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IceCube Neutrino Observatory

e IceCube Neutrino Observatory is located at the Amundsen—Scott

South Pole Station in Antarctica
e The successor of Antarctic Muon And Neutrino Detector Array

(AMANDA)

Source: https://icecube.wisc.edu/
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IceCube Neutrino Observatory

A three-dimensional cosmic ray detector located at the
South Pole:
« lceTop is a 1 km? array of 81 stations each with 2
ice-Cherenkov tanks on the surface that serve:

* to detect cosmic ray air showers generated by interactions
of high-energy cosmic rays in the atmosphere
* Cosmic ray detection

Measure electromagnetic and muonic components of
air shower

Shower reconstruction (energy, direction, core position)

lceCube 1 km? in-ice array 86 strings with 60 DOMs
each:
» Measure high energy muon (E > 400 GeV)
» Detection of high energy muons generated by:
* high energy cosmic rays interacting with the atmosphere
* neutrino in-ice interaction

Source: hitps://icecube.wisc.edu/
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https://icecube.wisc.edu/

Gamma-hadron separation & A\‘(IT

« Gamma-ray induced air showers:

&/ \ -
. fewer muons :
» less shower-to-shower fluctuation e/
A "
- narrower lateral spread g o
et |
. . v et/ |€ + cosmic ray (p, o, Fe..)
- Hadronic air showers: | 19\ N\ N
* more muons l
. o atmospheric nucleus
* more shower-to-shower fluctuation /N
* wider lateral spread e o T N
EM shower -/~ ‘;, [
> . | nucleons,
 How to separate them: / [ ¥ o
» Calculating the total in-ice charge O AN
deposited by high energy muon 0 4 Ny
» Reconstructed energy of the primary K. e L
el
W o
‘u’ : EM shower
Images source: doi: 10.13140/RG.2.1.4140.4969
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What now? ﬂ(“.

Karlsruhe Institute of Technology

Current goal:

y do the gamma rays Because it is the

° I i try to sneak into the "coolest" pla_ce to be, and they
Investigate lower energies enabled by a it el e i ioe s he par

new reconstruction approach (< 1 PeV)
« Gamma-hadron separation using in-ice
and surface detector

Search for gamma-ray sources:
» |ceTop used for the air-shower
reconstruction
» In-ice used for measuring the total
charge of high energy muon

Next Goal:
» search for gamma-ray sources R
+ study the emission from the galactic E—
plane Al humor by ChatGPT
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https://chat.openai.com/

High-energy mouns selection ﬂ(".

« MC Simulations Sibyll 2.3d
 Events:
« detected on the surface
« contained in-ice
« Selected events with:
* no-in-ice trigger
* no-in-ice charge

\
o GAMMRZRAY,
= SOURCES!
-
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Low energy reconstruction
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A new reconstruction method allows
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Expected gamma rays per year A\‘(IT

« Assuming LHAASO like
source in lcecube FOV

« the expected flux Number of Total Counts of LHAASO sources
' |
. 1]
« Applying: 1o !
. .. |
« Trigger Efficiency i
» Reconstruction Efficiency i
« Selection with the in-ice & 1004 :
c ]
detector 8 |
O | — J1908+0621: 73 |
. . _ | —— J2018+3643u: 18 l
Background is function of: Lo-1] — 12031+4052u: 4 :
 Energy | —— J1908+0615u: 94 !
e Zenith ] —— J1857+0203u: 10 :
e Time | —— J1809-1918u: 40 :
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The First LHAASO Catalog of Gamma-Ray Sources
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https://arxiv.org/abs/2305.17030

Summary & Outlook ﬂ(".

« The lceCube Neutrino observatory is
successfully used for the study of cosmic rays

* |ceTop used for the air-shower reconstruction
and the in-ice used for measuring the charge
deposited by high energy muon

« Gamma-hadron separation can be performed
by combining the surface and the in-ice
detector

« Next step:
« identify gamma-ray sources in the southern sky
» study the galactic plane emission
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High-energy mouns
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High-energy mouns

5.0 < 10910(Etrue) < 5.1

Proton simulations - year 2012
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Background Estimation

« Estimated background of
potential gamma ray

candidates Estimated bg per year within 8 =1°
 Estimation per year 2012 aseind
* Events per solid angle
« Number as a function of 3 x10%
zenith
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The First LHAASO Catalog of Gamma-Ray Sources
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