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Model (SM)

Dark sectors in a nutshell

An interesting framework to explain SM open questions with New Physics at low energy scales

They can solve some of the most pressing
Standard questions in particle physics: the origin of

universe and the Dark Matter origin.

neutrino masses, the baryon asymmetry of the

J. Jaeckel et al. Nature Phys. 16 (2020) 393-401

LTotal = LSM + LDS +-
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VA NAG64 target: the vector portal and Light Dark Matter

Dark Matter origin as thermal relic

Sketch depicting qualitative projections, which are further quantified by the references provided in the text

y rare processes: & precision frontier: energy frontier: high-energy colliders
B-factories, fixed target experiments
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YAv The NA64 experiment

Fixed target experiment at the CERN Super Proton Synchrotron accelerator designed to probe Dark Sector physics.
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YA Dark sector exploration using muons (NA64,)

Exploring DS physics weakly coupled to u using the unique CERN SPS
M2 high energy (up to 250 GeV) and high intensity muon beam (up to 107u/s)

N . Target
Initial well-defined p Scattered p

Signature and challenge
Missing energy + missing momentum

o ~ g%Z*a*Im?

Physics Goals
«  Sub-GeV Z' as remaining explanation of the muon g-2 anomaly.
- Light dark matter in the A' mass region > 0.1 GeV (complementary search to NA64e+).

Scalar, ALPs coupled to the muon, Milli-Charged particles, Lepton Flavour Violation in
HZ -> eZ and pZ -> tZ conversion in flight.

S.Gninenko et al. PLB796, 117 (2019)
D. Banerjee et al. [NA64 Collaboration]. CERN-SPSC-2019-002 / SPSC-P-359, January 14, 2019.
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VA Dark sector exploration using muons (NA64,)

Challenges
2022 2023 2024 TOTAL RUN 4  Fully hermetic detector.
1.98x1010  1.5x10™ 2x1011  3.5x101 LS3  ~2x1(Q13 Mion ontare - Initial and final p momenta mis-measurements
e > down to =10-13 .

Improved setup

« High intensity/low hadron contamination
upgrade to fully exploit the beam capabilities.
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Scattered p

Signature
+

BMS3 BMS6

Magnet Spectrometer

80 m

H. Sieber, et al. Phys. Rev. D 108 (2023) no.5, 056018
H. Sieber, Phys. Rev. D 105 (2022) no.5, 052006
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Vx. First NAB4, physics results
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Yk First NA64, physics results

Target (ECAL)

Initial well-defined p Scattered u

2) -Scattered muon with momentum <80 GeV
-MIP energy in ECAL and HCAL
-No activity in VETO and VHCAL

NAB4A collaboration [arXiv:2409.10128 [hep-ex]| (under peer-reviewed evaluation).

Normalized counts / 2.67 GeV
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https://arxiv.org/pdf/2409.10128

VA First NA64, physics results

Target (ECAL)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.211803
https://arxiv.org/pdf/2409.10128

VA First NA64, physics results

First Results in the Search for Dark Sectors at NA64 with the CERN Careful Accountmg Could Reveal the

SPS High Energy Muon Beam Dark Sector
Yu,M,Andregev p— v e HIGHLIGHTED IN PHYSICS

Phys. Rev. Lett. 132, 211803 — Published 21 May 2024

An experiment at CERN seeks signs of dark matter by looking for missing energy and momentum in the debris of

-v‘
Ph)’SICS See synopsis: Careful Accounting Could Reveal the Dark Sector particle collisions.
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VA Improvement of the setup in 2023/2024
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https://arxiv.org/pdf/2409.10128

VA Future prospects

Explore Dark sector and many well motivated New Physics scenarios in a complementary
way to other approaches: using electron, muons, positrons and beams and the
missing energy/momentum technique

| , Run 4 Thermal Dark Matter, ap = 0.1, ma = 3m,,
Goals Particle/energy TOTAL 2025 2026 (statistics aimed) 1077 5
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NA64 is an ideal experiment to decisively discover or disprove very attractive predictive
LDM models, and greatly explore DS below electroweak scale in the coming years.

High complementarity with present and planned experiments such as FASER, SHIP, HL-LHC,
present and future dark matter direct detection and neutrino experiments
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