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v Commissioning run 2015: minimum bias data (~3×1010 protons/pulse).
v Physics run 2016 (30 days, ~1.3×1012 ppp): 2×1011 useful K+ decays.
v Physics run 2017 (160 days, ~1.9×1012 ppp): 2×1012 useful K+ decays.
v Physics run 2018 (217 days, ~2.3×1012 ppp): 4×1012 useful K+ decays.
v Run 2 (2021−24) is officially starting today! (~3×1012 ppp).

NA62 Run 1 dataset

Run 1 integrated luminosity

2.2×1018 POT collected
(3×1016 from 50h in dump mode)

1018 POT
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v NA62 Run 1 dataset: 10 SM K+®p+nn events [JHEP 06 (2021) 93].

v Several trigger lines were in operation, notably including lepton pairs
[annual SPSC report: CERN-SPSC-2021-009].
ü Main K+®p+nn trigger line: NK=6×1012 kaon decays.
ü Di-muon trigger line: NK=3×1012.
ü Di-electron and electron-muon pair trigger lines: NK=1012 each.
ü Minimum bias trigger: NK = few × 1010, good for any search.

v NA62 Run 2 approved from 2021 till Long Shutdown 3 = 2024
[addendum to NA62 proposal: CERN-SPSC-2019-039].
ü Collection of 50 SM K+®p+nn events with an improved setup.
ü Optimized di-lepton trigger lines will be operational.

v Future: CERN high-intensity kaon beam facility [arXiv:2009.10941]
ü Factor 4 increase in K+ statistics wrt NA62 Run 2.

Present and future datasets
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(3.1) K+®p+X, X=invisible
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Dark scalar exclusion 

v Mass range 0−110, 154−260 MeV: extension of the K+®p+nn analysis.
Main background: the K+®p+nn decay, O(1) events in each mass hypothesis.

v Mass range 110−155 MeV: dedicated analysis, 10% of Run 1 minimum bias data.
Main background: the K+®p+p0 decay (12 candidates observed, consistent with bkg).
UL on the invisible p0 decay established:

UL at 90% CL on BR(K+®p+X) vs mX

NA62 Run 1: JHEP 06 (2021) 93; JHEP 03 (2021) 58; JHEP 02 (2021) 201]
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(3.1) K+®p+X, X=invisible
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Squared missing mass (2018 data)
Search above di-pion threshold:
1) Large K+®p+p+p− background.
2) Lifetime for θ=10−4: cτ=O(1 m).

Mean path L = O(100m),
not totally invisible.

Prospects:
1) Outside the p0 mass:
limits scale better than NK

−1/2;
improvement by f>2 with Run 2 data.

2) In the vicinity of the p0 mass:
an improved analysis technique
would lead to UL improving vs |mX−mp0|.
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Models: 2.1 dark scalar; 2.2 ALP; 2.4 dark photon (pair production);
2.6 strongly interacting neutrino



(3.5) K+®p+X, X®𝛾𝛾
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v World’s largest K±®p±𝛾𝛾 sample:
380 candidates, m𝛾𝛾>220 MeV,
from NA48/2 (2003−2004)
and an early NA62 phase (2007).
Minimum bias datasets, NK=2.5×109. 
[PLB730 (2014) 141, PLB732 (2014) 65]

v Measured SM rate:
BR(K±®p±𝛾𝛾)=(1.01±0.06)×10−6.

v NA62 Run 1 minimum bias data
contains ~3k candidates
(based on relative sizes of datasets).

v Run 1 sensitivity to prompt production
(mX>220 MeV) to improve by f≈3.
Below the p0 mass: to be studied.
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p𝛾𝛾 mass (2007 data)

Models: 2.1 dark scalar [?]; 2.2 ALP

v Open question in Sec 2.2.2: how prompt is an interesting ALP signal?
v In NA62 terms, “prompt” is cτ<50 ps, “invisible” is cτ>50 ns.
v Are displaced X®𝛾𝛾 vertices of any interest?



(3.6) K+®p+X, X®ℓ+ℓ− at NA48/2
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Models: 2.1 dark scalar; 2.2 ALP; 2.4 dark photon

v K±®p±e+e−: ~10k events at mee>140 MeV at both BNL-E865 and NA48/2.
v K±®p±µ+µ−: NA48/2 sample is world’s largest, 3120 events.
v K±®p±µ+µ− reanalyzed for LNV and prompt peak search: PLB769 (2017) 67.

NA48/2: p±e+e− and e+e− mass NA48/2: p±µ+µ− and µ+µ− mass

PLB677 (2009) 246
BR=(3.00±0.09)×10−7

Has this been interpreted
in terms of peak search?

PLB697 (2011) 107
BR=(0.96±0.03)×10−7



(3.6) K+®p+X, X®ℓ+ℓ− at NA48/2
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Peak search by NA48/2 [PLB769 (2017) 67]:
v Trigger logic allowed for prompt resonance decay search only.
v Optimal acceptance for lifetimes τ<20 ps; A~1/τ for lifetimes τ>50 ps.
v Upper limits vs assumed resonance mass & lifetime are shown below.
v The strongest bound on ALPs for ma>210 MeV (Sec 2.2.2.1, Fig 7)?
v Would K±®p±e+e− reanalysis lead to the strongest bound for 140<ma<210 MeV?

