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Theory input

O 0000 —>0060

Unstable Stable final states

* Indirect detection: Searches for stable SM particles as evidence of DM
* Neutrinos can escape dense astrophysical environments
 Look to places where dark matter should accumulate

f%&
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* Detect Cherenkov light
produced by charged
byproducts of neutrino
Interactions

 Charged lepton nearly
collinear with incident

neutrino
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bropy

Track Cascade

///\\

Uﬂ CC U, CC ‘ I/LﬂNC
<1° above 1 TeV ~15°
Factor of 2 energy resolution 15% if contained

o \‘))
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Reconstruct direction using
timing information
Reconstruct energy based on
amount of light

Infer flavor from event
morphology

Unexpected excesses,
deficits, or anisotropies may
be evidence of DM




—@Galactic Center (GC)

—Nearby galaxies

Dark matter =~
Halo
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Schematics in top-right corner tell which process gives
rise to this signal and where we can look for this

symbol . We look for this

' process from the GC |

'DM scattering off SM |
iparticles gives rise 1o |
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NeEUtrino=pivisscattering

* Neutrino-DM scattering present in scotogenic

= [ceCube Sensitivity

nGUtrino maSS mOdels XENON10:DM-e

XENONIT:DM-e

- SENSEL.DM-e

* These scatterings create a deficit of neutrinos from Tl oo
the direction of the GC predicted in [1] c =

* First analysis of this kind showed sensitivities at
ICRC 2021
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IceCube Work in Progress

107 107° 10~3

Dark matter mass (GeV)

Equatorial E,= 10> GeV
75°

lity

-150°-120° -90° -60° -30° 0° 30° 60° 90° 120° 150°
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©
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[1] C. A. Arguelles, A. Kheirandish, and A. C. Vincent: Galactic Center
DOI 10.1103/PhysRevLett.119.201801
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park'viatterrecay

* DM may decay Iif it’s lifetime is greater than
the age of the Universe

 Decay to SM particles will generically create
an excess of neutrinos and gamma rays

 Complementary channels: good angular
resolution from tracks and energy resolution

from cascades : .
S . [ceCube (this work)
—— HAWC (dSph, 2018)
— HAWC (GC, 2018)

Tracks: 2,060 days A
Fermi/LAT (2012)

Cascades: 278 days

10 10° 109 107 10% 10Y
Dark matter mass / GeV

M. G. Aarsten, et al.: DOI 10.1140/epjc/s10052-018-6273-3
A. U. Abeysekara, et al.: DOl 10.1088/1475-7516/2018/02/049
A. Albert, et al.: DOI 10.3847/1538-4357/aaa6d8

M. Ackermann, et al.: DOI 10.1088/0004-637X/761/2/91
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ANTARESYCombinedrARnalys

SOUthern Sky IS Muon dOmlnated for Combined ANTARES/IceCube search

lceCube—outer detector used as a veto, ANTARES [PLB (2017) 769:249, PLB (2019)]
lceCube [EPJC (2017) 77:627]

smaller fiducial volume .= Fermi+MAGIC - dSphs [JCAP (2016) 02:039]
H.E.S.S. - Einasto [PRL (2016) 117:111301]

ANTARES can use Earth as a shield BEE Veritas - dSphs [PR (2017) 95: 082001]

- |ceCube
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)
-
-
-

.
: -
- -t "
‘s "
[ -

A. Albert, et al.: DOI 10.1103/PhysRevD.102.082002 A. Albert, et al.: DOI 10.1103/PhysRevD.102.082002
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LoCal"SOoUrces

* DM may be captured after scattering oft nuclel

* Local backgrounds very well known—smoking gun
signature

* Halo models agree on DM density locally

» Sensitive to DM-nucleon cross section, not (Vo) Capture rate < o,y

Plocal ~ 0.3 GeV/cms3

&
Evaporation rate should be
negligible

Density [107 M,

—  Burkert
k| =— NFW

100
Radius [kpc]

iy
&
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» Not in equilibrium—set (vo) to that predicted by

