The Initial Spin Probability
Distribution of
Primordial Black Holes
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Astrophysical vs Primordial BH

Astrophysical BHs

They form from the gravitational
collapse of a star, with mass bigge
than the Chandrasekhar mass,

$

They form Iin the early universe fro
the collapse of large inhomogeneitids
and are not evaporated until today,

M > O(1)M, M> 10 ¥M.

One can distinguish between them since PBHs are expected to be born with low sf



BHs merging

In the merging of two black holes, the gravitational waveforms depend on
the Pnal spin state and the orbital angular momentum
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Primordial Black Holes




PBH: inf3ation

Inf3ation can lead to an enhancement of the comoving curvature perturbkR
on small scales, which is then transferred to radiation during reheatin
and will collapse in PBH at horizon re-entry

Nend N =1In a



PBH: density contrast

~
PBHs are originated from peaks of the density contrast:| | | — > 1.
—




PBH Spin: formation process in RD

RD Overdensity

. PBHs originate from local maxima of the radiation overdensity §

e Spin originates from the action of torques generated by
gravitational tidal forces upon horizon re-entry

. 1st order effect in perturbation theory due to non-spherical collap
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Computation

4 .
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Perform a rotation of the coordinate axes to be aligned with the principal axes of the ellipsoid
and Pnd the boundary solutions for the constant-overdensity ellipso

Power spectrum width

| Peak theory parameters




Computation

Angular momentum + Peak theory

Non-spherical
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Velocity shear mlsallgned
with the inertia tensor

| Time independent part, dependent

on the shape of the peak



Time dependence: super-horizon

‘
Using the separate universe approach, at any order in perturbation theory
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Spin zero: velocity shear aligned with the inertia tensor



Time dependence: horizon crossing

H—l

The spin can grow briel3y after horizon crossing due to the linear tidal torque
until the perturbation decouples from the background
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Spin non-zero: velocity shear misaligned with the inertia tensor




Time dependence: estimate

We evaluate the spin at the turnaround (initial time)

close to the horizon crossing time

S'o  Q4m0os |
Kerr parameter  as(nu) = Gf]&g{)se: dﬂ o s,

}

The Kerr parameter distribution depends on the peak distribution

Se: Se(!, I1ij)

We resort to peak theory to bPnd it



Peak distribution

Peak theory: sixteen correlated variables
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Peak distribution

Peak theory: sixteen correlated variables

[\/I . 57 gz N 5’567;7 gij N 5’337;6’{13]'7 vi N 85132}

Joint Gaussian distribution
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("0, v )d! d" dPv

Distribution suppressed for high peaks (high peaks tend to be sphe

Properties:
4 Inthe limit of monochromatic power spectru(y — 1)
the velocity shear is aligned with the inertia tenso



~ 0.99
E

-
a ““‘ lllllllll
L - am==" |
- IIII
- Laet
\\ -
P d P
L d S
’ PR =
\\ .t
Vs ‘t‘ [—
[ 7 o0 .
/ -
3 * - -
-Q’ —
"N
L ™ J
. /_/
ISR
N
L s // J
-
" N
~ ~
00 ~
- ~
o ~ ~ -
" ll
ey ~
e 'I
.~ ~
e S -—
~
~ ,l
oy ~o -
p— ~ —
] ) S~
/0....... 1 PE I R L P R 1 -
o \F4 * .
- [ [
-
— - -
- -
— —
(a|*v)q o
T T T T T T T T T T

-
O
G

-
=

 _—
G
2
[®)

>
=
m

®
O

O

-

O
[

-
O
m

-

O
O




Application: GWSs from peaks

Non-spherical rotation of a rigid body

]

GWs emission!

Non-spherical contraction leads to a quadrupole momel



Conclusions

We computed the spin probability distribution of PBHs at formation time in RD

Non spherical collapse and misalignment between the inertial tensor and the
velocity shear lead to a non-zero spin

0, = ST TR 1072 T 2|

» Numerical simulation for non-spherical collapse
Future directions <

PBH spin evolution

*x In MD the result can be different (see for example Harada et al. [1707.03595])
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Application: GWs from peaks
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Spin evolution in RD: rough estimate

Accretion of the background radiation has the effect of reducing the spin

PBH spin evolution in RD does not appreciably affect our result



