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The Multi-Messenger Picture
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IceCube
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Activities at DESY

> Direct searches for astrophysical neutrinos (M. Ackermann, M. 
Usner, F. Bradascio, J. Stachurska)

> Multi-messenger follow-up (E. Bernardini, A. Franckowiak,T. 
Kintscher, M. Kowalski, K. Satalecka, A. Stasik, N. Strotjohann)

> Atmospheric neutrino oscillations, search for sterile neutrinos (S. 
Blot, A. Terliuk)

> Cosmic rays (H.-P. Bretz, T. Karg)

> Searches for magnetic monopoles (E. Jacobi) 

> Gen2/PINGU R&D (D. Hebecker, T. Karg, S. Kunwar)

> Gen2 sensitivity (M. Kowalski, J. von Santen)

5 permanent scientists, 4 postdocs, 10 PhD students

Helmholtz Young Investigator Group of A. Franckowiak will start in 2017
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GNN PhD Prize for DESY PhD

> Dr. Lars Mohrmann

> “Characterizing Cosmic Neutrino Sources (A 
Measurement of the Energy Spectrum and Flavor 
Composition of the Cosmic Neutrino Flux Observed 
with the IceCube Neutrino Observatory)”

> Published in ApJ 809, 98 (2015), arXiv:1507.03991
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Sterile Neutrinos

> hypothesized particle which would not 
interact at all with matter except gravity

> Could resolve anomalies found in 
accelerator neutrino experiments

ntnµne ns

?
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Sterile Neutrinos

> hypothesized particle which would not 
interact at all with matter except gravity

> Could resolve anomalies found in 
accelerator neutrino experiments

ntnµne ns

?

Like people see Elvis, 
they see hints of the sterile 

neutrinos everywhere
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Sterile Neutrinos

> Search for nµ (nµ) disappearance in the
energy range of 320 GeV – 20 TeV

> Sterile neutrinos would produce distortions of
the atmospheric neutrino flux in energy and
angle

> Phys. Rev. Lett. 117, 071801 (2016)

Allowed region from 
global fit of appearance 
experiments

_
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Sterile Neutrinos

> Search for nµ (nµ) disappearance in the
energy range of 320 GeV – 20 TeV

> Sterile neutrinos would produce distortions of
the atmospheric neutrino flux in energy and
angle

> Phys. Rev. Lett. 117, 071801 (2016)

Ungoing-work at 
DESY lowers the 
energy threshold 

from 320 to 10 GeV

A. Terliuk

_
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IceCube Low-Energy Systematics Workshop

S. Blot

11-13 July at DESY Zeuthen
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Search for Neutrino Sources

35% post-trial 
p-value

87% post-trial 
p-value

No significant cluster of neutrinos found: Neutrinos 
alone do not (yet) reveal a source
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The Multi-Messenger Approach

35% post-trial 
p-value

87% post-trial 
p-value

No significant cluster of neutrinos found: Neutrinos 
alone do not (yet) reveal a source

Combining neutrino and Electro-magnetic data can 
increase our sensitivity to identify neutrino sources
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Real-Time Multi-Messenger Program 

Ackermann et al. arXiv:0709.2640
IceCube A&A 539, A60 (2012)
IceCube arXiv: 1610.01814
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Real-Time Multi-Messenger Program 

Optical Telescopes
(iPTF, MASTER, 
Pan-STARRS)

• Increased sensitivity 
for transient neutrino 
sources 

• Source identification

X-ray (Swift)

Cherenkov 
Telescopes
(MAGIC, Veritas, 
HESS)

Radio Telescopes
(MWA)

Ackermann et al. arXiv:0709.2640
IceCube A&A 539, A60 (2012)
IceCube arXiv: 1610.01814
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IceCube Gamma-Ray Follow-Up: Results

> Search for excess from 
predefined list of variable 
gamma-ray sources

> Most significant alert
§ Nov. 9th 2012

§ 6 events in 4.2 days

> Alert forwarded to VERITAS
§ No significant gamma-ray emission found

IceCube arXiv: 1610.01814
E. Bernardini, D. Gora, T. Kintscher
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IceCube Optical Follow-Up: First Triplet Found

> Three neutrino candidates within 100 sec from 
the same direction

> Once every 14 years from background

N. Strotjohann
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N. Strotjohann
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IceCube Optical Follow-Up: First Triplet Found

No optical 
counterpart 
found à close-
by supernova 
ruled out

N. Strotjohann
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IceCube Public Alerts

> 8 high-energy track events per year

> ~50% signal purity

> Since April 2016

> Delay of < 1min
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Gamma-Ray Follow-Up of Public Alerts

K. Satalecka, E. Bernardini
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Optical Follow-Up of Public Alerts by Pan-STARRS

A. Franckowiak, M. Kowalski, J. v. Santen

Optical data analysis still on-going à collaboration 
with cosmology group at HU Berlin
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The Zwicky Transient Facility (ZTF)

ZTF
47 deg2

Pan-STARRS 
7 deg2

DES 2.5 deg2
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The DESY-Bonn Shutter

