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Kaon Kaon physics @NA62physics @NA62

~200 participants, 30 institutions
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• 2008: NA62 Approval

• 2009-14: Detector R&D

• 2014: Pilot Run

• 2015: Commissioning Run

• 2016-18: Physics Runs

• 2021-23: Future plans
Birmingham,Bra*slava,Bristol,Bucharest,CERN,Dubna,9GMU=Fairfax,9Ferrara,9
Firenze,9Frasca*,9Glasgow,9Lancaster,9Liverpool,9Louvain=La=Neuve,9Mainz,9
Moscow,9Napoli,9Perugia,9Pisa,9Prague,9Protvino,9Roma9I,9Roma9II,9San9Luis9Potosi,9
Sofia,9Torino,9TRIUMF,9Vancouver9UBC

NA62 aim: collect O(100) SM K+→π+νν decays
using a novel decay-in-flight technique.

Kaon physics at NA62
2008: NA62 Approval

2009-14: Detector R&D

2014: Pilot Run

2015: Commissioning Run

2016-18: Physics Run

After LS2: Physics Run

NA62 main goal: precise measurement of 
Broad physics programme: rare decays, precision measurements, 
searches for exotic particles 



Rare Kaon decays:Rare kaon decays: KRare kaon decays: K→πνν→πνν
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Theoretically clean,
almost unexplored,

sensitive to new physics.

Mode BRSM×1011

K+→π+νν(γ) 8.4±1.0
KL→π0νν 3.00±0.31

 Hadronic matrix element related
    to a measured quantity (K+→π0e+ν).

 Exceptional SM precision.
 Free from hadronic uncertainties.

SM branching ratios
Buras et al., JHEP 1511 (2015) 033

Ultra-rare decays with
the highest CKM suppression:
A ~ (mt/mW)2|VtsVtd| ~ λ5*

SM: box and penguin diagrams
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SM branching ratios
Buras et al., JHEP 1511 (2015) 033

Ultra-rare decays with
the highest CKM suppression:
A ~ (mt/mW)2|VtsVtd| ~ λ5*

SM: box and penguin diagrams

FCNC process with highest CKM suppression:

Hadronic matrix element related
to measured quantity
Free from hadronic uncertainties
Exceptional SM precision
Sensitive to New Physics



Sensitivity to new physics

KLEVER 

KLEVER: An experiment to measure BR(KL → π0νν) at the CERN SPS – M. Moulson – KAON 2019 – Perugia, 13 Sep 2019  

New physics affects BRs differently for K+ and KL channels
Measurements of both can discriminate among NP scenarios
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●  Models with CKM-like 
flavor structure
− Models with MFV

●  Models with new flavor-
violating interactions in 
which either LH or RH 
couplings dominate
− Z/Z′ models with pure 

LH/RH couplings
− Littlest Higgs with      

T parity

●  Models without above 
constraints
− Randall-Sundrum
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KK→πνν→πνν: e: experiment xperiment vs vs theorytheory

3

Simplified Z,Z’ models [JHEP 1511 (2015) 166]
Littlest Higgs with T-parity [EPJ C76 (2016) 182]
Custodial Randall-Sundrum [JHEP 0903 (2009) 108]
MSSM non-MFV [PEPT 2016 123B02, JHEP 0608 (2006) 064
LVF models [Eur Phys J C (2017) 77]

(littlest Higgs
with T parity)

CKM unitarity triangle with kaonsBR(KL→π0νν) vs BR(K+→π+νν)

Correlations significantly change for different classes of NP models

KK→πνν→πνν: e: experiment xperiment vs vs theorytheory
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Simplified Z,Z’ models [JHEP 1511 (2015) 166]
Littlest Higgs with T-parity [EPJ C76 (2016) 182]
Custodial Randall-Sundrum [JHEP 0903 (2009) 108]
MSSM non-MFV [PEPT 2016 123B02, JHEP 0608 (2006) 064
LVF models [Eur Phys J C (2017) 77]

(littlest Higgs
with T parity)

CKM unitarity triangle with kaonsBR(KL→π0νν) vs BR(K+→π+νν)

