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New measurement of B(K+T — n7uD)

[La Thuile 26, Moriond EW 26]
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Golden modes K — #vv: SM and beyon

SM: Z- pengum & box dlagrams
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» High sensitivity to New Physics up to O(100) TeV | .\ s 10q BET = wtvr) [1071

Mode SM Branching Ratio [1] SM Branching Ratio [2] Experimental Status
K* = 72t | (8.60£0.42)x 10711 |(7.86 £ 0.61) x 10711 |(10.6 £ 4.0) x 10~ nas2 1618
K, - 7vb | (294+0.15)x 107" |(2.68 £0.30) x 10~!! |<2x 1077 KOTO(2021 data
y Joel Swallow ARecent SM calculations [1:Buras et al. EPJC 82 (2022) 7, 615][2:D'Ambrosio et al. JHEP 09 (2022) 148] 3
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https://inspirehep.net/literature/2057332
https://inspirehep.net/literature/2103460
https://inspirehep.net/literature/2719296
https://inspirehep.net/literature/1385876

The NA62 Experiment at CERN

~200 collaborators from ~30 institutions.

VAGZ2 A

e Primary goal: measurement of (K" — n7 D)
New Technique: K™ decay-in-flight

Results: [pLB 791 (2019) 156] [JHEP 11 (2020) 042] [JHEP 06 (2021) 093][JHEP 02 (2025) 191]
Broader physics programme: [see Kaon2025 & CKM25]
o Rare K™ decays (e.g. KT — 72'+}/}/ [PLB 850 (2024) 138513])
e LNV/LFV decays (e.g. K™ — 72'_(71'0)€+€+ [PLB 830 (2022) 137172])
e Exotics (e.g. Dark photon [prL 133 (2024) 11, 111802])

‘ ,, N Data taking
ST e ’ B e 2016 Commissioning + Physics run (45 days).
' = s e 2017 Physics run (160 days).
e 2018 Physics run (217 days).
e 2021 Physics run (85 days [10 beam dump]).
e 2022 Physics run (215 days).
e 2023 Physics run (150 days [10 beam dump]).
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e 2024 Physics run (204 days [12 dump] {5 low intensity}).
e 2025 Physics run (200 days [10 dump]{7 Low Intensity}).
e 2026 Physics run (Ongoing...)

Phetograph: Maximilien Brice © 2008 CERN

this result
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o Designed & optimised for study of K™ — 77vD :
e Particle tracking: beam particle (GTK) & downstream tracks (STRAW)

e PID: KT - KTAG, n* - RICH, Calorimeters (LKr, MUV1,2),

>

250
Z [m]

(1 detector)

e Comprehensive veto systems: CHANTI (beam interactions), LAV,LKr,IRC,SAC (y)
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https://inspirehep.net/literature/1519167

Kinematics NAGZ (),

NA62 Performance Keystones:

e O(100) ps timing between detectors

o O(10%) background suppression from kinematics

e > 10’ muon rejection

‘Z o1 - [JHEP 06 (2021) 093]
> - > 10 rejection of 7 from K- 70 decays
= 0.08 [-
~E - .
0.06 =
0.04 :_ Control regions _é 103
0.02 Cin'n I — o _ ) Decay mode Branching Ratio [PDG]
I e A rreion K™ = iy, (6356 £0.11) %
_ (Control : S
QP E;;:-» - K+ > atad (20.67 = 0.08) %
0.04 :.P.“f.|l...|.'.'.-|-. |||| Kt - nntn (5.583 £0.024) %
0 10 20 30 40 S0 60 70 K'l‘ N 7Z'+JZ'_€+I/€ (4247 + 0024) % 10—5

7" momentum [GeV/c]

77 momentum range: 15—45 GeV/c
y Joel Swallow
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Kt — ntup

(8.60 £ 0.42) x 10711 [sm]

Buras et al. EPJC 82 (2022) 7, 615
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Calorimeters
(LKr + MUV12+MUV3)

RICH
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NAG2

NA62 Performance Keystones:

e O(100) ps timing between detectors

o O(10%) background suppression from kinematics

e > 10’ muon rejection

e > 10/ rejection of 7 from K

0 decays

e(rID) =753 %

P(uTmisiDasz™) = (1.3 +0.1) x 10~/

Decay mode

P(u*=m* misID)

Branching Ratio [PDG]

+ T
K" = pu'y,

(63.56 £ 0.11) %

Kt +_0

(20.67 £ 0.08) %

—> T
Kt - atntrn

(5.583 £ 0.024) %

+_— +

R —
K™ > n"n~e™y,

(4.247 £ 0.024) x 107>

Kt — ntup

o4 % 10_11 [benchmark SM value]



NAG2

Control sample of K* — ”;”O : Photon RejeCti()n

:ot:
= 107 NA62 Performance Keystones:
% e O(100) ps timing between detectors
0 P
= o O(10%) background suppression from kinematics
k=
S e > 10’ muon rejection
.ig 1078 e« > 10’ rejection of 7Y from K 7V decays
&
10_9|||||1| Decay mode Branching Ratio [PDG]
" = = >0 tt EASomentt?n [Geelfl)c] K™ - //t+1/ﬂ (63.56 £0.11) %
e Probability of Kt — 717", 7° — yy K* > n*n’ (20.67 £ 0.08) %
events passing all photon veto conditions: K" - n'n'n” (5.583 £0.024) %
+ + _—+ _5
;/] — (124i004)x 10—8 K™ —>nn"e"r, (4.24°7 £0.024) x 10
U KT = 77ui o4 % ]()_11 [benchmark SM value]

y Joel Swallow cf.2021—22result: 170 = (1.72 £ 0.07) X 10~°
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Previous NA62 K™ — 7 v results

VAGZ2 A

(*NM-SP assumes benchmark By, = 8.4 x 107!

2016 data [PLB 791 (2019) 156

Data-taking year(s) [Reference]

SM,ex
N, bg N, P N, obs

v 2%

2017 data [JHE

D 11 (2020) 042

20162018 [

JHEP 06 (2021) 093] | 7.03%595 | 10.014+0.42 | 20
JHEP 02 (2025) 191] | 11.0775 | 9.91+0.34 | 31
JHEP 02 (2025) 191 18+ 19.9+0.5 51

2018 data
2021-22 data [J

JHEP 06 (2021) 093]

HEP 02 (2025) -

2021-2022 |
2016-2022 [

+Nobs —Nexp +b INexp

—
o

G16]

2018 S2 2921._—.2022 ._

201881,

":'|"'|"'°|°'i

Number of events

—e————— BNL
[PRD 79 (2009) 092004]

e—  NAG62:2016-2018
| [JHEP 06 (2021) 093]

—e |NA62 2021 2022

—e—  NAG62: 2016-2022
SM [JHEPOQ (2022)148] ;
 SM [EPJC 82 (2022) 615]
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* |
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Category

NAGZ (Kt - ntup) = (13.()

2016-22

+3.0
-2.9

10 15 20 25 30 35 40
B(Kt — 7tvw) x 101

-3.0

syst) X 10711 = (13.0733) x 107!
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Smallest BR ever measured
*|at > S50 significance !
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Updates: optimal intensity NAGZ

Studies on 2023 data

6 (intensity scan) , , , . :
40 x10 | | e Saturation of expected signal yield with intensity.

