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Compact Binary Prospects
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Single events: e.g. GW170817
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Combining Events
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* Population parameters:
Rate, BH mass function, spin
distributions, ...

* Selection effects are important!
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Hierarchical Moaels

* (Goal: Extract information
about some population

parameter y from N

detected events with o p
data d and nuisance

parameters 6
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Selection effects

e In general, the number of detected sources N can be affected by the source properties

* e.g. Large masses -> larger distances

« We are interested in the astrophysical distribution not the ocbserved distribution

 Must account for selection effects!
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Where are we now?
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Viasses

LVC, arXiv:1811.12907

50 T 1.0
q
40| 172 :
— A 0.8 -
® 30 B 1/8 -
= S
= 920 - -
s 0.6 1
10 :
0 - | 1 | 0.4 1 1 1 1 |
0 20 40 60 80 20 40 60 80 100
my(Mg) M (Mg)
GW170817 GW151226 mmmmm GW170104 s GWI170800  mmmmm GW150914 GW170729
GW170608 GWI151012 mm GWI70814 mm GWI70818 GW170823

« O1:. 3BBHs

e O2: 7 BBHs, 1 BNS
&I (12)))VIRGD B i



Compact Binary Prospects

smoking guns

1 event 10 events 100 events
subsolar ‘f dark : :
mass . matter? : : Precision
: Cosmology Cosmology
: : GRB
B N S W Counterpart Ho : physics
: host galaxy? * o level
BNS+GRB+kN EOS.
3 E.O.S. . T.G.R : . i
X : /\ : time delays
N S BH mass gap? . z-evolution I L
' : formation
: : C?r“a“f‘d formation
: ' : pNysICcsS environ
: spin : o . X
‘H misalignment? distribution :
: d MZSS Formation no hair tests
: istribution
channels
: Pair instability ' . area tests
. mass gap? . .
IMBH 9P : LMA :

BB (12 VIRGD g oo



Vlass distribution

Mass Parameters Spin Parameters

_— Model a Mmax Mamin Bq Am o, Om om Ela]  Var[a) ¢ oi — Model A
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Spins |
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e effective spins ~0: are BBHs non-spinning or just not aligned?
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» Better sensitivity required to measure in-plane spins for objects like
these we are seeing
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LVC,

arXiv:1811.129
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Spin tilt distribution

Mass Model Spin Parameters
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 Combining events does not yield big returns

e Subject to selection effects!
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DIggIng Into noise

 As detections
INcrease, |ess
conservative criteria
for using events?

e Decrease thresholds
to meet computationa
requirements rather
than ensure low FAR

* Use catalogues with
<100% purity
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What Is needed?

e Single-event / smoking guns
e Sensitivity: design, A+, 3G
* Multimessenger: localisation improvement
* Waveform modeling: control of systematics

e Combined event science

Sensitivity (for number of events)

Control of systematics: w.f. errors in common to all events can be fatal in producing biases

Understanding of selection function (from real search pipelines)

Galaxy catalogues to enable statistical correlations
* Cosmology, populations
* Degeneracy between mass distribution, rate evolution over time, cosmology

» Global fit for universe of compact binaries
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