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Introduction
Search for New Physics (NP) at intensity frontier with fixed-target experiments:

➔ Complementary to energy frontier (LHC) and indirect searches (precision measurements, LF&NV, etc.);

➔ Sensitive to low masses at MeV - GeV scale and low couplings accessible (large statistics)

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

NP particle type SM portal (dim ≤ 5) PBC Decay channels (m ≲ 1GeV)

HNL (NI) fermion 6 - 8 𝜋ℓ, Kℓ, ℓ1ℓ2𝜈

dark Higgs (S) scalar 4 - 5 ℓℓ 2𝜋, 4𝜋, 2K

axion/ALP (𝔞) pseudoscalar
9, 11
10

𝛾𝛾, ℓℓ 2𝜋𝛾, 3𝜋, 4𝜋, 2𝜋η, 2K𝜋

dark Photon (A’𝜇) vector 1 - 2 ℓℓ 2𝜋, 3𝜋, 4𝜋, 2K, 2K𝜋
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Two type modes for NP particle searches at NA62 Experiment:

➔ Beam-Dump mode: Search NP particles into the Final States composed of SM particles;

➔ K mode: Search NP particles in SM particle decays.
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The NA62 Experiment 
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➔ Fixed-target experiment @ CERN North Area (SPS)

➔ Main goal is to measure ultra-rare K+ → 𝜋+𝜈𝜈 decay with high precision; 
the experiment additionally covers a broad Kaon and Beam-Dump physics program.

➔ Two data-taking period Run-I (2016-2018) and Run-II (2021-2025);  Run-I paper: JHEP 06 (2021) 093; Run-II is 
ongoing!
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https://doi.org/10.1007/JHEP06(2021)093


The NA62 Experiment in kaon mode
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➔ 400 GeV/c primary p+ beam collides Be target with ~1012 proton/s on spill; 75 GeV/c secondary beam 
(~6% of K+) selected using TAX collimators.

➔ K+ (~5MHz) decay-in-flight in 60 m long fiducial volume (FV)1;

➔ K+ tagged by KTAG and 3 mom.
determined by GTK;

➔ Decay products’ 3 mom. measured by 
STRAW; time measured by CHOD; 
PID given by LKr, MUV1, MUV2 and 
RICH; 𝜇-ID provided by MUV3;

➔ Photons can be vetoed by LKr and at 
large angles by 12 LAV stations or by 
SAC/IRC at small angles;

➔ Overall experimental time resolution reaches 

1 The Beam and Detector of NA62 Experiment at CERN [JINST 12 (2017) 05, P05025]. 

https://doi.org/10.1088/1748-0221/12/05/P05025


The NA62 Experiment in beam-dump mode - I -
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TAX closed



Samet Lezki (MPP) 42nd International Conference on High Energy Physics Prague, July 20, 2024  Page-6

The NA62 Experiment in beam-dump mode - II -

➔ reduced background from penetrating particles through improved sweeping from magnets downstream of the TAX;

➔ increase proton beam intensity ~1.5xNominal;
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The NA62 Experiment in beam-dump mode - III -

➔ trigger lines for charged particles;

◆ Q1/20: nhits≥ 1 in CHOD;
◆ H2: nhits ≥ 2 in-time in CHOD;

➔ NPOT = (1.4 ± 0.28) x 1017 Protons On Target (POT) collected in 2021; target is NPOT ≅ 1018 during Run-II;

➔ NP searches into ee and 𝜇𝜇, two lepton final states using NA62 2021 BD data published2; today let’s look into 
hadronic decays

2 NA62 Collaboration [JHEP 09 (2023) 035]. 

https://doi.org/10.1007/JHEP09(2023)035


The Signal Monte Carlo in the dark side
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➔ Various possibilities for exotic particle X: dark photon (DP), dark scalar (DS), axion-like particle (ALP), etc.;

➔ Various production mechanism and final states:

◆ DP: Bremsstrahlung, P → A’𝛾, V → A’P
V = {𝜌, ω, 𝜙}

◆ DS: B±,0→K±,0,(*)S

◆ ALP: Primakoff (on-, off-shell); mixing with
P = {𝜋0, 𝜂, 𝜂’}, B±,0→K±,0,(*)𝔞 

➔ A total of 36 production and decay channel combinations studied.