- Slope depends on Uncertainty of Mainly due to:
the model e Paralyzable effects from TDAQ dead time and trigger

35 ':_S.ign ...... ac.ce Pt,‘anc e .: ......

.
.

vV / spill

30 E_atOintenSitY'_.\,-,:"{‘:r:l',:"{,',::'-,,,'. ............. Veto W]ndOWS’

, - » e Offline selection, due to veto conditions.

CHE . T

20 é— """ e From mid-2023 operate at optimal intensity (-75% of
s T full) to maximise zvp sensitivity (2023-24 wrt 2022 data)

T e

..........

10 B4 _ e Higher DAQ efficiency
= : <— Full Zinten.ésity e Average collected spills per day 2.7k (+40%)

S A T e Fraction of good data quality spills 0.93 (+20%)

llliilllljllllillllilllljillljllllljllljjllljjllil [ ) MaXimiseSignalyield:

0 100 200 300 400 500 600 700 800 900 1000 NSM ottt = 96 5 106 (+59
bl e adre : : e average /V_-/spill = 20 X +
[SPSC-SR-345] Instantaneous intensity [MHz] 8¢ Nmp! 5P (+5%)

e Note: “instantaneous intensity” estimator is measured using 2023-2024 data-set larger and better qual]ty

the number of signals in time sidebands of GTK beam tracker.

y Joel Swallow 10
S/ PASCOS 2026




GTK 4D Beam Tracking : Machine Learning #4040

Clusters Features Link existence score

y Joel Swallow
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Calorimetric Particle ID : Machine Learning
K™ — u"vy Background
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. P e Inputs: Data E/p images in time slides (19k numbers)
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84

X ID Cell LKr e Model: ResNet architecture (2.8M parameters)

e Single merged 1"y cluster mis-ID as 7
o Veto using m?*. ay = Pk

y Joel Swallow
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-p,—p)" ~0

Ny o(K™ — u™v) reduced by 16%

Ny,o(K™ — u™vy) reduced by 70%
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Decays or interactions of beam NAGZ2 Q
UPStream BaCkgrOLmd particles upstream of fiducial volume S

2021 - addition of VetoCounter TCX Collimator
Fake verte§

Upstream decays can be detected and actively vetoed.
Scattering at STRAW1

Sketch only

Bend4A

Bend4 Bends

Vacuum Tank

Joel Swallow L 7 ‘ Signal in-time with true K+ which decays upstream.

PASCOS 2026 . Signal in-time with pileup beam particle (z*) which does not leave beam pipe I 13




Upstream Inelastic Interactions Veto AdEe

Vacuum tube

I Veto Strategy
I g I e Up to 2022:

e LAV2+ trigger veto, 6ns window
J e Offline CHANTI Veto

Tl'+ to STRAW, direction mis-reco

CHANTI

I

J, e From 2023:

C e Relaxed L1 LAV trigger veto (only LAVs
i . I gI o I downstream of K-pi vertex, 4ns window)
Z - : - e Offline CHANTI & LAV1 vetos

y Joel Swallow 14
S/ PASCOS 2026



. Sy s s.eignl\gr_kl\llalue Normalisation trigger downscale = 400 H‘EZ
S]gnal Sens.lt]vs;!/[ty SI\{( | A/count normalisation events Q
X %ﬂ Y ‘ggﬂ Y Ayz' _(p)
N:i\;l’e p(pi) = — = — — DONﬂﬂ(pi)gtrig(pi)gRV

B (pz) R gg]m A]Z']Z'(pl) —
o 20.7%] /_

Trigger efficiency ratio _ Random veto efficiency

—=— Normalization, K*—m*n® —e— Signal, K'>m'vw T g g : 1
: = = 5 — 1 ~ ; B N A G ) ,,gzj *MH al
: = - = ** - S ( ' - H IMINc 092 __ ............. { ............ ........................... ............................ ........................... ................
0025 __ .......................................... .................. - ................... ......................................... ............ : 0.8
: . 0.9 __ ............................ ............ { ............ ............................ ........................... ................
0.02 __ .......................................... ....................................... = ............ i
B . 0.88 __ ............................ .......................... ............................ ........................... ................ 0.6
0 ) S s s SOUSSUUUS SUSSS SR - *
: 086 __ ............................ .......................... ............................ ........................... ................ i ——
. 01: - * 04___ ..................... 2023_2024 data
01— = R R e — — I S S S T T R S - : : : e
§ — R 0041 [, i IRC+SAC veto 1 — gy = probability of a
- S— . - —%— LAV veto signal event to be vetoed
0.005 [ T—  — S —— A— S——— e 0.82 I E— o e o A I S 0.2 LKr veto . -
2 Select!on acceptances - { I —F— Photon rejection by accidental actlylty
- | | 1 | | 1 0.8 ;l ............................ S || ............................ | ........................... || ................ i —%— Photon + multiplicity rejection |
0 15 20 25 30 35 40 45 ) 15 20 25 30 35 40 45 O T NN SR SR S AT SR SN S AT SR SRS ST S SN SR SR
n* momentum [GeV/c] m* momentum [GeV/c] 0) 200 400 600 800 1000 1200

Instantaneous intensity [MHZz]

Acceptances evaluated at O intensity, _ + .
Intensity dependence captured in €5y, Etrig = (86.4 £ 1.2) % o 1.14x £py

Improved systematics evaluation e Mainly due to 600 — 450 MHz
e + Improvement in one-track selection

y Joel Swallow 15
S/ PASCOS 2026



Signal Sensitivity NAGZ {
ggSM ggSM Aiwﬂ(p i)

751}\;[ eXP(p l) o — — N, mr(p i)gtrig(p i)gRV
@SES (p i) ggzm Azm(p i)
2021-2022 2023 2024
[JHEP 02 (2025) 191] (this analysis)
N, . Normalisation Kt — nt#? 1.95 x 108 3.93 x 108
Arr  Normalisation acceptance (13.410 £ 0.005)% (12.971 4+ 0.009)%
Ng Effective K* decays 2.85 x 1012 5.93 x 102
Arp  Signal acceptance (7.62 £ 0.22)% (7.36 £ 0.33)%
ewrig ' Lrigger efficiency (85.9 +1.4)% (86.4 +1.2)%
ery  Random veto efficiency (63.2 £ 0.6)% (72.3 £0.7)%
Bseps  Single event sensitivity (0.8540.03) x 10~ | (0.37 £0.02) x 10~
N2Mexp Nyumber of expected SM events 9.9+0.3 22.94+1.1

o soes @ 2x normalisation statistics

e 1.14x random veto efficiency
N seciswaion  ® 2.3 NUMber of SM signal events expected

1
SZ—~\ PASCOS 2026 6



Backgrounds From m? . mis-reconstruction 0 NI'EZQ

miss + +
014 &;g;‘;,“r"e;;ﬁ;'i;;;; """ o K+—>" """""" % Signalregions K - (}/O)
"o é — Tt ‘ control sample of K* — 777" events with
~a 0.12 - - - - | 0 :
> Control regions o =YY and 2 photons detected in LKr:
¢ 01 S -'GC_; 10 §_ NA62 Preliminary: ' j: — All regions g
o 0.8 B ® 109 - M R1, R2
5 E
I L —
n_! 0.06 é 105? 21 CR2
cé'é 0.02 103§_ .
° 102
-0.02 10k
~0.04 i
1 = E
— i,
-1 | | | | AN |
107§ 0.02

0.04 0.06 0.08

m2. . [GeV°/c?]

