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IceCube Science

• Novel instrument in multiple fields
• Broad science abilities, 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 
generated 
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IceCube Science – Why neutrinos?

• 20% of universe is dark to 
“traditional” astronomy, i.e. 
using electromagnetic 
waves/light

• Need a new set of 
“messengers” 
–Gravitational Waves and 
Neutrinos
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IceCube Science – How does it work?
• Cherenkov light - Sonic boom 

with light
• Cherenkov light appears when a 

charged particle travels through 
matter faster than light can
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Summary
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Gory Details



Data Routes – Data
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Data Routes – MMA
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• 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



IceCube Science – Multi-Messenger Astrophysics

• Multi-Messenger Astrophysics (MMA) 
• Observing astrophysical phenomena with 

more than one “messenger” (gravitational 
waves, neutrinos, EM)

• One of NSF’s Big 10 Ideas 

• IceCube detected an event that came 
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  
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Data Routes – Filtered 
Data
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• O(daily) connection for with 
shared bandwidth (500 
GB/day) with 110 GB/day 
allocated

• On-site lossy compression to 
fit into allocation

• Science and monitoring data



A new view of the Cosmos

• 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

• Maximum-Likelihood method for cascade 
pointing insufficient to find a source – Using 
BDT and CNN to find and reconstruct cascade 
events

• Third High Energy Neutrino Point Source! – 
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• Using “line-shaped” events to check locations in 
the sky for “above threshold”

• Purely statistical method
• Second High Energy Neutrino Point Source 



Data Routes – Archives
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• Yearly shipping of “all” data from South Pole to “North” for 
archival

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



• Beyond the Standard Model Physics
• Can we improve our sensitivity?

• Explore new data analysis methods – Machine Learning
• etc.
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Monte Carlo Simulation

• Monte Carlo simulation is required to test 
theory to data

• Need to produce and store simulation data
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Signal and Background Simulation
(Neutrinos and Cosmic Ray Muons)

Comparing Data to Simulation
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Thank you!

Questions?


