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@ The Golden Modes K — mvw in the SM and beyond
@ NA62 after LS2: detector upgrades and performance
@ New measurement of B(K+ — 7t vp)

Presentation follows the talk by Joel Swallow at the CERN EP Seminar on
Sept 24
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K — 7muv : Precision test of the Standard Model M""ZQ

SM: Z-penguin & box diagrams Alnin > 7) Kaon Unitarity Triangle
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« Theoretically clean = high precision SM predictions

» Dominated by short distance contributions.

« Hadronic matrix element extracted from %B(K — 7% +1/f) decays via isospin rotation.
Experimental Status

(10.6 £ 4.0) x 10~ nas2 16-15

KOTO (2021 data)

Mode SM Branching Ratio [1] SM Branching Ratio [2]

K* = ztup | (8.60£0.42) x 10~'" |(7.86 £ 0.61) x 10~
K, = %0 | (294+0.15)x 10711 [(2.68+0.30)x 1011 [<2x 1077

‘6 Recent SM calculations [1:Buras et al. EPJC 82 (2022) 7. 615][2:D'Ambrosio et al. JHEP 09 (2022) 148]
2 (Differences in SM calculations from choice of CKM parameters: see [EurPhys.J.C 84 (2024) 4, 377))
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K — mvi : Beyond the Standard Model ~ ¥462§)

« Correlations between BSM contributions to BRs of Kt and K; modes [JHEP 11 (2015) 166].
* Must measure both to discriminate between BSM scenarios.

Correlations with other observables (¢'/e, AMpg, B-decays) [JHEP 12 (2020) 097][PLB 809 (2020) 135769)].

* Leptoquarks [EPJ.C 82 (2022) 4, 320], Interplay between CC and FCNC [JHEP 07 (2023) 029], NP in neutrino sector
[EPJ.C 84 (2024) 7, 680] and additional scalar/tensor contributions [JHEP 12 (2020) 186][arXiv:2405.06742] ...

Green: CKM-like flavour structure

* Models with Minimal Flavour Violation

Blue: new flavour-violating interactions where LH
or RH currents dominate

10

» 7' models with pure LH/RH couplings S 10

* Red: general NP models without above constraints |T:

» Grossman-Nir Bound: model-independent relation é 5 A" F?i”l:’:‘;m a2
[PLB 398 (1997) 163-168] %(KL N 7[01117) TK+ < 1 \(;'.““‘dlxp = i R

%(K"' - 77.'+l/l_/) T ~ K 5 10 15 20 25 30

L
@GZQA = BK, — n°00) S 43B(K* — 1*vD) whep 11 pots 168 BUKT = wtww)  [1071] 4
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Charged Kaons at the Main Injector
April 15, 1998
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Andrzej J. Buras (Munich, Germany): CP Violation, Rare Decays and the CKM Matri%
v
Peter S. Cooper (Fermilab): Rare Kaon Decays
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Andrzej Buras (right, with John Conway), Restaurant
Zacatecas, Mexico, November 2001
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NAG2
NAG2: The Kaon Factory
The K factory at the .
CERN north area
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The NA62 Experiment at CERN NAGZ {,

~200 collaborators from ~30 institutions.

« Primary goal: measurement of B(K* — 7vi)
« New Technique: K™ decay-in-flight
o Results: [pLs 791 (2019) 156] [JHEP 11 (2020) 042] [JHEP 06 (2021) 093]
o Broader physics programme:
« Rare K% decays (e.g. KT — 71y toussso oo 1385131)
o LNV/LFV decays (e.g. K™ — ﬂ_(ﬂo)€+€+ (PLB 830 (2022) 1371721)
o Exotics (e.g. Dark photon (pre 133 (2024) 11. 1118021)
o Data taking
« 2016 Commissioning + Physics run (45 days).
o 2017 Physics run (160 days).
« 2018 Physics run (217 days).
o 2021 Physics run (85 days [10 beam dump]).
e 2022 Physics run (215 days).
o 2023 Physics run (150 days [10 beam dump]).
o 2024 Physics run ongoing ...

Phetograph: Maximilien Brice © 2008 CERN

H this result H H

(—\ 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
NAB2 6
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The NA62 Collaboration

Birmingham
Bratislava
Bristol
Bucharest
CERN

Dubna
George Mason
Ferrara
Firenze
Frascati

@ Glasgow

@ Louvain-la-Neuve

EPFL Lausanne

Mainz

INR Moscow

Max Planck
Minchen

@ Napoli
@ Perugia

~ 230 collaborators

°
°
@ IN2P3 Marseille
°
°

@ Pisa

@ Prague

@ Protvino

@ Roma |

@ Roma ll

@ San Luis Potosi
@ SLAC

@ Torino

@ TRIUMF

@ Vancouver
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The Mexicans in NA62
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Kt — n7vv at NA62

NAG2 ()

NA62 Strategy:

« Tag K* and measure momentum.

o Identify 7t and measure momentum.

e Match Kt and 7™
o Determine mmm (Py—P)*

¢ Reject any additional activity.

in time & form vertex.

NA62 Performance Keystones:

o 0(100) ps timing between detectors

« O(10%) background suppression from kinematics
o > 107 muon rejection

o > 107 rejection of z° from K* — 7770 decays

P+)?

2 = -
Mmiss = (PK+

CWNAG2 O,

Decay mode Branching Ratio [PDG]
K* - uty, (63.56 £0.11) %

Kt -zt (20.67 £ 0.08) %

Kt = atntn~ (5.583 +0.024) %

K" = ntn~e'y, 4.247 £0.024) x 10
Kt — ntvp (8.60 £ 0.42) x 107! 1sm

Buras et al. EPJC 82 (2022) 7, 615
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Kinematic constraints & signal regions NAGZ )

mZiss = (Py+ — Pp+)? O(10*) background suppression from kinematics

P+
. [JHEP 06 (2021) 093]
Py Slmie - - - -

& 01
E 10*
= 0.08
S E Kr—a0(r) o F
ol 0.06 ; \
E —  Kavp e > {Control regions| 10
107 ‘ | 0 0.04 . Control regi
ok o \ 0.02
E c 5
= o 10
E E \\
100k = | Signal®
E [ Region 2 —0.02
10' - 2 P 10
Lo L | | | L | —0.04
10° -0.04 -0.02 ] 0.02 0.04 0.06 0.08 O.‘z [GDng/ ‘]
- 7" momentum [GeV/c]
(ﬁ_jﬁz Q 7t momentum range: 15—45 GeV/c 8
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The story so far: K* — z7v with 2016—18 data ¥A62§Q

gz . Data

< < - 2018 Dat
K* W MC T oup e o SM K'a—:r‘w

<0l - W zZ . . Sae ... K' - mwMC 4
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<008 LRI = 1)
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0.04

