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Outline

NA62 Experiment

NA62 Recent Results
▶ K+ → π0e+νγ (Ke3γ) [JHEP09(2023)040]

▶ K+ → π+µ+µ− (Kπµµ) [JHEP11(2022)011]

▶ K+ → π+γγ (Kπγγ) [arXiv:2311.01837]

NA48/2 Recent Result
▶ K± → π0π0µ±ν (K00

µ4) [arXiv.2310.20295]

NA62 Prospects for the Future (HIKE) [HIKE proposal: arXiv.2311.08231]
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NA62 Experiment

▶ ∼200 Collaborators from ∼33 Institutes
Almaty, Birmingham, Bratislava, Bristol, Bucharest, CERN, Dubna, Fairfax, Ferrara, Florence, Glasgow,
Lancaster, Lausanne, Liverpool, LNF, Louvain, Mainz, Marseille, Merced, Moscow, Munich, Naples,
Perugia, Pisa, Prague, Protvino, Rome I, Rome II, San Luis Potosi, SLAC, Turin, TRIUMF,
Vancouver UBC
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NA62 Overview and Beam

▶ NA62 is a fixed-target experiment at
the North Area of CERN SPS

▶ Main goal: measure B(K+ → π+νν)
with 10% precision, using
”decay-in-flight” technique

▶ Primary p+ beam: 400GeV c−1,
impinging on 400mm long beryllium
target

▶ Secondary beam: 75GeV c−1,
composition: π+ (70%), p+ (24%),
K+ (6%)

▶ Current theoretical prediction: [JHEP 1511 (2015) 033]

BSM (K+ → π+νν) = (8.4± 0.10)× 10−11 (1)

▶ Latest NA62 result: [JHEP06 (2021) 093]

BNA62(K
+ → π+νν) = (10.6+4.0

−3.4stat ± 0.9syst)× 10−11 (2)
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https://arxiv.org/abs/1503.02693
https://arxiv.org/abs/2103.15389
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NA62 Detector

[2017 JINST 12 P05025]

▶ KTAG: Cherenkov threshold counter

▶ GTK: Si pixel beam tracker

▶ CHANTI: Stations of plastic scintillator slabs

▶ LAV: Lead glass ring calorimeter

▶ STRAW: Straw magnetic tracker

▶ RICH: Ring Imaging Cherenkov Counter

▶ CHOD: Multiple planes of scintillator slabs

▶ IRC: Inner Ring shashlik Calorimeter

▶ LKr: Liquid Krypton Calorimeter

▶ MUV1,2: Hadron calorimeters

▶ MUV3: Plane of scintillator slabs for muon veto

▶ SAC: Small angle shashlik calorimeter
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https://iopscience.iop.org/article/10.1088/1748-0221/12/05/P05025
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K+ → π0e+νγ (Ke3γ)
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K+ → π0e+νγ: Overview

Diagrams for Ke3γ process [Eur.Phys.J.C50:557-571,2007]

▶ Precision test of ChPT to level O(p6)

▶ Divergent amplitude for Eγ → 0 and θe,γ → 0
due to IB contribution

▶ Theoretical predictions and experimental results
for 3 sets of cuts (∗ in K+ rest frame)

Eγ cut ∗ θe,γ cut ∗
O(p6) ChPT

[Eur.Phys.J.C50:557-571,2007] ISTRA+ OKA

R1(×102) Eγ > 10MeV θe,γ > 10◦ 1.804 ± 0.021 1.81 ± 0.03 ± 0.07 1.990 ± 0.017 ± 0.021

R2(×102) Eγ > 30MeV θe,γ > 20◦ 0.640 ± 0.008 0.63 ± 0.02 ± 0.03 0.587 ± 0.010 ± 0.015

R3(×102) Eγ > 10MeV 0.6 < cos(θe,γ) < 0.9 0.559 ± 0.006 0.47 ± 0.02 ± 0.03 0.532 ± 0.010 ± 0.012