N,o(K* — 7*7’(y)) = 1.07 £ 0.07
Nypo(K* = p*r) =1.2£0.2

Nyo(K* — ztntn™) = 0.25 £ 0.05

y Joel Swallow Nbg — kagR .ﬁail — kagR . NCS Control sample events
SZA\ PASCOS 2026 bkgR<_'

In Background Region

15 20 25 30 35 40 45
Control sample events
nt momentum [GeV/c] Signal Regions

Number of events Kinematic tail fraction:

p_assmg signal selec?tlon measured in control sample CS
in background region \ \ NSR
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K+ — u*uvy Background & CNN PID NG

S—— e 2021—-22 data: kinematically select & veto with
"8 2 (K,)=(P.—P —P)
= BF Myiss //t2)/) _( K U y
K* u e 2023—24: New CNN classifier for Calo. PID vetos

70% of the residual K™ — 1"y background.
e Validate predictions in Calo PID sidebands.

Sketch only -

..g 50 = Z _ f Kz, B Upstream
— ' K K
Energy/cell [MeV] O  AGE . B W 1, i K,
58 = u : ! : Ke4 ] KTWV
g 5 phOton'Iike LLI 40 ' XXX Expected —&— Observe
< - photon-like  ® = 0B eSS SrrsSr e e
— 56 - - . NA62 Preliminary
— . .
8 <4 - - 103 3 5 O B 000008 % %% s §
. - -
2022 Slrata. exampleof B 8 ¢ - t = ) B S SIS S S—
v + u™ overlap in LKr. Pl > 52 A j oe | |
—_ | 2 9.9.9.9.9.9.9.9.9.90.9.9.9.9.9.¢.9.0.9.0.9.0.9.
S0 ¢ = 10 - ® s
- g 20 QGG ERARAIELRKARKL :
B 3 O 00200020 00°0°0.0°0°0.0.0:0-0°0.9.
0000 000 0020 020 2020 02020 20t 0 2% 2% 0%
48 — 7 C 00 000 0020 00202020 202020 2020 2020 2% 202 202
- ) 15E R RRIIIIIIILLEEIIESLIKL
46 —— B 192909090 90 90 0000000990900 0.0.0.0.0.0_
- | 10 E IR
~ Expected 10 O ORRERK
44 ‘ E R BRI
- trac 3 |
- . Dead cells o
42 pos ition E
| E

llllllllllll"llllllllll' III|IIII|IIII|IIII|IIII|IIII|IIII|IIII
y Joel Swallow 72 74 76 78 80 82 84 1 0 0.1 0.2 03 04 0.5 0.6 0.7 0.8
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Upstream Background [ eein faatlioune|

NUps _ (1 . match) 2 NURS fc " Pmatch

accidental
~ Uncertainty: 4 data

.‘:T."v l’(:?l v“._;‘f‘r ',;'."" R |

{1 ICSTAa1T) -

vV/oloalLdl) | | J
S\ ) <

e Fully data-driven estlmatmn

e Upstream Reference Sample: enriched with
all known upstream background mechanisms.

e CDA: closest distance of approach between
K™ and z" candidates.

exp :
= N_._,W.syst |

e Extrapolation to signal region (fcda) via 7.55-
template fit (new - previously linear | ‘
approximation) 5.0 -

e Two templates from data: accidental-like &
interaction-like.

e New understanding: dominated by 0.0} S
accidental-like events. CDA [mm]

Ups. __ +2.8
y Joel Swallow Nbg o 7.4—22

2.5

'SIGNAL

< Template fit range >

SZ A\ PASCOS 2026 19



Background Validation

0.14
0.12

0.1
0.08

- P, [GeV?/cH

0.06

.................... -..-........ % Slgnal regions ———

Control regions

Background regions

y Joel Swallow

15 20 25 30 35 40 45 50
tt momentum [GeV/c]

e Use control regions to validate predictions
for K™ decays in FV: p — value = 0.65

S/~ PASCOS 2026

Events

700 -

600 -
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175
150

Expected ® Observed

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------

| |

e e

125 -

100 -
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| |
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ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

|

I

Vall Val2 Val3 Val4 Vval5 Vvalé Val7 Val8 Val9 Vall0 =

e Validate upstream background with 10 independent
samples enriched with different upstream

background mechanisms: p — value = 0.79
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20212022 20232024 o 2023+2024: \/ S+ B/S =~ 0.25
[JHEP 02 (2025) 191] (this analysis) £ ~05f , Vs

K+ — nt70(5) 0.83 + 0.05 1.19 + 0.10 o C.T & 1.5 for previous analysis)
K+ — utu(y) 1.70 & 0.47 139+029 |data-driven |® By far the most sensitive analysis yet!
KT > natntn™ 0.11 +£0.03 0.25 4+ 0.05

+ + . — ot +0.33 +0.51
KT = ntmety 0.89 2027 1.5970.43 estimated with MC
Kt — 7T+’7’7 0.01 = 0.01 0.04 = 0.04
Kt — 7%ty < 0.001 < 0.001
Upstream 7-4lL%513 7-44_'%3 fully data-driven
Total 11.01%4 11.9123
NSMexp 90 +0.3 299+ 1.1 Combining with previous 2016—22 datasets:

Np,
0 . :
e Better 7~ rejection

= expected SM significance > So

e Better y™ mis-ID
e Upstream background rejection improved

y Joel Swallow o1
S/ PASCOS 2026



' : NAG6Z2
S]gnal reg10ns Expected SM signal, N°M ~ 23

2023 —24 data —

Expected background, N, = 11.9*57

a Signal regions —23

Control regions O b Se rV ed : NObS ?

Background regions
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Signal regions

-0.02
-0.04

-0.06

©)

N/

2023 —24 data

NAG62 Preliminary

I
%

Joel Swallow
PASCOS 2026

t momentum [GeV/c]

VAGZ2 Q

Expected SM* signal, N> =229 £ 1.1

JZ'I/I/

Expected background, N, = 11.9*57

—2.3

Observed, N, = 33

1D projection with differential background predictions & SM
signal expectation* with Q?SM = 8.4 X 1()_11 [not a flt]

T —NA62 Prellm ar /
& SM

o Y + Data[/JKM
Q 41 i O O IO IO S e DU U SRR
> 107E []

D —

© T k. [k

@) u2y . 3n

g 1 03 §_ .................................................................
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Results: 2023-24 Data

o Measure &% _ -

using a profile likelihood ratio test statistic g(6).

- and 68% (1o) confidence interval

10

/L) )

NA62 Preliminary

vV

Theory

NA62 measurement: B = (7_2_+§-13 10"

20

N W ~ O1 OO NN 00 O

10

—h

11 IIII|IIII|IIII IIII|IIII|IIII|IIII|IIII“IIII

Test statistic, g@©) =-2In( L©

5 10 15 20 25 30 35

B(K*—m*vv) x 10"

Bz _oa(Kt = mtvn) = 7.2 (153

y Joel Swallow
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Number of events

—1.9)51;3_’[ [1_0.9 sySt

Evaluate statistical-only component by repeating procedure assuming exact knowledge of signal and background expectations.

