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lceCube Neutrino
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Detection Principle How Do We Detect Neutrinos? 3
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Dark Matter Searches with Neutrinos Where to Look? 4
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Cluster of Galaxies °
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annihilation cross section (vaA)
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Indirect Detection of Dark Matter 5
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Indirect Detection of Dark Matter: Neutrino Lines 6

® Focusing on direct annihilation/
decay to neutrinos.

®* No astrophysical background,

U
smoking gun signature of dark
matter.

(o,v), 1/t
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Energy resolution, |
) DM profile, ... |
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0 your favorite theory o .
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Astrophysical
processes « E~7
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The Galactic Center The Astrophysical Input 7
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The Astrophysical Input: J-factors, D-factors 8

Ps
(1 +r/r)(1 + (r/r,)?)

®* Two archetypical density profile tested: NFW and Burkert pBka(l’) =

Parameter Units Navarro-Frenk-White (NFW) @ Burkert . 1
7 3 +2.9 +6.2 _ \
Po 10" M, /kpc 1.4075 55 4.137 ¢ pNFW(r) — ps7 1 + 7
r. kpc 16.1717 9.2675 g
“values taken from arxiv:1304.5127
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The Galactic Center The Particle Physics Input 9

® Neutrino Spectra from primary (neutrino )( —
lines) and secondary production \‘ \\ZAqg
N 15

(WYW~—,t7t~,...)
v / \e—\/fﬂ w> e~V

® Spectra from PPPC4* with electroweak

radiation (important for high masses) ‘https://arxiv.org/abs/1012.4515
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o \\\ plp
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Data Selection

® 5 vears of lceCube data: 2012 to 2016

®* DeepCore data focusing on cascade events
(better energy resolution)

® Selection optimized with 2 generic BDTs:

* 100 GeV, yy — bb as a proxy for low
energies > LE sample

*300 GeV, yy —» WT™W~as aproxy for high
energies > HE sample
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Analysis: Binned Likelihood Method 11

nl

o Nbins
T ZL(u) = HP()lsson(n;bS, n 1o f(i; u))
Total .
LL]§ Mobs f(l,//t) — IMCS)z - (1 — ﬂ)@l
1
9?1. — [ ggfcambled — U Csvfcambled]
— YO — (1 —pu)

rec

* Two observables considered: £, . ‘P,if

® Background pdf is obtained from scrambled (in RA) data.

® Signal Subtraction Likelihood: To correct for “signal contamination” in the background pdf
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Analysis: Background PDFs 12

LE Sample HE Sample
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® Background built from scrambled data in RA.
* |rregular (quantile) binning (https://github.com/janpipek/physt)
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https://github.com/janpipek/physt

Analysis: Signhal PDFs 13

Signal (HE sample) Scrambled Signal (HE sample)
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® Binning follows the same binning as the background PDF.
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Analysis: Results Annihilation v,7, 14

95% containment
68% containment

—&— Upper Limits (90% CL)
-®- Sensitivity (90% CL)
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Analysis: Results Decay v, v,

—&— Upper Limits (90% CL)
--@- Sensitivity (90% CL)
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Analysis: Most Significant Result 16

Maximum TS distribution

—&— Upper Limits (90% CL) 95% containment _ _
. @ Sensitivity (90% CL) 68% containment SRR ez el T
1021 0.12 999 Trials
B post-trial p-value 37.7%
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0.10
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;I‘— = 0.08
oom g
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S ¥
S 0.04
10724
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M [ © max (AJ")

¢ Most significant results is m, = 1 TeV with pre(post)-trial p-value 0.3% (~38%)
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Comparison with Other Experiments: Annihilation 17

-+« SuperK 90% C.L. [arXiv:2005.05106] HESS 95% C.L. (Einasto) [PRL 117 (2016)]
— - ANTARES 90% C.L. [PLB 769 (2017), PLB 796 (2019)] Fermi-LAT + MAGIC 95% CL (dSph) [JCAP 1602 (2016)]
— = |ceCube Cascades 90% C.L. [EP) C76 (2016)] — - ANTARES 90% C.L. [PLB 769 (2017), PLB 796 (2019)]
— = |ceCube Tracks 90% C.L. [EP) C77 (2017) 627] — = |ceCube Tracks 90% C.L. [EPJ C77 (2017) 627]
—8— IceCube 5 years (1) —&— |ceCube Cascades 6 years
10-22
— 10723
1024
4+ —
){){ —> T T
10-25
IceCube Preliminary
25 -26
10 10° 107 10° 10* 10° 10 10? 102 103 10* 10°
m, GeV]| m, GeV]

Dark Ghosts 2022 Juan A. Aguilar



Comparison with Other Experiments: Decay 18

. Fermi-LAT 95% C.L. [AP] 761 (2012)
— = |ceCube 90% C.L. (Einasto) [PRD 84 (2011)] HAWC 95% C.E. (dSrEh) J[APJ 853 (20118)]

== IceCube 90% C.L. (Burkert) [EPJC 78 (2018)] —— IceCube 90% C.L. (Burkert) [EPJC 78 (2018)]
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Conclusions 19

lceCube is a multipurpose experiment with a rich program on BSM and Dark
Matter searches.

* Indirect detection of Dark Matter with neutrino telescopes provides
complementarity to other techniques due to different backgrounds and
systematics.

* Direct annihilation/decay to neutrinos can provide a smoking sun signature (no
astrophysical background)

®* Results on 5 years of dark matter search from the Galactic Center found no
evidence of dark matter (best post-trial 38%)

® |ceCube has the best limits in the neutrino channel for masses < TeV and best
lower limits in the decay lifetime.
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All Annihilation Channels
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All Decay Channels 22
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