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The NA62 experiment

• Fixed target experiment at CERN North Area;
• 400 GeV/c proton beam from SPS;
• Main goal: measure the very rare K+ → π+νν̄ decay.
• Physics run: 2016 − 2018 (Run 1), 2021−ongoing (Run 2).
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The NA62 experiment
Detector overview
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• 400 GeV/c proton beam on beryllium target;
• Secondary beam at 75 GeV/c with 6% K+;
• K+ tagging: KTAG;
• K+ tracking: GTK;
• Beam interaction veto: CHANTI;

• Tracking: STRAW;
• PID: RICH, MUV3 (muon);
• Trigger: CHOD;
• Calorimeters: LKr & MUV1,2;
• Hermetic photon veto: LAV, LKr, IRC, SAC;
• Other vetos: MUV0 (multiplicity), HASC

(photon conversion).
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K+ → π+νν̄: a golden channel in flavor physics
• The K+ → π+νν̄ (PNN) decays is a Flavor Changing Neutral Current (FCNC) process;
• Highly suppressed in Standard Model: BrSM (K+ → π+νν̄) = (8.60 ± 0.42) × 10−11

[EPJC82(2022)615 ]
• Dominated by short distance dynamics (t, c quarks). Low intrinsic theoretical uncertainty.
• Sensitive to various New Physics models: new source of flavor violation, new heavy neutral

gauge boson, supersymmetry, leptoquarks, etc.
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ū, c̄, t̄

W
Z

s̄

u

ν

ν̄

d̄

u

J
H
E
P
1
1
(
2
0
1
5
)
1
6
6

Figure 1. Illustrations of common correlations in the B(K+ → π+νν̄) versus B(KL → π0νν̄)

plane. The expanding red region illustrates the lack of correlation for models with general LH and

RH NP couplings. The green region shows the correlation present in models obeying CMFV. The

blue region shows the correlation induced by the constraint from εK if only LH or RH couplings

are present.

flavour symmetry [50, 51]. In the latter case we will work at leading order in the breaking of

the symmetry, and therefore assume that only the left-handed quark couplings are relevant,

as in MFV. We will then extend the analysis to more general models with generic flavour

structure.

3.1 Z models with flavour symmetries

In order to exhibit correlations of K+ → π+νν̄ and KL → π0νν̄ decays with other ob-

servables we will first consider two simple Z models in which the quark flavour violating

couplings are consistent either with a U(3)3 or with a U(2)3 symmetry. These models are

very restrictive as the Z mass and its couplings to leptons are known. In particular, in the

conventions of [48] for the couplings ∆(Z) of the Z boson to fermions,

∆νν̄
L (Z) = ∆µµ̄

A (Z) =
g

2cW
= 0.372 . (3.1)

However, in order to be able to generalise our analysis straightforwardly to the Z ′ case, we

will use the general expressions for these lepton couplings.

We will then find that in the case of MFV there is only one new real parameter a and

in the U(2)3 case there are three new real parameters: real a and a complex b.

3.1.1 U(3)3 case

In this case the Z quark flavour violating couplings are given respectively for the three

meson systems (K,Bd, Bs) as follows:

∆sd
L (Z) = aV ∗tsVtd, ∆db

L (Z) = aV ∗tdVtb, ∆sb
L (Z) = aV ∗tsVtb, (3.2)

where a is flavour-universal and real.
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K+ → π+νν̄ analysis
Analysis Strategy

• Reconstruct the 4-momenta of the final state pion and the initial state kaon.
• Compute the squared missing mass:

m2
miss = (pK − pπ)2.

• Define signal region away from peaking backgrounds.
• Use K+ → π+π0 as the normalization channel.
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K+ → π+νν̄ analysis
Analysis Strategy

• Selections: vertex, timing, PID, photon veto, and multiplicity veto, etc.
• Normalization channel: Same selections but no photon veto and relax multiplicity veto.
• The branching fraction is computed as

Br(K+ → π+νν̄) = Nπνν̄
SR · SES = (N tot

SR − Nbg
SR ) · SES .

