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Overview
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Seasonal dependence of atmospheric muon neutrino flux

Impact on spectral shape calculated by Honda et al.           
for  90°< θ <120°  

Measurement with 11.5 years of IceCube data with 
spectrum unfolding technique

Determination of seasonal energy spectra

Comparison of variation strength to MCEq

µ

µ

Honda et al., JPS Conf.Proc. 12 (2016)
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Atmospheric Neutrinos
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Antares Collab., Physics Letters B, Vol. 816 (2021)Wagner, PhD Thesis (2006)
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Seasonal Variations of the Neutrino Flux
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• Neutrino production in stratosphere is governed by two 

processes: decay vs re-interaction of parent meson

• Flux impacted by temperature modulation throughout 

the year

• Effect increases with energy as re-interactions dominate

 
Honda et al., JPS Conf.Proc. 12 (2016)

µ

µ
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The IceCube Neutrino Observatory
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www.icecube.wisc.edu

• Instrumented  volume of 1km³

• Excellent laboratory for 

atmospheric neutrino studies

• Detection of muon track via 

Cherenkov light

   

           

 𝝂𝝁 + 𝑵 → 𝝁 + 𝑿 
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Determining the Neutrino Energy – an inverse 
   Problem

• 𝐸ν needs to be inferred from muon track

• Position of interaction vertex is unknown

• µ production → statistical processes

• Energy losses along track in ice

• Limited detector acceptance

 

  folding equation
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Ԧ𝑔 𝑦 = 𝐀(𝐸ν, 𝑦) Ԧ𝑓(𝐸ν)

Credit: T. Hoinka

measured truth
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Energy 
proxies Random 

Forest
Prior

Regularization

DSEA+ repeat for k 
iterations

Dortmund Spectrum Estimation Algorithm DSEA+

• Energy bins 

treated as 

independent 

categories

• Accumulation of 

discrete pdf for 

every event

෡𝑓𝑖
(𝑘)

=
1

𝑁
෍

𝑛=1

𝑁𝑒𝑣𝑒𝑛𝑡𝑠

𝑐𝑀 𝑖 𝑥𝑛 ∀ 1 ≤ 𝑖 ≤ 𝐼

https://sfb876.tu-dortmund.de/deconvolution/index.html
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Event Selection & Analysis Scheme
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Weighting: atmospheric 

(MCEq) + astrophysical 

spectrum

• SIBYLL2.3c

• H3a composition

• NRLMSIS-00 

atmospheric model      

(yearly average)

 

Data
Optimized 

DSEA+
Input MC

Unfolded 
Spectrum

IceCube

Upgoing 𝜈𝜇 track sample 

• 523736 events                

(May 2011- December 2022)

• Purity: > 99.7%

 
Aartsen et al., ApJ 833

• Statistical error determined via bootstrapping

•

https://github.com/mceq-project/MCEq
https://iopscience.iop.org/article/10.3847/0004-637X/833/1/3
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Unfolded Spectrum for 90°< θ <120° 
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 Follow-up investigation of zenith region

• Systematic uncertainties are 

independent of the season

• Ratio depends only on 

statistical uncertainties

• Variation strength increases 

with neutrino energy in 

agreement with expectation

• Decrease of variation > 4TeV 

despite MCEq expectation
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Predicted Variations & Measured Rate
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• Rate compared to 

MCEq predictions

• NRLMSISE-00: 

atmospheric model

• AIRS: instrument on 

Aqua satellite – daily 

data from 2012-2017 

as atm. input

• No variations 

between 110° - 120°

      → excluded 

Asymmetric rate variation
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Predicted Variations & Measured Rate

11

• Rate compared to 

MCEq predictions

• NRLMSISE-00: 

atmospheric model

• AIRS: instrument on 

Aqua satellite – daily 

data from 2012-2017 

as atm. input

• No variations 

between 110° - 120°

      → excluded 

Asymmetric rate variation
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Unfolded Spectrum for 90°< θ <110° 
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• Seasons re-defined by 

months with similar rates

• Ensures comparable 

statistics despite ~ 26% 

loss of events

• Measured ratio increases with energy,     

as expected

• decrease in variation strength > 7 TeV
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Summary
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First measurement of seasonal variations in 
muon neutrino spectrum from                        
125 GeV to 10 TeV

• Energy spectrum estimation via unfolding 
technique for two zenith ranges 

• Systematic uncertainties negligible in ratio of 
seasonal to annual average flux

• Variation strength measurement feasible at 
percent level

Variation strength increases, as expected,   
except for last energy bin

90°<θ<120°

90°<θ<110°

PoS(ICRC2023)993

https://pos.sissa.it/444/993/
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BACKUP
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Seasonal Variations in IceCube
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• Measure correlation between neutrino rate and atmospheric temperature

Abbasi et al., EPJC 83

https://arxiv.org/abs/2303.04682


Karolin.hymon@tu-dortmund.de     Seasonal Variations of the Atmospheric Neutrino Flux 

Seasonal Variations
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IceCube Preliminary

IceCube Preliminary

90°-120°

90°-110°
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Comparison of Zenith Bands
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Systematic Uncertainties

Investigate Parameter impact on unfolding

 Unfolding of pseudo-data with varied parameter & evaluation to reference MC                                                 

    systematics are independent on sample size

• DOM efficiency ±10%

• Ice model 

– absorption ± 5% 

– scattering ± 5% 

– Hole ice parameter ± 1% 

• CR composition                                                                                                    & 

hadr. interaction model
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IceCube Preliminary

Fedynitch et al., Phys. Rev. D 86 (2012)  

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.114024
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Data-to-MC Agreement
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Weights: MCEq (SIBYLL 2.3c / H3a / NRLMSISE-00) 

 + astrophysical: 1.44 ∙ 10−18 GeV−1cm−2s−1sr−1 ∙ 𝐸−2.37  @ 100TeV

Agreement in shape, but offset: ~20% → atmospheric normalization
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