0
-0.02 o

v 2016data[PLB 791 (2019) 156] £ 2017 data [y HEP 11 (2020) 042]
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© e \m«f o
008 [~

W
¥ momentum [GeVie
JHEP 11 (2015) 166)

—0.04

HEP 06 2021 ‘093 ]
Data-taking year [Reference] Nig Nf,f,v,[ P Nygs | © 2 % ?mo,:z“m,:'fﬁevff]
2016 [PLB 791 (2019) 156] | 0.15210:093 | 0.267£0.020 | 1
2017 [JHEP 11 (2020) 042] | 1.46+0.33 | 2.16+0.13 || 2
2018 [JHEP 06 (2021) 093] | 5.42709% | 7.58+040 | 17
2016-18 [JHEP 06 (2021) 093] | 7.0373:35 | 10.01+0.42 | 20

Statistical combination: | B - b)) = (106J_r§2 ‘ stat + 0'9SySt) x 10711 at 68%CL |

@GZQ |In background-only hypothesis: p = 3.4 x 107 = significance=3.46. | 9
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NA62 beamline & detector msrzennmz  MABGZ ),

Secondary 75 GeV/c beam:

° . . Hadronic
5 et 1 70%,p :23%,K" : 6% /Calorimeters
S 29 STRAW CHOD
> Cherenkov LAV » (i
kaon tagger =
1] i {|RICH
Target KTAG
400 GeV Protons, |
P Vacuum ;
1 " Beam i{{RICH
spectrometer 4 Dump
L Fiducial decay | Magnet L~ <
volume Liquid-Krypton
- ‘ ‘ i EM Calorimeter
0 100 150 200 250 Zm]
m

« Designed & optimised for study of K* — v :
o Particle tracking: beam particle (GTK) & downstream tracks (STRAW)
e PID: K™ - KTAG, z* - RICH, Calorimeters (LKr, MUV1,2), (1 detector)
o Comprehensive veto systems: CHANTI (beam interactions), LAV,LKr,IRC,SAC (y)

CWNAG2 O, "
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Particle ID performance : 2021—22 data ¥462
Calorimeters RICH

e Use BDT classifier for LKr & MUV1,2 Designed to distinguish between
+70F
o + MUV3 (fast u* detector) . T/ with 15 — 35 GeV/c.
1 x10” 1
“QRO.::E ;¢3 % %o"sf —o12 %
T . ] E T L e E
& o9 bl * & oot Toa  ®
0.85] PO MU S 0.85) i)
o8f —— & 08 .08 T
orst —— s g ]
.l;lE 1 .:DE i0.0S
0.7; ;10 0.7; i
0.657 0.65 —0.04
0.6; {5 0.02 ;0-02
0.55F ] 0.5 ]
08" 35025 30 35 a0 45 ° 08 s " e 55 @0 35 40 45
p [GeVic] p [GeVic]

&(x D) = (73.00 £ 0.01) %

@GZQ; P(u* misiD as 7+) = (1.3 £0.2) x 1078 12

.................
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Comprehensive photon veto system: 2021—22 VA62 ()

Control sample of K* — 7*7°

:jﬁ
3 -7
S 10
g
e -
T "
£ +
c
S n

LKr: 1-8.5 mrad. _&’_, M

150 [SETR s
? <
=
\T/ b
3 i
b t
0795 20 25 30

35 40 ‘ ‘45‘ ‘
s1s + +. 0 0 7t Momentum [GeV/c]
e Probability of K™ — n77", 1° — yy

events passing all photon veto conditions: 77,0 = (1.72 = 0.07) X 1078

(ﬂﬁﬁzg o Meets target: combined 7/7° rejection of O(10%). 13

.................
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Upgrading NA62 NAGZ {,

e 2016—18 analysis proved NA62 technique.

o Limitation: tight cuts to reject backgrounds = reduces signal efficiency.

e To improve: need new tools to control background.

CWNAG2 O, "
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Upgrading NA62 NAGZ {,

e 2016—18 analysis proved NA62 technique.

o Limitation: tight cuts to reject backgrounds = reduces signal efficiency.

e To improve: need new tools to control background.

Background 231(3);2)2) K™ decays in decay tank
Upstream 2.76J_r8'28 '

K* > z*a® 0.52 £0.05 © Kapi Largest backgrounds:
Kmu2

Kt > puty 0.45 + 0.06 © K3pi 1. Upstream
Ked K+ +.0

K* = ztnetv| (041+0.10 @ Upstream 2, - T

K* > 772" | 0.17+0.08

Total 431505 Upstream background Veto by detecting previously

missed particles...

CWAG2 p, .




New upstream VetOS‘ VetoCounter & ANTI

[FELIX readout: Streaming Readout Workshop talk 2021]

7l'+

= lyy

VC1

°
@
@

—

vC2

Coll. (TCX)

,uw

CWNAG2 O,

o W62y

VetoCounter

e Detect particles from
decays upstream of final
collimator.

e Factor ~3 rejection with
~2% accidental veto.

ANTIO

e Detect particles up to
~1 m from beam line.

e Reject ~20% of
upstream background
with <1% signal loss.

[JINST 15 (2020) C07007] 18
[SPSC report 2023][EP Newsletter, Dec21]
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4th GTK station Y[mm] NAGZ {,

GTK1 ||

A

¢ Si Pixel detector exposed to )
~1GHz beam. KTAG

o Essential for K* — 7z matching.

-63
o Measures K™ 3-mom. & time

e 4th GTK station improves
efficiency & pileup resilience.

Cooling plate

‘EZ Si Pixels ~(30x60 mm active area)
Q More info: [Kleimenova, VERTEX2023]

Jirgen Engelfried



Summary of NA62 upgrades NAB2

o New detectors, installed during LS2:
e 4th GTK (Kaon beam tracker) & rearrange GTK achromat (GTK2 upstream of scraper).

o New upstream veto (VetoCounter) & veto hodoscope (ANTIO0) upstream of decay volume.
¢ Additional veto detector (HASC2) at end of beam-line.

« Intensity increased by ~ 35 % with respect to 2018 [450 — 600 MHz].

o Improvements to the trigger configuration.

New detectors
installed in 2021:

gen Engelfried Kt — ntup



Beam intensity: 2018 vs 2022 NAG2 {,

‘ ~20 x 10! ppp on T10 ‘ ’ ~30 x 10! ppp on T10 ‘
o Y
; 0.1 2018 Data 2022 Data
=1

_______ >

0.08

0.06

0.04

L S N L O L

0.02

100 200 300 400 500 600 700 800 900 1000
Instantaneous Beam Intensity (MHz)

e Average beam intensity increased.

