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lceCube

WISCONSIN

UNIVERSITY OF WISCONSIN-MADISON

50 m

IceCube Laboratory

Data is collected here and
sent by satellite to the data
warehouse at UW—Madison

1450 m

Digital Optical
Module (DOM)

5,160 DOMs
deployed in the ice

2450 m

|CECUBE

Sours POLE NEUTRING OBSERVATORY

8615trinés of DOMs,.

~set 125 meters apart

Antarctic bedrock

DOMs
are 17
meters
apart

ICECUBE

SouTH POLE NEUTRINO OBSERVATORY

Amundsen-S
Pole Station, A

A National Science Fou
managed research facility

s
P
7
y
A~

60 DOMs
on each
string
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ICECUBE
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lceCube Science

: Neutrino
Flavor Ratio H Oscillations HTauAppearqnce

Sterile Neutrinos

Neutrino
Astronomy

Cosmic
Accelerators

Multimessenger
Astronomy

* Novel instrument in multiple fields

Explosons sorvonmoics I NEUTENG roducion * Broad science abillities, e.g.
— - astrophysics, particle physics, and
earth sciences

* Lots of data that needs to be
processed in different ways

 Lots of simulation that needs to be
Tormechy generated

Gamma Ray
Astronomy

FUNDAMENTAL
SYMMETRIES

Cosmic Ray
Physics

Solar Physics BEYOND DARK
STANDARD MATTER Glaciology
MODEL

Space-time
Symmetry

Atmospheric
Sciences

XXXXX

ERSITY OF WISCONSIN-MADISON 2025
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lceCube Science — Why neutrinos?

microwave optical X-rays gamma-rays neutrinos  COSIIC rays

F
» ’ T

O Bhn ey

» 20% of universe is dark to

terra incognita: “trgditional” astronomy, .e.

el using electromagnetic
nautrinos waves/light

* Need a new set of
‘messengers’
—Gravitational Waves and
Neutrinos

W[SCONS[N Cl Compass: Data Management: From Instrument to First Storage Wednesday, January 22, 2025 1
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A History of Neutrino Astronomy ICECLUBE
in Antarctica NEUTRINO OBSERVATORY

el

— | HiH i »
O O O O O O O O O
1988 2000 2001 2011 2013 2018 2021 2022 2023
Telesc;e inthe AMKJ DA Atmos_pheric lceabe Astrop_hysical Firstgu rce Gla;ow Second_Source Third?ource
Ice Envisioned Completed Neutrinos Completed Neutrinos TXS 0506+056 Resonance NGC 1068 Milky Way
Detected Discovered Identified Neutrino Identified Identified

Identified



Summary

Origin

Online
(at South Pole)

Offline
(in "the North")

ICECUBE

SouTH POLE NEUTRINO OBSERVATORY

Analysis

IceCube

N Computing

TDRSS/
JADE

Monte Management
Carlo (IceProd2)

WISCONSIN

UNIVERSITY OF WISCONSIN-MADISON

e a |3Live/Follow-up
DIUM

Multi-Messenger Alerts

TDRSS/
JADE

(lceProd2)

‘ IceCube
Data Warehouse

Workflow

Cl Compass: Data Management:

Common (Level 2)
Data Processing

IceCube
Compute
(UW, OSG,
Collaboration)

From Instrument to First Storage

Detector Data

Physics Topic (Level 3+)

Data Processing
(lceProd2)

Monte Carlo Simulation .

6
Wednesday, January 22,
2025




S

High Priority
Data

ory Detali

incl. Alert Raw Data

IceCube Lab g

High Fidelity Data,
incl. Alert Raw Data

South Pole
Archive @
Station
High Priority
Data Amundsen- ;
Scoft Station - [ Raw Data—7p [w
Alert Data % N

High Fidelity
Alert Data

Monitoring Data
Raw and
Filtered Data

IceCube
Lab

Raw Data

South Pole

I WISCON

UNIVERSITY OF WISCONSIN-

High Fidelity Data, __-¥

Raw Data

Iridium
RUDICS

Hawaii

High Priority
Data

DOD [@l@

High Fidelity Data,

incl. Alert Raw Data High Priorit;

