Searching for light Dark Matter with NA64 and
POKER at CERN

Luca Marsicano

INFN Sezione di Genova

5 Aprile 2024, Firenze - IFAE2024

e poRER Ty

POsitron resonant
into

A

This project has received funding from the European Union’s Horizon 2020 research and innovation programme
under grant agreement No. 947715 (ERC Starting Grant POKER, 2020).

annihilation
darK mattER



The NA64 experiment The POKER project
00000 0000

Conclusions
00

Backup
00000

NA64 main physics case: vector-mediated light dark matter

“Light Dark Matter” hypothesis: DM made of sub-GeV particles X, part of a new “dark
sector”. LDM-SM interaction mediated by a new massive U(1) gauge boson, the dark

photon.
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® "Dark Photon" (A9 portal,
parameters:
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- A" x coupling: ep ~ 1
- AP 4 kinetic mixing, € < 1
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For a given my value, y value is fixed by cosmology - O(1) variations

depending on the fine details of the model.
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The missing energy technique

Missing energy approach - the active thick target is the detector

@ High intensity e* /e~ beam
impinging on thick active target — Main Afproduction mechanisms:
EM shower is initiated

@ Aare produced from e*/e™ in the

shower and promptly decay to X
particles - “invisible decay”

© Xs escape the detector without
interacting

Missing Energy Signature
® Specific beam structure: particles
impinging “one at a time” on the
active target

Deposited energy Egep measured
event-by-event

Invisible
© Signal: events with large
Emiss = EB — Edep
® Backgrounds: events with v / Target/ECAL/HCAL
long-lived (K| ) / highly penetrating

(M) particles escaping the detector
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NA64 Experiment

Missing energy experiment at CERN SPS, H4 line - 100 GeV e~ beam
H4 line: few 107 e~ /spill with energy resolution < 1% and hadron contamination
[05%

Experiment Setup

© Beam identification system:
magnetic spectrometer and SRD
tagging (MBPL magnets)
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NA64 Experiment

Missing energy experiment at CERN SPS, H4 line - 100 GeV e~ beam
H4 line: few 107 e~ /spill with energy resolution < 1% and hadron contamination
[05%
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Experiment Setup
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* Beam identification system:
magnetic spectrometer and SRD
tagging (MBPL magnets)

* EM-Calorimeter: 40Xgo, Pb/Sc
Shashlik 10

Number of events/GeV
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NA64 Experiment

Missing energy experiment at CERN SPS, H4 line - 100 Ge\é beam
H4 line: few 107 e =spill with energy resolution < 1% and hadron contamination
0:5%

100 GeV
Beam identi cation system: punchthrough 10
magnetic spectrometer and SRD
tagging (MBPL magnets)
EM-Calorimeter: 40X g, Pb/Sc
Shashlik

Plastic scintillator VETO

Hadron calorimeter: 4 m, 30
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Data analysis of 2021-2022 runs

Accumulated statistics: 2:8 101 (2016-2018) + 6:5 10! (2022) + 5:2 101
(2023) ! 1.5 10™ e on target (EOT) . Target before LS3: 3 102 EOT
Selection cuts:
Clean impinging 100 GeVe , no activity in VETO/HCAL,
shower-shape compatible with e- induced one (data-driven shower shape?
distribution)
Signal window: Egca. < 47-50 GeV, Eyca. < 1 GeV, depending on the run
conditions and detector performances

Expected background yield: 0.5 events (contribution of upstream electro-nuclear
reactions extrapolated from data via sideband t)
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NAG64 results

Current published results are based oril0'?> EOT (2016-2022) runs.
No signal observed after data unblinding.

For p =0:1, NA64 excludes the Scalar and Majorana scenarios in
a largem interval.

Thanks toe* e resonant enhancement, the Pseudo-Dirac Fermion
scenario is touched in a narrom region.

Analysis of the 2023 data is currently ongoing...
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Exploring alternative BSM models, a quick (non-comprehensive) glance

CHARMII

® Data collected by NA64
has been re-analyzed to
explore several SM ex-
tensions: L, —L<% B—
Lb, ..

“Phys. Rev. D 106, 032015

bphys. Rev. Lett. 129, 161801
“Phys. Rev. Lett. 125, 081801
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POKER: POsitron resonant annihilation into darK mattER

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

0

Exploiting the LDM production process:
ete” - AL xxt

Positron beam

2

Electron beam
~Ek

- Large event yield:
Nt 7yen vs
S

Differential track length / X_(GeV)
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- Missing energy distribution shows a peak *
2 1 20 30 40 50 60 70 80 ZO(GQ\/) 0
— ALl H
aroundER—Zme ~ clear signal A e
signature t my =50 MeV / ¢

Cross-section (4 barn)

Project goal

°
®

- Perform a dedicated missing energy 0
measurement in NA64 with the SPS
positron beam, replacing the existing
NA64 ECAL with a new high resolution 0
detector (PbW O4 calorimeter)

>

°
S

Iy

Sel il b b by b 1d

S T AR B
20 22 24

1
B
5

26 28 30
Missing Energy (Ge!

lPhys. Rev. Lett. 121, 041802
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