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Outline
● Deep Core

● Example of Low Energy Analyses in Deep 
Core: Atmospheric Neutrino Oscillation

● Down the Rabbit Hole: Systematics in Deep 
Core
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IceCube & DeepCore
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● DeepCore optimized for lower 
energy events 
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Neutrino Oscillations

● Created in well-defined flavor states

● Propagate in well-defined mass states
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Neutrino Oscillations
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Sterile Neutrinos
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● Active (Standard) Neutrino

● Yukawa coupling (mass)
● Mixing
● Lepton coupling (W±)
● Weak scattering (Z)

● Sterile Neutrino

● Yukawa coupling (mass)
● Mixing
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Sterile Neutrinos: Framework
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*Edited Image from: htp://www.nature.com/ 
nature/journal/v478/n7369/fig_tab/478328a_F1.html
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Low Energy Sterile Oscillations
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● Small Signal in Deep Core, Very Precise
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Atmospheric Neutrino Oscillation
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● Survival Probability Atmospheric νμ → νμ  
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Atmospheric Oscillation Signal in Deep Core
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Atmospheric Neutrino Production
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● Ratios, νe:νμ:ντ 1:2:0

* Image from: T. K. Gaisser. Cosmic Rays and Particle 
Physics. Cambridge University Press, 1990
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2 Low Energy Neutrino Events in the 

Detector
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Reconstructing  Events
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* Image from htp://www.physik.rwth-aachen.de/fileadmin/user_upload/
www_physik/Institute/Inst_3B/Forschung/IceCube/publications/diss_SE.pdf

http://www.physik.rwth-aachen.de/fileadmin/user_upload/
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Reconstructing  Events
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Reconstructing Low Energy Events
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* Image from: 
htp://www.physik.rwth-aachen.de/ 

fileadmin/user_upload/www_physik/ 
Institute/Inst_3B/Forschung/IceCube/ 

publications/diss_SE.pdf

http://www.physik.rwth-aachen.de/
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Low Energy Events
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● Very Large Effects from Noise

● Noise Pulses can be a large fraction of 
the pulses in the event

● Low Number of Pulses/Event

● Reconstruction becomes very difficult 
and tricky

● Dealing with Muon Contamination becomes 
significantly more difficult
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Cosmic Ray 
Muons
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Muons: The Next Generation

● 1.25% Muons in Juan Pablo

● 24% Muons in Matt Dunkman

● 23% Muons in Michael Larson
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Juan Pablo Matt Dunkman Michael Larson

Events/Year 3,500 25,000 53,100

NuMu CC/Year 2,260 12,140 24,500

CR Muons/Year 40 5,910 12,200
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Current Status w/CR Muons 
● Corridor Cut, and Inverted Corridor Cut

Moriah Tobin             University of Wisconsin, Madison                IceCube Collaboration          19



w
w
w
.i
c
e
c
u
b
e.
w
is
c.
e
d
u

2
0

Current Status w/CR Muons 
● Corridor Cut, and Inverted Corridor Cut
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Deep Core Analyses
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● Currently most high statistics analyses are 
suffering from Data/MC disagreement – this 
means there's lots to work on in this area!

● Low statistics analyses creating ultra high 
purity samples are doing interesting 
physics

● Lots of interesting background rejection 
and reconstruction algorithm problems to 
work on



w
w
w
.i
c
e
c
u
b
e.
w
is
c.
e
d
u

2
2

Moriah Tobin             University of Wisconsin, Madison                IceCube Collaboration          22



w
w
w
.i
c
e
c
u
b
e.
w
is
c.
e
d
u

2
3

Moriah Tobin             University of Wisconsin, Madison                IceCube Collaboration          23

Muon Energy Loss
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Moriah Tobin             University of Wisconsin, Madison                IceCube Collaboration          24

● Scattering

Down-Going Events
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Sterile Neutrinos: A Tense Situation
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* Image from arXiv:1204.5379v1
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Atmospheric Neutrinos
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B A RTO
L

* Image from dspace.mit.edu/handle/1721.1/52783
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Atmospheric Neutrino Spectrum - 
Backup

Moriah Tobin             University of Wisconsin, Madison                IceCube Collaboration          27

* 
Im

ag
e 

fr
o m

 h
t

p:
//

w
w

w
.p

h y
si

k.
rw

th
-a

ac
h e

n.
d e

/fi
l e

ad
m

in
/u

se
r_

up
lo

a d
/

w
w

w
_p

hy
si

k/
I n

sti
tu

te
/I

ns
t_

3 B
/F

o r
sc

h u
ng

/ I
ce

Cu
be

/p
ub

li c
ati

o n
s/

di
ss

_S
E.

pd
f

http://www.physik.rwth-aachen.de/fileadmin/user_upload/


w
w
w
.i
c
e
c
u
b
e.
w
is
c.
e
d
u

2
8

Atmospheric Neutrino Models - Backup
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● SPECTRUM Atmospheric νμ → νμ & νμ → νμ 
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2
9 Atmospheric Neutrino Production - 

Backup
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● Ratios, νe:νμ:ντ 1:2:0
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DeepCore 79 vs. 86
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Neutrino Mass

.
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*Edited Image from: htp://inspirehep.net/record/1122848/files/figures_neutrino_hierarchy.png
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Neutrino Mass - Backup
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*Edited Image from: 
htp://inspirehep.net/record/1122848/files/figures_neutrino_hier

archy.png
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Neutrino Oscillations - Backup
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* Image from: htp://www-hep.physics.wm.edu/~vahle/homepage/nuwave.gif
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Neutrino vs. Quark Flavor Mixing
Backup
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*Edited Image from: htp://inspirehep.net/record/1209003/files/CKM-PMNS.png
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Neutrino vs. Quark Flavor Mixing
Back-Up II 
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