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Outline

• Motivation

• IceCube Experiment

• Computing resources
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Birth of Neutrino Astronomy
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Supernova SN 1987A  -  23 February 1987

“for pioneering 
contributions to 
astrophysics, in 
particular for the 
detection of cosmic 
neutrinos” 2002Riccardo GiacconiRaymond Davis Jr.Masatoshi Koshiba

Supernova SN1987A marks the first and 
only observation of MeV neutrinos from 
beyond our solar system

http://www-sk.icrr.u-tokyo.ac.jp/indico/internalPage.py?pageId=0&confId=2935

The IceCube Neutrino Telescope detects 
high-energy (TeV-PeV) astrophysical 
neutrinos in 2013
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Victor Francis Hess 

Discovery of 
cosmic-rays

1936
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Neutrino Telescopes
and IceCube
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Neutrino Telescopes
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The IceCube Neutrino Telescope
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The IceCube Collaboration
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DESY Zeuthen 
Humboldt Universität Berlin
RWTH Aachen 
Technische Universität München
Universität Bochum
Universität Bonn 
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Universität Mainz
Universität Wuppertal
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University of Adelaide
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300 Physicists
47 Institutions  
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http://www.stonybrook.edu/
http://www.umh.ac.be/
http://www.unige.ch/international/index_en.htm
http://portal.mytum.de/welcome/
http://www.unige.ch/international/index_en.htm
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My student Seongjin In at the South Pole in 2014/2015
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At the geographic South Pole you stand on top of 
three kilometers of ultra pure ice
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IceCube
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The IceCube Neutrino Telescope
• Gigaton Neutrino Detector at the 

Geographic South Pole

• 5160 Dig i ta l opt ica l modu les 
distributed over 86 strings

• Completed in December 2010, start 
of data taking with full detector May 
2011

• Neutrinos are identified through 
Cherenkov light emission from 
secondary particles produced in the 
neutrino interaction with the ice
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EThr ~ 100 GeV

EThr ~ 10 GeV

νμ

μ

Strings Dataset

1 2005-2006

9 2006-2007

22 2007-2008

40 2008-2009

59 2009-2010

73 + 6 2010-2011

78 + 8 2011 - .....

Sensor module in my lab
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Online Processing
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Processing power at present 
26 DELL PowerEdge 720 servers with 2 
Intel Xeon E5-2690 0 @ 2.90GHz CPUs (8 
cores each) and 128 GB RAM

21 processing server
5 infrastructure servers

My student at South Pole 2014/2015
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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 ~100,000,000,000/year
Atmospheric neutrinos       ~ 100,000/year
Astrophysical neutrinos             ~ 100/year

Atmospheric
Neutrinos

ν

μ



Color indicates on-time or delayed
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Astro-physical Neutrino Search
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Finding Astrophysical Neutrinos
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• How to overcome the 
large atmospheric neutrino 
background

• We need to rely on 
statistical methods to pick 
out neutrinos from this 
mess

• Do neutrinos cluster 
anywhere in space, time, 
or arriving in 
coincidence with 
astronomical events or 
objects ?

• Do we see any spectral 
features ?

1 evt 3 evt
2 evt

1 evt

1 evt

Time

Events

single dominant source

cumulative flux

1. Point Source

transient source
2. Time clustering

3. Spectral feature
#e
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nt

s

energy

background

signal



A cosmic neutrino interacts INSIDE the detector: it is too 
energetic to be produced in the atmosphere

> 300 optical sensors; > 100,000 photons; 2 nanosec time resolution
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Press coverage
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YTN Science (TV) 
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Origin of the high-energy neutrinos ?
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Extra Galactic
Gamma Ray Burst

Active Galactic Nuclei /
Starburst Galaxies

Neutrino energy (GeV)

Waxman & Bahcall
IC40 limit
IC40 Guetta et al.
IC40+59 Combined 
limit
IC40+59 Guetta 
et al.

