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NAG62 experiment

NAG62: fixed target experiment at
CERN SPS ECall at CERN

Technique:
Kaon decays in flight

Timeline:

»2015: commissioning
»2016-2018: Run 1

»2021-2026: Run 2

Primary goal:
Measure BR(K*—mt*vv)

NAG62 collaboration: ~300 participants, ~30 institutions
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NAG62 recent results

BR(K* = mt* v v) JHEP 02 (2025) 191
spin-off: Kt > X JHEP 03 (2021) 58  paper on Runl+2 analysis in preparation

* Precision measurements

Kt >rmtyy PLB 850 (2024) 138513
/ spin-off: K* > * X, X > yy \
e LFV/LNV decays
Kfr>mnue PRL 127 (2021) 131802 .
Ktr>mn I*I* PLB 797 (2019) 134794; PLB830 (2022) 137172 Th 1S ta I k

K*=>m nletet pieg30(2022) 137172
Kf>u vete" pipg3s(2023) 137679

Kt>mnpe PLB 859 (2024) 139122
 HNL production in kaon decays
K*=> I*N PLB807 (2020) 135599, PLB816 (2021) 136259
 HNL production in pion decays
\ nm"—>eN Paper in preparation /
 Beam dump searches for Hidden Sectors
A PRL 133 (2024) 111802

X = hadronic states Eur. Phys. J. €385 (2025) 571
* Neutrino tagging  PLB 863 (2025) 139345
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Talk by I. Rosa
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NA62 in the standard mode

[NAG2 Detector Paper, 2017 JINST 12 Po5025]

X [m] MUVO
2] STRAW CHOD
? LAV tos MUV1,2
] Iron
' RICH
Target KTAG GTK Mlslxg
0 = = me CHANTI Vacuum : ]
1] RICH|| [l| HASC
i [NAG2 Detector Paper, 2017 JINST 12 Po5025] [ IRC Dump
-2 ] — Dec-ay —_— LKr
Region
0 100 150 200 250 7 (m]
Primarv beam: Secondary beam: Key detectors:
=400 GgV Ic r(;tons =75 GeV/c (x1%) *PID: KTAG, RICH, LKr, MUV1-2, MUV3
a3x1012 rotIc))ns or spill *Beam angular spread <100 urad =*Momentum: GTK, STRAW
P PEESPEY 470% pions, 6% K*, 24% protons  =Time: GTK, KTAG, RICH, CHOD

=Photon veto: LAV, LKr, IRC, SAC
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Hidden sector paradigm Hidden sector searches @ NA62
* Could explain Dark Matter * Production searches in K>mn X, K > X
* Mediator particles: kinetic mixing e Decay searches in K=>m X (X =11, yy)
with SM particles via portals * Decay searches in beam dump mode: X = l, hadrons

* Mass: MeV-GeV

Hidden sector searches

Dark sector portals and PBC scenarios

NP particle

Dark photon (4")

Dark scalar (S)
ALP (a)
HNL (N)

EPS-HEP 2025

Type Minimal portal Decay (m < GeV) PBC*
€
- E. B ;
Vector 2 cos 0y Y ll,2m,3m BC1-2
Scalar (uS + AS*)HTH I, 21 BC4-5

Pseudoscalar %auafy“y%‘ , %al{wﬁm’ Yy, U, 2y, 31, 271 BC10, BCY9-11
fermion F.,;(L,H)N,; l(v), L 1,(V) BC6-8

*Physics Beyond Collider project at CERN [J. Phys. G47 (2020) 010501}
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Searches for K*—->mt* X decays



K*=>mnt X, X invisible

Dark scalar coupling: sin(0)

N - +-Data Ko UL at 90% CL of BR(K*—m*X) vs my
o 10° £ K—wvty) B K=y, e - T x : v
2 g | W c—mne [ Krny &) i ‘assumed lif }fyne
w 1 2 _? | I .K+—>n+n+n' K'—n'ne'v &Q 8 | / :; \ ,” 1
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< ] ® — Model - F L R ;
c 10 o« | T R T e | 0 ’r’: \
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g | | R
.q-) 1 ° 1 T F ,’ "4
h _ ; -|-M ,,' ’if'
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=500 ps
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| = | [Ne t=5ns
10—3 ] | I I 1 | 1 1 D 10— E_ == ET57/1540 I = | | |
m2, [GeVZ/c] My [Mev/cs]-
1SS
Main features
Data: :

e Spin-off of the K*-> mt*v v analysis

* Observable: m?2_... = (py — P,)?