NAG2 [
e Use 6 (momentum bin) categories

After fit ——————_

(use measured BR) [§N = Now(s@)+b) ENox(b)

E NAG62 Preliminary
14__ ..........................................................................................................................................................
12 :_ ..........................................................................................................................................................
10 :_ ........................................................................................................................................................

0739520 2025 2530 30-35 35-40 40-45
Category (™ momentum range [GeV/c])
0 x 1071 = (7.2437) x 107"

24



Combine: 2016—2024 dataset

cCc o 0P OO

2016
2017
2018
2021
2022
2023
2024

y Joel Swallow

/S

PASCOS 2026

-
n™ momentum [GeV/c]

VAGZ2 A

Expected SM* signal, N°M = 43 + |

UV

Expected background, N,, = 3073

Observed,N , = 84

1D projection with differential background predictions & SM
signal expectation* with %, = 8.4 X 10~ [not a fit]:

20 SV

1 8 | e . Kzn(v)
16 I R1 ..... K3ﬂ; Ke4 .................. ........ R2 .................... ................... ........

Events

e T o RS
osesess,

XA

Cotetel!

Sossees,

osesses,

A

R

PP S N I e S— D G — -

10 7 B T I | N W | N -
7 : : : : : :

(00)

IIII|II III|IIII|III|||

0 0.01 002 003 004 005 0.06 0.07
m2. . [GeVec?] 25
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Results: 2016-24 Data NAGZ ()

10 ” ® Novs = Nexp(s(8)+b) BENexp(b)
(%: or g i 2016-2022 . 2023-2024
;T 8:_ / NA62 Preliminary 5 :
N Th IS
it = eory
j 75 +19 11 QL)
\E/ 6:— NA62 measurement: B = (9.6_1.8 )x10 -g
QN —
1 5E =
~ 20 Z
£ 4f
O :
O 3
.-I‘Z) E | : I
© 2F -
-ICT) 1E I E I 16
4(75 : I E I
Ii)O:IIII|II:]\EJAIII|IIII|IIII|IIII|IIII| ||||||E||||||
0 5 10 15 20 29 30 35 8 91011121314151617181920 21
B(K*—m*vv) x 10" Category

@16—24(1("" —> 7["‘1/17) - (9.6 (f%:g)stat ‘1‘82 SySt) X 1()—11 — (961—%3) X 10—11
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The Global Picture

1078
NAG62 preliminary A
BNL 3
[PRD 79 (2009) 092004] | | & t;
NA62 2016-2018 ” P00 se 020302020 02020202020 202030302
[JHEP 06 (2021) 093] Q (KKK IIKAR IR IR AR AK AL S e G smanNi
ORRRRRKI L&
NA62 2021-2022 :.:Q:Q:Q’Qfo“‘ ’
[JHEP 02 (2025) 191] “
NAG2 2023-2024 10—10-5 NAG62 preliminary
this result . | I— Total
. Stat. only
NA62 combined Theory
' ' ' L L ' ' L L ' L | 10—11 ' T ' . . : .
0 5 10 15 20 25 30 50 7.5 10.0 125 150 175 20.0 225 25.0
B(K* — nrwvw) x 101 1o B(K" — nvw) x 10

< >

e Expected SM sighal more than doubled + Backgrounds reduced = major sensitivity boost.
e Expected SM significance > So.

y ool swate, @ Branching ratio measured to < 20 % precision. Result compatible with SM.
<7\ pascos2026 e 2025-2026 dataset incoming, stay tuned! 27



physics programme NABZ D

Invisible particles

K™ — 7tup
Precision measurements & rare decays e 2016 data [PLB 791 (2019) 156’

e 7 — YA’ [JHEP 05 (2019) 182]

e Kt — ¢*N [PLB 807 (2020) 135599]

e K — mtut ™ [JHEP 11 (2022) 011] » 2017 data [JHEP 11 (2020) 042’
» 2018 data [JHEP 06 (2021) 093

e 2021-2022 data [JHEP 02 (2025) 191]
e 2023-2024 [this talk]

o 7 = inv. [JHEP 02 (2021) 201]

e K™ - netvy [JHEP 09 (2023) 040]

e K™ — u™ +inv. [PLB 816 (2021) 136259]

o« KT - ntetetete™ [PLB 846 (2023) 138193]

e K - zt +inv. [JHEP 11 (2025) 143]

e KT — mtyy [PLB 850 (2024) 138513
28 | e 77 — TN [PLB 872 (2026) 140119]

Forbidden decays

o 70 = ete™ [Moriond2024]

o Kt = n7¢%¢" [PLB 797 (2019) 134794] Dump Mode

e K™ = utvut ™ [KAON25]

e K" - nue & 7' — pe [PRL 127 (2021) 131802] || e A’ — p ™ [JHEP 09 (2023) 035]

+ +
o K™ — e vy [KAON25] « K* — a7 (n")e*e™ [PLB 830 (2022) 137172] e A’ = ete™ [PRL 133 (2024) 111802]

o K™ — 7" n”y [KAON2025] o« K™ — p"ve'e™ [PLB 838 (2023) 137679] e A" — hadrons [EPJC 85 (2025) 571]

+ 0
o K™ — n'mue [PLB 859 (2024) 139122] e HNL search [Moriond QCD]

y Neutrino Tagging: [PLB 863 (2025) 139345]
Joel Swallow
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https://inspirehep.net/literature/1735727
https://inspirehep.net/literature/1863318
https://inspirehep.net/literature/2026034
https://inspirehep.net/literature/2178439
https://inspirehep.net/literature/2831122
https://inspirehep.net/literature/2856232
https://inspirehep.net/literature/1726101
https://inspirehep.net/literature/1797041
https://inspirehep.net/literature/1822910
https://inspirehep.net/literature/1843945
https://inspirehep.net/literature/2953428
https://inspirehep.net/literature/2944744
https://inspirehep.net/literature/2642398
https://inspirehep.net/literature/2738578
https://inspirehep.net/literature/2877075
https://indico.cern.ch/event/1648766/contributions/6963965/attachments/3246019/5791424/MoriondQCD_Schubert.pdf
https://inspirehep.net/literature/2150453
https://inspirehep.net/literature/2653707
https://inspirehep.net/literature/2676523
https://inspirehep.net/literature/2718968
https://indico.in2p3.fr/event/32664/contributions/137003/attachments/83684/124639/8_FBrizioli-v1.pdf
https://indico.cern.ch/event/1485702/contributions/6584990/
https://indico.cern.ch/event/1485702/contributions/6616628/
https://indico.cern.ch/event/1485702/contributions/6585023/attachments/3133843/5559898/KAON2025_Hives.pdf
https://inspirehep.net/literature/1704548
https://inspirehep.net/literature/1807490
https://inspirehep.net/literature/1854186
https://inspirehep.net/literature/2860356

