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THEKY Wk DECAYS STANDARD MODEL

| P Y WkR)x10 | p(K, ¥ UPKK)x10%

D'Ambrosio et al. 7 86+ 0.61 2.68+ 0.30

Buras et al. 8 60+ 0.42 2.94+ 0.15

FCNC sY d, hghly suppressed

Theoretically clean, dominated by short distance

Hadronic matrix element extracted fromKY U$/Bk

> > > >

SM prediction limited by precision on CKM matrix element:
Benchmark value for this talg:(K* Y WHkK)gy,= 8.4x 1011

A KY WKk constrain the unitarity triangle
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| P Y WkR)x10 | p(K, ¥ UPKK)x10%

D'Ambrosio et al. 7.86+ 0.61 2.68+ 0.30

Buras et al. 8.60+ 0.42 2.04+0.15

Experimental 1303 2 <220 @ 90% CL
NA62 2016 2022 KOTO 2021

FCNC sY d, highly suppressed status
Theoretically clean, dominated by short distance

Hadronic matrix element extracted fromKY U$/Bk

> > > >

SM prediction limited by precision on CKM matrix element:
Benchmark value for this talg:(K* Y WHkK)gy,= 8.4x 1011
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THEKY Wk DECAYS BEYOND THE STANDARD MODE

Correlation between neutral and charged channels

20

A Modelindependent
P (K Y UPKK) / —
P (K ) Z.KL :| o
P (K'Y WKK) / Z,, =
A New Z' boson N
N 10f
A Minimal Flavour Violatiarz' with CKM-like structure &
. : . T
A Z'with pure LH / RHcouplings g
> NP 2 2 ]
A GeneralZ' E/ lec [ o< Im Afgy / My
A Majorana neutrinos General NP o 122 F8r X7 +i{’;‘ XAz
A Leptoquarks %0 10 15 20 25 30
+ + 5 —11
A General LFUV / LNV correlating with rare b decays BIKT = mtvr) (1077
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THE NA62 EXPERIMENT

~250 collaborators from ~35 institutes

emaEEEmEee o Geneve-—> .

Lac '-ema" (lake Geneva) L..Cbieenéveawpon S A Technique: Fixed target & decay in flight
" et t“ ey AT o -

& e Highprecision kaon experiment

Main goalmeasurement op (K* Y UtkK)

Broad physics program >
[see backup for rels

A Rare K decays
A Search for LNV / LFV

A Direct exotic searches

Jura

Phetograph: Maximilien Brice © 2008 CERN
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PREVIOUS NA62 RESULTS
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Smallest BR ever measured at >5 © signal significance



EXPERIMENTAL STRATEGY

Main K * (bkg) decay modes

K*Y Kk 64%
K+Y wuf 21%
K*Y Wwrw 5.6%
K*Y W etk 4.3x 10°
K*Y Urkk O(1019
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EXPERIMENTAL STRATEGY
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EXPERIMENTAL STRATEGY

Main K * (bkg) decay modes

K*Y Kk 64%

K*Y wuf 21%

K*Y wuwrw 5.6%

K*Y WW etk 4.3%x 10°

K*Y Ukk 0O(1019
Keystones

[A O(10% bkg suppression from kinemati%
A O(107) K rejection
A O(108) U rejection
A O(10%3) K* decays

\A Blind analysis )
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THE NA62 DETECTOR
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75 GeVL, 600 MHz beam

K*(6%) /UH(70%) / p(24%)

= A
s,
. STRAW CHOD
LAV _\_‘*—. MUV1,2
ANTIO ) Iron
= 11 | RICH MUV3
Target SAC
04 ——+ CHANTI Vacuum 1
0+1
1 GTK l l l l | RICH
. coL
SPS protons Dump
400 GeVeon Be _H:. IRC
2 - LKr
| J{J{ T T T T >
0 100 150 200 250
Z[m]

R. FIORENZA (NA62J 04/03/2026

[JINST 12 (2017) P05025]

LA THUILE

6/22



75 GeVL, 600 MHz beam
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75 GeVt, 600 MHz beam
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75 GeVt, 600 MHz beam Spectrometer Trigger and timing
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75 GeVL, 600 MHz beam

