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Overview

* What are neutrinos
* What is the lceCube Observatory

* Detecting neutrinos from the galactic plane using IceCube
Observatory

* Implications of results



What are
neutrinos

 Predicted to be the most
abundant particle with
mass in the universe

* Charge: neutral

* Rarely interact

* Three flavors
 Muon (anti-muon)
* Tau (anti-tau)

* Electron (anti-
electron)
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AGNs, SNRs, GRBs... 44 ) ¢

Gamma rays
They point to their sources, but they
can be absorbed and are created by
multiple emission mechanisms.
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Neutrinos

They are weak, neutral
particles that point to their
sources and carry information
from deep within their origins.

air shower

’

They are charged particles and
are deflected by magnetic fields.



Whatislce |pilEE=EER

50 m

Cube

Amundsen—Scott South
Pole Station, Antarctica

¢ D i m e n S | O n S : 1 C u b | C IceC,Ube Laboratory set 125 meters apa]’t A National Science Foundation-

86 strings of DOMs
Data is collected here and managed research facility.
kilOmeter sent by satellite to the data
warehouse at UW—Madison T

e Detects: Cherenkov
radiation

e Composed of 5160

\ : DOMs
DOMs Y I
: 1 apart
Bl ;
 Full detectqr WEES ﬂ%ﬁﬂlf{’é‘éﬁm 250 m
completed in 2011 5,160 DO

deployed in the ice

 Location: South Pole

* Energy sensitivity range:
300 TeV-1EeV



A neutrino's travels and detection by
IceCube Neutrino Observatory


https://www.youtube.com/watch?v=-fKDPi3De8Y

How lceCube works

* Measures Cherenkov Light

of secondary particles

-
i)
2 3
O (@]
n wn
o & ¢
— +— o
3! © =
enC Q0
bt -
.IOS o
© = C N
= (@)
© O o "=
c 3 5 g
© S5 © v 3
>N o o@
ac ., © .
o O c F
C g o
wl <
[ ) [ )

e Cascade events

* Superior energy resolution



Challenges of IceCube

* Astrophysical neutrino detection
* Background domination
* Atmospheric Neutrinos
 Cosmic ray Muons

* Background to signal ratio:
« 108:1




Deep Learning Techniques

* Used Deep Learning Convolutional Neural Network to perform
event selection early in the event selection pipeline process.

 Utilized a Hybrid reconstruction method

e Results

* This method retains 20x as many events as previous selection methods of IceCube data
for cascade-based Galactic plane analyses

* 1078: 1 ratio
* Improved angular resolution by a factor of 2 at TeV energies



Galactic Plane Neutrino Search

* Three models of the Galactic diffuse neutrino emission were

tested

.7‘[0

* KRA;
* KRA®



Galactic Plane Test-statistic Contributions

Observed Data Background Scramble
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Test-Statistic Contribution T/ sr

The contribution to the test-statistic t is shown in galactic coordinates (longitude and latitude indicated by | and b, respectively)

for each of the three tested Galactic plane models. The overall test-statistic value was obtained by integration over the sky. The

contribution for the observed data (A-C) is compared to the con- tribution for a single randomly selected mock experiment using
scrambled data (D-F)..



Summanzed I‘eSLIltS Of the searched for correlated neutrino emission from
neutrino emission
searches

Diffuse Galactic
plane analyses

three distinct catalogs of Galactic sources

1.26x1076 (4.710)

6.13x 1076 (4.370)
3.72x 10~ (3.960)




e Conclusion:

T * we can notinterpret these neutrino event excesses
SearCheS usl ng as a detection, as the objects in these Galactic
cata logs of Galactic source catalogs overlap spatially with regions
predicting the largest neutrino fluxes in the Galactic
sources plane diffuse emission searches.

Catalog stacking
analyses

SNR 5.90x10~* (3.240)*

p-value

PWN 5.93x10~4 (3.240)"
UNID 3.39x 1074 (3.400)"




All Sky Point Source Search

* The sky is divided into a grid of equal solid angle bins, spaced
0.45 apart

* each pointis tested as a neutrino point source
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KRA?Y Model KRA?Y Best-Fit v Flux

KRAgO Model KRAg0 Best-Fit v Flux
Energy Spectra for each Of 1 ===+ 70 Model = 70 Best-Fit v Flux
] IceCube All-Sky v Flux (22)
the Galactic plane models
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Energy-scaled, sky-integrated, per-flavor
neutrino flux as a function of neutrino energy
(Ev ) for each of the Galactic plane models.
Dotted lines are the predicted values for the 0
(dark blue), KRA5y (orange) and

KRASO (light blue) models while solid lines are
our best-fitting flux normalizations from the y
IceCube data. Shaded regions indicate the 1o
uncertainties, extending over the energy range
that contributes to 90% of the significance.
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Implications of Galactic Neutrinos

* These tests favor a neutrino signal from Galactic plane diffuse emission, but we do not have sufficient
statistical power to differentiate between the tested emission models or identify embedded point sources.

* The neutrinos observed from the Galactic plane contribute to the all-sky astrophysical diffuse flux previously
observed by IceCube

* The observed excess of neutrinos from the Galactic plane provides strong evidence that the Milky Way is a
source of high-energy neutrinos



