A new measurement of the K™ — T[+V17

Rados I"v Ma cﬁhileki |
on behalf of the NA62 coillaboration

XIX International Conference on Interconnections between Part/cle Phys:cs and Cosmo/ogy, PPC 2026

== Sydney, Australia, August 31St September 4th 2026

-
T S



Golden modes K — m/v SM and beyond
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NAG62 experiment at CERN

~ 200 collaborators from 35 institutions
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Phetograph: Maximilien Brice © 2008 CERN

High precision kaon experiment:

2016 2017 2018

45 days 160 days 217 days Upgrades

e Primary goal: B(Kt - mTvv) measurement

e Technique: fixed-target and decay in flight

* Previous results: [pLB 791 (2019) 156] [JHEP 11 (2020) 042][JHEP 06

(2021) 093] [JHEP 02 (2025) 191]
* Broad physics program:
* precision measurements of kaon and pion decays
 HNLand LFV/LNV searches in kaon and pion decays
 Hidden Sector searches with kaons + dump mode

* neutrino tagging

This talk

2021 2022 2023 2024 2025 2026 -
85 days 215 days 140 days 185 days 210 days



NAG62 experiment

Secondary beam:

* unseparated positively-charged beam: " (70%), p(23%), K™ (6%)

e almost monochromatic beam: p = 75 + 1 GeV/c flying at 0° angle

* 60 m long fiducial decay region
e ~3MHzKT™ decays

Beam

Target
0 4| mmmpE—f

protons
400 GeV/c

Dump

Y

(L
T ' ' ' T ' ‘ ' ' T ‘ ' ‘ ' T . . ; . T
0 100 150 200 250

[NA62 Detector Paper, 2017 JINST 12 P05025] Z[m]




NAG62 experiment

Upstream region (K*):

« KTAG: differential Cherenkov counter for K* ID

* GTK: silicon pixel beam tracker

X [m] : : : :
A * CHANTTI: anti-counter against beam-GTK3 interactions
2_
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[NA62 Detector Paper, 2017 JINST 12 P05025]




NAG62 experiment

Downstream region (t):

e STRAW: straw spectrometer in vacuum (1.6% X,) * RICH: Cherenkov detector for T/u/e 1D

* CHOD: scintillator hodoscopes * LAV/IRC/SAC: photon veto detectors
XIml e« LKr/MUV1,2: calorimetric system : muon veto
A
2_
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miss

15 <p, <45GeV/c

Analysis strategy o

™ § -1
| 210

ZTVY (x1079)
. . 10—2
Squared missing mass

@ T (mass of the vv pair): 8 ;_ W
75 GeV/cK* Miniss = (P = Pr)* 10.4;_ g
10° = =5
" mass hypothesis = s
10° = E‘)
= n
1070 o0 0
m2.. [GeV?/c*]
 Highly boosted decay: (75 + 1) GeV/c K™ (y ~ 150) \
 Large undetectable missing energy carried away by the neutrinos “Flat signal”
 All energy from visible particles must be detected peaking background

* 17 momentum range 15 — 45 GeV/c (Ep,iss > 30 GeV)

* Hermetic detector coverage and O(100%) detector efficiency needed



Analysis strategy i

Decay mode

Branching Ratio [PDG] |Rejection strategy

K+ — uty, (63.56 £0.11) % °ID

Kt = 7t (20.67 = 0.08) % I]Z'O/}/ vetos
Kt > natntn™ (5.583 £0.024) % inartatios
K" —> n'n"e'r, | (4247 £0.024) x 107

K+ = gtup 8.4 % 107! [penchmark SM value]

 Highly boosted decay: (75 + 1) GeV/c K™ (y ~ 150)
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\),T*\;\‘, (X,’O”))

 Large undetectable missing energy carried away by the neutrinos

« All energy from visible particles must be detected

* 17 momentum range 15 — 45 GeV/c (Ep,iss > 30 GeV)

* Hermetic detector coverage and O(100%) detector efficiency needed
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Analysis strategy 2l 1
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Decay mode Branching Ratio [PDG] |Rejection strategy 0.04 — = 10
Kt - utu (63.56 £0.11) % PID - -
‘(’) 0.02
Kt —>rn'r (20.67 £0.08) % IJ[O/}/ vetos 10*
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* Requirements:

