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The long story short

* In arXiv:2606.2503 | we study the possibility that light Primordial black holes (PBH)5s),
M, ~ [10'7 — 10%®] ¢ could form dense structures, similar to Dark Matter (DM) spikes, around
a heavier PBH, M, ~ [1, 10°] M

* [raditionally, this scenario has been investigated assuming particle DM
% PBHs with masses M, = (1017 — 10%°] o could constitute the entirety of DM

* |f the spike does not form, light PBHs may instead accrete onto the central black hole, potentially
nelping seeding supermassive black holes (SMBHSs) and producing interesting signals such as
gravitational waves (GWs).
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* A PBH with mass M forms at the center of a patch of
Weakly Interactive Massive Particles (WIMPs)
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* A PBH with mass M forms at the center of a patch of
Weakly Interactive Massive Particles (WIMPs)

X Initially, the particles are coupled to the Hubble flow and
are moving outwards
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* A PBH with mass M forms at the center of a patch of
Weakly Interactive Massive Particles (WIMPs)

X Initially, the particles are coupled to the Hubble flow and
are moving outwards

* Eventually, the gravitational attraction of the central PBH
palances the Hubble flow, and the inner shells
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* A PBH with mass M forms at the center of a patch of
Weakly Interactive Massive Particles (WIMPs)

X Initially, the particles are coupled to the Hubble flow and
are moving outwards

* Eventually, the gravitational attraction of the central PBH
palances the Hubble flow, and the inner shells decouple

4 Turnaround: 7 ~ (

—9/4
ro=2GMt: Py XTIy
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Dark matter spikes
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* A PBH with mass M forms at the center of a patch of
Weakly Interactive Massive Particles (WIMPs)

X Initially, the particles are coupled to the Hubble flow and
are moving outwards

* Eventually, the gravitational attraction of the central PBH

palances the Hubble flow, and the inner shells decouple

X Cascade process:inner shells are dominated by the

D

3

- gravitational pull, external shells are still following

L

bble’s flow
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* WIMPs are thermal: they typically possess enough angular
momentum to enter stable orbits around the central
PBH and avoid capture

Agnese Tolino - [FIC, CSIC-UV 3



Dark matter spikes
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* WIMPs are thermal: they typically possess enough angular
momentum to enter stable orbits around the central

PBH and avoid capture

* The density profile will depend on -

orbital parameters, the velocity distributi
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Boltzmnann) and density at turnarou

p(r) r* o Jdrta re pta[d3vf(v) X all possible orbits
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Dark matter spike:
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X WIMPs are t

momentum to enter
PBH and

X T

O

Boltzmnann) and density at turnarou

X After free-fa

ne density profile will depend on -

brtal parameters, the velocity distributi

nermal: they typically possess enough angular

around the central

he @

gle}

istribution of
on (Maxwell-

p(r) r* o Jdrta re pta[d3vf(v) X all possible orbits

developed around the PBH!

| time, a prominent dark-matter has
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... and PBHs spikes?

% Consider a scenario In which instead of WIMPs a ‘7
population of PBHSs surrounds an heavier PBH @ o
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... and PBHs spikes?

% Consider a scenario in which instead of WIMPs a ‘7
population of PBHSs surrounds an heavier’BH  f et T ®--... .
* PBHs are not expected to be born with significant peculiar ® L e " .
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... and PBHs spikes?

% Consider a scenario In which instead of WIMPs a
population of PBHSs surrounds an heavier PBH

% PBHSs are not expected to be born with significant peculiar R
velocities

lllll
. '3

% [T they do not acquire substantial angular momentum after T -
turnaround, they will simply be accreted by the central e : - o
DBH E 2

% No PBH density spike may form!
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... and PBHs spikes

% Consider a scenario in whic
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* PBHs are not expected to be born with significant peculiar
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* |f they do not acquire substantial angular momentum after

turnaround, they will simply
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% No PBH density

What mechanisms could

n Instead of WIMPs a
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O
be accreted by the central ¢

may form!

Key question
generate sufficient torque to prevent (?
the accretion & allow a spike to form!?
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* We consider a population of light PBHs (IPBHSs), with masses o ® ' o
m € [1071°,107°] M, around a central heavy (hPBH) PBH, 2 o *
M € [1,10°]1 M, (QCD + SMBH seeds) o ® o o
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o
* VWe consider a population of light PBHs (IPBHSs), with masses o ® ' o
m € [1071°,107°] M, around a central heavy (hPBH) PBH, 2 o *
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.
* VWe consider a population of light PBHs (IPBHSs), with masses o ® B o
m € [1071°,107°] M, around a central heavy (hPBH) PBH, 2 o *
M € [1,10°]1 M, (QCD + SMBH seeds) o e o o
o o ° © o
* [ he IPBHSs constitute the dominant DM component, while the hPBHSs are ® ® ¢ y
a subdominant population ¢ ©
® o .
® O ° o
% [he evolution of IPBHs around the heavy PBH closely follows that of ® ® y
WIMPs until decoupling from the Hubble flow o © ®
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Bertone et al., Phys.Rev.D |12 (2025) 4,043537

