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The Dark Sector - Introduction

Dark Matter: it is there, but very little is known about it! What is it?
How does it interact with ordinary matter?

• “WIMP miracle:” electroweak
scale masses (≃100 GeV) and
DM annihilation cross sections
(10−36 cm2) give correct Dark
Matter density / relic abundances.
No need for a new interaction!

• Intense experimental program
searching for a signal in this mass
region. So far, no positive
evidences have been found.

• What about Light Dark Matter,
in the mass range 1 MeV ÷ 1
GeV?

arXiv:1408.4371
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Light Dark Matter

The Light Dark Matter hypothesis can explain the observed Dark Matter density,
provided a new interaction mechanism between SM and Dark Sector exists1.

• The "portal couplings" connecting SM
to the Dark Sector are strongly
constrained by Lorentz and SM gauge
invariance.

• The full set of allowed renormalizable
interactions:

Vector Portal
Higgs Portal
Neutrino Portal

1
2ϵY F

Y
µνF

′µν

Ah|h|2ϕ
ϵν(hL)ψ

Coupling with SM hyper-charge
Yukawa-like coupling

Fermion mixing with neutrino
through Higgs

1For a comprehensive review: 1707.04591, 2005.01515, 2011.02157
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The Dark Photon Model

Representative case: DM-SM interaction through a new massive U(1)
gauge-boson (Dark Photon / A′) coupled to electric charge.

Model parameters:
• Dark Photon mA′ and Dark Matter mχ masses (sub-GeV)
• A′ − χ coupling eD ≃ 1
• A′ − γ coupling via kinetic mixing ε

Annihilation cross section (χχ̄ → SM) reads:

⟨σv⟩ ∝
ε2αDm2

χ

m4
A′

=
ε2αDm4

χ

m4
A′

1
m2

χ
≡ y

m2
χ

For a fixed mχ value, the thermal origin hypothesis imposes a unique value of y.
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LDM Search at Accelerators

• DM direct detection experiments
have a limited sensibility in the
sub-GeV range: ER ∝ m2

χ/mN .
• The LDM-SM interaction at low

energies significantly depends on the
details of the LDM theory.

• For some models, this results in
strong suppression of cross sections.

• Relativistic scattering processes, on
the contrary, are less affected by these
effects.

• Accelerator experiments are
particularly suited to explore the LDM
hypothesis.

Complementarity is crucial!

Top figure: arXiv:1707.04591. Bottom figure: NA64 collaboration, Phys. Rev. D 104, L091701 (2021)
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Dark Photon Production Mechanisms with Lepton Beams

Three main A′ production mechanisms with e+ − e− beams:

(a) A′-strahlung
• Radiative A′ emission in nucleus

EM field
• Forward boosted, Z2α3

EM scaling

(b) Non-resonant e+e− annihilation
• Forward backward emission in the

CM frame
• Zα2

EM scaling

(c) Resonant e+e− annihilation
• Resonant, Breit-Wigner like cross

section with MA′ =
√

2meE
• ZαEM scaling
• Most efficient LDM production

process for given kinematics2

A′

γ

γ

e−e+ e−e+

Z Z

e−

e+

A′

A′

e−

e+

(a)

(b)

(c)

2L. Marsicano et al., Phys. Rev. Lett. 121 (2018) 041802.
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Fixed Active Thick-Target LDM Searches: Missing Energy Experiments

Missing energy approach - the active thick target is the detector

1 High intensity e+/e− beam impinging on thick active target → EM shower is
initiated.

2 A′ are produced from e+/e− in the shower and promptly decay to LDM
particles χ. (mA′ > 2mχ)

3 χ particles escape the detector without interacting.