M. Kowalski



Anna Franckowiak |  Neutrinos  |  20.10.2016  |  Page 29

Optical Transients with ZTF

ZTF will scan 
the entire 
Northern sky 
every other day

YIG: integration 
of ZTF into 

IceCube multi-
messenger 

program
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IceCube Gen2

M. Ackermann, M. Kowalski, J. v. Santen
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IceCube Gen2 – Hardware Development

D. Hebecker, T. Karg, S. Kunwar
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IceCube Gen2 – Expected Sensitivity

Probing acceleration environments
Point Source Sensitivity

M. Ackermann, M. Kowalski, J. v. Santen
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Summary: The IceCube group at DESY

> Covers a broad range of science topics
§ From neutrino astronomy

§ Over particle physics

§ To physics beyond the standard model

> Takes a leading role
§ In preparations for IceCube Gen2

§ In the operations and extension of the IceCube real-time analysis and follow-up 
programs 
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Backup
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IceCube Gen2 – Time Scale
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IceCube Gen2 – Motivation

> Resolve the source populations that produce the high energy 
astrophysical neutrinos detected by IceCube

> Identify the sources of the highest energy cosmic rays

> Learn about the environments responsible for the highest energetic 
cosmic particles

> Study of galactic and extra-galactic propagation of CR with neutrinos as 
tracers

> Obtain a unique view into the explosion of stars

> Explore the very high-energy Universe when it was most active



Anna Franckowiak |  Neutrinos  |  20.10.2016  |  Page 37

Blazars

> Gamma rays tell us WHERE

Fermi gamma-ray sky

IceCube Coll., arXiv:1502.03104
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> Gamma rays tell us WHERE

Blazars

Fermi gamma-ray sky

Correlation study of 3 years of 
IceCube data and 862 Fermi-
LAT blazars

IceCube Coll., arXiv:1502.03104



Anna Franckowiak |  Neutrinos  |  20.10.2016  |  Page 40

Gamma-Ray Bursts (GRBs)

> Gamma rays and X-rays tell us WHERE and WHEN
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Gamma-Ray Bursts (GRBs)

> Extremely large energy release on the time-scale of 0.1-100 seconds

IceCube Coll., ApJ 805, 2015
arXiv:1601.06484

> Gamma rays and X-
rays tell us WHERE 
and WHEN

> 800 GRBs 
correlated with 
IceCube data
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Gamma-Ray Bursts (GRBs)

> Extremely large energy release on the time-scale of 0.1-100 seconds

GRBs contribute less than 1% to observed diffuse neutrino flux.
Potential large population of nearby low-luminosity GRBs not constrained.

> 800 GRBs 
correlated with 
IceCube data

> Gamma rays and X-
rays tell us WHERE 
and WHEN

IceCube Coll., ApJ 805, 2015
arXiv:1601.06484
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Event Signature

> Tracks events
§ Muon neutrinos

§ Good angular resolution < 1deg

§ Vertex can outside the detector à
Increased effective volume

> Shower events
§ All flavors

§ Fully active calorimeter à good 
energy resolution ±15% deposited 
energy

§ Poor angular reconstruction ~10 
deg (>100 TeV)
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Background in Search for Cosmic Neutrinos

Atmosphere

Cosmic
Neutrino
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Background in Search for Cosmic Neutrinos

Muon

Atmosphere

Cosmic
proton

Cosmic
Neutrino

Atmospheric
Neutrino



Anna Franckowiak |  Neutrinos  |  20.10.2016  |  Page 46

Background in Search for Cosmic Neutrinos

Muon

Atmospheric
NeutrinoAtmosphere

Atmospheric
Muon

Cosmic
proton

Cosmic
Neutrino
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Background in Search for Cosmic Neutrinos

Muon

Atmospheric
NeutrinoAtmosphere

Atmospheric
Muon

Cosmic
proton

Cosmic
Neutrino

Atmosphere
atmospheric
muons

atmospheric
neutrinos
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Neutrino mixing in 3+1 model
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Matter Effects
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Sterile neutrino signal below 100 GeV
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Stellar Collapses – Gamma-Ray Bursts and Supernovae

Ando & Beacom, PRL 95 (2005)Waxman & Bahcall, PRL, 78 (1997) Murase et al, ApJL,651 (2006)
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Stellar Collapses – Gamma-Ray Bursts and Supernovae

Ando & Beacom, PRL 95 (2005)Waxman & Bahcall, PRL, 78 (1997) Murase et al, ApJL,651 (2006)

>800 GRBs 
correlated with 
IceCube data

à GRB produce 
less than 1% of the 
diffuse neutrino flux

IceCube Coll., ApJ 805, 2015
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Stellar Collapses – Gamma-Ray Bursts and Supernovae

Ando & Beacom, PRL 95 (2005)Waxman & Bahcall, PRL, 78 (1997) Murase et al, ApJL,651 (2006)

optical surveys do 
not cover the 

whole sky

use IceCube
to trigger EM 

follow-up

SNe are best 
discovered in 

optical
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The Cosmic-Ray Mystery

> Cosmic Rays discovered by Victor 
Hess in 1912

> Cosmic Rays spectrum spans 10 
decades of energy
§ Origin still unknown
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Located at Mt. Palomar, California

P60: Follow-Up

P200: Classification

P48:Discovery


