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Neutrinos as dark matter messengers

* Despite many strong pieces of evidence for its existence, the nature of dark
matter remains one of the main open questions in particle and astrophysics

* Annihilation or decay of the dark matter particles are expected to produce
neutrinos

* Their low cross sections means neutrinos do not get attenuated on their
way to Earth, which makes them excellent messenger particles

neir
sources and carry information
from deep within their origins.

air shower

They are charged particles and
are deflected by magnetic fields.
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The IceCube Neutrino Observatory

Located at the South Pole, IceCube is a gigaton-scale neutrino telescope

* Neutrinos interacting with atomic nuclei in the ice produce secondary
charged particles

* 5160 digital optical modules detect secondary particles via their Cherenkov
radiation

* From the gathered data, the energy and the direction of the primary neutrino
can be reconstructed
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Dark matter searches in IceCube

DM DM

«y. DM annihilation in the Sun/Earth
‘4 Probing of DM-nucleon scattering: opy.n

N N
DM #DM annihilation in the Galactic centre/halo
Probing of the velocity averaged
self-annihilation cross-section: <opp_pm V>

DM
SM
Galactic and extragalactic DM decay DM
Probing of the dark matter lifetime: Ty,
SM

v-DM scattering in the Galactic halo
Probing of the dark matter-neutrino
scattering cross-section: opy,.,

DM
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Dark matter in the Sun/Earth results

* Dark matter capture rate in the Sun(Earth) dominated by o, (o))

* In equilibrium annihilation rate = capture rate/2

 Sensitive to DM masses ~10 GeV — 10 TeV

* Limits complementary to direct detection experiments

(different systematics)

1073

[9vT : £/ £TOT DId3 2qnDa3|]

29/08/2018

mmm |ceCube (2011-2014)
i Super-K (1996-2012)
= = Antares (2007-201

- W

10°

m, [GeV]

10°

10-37

1078}

10% Lo ot SR

Plots from the papers, direct

detection limits not fully up-to-date

10

IC86—I Earth : yy =W'™W™ orr' 7

SuperK

1IC79 Sun : yx =W W™ or7' 7

SuperCDMS—-LT

LUX 2013

10739 Lo

1C86-1 Eﬂi’lh—limit calenlated

‘671)

: 8 : —26 3
suming (ryv) = 3 x10 % (em®;

[28:4/4 T LTOZ DId3 2qnDa2|]

10°

Hrvoje Dujmovié - IceCube dark matter



Galactic dark matter annihilation results

* Multiple analyses have been performed looking for DM
self-annihilation in the Galactic Centre/Halo

 Mostly focused on the masses ~ 10 GeV-300 TeV
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Heavy dark matter annihilation/decay

* Recently, the masses range of the dark matter searches has been extended to
PeV masses

* In most models heavy dark matter tends to be less stable

* Due to different scaling, the dark matter decay searches become more
relevant at high masses

* Analysis methods very similar, extragalactic dark matter has to be taken into
account for decay

* Different halo profiles are investigated, decay analysis not effected as much as
annihilation
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7.5 years High Energy Starting Events
(HESE) data v~ [l

In IceCube down-going events are dominated by Vy & earth suriade
atmospheric p

To reduce the background, the cuts are used:

e Quter layer of the detector acts as a veto

* Require a total of >6000 pe deposited
The sample gives us a high purity of astrophy5|cal VS

(~75% above 60 TeV) ' % e AT srmgg >-<'
* Previous HESE analyses have lead to the |, ' % 1, 7%, lceCube Preliminary
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Events per 2635 days

Analysis method

e All events with E>60 TeV are binned in logE, sind, (RA)
* Alikelihood fit is performed using different flux components:

* v from /K decay in cosmic ray air showers (Conventional. Atm.)

e v from D decay in cosmic ray air showers (Prompt Atm.)

U from cosmic ray air showers

* Anisotropic single power-law astrophysical v flux
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Dark matter signal expectation
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HESE 7.5 dark matter annihilation limits

* The lack of a significant dark matter signal is used to derive upper
limits on the dark matter self-annihilation cross-section

* The existing limits have been extended to an experimentally
unexplored part of the parameter space up to my,,=10 PeV

[VERITAS, PRD 85, 062001 (2012)], [S.Flies, PhD thesis (2017)],
[IceCube, EPJC 77, 627 (2017)], [HAWC, APJ 853 2, 154 (2018)],
[Fermi & MAGIC, JCAP 1602 2 (2016)], [ANTARES, Phys.Lett. B769 (2017)],

H.E.S.S., PRL 117, 111301 (2016)] .
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Dark matter decay limits

Recent IceCube result has placed strong
lower limits on dark matter lifetimes for:

10 TeV < my,, < 500 PeV

The HESE 7.5 analysis improves these

limits at high masses

Dark matter lifetime / sec

[arxiv:1804.03848]
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HESE 7.5 dark matter scattering

* High energy astrophysical v interacting with dark matter would lead
to a reduced v flux and a modified spectrum

e Sensitive to very light dark matter m<GeV

* The effect depends on the DM column density
e Strongest when looking at the Galactic Centre

 Two models with different types of interactions are invetigated
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HESE 7.5 dark matter scattering limits

 The isotropy of the astrophysical v flux is used to derive limits on
the DM-v coupling strength for different dark matter and mediator

Masses

* The limits improve on the existing cosmological limits for large parts

of the parameter space
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Conclusions

* The nature of dark matter remains one of the most important
guestions in modern physics

* IceCube is uniquely suitable to test various dark matter models:

* Dark matter searches in the Sun/Earth are complementary to direct
detection experiments

* Galactic halo analyses offer strong limits on dark matter self-annihilation
rates

e Recent analyses have focused on the mostly unexplored parameter space
of heavy PeV dark matter

e Strong bounds on both dark matter self-annihilation and decay rates have
been obtained

* Dark matter-neutrino scattering allows testing of very light dark matter
models

e Stay tuned for publications outlining the new results in the near future
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