• The analysis is done in bins of pion momentum.

KTAG GTK

STRAW RICHLAV LKr

MUV1,2

MUV3CHOD

CHANTI

VC
𝐾!

𝜋!

vertex

LPHE - EPFL 12.09.2024 5/12



K+ → π+νν̄ analysis
Single Event Sensitivity

SES = Br(K+ → π+π0) · Aππ

D · Nππ · Aπνν̄ · ϵRV · ϵtrig

• D = 400: downscaling factor;
• Nππ: number of events in normalization sample;
• Aππ, Aπνν̄ : acceptances of the normalization and PNN selection;
• ϵRV : random veto efficiency;
• ϵtrig: trigger efficiency, ϵtrig = ϵP NN

trig /ϵnorm
trig ;

• Branching ratio of K+ → π+π0: Br(K+ → π+π0) = (20.67 ± 0.08)% (from PDG ).
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K+ → π+νν̄ analysis
Background estimation

• Nππ
bg , Nµν

bg , N3π
bg , & Nups

bg : tail fraction method
(K+ → π+π0 background as an example):

fππ
tail = Nctrlππ

SR /Nctrlππ
BGR ,

with Nctrlππ
BGR and Nctrlππ

SR the numbers of
events in the background region and signal
region in the corresponding control sample
(simulation sample for f3π

tail). Then

Nππ
bg = Ndata

BGR · fππ
tail.

• Nππeν
bg , Nπγγ

bg , & Nπlν
bg : Use a large

simulation sample to pass signal selection
and estimate Nbg with the acceptance and
branching ratio from PDG.
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K+ → π+νν̄ analysis
Run 1 result [JHEP06(2021)093 ]

Full Run 1 dataset:
• SES = (0.839 ± 0.053syst) × 10−11;
• Nexp

bg = 7.03+1.05
−0.82;

• 20 candidate events observed.
The measured branching fraction:

Br(K+ → π+νν̄) = (10.6+4.0
−3.4|stat ± 0.9syst) × 10−11 .

An evidence of K+ → π+νν̄ decay with 3.4σ significance.
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Figure 7. The K+ → π+νν̄ candidate events in the 2018 (left) and 2016–2018 (right) data
sets. Left: reconstructed m2

miss as a function of π+ momentum for events satisfying the K+ →
π+νν̄ selection criteria. The intensity of the grey shaded area reflects the variation of the SM signal
acceptance in the plane. The two boxes represent the signal regions. The events observed in Regions
1 and 2 are shown together with the events found in the background and control regions. Right:
expected numbers of background events and numbers of observed events in the nine categories used
in the maximum likelihood fit to extract the K+ → π+νν̄ branching ratio. Categories 0,1 and
2 correspond to 2016, 2017 and S1 subsets, respectively. Categories 3 to 8 correspond to the six
5GeV/c wide momentum bins of the S2 subset. The observed data for each category are indicated
by black markers with Poissonian statistical errors. The shaded boxes show the numbers of expected
background events and the corresponding uncertainties.

The statistical uncertainties in the SES and N exp
πνν̄ are negligible. The above SES cor-

responds to about 2.7 × 1012 effective K+ decays in the fiducial volume. The external
error in N exp

πνν̄ stems from the uncertainty in the SM prediction of BR(K+ → π+νν̄). The
uncertainty in the background estimate is dominated by the statistical uncertainty in the
upstream background contribution.

A background-only hypothesis test is performed using as a test statistic the likelihood
ratio for independent Poisson-distributed variables as prescribed in [33]. A p-value of
3.4× 10−4 is obtained, corresponding to a signal significance of 3.4 standard deviations.

