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Atmospheric beam dump and new physics
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Dark Photon Kinetic Mixing
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Millicharge Particles
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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

2 2 2
—nmea 2012 2 2
1 1 dEr E,,. me (EX - mx)
0~ >
Colliders do,/dE, x 1/E;
2
102 TOEME _ MeV
Oye = — 2.6 X 107%°¢? cm?
meTmin Tmin
-3
, 10
€
104 - 200 -
17 5_: :;nf%i (1)63_5GeV g ls?,izjcjround E ,_§ "72"MCPE’_) _ (1)03 GeV g SB.ax:kground
: + 1 Total 1759 3 e=5x100  — e
15.0 _‘_‘_l_l_1 +  SKII data ] EO
107° E > 1509 g
12'5_: - %125—% uqs;
107° — SuperK | £wo: Il £ —|_§
= ] _ - = ]
— JUNO 7.5—E | 1 % 75_;
10751 gy i bl C
2.5 T 25 -
m,|GeV] ; N E
0.0 I — T — — T I | I
2 40 60 20 10 15 20 25 30
E, [MeV] E, [MeV]

Assuming JUNO 10 MeV threshold+170 kton-yr exposure
Wu, Hardy, NS, PRD/arXiv: 2406.01668 Arguelles et al JHEP/2104.139%4



Multiple Scatter Constraint
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Multiple Scatter Constraint
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The NA6411 Experiment

2022 pilot run
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Events at NAG64 .
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New physics
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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
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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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Constraints on Axion-Muon Interaction
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Constraints on Axion-Photon Interaction
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o Search for millicharged particles from atmospheric beam dump at JUNO and
SuperK

* Multiple scattering could be more sensitive than single scattering

 Axion and 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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Muon Energy Loss
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MCP at Neutrino Telescopes

103 —
Preliminary =
1*\ — = 107! _
10 —— = 102"
—_— = 1073
101*\ e= 107 =
e= 1077°
103*\ P
105*\ —
107
10—9 mX = 01 Ge\/
Lol ) Lo vl ) Lo vl ) Lo v vl ) L
102 10° 10% 10° 109
E, [MeV]

— 52 (aion. + bel.—brem.ng + binel.—brem.E + bpairE + bphoto—had.E) ~ 52 (a + bE)

eT,|[TRIDENT, HUNT...

31



New Physics Search at NA64 .
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New Physics Search at NA64 .
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Axion-Photon Interaction
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Cross Section
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Decay Probability
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Cross Section
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Visible vs Invisible
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