/B=0.9
» 35 SM signal / 40 background events
- 5.60 observation
> AB/B = 25% for SM value of branching fraction

Example
250% deviation from SM

A; or Ap only:
NP 2 2
IGKl x Im AL(R) / MZ(o)

1/ 70% deviation from SM

KOTO Il sensitivity:

General NP o 2 +A1f,! XAL ] .
R N Mo deviations of ~40% from the SM can be probed at 90% C.L.
0 5 10 15 20 25 30 May find New Physics or severely constrain it

BR(K" — =tvv) X 101

Charged + neutral modes distinguish the flavour structure of new physics

Angela Romano
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WARWICK KOTO II: Experimental Principle

THE UNIVERSITY OF WARWICK

Experimental principle (a la KOTO): Neutral beamline Detector

e

y absorber \(@59
o GV 19 °

Srotors

short-lived
Q
,bc§ 1st collimator 2nd collimator

N\
Long, narrow beamline ".‘
Signal: =n° (- yy) + nothing else Signal region
Higher pt of =% (due to two missing neutrinos) pT A
Detector: 250 MCV
« Calorimeter to detect 2y :
« Reconstruct =% assuming Z vertex on beam axis 130 MeV et :
 Hermetic veto counters >
- Need to cover beam hole where detector operation is difficult Jytx

Angela Romano 21



WARWICK KOTO IlI: Sensitivity Improvements

THE UNIVERSITY OF WARWICK

Key factors to improve the sensitivity:

- More K, Primary 30-GeV proton (100kW)
R . e IITTTTTITTIITIITIIITIIIIII T T TS
Use forward production angle L I — | 5 woTOI)
£ 05 =
+ x2.6 flux + harder spectrum % | —KoTon | TN
. o4 —koto |7 | 16° (KOTO)
* More signal acceptance Ke 03]

Pou: 14— 29 GeV/c

* Longer decay volume
Flux : 0.42 x 107 - 1.1 x 107/10!3 POT

0.1F

* Larger calorimeter y
O ™22 "6 "8 10 12 14 16 18 20
m— T < momentum (GeVio)
— KOTO ___________ E————— PRy : — T I 2m
T S T I I L
= .12m I3m
KOTOIl | gy tem S

e
s Beam hole : 20 cm x 20 cm

Om 3m 65m 15m _ 20m "
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' ' KOTO II: Detector (Base Design) | IO‘(

WARWICK

THE UNIVERSITY OF WARWICK

Modular Barrel Veto
Pb 1 mm / Plastic scinti. 5mm + WLS fibers

load B4C
to suppress

thermal neutrons

Outer veto
/ Calorlmeter

2500
2000
1500
1000

500

Y (mm)

-500
-1000
-1500
-2000
-2500*=

Charged Veto

l, Calorimeter
(undoped Csl)

o
[TTTTTTT |II I‘II I|I II|IIII| TTT IIII‘III |II ]

AENENEE |lJ I‘Il J|I lI|JIIlI 111 JJIJ{[IJ |Il l

Decay volume
(Vacuum)

2000 —1000 0 1000 2000
X (mm)
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WA'RW'|C|< K, — #’¢*¢~ in the Standard Model

THE UNIVERSITY OF WARWICK

ﬂ\l\i
Contributions from long-distance physics '%%
« SD CPV amplitude: y/Z exchange K, — ="t CPV T 1
_ amplitude &g
* LD CPC amplitude from 2y exchange constrains UT n 5
« LD indirect CPV amplitude: K; — K 0
« K.— #%*¢ will help reducing theoretical uncertainties, measure |ag| BRp(K, — u'u) m Re
» measured NA48/1 with limited statistics
* planned by LHCb Upgrade B(K; — re*e)

« K, — a%*¢ can be used to explore helicity suppression in FCNC, give
unique access to SD BSM effects in the photon coupling via the tau loop
(2 sets of values corresponding to constructive (destructive)

[arXiv:hep-ph/0404127,arXiv:hpe-ph/0404136, arXiv:hep-ph/0606081] \ : AR L oA
[arXiv:0705.2025, arXiv:1812.00735, arXiv:1906.03046, https:/indico.cern.ch/event/1196830/] interference btw direct and indirect CP-violating contributions)

B(Ky — nu*p”)

Experimental bounds from KTeV: BR(K; — n’*e”) <28 x 107" Phys. Rev. Lett. 93 (2004) 021805
Phys. Rev. Lett. 84 (2000) 5279-5282

BR(K;, — nu*u™) < 38 x 10~

Main background: K; — "¢ yy BR(K, — ¢'eyy) =(6.0£0.3) x 10~ E*>5MeV
*Like K, — ¢*¢"y with hard bremsstrahlung  BR(K; — u*uyy) = 10*8 5 x 107° m,, > 1 MeV

Greenlee
PRD42 (1990)
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WARWICK

THE UNIVERSITY OF WARWICK

50

40 F

.0

30} !

20F

ey

1
1

10 |
1

1

B Ktentue
K- (A, > 0)
Ky-sup (A, < 0)
-10p 5 LFUV with K* s+ i1
- === Kon'ee
S 7]
i

oF

20 L n | | | | L
=20 -10 0 10 20 30 40 50 60 70

6CH =6CT

Bounds from individual observables:

Coloured regions: 68% CL measurements
Dashed lines: 90% upper limits

K, — 7’¢*¢~ and New Physics s )

Y

]
4»'

[D’Ambrosio, lyer, Mahmoudi, Neshatpour 2206.14748, 2311.04878, 2404.0364 3]

Access to photon coupling Can be used to explore
helicity suppression in FCNC decays, give unique access
to SD BSM effects in y coupling via T loop

We assume NP contributions of the charged and neutral
leptons related to each other by the SU(2). gauge symmetry
and we work in the chiral basis

5C = 6CL = —5Ct, 805 #6CH = 6C]

5 Future Precision
Fit results (20 CL) BR(K* 117 v0): 15% LD:+ for K. - py
- Current data BR(K_ - n0vi): 25%
[ W KOTO-II, Proj. A
BN KOTO-II, Proj. B

30

Impact on LFUV tests
s—=>dll +s - dvw

20

Angela Romano

. Fit results (20 CL) e
d 10 Current dats BROC w29
w0 S Future Precision, Proj. B
o
-10f .
-
Q
L]
-15 -10 -5 0 5
scH
Projec onA
Observables already measured are kept, others assumed 10 of individual chservables
at their SM values, all with target precision of KOTO-II ~10F N K* -n'w(15%)
K ~mv9 (25%)
. B K —nfee (25%)
Projec onB s = . N )
All measurements give current best-[ t point with B 5CH = 5CT
target precision of KOTO-II L= 25



A M tof K. - At t-inkoton MOt
waewicx Measurement of K; — 7 in : Y&

THE UNIVERSITY OF WARWICK

« K; » n%te”

Calorimeter
I - Additional charged particle tracker (Two layers)

* Vertex reconstruction with the two tracks
— Better resolution

.- Reconstruct K; and z° with better resolution

- BG: K, > efeyy

Charged particle Tracking
e.g. Straw Tube tracker + 3.60 observation is expected in KOTO Il

— Discussion of further improvement

- K, - 2%*u~ is also under study.

Compatibility with neutrino channel is under study
Probably, a second phase of KOTO II with dedicated tracking
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