TheK+ → π+νν̄ branching ratio is determined using a binned maximum log-likelihood
fit to the observed numbers of events in the nine categories comprising the NA62 data set
(figure 7, right). The parameter of interest is the signal branching ratio. The nuisance
parameters are the total expected numbers of background events in the signal regions and
the single event sensitivities and corresponding uncertainties, obtained separately for each
of the nine categories. For each category, the number of background events is constrained
to follow a Poisson distribution while the SES follows a Gaussian distribution with mean
and sigma as estimated. The resulting branching ratio is

BR(K+ → π+νν̄) = (10.6+4.0
−3.4|stat ± 0.9syst)× 10−11 at 68% CL, (7.1)

– 16 –
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K+ → π+νν̄ analysis
Theory and experiments
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K+ → π+νν̄ analysis
Run 2 updates [CERN-SPSC-2024-012 ]
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NA62 Work In Progress
K+ → π+νν̄ analysis
Run 2 updates (2021+2022 dataset) [CERN-SPSC-2024-012 ]

2021+2022 2018

Nππ [×107] 20.087
Aππ [%] 13.525 ± 0.005 11.77 ± 1.18
Aπνν̄ [%] 7.7 ± 0.2 6.37 ± 0.64
ϵtrig [%] 85.8 ± 1.4 89 ± 5
ϵRV [%] 63.6 ± 0.5 66 ± 1

SES [×10−11] 0.83 ± 0.03
Nexp

πνν̄* 10.07 ± 0.31
< Nexp

πνν̄ >per burst 2.3 × 10−5 1.7 × 10−5

Background 2021+2022

π+π0 0.86 ± 0.06
µ+νµ 0.93 ± 0.20

π+π+π− 0.11 ± 0.03
π+π−e+νe 0.84+0.35

−0.28
π0lν < 10−3

π+γγ 0.01 ± 0.01
Upstream 8.0+2.2

−1.8

Total 10.8+2.2
−1.9

• 2021+2022 dataset size comparable to full Run 1.
• Most of the selections optimized. Signal yield increased.
• Overall sensitivity (

√
S + B/S) improved.

• New exciting results at the end of September!
• Analysis of 2023 onwards data ongoing.

* assuming SM branching ratio BrSM (K+ → π+νν̄) = (8.4 ± 1.0) × 10−11 [JHEP11(2015)033 ].
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Conclusion

• The K+ → π+νν̄ measurement with NA62 Run 1 data is a major milestone for flavor physics.
• Significant improvements of the signal yield in Run2.
• New results expected at the end of this month!
• NA62 will continue to collect data until CERN LS3.
• Significant improvement of the sensitivity to charged kaon physics observables and new physics.
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More physics programs at NA62
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Search for K+ → π+X decay

• Search for a peak at m2
X

in the m2
miss distribution;

• Main background is
K+ → π+νν̄;

• Upper limits are set with
different X lifetimes,
assuming X only decays
to SM particles which
are always detected
once in acceptance;

• The limit are also
interpreted within the
BC4 model
[J.Phys.G47,010501(2020)]
as a dark scalar.
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Figure 8: Left: Expected and observed number of events as a function of the reconstructed
m2

miss for the 2018 data set. Right: Upper limits on BR(K+ ! ⇡+X) for each tested mX

hypothesis, as obtained for the full 2016–2018 data set.

events by the probability that X does not decay upstream of MUV3.
The background contributions in searches for K+ ! ⇡+X decays are the same as for the

K+ ! ⇡+⌫⌫̄ studies with the addition of the K+ ! ⇡+⌫⌫̄ decay itself, which becomes the
dominant background. The expected distributions of background processes as functions of m2

miss,
evaluated as described in Section 6 and assuming the SM description for K+ ! ⇡+⌫⌫̄ decay, are
shown in Figure 8, left. The largest uncertainty in the estimated background comes from the
SM K+ ! ⇡+⌫⌫̄ decay rate. The second largest uncertainty comes from the modelling of the
upstream background distribution, which is statistically limited, and a systematic uncertainty
of up to 20% is assigned to each m2

miss bin. The total background is modelled, as a function of
the reconstructed m2

miss, by polynomial functions fitted to the expectations in Regions 1 and 2.
The search for K+ ! ⇡+X decays is performed with a fully frequentist hypothesis test using

a shape analysis with observable m2
miss and an unbinned profile likelihood ratio test statistic.

