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Atmospheric Neutrinos
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Seasonal Variations of the Neutrino Flux
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The IceCube Neutrino Observatory
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IceCube Laboratory

Data is collected here and
sent by satellite to the data
warehouse at UW-Madison

¢

Digital Optical
Module (DOM) 2450 m

5,160 DOMs
deployed in the ice

- 86 stﬁngs of DOMs,
set. 125 meters apart

A National Science Fou
managed research facili

i1 l
| ” /B
-
Antarctic bedrock

Instrumented volume of 1km3

Excellent laboratory for
atmospheric neutrino studies

Detection of muon track via
Cherenkov light

vVpy+N ->u+X
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Determining the Neutrino Energy — an inverse
Problem
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« E, needs to be inferred from muon track
* Position of interaction vertex is unknown
* M production - statistical processes

* Energy losses along track in ice

« Limited detector acceptance

A

Response A
Unfolding

-}

Credit: T. Hoinka

folding equation | g(y) = A(E,, y)]?(EV)

measured truth
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Dortmund Spectrum Estimation Algorithm  pseas
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https://sfb876.tu-dortmund.de/deconvolution/index.html

Optimized
DSEA+

Weighting: atmospheric | Upgoing v, track sample
(MCEQq) + astrophysical N - 523736 events
spectrum (May 2011- December 2022)

« SIBYLL2.3c
« H3a composition
«  NRLMSIS-00

atmospheric model - Statistical error determined via bootstrapping
(yearly average) b ¢ O = /B0t T + Ty & e + e

Unfolded * Purity: >99.7%

Aartsen et al., ApJ 833

Spectrum
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https://github.com/mceq-project/MCEq
https://iopscience.iop.org/article/10.3847/0004-637X/833/1/3

Unfolded Spectrum for 90°< 6 <120°

Systematic uncertainties are
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with neutrino energy in
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Decrease of variation > 4TeV
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Seasonal unfolding of 11.5yrs of Data
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Predicted Variations & Measured Rate
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{1 IceCube Preliminary

« Rate compared to
MCE(q predictions

NRLMSISE-00:

w o w
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atmospheric model

AIRS: instrument on
Aqua satellite — daily

{ IceCube data: 100°<©<110°

|
au o wu
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1 lceCube Preliminary

data from 2012-2017
as atm. input

No variations

between 110° - 120°
- excluded

§ IceCube data: 110°<e<120°_. °
lceCube Preliminary
-=-= MCEq (NRLMSISE-00) --- MCEq (AIRS) { IceCube data: 90°<6<110°
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

C:> Asymmetric rate variation
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Predicted Variations & Measured Rate
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Rate compared to
MCE(q predictions

NRLMSISE-00:
atmospheric model

AIRS: instrument on
Aqua satellite — daily
data from 2012-2017
as atm. input

No variations
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Unfolded Spectrum for 90°< 6 <110°

Seasonal unfolding of 11.5yrs of Data
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Summary

First measurement of seasonal variations in
muon neutrino spectrum from

Seasonal unfolding of 11.5yrs of Data

== MCEq (yearly avg.) x 1.25
== MCEq (Jun-Aug) x 1.25
== MCEq (Dec-Feb) x 1.25

Jun-Aug (syst. + stat.)

I Jun-Aug (stat.)
Dec-Feb (syst. + stat.) | Dec-Feb (stat.)

125 Gev tO 10 Tev r IceCube Preliminary 90°<9<1200
* Energy spectrum estimation via unfolding 09 = -
technique for two zenith ranges E/GeV
- Systematic uncertainties negligible in ratio of —_2xw o SRR S SVE O DAE
seasonal to annual average flux PR Lt S
« Variation strength measurement feasible at §;’ o F T
percent level Ly 4 0m
O 3x1072 o 90°<6<110°
) . . o1l IceCube Preliminary
&5 Variation strength increases, as expected, P S
except for last energy bin i — P
0 103 104
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https://pos.sissa.it/444/993/

BACKUP

technische universitat
dortmund

ICECUBE

NEUTRINO OBSERVATORY

Karolin.hymon@tu-dortmund.de

Seasonal Variations of the Atmospheric Neutrino Flux

14



Seasonal Variations in lceCube

« Measure correlation between neutrino rate and atmospheric temperature
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Abbasi et al., EPJC 83
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https://arxiv.org/abs/2303.04682

Seasonal Variations
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Comparison of Zenith Bands
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Systematic Uncertainties

Investigate Parameter impact on unfolding oss = \/G%OM + 02bs et T Ttoteice T Oflux

@ Unfolding of pseudo-data with varied parameter & evaluation to reference MC
systematics are independent on sample size

25

t  €pom ¢ CRprim. + hadr.
20 - t abs t holeice
t scat ¢ stat

154

DOM efficiency +10%

Ice model

— absorption + 5%

— scattering + 5%

— Hole ice parameter + 1%

CR Composition IceCube Preliminary | |
hadr. interaction model : ' : : o

Energy Bin
Fedynitch et al., Phys. Rev. D 86 (2012)
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Deviation from reference MC / %
o w
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.114024

Data-to-MC Agreement

Weights: MCEqQ (SIBYLL 2.3c / H3a / NRLMSISE-00)
+ astrophysical: 1.44 - 1078 GeV-'cm 25 'sr~! - E7237 @ 100TeV
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C:> Agreement in shape, but offset: ~20% —> atmospheric normalization
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