Spectrometer Trigger and timing
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2. ANALY SIS
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OPTIMAL INTENSITY

Studies on 2023 data / \
106 (lntenslty scan) A Saturation due to paralyzable dead time
2 [ Siopedependson 1 Uncertainty of A TDAQ dead time
z 35 —Slgnal acceptance R tﬁé"'m'(?j'd'é'l """""""" A Trigger veto
> N R R A Offline veto
= A Operated at 450 MHz (75% of full intensity)
\ since August 2023 /

Instantaneous intensity [MHz]
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OPTIMAL INTENSITY

Studies on 2023 data
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A Saturation due to paralyzable dead time

A TDAQ dead time
A Trigger veto
A Offline veto

A Operated at 450 MHz (75% of full intensity)

since August 2023

~

)

2023-2024 data collection (wrt 2022 data)

A Average collected spills per d&/7k (+40%)

A Fraction of good data quality spil93 (+20%)

A Average SMUK /kspill:26 x 106 (+5%)

assumin@ gy = 8.4x 1011

LA THUILE

20232024 dataset larger and better quality

7122



SIGNAL SENSITIVITY
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SIGNAL SENSITIVITY

Random veto efﬂmency
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SIGNAL SENSITIVITY

Random veto efﬂmency

UJ -) (UJ UJ AUJ triggerd RV
| External - 08:_ ..................... ...... g ++ ...... +++HF$+ ...... .......................... .........................
Expected SM | Trigger inputs Trigger - e T,
signal events | downscaling efficiencyrato b Tt T
ormaleaten - Selcton T
acceptances - | f
223 —y 0.4F s 20232024 data
(this analysis) - —4%— LAV veto signal event to be vetoed
N(W QU 1.95x 108 3.93x 108 0.2/ —F— ;:r:feto . by accidental activity
B Sa— oton rejec on ;
AW (13.410+ 0.005) %% (12.971+ 0.009) % i —=&— Photon + multiplicity rejection
| | | 1 | | ! | 1 | 1 | | ! | | | 1 | |
AWK) k (7.62£0.22) %  (7.36%0.33) % % 200 400 600 800 1000 1200
Rtrigger) (85.9+ 1.4) % (86.4% 1.2) % Instantaneous intensity [MHZz]
HRV) (63.2+ 0.6) % (72.3+ 0.7) % A 2x normalization statistics

A 1.14xrandom veto efficiency (608 450 MHz)
N(Wk ,exp) 99+0.3 229+1.1 A 2.3x signal statistics expected w22




UPSTREAM BACKGROUND

Decays or interactions of
beam particles upstream qf
fiducial volume

Bend4A

Bend4

Example
event:

© signal in-time with true K* which decays upstream
. Signal in-time with pileup beam particle
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62% of total background
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BACKGROUNDS

2023-2024
(this analysis)

—_

K*Y Wwue® 0.83+ 0.05 1.19+£0.10

K*Y KD 1.70+ 0.47 1.39+ 0.29 - datadriven

K+Y Wwurw 0.11+ 0.03 0.24+£0.05 ]

K*Y W ek 0899 33 1599 51  estimated with MC
Upstream 7421 745 8 fully datadriven
Background 11.0 -1 119 %- 3

N(W K, &xp) 9.9+ 0.3 229+ 1.1

A Better Uf rejection
A Better K* mis-ID
A Upstream background rejection improved
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BACKGROUNDS

2023-2024
(this analysis)

-—

K+Y Wu© 0.83+ 0.05 1.19+ 0.10 .
K*Y Kk(© 1.70+ 0.47 1.39+ 0.29 - datadriven v _S+B/Sa 0.25
. previous analyses: ~0.5
K*Y wuwrwl 0.11+ 0.03 0.24+0.05 |
K*Y W ek 0.899 33 1598 51  estimated with MC By far, the most sensitive
. . '
Upstream 7.4 %% 74728 fully datadriven dataset we analyzed!
Background 11.0 7 3 11.9 5 3
N(W k,dxp) 9.9+ 0.3 229+ 1.1
4 o . )
A Better U? rejection Combining with previous datasets,
A Better K* misID - N(bkg) = 303, N(WKk,dxp) = 43+ 1
A Upstream background rejection improved \% expected SM Significance >5 6

