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Cosmic-ray air showers

» The earth is constantly being bombarded with
cosmic rays

* These protons collide with air nuclei producing
a big amount of unstable hadrons

« These hadrons decay into other particles that
form part of the atmospheric shower

« Atmospheric neutrino experiments look at
neutrinos that are produced in these showers
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BSM particles in air showers

* Hypothetical particles could be produced in cosmic

ray air showers
» The particles could travel and decay inside the
detection volume of atmospheric neutrino detectors
* This would result in an excess of events
+ Kusenko, Pascoli, Semikoz, JHEP 11 (2005) 028
(Sterile neutrinos at SK)
+ Asaka, Watanabe, JHEP 07 (2012) 112
(Sterile neutrinos at SK)
+ Arguelles, Coloma, Hernandez, Muioz, JHEP 02 (2020) 190
(HNL and dark photons at SK and IC)

Advantages:

» Long lifetimes
» Some data is already available!
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Probing BSM signals with SK data

Super-Kamiokande

Gifu Prefecture, Japan

~1,000 m (~3,300 ft)
under Mt. lkeno

41.4 m (136 ft)

in height

€ | ~50,000 tons of
ultra pure water

~13,000
photo-multiplier
tubes (PMTs)
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Probing BSM signals with SK data

Super-K runs |-V (5326 days) We calculate an e-like signal, add it
to the SK data to probe BSM theories
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Case study: Long-lived light neutralino

We apply this strategy to search for long-lived light neutralinos in Super-Kamiokande
Light neutralinos are allowed in the RPV MSSM. We consider the term

W = 2iL;Q; Dy

The widths are parametrised by /’lgjk (if they are smaller, it lives longer)
Some studies:
» SHiP, ATLAS: de Vries, HD, Schmeier, PRD 94 (2016) 035006 & Gorbunov, Timiryasov, PRD 92
(2015) 7, 075015
» CODEX-b, FASER, MATHUSLA: Dercks, de Vries, Dreiner, Wang; PRD 99 (2019) 055039

We focus on production from meson decays and degenerate sfermion masses. Specifically, we
choose 47,,, 171, and 17,
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Neutralino production and decay

Benchmark 1: 4351, 4712; M0 € (Myz, Mpz) Benchmark 2: A3,,,4111; m 0 € (Mo, Myex)
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We are looking at showering final states
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Neutralino trajectories

»

zenith 4 production point _ _
[ The following coordinates are relevant for

the production of the neutralino:

« [: Distance between the production point
and the detector

* 0: zenith angle of the trajectory of the
neutralino

» h: height at which the neutralino is
produced

Column depth: X = fp(h, D dl
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Cascade equations and event rate

Cascade equation /p : atmospheric density at depth X \
dch dn Ay : decay length of the meson
dE ondX Zj p)lM dE,0dQdE o ddy _
a5 da) . production rate of the parent meson
1
Differential from MCEq " . distribution of neutralinos produced in meson decays
neutralino https://github.com/afedynitch/MCEq \dEX(l) /
production
rate
Differential event rate " The difterental event
Probability of decay in the detector volume rate can be multiplied by
L the exposure time and
d dd SU2 o ~Algor/A 0. integrated to get the
dE ,0dQ fdsl f ax dE 0d0dX ©, (e ") expected number of
' events
Depends on neutralino lifetime A0 \ )
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Results for benchmark 1

Production from D mesons decays
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Results for benchmark 2
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Results in the Br vs. ct plane
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To summarise

102 10° 10" 10° 10°
cr [m]

0-! 10° 10

Water Cherenkov detectors can be good This search can probe a wide range of
at searching for atmospheric long lived lifetimes (peaking at order 1 km)
particles from meson decays

Many possible directions to follow from here!
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BACK-UP SLIDES
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Production and decay channels

RPV coupling Production Decay mode
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Bounds on RPV parameters
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