Physical setup

%* After turnaround, the IPBH shells will start free-falling towards the central
PBH "
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Physical setur

Bertone et al., Phys.Rev.D |12 (2025) 4, 043537

%* After turnaround, the IPBH shells will start free-falling towards the central
PBH

* |f mechanisms to generate torque exist, the final (reduced) angular
momentum will be

K=Jdt@=J dr (¢)

m Vge(r) m
where vy Is the free-fall velocity
¥ |f > € gcape = 4GM/c the PBH escapes capture, and a spike can

form!
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Classes of torque

Two classes, depending If the source of torque Is inside or outside each turnaround shell

Internal

9K Externa
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External torques

%* Tidal fields from sources external to the system can source
torque, as they Iinduce different acceleration on each heavy - light binary
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External torques

hPBH @
. R

%* Tidal fields from sources external to the system can source
torque, as they Iinduce different acceleration on each heavy - light binary

|) Far-away external hPBHSs

IPBH shell
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External torques

Franciolini et al., Phys.Rev.D 106 no. |2,(2022) 123526
Franciolini, Urbano, Phys.Rev.D 106 no. |2, (2022) 123519
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Inman et al., Phys. Rev.D 100 no. 8, (2019) 083528

%* Tidal fields from sources external to the system can source
torque, as they Iinduce different acceleration on each heavy - light binary

|) Far-away external hPBHSs

2) Cold dark matter large-scale adiabatic density perturbations
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External torque

* from to the system can source
torque, as they Iinduce different acceleration on each heavy - light binary

—— Enhanced 1M
—— Enhanced 10°M,,

=== Planck-extrapolated

|) Far-away external hPBHSs
2) Cold dark matter large-scale adiabatic density perturbations

- depends on the primordial curvature spectra of
perturbations

- 2 cases: CMB-like + PBH enhancement based on
2207/:10056 & 2209:05959
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Internal torques

¥ Small scale anisotropies of the gravitational potential inside the
shell produce additional forces (hence torque) acting on each PBH
iIndependently
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Internal torques

------ °-...
o
% of the gravitational potential inside the " .~.’
shell produce additional forces (hence torque) acting on each PBH , ’
iIndependently ®

|) Force on the central hPBH from shell anisotropies
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Internal torques

------ ®-...
L
of the gravitational potential inside the "’ .~.’
shell produce additional forces (hence torque) acting on each PBH , ’
iIndependently ®

|) Force on the central hPBH from shell anisotropies

2) Force on each IPBH from 1ts neighbours
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Results




Can torques save |IPBH spike

Asteroid mass range Asteroid mass range
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Conclusions & outlook

* Motivated by the analogy with WIMP spikes, we investigated whether IPBHS — in the mass range still compatible with
constituting part or the entirety of DM — could form spikes around heavier PBHs with masses of 1 and 10° M, (QCD
peak + SMBH seeds)

* [he iInnermost shells are accreted, but most of the shells are “saved” by CDM adiabatic large-scale density perturbations
* Our results suggest that spike formation is possible!

% Such spike formation dynamics could also lead to distinctive GWs signatures, providing an additional observational window into
multi-scale PBH scenarios

* Hierarchical mergers in this high density environment might enhance the growth of SMBH seeds!
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Conclusions & outloo!

* Motivated by the analogy with WIMP spikes, we investigated whether IPBHS — in the mass range still compatible with
constituting part or the entirety of DM — could form spikes around heavier PBHs with masses of 1 and 10° M, (QCD
peak + SMBH seeds)

* [he iInnermost shells are accreted, but most of the shells are “saved” by CDM adiabatic large-scale density perturbations

Thanks!
Questions!

* Our results suggest that spike formation is possible!

% Such spike formation dynamics could also lead to distinctive GWs signatures, providing an additional observational window into
multi-scale PBH scenarios

* Hierarchical mergers in this high density environment might enhance the growth of SMBH seeds!
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Backup




CDM adiabatic large-scale density perturba

V26D = 4xG p 8,4,

- Enhanced

Planck-extrapolated

(4JZG,5)2 c°,

dk
(T2) = (4nGﬁ)2J—2k2@Cdm<k>

27

T'sp,eq

M =10 M,
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Evolution with CAME

* CAMB is an Einstein-Boltzmann solver that can be used to evolve primordial curvature perturbations to
redshift z

* We use it to evolve the CMB-like baseline curvature spectrum to matter-radiation equality, extracting the
CDM component and deriving

A2 (k, 2)
T (k. 7) = CDM,CMB |

A% cvpk)

* We use this to evolve the PBH enhanced spectra at scales k > 10™*Mpc~!, CAMB's performance
WOrsens
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Capture threshold wi

fo=1, fn=10"2

A/ PRy, -
" E R, HE N EEEEEBR BHSInteraCtiOn
S

xternal hPBHs

Asteroid mass range
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