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Theory motivation
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K-->pvn in the: Standard Model

SM: Z-penguin and box diagrams
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Gol den nrextrenely rare decays, precise SM predictions.

0

x Maximum CKM suppression:=(m,/m,,)?|V* V| .

X No long-distance contributions from amplitudes with intermediate photons.

x Hadronic matrix element extracted from measured BR(K.3) via isospin rotation.

Mode Standard Model BR Experimental status
K- p'‘nn (8.60°0.42)3 10711 (9.6°1.9)3 10'11 (NA6220161 2 data)
BR<2208 10" 11 at 90% CL
KOTO 2021 data/PRL134(2025) 8]
Standard Model BRs Buras and Venturini, EPJ C82(2022) 615.
Similar results from other groups,e.g. Do Ambr osi o 8%(2022) 148. é F
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»pvA beyond the S

x Correlations between BSM contributions to K* and K, BRS.[JHEP 11 (2015) 166]

x Both K* and K, must be measured to discriminate among BSM scenarios.

x Correlations with other observables ( ed € DM, B decays). [JHEP 12 (2020) 97]

X Leptoquarks [EPJC 82 (2022) 320] NP In the neutrino sector [EPJ C84 (2024) 680]
additional scalar/tensor contributions [JHEP 12 (2020) 186; JHEP 10 (2024) 087]
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The NAG62 experiment
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Kaorm expernments at CERN

Earlier: NA31

1997: edé K +Kg

1998: K, +Kg

1999: K, +Kg  |KsHI

discovery| [2000: K, only |[KsHI
of direct

2001: K +Ks |KsHI

2002: Kdhyperons

2003: K*/K!'

2004: K*/K!

2007: K'o,/K'o |tests

2008: K',/K'pp | tests

NAG62: a multi -purpose K* (and p°) decay experiment 2015: commissioning

focused on K- p'n mrmeasurement to 15% precision.  Nag2< (20167 1 6run 1

Currently ~300 participants from ~30 institutions. :
20211 2 :6Run 2
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The NAG2 expariment

SPS protons: x#0epillGeV, (21 3)
Unseparated secondary beam: LAV: large -angle

K" rate: ~ 30 MHz;
K* decays in fiducial volume: ~3 MHz

GTK: beam
tracker

Vacuum
O(10 § mbar

I
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Calorimeter Muon
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(MUV)

Dump

f Small-angle
KTAG: Anti -counters — Spectrometer: photon veto
Cherenkov kaon - STRAW chambers LKr EM
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tagger (s,=70ps) calorimeter Ve [m]
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x One year® 1.5x10'® protons on target °© 5x10'? K* decays.
x Beam structure: ideally, uniform overa 4.8 s long spill.

X In practice, significant variations
of instantaneous beam intensity during the spill. I:>
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NAG2 diatasats

10 Kaon decay dataset

—— On tape /

| —— In progress & projected / i
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4 NA62 Run2

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
Year

Main dataset (kaon mode):

x Runl( 2 0 1 6:18%50k good SPS spills ir420 days.
x Run 2 ( 2:0s@farl~2.5V good SPS spills inf00+ days.
x Broad programme: rare K*/p® decays; LNV/LFV, hidden sectors.

Beam-dump dataset: 1018 pot collected in ~50 days:
x Dark photon, HNL, ALP exclusion results with partial datasets.
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Run 1 beamline layout
I\ll:J33 RICH

Mid 2018 - installed TCX Collimator TCX Collimator

Much improved shielding - blocking almost all upstream decay paths.
Sketch only Bend6
Bend4A . x
ks
Bend4 Bend5 TRIM5 g
e 3
|>£ ‘>U Fake vertex
S gt N )
/4 .
K. 7 ‘ I
—
KTAG =
Q) - — Scattering at STRAW1
) o E )O[
g < o,
3} T
N O
STRAWSs
Z O Signal in-time with true K+ which decays upstream. .

