
Carsten RottCarsten Rott KIAS-CFHEP Workshop and the 5th KIAS Workshop
on Particle Physics and Cosmology Nov. 9  – 13, 2015

Recent Progress in Neutrino 
Astroparticle Physics

Carsten Rott 
Sungkyunkwan University, Korea

rott@skkudonoti.edu

KIAS-CFHEP Workshop and the 5th KIAS Workshop
on Particle Physics and Cosmology

5th fl., Seminar Rm #1503, KIAS
Nov. 9 (Mon) – Nov. 13 (Fri), 2015

mailto:rott@skkudonoti.edu
mailto:rott@skkudonoti.edu
mailto:carott@mps.ohio-state.edu
mailto:carott@mps.ohio-state.edu


Carsten RottCarsten Rott KIAS-CFHEP Workshop and the 5th KIAS Workshop
on Particle Physics and Cosmology Nov. 9  – 13, 2015

Outline

• Motivation

• Neutrino Telescopes

• Astrophysical Neutrinos

• Selected Results

• Outlook and Conclusions

2



Carsten Rott KIAS-CFHEP Workshop and the 5th KIAS Workshop
on Particle Physics and Cosmology Nov. 9  – 13, 2015

High Energy Cosmic Ray Mystery
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• Where are they coming from ?

• What cosmic sources accelerate 
these particles to energies in the 
EeV range ?
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Sources of High Energy Neutrinos

5

Astrophysical Atmospheric Neutrinos
Cosmic rays interact 
in the upper 
atmosphere:

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

IceCube νe              

IceCube Collaboration Phys. Rev. Lett. 110 (2013) 151105 /1212.4760v2
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Neutrino Telescopes
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Neutrino Telescopes & Detectors
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Neutrino Telescopes / Detectors
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• Lake Baikal, Siberia, at a depth 1.1 km 
NT36 in 1993 

• NT200 (since Apr 1998) consists of 
one central and seven peripheral strings 
of 70m length

• Baksan Underground Scintillator 
Telescope with muon energy threshold 
about 1 GeV using 3,150 liquid scintillation 
counters 

• Operating since Dec 1978 ;  More than 34 
years of continuous operation

• ANTARES is located at a depth 
of 2475 m in the Mediterranean 
Sea, 40 km offshore from Toulon 

• Consists 885 10”PMTs on 12 
lines with 25 storeys each.

• Detector was competed in May 
2008

• IceCube at the Geographic South Pole

• 5160 10”PMTs in Digital optical modules 
distributed over 86 strings instrumenting ~1km3

• Physics data taking since 2007 ; Completed in 
December 2010, including DeepCore low-
energy extension

• Super-Kamiokande at Kamioka uses 11K 
20” PMTs 

• 50kt pure water (22.5kt fiducial) water-
cherenkov detector

• Operating since 1996

IceCube

IceTop

DeepCore



Carsten Rott KIAS-CFHEP Workshop and the 5th KIAS Workshop
on Particle Physics and Cosmology Nov. 9  – 13, 2015

Lake Baikal
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Lake Baikal
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228 PMTs
~0.1MT Volume

arXiv:astro-ph/0609743

http://arxiv.org/abs/astro-ph/0609743
http://arxiv.org/abs/astro-ph/0609743
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ANTARES
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©Montanet NIM A 656 (2011) 11-38

Junction 
Box

Int
erl

ink
 ca

ble
s

14.5m

35
0m

ca
bl

e 
to

 s
ho

re
 4

0k
m

Resolution:
Position < 10 cm
Timing ~ 0.5 ns

70m

• 12 lines
• 25 storeys / line
• 3 PMTs / storey
• 885 PMTs
• ~10MT



Carsten Rott KIAS-CFHEP Workshop and the 5th KIAS Workshop
on Particle Physics and Cosmology Nov. 9  – 13, 201514

©Montanet NIM A 656 (2011) 11-38

Junction 
Box

Int
erl

ink
 ca

ble
s

14.5m

35
0m

ca
bl

e 
to

 s
ho

re
 4

0k
m

70m

Storey with 3OMs

Resolution:
Position < 10 cm
Timing ~ 0.5 ns

• 12 lines
• 25 storeys / line
• 3 PMTs / storey
• 885 PMTs
• ~10MT



Carsten RottCarsten Rott KIAS-CFHEP Workshop and the 5th KIAS Workshop
on Particle Physics and Cosmology Nov. 9  – 13, 2015