@52&, « NA62 “Full intensity” with 4.8s spill = 600 MHz 24

Jiirgen Engelfried Kt =7



NAG2 ()

NA62 SPSC Report 2022]

2021 instantaneous beam intensity

All events

9000§>1 second into the spill

6000 MHz

I - 1 1
100 200 300 400 500 600 700 800 900

100 200 300 400 500 600 700 800 900

Folded event timestamp [25ns]

Instantaneous beam intensity [MH
Instantaneous beam intensity [MHz]

Folded event timestamp [25ns]

e Remove events in first 1s of 4.8s spill for 2021 data only.
(ﬂ_\ﬁz o DAQ overwhelmed by instantaneous rates up to 10x higher than design.

% i

irgen Engelfried



Analysis strategy NAB2

Triggers: RICH multiplicity (reference time) ci?\r;r:::s
e Signal in CHODs

« No signal in MUV3(x veto) + add more
e Tag Kt (> 5 KTAG sectors) conditions

o <40 GeV in LKr (7[0/]//6 veto)
e LAV veto (downstream of vertex).

o Minimum Bias: K™ — p v

« Normalisation: K+ — 77"

o Signal: K — 7700 candidates

Selection:

« Normalisation K* — 7+77: 1 downstream track (only); identified as z+; K* — z*
matching (space & time); upstream vetos.

o Signal K™ — 7 candidates: same as normalisation selection + full photon and
detector multiplicity cuts (reject all extra activity).

CWNAG2 O, o

Jiirgen Engelfried Kt =7



Bayesian classifier for K* — 7t matching NAG2

. : : « Output: posterior probability of GTK track = true K™
. Irg:;ts. spatial (CDA) & time « Use likelihoods of kaons (K) and pileup (P)
( +) matching, intensity/ o Likelihood ratio used to select true match when Ny g > 1
pileup (Ng7k) [prior] —
e Models for PDFs/Prior from P K 0
Kt = ntntn data. e=380% Pmistag =0% Pmistag =2%
[Fromsean] | [Foot 1 A
;m e ‘7%“,, E o EU coing.
£ "B 0.85E o et
g f\ o ; a1 N e o o 4,:’
0.750 . e o — :
(CDA) o ; T ood™ :
0.65 : 0.
0. i 0. F»;**’ == S Eenshans|
P(cDbA) 3 A oo i
T e O antanosus beam mtonsity MHz] O antanecus boam ntensity (MH2]
10 15 20 25 30
CDA  [mm]

o Efficiency improved (+10%) and

@52 ' mistagging probability maintained. 28
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Signal sensitivity NAG2Z {,

« Normalisation channel: K+ — 7t7°

, momentum range p € [15,45] GeV/c.
Single event sensitivity:

Effective number of K* decays, Ny:
(Branching ratio corresponding to expectation of 1 event)

Downscaling factor of
normalisation trigger 1
(generally 400)

B ore =
\N Do/ . NieRye yigA

Number of
normalisation events

N nw 1%
‘%n’ﬂAﬂn’ Ramflo_m veto
/ \ efficiency Signal selection
) ) Trigger efficiency acceptance
Branching ratio of Acceptance of (ratio)
Kt - ntn° decay normalisation selection

BM
1%
Number of expected SM events: N SM_ v
. . M 1 V1%
(For comparison to previous results use 3> = 8.4 X 10 @SES

D

[JHEP 11 (2015) 166], but results are independent of this choice)

CWNAG2 O, 2
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Acceptances NABG2
Acceptances @ gl )
Analysis is performed in (5 GeV/c) N°”(p) = P = DN, (D)€ (P)ERY
bins of momentum: B ses(pi) Bz | Ana(DD)
—i#i— Normalisation, K—n'n® —&— Signal, K'—>xtvv
o L
% F c oLD NEW
7 0,025 » ase 2018(S2) | 2021-22
o L =
§ 0.02F Norm. 11.8% 13.4% +15%
S F *
;f 0.015[- - * Signal  |(6.370.64)%|(7.61+0.18)% | +20%
2 r
0.01F . o e Increased selection efficiencies.
F o e New K-pi matching technique.
0'005: e Re-tuned vertex conditions.
o\ I AP IR A « Relaxation of some vetos.

20

15
MEZ Acceptances evaluated at 0 intensity.
. , Intensity dependence captured in &gy,

. ‘35\ L ‘40

45 - .
Track momentum [GeV/c] ® Improved precision (plus improved

systematic uncertainty evaluation).

30
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Trigger efficiencies

, BN BM A (p;
Analysis is performed in (5 GeV/c) N:7(p,) = —"— = —= ni(P) DON””(p,'ERV
‘%SES(pi) ‘%7[}1 Aﬂl[(p[)

bins of momentum:

NAG2 ()

0.94

Elrig

0.92

9

0.9

e

Qa
.69

—o—

aa
.00

0.84

o

0.82

—o—

0.8

-

0.78

15

CWNAG2 O,

T35 a0 45
Track momentum [GeV/c]

8sig &ig(new) = (85.9 £ 1.4) %

gtrig = (2018) = (89 5)%

&
trig
8}70)’"’! ¢

o Trigger efficiency ratio:

e New: several components in both
normalisation & signal triggers:
partial cancellation.

e Old: in 2016—18 data normalise with
fully independent min bias trigger
(no cancellation).

o Improved precision by factor 3 with
reduced systematic uncertainty. a1

Jirgen Engelfried
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Random veto s s o
e is ind dent of t K t Nz».x’p(p) — ‘%mﬂ _ ‘@ﬂuﬂ Am/z?(pi)D N ([7 )8 ([7
RV 1s Independent of tracCk momentum - i/ — - ~ (0] i/Ctrig m
(related to additional activity only) e B ses(pi) Bz AP e

> 1%

.

