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The NA62 Experiment
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• Designed to study 𝐾+ → 𝜋+𝜈 ҧ𝜈

• 10−11 Sensitivity to single 𝜋+ events

• 𝐾 and 𝜋 tracking; timing; PID; calorimetry

• Broad Kaon physics program: precision measurements & searches

• Dump physics
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PoT ~2.2 × 1018 recorded

Intensity: 

2018: 65% nominal

2017: 50% nominal

2016: 40% nominal

RUN1



𝑲+ → 𝝅+𝝂ഥ𝝂 from RUN1

10/05/2023 3

3.4𝜎 evidence 𝐾+ → 𝜋+𝜈 ҧ𝜈

𝑵𝒐𝒃𝒔 = 𝟐𝟎

JHEP06(2021)093

𝑩𝑹 = 𝟏𝟎. 𝟔−𝟑.𝟒
+𝟒.𝟎 ± 𝟎. 𝟗 × 𝟏𝟎−𝟏𝟏

“Upstream” background 

K+ decays upstream

Problem: lack of vetoes along the beam line

“Random Veto” 

Probability of signal loss when rejecting photons

Loss due to random veto induced by accidental activity

𝒪 100 ps Timing

~103 Kinematic 
background 
suppression

~108 Muon suppression

~108 π0 suppression

𝐦𝐦𝐢𝐬𝐬
𝟐 = 𝐏𝐊+ − 𝐏𝛑+

𝟐



Run2: ≥ 𝟐𝟎𝟐𝟏
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RUN 2

Main Goal:  measurement of 𝐁𝐑 𝑲+ → 𝝅+𝝂ഥ𝝂 (Addendum I to P326  SPSC-2019-039)    

Requirements: 

• Run at nominal intensity (~𝟑𝟑 × 𝟏𝟎𝟏𝟏 ppp on T10)

• Control upstream background 

• Mitigate effect of random veto

• Optimize the 𝑲+ → 𝝅+𝝂ഥ𝝂 analysis to increase signal acceptance

NA62 recommended by SPSC and approved from research board until LS3     (CERN-DG-RB-2021-505)
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New institutions have joined NA62 in 2022/2023

• Max Planck Institute Munich, Aix Marseille University, Ecole polytechnique federale de 
Lausanne, Institute of Nuclear Physics (Almaty - Kazakhstan)   



RUN 2 New Hardware
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Figure1: Layout of theNA62 experiment . KTAG: di↵erent ial Cherenkov counter; GTK: Si pixel

beam tracker; CHANTI: ring stat ions of scint illator bars; LAV: lead glass ring calorimeters;

STRAW: st raw magnet ic spect rometer; RICH: ring imaging Cherenkov counter; MUV0: o↵-

acceptance plane of scint illator pads; CHOD: planes of scint illator pads and slabs; IRC: inner

ring shashlik calorimeter; LKr: elect romagnet ic calorimeter filled with liquid Krypton; MUV1,2:

hadron calorimeter; MUV3: plane of scint illator pads for muon veto; HASC: near beam lead–

scint illator calorimeter; SAC: small angle shashlik calorimeter. In the layout , the final fixed

collimator installed in 2018 is visible, between GTK and CHANTI.

Figure 2: Schemat ic layout of the new achromat and beam line.
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GTK0: 4th station of Gigatracker to improve kaon reconstruction efficiency

Veto Counter: veto of K decays occurring upstream

Anti0: veto “accidental” muons to improve background rejection in dump mode

HASC2 (not in figure): improve photon rejection at small angles

10/05/2023

CEDAR - H (not in figure): reduce material along the beam line

2021

2021

2021

2021

2023
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New



2022 Run
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2022 Delivered “Luminosity”

𝐈𝐧𝐭𝐞𝐠𝐫𝐚𝐭𝐞𝐝 𝐏𝐨𝐓 ~𝟏. 𝟖 × 𝟏𝟎𝟏𝟖 𝐨𝐧 𝐓𝟏𝟎

10/05/2023

2022

𝜟𝒕 𝐬𝐩𝐢𝐥𝐥𝐬 ≈ 𝟏𝟖. 𝟐 𝒔 (~𝟎. 𝟐𝟓 𝐝𝐮𝐭𝐲 − 𝐜𝐲𝐜𝐥𝐞)

𝐩𝐩𝐩 ≈ 𝟑𝟐. 𝟓 × 𝟏𝟎𝟏𝟏
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2022 Observed Intensity (Rate at GTK)

10/05/2023

2018
𝟐𝟎𝟐𝟐

Intensity increase vs 2018: × 1.45

N.B.

