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What are we looking for?

Muon neutrinos oscillate as they traverse
the earth, resulting In a sizeable tau
neutrino flux. This flux peaks in the 10-100
GeV range, where IceCube’'s DeepCore
sub-detector Is sensitive.

Signal definition and Reconstruction

Low energy lceCube events can create three distinct light patterns, determined
by the underlying physics. The HNL sighature Is a double-cascade pattern, with
no light between the cascades.

Double Cascade (HNL)

Presented here are results of a search for
upscattering of those neutrinos to Heavy
Neutral Leptons (HNLs), assuming the =
HNLs mix only with tau neutrinos. Daughter -
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Tau coupling dominance: Uf:Uﬁ:Uf =0:0:1
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The low overall light yield per event, and the fact that the first cascade carries
majority of visible energy makes distinguishing double cascades unfeasible with
existing tools. Instead, we use FLERCNN'"?, an existing CNN-based reconstruction
for low energy events in lceCube.
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Existing (shaded) and anticipated
\ (outlined) limits are shown on the
107 left. For this preliminary study, we
10-!1 Investigate nominal mixings of |Ut42|
107 10” > 107, Future work will expand the
Abdullahi et. al., arXiv:2203.08039 Sensitivity tO |OWQr COUplingS.

FLERCNN assigns each event a particle identification score, classifying events on
a spectrum of cascade-like to track-like. HNLs, with their double-cascade shape,
are expected mostly in the "mixed” category, with some falling into the
cascade-like category as a result of the low light yield of the second cascade.

Simulation: Leptoninjector-HNL

A new event generator for
double cascade neutrino

Cascade-like Track-like

Start the interaction:
Select HNL mass, detector, earth

model, and cross sections Choose interactions Was developed
:f::: for this analysis, based on

the Leptonlnjector package.
The simulation workflow is
described Iin the flowchart
at left.

Sample Final State Properties
- Initial neutrino energy
- Bjorken Xand Y
- Calculate final state angles

Three-body

Two-body Decay Pecay

Calculate decay

generated
kinematic
distribution

kinematics explicitly

Create your HNL
- Sample decay length from 1/x
distribution

Choose MadGraph-

FInd Leptonlnjector-HNL at:
https://github.com/jybook/

Leptoninjector-HNL, and at
this QR code:
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" ~CELISTpEIEY, E_'.'- Shown above is the anticipated HNL signal over square-root of background for
- Set up HNL daughter objects . . . .
Ty [=] 9.28 years of data. As expected, this study is background dominated.
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The first search for HNLs in IceCube proves the viability of HNL
searches in water Cherenkov experiments.

with the null hypothesis.
HNL mass |U;4]

68 % CL 90 % CL NH p-value

0.003 0.09 0.19
0.080 0.21 0.36

0.3GeV
0.6 GeV
1.0 GeV

The data are fit to the
event expectation for
three HNL masses: 0.3,
0.6, and 1.0 GeV.

The test statistic used is
Ax? . between a null
hypothesis fit, and one
where the mixing is fixed
to 3 given  value.
Confidence INntervals
assuming Wilks'
theorem are shown at
left.

No significant evidence
for an HNL was found.
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The data collected Is binned by particle identification score and shown in the plot at
bottom right. Background expectation is also shown (right, top) for contrast. The ellipses
Indicate the regions with the largest predicted signal-to-background ratio.

Take-home message

Results are consistent

Future improvements will allow lceCube to performm more sensitive analyses
onv_mixing with HNLs:

> Reconstruction of double-cascade morphology, reducing background.
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> Enhancing simulation tools to broaden the HNL mass
Investigated.

> The lIceCube upgrade will lower the energy threshold from 10 GeV to 1
GeV, ralsing the anticipated statistics.
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