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ὑᴼ“’Ӷ’: precision tests of the Standard Model

I. Panichi ICNFP2025 3/ 27

Recent SM calculation* Experimental status

║╡╚ ᴼⱫⱨⱨ ψȢφππȢτς ρπ χȢψφπȢφρ ρπ ρπȢφ Ȣ
Ȣ ρπ  ( > 3„ evidence) 

NA62 at CERN, 2016-2017-2018 data

[JHEP 06 (2021) 093]                               

║╡╚╛ᴼⱫⱨⱨ ςȢωτπȢρυ ρπ ςȢφψπȢσπ ρπ ςȢς ρπ
 KOTO at J-PARC, 2021 data 

[PRL 134, 081802 (2025)] 

× FCNC loop processes: ίO Ὠtransition and highest CKM suppressionꜝ Ḑ ϳά ά ȿὠᶻὠ ȿ 
Ą highly suppressed in the SM

× Theoretically clean: SD dominated. Hadronic matrix element ᶿὄὙὑ ᴼ“ὰ’ (precisely measured) 

Ą high precision of  SM prediction

THIS TALK:

new result from 

2021-2022 + 

2016-2017-2018 data

*differences from choice of  CKM parameters: see Eur.Phys.J.C84 (2024) 4, 377

[Buras et al. 

EPJC 82 (2022) 7, 615]
[D'Ambrosio et al. 

JHEP 09 (2022) 148]
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ὑᴼ“’Ӷ’ beyond the Standard Model
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JHEP 11 (2015) 033

EPJC 82 (2022) 320 EPJ C84 (2024) 680

JHEP 12 (2020) 186 JHEP 10 (2024) 087

JHEP 11 (2015) 166

JHEP 12 (2020) 097 PLB 809 (2020) 135769

× Indirect searches for NP up to ַײ  ╣▄╥) mass scale [JHEP 11 (2015) 033] 

× Eg.: Leptoquarks [EPJC 82 (2022) 320], NP in the neutrino sector [EPJ C84 (2024) 680], additional scalar/tensor contributions 

[JHEP 12 (2020) 186; JHEP 10 (2024) 087]é

× Possibility to discriminate among different NP scenarios via:

× the correlation of  the ║╡╚ ᴼⱫⱨⱨ  and ║╡╚╛ᴼⱫⱨⱨ variations [JHEP 11 (2015) 166 ]

× the correlation with other flavour observables ( ϳ‭ ‭ȟɝ- ȟὄ decays) [JHEP 12 (2020) 097][PLB 809 (2020) 135769] 

JHEP 11 (2015) 166 

Green: CKM-like flavour structure in models with Minimal Flavour Violation 

Blue: new flavour-violating interactions where LH or RH currents dominate in 

models with pure LH/RH couplings

Red: general NP models without above constraints  

Grossman-Nir  Bound (model-independent relation [PLB 398 (1997) 163-168]): 

ὄὙὑ ᴼ“’Ӷ’

ὄὙὑ ᴼ“’Ӷ’

†

†
 ρ

New Z' boson

https://inspirehep.net/literature/1351444
https://inspirehep.net/literature/1873423
https://inspirehep.net/literature/2734758
https://inspirehep.net/literature/1816043
https://inspirehep.net/literature/2786773
https://inspirehep.net/literature/1385876
https://inspirehep.net/literature/1798889
https://inspirehep.net/literature/1794913
https://inspirehep.net/literature/1385876
https://inspirehep.net/literature/1385876
https://inspirehep.net/literature/1385876
https://inspirehep.net/literature/1385876
https://inspirehep.net/literature/1385876
https://inspirehep.net/literature/1385876
https://doi.org/10.1016/S0370-2693(97)00210-4
https://doi.org/10.1016/S0370-2693(97)00210-4
https://doi.org/10.1016/S0370-2693(97)00210-4


NA62: the ὑ  factory at the CERN North Area 
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[PLB 791 (2019) 156 JHEP 11 (2020) 042 JHEP 06 (2021) 093 JHEP 02 (2025) 191