* Mass/tau scan: 0-110 and 154-260 MeV and t > 100 ps
* Main bkg from K*= nt*vv

* Run1(2016-2018)

JHEP 03 (2021) 58
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Kt*=>mt P, m® = invisible

Squared missing mass (2018 data) %10762
é: ~+4- Data K'oxnv® & -
. a 100 Kouvty) IllK-pv—e -
Data: Z I kore K -xey 1075 T Restricted
e 10% Run 1 (2017) e I TSETEREL R[] 4 g region used in
= 5 Upstream ##+ Total background L l
= 3 i C the search
e 10 = H Region 2 10°8 = I
JHEP 02 (2021) 201 I | :
Z -
- I
= 10 10°E
l‘- :
1072 ' i
10“’_002 0 5 004 006 008 107989520 25 a0 35 40 45

7t momentum [GeV/c
m2,__[GeVc'] um [Gevic]

Main features

» Selection for the K*=> mt*v v analysis applied to K*-> rt* n° region
* Observable: m?_...= (py — p,.)?

* Main bkg from K*= nt*ti® : MC + single y efficiency from data

m* X) UL at 90% CL
=

(K*=> mt* 0 decays), restricted region p(rt*) = 25-40 GeV t :z:
* Mass/tau scan: 110-155 MeV, T > 100 ps E_:_ 10
% 10 Ty == T, =5ns T, =2ns T, =1ns
10 T, =500ps 7,=200ps 7, =100ps
10"

e e b e e
0.11 0.12 0.13 0.14 0.15 0.16

m, [GeV/c?]
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Data:
* Run1(2017-2018)

PLB 850 (2024) 138513

Main features

* Spin-off of the K*= m*y y analysis
* Prompt decays assumed for X
 Observable: m_... = ¥(p, - p,)?

* Mass scan: 207-350 MeV

* Main bkg from K*=> nt*y vy

EPS-HEP 2025
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sin

K*—>mt* X interpretation

ALP with gluon coupling (BC11)

Dark scalar decaying to SM particles (BC4)

l“ .f__ L] ' ] ] ] ] L] t i ¥ _:
- i 3
: K*— 1% : :
i (NA62 2017) ] : e 1
107~ KOTO (2020) + -
PS19] _ Ly 1
- - \t ‘= i
.:\‘"
1074 e \ ------------- i
LSNDY 4
| K' > Xy e
“ (NA62 Runl) -
10° ’Eg‘;;.',;-::;:;;; """ o S : .
1 1 1 i | 1 : |
20 ) 100 200 500

my (MeV)

Rept.Prog.Phys. 86 (2023) 016201
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Viacheslav Duk, INFN Perugia

11



LFV/LNV decays



Kf=>me [+ 1F

\ LNV selection: m(n-e*e*) LNV selection: m(n-pu*u*)
BRI % Signhl fegion € [NA62 - Dala
« Run1(2016-2018) for K>mee > 210° — gl
. 25%Run1(2017)forK>mup = 4 = —aiiley
> > 10 1 ([[K-rnuyp
.g- = % I K -ptvptu (x10)
PLB830 (2022) 137172 o L%’wa . -
PLB797 (2019) 134794 o 102k
10}
1
107°F 10-‘

: A#IlmML
10°380 400 420 440 460 480 500 520
m(r uu*) IMeV/c?)

200 250 300 350 400 450 500 550

m(n e*e*) IMeV/c?l

m Expected bkg N(observed) UL(BR) @ 90% CL

K* > et et 0.43(9) 5.3*%10°1!
K = 1ot 0.91(41) 1 4.2*%101

EPS-HEP 2025 Viacheslav Duk, INFN Perugia 13



Kr-omue

LNV: m(m-ute*) LFV: m(r*u-e*)
A1055? & ¢ Data G10°F i ¢ Data
Data: % 045 : 5 B Cornn - (A ra——
10°F & Fntn-ety = = B ety
 Run1(2017-2018) - | | Sy | o
.3103 e v | |l K —rere .21035— ||l oreten],
o x : E B K'—ptvete L%,I ; : W K=ty
L L ' + b - 1 ety
PRL 127 (2021) 131802 10°F | ] e 1PE |||
E & I Ki—evptue - : Total uncertainty
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10'E 10
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Q 1.6 &) 16;
B o 31
8 . 8
O e ) e M M T e M R 0.4E 306"'3é6"'466"‘4é6‘ 1560‘12_)%6"'600
4 4
300 350 400 50 500 51!55)e M 6£\9 e o M
m Expected bkg N(observed) UL(BR) @ 90% CL
K* > pt et 1.07(20) 4.2%1011
K* = 1 - et 0.92(34) 2 6.6*1011
T >y e’ 3.2%1010
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K*>m nPetet and K*=> uvetet

Data: m(n-nle*e*) Squared mlssmg mass, (PK P Pe1 Pe;)?

