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Where do black-hole binaries come from?

. _ Clusters (dynamical assembling)
Field (isolated) +

Hierarchical merging
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Why are spin directions interesting?

Masses: they are largely
degenerate with formation
channels

Spins magnitude:
« rotation of the progenitor
« dynamics of collapse
* accretion mechanisms
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« Spin directions:
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Tidal forces
Accretion mechanism



Why are spin directions interesting?

« Spin directions:
They are measured with higher uncertainty

CLUSTER

Multiple body interactions
Random pairing

FIELD

Originating from the same proto-stellar disc
Tidal forces
Accretion mechanism
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Collection of BH seeds with masses distributed according to
p(m) < mY and dimensionless spins distributed uniformly.
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Modification to QLUSTER: LCLUSTER

* 0,,.x characterises the degree of alignment of the system
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Modification to QLUSTER: LCLUSTER

Collection of BH seeds with masses distributed according to
p(m) < mY and dimensionless spins distributed uniformly.

 Escape speed
* 0,,.x characterises the degree of alignment of the system
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Qm.‘-ﬂ =0 Qmax 75 0 The orbital angular momentum of the
binary is isotropically distributed
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0,,..x describes the direction of the spins relative to the Projection relative to the orbital angular
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Joint distribution of the polar angles

0,,..x describes the direction of the spins relative to the :

preferred direction of the cluster

cos(0O1) = cos(p — B) sin(«) sin(6;) + cos(a) cos(6;)
cos(Os2) = cos(pe — ) sin(a) sin(f#z) + cos(a) cos(fs)

Projection relative to the orbital angular
momentum of the binary system
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Joint distribution of the polar angles

0,,..x describes the direction of the spins relative to the Projection relative to the orbital angular
preferred direction of the cluster :> momentum of the binary system
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HIERARCHICAL MERGING:

What about spin memory?
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Main sequence binary 18t Supernova explosion
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FIELD BINARIES

Main sequence binary 18t Supernova explosion

SJ | =
L

2y
eg = [

M, ' Mg;
Assumptions:
1. Initially aligned stars o Vkick
2. Initial circular orbit U ;
3. Neglecting the tilt imparted by the second SN U
1 + up cos 0y,
cos(y) =

V(1 + uy, cos 0 )% + u sin® 0, cos? ¢y



Distribution of the spin-orbit misalignment
after 1st SN explosion
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Distribution of the spin-orbit misalignment
after 1st SN explosion

. SO\ e m — 2. ’ ?
pcos; uy,) wo1uz = { T(142u, — up) cosy /1 —cos®y
| cos 0, < 2y, A
0, I, = @,
8
1 w=07 1.0 4 —— bound fraction
7] I =10 * k=07 .. .
— w15 * UL Limits on the tilt:

6- ) w=2.0 08 1 : Ek;;g

5 4 Cosy € {wl —u?, 1] if u, <1
~ 0.6
=
§ 4 '
= 04 cosy € [—1,1] if 1<u,<+V3

ad .

2 \ COS'E[—IS_U%] if V3<u, <142

. _,' 0.2 1 X 'T 3 2\/5 k
14 < _ =t= -,'d
) 2 o 0.0
0 T T U 1 1 T 1 T T T T T T T T
-1.00 -0.75 -0.50 -0.25 000 025 050 075 100 0.0 0.5 1.0 15 2.0 55 30
cos(y)

U

Low kicks to keep systems bound I:> Preferentially aligned spins u distribution



Effects of the post-Newtonian evolution



Effects of the post-Newtonian evolution

The detection occurs ~Myr after formation
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Spin precession changes the initial configuration

The correlation between spins changes



Effects of the post-Newtonian evolution

The detection occurs ~Myr after formation

Spin precession changes the initial configuration

The correlation between spins changes
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Effects of the post-Newtonian evolution

The detection occurs ~Myr after formation

Spin precession changes the initial configuration

The correlation between spins changes

With good approximation

an isotropic distribution remains isotropic
Gerosa et al., 2015
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* How can post-Newtonian evolution be considered?

» Selection effects

« Let's apply this to real data!

FUTURE DIRECTIONS:




* How can post-Newtonian evolution be considered?

» Selection effects

« Let's apply this to real data!

FUTURE DIRECTIONS:
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Why are spin directions interesting?

« Masses: degenere with formation channels, Masses in the Stellar Graveyard
higher masses in hierarchical merging —> no ' AR
single signature
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FIELD BINARIES

Main sequence binary 15t Supernova explosion Tides
o TR
ML, e =0 MY, M “
Assumptions:

1. Initially aligned stars
2. Initial circular orbit
3. Neglecting the tilt imparted by the second SN

1 + u cos 0y,  Ukick
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FIELD BINARIES

The binary survives the supernova explosion if the orbit remains close:
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Distribution of the spin-orbit misalignment after SN
explosion
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How are uk’s distributed?

parallax distances
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