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High energy neutrino astronomy in a nutshell
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High energy neutrino astronomy in a nutshell
Bartos & Kowalski, IOP 2018
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Key scientific questions for IceCube-Gen2

Exploring the new window to the extreme Universe
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« Resolving the high-energy sky from TeV to EeV
energies

* Understanding cosmic particle acceleration
through multi-messenger observations

* Revealing the sources and propagation of the
highest energy particles in the universe

* Probing fundamental physics with high-energy
neutrinos as: B
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http://www.desy.de/news/news_search/index_eng.html?openDirectAnchor=1431
http://www.tum.de/en/news-and-events/all-news/press-releases/details/erstes-neutrino-bild-einer-aktiven-galaxie
http://www.tu-dortmund.de/nachrichtendetail/icecube-entdeckt-neutrinos-aus-der-milchstrasse-32775/
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The IceCube Gen2 facility at the South Pole

Wide-band observatory: Optimizing scales for leading sensitivity from 10° to 1020 eV

vy Gen2-Radio ® IceCube-Gen2

5km 1 km

IceCube-Gen2 planed construction: 2030-2040

® IceCube

completed in 2010
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Completed in 2026
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Radio detection of neutrinos
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Technical Readiness
New technologies verified within IceCube-Upgrade and RNO-G in Greenland.

optical sensors

Prototype Gen2
sensors part of
Upgrade

hot-water drilling

radio-stations
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Scientific objectives for IceCube-Gen2
Resolving the high-energy sky from TeV to EeV energies

Sensitivity to point sources, Technical Design Report 2024
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Scientific objectives for IceCube-Gen2
Resolving the high-energy sky from TeV to EeV energies

Sensitivitv to point sources. Technical Desian Report 2024
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Scientific objectives for IceCube-Gen2
Understanding cosmic particle acceleration through multimessenger observations

neutrinos from Kilonovae / GW sources,
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https://icecube-gen2.wisc.edu/science/publications/TDR/
https://icecube-gen2.wisc.edu/science/publications/TDR/
https://icecube-gen2.wisc.edu/science/publications/TDR/

Scientific objectives for IceCube-Gen2

Revealing sources and propagation of highest energy particles in the Milky Way and the universe.
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Scientific objectives for IceCube-Gen2

Revealing sources and propagation of highest energy particles in the Milky Way and the universe.

Spectral measurement, L. Lu, Cern Courier, 2025
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Scientific objectives for IceCube-Gen2

Revealing sources and propagation of highest energy particles in the Milky Way and the universe.
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Scientific objectives for IceCube-Gen2
Probing fundamental physics with high-energy neutrinos

Center-of-mass energy /s [GeV]

,  10° 10 10 10° 10* 10°
107 p ey SR Tt A :
NE E + TK@e)14 =™ GGM-SPSS1 Tevatron
3] 4+ TK(CH)14 W™ GGM-PS79 TR e
® 106 £ * TXK(©13 ¥V IHEP-ITEP79
| E A ArgoNeuT14 V IHEP-JINR9%
S [ ® ArgoNeuT12 ® MINOSI0
— 105 | * ANL79 A NOMAD 08
ISt % E o BEBC7 ¢ Nulev06
% A BNL82 X SciBooNE 11
> 4 ¢ ccrray ® SKAT79
g 10 E O CDHS87
e
]
2 10k 3
93] E v 3
g [ Accelerator v Accel. v High-energy cosmic v Ultra-high-energy cosmic v
o 102 3 e IceCube tracks (avg. v + 7) IceCube-Gen2 Radio (10 yr, projected) 3
8 b (IceCube 17) Using cosmogenic v flux, 3
o % IceCube showers (avg. v + 7) fit to TA UHECRs (Bergman & van Vliet) 4
=} 101 E (Bustamante & Connolly 17) Using IceCube v, flux (9.5 yr), =
n © [lceCube HESE (avg. v + 1) extrapolated to UHE 7
g (IceCube 20) Using cosmogenic flux
- 0 " from all AGN (Rodrigues ef al.) i
5 10°F ]
2 — FASERv E==3 uN DIS prediction b.f. + 1 (BGR18)
10
10 10 10" 102 10* 10* 10° 10®° 10° 108 10° 10 10"

Neutrino energy, E, [GeV]

Neutrino cross-sections @ LHC/FCC energies

Plnts hased nn \/alerg et al., Bustamante et al., Song et al.