Correlations significantly change for different classes of NP modelsCorrelations are model-dependent 



Experimental state of the art𝐊+ → 𝛑+𝛎ത𝛎 Experimental State of the Art
𝐾+ decay in flight technique NA62𝐾+ decay at rest technique E787/E949

Data 2016

NA62

𝐵𝑅 𝐾+ → 𝜋+𝜈 ҧ𝜈 = 1.73−1.05+1.15 × 10−10

Phys. Rev. D 77, 052003 (2008)
Phys. Rev. D 79, 092004 (2009)

Phys. Lett. B 791, 156 (2019) 
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The NA62 experiment  The NA62 detector The NA62 detector
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Timing between sub-detectors O(100 ps).
Kinematic rejection O(104) for K+→π+π0 and K→µ+ν.
Photon veto: π0→γγ decay suppression from K+→π+π0 >10−7.
Particle ID (RICH+LKr+HAC+MUV): muon suppression from K→µ+ν > 10−7 .

Un-separated hadron (p/π+/K+) beam.
SPS protons: 400 GeV, 3×1012/spill.

K+: 75GeV/c (±1%), divergence < 100µrad.
800 MHz beam rate; 45 MHz K+ rate;
~5 MHz K+ decays in fiducial volume

KTG: Cherenkov
kaon tagger
σt=70ps

Anti-counters

GTK: beam
tracker

Spectrometer:
straw chambers

LAV: large-angle
photon veto (12 stations)

σt=70ps

Hadronic
calorimeter Muon

detector
(MUV)

Small-angle
photon vetoLKr EM

calorimeter

Dump

Z [m]

NA62 collaboration,
JINST 12 (2017)  P05025 

400 GeV
SPS protons

60 m
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NA62 data samples

NA62 Runs

810/09/2019 Giuseppe Ruggiero - Kaon 2019* Including periods of beam off

𝐏𝐫
𝐨𝐭
𝐨𝐧

𝐬
𝐨𝐧

𝐭𝐚
𝐫𝐠
𝐞𝐭

2014-15 (16) Pilot run, Commissioning runs

2016 Physics run (45 days*)
2017 Physics run (160 days*)
2018 Physics run (217 days*) 

𝐃𝐚𝐭𝐞

2017 data:
~2x1012 K+ decays

40%
intensity/nominal

55% 65%



CERN seminar, 23.09.2019 13New result on �+✏⇣+⌘⌘ from NA62 (R. Marchevski)

Analysis strategy
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✏+ mass hypothesis 

Decay in flight technique𝐊+ → 𝛑+𝛎ത𝛎 Decay-in-flight
mmiss
2 = PK+ − Pπ+ 2 Process Branching ratio

K+ → π+π0 γ 0.2067
K+ → μ+𝜈 γ 0.6356
K+ → π+π+π− 0.0558 
K+ → π+π−e+ν 4.25 ∙ 10−5

1010/09/2019 Giuseppe Ruggiero - Kaon 2019

𝐊+ → 𝛑+𝛎ത𝛎 Decay-in-flight
mmiss
2 = PK+ − Pπ+ 2

𝟏𝟓 < 𝐏𝛑+ < 𝟑𝟓 GeV/c

Particle ID (Cherenkov detectors)

Particle ID (Calorimeters, 𝜇 - veto)

Photon veto

Process Branching ratio

K+ → π+π0 γ 0.2067
K+ → μ+𝜈 γ 0.6356
K+ → π+π+π− 0.0558 
K+ → π+π−e+ν 4.25 ∙ 10−5

Kinematic signal identification

R
eg

io
n 

1

Region 2

1210/09/2019 Giuseppe Ruggiero - Kaon 2019

𝐊+ → 𝛑+𝛎ത𝛎 Decay-in-flight
mmiss
2 = PK+ − Pπ+ 2

𝟏𝟓 < 𝐏𝛑+ < 𝟑𝟓 GeV/c

Particle ID (Cherenkov detectors)

Particle ID (Calorimeters, 𝜇 - veto)

