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Outline
• Motivation

• Neutrino Telescopes and IceCube

• Search for Astrophysical Neutrinos

• Multi-messenger Observations

• Outlook and Conclusions
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New Window to the Universe !
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20182013 Discovery of diffuse 
astrophysical 
neutrino flux

Neutrino multi-messenger 
astroparticle physics

Following the observation of supernova burst neutrinos in 
1987, neutrino astronomy is becoming a reality quickly now …2002
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The Cosmic Ray Mystery
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Victor Francis Hess 

Discovery of 
cosmic-rays

1936
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Sources of High Energy Neutrinos

6

Astrophysical Atmospheric Neutrinos
Cosmic rays interact 
in the upper 
atmosphere:

p + A → π± (K±) + 
other hadrons  ... 
π+→μ+νμ→e+νeνμν
μ

IceCube Collaboration Phys. Rev. Lett. 110 (2013) 151105 /1212.4760v2
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Neutrino Telescopes
and IceCube
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Large Water/Ice Cherenkov Neutrino 
Detectors

KM3NeT

Super-K

ANTARES

Active
Prototype

 IceCube

Lake Baikal

Upgrade/Gen2

Hyper-K / KNO

GVD

Planned   
Construction
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IceCube

1 km

Laboratory at the 
South Pole
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The IceCube Neutrino Telescope
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νμ

μ

EThr ~ 100 GeV

EThr ~ 10 GeV
Sensor module in my lab

• Gigaton Neutrino Detector at the 
Geographic South Pole

• 5160 Digital optical modules distributed 
over 86 strings

• Completed in December 2010

• Extremely stable: >99% uptime and 98% 
of sensor modules in perfect condition !

• Neutrinos are identified through 
Cherenkov l ight emiss ion from 
secondary particles produced in the 
neutrino interaction with the ice
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Signals in IceCube

Downgoing 
Muons

IceCube Depth:
1.5-2.5 km

South 
Pole

North Pole
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μ

ν

Up-going events can be used to obtain 
“clean” neutrino sample

Earth is used as muon filter

Atmospheric neutrinos create 
irreducible neutrino background to 
extra terrestrial neutrino fluxes

μ

ν

μ

IceC
ube

p + A → π± (K±) + other hadrons  ... π+→μ+νμ→e+νeνμνμ

Atmospheric muons                  ~1011/year
Atmospheric neutrinos              ~ 105/year
Astrophysical neutrinos              >100/year

Atmospheric
Neutrinos

ν

μ
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Event topologies in IceCube
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IceCube Science Program
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IceCube Science

15

Very diverse science program, with neutrinos from 10GeV to EeV, 
and MeV burst neutrinos

Astrophysical Neutrino Searches

Multi-messenger Observations

Cosmic Rays

Gamma-ray bursts

IceCube Collaboration - Nature Vol 484, 351 (2012)

Neutrino Oscillations

IceCube Collaboration - arXiv:1707.07081 (PRL 2018)

Neutrino Tomography / Neutrino 
Cross Section Measurements

IceCube Collaboration - Nature Vol 551, 596–600 (2017)

IceCube/ANTARES/Auger/LIGO
          arXiv:1710.05839

Astrophys.J. 826 (2016) no.2, 220

Cosmic Ray anisotropy
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IceCube in Korea

• Beyond the Standard Model and Dark 
Matter Searches

• Solar Dark Matter, Secluded Dark Matter, 
Galactic Dark Matter annihilation and decay, 
…

• Solar Atmospheric Neutrinos

• Search for signal from cosmic ray 
interactions in the solar atmosphere 

• Ice Camera system development for IceCube 
Upgrade

• Study refrozen ice in drill holes

• Reduce largest remaining sources of 
systematic uncertainties for analyses

• Improve pointing of neutrino events → 
Multi-messenger science, optical 
follow-ups, realtime astronomy

Sungkyunkwan University, 
IceCube Member since 
Summer 2013
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SKKU Group