First observation of K™ — utvu—u™ NAGZ

» Dominated by SD, ~30% IB, SM ChiPT calculation at O(p*)[NPB 396 (1993) 81] [Tomczak, Kaon25]
o Experimental challenge: background from K+ — 7tz tz~ with #5 — u™v decays-in-flight and/or 7+ = u™ misID.

e Normalise to K™ — 7#7u" 1~ (BR measured by NA62 [JHEP 11 (2022) 011]) ~bkg-free.

o 2017—2024 data: 8288 signal candidates with ~10% background of N, = 892 = 11

+ 54

sta SVyst

Lattice QCD

-
-

+- + 0+, ) — -8 _ —8
BEK* — pruptuT) = (1.301 £0.017,,,, +0.012. ., +0.012..) x 1078 = (1.301 % 0.024) x 10
o 10°E AL Dol .
-~ =| ~* Data NA62 Prelimina Iy
: %} 104 ; - K+—)H+VH+W
: © =L K>ruu
X PT : S B . K+ g
NPB396 (1993) 81 | @ g 10° g~
| o E B KSnmpty
Lattice QCD | 2 102
PRD105 (2022) 114507 & i 5 =
| “ 10

PRD105 (2022) 054518 ' ® :
1
NA62 Preliminary
107
1.15 1.25 1.35 1.45 1.55 1_2._ ......... I P |

1 .1 :: .......... ,...0....0..5.. 0. +
1 | U ) R 0 : g +

Update (since plot was made!): recent update 8 8 Lo lit
Joel Swallow ' o

to Lattice prediction: [arXiv:2605.22727] 001 _0005 ~ O 0 605 0 61 0.015 0.02
<7\ PASCOS 2026 New calculation of form factors ' ' ' ' m2 'iss (GeV? /C4-] 29

B(Kt > utvutu~) [1078]

Data/MC



http://www.apple.com/uk
http://www.apple.com/uk
https://arxiv.org/pdf/2605.22727
https://indico.cern.ch/event/1485702/contributions/6584990/

Measurement of SD K+ — e¢*vy BR NAGZ (),

Inner Bremsstr?hélig (IB) Structure Derendent (SD) [ROmanO Ka0n25]
+ : + (|NT) n Nlo{ggy Nllzlégy ACCkes3 817;7;2 0
) \ve ) v, BR[Kezy(SD )= Ng2s . AcCkezy | eggy BRUKe) - BRI 1)

18 amplitude: divergent for 2€,/mc = x — 0 ¢ Normalise to KT — 7’ v: 62 X 10° events B/S ~ 107>

. 2017+18 data: 18929 candidates with N,, = 72 £ 8 (B/S 0.4 %)

e Extrapolating to KLOE kinematic phase-space for comparison:
R, = (1.59 £ 0.02) x 10~ (~10x more precise than PDG average)

R, = F(Kezy SD+)/F(Ku2)

g I L L L L : — I I
. :‘8 10°E NAB2 Preliminary Jg ' I | |
5 NAG2 signal region: g 10° i }3:‘; (D _ ChPT O(p*) (2008)
0.4F x>0.2 y>0.93 - @l Ke3 - ChPT O(p) (2008)
& S 2L [MKez (sD) —o—
0.3F w 8 1 Ke2 KLOE (2009)
~ Ky (SDY) ~ e
0.2F @ 10 "Lattice QCD (2021)
- NAG62 Preliminary S
. L tti QCD 2025
0.1 = 4§ TRUSTE! 0o
o:llllllllllll'11111111111'11111'"1111111111111111- E36(2023)
0 0102030405060.70.809 1 1
X 107 NA62 Prellmlnary (2025)
P S SRR S ) . | L L | -
Sl AL L v | 1 12 14 16 18 2 22 24
Joel Swallow 10—0.04 -0.03 -0.02 -0.01 0 0.01 0.02 ChPT: PRD 77, 014004 (2008) R, X 10°
Mﬁ] GeVZ/c? KLOE: EPJC 64 627 (2009) 30
<7\ PASCOS 2026 ss [GEVI/CT] Lattice QCD: PRD 103 053005 (2021), arXiv:2504.08680 (2025)

E36: PLB 843 138020 (2023)


https://indico.cern.ch/event/1485702/contributions/6616628/

BSM constraints from K™ — 7

2016—22 dataset

e Same signature as K* = ntup

except mml o

e Set model-independent BR upper
limits for K* — 7zt X,

e New: also evaluate limits for

2

= (P — P,))* = m3

w

Kt = 77X, X = puu~ using NA62

K™ = 7atu™u™ result
[JHEP 11 (2022) 011]

e BC2: Dark Photon
e BC4: Dark Scalar
e BC10: ALP with quark coupling
e BC11: ALP with gluon coupling

e Axion: see independent analysis
form public data (before NA62
paper) [arXiv:2503.05865]

e World-leading limit on axion-
down-strange coupling

| (Fy), 4| > 1.6 x 10"

y Joel Swallow
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CJ/A [GeV ]

10-2 @ 107°
S
/ ” 10
>
~ $ BaBar 107°
107 %
B N
< 107°
) 107
10—4 E_ NA62 K —m‘“XinV
1078
BC2 107
10—5 | | T
1072 107" 1
m, [GeV/c]
10° LB
107

—
<
($))

—
<
(o))

+X [JHEP 11 (2025) 143] ”‘52 Q

[Raggi, Kaon25]

= NAG2 K* — X,

%_ B C4 ’Cs.

005 01 015 02 025 03 035
m, [GeV/c?] 31


https://indico.cern.ch/event/1485702/contributions/6585028/
https://inspirehep.net/literature/2953428
https://inspirehep.net/literature/2898335
https://inspirehep.net/literature/2150453

Search for HNLs n — e TN [PLB 872 (2026) 140119]

_J
NQ 10 = '; ........................................................ + Data (_z 10—6__ """""""""""""""""""""""""""""""" NA62 '''''''''''''''''''''' """""""""""
- E | nt—e*v [[] Early u* decays SV E — nt—e™N

O i i : l L mr—utv I K'—>uty — K'—e*N

S |

S . .

S a6l

e 10 __ ..................................................................................................................................................
o

- N

O

o i

L

1 05 ............................

104 .......

—0.005 0 0.005 0.01 0. 01 5 100 260 360 460
m2,s(m) [GeVZ/c’] HNL mass m [MeV/c?]
2 2
e Peak search: mmISS =P, —P,)" = my

e Data-driven background estimate (sideband fits)
e No significant excess — set upper limits on HNL benchmark model

oel Swallow
\-/y :Asloosnzozes N, =16.5X 10'2 B(n" — e™N) = B(x" — e v)p(my) | U, ‘4 32


https://inspirehep.net/literature/2944744

VAGZ2 A

Exotic Searches : NA62 beam dump mode

® target removed and TAX closed, KTAG and GTK not used:

X;m] MUVO
i LAV ST:R?W : Cr«%?/l,z
) 1 iIron
\ym&m e 'f'|'1'g 1w Iy
il = 0 o mmmm——— CHANTE——Vacuum
§ | standard setup 5 | Beam-dump setup \ HAS-t
- TAX . TAX 2 \ . il lJ f fR'C”
| g | D
| Target l. .l | No targetl. ll 2 ?grﬁil;%?it Decay e :_I:(c,:- A
T L it Y L - . Region:
31!!B !clﬂz : Bl!slm !Claz 6”' L 00 s s s 00 Z][:n]

| | | [ 2 I | | I

0 10 20 30 Z [m] 0 10 20 30 Z [m]