Missing Energy Signature
• Specific beam structure: impinging

particles impinging “one at a time”
on the active target

• Deposited energy Edep measured
event-by-event

• Signal: events with large
Emiss = EB − Edep

• Backgrounds: events with ν /
long-lived (KL) / highly penetrating
(µ) escaping the detector / eventual
beam contaminants
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NA64-e Experiment

Missing energy experiment at CERN North Area H4 line - 100 GeV e− beam
H4 line: few 107 e−/spill. Energy resolution < 1% and hadron contamination ∼ 0.5%

Experiment Setup
• Beam identification system:

magnetic spectrometer and SRD
tagging (MBPL magnets)

• Target: 4X0 PS + 36X0 ECAL,
Pb/Sc Shashlik

• Plastic scintillator VETO
• HCAL: 4 modules, 30λI

Sπ
SRD ∼ 10−5

D. Banerjee et al., PRL 123 (2019) 121801; D. Banerjee et al., NIMA881 (2018) 72-81; E. Depero et al., NIMA 866 (2017) 196-201
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NA64-e Experiment

Missing energy experiment at CERN North Area H4 line - 100 GeV e− beam
H4 line: few 107 e−/spill. Energy resolution < 1% and hadron contamination ∼ 0.5%

Experiment Setup
• Beam identification system:

magnetic spectrometer and SRD
tagging (MBPL magnets)

• Target: 4X0 PS + 36X0 ECAL,
Pb/Sc Shashlik

• Plastic scintillator VETO
• HCAL: 4 modules, 30λI

σE/E ∼ 0.1/
√

E

D. Banerjee et al., PRL 123 (2019) 121801; D. Banerjee et al., NIMA881 (2018) 72-81; E. Depero et al., NIMA 866 (2017) 196-201
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NA64-e Experiment

Missing energy experiment at CERN North Area H4 line - 100 GeV e− beam
H4 line: few 107 e−/spill. Energy resolution < 1% and hadron contamination ∼ 0.5%

Experiment Setup
• Beam identification system:

magnetic spectrometer and SRD
tagging (MBPL magnets)

• Target: 4X0 PS + 36X0 ECAL,
Pb/Sc Shashlik

• Plastic scintillator VETO
• HCAL: 4 modules, 30λI

100 GeV π−

punchthrough ∼ 10−3

for a single HCAL module

D. Banerjee et al., PRL 123 (2019) 121801; D. Banerjee et al., NIMA881 (2018) 72-81; E. Depero et al., NIMA 866 (2017) 196-201
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NA64 Results

• NA64 results based on 2.84 · 1011 EOT collected during 2016-2018.
• After applying all selection cuts, no events observed in the signal region

EECAL < 50 GeV, EHCAL < 1 GeV.
• Expected number of background events ∼ 0.5 compatible with null

observation.
• Most competitive exclusion limits in large portion of the LDM

parameters space.
• Secondary positron annihilation contribution included in recent analysis.
• An optimised LDM search with positron in the NA64 framework (POKER

project) is ongoing.

Compared to the analysis of Ref. [38], a number of
improvements, in particular, in the track reconstruction
were made in the 2018 run to increase the overall efficiency.
Also, the zero-degree calorimeter HCAL0 was used to
reject events accompanied by hard neutrals from the
upstream e− interactions; see Fig. 1.
In order to avoid biases in the determination of selection

criteria for signal events, a blind analysis was performed.
Candidate events were requested to have the missing
energy Emiss ¼ E0 − EECAL > 50 GeV. The signal box
(EECAL < 50 GeV; EHCAL < 1 GeV) was defined based
on the energy spectrum calculations for A0s emitted by e�
from the electromagnetic (e-m) shower generated by the
primary e−s in the target [48,49]. A Geant4 [50,51] based
Monte Carlo (MC) simulation used to study the detector
performance, signal acceptance, and background level,
as well as the analysis procedure including selection of
cuts and estimate of the sensitivity are described in detail
in Ref. [38].
The left panel in Fig. 2 shows the distribution of

≃3 × 104 events from the reaction e−Z → anything in
the ðEECAL;EHCALÞ plane measured with loose selection

criteria requiring mainly the presence of a beam e−

identified with the SR tag. Events from area I originate
from the QED dimuon production, dominated by the
reaction e−Z → e−Zγ; γ → μþμ− with a hard bremsstrah-
lung photon conversion on a target nucleus and charac-
terized by the energy of ≃10 GeV deposited by the dimuon
pair in the HCAL. This rare process was used as a
benchmark allowing us to verify the reliability of the
MC simulation, correct the signal acceptance, cross-check
systematic uncertainties, and background estimate [38].
Region II shows the SM events from the hadron electro-
production in the target that satisfy the energy conservation
EECAL þ EHCAL ≃ 100 GeVwithin the energy resolution of
the detectors.
Finally, the following selection criteria were chosen to

maximize the acceptance for signal events and to minimize
background. (i) The incoming particle track should have
the momentum 100� 3 GeV and a small angle with
respect to the beam axis to reject large angle tracks from
the upstream e− interactions. (ii) The energy deposited in
the SRD detector should be within the SR range emitted
by e−s and in time with the trigger. (iii) The lateral and