- J
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2. IMPROVEMENTS
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CEDARH
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4D BEAM TRACKING MACHINE LEARNING
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Probability

4D BEAM TRACKING MACHINE LEARNING
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CALORIMETRIC PARTICLE ID MACHINE LEARNING
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CALORIMETRIC PARTICLE ID
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MACHINE LEARNING

Convolutional Neural Network

4 )
Inputs:Calo E/p images in time slices (19k numbers)
Model:ResNet architecture (2.8M parameters)

A
A

MUV1V MUV1H Muvav MUV2H

N(K*Y K'K) reduced by 16%
N(K*Y K'k Breduced by 70%
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INELASTIC INTERACTIONS VETO

Vacuum tube

K+

to STRAW, direction mis-reco

ANTIO

LAVA
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LAV3

»
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Z
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Veto strategy

[Up to 2022
A LAV2+ trigger veto, 6 ns window
A Offline CHANTI veto

Since 202

A Relaxedrigger veto
(only LAVs downstream of Klvertex, 4 ns window)

\A Offline CHANTI & LAV 1veto

J
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INELASTIC INTERACTIONS VETO

Vacuum tube

K*
to STRAW, direction mis-reco
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Veto strategy

[Up to 2022
A LAV2+ trigger veto, 6 ns window
A Offline CHANTI veto

Since 202

A Relaxedrigger veto
(only LAVs downstream of Klvertex, 4 ns window)

A Offline CHANTI & LAV 1veto
\_ J

e . . )
A Inelastic interactions control sample enlargeik

A LAV1 veto very effective, with(%)signal loss
A LAV1 veto reduces théotal backgroundby 30%

_ in 20232024 dataset )
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UPSTREAM BACKGROUND ESTIMATION

[ accidental

€
A Fullydatadrivenestimation E 175l _ Uncertainty: + data
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L
between the K andU tracks 12.5¢
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accidentalike andinteractionlike
A New understanding 500 N |
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3. VALIDATION & RESULTS




BACKGROUND VALIDATION

Signal regions

Control regions

Background regions

p-value = 0.65
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BACKGROUND VALIDATION UPSTREAM BACKGROUNL
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20232024 DATASET OBSERVED EVEN

A Expected SM signal: 22t91.1

assuming g, = 8.4x 1011

A Estimated background: 11.9% ,

R. FIORENZA (NA62J 04/03/2026 LA THUILE 17/22



20232024 DATASET

NA62 preliminary
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7t momentum [GeV/c]

LA THUILE

A Expected SM signal: 22t91.1

assuming gy, = 8.4x 1011

A Estimated background: 11.9% ,
A Observed:33

NA62 :preliminary

5 | +DataKf\'f:,(nOt a flt)
10° _ ...... | Kyey IKﬁn S,
Kea DUpstream

e 8 — Total background 1
R1 R2

Events / (0.0020 Ge\?/c%)

2
JRARRRLL SRALLL U AL )

IIHHL

10

-0.04 -0.02 0 0.02 004 0.06 0.08 0.1
me,... [GeVZc*

17/22



20232024 DATASET
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THE GLOBAL PICTURE
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CONCLUSION

BNL I = l .

P(K*Y WKK)=(9.6 1)gx10-1

NA62 2016-2018 ; ® | A Expected SM signal more than doubled
A Backgrounds kept under control,

NA62 2021-2022 : ® : major sensitivity boost
A Expected SM significance 85

NAG62 2023-2024 —eo— ] _ : .

this result — Total A Branching Ratio measured to <20% precision
NA62 combined T - ?;aetc')r‘;”'y A Result compatible with SM
A 20252026 dataset i ncomi
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SELECTION STRATEGY

Normalization: K +Y WHUWP
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KINEMATIC REGIONS
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Validate background estimates

Reference & normalization
for main K decay backgrounds
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