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

Upstream background to K*- p*n n
K* decays (or interactions) in the beamline
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Run 2 beamline layout

2021 - addition of VetoCounter TCX Collimator I\'lDSS
Upstream decays can be detected and actively vetoed.
RICH
Sketch only Bend6
Bend4A . ,C:) e
Z | =
< -
Bend4 Bend5 TRIM5 g
oo- Q o
C>) (l_D “ ‘ g Fake vertex
. B
‘ - “E‘ Scattering at STRAW1 \()O{
O
STRAWS
VC layout:
ver 8 vea VC3 .
J.‘,'.+
2/yy Upstream background suppression:
J - x VC (veto counter) information: factor ~3;
x ANTIO information: further 20%. 10
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Detector upgrades for Run 2

K* decays in decay tank

® K2pi
@ Kmu2

x NA62 technique proven by the Run 1 analysis [20 candidates].
x Limitation: tight selection criteria for background rejection.
x Detector upgrades in 2 0 1 9 [fat Background suppression :
V rearrangement of beamline elements;
V fourth kaon beam tracker (GTK) station; Upstream background
V new veto counters upstream and downstream of the decay volume;
V new kaon tagger with hydrogen radiator (CEDAR-H, since 2023);
V improved TDAQ: 35%increase in beam intensity .

® Upstream

]
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K- p"n nmeasurement
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Kr--p'avimeasurement

m? miss™ =(PJ P2 vs track momentum
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Main K" decay modes
(>90% of BR) rejected
kinematically .

Resolution on m? .
$=1.0310' 3GeW/c?.

Measured kinematic
background suppression:

V K- p'p% 9.4x10'4
V K- “*n;  1.4x10'S,

Further background
suppression:

V PID(calorimeters, RICH):
‘ suppression~10'8,
p ID efficiency ~75%.
V Hermetic photon veto:
p% [T rejection

factor 1.2x10'8,
13
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X Optimal beam intensity determined
with the 2 0 2 1 Thiglintensity data.

X 39nce August 2023, operating
at 1=450 MHz (75% of nominal)
to maximise the K*- p*n rsignal yield.

TDAQ dead time and
random -veto effects

Intensity over an SPS revolution cycle
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Siang reasitivits (@013}14 datay

Normalisation: K*- p*p® decays collected -
with a downscaled ( D,) control trigger line. s
Expected SMK*- p*n rsignal yield:

exp _ BR(TVV BR(mtvv
{ N]S'[Tv P = @ Bl(J\('I'['I'Z)SMg(N"“xDO)

Bses = (0.3740.02) X 10~
Expect 23 SM signal events

Trigger efficiency
correction

r
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Background from kaon decays

. Asorarse 7| K+ p*p?( ) control sample

é_—|

(&) : t A

~ A eI\ e I S8 8 Lo =

N> 0.12 . il AN [ DCOn"o,regions . — All regions
G 0. TR 1 MR, R2

Nl_' 5 £ R 3 e Nt D Background regions -J'lf+J'IPH

n° 0.08F St Sl B 2o W CR1, CR2
|

P CRmu3
CR3D

0.06
X
0.04

IIII[ITrrITI'ITITI T [IIII]I[ T IIIII'ﬂ]—|_|_|'|

(P

0.02—}-

mﬁ\iss

-0.02 D vl - = . = T Y. Foqurih PR A L RS B
= 33/'/ K+- ‘ +n l 10-1L :
-0.04 ] e e S s e gl e K*- +n(|-> ) Control Sample

107

_0.06 :_789 .......................... , ................... , ................... , ................... , ................... , ......................... 1041 ...... 105 | | — All regions
_IllllIlIIllll'llllllllllllllllllllIIlI | -H1’R2
10 15 20 25 30 35 40 45 50 10° | -gﬁfﬁ

_ Pion momentum [GeV/c] | | oRmu2

A data-driven method: Control sample events | | mmCRmu3
Number of events in Signal Regions 10° |
passing signal selection \ |
in background region |
|
|

NCS
N. =N - f. =N, . SR
bg = VbkgR " Jrail = VbkgR " 3y 104
bkgR

/

Kinematic tail fraction: Control sample events 107!
measured in control sample in Background Region 0.06 0.08

2, 4
E. Goudzovski / A Coruiia, 2 June 2026 mﬁ"ss [GeV7/cT]




Upstream background

Upstream background:
decays or interactions of beam particles upstream of decay volume.

x The largest background source.
x Data-driven method based on the upstream reference sample (URS:

X

Template 1: interaction like

iInverted condition on the distance between K* and p* tracks.

Extrapolation to signal region

by fitting with two templates
extracted from data:
interaction -like and
accidental -like .