FIG. 1. Schematic illustration of the setup to search for A0 → invisible decays of the bremsstrahlung A0s produced in the reaction
eZ → eZA0 of 100 GeV e− incident on the active ECAL target.
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FIG. 2. The left panel shows the measured distribution of events in the (EECAL; EHCAL) plane from the combined run data at the earlier
phase of the analysis. The right panel shows the same distribution after applying all selection criteria. The shaded area is the signal box,
which contains no events. The size of the signal box along the EHCAL axis is increased by a factor of 5 for illustration purposes. The side
bands A and C are the ones used for the background estimate inside the signal region.

PHYSICAL REVIEW LETTERS 123, 121801 (2019)

121801-3

NA64 collaboration, Phys. Rev. D 104, L091701 (2021)
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Conclusions

• Light Dark Matter scenario (MeV-to-GeV range) is largely unexplored.
• Can efficiently explain the correct Dark Matter density.
• Theoretically well grounded assuming a new DM-SM

interaction mechanism exists.
• Accelerator-based experiments are uniquely suited to explore it.
• NA64 is an electron-beam missing-energy experiment at

CERN, investigating the Dark Sector.

• NA64 produced several important
results in the search for LDM.

• In 2022 we reached the 1012 EOT
milestone and we plan to increace
statistics as much as possible
before CERN LS3.

• The experiment sensitivity will be
further improved by collecting
more e− data and for high mass
range by using a positron beam.

PLB796, 117 (2019)
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Backup Slides
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NA64 program

Electron Beam:
• NA64-e: 2.84 × 1011 EOT already measured
• Additional ∼ 6 × 1010 EOT collected in 2021 (data

analysis ongoing), after detector upgrade (electronics,
straw detectors and veto hadron calorimeter)

• High statistic run in 2022: 1012 EOT. Probe
significant part of the A′ invisible parameter space
up to the thermal relic targets

Muon Beam:
• NA64-µ: missing momentum and energy experiment

with a muon beam
• Ongoing parallel effort of the NA64 collaboration

Positron Beam:
• Primary e+ beam allows to exploit the enhanced

resonant annihilation cross section → high sensitivity
to large A′ masses

• Dedicated short e+ run in 2022: 1010 e+OT
accumulated

• POKER run foreseen in 2024

Hadron Beam
• Explore light mesons fully invisible decay modes
• First ideas are currently being developed

14 / 12



NA64-e at CERN - further recent results

Light Z′ search in the Lµ − Lτ scenario
• Re-analysis of the 2016-2018 dataset

searching for a new gauge boson coupling
predominantly to muons and taus

• Ad-hoc calculation of the loop-induced
coupling to photons (kinetic mixing)

• Results are more stringent than Belle-II
limits, and compatible with exclusion
contours from the re-analysis of neutrino
experiments

Search for a new B-L Z′ gauge boson
• First NA64 analysis using the 2021

dataset
• New constraints on the Z′ parameters

space, more stringent compared to those
obtained from the neutrino-electron
scattering data for the 0.3-100 MeV mass
range

• Results can be re-casted to A′ space via
gB−L ↔ εe.

L
µ

- £7 "invisible" model, mz, = 3mx

Belle - II 

10
1

10
2

mz, [MeV] 

5

the fit functions as described in Ref. [47]. Another back-
ground from punch-through of leading neutral hadrons
(n,K0

L) with energy & 0.5 E0 produced by the beam e−s
in the target, was evaluated from the study of their prop-
agation through the HCAL modules [49] and was found
to be negligible. Other sources of background that could
mimic the signal, such as loss of dimuons and decays in
flight of beam π, K, were simulated and were also found
to be negligible.