The IceCube Neutrino Telescope

15
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Detector Volume
~1000 MT
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Signals in IceCube

Downgoing 
Muons

IceCube Depth:
1.5-2.5 km

South 
Pole

North Pole

17

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

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

19

νe ντ CC-int & νi NC-int

νμ CC-int

Track topology
(e.g. induced by muon neutrino)

Good pointing,
 0.2° - 1°
Lower bound on energy for 
through-going events

Cascade topology
(e.g. induced by electron 
neutrino)

Good energy resolution, 15%
Some pointing,
10° - 15°



Carsten Rott KIAS-CFHEP Workshop and the 5th KIAS Workshop
on Particle Physics and Cosmology Nov. 9  – 13, 2015

Calibration and  Performance

20

• Calibration Sources:

• 12 LED flashers on each DOM

• In-Ice Calibration Laser

• Cosmic Rays

• Moon Shadow

• Atmospheric Neutrinos

• Minimum-ionizing Muons

Physical Review D89 (2014) 102004

• Moon blocks cosmic rays - Observed muon deficit 
14σ significance

• systematic pointing error <0.1°
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Astro-physical Neutrino Search

21
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Finding Astrophysical Neutrinos

22

• 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

ve
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s
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Point sources

23

ANTARES 4-year up-going muon point 
source search

2.6% change probability 35% change probability (up-going muons)
87% change probability (>PeV down-going muons)

IceCube 6-years up-going muons and 
down-going high energy muons

[IceCube, Astrophys.J. 796:109 (2014)]
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Point source sensitivity and constraints

24

ApJ Letters 786:L5 (2014)

NorthSouth

ANTARES

IceCube

ANTARES can observe the southern
sky through the Earth
→ lower threshold, better limits in the
south
IceCube has a larger effective area
→ more events, better limits in the
north
New: combined IceCube/ANTARES
search

arXiv:1511.02149

http://arxiv.org/abs/arXiv:1511.02149
http://arxiv.org/abs/arXiv:1511.02149
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Point source sensitivity and constraints

25

ApJ Letters 786:L5 (2014)

NorthSouth

ANTARES

IceCube

ANTARES can observe the southern
sky through the Earth
→ lower threshold, better limits in the
south
IceCube has a larger effective area
→ more events, better limits in the
north
New: combined IceCube/ANTARES
search
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The Breakthrough

26
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GZK Neutrino Search

• No evidence for GZK 
neutrinos, but 2012 
IceCube  analyses found 
two events in the signal 
region

27

GZK: Greisen–Zatsepin–Kuzmin

p + γCMB → Δ+ → n + π+

π+ → µ+ + νµ

e+ + νe + νµ
_

Cosmogentic (GZK) neutrinosToshihiro FUJII @ TeVPA2015 for TA 
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Search for highest energy neutrinos

• Ernie ~1.15 PeV (~1.9·10-4J)

• Bert ~ 1.05 PeV (~1.7·10-4J)

• Energy is the visible energy 
of the cascade, could 
originate from NC event, ντ 
CC, or νe CC

• Angular resolution on 
cascade events at this energy 
~10°

• Energy resolution is about 
15% on the deposited energy

28

IceCube Coll. Phys.Rev.Lett. 111 (2013) 021103 / arXiv 1304.5356

Dataset / Results  
(670days of IC79/IC86 data)
expected 0.08 events
observed 2 events (→ 2.7σ)

Ernie & Bert are not GZK, but ...
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Follow up analysis to trace high-energy excess

• Probe the energy region of about 30TeV to 1PeV, all flavors and all directions, 
by vetoing down-going high-energy muons with the outer layer of IceCube

29

Signal

µ

νµ

dust layer

Background
veto

µ

dust layer

90m

10m

80m
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10
00
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up-going down-going
Northern Hemisphere Southern Hemisphere

Veto and Self-veto

30

veto

µ

dust layer

90m

10m

80m

edge strings

10
00

m

Atm. neutrino

νµ

IceCube Collaboration 
arxiv:1410.1749

Down-going high-energy neutrinos 
can be nearly background free 

identified as astro-physical neutrinos 
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Starting event analysis