Phys.Lett.B 850 (2024) 138513

Phys. Lett. B 859 (2024) 139122

Phys. Lett. B 846 (2023) 138193

Eur. Phys. J. C 85 (2025) 571

× High -intensity fixed target experiment at CERN SPS 

×╚  decay-in-flight technique

× Primary goal: study of  the ultra-rare ╚ ᴼⱫⱨⱨ decay 
× [PLB 791 (2019) 156], [JHEP 11 (2020) 042], [JHEP 06 (2021) 093], [JHEP 02 (2025) 191] 

× Broader physics programme both in flavour physicsé 
× test of  low-energy hadronic theories : e.g. ὑ ᴼ“‎‎ [Phys.Lett.B 850 (2024) 138513]

× searches for LFV/LNV decays: egὑ ᴼ““‘Ὡ[Phys. Lett. B859 (2024) 139122] 

× é

×éand in hidden sector searches (Dark photon (ὃ), Dark scalars(Ὓ), ALP (ὥ), HNL (ὔ)é)
× in kaon mode:  e.g. ὑ ᴼ“ὛȟὛO ὃὃ ὃᴼὩὩ  and ὑ ᴼ“ὥὥὥᴼὩὩ   

[Phys. Lett. B846 (2023) 138193]

× in a dedicated beam dump programme: eg. ὢᴼὬὥὨὶέὲί [Eur. Phys. J. C85 (2025) 571] 

The NA62 experiment at CERN

╚  

Switzerland

France
2008

Approval

2009 Ą 2015

Detector  R&D and 
commisioning 

Run1: 2016 - 2017- 2018 

physics runs

LS2

upgrades 

Run2: 2021 - 2022 

2023 - 2024 - 2025 - 2026      
physics runs

LS3
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new result

https://inspirehep.net/literature/1704548
https://inspirehep.net/literature/1807490
http://doi.org/10.1007/JHEP06(2021)093
https://inspirehep.net/literature/2860356
https://doi.org/10.1016/j.physletb.2024.138513
http://dx.doi.org/10.1016/j.physletb.2024.139122
http://dx.doi.org/10.1016/j.physletb.2023.138193
http://dx.doi.org/10.1140/epjc/s10052-025-14133-w


ὑ ᴼ“’Ӷ’ at NA62
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Fundamental variable:

□□░▼▼ ḳ ╟╚ ╟Ⱬ

□□░▼▼  Ôheoretical distribution

BR of  the main SM bkg to ╚ ᴼⱫⱨⱨ  [PDG]

║╡╚ ᴼⱧⱨⱧ (63.56 ± 0.11)% 

║╡╚ ᴼⱫⱫ (20.67 ± 0.08)% 

║╡╚ ᴼⱫⱫⱫ (5.583 ± 0.024)% 

║╡╚ ᴼⱫⱫ▄ⱨ▄  (4.247 ±  0.024)  

Main experimental requirements for suitable background rejection:

ρππ ὴίtiming between sub-detectorsײַ

ρπ background suppression from kinematicsײַ

ρπ Muon (from ὑ ᴼ‘’) rejection from PID 

ρπ “ (from + ᴼ““ “ ᴼ‎‎) suppression

Analysis strategy:

Identifythe ὑ and measure its momentum

Identify the “ and measure its momentum  

Match the + and “ in space (form the decayvertex) and time

Determine □□░▼▼ ḳ ╟╚ ╟Ⱬ
Reject any additional activity

Analysis in 5 GeV/c  bins of  “  momentum in the range 15-45 GeV/c



The NA62 beam line & detector layout
(designed and optimised for the ὑ ᴼ“’Ӷ’ study) 

[JINST 12 (2017) P05025 ] 
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ὑ “

ςσϷ

’

Ӷ’

LAV, LKr, IRC, SAC: hermetic coverage of  polar angles up to 50 mradfrom the beam axis, for 

photons emitted, for instance, in the decay chain ὑ ᴼ““ “ ᴼ‎‎

Primary beam:

× 400 GeV/c protons from the SPS 

× average beam intensity: ςπ σπρπ protons per pulse on target 

Secondary beam:

× unseparated χπϷ “ȟςσϷ ὴȟ Ϸ╚ beam with 75 GeV/c momentum (1% rms)

× Average particle rate at GTK: Ḑ450-600 MHz 

× ὑ decay rate inthe FV (ὤᶰρπυȟρχπ ά): 3 MHz

SAC

IRC

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


NA62 post LS2 data-taking 
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Detector upgrades during LS2

× 2016 - 18 analysis proved NA62 technique

× Limitation: tight cuts to reject bkgsreduce signal efficiency. 

