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Overview

= Search for neutrino lines from dark matter annihilation and decay
with IceCube

Juan Antonio Aguilar, Chaimae EL AISATI, Thomas Hambye and Michael Gustafsson

" Low energy dark matter search with eight years of lceCube data

Nadege lovine and Juan Antonio Aguilar
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IceCube Neutrino Observatory

lceCube Lab

\ Detector located at the South Pole
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Indirect Dark Matter Searches

Indirect search

Look for SM particles from annihilation of dark matter Dark Matter
particles Halo
DM SM =)
Galactic
DM SM =) Plane

—

Indirect Detection

Dark Matter
Sub-Halos

Dark matter halo

Milky Way immersed in dark matter halo
— Highest DM density towards the Galactic Centre
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Signal Expectations

Annihilation:

Decay:
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Signal Expectations
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https://arxiv.org/abs/1012.4515

Signal Expectations
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https://arxiv.org/abs/1304.5127

Search for nevtrino lines from dark matter

annihilation and decay with lceCube




Event Selection Cascade Events

CCv, &V,
= 5 years of IceCube data from 2012 to 2016 NC all v
— DeepCore data focusing on cascade events
" Boosted Decision Trees used to optimise selection Q?

* LE sample: soft spectra - hh 100 GeV
* HE sample: harder spectra - W' I/~ 300 GeV
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| Background PDFs

= PDF built from data scrambled in right ascension (RA)

= Histogram built with irregular binning
— Quantile binning [physt]
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https://github.com/janpipek/physt

Signal PDFs

= PDF built from Monte Carlo neutrino simulations weighted with

* Spectra: PPPC4 spectra

* Source morphology: NFW and Burkert halo profiles

HE sample
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Binned Likelihood Method Data

Likelihood formulations
LPoisson(ﬂ) — 1_[ Poisson (nf)bs y Dot f(i; /1))
l

where (1 = 1, /11, is the signal fraction and

fsm) =ufeg@ + (1 — ) fpe(i)

Signal subtraction

1
fec = m (fscr.data — U fscr. sig)

= f(l ;/1) = U fsig (l) + fscr.data(i) — U fscr. sig (l)
Signal Background
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Results: DM Annihilation

90% CL limit (solid) and 90% CL median limit (dotted) in terms of

— For DM annihilation into the channel
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Comparison: DM Annihilation

Comparison of 90% CL limits in terms of (o ,v) for vV and 77~

HESS 95% C.L. (Einasto) [PRL 117 (2016)]

Fermi-LAT + MAGIC 95% CL (dSph) [JCAP 1602 (2016)]
=+ ANTARES 90% C.L. [PLB 769 (2017), PLB 796 (2019)]
== |ceCube Tracks 90% C.L. [EP) C77 (2017) 627]
—8— IceCube Cascades 6 years

===+ SuperK 90% C.L. [arXiv:2005.05106]
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Results: DM Decay

90% CL limit (solid) and 90% CL median limit (dotted) in terms of

—&— Upper Limits (90% CL)
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Low energy dark matter search with
eight years of IceCube data
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Event Selection

Low energy event selection (oscNext)

= 8.03 years of IceCube data from 2012 to 2020

= DeepCore data with all three neutrino flavours

OscNext Genie - v [_1 OscNext Muongun - u

3-dimensional PDFs
[ OscNext Genie - v, [ Total background

— Angular information: V..., [ OscNext Genie - v
0.12 — ' '
— Energy: log o (E,..,) PID bin 1 PIDbin2 | PID bin 3 |
101  Cascade-like Mixture Track-like SR 3

— Event topology: Particle 1D (PID) Track
- rack events

i CC vy

Cascade Events

CCv, &V,
NC all v | _LLLIH\H:':&
_g_rﬁ"ﬂ"'l--::—l_u—--————""J
Oj2 0j4 Oj6 0j8 1.0
PID
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| Background PDF

PDF built from MC neutrino and muon simulations

— Weighted according to

PDF smoothed using Kernel Density Estimation (KDE)
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| Signal PDFs

weighted with

* PPPC4 spectra: DM masses beteween and
DM annihilation through

* Source morphology: and halo profiles
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Sensitivities

90% CL median limit on the thermally-averaged self-annihilation cross section (o ,4v)

— For all considered combinations of , and
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Comparison to previous results

ANTARES limit [PLB (2020) 805:135439]

= Orders of magnitude improvement ——- lceCube limit [EP|C (2017) 77:627]

with respect to the previous published — — NeutrinoLine Analysis IC86-V sensitivity
lceCube search [arXiv:1908.07300] ——— Combined ANTARES/IceCube search limit
- |C86 8y GC DM search sensitivity (this work)
— Up to factor 102.9 at 10 GeV 10721 5
] NFW -T1t1~
" Leading sensitivities from .
10 E
for dark matter masses o 5
below "’g
,2, 10—23__
2
Outlooks: ) ‘
10—24_:
in the near future IceCube work in progress
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https://arxiv.org/pdf/1705.08103.pdf
https://arxiv.org/abs/1908.07300
https://arxiv.org/pdf/1705.08103.pdf

Conclusion and ovutlooks




Conclusion

Nevutrino-line dark matter search

* Direct annihilation/decay to neutrinos can provide a smoking gun signature

— No astrophysical background
* No evidence of dark matter from the 5 years DM search

* Best upper limit on (0 ,v) for the vV channel for masses < 1TeV and best lower limits
on the decay lifetime 7,

Low energy dark matter search with eight years of lceCube data

* Considerable improvement of the sensitivities with respect to previous IceCube results

* Leading sensitivities from neufrino experiments for dark matter masses < 1 TeV
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Neutrino spectra at Earth

PPPC4 spectra taken from [5]
VeTa, VuT, Veligy WHW ™, 7577, u*u™, bb
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Results: DM Decay

90% CL limit (solid) and 90% CL median limit (dotted) in terms of

— For DM annihilation into the

25

channel

—— Upper Limits (90% CL)

95% containment
--@- Sensitivity (90% CL)
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Comparison: DM Decay

26

90% CL limits in terms of the thermally-averaged self-annihilation cross-section

== |ceCube 90% C.L. (Einasto) [PRD 84 (2011)]
== |ceCube 90% C.L. (Burkert) [EPJC 78 (2018)]
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Comparison with y-ray experiment limits

----- Veritas - dSphs [PR (2017) 95:082001]

—=- H.E.S.S. - Einasto [PRL (2016) 117:111301]

— - Fermi+MAGIC - dSphs [JCAP (2016) 02:039]
ANTARES limit [PLB (2020) 805:135439]

— == |ceCube limit [EPJC (2017) 77:627]

- == NeutrinoLine Analysis IC86-V sensitivity

- Combined ANTARES/IceCube search limit

- |C86 8y GC DM search sensitivity (this work)
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Scrambled Signal
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Scanned Masses

Only select masses where the median of the
signal expectation is in the 95% of the energy
response of the detector.
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| Kernel Density Estimation

Kernel Density Estimation (KDE)

selected with cross-validation method

KDE method built from 2D distributions

distributions

— Applied on

— Done for

KDE
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Kernel Selection

[CHEP 2022 BOLOGNA

Density

Background histogram
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