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Observation of old NS in PBH-rich environment.

77 = 1T

Overview and motivations

- Constraints on f PBH
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Overview and motivations

Yet, such a catastrophic event should be observable!
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1 - Dynamical Friction

\ PBH interactions with a NS
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- PBH interactions with a NS
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- PBH interactions with a NS
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- PBH interactions with a NS
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- PBH interactions with a NS
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- PBH interactions with a NS

Highly degenerate fermi gaz !
TV ~107° GeV

e ~ 0.5 GeV
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- PBH interactions with a NS
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- PBH interactions with a NS
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- PBH interactions with a NS

@

>

Ction is suppressed by a factor of a few, up to 10.
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- PBH interactions with a NS
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- PBH interactions with a NS
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TL;H PBH interactions with a NS

In a collisionless or a collisional medium?

, 252 (1999)
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\1{ PBH interactions with a NS

In a collisionless or a collisional medium?

Collisionless DF
matches with DF in

collisional medium.

E. C. Ostriker, Ap) 513, 252 (1999)
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\i PBH interactions with a NS

1 - Dynamical Friction:
In a collisionless or a collisional medium?

6 8 10
v/c,
E. C. Ostriker, ApJ 513, 252 (1999)
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\i PBH interactions with a NS

1 - Dynamical Friction:
In a collisionless or a collisional medium?

6 8 10
v/c,
E. C. Ostriker, ApJ 513, 252 (1999)
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- PBH interactions with a NS

36 : ' ] Yoann Genolini



- PBH interactions with a NS
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2 - Accretion

\ PBH interactions with a NS

F. Capela et al. PRD 87,123524 (2013)
d2

crit

In Apec(v) = viy?

sM=v/c, €1

RZ

g
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3 - Surface waves

39

\ PBH interactions with a NS
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Hydrodynamical surface waves:

sz 00 R* 204-2
|AFE|tiqal ~ —— Z

R* 1—9 T'min

T€7

G. Defillon, et al. PRD 90, 103522 (2014)
W. H. Press and S. A. Teukolsky, ApJ 213, 183 (1977).
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| \ PBH interactions with a NS
i :

4 - Gravitational waves Ry |
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AE|gw = AER, + AEQY

Generalisation of the gravitational wave
emission inside the NS.
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- Capture of a PBH
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Sl \ Il- Capture of a PBH

Energy losses from a friction force:

AE| = [ F-dl
C
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| : o \ lll- Capture of a PBH

Energy losses from a friction force:

AE|= [ F-dl
C

Several
physical
phenomena
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i

speed regime

Realistic neutron star model: =
Potekhin et al A&A 560 2013

—— BSK20-1

% - Capture of a PBH

Capture happens in the
supersonic regime!

Yoann Genolini



46

i

speed regime

Realistic neutron star models .

Potekhin et al A&A 560 2013

— BSK20-1

BSK21-2

i)
LY

h!

% - Capture of a PBH

Capture can also happens
in the subsonic regime!
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i

speed regime

Realistic neutron star models .

. otal A&A 560 2013 BSK0.1

BSK21-2

Y
!

% - Capture of a PBH

Capture can also happens
in the subsonic regime!

But most of the time in
the supersonic regime.
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y o \ lll- Capture of a PBH

What is the speed regime for capture ?

Realistic neutron star models :
m—at al A&A 560 2013

— BSK20-1
BSK20-2
BSK21-1
BSK21-2

S. Chandrasekhar, Rev. Mod. Phys.21, 383 (1949).
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: S \ lll- Capture of a PBH

What is the dominant process for capture?
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What is the dominant p
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\ Il- Capture of a PBH

aptu 0
U.

[/

b

Critical impact parameter:

2
be = R*\/ 1+2-%
Y
With:
GM,
Vv, =
R,
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i

dominant process

% - Capture of a PBH

AE| = [ F-dl
C
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1
E, = —muv?
5 mu;

(Here for v; =107

|Aﬂ=/Fdl
C
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dominant process

h
\

1ll- Capture of a PBH
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ol \\\\ - Capture of a PBH

Estimate of the number of event

We assume the PBH follow a Maxwellian distribution in velocities:

3 3/2 —3?}2
3 3
d°n = NpPBH (2 U2> exXPp { 952 } d U,

The rate of NS-PBH encounter leading to capture is:

d*n . " 5
g*:/@S(U)UdU with: S(?}):ﬂ'bg
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ol \\\\ - Capture of a PBH

Estimate of the number of event

The rate of NS-PBH encounter leading to capture is: N* ~ 109

107"
G.N, ~21x107° (Gelzfifn_3) ( - > C[X]yr!

With : X—X(m,v)f( - )(10;3)2

10%°g v
Within 7o = 10°yr  few ~ 100 of NS transmutted into BH.

To be compare with the rate of NS-PBH encounter:

PBH 10g (107" 1
DN~ 0.38 ) M
- GeVcm ™ ( m >< v =

-> Similar to the GRB rate in the Galaxy
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ol % - Capture of a PBH

Estimate of the number of event

The rate of NS-PBH encounter leading to capture is: N* ~ 109

107"
G.N, ~21x107° (Ge'zfifn_g) ( > C[X]yr!