£ ﬁ_ﬁ%%%w = Rand Veto Effici :
- L e Sy e £py = Random Veto Efficiency:
£ 08¢ S o 1 — &g, = Probability of rejecting a signal
S .- AN RV y of rejecting a signa
S r el e event due to additional activity.
© 06 T e « Balance:
o L e .
2 r *“»o«_.d* . o s
e T . « Strict vetos = lower efficiency
_§ 0.4- « Loose vetos = higher background
é r £ RowsACve « Operational intensity higher but re-tuning

0.2~ —F— LKrveto vetos means &gy, is comparable:

I ——+—— Photon rejection
[ —%— Phot Itiplicity jecti _—
ol ] egv(new, Ty & 600MHZ) = (63.6 £ 0.6) %

200 400 600 800 1000 1200 — .
Instantaneous intensity [MHz] SR\/(OICL Aao1s ~ 400 MHz) = (66 £ 1) %

0
CNAG2 .
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Signal sensitivity results M€

— Nsz() B — 1  Display integrals (15—45 GeV/c, 2021+22) for summary tables.
K %””Aﬂ” SES NKERV€1'~igAan * Acceptances evaluated at 0 intensity.
Nyr Normalisation K+ — t70 2.0 x 108 ep ;Q,/[;
Arr Normalisation acceptance (13.410 £ 0.005)% L SES
Nk Effective KT decays 2.9 x 1012 Assuming BM = 8.4 x 107!
Ar,p  Signal acceptance (76 +0.2)% 2021-22: N,; = 10.00 +0.34
_18:N .= +0.42
etrig  Irigger efficiency (85.9+1.4)% c.f. 201618 : Ny = 10.01£04
ery  Random veto efficiency (63.6 £ 0.6)% i
- — — Double expected signal
Bsgrs Single event sensitivity (0.84 +£0.03) x 10 by including 21—22 data.

o Significant improvement in SES uncertainty:
e old: 6.3% —> new: 3.5%. Due to:
o trigger efficiency cancellations

@GZQ » improved procedures for evaluation of acceptances and &gy, 33

Jiirgen Engelfried Kt — ntup




NAG2 ()

o Saturation of expected signal yield with
intensity. Mainly due to:

e Paralyzable effects from TDAQ dead time

Optimum NA62 intensity

Selected signal yield vs intensity
107

= 40 ¢ " - : and trigger veto windows.
2 E Slope dependson | i Uncertainty . . s
3 35 signal acceptance | : the « Offline selection, due to veto conditions.
g 30 ato mtenmE ! ' mode « Main sources of uncertainty for model:
. F ¢ Online time-dependent mis-calibrations.
E « Fit uncertainty.
. E ! ! o From August 2023 operate at optimal
15 - i ' intensity (~75% of full) to maximise zvv
10 f d ! =—— Full intensity sensitivity
F i i ¢ Maximise signal yield
5¢ i i
E i i o lower expected background
I AT NS NI L SN N I A N W
00 100 200 300 400 500 600 700 80 %0 1000 Higher DAQ efficiency

Instantaneous intensity [MHz] e Studies of 2021—22 data at high intensity
were crucial to establish optimal intensity.

CWNAG2 O, 34
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Background regions & background estimations

Events passing 7vv selection

°
o

°
o

0.08

P,)? [GeVZ/c]
T

2 Background Regions: 2021 —22 data s\gn-uegms

— T [ oonarogens

« 0.08[
" 0.04 Reg1on 2

(P,

iss

£ CR2 2
¥ 0.02 =

Background regions
: D CR3

Number of events
g ing signal selection

3
| SRR

]

ORI Region 1

0
CRmu2
-0.02
CRmu
-0.04

A

-0.067, 25 30

(‘ 529

in background region

\
Nbg = kagR Jrait =

CRmu3

40 45
wt momentum [GeV/c]

Kinematic tail fraction:
measured in control sample

NAG2 ()

 ° Backgrounds from kinematic
misconstruction tails in m2,

miss

Control sample events
in Signal Regions

NCS

N bkgR * N
bkgR

Control sample events

in Background Region

36
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Backgrounds from kinematic tails NAG2

¥ 0 T ¥
K™ — a7n'(y) K™ —u"v

control sample of K+ — 770 events with control sample of K™ — utv events

7% = yy and 2 photons detected in LKr: with RICH PID=z" and Calo PID=y*:
% E — All regions %’ | [—Allregions | |
S 10°F 5 | |mRLR2 |
> ] | |mKR |

E 10°F o) B CRmu

s £ o ‘ I CRmu2 ‘
£ 10k g | |mcrmuz ||
3 E E | CR3D |
10°s z | |
E | |
E | |
|
|

107
0.04 0.06 v 0.08 002 004 006 _0.08
M s [GEVTCT] m2,, [GeV/c]
« <1% contribution from K* — z*v followed by u* — e wvw.

| Ny (Kt — 7t7%(y)) = 0.83 £ 0.05 | Npo(K* — p*1) = 0.9 +£0.2

[(7L - 7T+JZ'+7T7 + +_+_—\
@52@  Use MC to measure f, ;;: |Nbg(K ~rra) =011 i0'03| 37
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Radiative decays: K™ — ztz'%y & K+ — utvy NAG2 {,
o K™ — 7*7% : included with “kinematic tails” estimation.
o Suppression: photon vetos, rejection with additional y is 30x stronger.
« Estimation: MC + measured single photon rejection efficiency : Nbg(KJr — 7ta%) = 0.07 £0.01
« Validation: m,fm control regions (CR1,2 - see later)
o K* — u*vy : not included in “kinematic tails” estimation if 7 overlaps ;" at LKr (leading to misID as z)
o Suppression: based on (Px — P, — Py)2 and Ey with ¥ = LKr cluster (mis)associated to muon.
o Necessary for 2021—-22 data, since Calorimetric PID degraded at higher intensities.
« Estimation: min. Bias data control sample with signal in MUV3 : N,,g(KJr = utyy) =0.8+04

« Validation: data sample without K™ — 1 "1y veto and PID = “less pion-like” (Calo BDT bins below z™ bin).
Energy/cell [MeV]

RICH  LKr photon-Tike |
10°

sk
=
>
2
=

Y ID Cell LKr
2
T
S
Y

K+

[ Expected
track
42| position

Spectrom
- : : ‘ !
72 74 76 78 80 82 84
@GZ :Q; Sketchloniy XD Cell LKr 38

Dead cells
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Other backgrounds NAG2Z {,

« No clean control samples for in data: use 2 X 10” simulated decays.

Niic s
Effective  Random veto & trigger efficiencies  Acceptance : Ay = —"= = (1.3 + 0.3g¢a¢) X 10
#of K+ Nit
+ trety) = + +o—5t)) — +0.34
Nyo(K™ — n7n"e"v) = Ngepy€,ie B Ak, Ny (K" — n¥n"e™v) = 0.897 5
Branching ratio of K,
(from PDG)
+ 0+ + +o e _
o« K" = 7% vand Kt — ntyy: Nyp(K+ = 7%*0) < 1x 1073

e Evaluated with simulations.
¢ Negligible contributions to total background.