Measurement objectives:
▶ Measurement of branching fraction using Ke3

normalisation channel

Rj =
B(Ke3γj)

B(Ke3)
=

B(K+ → π0e+νγ|Ej
γθ

j
e,γ)

B(Ke3)

▶ Measurement of T-violation effects using T-odd
variable ξ and asymmetry variable Aξ

ξ =
p⃗γ · (p⃗e × p⃗π)

M3
K

→ Aξ =
N+ − N−

N+ + N−

where N+(N−) are numbers of events with

positive(negative) ξ (in K+ rest frame)
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https://arxiv.org/abs/hep-ph/0611366
https://arxiv.org/abs/hep-ph/0611366
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K+ → π0e+νγ: Selection

Normalisation: K+ → π0e+ν (Ke3)

▶ 1 downstream track with e+ PID

▶ Vertex with K+ upstream track

▶ 2γ clusters in LKr with mγγ compatible with π0

▶ No additional photons in LAV / SAC

▶ Cut m2
miss(Ke3) = (PK − Pπ0 − Pe)

2

Signal: K+ → π0e+νγ (Ke3γ)

▶ 1 downstream track with e+ PID

▶ Vertex with K+ upstream track

▶ 2γ clusters in LKr with mγγ compatible with π0

+ 1 radiative γ

▶ No additional photons in LAV / SAC

▶ Cut m2
miss(Ke3γ) = (PK − Pπ0 − Pe−Pγ)

2

and m2
miss(Ke3)
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K+ → π0e+νγ: Analysis

Evaluation of Rj :

Rj =
Nobs

Ke3γj − Nbkg

Ke3γj

Nobs
Ke3 − Nbkg

Ke3

·
AKe3

AKe3γj
·

ϵtrigKe3

ϵtrig
Ke3γj

▶ Main source of bkg.: accidental activity in LKr
from misidentified e+ or undetected γ

▶ Acceptances evaluated by MC

▶ Trigger efficiencies measured with Data

Evaluation of Aξ: Aξ = AData
ξ −AMC

ξ
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K+ → π0e+νγ: Results

O(p6) ChPT
[Eur.Phys.J.C50:557-571,2007] ISTRA+ OKA

NA62
[JHEP 09 (2023) 040 ]

R1(×102) 1.804 ± 0.021 1.81 ± 0.03 ± 0.07 1.990 ± 0.017 ± 0.021 1.684 ± 0.005 ± 0.010

R2(×102) 0.640 ± 0.008 0.63 ± 0.02 ± 0.03 0.587 ± 0.010 ± 0.015 0.599 ± 0.003 ± 0.005

R3(×102) 0.559 ± 0.006 0.47 ± 0.02 ± 0.03 0.532 ± 0.010 ± 0.012 0.523 ± 0.003 ± 0.003

Aξ(S1)(×103) -0.1 ± 3.9 ± 1.7 −1.2 ± 2.8 ± 1.9

Aξ(S2)(×103) -4.4 ± 7.9 ± 1.9 −3.4 ± 4.3 ± 3.0

Aξ(S3)(×103) 15 ± 21 7.0 ± 8.1 ± 1.5 −9.1 ± 5.1 ± 3.5

Rj ratio measurement:

▶ Precision improved by factor > 2 from
previous experiments

▶ Relative uncertainty < 1%

▶ ∼5% smaller value than ChPT
prediction

Aξ asymmetry measurement:

▶ Compatible with no asymmetry

▶ Improved precision from OKA
experiment

▶ Uncertainties still larger than theory
predictions
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https://arxiv.org/abs/hep-ph/0611366
https://arxiv.org/abs/2304.12271
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K+ → π+µ+µ− (Kπµµ)
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K+ → π+µ+µ−: Overview

