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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
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Sterile Neutrinos

> Search for v, (v,) disappearance in the o
energy range of 320 GeV — 20 TeV
107}
> Sterile neutrinos would produce distortions of i
the atmospheric neutrino flux in energy and Em—l
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Sterile Neutrinos

> Search for v, (v,) disappearance in the
energy range of 320 GeV — 20 TeV

107}
> Sterile neutrinos would produce distortions of =
the atmospheric neutrino flux in energy and H
101 - 1
angle | |
J —gmernet 1y e~
(68% and 95%) ' g E 1
> Phys. Rev. Lett. 117, 071801 (2016) —rwea oo | iE |3
1072 10! 10°
sin® 26,,
15
0.0 T - T T 1.20
14 IceCube preliminary sin? ;= 0.02 . i
12 pf | Ungoing-work at
o | ~ []..: DESY lowers the
85 o wz  energy threshold
2 % Z 06 095 3 from 320 to 10 GeV
3 > _ost 0.9(.1
i ) 0.85
10 -08 =06 04 =02 o0 o2 Ho R 100 200 300 40.0 560

Ereo [ GeV ]

reco
cost,’;

= Anna Franckowiak | Neutrinos | 20.10.2016 | Page 11
A. Terliuk | | | Pag









Search for Neutrino Sources
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The Multi-Messenger Approach

Equatorial

Combining neutrino and Electro-magnetic data can
increase our sensitivity to identify neutrino sources




Real-Time Multi-Messenger Program

i T

Ackermann et al. arXiv:0709.2640
lceCube A&A 539’ AGO (2012) Anna Franckowiak | Neutrinos | 20.10.2016 | Page 16
IceCube arXiv: 1610.01814



Real-Time Multi-Messenger Program

X-ray (Swift)

Optical Telescopes
(iPTF, MASTER,
Pan-STARRS)

@

Radio Telescopes

Cherenkov (MWA)

Telescopes

(MAGIC, Veritas, 4 ’+ Increased sensitivity

HESS) for transient neutrino
sources

* Source identification

Ackermann et al. arXiv:0709.2640
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IceCube Gamma-Ray Follow-Up: Results

> Search for gxcess from __]'””]””]””]””](‘)'n”s&;rc':élbti;\”l””[””
predefined list of variable

gamma-ray sources

Source location

> Most significant alert
= Nov. 9t 2012

= 6 events in 4.2 days

lllllllllllllll

Declination [degrees]

llllllllll

RA [degrees]

' > Alert forwarded to VERITAS

= No significant gamma-ray emission found

VERITAS
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IceCube Optical Follow-Up: First Triplet Found

> Three neutrino candidates within 100 sec from P I p—
the same direction ~
P 42}
> Once every 14 years from background 5 b ok
: \
36- .y .

3 1 Il 1 1 1
%0 22 24 26 28 30 32
Right Ascension (deg)
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MASTER: +22h

Fermi LAT: +30min

Swift BAT: +100s

HAWC: ' T
-5min until +6h __
S Swift XRT: +22h

detection of neutrino
triplet on 2016-02-17 19:21
(follow-up triggered +22h)

ASAS-SN: +34h LCOGT: +32h
N. Strotjohann



IceCube Optical Follow-Up: First Triplet Found
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No optical
counterpart
found - close-
by supernova
ruled out



IceCube Public Alerts

8 high-energy track events per year

~50% signal purity
Since April 2016

Delay of < 1min




Gamma-Ray Follow-Up of Public Alerts

H.E.S.S.

* automatic follow=-up < 2 min
* duration: 2h (full H.E.S.S.-Il array)
2016-04-28: 18min (first position)
2016-04-29: 1.5h (updated position)
2016-04-30: 0.5h (updated position)
* analysis in progress

MS,ICHEP 2016 g cuts

12°¢

(-] [d N w - w

Significance [¢]

244 242° 240° 238°

VERITAS
* automatic follow=-up in 112s
* duration: 1.2 h (first) + 2 h (updated)

* moonlight settings - reduced high-voltage
* UL ~ few % C.U.

K. Satalecka, E. Bernardini

FACT

* observed updated position
* duration: 4.24 h

2016-04-28 2:00 — 4:32 UTC
2016-04-29 1:32 — 3:33 UTC
* zd: [9 - 30°

* moderate moon light

* some clouds in the Ist night
* weather fine in the 2nd night
* no signal found

MAGIC
* 2h data taken on 29/04/2016 with moderate moon
(updated position)

* night 27/28 Apr not possible - Moon too bright
* zenith range:18-26 deg TS value map_

* E threshold ~120 GeV
* hot spot 0.3 deg away,
significance: ~ 3.6 sigma
(2.1 sigma after trials)

* UL - analysis ongoing...

