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Kaon Experiments at CERN

- @ NA31: 1980s, beam: K1, /Ks
R : i e o First evidence of direct CPV
S i @ NA48: 1997-2001, beam: K1, /Kg
- - e = A o Discovery of direct CPV
o NA48/1: 2002, beam: Kg/hyperons
@ Rare decay studies
@ NA48/2: 2003-2004, beam: Kt /K~
@ Precision measurements
@ NA62-Ry: 2007-2008, beam: Kt /K~
0 R =T'(Ke2)/T(Ku2)
@ NAG62: since 2015, beam: K+
2015: commissioning run

B0 BN 0 Dmmismi == 2016-2018: NAG2 Physics Run 1

NAB2: ~ 250 participants, ~ 35 institutes 2021-2026: NA62 Physics Run 2

Switzerland
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NAG62: Beam and Detector

¥im]

Beam parameters in K+ mode:

@ Beam momentum: 75 GeV/c
(+1%)

IRC Dump @ Beam rate: 450 — 600 MHz
@ Positive beam: ~ 6% Kt

Target KTAG GTK
0 = —

0 100 150 200

[JINST 12 (2017) P05025]

Z(m)

Main subdetectors:
© Beam tracker: GTK (0, =0.15GeV/c) e Trigger and timing:

@ Kaon tagger: KTAG (o: = 70 ps) CHOD (ot = 1 ns), NA48-CHOD (o+ = 0.2 ns)
@ Downstream tracker: Straw @ Electromagnetic calorimeter: LKr

op/p = 0.3% @5 0.005% - p[GeV/c] op/E =4.8%/VE@®11%/E @ 0.9%, [E] = GeV
@ Photon veto detectors: LAV, IRC, SAC @ Hadronic calorimeters:
@ Cherenkov counter: RICH (o, = 70 ps) @ Muon detector: (o+ = 500 ps)
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https://iopscience.iop.org/article/10.1088/1748-0221/12/05/P05025/meta

Physics at NA62

@ Measurement of the branching fraction of very rare (B,, ~ 10~1%) decay K+ — ntvi

e Main goal of the experiment with the first observation published in [JHEP 02 (2025) 191]

@ See Renato’s talk from this morning for the most recent measurement

@ Precision measurements:

o Upto O(0.1%) level tests of ChPT and SM
@ Precision measurements of ChPT parameters

Decay Dataset Status Reference
KT = 777~ (Kany) NA62 Run 1 (2017-2018) Preliminary | [KAON25]
Kt — pToptu™ (Kuwp,) | NAB2 Run 142 (2017-2024) | Preliminary | [KAON25]
KT — eTvey (Keasy) NA62 Run 1 (2017—2018) Preliminary | [KAON25]

@ Searches for exotic particles: dark photon, exotic scalars, axions, HNLs,...

Decay Dataset Status Reference

7T — e N (men) NAG2 Run 142 (2017-2024) | Published | [Phys.Lett.B 872 (2026) 140119]

K+t = 77X (Krx) | NA62Run1+2 (2016-2022) | Published | [JHEP 11 (2025) 143]

@ Searches for rare and forbidden (e.g. LNV or LFV) K+ decays
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https://link.springer.com/article/10.1007/JHEP02(2025)191
https://indico.cern.ch/event/1485702/contributions/6585023/attachments/3133843/5559898/KAON2025_Hives.pdf
https://indico.cern.ch/event/1485702/contributions/6584990/attachments/3132672/5566955/KtoMnMM_Tomczak_KAON25_v3-1.pdf
https://indico.cern.ch/event/1485702/contributions/6616628/attachments/3133938/5560081/AngelaRomano_KAON2025_11092025.pdf
https://www.sciencedirect.com/science/article/pii/S037026932500872X?via%3Dihub
https://link.springer.com/article/10.1007/JHEP11(2025)143

K+ — ntrtn~~: Selections
Common features:

@ Data from 2017-2018 @ Require 3-track (w7m)-compatible vertex
@ Multi-track trigger line used @ Associate GTK track to 37 vertex

L. . Signal selection:
Normalisation (K3, ) selection:

@ Reconstruct «y in the LKr

@ N = (7.400 £ 0.001gqt & 0.032¢x) x 1010
x = stat oxt) @ Kinematic cuts against K3, background

© NA62 Preliminary .
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@ Kinematic fit and unfolding techniques performed on selected events
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K* — mtxtx=~: Branching Fraction vs E

@ K3r branching fraction measured with respect to EZ (photon energy in kaon rest frame):

Branching fraction vs E :

Final % spectrum: @ Only statistical errors are shown

@ Contamination for EZ > 10 MeV is < 0.2%
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KT — ntr 7~ ~: Branching Fractions