Within 7o = 10'"%yr | ~ 100 of NS transmutted into BH.

(V)

To be compare with the rate of NS-PBH encounter:

- PBH 10g (107" 1
O N, = 0.38 (Ge\/cm—3> ( — > < — ) Myr

-> Similar to the GRB rate in the Galaxy
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\ IV- Post capture dynamic

Yoann Genolini



62

\ IV- Post capture dynamic

Captured!
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\ IV- Post capture dynamic

Settling time within the NS:

~3/2
A m
tsettle 5 4 X 10 (1022 g> yI’

F. Capela et al. PRD 87, 123524 (2013)
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\ IV- Post capture dynamic

The motion becomes subsonic for

r < R,cs/v,
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\ IV- Post capture dynamic

The motion becomes subsonic for
r 5 R*CS//U* > R*

Model BSK-20-1 BSK-20-2 BSK 21-1 BSK 21-2
Radius R, [km] 11.6 10.7 12.5 12.0
Mass M, [Mg] 1.52 2.12 1.54 2.11

v, [d 0.44 0.54 0.43 0.50
fo=1/T. [kHz] 18 2.4 1.6 2.0
cs (core) [c] 0.68 0.97 0.64 0.81
[n (core) [GeV]  0.27 0.81 0.24 0.51
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S \ IV- Post capture dynamic

Subsonic regime

|

DF becomes negligible and accretion
dominates:

Fiag = —mv = —ArG*mip—

(In the subsonic regime)

Equation of motion:

F+Dt)[r— Q2 x 7] +wr=0

Yoann Genolini
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\ IV- Post capture dynamic

Equation of motion:

P4+ D) [r—Q x 7] +wir=0

for 2 ~o8x1072( ") «1
Wi ' 10%2g

leads to the conserved quantity:

m r° = const.

whatever the accretion regime.
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S \ IV- Post capture dynamic
Negligible
Equation of motion:

P4+ D) [r—Q x 7] +wir=0

for 2 ~o8x1072( ") «1
Wi ' 10%2g

leads to the conserved quantity:

m r° = const.

whatever the accretion regime.
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S \ ‘ V- Signatures

A-Signatures of a captured PBH:

1 - Gravitational wave emission from the inspiral motion:

..................................... 442G ., P 1 kpc
ho = A P 2.5 x 10 10%g g

fr ~ kHz

This emission is sustained during the all accretion process

.................................................. (t) m
m pu—
1 —t/tg
¢ R? 10%g
tp = 3G M ~ 9 (T) hours
2N
m r° = const.
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: S \ ‘ V- Signatures

A-Signatures of a captured PBH:

2 - Multiwavelength signature from the final collapse:

Might depend on the final asymmetry

Final radius

e
f M* Initial PBH mass
Accreting PBH mass J

Gravitational waves -> unpromising from simulations ?

William E. East, Luis Lehner Phys. Rev. D 100, 124026 (2019)
-> But PBH at the center and no magnetic field.
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S \ ‘ V- Signatures

A-Signatures of a captured PBH:

2 - Multiwavelength signature from the final collapse:

Might depend on the final asymmetry

Final radius

e
f M* Initial PBH mass
Accreting PBH mass J

Electromagnetic waves -> promising !

f\ No-hair theorem

B%4 B \° .\’
EB:——WR222><1041( )(R )erg

8T 3 102G 10 km

J. Fuller and C. D. Ott, MNRAS 450, L71
M. A. Abramowicz, et al. Ap) 868,17 (2018)
C. Chirenti, et al. Astrophys. |. Lett. 884, L16 (2019),
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B-Signature of PBH encounters

d = lkpc m = 10%g

V- Signatures
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B-Signature of PBH encounters

d = lkpc m = 10%g

V- Signatures
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B-Signature of PBH encounters

V- Signatures

Far below SKA sensitivity!

Vh2y ~ 3 x 1072 (10_;} HZ)2

Yoann Genolini




& prospects:

- Review of the multiple interactions of PBH with a NS.

- PBH capture happens mostly in the supersonic regime : dynamical friction is the
leading mechanism for capture. Gravitational waves energy losses can be the
leading mechanism for capture at low dispersion speed.

- In the subsonic regime the PBH drag takes the form of a Bondi accretion.

Signatures:

- PBH-NS encounter: Gravitational wave burst.

- PBH Capture: 1- Inspiral motion: Monochromatic kHz gravitational wave lasting
hours.
2- Final Collapse: Gravitational wave and electromagnetic emissions

expected, simulations required. m;
Rf =R,/ 0
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& prospects:

Detection ?

- Rare events ! ~ 10-1000 less than supernovae rate in the Galaxy.
Transient event:

- Gravitational waves emission probably too small to detect.
- Electromagnetic emission detectable.

Population study:

- It could be a leading mecanism for « light » black hole formation.

- Forthcoming NS detection (Untill recently no evidence for NS outside the
galaxy,)

- It could explain the « missing pulsar problem » of the Galactic center.
(Dexter, |. and O'Leary, AJL 2014)
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