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The types of events that we see in lceCube.
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Cascade like event Track like event Double bang

Figure altered from Usner, Marcel. (2017). Search for Astrophysical Tau Neutrinos in Six Years of High-Energy Starting Events in IceCube. 974. 10.22323/1.301.0974.

Tracks — starting, stopping, through-going.
Cascades — contained, uncontained.
Double bang — starting (contained/uncontained),
stopping
October 27, 2025 3
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Fast event reconstruction & alerts in IceCube.
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Low level cuts targeting
specific event morphology.

ICEHAP

IcECUBE

Event Triggeread

’ - |
Based on convergence Reconstruction under
Fvent splitter of simple fit hypothesis

Use previous fit as seed

Hit cleaning Cuts on low level event

features Final selection based
onN reconstructed
features

Simple fitting algorithms

Reduce event rate
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Suggested appmaeh for NN pased alert

f

Simple cut on recordead
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NN based alert

Fvent Triggered

charge
Use general NN

Fvent splitter based reconstruction

Hit cleaning Reduce event rate Reconstruct multiple

features of the event

Simple fitting algorithms Cut based on

reconstruction
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- Variable length input data. (Or extremely sparse of zero padded)
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Target labels designed to be similar between event morphologles

Tasks

Interaction-vertex/closest approach: (x,y,zt)

Trackness: The amount of energy deposited from tracks compared to the full energy deposit

Visible length: length of the track or expansion of the cascade inside the detector volume

Deposited energy: Energy from the primary/daug
volu

nters of the primary deposited inside the detector

me

Energy on entrance: The energy of the highest energy pseudo-particle as it enters the detector volume.

Direction: x,y,z-vector of the direction of the particle along with an confidence metric kK

October 27 2025
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the input pulses.

Summarization of pulses
lIceCube Work In Progress

Pulse features (P)
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Summarization of the input pulses.

Summarization of pulses
lIceCube Work In Progress

Pulse features (P) n : number of pulses

- W E W e e
Qr = Z:;Zo%
IAn=1,—1t
Tq = fra I:ir:;:\ngf?rr)’ral
charge

(Jt — Charge aftert

time
o(t) = time standard
Dimension deviation
34 x # DOMs
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summarization of the input pulses.
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oot ed he RAM lceCube Work In Progress
© e(:.“lve y reduces the Pulse features (P) n : number of pulses
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-
- The initial pulse timings are the Qr = 2,204

most important for reconstructing | B;
the direction of the particle.
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PoQ o Taod) @ T,
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« Similar methods used for the CNN

reconstruction for cascades in
ceCube (httQS:ZZOI’XiV.QI’gZQdﬂ — Chcrtgirengf’rerf
2101.11589) g-(f) — time standard
Dimension deviation
34 x # DOMs
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MQdel arChi_:eC_:ur@ Multi-task Transformer

lceCube Work In Progress

SR Summarized data—>ﬁ

Transtformer based mode] Relative space-time Sinusodial-positional
interval bias encoding

IcECUBE

- Based on the second place solution from
the Kaggle competition organized by
ceCube.”

*https:// www.kagagle.com/competitions/icecube-neutrinos-in-deep-ice
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lceCube Work In Progress

SR Summarized data—>ﬁ

Transtformer based mode] Relative space-time Sinusodial-positional
interval bias encoding

- Based on the second place solution from First
. | block(s) Transformer
the Kaggle competition organized by block
ceCube.”

IcECUBE

*https:// www.kagagle.com/competitions/icecube-neutrinos-in-deep-ice
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MQd@l arChi_:eC_:ur@ Multi-task Transformer

lceCube Work In Progress

SR Summarized data—>ﬁ

Transtformer based mode] Relative space-time Sinusodial-positional
interval bias encoding

IcECUBE

- Based on the second place solution from First

N . block(s) Transformer
the Kaggle competition organized by block
ceCube.”

Support
CLS

. CLS tokens for regularizing output

di - Transformer
imensions. lock
S
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Transformer
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Transtformer based mode] Relative space-time Sinusodial-positional
interval bias encoding
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[nitial results and comparisons to previous work

In the following a selection based on the reconstructed interaction
vertex and trackness of the event has been applied. Removing cascade
ike events and events at the border of the detector.
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it can be used to effectively remove poorly reconstructed events.
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Performance ol the energy reconstruction
Compared on events passing the previous GFU selection.

IcECUBE

Energy reconstruction by the new model Energy reconstruction used by the GFU selection.
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Performance ol the energy reconstruction
Compared on events passing the previous GFU selection.

Energy reconstruction by the new model Energy reconstruction used by the GFU selection.
10 L - 1Nn1 10 101
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Selection of high energy astrophysical neutrino events
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election of high energy astrophysical neutrino events

down-going region
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Ng
Ns from the
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« The fit is an arctan function with
4 parameters.

f(x) =a-arctan(b - (x — x0)) + ¢

October 27 2025

Homogenized QTot [NPE]

Homogenized QTot [NPE]

Signal Rate

=

0.2

0.4

0.6

0.8

Cumulative Signal Probability

1071

Signal Rate [events/year]

=
o
0

1.0

Background Rate

0.1

0.2

0.3

| lceCube Work in Progress

0.4

0.5 0.6
cos(zenith)

o Signal Probability = 0.35
o Signal Probability = 0.55
- Fitted Curve (p=0.35):

- Fitted Curve (p=0.55):

0.8

0.9

1.0

o o
IN o
Signal Probability

—
N

o
o

23

IcECUBE

Background Rate [events/year]


mailto:askerosted@gmail.com
http://github.com/Aske-Rosted

Aske Rosted: I askerosted@agmail.com; -, github.com/Aske-Rosted ;

ICEHAP

IcCECUBE
~

Resulting etfective area comparison
Up-going region

up-going sky region
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Resulting etfective area comparison
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down-going sky region

lceCube Work In Progress
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- The multitask model can be used create robust directional and energy estimation for any event type.

. For selections targeting through-going

events previous methods provide more precise reconstructions.

- Can be used to increase the number of alerts at the same level of purity with similar angular distance

between reconstructed direction and t

Future work

‘uth.

- Produce accurate uncertainty estimation and possible event by event posterior distribution.

- Characterize the reconstruction perfor

mance of cascade-like events.

- Can a selection be created for cascade like-events with a guaranteed good directional reconstruction?

October 27 2025
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Model framework by GrapnNe'l

- Open-source codebase for deep-learning methods for reconstruction tasks at neutrino telescopes
- Covers everything from model development to deployment.

- Meant to share experience between collaborations and enable contribution from machine
learning domain experts.

. https://qgithub.com/graphnet-team/graphnet

graphnet.deployment

106180
Labelled training data _ Unlap:u«:d data —> Reconstruct —> MRS
(Experiment-specific format) (Experiment-specific format) LA

Predictions
graphnet.data graphnet.models graphnet.training
. : o . B
) - - Nl - - ) |V
o
ZD Model GraphNeT
Develop / Experiment
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Angular distance (reco/truth) distributions of the final selections
NN selection up-going

Angular distance distribution for track-like upgoing final selection 30% signal purity
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