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Introduction: NA62 experiment

Fixed-target experiment at CERN SPS (north area - ECN3 experimental cavern)
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Introduction: NA62 experiment

® Main goal: study of ultra-rare K™ — 7T v decay, yet NA62 covers:
broad kaon physics program (precision measurements, LEV/LNV decays, LLP searches)
beam-dump physics (LLP searches) program -+ more exotic searches (neutrino tagging, ..)
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Introduction: NA62 experiment

® Main goal: study of ultra-rare K™ — 77 v decay, yet NA62 covers:
broad kaon physics program (precision measurements, LFV/LNV decays, LLP searches)
beam-dump physics (LLP searches) program -+ more exotic searches (neutrino tagging, ..)
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Introduction: Long-lived particles (LLPs)

Search for New Physics (NP) at intensity frontier with fixed-target experiments:
® Complementary to energy frontier (LHC) and indirect searches (precision measurements, LNV, etc.);
® Smaller masses (typically MeV-GeV scale) but much lower couplings accessible (large statistics);

® Dark Sector (SM-DM) portals typically probed:

NP Particle [ type [ SM portal (dim < 5) [ PBC [ decay channels (m < 1GeV)
dark photon (AZL) vector —e/(2cos QW)F"“,B‘“' 1-2 2L 27w, 3w, 4w, 2K, 2K
dark Higgs (S) scalar (uS + ASz)HTH 4-5 2L 27, 4w, 2K
A)gaV,, VHY 9,11
axion/ALP (a) | pseudoscalar (Cvv/A)ga pr w5 vy, £L 27wy, 3w, 4w, 27, 2Kn
Crr/(2M)0uafy*y°f | 10
HNL (Nj) fermion Foar(LoH)Ny 6-8 w0, KL, 01020
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Introduction: Long-lived particles (LLPs)

Search for New Physics (NP) at intensity frontier with fixed-target experiments:
® Complementary to energy frontier (LHC) and indirect searches (precision measurements, LNV, etc.);
® Smaller masses (typically MeV-GeV scale) but much lower couplings accessible (large statistics);

® Dark Sector (SM-DM) portals typically probed:

NP Particle [ type [ SM portal (dim < 5) [ PBC [ decay channels (m < 1GeV)
dark photon (AL) vector —e/(2cos 9W)F;/,,UBHU 1-2 ¥74 27, 3w, 4w, 2K, 2Kn
dark Higgs (S) scalar (uS 4+ AS?)HYH 4-5 ¥74 27, 4w, 2K
v
axion/ALP (a) | pseudoscalar (CVV/A)gaV“,VVL 5 9,11 vy, ££ 27y, 3w, 4w, 27n, 2K
Cyrs/(2AN)uafy"~>f | 10
HNL (Nj) fermion For(LoH)Ny 6-8 7, K01 Lov

Two types of direct searches for NP particles at fixed-target experiments:
@ NP particle production in SM particle decays - reconstruction from both initial and final state particles
® NP particle decay to SM particles - reconstruction of original particle from the SM final states

NA62 experiment can do both in two modes of operation - @ kaon mode? and @ beam-dump mode

2Following talk by E. Goudzovski.
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NAG62 experiment in kaon mode

® 400 GeV/c primary p™ beam impinges Be target,
75 GeV/c secondary beam selected (~ 6% of K1) using TAX collimators
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3The beam and detector of the NA62 experiment at CERN. NA62 Collaboration. 2017 JINST512 P05025, {1703:08501]
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NAG62 experiment in kaon mode

® 400 GeV/c primary p™ beam impinges Be target,
75 GeV/c secondary beam selected (~ 6% of K1) using TAX collimators

® KT decay in flight in 60 m long fiducial volume (FV)?;
* KT tagged by KTAG;
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3The beam and detector of the NA62 experiment at CERN. NA62 Collaboration. 2017 JINST512 P05025, {1703:08501]
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NAG62 experiment in kaon mode

® 400 GeV/c primary p™ beam impinges Be target,

75 GeV/c secondary beam selected (~

6% of KT) using TAX collimators

® KT decay in flight in 60 m long fiducial volume (FV)?;

Target

* KT tagged by KTAG;
pr measured by GTK;

