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Astroparticle physics

o

AGNSs, SNRs, GRBs... " *

Gamma rays -

They point to their sources, but they
can be absorbed and are created by
multiple emission mechanisms,

Neutrinos

They are weak, neutral
particles that point to their
sources and carry information
from deep within their origins.

air shower

They are charged particles and
are deflected by magnetic fields,

gallery.icecube.wisc.edu
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Cosmic ray flux
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Air shower — 10 TeV
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Muon flux: Definition of prompt

bror = ¢prompt + P conventional
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Most energetic o—Srorron
muon in bundle

Muon parent:
pion or kaon
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Prompt atmospheric muons and neutrinos
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» handle on pion/kaon ratio
pascal.gutjahr@tu-dortmund.de 7
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Muon Puzzle and model uncertainties

"muon number”
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» More muons measured than simulated for E > 40 PeV ~ cms 8 TeV
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* F3 (“Prompt lepton production in hadronic interactions”)

» F4 (“Cross sections and hadronic interactions in particle- and astroparticle physics”)

Deliverables:

= Year 1/2:
= Establish analysis framework for prompt muon measurement
= First (preliminary) results will be produced
= Upgrade MC generators for necessary comparisons and alignments to F3 and F4

= Year 3/4:
= Continue systematic studies for prompt muon measurement
= Publication of prompt muon measurement
= Further work on unifying F3/4 results for MC generators
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1) Detect prompt component of the atmospheric muon flux
 Measure the normalization
 Get handle on hadronic interaction models

2) Unfold a muon energy spectrum

* New CORSIKA simulations with extended history
* Tag muons by parent = prompt or conventional

e Scale amount of prompt particles
* Scaling saves time and resources instead of doing multiple simulations with different interaction models
e Perform forward fit of the prompt normalization
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CORSIKA 7 tagging and MCEg comparison
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» Good agreement in total prompt and conv muon flux
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MCEq: tool to numerically solve the cascade equations that
describes the evolution of particle densities as they propagate
through a gaseous, dense medium
https://github.com/mceqg-project/MCEq
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» DY and D, are swapped here
but this is fixed in MCEq
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Agreement for different primary models
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Pseudo analysis
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Expected muons for 10 years: leading vs. bundle energy (GSF)

= |eading: energy of most energetic muon in a muon bundle
= bundle: sum of energies of all muons of the bundle

108+ | — Conventional 108 - | —— Conventional
o —— Prompt m —— Prompt
0 ] N —
9 106 - 9 106
] ]
-~ v
£ 1ot 2
5 1077 Vo 10%-
] >0
o © T
£ 10?1 S & 102
@ @
S c
U 10°- v 100

L2 MuonFilter L2 MuonFilter

> T v v LA L BB | v v LA | v v LELENL AL LY | > ML | T T LI L LB R | v v LN B L |

c c

S 1024 S

46. 100' .;a

g LELELAL | v v LENLENL L LY | v v LA L AL | v v LANLENL AL LY | v v LALENL B LY | g :""l v v LN L EL Y | v v LN LA | v v LA L LY | v v LA B L L

¥ 104 10° 10° 107 108 ro¥ 104 10° 10° 107 108
Leading muon energy in GeV Muon bundle energy in GeV

» Both leading and bundle energy are sensitive to detect prompt
pascal.gutjahr@tu-dortmund.de » Leading muon energy is more sensitive 14
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Pseudo data sampling Cuts:

L2 MuonfFilter
Bundle energy > 100 TeV
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> Tagging allows scaling of prompt by factor n,,
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Poisson likelihood fit performed in leading muon energy Cuts

L2 MuonfFilter
Bundle energy > 100 TeV

Test bias
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Test statistic for Wilks’ theorem



ety .@m f;; CECUBE

Discovery potential and sensitivity Cuts:
L2 MuonfFilter
Bundle enetrgy > 100 TeV
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& CORSIKA 7 test simulations
& Prompt identification
& MCEqg comparison
=l Few-author paper in progress (publish early 2024)

10”4

E
& First analysis chain for prompt muon normalization % o
 Proceed analysis...(systematics etc.) %
1 IceCube prompt muons paper (publish early 2025) @ |
 Prompt neutrino analysis v E

MCEq Prompt

—— MCEq Conv

CORSIKA Prompt

+ CORSIKA Conv

= Tagging and MCEq comparison in progress (Lars Bollmann)

T T T
104 10° 106 107
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[ Combined fit (prompt muons + neutrinos)...future plan

F3/F4 Dortmund Meeting:
= https://nextcloud.e5.physik.tu-dortmund.de/index.php/s/JSWGYQ6wWBb9ndJM
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