L [ |+Dae % |[~Data oy
* Run1(2016-2018) 2 1 (WK -tetvy . gmz mK -rrr |
= B gty
N F .?j: riv &g'j' 8 E:E,,—m ztoe Vg
oy B D e b= B >Sn'n
PLB 830 (2022) 137172 £ - |EK -ty = § - E]K"—m*ePe‘ Fi
0107 ' E,<10 MeV < = I
PLB 838 (2023) 137679 @ E (mK oty = @ : :
E,>10 MeV &
B w
1072 A
107°E
1;: 444444444
10400 420 440 460 480 500 520 540 560 580 600 R YT R X

m(x 1%e*e’) [MeV/c?] -0.02 -001 0 0.01 0.02 0.03 0.04_ 0.05

m2,.. [GeV?/c?|
m Expected bkg N(observed) UL(BR) @ 90% CL
Kt >m nletet 0.044(20) 8.5%1010
K*> u vete' 0.26(4) 0 8.1*101!
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Search for Kt>m’ me

Data: K*—>nln-ute K*—>non*u-e K*>nln*ute
_ & -« Data — Data — Data
Run 1 (2016-2018) G =] =T — | L
210 K —a'xgy o it s b | K —n'ngy
= v -K'—m'u"e'e’ LK ore e ona's \ W K on'wete”
3. [COK' =aletvakK sn'n'n ¥ e K o vaK st
o |:|K ST vaK o & other coincidences
PLB 859 (2024) 139122 £
= 1
L
107" 8§ | o 9 e B | | e I
1072 Ezif 5 Mﬂ-’ S
1 .il i | (L] IIT_lL‘TlT"L_ll () 1 [ I-H-:_H | My | 1 1 | | J’u&"sh L1 11
450 500 550 600 650 450 500 550 600 650 450 600 650

m(r’npte*) [MeV/c?) m(r’r*u-e*) [MeV/c?] m(r’r*ute”) [MeV/c?]

m Expected bkg N(observed) UL(BR) @ 90%CL

Kt >mom putet 0.33(7) 2.9*1010
Kt >nomt u et 0.004(3) 0 3.1*1010
K* > ot pt e 0.29(7) 0 5.0*10°10
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LFV/LNV decays @ NA62: state of the art

LNV/LFV K+ and =° decays, NA62 Run 1

| | IIIIII| IIIII | 1 L1 1111
) i 107° 10°°
Upper limits of decay BRs at 90% CL
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Searches for HNL in
K*=>1"N and m*—>e* N decays



K*>1* N

Data: Squared mlssmg mass: (PK P.)? Squared m-lssmg mass: (Px-P,)?
e: Run 1 (2017-2018) o '  [—oaa EEroev 10 EK+_)“+V B — oo
] 6] . - i ’ K'—u*v
1: Run 1 (2016-2018) = smena) el Lt | B
(ca N K+—>e*v Ok —»p v |:| TRV (upstream) j | [ K ouviy)
PLB807 (2020) 135599 2 [CEBREte T s IR |k
e | 3.5M candidates | B K >y
PLB816 (2021) 136259 ! l L Urcormnty on e
51 0° i JO, | O E 1 B estimated background
T

Main features
* Observable: m?_...= (P, —P,)?

miss
* Mass scan: expected bkg from

 HNL search
regjon

1 Illlilll
-

r K*—>putv,

| *>etvy
sidebands, CLs to set UL(N) v = ::uppressed by nt—e'v
* N lifetime >50 ns L good vertex (accidental | |B
[ resolution) n* mis-tagging) §
0 005 o1 015 02 01 005 0 005 AL
mlss [GeVZ/c“] mlss [GGVZ/C4]
m-_ Main bkg
K*-> e*N 3.5*10%2 144-462 MeV - utv (ur->etvyv)
K* 2> u* N 4.3*10° 200-384 MeV Kf > utvy

Downscaled min. bias trigger
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HNL production in K decays

BC6,7: |Ug,|2 limits vs my,, from production & decay searches

. T A I
P L. Michel | /
2 = ] )
10 10 o electron
P = " J KEK | &
1077 PIENU 1077 PIENU o
-
3 100 10~} ~ 5
o
10-% 1 oy el ' "M_\'Aﬁz
_m __________ N2k
10~ 9% ool 000 . M-_____: -----------------------
10-12— ' 10-2L= '
102 107! 1 1072 107
my [GeV] my [GeV]

Rept.Prog.Phys. 86 (2023) 016201
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Search for HNL in t*—>e* N decays

* Run1(2016-2018)
* Run 2 (2021-2024)

Data:

Paper in preparation

Main features

Pion decays from pileup

Observable: m?2 ... = (P, —P,)?