The overall signal efficiency εZ′ , which includes effi-
ciencies for the geometrical acceptance, the track, SRD,
VETO and HCAL selections and the DAQ dead time,
was found to be slightly mZ′ dependent [48]. The ECAL
signal selection efficiency, εECAL, was estimated for dif-
ferent Z ′ masses. The εECAL value for a shower from a Z ′

event has to be corrected compared to the ordinary e-m
shower, due to difference in the e-m showers development
at the early stage in the ECAL PS [40]. This correction
was . (5±3)%, depending on the energy threshold in the
PS (EthPS) used in the trigger. The systematic uncertainty
is dominated by the EthPS variation during the run, mostly
due to the instabilities in the PMT gains. The VETO
and HCAL selection efficiences are defined by the noises,
pileup and the leakage of the signal shower energy from
the ECAL to these detectors. They were studied using
the electron calibration runs (runs without ECAL energy
threshold) and simulations. The uncertainty in the effi-
ciencies estimated to be . 4% is dominated mostly by the
pileup effect. The total signal selection efficiency with all
criteria used except ECAL energy cut varied from ∼ 0.62
to ∼ 0.48. From the differences between the predicted
and measured dimuon yields [47] we conservatively de-
rived the dominant uncertainty in the signal yield to be
' 10%.

Data from runs I-IV were analysed simultaneously us-
ing the multibin limit setting [47] technique, with the
code based on the RooStats package [53]. The signal box
(EECAL < 50 GeV ;EHCAL < 1 GeV ) was defined based
on the energy spectrum calculations for Z ′ bosons emit-
ted by e± from the e-m shower generated by the primary
e−s in the ECAL [40, 41] and the HCAL zero-energy
threshold determined mostly by the noise of the read-out
electronics. The size of the signal box was optimized by
comparing sensitivities defined as an average expected
limit calculated using the profile likelihood method. For
this optimization, the most important inputs came from
the background extrapolation into the signal region of
runs I-IV with their uncertainties. The optimal size of
the signal box, weakly dependent on the Z ′ mass and the
run, was finally set to EECAL . 50 GeV for all four runs
and the whole mass range. The calculations were done
taking into account the final signal yield and background
level, the uncertainties of which were treated as nuisance
parameters in the statistical model [54].

The total number of signal events in the signal box was

FIG. 5. The NA64 90% C.L. exclusion region in the
(mZ′ , gB−L) plane for the unbroken (solid blue line) and bro-
ken (dashed blue line) U(1)B−L. For the later case, three de-

generate heavy neutrino species with the mass ratio
mNi
mZ′

= 1
3

have been assumed. Constraints from the results of neutrino-
electron scattering experiments obtained with nuclear-reactor
neutrinos at TEXONO [31–33] and GEMMA [34], solar neu-
trinos at BOREXINO [35], and accelerator neutrino beams at
LSND [36], and CHARM II [37] derived in Refs. [19, 29] are
also shown. The dashed area above the curves is excluded.

the sum of events expected from each of the four runs:

NZ′ =

4∑

j=1

njEOT ε
j
Z′n

j
Z′(gB−L,mZ′ ,∆EZ′) (7)

where εjZ′ is the signal efficiency in run j, and

njZ′(gB−L,mZ′ ,∆EZ′) is the signal yield per EOT gener-
ated in the energy range ∆EZ′ . Each jth entry in Eq.(7)
was calculated with simulations of signal events and pro-
cessing them through the reconstruction program with
the same selection criteria and efficiency corrections as
for the data sample from run j. The corresponding yield
njZ′ of Z ′ → invisible events was defined by

njZ′(gB−L,mZ′ ,∆EZ′) =

∫
dnjZ′

dEZ′

[
Br(Z ′ → νν) + (8)