CHAG2 o

Npo(K™ = 7yy) = 0.01 £0.01

Jiirgen Engelfried Kt — ntup



Upstream background evaluation NAG2 (),

Nbg = Z Nifeadl!" arch

i
N Upstream Reference Sample:
signal selection but invert CDA cut (CDA>4mm)

f;da Scaling factor : bad cda —> good cda

P Probability to pass K+ — zt matchin:
match viop 9

Calculate using bins (i) of (AT, Ng7x)
[Updated to fully data-driven procedure]

N=51  fop,=020£003 <P

matc

N, (Upstream) = 7.4+

CWNAG2 O,

> =

e Upstream reference sample contains
all known upstream mechanisms.

o N provides normalisation.
¢ fcpa depends only on geometry.
e P, depends on (AT, Ngrg)-

73 %

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0
1A T, [ns]

tirgen Engelfried
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Upstream background validation NAG2

¢ Invert & loosen upstream vetos to
enrich with different mechanisms:

¢ Interaction-enriched: Val1,2,7,8
e Accidental-enriched: Val3,4,5,6,9,10.
o All independent.

e Expectations and observations are in
good agreement.

« Number of events rejected by 10-** $* #

VetoCounter:

[FlExpected + Observed

==

102

Number of events

o (i.e. events in signal region with !
associated VC signal)

NS =69+ 1.4, NC =9
obs

exp

e VetoCounter is essential to control
upstream background.

SR Vali Val2 Val3 Val4 Va5 Valé Va7 Val8 Va9 Val10
Upstream sample

@EZ Q Sigmn:LLz%ion :

Jiirgen Engelfried Kt — ntup



Summary of expectations NA62
Backgrounds

K+ — 7t71%(y) 0.83 +0.05 FM
Kt —rta® 10762004 | | Boo=(0.84%0.03)x 107! NMew = 22
K+ — 7tn% | 0.07 £0.01 Bses
K+ 5 ptu(y) L70£047 | [assuming 5 = 8.4 x 10-1 .
K+t - ptv | 087£019 | |2021-22:N,,=1000£034 |} E’;"iﬁﬁfﬁgiz‘g%lz‘:"_uzt’zle:ata
K+ S utvy | 0824043 | [cf.2016-18: N, =10.01+0.42
Kt s atatno™ 0.11 +0.03
Kt 5 rtretv 0.89+0-34
K+ s 0ty —0 006218 o NSM per SPS spill: 2.5 X 1075 in 2022
K+ = mhyy 0.01 +0.01 e c.f. 1.7 % 107 in 2018. = signal yield increased by 50%.
Upstream 74721 ) Sef;S"'ti'\:itYIIO; ?R . 5:1+ 'Itgr:S y O.St to 2018 analysis f
e Similar but improved wi respect to analysis for
‘ Total | 11015 same amount of data.
CNAGZ O, o
/JQ

&2

Jurgen Engelfried KT — 39/69



Control regions 202122 data M€

014 7 st [ Expected 4 Observed

0.12 D
Control egions
D Background regons

0.1

0.08

02

-

T ﬁ T T T T

Meiss = (P, — Pof [GeV?/c!]
Number of events

© o 9

Q o ©

[N )
&
R
S
©
.
s

o
R

o

4266 = SR
-0.02 1

@
8

-0.04

TS[TT

75 + 140

a

@

-
TTTT

-0.06-
10 15 20 25 30 35 40 45 50
w* momentum [GeV/c]

i i i i 1 i
CR2 CRmu  CRmu2 CRmu3  CR3pi CR3D
Control Region

o
2

e Good agreement in control regions validates background expectations.

CWNAG2 O, ’
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. . mmz
Slgnal reglons Expected SM signal, N34 ~ Q

2021—22 data

Expected background, N,,, = 11.0”:%
Observed, N, = 31

B
N
E 0.1
t: 0.08f 1D projection with differential background predictions
2 F & SM signal expectation [not a fit]:
| .08/ N 104’ HDataKf:‘"v
ot L < WK, BK,
" 0.04] S 10 Ko, B,
ﬂgz E < Kos HKy,
0.02 8 102 [|Ups. ETot. Bkg
E (=2
o z 4
-0.02
-0.04|
—0.06 111 L T T T Y Y B B R L

15 20 25 30 35 40 45
nt momentum [GeV/c]

-0.04 -0.02 0.02 0.04 006 0.08 0.1
2, [GeVZc?]
46

CWNAG2 O,
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Results: 2021—22 Data NAG2 (),

« Measure &, and 68% (1o) confidence interval o Use 6 (momentum bin) categories

usmg a profile likelihood ratio test statistic g(6). After fit

—10g . ” (use measured BR) § Novo = Nexo(5(6)+b) BNexe(b)
< % ‘ : S 1o
< 8- ; i 3 [
> E —
S 7EH T Theory [JHEP 09 (2022) 148]: B = (7.86:0.61)x10""" o 8j
2 B 5 Theoy [EPIC82(2022) 7,615): B = (8.60:0.4210™ ° L
N'T- 2; e NASZ‘msasuremsm ‘ -g 6;

i ' ' =) r
e \ : 3 / 20 =
G ! s 4k
g 3F : : 5
3 oF ! ' X
T 2 : ' 2
‘g E ! ' 1o
® o E
D E ' '
[ o | —— | IS Tl P A { I I | 0! 1 1 1 1 1

5 15 20 25 30 35 1520 2025 25-30 30-35 35-40 40-45
B(K*—x*vv) x 10'" Category (n* momentum range [GeV/c])

Bo_pp(K* = mtup) = (16.0732) x 107! = <16 0 ("3 gtat [0 3]Syst> x 107!

(ﬁﬁﬁz Q Evaluate statistical-only component by repeating procedure assuming exact knowledge of signal and background expectations. 47
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Combining NA62 results: 2016—22 NABZ

« Integrating 201622 data: N,,, = 183 , Ny =51

" @ Novs = Nex(s(0)+b) B Nexs(b)
‘QE) 101~ 18 2021-22

g 16 1) (52

S 8 47

] L

2 I

€ 6

5 °

P4

L L L L L L
7 8 9 10 1112 13 14
C

ategory
CNAG2 .
£
£

.................

Jiirgen Engelfried Kt — ntup



Combining NA62 results: 2016—22 NABZ

« Integrating 201622 data: N,,, = 183 , Ny =51
« Background-only hypothesis p-value = 2 X 10~ = significance Z > 5

@ Novs = Nex(s(0)+b) B Nexs(b)

2021-22

o
T

Number of events
o]
—
~

7 8 910 114213 14

Category
CWNAG2 O, .
£

.................