× New detectors were installed to improve the control of  the bkgs:

× a 4th station in the GTK beam spectrometer  

× three Veto Counter (VC)stations and the ANTI0 hodoscope, to 

improve veto of  decays/interactions occurring upstream of  the FV

× an additional downstream veto detector at end of  the beam-line to 

reduce undetected interaction products (e.g. ‎O ὩὩ conversion)

2021 ð22 data taking 

× Proton intensity +35% wrt 16-18 data

× average beam intensity: ςπρπ (in 2018) 

Ąσπ ρπ protons per pulse on target 

× Improvements to the trigger configuration 
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(2016-2018: Ḑςςρπ protons on target (PoT) were delivered)
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Signal sensitivity in 2021-2022 data
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× Number of  ὑ  decays is not known a priopri

× ╚ ᴼⱫⱫȟⱫ ᴼ♬♬  ╚ Ⱬ used as normalisation channel

× BR measured w.r.t. a known SM decay selected by using common conditions to the signal

× Advantage: partial cancellation of  systematic uncertainties 

I. Panichi ICNFP2025

2021-2022 analysis: common 

condition between PNN and NORM 

triggers provide cancellation of  

trigger inefficiencies

(╚ ᴼⱧⱨⱧ) (╚ ᴼⱫⱫ ) (╚ ᴼⱫⱨⱨ 

Trigger conditions Minimum bias 

(MB) 

Normalisation 

(NORM)

Signal 

(PNN)

signals in RICH (reference time), signal in CHODs X X X

Muon veto, tag + in KTAG - X X

<40 GeV in LKr ( “ ‎͵͵Åveto), LAV veto, 1 track 

in the STRAW 
- - X

ü normalisation selection conditions

ü full photon vetoes and multiplicity cuts 

(to reject all the extra activity) 

Signal selection on PNN trigger events

ü 1 downstream track (only)

ü identified as a “
ü ὑ “ matching  (in space and time)

ü upstream vetoes

Normalisation selection on NORM trigger events

effective number of  ╚  decays ╝╚

2016-18 analysis:normalisewith 

ὑ events from fully 

independent min bias trigger 

ὑ ᴼ“’Ӷ’ analysis strategy 

11/ 27



ὔ  and single event sensitivity definitions  
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× Effective number of  ὑ  decays: 

× Single event sensitivity (BR corresponding to expectation of  1 signal event):

║╢╔╢ ╝╚═Ⱬⱨⱨꜗ ◄►░▌▌▄►╡ꜗ╥
Random veto efficiency 

ρ ‭  = Probability to reject a signal event due to 

additional in-time activity 

 
Trigger efficiency (ratio): ‭

Signal selection acceptance (from MC)

╝╚
╝ⱫⱫ 
▄██
╓

═ⱫⱫ║╡╚ ᴼⱫⱫȟⱫ ᴼ♬♬
 

Effective number of  normalisation data events 

Downscaling factor of  the normalisationtrigger (400) 

Normalisation selection acceptance (from MC)

from PDG

Acceptances are evaluated at 0 intensity; 

Intensity dependence captured in ‭

Depends only on intensity; 

measured from MB events 

Acceptances per momentum bin

╡ꜗ╥ ○▼ instantaneous intensity 



Signal sensitivity
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ὔ ὴ
ὄὙ ὑ ᴼ“’Ӷ’

ὄ ὴ

ὃ ὴ

ὃ ὴ
‭ ‭ ὴὈ ὔ ὴ

ὄὙ ὑ ᴼ“’Ӷ’

ὄὙὑ ᴼ““

× Expected* number of  SM events per Ⱬ momentum bin (▬░) 
(inputs for the statistical analysis) 

× Summary of  signal sensitivity inputs for the total 2021-2022 data sample 

     (integrals over the 15-45 GeV/c momentum range)

JHEP 11 (2015) 166

* for comparison to our previous results, we use ὄὙ ὑ ᴼ“’Ӷ’ ψȢτ ρπ [JHEP 11 (2015) 166], but results are independent of  this choice 

+15% w.r.t. 2016-18 

+20% w.r.t. 2016-18

3 better precision than 2016-18 analysis 

(improvements to the trigger configuration)
Comparable with 2016-18 analysis 

(operational intensity higher but re-tuning vetoes)