DG, Neutrino 2016
KS et al., Gamma2016

HESE-160427 Preliminary




Optical Follow-Up of Public Alerts by Pan-STARRS

TITLE: GCN CIRCULAR

NUMBER: 19381

SUBJECT: ICECUBE-160427A : Pan-STARRS imaging and optical transients in the field
DATE: 16/05/04 18:43:58 GMT

FROM: Stephen Smartt at Queen's U/Belfast <s.smartt@qub.ac.uk>
Object | RA (J2000) | DEC (J2000) | Disc Date | i -mag
PSlécgv | 15 59 53.84 | +09 11 08.4 | 20160430 | 22.01
PSlécgw | 16 00 39.69 | +09 39 21.2 | 20160430 | 21.80
PSlécfu | 16 01 15.66 | +09 25 04.7 | 20160430 | 21.14
PSlécgx | 16 01 18.60 | +09 51 53.1 | 20160430 | 21.84 =*
PSlécfz | 16 02 11.96 | +09 54 07.9 | 20160430 | 21.27
PSlécgb | 16 02 19.12 | +09 34 50.1 | 20160430 | 22.03
PSlécgi | 16 03 27.72 | +08B 54 05.2 | 20160430 | 22.09

* PSlécgx rose at by 0.4 mag over 2 days. The rise time would

be consistent with a type Ic supernova at z ~ 0.1 to 0.2 that
exploded on or around 2016 April 27.2 (and possibly an off-axis GRB).
However the 4th data point shows it has peaked at i=21.5 +/- 0.1,
and is therefore more consistent with a type Ia SN from the normal
field population. Spectroscopic follow-up is needed to confirm.

Optical data analysis still on-going = collaboration
with cosmology group at HU Berlin 5
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Pan-STARRS
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MegaCam,
1.0 deg?
I I ) I
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DES 2.5 deg
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The DESY-Bonn Shutter
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IceCube Gen2

A wide band neutrino observatory (MeV - EeV) using several detection
technologies - optical, radio, and surface veto - to maximize the science

Multi-component observatory:
e Surface air shower detector
® Gen2 High-Energy Array

e Sub-surface radio detector Gen2 Surface Veto
e PINGU

Anna Franckowiak | Neutrinos | 20.10.2016 | Page 30 P,ES\‘
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IceCube Gen2 — Hardware Development

36cm

e Directional information
* More sensitive area per

\— J

D. Hebecker, T. Karg, S. Kunwar

30 cm

¢ Directional information

* More sensitive area per
module

e Smaller geometry

small PMT

adabatic
light guide

| |
11cm
e more sensitive

area per $
e Small diameter

\_

rWOM \

wavelength shifter
coated cylinder

pressure housing

® | ower noise ratej

e

13cm

e Small diameter

¢ Directional info.

¢ More area per
module
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IceCube Gen2 — Expected Sensitivity

Point Source Sensitivity

_ . ' ' Probing acceleration environments
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Summary: The lceCube group at DESY

> Covers a broad range of science topics

= From neutrino astronomy
= QOver 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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IceCube Gen2 — Time Scale

7-string DeepCore infill
+ calibration devices

>

2016 ‘ 2017 ‘ 2018 ‘ 2019 ‘ 2020 ‘ 2021 ‘ 2022 | 2023 ‘ 2024 ‘ 2025 | 2025 ‘ ‘ 2031
R&D Design Phase

Today
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IceCube Gen2 — Motivation

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

> |ldentify 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

> QObtain a unique view into the explosion of stars

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

> Gamma rays tell us WHERE

5
R
w
[72]
=
o

\
\
P
\
\

- FSRQ J/
BL Lac \ FR II (NLRG)

FR I (NLRG)

—_ Seyfert 2

\ Seyfert 1

QSO
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Blazars

> Gamma rays tell us WHERE
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Blazars

> Gamma rays tell us WHERE -
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Gamma-Ray Bursts (GRBS)

Gamma rays and X-rays tell us WHERE and WHEN

Black hole
lalellals

Prompt
emission

Afterglow
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Gamma-Ray Bursts (GRBSs)

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

100
> Gamma rays and X- 107" B-§+ Ahlers et al.
rays tell us WHERE = 90
and WHEN .
-~ 107® 180
Im §
. 170 2
> 100 8
> 800 GRBs ) 1% _g
correlated with s 50 =
IceCube data % 107 ;
—1 30

101 10° 10° 107
Neutrino break energy £, (GeV)

IceCube Coll., ApJ 805, 2015 Anna Franckowiak | Neutrinos | 20.10.2016 | Page 41
arXiv:1601.06484



Gamma-Ray Bursts (GRBSs)