E} Bnaes2(EZ) Brheory (E2) Boka (E3)
[MeV] Preliminary [ZPhysC 76 (1997) 301] [EPJC 79 (2019) 1]
10-20 | (4.2240.05)-1075 | (4.36 +£0.04) - 1075
20-30 | (1.42+0.02) 107> | (1.4340.01)-107°
30-40 | (4.8640.09)-1076 | (4.9340.05) 10~ (5.174+0.34) - 10~
40-50 | (1.53+0.05)-107% | (1.444+0.01)-10~6 (1.55+£0.12) - 10~
50-60 | (2.80+0.31)-10"7 | (2.69£0.03)-10"7 (3.540.5)-10~7
60-70 (1.36 £ 0.02) - 10~8 (1.1+£06)-10"8
10-60 | (6.3040.06)-1075 | (6.4540.06)-10~°
30-60 | (6.6640.10)-1076 | (6.64 +0.05) - 10~6
30-70 (6.65£0.05) - 1076 | (7.1 £ 0.4star £ 0.3gyst) - 1076

Good agreement with theoretical predictions and measurements by the OKA experiment
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https://link.springer.com/article/10.1007/s002880050554
https://link.springer.com/article/10.1140/epjc/s10052-019-6797-1

KT — pTvu™p~: Selections and Branching Fraction
Common features:

@ Full available statistics (2017-2024) @ 2y multi-track (2uMT) trigger line
Normalisation (K 1,,,,) selection: Signal selection:

@ Require 3-track (muu)-compatible vertex @ Require 3-track (uuu)-compatible vertex
@ Kinematic cuts against K3, background o Kinematic cuts against K3~ background
@ Observed 94112 K, candidates © Observed 8227 Ky, candidates
° NK — (1475 + 0~005stat) % 1013 ] EXpeCted bCkg 892 + 11gtat + 545yst

~ 2T < 10°

"‘,;_, 10’ % i

g0 :

$ 10 g 10

SE: \Tg 10

Data/MC

pua oot A m%‘ﬁﬁ,fiﬁ
DEtEINC = 106
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B(KT — ptoptp™) = (1.301 4 0.01745 & 0.0124y5 £ 0.0126,) X 1078
First observation of the K, ,,, decay
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KT — etv.y: Selections and Branching Fraction

Common features:

@ Data from 2017-2018
@ Non-muon trigger used

Normalisation (K .3) selection:

o 79 reconstructed from two ~ clusters in LKr

@ Kinematic K+ — =70 suppression
® Ny ~2.9x 1010

Events/ (0.001 GeV?%c?)

L. Bician,

T T T
NA62 Preliminary
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@ Require single good et track

@ Match a GTK kaon to the et track

Signal selection:

@ Reconstruct the radiative -« in the LKr
@ Kinematic cuts against K2, Ke3, Kon

@ N2, = 18929, background ~ 0.4%

Events/ (0.001 GeV%c?)

e

10*E NAG2 Preliminary E

« Data k|
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[ Ke3 3

EKe2y (s>) 4

E  [Dke2 3

F Elken 1

10g H E

kg f ]

107 E

107 L L L ]
-0.04 -0.0 -0.02 -0.01 0 0.01

0.02
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B(Ke2+,SDT) = (0.466 & 0.003g1t £ 0.0035yst = 0.004¢y) x 1075

Most precise measurement of SD+ amplitudes in kaon decays to date

La Thuile 2026, March 4, 2026

Recent results from the NA62 experiment at CERN

9/16



KT — etv.y: Global Context

Ry =T(K" — etrvey, SD+)/T(K,z2):
Comparison of R, with KLOE and E36:

Kinematic region: ['(K.2,SD*)/T(K,2) [1077] ChPT (O)(p“) (2008)

P, > 200MeV/c, E, > 10MeV o

in K* rest frame ChPT O(p°) (2008)

KLOE 1.483 £ 0.066 + 0.013 b

E36 1.98 £0.11 KLOERP005)

NA62 Preliminary 1.59 £ 0.02 Lattice QCD (2021)

—O0—A
Lattice QCD (2025)
@ All measurements and theoretical

predictions are computed in KLOE | 2

kinematic region: P. > 200 MeV/c and ‘ | NNAG2 Preliminary (2025)

E, > 10 MeV 112 14 16 18 2 22 24
@ PDG 2024 average: Ry x 10

Ry = (1.6240.22) x 1073

(error includes scale factor of 3.9) @ ChPT: [PRD 77, 014004 (2008)]

@ KLOE: [EPJC 64 627 (2009)]

e Lattice QCD: [PRD 103 053005 (2021)],
[PRD 111 (2025) 11, 114523]

e E36: [PLB 843 138020 (2023)]

NA62: R, = (1.59 4 0.02)x10~°
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.77.014004
https://epjc.epj.org/articles/epjc/abs/2009/24/10052_2009_Article_1177/10052_2009_Article_1177.html
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.053005
https://journals.aps.org/prd/abstract/10.1103/r55k-cnqg
https://www.sciencedirect.com/science/article/pii/S0370269323003544

Search for HNLs in Pion Decays to Positrons

Pion-to-positron selections:

@ 2017-2024 data, K., trigger used

@ Straw track identified as et (LKr, RICH)
matched to a GTK track (7 )

K.2 normalisation selection:

o Multi-body K+ decays suppressed by ~ @ Required to_scalf the Ifuz background
veto and multiplicity requirements component in 7t — et v, sample (left)

— 12
@ SM 7, used for HNL search normalisation @ Nk = (19.0240.08) x 10

(Nx = 6.54(3) x 10'2)

107)

Events / (0.0002 GeV?/c?)

o
o

-0.005 0.005
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Search for HNLs in Pion Decays to Positrons

Decay rate and mixing matrix element:
@ B(men) = B(mew) - p(mn) - [Ueal?