Jiirgen Engelfried Kt — ntup



Combining NA62 results: 2016—22 NABZ

« Integrating 201622 data: N,,, = 18Jr3 = 51.
o Background only hypothesis p- vaIue 2x 1077 = SIgmflcance Z>5
10 T 4 Novs = Nexo(s(6)+b) B Nexp(b)

; \ / o N 2021 22

Test statistic, q@) = -2In( LO,V)/L(6,9) )

Theory [JHEP 09 (2022) 148]: B = (7.86+0.61)x10"""
Theory [EPJC 82 (2022) 7, 615]: B = (8.60+0.42)x10™"

NA62 measurement

1 A

1o

o))
AL L L B B =

Number of events
o]

N W s o

o
o

I I B R I I N |
5 10 15 20 25 30 35 8 9 10 1112 13 14
B(K*—m*vv) x 10" Category

(ﬁEZQ Bk — 709) = (13.0733) x 1011 = <no(+;g)stat 12]8y3t> X101

Jirgen Engelfried



Results in context NAGZ [,

BNL E787/E949 experiment

[Phys.Rev.D 79 (2009) 092004] ’ . ' BNL
B = (10.6731) x 107! H——i NA62: 2016-18

JHEP 06 (2021) 093]

—e—— NAG2: 2021-22

NA62: 2016-22

SM [JHEP 09 (2022) 148]
SM [EPJC 82 (2022) 7, 615]

e Central value moved up (now 1.5-1.7¢ above SM) | R N
o Fractional uncertainty decreased: 40% to 25% 5 10 15 20 25 +30 . 35 40

. 1"
« Bkg-only hypothesis rejected with significance Z>5 B(K' —=n vv)x10

CWNAG2 O, .

B = (13.0533) x 107"

%7

o NA62 results are consistent

Jiirgen Engelfried Kt — ntup



Conclusions

@ Study of Kt — 7Tvw decay using NA62 2021-2022 data

e Improved signal yield per SPS spill by 50 %

o Nog = 11.0%5-%, Nops = 31

] B21,22(K+ — 7T+VU) = (160tig) x 10—M
@ Combining with 2016-2018 data for full 2016-22 result

o Nog = 1873, Nyps = 51

o Big_2o(KT — ntvw) = (13.0733) x 10~

e Background-only hypothesis rejected with significance > 5
@ First observation of K+ — 7+ vv decay

B consistent with SM prediction within 1.7 o

@ Need full NA62 data-set to clarify SM agreement or tension

e Analysis of 2023 data in progress
e Processing of 2024 data in progress
e Taking more data in 2025 and 2026(?)

HiSeN

Jiirgen Engelfried Kt — ntup
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Much improved shielding - blocking almost all upstream decay paths.

Bonds Aa

Bend4A .

Bend4 Bends TRIM5

Mid 2018 - installed TCX Collimator TCX Collimator NlD33
RICH

Vacuum Tank

Fake vertex

GTK3

GTK2
S
AN
¢

KTAG

GTK1

Scattering at STRAW1

Scraper

(o2
rl

CHANTI
o

TRAWS

@ signal in-time with true K* which decays upstream.
. Signal in-time with pileup beam particle (z*) which does not leave beam pipe




2021 - addition of VetoCounter TCX Collimator

Upstream decays can be detected and actively vetoed.

Bondo

o
Bend4A =1
Z|| &
Bend4 Bend5 TRIM5 g
o =]
'E g § Fake vertex
© ©
o
: J
= -
(O] = O
KTAG E
O] = Scattering at STRAW1
p4
(&)
Y STRAWS
C—

z @ signal in-time with true K* which decays upstream. I

. Signal in-time with pileup beam particle (z*) which does not leave beam pipe

rgen Engelfried Kt —



e Example Kt — 77", 7V — yy event
// LAV12 Not detected due to inefficiencies and/or missed
- RICH interaction products

MUV1,2 MUV3 Sketch only

Photon interaction
with RICH flange

Jirgen Engelfried



~ 2021 - add HASC2
- // ” LAV1 2 Additional downstream particles can be vetoed.
RICH

MUV1,2 MUV3 Sketch only

Photon interaction
with RICH flange

Jirgen Engelfried



HASC2 veto M€

Events passing 7 v selection

(modifying HASC veto: study integral of background regions)
o K* — 7770 was 2nd largest - -
background for 2018 analysis. M 4 pasoteny e
. P
K=ty - HASCT ®
+HASC2 >
¢ Addition of HASC2:
10*
e 30% less K* — ztz
e 18%less KT — atntn™
e 3.5%less Kt — utv
e with only 1.5% signal loss. Khmeno
10° -
»
70.02‘ ‘ ‘0 = ‘0.02‘ ‘ ‘0.04‘ ‘ ‘0.06‘ ‘ ‘0.08‘ ‘ ‘0.1‘ ‘ ‘0.12
m2, . [GeV?/c!]
INF Joel Swallow 20

W CERN Seminar

Jirgen Engelfried



K* — u*vy Background NABZ

. Kinematically select KT — /4*124/ events:
nmv( ;¢2;/) = (PK - P/l - P/)
e Py : 4-momentum of K™ from GTK (as normal)

cluster (and position of K*-u* vertex).

. Pﬂ : 4-momentum of track with /4+ mass hypothesis.

. Py : reconstructed from energy and position of LKr

Evaluate background expectation using pvy control
sample from MinimumBias trigger, not applying
Calorimetric BDT classifier and MUV3 signal:

0.1—— Minimum Bias Data L

Validation: data sample with PID = “less pion-like”
(Calo BDT bins below 7 bin).

60F- K5, validation samples: |4 Observed & Expected
0K WK,
[ Upstream

Events

05 06 07 08
Calorimetric pion probability

S [
< [
] F | :
S T [ i 10*
& 005 s
o C
! +
r KoY
o L
. o 10°
a¥ [
By r vy control sample|
< 00 102
x TOUhE
¢
L 10
r Region 2
0451 I %8 I i i
-0.06 -0.04 -0.02 0 O. 02 0.04 006 0.08 0.1
Meiee = (P, — P [GeV?/c’]
« Before K™ — 11wy veto: found excess of events at p > 35GeV/c in
Region 2 relative to 2016—18 data.
« Additional background identified and studied in data control samples & MC.
o K* — ;1"vy veto added to selection criteria for final analysis. 39
£

&

nstiuts ds Fisica




Results in context NAGZ [

1078
e Fractional uncertainty: 25% KOTO direct exclusion @ 90% CL
e Bkg-only hypothesis rejected — 962594
with significance Z>5 - 0% £ 5 T BouRg
B 0000 % %0 %0 % Ve Se S da O e |
e Observation of the - -0 |
_ . _-- [ . 1
Kt — nvb decay with BR @ et : § !
consistent with SM prediction, = ¢ i = i
. . 1 k| &
within 1.70 i g |
1 1
* Need full NA62 data-set to _ow (U,
clarify SM agreement or YoM UHEP 00 (202p) 148 !
tension i |
1011 T T + T E—— T T
0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50
B(K* — 7 vi) x10710
16-22 _ +3.3 ~11
o By = (13.0_2_9) x 10
INFN ¢t swalow KOTO preliminary: [Eur.Phys.J.C 84 (2024) 4, 377] 52
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Cedar & KTAG : K tagging with threshold Cherenkov counter VAG2 {

Colndenser Chromatic corrector

Light box Spherical mirror

Exit windows / Mangin mirror

Beam

To KTAG |
‘Quariz window (Photon detection
with a focusing lens system)

e 75 GeV Unseparated hadron beam
at:70%,p:23%,K":6%.