Each X-mass hypothesis is treated independently according to the CLs method [36] to exclude
the presence of a signal with 90% CL for the observed data. The statistical analysis is performed
using four categories corresponding to the 2016, 2017, S1 and S2 2018 subsets.

Under the assumption that the events observed in the signal regions correspond to the known
expected backgrounds, upper limits are established on BR(K+ ! ⇡+X) at 90% CL for each X-
mass hypothesis. Results are displayed in Figure 8, right for a stable or invisibly decaying particle
X. For X decaying to visible SM particles, observed upper limits are shown in Figure 9, left as
a function of mX and for di↵erent values of ⌧X. These limits improve by a factor of four on those
obtained from the 2017 data and improve over previous limits from the E949 experiment [17]
for most mass hypotheses. The extension of the FV for the S2 subset (Section 4) with respect
to the analysis of the 2017 data set has improved substantially the sensitivity to X with shorter
lifetimes.

An interpretation of these limits is presented for a scenario where X is a dark-sector scalar,
which mixes with the Higgs boson according to the mixing parameter sin2 ✓ [20,37]. Constraints
in the parameter space of this scenario are shown in Figure 9, right, under the assumption that
X decays only to visible SM particles, with ⌧X inversely proportional to the mixing parameter.
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Figure 8: Left: Expected and observed number of events as a function of the reconstructed
m2

miss for the 2018 data set. Right: Upper limits on BR(K+ ! ⇡+X) for each tested mX

hypothesis, as obtained for the full 2016–2018 data set.

events by the probability that X does not decay upstream of MUV3.
The background contributions in searches for K+ ! ⇡+X decays are the same as for the

K+ ! ⇡+⌫⌫̄ studies with the addition of the K+ ! ⇡+⌫⌫̄ decay itself, which becomes the
dominant background. The expected distributions of background processes as functions of m2

miss,
evaluated as described in Section 6 and assuming the SM description for K+ ! ⇡+⌫⌫̄ decay, are
shown in Figure 8, left. The largest uncertainty in the estimated background comes from the
SM K+ ! ⇡+⌫⌫̄ decay rate. The second largest uncertainty comes from the modelling of the
upstream background distribution, which is statistically limited, and a systematic uncertainty
of up to 20% is assigned to each m2

miss bin. The total background is modelled, as a function of
the reconstructed m2

miss, by polynomial functions fitted to the expectations in Regions 1 and 2.
The search for K+ ! ⇡+X decays is performed with a fully frequentist hypothesis test using

a shape analysis with observable m2
miss and an unbinned profile likelihood ratio test statistic.

Each X-mass hypothesis is treated independently according to the CLs method [36] to exclude
the presence of a signal with 90% CL for the observed data. The statistical analysis is performed
using four categories corresponding to the 2016, 2017, S1 and S2 2018 subsets.

Under the assumption that the events observed in the signal regions correspond to the known
expected backgrounds, upper limits are established on BR(K+ ! ⇡+X) at 90% CL for each X-
mass hypothesis. Results are displayed in Figure 8, right for a stable or invisibly decaying particle
X. For X decaying to visible SM particles, observed upper limits are shown in Figure 9, left as
a function of mX and for di↵erent values of ⌧X. These limits improve by a factor of four on those
obtained from the 2017 data and improve over previous limits from the E949 experiment [17]
for most mass hypotheses. The extension of the FV for the S2 subset (Section 4) with respect
to the analysis of the 2017 data set has improved substantially the sensitivity to X with shorter
lifetimes.