31

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

37 events (9 track-like, 28 showers)
Expectation from conventional 
atm. muons and neutrinos ~15.0 

Glowing significance:               4.1σ(2y) → 5.7σ(3y) → 6.5σ(4y) 
Increasing number of events:      28(2y) → 36+1(3y) → 53+1(4y) 

54 events (15 track-like, 39 showers)
Expectation from conventional 
atm. muons and neutrinos ~21.6

IceCube coll. ICRC 2015 proceedings 
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High-energy neutrino search 3yrs

32

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

37 events (9 track-like, 28 showers) observed
Expectation from conventional 
atm. muons and neutrinos ~15.0 

• Mesons including charm quarks in the 
atmosphere decay immediately to produce 
neutrinos, known as prompt neutrinos which 
are not observed yet.

• ERS, or Enberg et al. Phys. Rev. D 78, 043005 
(2008) is used as a baseline prompt model

• Significance are based on the exact neutrino 
flux model, not including the uncertainty of 
the model.

• Atmospheric Bkg : CR Muon ( 8.4±4.2 ), 
Conv. Neutrino (6.6+5.9-1.6),

• Over 60 TeV < E < 2000 TeV, the spectrum 
consistent with E-2 or E-2.3

• E-2 spectrum predicts too may neutrinos 
above ~2 PeV.  So, a cutoff or steeper 
spectrum needed.

5.7 sigma rejection of 
atmospheric-only hypothesis
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High-energy neutrino search 4yrs 

33

ICRC 2015 proceedings 
IceCube Collaboration, Science 342, 1242856 (2013),
IceCube Collaboration, Phys. Rev. Lett 113, 101101 (2014)

54 events (15 track-like,  39 showers) observed
Expectation from conventional atm. 
muons and neutrinos ~21.6 

• Mesons including charm quarks in the 
atmosphere decay immediately to produce 
neutrinos, known as prompt neutrinos which 
are not observed yet.

• ERS, or Enberg et al. Phys. Rev. D 78, 043005 
(2008) is used as a baseline prompt model

• Significance are based on the exact neutrino 
flux model, not including the uncertainty of 
the model.

• Atmospheric Bkg : CR Muon ( 12.6±5.1), 
Conv. Neutrino (9.0+8.0-2.2),

• Over 60 TeV < E < 2000 TeV, the spectrum 
best fit with E-2.58

• E-2 spectrum predicts too may neutrinos 
above ~2 PeV.  So, a cutoff or steeper 
spectrum needed.

~7 sigma rejection of 
atmospheric-only hypothesis
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Spectral index and flux

34

Spectral index has steepened
(no new PeV events but relatively large number in TeV) 

HESE-4yrs best fit flux: 
E2Ф = ~2.2 x 10-8 GeV cm-2 s-1 sr -1

Contour plot in 
spectral index vs. 
normalization at 

100TeV
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Skymap HESE-4yrs

35

 IceCube Collaboration, Science 342, 1242856 (2013)

x track event
+ shower event

no significant correlations -- spacial or temporal
p-value for cascade events “clustering” 18% ~2.0 PeV

~1.1 PeV

~1.0 PeV

No. 14

No. 20

No. 35
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Can we make an independent confirmation of 
the “Observation of Astrophysical Neutrinos”

36
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ANTARES Diffuse Search

37

• Expected events:

• Background: 9.5 ± 2.5 

• Astrophysical: 5.0 ± 1.1

• Observed:

• 12 events

J. Schnabel ICRC2015

• Results:

• Consistent with background

• Consistent with IceCube
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IceCube -- Through-going muons

38

IceCube Collaboration Phys.Rev.Lett. 115 (2015) 8, 081102

Highest energy events are inconsistent with a hypothesis of solely terrestrial origin at 3.7σ
Best fit astrophysical flux consistent with High-Energy Starting Events 
Normalization for E-2: 0.99+0.4-0.3 10-8 E-2 GeV cm-2 s-1 sr-1

IceCube Data May 2010 - May 2012

Example ~550TeV Muon
(corresponding neutrino in PeV range)
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Through-going muons

39

IceCube Collaboration Phys.Rev.Lett. 115 (2015) 8, 081102

Highest energy events are inconsistent with a hypothesis of solely terrestrial origin at 3.7σ
Best fit astrophysical flux consistent with High-Energy Starting Events 
Normalization for E-2: 0.99+0.4-0.3 10-8 E-2 GeV cm-2 s-1 sr-1

