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eutrino Experiments

Super-Kamiokande
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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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Atmospheric Beam Dump




Dark Photon Kinetic Mixing
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Millicharge Particles

Massless dark photon £ =
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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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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 Particles Flux

Meson decay+Proton Bremsstrahlung+Drell-Yan
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Earth Attenuation
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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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Glashow Resonance (GR)
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Glashow Resonance at IceCube

Article | Published: 10 March 2021

resonance with IceCube

The IlceCube Collaboration

Nature 591, 220-224 (2021) | Cite this article

16k Accesses | 63 Citations | 507 Altmetric | Metrics

Detection of a particle shower at the Glashow

» Glashow resonance candidate was identified
with 2.3 o significance assuming E~%?

spectrum

> The cascade is partially contained (PEPE),
with muon early pulses consistent with W
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Asymmetric Dark Matter Decay
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Credit: Qinrui Liu
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* Neutrino experiments could be powerful probes of dark matter thanks to their
large exposure

o Search for millicharged particles from atmospheric beam dump at JUNO and
SuperK

e Search for heavy dark matter decay at lceCube
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Heavy neutral leptons
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|Ue|?

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

S — 2y
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

cosmic ray U(pp — MM) — K X Osim
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Magnetic monopoles

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

Elastic scattering ;5 = "¢ @
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Multiple scatter constraint
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Degeneracies at the high energy neutrino sources

Production Source flavor ratio Earth flavor ratio v + v Earth flavor ratio fo.
pp {1,1} : {2,2} : {0,0} 0.33:0.34:0.33 {0.17,0.17} : {0.17,0.17} : {0.16,0.16} 0.17
ppp damped  {0,0} : {1,1}:{0,0} 0.23:0.39: 0.38 {0.11,0.11} : {0.20,0.20} : {0.19,0.19} 0.11
Y {1,0} : {1,1} : {0,0} 0.33:0.34:0.33 {0.26,0.08} : {0.21,0.13} : {0.20,0.13} 0.08

py o damped  {0,0} : {1,0} : {0,0} 0.23:0.39:0.38 {0.23,0.00} : {0.39,0.00} : {0.38,0.00} 0

> py produces more neutrinos than antineutrinos p +y = A™ - 7 +n, if u
damped, no antineutrinos are produced

> pp produces equal amount of neutrinos and antineutrinos
p+p—n, [z + 27 + 7], which holds even if U damped

> pp is indistinguishable from py if only v + v is analyzed



Event-wise Glashow Resonance Identification

All future v telescopes

. . 1.0 R B M R R
> GR cascade (W hadronic decay, e, 7 leptonic 2040 proj.
decay) indistinguishable from NC DIS. However, §
NC cascades are less energetic o8t |
| PEPE E-287
. . ] I . PEPE E—237 |
> GR track without cascade at interaction vertex o —— HESE £297.
. . . [ e HESE E 237
distinguishable from v, CC &
» 2% < f; <72 % with 4.6 years of PEPE, |
e !
J5 < 51 % with 7.5 years of HESE, assuming I
hard spectrum I B Ry
0.0 I e Ry damped |
10 20 30 40 50 60 70 80
> pp separated from py at more than 2 o NCR

significance regardless of flux assumption

See also 2303.13706

Liu, NS, Vincent, PRD/2304.06068
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Statistical Analysis of GR

Assuming event-wise identification not possible, consider only contained events
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Analysi Spectrum o o SO Liu, NS, Vincent, PRD/2304.06068
HESE event-wise soft 1.60 140 > 50 0.70
hard 3.80 3.30 > 50 6.00
PEPE event-wise soft 2.30 2.00 > 50 l4c0
hard 5.30 4.70 > 50 6.90
HESE Bayesian soft 2.60 2.10 3.50 3.10
hard 4.40 3.90 6.30 6.50
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