Wavelength [nm]

o Use fixed diaphragm to select ONLY Cherenkov light
from K™ (adjust diaphragm width and gas pressure in
CEDAR to ensure powerful K* /™ discrimination).

0.4

0.2

i
INFEN Uo¢! Swallow 20%0 92 94 96 98 100 102 104 106 "° 55
i CERN Seminar Radius at diaphragm [mm]

irgen Engelfried KT —



New Cedar-H :

installed in 2023

NAG2 {

o CEDAR-W filled with N, at 1.7 bar was biggest contributor to material in beam line

(39 x 1073X,) .

o New CEDAR-H filled with H, at 3.8 bar:
o Reduces material to 7.3 X 10_3X0 : reducing multiple scattering.

« But new optics required to account for different optical properties of H,.
o Successful test beam in 2022 (at CERN,H6) and installation in NA62 in early 2023.

e Cedar-H Performance at NA62:
e >99.5% efficiency for 5-fold

coincidence.

o 7 mistag probability: 10™*
e ~65ps time resolution

¢ 30% reduction in elastically
scattered beam particles.

I N F N Joel Swallow

CERN Seminar

[JINST 19 (2024) 05. PO5005]
More info: [Kenworthy, PM2024]

Jirgen Engelfried

Arbitrary scale
g

<

1075

o1 P O AT

= 6-fold

+  7-fold [\\

«  8fold

T
5-fold 3

»

4.2 4.
Pressure [bar]

KT >«

o

Efficiency

F = CEDAR-H (data)
-e— CEDAR-W (data)
[0 Expectation, A =20.6

o~ Expectation, A=18.1

5

7 8
N-fold sector coincidences

£



Photon veto performance NA62 {p,

« Probability of K* — z*7¥ events with
7’ - yy passing full photon vetos:

0

o
2
1

.

Number of events passing full

7t selection in 77 7° region

*

7%(—yy) rejection inefficiencyn

. ata°R
* oo = sel.
7[() -
107® ¢ NlmD()&trigéRV
Py
T Number of selected Random veto
n normalisation events efficiency
T Normalisation trigger

downscaling and efficiency

e _ —8
o200 a0 e fo=(1.72£0.07) x 10
INFN o otor o Combined y/7° rejection of O(10%). 57
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Bayesian classifier for K* — z* matching 444

o Inputs: spatial (CDA) & time (AT, ) matching, intensity/pileup (Ng7x) [prior]
« Models for PDFs/Prior from Kt — ztztz ™ data.
2 o [— Kaon decays £ — Kaon decays ’\50 E
% i ‘7F\Ieup %2‘ ; |— Piteup EEOE
BTSN
z < G r( 1+)/ \ Z o6k
= 04F
T /' \ & 0. (N
W ] 0z nhd
£ (A +) 0.1 RAREN
50 = = ! O A e,
CDA  [mm] AT, =4 Al +At,) [ns] Narc
« Output: posterior probability of GTK track = true K+
selection update « Use likelihoods of kaons (K) and pileup (P)

o Likelihood ratio used to select true match when Ny > 1
INFN swlov o Efficiency improved (+10%) and mistagging probability maintained. 58

CERN Seminar
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Kinematic regions MIgED

0.15

9 [ P )swas | @ Signal regions:
= r [Jossotosn e Control regions:
% o1l [ oo e Used to validate background
o r 3piR predictions.
o [ 7 7 e Background regions:
005 “ ”
3 L e Used as “reference samples
T Or for some background

i = estimates.

0

=

-0.05
[ UpsR
45 20 25 30 3 40 45

Track momentum [GeV/c]

Joel Swallow
IN!N:,N CERN Seminar 59
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3D signal regions definition_ _ NAGZ {,

0457 < 010
w01 8 r or 2
‘lf 8 o CR3D| %_v 8 o CR3D|
T e oul 7
5;10055 | %% & oos %
oL @ 7 3 % 7
st F E
i o € o
¥ [ ] CR3D| r 2 CR3D|
—005} —0.057
.05 o o0 o 0.15 005 0 0.0 04 0.15
M2 = (P, - Py [GeVZ/C‘l Mgy = (P, - P.)F [GeVc']
CR3D: control region for events =(Pr—P )2
. ; . - Miss K~
in SR in 2 out of 3 dimensions.
Default: GTK Default: STRAW
Alternative: Nominal beam = 712 Alternative: |p| from RICH (use as a
INFN é‘;i‘{i“éi‘r‘:‘”nvm ’ missnom  velocity spectrometer) = m, ;. ooy 60
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Background mechanism: K — /,ﬁvy

120 Dead cell

o K™ — p*vy decay with fairly energetic photon (E, > 5 GeV) and high
momentum u™* (p > 35 GeV/c).

o yand u™ hit LKr together and are misidentified as a 7.

o No rejection power from photon vetos (LKr y cluster associated to track).

o Additional y naturally shifts mmm Py — P,,)2 towards higher values N -
(i.e. towards signal regions). ek : ﬁ_“"

position

0 20 40 60| 8 100 120
P X ID Cell LKr
Energy/cell [MeV]

Y ID Cell Lj Kr
H

RICH LKr «
; L 58 -
s g photon-like
S = 56
= s |
O sl ‘UJ
521
50 - |
......... D
................. “ m
ppefrometer |- .. LT o Etir:z:(ed
- Dead cells
42 [~ position v : :

L 1
Joel Swallow 72 74 76 78 80 82 84 61
I N FN CERN Seminar SKEich only X ID Cell LKr
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Background evaluation: K+ — utvy NAB2Z {,

o Evaluate background expectation using pry control sample from MinimumBias (MB) trigger.
o Not applying Calorimetric BDT classifier and a signal in MUV3.