IceCube Data May 2010 - May 2012

Example ~550TeV Muon
(corresponding neutrino in PeV range)
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Up-going muons + HESE

40

Sky map in equatorial coordinates of the arrival direction of the 21 highest-energy events of this analysis (red dotted circles). The most 
probable neutrino energy (in TeV) indicated for each event assumes the best-fit astrophysical flux of the analysis. For comparison, the 
events of the 3-year high-energy starting event (HESE) analysis with deposited energy larger than 60 TeV (tracks and cascades) are also 
shown. Cascade events are indicated together with their median angular uncertainty (thin circles). Image: IceCube Collaboration

http://icecube.wisc.edu/news/view/348

IceCube Collaboration Phys.Rev.Lett. 115 (2015) 8, 081102

http://icecube.wisc.edu/news/view/348
http://icecube.wisc.edu/news/view/348
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Through-going muons

41

• Preliminary Results on 6years of IceCube muon data

• 3 years reanalyzed and extending to 6 years

Leif RÄDEL ICRC2015

59-strings
2009-2010 

79-strings
2010-2011 

86-strings
2011-2012 
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Astrophysical Spectral index and flux

42

Energy region: 
Eν = 170TeV - 3.8PeV

Best-fit spectral index:
𝛾astro=1.91±0.20
Measured astrophysical spectral 
index nearly independent of the 
prompt normalization

Atmospheric-only hypothesis 
excluded by 4.3σ with three years

Best fit:
0.66−0.30+0.40x10-8GeV-1cm-2s-1sr-1

Independent confirmation of astrophysical 
signal observed in IceCube HESE Analysis
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Multi-PeV Track Event

43

The event above was detected in IceCube on 
June 11, 2014. Image: IceCube Collaboration.

• Up-going (i.e. not a CR muon)

• Deposited energy: 2.6±0.3 PeV

• Lower bound on the neutrino 
energy

• Neutrino energy significantly 
higher

• Date: June 11, 2014

• Direction: 11.48° dec / 110.34° RA

• Angular resolution <1o

Dust layer with 
large absorption 
and scattering

track-like neutrino event
Edep= 2.6 ±0.3 PeV



Carsten Rott KIAS-CFHEP Workshop and the 5th KIAS Workshop
on Particle Physics and Cosmology Nov. 9  – 13, 2015

Top view

Side views

Multi-PeV Track Event

44

ATel #7856
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ANTARES ATEL

46
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Multimessenger

47
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UHE Cosmic-Ray correlations with HE neutrinos

48

• More statistics needed.  All results 
below 3.3σ

Distribution of UHECR deflections in Galactic 
magnetic fields for rigidity E/Z>100EeV

m
edian 2.7

o

[PT2011] M. S. Pshirkov, P. G. Tinyakov, P. P. Kronberg, K. J. 
Newton-McGee, Astrophys. J. 738  (2011) 192.
[JF2012] R. Jansson & G. R. Farrar, Astrophys. J. 757  (2012) 14.

700 km2 surface array of 507 
plastic scintillation detectors           
+ 3 fluorescence detector stations

87 events with E > 57 EeV

Dataset: May 2008 - May 2014 

3000 km2 surface array with 1660 
water-Cherenkov  detectors            
+ 4 fluorescence detector stations

231 events with E >52 EeV

Dataset: Jan 2004 - March 2014 

IceCube CascadesIceCube Tracks

arxiv1511.02109
ICRC2015 IceCube + Auger + TA 
Collaborations

http://arxiv.org/pdf/1511.02109.pdf
http://arxiv.org/pdf/1511.02109.pdf


distant GRB

IceCube

γ, ν

ν

Gamma-ray
satellites

GRB timing/localization information
from correlations among satellites

Neutrinos in 
coincidence 

with
gamma-ray 

bursts?

Neutrinos in coincidence with 
gamma-ray bursts?

Direction plus time (10-100s) cuts
 – much reduced background

Where are the neutrinos?
Are GRBs really
cosmic ray sources?
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Transient Search GRBs

50

IC40 data 2008-2009 (117 GRBs in 
northern sky) and IC59 data 2009-2010 (98 
GRBs in the northern and 85 from southern 

sky) analyzed. No coincidence found 

IceCube Collaboration - Nature Vol 484, 351 (2012)

• upgoing νμ track search – 506 bursts in 4yrs
• all-flavor cascade search – 257 bursts in 1yr

Burst data from Fermi-BAT and 
Swift provide precise time stamp 

and location

Difficult to attribute diffuse 
neutrino flux with GRB 

bounds
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What have we learned so far ?

