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Outline 1 mv spins and symmetries
2. SpiNs remember precise formation steps!

3. Spins remember mergers!




Spin in the waveform

M. Favata, soundofspacetime.org

binary black hole, 1 + 3 solar masses
initial frequency = 60 Hz

spinforbit aligned or anti-aligned

(all curves)

“ Allgned component
of the spins

7] spin1 = 0.0, spin2 = 0.0, ending frequency = 1099 Hz

'h‘ 4. x 10722 spinl =+0.9, spin2 = +0.9, ending frequency = 3642 Hz
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Constraints

Mass ratio 4 = m2/m1 <1
Spin magnitudes X1 X2 |

- Spinprecession §, = O, x S. ,
Momentum conservation L = —(Sy +S2)/L |
Radiation reaction 7 = PN approximant |

N _ = - = = —— E—

.3 evolving variables 01, 02, AP

(more immediate)

...orequivalently ¢ (xeg), J, S

(more physicall Timescale separation)

~= ...often condensed in to 2 variables for
waveform modeling  Xeffs Xp

(not iImmediate, and half-way physical only...)
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(A)symmetric spin orientations
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Initial

Attractors! Critical dependence on the initial conditions

Schnittman 2004, Kesden+2010a,b,2015; Berti+2012, DG+2013,2014,2015a,b

qg=9/11
X1 =x2 =1



Field binaries, spin tracking
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2. Mass transfer
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A diagnostic of BH bina
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Tides

Mass transfer:
efficient?

or not?

No Tides

* [ides introduce the necessary

asymmetry to trigger spin orpit
resonances: not tides, no fun

* Mass transfer decides who is
the big guy

DG+ 2013



DG+2013

A diagnostic of BH binary formation

Two main knobs: 0.02 . . .

 Tides: when the system is 0015'_ Tides *ijﬂ ;Gwi?'I?le e
formed of a BH and a star, i Efficient mass transfer ;W_ZO :I _
can tidal interactions align 0.01 LEFRLT aw=<UHz |
the star’s spin” |

0.005 = _

e Mass transfer: is mass
transfer efficient enough to
reverse the mass ratio”

Spin dynamics
remembers precise
formation steps!

Caveat: a fiducial binary

* Progenitor stars ~30 M

 BH binaries total mass 13.5 M
 Mass ratio g=0.8

e Maximally spinning BHSs

0.005
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Can we infer previous mergers happened?
Preliminary

1g BH ‘ ‘ 1g BH
1g BH 1g BH
g BH ' ' lg BH redshifm\ / i ‘ ' i

\ / 2¢ BH ‘
redshift z
2g BH ‘ ‘ 1¢ BH

12 BH @) ‘ lg BH \ /
\ / redshift
redshift z
Q® .9

lg+1g event lg+2g event 2g42¢g event

Bayesian model comparison Is under way... pa Bertiin prep




Spins, 1st and 2ng generations

4 i T - T - ]
| | Primary’s spin
e At merger, the binary’'s orbital lg + 1g Tary's Sl
angular momentum has to be 3T 1o+ 2
converted into spin o
=2} 2g + 2¢g

e More or less whatever you do wher
you merge to BHs, you get ~0.7! 1

Spins remember

previous mergers! Secondary’s spin
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O ] l l
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X2 DG Berti in prep




More mergers means...

0.030 3.0 . . .

0025 Jil 1g + 1g Mergers
lg+2¢ means:

0.020 | 2.0} Qg 4 Qg I‘_.-, .

S 0.015} * More massive
0.010] * cqual mass
0.005 } e Closer
0.000 ° higher sSpiNs

10 20 30 40 50 60 70 &0 90 100
M
20 Analysis:
i e filter SNR

* measurement
errors, spread
over multiple bins

S 1.0¢

0.5 |
e Bayesian model
ogk comparison

DG Berti in prep



DG , Kesden 2016

Try this at home

precession: Nnew open-source python module

I’m easy...

Distributed on GitHub, uploaded on
the Python package index (pip)

Features
1. Precessional dynamics
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2. QOrpit-averaged inspirals
3. Precession-averaged inspirals TOO BAD WE CANT
4. Superkick predictions GlVE IT A SOUL.-
o. APl documentation SIRE . ,.t
port sovl
5 WE CAN

. lests and tutorial
check me out! @
= - T OH, RIGH
PYTHON

1 damdegerosa com/precessmn ‘t

B ———


http://davidegerosa.com/precession
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Interested? Here to know more

e Astrophysical spin modeling
Gerosa+ 2013, arXiv:1302.4442

* PN dynamics: spin morphologies,

transitions, etc
Gerosa+ 2015, arXiv:1506.03492

* Hirst and second generation black holes
Gerosa & Berti 2017, in preparation

e PRECESSION code

Gerosa & Kesden 2015, arXiv:1605.01067