Search for LLP produced in TAX (beam dump) flying into FV and decaying
to visible SM particles detected downstream.

y Joel Swallow 33
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Search for HNL in Dump mode (2016—2024 data) Y4620

[J. Schubert, Moriond 26]

e Search for HNL decaying to a variety of final states involving hadrons+leptons

Sketch

TAX q e SM daughters
proton A ~NA CAX
/ SEEE) AeCrrty SRR >
28m zrax (23+3m Z
r— 200 T T T L 0
E ] - ] . ;10
c |Signal MC: u NA62 preliminary '
— '”>[(representative parameters) 1
2 - 99% signal contour | " ~p
Lol - BT
O £
125 ' (;(J
. £
100} . _ 1 102 2
. n | ~
! v
7 . £
1 e om Q
. >
50 " 103 W
b ora SO A
= A ] _-I\ 1 -..l :
25
S f Sy . . —4
920 0 20 40 60 80 10
Zrax [m]

Distribution of zu¥ in origin coordinates.
Signal MC (my = 700MeV, U% = 107%)

y Joel Swallow
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channel N g(l;” + 0N g(% N esx% + 0N eSX%
r=u® | (1.1%5e) x 1072 (9.37£3) x 1073
rrpFr0 | (2.0715) x 1076 (1.4753) x 107°
rEpF2m0 | (1.0%53) x 1077 (2.0797) x 1078
K*u® | (5.6182) x 1076 (2.8129) x 1076
et | (2.6737) x 1073 (2.9157) x 1073
rreTn0 | (3.2739) x 107°  (3.5157) x 1073
rreT2m0 | (1.5173) x 1079 (3.015%) x 10710
K*eT | (5.913%8) x 107" (6.07,%°) x 1077
Y loowcLuiecs 7 . >

past experiments U'u o UT - O

10>

- -- Expected 20
BE Expected 10
- — Observed

10~>

2 x 100
my [GeV]

10°

o Essentially background-free

e Largest background from decays of
hadrons produced upstream of FV

SR =1.5%

e 0 events observed
e Model interpretation using ALPINIST

[JHEP 02(2025)140]

- 90% CL UL BC7

past experiments

F -- Expected +20
BE Expected 10
- — Observed

U,=U,=0

4 x 101

T 6x10-1

2 x 100
my [GeV]

109

e Probability of hon-zero observation in

34


https://indico.cern.ch/event/1648766/contributions/6963965/attachments/3246019/5791424/MoriondQCD_Schubert.pdf
https://inspirehep.net/literature/2806892

VAGZ A

New measurement of KT — 7t v

e Double signal + reduce background:
major sensitivity boost.

Conclusions

BNL

NA62 2016-2018
e Expected SM significance > So.

e Branching ratio measured with
< 20 % precision.

— gtatl | e Result compatible with SM.
at. only

NA62 2021-2022

NA62 2023-2024

this result

NA62 combined

Theory Broad NA62 program

o Dark sector searches: K™ — 77 +inv.
7T — eTN, HNLs in Dump mode

e Precision K™ decay measurements:

K> nnn7y, KT - ey

e First observation of K™ — ,bt+1///t+//t_

y oel Swalow 2025-2026 dataset incoming ... stay tuned! 35
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NAG2

K™ — 77vp : Recent SM Predictions

JHEP 11 (2015) 033 | " | * For this talk benchmark value :
JHEP 04 (2017) 079 | — i %SM(K_F — 7T+I/17) — 84 X 1()_11
oS BEAUITY2020 (2021) 056 1 1 " | o Strategy for [2] : use CKM parameters from
EPJC 82 (2022) 615 : ® i gIObal f|tS
JHEP 09 (2022) 148 | | 9 * * (e.g CKMfitter/UTfit [EPJC 84 (2024) 4, 377])
EPJC 84 (2024) 377 ——— . . re-express to avoid
EPJC 84 (2024) 377 : . : : ii’a‘leeri?ﬁf %(K_l_ N 7T+I/D) X ‘ Vcb ‘4 Wlth iﬂClUSive/
PLB 861 (2025) 139295 | ,7*.,5, - Y&,O’,, s " o ,9;“?‘?“, = exclusive tension and associated uncertainty.

B(Kt — ntwi) x 101

Mode SM Branching Ratio SM Branching Ratio [2] Experimental Status
Kt — ztup | (8.60£0.42)x 107" |(7.86 £0.61) x 10711 [(13.073-) x 107!
K, - v | 2.94+0.15)x 107" [(2.68 £0.30)x 107! |<22x 107’
y Joel Swallow ARecent SM calculations [2:D'Ambrosio et al. JHEP 09 (2022) 148] 37

S PASCOS 2026 (Differences in SM calculations from choice of CKM parameters: see [Eur.Phys.J.C 84 (2024) 4, 377))



https://inspirehep.net/literature/2057332
https://inspirehep.net/literature/2103460
https://inspirehep.net/literature/2719296
https://inspirehep.net/literature/2719296

K — mvi : Beyond the Standard Model =~ Y46z

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

» Correlations with other observables (¢'/¢, AMy, 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:2405.06/742] ...

20

* Green: CKM-like flavour structure
 Models with Minimal Flavour Violation - MFV :
* Blue: new flavour-violating interactions where LH Tg o woys
or RH currents dominate = '
» /' models with pure LH/RH couplings § 10§ /’ ol
* Red: general NP models without above constraints tT<
e Grossman-Nir Bound: model-independent relation \g S| ’ o iﬂ;nzz =
A B(K, — VD ) T+ <1 / ﬁ \General Nl

+ +q17 ~ o
y Joel Swallow %(K — I/I/) TKL 0 30

. 11 38
>~"\ PASCOS 2026 = B(K;, — n'vi) S 4.3B(KT — ntuvd) JHEP 11 2015)166] B(E" = W) [10 |



https://inspirehep.net/literature/1385876
https://inspirehep.net/literature/1385876
https://inspirehep.net/literature/1798889
https://inspirehep.net/literature/1794913
https://inspirehep.net/literature/1873423
https://inspirehep.net/literature/2661964
https://inspirehep.net/literature/2734758
https://inspirehep.net/literature/1816043
https://inspirehep.net/literature/2786773
http://www.apple.com/uk

K — nui : Beyond the Standard Model =~ #4462

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

» Correlations with other observables (¢'/¢, AMy, 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:2405.06/742] ...

