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The Multiwavelength Milky Way
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Models of Diffuse Neutrino Emission in the Galactic Plane

y Gamma Ray:
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1. Ackermann et al. The Astrophysical Journal 750, no. 1 (April 2012): 3. 4
2. Gaggero et al The Astrophysical Journal 815, no. 2 (December 2015): L25.
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Challenges of Neutrino Source Searches

Atmosphere
(not to scale)

Rates:
Atmospheric Muons: ~2700 /s
Atmospheric Neutrinos: ~1 / hour

Astrophysical Neutrinos: ~1 / day Air shower

Astrophysical source
(e.g., Milky Way) l v-dominated

T 1-dominated
Air shower \

— Solved challenges with new tools based on deep learning .'_tf @ 5 g
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Selection of Astrophysical Neutrinos
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Selection of Astrophysical Neutrinos

DOI: 10.1126/science.adc9818

Event selection:

= Employs series of convolutional neural
10~ | networks (CNNs) and boosted decision trees

This Work : Backgrou nd reduced by almost 8 orders of
magnitude

Npstro [year—1] (-90° < § < -5°)

Cascades [lceCube (2019)] = 30 times as many events as precursor
———Tracks [lceCube (2020)] analysis

10° 10 10° 109
E, [GeV]
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New hybrid reconstruction method utilized

Combining maximum-likelihood estimation with deep learning

<
40 | //'/',0\'0‘3\‘
—— Hybrid (This work) ‘
—-— Maximume-Likelihood Estimation*
30 4 -—==CNN (Cascades [IceCube 2019])
™ SNo *simplified, approximated likelihood
~ 'Recent improvements to the MLE reconstruction
S ~ method exist that are not reflected in this plot
20 - e
N Improvements due to
|~ L j
\ " — - y ~ — . —
i e . — i ——— novel methods:
\Avmd leel|hood -~ 4 wmm—— =
10 - Simplifications e Symmetries & Domain ;
== DE = L = |mproved reconstruction
w ) i
A resolution over entire
O DOI: https://doi.org/10.22323/1.395.1065 energy range
' ' ; ' = 30 times as many events

103 104 10° 10°

Etrue [GeV] = Analysis sensitivity

improved by a factor of 3

Equivalent to savings of 75 years of detector livetime and > $500 million
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Results from All-Sky Search

Individual warm spots
consistent with background +75°

DOI: 10.1126/science.adc9818
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-Sky Search

Individual warm spots

consistent with background
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DOI: 10.1126/science.adc9818
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Results from Diffuse Galactic Plane Searches

After trial-correction: 4.5¢

m Signal Events Pre-trial p-value (No)

0 748 1.26 x 107° (4.710)
KRA 276 6.13 X 107° (4.370)
KRA3? 211 3.72 x 1075 (3.960)

7% based on Fermi-LAT gamma-ray measurements (DOL: 10.1088/0004-637X/750/1/3)
KRA/*°: based on Gaggero et. al (DOI 10.1088/2041-8205/815/2/L.25)

= Shaded regions depict energy ranges
that contribute most to the significance

= Galactic flux may explain up to ~10% of
astrophysical flux

= Relative model contributions depend on
location on the sky

= Note that the analysis only fits the model
normalization; spectrum is kept fixed to
model prediction
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KRA?, Model — KRA\? Best-Fit v Flux

KRA?,0 Model = KR;’-‘«?,D Best-Fit v Flux

m® Model — 110 Best-Fit v Flux
1 M.G. Aartsen et al.(2020)
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https://ui.adsabs.harvard.edu/link_gateway/2012ApJ...750....3A/doi:10.1088/0004-637X/750/1/3
https://iopscience.iop.org/article/10.1088/2041-8205/815/2/L25/meta
https://doi.org/10.1126/science.adc9818
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Comparisons to other measurements are challenging

10—6 i

2 dN -1 =2 r—1
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— KRA; Best-Fit Flux % Tibet AS+MD [, equivalent]
—— KRAZ? Best-Fit Flux ¥ ARGO-YBJ [E, equivalent]
— 1° Best-Fit Flux ¥ (Prel.) LHAASO-KM2A [E, equivalent]
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= KRAj Best-Fit Flux IceCube all-sky v flux
KRAS® Best-Fit Flux # Tibet AS+MD [E, equivalent]

1% Best-Fit Flux

——— KRA} Best-Fit Flux K. Fang & K. Murase (2021)
——— KRAZ? Best-Fit Flux IceCube all-sky v flux

—— 1° Best-Fit Flux

2 dN -1 =2 p-1
EUE[GEVS cm™“ srTt]
=
o
@

._.
o
&

ARGO-YBJ: 10.1088/0004-637X/806/1/20

DOI: 10.1126/science.adc9818

103 104 105 108
E, [GeV]

(Prel) LHAASO-KM2A: 10.22323/1.395.0859

Tibet AS+MD: 10.1103/PhysRevlett.126.141101

= Conversion of gamma ray measurements assumes
pp scenario without attenuation
= Caveats apply for these comparisons!