Photon veto

Process Branching ratio

K+ → π+π0 γ 0.2067
K+ → μ+𝜈 γ 0.6356
K+ → π+π+π− 0.0558 
K+ → π+π−e+ν 4.25 ∙ 10−5

Kinematic signal identification

R
eg

io
n 

1

Region 2

1210/09/2019 Giuseppe Ruggiero - Kaon 2019

𝐊+ → 𝛑+𝛎ത𝛎 Decay-in-flight
mmiss
2 = PK+ − Pπ+ 2

𝟏𝟓 < 𝐏𝛑+ < 𝟑𝟓 GeV/c

Particle ID (Cherenkov detectors)

Particle ID (Calorimeters, 𝜇 - veto)

Photon veto

Process Branching ratio

K+ → π+π0 γ 0.2067
K+ → μ+𝜈 γ 0.6356
K+ → π+π+π− 0.0558 
K+ → π+π−e+ν 4.25 ∙ 10−5

Kinematic signal identification
R

eg
io

n 
1

Region 2

1210/09/2019 Giuseppe Ruggiero - Kaon 2019

+



𝐊+ → 𝛑+𝛎ത𝛎 Selection

Selection
• K+- π+ matching

• K+ decays in the decay volume

• π+ identification (PID)

• photon rejection

• Multi-track rejection

1510/09/2019 Giuseppe Ruggiero - Kaon 2019

Measured performance 
GTK-KTAG-RICH timing: 𝒪 100 ps

σ mmiss
2 ~ 10−3 ΤGeV2 c4

π+ ID: εμ~10−8, επ+~64%

𝜋0 rej: 𝜀𝜋0~1.4 ∙ 10−8, 𝑝𝜋+𝜖 15,35 GeV/c

𝑚𝑚𝑖𝑠𝑠
2 : π+/K+ 3-momentum from Straw/Gigatracker, 𝜋+ mass hypothesis

Control data

π+π+π− Region

π+π0 Region

μ+ν
Region

Signal Region 2

Signal 
Region 1 

𝐾+decays selected before PID 
and 𝛾/multi-track rejection 

𝝅+ 𝐦𝐨𝐦𝐞𝐧𝐭𝐮𝐦 [𝐆𝐞𝐕/𝐜]

𝒎
𝒎
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Selection:

Measured performances:

[pion/kaon 3-mom from STRAW/GTK, pion mass hypothesis] 

Signal regions kept masked: blind analysis



Single Event Sensitivity (SES) 
𝝅𝝂𝝂 Single Event Sensitivity (S.E.S.)

S. E. S. =
Br πνν
Nπνν
𝑒𝑥𝑝

• Ratio of πνν and π+π0 acceptances allows cancellation of systematic effects
• Computation in bins of π+ momentum and instantaneous beam intensity 

Nπνν
𝑒𝑥𝑝 ≈ Nππ εRV εtrigger

Aπνν
Aππ

Br πνν
Br ππ

Nπνν
𝑒𝑥𝑝 � Expected number of πνν events

Br πνν � SM πνν branching ratio 

Nππ � K+ → π+π0 from control πνν-like selected without γ/multiplicity rejection 

εRV � πνν loss due to γ/multi-track rejection because of random activity 

εtrigger � PNN trigger efficiency 

Aπνν,ππ � Monte Carlo acceptances for πνν (~3.0%*) and π+π0 (~8.5%)

Br ππ � PDG K+ → π+π0 branching ratio 

1810/09/2019 Giuseppe Ruggiero - Kaon 2019* Vector form factors(* Vector Form Factors)

Computation in bins of pion momentum and instantaneous 
beam intensity



𝝅𝝂𝝂 Single Event Sensitivity
𝛆𝐑𝐕 measured on K+ → μ+ν data 𝛆𝒕𝒓𝒊𝒈𝒈𝒆𝒓 measured on data

1910/09/2019 Giuseppe Ruggiero - Kaon 2019

• Intensity measured event-by-event using Gigatracker time sidebands

NA62 Preliminary𝜀𝑅𝑉 2017 = 0.638 ± 0.014

Efficiencies

[Intensity: measured event-by-event using GTK time sidebands]



