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Motivation

For references see Figure 1 

of Bustamante and Connolly,

Phys.Rev.Lett. 122 (2019) 4, 041101
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Motivation

from nuSQuIDS, Argüelles, Salvado, Weaver

Comput.Phys.Commun. 277 (2022) 108346

Cooper-Sarkar, Mertsch, Sarkar

JHEP 08 (2011) 042
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Motivation

IceCube Collaboration,

Nature 551 (2017) 596-600

Bustamante and Connolly,

Phys.Rev.Lett. 122 (2019) 4, 041101

(Total number of events: 10784)



1

Motivation
FASER Collaboration,

Phys.Rev.Lett. 134 (2025) 21, 211801
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Motivation: close the gap
GAP
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How? Total number of events: 305735

IceCube Collaboration. 2024. “Replication Data for: Searching for Decoherence from Quantum Gravity at the IceCube South Pole Neutrino Observatory.” Harvard Dataverse. https://doi.org/10.7910/DVN/9WGYQN
IceCube Collaboration, Nature Phys. 20 (2024) 6, 913-920

(x28 IceCube band at higher energies)T = 7.6 years
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How? Total number of events: 305735

IceCube Collaboration. 2024. “Replication Data for: Searching for Decoherence from Quantum Gravity at the IceCube South Pole Neutrino Observatory.” Harvard Dataverse. https://doi.org/10.7910/DVN/9WGYQN
IceCube Collaboration, Nature Phys. 20 (2024) 6, 913-920

(x28 IceCube band at higher energies)

500GeV 10TeV

T = 7.6 years
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Neutrino journey: generation
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Initial fluxes

@IceCube

IceCube Collaboration, Phys.Rev.D 84 (2011) 082001 
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Initial fluxes

@IceCube

daemonflux

Conventional Prompt Astrophysical

ϕ0 ( E
100 TeV )

γ
Yañez and Fedynitch,


Phys.Rev.D 107 (2023) 12, 123037

IceCube Collaboration, Phys.Rev.D 84 (2011) 082001 
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Neutrino journey: transport
νμ
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Neutrino journey: transport
νμ

180∘ − θz
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Absorption
νμ

180∘ − θz

region 
of effect

Earth propagation using nuSQuIDS 
Argüelles, Salvado, Weaver, 
Comput.Phys.Commun. 277 (2022), 108346
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Absorption: normalization σν-nuc = nσ σSM
ν-nuc
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Absorption: spectral shift
σν-nuc =

σSM
ν-nuc , if E ≤ Eβ ,

( E
Eβ )

βσ

σSM
ν-nuc, , if E > Eβ .
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Neutrino journey: detection

μ

νμ
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Neutrino journey: detection

μ

νμ
Nev ∼ Tobs ∫ dΩdEν Aeff ϕini

ν

Detection process

NMC
ev = Tobs × wIC × ϕdet

ν
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Neutrino journey: detection

μ

νμ
Nev ∼ Tobs ∫ dΩdEν 𝒟det ϕdet

ν σν-nuc

Detection process

NMC
ev = Tobs × wIC × ϕdet

ν
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Neutrino journey: detection

μ

νμ
Nev ∼ Tobs ∫ dΩdEν 𝒟det ϕdet

ν σν-nuc

Detection process

NMC
ev = Tobs × wIC × ϕdet

ν

IceCube data release
IceCube Collaboration, Nature Phys. 20 (2024) 6, 913-920

(𝒟det)
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Results
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Results: norm

σν-nuc = nσ σSM
ν-nuc

CASE NORM



σν-nuc = nσ σSM
ν-nuc

CASE NORM

9

Results: norm

PRE
LIM

INA
RY

nσ = 1.07+0.07
−0.06
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Results: norm + tilt
CASE NORM+TILT

σν-nuc =

nσ σSM
ν-nuc , if E ≤ Eβ ,

nσ ( E
Eβ )

βσ

σSM
ν-nuc, , if E > Eβ .
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Results: norm + tilt

PRE
LIM

INA
RY

nσ = 1.06+0.04
−0.04

βσ = − 0.04+0.02
−0.02

log10 (
Eβ

TeV ) = 0.28+0.15
−0.18

CASE NORM+TILT

σν-nuc =

nσ σSM
ν-nuc , if E ≤ Eβ ,

nσ ( E
Eβ )

βσ

σSM
ν-nuc, , if E > Eβ .
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Take home message

Determined the neutrino-nucleon cross section around TeV.


Closed the unknown energy gap!


Competitive precision for the TeV energy range.

muon data range ∼ [500 GeV − 10 TeV]

neutrino influence range ∼ [150 GeV − 50 TeV]



Backup slides
Neutrino-nucleon cross section extraction around the TeV



BCK 1

1D distribution of data
IceCube Collaboration. 2024. “Replication Data for: Searching for Decoherence from Quantum Gravity at the IceCube South Pole Neutrino Observatory.” Harvard Dataverse. https://doi.org/10.7910/DVN/9WGYQN

IceCube Collaboration, Nature Phys. 20 (2024) 6, 913-920



BCK 2

Flux: neutrino measurements



BCK 3

Flux: effective normalizations
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BCK 4

Absorption: tilt pattern
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BCK 5

Analysis: Priors
Data Release analysis priors

IceCube Collaboration, Nature Phys. 20 (2024) 6, 913-920

Our priors
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Analysis: Priors
Latest IceCube analysis priors

IceCube Collaboration, Phys.Rev.D 110 (2024) 9, 092009

Our priors