SKKU Group:
Carsten Rott
Dongyoung Jeong
Hrvoje Dujmovic
Jonghyun Kim
Woosik Kang
Christoph Toennis
Seongjin In
Seokmin Choi
Gyunho Yu
Minjin Jeong
Hyoungku Jeon

300 scientists
from 12 countries
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Astro-physical Neutrino Search

17
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Finding astrophysical neutrinos

18

(1) Point source search
• Search for clustering of neutrinos from point in the sky

(2) Transient source search
• Search for spacial and temporal clustering of neutrinos

(3) Multi-messenger search
• Search for a coincidence between neutrino and other 

messenger particles spacial at particular time and location
(4) Diffuse search

• Search for spectral feature, inconsistent  with atmospheric  
background predictions

#e
ve

nt
s

energy

background

signal

(1) (2) (3) 

(4) 

…. + various combinations and 
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Observation of high-energy astrophysical neutrinos

• Search for High-Energy 
Starting Events (HESE)

• Efficient reject 
atmospheric backgrounds 

• Discovery of 
astrophysical neutrinos

19

IceCube Collaboration, Science 342, 1242856 (2013), 
IceCube Collaboration, Phys. Rev. Lett 113, 101101 (2014)

~2.0 PeV HESE 6yrs 80 events observed
Atmospheric background  ~41events
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Arrival directions (highest energy events)

20

 IceCube Collaboration, Science 342, 1242856 (2013)

~2.0 PeV

~1.1 PeV

~1.0 PeV

No. 14

No. 20

No. 35

Isotropic distributed

No. 27*

High-Energy Starting Events (HESE) – 7.5 yr

No evidence for point 
sources, nor a correlation 
with the galactic plane
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Independent confirmation

21

8-yr upgoing νμ “track”
36 events at >200 TeV (6.7σ)
- Best-fit: γ=2.19+/-0.10
- νμ flux above 100 TeV:
Eν2Φν=(1.01+0.26-0.23) x10-8 GeV cm-2 s-1 sr-1

HESE 7.5 year
103 events
(60 events > 60 TeV)
Best-fit: γ=2.87+/-0.3
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Point source search

22
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Multi-messenger Neutrino 
Astronomy and

IceCube-170922A

23
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IceCube-170922A & TXS 0506+056

24

• Real-time alerts. Since 04/2016, 
≈6-8/yr

• Improved selection summer 
2018

• Good angular resolution 
(0.5° - 2° 90% of events)

• 50% astrophysical fraction

Astropart. Phys. 92 (2017) 30

A&A 607 (2017) A115
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IceCube-170922A & TXS 0506+056
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Astropart. Phys. 92 (2017) 30

A&A 607 (2017) A115

• September 22, 2017: a neutrino alert issued by 
IceCube

• Fermi-LAT and MAGIC identify a spatially 
coincident flaring blazar (TXS 0506+056)

• Very active multi-messenger follow-up from 
radio to γ-rays



Carsten Rott KAS Fall Meeting Oct 16 - 18, 2019

IceCube-170922A

26

(Science 361, eaat1378 (2018)

• Chance probability of a Fermi-IceCube 
coincident observation: ~3σ (determined 
based on the historical IceCube sample 
and known Fermi-LAT blazars)

• Time-integrated neutrino spectrum is 
approximately E-2.1

• TXS 0506+056 redshift 
determined to be z=0.3365 (S. 
Paiano et al. ApJL 854.L32(2018))

• Time-average luminosity about an order 
of magnitude higher than Mkn 421, Mkn 
501, or 1ES 1959+605
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IC170922

27
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IceCube-170922A

28

Science 361 (6398), 147-151.

Time-independent weight of individual events during the IC86b period.

• 9.5 years of archival data was 
evaluated in direction of TXS 
0506+056

• An excess of 13±5 events above 
background was observed during 
Sep 2014 - March 2016 

• Inconsistent with background only 
h y p o t h e s i s a t 3 . 5σ l e v e l 
(independently of the 3σ associated 
with IceCube-170922A alert)  

However: Maximum contribution of the 2LAC 
blazars to the observed astrophysical neutrino flux 
to be 27% or less between around 10 TeV and 2 
PeV [IceCube Astrophys.J. 835 (2017) no.1, 45]
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Active Galactic Nuclei: Cosmic Accelerators?