𝝅𝝂𝝂: Data After Selection

π+π0

Control 
Regions

Upstream background control region

μ+ν
Control 
Region

High - P
control region

Control and signal regions MASKED

2110/09/2019 Giuseppe Ruggiero - Kaon 2019

NA62 Preliminary

π+π+π−

Control Region

Region 2

Region 1

2017 data after selection



CERN seminar, 23.09.2019 34New result on �+✏⇣+⌘⌘ from NA62 (R. Marchevski)

Background: K+ � ✏+✏0

Control K+*+++0 data used to study 
the tails of the m2miss distribution

Expected K+✏⇣+⇣0  in 
signal regions aWer the 
⇣⌘⌘ selection 

Fraction of ⇣+⇣0  in 
signal region measured 
on control data

Data in ⇣+⇣0  region aWer ⇣⌘⌘ 
selection (including ⇣0 rejection)

NA62 Preliminary

Background from kaon decays in fiducial volume
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Background: K+ � ✏+✏0

Control K+*+++0 data used to study 
the tails of the m2miss distribution

Expected K+✏⇣+⇣0  in 
signal regions aWer the 
⇣⌘⌘ selection 

Fraction of ⇣+⇣0  in 
signal region measured 
on control data

Data in ⇣+⇣0  region aWer ⇣⌘⌘ 
selection (including ⇣0 rejection)

NA62 Preliminary

Background Validation
K+ → π+π0 background expected
and observed in control regions
(CR1+CR2) after πνν selection

K+ → μ+ν background expected and
observed in control region (CR) after
πνν selection

2310/09/2019 Giuseppe Ruggiero - Kaon 2019



Upstream Background

Achromat

𝐊+(𝟕𝟓 𝐆𝐞𝐕)

Collimator

1st Straw 
Chamber

Decay region
In-time pileup
beam particle

𝜸
𝜸

• K+ decays/interacts in the achromat
• Secondary 𝜋+ downstream
• Beam elements block additional particles
• 𝜋+ scattering in straw chamber 1
• Pileup beam particle tagged as K+

Count events on data with
inverted 𝐾 − 𝜋 matching

Estimate the probability to
occur from data/simulation

3110/09/2019 Giuseppe Ruggiero - Kaon 2019

z
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Fake decay 
vertex

Upstream Background

Achromat

𝐊+(𝟕𝟓 𝐆𝐞𝐕)

Collimator

1st Straw 
Chamber

Decay region
In-time pileup
beam particle

𝜸
𝜸

Fake decay 
vertex

• K+ decays/interacts in the achromat
• Secondary 𝜋+ downstream
• Beam elements block additional particles
• 𝜋+ scattering in straw chamber 1
• Pileup beam particle tagged as K+
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z

y

NA62 PreliminaryRegion removed offline

57CERN seminar, 23.09.2019 New result on �+✏⇣+⌘⌘ from NA62 (R. Marchevski)

Background: Upstream decays validation

NA62 Preliminary

Measured on data on enriched sample

“Upstream” background



Background evaluation

Background expectations validated in Control Regions on data
58CERN seminar, 23.09.2019 New result on �+✏⇣+⌘⌘ from NA62 (R. Marchevski)

Total expected background

NA
62 
Pre
lim
ina
ry
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Single Event Sensitivity: Results

S.E.S error budged 

External error on Nexp
⌦↵↵
 from Br(⌦↵↵) = (0.84 ± 0.10)x10-10

Integrated over beam intensity and ⌦+ momentum

NA62 2017 data sample

Single Event Sensitivity:

56CERN seminar, 23.09.2019  Recent �⌫⇠⇡⇡  experimental results and status (R. Marchevski)
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Total expected background

K decays background

41CERN seminar, 23.09.2019  Recent �⌫⇠⇡⇡  experimental results and status (R. Marchevski)

K+ decay background summary



62CERN seminar, 23.09.2019  Recent �⌫⇠⇡⇡  experimental results and status (R. Marchevski)

Opening the box

Two events observed in signal region

2017 

NA62 2017 data – opening the box



Result

Upper Limits (CLs method):

