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Introduction

Thermal freeze-out stands out as a plausible mechanism to generate the
DM 1n our Universe (analogous to photon decoupling, neutron decoupling)
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The DM spike around supermassive black holes

Many galaxies contain a supermassive black hole at its center.

The adiabatic growth of the black hole produces a “spike” in the dark matter
distribution Gondolo, Silk’99, Peebles ‘72, Quinlan, Hernquist, Sigurdsson 95
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The DM spike around supermassive black holes

Different effects can soften the spike:

* Self-interactions: momentum exchange produce a core (depends on 02-2)
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Different effects can soften the spike:
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* n—m processes (n>m) produce energetic DM particles. If they scatter,
they heat-up the spike and produce a core (depends on 0n—m and 022 )



The DM spike around supermassive black holes

Different effects can soften the spike:

* Self-interactions: momentum exchange produce a core (depends on 02-—2)

* n—m processes (n>m): deplete the number of DM particles in the
spike (depends on oy, )

* n—m processes (n>m) produce energetic DM particles. If they scatter,
they heat-up the spike and produce a core (depends on 0n—m and 022 )

The n—m process produces a highly
boosted DM particle.

Implications for direct DM searches?



The DM spike around supermassive black holes

Large parameter space: {m,,, oo .5 /m,, (02_0), (0210), (03_520%), ...}
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The fate of the DM spike

e Example 1: Only 2—2 and 2—1
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The fate of the DM spike

e Example 1: Only 2—2 and 2—1

e [ (031v) = 10726 cm? 57! }
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The fate of the DM spike
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The fate of the DM spike

e Example 1: Only 2—2 and 2—1

1017k

1013k

109k

p [GeV cm ]

105k

10"}

Rys1 Ruiss

..

..,
..
.
..,

..

°|

(031v) = 10726 cm? 57!
Orsn/my=5x10"2cm? g7 ! | |

..
..
.

e, .
., e
‘e

Feo
.
*e
“e
e
.
.
..
.
L%
“a
A

-3
107716-9



The fate of the DM spike

e Example 2: Only 2—2 and 3—2
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Implications for J-factors
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Implications for direct detection experiments
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The Milky Way dark matter spike

The Milky Way 1s known to contain stars orbiting very close to the supermassive
black hole. The stellar heating on the spike significantly softens it.
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A dark matter spike in NGC 1068°?

IceCube has detected a 4.26 neutrino excess in the range 1.5-15 TeV 1n the
direction of the Seyfert galaxy NGC 1068, located at 14.4 Mpc from the Earth.
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A dark matter spike in NGC 1068°?
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A dark matter spike in NGC 1068°?
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+ 0.1 to 100 GeV gamma-rays (41,42)
> 200 GeV gamma-rays (43)

1079 o

* %

-
A signal of DM annihilation in NGC 1068?
Why no signal from the Milky Way?

'T++ -
g : + ¥
R 10718 4 Ty
] JJ.H
10_14 ] + “[ 1 1 1 1 ] ] 1
10715 1012 1079 106 1073 10° 103 106
Energy [GeV]
10_6 LRALLLL BLBULLLLL UL BRI BLRLERLLL BELRLRILLL DULLILL UL DL |
F tai 30 Rs (1) —— 3
F minimal py 309 Hg () ——— |
107 b 10% Bg (y) wevemeees ]
"o
% 108 4
o
|| >
S q0° .
u:l-l -
w L |
10-10 . l l_\ru}.f(' =
10-11 IR FEIR ¥ Y WY TR ERTTY BT
102 102 10" 10° 10" 102 10° 10* 10° 108
l l l l I E [GeV]
1 | | | 1
104 pe 102 pe 1pe 10° pe Murase’22



A dark matter spike in NGC 1068°?

* The neutrino flux produced in the Milky Way center could be below the
sensitivity of current experiments due to the effect of the stellar
heating on the spike.
* Assume that the spike in NGC 1068 1s not significantly affected by
the stellar heating. Dark matter annihilations in the spike could
produce a neutrino flux detectable at Earth as a point source.
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A dark matter spike in NGC 1068°?

* Assume that the spike in NGC 1068 is not significantly affected by
the stellar heating. Dark matter annihilations in the spike could
produce a neutrino flux detectable at Earth as a point source.
* The neutrino flux produced in the Milky Way center could be below the
sensitivity of current experiments due to the effect of the stellar
heating on the spike.
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Conclusions

e The structure of the dark matter spike surrounding a black hole can be
significantly affected by dark matter processes (scatterings, annihilations,
semi-annihilations, 3—2 processes, etc.)

e Semi-annihilations in the Galactic Center are a source of boosted dark
matter. This flux component could be detected in experiments when the
DM mass 1s in the sub-GeV scale, with a characteristic recoil spectrum.

e The neutrino emission from NGC 1068 detected by IceCube could be
due to dark matter annihilations if its DM spike remains intact until today.
A neutrino flux from other galaxies could be detected in the future
(if their spikes are not affected by stellar heating).
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