® Decay products’ p from STRAW;
time measured by CHOD;
PID given by LKr, MUV12, RICH,;
+ p ID provided by MUV 3;

® Photons can be vetoed by LKr
+ at large angles by 12 LAV stations

T
100

T
150

+ small angles by SAV(IRC/SAC);

T T
200 250

® Overall experimental time resolution reaches O(100)ps

3The beam and detector of the NA62 experiment at CERN. NA62 Collaboration. 2017 JINST512 P05025, [1703 08501]
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NAG62 experiment in kaon mode

® 400 GeV/c primary p™ beam impinges Be target,
75 GeV/c secondary beam selected (~ 6% of K1) using TAX collimators

® KT decay in flight in 60 m long fiducial volume (FV)?;
* KT tagged by KTAG;

£ pgHop pr measured by GTK;
1] ":AOSVS ® Decay products’ p from STRAW;
Target SAC time measured by CHOD;
o] PID given by LKr, MUV12, RICH;
1] Wﬂr + p ID provided by MUV 3;
:_T(C ® Photons can be vetoed by LKr
7 ' + at large angles by 12 LAV stations
i — — o pos - + small angles by SAV(IRC/SAC);

® Overall experimental time resolution reaches O(100)ps

3The beam and detector of the NA62 experlrnent at CERN. NA62 Collaboration. 2017 JINST=12 P05025, [1703 08501]
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NAG62 experiment in beam-dump mode

® Target removed and TAX closed, intensity more than twice the nominal kaon;

® Optimized sweeping from magnets between TAX and FV to reduce muon halo background;
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NAG62 experiment in beam-dump mode

T Y [m]
= | Beam-dump setup | EA?)B-CHOD
. LAV STRAW m_ CHOD
i TAX Veto AnTIO
i II II 17 RICH
| No target
0 - = -0
- Il 1] RICH
i BiAp;p p1cB2
o L—— IRC
1 i -2 4 LKr
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® Production of X in TAX:
® p-Bremsstrahlung pN — X + ..; ALP Primakoff; mixing with V = {p,w, ¢}, P = {z°n,n'}
® secondary meson decays: B — KX; P — A'yand V — A’'P; D(B) — K(D)(n){X
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NAG62 experiment in beam-dump mode

T Y [m]
= | Beam-dump setup X gAgs-CHOD
i 1 STRAW HOD
1 TAX Veto LAV e MUV1,2
i 1 ANTIO Iron
i ] RICH
| No targetll Il — | MU;lA3C
0 - — - . L]
- II 1] RICH
i BiAp;p p1cB2
o L—— IRC
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® Production of X in TAX:

® p-Bremsstrahlung pN — X + ..; ALP Primakoff; mixing with V = {p,w, ¢}, P = {z°n,n'}
® secondary meson decays: B — KX; P — A'yand V — A’'P; D(B) — K(D)(n){X

® Decay of X in the FV into observable final states;
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NAG62 experiment in beam-dump mode

T Y [m]
= | Beam-dump setup X gAgs-CHOD
i 1 STRAW HOD
1 TAX Veto LAV e MUV1,2
i 1 ANTIO Iron
i ] RICH
| No targetll Il — | MU;lA3C
0 - — - . L]
- II 1] RICH
i BiAp;p p1cB2
o L—— IRC
1 i -2 4 LKr
o 10 g '
20 30 T T T T T
Z[m] 50 100 150 200 250 7z [m]

® Production of X in TAX:
® p-Bremsstrahlung pN — X + ..; ALP Primakoff; mixing with V = {p,w, ¢}, P = {z°n,n'}
® secondary meson decays: B — KX; P — A'yand V — A’'P; D(B) — K(D)(n){X

® Decay of X in the FV into observable final states;

® two trigger lines for charged particles: > 1 hits in CHOD/20, > 1 in-time hit in CHOD;
+ neutral calorimeter-based trigger line
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NAG62 experiment in beam-dump mode