An interpretation of these limits is presented for a scenario where X is a dark-sector scalar,
which mixes with the Higgs boson according to the mixing parameter sin2 ✓ [20,37]. Constraints
in the parameter space of this scenario are shown in Figure 9, right, under the assumption that
X decays only to visible SM particles, with ⌧X inversely proportional to the mixing parameter.
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Figure 9: Left: Model-independent observed upper limits as functions of the X mass and
lifetime hypotheses. Right: Excluded regions of the parameter space (mS, sin2 ✓) for a dark
scalar, S, of the BC4 model [20] decaying only to visible SM particles. Exclusion bounds from
the present search for the decay K+ ! ⇡+X are labelled as “K+ ! ⇡+ + inv.” and are shaded
in red. The constraints from the independent NA62 search for ⇡0 ! invisible decays [34] are
shown in purple. Other bounds, shown in grey, are derived from the experiments E949 [17],
CHARM [37], NA48/2 [38], LHCb [39,40] and Belle [41].

9 Conclusions

The NA62 experiment at CERN has analysed the data set collected in 2018, searching for
the very rare K+ ! ⇡+⌫⌫̄ decay, taking advantage of new shielding against decays upstream
of the kaon decay volume, and of improved reconstruction algorithms and particle identifica-
tion performance with respect to earlier data sets. The statistical power was increased by
three multiplicative factors, one factor of 1.8 due to the larger number of e↵ective kaon de-
cays, and two factors of 1.4, each due to better shielding and to improved analysis technique.
Combining the results obtained from the whole 2016–2018 data set, a single event sensitiv-
ity of (0.839 ± 0.053syst) ⇥ 10�11 has been reached. The number of expected K+ ! ⇡+⌫⌫̄
events in the signal regions is (10.01 ± 0.42syst ± 1.19ext), assuming the Standard Model BR
of (8.4 ± 1.0) ⇥ 10�11, while 7.03+1.05

�0.82 background events are expected in the same signal re-
gions, mainly due to upstream background. After unmasking the signal regions, twenty can-
didate events are observed, consistent with expectation. This leads to the branching ratio
BR(K+ ! ⇡+⌫⌫̄) = (10.6+4.0

�3.4|stat ± 0.9syst) ⇥ 10�11 at 68% CL, which is the most precise mea-
surement to date. In a background-only hypothesis, a p-value of 3.4 ⇥ 10�4 is obtained, which
corresponds to a 3.4 standard-deviation evidence for this very rare decay.

This result is also interpreted in the framework of a search for a feebly interacting scalar
or pseudo-scalar particle X, produced in the decay K+ ! ⇡+X with the same experimental
signature as the dominant background process K+ ! ⇡+⌫⌫̄. Upper limits on the branching
ratio at 90% CL of 3–6 ⇥10�11 are obtained for mX masses in the range 0–110 MeV/c2 and
1⇥ 10�11 for mX masses in the range 160–260 MeV/c2. A particular model where X is a dark-
sector scalar mixing with the Higgs boson has been explored, setting more stringent constraints
on the allowed region in the plane (mX, sin2 ✓), where ✓ is the mixing angle.

NA62 will continue taking data in 2021 with an upgraded detector including beam line
modifications, with the aim of further reducing the upstream background, thus allowing for an
improved signal sensitivity.
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lifetime hypotheses. Right: Excluded regions of the parameter space (mS, sin2 ✓) for a dark
scalar, S, of the BC4 model [20] decaying only to visible SM particles. Exclusion bounds from
the present search for the decay K+ ! ⇡+X are labelled as “K+ ! ⇡+ + inv.” and are shaded
in red. The constraints from the independent NA62 search for ⇡0 ! invisible decays [34] are
shown in purple. Other bounds, shown in grey, are derived from the experiments E949 [17],
CHARM [37], NA48/2 [38], LHCb [39,40] and Belle [41].

