Cosmic Ray shower simulations for KM3NeT

Piotr Kalaczynski

Particle Astrophysics in Poland, 20.05.2019
NATIONAL

~N
Q KM3NeT efj e

SWIERK



Outline

© Cosmic Rays

© Simulation work in Warsaw

© Summary

Piotr K. CR sim for KM3NeT

NON

PAP, 20.05.2019

NATIONAL
CENTRE

FOR NUCLEAR
RESEARCH
SWIERK

2/16



© Cosmic Rays

© Simulation work in Warsaw

© Summary

«Or «Fr o«

>

<

B

>

NATIONAL
CENTRE

FOR NUCLEAR
RESEARCH
SWIERK

DA



Cosmic Rays

https://www.quantamagazine.org/ultrahigh-energy-cosmic-rays-traced-to-hotspot-20150514 /
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Primary CR
(most probably p)

Earth's atmosphere

p, n, I, K + heavier hadrons & nuclei
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CR primary energy spectrum
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Energies and rates of the cosmic-ray particles
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Eprimary — our simulation input
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KM3NeT processing chain
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KM3NeT processing chain (our branch)

I ORCA ARCA Stage

v

genl- generation

sea level

can level

light simulation

reco level
. ~ NATIONAL
can <= detector data & MC — same reconstruction! (/d’ F5A NUELEAR
C ) RESEARCH
SWIERK
o> «F = =, E= 9ac

Piotr K. CR sim for KM3NeT PAP, 20.05.2019 9/16



What is CORSIKA?

CORSIKA — COsmic Ray Simulations for KAscade

o developed for KASCADE experiment
(Karlsruhe)

o full simulation of air showers
@ customizable (models, primaries, etc.)

@ we are interested in v and u at sea level
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https://www.ikp.kit.edu/corsika/index.php

Atmospheric u spectrum for ORCA1 (Zenith)
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Atmospheric u spectrum for ARCA2 (Zenith)
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Atmospheric u spectrum for ARCA2 (Energy)
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Summary

The main message:

@ Detailed event-by-event MC simulation of air showers possible

o We developed a complete simulation chain for ARCA and ORCA
detectors

e Good agreement with first data (and still improving)
@ More statistics needed (work in progress)

@ unique possibility to measure CR u at 3.5 km underwater
< upcoming paper : “Measurement of the atmospheric muon rate
dependence on the sea depth with the KM3NeT neutrino telescopes”
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Thank you for your attention. Any questions?

, ¥

%m&@m.

NATIONAL

A
(/" CENTRE

) FOR NUCLEAR
C ’) RESEARCH

SWIERK

Piotr K. CR sim for KM3NeT PAP, 20.05.2019 16 / 16



CORSIKA simulation settings

Settings used for simulations:

@ HE hadronic interaction model: SIBYLL 2.3c

e LE hadronic interaction model: GHEISHA 2002d
(not so important in our case)

@ Charmed particles handled explicitly

@ CR flux model: GST3, using 5 primaries: p, He, C, O, Fe
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Data vs MC ratios
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Implemented Hadrons (Mesons + Baryons)
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Atmospheric flux contributions
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Unflavoured atmospheric flux contributions
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