51
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Global fit

52

• Global fit of several IceCube analyses

• Variety of selection criteria for both 
shower-like and track-like events 

• Data are fit to three observables

• Energy, zenith angle, event topology

1:2:0 pion-decay
0:1:0 muon-damped
1:0:0 neutron-beam

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

neutron-decay 
dominated source 
rejected at 3.6σ

IceCube Collaboration Astrophys.J. 809 (2015) 1, 98
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• Variety of selection criteria for both 
shower-like and track-like events 

• Data are fit to three observables

• Energy, zenith angle, event topology

1:2:0 pion-decay
0:1:0 muon-damped
1:0:0 neutron-beam

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

neutron-decay 
dominated source 
rejected at 3.6σ

IceCube Collaboration Astrophys.J. 809 (2015) 1, 98
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Origin of the high-energy neutrinos ?

54

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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Exotic Discoveries ?

55
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Bound on  lifetime 
~1028s

Rott, Kohri, Park PHYS. REV. D 92, 023529 (2015)

Heavy Dark Matter
• Heavy Decaying Dark Matter 

(example χ→νh)

• Focus on most detectable feature 
(neutrino line)

• Backgrounds steeply falling with 
energy, highest energy events 
provide best sensitivity

• Continuum and spacial distribution 
could help identify a signal

• Bounds from Fermi-LAT and 
PAMELA derived from search for 
bb annihilation channel (dominant 
decay channel of Higgs).

Heavy DM bounds with neutrinos, see also 
Murase and Beacom JCAP 1210 (2012) 043
Esmaili, Ibarra, and Perez JCAP 1211 (2012) 034

56
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DM profiles

Dark Matter

57

Nucl.Phys.Proc.Suppl. 235-236 (2013) 413-420

Various models motivated 
by increase in positron 

fraction can be excluded 
with neutrinos
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DM profiles

Dark Matter

57

Nucl.Phys.Proc.Suppl. 235-236 (2013) 413-420

Various models motivated 
by increase in positron 

fraction can be excluded 
with neutrinos

ANTARES Collaboration arXiv:1505.04866

Thermal Relic Cross Section 

PAMELA/AMS-02
Fermi+H.E.S.S.

 

Data
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Solar WIMP Signal

58

νµ
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Solar WIMPs

59

Neutrino 
bounds 

extremely 
competitive 
with Dark 

Matter direct 
detection

&
Can test models 

beyond the 
reach of LHC

IceCubeColl., PoS(ICRC2015) 1099 
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Axion Dark Matter

60

SN1987A bounds

Axions generated in Supernovae burst
Dominant energy released in neutrinos 

(3x1053erg)... can provide precise time stamp (~ms)
Axions convert to Gamma-rays in the 

Galactic magnetic fields (~1μG)
Precise time stamp + detection of gamma-

rays from SN can discover Axions !
Nearby SN gaγ sensitivity ~10-13GeV-1

JCAP 1502 (2015) 02, 006

HST image of SN1987A

IceCube SN Sensitivity

Cherenkov γ‘s 
5 MeV e+
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Future Plans

61
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Next generation 

62

• IceCube has provided an amazing sample 
of events, but is still limited by the small 
number of events

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

• So far non of the analyses has shown 
any evidence for point sources

• Where are the point sources?

• What is the flavor composition?

• What is the spectrum? Cutoff?

• Transients ?

• Multi-messenger physics?

• GZK neutrinos?

• ....