Data

RUDICS

Yy
» [ [E Gateway @ UW

Whitesands

High Fidelity Data,

incl. Alert Raw Data
S~—— USAP
g -

High Fidelity Data,
incl. Alert Raw Data

High Priority
Data

-
ST @ uw

/ o5l
Monitoring Data
High Fidelity
Alert Data

Alert Data

IceCube Data
Warehouse
@ uw

L

Raw Data,

Raw Data

Data,
Data Transfer
Interactive Infrastructure [
Data Analysis @uw
Infrastructure obs’
@uw Grid lceCube and
Raw Data Infrastructure External Alert
Data Follow-up @ UW
Job:
HPC/HTC N
~ Cluster @ UW
b8
~~ .
Jobs_
~.
~ e
Jobs s
IceCube Cloud
Grid

Northern
Hemisphere

L UBE

NEUTRINO OBSERVATORY

122,
025
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Data Routes — Data

X/
NERSC 45t '"fwh

TACC

V\.g IRIDIUM
TEXAS ADVANCED COMPUTING CENTER GE%ITQ -

N\
* Prio.

Data

Filtered
Data

Archival
Data 8
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Data Routes — MMA

* Alert Stream or
Multi-Messenger
Astrophysics (MMA)

« 24/7 connection at limited
bandwidth (email with small
attachment)

« 24/7 monitoring and
communication with
experiment operators

W[SCONS[N Cl Compass: Data Management: From Instrument to First Storage

Y OF WISCON
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, SO0OuUTH POLE NEUTRINO OBSERVATORY

lceCube Science — Multi-Messenger Astrophysics

Follow-up detections of IC170922 based on public telegrams

5, ot * Multi-Messenger Astrophysics (MMA)
« Observing astrophysical phenomena with
S s ) more than one “messenger” (gravitational
SALT, Kapteyn M;\:GIC Liverpo;?,-;:(;LE Waves’ neUtrInOS’ EM)
e & « One of NSF’s Big 10 Ideas
e

i T St * |ceCube detected an event that came
SIS T BT B from Blazar TXS 0506+056

 Follow up observations by several
observatories/telescopes showed signal

« Back catalog showed access for this source

* Fast response to alerts requires
significant computing resources

s
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Data Routes — Filtered

. CPG%E% connection for with

shared bandwidth (500
GB/day) with 110 GB/day
allocated

* On-site lossy compression to
fit into allocation UW-Madi

« Science and monitoring data >0




&Ir-l_—l_‘l =1~

RY

A new view of the Cosmos

NGC 1068

o ooyl — . _-—-—_':'_‘ . Galactic Coord \

« Starburst Galaxy R i o =~ =

- SeyfertIl rpt / - 4 - \ 5

* 14 Mpc | Under Emtiargo, NGt Fo .dmgs-. _ < T - : = ~

P-value = 0.001% (4.2 o) . . .
pvalue =02% (29 0) N 180° 2 S e—— 120 180
; = 0 1 2 3 4
- \ jpce 10 Pre-Trial Significance (n-0)
. . “ ” “ ”
» Using “ball-shaped” events for “large” (e.g.

.
|

Milky Way) or isolated sources a good option
for Southern Sky point source search — Clear
differentiation from background

ra. [deg]
051103 (2020) Science 378, 6619 (2022)

« Using “line-shaped” events to check locations in « Maximume-Likelihood method for cascade
the sky for “"above threshold” pointing insufficient to find a source — Using
» Purely statistical method BDT and CNN to find and reconstruct cascade
events

« Second High Energy Neutrino Point Source
* Third High Energy Neutrino Point Source' v

W[SCONS]N Cl Compass: Data Management: From Ins@u% yprfé%@?e 12 0K
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Data Routes — Archives

* Yearly shipping of “all” data from South Pole to “North” for
archival

* Allow future processing with updated detector understanding
 Potential to find “new” results

i( »

b

T.*‘CC

TEXAS ADVANCED COMPUTING CENTER

Archival
Data
W[SCONS]N Cl Compass: Data Management: From Instrument to First Storage
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ICECUBE

SouTH POLE NEUTRINO OBSERVATORY

» Beyond the Standard Model Physics
« Can we improve our sensitivity?
* Explore new data analysis methods — Machine Learning
* etc.

WISCONSIN Cl Compass: Data Management: From Instrument to First Storage
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MOnte CarlO SimU|atiOn Signal and Background Simulation
R (Neutrinos and Cosmic Ray Muons)
L \'

Forward
@ Theory Scattering Shower Detectors EIvem'

Inverse

Comparing Data to Simulation

* Monte Carlo simulation is required to test

*
!
—— _—:J theory to data
* Need to produce and store simulation data
}
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Thank youl!

Questions?

o . . 16 )
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