In the 2016-18 analysis, ὔ Ḑρπ Ą 

Double expected signal by including 2021-2022 data 

Improvements in the selection     

(e.g. new ὑ “ matching technique)

13/27
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Background evaluation
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Total expected background in the signal regions

I. Panichi ICNFP2025

Background classes:

× Bkgfrom ὑ decays in the FV 

× (mis)reconstructed ά  

× wrong PID (e.g. ‘ mis-ID as “ )

× additional particles from the decay not detected

× Bkgfrom decays and interactions upstream of  the FV 

(upstream background)

Kinematic regions in the □□░▼▼ ○▼ Ⱬ □▫□▄▪◄◊□ plane

Signal region R2

Signal region R1

2021-2022 data after thesignal selection 

but kinematic cuts

Summary of  expectation after the full signal selection

15/ 27



Total expected background in the signal regions
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Background classes:

× Bkgfrom ὑ decays in the FV 

× (mis)reconstructed ά  

× wrong PID (e.g. ‘ mis-ID as “ )

× additional particles from the decay not detected

× Bkgfrom decays and interactions upstream of  the FV 

(upstream background)

Kinematic regions in the □□░▼▼ ○▼ Ⱬ □▫□▄▪◄◊□ plane

ὑ Ὑ

ὅὙσ“

Signal region R2

Signal region R1

ὑ Ὑ

ὅὙς

ὅὙ‘σ
ὅὙ‘ς

ὅὙ‘
ὑ Ὑ

ὅὙρ

2021-2022 data after thesignal selection 

but kinematic cuts

Summary of  expectation after the full signal selection

MC-driven 

estimate

Data-driven estimate 

+ validation in 10 

independent samples

Data-driven 

estimate from bkg 

regions+ 

validation in the 

control regions 

(specific studies for 

radiative decays)

16/27
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Background from ὑ ᴼ““ mis-reconstructed kinematic tails

× ╚ ᴼⱫⱫ (ὑ ) suppression via kinematic cuts and photon vetoes

× Expected bkgin Ὑρȟς from a data control sample (CS) selected tagging ‎ from the “ : 

ὔ
 

πȢχφ πȢπτ

× Validation via the control regions defined in the (ά “momentum) plane 

╚ Ⱬcontrol sample - □□░▼▼

ὔ
ȟ

 expected ὑ  bkg  in R1,2 after the signal selection

ὔ  ὑ  events in the ὑ Ὑ bkg region after the signal selection

█▓░▪
╡ȟ ȟ

 kinematic tail fraction, measured in the CS

ὔ ȟ  CS events in R1,2

ὔ  CS events in the ὑ Ὑ bkg region

Ą Same procedure for ╚ ᴼⱧⱨⱧ ὑ  expected bkg: ὔ
 

πȢψχ πȢπτ

Ą ╚ ᴼⱫⱫⱫ ὑ ) kinematic tail fraction estimated from MC

ὔ
 

ȟ
ὔ

 

 
ẗ█▓░▪
╡ȟ

from equation (1) by exchanging R1,2 

with one of  the control regions 

╚ Ⱬ █▓░▪ vs Ⱬ  momentum

Hypothesis: kinematics independent of  photon rejection 

(1) 

17/27



Background from ὑ ᴼ‘’ ‎ 
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ὑ ᴼ‘’‎ ὑ bkgnot includedin the ὑ ᴼ‘’ control sample (CS) if  the 

radiative ‎overlaps with the ‘ at the LKr

× relevant if  ‘ momentum 35 GeV/c

× ‘ misID as a “ in the calorimeters [muon calo PID required for the ὑ CS]

╚Ⱨ ♬ validation sample╚Ⱨ ♬ control sample - □□░▼▼ Ⱨⱨ♬ vs □□░▼▼

This misID probability is higher w.r.t.2016ð2018 analysis due to a 

performance degradation of  the calorimetric PID at higher intensities

Vacuum Tank

× ὑ suppression based on: strict RICH PID, 

□□░▼▼ Ⱨⱨ♬ ὖ ὖ ὖ and Ὁ

[‎= LKr cluster (mis)associated to the ‘ track]. 