E' Y [m]
= | Beam-dump setup " EAEI)S-CHOD
. 1 HOD
1 TAX Vet LAV STRAW e MUV1,2
i ) €t ANTIO Iron
lI Il RICH |||
_ MUV3
_| No target — SAC
0 = gy =N} Jl:l Vg V] 71t : -
. II 4 P RICH
i BlAgip B1cB2
4 L—— IRC
i -2 4 LKr
o 1 '
1 30 T T T T T
20 Z[m] 50 100 150 200 250 7 [m]

® Npor = (1.4 4 0.3) x 10'7 protons on target (POT) collected in 2021; on tape: Npor > 9 x 107
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NAG62 experiment in beam-dump mode
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® Npor = (1.4£0.3) X 107 protons on target (POT) collected in 2021; on tape: NpoT > 9 X 107
,1,27m°), KT K~ (n°) final states published*

e 2021 data NP searches with £¢ and hadronic 77~ (v, 7°

4NA62 Collaboration JHEP 09(2023)035 [2303.08666]; PRL 133(2024)11 [2312.12055]; EPJC 85(2025)5 [2502 04241]
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NAG62 experiment in beam-dump mode
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Beam-dump setup "
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® Npor = (1.4£0.3) X 107 protons on target (POT) collected in 2021; on tape: NpoT > 9 X 107
,1,27m°), KT K~ (n°) final states published*

e 2021 data NP searches with £¢ and hadronic 77~ (v, 7°

® Di-lepton, hadronic, semi-leptonic and di-photon analyses with full sample ongoing.

4NA62 Collaboration JHEP 09(2023)035 [2303.08666]; PRL 133(2024)11 [2312.12055]; EPJC 85(2025)5 [2502 04241]
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Search for LLP decays in 2021 beam-dump sample (selection)

Search strategy:
@ selecting two oppositely charged tracks +
+ PID: MUV3, LKr(+MUV1,2): E/p, BDT
= reconstructing their p and m;
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Search strategy:
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Search strategy:
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Search for LLP decays in 2021 beam-dump sample (selection)

Search strategy:

@ selecting two oppositely charged tracks +
+ PID: MUV3, LKr(+MUV1,2): E/p, BDT
= reconstructing their p and m;

® tracks forming a vertex in FV (4 search for add. «)
= reconstructing LLP px and mx;

© search for primary production vertex close to TAX
(where you expect LLP to be produced);

@® blind analysis (signal and control regions defined
around primary vertex location kept masked).
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Search for LLP decays in 2021 beam-dump sample (selection)

Search strategy:
@ selecting two oppositely charged tracks +
+ PID: MUV3, LKr(+MUV1,2): E/p, BDT
= reconstructing their p and m;
® tracks forming a vertex in FV (4 search for add. «)
= reconstructing LLP px and mx;
© search for primary production vertex close to TAX
(where you expect LLP to be produced);
@® blind analysis (signal and control regions defined
around primary vertex location kept masked).
Vetoes:
e 4%t no in-time activity in LAV
° ¢t 4+ 1o geometrically associated ANTIO signal
® hadrons: combined SAV, LAV, ANTIO vetoes
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Search for LLP decays in 2021 beam-dump sample (selection)

Search strategy:

@ selecting two oppositely charged tracks +
+ PID: MUV3, LKr(+MUV1,2): E/p, BDT

= reconstructing their p and m;

® tracks forming a vertex in FV (4 search for add. «)

= reconstructing LLP px and mx;

© search for primary production vertex close to TAX

(where you expect LLP to be produced);

@® blind analysis (signal and control regions defined
around primary vertex location kept masked).

Vetoes:
e 4%t no in-time activity in LAV

° ¢t 4+ 1o geometrically associated ANTIO signal
® hadrons: combined SAV, LAV, ANTIO vetoes

Signal and control regions (SR, CR):

ZOG: . . Signal MC:
180F B L - ' A'(Bremsstrahlung) - 71*77]
E ) Production: &,, = 10 103
16 = - Decay:BRA' -m'm)=1
140; " | Flatdecay in FV (7, - )
120 '
E 10?
100F
80
60k 10
4 =
20¢
0= 1

Zpax [m]

® extrapolation of px from vertex to TAX: definition of SR and CR in terms of primary vertex location
® SR: ellipse centered at {Zrax, CDArax} = {23m,0 mm} with semi-axes of 23 m and 40 mm
® CR: box CDATax < 150mm and —7m < Zrax < 53m
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Search for LLP decays in 2021 beam-dump sample (acceptance)