+
∑

l=e,µ

Br(Z ′ → l+l−)e
−LECAL+LHCAL

L
Z′

]
dEZ′

where
dnj
Z′

dEZ′
was calculated with Eq.(6), and the term in

square brackets gives the probability for the produced Z ′

with a given mass mZ′ and energy EZ′ , to make a tran-
sition into the invisible final state, i.e. to decay either
into νν pair, or outside the HCAL modules into a e+e−

or µ+µ− pair. Here, Br(Z ′ → νν) varies in the range

0.6 - 0.75, depending on mZ′ , see Fig. 2, LZ′ = cτZ′EZ′
mZ′
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NA64−µ Experimental setup

NA64-µ experiment: muon beam missing energy + momentum search
Beam: M2 beamline at CERN SPS, 160
GeV µ−, 105 − 107 µ/s.
Detector:

• Two magnetic spectrometers, MS1
(impinging µ) / MS2 (scattered µ)

• Three calorimeters: ECAL (active
target), VHCAL, HCAL

• Beam-defining plastic scintillator
counters

Signal signature: P1 ≃ 160 GeV,
P2 < 80 GeV, ECAL ≃MIP.

L. Molina BuenoICHEP2022 8

The ΝΑ64μ experiment

160 GeV μ-

Magnet 

spectrometer 1 
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Electromagnetic 

calorimeter (ECAL)

Magnet 

spectrometer 2 

NA′￼∝ ϵ2
NZ′￼∝ g′￼2

Signature 
Missing energy 
and momentum

Exploring Dark Sector physics weakly coupled to muons 

Hadronic calorimeter (HCAL)

V0

Veto hadron 

calorimeter (VHCAL)

MS2

ECAL 
 active target

E E
C

AL
+E

VH
C

AL
+E

H
C

AL
 [G

eV
]

Momentum @MS2 [GeV]

Z’ signal-like events for mZ’ = 100 MeV

MC

160 GeV muons generated at the high energy (up to 250 GeV) and high 
intensity (105-107 μ/s) M2 beam-line at the CERN SPS accelerator.
Hadron admixture (typically charged and neutral hadrons such 
as pions and kaons):π/μ∼10−6, with K/π ∼0.03

N. Doble, L. Gatignon, G. von Holtey, and F. Novoskoltsev,
Nucl. Instrum. Methods Phys. Res., Sect. A 343, 351 (1994).

L. Molina BuenoICHEP2022 8

The ΝΑ64μ experiment

160 GeV μ-

Magnetic 
spectrometer #1

MS1

Electromagnetic 
calorimeter (ECAL)

Magnetic 
spectrometer #2

Hadronic calorimeter (HCAL)

V0

Veto hadron 
calorimeter (VHCAL)

MS2

160 GeV muons generated at the high energy (up to 250 GeV) and high 
intensity (105-107 μ/s) M2 beam-line at the CERN SPS accelerator.Hadron admixture (typically charged and neutral hadrons such 

as pions and kaons):π/μ∼10−6, with K/π ∼0.03

N. Doble, L. Gatignon, G. von Holtey, and F. Novoskoltsev,
Nucl. Instrum. Methods Phys. Res., Sect. A 343, 351 (1994).
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NA64−µ Physics cases

Sub-GeV Z′ predominantly coupled
to muons

• New gauge boson associated to
Lµ − Lτ symmetry

• Main motivation: muon g − 2
anomaly.

• In extended models, can also
explain DM as a thermal
freeze-out relic.

Light dark matter
• Radiative A′ emission, followed

by A′ decay to LDM

• Complementary to e± searches
in the high-mass region.

• Future sensitivity quoted
for 1013 EOT+2 · 1013

MOT.

L. Molina BuenoICHEP2022 5

The ΝΑ64μ experiment: physics goals

2018 2021 2022
LS2

2023 2024 2025
LS3

Phase 1Experiment 
proposal 

Pilot runs 
5x109 MOT 5x1010 MOT

Benchmark model: Sub-GeV Z' boson predominantly coupled to muons:

Exploring Dark sector physics weakly coupled to muons  
using the unique CERN SPS M2 high energy and high intensity muon beam