× Expectedbkgin Ὑρȟςfrom min bias data without 

applying calo PID: ὔ
 

πȢψς πȢτσ

× Validation viadata sample selected by the signal 

selection without the ὑ vetoes + calorimetric 

PID between “ and ‘

18/27



Upstream background 
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× Suppression via: ɝὸkaon-pion, BDT using ὑ and “ spatial infos, upstream vetoes (VC, CHANTI, ANTI0)

× Expected bkgin R1,2 from the òUpstream Reference Sampleò (URS), selected in PNN trigger data by the full signal selection but ὑ “

matching and inverted cut on the closest distance of  approach (CDA) between the ὑ  and “ tracks:╝◊▬▼
▄●▬ ╡ ╡

Ȣ Ȣ
Ȣ

× Validation via 10 independent data samples: signal selection with looser / inverted upstream veto conditions 

FV

Fake 

vertex
Fake 

vertex

Scattering 

at STRAW 

1

Largest bkg contribution , dueto decays or beam 

interactions upstream of  the FV, that produce a “
detected downstream and matched in a fake vertex

Ὢ  scaling factor «bad-to-good» CDA 

 («good» CDA: events in R1,2; «bad» CDA: URS events)

Ὥ bin in the ὑ  “  matching algorithm to define ὖ

ὔ  URS events in the Ὥ bin 

ὖ  probability to satisfy the ὑ “  matching conditions  

(measured in the  ὑ ᴼ““ normalisationsample)

ὔ
  

Ὢ ὔ ὖ

19/27



Background validation
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10 independent samples enriched with different mechanisms: 

Samples interaction enriched V1,2,7,8, accidental enriched V3,4,5,6,9,10

Upstream background validation

Events in SR rejected by the VetoCounter (VC): ω     

with an expectation of  ὔ
  Ȣ

φȢω ρȢτ  

 VC provides a factor 2 reduction of  the upstream bkg

(R1+R2)

Validation of  backgrounds from main ╚  decays

Data from the kinematic control regions in the              

ά “momentum plane after the signal selection 

20/27



New results from 2021-2022 data analysis
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2021-2022 data distributions
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ὄὙ ψȢτψ πȢςω ρπ

Tot expected bkg: ╝◄▫◄ ╫▓▌
▄●▬ ╡ ╡

Ȣ Ȣ
Ȣ

Tot observed events: ╝▫╫▼
╡ ╡

Observed data events after the signal selection in the 

ά  ὺί “momentum plane

SM expectation: ╝Ⱬⱨⱨ
╢╜ Ȣ Ȣ

(assuming ὄὙ ὑ ᴼ“’Ӷ’ ψȢτ ρπ )

1D projection with differential bkgpredictions 

& SM signal expectation [not a fit] 

R2

R1

22/27



2021-2022 data statistical analysis
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× Measurement of  ὄὙ and 68% ρ„ confidence interval using a profile likelihood ratio test statisticή—  
× Parameter of  interest: — ϳὄὙὑ ᴼ“’Ӷ’ ὄὙ ὑ ᴼ“’Ӷ’Ƞ BR measurement independent of  the prediction used

× Analysis performed considering the “  momentum bins as independent categories 

║╡ ╚ ᴼⱫⱨⱨ Ȣ Ȣȿ▼◄╪◄ Ȣȿ▼◐▼
Ȣȿ Ȣ

 Ȣ Ȣ
Ȣ

(determined by using the measured ὄὙ ) 
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× The 2021-2022 result is combined with the 2016-2017-2018 results

× Tot expected bkg: ╝╫▓▌ ; Tot observed events: ╝▫╫▼  

Combining NA62 results: 2016-2022

I. Panichi ICNFP2025

16 17 18 21-22

║╡ ╚ ᴼⱫⱨⱨ Ȣ Ȣȿ▼◄╪◄ Ȣȿ▼◐▼
Ȣȿ Ȣ

 Ȣ Ȣ
Ȣ

For the first time, the bkg-only hypothesis is rejected with a significance ╩ Ɑ ( ὴ ὺὥὰόὩς ρπ  )

(determined by using the measured ὄὙ ) 

24/27



Results in context
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E787/E949 experiments

      [Phys.Rev.D 79 (2009) 092004] 

[JHEP06(2021)093]