What is the next? Maybe in another conference :)



The Analysis Strategy
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Selection criteria for two charged hadrons:
➔ 2 good quality tracks in coincidence with each other 

and the trigger

➔ Selecting hadrons with PID by LKr and MUV1-3; 
K+ tagging by RICH

➔ No in-time activity in LAV, SAV and ANTI0 

➔ Decay vertex reconstructed in fiducial volume.
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➔ Using time and opening angle, reconstruct 𝜋0, 𝛾, and 𝜂 by checking 

neutral LKr clusters.

➔ Exotic particle reconstructed from the decay vertex and 

backward-extrapolation to the TAX and definition of signal region 

(SR) in terms of primary vertex: CDATAX vs ZTAX .
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Selection criteria for two charged hadrons:
➔ 2 good quality tracks in coincidence with each other 

and the trigger

➔ Selecting hadrons with PID by LKr and MUV1-3; 
K+ tagging by RICH

➔ No in-time activity in LAV, SAV and ANTI0 

➔ Decay vertex reconstructed in fiducial volume.

Search strategy:
➔ Using time and opening angle, reconstruct 𝜋0, 𝛾, and 𝜂 by checking 

neutral LKr clusters.

➔ Exotic particle reconstructed from the decay vertex and 

backward-extrapolation to the TAX and definition of signal region 

(SR) in terms of primary vertex: CDATAX vs ZTAX .

A’ → 𝜋+𝜋- signal MC and definition of signal and control region

➔ SR: { CDATAX,  ZTAX} = {0 mm, 23.07 m} with semi-axes 40 mm 

on CDATAX and 23 m on ZTAX.

➔ CR: CDATAX < 150 mm and -7 m < ZTAX < 53 m

➔ During the analysis, both SR and CR were kept masked.



The Background overview
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Just after masking SR and CR and lifting vetoes, two 𝜋𝜋 events observed in data!

➔ 1 event with vertex upstream of FV, vetoed by ANTI0

➔ 1 event with vertex in FV, not vetoed by ANTI0 but vetoed by LAV
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Just after masking SR and CR and lifting vetoes, two 𝜋𝜋 events observed in data!

➔ 1 event with vertex upstream of FV, vetoed by ANTI0

➔ 1 event with vertex in FV, not vetoed by ANTI0 but vetoed by LAV

Background estimation with MC:

➔ Combinatorial & neutrino induced BKG: negligible contributions

➔ Prompt BKG: 𝜇-halo inelastic interactions with negligible contributions

➔ Upstream BKG: Consisting of particles collected by the GTK achromat

Page-10



The Background overview - Prompt -
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➔ Estimation based on data-driven backward MC of 𝜇-halo, and correct kinematics through unfolding

➔ MC statistics correspond to NPOT = 1.53 × 1017 > data statistics

➔ 𝜋𝜋 outside CR, with ANTI0 acceptance, but no vetoes applied:

◆ Nexp = 1.8 ± 1.4 vs Nobs = 1; 
with vertex upstream of FV;

◆ Nexp = 0.20 ± 0.15 vs Nobs = 1; 
with vertex in FV;
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In the control samples (no veto by ANTI0), 3 subcomponents observed in the Zvtx - m𝜋𝜋 plane;
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The Background overview - Upstream - I -
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In the control samples (no veto by ANTI0), 3 subcomponents observed in the Zvtx - m𝜋𝜋 plane;

➔ 19 upstream interactions; 

➔ 2 KS → 𝜋+𝜋- ;

➔ 8 K+ → 𝜋+𝜋+𝜋-
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In the control samples (no veto by ANTI0), 3 subcomponents observed in the Zvtx - m𝜋𝜋 plane;

➔ 19 upstream interactions; 
vetoed by ANTI0!