17

Flavor physics over cosmic base lines
0.0
M Standard Model (vSM)

® mrdecay: (1:2:0)g

New physics: 0.1 N

v decfy}ike 09 = u-damped: (0:1:0)g
: 0.2 A ndecay: (1:0:0)q

New physics: 0.8

Lorentz violation 03

a
oY)
.
°
e

®)
Ml
0.4 3
-

~— IceCube-Gen2 10 yr (68%)
IceCube-Gen2 10 yr (95%)

/ / pé / / / / 74 / / P4

0.1 04 05 06

Fraction of v,

02 03

Page 17


https://inspirehep.net/literature/2065305
https://inspirehep.net/literature/1375006

IceCube-Gen2: Schedule

2022 2023 2024 2025 2026 PY1 PY 2 PY 3 PY 4 PY5 PY 6 PY 7 PY 8 PY9 PY 10

BRI ﬂf IceCube Upgrade Rebaseline .| Install 7 Upgrade Strings
Upgrade
Detector VA/A/ZZZZA i Opttical Moduule Production
Construction bssssssf4000..............................___ Radio Station Construction
Prepare Drill | b= [ | 5N kil SN ki [ 5§ [ SN
3 Strings 4 16 20 21 21 21 14
5 Stations | b b | [N b | | SN [ b
6 16 22 23 21 23 14
Radio 20 Stations b b [ ] [ ] - [ ]
Installation 50 58 67 67 69 30

Initial Technical Design Report public, working on preliminary design. Construction will
take ten years, initial data from partial configurations already available after five years

DESY. | IceCube-Gen2 | Marek Kowalski Page 18


https://icecube-gen2.wisc.edu/science/publications/tdr/

IceCube-Gen2: Collaboration

* Internat. collaboration of 400+
scientists from 16 countries

« Endorsements/recommendations
from major roadmap processes,
e.g. US Decadal Survey on
Astronomy and Astrophysics
2020, the Report of the 2023
Particle Physics Project
Prioritization Panel (P5 panel),

the Japanese MEXT roadmap or T e SR CO;Q?ORATI%\ISWEDEN s

the European Astroparticle

Physics Strategy 2017 - 2026
{APPEC roadmap}, German “ -
BMFTR roadmap for large scale Sy Smerered BREr e R e (YIRS HBE

PF

ICECUBE-GEN2.WISC.EDU

research infrastructure 2025

« ICECUBE
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IceCube-Gen2 on the German shortlist for large research infrastructure

German proposal: 59 Mio. Euro for

3 © construction (~90 % capital costs)
Forschungsinfrastruktur (FIS) ® Additional 15,5 Mio. Euro as in-kind

© BMFTR

° o o .
Priorisierungsverfahren oy * Deliverables:
3500 optical sensors

CREATION, Medizinische Hochschule Hannover, Universitatsmedizin Gottingen, 1 H
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G Vorphase fiir das Einstein-Teleskop, RWTH Aachen, Universitat Miinster, @ @

Ruhr-Universitat Bochum, Technische Universitit Dresden &Q Rev i ew S e p 7 . _8 . : u p date o n p rOj e ct
‘D HBS-I, Forschungszentrum Jiilich, Helmholtz-Zentrum Hereon (Geesthacht) statu s fu n d i n g needs a n d esta bl is h

J

IceCube-Gen2, Deutsches Elektronen-Synchrotron (Hamburg/Zeuthen), == =
0 Karlsruher Institut fiir Technologie @ dQClS |0n pOI nts
G LEGEND-1000, Max-Planck-Institut fiir Kernphysik (Heidelberg),

Technische Universitat Miinchen
0 PETRA1V, Deutsches Elektronen-Synchrotron (Hamburg)
0 RIDLOP, GESIS - Leibniz-Institut fiir Sozialwissenschaften (Kéln/Mannheim) m

9 SLICES-DE, Technische Universitat Miinchen

« ICECUBE
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f Japanand Geany, one more time, Cah make the
= difference for the IceCube extension to be realized
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Summary
Subheading, optional

. IceCube’s discovery of cosmic neutrinos and
evidence for galactic and extragalactic sources
has started a new chapter in high energy
astrophysics.

. IceCube-Gen2 needed to address the questions

raised by 10+ years of IceCube.

. Mature design for IceCube-Gen2, many details
to be found in our Technical Design Report.

. International contributions are coming
together, so the chances to realize IceCube-
Gen2 are better than ever!

DESY. | IceCube-Gen2 | Marek Kowalski
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