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Primordial black hole - star
binaries via dynamical friction
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Primordial black holes
are consftrained more

and more...
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What if PBHs exist as a
subdominant contribution

of the DM 7




What if PBHs exist as a
subdominant contribution

of the DM ? Wil they
iNnteract with the rest of it 7




Nicolas Esser Nnicolas.esser@ulb.be



DM minihalos around PBHs

Nicolas Esser Nnicolas.esser@ulb.be



DM minihalos around PBHs

Radiation era: DM particles decouple from Hubble flow and formm a compact halo around
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DM minihalos around PBHs

Radiation era:; DM particles decouple from Hubble flow and formm a compact halo around

More accurate calculations / simulations show

different regimes (Boudaud et al. 2021, Salati

& Lavalle 2025)...

Ask Julien about it! (sorry Julien)
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DM minihalos around PBHs

Radiation ¢

implies |
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Mgy = 10~ 18 M,
Mgy = 10~16 M.
Mpy = 1014 M.
Mgy = 10712 M.
Mpy = 10~1° M,

Mpy = 10~% M.
Mgy = 10~ M,
Mgy = 107% M,
Mgy = 1072 M,
Mgy = 10° M.
Mgy = 10 M.
Mgy = 10 M,
p(Tra(Mgpu))
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DM minihalos around PBHs

Radiation ¢ npact halo around

— Mpy = 10~ 18 M,
Mgy = 10~16 M.
7 Mpy = 1014 M.
Mgy = 10712 M.
Mpy = 10~1° M,

Mgy = 10~6 M,
Mgy = 10~4 M¢

. Wag=100 8

Mgy = 102 M,

e Mgy = 10* M.
p(Txa(Mpn))

res Q M1t p

implies |

Nicolas Esser Nnicolas.esser@ulb.be



DM minihalos around PBHs




Observable effects ?

Nnicolas.esser@ulb.be



Observable effects ?

WIMPs annihilating in the mininhalo

around PBHs, generating detectable
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Observable effects ?

WIMPs annihilating in the mininhalo | :'} —— Galactic
Y extragalactic
. ol "="_ .‘_ m, = 1TeV
around PBHs, generatfing detectable A I otey

[ -rays ( )

Constraints on PBHs if we
detect the WIMP,

constraints on WIMP if
we find PBHS.

10—12
10-1810-1510-1210-2 10-¢ 10-3 10° 103 10° 10° 10!2 1015

o pT1m cmd/s M M)

Nicolas Esser Nnicolas.esser@ulb.be



Observable effects ?

Imprint of minihalos on GW
waveforms in mergers (e.g.
) and on

merger rates (

Nicolas Esser Nnicolas.esser@ulb.be



Observable effects ?

Imprint of minihalos on GW
waveforms in mergers (e.g.
) and on

merger rates (

Nicolas Esser

my = 104 A[

mo = 10 Mg

pe = 10 M /pc?
Ysp = 7/ 3

o
\D}
>

+

. p—{
<

. -
—

+
-
(D)
G
QO

]

Nnicolas.esser@ulb.be



Observable effects ?

Impact on accretion
history of PBHS (

)

Nicolas Esser Nnicolas.esser@ulb.be



Observable effects ?

Impact on accretion
history of PBHS (

)

Mpgy [Mo)

Nicolas Esser Nnicolas.esser@ulb.be



Surely there are other

observables...
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Minihalos heavily boost

tThe effective cross section
of PBHSs!

m) [Ofi0:X p T |

o0 s PBH: ~ 3 km

Minihalo: ~pc

Many stars cross the PBH minihalos.

Maybe some can be captured?
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Capture of stars

l.e. star gravitationally bound the

the PBH minihalo, E<O.
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Capture of stars

l.e. star gravitationally bound the
the PBH minihalo, E<O.

Requires energy loss mechanism
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Capture of stars

Dynamical friction:
. <« 0
T “Oa.” (), (1ho)l ij

(specific)0 =+ tQm

Only applies for PBHs of solar mass and
above, since this is only valid for v | a..
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Capture of stars

TG 0w )t

vy slow stars are captured

Binary
formation

avo “ 1
Direct merger J \

Leading to capfturel

e. D QO

(l,e. O O
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Merger rate

After capture, subseqgquent

energy loss may lead to merger
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Merger rate

After capture, subseqgquent

energy loss may lead to merger

At each passage through the mininhalo the star looses energy via friction.

I is unchanged while i diminishes.
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Merger rate

After capture, subseqgquent

energy loss may lead to merger

At each passage through the mininhalo the star looses energy via friction.
I is unchanged while i diminishes.

Energy loss is The same at each passage.

Finite-time merger: O [ O YF¢g" @D )
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Merger rate

This Is an idealized scenariol
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Merger rate

This Is an idealized scenariol

b The PBH-star binary is surrounded by other stars, which may
disrupt the system via 3-body interactions.
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Effect of perturbers

In the impulse approximation: a0 "G 7i(0) AO — ‘

3% 30 fcand3b 1 30U

Can be summed over multiple perturbbers in one orbit

One finds 3 Q
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Merger rate: — avo“ 1 €& QDQO
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Merger rate

Merger rate: — avo“ 1 €& QDQO
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Leading fo capture
AND merger!

(merger time +
perturbers)
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Merger rate

Merger rate: — o“ I & QADQO

Leading fo capture
AND merger!

Binary
formation

(merger time +
perturbers)
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Merger rate

Merger rate: — o“ I & QADQO

s Leading fo capture

ERRKES
SERLRRKR

ATAVAVAN

AND merger!
(merger time +
perturbers)
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Merger rate

We have obtained merger rates.
Now we consider specific

observables and define spatial
volumes accordingly

Nicolas Esser Nnicolas.esser@ulb.be



Merger rate

Volumetric erger rate: — ovo“ I €& Q@QO

We have obtained merger rates.
Now we consider specific
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volumes accordingly
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Merger rate

Total merger rate: 3 avo“ 1 €& QDQO

We have obtained merger rates.
Now we consider specific

observables and define spatial
volumes accordingly
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Observables ?

X-ray binaries CW events

N the MW
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Observables ?

Minihalos capture §
neutron stars and §
stellar BHs

Mininalos |8
COpTure sTorS |,

X-ray pbinaries

N the MW GW events
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X-ray binaries in the MW
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X-ray binaries in the MW

Peculiar observations: rapid orbital decay of systems XTE J1118+480 and
A0620-00
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X-ray binaries in the MW

Peculiar observations: rapid orbital decay of systems XTE J1118+480 and

A0620-00 l
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X-ray binaries in the MW

Peculiar observations: rapid orbital decay of systems XTE J1118+480 and
A0620-00
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X-ray binaries in the MW

Peculiar observations: rapid orbital decay of systems XTE J1118+480 and
A0620-00
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X-ray binaries _

observations: orbital systems
A0620-

0D0 MQdand 0D0 pmici mpX tDp m
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