Upstream Reference Sample: CDA>4

Template 2: accidental like
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Background validation

x Blind analysis: control regions are
unmasked first, signal regions later.

Background Events

Kt > ntr%() | (1.1940.10
K* = ptu(y) 1.39+0.29 Data-driven
Kt -5 gtata~ >0.25 +0.05 <

Kt > ntn~etv 1501222

Kt — 7ty 0.04 £+ 0.04 Simulations
Kt — 7%ty < 0.001

Upstream 74755 Data-driven
Total 11.9%33

NoMexp 22.9+1.1

e %

VS + B/S = 0.25

The most sensitive analysis yet
(improved PID and upstream
background suppression)
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M?iss VS PiION Momentum
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Signal candidates (all data)

L 5 - - Numbers of events in categoriesJ
N e B e A o E = — ~
g oo _° s ° 0 c [ 20161 18202221 20223
TQ0.0S g o o0 .t 00 . . o q>,) 14__ .............................................................................................................................................
E o ¢ © [ JHEPO6 JHEP 02
0.04 ] B' o 12— ........................................................................................................................................................
° oo o 04 ° . .° 9 i _ (2021) 93 (2025) 191
0.03 ] I’ o o S .o . o 8 10:_ .......................................................................................................... ]
¢ 2016 E B
0.02 1 o 2017 =S 8:_ ...................................................................................................
o 2018 e C
N2 & ° .-.| o 200 IS S
° 4 o 0°° e 2023
0.00 1 o 2024 —_
- ” = e = " pesal S % S T O e L S - i
nt momentum [GeV/c] =
Missing mass spectrum (all data) | | Sl | m-d-lb
2 =F 4Data [k | L1 1 1 1 131 1 1 | | |
:’j 18 WKy, BKy, o 789 10111213141516161&1328?1
6k | R1 Bk, gory

DKrrw

12

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

III1III|III

8
6
2
0

E. Goudzovski / A Coruiia, 2 June 2026

0 0.01 002 003 0.04 005 006 0.07

m2, [GeV?/c?]

B(KT>ntvi)= (9.6

Combined measurement (2 0 1 6 [dataset):
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K->pvn:tthe global picture:

(
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BR(K- p'™n hmeasurements

NADGZ prenminary
i i i BNL : - :
The NA62V result is consistent with the SM.. | . ., 2% |
The 2025 I 2 ﬁata |S ~1/3 Of the tOta| NA62 2016-2018 —to——
Expect to improve BR precision to 15%. S L
_ o NA62 2021-2022 ——
\A detailed shape analysis is foreseen. [JHEP 02 (2025) 191]
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this result - ; — Total
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Kt->p*X., (2216-12644t2) .
[JHEP 11 (2025) 143]

NA62 monstraints on benchmark
FIP scenarios fromK™ p*X analysis

| w 107 o 100

Upper limits of BR(K*™- p*X,,)
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Other recent NA62 results
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K-> th measurement

x First observation of the K* ** 1 *n decay: ) [Preliminary]
8,227 candidates with 11% background from the 20161 2 dataset.

x Rate measurement assumingChPTform -factors: BR = (1.301°0.024)310' 8

X Dimuon mass spectrum in agreement with ChPTexpectations.
[Bijnens, Ecker, Gasser, NP396 (1993) 81]

Squared missing mass

— 1 S . . ~ -
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x First full lattic e computation of [Di Palma et al., arXiv:2605.22727] :
four-lepton K* decays provide novel |V | measurements and LFU tests.
x Coming soon: K*- * *** *n rate measurement using lattice form -factors. 24
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K- e'm measurement

x New measurement of the K*- e*n’ decay: [Preliminary]
18,929 candidates with 0.4% background from the 20171 1 @8ataset.

X AssummgChPTform -factors, BRK.; SD) = (0.466 °0. 006)310' 5

Squared missing mass|~ | 3 in the region x=2E;/m,>0.2, y=2E.,/m>0.93.
10° ézzg(sm) g:
B Ke3 3
of Bae
10 K2 a:

==
107"
ol o bl AL AL Dk

102004 —003 -002 -001 0 001 002 :
M. [GeVZ/c?] Extrapolation to
Iss

y = 2B/ my the OKLOEOG| regi on
P>200 MeV, E>10 MeV

signal
region:

y>0.93 Coming soon: form-factor measurement

in the K*- e (SD) decay. 25
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