➔ 2 KS → 𝜋+𝜋- ;
mKs ± 3𝜎 ( ± 5.7 MeV/c2) kept masked

➔ 8 K+ → 𝜋+𝜋+𝜋-

6 identified as 𝜋+𝜋- and 2 𝜋+𝜋-𝛾
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In the control samples (no veto by ANTI0), 3 subcomponents observed in the Zvtx - m𝜋𝜋 plane;

➔ 19 upstream interactions; 
vetoed by ANTI0!

➔ 2 KS → 𝜋+𝜋- ;
mKs ± 3𝜎 ( ± 5.7 MeV/c2) kept masked

➔ 8 K+ → 𝜋+𝜋+𝜋-

6 identified as 𝜋+𝜋- and 2 𝜋+𝜋-𝛾

A dedicated MC for K+-induced BKG simulated 
using selected K+ tracks which are forced to 
decay as K+ → 𝜋+𝜋+𝜋- in the FV
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The Background overview - Upstream - I -
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➔ Outside CR/SR before ANTI0 acc.; Nexp:
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The Background overview - Upstream - II -

➔ Outside CR/SR after ANTI0 acc.; Nexp:

➔ Inside CR & SR; Nexp:

➔ Additionally, simulations for Ke4 & K𝜇4 

decays performed; negligible contributions



The Background overview - Total -
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The Preliminary Results
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3 ALPINIST: Axion-Like Particles In Numerous Interactions Simulated and Tabulated [JHEP 07 (2022) 094]. 

➔ 0 events observed in all signal and control regions.

➔ For the combination of results from individual production and decay channels, the ALPINIST3 has been used.

➔ No standalone 90% CL exclusion for BC1: Dark Photon.

BC4: Dark Scalar BC11: Axion-Like Particle

https://doi.org/10.1007/JHEP07(2022)094


The Conclusion
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➔ Preliminary result from the NA62 experiment in beam-dump mode on the search for an exotic particle's 
production and decay have been presented:

◆ Conducted a blind analysis until the opening of control and signal regions.

◆ No evidence of new physics signals

◆ NA62 set 90% CL upper limit and new regions of dark scalar and axion-like particle parameter 
spaces have been excluded.

➔ Search for exotic particles decaying into semi-leptonic or di-gamma final states are in progress.

➔ Ongoing data-taking: new sample, ~ 2.4 × 1017 POT, already collected in 2023 and 1018 POT in 
beam-dump mode expected by the LHC LS3 with interesting perspectives on the searches of dark 
photons, ALPs, dark scalars and HNLs. 



Thank you for your attention



Backup



The Sensitivity
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Number of expected S → 𝜋+𝜋- events 

after full selection 

where gbs = 10-4 and BR = 1

Acceptance of full selection 

for an exotic decay in the FV
Mass resolution 

of the reconstructed exotic

𝜒pp→X(Cref ): X production probability for ref. coupling

Prd: Probability to reach and decay in FV

Aacc × Atrig: Signal selection and trigger efficiency

X→𝜋+𝜋-; Model-Independent approach;

➔ BR(X→𝜋+𝜋-) = 1;

➔ Nexp(MX , ΓX) = NPOT × 𝜒pp→X(Cref ) × Prd × Aacc × Atrig;



The Search for dark photons (DP)
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The Search for dark photons (A’ → 𝜇𝜇)
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The Search for dark photons (A’ → 𝜇𝜇)
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The Search for exotic (preudo)scalar
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The Search for dark photons (A’ → ee)
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The Search for dark photons (A’ → ee)
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The Search for dark photons (A’ → ℓℓ)
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The Search for dark photons (A’ → 𝜇𝜇) - background -
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The Search for dark photons (A’ → 𝜇𝜇) - observed event -
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The Search for dark photons (A’ → 𝜇𝜇) - selection efficiency & signal yield -
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The Search for dark photons (A’ → ee) - background -
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The Search for dark photons (A’ → ee) - selection efficiency & signal yield -
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The MC: DP(Brems) → 𝜋+𝜋-

Samet Lezki (MPP) 42nd International Conference on High Energy Physics Prague, July 20, 2024  Page-34