9 Conclusions

The NA62 experiment at CERN has analysed the data set collected in 2018, searching for
the very rare K+ ! ⇡+⌫⌫̄ decay, taking advantage of new shielding against decays upstream
of the kaon decay volume, and of improved reconstruction algorithms and particle identifica-
tion performance with respect to earlier data sets. The statistical power was increased by
three multiplicative factors, one factor of 1.8 due to the larger number of e↵ective kaon de-
cays, and two factors of 1.4, each due to better shielding and to improved analysis technique.
Combining the results obtained from the whole 2016–2018 data set, a single event sensitiv-
ity of (0.839 ± 0.053syst) ⇥ 10�11 has been reached. The number of expected K+ ! ⇡+⌫⌫̄
events in the signal regions is (10.01 ± 0.42syst ± 1.19ext), assuming the Standard Model BR
of (8.4 ± 1.0) ⇥ 10�11, while 7.03+1.05

�0.82 background events are expected in the same signal re-
gions, mainly due to upstream background. After unmasking the signal regions, twenty can-
didate events are observed, consistent with expectation. This leads to the branching ratio
BR(K+ ! ⇡+⌫⌫̄) = (10.6+4.0

�3.4|stat ± 0.9syst) ⇥ 10�11 at 68% CL, which is the most precise mea-
surement to date. In a background-only hypothesis, a p-value of 3.4 ⇥ 10�4 is obtained, which
corresponds to a 3.4 standard-deviation evidence for this very rare decay.

This result is also interpreted in the framework of a search for a feebly interacting scalar
or pseudo-scalar particle X, produced in the decay K+ ! ⇡+X with the same experimental
signature as the dominant background process K+ ! ⇡+⌫⌫̄. Upper limits on the branching
ratio at 90% CL of 3–6 ⇥10�11 are obtained for mX masses in the range 0–110 MeV/c2 and
1⇥ 10�11 for mX masses in the range 160–260 MeV/c2. A particular model where X is a dark-
sector scalar mixing with the Higgs boson has been explored, setting more stringent constraints
on the allowed region in the plane (mX, sin2 ✓), where ✓ is the mixing angle.

NA62 will continue taking data in 2021 with an upgraded detector including beam line
modifications, with the aim of further reducing the upstream background, thus allowing for an
improved signal sensitivity.
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K+ → π+γγ analysis [PLB850(2024)138513 ]

• Test of Chiral Perturbation Theory (ChPT);
• Br(K+ → πγγ) parametrized in ChPT by an unknown real parameter ĉ;
• Main kinematic variable: z = m2

γγ/m2
K ;

• Nobs = 3984, Nexp
bg = 291 ± 14;

• Consistent with the ChPT description to the next-to-leading order (O(p6)).
• ĉ = 1.144 ± 0.069stat ± 0.034syst, Br = (9.61 ± 0.15stat ± 0.07syst) × 10−7.
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Exotic decays in beam-dump mode
Beam-dump mode

• Remove the target and dump beam on a collimator (TAX);
• Searches for long lived particles (heavy neutral leptons, dark photons, dark scalars, axion-like

particles, etc.).
• (1.4 ± 0.28) × 1017 protons on target (POT) collected in 2021. Expecting 1018 in full Run 2;
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Search for A′ → l+l− [JHEP09(2023)035 , arXiv:2312.12055 ]

• Reconstructed
vertex in decay
region;

• Reconstructed A′

pointing to proton
beam interaction
point at the TAX.

• Nµµ
bg,exp =

0.016 ± 0.002,
Nee

bg,exp =
0.0094+0.0206

−0.0072.
• Nµµ

obs = 1, Nee
obs = 0.

4

FIG. 4. Observed and expected exclusion contours in the plane (MA′ , ε) for the A′ → e+e− analysis (left) and the combined
A′ → e+e− and A′ → µ+µ− analyses (right) together with the expected ±1σ (green) and ±2σ (yellow) bands. Previous results,
including the recent FASER result [13] are shown in grey. The NA62 A′ → µ+µ− search result [6] is shown with a dot-dashed
line in the right panel.

