Post-detection GW Astrophysics: What We
Know and Don't Know About the GW Sky

(But Really Want To!)



Post detection era

* We need to plan asap for the future of ground-based GW
detectors

* What (astro)physical questions have we answered in O1 ?

* What are the open questions?
—What questions require a significantupgrade?
—What questions require new facilities?

—How many detectors should we have online, and under which
conditions?
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What did we learn in O1 — BH masses
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What did we learn in O1 — BH spins

* We measured BH spins
directly

 Spins for BBH hard to

\\- , measure due to mass ratio

LVT151012 closeto 1
e GW151226 had a least a BH
0.0 02 O . . . with non-zero spin
1606.04856 * No much can be said about

spin orientation
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What did we learn in O1 - general relativity

* The two events allowed for the firsts tests of GR in a strong
field dynamical regime

* Still not a precise test. Will require more events

GW150914 + GW151226 1606.04856

1.5PN 2PN 25PN 3PN
Pi
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What did we not learn about BHs

* Mass and spin distribution
* Could not exclude exotic objects (instead of BHs)

* Could not pinpointto the astrophysical formation channel of
the systems

* Did not probe cosmological distances
* Did not see effects of spin precession
* Did not see EM counterpart (if any was present...)

* To address these will take more time, or more detectors, or
new detectors
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Further ahead...

e Cosmic history
— When did seed black holes form, how heavy were they and how did they grow?
— What is the geometry, topology and dynamics of large scale structure in the Universe?
— Did CBC produce most of the metalsin the Universe?

* Extreme matter
— What are the equation of state and internal structure of neutron stars?
— How fast can black holes spin and how big can they get?
— How do supernovae explode?
— How do CBC form, and are they progenitors of short GRBs?

* Extreme gravity
— Can we test the no hair theorem?
— Can we probe the space-time around the horizon?
— Is general relativity correct?
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Further ahead...

A+, New facilities
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CBC formation channels

* The two most likely formation
patternsfor CBCs are:

— Common envelope. The two objects were
in a binary system from the very
beginning ->

1503.04307

Posterior distribution for mixture parameter

— Dynamical capture. The two objects were
born independently, then met and
formed a bound system -> S

* If both channels happen véuun
estimate the relativé(buio

Co

* 10% uncertainty with 200 events
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Intrinsic masses

* What we measure with GW are the
redshifted masses

Miet = (1 + Z)msource }- HLV 2016
1 HL 2015

* GWs do not provide z, but
luminosity distance

* In absence of EM counterpart \@ S
need to calculate z by asd@
cosmology

. Uncertain@@ﬂistancewﬂlthus
propagate™d source masses

e Do we measuredistances better
with 3 detectors? No!

Data from 1404.5623

60 80 100 120 140 160
Dy 90% CL [Mpc]

7/6/16 S.Vitale 10



Neutron stars — equation of state
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e CBC detections can be used to measure
the equation of state of neutron stars

* EOS ranking could be done with second ‘
generation detectors if rate is hlih\z‘e

— Could exclude some extreaqoo

* EOS measurement will likely will happen

when new facilities are online
— Large collection of quiet events

— Occasional loud events
Mass(Mm)
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Continuous wave sources

* Spinning neutron stars can have ellipticityand emit GWs
— Their amplitude strongly depends on EOS

* A detection would provide the quadrupole moment
— Ellipticity (requires EQS)
— Differential rotation in the core

* Spin-down limit already bea?\ﬁ'a few pulsars
— Will improve in the next M
— Could exclude some EOS

* Detection could happen any time from 02 on, dependingon
EOS (note: O1 analysis not yet concluded!)
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Core-collapse supernovae

* Huge potentialimpact on nuclear physics and ot for equatorial observer

LA aplh ) \‘l AT, o WY,
h lb\ (f(\ ¥ Vhﬂvf W .)\hv.'.,\,,J,J!Jl'lwlu lwl.w“wl

astrophysics

— Explosion mechanism

— h+
hy

* GW rateand waveform very uncertain ‘
* In many models, only galactic SNe

detectable by 2G ol o |

— Rate of ~1/century
* Third generation detectors could bringthisup
to ~few/year

e Until new facilitiesare online, it really boils
down to luck...

1511.02836
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Stochastic background

* The stochasticbackground made of all unresolvable BBH could be
detectable already with 2G detectors

* Study of the stochasticsignal can potentially help assessing metallicity,
delay time and start formation rate of underlyin;: population

—Requires new facilities

* Background frominflationisa moie cinbitious (2
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Summary

Note: some of the searchesin O1 data are not finished yet!
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