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Dark Photon Kinetic Mixing
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Millicharge Particles
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Atmospheric Beam Dump




Millicharge Particles from Meson Decay
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Millicharge Particles from Proton Bremsstrahlung

Fermi-Weizsacker-Williams (FWW) approximation with the splitting-kernel approach
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Millicharge Particles from Drell-Yan Process

Madgraph simulations
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Millicharge Particle Flux

Meson decay+Proton Bremsstrahlung+Drell-Yan
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Single Scatter Constraint
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Multiple Scatter Constraint
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Multiple Scatter Constraint
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Muon Energy Loss
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MCP Energy Loss
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MCP at Neutrino Telescopes
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The NA6411 Experiment

2022 pilot run
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Events at NAG64 .
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Region A: soft muon scattering
with small energy deposition

Region B: hard scattering and
large energy deposition in the
target

Region C: soft scattering and
large energy deposition in the last
calorimeter

Region D: Hard scattering in the
target with hadrons left out
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Muonphilic Dark Sector
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Production Rate

Target length 2 | " |
£ 0.2F []. -

2 Trigger 4l
Decay probability * =2 Hm{”‘*}{’l}“

\ 0.15 t20 # |
!
f

Nsignal = NmoTTpb Litar / do(uN — uN X )ePiy >

T : %};i%ﬁ*
/ \ 0.05— w{jﬁ _
Hitt

Muon on target S | NERRRLAL
Lol Lo R R
198 % 1010 Cat.terlng Cross 0 e s 1
| section . Mz, GeV
| Efficiency
Pb target density NA64 collaboration, 2409.10128

18



Cross Section
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Muophilic Millicharge?
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Constraints on Muonphilic Dark Sector

Croon et al, JHEP/2006.13942
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Search for millicharged particles from atmospheric beam dump at JUNO and
SuperK

Multiple scattering could be more sensitive than single scattering
New signature of MCP at neutrino telescopes

Flavor-specific dark sector could be searched with muon beam dump
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Atmospheric beam dump and new physics

 Heavy neutral leptons
 Hadrophilic dark matter
* Axion-like particles

* Long-lived neutralinos
* Monopoles

 Dark photon

* Millicharged particles
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Millicharge particles from light meson decay
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Millicharge Particles from Upsilon Meson Decay

Pythia8 simulations
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Single scatter

Elastic scattering ;5 = "¢ @
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Multiple scatter constraint
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Earth Attenuation
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New Physics Search at NA64 .
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New Physics Search at NA64 .

Thermal Dark Matter, g, = 51072, mz = 3m,
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Axion-Photon Interaction
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Cross Section
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Decay Probability
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Visible vs Invisible
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Constraints on Axion-Photon Interaction
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Axion-Muon Interaction

1 1 o
L3 5(050)° = 5m2a® + oy (Bs0) i Y51t
a
7 il 7
N N

Axion production through muon bremsstrahlung

37



Cross Section
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Constraints on Axion-Muon Interaction
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