In model-independent case (C* = Cly, BRY = 1): NY (mx,Tx) = Neor X Xbpsx (Cheg) X Ply x Al

® Ypp—x(Cref): LLP prod. probability for ref. coupling
® P.q: probability to reach NA62 FV and decay therein
® Aacc: signal selection and trigger acceptance

Jan Jerhot (MPP)
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Search for LLP decays in 2021 beam-dump sample (acceptance)

In model-independent case (C* = Cly, BRY = 1): NY (mx,Tx) = Neor X Xbpsx (Cheg) X Ply x Al

® Ypp—x(Cref): LLP prod. probability for ref. coupling
® P.q: probability to reach NA62 FV and decay therein
® Aacc: signal selection and trigger acceptance

—10712 g~
S 5307
1012 N L
“ [
2 g 3
] = = 201 b
> 3 3 = I
o o & [
08 1028 5. [ 1
5 E(- B 1of
-20 8 —20 i -4 /” | | | | 1
10 0.5 1.0 1.5 2.0 2.5 3.0 10 10 0.5 1.0 1.5 2.0 2.5 3.0 10 0 0.5 1.0 1.5 2.0 2.5 3.0
ma [GeV/c?] ma [GeV/c?] ma [GeV/c?]

Figure: Left: expected A’ — nT 7~ yield after full selection, assuming e = 1 and BR = 1. Center: acceptance after full
selection for LLPs that reached the FV and decayed therein. Right: Mass resolution of the reconstructed LLP.

® Distributions above obtained for all 61 combinations of production and decay channels
® All available on HepData: https://doi.org/10.17182/hepdata.156981.v1
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Search for LLP decays in 2021 beam-dump sample (background)

Combinatorial:
® Background from random superposition of two 2t — g e
uncorrelated upstream particles; 2 08F B — uw
F e
% 0.5F - - ﬁ* e
5 F B
S 04f
B F
S o3f =
Prompt: o2f L
® Background from secondaries of p interactions o1 N = |_
with the traversed material (photo-production); E ,—d 1 ,': «l:! |—|
0
10 -5 0 5 10
ATI[ns]

Figure: X — 10~ background before LAV veto (SR and CR
masked).
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Search for LLP decays in 2021 beam-dump sample (background)

Combinatorial:

® Background from random superposition of two
uncorrelated upstream particles;

* Dominating for ptu~ (Neel™ < 10733));
® Simulation based on data single ¢/ artificially
overlaid to emulate a random superposition.

Prompt:

® Background from secondaries of 1 interactions
with the traversed material (photo-production);
® Dominating for eTe™ (N, ~ 107?)
some contribution to hadrons (NZJ, < 107%).

® Simulation based on backwards MC using data
single p 4+ unfolding in p and R.

Jan Jerhot (MPP)

2 — e
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27°r — W
) o — pne
% 0.5F 11 — pre
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5 04F
5 f
T 0.3: =

0.2F =
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E I_IJ Lp *l:l LI
ot =
=0 -5 0 5 70
AT[ns]

Figure: X — 10~ background before LAV veto (SR and CR
masked).
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Search for LLP decays in 2021 beam-dump

Kaon decays:

sample (background)

® Background from upstream kaons entering the N 800r
FV via non-instrumented ANTIO hole; S r .
% 700~ — =
® Dominating for hadrons (Ngj, ~ 1072), = F é FV beginning FV end
negligible for leptons; EGOO; £ N
C ©
® Simulation based on single KT selected in data E 500 % L] — *KS
and forced to decay in the FV. PS5
4000 4 .
F ¥ L
300 : * *
C | P S N S S R SR
80 100 120 140 160 180
Zyrx [m]
Figure: 7r+7r7(v) events in ZyTx — invariant mass plane after

inverting ANTIO veto. Solid lines indicate the FV. Dashed
lines indicate the Ks 30 mass window.
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rch for LLP hadronic c

10 / 15



Search for LLP decays in 2021 beam-dump sample (background)

Kaon decays:

® Background from upstream kaons entering the N 800r

FV via non-instrumented ANTIO hole; S r .

