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• IceCube records data continuously, for every 
billion muons, we only record a single 
astrophysical neutrino

• But if I give you IceCube data, how do you 
identify a muon from a neutrino? What about a 
cascade vs track?

INTRODUCTION
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WHAT ARE THESE?
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• Both “start” half-way in the detector and exit the detector
• Forms a line, therefore “track-like”
• Can be from either νμ of ντ undergoing CC interaction

Downgoing Upgoing



Manuel Silva - Event SelectionsJune 18, 2020

STARTING TRACKS
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• 1.5km of ice before reaching 
IceCube, atmospheric 
muons dominate

Downgoing Upgoing

• Particles travel through the 
entire Earth before reaching 
IceCube, little to no 
atmospheric muons



Manuel Silva - Event SelectionsJune 18, 2020 7

WHAT ARE THESE?
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• Very difficult to compute 
direction, but easy to 
compute energy deposited

Cascade Starting Track

• Very easy to compute 
direction, but difficult to 
compute energy deposited
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STARTING EVENTS
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• Neutral current or 
νe+ντ CC decays only

• νμ+ντ CC decay only

• ~4x as many νμ as ντ

Cascade Starting Track
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What particles are you searching 
for? 

Energy range?  
Will you allow background 

contamination?
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GRECO
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EVENT SELECTIONS

Oscillations

MESE

ESTES
Northern

NuMu

HESE

DRAGON

Neutrino  
Sources

Diffuse
Double 
Pulse

**Limited Selection,  sorry 
if I didn’t include your 
favorite analysis**

OscNext
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DIFFUSE

MESE

ESTES

HESE Diffuse

• Goal of group is to identify and measure atmospheric 
and/or astrophysical neutrino properties

• All neutrino flavors, TeV-PeV energies

• Requires different 
techniques for 
Northern vs 
southern sky

Double 
Pulse
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• High Energy (HE) Cut, Qtot > 6000 PE

• Use outer layer of DOMs as veto region, cut on 
Starting Events (SE) 

HESE (E > 60 TEV)
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• Similar to HESE, but now add more veto layers 
for medium energies (ME)

MESE (E > 1 TEV)
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• Tau neutrino interacts within IceCube and 
produces a tau lepton

• Tau lepton travels before decaying, 2nd vertex

DOUBLE PULSE
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• Use waveform from DOMs, apply series of cuts 
on the shape of the waveform 

DOUBLE PULSE
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• Enhanced Starting Track Event Selection

•

ESTES
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• Veto ~1 billion 
atmospheric muons

• Retain ~50 astrophysical 
neutrinos
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• Veto region probability 
denoted as pmiss

• Single cut on pmiss

• 10k atmospheric 
muons , 100 
astrophysical neutrinos 
survive this cut

CUT #1 - VETO
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• Cut on BDT score aiming 
for < 1 muon per year

• Started at 1billion muons 
per astrophysical neutrino, 
now we’re at 50 
astrophysical neutrinos per 
muon

19

• The BDT computes a probability for a particular event being a 
muon vs astrophysical neutrino

•

CUT #2 - BDT
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OSCILLATIONS
• 2 different event selection 

used up to 2019, different 
physics goals

• GRECO and DRAGON 
now united under 
OscNext framework

• Low energy neutrinos, 
primarily atmospheric

Oscillations

DRAGON

OscNext

GRECO
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OSCNEXT
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Cred: 
Jan Weldert

BLEEP

https://events.icecube.wisc.edu/getFile.py/access?contribId=101&sessionId=21&resId=0&materialId=slides&confId=106
https://events.icecube.wisc.edu/getFile.py/access?contribId=101&sessionId=21&resId=0&materialId=slides&confId=106
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• Few strings in DeepCore means “noise” can accidentally be 
interpreted as an event

• This is in addition to the large presence of atmospheric 
muons 

• Two BDTs now required to filter muons, Level 4 and 5

OSCNEXT
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• DOMs have noise that can 
be interpreted as low 
energy event

• Use 5 variables as input 

• Cut = 0.7 reduces noise 
rate by over 100

LEVEL 4

23



Manuel Silva - Event SelectionsJune 18, 2020

• Primary background are now “clean” muons, time to filter 
them out!!

• Use real data and train against simulated 
neutrinos using BDT

•

LEVEL 5
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• Extract probabilities and apply single cut

• Note: overtraining is sometimes an issue when using 
BDTs, always consult your resident machine learning expert

LEVEL 5
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• Muon rates decreased from ~104 to ~1 per millisecond, 
neutrino rates barely affected

• Still much work to do in Oscillations group!!

OSCNEXT - STATUS
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GRECO
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NU SOURCES

ESTES
Northern

NuMu

Neutrino  
Sources• Search for 

neutrino 
sources, use 
blazar, GW, 
etc… catalogs

• Use muon tracks, need fast processing since 
these datasets tend to have ~100k events
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• Start at IceCube level3 data→wiki

• Use 10 variables as input to Adaptive Boosting BDT→wiki

• Cut on BDT score and cos(zenith), events coming from the 
horizon are difficult to reject

NORTHERN NUMU
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https://wiki.icecube.wisc.edu/index.php/IC86_Muon_Level3
https://icecube.wisc.edu/~lraedel/html/multi_year_diffuse/event_selections/IC86-2011.html#id16
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NORTHERN NUMU
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• Full list of datasets already processed and ready for use

• Choose the “best” for your analysis

NEUTRINO SOURCES
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SUMMARY
• Various event selection already exist in IceCube

• Pick an event selection best suited for your 
particular analysis

• If it doesn’t exist yet, make your own!!
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WELCOME
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• Use a Boosted Decision Tree (BDT) to minimize 
muons entering our final event selection

• Use 16 event properties as input to the BDT, in 
the end the BDT ranks them in order of 
“importance”

ESTES
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• Most important inputs 
according to the BDT 
shown here

ESTES
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