IceCube Gen2 Facility

KM3NeT
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Baikal/Baikal-GVD

63

Gigaton Volume Detector (GVD)

arXiv:1308.1833

27 clusters of strings
8 strings per cluster

String: 705m / 48 OMs 
Depth 600m - 1300m



Carsten RottCarsten Rott KIAS-CFHEP Workshop and the 5th KIAS Workshop
on Particle Physics and Cosmology Nov. 9  – 13, 2015

KM3NeT

64
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KM3NeT- ARCA
• ARCA blocks:

• 115 lines

• 90m horizontal

• 36m vertical

65

D. Stransky (ID 1175) ICRC2015

17”

31x3”PMTs600m

www.km3net.org

http://www.km3net.org
http://www.km3net.org
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IceCube Gen 2

66

arXiv:1412.5106

G
al

ac
tic

 C
en

te
r

Example 
geometry with 

120 strings
300m spacing

IceCube Coll. Gen2 LOI

http://arxiv.org/abs/arXiv:1412.5106
http://arxiv.org/abs/arXiv:1412.5106
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IceCube Gen2

67

Example geometry
Spacing: 240 m
Volume: 8.0 km3

IceCube ICRC2015
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IceCube Gen 2 Angular Resolution

68

Example 
geometry with 

300m string 
spacing

IceCube ICRC2015

Gen2 geometries show promising angular resolutions
Using IceCube reconstructions: 0.3-0.5 degree
Selecting highest quality track events (~10%): 0.1 degree

IceCube reconstructions (not optimized)

highest quality tracks
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PINGU - Precision IceCube Next 
Generation Upgrade 

IceCube String

DeepCore String

Infill String (PINGU)

69

• PINGU upgrade plan

• Instrument a volume of about 
5MT with ~40 strings each 
containing 96 optical modules

• Rely on well established drilling 
technology and photo sensors 

• Create platform for calibration 
program and test technologies 
for future detectors

• Physics Goals:

• Precision measurements of 
neutrino oscillations (mass 
hierarchy, ...)

• Test low mass dark matter 
models

An example PINGU geometry (40 strings)
Note: PINGU geometry is still being optimized

-50     0      50    100   150

0

-50

-100

-150

50

x(m)

y(m)

© [2011] The Pygos Group
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PINGU - Precision IceCube Next 
Generation Upgrade 

IceCube String

DeepCore String

Infill String (PINGU)

~ 2 scattering length

69

• PINGU upgrade plan

• Instrument a volume of about 
5MT with ~40 strings each 
containing 96 optical modules

• Rely on well established drilling 
technology and photo sensors 

• Create platform for calibration 
program and test technologies 
for future detectors

• Physics Goals:

• Precision measurements of 
neutrino oscillations (mass 
hierarchy, ...)

• Test low mass dark matter 
models

An example PINGU geometry (40 strings)
Note: PINGU geometry is still being optimized

λscateff ≈ 47m  

λabs ≈ 155m @400nm
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IceCube Neutrino Oscillations

70
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Neutrino Mass Hierarchy

71
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Science Potential of PINGU and ORCA

• Well-established detector and construction 
technology (low risk)

• Rapid schedule

• PINGU: 3 seasons (first deployments in 
2018/2019 ?)

• ORCA: 5% till 2017 (100% by 2020 ?)

• Quick accumulation of statistics once complete

• Provides a platform for more detailed calibration 
systems to reduce detector systematics

• Multipurpose detector: Neutrino Properties, Dark 
Matter, Galactic Neutrino Sources, Neutrino 
Tomography, ...

• Opportunity for R&D toward other future ice/water 
Cherenkov detectors

• PINGU LOI released arXiv:1401.2046 update later 
this year

• ORCA see www.km3net.org/

72

http://arxiv.org/abs/arXiv:1401.2046
http://arxiv.org/abs/arXiv:1401.2046
http://www.km3net.org
http://www.km3net.org
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PINGU Multi-purpose experiment

• Multipurpose detector: Neutrino 
Properties, Dark Matter, 
Supernovae, Galactic Neutrino 
Sources, Neutrino Tomography, ...

73

 5 years of PINGU data
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P
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C. Rott APPSS Bulletin Vol.5 No.3 Pages 18-23 (June 2015)
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Neutrino Tomography

74

Rott & Taketa et al. Scientific Reports 5, 
Article number: 15225 (2015)  arxiv:1502.04930) 

Hydrogen content [wt%] 0           5       10        15
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• IceCube has reigned in a new era in astro-particle 
physics

• What’s the origin of the high-energy neutrino 
excess ?

• Let’s find out !

• Great prospect for future upgrades

• Gen2 / ARCA for high statistics PeV neutrinos

• PINGU/ORCA for Neutrino Mass Hierarchy and 
more

• Opportunity for unexpected discoveries !

• Dark Matter, Galactic Supernova, ...