[C86—1I Earth : xx =W W oorT T

thermal relic abundance - SuperK
» Especially sensitive to spin-dependent cross section ' e
 New analysis currently extending these results with A 2?)13
contribution . - '

* Current sensitivities predict order of magnitude
Improvement in for certain regions

327 Days

10°
m, (GeV)

M. G. Aarsten, et al.: DOI 10.1140/epjc/s10052-016-4582-y
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m— T'his work
-== [C 2016

Ensemble in equilibrium—no
assumption on annihilation cross
section needed

Especially sensitive to spin-dependent
cross section

- Limits improved by 4-50x depending on
DM mass and annihilation channel

eCube Preliminary

Jeff Lazar— EPS-HEP 2021



Xaror &

—— PPPC Xarov (PYTHIA)
Xarov (BRW) WimpSim

* New software for calculating the
UMl neutrino yield from DM annihilation
and decay available through
lceCubeOpenSource

Couples to new calculation of
electroweak correction
Order of magnitude increases in flux

for some channels— significantly
stronger limits

bb, m, = 10> GeV bb, m, = 10°GeV ||

0.4 0.8

Q. Liu, JL, C. A. Arglelles, A. Kheirandish: DOI 10.1088/1475-7516/2020/10/043

C. W. Bauer, N. L. Rodd, B. R. Webber: DOI 10.1007/JHEP06(2021)121
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https://github.com/IceCubeOpenSource/charon
https://github.com/IceCubeOpenSource/charon
https://github.com/IceCubeOpenSource/charon
https://github.com/IceCubeOpenSource/charon
https://github.com/IceCubeOpenSource/charon
https://github.com/IceCubeOpenSource/charon
https://github.com/IceCubeOpenSource/charon
https://github.com/IceCubeOpenSource/charon
https://github.com/IceCubeOpenSource/charon
https://github.com/IceCubeOpenSource/charon
https://github.com/IceCubeOpenSource/charon
https://github.com/IceCubeOpenSource/charon
https://github.com/IceCubeOpenSource/charon
https://github.com/IceCubeOpenSource/charon
https://github.com/IceCubeOpenSource/charon
https://github.com/IceCubeOpenSource/charon
https://github.com/IceCubeOpenSource/charon
https://github.com/IceCubeOpenSource/charon
https://github.com/IceCubeOpenSource/charon
https://github.com/IceCubeOpenSource/charon
https://github.com/IceCubeOpenSource/charon
https://github.com/IceCubeOpenSource/charon
https://github.com/IceCubeOpenSource/charon
https://github.com/IceCubeOpenSource/charon
https://github.com/IceCubeOpenSource/charon
https://github.com/IceCubeOpenSource/charon
https://github.com/IceCubeOpenSource/charon
https://github.com/IceCubeOpenSource/charon
https://github.com/IceCubeOpenSource/charon
https://github.com/IceCubeOpenSource/charon
https://github.com/IceCubeOpenSource/charon

1000m

* lceCube Upgrade will improve sensitivity to low-
energy neutrinos, further expanding DM program

* Continuing efforts to improve reconstruction will
further these results

o ’ @ 0 ® '@i
1450m  2100m  2150m
lceCube  DeepCore  Upgrade 2450m  2450m  2425m

Instrumentec Depth

Current reconstruction Previous reconstruction
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AKETFOMENVIESSAYES

* We are pushing ahead in DM searches
* New ways to probe DM with astrophysical neutrinos
* Probing terrain suggested by scotogenic models
 World leading constraints on dark matter lifetime and DM-nucleon cross section

 We are connecting theory and computation to develop new software which informs
current and future indirect searches
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Thank you very much

And may you live In exciting times

S
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Other profile for combined analysis

* ANTARES better at higher energies where angular resolution is better
* More sensitive to cusp-y profiles / able to set better limits

Jeff Lazar— EPS-HEP 2021
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