Effective spill length ~4𝑠 (2022, 2018)

Rate at GTK corresponds to 750 MHz
at 3𝑠 effective spill (P326 proposal)   

Absolute average rate at GTK in 2022 
580 MHz
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Average 
intensity



2022 NA62 Data Taking Efficiency

10/05/2023

T4: (# spills with beam on T4) / (# expected spills) 

T10: (# spills with beam on T4 and T10) / (# spills with beam on T4) 

NA62: (# spills written on disk) / (# spills with beam on T4 and T10) 

Trigger: (# events written on disk) / (< # events > that should have been written given the intensity) 

Total: T4 x T10 x NA62 x Trigger

DAQ: NA62 x Trigger
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Beam DAQ Total

0.682 0.722 0.493

0.716 0.793 0.568

0.641 0.636 0.408

0.618 0.585 0.362



Beam DAQ Total

0.682 0.722 0.493

0.716 0.793 0.568

0.641 0.636 0.408

0.618 0.585 0.362

2022 NA62 Data Taking Efficiency

10/05/2023

Significant improvements vs 2021 and during 2022

 Spill quality fixed in 2022

 GTK readout instabilities fixed 10/08 (optical splitter)

DAQ efficiency in 2018 ~0.8

 From 10/08 onwards NA62 data taking in line with 2018 
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2022 Spill Quality
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2021 2022

Intensity “bump” in 1st second (× 8 intensity) in 2021 fixed in 2022     - We thank the BE-OP, SY-RF groups
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Preparation of the 2023 Run
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CEDAR - H

10/05/2023

Reduction of material budget in the beamline: 𝐍𝟐 𝟑. 𝟗% 𝐗𝟎 vs 𝐇𝟐 𝟎. 𝟕% 𝐗𝟎

Expected 15% reduction rate at L0, Lower occupancy of detectors (to be quantified) 
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New optics Tested in H6 (fall 2022)

𝝅+ 𝑰𝑫 < 𝟏𝟎−𝟒

𝑵𝜸 ≈ 𝟏𝟖 − 𝟏𝟗

𝝈𝒕
𝑲𝑻𝑨𝑮 ≈ 𝟔𝟓 𝐩𝐬

𝐾 − 𝜋 separation

Time resolution

Photon yield



CEDAR - H

10/05/2023

KTAG dismantled from CEDAR-W CEDAR-W removed from K12 CEDAR-H installed in K12

15



CEDAR - H

10/05/2023

KTAG frame reassembledNew spherical mirrors Light box installed

Cabled

Commissioning of detector for work with Hydrogen – March / April

Installation completed beginning of March – readout tested

16

We thank all the groups and people at CERN involved in this project



L0TP+
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New L0 trigger processor board to replace the 
board in operation since 2015

Goal:

 Increase output bandwith

 More flexibility for different trigger algorithms

Requirements:

 Last generation FPGA; Larger on-chip memory

 PCI Express interface; FMC expansion slots

 Last generation high speed channel interfaces

Technical solution: commodity device (Xilinx VCU118)

Project timeline:

2019 – 20 design and build of the board

2021 – 22 test in parallel to L0TP, NA62 integration

2023 commissioned and fully operational

Board installed at NA62

Number of primitives
received by L0 from detectors

NCHOD RICH MUV3 CHOD LKr

𝑻𝒊𝒎𝒆 [𝒔] 𝑻𝒊𝒎𝒆 [𝒔]

