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Main question
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* What and where are the highest energy accelerators

within our galaxy? What is the limit?
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* What and where are the highest energy accelerators 1010 108 106 104 102 100 102
within our galaxy? What is the limit?

* The knee inthe spectrum is believed to be related to a
change in cosmic-ray sources.

* Below this point, cosmic rays are thought to originate
from sources within the Milky Way galaxy, hinting at
the presence of PeV hadron accelerators within the
galaxy known as Galactic PeVatrons.
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Our Gamma-ray sky U
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lceCube is Iin a unigue position
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10-4 4 lceCube Preliminary

Recent studies (Schroder & Bontempo 2025)
improved background rejection power by
approximately an order of magnitude at 1 PeV. '] Vessrea bt 2012 s o
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Initial search (Aartsen et al. 2013) used only 40 o~ 07
strings in-ice and one year of data. Found no 5l
sources. =
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Previous analysis (Aartsen et al. 2020) used in- Y T pdimation [
ice and surface array with 5 years of data. Used Gamma-hadron separation
machine learning for event selection — found no B S e
significant gamma-ray emission. .
Was able to place upper limits on high energy
emission of H.E.S.S sources and 90% confidence 22 K R R SS SR N
level upper limit on point sources. — T
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How do we detect?

cosmic ray (p, o, Fe ...)
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* Air-shower geometry and CR energy proxy are reconstructed using Icelop pulses

 Separate step needed to distinguish gamma air-showers from hadronic ones
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Gamma/Hadron separation - Icelop
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* Using CNN optimized in recent study (Hewett, 2025), inputs are 2-D

distributions. In the final fully connected

Single gamma
event

—_—

Single proton
event —
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Gamma/Hadron separation-inice

Depth [m]

Can we separate
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Estimated number of events
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* Integrated number of
events as a function of
starting energy after ML
selection cuts for mock
LHAASO-like sources
and background.

* Alldashed lines show
previous event selection,
solid lines are improved
selection.
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1 —— zenith pulls
| ---- Gaussian Fit: y=-0.10, 0=1.01

lceCube work in
progress

0.40
Angular error estimation
0.30
5. 0.25
-% 0.20
* Can we estimate angular error on an event-by- = 015
event basis? Important for point source searches! °]
(Note NOT estimating direction) .
T sin(f) - cos(¢) 180
n= |y| = |sin(f) -sin(¢) | , e = COS ™ (Ptrue * Mreco) * ——-
2 cos(0)
0.40
* Previously tried a BDT to directly estimate opening s
angle (didn’t work well ®) 030
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azimuth error separately, then circularize 8 15 ]
2 0.10
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Coverage of pull distributions
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Sensitivity estimates
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| = This work 50 discovery potential
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Summary S

CANTERBURY

* Defined a new event selection combining ML techniques with IceTop data
and an energy dependent veto region for the in-ice volume.

* Working off previous improvements (Schroder & Bontempo 2025), only
currently using testing for the year 2012.

* Created a neural network to estimate angular error on an event-by-event
basis, results are promising and have provided improvements in coverage.

* Sensitivity estimates show improvements over previous methods, in both
sensitivity and source injection bias.

* Results show possible interpolation between multiple years of data,
accounting for snow on tanks. Simulations are computationally expensive,
train a new model every 3 years?

IcCECUBE
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Questions?
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Backup
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Energy Reconstruction
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CNN architecture
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Event selection on further years
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NN model
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Other primaries in NN
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Source injection bias
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