Summary of  the most recent 

measurements of  ║╡╚ ᴼⱫⱨⱨ Global status of  the ╚ᴼⱫⱨⱨ modes

× NA62 results are consistent

× Relative precision improved: 40% (2016-2018) Ą  25%(2016-2022)

× First observation of  the ὑ ᴼ“’Ӷ’ decay; BR consistent with SM prediction within ρȢχ„ 
× Full NA62 dataset would help clarifying SM tension at 3 sigma CL, if  any

25/27



Conclusions
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Conclusions
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JHEP 02 (2025) 191

×New NA62 study of  the ὑ ᴼ“’Ӷ’ decay using 2021-2022 dataset [JHEP 02 (2025) 191] 

× Combining with the 2016-2018 data for full 2016-22 results: 

×Tot expected bkg: ╝╫▓▌ ; Tot observed events: ╝▫╫▼  

×║╡ ╚ ᴼⱫⱨⱨ Ȣ Ȣȿ▼◄╪◄ Ȣȿ▼◐▼
Ȣȿ Ȣ

 Ȣ Ȣ
Ȣ

×Background-only hypothesis rejected with significance ╩ Ɑ

×First observation of  the ╚ ᴼⱫⱨⱨ decay: BR consistent with SM prediction within Ȣ Ɑ

×Full NA62 dataset would help clarifying SM tension at 3 sigma CL, if  any

×2023-LS3 dataset collection and analysis in progress

27/27
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Supplemental material
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The story so far: ὑ ᴼ“’Ӷ’ with 2016 -18 data
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2016 data [PLB 791 (2019) 156] 2017 data [JHEP 11 (2020) 042] 

[JHEP 06 (2021) 093] 

ὔ
ȟ

assumes: ꜞ ψȢτ ρπ

Statistical combination: ꜞὑ ᴼ“’’ ρπȢφ Ȣ
Ȣ
ÓÔÁÔπȢωÓÙÓÔρπ @φψϷ#,

Background-only hypothesis: ὴ σȢτ ρπ Ą significance σȢτ„

https://inspirehep.net/literature/1704548
https://inspirehep.net/literature/1704548
https://inspirehep.net/literature/1704548
https://inspirehep.net/literature/1704548
https://inspirehep.net/literature/1704548
https://inspirehep.net/literature/1704548
https://inspirehep.net/literature/1807490
https://inspirehep.net/literature/1807490
https://inspirehep.net/literature/1807490
https://inspirehep.net/literature/1807490
https://inspirehep.net/literature/1807490
https://inspirehep.net/literature/1807490
https://inspirehep.net/literature/1854186
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NA62 PRELIMINARY

2016-18

2016-22
BNL 

(final)

Theory:

[Phys.Rev. 163(1967)1430-1440]

[PRD10(1974)897]

[Prog.Theor.Phys. 65(1981)]

[PLB133(1983)443-448]

[PLB192(1987)201-206]

[Nucl.Phys.B304(1988)205-235]

[PRD54(1996)6782-6789]

[PRD76(2007)034017]

[PRD78(2008)034006]

[PRD83(2011)034030]

[JHEP11(2015)033]

[JHEP09(2022)148]

Experimental measurements:

Camerini et al. [PRL23(1969) 326-329]

Klems et al. [PRD4 (1971) 66-80]

Ljung et al. [PRD8 (1973) 1307-1330]

Cable et al. [PRD8 (1973) 3807-3812]

Asano et al. [PLB107(1981) 159]

E787 : 

[PRL64(1990) 21-24]

[PRL70(1993) 2521-2524]

[PRL76(1996) 1421-1424]

[PRL79(1997) 2204-2207]

[PRL84(2000) 3768-3770]

[PRL88(2002) 041803]

E949 (+E 787)

[PRL 93(2004) 031801]

[PRL 101(2008) 191802]

NA62:

2016 data: [PLB 791 (2019) 156]

2016+17 data: [JHEP 11 (2020) 042]

2016-18 data: [JHEP 06 (2021) 093]

2016-22 data : [JHEP 02 (2025) 191] this result
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Beam intensity: 2018 vs 2022
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.