▶ FCNC process with dominant contributions via virtual photon exchange
K± → π±γ∗ → π±ℓ+ℓ− (ℓ = e, µ) [Nucl. Phys. B291 (1987) 692-719], [JHEP 02 (2019) 049]

▶ Form Factor of the K± → π±γ∗ transition: W (z)

▶ Parametrized by Chiral Perturbation Theory to order O(p6) [JHEP08(1998)004]

W (z) = GFm
2
K(a+ + b+z) +Wππ(z)

kinematic variable z = m2(µ+µ−)/m2
K

a+, b+: real parameters

Wππ(z): (known) complex
function describing the two-pion
loop term

Measurement objectives:
▶ Measure model independent branching

fraction Bπµµ

▶ Extract |W (z)|2 function → determine
a+, b+ form factor parameters

▶ Forward-backward asymmetry
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https://www.sciencedirect.com/science/article/pii/0550321387904913
https://arxiv.org/pdf/hep-ph/0611175.pdf
https://iopscience.iop.org/article/10.1088/1126-6708/1998/08/004
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K+ → π+µ+µ−: Selection

Normalisation:

(K+ → π+π+π−)
▶ High branching fraction ∼5.6%

▶ Kinematically similar →
cancellation of systematic errors

Signal:
▶ 3-track vertex topology

▶ In-time KTAG kaon signal

▶ π+ calorimetric PID + !MUV3

▶ µ± calorimetric PID + MUV3

▶ m(πµµ), m(3π) requirements

Data:
▶ N(K+ decays) ≈ 3.5 × 1012

▶ 27 679 events observed

▶ ∼8 bkg. events expected

Signal Normalisation
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K+ → π+µ+µ−: Analysis

Data divided in 50 equipopulated bins in z:(
dΓ(z)

dz

)
i

=
Nπµµ,i

Aπµµ,i
· 1

∆zi
· 1

NK
· ℏ
τK

Model-independent Bπµµ

▶ From integration of measured dΓ/dz

Bπµµ = (9.15 ± 0.08) × 10
−8

χ2(a+, b+) fit evaluation

▶ Extract |W (z)|2 from dΓ(z)/dz

▶ a+, b+: both negative or positive values (2 solutions)

preferred negative solution: χ2/ndf = 45.1/48

a+ = −0.575 ± 0.013

b+ = −0.722 ± 0.043

correlation ρ(a+, b+) = −0.972

[JHEP 11 (2022) 011]
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https://link.springer.com/article/10.1007/JHEP11(2022)011
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K+ → π+µ+µ−: Forward-Backward Asymmetry

AFB =
N(cos θKµ > 0)−N(cos θKµ < 0)

N(cos θKµ > 0) +N(cos θKµ < 0)

▶ θKµ: angle between K+ and µ−

3-momenta in µ+µ− rest frame

AFB = (0.0± 0.7stat ± 0.2syst ± 0.2ext)× 10−2 at 68% CL

|AFB | < 0.9× 10−2 at 90% CL
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K+ → π+µ+µ−: Comparison with Previous Results

▶ Sample size 9 times larger than NA48/2

▶ At least factor of 3 improvement wrt previous Kπµµ measurements

▶ No evidence of Lepton Flavour Universality violation

→ Agreement in a+, b+ between Kπµµ and Kπee
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K+ → π+γγ (Kπγγ)
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K+ → π+γγ: Overview

▶ Long distance dominated radiative decay
→ crucial test of ChPT

▶ Kinematic variables:

z =
(q1 + q2)

2

M2
K

=
m2

γγ

M2
K

, y =
p · (q1 − q2)

M2
K

p = K+ 4-momentum

q1,2 = photons 4-momenta

mK = K+ mass

mγγ = di-photon inv. mass
(mγγ = mπ0 => z = 0.075)

▶ Differential decay width: [Phys. Lett. B 386 (1996) 403]

∂2Γ
∂y∂z

=
M2

K
29π3

[
z2(|A(ĉ, z, y2) +B(z)|2 + |C(z)|2) +

(
y2 − 1

4
λ(1, r2π, z)