2 700~ > <

® Dominating for hadrons (Ngj, ~ 1072), = F é FV beginning FV end

negligible for leptons; EGOO; £ N

C ©

® Simulation based on single KT selected in data E 500 % L] — *KS

and forced to decay in the FV. PS5

4000 4 .
Neutrino-induced background: F - e,

® Interactions of v, from TAX in detector 3001 e

material; 80 100 120 140 160 180

. . . . . ZVTX [m]
® CC and NC interactions in passive material

simulated while enhancing the interaction cross Figure: 7% 7 (v) events in Zyrx — invariant mass plane after
tion: inverting ANTIO veto. Solid lines indicate the FV. Dashed
section; lines indicate the Ks 30 mass window.

® Negligible contribution found for all final states.

Jan Jerhot (MPP) First NA6 rch for LLP hadronic d s 72 S 5 10 / 15



Search for LLP decays in 2021 beam-dump sample (background)

Jan Jerhot (MPP)

Channel chp,CR, + 6chp,CR, chp,SR + 5chp,SR,
T 0.013 £ 0.007 0.007 £ 0.005

atn Ty 0.031 £0.016 0.007 £ 0.004
ntan° (1.377:5) x 1077 (1.2713) x 1077
ara r%7% | (1.677%) x 1078 (1.6779) x 1078
T (737279 x 1078 (7.0725%) x 1078
KYK~ (4.7735%7) x 1077 (4.613%%) x 1077
KTK— 7 | (1.6753) x 107° (1.5793) x 107°
T 0.17 + 0.02 0.016 £ 0.002

ete” 0.009715-939 0.009415-029

; September 18, 2025

Table: Summary of total expected number of background events at 68% CL for all studied decay channels in CR and SR
after full selection.

Background-free hypothesis not only at Npo = 1.4 x 10'7 but also for Npot = 10'® and beyond

11 / 15



Search for LLP decays in 2021 beam-dump sample (result)

® ( events observed in all CRs;

Jan Jerhot (MPP) First N/ arch for LLP hadronic 7S LDW2025; September 18, 2025 12 / 15



Search for LLP decays in 2021 beam-dump sample (result)

® ( events observed in all CRs;

® 1 event observed in utu~ SR (2.4 global significance); 0 events observed in e*e™ and hadronic SRs;

Jan Jerhot (MPP) First NA6 rch for LLP hadronic decays LDW2025; September 18, 2025



Search for LLP decays in 2021 beam-dump sample (result)

® () events observed in all CRs;
® | event observed in "~ SR (2.40 global significance); 0 events observed in ete™ and hadronic SRs;

® Model-dependent interpret.ation:5 o 3
Nexp(mx,Cx) = 37, BR (mx, Cx) x (C"/Cie)? x Nefy (mx, T'x = T'x (mx, Cx))

5 ALPINIST: Axion-Like Particles In Numerous Interactions Simulated and Tabulated. JHEP. 07 (2022) 0945 [2201.65170]

Jan Jerhot (MPP) 3 /2025; September 18, 2025 12 / 15



Search for LLP decays in 2021 beam-dump sample (result)

® ( events observed in all CRs;
® 1 event observed in ut ™ SR (2.40 global significance); 0 events observed in eTe™ and hadronic SRs;
. . w1074 w1074
e Model-dependent interpretation:® Koot Rt xperments
NA62 A= 11 NA62 A’ = 1t
Nexp (’n’},)(7 CX) = 1050 NAG2 A'~ £ + hadrons : 10-5F NA62 A’ £ + hadrons :
f igovi )2 — e I e
sz BR (mX7 CX) X (C /Crcf) X o o I sl
1076 — observed 1076 — observed
XNylmax T = Dx(mx, Ox)) L) —
® Observed 90% CL contours for 107 3 107 E
different models obtained using e .
.. 10-8 S L 10-8 4 .,
107t 10° 107t 10°
the CLg method, c.ombmmg the e [GeVIE) e [GeVIEE]
result for hadronic and Figure: The observed 90% CL exclusion contours in BC1 (dark photon)
di-lepton final states. benchmark together with the expected £1o and +20 bands (theory uncertainty

not included). Left: Bremsstrahlung production without resonant
enhancement. Right: Bremsstrahlung production with resonant enhancement.