× Average beam intensity increased

×NA62 òFull intensityó with 4.8s spill = 600 MHz



Comprehensive photon veto system
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1 mrad

12 Large Angle Veto (LAV) 

stations made of  multiple

rings of  37 cm long Schott 

SF57 lead-glass blocks 

recycled from the OPAL EC 

barrel; ςρὢ per station, 

depending on the number of

layers traversed

Intermediate Ring & Small Angle Calorimeters (IRC & SAC): 

sampling calorimeters of  lead/ scintillator,Ḑρω ὢ. 

IRC: two modules surrounding   the beam pipe, in front of  the LKr

SAC: installed inside the beam vacuum, upstream of  the dump

Liquid krypton (LKr) 

homogeneous Ecal (Ḑςχὢ)

10-50 mrad 1-10 mrad

<1 mrad

LAV, LKr, IRC & SAC provide hermetic coverage of  polar angles up to 50 mradfrom the beam 

axis, for photons emitted, for instance, in the decay chain ὑ ᴼ““ “ ᴼ‎‎

Probability of  ὑ ᴼ““ “ ᴼ‎‎ 
event passing all photon veto conditions:

 ⱢⱫ Ȣ Ȣ ,

meets target requirement for bkg rejection: 

ρπ “ suppression



New upstream vetoes: VetoCounter & ANTI0
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[FELIX readout: Streaming Readout Workshop talk 2021]

Scintillator tiles & SiPMsVeto Counter (VC): 

detects particles from 

decays upstream of  final 

collimator. 

Factor Ḑσ rejection with 

ḐςϷ accidental veto.

ANTI 0:

detects particles up to       

Ḑρ m from the beam line. 

Reject ḐςπϷ of  upstream 

background with <1% 

signal loss  
[SPSC report 2023][ EP Newsletter, Dec21]

https://indico.phy.ornl.gov/event/112/contributions/495/attachments/486/1338/08-12-21_A_novel_continuous_readout_for_the_NA62_data_acquisition_system_-_Streaming_Readout_conference.pdf
https://indico.phy.ornl.gov/event/112/contributions/495/attachments/486/1338/08-12-21_A_novel_continuous_readout_for_the_NA62_data_acquisition_system_-_Streaming_Readout_conference.pdf
https://na62.web.cern.ch/Documents/SPSC-SR-326.pdf
https://ep-news.web.cern.ch/content/transforming-na62


Particle ID performance in 2021-2022 data
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Calorimeters

Å Use BDT classifier for LKr and MUV1,2

Å + MUV3 (fast ‘ detector )

RICH

Designed to separate  ‘Ⱦ“  with 

15-35 GeV/c  momentum

ꜗⱫ ╘╓ Ȣ Ȣ Ϸ
╟Ⱨ □░▼╘╓ ╪▼ Ⱬ Ȣ Ȣ

meet target requirement for bkg rejection: ρπ ‘ rejection



Acceptances 
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Acceptances are evaluated at 0 intensity from MC simulations; 

intensity dependence captured in ‭

Acceptances per Ⱬ  momentum bin OLD

 (2018 S2)

NEW 

(2021-2022)

Normalisation 

acceptance
11.8% 13.4%

Signal acceptance
(6.37 0.64)% (7.62 0.22)%

× Increased selection efficiencies:

× New ὑ “ matching technique

× Re-tuned vertex conditions 

× Relaxation of  some vetoes 

× Improved precision + improved systematic uncertainty evaluation

× PID and ὑ “ matching syst. uncertainties cancel in the ratio 

× Photon veto and multi-track veto conditions only apply to ὃ ὴ
[2.8% sys is applied to ὃ in each momentum bin] 

ὔ ὴ
ὄὙ ὑ ᴼ“’Ӷ’

ὄ ὴ

ὃ ὴ

ὃ ὴ
‭ ‭ ὴὈ ὔ ὴ

ὄὙ ὑ ᴼ“’Ӷ’

ὄὙὑ ᴼ““

+15% 

+20% 



Random veto efficiency - ‭  
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Depends only on intensity; measured from ὑ ᴼ‘’MB events 

╡ꜗ╥ ○▼ instantaneous intensity

× Relaxation of  some vetoes in 2021-2022 analysis w.r.t.2016-2018

× Need to balance efficiency (lower with strict vetoes) and bkg(higher with loose vetoes)

× Operational intensity higher but re-tuning vetoes: ꜗ╡○is comparable

ὔ ὴ
ὄὙ ὑ ᴼ“’Ӷ’

