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The Neutrino Sky
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VY Astronomy

® Recent PS Results (Ali Kheirandish)
® Recent Diffuse Measurements (Vedant Basu)
® Supernova Prospects (Segev BenZvi)

§ ® Galactic Plane Flavor Ratio (John Hardin)
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VY Astronomy

® Recent PS Results (Ali Kheirandish)

® Recent Diffuse Measurements (Vedant Basu)
® Supernova Prospects (Segev BenZvi)

® Galactic Plane Flavor Ratio (John Hardin)
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lceCube Beyond Astronomy: Neutrinos as a
portal to New Physics

Look for interactions between the “dark sector” and the Standard Model
Signatures of new physics could show up in neutrinos’

Spectrum
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lceCube Beyond Astronomy: Neutrinos as a
portal to New Physics

Look for interactions between the “dark sector” and the Standard Model
Signatures of new physics could show up in neutrinos’

Spectrum Flavor

DireCtionS Single Power Law (This work)

- Broken Power Law (This work)
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lceCube Neutrinos Probing

BSM Physics

Today



Indirect Dark Matter Searches
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Indirect Dark Matter Searches
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Recent Results: DM Capture and Annihilation in Earth

10—38

Eur. Phys. J. C 85, 490 (2025)



Recent Results: Sun
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Dwarf Galaxies B
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Constraints from Dwarf Galaxies
TeV—PeV DM

Compared Limits dSphs for yxy=> 171~

10-—17
-+ This Work's Sensitivity MAGIC 2022 95% CL

——  |ceCube 2013 90% CL LHAASO 2024 95% CL
w— Fermi 2015 95% CL w— HAWC 2020 95% CL
—— HESS 2020 95% CL VERITAS 2024 95% CL

Dan Salazar (MSU) 17



Constraints from Dwarf Galaxies
TeV—PeV DM

90% C.L. Per dSph and Combined Compared L imits dSphS for YX =T + -
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' - Galactic Center
Ample DM content but,sourceboristion for EM"teIesbop'es. S o
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Recent Results: Galactic Center

SuperK 90% C.L. [arXiv:2005.05106]
-+ ANTARES 90% C.L. [PoS ICRC2011 (2021) 537]
— = |ceCube Cascades 90% C.L. [EP) C76 (2016)]
- = |ceCube Tracks 90% C.L. [EP] C77 (2017) 627]
—&— This result (90% C.L.)

1021

10-22

X — vv, NEW

26
10 101 10° 10° 10¢

m, |GeV]

Phys. Rev. D 108, 102004



Looking Ahead: IceCube Upgrade
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Looking Ahead: IceCube Upgrade

SuperK 90% C.L. [arXiv:2005.05106]
==  ANTARES 90% C.L. [PoS ICRC2011 (2021) 537] 10—38
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== = |ceCube Tracks 90% C.L. [EPJ C77 (2017) 627]
== = |ceCube NeutrinoLine 90% C.L. [PRD 108, 102004 (2023)] 1039
—&— o0scNext 9.3 yrs, 90% C.L limit
== = Upgrade 3.0 yrs, 90% C.L sensitivity
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lceCube Neutrinos Probing
Particle Physics

Signatures of new physics could show up Iin neutrino directions,
spectrum and flavor...
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lceCube Neutrinos Probing
Particle Physics

Signatures of new physics could show up Iin neutrino directions,
spectrum and flavor...

Or in the form of rare event topologies...
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Upcoming Works from IceCube

e Heavy Neutral Leptons

e Multi-messenger DM searches (Combined v+y search with dwarf-spheroidals)

* Neutrino-DM Interactions In point sources
e Search for Lorentz Invariance Violation
 Neutrino Trident Production Stay Tuned
e Long-lived particles

 Fractionally charged particles

e Sterile Decay

e Magnetic Monopoles
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Future

e [|ceCube has completed nearly 15 years of successful operations with robust
measurements of a TeV—PeV neutrino flux.

e Neutrinos offer a unique window into extensions of the SM.

e Recent searches have placed some world-leading constraints on various BSM
parameters.

e Low energy upgrade will extend these searches to unprecedented sensitivity Iin the
coming years. Highly complementary to terrestrial beam-dump, and photon-based
astrophysical detectors.

SWGO  PKmanet 7o} P-ONE

The Southern Wide-field Gamma-ray Observator






Probing Standard Model Extensions
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Constraining Sterile Decay
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lceCube Neutrinos Probing

Particle Physics




Atmospheric Neutrino Beam

Cosmic Rays Neutrino Oscillations at Iong baselines Astrophysical Neutrinos
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Atmospheric Neutrino Beam
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Atmospheric Neutrino Beam

Cosmic Rays Neutrino Oscillations at Iong baselines Astrophysical Neutrinos

~100/year

Atmospheric Muons
1011/year
y ¥§§§ ?\a\| oW MaSS

Amplitude Frequency
Paoa=5ln2(20)stnR(1.27 - Am=2- L / E)

10%/year

Atmospheric Neutrinos
IceCube measures the

energy and zenith angle of
neutrinos, with the zenith
angle as a proxy for baseline

distance traveled.
28 Courtesy: Summer Blot



Probing BSM Physics with Neutrino Oscillations

To first order, DeepCore is sensitive to Amz22 and 023

¢ down-going

T up-going




Probing BSM Physics with Neutrino Oscillations

To first order, DeepCore is sensitive to Amz22 and 023
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Going After the Sterile Neutrino

MiniBooNE
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Going After the Sterile Neutrino
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Constraining Sterile Deca

*  Best Fit  «eeeeee This Work, 90% CL ——-=- This Work, 95% CL —— This Work, 99% CL
@ JHEP 09 (2023) 058, 90% CL @ JHEP 09 (2023) 058, 95% CL @ JHEP 09 (2023) 058, 99% CL
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Magnetic
monopole

Credit: Alexander Burgman

Relativistic Monopoles

Through-going Particle
muon shower

Dim
muon
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Magnetic
monopole

Credit: Alexander Burgman
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