2016 and 2017 data uncorrelated, both similar analysis 
techniques: results can be combined

2016+2017:

2016+2017 Result

𝐵𝑟 𝐾+ → 𝜋+𝜈 ҧ𝜈 = 0.47−0.47+0.72 × 10−10• Two-sided 68% band:

• Upper limits (CLs method)

4010/09/2019 Giuseppe Ruggiero - Kaon 2019

Observed Expected (background only) CL
𝐵𝑟 𝐾+ → 𝜋+𝜈 ҧ𝜈 < 1.85 × 10−10 𝐵𝑟 𝐾+ → 𝜋+𝜈 ҧ𝜈 < 1.32 × 10−10 90%
𝐵𝑟 𝐾+ → 𝜋+𝜈 ҧ𝜈 < 2.44 × 10−10 𝐵𝑟 𝐾+ → 𝜋+𝜈 ҧ𝜈 < 1.62 × 10−10 95%

Events observed 3
Single event sensitivity 0.346 ± 0.017 × 10−10

Expected background 1.65 ± 0.31

• 2016 and 2017 data uncorrelated

Two-sided 68% band:
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𝐊+ → 𝛑+𝛎ത𝛎 Experimental Status
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PRD 10 (1974) 897
NPB 304 (1988) 205
PRD 54 (1996) 6782
PRD 76 (2007) 034017
PRD 83 (2011) 034030
JHEP 11 (2015) 33

NA62 Preliminary

Historical perspective

𝐊 → 𝛑𝛎ത𝛎 decays: a theoretically clean environment

• FCNC loop processes: sod coupling and highest CKM suppression

• Very clean theoretically: Short distance contribution. No hadronic uncertainties.

• SM predictions [Buras et al. JHEP 11 (2015) 33]

BR 𝐾+ → 𝜋+𝜈 ҧ𝜈 = 8.39 ± 0.30 ∙ 10−11
𝑉𝑐𝑏

0.0407

2.8 𝛾
73.2°

0.74
= 0.84 ± 0.10 ∙ 10−10

BR 𝐾𝐿 → 𝜋0𝜈 ҧ𝜈 = 3.36 ± 0.05 ∙ 10−11
𝑉𝑢𝑏

0.00388

2 𝑉𝑐𝑏
0.0407

2 sin 𝛾
sin 73.2°

2

= 0.34 ± 0.06 ∙ 10−10

310/09/2019 Giuseppe Ruggiero - Kaon 2019

SM



2017 Result in context

Constraints on the largest enhancements allowed by NP scenarios

𝐊+ → 𝛑+𝛎ത𝛎 Experimental Status
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NA62 Preliminary

71CERN seminar, 23.09.2019 New result on �+✏⇣+⌘⌘ from NA62 (R. Marchevski)

Conclusions

Constraints on the largest enhancements allowed by NP models

Two events in signal region observed in 2017 data
2016+2017 NA62 result



Prospects for 2018 data set 

2018 data analysis in progress (~2 x 2017 data) 

On-going studies to increase signal efficiency

Presence of a new collimator in beam line:
reduced background allows for increase in signal acceptance

Optimization of particle identification and kinematic selection

Improvement in kaon-pion association algorithm



KLEVER 

KLEVER: An experiment to measure BR(KL → π0νν) at the CERN SPS – M. Moulson – KAON 2019 – Perugia, 13 Sep 2019  

New physics affects BRs differently for K+ and KL channels
Measurements of both can discriminate among NP scenarios
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K → πνν and new physics 
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●  Models with CKM-like 
flavor structure
− Models with MFV

●  Models with new flavor-
violating interactions in 
which either LH or RH 
couplings dominate
− Z/Z′ models with pure 

LH/RH couplings
− Littlest Higgs with      

T parity

●  Models without above 
constraints
− Randall-Sundrum

−

NA62 at LS3:
~50 events, B/S=0.35
~18% precision

KOTO II, KLEVER > 2026
~ 60 events, B/S=1
~22% precision

KLEVER 

KLEVER: An experiment to measure BR(KL → π0νν) at the CERN SPS – M. Moulson – KAON 2019 – Perugia, 13 Sep 2019  