FIG. 5. Exclusion region in the
(
ALP lifetime,BR(B → K(∗)a)× BR(a → e+e−)

)
plane at 90% CL in the search for an

axion-like particle a produced in B meson decays (solid curve). Four mass values are considered. The excluded regions by the
CHARM experiment [14] are shown as shaded areas.

VI. CONCLUSION

A search for the decay of a dark photon to the e+e−

final state utilising data taken in beam-dump mode at
the NA62 experiment in 2021 is presented. No event
is found in the signal region. A statistical combination
with a previous search for the µ+µ− final state by NA62
is performed, extending the previous exclusion limits on
dark photons in the mass range from 50 to 600 MeV/c2
and coupling constant range 10−6 to 4 × 10−5. This is
compatible with thermal relic density constraints. The
interpretation of the e+e− result in terms of the emission
of ALPs coupled to the SM fermionic field is also per-
formed, extending the excluded regions in a mass range
from 10 to 800 MeV/c2.
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More physics programs at NA62

More physics results are coming:
• π0 → e+e−;
• Searches for exotic decays in hadron modes;
• Etc.
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Backup slides
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Event reconstruction

STRAW

• Reconstruct a track in downstream.
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Event reconstruction

KTAG
GTK

• Find a best matched upstream kaon, which is reconstructed from GTK.
• Build decay vertex.
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Selections

Fiducial volume

• Reject events with a decay vertex outside the decay region (fiducial volume).
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NA62 Work In Progress
Selections

GTK

CHANTI

• Reject events with bad beam conditions (bad signals from upstream).
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Selections

KTAG
GTK

RICH

CHOD

• Reject events with bad time matching in KTAG, GTK, RICH, and CHOD.
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Selections

KTAG
GTK

• Reject events with bad matching between up and downstream track, as well as the events looks
like upstream background.
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Selections

RICH

LKr MUV1,2

MUV3

• Downstream track identified as a pion.
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Selections

LKr
LAV

SACIRC

• No photon detected in the event.
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Selections

• No any other tracks in downstream.

LPHE - EPFL 12.09.2024 16/20



Selections

• Reject events with signal in the first or second veto counter station but no signal in the third
station.
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Trigger efficiency

• PNN trigger (mask1):

ϵtrig,1
πνν̄ = ϵRICH · ϵUT MC · ϵ!Qx · ϵ!MUV 3 · ϵ!LKr︸ ︷︷ ︸

ϵ1
L0

· ϵKT AG · ϵ!LAV · ϵST RAW︸ ︷︷ ︸
ϵ1

L1

.

• Normalization trigger (mask0):

ϵtrig,0
norm = ϵRICH · ϵQ1 · ϵ!MUV 3︸ ︷︷ ︸

ϵ0
L0

· ϵKT AG · ϵST RAW OT︸ ︷︷ ︸
ϵ0

L1

.

• When entering Single Event Sensitivity, several terms cancel:

ϵtrig = ϵtrig,1
πνν̄

ϵtrig,0
norm

= ϵUT MC · ϵ!Qx · ϵ!LKr · ϵ!LAV · ϵST RAW

ϵQ1 · ϵST RAW OT

• Evaluation: Checking the L0(L1) trigger flags of normalization(Kmu2) events and compute the
fraction of events with flag = true.
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K+ → π+νν̄
Background estimation: upstream
Upstream background: the π+ selected in downstream is originated from the upstream instead of a
kaon decay in the decay region, and it’s matched with an accidental beam K+.

cda

• Estimation of upstream background relies on the distribution of the Closest Distance Approach
(CDA) of the pion track and the kaon track.
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K+ → π+νν̄
Background estimation: upstream

• Use the principle of the tail fraction method, but "tail" in the CDA distribution.
• Control sample: PNN selections but invert the cut on CDA;
• Fit CDA distribution to obtain fcda; Generate a set of upstream-like events to evaluate the

probability of upstream background events passing K-π matching (Pmistag).
Nups = fcda · Nctrlups · Pmistag.
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