Burst profile



Beam Preparation and Tuning
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Re-alignment of the P42 beam line

Removal of not used beam line elements

Removal of a badly mis-aligned vacuum chamber after T4

Installation of addition beam instrumentation

Beam tuning completed before official start of data taking

Standard magnification (0.5 - 1) (lower in 2021-2022)

Beam spot at T10 as expected (larger in 2021-2022)

20% reduction of protons on T4 for the same intensity in K12

We thank the BE-EA group and all the people involved 

Beam profile at T10 - 2023
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Plans for RUN 2023

10/05/2023

25-30% shorter than 2022 due to energy saving measures

 150 days nominal (modulus duty – cycle)

Kaon Physics 

 K+→ π+νതν at nominal intensity 

 Rare trigger and tagged neutrino trigger lines in parallel

 Possibility to optimize downscaling of non - 𝜋𝜈𝜈 triggers (Hydrogen + L0TP+)

 Short runs at lower intensity (65%, 80%) for 𝜋𝜈𝜈 if needed (to be planned)

Dump

 1 week (+ contingency)

 × 1.5 nominal intensity

 2021-configuration: tax closed, target removed, muon sweepers on

19



Computing, Software
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Main upgrades 

10/05/2023

Improved online software for faster online monitoring (run 2022)

New farm PCs (run 2023)

Increase of EOS space: 1 Pbyte / year

 We thank IT Department for the support

Multi – threads reconstruction 

 Further speeding up of the online monitor expected (run 2023)

Simulation

 Fast switching from RUN1 and RUN2 (21,22, >22) configurations

 Tuning of the intensity templates / year to simulate accidentals with overlay technique

 Biasing methods to simulate rare events sources of background

 Migration to the recent GEANT4 v.11 release
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2022 Data Quality
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Overview
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𝟖𝟓% of data processed online in 2022 for monitoring and «express» analysis

𝟏𝟎𝟎% of 2022 data reprocessed by March 2023

Burst collected: ~𝟒𝟎𝟑 × 𝟏𝟎𝟑

«Bad» bursts for 𝐾+ → 𝜋+𝜈 ҧ𝜈 analysis : ~𝟖𝟎 × 𝟏𝟎𝟑

 Mostly from first period due to SAV problems 

 Without first period 𝟏𝟎% rate of bad burst, consistent with 2017 and 2018 runs

Quality of data consistent with 2018
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Kinematic Reconstruction
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nominal intensity (2022)

𝐾 − 𝜋 matching Resolution 𝑚𝑚𝑖𝑠𝑠
2 𝐾+ → 𝜋+𝜋0

Expected 
from design
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Photon Rejection and PID
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Photon rejection
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𝜋 − 𝜇 separation (RICH)

Expected 
from design
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Status of the 𝑲+ → 𝝅+𝝂ഥ𝝂
analysis 
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Signal Efficiency

10/05/2023

Improved random veto 𝜀𝑅𝑉 → compensation of 
the effect from increased intensity vs 2018 

Selection optimization → increase of signal 
selection acceptance vs 2018 (× 1.2)

Decrease of reconstruction efficiency vs 2018 due 
to intensity increase (× 0.95)

Decrease of absolute trigger efficiency vs 2018 
due to increased intensity (× 0.9)
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Background from Kaon Decays

10/05/2023

e.g. 𝐾+ → 𝜋+𝜋0 data driven method 

Normalization: background region

Extrapolation to signal region:

Non-Gaussian tails of the 𝑚𝑚𝑖𝑠𝑠
2 resolution

nominal intensity (2022)

Trend depends on 
𝐾 − 𝜋 mismatching
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𝒇𝒕𝒂𝒊𝒍𝒔 = 𝟏. 𝟐𝟐 ± 𝟎. 𝟓 × 𝟏𝟎−𝟑



Overall Status (2022)
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PROCESS 2022 2018
Expected # events in signal region

Data - driven

Data + MC

MC

Signal / Kaon background = 4.0 ± 0.5 (3.6 ± 0.4 in 2018)

