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Ghost Hunting @ IceCube 4 ' IT
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Particles
enter (red)

What a GZK might look like

Collision Evidence of muon neutrino

Neutrino paths

IceCube first searched for muon
neutrinos, looking for kilometer-
long streaks of light and particles
made by the neutrinos slamming
into atomic nuclei outside the
boundaries of the observatory.
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CR Analysis @ IceCube ST
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Enhancing CR Analysis: The Science Case

Attenuation by Snow-Coverage Differences between Experiments

KSETA Plenary Workshop, 2020: A. Leszczyriska

PoS ICRC2017: H. Dembinski et al.
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The Physics Frontier
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Muons as Probes SKIT
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1. Dependence - First Interaction ST

Fe-shower interact earlier in the

atmosphere
Annu. Rev. Nucl. Part. Sci. 2011: R. Engel et al.
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Impact Weighted Charge AT
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Y. Charge,; * ri
1T

Help understand shower attenuation in-ice and a dynamic parameter

- Possibly help in understanding photon propagation in-ice
- Ongoing work
- Good Separation Between Primaries
x-axis : Proxy for Energy ; y-axis : Impact Parameter
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. Parameter = Impact Weighted Charge &(IT
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Parameter = Impact Weighted Charge
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2. Dependence - Particle Number

Motivation

arXiv:1306.6283

8,.,%9_5 - KASCADE-Grande data (full efficiency)
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Figure 1: Two-dimensional distribution of the shower sizes (total number of
charged particles and of muons) measured with KASCADE-Grande and used
for this analysis. Diverse quality cuts are applied. Furthermore, only events
with zenith angles # < 18° and with shower sizes for which the experiment is
fully efficient (above log,o(szf) ~ 6.0 and log,O(N[fC) ~ 5.0) are considered.
In addition, a roughly estimated energy scale is indicated. Since KASCADE-
Grande measures the shower sizes at atmospheric depths beyond the shower
maximum, electron-rich showers are initiated preferentially by light primaries,
and electron-poor showers by heavy ones, respectively (this is indicated in the
figure, t00).
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.- A mass dependent
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log,o(E/GeV) = po + p1log,o(S125/VEM). (2.)/
-

.
Using updated simulation and reconstriiction algo-

o 3

rithms, the mapping of log,,(S125) to log;(E/GeV) from
|5] has been re-optimized and applied to the 3-year data
set. The updated fit parameters for Eqn. 2 are in the
following table:

Zenith range Po i

0.95 < cos(f) < 1.0 | 6.011 | 0.933

0.90 < cos(f) < 0.95 | 6.055 | 0.924

0.85 < cos(f) < 0.90 | 6.110 | 0.915

0.80 < cos(#) < 0.85 | 6.177 | 0.907

Paras Koundal - DPG Spring Meeting, 2022
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Ratio-Parameter -ﬂ("

- Uses IceTop and In-Ice info. - Proxy for muon-to-electron number ratio
Motivated by work of KASCADE-Grande (arXiv:1306.6283)

" . Data vs Simulations
Composition-Sensitivity

Parameter = Ratio Parameter
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https://arxiv.org/abs/1306.6283v1

3. Dependence - Energy-Deposit Rate stk 200 ~XIT
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Total Stochastic Energy Slope-Parameter

- Uses In-Ice info. - Uses In-Ice info.
- Captures local stochastic-deposits - Captures the rate of in-ice charge
in-ice, primarily by muons, deposit,
- Good separation between primaries - (Good separation between primaries
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Using In-Ice Signal Footprint IT
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Current |mp|ementation at lceCube Credits: M. Huennefeld (arXiv:2101.11589)
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https://arxiv.org/abs/2101.11589v2
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Learning on Graphs

Defined by set of nodes (V) and set of edges (E) between the nodes

SKIT
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Neighborhood and Connectivity & permutational invariance of Node Labelling

Undirected : Facebook Friends ... ; Directed : Citation Graph ... ; Bidirectional : Twitter Follows

Set as Input - Permutationally Invariant
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PROCEEDINGS
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Graph Neural Networks and Application for Cosmic-Ray
Analysis

Other Material

- paraskoundal.com/dicp21
- My ML & Al Paper List

a' - My Twitter (Paras Koundal)
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Architecture Details \i1
Date of Publication: 18 June 2021 Kerbraner st frechnologie
_ New Groph Messqge-qusing framework Hierarchical Multi-View Graph Pooling with
Structure Learning

113 . . . . . .
- Ad c pfed from The Work H Iera rChlca I Mu IiI-VIew Gra ph Poo I I ng WIih Siruc*u re Zhen Zhang, Jiajun Bu®, Member, IEEE, Martin Ester, Senior Member, IEEE, Jianfeng Zhang, Zhap Li",

Chengwei Yao, Huifen Dai, Zhi Yu, Can Wang, Member, IEEE

Learning”
- Improvement in Graph pooling (or downsampling) to learn hierarchical representations
- Attention mechanism utilized to generate robust node ranks.
- Preserve the underlying graph topological information, using a structure learning

mechanism.
SEMI-SUPERVISED CLASSIFICATION WITH
GRAPH CONVOLUTIONAL NETWORKS
Thomas N. Kipf Max Welling
University of Amsterdam University of Amsterdam
T.N.Kipf@uva.nl Canadian Institute for Advanced Research (CIFAR)
M.Welling@uva.nl e
i Date of Publication: 22 Feb 2017 ________ .
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Many different architectures were
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https://arxiv.org/abs/1609.02907
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Results
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- Graph Based «++ RF Based - = Baseline
- Target Variable: 1+In(A) Mass Output = 1 + In(A)
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Divide and Tackle
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Stay Tuned...
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IceCube-Gen2
Anisotropy Studies

Flux In Local Coordinates

Galactic

I 200
0 Flux [km~2sr~tyr-1] 3000
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Summary ST

J New composition-sensitive parameters
d Preliminary indication of lighter-composition at knee
d Promising results for composition analysis

d Heavy-involvement of KIT in detector R&D for hybrid surface array
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Questions




