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Test of neutrino properties

- Neutrino lifetime

- Number and nature of neutrinos
- Mass-varying neutrinos

Tests of signatures of a dark Universe
- Dark matter as source

- Dark matter as background

- Dark energy as background

Tests of fundamental physics:

- Non-standard interactions

- Neutrino self-interactions .
- Long-range forces &

- Modified neutrino-nucleus interactions Carlos A. Arglelles (Harvard University)
- Quantum decoherence Maurici@ Bustamante (NBI, Univ. of Copenhagen)

: . ; . Teppei Katori (King’s College London)

- Lorentz and CPT invariance violation Ali Kheirandish (The Pennsylvania State University)

- Extra dimensions SergioPalomares-Ruiz (IFIC, Universitat de Valéncia)
Jordi Salvadd, Universitat de Barcelona)
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New Physics with Astrophysical Neutrino Flavor

High-energy astrophysical neutrinos have a
unique role in Multi-messenger astronomy
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New Physics with Astrophysical Neutrino Flavor \

High-energy astrophysical neutrinos have a
unique role in Multi-messenger astronomy

Astrophysical neutrinos are the highest New physics
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Astrop_hysical neutrino B Standard Model (vSM) 7 decay: (1:2:0)q
flavor is measured as New physics:

-de d: (0:1:0)e
flavor ratio. v decay-like p-damped: ( )s

ndecay: (1:0:0
New physics: y: ( )s

Lorentz violation 03

Standard neutrino mixing
predicted observable
flavor ratio within the dark
blue region (~1:1:1).

Very small amount of new

physics can deviate flavor
ratio from 1:1:1.

Flavor ratio is extremely : IceCube 8 yr (68%)

iti t hvsi IceCube 15 yr (68%)
sensitive 10 new pnysics. IceCube 15 yr + Gen2 10 yr (68%)

01 02 03 04 05 06 07 08 09 1.0
Fraction of v,
IceCube-Gen2, arXiv:2008.04323 (to be published, JPhysG)
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Effective operator sensitivity \
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New physics limits and projected sensitivity
Assuming new physics is
Planck scale origin,
astrophysical neutrino
flavor can reach
discovery region

non-renormalizable
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For example, sensitivity
of astrophysical neutrino
flavor to dimension-six
vacuum operator is ~10-8

46 %) I JR— IceCube v,
(10°GeV2), far beyond : IceCube va:tm potential
any other technology, ¢ GRB pol. (photon)

Grav. Cherenkov (gravity)

from table to experiment UHECR (proton)

to cosmology
8

Dimension of new physics operators
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Flavor triangle (v, : v, : v.) in lceCube \
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Astrophysical neutrino morphology
- Track: muon neutrino CC

- Cascade: electron, tau CC or NC
- Double cascade: tau

Current data statistics and
systematics accept large area as
astrophysical neutrino flavor ratio

VHCC VeCC,VTCC,NC VTCC Fraction of ve

— High-energy starting tracks Ve :Vy : vy at source — on Earth:

% Best-fit: 0.29 : 0.50: 0.21 0:1:0 —» 0.17 : 045 : 0.37
Global fit (IceCube, APJ 2015) e 12:0--030:036:0234
Inelasticity (IceCube, PRD 2019) 1:0:0 —» 0.55: 0.17 : 0.28
3v-mixing 3o allowed region »  1:1:0 - 036:031:033

IceCube-Gen2, arXiv:2008.04323 (to be published, JPhysG)
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Flavor triangle (v, : v, : v;) in lceCube-Gen2

Higher statistics with larger effective area

Improved particle identification

- Improved optical sensors

- New calibration

- New PID algorithm (machine learning, etc)

Higher energy neutrinos
- Larger effective area
- Radio arrays

More transient events
- Better constraint of production model

Astrophysical neutrino flavor physics is a new sub-field, it's an old idea but have
been developed to the reality only in last few years. This approach uses the best
of neutrino, energy, and cosmic frontiers, and it has a high discovery potential for
many new physics models.

IceCube-Gen2, arXiv:2008.04323 (to be published, JPhysG)