Uncertainty # 𝜋𝜈𝜈 : systematics from normalization/trigger + parametric uncertainty from SM branching ratio 

Trigger efficiency ~0.9 (relative between normalization and signal, main effect from photon veto)

Normalization: 𝐾+ → 𝜋+𝜋0 from specific trigger (muon rejection in common with signal, no photon veto) 
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Selected Signal yield - Summary
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Year Weeks # bursts 
collected 103

# good bursts 103 Beam intensity   
(vs nominal)

Expected 
PNN/good burst

𝟐𝟎𝟐𝟐 29 403 320 100% 𝑶(𝟐. 𝟓 × 𝟏𝟎−𝟓)

2021 18 145 120 100% work in progress

2018 31 520 450 65% 1.7 × 10−5

2017 24 300 265 50% 0.8 × 10−5

2016 8 84 67 40% 0.4 × 10−5

~47% increase of 𝜋𝜈𝜈 / burst vs 2018:                         1.45 × 1.2 × 0.95 × 0.9 = 1.49

Intensity Selection Reconstruction Trigger
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Upstream Background
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10/05/2023

Upstream Background

Data – driven estimation; control regions from out – of – time regions and mis – reconstructed samples

Extrapolation in signal regions using PDFs for timing and mis-reconstruction probabilities

Overall procedure under review to include veto counter

Quadratic scaling with intensity increase expected: veto counter essential

Impact of Veto Counter

−𝟕𝟓%
−𝟓𝟎%

−𝟑𝟓%
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𝑲+ → 𝝅+𝝂ത𝝂 Plans

10/05/2023

 Analysis

 Further optimization of the selection

 Test and possible implementation of a new algorithm for PID based on NN

 Study of the scaling of the upstream background with intensity

 Full implementation of the veto counter

 Evaluation procedure of the upstream background

 Simulation studies of the upstream background

 Include 2021 data

 Result

 Release of a new result based on 2021+2022 data hopefully by end-2023
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Selection of Physics 

Results from 2022

• Precision measurements: LFUV, Chiral parameters

• NP direct search: forbidden LNV, LFV kaon decays

• Feebly interacting particles searches

10/05/2023 34



𝑲+ → 𝝅+𝒍+𝒍− Precision measurement

Measurement of FF and 𝐵𝑅 𝐾+ → 𝜋+𝜇+𝜇−

Lepton universitality: same 𝑎, 𝑏 for 𝑙 = 𝑒, 𝜇Τ𝑧 = 𝑚(𝑙+𝑙−)2 𝑀𝐾
2

Form factors (FF)

Τ𝑑Γ 𝑑𝑧 ∝ 𝐺𝐹𝑀𝐾
2 𝑎 + 𝑏𝑧 +𝑊𝜋𝜋(𝑧)

Data RUN 1, almost background-free selection

normalization 𝐾+ → 𝜋+𝜋+𝜋−

𝑎, 𝑏 from fit Τ𝑑Γ 𝑑𝑧

Goal:

Analysis:

Theory:

10/05/2023 35

𝑁𝑜𝑏𝑠 = 27679

𝒂+ = −𝟎. 𝟓𝟕𝟓 ± 𝟎. 𝟎𝟏𝟑

𝒃+ = −𝟎. 𝟕𝟐𝟐 ± 𝟎. 𝟎𝟒𝟑

𝑩𝑹 𝑲+ → 𝝅+𝝁+𝝁− = 𝟗. 𝟏𝟓 ± 𝟎. 𝟎𝟖 × 𝟏𝟎−𝟖

JHEP11(2022)011



𝑲+ → 𝝅+𝜸𝜸 Precision measurement

Goal:        Measurement of 𝐵𝑅 𝐾+ → 𝜋+𝛾𝛾 and ො𝒄

Analysis:  Data RUN 1, ~10% background

normalization 𝐾+ → 𝜋+𝜋0

ො𝒄 from Τ𝑑Γ (𝑑𝑦𝑑𝑧)