« Kinematic suppression — 0(10%)

 u* rejection — 0(10”) = P(u* - n* misID) = (1.3 + 0.1) X 1077 with e(x ID) = 75.3%
o 7Y rejection — 0(10”) = 1,0 = (1.24 £ 0.04) % 1078 with g5y = 72.3%

* Time resolution — 0(100 ps)



Improvements for the 2023 — 2024 analysis
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U pSt Ffeam b acC kg roun d Decays or interactions of beam particles upstream W‘EZ

of the fiducial volume (62% of total background) o

2021 - addition of VetoCounter TCX Collimator

Upstream decays can be detected and actively vetoed.

Sketch only

Vacuum tube
Bend4A

Bend4

Vacuum Tank

Fake vertex

to STRAW, direction mis-reco
_

Scattering at STRAW1

—
o
o
©
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(/)]

| > 7 @ signal in-time with true K+ which decays upstream. I

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

Upstream decays suppressed by factor 2 using VetoCounter (VC) LAV1 veto reduces total background by 30%

in 2023—-24 dataset with O(%) signal loss

Fully data-driven background
evaluation:

Ups. __ +2.8
Nbg =7.47



: M I 8.4 x 107 Normalisation trigger # of normalisation Mﬂﬁz
Signal sensitivity  eome  qounscale 400 ormali

Bove _ Bave Amu(Di)

Ni%%exp(pi) = % Y I Non(Di) €trig(Di) ERy
Apr(pi)

BSES(pi) Bnn nr\Di / \

20.7% [PDG]

Trigger efficiency ratio Random veto efficiency
—=a— Normalization, K'—r*n? —e— Signal, K'—>ntvy B i i 1 : : : BT
- NA62 preliminary siminen
B [ﬂ A 6 r ]fn’]"ufﬂ’?iil,"‘;,:" B | 62 preliminary g i :
B — ! 0.92f—+ : i é ; :
0.025 - | / - ot Pt TN B Widsies e
- — o i 0.8 | ¥le. | e a é
- B e Rt o LN :
. . 0.9 i - e, e,
: - . 0_88_— 0.6__ ..................... ......................... ............. = .__‘._L._._._:—.— ...... .........................
. " B 5 ~e-
0.015 et e i t - : | ; ; |
- | 0.86[ i | |
: : 0'4:_. ..................... ......................... 2023 2024 data
0.01— —=—— e 0,841 | — T I % IRC+SACveto 1 - &gy = probability of a
f —— X T — - —4— LAV veto signal event to be vetoed
0.005F U AR SR WU St S I S SN R N »a — 0.2 LK Voto by accidental activity
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* Acceptances evaluated at 0 intensity * Erig = (864 £ 1.2)% * Improved RV efficiency: 1.14 X &gy,

* Intensity dependence capturedin &gy ¢ Improved systematics evaluation * Mainly due to 600 — 450 MHz

(operational conditions optimization

from August 2023 [SPSC-SR-345])



Signhal sensitivity and background expectation MIIEZQE

SM SM arXiv:2607.16413
NSM,exp _ an_/ _ an_/ Amn_/(pi) DN | !
VY (pi) = = 1 oNzn(D) €trig (Pi)Ery
B (p ) Bn'n' Tl'Tl'(pi)
SES\Il
Background Events
Quantity Value Kt — 7t70 @ 1.194+0.10
. . ]
Ny Number of normalisation events 3.927 x 10 K+t “4_1/(7) 1.39 + 0.29
Arr Normalisation acceptance (12.971 £+ 0.009)% + b4
, N 19 K™ —>n"n"r 0.25 £ 0.05
Nk Effective number of K™ decays (5.93 £0.02) x 10 0.51
: KT s rntn ety 1.591“0'43
Arp Signal acceptance (7.36 £ 0.33)% :
ewig  Trigger efficiency ratio (86.4+ 1.2)% Kt = nhyy 0.04 4 0.04
erv  Random veto efficiency (72.3+0.7)% KT — 7ty < 0.001
Bsgs Single event sensitivity (3.67 £ 0.18) x 10712 Upstream 7. 51‘%:8
NoM™"Number of expected SM K+ — 77 v events 22.9+1.1 I | Total 12'0—_&%:3
* 2.3 X number of SM signal events expected than 2021-22 data analysis Combining with previous 2016—22 dataset:
¢ 2023+2024: VS + B/S =~ 0.25 compared to 0.5 for previous analysis Npg, = 3073, N;l:%exp =43+ 1

