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Atmospheric neutrinos

In the atmosphere, Cosmic Rays interact with
atmospheric nuclei and generates a neutrino flux
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Atmospheric neutrinos

At present, several experiments are measuring the neutrino flux at different

energy scales

Super-K IceCube/DeepCore
Super-K —
» 22.5 kton water Cherenkov 1 \ — ¢v:
1
» Measures the neutrino flux - 10 \
from the sub-GeV § 107 RN
» Event sample divided in: 5 107
FC, PC and Up-u & 107
% 1077
hASH
10-°
IceCube/DeepCore 101
» ~ 1km? ice Cherenkov 16=1 100 in 102 1n3 in

» Measures the high energy
part of the flux £ > 5 GeV

» Events sample divided in:
cascades and tracks
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Atmospheric neutrinos

In the future, we will constraint the atmospheric neutrino flux with high precision

DUNE KM3NET
DUNE 2z
1
> 40 kton LArTPC 10° '
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» Measures the neutrino flux - 10 '
from the Sub-GeV s 107! !
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» Two detectors: Orca and | AT — -}_40_1; R Ry
Arca E(GeV)

» Water Cherenkov
» Northern hemisphere
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We can use the atmosphere to search for BSM physics
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Heavy neutral leptons

A robust indication of BSM physics is m, # 0

» Neutrino masses can be explained by adding to the SM right-handed neutrinos
(Nr)

Liass O YuLL¢NR + LMrNENR + hec.
» For Mgr > v

vy, v?

my ~ Mp

» The suppression of Mg can explain the small neutrino masses
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Heavy neutral leptons

In the presence of Ng, the flavor states can be written as a superposition
of massive states as

Vol = Z UamVmr + UaaNig

In the presence of v — N — Z interaction
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Heavy neutral leptons

of massive states as

In the presence of Ng, the flavor states can be written as a superposition

VoL = zUameL + Ua4N§R
In the presence of v — N — Z interaction
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Heavy neutral leptons

In the presence of Ng, the flavor states can be written as a superposition
of massive states as

Vol = Z UamVmr + UaaNig

In the presence of v — N — Z interaction
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Heavy neutral leptons 1.0 m
0.8 “ ﬂ (\ ‘\‘ Machado
~ \
The flavor oscillation of atmospheric /T: 0.6 / \‘ ‘
neutrinos creates v, = 0.4 ‘ ‘ H H‘ ‘ | ‘
& Y ‘ ‘ ‘
il
Sk
O'Gl 5 100
E(GeV)
» Heavy neutrinos can travel long distance with low initial
energies.
» We will look for double bang signals: ) N
vr + N — N4 + shower z Shower
N4 — shower
P Shower

» The decay length depends on My and on \UT4|2

» Cross section proportional to mixing ?arameter |UT4|2
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Heavy neutral leptons

Double-Bang signals can be used to search for HNLs in IceCube and DUNE
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Coloma, Machado, IMS, Shoemaker (1707.08573)
Atkinson, Coloma, IMS, Rocco, Shoemaker (2105.09357)
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Heavy neutral lepton: Transition magnetic
moment

> We are interested in a transition magnetic moment
Y N

LD *ILJ,VNALO'W,PLI/QF‘W

» The decay length N — v~y

_ e Mi

r
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Heavy neutral leptons

Double-Bang signals can be used to search for neutrino transition magnetic

moments
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Heavy neutral leptons

Double-Bang signals can be used to search for neutrino transition magnetic

moments
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Heavy neutral leptons

HNLs can also be produced in the atmosphere after the Cosmic Ray
interaction

cosf =0.9;:h = 15.4 km

10*

—

» HNLs can be generated in two

three-body decays of mesons 10-2

» The main production channels
m, K, D and 7
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Argiielles, Coloma, Hernandez, Munoz
(1910.12839)
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Heavy neutral leptons

The detector will search for the decay of HNLs inside the detector.

IceCube Super-K
N 0.01 myN = 1Gev
2' 0.001
x
: oot Argiielles, Coloma,
= ":“” o U~1073 Herndndez, Murtioz
- D, - (1910.12839)
D —
1e-05 0001 Gor 01 10 100
cr(km)
IceCube Super-K
> E > 100 GeV » multi GeV sample
» Cascades contained in » e-like fully-contained topology
IceCube
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Dark photons

The SM can be extended by an extra U(1) that couples to the visible sector
via the kinetic mixing

1 1
L=Lsm — ZV/,UJV“V + %BWVW - Em%/VHV”
» V is called dark photon
» The dark photon couples to all charged particles with a factor e

» my is the mass of the dark photon
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Dark photons

The Cosmic Ray interaction with the atmosphere can also produce Dark

photons

» The production mechanism
will depend on the mass of
the dark photon

» For my < my, the main
production mechanism is
pion decay (mg — V)

» For higher masses, other
processes can contribute, like
bremsstrahlung (pp — pp7)
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Dark photons

» The steep decrease of the dark photon flux with the energy increase the
sensitivity at lower energies

» The main detection mechanism is the decay of V into a electron-pair or

hadrons
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Millicharge particles

Together with a U(1) symmetry, SM can also be extended with a dark sector.

1

EZESM—4

Vuuvuy + %Buvvuy + LDS

» In this case, we will consider a massless vector boson

» Any particle in the DS that couples to V,, will have an electric charge €
(mCPs).

Ivan Martinez-Soler (Fermilab and Northwestern U.) 16 /21



Millicharge particles

Several production mechanism can produce mCPs

» Meson decays:
> 70— yxX
> J/¥ = XX
» Drell-Yan
> ...
» Beam dump experiment
good experimental
candidates.
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Millicharge particles

mCP can also be produced in the
atmosphere in the collision of Cosmic-Rays

The mCP flux will be absorbed by the
interaction with the Earth

Argiielles, kelly and
Murioz (2104.13924)
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Millicharge particles

Sensitivity for a single-hit in the detector
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Argtielles, kelly and Muitioz (2104.13924)
See also: Plestid, Takhistov, Tsai, Bringmann, Kusenko Pospelo (2002.11732)
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Conclusions

» The interaction of Cosmic Rays with the atmosphere can be a source
of BSM physics

» In this talk, we have explored several scenarios: HNLs, Dark
Photons and mCPs.

» Different signals can be used: Double-Bangs, Cascades...

» Competitive bounds can be placed by present and future
experiments.
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Thank you!



	Transition magnetic moment