Theory:   Test of Chiral Perturbation Theory, Τ𝑑Γ (𝑑𝑦𝑑𝑧) depends on the chiral parameter ො𝒄

𝑁𝑜𝑏𝑠 = 4039

ො𝒄 = 𝟏. 𝟕𝟏𝟑 ± 𝟎. 𝟎𝟕𝟓𝒔𝒕𝒂𝒕 ± 𝟎. 𝟎𝟑𝟕𝒔𝒚𝒔𝒕

𝑩𝑹 𝑲+ → 𝝅+𝜸𝜸 = 𝟗. 𝟕𝟑 ± 𝟎. 𝟏𝟕𝒔𝒕𝒂𝒕 ± 𝟎. 𝟎𝟖𝒔𝒚𝒔𝒕 × 𝟏𝟎−𝟕

KAON2022𝑁𝑏𝑘𝑔 = 393 ± 20

10/05/2023 36

Τ𝑧 = 𝑚(𝛾𝛾)2 𝑀𝐾
2

Τ𝑦 = 𝑝𝐾 𝑝𝛾1 − 𝑝𝛾2 𝑀𝐾
2



LNV and LFV decays in RUN1

direct search of NP: Majorana neutrino (LNV), Leptonquark (LFV)

Theory:  decays forbidden by SM because violate Lepton number and/or flavour 

NA62:     Run1 data; several channels studied

𝑲+ → 𝝅+𝒆+𝒆− (SM allowed) 𝑲+ → 𝝅−𝒆+𝒆+ (LNV)

Analysis: Most recent results (90% CL)

𝑩𝑹 𝑲+ → 𝝁−𝝂𝒆+𝒆+ < 𝟖. 𝟏 × 𝟏𝟎−𝟏𝟏

𝑩𝑹 𝑲+ → 𝝅−𝒆+𝒆+ < 𝟓. 𝟑 × 𝟏𝟎−𝟏𝟏

𝑩𝑹 𝑲+ → 𝝅−𝝅𝟎𝒆+𝒆+ < 𝟖. 𝟓 × 𝟏𝟎−𝟏𝟏

PLB830(2022)137172

PLB830(2022)137172

PLB838(2022)137679
(× 4 better)

(× 200 better)

(first search)
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Dark Photon Search 𝑨′ → 𝒍+𝒍− (RUN2)
Theory:   SM extension in the framework of feebly interacting particle models (FIPs) 

NA62:      Data taken in dump mode in 2021, exploitation of beam optimization and ANTI0

Analysis: 2 channels 𝜇+𝜇−, 𝑒+𝑒−; reconstructed 𝐴′ compatible with production in dump; blind procedure

10/05/2023

Expected Signal

𝑨′ → 𝝁+𝝁−

𝑨′ → 𝒆+𝒆−

38

Result

0.016 ± 0.002

Expected background

0.0094−0.009
+0.049 @ 90% CL

Random time superposition 
of two uncorrelated muons; 
data-driven estimation

Secondaries of particle’s
interactions with traversed
material (“prompt”); MC-
data estimation

1 event observed  

(2.4𝜎 significance)

No event 
observed

1.4 ± 0.3 × 1017 PoT



Conclusions
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• Successfull run in 2022

 NA62 runs in stable mode at full intensity  

 No evidence of loss of data taking efficiency compared to runs at lower intensity

• 𝐾+ → 𝜋+𝜈 ҧ𝜈 analysis:

 Improved compared to RUN1 analysis

 ~ + 50% increase of 𝜋𝜈𝜈 / burst compared to 2018

 Background from kaon decays in line with 2018, upstream background under study

• Other physics analysis:

 World-leading results published/released from precision, rare kaon, and dump physics

 Several new results expected mostly from RUN1 data

Selected 𝐾+ → 𝜋+𝜈 ҧ𝜈 yield / «year» matches expectations of Addendum I to P326  SPSC-2019-039

New result on 𝐾+ → 𝜋+𝜈 ҧ𝜈 expected by 2023

2023 run is starting with important hardware upgrades


