
A S T R O PA R T I C L E  
P H Y S I C S   

@   
I C E C U B E  O B S E R VAT O R Y

XLVI International Symposium on Multiparticle Dynamics

0 9 . 0 2 . 2 0 1 6

S E O N G J I N  I N ,  S K K U
O N  B E H A L F  O F  I C E C U B E  C O L L A B O R AT I O N

1



O V E R V I E W

• Why Neutrinos? 

• IceCube Observatory 

• Astrophysics with IceCube 

• Beyond the standard model 

• IceCube Extension

ISMD2016 in Jeju, Seongjin In, SKKU 2

: IceCube-Gen2 / PINGU
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W H Y  N E U T R I N O ?

ISMD2016 in Jeju, Seongjin In, SKKU

Messenger of cosmic ray origin

• Arrive straight to Earth from the 
source 
Neutral (unlike proton) 
No absorption (unlike gamma) 

• Produced through hadronic 
interaction

3



Atmospheric neutrino Astrophysical neutrino

F. Halzen, Astron.Nachr. 335 (2014) 507

Gamma-ray 
Burst

Active Galactic 
Nuclei

NASA NASA

from the interaction 
between cosmic ray 

and the upper 
atmosphere

ISMD2016 in Jeju, Seongjin In, SKKU

Submitted to PRL 
arXiv:1607.05886

Not yet observed

IceCube
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theoretical 
region
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Cosmological neutrino
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Me @ Pole



The tallest 
building in Korea

Lotte 
world 
tower



C O N S T R U C T I O N

ISMD2016 in Jeju, Seongjin In, SKKU

2008-2009 
18 strings deployed  
+      1 DeepCore stirngs

2009-2010 
15 strings deployed 
+      5 DeepCore stirngs

2010-2011 
5 strings deployed 
+      2 DeepCore stirngs

IC22

IC40

IC59

IC79

IC86
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N E U T R I N O  D E T E C T I O N  I N  I C E C U B E

Nov.12.2010,   duration: 3,800 nanosecond,   energy: 71.4TeV 
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W

Each white dot is a DOM

Color indicates the arrival time of photons 
red - first   green - later

µ⌫µ



N E U T R I N O  D E T E C T I O N  I N  I C E C U B E

Nov.12.2010,   duration: 3,800 nanosecond,   energy: 71.4TeV 
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Ernie (~1.1 PeV)  
at Backrokdam

ISMD2016 in Jeju, Seongjin In, SKKU

Major axis ~ 600m
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Ernie (~1.1 PeV)  
at Backrokdam

ISMD2016 in Jeju, Seongjin In, SKKU



N E U T R I N O S  I N  I C E C U B E

Track Cascade Double-Bang

Charged Currunt (CC) 
Muon Neutrino

Neutral Currunt / 
CC Electron Neutrino

Tau Neutrino

⌫µ +N ! µ+X ⌫e +N ! e+X
⌫
x

+N ! ⌫
x

+X
⌫⌧ +N ! ⌧ +X

⌧ decay

<1o angular resolution 
at high energy

≈10o angular resolution 
(at energy ⪆ 100 TeV)

Not yet observed

factor of ≈ 2 energy 
resolution ≈15% energy resolution
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Cosmic ray

Cosmic ray

⌫⌫⌫⌫⌫

⌫⌫⌫⌫⌫
⌫⌫⌫⌫⌫

µ

µ

µ

µ

North-pole

South-pole

Oscillation

IceCube Events
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Atmospheric muons ~ 1011 / year

Atmospheric neutrinos ~ 105 / year

Astrophysical neutrinos ~ 100 / year

Up-going event can be used to 
obtain “clean” neutrino sample 
(Earth is working as muon filter)



A S T R O P H Y S I C S  I N  I C E C U B E
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Cosmic ray anisotropy
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Astrophys. J. 826 (2016) no.2, 220 
arXiv:1603.01227

Blue: Underrepresent 
Red: Overrepresent

3.179*1011 events

Southern Hemisphere 
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Point Source Search
p-value = 44%

p-value = 39%

Nothern hemisphere

Southern hemisphere

712830 events
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neutrinos ~ 105 / year



High Energy Starting Event search
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dust layer

veto

µµµµµ

F I LE : / /
LOCALHOSF I

LE : / /
LOCALHOST /

VAR /

dust layer

veto

µµµµµ

⌫µ⌫µ⌫µ⌫µ⌫µ

× O
• Outer layers are working as a veto for atmospheric muons 
• Sensitive to all flavors, all directions 
• Energy threshold ~ 30 TeV
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High Energy Starting Event search

• 54 events in 1347 days 
• Atmospheric neutrinos ~ 9+8.0

-2.2 
    Atmospheric muon ~ 12.6±5.1 
• Background only scenario rejected with ~ 7σ
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Arrival Direction

No significant clustering was found

x: track 
+: shower
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Flavor ratio

ISMD2016 in Jeju, Seongjin In, SKKU

IceCube Collaboration, Astrophys. J. 809 (2015) 1, 98

Likelihood scan of the flavor composition

Muon-damped

Pion decay

Nucleon decay

Previous analysis for 
exclusion region 

IceCube Collaboration 
Phys.Rev.Lett. 114 (2015) 17, 171102

Best-fit 
composition

rejected at 3.6𝝈 

Acceptable

Acceptable
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B E Y O N D  T H E  S TA N D A R D  M O D E L
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B E Y O N D  S TA N D A R D  M O D E L  
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- M O N O P O L E  S E A R C H

• Magnetic monopoles would produce bright tracks relative to muon tracks 
• Separate analysis performed to search for monopoles above and below 

Cherenkov threshold 
• No evidence found -> flux limits set as a function of 

E P J  C 7 6  ( 2 0 1 6 )  1 3 3

� = v/c



B E Y O N D  S TA N D A R D  M O D E L  
- D A R K  M AT T E R  S E A R C H
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PoS(ICRC2015) 1099 • Solar Dark Matter
Earth

Sun

Neutrino bounds are competitive 
with Dark Matter direct detection
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B E Y O N D  S TA N D A R D  M O D E L  
- D A R K  M AT T E R  S E A R C H
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• Galactic Center / Halo

IceCube collaboration, arXiv: 1606.00209
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I C E C U B E  E X T E N S I O N  
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IceCube - Gen2 
High Energy Array
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Physics Goal

• More events 
• Higher energy

• Point source 
• GZK neutrino 
• flavor 

composition



P I N G U  
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- P R E C I S I O N  I C E C U B E   
 N E X T  G E N E R AT I O N  U P G R A D E  

• Low energy 
neutrino (~ GeV)

volume ~ 5MT  
with 20-26 strings

• Test low mass dark matter model

• Neutrino 
oscillation physics
- atmospheric mixing parameters 
- ν𝞽 appearance and unitarity 
- maximal mixing 
- neutrino mass ordering



S U M M A R Y

• IceCube has opened a new window on the Universe /
discovery of astrophysical neutrinos marks a new era in 
astroparticle physics 

• Where are the astrophysical neutrinos coming from? 

• The IceCube Observatory is a multi-purpose experiment 
with a very broad science spectrum 

• Great prospects for future search at IceCube and beyond 
• PINGU: low energy side, Gen2-HEA: high energy side
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