IceCube Collaboration - Nature Vol 484, 351 (2012)

Galactic
Galactic Center

Galactic Plane
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Korean IceCube Groups
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• 1 Professor

• 1 postdoc

• 6 graduate students 

• incl. 1 GPF Fellow

• 3 undergraduate students 

SKKU Group

Postdoc Christoph 
Toennis - (PhD on 
ANTARES Neutrino 
Telescope)

• 1 Research Professor

• 1 graduate students 

SNU Group

• Associate IceCube Members

• Applied for institutional  
membership

Institutional  member since 2013
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Leadership
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• IceCube Collaboration 
publications ~15-20/year

• SKKU emerged as 8th 
largest group of the 47 
IceCube Institutional Members 

• Seoul National University 
(Seon-Hee Seo) plans to 
join

• Rott working group 
leader of the IceCube 
Beyond the Standard Model 
(BSM) Working Group (since 
2012) 

• Rott member of the IceCube 
Speakers Committee

• Rott member of the IceCube 
Institutional Board

Carsten Rott @ google scholar

EPJC vol 76 no 10 (2016)EPJC vol 74 no 7 (2014)

Impact as IceCube BSM Working group leader
Among top 3 largest working groups
20 universities
40 active members
2-3 PhDs per year
several publications per year
Solar Dark Matter Analysis - Physical Review 
Letters 110 (13), 13130 (342 citations) 3rd highest 
cited IceCube Collaboration scientific publication

2 Science and 1 Nature 
publication during the last 5 
years.

- Contribution on IceCube 
Nature and Science papers 
- as data integrity leader I 
was responsible for the 
overall data quality and the 
selection of the underlying 
event data
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Astroparticle Physics in Korea
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Pioneering Symposium at the KPS Fall Meeting 2014
- Incl. Keynote speaker “Francis Halzen” (IceCube PI)
- Organized by Carsten Rott

Summer lecture series at 
Sungkyunkwan University 2016 
on “Recent discoveries in 
Astroparticle Physics”

KPS Spring Meeting 2017 “Towards multi-messenger astrophysics”

- Worlds largest and most important cosmic-ray conference
~ 2000 participants expected

Students from 4 universities 
including Germany and Sweden

19 Lecturers and guest speakers

Large interest in Korea in astroparticle physics
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IceCube Computing and Data

• Data

• The IceCube project generates about 700 TB/year. 

• This data is processed and filtered so that a reduced 
set can be kept in the data center disks for analysis.

• Two data centres: DESY Zeuthen and NERSC

• Computing 

• Distributed computing at member sites and at the 
computing facility at UW Madison

• The UW Madison cluster delivers about 25 million CPU 
hours and close to 500,000 GPU hours for IceCube 
analysis jobs every year

29
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The IceProd Framework: Distributed Data 
Processing for the IceCube Neutrino Observatory

• Sites contributing to IceCube MC production include:

• Uppsala University (SweGrid),

• Stockholm University (SweGrid), 

• University of Alberta (West- Grid), 

• TU Dortmund (PHiDO, LIDO),

• Ruhr-Uni Bochum (LiDO), 

• University of Mainz, 

• University. Libre de Bruxelles/Vrije Universiteit 
Brussel, 

• Universiteit Gent (Trillian) Southern University 
(LONI),

• Pennsylvania State University (LIONX),

•  University of Wisconsin (CHTC, GLOW, NPX4), 
Open Science Grid, 

• RWTH Aachen University (EGI), University 
Dortmund (EGI), 

• Deutsches Elektronen-Synchrotron (EGI, DESY), 

• University Wuppertal (EGI), 

• University of Delaware, Lawrence Berkeley 
National Laboratory (PDSF, Dirac,Carver),

•  University of Maryland.

30

J.Parallel Distrib.Comput. 75 (2015) 198-211
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The IceProd Framework: Distributed Data 
Processing for the IceCube Neutrino Observatory
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J.Parallel Distrib.Comput. 75 (2015) 198-211



Carsten RottCarsten Rott June 13, 201735 Image:Stephan Richter, IceCube/NSF

• IceCube has opened up a new window to the 
Universe 

• … but what’s the origin of the high-energy 
neutrinos ?

• Let’s find out !


