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Ground-based

Gamma-ray instruments

Space-based

~20 GeV - 100 TeV

* Indirect detection
e Large collection area

* Energy range
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Intermediate mass black holes (IMBH)

Stellar-mass black hole Intermediate mass black hole Supermassive black hole
< 20M 20 — 10°M,, > 10°M,

@
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Intermediate mass black holes (IMBH)

Intermediate mass black hole Dark matter splkes
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Intermediate mass black holes (IMBH)

IMBHs are ideal targets for dark matter searches!
1. Unidentified point like sources

2. ldentical energy spectra

— smoking gun signature for dark matter!
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Intermediate mass black holes (IMBH)

IMBHs are ideal targets for dark matter searches! 109 -
1. Unidentified point like sources

2. ldentical energy spectra

— smoking gun signature for dark matter!
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Problem: Number and spatial distribution of IMBHs in the Milky Way is unknown

— Cosmological simulations
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EAGLE cosmological simulation

* Evolution and Assembly of GaLaxies
and their Environments

e Calibrated to reproduce observables
atz=0

e Contains dark matter, gas, stellar and
black hole particles

« Seed black holes with M, ~ 10° Mg

Credit: Schaye et al. 2014
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EAGLE cosmological simulation

* Evolution and Assembly of GaLaxies
and their Environments

e Calibrated to reproduce observables
atz=0

e Contains dark matter, gas, stellar and
black hole particles

 Seed black holes with M, ~ 10° Mg

Credit: Schaye et al. 2014
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How to get an IMBH catalogue?

1. Select Milky Way-like galaxies
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How to get an IMBH catalogue?

Merged

1. Select Milky Way-like galaxies

2. Select unmerged IMBHs within
galaxies

Unmerged
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How to get an IMBH catalogue?

@ Galaxy centre

. . . —— Galaxy spin vector
1. Select Milky Way-like galaxies |
2. Select unmerged IMBHs within . A |
galaXieS ol 200
.:' [ 100
. ° o:‘ ° 5:
3. Determine IMBH coordinates . 0 =3
e —100

100 SV
—200 200
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How to get an IMBH catalogue?

Formation halo of IMBH

: : : 10Y - ® data
1. Select Milky Way-like galaxies : NFW
2. Select unmerged IMBHs within 71077 5
galaxies :
| % 10-2 -
3. Determine IMBH coordinates =
T 10-3 -
4. Determine dark matter spike v
parameters
10_4 E "1 |
109 101 102
r [kpc]

— rsp’ p(rsp)’ Feut
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How to get an IMBH catalogue?

1. Select Milky Way-like galaxies

2. Select unmerged IMBHs within
galaxies 11 1 dN {ov)

O(E, D) = p(ryy)

2 2
3. Determine IMBH coordinates 20 D= dE my

—

>5/3

dark matter = dark matter spike
parameters

4. Determine dark matter spike properties
parameters

5. Calculate expected gamma-ray flux
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Results: spatial distribution

On average: ~15 IMBHs within a Milky Way-like galaxy

75°

(Galactic Latitude

-(5°

Galactic Longitude

J. Aschersleben et al. (2024)
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Results: expected gamma-ray flux
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Conclusions & Outlook

 Smoking gun dark matter signature from IMBHs

e ~15 unmerged IMBHs with M, 2 10° Mo
expected within our Milky Way

 Gamma-ray observatories could detect dark
matter around IMBHS!

* Future: Search for dark matter signal around
IMBHs with H.E.S.S.

GitHu
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Gamma-ray astronomy
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HESS

 Gamma-ray observatory
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e Located in Namibia
30 GeV -100 TeV energy range
e Consisting of 5 telescopes

e 4 small telescopes

e 1large telescope
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Intermediate mass black holes

Stellar-mass black hole

Formation scenarios: < 20M,

A. Collapse of Population lll stars

@

Collapse of primordial gas Intermediate mass black hole
20 — 10°M

B
C. Gravitational runaway
D

Primordial black holes

m

BH-BH merger Supermassive black hole
> 10°M,
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Milky-Way like selection

e Selection criteria for host halo

+ Halo mass M, range: 0.5 — 2.0 X 10'*M,

. Stellar mass M.(r < 30 kpc) range: 10104 — 1011'2M®

» Star formation rate range: 0.1 — 3.0M /yr

- Stellar disk-to-total mass ratio f;; larger than 0.4

- Distance between the centre of mass and the centre of potential of the galaxy is less than 0.07R,

 Total mass in substructures is less than 10 % of the total mass of the galaxy

» Selection criteria for satellite galaxies:

- Distance from halo centre rin the range: 40 kpc < ' < 300 kpc with ' = r(10'2M/M, ) '
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Number & cumulative radial distribution

EAGLE: ~150 Milky Way-like galaxies with ~2500 IMBHSs
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Milky-Way like selection

40

1012
Moo [Mo)] SFR (Mg / yr]

J. Aschersleben et al. (2024)

Jann Aschersleben 18



Milky-Way like selection

* CSFR — 0.11
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Dark matter spike parameters
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Gamma-ray flux
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Dark matter spike parameters

~ 0.35 —
— Fsp=3.951 157 pc — 5= (1.197550) - 10® GeV/cm? — Feut = (2.137573) - 1073 pc
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Mass and formation redshift

10! 4 [l — meu= (14970 05) - 10° Mg

2 x 10° 6 x 10° 0 9 4 6 8
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Integrated luminosity

3.—1 3.—1

bb-channel - 6v = 3 X 1072° cm’s™ bb-channel - 6v = 7 X 10737 ecm’s™
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Integrated luminosity

r~tt-channel - 6v = 3 X 1072 cm?3s~! r~tt-channel - 6v = 10732 cm?’s~!
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Cored dark matter profile
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Annihilation channels
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