Minimum Bias Data

o o o Kinematically select K* — 1 vy events:
< r 2 — _ _ 2
g f 10t mmi.\'s(Kﬂr) = (Pk P/A Py)
o 005
e |kt e P : 4-momentum of K™ from GTK (as normal)
a* L K* = puty 100
o ' . P” : 4-momentum of track with /,l+ mass hypothesis.
n .
5;1-0‘05 iy leontrol dample 0 g Py : reconstrgcted from.e‘nergy (subtracting MIP
€ I energy deposit) and position of LKr cluster (and
ot Ao position of KT-u™ vertex).
-0.154 - : L L L L 1 Esignal
-0.06 -0.04 -0.02 0 0.02 0.04 0.06 008 0.1 + + MB 8
s (P - P [GoV?Ict] Nyo(K™ = pvy) = Ny Dyp—— . Pisip
MB \
Not included in kinematic tails calculation DW;?;';":FM Rati T' - probability of y+:* being
because the tails sample imposes Calorimetric and MB trigger misidentified as a 7+
|N|:N Joel Swallow  |PID=y*, while here there is misID of u*y = z*. efficiencies 62
CERN Seminar
,/dQ

&
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Background rejection: K+ — ytvy ,  NAGZQ

Events with MUV3 association and

Iy (K,2,) 1> < 0.01 Gev2/c*

Eiy [GeV]

veto KT — 1 vy events with:
o Im2 (Ko ) IF < 0.01GeV2/c* —— (Lnesin,.
o E,> 5 GeV

o u*t-like RICH PID.

30f—

¢ Veto conditions established using data control samples
and MC.

e K™ — p*uy Veto = 20x background suppression with
0.4% signal loss.

o Why different to 2016—18 analysis?
e Calorimetric PID degraded:
e Higher intensity in 2021—22 data (in particular, affects MUV1,2).

INEN Joe swaliow e Training of BDT classifier. o

CERN Seminar
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Upstream background evaluation NAG2 (),

match ¢ Upstream reference sample contains
2 NfcdaP all known upstream mechanisms.
o N provides normalisation.

N Upstream Reference Sample:

ignal selecti ti
signal selection but invert CDA cut (CDA>4mm) . fCDA depends only on geometry.

f Scaling factor : bad cda —> good cda
cda e P, ..., depends on (AT, Ngrg)-

NURS =51

ni

P atch Probability to pass K+ — 7+ matching

Counts

>
"

<

Calculate using bins (i) of (AT, Ng7x)
[Updated to fully data-driven procedure]

N=51  fpa=020£003 <P, ..>=73%

N, (Upstream) = 7.4+

INFNJoe\SwaHow I I 64
CERN Seminar CDA [mm]
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Results in context: the long story of K+ — #™

« Experimental measurements:
« Camerini et al. [PRL 23 (1969) 326-329]
« Klems et al. [PRD 4 (1971) 66-80]
« Ljung et al. [PRD 8 (1973) 1307-1330]
« Cable et al. [PRD 8 (1973) 3807-3812]
« Asano et al. [PLB 107 (1981) 159]

. E787:

o [PRL 64 (1990) 21-24]

o [PRL70 (1993) 2521-2524]

o [PRL 76 (1996) 1421-1424]

o [PRL 79 (1997) 2204-2207]

« [PRL 84 (2000) 3768-3770]

PRL 88 (2002) 041803]

« E949 (+E787)
« [PRL93 (2004) 031801]
« [PRL 101 (2008) 191802]
« NAG2:

« 2016 data: [PLB 791 (2019) 156]
« 2016+17 data: [JHEP 11 (2020) 042]
« 201618 data: [JHEP 06 (2021) 093]
« 2016-22 data : this result.

« Theory:

Phys.Rev. 163 (1967) 1430-1440]

PRD 10 (1974) 897]

Prog. Theor.Phys. 65 (1981)]

PLB 133 (1983) 443-448]

« [PLB 192 (1987) 201-206]

o [Nucl.Phys.B 304 (1988) 205-235]

« [PRD 54 (1996) 6782-6789]

« [PRD 76 (2007) 034017]

« [PRD 78 (2008) 034006]

« [PRD 83 (2011) 034030]
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a \"
O —_— K. shiomi : Kaons @ CERN 2023] m 'a
KL - 7[ l/l/ at KOTO [T. Nomura : Kaons @ J-PARC 2024] . vé"
e Located at J-Park 30 GeV main ring.

Branching ratio (BR
« KOTO continues data-taking to reach sensitivity <1071° 9 ER)

« Planned future program (KOTO-2) key part of high oo 108 KOTO 2015 (<3x109)
priority hadron hall extension plans at J-PARC. sensitivity KOTO 2021 (<2x10°9)
2015 Preliminary
Signature of KL=>m0v v = “2r +Nothing+Pt” &z Grossman-Nir bound
o R e b 27 7 s R oo o cow v v an (<6.4x1019)
AN [ \ ‘ J \ 10-10
o — T . [
S ] ‘ Sf;*fj';gf’;’” SM (8x10-11)
jr— L. appIoaching 4011
" " " tm prediction
P Assuming 2y from 70, Grossman-Nir bound:
‘ jlr Calculate z vertex on the beam axis indirect limit from relation to BR(K+—rt+wv);
Signal region Calc’d from NAB62 results (2021) with 1o region
M2(m0)=2EE2(1-cos0)
Z Vertex Calculate 7° transverse momentum
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Latest results: . oty
Results of the 2021 data analysis !O‘{I

v

T.N : K @ J-PARC 2024
Black: observed T. Nomura : Kaons @ J-PARC 2024

Final PT vs Z plot  Red: expected BG Single Event Sensitivity =
Contour: signal MC (9.26 + 0.03stat + 0.75gyst) x 1010

F215 0 0
450£235.6:20:132 | 0.0332000820003 (0
4001
L 3s0F 1
5 3wk 0.499:0.10835
E E | including signal region
< 250F KO L W] Nobserved = 0
o | Lo :(0.008
E 150E. <8, |, 102530085 1 20002 BR(KL—1owV)<2.1x10-°(90% C.L.)
1005 SL=R g 0
sob 0.157=0.06002¢ 0
000 Obtained the world best limit.

Rec. Zyix (mm)

We will submit the paper on this result soon. 33 67
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ﬁﬂﬁZQa physics programme
— Exotics

Forbidden Decays

e Kt 5 7t7% 70 > ete
o K* = 70D : pLs o [relim. Spring 2024] . Eﬁgg dump dark
(2019) 156] [JHEP 11 (2020) 042] :
[JHEP 06 (2021) 093]fthis talk] o K" — 'ty [PLB 850 (2024 , e
138513] e A'— ¢ [PRL133
* K* — 77X [JHEP 03 (2021) 058] o Tagged neutrino [prelim. 2023] (2024) 11, 111802]
[JHEP 06 (2021) 093] [JHEP 09 (2023) 035]
o (K* = 77 ) 2% = invisible o K* — e [prelim. Spring 2024] ,
[JHEP 02 (2021) 201] . f(*a(ﬂo)l[’e‘re* ] e A’ — hadrons
PLB 830 (7022) 137172 ; ;
o K* = pvetet [PLB838 (2023) 137679] [prelim. Spring 2024]
o K* = ape , 1° — p~e* [PRL127

2021 13 131802]
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