New physics affects BRs differently for K+ and KL channels
Measurements of both can discriminate among NP scenarios
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●  Models with CKM-like 
flavor structure
− Models with MFV

●  Models with new flavor-
violating interactions in 
which either LH or RH 
couplings dominate
− Z/Z′ models with pure 

LH/RH couplings
− Littlest Higgs with      

T parity

●  Models without above 
constraints
− Randall-Sundrum

−
Prospects after LS2

Take data at higher intensity, increase signal acceptance, reduce 
background contamination
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LFV/LNV searches at NA62

7

Data sample:
▪ 2017 (3 months)

▪ Several triggers used

Signal decay modes:
➢ K+ → π– e+ e+ 

➢ K+ → π– µ+ µ+ 

Normalisation decay modes:
• K+ → π+ e+ e–

• K+ → π+ µ+ µ–

Analysis strategy:
▪ Main kinematical variable M(π– l+ l+)

▪ Blind analysis

▪ Signal region |M(π– l+ l+ ) – MK| < 3 σ(M)

▪ CLs method to set upper limits on BR

Trigger Downscaling Description Use

Dimuon Dµµ = 2 3 tracks, 

2 µ candidates
Signal, 

normalisation

Dielectron Dee = 8 3 tracks,

ELKr > 20 GeV

Signal, 

normalisation

Multi-track Dmulti = 100 3 tracks Bkg studies

12.09.2019V.Duk, INFN Perugia

LFV/LNV in K+→ π– l+ l+ 

6

LFV/LNV in BSM:
• Majorana neutrinos U
• ΔL = 2 ; ΔLe = 2 or ΔLµ = 2 
• Analogue to (0νββ) decays

Experimental status:
BR(K+→ π– e+ e +)  < 6.4 * 10-10 @ 90% CL    BNL E865 : [PRL 85 (2000) 2877]
BR(K+→ π– µ+ µ +) < 8.6 * 10-11 @ 90% CL    NA48/2     : [PL B769 (2017) 67]

[JHEP 0905 (2009) 030]

[Phys. Lett. B491 (2000) 285]
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Background:
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Background mechanisms

10

Bkg decay mode π– e+ e+ mechanism

K+→ e+ ν e+ e– e– π– e+ e+ misID

K+→ e+ν [e+ e– γ] e– π– e+ e+ misID

K+→ e+ν π+ π– π– e+ π+ e+ misID

K+→ π+ π+ π– (K3π) π– π+ e+ π+ e+ Double misID

K+→ π– e+ e+ :
▪ misID e– π–

▪ misID π+ e+ 

K+ → π– µ+ µ+ :
▪ Decay in flight (DIF) or misID π+ µ+

Bkg decay mode π– µ+ µ+ mechanism

K+→ π+ π+ π– (K3π) π– π+ µ+ π+ µ+ 2 DIF
1 DIF + misID

K+→ µ+ ν π+ π– π– µ+ π+ µ+ misID

K+→ π+ µ+ µ– µ– π– µ+ π+ µ+ Double misID
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K+ → π– e+ e+ : signal selection

14

Standard PIDAuxiliary PID

Acceptance: A = 4.98%
SES = (0.94 ± 0.03) * 10-10

Expected background: 0.16 ± 0.03
Nobs = 0

Upper limit at 90% CL:
BR (K+→ π– e + e+) < 2.2 * 10-10

Expected backgrounds
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K+ → π–µ+ µ+ : signal selection

16

Acceptance: A = 9.81%
SES = (1.28 ± 0.04) * 10-11

Expected background: 0.91 ± 0.41
Nobs = 1

Upper limit at 90% CL:
BR (K+→ π– µ+ µ+) < 4.2 * 10-11

Expected backgrounds
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Conclusions

17

❑New upper limits on LFV/LNV decays (2017 data)

❑Factor of 2-3 improvement wrt previous results

❑Prospects with the full data sample (2016-2018): statistics x3

Other ongoing analyses:

BR(K+→ π– e + e+)  < 2.2 * 10-10 @ 90% CL    
BR(K+→ π– µ+ µ+) < 4.2 * 10-11 @ 90% CL

[Phys. Lett. B 797 (2019) 134794]

▪ K+→ π– µ + e + ,   K+→π+ µ– e +

SES ~5 x 10-11 (factor ~5 improvement on BNL E865)
▪ K+→ e– ν µ+ µ+

SES ~5 x 10-11 (first search) 
▪ K+→ µ– ν e+ e+

SES ~1 x 10-10 (factor ~100 improvement on PDG) 

BR(K+→ π– e+ e +)  < 6.4 * 10-10 @ 90% CL    BNL E865 : [PRL 85 (2000) 2877]
BR(K+→ π– µ+ µ +) < 8.6 * 10-11 @ 90% CL    NA48/2     : [PL B769 (2017) 67]
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Analysis strategy:
▪ Main kinematical variable M(π– l+ l+)

▪ Blind analysis

▪ Signal region |M(π– l+ l+ ) – MK| < 3 σ(M)

▪ CLs method to set upper limits on BR

Trigger Downscaling Description Use

Dimuon Dµµ = 2 3 tracks, 

2 µ candidates
Signal, 

normalisation

Dielectron Dee = 8 3 tracks,

ELKr > 20 GeV

Signal, 

normalisation

Multi-track Dmulti = 100 3 tracks Bkg studies

2484 candidates
8357 candidates

Lepton Number / Lepton Flavour Violation
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HNL production in K+®ℓ+N

Data 2016-17, Numbers of K+ decays in fiducial volume:
NK=(1.17±0.01)�1012 e+ case, NK=(4.29±0.02)�109 muon 
case.
Squared missing mass: m2

miss=(PK-Pℓ)2

HNL signal: a spike above continuous missing mass spectrum.

K+®µ+n,
µ+®e+nn
(supp by
vtx res)

K+®e+n,
BR=1.6�10-5:
1.19M candidates

p+®e+n
(accidental
p+ mis-tagging)

K+®µ+n,
BR=64%:
920M candidates

HNL search
region

K+®µ+ng

|Uℓ4|2 limits vs mHNL

from production searches

New preliminary NA62 results 
based on ~1/3 of the data set

G(P+®ℓ+N) = G(P+®ℓ+n) � rℓ(mN) � |Uℓ4|2

Dump operation: Be target removed; 
400 GeV protons dumped into a 20lI 

Fe/Cu collimator at z»25 m.
Part-time NA62 beam dump 
operation in 2021-23 offers

a discovery potential across multiple 
hidden-sector scenarios

(HNL, ALP, Dark Scalar, Dark Photon

Heavy Neutral Leptons



Conclusions

2018 data analysis on-going

Excellent prospects for after LS2

Constraints on the largest enhancements allowed by NP models

Conclusions
• Two events in signal region observed in 2017 data

• S. E. S. = 0.389 ± 0.021 × 10−10

• Expected background: 1.50 ± 0.30 events

4410/09/2019 Giuseppe Ruggiero - Kaon 2019

• Constraints on the largest enhancements allowed by NP models 

• 𝐾+ → 𝜋+𝑋, 𝑋 →invisible at the 𝜋0 mass:

• 2016+2017 NA62 result:
𝐵𝑟 𝐾+ → 𝜋+𝜈 ҧ𝜈 < 1.85 × 10−10 @ 90% 𝐶𝐿
𝐵𝑟 𝐾+ → 𝜋+𝜈 ҧ𝜈 = 0.47−0.47+0.72 × 10−10

𝐵𝑟 π0 → invisible < 4.4 × 10−9 @ 90% 𝐶𝐿

2016+2017 result:

Broad physics programme to be explored with existing 

and future data sets:

rare kaon decays, precision measurements of branching ratios

and form factors, tests of Lepton Number/ Flavour violation,

searches for exotic particles 

Limits on HNL and LNV/LFV  



Additional material



Minimal A’ scenario

p0àgg background 
artificially enhanced

Search for dark photon in p0à g invisible

13/9/2019 6International conference on Kaon physics -
Perugia (Italy)