20

e Green: CKM-like flavour structure

e Models with Minimal Flavour Violation

* Blue: new flavour-violating interactions where LH :'2 .
or RH currents dominate -
/' models with pure LH/RH couplings § 10

* Red: general NP models without above constraints tT<

 Grossman-Nir Bound: model-independent relation éj 5

[PLB 398 (1997) 163-168]

B(K, = nvD) 14+ .
y Joel Swallow t%(K_l_ — ]Z-_l_yD) TKL O 5 10 15 20 25 30

+ +.,,5 < 1l
>~"\ PASCOS 2026 = BK, = n'vd) S 43BKY = ntup) [JHEP 11 (2015) 166] s



https://inspirehep.net/literature/1385876
https://inspirehep.net/literature/1385876
https://inspirehep.net/literature/1798889
https://inspirehep.net/literature/1794913
https://inspirehep.net/literature/1873423
https://inspirehep.net/literature/2661964
https://inspirehep.net/literature/2734758
https://inspirehep.net/literature/1816043
https://inspirehep.net/literature/2786773
http://www.apple.com/uk

What is the nature of the K — #vv decay

Vector
SM

0.1 B \ . R 0
— tensor
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‘\; ---------- :
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Q,0.06 1
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SR 1

SR 1

Arbitrary units
o
oo
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10 20 30 40 50 60 70
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| | |

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

=
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()
| ]

— SM (vector)

— scalar
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| I |

Illilllilllilllill
0 0.02 0.04 0.06 0.08

01 0.12
nﬁ%&s[caeA/Z]

Pr [GeV] [JHEP 12 (2020) 186]

e In SM: vector form factor.
e BSM: possible vector, scalar, tensor contributions.

e Differential measurement could show presence of new physics.

y Joel Swallow 40
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https://inspirehep.net/literature/1816043

Prospects NAGZ ()

Published results A

60 - This result 12023-2024, 325 days, this result -",’
_ Projected NAG62 preliminal

50

2016, 45 days, PLB 791 (2019) 156 \}
40

2017, 160 days, JHEP 11 (2020) 042

30 -

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

2025-2026, 320 days, projected

y
N

Cumulative expected SM K™ — 7 vv events

10— Pp-——————mmmmm-
v / 2021-2022, 300 days, JHEP 02 (2025) 191
2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
Year
e Current: 2016—2024 e Full: 2016—2026
o Expected SM* signal, N]f% — 43+ ] e Expect ~1/3 of data still to come (2025+2026)

e Improve BR precision further: from 20% towards 15%.

e Study kinematic distributions (shapes).

y o Expected background, N, = 301“‘3L
oel Swalow e Observed, N ,. = 84 41
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Cedar & KTAG : K tagging with threshold Cherenkov counter VA62Z {\

Condenser Chromatic corrector
Light box Spherical mirror I /

Exit windows /

/ Mangin mirror

4 from 72'

\
<—+—I'I yfrom K+

To KTAG <_+ Il
Qum —_— (Photon detection | I l

with a focusing lens SySte m) C e d a r

A
'\ Beam pipe 700_ o --.=I i R B '
W Light guide with e /5 GeV Unseparated hadron beam

light collecting cones ]Z'+ . 70) % D 273 % : K+ : 6 % .

Beam

Wavelength [nm]
S
)
I

500 -

e Use fixed diaphragm to select ONLY Cherenkov light &5 | e 110 KR
from K™ (adjust diaphragm width and gas pressure in R || SR || e
CEDAR to ensure powerful K*/z" discrimination).

300 - =

ey | LA S I '
y Joelswallow 200—111 ol a g baaa s l*l | a1y 1- 00
90 92 94 96 98 100 102 104 106 42

S\ PASCOS 2026 Radius at diaphragm [mm]




New Cedar-H : installed in 2023 NAGZ [y

o CEDAR-W filled with N, at 1.7 bar was biggest contributor to material in beam line
(39 x 107°X,,) .

o New CEDAR-H filled with H, at 3.8 bar:
e Reduces material to 7.3 X 1()_3XO : reducing multiple scattering.

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

Q@ or ot ottt Py | | I I

S 100 e : 4 £1.0} -
e Cedar-H Performance at NA62: > E ] ool : ;,8310; :
e >99.5% efficiency for 5-fold S0 | o “osf -
coincidence. of :
+ . e —4 102 : :
e 7 mistag probability: 10 : : t :
e ~65ps time resolution 109 B4 :
: : : i 06 o i N
e 30% reduction in elastically i 1 s ceoanw Gan \ b
scattered beam particles. {  05F -0 Expectation, A=20.6 W\ -
[ -0 Expectation, A =18.1 % ]

y Joel Swallow JINST 19 (2024) 05, P05005] 10,5 42 a4« 044 . L L 4a

S7Z~-\  PASCOS 2026 More info: [Kenworthy, PM2024] Pressure [bar] N-fold sector coincidences



https://agenda.infn.it/event/37033/contributions/227977/attachments/120185/174713/CBK_CEDARHTalk_PM2024.pdf
https://inspirehep.net/literature/2741339

Previous NA62 K+ — 7tuii results

2016 data [PLB 791 (2019) 156]

—0.12
0.1 — ,
D008 — 1 e es
<Z0.06 —
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0.04

0.02 —
o
—0.02
—0.04 —
~0.06 —

eV¥/c

. Data
1K' - ntvww MC

15 20 25 30 35
7" momentum [GeV/c]

2018 data [JHEP 06 (2021) 093]

y Joel Swallow

/S

- 2018 Data
SM K —mtvww

'Ill'll\lllll.l:ll
30 35 40 45

7" momentum [GeV/c]

2017 data [JHEP 11 (2020) 042]

VAGZ Q

(* NSM “*P assumes benchmark %, = 8.4 x 10711

= T — Data-taking year(s) [Reference] Npg NE}XI, CXP Nps
O s E— 2016 PLB 791 (2019) 156] | 0.152109% | 0.267 +0.020 | 1
Foep _=ue . 2017 JHEP 11 (2020) 042] | 1.46+0.33 | 2.16+0.13 | 2
i3 : ..MW 2018 JHEP 06 (2021) 093] | 5.4270 gg 7.58 £0.40 | 17
0o |- - 2021-2022 JHEP 02 (2025) 191] | 11072 | 991+0.34 | 31
b . 2016-2018 JHEP 06 (2021) 093] | 7.03%595 | 10.014+0.42 | 20
T momentum (GeVic 2016-2022 JHEP 02 (2025) 191 18+3 19.9 + 0.5 51
2021-22 data [JHEP 02 (2025) 191] ) e T T
£ 012r T 10R2:i i 2018 S2 2021 — 2022
Ng - G>) O .0 } I - :
> 010 o NN
oRAE IRt
2. 008 o 8 : :°h
E 0.06] g i : |
0.04] s § 6 ! T 11
0.025 o T R I.':=.~. N e e A r@«fhiaaeﬁhsﬁ:)% StatiSticaI < : ETE N
L ' SRR combination: - o t . 1
—0.022 2: ;
~0.04| e
0,085 L L Ol::':lilf Bl S L
o0 s 30 9S40 e 12 3 4 5 6 7 8 9 10 111213 14 15

NAG62

2016-22

PASCOS 2026

(KT - ztwp) = (13.O+3°O

n* momentum [GeV/c]

-2.9

Category

Smallest BR ever measured
at > S0 significance !

44



https://inspirehep.net/literature/1704548
https://inspirehep.net/literature/1807490
https://inspirehep.net/literature/1854186
https://inspirehep.net/literature/2860356
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StudyofK+ —> TTaT 7/

x107°

BR(K'—>n*n*ny) / (1 MeV)

&

b
o . . .
6 T PN

. N .

o : . .

