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- What are Sterile Neutrinos, and why are we looking for them, a
quick refresher

- Sterile Neutrinos in IceCube

- Other Machine learning in IceCube, and how it can help us look
for galactic flavor ratios



Sterile Neutrinos (3+1) Quick Refresher



Anomalies remain in the 3 neutrino model
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Sterile Neutrino(s) could explain them

3v SM

Neutrino that does not interact
weakly

It can have a large mass
splitting

lceCube detects this signal
differently than other sterile
searches va
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Sterile Neutrinos and the Earth
in lceCube

- This analysis in IceCube doesn’t
look for standard oscillations

- The sterile portion (if any) does
not interact in the earth

- Different matter potential for
sterile and non-sterile neutrinos

- Produces a resonant (!) term
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Matter effect on Sterile
Neutrino:
Large disappearance of

upgoing antineutrinos & Simulation
o without
cosmic ray e detector
\primary \ resolution
muons
neutrinos
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How does IceCube look for this deficit?

- Extremely pure (>99.9%)
sample of upgoing (Northern)
tracks (Muon Charged
Current)

- Primarily looking at
atmospheric neutrinos

- Energy Range of 500 GeV -
100 TeV

- ~360k events

- Improved from previous
analyses stopping at 10 TeV
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Improvements:
- BDT based selection

- Starting vs Throughgoing separation
- DNN Based Energy Reconstruction:

6l Starting

log19(Ereco/GeV)

lceCube
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Results
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Result

- Am?= 3.5eV?
- Sin2(2924) =0.16
- PaaT 3.1%

Sensitivity (99% CL):
Median
1,20

This result (10.7y):
*  Best Fit (p-value=3.1%)
..... 90% CL
= ==95% CL
m— 99% CL

Previous results (90% C.L.):
IceCube-2016 (1y)
DeepCore-2017 (3y)
IceCube-2020 (8y)
DeepCore-2023 (8y)
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Expectation vs Data

(Best fit — Null ﬁt)/\/ Null fit [o]
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Conclusions

The p-value for the null
hypothesis of sterile
neutrinos in the muon
disappearance channel
is 3.1%

Does not rise to
evidence

Contributes to our
understanding of the
neutrino landscape
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Machine Learning Opens up More Analyses
with lceCube Data



Most Famously: The Galactic Plane

- DNN Based reconstruction has
improved energy resolution of another
type of lceCube event “Cascades”

- This has improves sensitivity to the point
that IceCube has seen the Galactic
Plane in Neutrinos

- Specifically, it has seen the Galactic
Plane in Cascades

- In Science: }
https://www.science.org/doi/10.1126/science.adc9818

0.0 0.5 1.0 1.5 2.0 2.5 3.0 35 4.0
Significance: n-o



Tracks vs Cascades

Our tracks can only be produced by
muon neutrinos
Long, with excellent angular and poor

energy resolution
The cascades can be produced by

any type of neutrino
Good energy resolution, but poor

angular resolution
- Note that the two types of events

have a differential flavor sensitivity
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We can leverage this difference

- We expect that astrophysical neutrinos will arrive at the earth in a 1:1:1
mixture of flavors

- This holds true for neutrinos from the galaxy

- By comparing the intensity of the tracks over background to cascades over

background, we can estimate the flavor composition of neutrinos from the
galactic plane
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Preliminary Sensitivities

- If we restrict to 1 dimension, we (1/3:2/3:0)5+ N.P.

expect to be able to measure the
fraction of muon flavor neutrinos to
0.12 (at the 1:1:1 starred point)

=== 68% C.L.
mm 95% C.L.
- Red lines are to guide the eye for
expected 1 dimensional flavor error fo 0.3 " fe
- This would be a new and — i
independent test of standard (,//
08

oscillations with galactic neutrinos

- We are planning to do a full 3 flavor N ' 02
fit i »° 0.1
- Unblinding soon! . R \ 0
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Conclusions

- lceCube observes a 3.1% statistical agreement with a
no-sterile neutrino model in the muon disappearance channel

- The IlceCube observation of the Galactic Plane has opened
up a new angle to look at astrophysical flavor ratios

- Machine learning based reconstruction has improved the
sensitivity of existing analyses and opened up new possible
analyses, including galactic flavor ratios

- Stay Tuned!
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MEOWS

Track sample Sensitivity to:
High Purity - Muon
Northern Sky Neutrinos —
Starting Separation - Some Tau
DNN based Neutrinos
reconstruction

ONN Cascades Sensitivity to:

Cascade Sample

High Energy resolution

All Sky
DNN based
reconstruction

All Flavors

Look at both
samples with the
same template
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MEOWS

Track sample Sensitivity to:
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MEOWS

DNN Cascades

Track sample Sensitivity to: ..

High Purity - Muon ‘

Northern Sky Neutrinos —

Starting Separation - Some Tau

DNN based Neutrinos .
reconstruction
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Improvements to the Sterile Search

- For the sterile analysis, the
systematic treatment was improved
- Updated (conventional)

atmospheric flux modeling
- Arxiv:i2205.14766
- Updated Cosmic Ray Modeling
- Updated Hadronic Modeling
- Updated astrophysical modeling

- Specifically, a broken power law

Systematic | Central | Prior (10) I Range | Implementation
Detector Parameters
Normalization 1.0 +0.2 [0.1.3]
DOM efficiency 1.27 +10% [1.234, 1.346] | 6 support points
Ice Amplitude 0 0.0 1.0 Correlation (see Fig. 19)
Iee Amplitude 1 0.0 +1.0 L
Iee Amplitude 2 0.0 +1.0 n
Iee Amplitude 3 0.0 +1.0 "
Ice Phase 1 0.0 +1.0
Ice Phase 2 0.0 +1.0 by
lce Phase 3 0.0 +1.0 "
Ice Phase 4 0.0 +1.0 "
Forward Hole Ice -1.0 +10 5 support points
Conventional Flux Parameters
Atm. Density 0 +1.0 Spline
Kaon energy loss 0.0 +1.0 Spline
0.0 +1.0 Correlation (see Fig. 24)
0.0 1.0 Ly
0.0 +1.0 ”
0.0 +1.0 L
0.0 +1.0 b
0.0 1.0 "
0.0 +1.0 »
0.0 +1.0 L
0.0 +1.0 .
0.0 +1.0 L
0.0 +1.0 3
0.0 +1.0 -
0.0 +1.0 »
0.0 +1.0 N
0.0 +1.0 "
SFe 0.0 +1.0 .
High-energy Flux Parameters
Normalization 0.787 +0.36 [0,3]
Ay, tilt from -2.5 0.0 +0.36 [-2.2]
Az, tilt from -2.5 0.0 +0.36 [-2,2]
Pivot energy in logl0 - - [4.6] Uniform prior
Cross-section Parameters
v cross section 1.0 +0.1 [0.824, 1.176] | 30 support points
7 cross section ‘ 1.0 +0.1 [0.824, 1.176] | "
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Am?%; [eV?]

100.0 ——

10.0}

LOF

0.15'

0.01 0.1
Sin2(2024)

1.0

Sensitivity (99% CL):
Median
1,20

This result (10.7y):
*  Best Fit (p-value=3.1%)
sunns 90% CL
= = = 95% CL
m— 99% CL

Previous results (90% C.L.):
IceCube-2016 (1y)
DeepCore-2017 (3y)
IceCube-2020 (8y)
DeepCore-2023 (8y)
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