)2 |B(z)|2
]

▶ Spectrum and decay rate depends on one parameter: ĉ
▶ B(z) ̸= 0 from ChPT O(p6); A and B depend on external parameters

(extracted from K3π)

▶ Measurement objectives:
▶ Measure c6 = ĉ in ChPT O(p6)
▶ Extrapolate model-dependent branching fraction
▶ Obtain model-independent branching fraction
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https://arxiv.org/abs/hep-ph/9606213
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K+ → π+γγ: Selection and Analysis

Selection:
▶ K+,π+matching tracks; 2 γ‘s in LKr

▶ z = (PK − Pπ)
2/M2

K> 0.2

▶ 3984 events observed

Normalisation and Background:
▶ Normalisation: K+ → π+π0

▶ Background:
▶ K+ → π+π0γ, π+π0π0

(γ merging in LKr)
▶ K+ → π+π+π−

(out-of-acceptance tracks)
▶ 291 ± 14 bkg. events expected

Fit:
▶ MC reweighted for different ĉ6 values

▶ Scan of ĉ6 to find minimum χ2

Leading order O(p4) is not sufficient for

di-photon mass spectrum description.
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K+ → π+γγ: Results

ĉ6 = 1.144± 0.069stat ± 0.034syst

B(K+ → π+γγ) = (9.61± 0.15stat ± 0.07syst)× 10−7

BMI(z > 0.2) = (9.46± 0.19stat ± 0.07syst)× 10−7

NA62 result uses external parameters
from: [Phys. Lett. B 835 (2022) 137594]

Result using external
parameters for
E787 measurement

Result using external
parameters for
NA48/2 measurement
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https://arxiv.org/abs/2209.02143
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K± → π0π0µ±ν (K00
µ4)

at NA48/2 experiment
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K± → π0π0µ±ν: Overview

General:
▶ K± → ππℓ±ν (Kℓ4) decays depend on

4 Form Factors described by 5
kinematic (Cabibbo-Maksymowicz)
variables [Nucl.Phys.B427:427-454,1994]

▶ For K00
µ4: dependence only on F and R

(because of no dependence on
cos θπ, ϕ in π0π0 s-wave)

▶ For K00
e4 : dependence only on F

(because of e small mass)

▶ Sπ: dipion mass squared
▶ Sℓ: dilepton mass squared
▶ θπ: in dipion frame
▶ θℓ: in dilepton frame
▶ ϕ: angle between dipion and

dilepton frame

Previous Results:
Kℓ4 mode B(Kℓ4)[×10−5] Ncand published

K±
e4 4.26 ± 0.04 1 108 941 [NA48/2 (2012)]

K00
e4 2.55 ± 0.04 65 210 [NA48/2 (2014)]

K±
µ4 1.4 ± 0.9 7 [Bisi et al. (1967)]

K00
µ4 ?

K00
µ4 : first observation

check for presence of R contrib.

test of ChPT

potential study of ππ rescattering
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https://arxiv.org/abs/hep-ph/9403390
https://arxiv.org/abs/1206.7065
https://link.springer.com/article/10.1007/JHEP08(2014)159
https://www.sciencedirect.com/science/article/pii/0370269367901505
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K± → π0π0µ±ν: Selection and Analysis

Selection:
▶ 4 photons consistent with 2π0 in

time-spatial matching with the track

▶ M2
miss = (PK − P (π0

1)− P (π0
2)− P (µ±))2

▶ 2437 events observed

Normalisation and Background:
▶ K± → π±π0π0 (K3π)

▶ Huge background from
K± → π0π0(π± → µ±ν)

▶ Restricted phase-space: Sℓ > 0.03GeV2/c4

▶ 354 ± 33stat ± 62syst bkg. expected

Analysis:

B(K00
µ4) =

NS

NN
· AN

AS
·Ktrig. · B(K00

3π)
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K± → π0π0µ±ν: Results

Theory:
▶ J.Bijnens, G.Colangelo,

J.Gasser: Kℓ4 - Decays
beyond one loop
[Nucl. Phys. B, 427(1994) 427]

▶ tree approximation
▶ 1-loop
▶ BCG(1994): Beyond

1-loop with F calc. from
[Rosselet etc. Phys. Rev. D15 (1977) 574]

▶ Re-calculated now:
▶ F (Ke4) from NA48/2
▶ R1 = R(1 loop)

B(K00
µ4, Sℓ > 0.03) = (0.65± 0.019stat ± 0.024syst)× 10−6 = (0.65± 0.03)× 10−6

B(K00
µ4) = (3.4± 0.10stat ± 0.13syst)× 10−6 = (3.4± 0.2)× 10−6
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.15.574
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High Intensity Kaon Experiments (HIKE)
at the CERN SPS

HighIntensityKaonExperiments
HIKE

▶ Hike proposal to SPSC submitted
in November 2023 [HIKE proposal]

▶ Beam intensity: 4 × NA62
▶ 2 Phases:

▶ K+ Phase-1
▶ KL Phase-2

▶ Proposed start after LS3
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HIKE: Phase1 (K+ → π+νν̄)

Main
Collimator

Collimators

Focusing & 
Sweeping Magnets

Vacuum
Tank

Large Angle Vetos

Fiducial Volume
Downstream Spectrometer 

with STRAW Trackers

RICH

Timing
Detector

Primary
Electromagnetic 

Calorimeter
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Calorimeter

Muon Veto 
Detector
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TAXes Cherenkov 
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Charged Anti-coincidence 
Detector

Target

0 5 10 50 100 150 200 250
Z [m]

▶ NA62-like design of experiment
▶ Improved timing: to withstand the increased beam intensity
▶ Equal or better key performances at high rate: to keep background under

control and further suppress dominant background from upstream K+ decays
[e.g. kinematic rejection, photon rejection, particle identification]

▶ Increase in signal acceptance: up to ×2, thanks to new more granular/performant
detectors and fully-software trigger

Overall: HIKE-Phase1 statistics ∼ ×8 wrt NA62

Main Objective: O(5%) precision expected for K+ → π+νν̄
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HIKE: Phase2 (KL → π0ℓ+ℓ−)

Final
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▶ A multi-purpose KL decay experiment
▶ Reconfiguration of Phase1 setup:

▶ Kaon tagger, beam spectrometer, RICH and small-angle calorimeter removed
▶ Straw Spectrometer shortened and chambers realigned

▶ 120m long neutral beamline
▶ Secondary beam opening angle = 0.4mrad; 2.4mrad production angle
▶ Mean momentum of decaying KL mesons = 46GeV c−1

Main Objective: First observation @ > 5σ of KL → π0ℓ+ℓ−[ℓ = e, µ]

and measurement of both ultra-rare decay modes
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Summary

NA62 approved to run until end of 2025 (start of LS3)

Recent NA62 precision measurement results of:
▶ K+ → π0e+νγ (Ke3γ) [JHEP09(2023)040]
▶ K+ → π+µ+µ− (Kπµµ) [JHEP11(2022)011]
▶ K+ → π+γγ (Kπγγ) [arXiv:2311.01837]

Recent NA48/2 result:
▶ K± → π0π0µ±ν (K00

µ4) [arXiv.2310.20295]

Future prospects:
▶ NA62 expects many new results from Run2 analysis (2021-2025)
▶ Long-term plan after LS3: proposal of HIKE [arXiv.2311.08231]
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K+ → π+γγ: Model Independent Branching Fraction
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K+ → π+γγ: ChPT O(p6) necessity

▶ In order to describe the observed di-photon mass spectrum, the
next-to-leading order contribution in chiral perturbation theory was found to
be necessary
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