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The Dark Matter Basics

What we know from astrophysical observations 4.9%

ABUNDANT
5x more than normal (baryonic) matter
Accounts for ~27% of the universe’s energy

DARK
Does not interact with the electromagnetic

force (aka light) 68.3%

Tight limits on other Standard Model forces Dark Energy
OLD

Plays a massive role in the shape and

evolution of our universe and galaxy. Source: NASA
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Shake
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How we can begin to probe DM
Make it
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Indirect Detection of Annihilating Dark Matter

Physics parameter to extract

Contributes to the shape of spectra
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Priors to normalization /
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Likelihood fit over the simplified equation:
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Component Neutrinos Osc !

Mass = 100.0 TeV; Ann. channel = v,y

Fluxes at Production Fluxes at Earth

10°

Neutrinos have been observed
to oscillate between their flavor

states!

A neutrino spectrum at
will be different than it was at
the of production
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with Neutrino Flavors

XX~ Velie

XX~ Vbl
XX~ VUsbir

XX Ve
XX~ Vb
XX~ ey

1077
19x10° 192x10° 1.94x10° 1.96 x10° 1.98 x 10 2x10° 2.02 % 10°

E, (GeV)

Current modelling with neutrino oscillations predict unique v, + v, fluxes from
the different flavor initial states

This will be the first IceCube analysis that can distinguish the flavor of the primary
neutrinos from
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Standard DM Search; Dwarf Spheroidals

e e (left) Fornax Dwarf Spheroidal
e oo Galaxy (dSph)

‘Small’ clustering of matter and stars
within our galactic neighborhood

dSphs are DM dominated.

Very little astrophysical v
background or obstructive dust

e ¢ " .- ldeal sources for astrophysical Dark
ESO/Digitized Sky Survey 2
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{ Astrophysical Component

UrsaMinor 8.83487E+18
UrsaMajorll 2.65522E+19
Draco 1.12772E+19
UrsaMajorl 7.45933E+17
CanesVenaticill 4.47301E+17
CanesVenaticil 2.73023E+17
ComaBerenices 1.05657E+19

Leoll 9.31108E+17
Segue?2 1.61585E+16
LeoT 1.28825E+17
Seguel 2.26725E+19
Bootesl 1.72028E+18
Hercules 7.32656E+16
Leol 6.94225E+17
LeoV 2.34315E+16
LeolV 2.10475E+16
Sextans 8.32339E+17
Sculptor 3.75405E+18
Carina 8.26418E+17
Leo constellation with location of 3 dSph’s marked Catalog Used for this study. Source:
Geringer-Sameth 2015
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IceCube Neutrino Observatory

Bl e ol IcesTop
e =R - = = = 81 Stations
50m [—— e e Tl i ST 0 / 324 optical sensors
lceCube Array

86 strings including 8 DeepCore strings
5160 optical sensors

1450 m f l
' DeepCore
8 strings-spacing optimized for lower energies
480 optical sensors
Eiffel Tower
324 m
2450 m
2820 m




lceCube has km long

strings with digital

optical modules (DOM)
Average vertical
separation of DOM is
17m

Neutrinos interacts with
ice and creates charged
particle tracks/cascade
that we later detect
from Cherenkov light.

Shown right is a muon
track from v, collision in
ice.

instead of
tracks in the detector
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Bump Hunting

Counts

Perfect World

r

Background

AN

Energy
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o(cm?)

Set a Limit on Dark Matter

Excluded

Courtesy of Mehr Nisa

m, (GeV)

o
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Stacked Sensitivities 1000 trials
90% C.L. Per dSph and Combined 90% C.L. Per dSph and Combined
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Stacked Sensitivities 1000 trials
90% C.L. Per dSph and Combined
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Stacked Sensitivities 1000 trials
90% C.L. Per dSph ang

We're sensitive to
cevscale DM
87 hma with IceCube
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Stacked Sensitivities 1000 trials
90% C.L. Per dSph and Combined
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~This IceCube muon
77 track study
independently
sensitive to ~5
orders of
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Sensitivities

Compared Limits for yx - vv Compared Limits dSphs for yy-> 1t 1~

10~ 17 4

] —-- This Work (v,V, Sensitivity) 15 Stacked Sources — - This Work's Sensitivity MAGIC 2022 95% CL
—— IceCube 2013 90% CL LHAASO 2024 95% CL

] o .
. |ceCube 2013 90% CL from dSphs . —— Fermi 2015 95% CL = HAWC 2020 95% CL
i —— IceCube 2023 Poisson Limit from GC . ~ ~— HESS 2020 95% CL VERITAS 2024 95% CL
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Compared Limits for yxy = vv

Conlusions

{ —-= This Work (v,vy, Sensitivity) 15 Stacked Sources
| = lceCube 2013 90% CL from dSphs

*
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xx = v, v, shows the most competitive
sensitivity for (ov) with O(10723) after
stacking 15 source.

We’'ve gained a substantial amount of
sensitivity to DM annihilation from
dwarf galaxies!

*

;

lceCube is competitive at the highest DM
mass ranges.

lceCube has comparable sensitivity to past
gamma-ray studies for charged lepton
channels in the heavy DM regions

Expect to unblind and analyze data this *

year *
e+ -~
P QM TAL(H) q

8
€






Sensitivities Compared

90% C.L. Per dSph and Combined

Compared Limits dSphs for yx = bb
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Sources w.r.t Data

752  Plot of dwarves
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Declination Studies 1/2
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Declination Studies 2/2

Dec = 14.49° PP # W You can really see the impact of

oec = 3 the earth on this one.
Dec = 51.94° AN

Dec = 77.24°

:5—1}

Have not included tau
contamination in these
sensitivities yet.
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However, that would add
counts which would push these
sensitivities down
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