Ιt can give via loop effects the required 
contribution to explain the (g-2)μ 

 Active  
 Dump

Initial μ 
beam

Μissing energy/
momentum

μ + Z → μZZ′￼; Z′￼→ νν̄

S. N. Gninenko, N. V. Krasnikov, and V. A. Matveev, Phys. Rev. D 91, 095015 (2015)

C. Y. Chen, M. Pospelov, and Y.-M. Zhong, Phys. Rev. D 95, 115005 (2017)
D.W.P. Amaral, D.G. Cerdeño, A. Cheek and P. Foldenauer, Eur. Phys. J. C 81 861 (2021)

Arising by a U(1)' broken symmetry generated by gauging the difference 
of the lepton number between the muon and tau flavour, Lμ − Lτ models

H. Sieber et al., Phys. Rev. D  105, 052006 (2022)

17 / 12



NA64−µ Status

Two test runs have already been
performed in 2021 (5x109 MOT) and
2022 (5x1010 MOT)

• First results from 2021 data
analysis: less than 10−11

background events expected per
MOT. No events observed in the
signal region.

• 2022 data analysis in progress.
First physics run foreseen at the end
of 2023 or beginning of 2024

• Detector optimization in
progress.

• Final goal: 1011 MOT.

of ðme=mμÞ5 compared to electron bremsstrahlung, is
estimated through MC simulations to be ∼10−7 per
MOT. Because of the phase space associated to this
process, final state muons can be efficiently rejected
through the double/triple MIP signature in the HCAL
modules, as well as within the tracking detectors. For
the typical set of cuts used within this framework, possible
background due to dimuons production is rejected at the
level of <10−12 per MOT.
Combining all of the above main sources of background,

the experiment is expected to be background free at the
level of ∼1011 MOTs (see Table I).

IV. FUTURE SENSITIVITY TO THE ðg− 2Þμ
The signal yield of invisible decay of Z0 to SM neutrinos,

Z0 → ν̄ν, can be estimated according to [37,40] such that

Nðν̄νÞ
Z0 ¼ NMOT ·

ρN A

A
·
X
i

σtotðEi
μÞΔLi · BrðZ0 → ν̄νÞ; ð6Þ

where N A is the Avogadro number, ρ is the target density
and A the target atomic weight, ΔLi is the ith step length of
the muon with energy Ei

μ within the target, and σtot the total
cross section for Z0 emission. The 90% confidence level
upper limit on g0 is calculated using Eq. (6), thus requiring

Nðν̄νÞ
Z0 > 2.3 events, in the ðmZ0 ; g0Þ parameter space. The

corresponding results are shown in Fig. 6 for NMOT ¼ 1011

assuming the selection criteria (i)–(iv) and a single scat-
tered muon with energy E0

μ ≤ 80 GeV. Also shown is the
values of g0 andmZ0 necessary to explain the muon ðg − 2Þμ
within the 2σ band. It can be seen that for NMOT ≥ 1011, the
parameter space necessary to explain the muon anomalous
magnetic moment is fully covered. Additionally, it is also
shown that with 1011 MOT, NA64μ is also sensitive to the
parameters space region explaining the XENON1T
excess [62].
For completeness, existing experimental bounds on Z0

from the gauge extension Lμ − Lτ theory are shown for
neutrino trident production, νN → νNμμ, with the CCFR
experiment [63,64], as well as from neutrino-electron
scattering with the BOREXINO experiment [65,66]. Also
shown are experimental constraints from electron-positron

colliders with the BABAR [67] and Belle-II [68] experi-
ments. As a comparison, projected sensitivities for Dune
[72,73], Belle-II [74] andM3 [38] are plotted alongside our
estimated limits.

V. CONCLUSION

In this work, we presented the expected sensitivity of the
NA64μ experiment to a light Z0 boson coupled to muons as
a remaining low mass explanation of the ðg − 2Þμ muon
anomaly. The minimal model based on the broken
Uð1ÞLμ−Lτ

symmetry is used as a benchmark in these
studies. We focused on the optimization and design of
the experimental setup for the first phase of the experiment
dedicated to demonstrating the feasibility of the technique.
The trigger efficiency and the detector hermeticity have
been studied using a dedicated GEANT4-based MC simu-
lation framework and a realistic M2 beam-optics simula-
tion. A trigger using the scattered muon deflection after
traversing the magnet spectrometer has been designed to
keep the primary beam below 0.1% and a mass-dependent
signal efficiency between 15%–35%. The low trigger
efficiency for smaller masses is compensated by the mass
dependence of the cross section. The main expected
background sources arise from momentum misreconstruc-
tion in the two magnet spectrometers, hadron contamina-
tion and detector hermeticity. The results obtained from the
simulation show that the background level is below 10−11

per MOT being dominated by the decay in flight of
the remaining hadron contamination in the M2 beam line.
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 [GeV]Z'm