X-ray: NASA/CXC/SAO; 
Optical: NASA/STScI; Radio: 
NSF/NRAO/AUI/VLA

NASA

ESO/WFI (Optical); MPIfR/ESO/APEX/
A.Weiss et al. (Submillimetre); NASA/CXC/
CfA/R.Kraft et al. (X-ray) - 

29

However: Maximum contribution of the 2LAC blazars 
to the observed astrophysical neutrino flux to be 27% 
or less between around 10 TeV and 2 PeV [IceCube 
Astrophys.J. 835 (2017) no.1, 45]

http://chandra.harvard.edu/index.html
http://www.stsci.edu/portal/
http://www.nrao.edu/
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Recent follow-ups and source 
constraints

30
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IC190730A

31
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IC190922B

32
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Present bound on sources

34

• Bounds on various source classes. 

• Origin of astrophysical neutrino flux remains 
unknown
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IceCube Upgrade

35
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IceCube-Gen2

36

• IceCube has provided an amazing sample of 
events, but is still statistics limited

• Observed astrophysical flux is consistent with 
a isotropic flux of equal amounts of all 
neutrino flavors

• Gen2 objectives

• High precision flavor composition studies

• Detailed measurement of features / cut-
off in neutrino spectrum

• Transients sources and multi-messenger 
astrophysics

• Identify astrophysical neutrino sources

• GZK neutrinos

• New physics or something unexpected  

Astrophysics Uniquely Enabled by Observations of High-
Energy Cosmic Neutrinos arXiv:1903.04334v1
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The IceCube Upgrade 

37

Science goals
- Tau neutrino appearance - Test unitarity of the 

PMNS matrix 
- Recalibration campaign - Retroactively apply 

improved ice-model to archival data (since 2010)

“The IceCube Upgrade”  ~7strings

see also:
- PINGU LOI arXiv:1412.5106 

Timeline

2018/2019 2019/2020 2020/2021 2021/2022 2022/2023
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Ice Camera System

38

- Ice properties dominant source of 
sys. uncertainties for most analyses

- Solution: SKKU ice camera system
- Monitor freeze in
- Hole ice studies
- Local ice environment
- Position of the sensor in the hole
- Geometry calibration
- Survey capability

Camera system key to comprehensive 
understanding of the detector medium

• Camera system passed IceCube internal 
design and adopted as standard component 
for IceCube Upgrade

• Retroactively analyze more than 10 years of 
IceCube data with substantially improved 
angular and energy resolution

Example 
camera for 
illustration
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Camera testing …
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Gyeonggi Physical Education High school,
the public high school for athletes

Geometry measurements of order ~10cm at 25m 
distances
Scattering cones clearly visible - scattering 
length measurements
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SpiceCore Camera System

40

SKKU graduate student Hrvoje 
Dujmovic @ South Pole

• SPICE Core camera system was successfully 
deployed in January 2019 (one 7h deployment to 
the maximal depth of 1695m)

• Several hundred images taken - image analysis on-
going

• Platform to test camera systems for integration 
into next-generation optical sensor modules
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• High-energy astrophysical neutrinos have opened 
up a new window to the Universe

• What’s the origin of the high-energy neutrinos ?

• First compelling evidence of high-energy neutrinos 
with electromagnetic counterparts (TXS 
0506+056)  

• Neutrino astronomy is a central part of the multi 
messenger astroparticle physics field

• The IceCube Upgrade has just been approved and 
we can look forward to many exciting discoveries 
in the near future 

• Entering the age of multi-messenger astroparticle 
physics - Combined observations with Electro-
magnetic / Gravitational Waves / Cosmic-rays / 
Neutrinos will / … will revolutionize our 
understanding of the Universe 

• High interest in expanding follow up programs !