10−10
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(3.6) K+®p+X, X®ℓ+ℓ− at NA62
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v NA62 Run 1 K+®p+e+e− sample: similar
size to E865 and NA48/2, however
low background also at mee<100 MeV
[PLB797 (2019) 134794]. To be analysed.

v NA62 Run 1 K±®p±µ+µ− sample:
28k events [POS (ICHEP2020) 364].

v Prompt decay search is limited by SM 
background: considering improved mass 
resolution, f=4 improvement on NA48/2.

v Trigger allows for displaced µ+µ− vertex 
search: background-free, expect O(10−10)
sensitivity for lifetimes 50 ps−10 ns.

v This leads to O(10−3) or better sensitivity
to the dark scalar mixing parameter θ
above di-pion threshold.

v Other models, e.g. sgoldstino production?

p+µ+µ− mass spectrum

z=(mµµ/mK)2



v Full Run 1 dataset: [PLB807 (2020) 135599, PLB816 (2021) 136259].
v Trigger lines: main K+®p+nn trigger for K+®e+N; Control/400 for K+®µ+N.
v Peaking HNL production signal: data-driven background evaluation.

Squared missing mass: (PK−Pe)2

K+®µ+n,
µ+®e+nn
(suppressed by
good vertex
resolution)

K+®e+n,
BR=1.6×10-5:
3.5M candidates

Squared missing mass: (PK−Pµ)2

K+®µ+n,
BR=64%:
2.2G candidates

HNL search
region

p+®e+n
(accidental
p+ mis-tagging)

K+®µ+ng

K+®p0µ+n

(3.11) K+®ℓ+X, X=invisible
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Models: 2.3 HNL; 2.5 leptonic force
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Model 2.3: HNL;|Uℓ4|2 limits vs mN
from production searches

(3.11) K+®ℓ+X, X=invisible
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NA62 limits on BR(K+®µ+nX)

Model 2.5: leptonic force

PLB816 (2021) 136259

v K+®µ+nX: search in the mass tail to reduce the background, m2
miss > 0.1 GeV2.

v Still a large background of O(103) events, with ~10% systematic uncertainty.
v Single event sensitivity of O(10−9) covers the (g−2)µ region; upper limits do not. 

Also, BR(K+®µ+nnn)<1.0×10−6

at 90% CL assuming SM spectrum



Other signatures (1)
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(3.2) K+®p+p0X, X=invisible
Models: 2.1 dark scalar [?], 2.2 ALP, 2.4 dark photon, 2.10 Z’ [?]
NA62 Run 1 minimum bias dataset: NK = few × 1010.
Possible backgrounds: K+®p+p0𝛾, K+®p+p0p0 with undetected photons.
Sensitivity to be evaluated (depending on differential decay rate).

(3.3) K+®p+𝛾X, X=invisible, including K+®p+p0, p0®𝛾𝛾’
Model: 2.4 dark photon
NA62 search for K+®p+p0, p0®𝛾𝛾’ with ~1011 kaons: JHEP 05 (2019) 182.
The trigger used is not available in the main Run 1 dataset.
Sensitivity to K+®p+𝛾𝛾’ to be evaluated. [Is there any interest?]

(3.4) K+®p+p0𝛾X, X=invisible
Model: 2.4 dark photon
K+®p+p0p0, p0®𝛾𝛾’:
not competitive with (3.3).
K+®p+p0𝛾𝛾’: any interest?
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NA62 limits on the dark photon:
K+®p+p0, p0®𝛾𝛾’ (3.3)

p0®𝛾𝛾 background
at low 𝛾’ masses

Background-free



Other signatures (2)
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(3.7) K+®p+ℓ+ℓ+ℓ−ℓ−

Model: 2.8 two dark-sector particles
NA62 Run 1 di-lepton dataset: NK=O(1012); low background expected.

(3.12) K+®ℓ+ℓ+ℓ−X, X=invisible
Models: 2.3 short-lived HNL; 2.4 dark photon [?]; 2.5 leptonic force
Which HNL/leptonic force mediator lifetimes are of interest?
Current status: BNL-E865 measured all SM modes except K+®µ+µ+µ−n.
NA62 Run 1 di-lepton dataset: NK=O(1012), all SM modes.
Main bkg for prompt decays at mee>140 MeV: rare K+®ℓ+ℓ+ℓ−n decays.

(3.13) K+®ℓ+𝛾𝛾X, X=invisible
Models: 2.3 HNL; 2.5 leptonic force; 2.6 strongly interacting neutrino
Dataset: NA62 Run 1 minimum bias, NK = few × 1010. 
HNL: K+®p0ℓ+N not competitive with K+®ℓ+N [arXiv:2008.11654]
Leptonic force: K+®ℓ+nX, X®𝛾𝛾; sensitivity to be evaluated.

(3.14), (3.15) Lepton flavour/number violating decays, K+®p(p)ℓℓ
NA62 Run 1: upper limits on most decays obtained at the 10−11 level.

(3.18) K+®p+p0ee. Models: 2.2 ALP. (newly added)
Observed by NA48/2; sensitivity being investigated (Daniele, Sandra).