* By far the most sensitive analysis so far = expected SM significance > 50



Background validation
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Use control regions to validate predictions for K* decays in FV: Validate upstream background with 10 independent samples
p — value = 0.65 enriched with different upstream background mechanisms:

p — value = 0.79
16



Background regions
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Signal regions
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Expected SM* signal: N3 = 22.9 + 1 1 g:!
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2023-2024 data [arXiv:2607.16413] Expected background: Nbg = 120-'_-22

Observed: N,,, = 33

1D projection with different background predictions &
SM signal expectation* with Bgy = 8.4 X 10711 [not a fit]:
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Combine: 2016 2024 dataset 0TS

Expected SM* signal: N>M_ = 43 + 1 g !

vy

Expected background: Np,, = 30%3

Observed: N,,; = 84

1D projection with different background predictions &
Theory SM signal expectation* with Bgy = 8.4 X 10711 [not a fit]:
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The global picture

NA62, [arXiv:2607.16413]
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Blanke et. al. [arXiv:2607.19055]
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NAG62

- MFV :
: 15 arg AL
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z0
0 | | 1
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B(KT — xtvp) [1071]

« BL6-24 is compatible with SM — within the 20% uncertainty

vy '

* BUT: still a lot of space for New Physics in rare kaon decays [arXiv:2607.19055]

e NA62: (improve) Kt — vy, LHCb: K¢ — u*tu~, KOTO-lI: K; — v, K, » n¢* ¢, ...
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Conclusion and prospects
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Published results _.
- , ays, arXiv: ) |
2023-2024, 325 days, arXiv:2607.16413

/

2016, 45 days, PLB 791 (2019) 156 J

2017, 160 days, JHEP 11 (2020) 042 |

12018, 217 days, JHEP 06 (2021) 093 | /

2025-2026, 320 days, projected

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

ﬂ-l——lq_

Year

» 2x signal acceptance * flux + Backgrounds reduced = major sensitivity boost: expected SM significance > 50

* Branching ratio measured to < 20% precision

« B16-2% = (9.67]3) x 107! (result compatible with SM)

vy

» 2025—2026 dataset incoming (1/3 of total): target BR precision improvement 20% — 15%

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
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  ℬ    (   𝑲 + →  𝝅 + 𝝂  𝝂 - )  𝟐 𝟎 𝟏 𝟔 − 𝟐 𝟐  𝐍 𝐀 𝟔 𝟐 =  (  𝟏 𝟑 .  𝟎  − 𝟑 . 𝟎  + 𝟑 . 𝟑 )   ×     𝟏 𝟎  − 𝟏 𝟏


  ℬ    (   𝑲 𝑳 →  𝝅 𝟎 𝝂  𝝂 - )  𝟐 𝟎 𝟐 𝟏  𝐊 𝐎 𝐓 𝐎 < 𝟐 ×   𝟏 𝟎  − 𝟗


  ℬ  (   K + →  𝜋 + 𝜈  𝜈 - )


  ∼ 200


   𝝅 +  (  𝟕 𝟎 % ) ,   𝒑  (  𝟐 𝟑 % ) ,    𝑲 +  (  𝟔 % )


  𝒑 = 𝟕 𝟓 ± 𝟏   𝐆 𝐞 𝐕 / 𝐜


   0 ∘


  ≈ 3   M H z    K +


   (   𝑲 + )


   K +


   (   𝝅 + )


   (  1 . 6 %    X 0 )


  𝜋 / 𝜇 / e


  ( 75 ± 1 )


   K +   ( 𝛾   ~   150 )


   𝜋 +


  15 − 45   GeV / c


   E  m i s s > 30   GeV )