T —(z—y)?
o p(my) = EELEHN/2(1,2,y)

° A(1,z,y) = (1+ 2% +¢?) —2(z + y + zy)

Q= (me/m‘rr)Qr Y= (mN/mﬂ')Q

I
I3

b — Observed UL

o
~

------- Expected UL +1,26

o
%)

UL for BR(n*— e*N)x107 at 90% CL
=)
N

0.

) S R AP IAVIVIVIN [VIVIVITIN SR o
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HNL mass m, [MeV/c?]
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@ Peak search performed with various HNL

mass hypotheses

@ ULs on B(men) and |Ue4|? obtained:

N,

° B(men) = woiy

@ A : signal acceptance from simulation

2 _ 1

° |Ueal” = B(meN) * Blreyotmn)
-
2 F
> [
§ — NAB2 (r*—e*N) \}
& — PIENU (n*—e*N)
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2
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80
= L
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103\ 'XVX VVV‘, 1t
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Searches for KT — 7t X

Various scenarios considered:

[ Benchmark ‘ BSM particle (X) ‘ Type Coupling to SM Search
BC1 dark photon (A’) vector € ptp
BC2 dark photon (A”) vector € invisible
BC4 dark scalar (S) scalar 0 invisible, utpu~
BC4-inv dark scalar (S) scalar 0 invisible
BC10 axion-like particle (a) | pseudoscalar | Cys (to fermions) | invisible, p*p~
BC10-inv axion-like particle (a) | pseudoscalar | Cy (to fermions) | invisible
BC11 axion-like particle (a) | pseudoscalar | Cge (to gluons) invisible, vy

Coupling of BSM particles to SM:

@ BC1&2: a new U(1) symmetry gauge boson A’ (dark photon):
Eportal = —(¢/(2cos QW))F;IWBWJ
@ BC4: a new scalar singlet S (dark scalar):
Loortal = —SHYH (below EW breaking, 6 ~ pv/(m? — m%))

@ BC10&11: a new axion-like particle a: ~
Lportal,f = (Cff/(zA))auaf’Y“’YBf; or Loortal,g = 92(CVV/A)GVMVVHV (A ~1TeV)

Processes exploited for the searches:

2016-2022 dataset ([JHEP 02 (2025) 191])
2017-2018 dataset ([JHEP 11 (2022) 011])
2017—2018 dataset ([Phys.Lett.B 850 (2024) 138513])
2017 dataset ([JHEP 02 (2021) 201])
2016 dataset ([JHEP 05 (2019) 182])
2021 dataset ([Eur.Phys.J.C 85 (2025) 5, 571])
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Kt = otuo:
K+ s rotptpu—:
Kt — ntyy:

w0 — invisible:
w0 — ~ invisible:
X — hh, X — W
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https://link.springer.com/article/10.1007/JHEP02(2025)191
https://inspirehep.net/literature/2150453
https://inspirehep.net/literature/2718968
https://inspirehep.net/literature/1822910
https://inspirehep.net/literature/1726101
https://inspirehep.net/literature/2877075

Searches for Kt - 7tA’and Kt — 7S

-1

my [GeV/cz]l

B(K" - 1r"'S)x10%/sin’0
e e @ B8R

N

PRI S R i
%005 0.1 015

L. Bician, La Thuile 2026, March 4, 2026

02 0. 25 0.3 0.35
m [GeV/c?]

w 107

10°°

107

NAB2 K' 10X,

NAB2 K"

10"

Recent results from the NA62 experiment at CERN

mg [GeV/cz]l

14/16



Searches for K+ — 7" a, with a Coupling to Fermions or Gluons

N
o
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B(Kurr*a)/(cﬁ//\)2 [GeVv?
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Summary

Precision measurements (preliminary results):
@ Kt — ntxtx~y decay branching fraction in bins of £
@ First observation and branching fraction measurement of K+ — ptvu®pu— decay

@ Kt — etw.v (SDT) branching fraction, most precise kaon decay SD+ amplitude
measurement

Searches for BSM patrticles:
@ Search for HNL in pion decays to positrons

@ Searches for Kt — 7+ X in various scenarios, X € {A’, S,a}

Stay tuned for more results from NA62!
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