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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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Heavy neutral leptons
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Heavy neutral leptons

Heavy neutral lepton decay to electron/muon at neutrino detectors
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Hydrophilic dark matter
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Hydrophilic dark matter
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Dark matter scatters at neutrino and dark matter detectors
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Hydrophilic dark matter

Including both elastic and quasi-elastic scattering in the overburden

x(k) + A(pa) = x(K')+ X(=n+Y)
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Axion-like particles
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Axion-like particles
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Long-lived neutralinos
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Long-lived neutralinos
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Magnetic monopoles
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Magnetic monopoles

o(pp = MM) = K X Ogim
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Dark photon
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Dark photon kinetic mixing
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Millicharge particles
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Millicharge particles from light meson decay
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Millicharge particles from light meson decay

(I)x ('7x) = 2 Z BR(m — XX) /d7m¢m(7m)P(7x‘7m) !

Vector mesons p, w, ¢, J/y decay to MCP pairs =777 77" X

2 K X

BR (m — xX) _ 2 ma — 4m3
)

BR(m — putu— m2, — 4m?

1 dI'y 1

— 10_3 -
[wdE, Ef —Ey

P(Ex‘Em) —

n decay to MCP pairs+photon

2
BR (7 — vxx) = 2€2aBR(n — yy)I®) (ﬁ)

10—5 :

2
m?’) 10—7 :

® [em2s7Tstr ]

1 dI', My — 2 |
— F
Iy dz  722°F;(m,) 2 (2,my) 10-2 |

Plestid et al PRD/2002.11732




Millicharge particles from proton bremsstrahlung

Fermi-Weizsacker-Williams (FWW) approximation with the splitting-kernel approach
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Millicharge particles from Upsilon meson decay

Pythia8 simulations
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Millicharge particles from Drell-Yan process

Madgraph simulations
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Millicharge particles flux

Meson decay+Proton Bremsstrahlung+Drell-Yan
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Earth attenuation
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Single scatter
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Single scatter constraint
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Multiple scatter constraint

Lp

Single scatter probability P, =1—exp (

)\(Tmin)

Multiple scatter probability Pn>2(Tmin) =1 —exp (

)

Lp

A

)(

Lp
1 I
LS

Number of observed events N, multi — singleP nZZ(Tmin ,multi)/ P I(Tmin,single)

E.
N.
E.

[, min

(inele (m)( €> - NeTJ " dE¢,(E,) X J'dEXdQCI)f (

){9

EQ)

do,,

dE,

)

28



Multiple scatter constraint

Preliminary
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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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