  𝜈  𝜈 -


   𝜋 +


   m  m i s s 2 =    (   P K   −  P 𝜋 ) 2


  u


   s -


  u


   Θ  K 𝜋


   𝜋 +


   K +


  𝜈


   𝜈 -


   d -


  15 <  p 𝜋 < 45   GeV / c


  ( 75 ± 1 )


   K +   ( 𝛾   ~   150 )


   𝜋 +


  15 − 45   GeV / c


   E  m i s s > 30   GeV )


  15 <  p 𝜋 < 45   GeV / c


  O  (    10 4 )


   𝜇 +


  O  (    10 7 ) ⟹ P  (   𝜇 + →  𝜋 +   misID ) =  (  1 . 3 ± 0 . 1 ) ×   10  − 7


  𝜀  (  𝜋   ID ) = 75 . 3 %


   𝜋 0


  O  (    10 7 ) ⟹  𝜂   𝜋 0 =  (  1 . 24 ± 0 . 04 ) ×   10  − 8


   𝜀  R V = 72 . 3 %


  O ( 100   ps )


  15 <  p 𝜋 < 45   GeV / c


   𝑲 + −  𝝅 +


   𝝅 + /  𝝁 +


  ~


   m  m i s s 2


   𝑵  𝒃 𝒈 =  𝑵  𝒃 𝒌 𝒈 𝑹 ⋅  𝒇  𝒕 𝒂 𝒊 𝒍 =  𝑵  𝒃 𝒌 𝒈 𝑹 ⋅    𝑵  𝑺 𝑹  𝑪 𝑺   𝑵  𝒃 𝒌 𝒈 𝑹  𝑪 𝑺


   𝑵  𝒃 𝒈   (   𝑲 + →  𝝅 +  𝝅 𝟎  ( 𝜸 ) ) = 𝟏 . 𝟎 𝟕 ± 𝟎 . 𝟎 𝟕


                   𝑵  𝒃 𝒈   (   𝑲 + →  𝝁 +  𝝂 𝝁 ) = 𝟏 . 𝟐 ± 𝟎 . 𝟐


       𝑵  𝒃 𝒈   (   𝑲 + →  𝝅 +  𝝅 +  𝝅 − ) = 𝟎 . 𝟐 𝟓 ± 𝟎 . 𝟎 𝟓


   K + →  𝜋 +  𝜋 0  ( 𝛾 )


   K + →  𝜋 +  𝜋 +  𝜋 −  ( 𝛾 )


   K + →  𝜋 +  𝜋 0


   K + →  𝜇 +  𝜈 𝜇


   𝑲 + →  𝝅 +  𝝅 𝟎


   𝝅 𝟎   → 𝜸 𝜸 ,


   𝑵  𝐛 𝐠  𝐔 𝐩 𝐬 . = 𝟕 .  𝟒  − 𝟐 . 𝟐  + 𝟐 . 𝟖


  𝒪  ( % )


   𝑵  𝝅 𝝂  𝝂 -  𝐒 𝐌 ,   𝐞 𝐱 𝐩  (   𝒑 𝒊 ) =    ℬ  𝝅 𝝂  𝝂 -  𝐒 𝐌   ℬ  𝑺 𝑬 𝑺   (   𝒑 𝒊 ) =    ℬ  𝝅 𝝂  𝝂 -  𝐒 𝐌   ℬ  𝝅 𝝅     𝑨  𝝅 𝝂  𝝂 -   (   𝒑 𝒊 )   𝑨  𝝅 𝝅  (   𝒑 𝒊 )  𝑫 𝟎  𝑵  𝝅 𝝅  (   𝒑 𝒊 )  𝜺  𝒕 𝒓 𝒊 𝒈  (   𝒑 𝒊 )  𝜺  𝑹 𝑽