5 ALPINIST: Axion-Like Particles In Numerous Interactions Simulated and Tabulated. JHEP. 07 (2022) 0945 [2201.65170]
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Search for LLP decays in 2021 beam-dump sample (result)

BC4 90% CL UL - Bcl090%cLuL |7 BC1190% CL UL
Past experiments 3> Past experiments. i 107°g Past experiments3
NA62 S 11 & NA62 a—11: & NA62 a- hadrons :
NAG2 § - 11 + hadrons = ——~ lexpected < ——~ expected
——- expected i St —exp. £10 1510 m—exp. 10
= :lo S exp. 20 3 exp. 20
220 — observed © — observed
— observed ] 107k ]
1081 J 10781 ]
1077 E
o ] 10-9L ) ]
10 mg, . Mo meg) mn - my|, M| |™Mn myy,
1071 10° 1071 10° 2x107! 100 2 x10°
ms [GeV/c?] m, [GeV/c?] m, [GeV/c?]

Figure: The observed 90% CL exclusion contours in BC4 (left), BC10 (center) and BC11 (right) benchmarks together with
the expected £10 and £20 bands (theory uncertainty not included).




NAG62 projected sensitivity for the full BD sample

104 —
w BC1 90% CL UL BC4 90% CL UL ’T BC11 90% CL UL
Past experiments Past experiments >107°F Past experiments
NA62 A’ 1 + hadrons: NA62 S - 11 + hadrons: 8 NA62 a - hadrons:
— EPJC 85 (2025) 571: — EPJC 85 (2025) 571: | — — EPJC 85 (2025) 571
1.4 x 10" POT 1.4 x 10" POT <. 1.4x 10" POT
--- projected (10'® POT) --- projected (10'® POT) Ugw E --- projected (10 POT)
4 107 E
< 5 / \\‘ 1 108k ) 4
10 mof  |me na62| L, Na62] ) NA62
1071 10° 1071 10° 2x107t 100 2x10°
ma [GeV/c?] ms [GeV/c?] m, [GeV/c?]

Figure: The observed 90% CL exclusion contours in BC4 (left), BC10 (center) and BC11 (right) benchmarks with 2021 data
set together with the expected sensitivity for the full data sample.
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Summary

® NAG62 is a multipurpose experiment allowing search for LLPs;

® Blind analyses searching for LLP decays X — ¢t¢~ and X — hadrons have been performed on the
beam-dump data collected in 2021;

® New regions of LLP parametric spaces were probed with no NP signal observed;
® Much more data in beam-dump already collected (> 9 x 10'7 POT);

® Data analysis of the larger sample in progress with no background limitation foreseen for all final
states;

® New searches for LLP decay channels including semi-leptonic or di-gamma final states.

® Many more LLP searches in the kaon mode (next talk)
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Summary

® NAG62 is a multipurpose experiment allowing search for LLPs;

® Blind analyses searching for LLP decays X — ¢t¢~ and X — hadrons have been performed on the
beam-dump data collected in 2021;

® New regions of LLP parametric spaces were probed with no NP signal observed;
® Much more data in beam-dump already collected (> 9 x 10'7 POT);

® Data analysis of the larger sample in progress with no background limitation foreseen for all final
states;

® New searches for LLP decay channels including semi-leptonic or di-gamma final states.

® Many more LLP searches in the kaon mode (next talk)

Thank you for your attention!
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Search for A" — upu - details on observed event

o P(u*) =99.5 GeV/c
® P(p~)=239.6GeV/c
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Search for LLP decays in beam-dump mode (background)

Distributions of the simulated background events in the (Zytx, CDAyTx) plane

for pT =, ete” and 77 () final states:
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Search for LLP decays in beam-dump mode (PID)

* 1 Eik:/p~0 + MUV3;
o ot Erk:/p ~ 1+ IMUV3,;
o p* (nt and K*):
- LKR+MUV12 BDT classifier p, > 80% -+ MUV 3;

- K*: h* with K7 selected by RICH (else n¥);
- search neutral LKr clusters and reconstruction of -y, 7°, 5 based on opening angle wrt decay vertex;
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