ὄ ὴ

ὃ ὴ

ὃ ὴ ╡ꜗ╥‭ ὴὈ ὔ ὴ
ὄὙ ὑ ᴼ“’Ӷ’

ὄὙὑ ᴼ““

ρ ‭  = Probability to reject a signal event due to 

additional/accidental in-time activity in the detector

OLD

 ‗  Ḑτππ ὓὌᾀ 
in 2018

NEW 

‗  Ḑφππ ὓὌᾀ 
in 2021-2022

‭ (φφ ρ)% (φσȢς πȢφ)%



Trigger efficiency ratio - ‭
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× Trigger efficiency ratio: 

× New: several components in both signal (PNN) and normalisation

(NORM)  triggers Ą partial cancellation of  trigger inefficiencies

× Old: in 2016-2018 analysis, normalisationevents collected with a 

fully independent min bias trigger Ą no cancellation

× Improved precision by factor 3 with reduced systematic uncertainty

ὔ ὴ
ὄὙ ὑ ᴼ“’Ӷ’

ὄ ὴ

ὃ ὴ

ὃ ὴ
‭ ◄ꜗ►░▌▌▄►▬░Ὀ ὔ ὴ

ὄὙ ὑ ᴼ“’Ӷ’

ὄὙὑ ᴼ““

‭
‭

‭

◄ꜗ►░▌▌▄► per momentum bin

‭  accounts for the conditions in the PNN trigger  not 

used in the NORM trigger; the strong momentum dependence  

is related to the max energy deposit in the LKr 



Bayesian classifier for ὑ “  matching
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Ⱡ Ϸ ╟ÍÉÓÔÁÇ
╚ Ϸ╟ÍÉÓÔÁÇ

╟ Ϸ

‗ ‗

NA62 PRELIMINARY NA62 PRELIMINARY

ὖ ὔ

ὖ ɝὝ

ὖ ɝὝ

NA62 PRELIMINARY NA62 PRELIMINARY

NA62 PRELIMINARY

ὖ ὅὈὃ

ὖ ὅὈὃ

Inputs: spatial (CDA) and time (ɝὝ) matching, 

intensity/pileup (ὔ ) [prior]
Output: probability of  the GTK track to be the true ὑ  track [posterior]

models for PDFs/Prior from ὑ ᴼ“““ data

×Use likelihoods of  kaons and pile-up

× Likelihood ratio used to select ture match when ὔ ρ

Efficiency improved Ϸ with respect to 2016-2018 analysis                 

Mistagging probability maintained  



Upstream background estimate
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Ὢ  scaling factor «bad-to-good» CDA

Ὥ bin in the ὑ  “  matching algorithm to define ὖ

ὔ  URS event in the Ὥ bin 

ὖ  probability to satisfy the ὑ “  matching conditions  

(measured in the  ὑ ᴼ““ normalisationsample)

╝◊▬▼
▄●▬ ╡ ╡ 

Ὢ ὔ ὖ

× Fully data driven estimate

× Expected bkgin R1,2 from the òUpstream Reference Sampleò (URS), 

containing all types of  upstream bkgs mechanisms

× Full signal selection but ὑ “ matching and inverted cut on the 

closest distance of  approach (CDA) between the ὑ  and “ tracks 

(«good» CDA (events in SR) < 4mm, «bad» CDA (URS events) > 4 mm)

CDA distribution  

for URS events

«
g

o
o

d
»
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D

A
 re

g
io

n



CR3D signal regions definition
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ά ὖ ὖ

× Control region orthogonal to the ά
“  momentum plane, for events in R1 

or R2 in 2 out of  3 dimensions

× ά , ά ȟ  ȟά ȟ   

all used to define the signal regions 

R1 and R2

× CR3D defined by using sidebands to the 

signal region in the «alternative» ά  

distributions 

Default: GTK Ą ά  

Alternative: nominal beam momentum 

Ą ά ȟ  

Default: STRAW Ą ά
Alternative: ȿὴȿ from RICH (used as 

velocity spectormeter) Ą ά ȟ  

Kinematic regions in the 

□□░▼▼ȟ▪▫□░ ○▼ □□░▼▼ plane

Kinematic regions in the 

□□░▼▼ȟ╡╘╒╗ ○▼ □□░▼▼ plane