N, = 6.54(3)x1012

Mass scan: 95-126 MeV, expected bkg
from sidebands, CLs to set UL(N)
Main bkg from m*—>u*v

Normalisation:
e mtoetv

EPS-HEP 2025

o

—
o
]
TTTT

+ Data
D ot - e'v . Early decay p*

|Er ey B o w

[6)]
T

NAG2 Preliminary

o
~
T T T T

Observed UL

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

—
o
)
TTT

Events / (0.0002 GeV?/c?)

bkg from K decays normalised to K*—>e*v

NAG62 Preliminary
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UL of BR(n*— e*N)x10” at 90% CL

|II\|\I\I|\I\I‘I\

- I105I 110 115
HNL mass m,, [MeV/c?]

For all mass hypotheses UL(BR) ~108
Local significance <3c




HNL production in pion decays

o o
2 210 %=
& S F
© LA
BO1n- o107
10—82_
107® .
0%
C11 11 ‘ 111 | 111 ‘ L 11 .Il | L1 1 1\1‘ L 11 %2| L1 1 + | L 11 %4 I 1c|)0 20|0 30|0 460
60 70 80 90 00 HSL masg m, [ﬁ/IOeV/Cz] 0 HNL mass m, [MeV/c?]
e Limits comparable with PIENU e Extension to lower masses wrt K decays

Paper in preparation
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Conclusions

Search for hidden sectors
J K* = " X: dark scalar (BC4), ALP (BC10, 11)
D K= 1" X, "= et X: HNL(BCS6, 7)

Search for LFV/LNV decays
1 NA62 has already collected N, ~0(10%3)
 Stringent limits UL(BR) with Run 1 data at 10° - 1010

Future plans

* Collect data in 2025-2026 (both standard and beam dump mode)

* Improvement in sensitivity: factor N, for small bkg signatures, '“\/NK for bkg dominated signatures
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K*—>mretete e analysis strategy

Data: - — s f
Run 1 (2017-2018) 3 o %“’E I'""\*LL
3 o P s | |

Main features g [ =Eiiﬁg§§1_ N /L* fr

* 5 tracks without PID, just kinematic cuts - EEEE@; 10;

* Kinematic variables: m_,, = m(rteeee), Ap = p(rteeee) — py =E:32§§$D ﬁ

° | Meeee ~ mT[O| >10 MeV BT ey T

* Masked signal region in terms of m_,, and Ap Y

* A(sig, SM) = 1.85x10* L., 107 T N
o NK= 8.58(46)X1011 5 E[Me\;sfgg] -10 0 10 20 Sgp=4gven:9&£m0[6g"0’°]
Normalisation: SR: Nobservea= O

e K->mn?, n°>yy, y>ete
* |Mgpee — M| <10 MeV . . e " o
e NKSTTO, 10 vy, v > ete) = 2023 BR(K*—r*e*teete)<1.4x10°(90% CL)
Expected bkg: e First upper limit

N = 0.18(6) * Factor of 200 far from BR(SM, expected) = 7.2x101%
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Kf—>mfetete e

Mass scan

Multiple hypotheses tested
10<m, <170 MeV, 5 MeV step
20 < m¢ < 340 MeV and

10 <m, <170 MeV, 5 MeV step
CLs to set UL(BR)

EPS-HEP 2025

K*t>ntaa,a—>ete”

Boepe) X1 o’

-t

UL at 90% CL of BR(K"

IR

20 40 60 80 100 120 140 160
Axion mass [MeV/c?]

17 MeV anomaly
explanation with QCD axion
excluded (UL =2.1x107°)

Best limit at 155 MeV
UL = 3.7x1010

Viacheslav Duk, INFN Perugia

NP [imits

Kr>mn*S,S>A A A > ete

(MeV/c?]
o
[

S mass

20 40 60 80 100 120 140 160
A' mass [MeWc?]

m,o region:

low acceptance due to
| Mggee — Mo | > 10 MeV
Excluded from the search

Best limit at m, = 150 MeV, m¢ = 300 MeV
UL = 2.5x10°10
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