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Context

e Discriminate between
isolated and dynamical
formation channels of
BBH

Time Time
- s MS + MS . ’ MS + MS
/"\\ He-core GIANT
4 A N, tMS R He-core GIANT
. .
I . Vi ~ | inROCHE . — +MS
L N,/ LOBE
- id ~- OVERFLOW
e BH + MS
o BH + MS
’ BH +
; He-core GIANT . 3 - BODY
in COMMON ENCOUNTER
‘ ENVELOPE
IS COMMON ENVELOPE EJECTED?
/YES \ NO (;4 ¢ EXCHANGE
e ® @®  BH+Hecore
SINGLE BH d\’ HARDENING
@@ BH+BH ® =
+ @® MERGER ® MERGER
Isolated Dynamical

HEJC - June 3rd 2021




Context

e |solated formation
channels:

e Correlations in BH spins
and orbit directions due to
mass transfer episodes or
tidal interaction between
component stars

* Dynamical formation
channels:
* Spins and orbits

uncorrelated to each other,
isotropically distributed
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Context: spins

* Spin-orbit alignment
characterized by

X1+ gX2 i

Xeff = 1‘|‘(]

g=m,/m;<1

~ unit vector along Newtonian orbital
angular momentum of the binary

Xeff < O : spin-orbit misalignment

Isolated binary : little support at negative values
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Context: spins

* In this work:

* Study of the features of the x4 distribution: symmetry about 0 and support at
negative values using 01 — 03a observations

* Difficulty:

* Hard to test if x.¢ are small : small sample with measurable nonzero X
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Context: spins

* This paper: a response to Abbott et al. 2021 : “Population Properties of
Compact Objects from the Second LIGO-Virgo Gravitational-Wave

Transient Catalog”

Default
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Xeff
Posterior distribution of X« values

Their conclusions: positive mean and support at negative
values

- Neither dynamical nor isolated formation channels can
explain the entirety of the detections



Context: masses

* High-mass end of the mass distribution:

* Mass gap from (pulsational) pair instability supernovae from ~45Mg to

* BHs in this mass range: “second-generation” after mergers

* Favoured if escape velocity is high (kicks inefficient) = in clusters but not in
isolated binaries.
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Findings of the paper

* X5 distribution inconsistent with being symmetric about O

» Disfavours a scenario with an entire population with isotropically-distributed
effective spins, as predicted by dynamical scenario

* No evidence for negative X in the population (contrary to Abbott et al.
2021)

* Primary-mass distribution distribution steepens at ~45M then flattens
with an extended tail



Data

e [VC GWTC-1 & GWTC-2 : 01 ; 02 ; O3a GW events
* |AS O1-02

e Exclude GW190814 (23M - 2.6M, merger) : not sure if secondary is
NS or BH

* Some detection are more statistically significant =2 “gold sample”

* 55 events, 33 in the gold sample



Data processing

* Waveform fitting for every event in the catalogue, with a quasi-circular
orbit and taking into account spin-orbit precession in the signal and

some (|, Iml) harmonics

* Some events have non-gaussian transient noise = no mitigation efforts
but they verify that they find similar results to Abbott et al. 2021

e Results consistent with LVC apart from GW151226 (more unequal mass
ratio, larger X.¢) & GW190521 (bimodal mass solution)



Model-free exploration: support for nonzero ¢
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Model-free exploration: support for nonzero ¢

Warning : Selection bias!
Observed excess of x.¢> 0 relative to X< 0 does not directly imply
that the astrophysical population is asymmetric about X =0

Mergers with large, positive Xo¢ louder: “orbital hangup” effect
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Model-tree exploration: symmetry of the x4 distribution
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Model-free exploration: testing tidal models
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Can the events with x.¢> 0 be explained by a simple model of tides acting
on the progenitor of one of the component black holes?

Xeff distribution should peak at:

- 0 inefficient tides

- q/(1+q) tides torqued the progenitor of the secondary BH
- 1/(1+q) tides torqued the progenitor of the primary BH
-1 tides torqued both BHs

Plot: Primary or secondary maximally spinning and aligned with orbit

Events in yellow inconsistent with these hypotheses

Need for a less extreme model of tidal torques, or a distribution of natal
spins with some dispersion
HEJC - June 3rd 2021 14



Model selection: Spin distribution

* Phenomenological model of effective spin distribution to explore
symmetry and distribution about X = O:
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Model selection: Spin distribution
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Model selection: Spin distribution
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Model selection: Spin distribution

No evidence for negative X.¢ : in contrast with Abbott et al. 2021...
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Model selection: Spin distribution

.. but if we parametrize the population as a Gaussian distribution, we retrieve a significant tail at x.< 0
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Model selection: Spin distribution

... but if we parametrize the population as a Gaussian distribution, we retrieve a significant tail at x.< 0

AmaxInL Aln Z

Symmetric Yes 0 0
Positive e 21502 1.610:3
Positive/Negative mixture yeg 2.170% 1.419°5
Gaussian Xes 0.2+97 —0.270¢

Scores for models of the X« distribution:
Gaussian model performs worse

“While it is certainly possible that there are
negative X.f Systems in the population, there
is not enough evidence for them yet”



Model selection: Mass distribution

* 01 +02: power-law truncated at m_,~45Mg

* 01 + 02 + O3a: tail extending to higher masses = broken power-
law

e Statistics: With a finite number of events, one cannot probe the tail of
a distribution arbitrarily far out. Constraints from the population =
characterization of the bulk of the distribution



Model selection: Mass distribution

e Add the possibility for astrophysical trigger from a population with
broad parameter distribution, with probability € = 0.05:
* No difference for the bulk of the population (enough statistics in this range)

* Diagnostic that some specific events may be poorly accommodated by the
parametrization chosen (if they are classified with high confidence as
belonging to the other subpopulation: ptjier)

e Compare how the parametrizations with € = 0 and € = 0.05 fit the
data. If evidence doesn’t increase significantly, initial model with € =0
IS a good description



Model selection: Mass distribution

* Procedure applied to Truncated, Broken Power Law, Power Law +
Peak mass distribution models
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Model selection: Mass distribution

* Preferred models are those with small fraction of events in a broad
tail that extends to high masses:
* Truncated power-law with € = 0.05
* Broken power-law with € = 0.05

° A feW Out“ er eve nts Truncated Broken Power law
power law power law 4+ peak
GW190521 0.68
GW190602_175927 0.72 0.66
GW190706_222641 0.72 0.75
GW190519.153544 0.76 0.54 0.59
GW190929.012149 0.57 0.46 0.51
GW190620.030421 0.43 0.34 0.47
GW190701_-203306 0.33 0.19 0.29
GW190413.134308 0.27 0.25 0.31

Poutlier



Conclusions

* Parametric model of the x. distribution with 3 components (positive,
negative and zero).

* Dynamical formation scenarios =2 .« distribution symmetric about 0
* Isolated binaries > negative .+ should be extremely rare



Conclusions

* Symmetric distribution disfavoured (more events with x.¢+ > 0 than x.¢ < 0):
not all BBH are dynamically assembled. O3b will settle the question.

* No evidence for negative X« in the population, in tension with Abbott et
al. 2021. Discrepancy due to the different parametrization. Gaussian
model used in Abbott et al. 2021 fares worse at describing the
concentration of events near O.

* All events with .« < 0 are consistent with coming from a population with
Xeff = 0.



Conclusions

* Primary masses distribution poorly described by a truncated power law

* Broken power law & Power law + peak models compare poorly to a model
in which a small fraction of the events comes from a broad subpopulation.
Tail of masses distribution therefore hides interesting features!
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