. . . .
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i
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...................................................................................................................................................
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50 60
E*, [MeV]

[KAON2025,Hives]

NAG2

[MeV]

Bnae2 (EY)

Preliminary

BTheory (Eiky)

[ZPhysC 76 (199

7) 301]

Boxka (EY)
[EPJC 79 (2019) 1]

10-20
20-30
30-40
40-50
50-60
60-70

(4.22 + 0.05)
(1.42 £ 0.02)
(4.86 + 0.09)
(1.53 + 0.05)
(2.80 + 0.31)

.107°
.107°
.107°
.107°
1077

(4.36 + 0.04)
(1.43 +0.01)
(4.93 + 0.05)
(1.44 £ 0.01)
(2.69 + 0.03)
(1.36 £ 0.02)

.107°
.107°
.107°
.107°
1077
1078

(5.17 £0.34) - 107°
(1.55+0.12) - 10~°
(3.5+0.5)-10"7
(1.1+£0.6)-107°

10-60
30-60
30-70

(6.30 = 0.06)
(6.66 =+ 0.10)

.107°
.107°

(6.45 -+ 0.06)
(6.64 + 0.05)
(6.65 & 0.05)

.107°
.107°
.107°

(7.1 £ 0.46tat +0.3yst) - 107°

e Precision test of yp-at O(p?).

o BR measurement at % precision for E>I<

y Joel Swallow

S~’\ PASCOS 2026

e First measurement at 10—30 MeV

10—60 MeV.

e Good agreement with theory & OKA
e Improving experimental precision by factor 2—4

E, € (30, 60) MeV

1 1 I il 1 1 I 1 1 1 I 1 1 || ! 1 1 | I 1 1 1 I 1
l | OKA (2019) ]

J—e—j| NA62 (2025)

| [ZPhysC 76 (1997) 301]
i El 1 1 I 1 1 1 l | 1 1 I 1 1 1

I 1 1 1

|

6.6 6.8 7 7.2

7.4

7.6 46

BR(K*—>mn+ry) x 10°


https://indico.cern.ch/event/1485702/contributions/6585023/attachments/3133843/5559898/KAON2025_Hives.pdf

Summary of LNV/LFV Searches at NA62 Y4624
‘Goudzovski, KAON25]

e Dedicated set of di-lepton multi-track [Massri, KAON25]

—
<
Qo

triggers run in parallel, downscaling o
D~72-101in 2016—18 52 -
-
. . ) =J= | | | ¥+ | | | 1 1 ..
e Trigger improvements: D = 1 (>late 2023) @ '° ¢
. C e : _ i
e 10 world-leading limits just using 2016—18 S l
data g10-10:— .......
e . © -
e Sensitivity not limited by background o ;
U) -
e 2016—26 di-lepton dataset equivalent to E el | | || TR
13 + O - TN
- - TR R D
@(10 )K decays © - R [non-exhaustive list.
e Sensitivity to K+ and 7° LNV/LFV decays 10712k OELEVIINY decayst]
with 98 ~ 0(107" = 107%) FEEEEEREEEEE
3” Present NA62 limits - NAG62 (projection)
10 x ), @ @ ée’ig\;é%éég\gé ;¢ /@ x0
y [PLB797 (2019) 134794] p| pg3g (2023) 137679 7'407'/ XQﬂéQ 48 AP \540] Qé;‘ N
Joel Swallow [PRL 127 (2021) 131802] p| ggag (2023) 137679 CEEEE i:/‘ *:/‘ *:/‘ *:/‘ *:/‘ N

S7 -\ PASCOS 2026 [PLB830 (2022) 137172]



https://indico.cern.ch/event/1485702/contributions/6585026/
http://www.apple.com/uk
https://inspirehep.net/literature/1735727
https://inspirehep.net/literature/2026034
https://inspirehep.net/literature/2178439
https://inspirehep.net/literature/1863318
https://inspirehep.net/literature/2831122

Searches for K™ — n+X at NA62 57655 darase:. VAG2 ()

B 2 [Raggi. Kaon25]
= (P — P, = mX

o Same signature as K™ — z" LU except m; .

e Peak search: (SM) K — zVub is the dominant background!
 Set model-independent BR upper limits for KT — 7Z'+Xim, : new - extend to 2016—22 dataset
o Evaluate acceptance for any X lifetime = 9B, (my, 7y)
e New: also evaluate limits for K™ = 77X, X = u"u~ using NA62 K — 77"~ result [JHEP 11 (2022) 011]

+ +. - + + —
K™ - n"vo = K™ — 77X, K" > 127X, X - u*u
: : > —10
VQ 104 §_ ...... .+Data K1SwNvl O IO 2016 ....... 22 ....... 10 >(I]_0|_I10I ———— d 5 x10 v
> .F |l Bk || @ D I S to
@) 103 §— - S ERRSRNER [Nl B it lK K T ----- --- Expected UL ?2 44 === Expected UL
N = o o —— Observed UL : —— Observed UL
8 T " IUpstream . —- Obs.UL.2016-18 - '35
3 10 S DR B e, S R R : — +i3_
-'9 ? | T
GCJ 10 | ST SO S : ES:/
> | Qq 27
LL X
1 /N
alt
(S
10" T
0.0_ | | | | | | | | | | | | | | | | | | | | | | | & O T T T T T T
| | 0 50 100 150 200 25(2) o 220 240 260 280 300 y 5\3/20 ,
—2 I L1 L1 .
10° 002 o0 002 004 006 008 01 mx [MeVie” mx [MeV/c]
- [GeV?/c’] . 0 i X N +
C\ERN Joel Swallow Miriss e NA62 constraints on 7~ — 1nvisible [JHEP 02 (2021) 201] and K™ = 77 X, X — yy
<7\ pASCOS 2096 [PLB 850 (2024) 138513] . Results compiled in arXiv:2507.17286. 48



https://inspirehep.net/literature/2150453
https://indico.cern.ch/event/1485702/contributions/6585028/
http://www.apple.com/uk
https://inspirehep.net/literature/2718968
https://inspirehep.net/literature/2953428
https://inspirehep.net/literature/2953428

BSM constraints from K™ — 7

2016—22 dataset
BC2: Dark Photon
BC4: Dark Scalar

BC10: ALP with quark
coupling

BC11: ALP with gluon
coupling

Axion: see independent

analysis form public data{_.

(before NA62 paper)
[arXiv:2503.05865]

e World-leading limit on

axion-down-strange
coupling

[(Fy).,| > 1.6x 102 ™

y Joel Swallow
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107°

+y WHEP 11(2025) 143

[Raggi, Kaon25]

VAG2 A

E NA62 K* — X,

BCA

0501 04502 02503 035

m, [GeV/c?] 49


https://indico.cern.ch/event/1485702/contributions/6585028/
https://inspirehep.net/literature/2953428
https://inspirehep.net/literature/2898335

VAGZ2 A

[PLB 863 (2025) 139345]

Tagged neutrinos at NA62

e Using 2022 NA62 data:

e Expected signal: e Detect 1 candidate
exp  __
Nsignal = 0.208 £ 0.0134¢5¢ £ 0.009ys¢ Kt — /’t+1/ tagged L event!

+ Background (dominated by K™ — u*v + pileup): o Demonstrates the feasibility of
exp __ 0.041 1 ) )
o NP =0.034753 [gtat = 0.0045ygt the neutrino tagging technique.
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