5−10
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 MOTs11 10μNA64
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BBN
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Borexino

σ 2±μ(g-2)

Belle II

-1Belle II 50 fb

-μ+μDune

XENON1T

FIG. 6. Projected sensitivities for the invisible mode Z0 → ν̄ν in
the ðmZ0 ; g0Þ parameter space for a total of 1011 MOT with the
NA64μ experiment. The limits are given using the selection
criteria (i)–(iv) and the requirement of the event lying in the signal
box. The necessary ðmZ0 ; g0Þ values to explain the ðg − 2Þμ
anomaly are shown within the 2σ green band, as well as the
possible parameters to cover the XENON1T excess [62]. Also
shown are current experimental constraints from CCFR [63,64],
BOREXINO [65,66], BABAR [67] and Belle-II [68], together
with the cosmological constraints from the big bang nucleosyn-
thesis (BBN) [69–71]. Projected sensitivities from Dune [72,73],
Belle-II [74] and M3 [38] are also plotted.

TABLE I. Main sources of background and expected back-
ground level per muons on target (MOT).

Source of background Level per MOT

Hadron in-flight decay ≲10−11

Momentum mismatch ≲10−12

Detector non-hermeticity ≲10−12

Single-hadron punch through ≲10−12

Dimuon production < 10−12

Total (conservatively) ≲10−11

H. SIEBER et al. PHYS. REV. D 105, 052006 (2022)

052006-6

 L. Molina BuenoICHEP2022 16

I) In-time events

II) Single-hit per tracker

III)Reconstructed momenta in MS1 

[135, 185 GeV].

IV)Quality cut on downstream momenta 

in MS2 based on χ2.

V) Energy compatible with MIP energy 

in calorimeters and veto 

Event Selection Criteria:

Data analysis: work in progress

No background observed at this level

The ΝΑ64μ experiment: preliminary results

(Preliminary)

Cut-flow analysis for the ~5 x 109 MOT collected in 
2021 (in 2022 statistics increased a factor 10)
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POKER: POsitron resonant annihilation into darK mattER

An optimized light dark matter search with positrons in the NA64 framework3

Signal production reaction: e+e− → A′ → χχ

• Large event yield:
Nannihil

s ∝ ZαEM vs
Nbrem

s ∝ Z2α3
EM

• Missing energy distribution shows a peak

around ER =
M2

A′
2me

→ clear signal
signature

Project goal

• Perform a preliminary missing energy
measurement with a positron beam,
using a new high resolution detector
(P bW O4 calorimeter) replacing the
existing NA64 ECAL

• Demonstrate the technique and set the
basis of the first optimized light dark
matter search at a positron-beam facility 14 16 18 20 22 24 26 28 30 32
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POKER sensitivity to LDM

Pilot measurement at the H4
beamline with 100 GeV e+

beam4

• Baseline scenario: 5 · 1010

e+OT, 50 GeV missing energy
threshold

• Aggressive scenario: 3 · 1011

e+OT, 25 GeV missing energy
threshold

• Future experimental program
with multiple 1013 e+OT runs
at different energies

Pilot run sensitivity - 0 bck

Future high-statistics run

4Currently discussing within NA64 and SPSC to possibly run the pilot measurement in 2024
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NA64 - visible mode

• Interest has recently grown towards
A′ visible decay A′ → e+e− in the
∼ 17 MeV mass region ( X17
anomaly)

• NA64 visible mode: A′ produced in
WCAL detector (plastic and
tungsten calorimeter). Search for
decay products in ECAL

• 8.4 × 1010 EOT collected in visible
mode: ruled out part of the available
X17 parameter space

NA64 collaboration, Phys. Rev. D 101 (2020) no.11, 071101(R)
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