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

100
> Gamma rays and X- 10" F=ge Ahlors et al I
rays tell us WHERE n ~+#+~ Waxman-Bahcall 90
and WHEN P
_ 10—8 | 80 —
IU: 2\0/
T 0 8
% 10-° §
> 800 GRBs g ® 35
. —~ b
correlated with & 150 =
IceCube data % 107 ;
— 30

101 ‘ 10° 10° 107
Neutrino break energy &, (GeV)

IceCube Coll., ApJ 805, 2015 Anna Franckowiak | Neutrinos | 20.10.2016 | Page 42
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Event Signature

> Tracks events

= Muon neutrinos
= Good angular resolution < 1deg

= \Vertex can outside the detector =2
Increased effective volume

> Shower events

= All flavors

= Fully active calorimeter - good
energy resolution £15% deposited
energy

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

@osmic
Neutrino

Atmaosphere
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Background in Search for Cosmic Neutrinos

@osmic
Neutrino

Atmaosphere
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Background in Search for Cosmic Neutrinos

@osmic
Neutrino

Atmaosphere

Atmospheric
Muon
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Background in Search for Cosmic Neutrinos

@osmic
Neutrino

—
o
™

"~ =3 I B LN B S L LR LR
L, - Northern sky { Southern sky 3
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10°E 2 .
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Neutrino mixing in 3+1 model

= Tension between different experiments:

= Beam experiments, reactor anomaly, early gallium
experiments e

= Sterile neutrinos might explain the tension @

= Problem: sterile neutrinos do not interact
Standard PMNS matrix

Usl

= New parameters:

2 . 2
U _, =sin"06,,
N 914’ 9249 934, 62, 63 ' Am412 | l"4|

2_ .2 2
|U_,[ =sin"@,,-cos"8,,

= Assumptions: - -
= Changes muon neutrino oscillations
- 62 =63 =eu =0 —
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Matter Effects

= Propagation of neutrinos through matter v. CCwithe -
W
The Earth
(e, p. n)
V
- - | CC with e N(.: with
) e, p. n
AR, “Ozcillations i i
w o ; NC with

; e,p.n Detector
. / Oscillations /
S y

Ve, Vg, Wy NC WIth Ve, Uy Vy

-~ Presence of matter:

* Modifies effective mixing parameters

€ ,mn £T,pn
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Sterile neutrino signal below 100 GeV

1 — Uy | X — i
No sterile neutrino 10.9 With sterile neutrino: 0.0
o { | bs ~0.2 [U.f =0.005 0.5
0.7 IU*“F:O'IB 0.7
=-04 " 6 =-04 - 0.6 _
£ + E &
8 TR 0.5 1
8 ~0.6 | BbsT 8 —0.6 ! Wos™
).3 0.3
—(0.8 b ).2 -[):8 t 0.2
)1 0.1
=4 T [ =1 e Y

Neutrino energy [ GeV ] eulrino energy [ GeV |

= Changes of the oscillations minimum for neutrinos crossing the Earth
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Stellar Collapses — Gamma-Ray Bursts and Supernovae

A
v

A A chocked jet GRB / SNLS
“ : 4 shock break-out A 4o vonly

SN / LLGRB " ! .

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

chocked jet GRB / SNLS

A 4 vonly
I

1 ,*
147

4 shock break-out

Al SN / LLGRB A

\
\

GRB

A A A A
. v
Y&V A

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

>800 GRBs
correlated with
lceCube data

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

IceCube CO”_, ApJ 805, 2015 Anna Franckowiak | Neutrinos | 20.10.2016 | Page 52



Stellar Collapses — Gamma-Ray Bursts and Supernovae

A A A chocked jet GRB / SNLS
Gre ) % v 1 4 shock break-out v only
A y&v wi Al SN / LLGRB
progenitor
Waxman & call, PRL, 78 (1997) Murase et al, ApJL,651 (2006) Ando & Beacom, PRL 95 (2005)
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The Cosmic-Ray Mystery

> Cosmic Rays discovered by Victor Energies and rates of the cosmic-ray particles
Hess in 1912 ' ' ' Grigorov -
0 Akeno
i 10° pro/lons only KASCh/':gLé’ ) .
> Cosmic Rays spectrum spans 10 -, Tivet
s, KASCADE-GT[am;g #—
decades of energy 2 "N lparicle  (iRestaz

T, 'O [glecvons Auger2013 v

. . . & 0

= Origin still unknown " N CREAM i pariile
) positrons 2
S N :
2 A
3 /\\ Galactic
Y g
<~ 10" - antiprotons .
5
w
Extra-Galactic
10® |- .
Fixed target
l 'gi?é TEVATRON
l l l LHC
‘o-lo 1 1 1 1 L

10° 10° 10* 10° 108 10'° 10'?

E (GeV/ particle)
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Located at Mt. Palomar, California

- -

4 o T T - Follow-Up
P48:Discovery i

1
o 5