= |[ceCube measurement is over entire sky:
separate measurements for individual sky
regions are required for comparisons

= Only normalization is fit for, not spectrum

1073
~=- ANTARES (2022) — 1 Best-Fit Flux
—— KRA? Best-Fit Flux IceCube all-sky v flux
—— KRA;" Best-Fit Flux
= Caveats apply for these comparisons!
1
@ 1076
o~
I
£
(%)
-
I
0
T 107
Q 107" 4
3l
™~
w
10—8 ]
10° 104 10°
E, [GeV]
ANTARES (2022): 10.1016/j.physleth.2023.137951 13
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https://www.sciencedirect.com/science/article/pii/S037026932300285X?via%3Dihub
https://doi.org/10.1126/science.adc9818
https://iopscience.iop.org/article/10.1088/0004-637X/806/1/20
https://pos.sissa.it/395/859
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.141101

technische universitat

dortrund ICECUBE .—g?ﬁgl SFB876 Providing Information q

NEUTRIND OBSERVATORY —“\ by Resource-Constrained Data Analysia

Follow-up Measurements of the GP Neutrino Signal

Performed Analyses

= Search for neutrino emission in southern sky and GP with

lceCube starting tracks (< 2o for GP)'
CRINGE Model: DOI 10.384//1538-435//accle?

= Consistent with expectations from cascade result

—— CRINGE (fiducial) [ 2.9 x CRINGE /0.8 x FM-const.
= Analysis of 12.3 years of IceCube track data in northern sky — Fermiz® Bl 47x Feﬁi‘“o L0 16x FM‘SINR
L e . 2 ~ooo KRA-v-50 0.7 x KRA-~-50 B Isotropic Flux
(2.70 significance for GP. signal) — KRAys BN 11x KRA~S
» |[ndependent detection channel to cascades
] ] PoS(ICRC2023)1046
= Flux consistent with cascade measurement 1077 5 ( )

Only northern hemisphere -

= No clear preference yet for any of the tested models Galactic ridge not visible here

Future Analyses
= Combined analyses utilizing track + cascade datasets
= Segmentation of observed flux along GP
= Model independent approach ]
= Measurement of individual regions along GP to enable L g Ll

. 2 3 1 '5'””"6”\”‘ 7
better comparisons to gamma-ray measurements 10 10 10 - /Gl\? 10 10
v €
= |[f possible: extract information on energy spectrum

H
9

9

IceCube Preliminar

E?9p ins ! em 2 sr! GeV
averaged over sensitive sky region

= Joint analyses with other neutrino telescopes

1 DOI:10.22323/1.444.1008
2D0I: 10.22323/1.444.1048 14



https://pos.sissa.it/444/1008/
https://pos.sissa.it/444/1046/
https://pos.sissa.it/444/1046/
https://iopscience.iop.org/article/10.3847/1538-4357/acc1e2
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The Muttiwavelength Multimessenger Milky Way
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Summary & Outlook

Strong evidence for neutrino emission from the Galactic plane

= Background-only hypothesis rejected at 4.50

= Emission from Galactic plane may explain up to ~10% of
astrophysical flux observed by IceCube

= |ndependent hints in IceCube track channels (~2.70)" and in
ANTARES? (~20)
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Observation enabled by new tools based on Deep Learning

= 30 times as many events than precursor selection NESTRINDS

= |Improved reconstruction resolution by up to 50% '

= Analysis sensitivity improved by a factor of 3

A History of Neutrino Astronomy
. - ICECUBE I
in Antarctica 8‘ S ‘@
This result leads to many new questions: - ® ®] i »
- g - e iR
» Diffuse or unresolved? Origin of CRs? Galactic structure? ... — I Ittt X i it LA S
= Ongoing studies, future upgrades, and combination with ° °
other neutrino detectors will help to shed light on these 1988 2000 2001 20M 2013 2018 2021 2022 2023
Telescope in the CAMANDA Atmospheric IceCube As,:rophyslcal 4 xF érggs(%: ey, RGlashow Seﬁ%rg%cgjarce Tr’wﬂ SL"’)vurce
Ice d pl C leutrinos + esonance ilky

Detected Discovered Identified Neutrino Identified Identified
Identified

—> We have arrived in the era of neutrino astronomy! . . _ . .
o Achieved milestones have picked up in pace in recent years!
- 10. /1. .1046

DOI: 10.1016/).physletb.2023.137951 17
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