   𝜀  R V


  8 . 4 ×   10  − 11


  20 . 7 %


   𝜀  t r i g =  (  86 . 4 ± 1 . 2 ) %  


  1 . 14 ×  𝜀  R V


  600 → 450   MHz


   N  b g =   30  − 3  + 4 ,  N  𝜋 𝜈  𝜈 -  SM ,   exp = 43 ± 1


  ⟹


  > 𝟓 𝝈


   𝑵  𝝅 𝝂  𝝂 -  𝐒 𝐌 ,   𝐞 𝐱 𝐩  (   𝒑 𝒊 ) =    ℬ  𝝅 𝝂  𝝂 -  𝐒 𝐌   ℬ  𝑺 𝑬 𝑺   (   𝒑 𝒊 ) =    ℬ  𝝅 𝝂  𝝂 -  𝐒 𝐌   ℬ  𝝅 𝝅     𝑨  𝝅 𝝂  𝝂 -   (   𝒑 𝒊 )   𝑨  𝝅 𝝅  (   𝒑 𝒊 )  𝑫 𝟎  𝑵  𝝅 𝝅  (   𝒑 𝒊 )  𝜺  𝒕 𝒓 𝒊 𝒈  (   𝒑 𝒊 )  𝜺  𝑹 𝑽


  2 . 3 ×


    S + B / S ≈ 0 . 25


   K +


  p −


  = 0 . 65


  p −


  = 0 . 79


   𝑵  𝝅 𝝂  𝝂 -  𝑺 𝑴 ≈ 𝟐 𝟑


   N  b g =   12 . 0  − 2 . 2  + 2 . 9


   𝑵  𝒐 𝒃 𝒔 =   ?


   𝑵  𝝅 𝝂  𝝂 -  𝑺 𝑴 = 𝟐 𝟐 . 𝟗 ± 𝟏 . 𝟏


   N  b g =   12 . 0  − 2 . 2  + 2 . 9


   𝑵  𝒐 𝒃 𝒔 = 𝟑 𝟑


   𝓑  𝑺 𝑴 = 𝟖 . 𝟒 ×   𝟏 𝟎  − 𝟏 𝟏


   𝓑  𝝅 𝝂  𝝂 -  𝟐 𝟑 − 𝟐 𝟒 =  (    𝟕 . 𝟐  − 𝟏 . 𝟗  + 𝟐 . 𝟐    ​ |  𝒔 𝒕 𝒂 𝒕        ​  − 𝟎 . 𝟗  + 𝟎 . 𝟗 |  𝒔 𝒚 𝒔 𝒕 ) ×   𝟏 𝟎  − 𝟏 𝟏 =  (  𝟕 .  𝟐  − 𝟐 . 𝟏  + 𝟐 . 𝟑 ) × 𝟏  𝟎  − 𝟏 𝟏


   𝑵  𝝅 𝝂  𝝂 -  𝑺 𝑴 = 𝟒 𝟑 ± 𝟏


   N  b g =   30  − 3  + 4


   𝑵  𝒐 𝒃 𝒔 = 𝟖 𝟒


   𝓑  𝑺 𝑴 = 𝟖 . 𝟒 ×   𝟏 𝟎  − 𝟏 𝟏


   𝓑  𝝅 𝝂  𝝂 -  𝟏 𝟔 − 𝟐 𝟒 =  (    𝟗 . 𝟔  − 𝟏 . 𝟔  + 𝟏 . 𝟖    ​ |  𝒔 𝒕 𝒂 𝒕        ​  − 𝟎 . 𝟔  + 𝟎 . 𝟖 |  𝒔 𝒚 𝒔 𝒕 ) ×   𝟏 𝟎  − 𝟏 𝟏 =  (  𝟗 .  𝟔  − 𝟏 . 𝟖  + 𝟏 . 𝟗 ) × 𝟏  𝟎  − 𝟏 𝟏


   𝓑  𝝅 𝝂  𝝂 -  𝟏 𝟔 − 𝟐 𝟒


   K + →  𝜋 + 𝜈  𝜈 -


   K S →  𝜇 +  𝜇 −


   K L →  𝜋 0 𝜈  𝜈 - ,  K L →  𝜋 0  ℓ +  ℓ − ,   …


   [  ±   𝟏 𝝈 ]


  > 5 𝜎


  < 𝟐 𝟎 %


   𝓑  𝝅 𝝂  𝝂 -  𝟏 𝟔 − 𝟐 𝟒 =  (  𝟗 .  𝟔  − 𝟏 . 𝟖  + 𝟏 . 𝟗 ) × 𝟏  𝟎  − 𝟏 𝟏


  20 % → 15 %