Tag a pure, intense p0 beam of known momentum from K+ à p+p0 decays

Contamination < 10-3 solely reconstructing K+ à p+ decays + missing mass condition

In the A’ model:

Signal signature: p0 tagging, one photon + missing momentum, no further activity
Signal trigger based on “1 track” + small forward energy ß same trigger line as pnn

Normalization based on minimum-bias triggered p0-tagged events, np0

The efficiency for p0 tagging cancels at first order

Search for dark photon in p0à g invisible
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Search for dark photon in p0à g invisible
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Perugia (Italy)

Normalization based on minimum-bias triggered K+ à p+p0 decays selected as “K2p”:
A single K+—p+ vertex with 

position 115 < z < 165 m downstream the T10 target 
15 < pp < 35 GeV/c, thus ensuring at least ~40 GeV of missing energy 
0.013 < (PK-Pp)2 < 0.023 GeV2/c4, compatible with p0 mass to within ~ ± 20 MeV

No conditions on p0 photons
Contamination < 10-3

Data from 2016, np0 ~ 412 M p0s tagged from K2p decays (~1% of full data set)Search for p0à g invisible

13/9/2019 9International conference on Kaon physics -
Perugia (Italy)

Search for a peak around MA’
2 from Mmiss

2 = (pK – pp+ – pg)2

Signal Mmiss
2 resolution 6—10 x 10-4 GeV2/c4 for MA’ in 30—130 MeV/c2 ß Search region

Perform a counting experiment in ±1s sliding Mmiss
2 windows

p0àgg background 
artificially enhanced

Prospects with full data set: expected yield increased by O(100)

Dark Photon



Result

Upper Limits (CLs method):

2017 Result
• Counting experiment

𝐵𝑟 𝐾+ → 𝜋+𝜈 ҧ𝜈 = 0.20−0.20+0.69 × 10−10• Two-sided 68% band:

• Upper limits (CLs method)
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Observed Expected (background only) CL
𝐵𝑟 𝐾+ → 𝜋+𝜈 ҧ𝜈 < 1.76 × 10−10 𝐵𝑟 𝐾+ → 𝜋+𝜈 ҧ𝜈 < 1.41 × 10−10 90%
𝐵𝑟 𝐾+ → 𝜋+𝜈 ҧ𝜈 < 2.11 × 10−10 𝐵𝑟 𝐾+ → 𝜋+𝜈 ҧ𝜈 < 1.76 × 10−10 95%

Events observed 2
Single event sensitivity 0.389 ± 0.021 × 10−10

Expected background 1.50 ± 0.30

Upper Limits (CLs method):

2017:

2016+2017:

Two-sided 68% band:
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𝐵𝑟 𝐾+ → 𝜋+𝜈 ҧ𝜈 < 2.44 × 10−10 𝐵𝑟 𝐾+ → 𝜋+𝜈 ҧ𝜈 < 1.62 × 10−10 95%

Events observed 3
Single event sensitivity 0.346 ± 0.017 × 10−10

Expected background 1.65 ± 0.31

• 2016 and 2017 data uncorrelated

Two-sided 68% band:

2016+2017 Result

𝐵𝑟 𝐾+ → 𝜋+𝜈 ҧ𝜈 = 0.47−0.47+0.72 × 10−10• Two-sided 68% band:

• Upper limits (CLs method)
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Observed Expected (background only) CL
𝐵𝑟 𝐾+ → 𝜋+𝜈 ҧ𝜈 < 1.85 × 10−10 𝐵𝑟 𝐾+ → 𝜋+𝜈 ҧ𝜈 < 1.32 × 10−10 90%
𝐵𝑟 𝐾+ → 𝜋+𝜈 ҧ𝜈 < 2.44 × 10−10 𝐵𝑟 𝐾+ → 𝜋+𝜈 ҧ𝜈 < 1.62 × 10−10 95%

Events observed 3
Single event sensitivity 0.346 ± 0.017 × 10−10

Expected background 1.65 ± 0.31

• 2016 and 2017 data uncorrelated


