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The big picture of gravitational wave astronomy

Bis ELF VLF LF HF

10~°

»

s - Pulsar Timing
—10 *Primordial gravitational
10 waves

e Inflation Space-based

. interferometers
10—15 - o

*Supermassive Black
Hole Binaries

. *Cosmic strings
10 20

Ground-based
interferometers

*Stellar mass compact
binaries

10_25 *Massive black hole mergers  «Neutron star binaries

eBlack hole binaries
1078 10=4 102
Frequency [Hz]




GW from core collapses

e Sources of asymmetry:
— Large convective motions in proto-NS

— Triaxial deformations (secular + dynamical
instability (bar-mode), fragmentation )

— r-mode instability of nascent NS
— Fall-back accretion onto NS
— Ringdown of produced black holes
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Quadrupole formalism
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Bar-modes: 3=T/|W|>0.25-0.27
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Prospects for detection
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How high is the event rate?

* CCSNe~1/30yrsin
\WHISAWVEY

e 2-3 ayear per cubic
Mpc in the local
Universe

e« ~103 CCSNe a year
within 10 Mpc
(visibility horizon of
first aLIGO)
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e Whatis the fraction
of rapidly rotating
iron cores?
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Initial rotation of components

e |nitial star rotation
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Connection with envelope

e Rotation of the core is coupled with rotation
of the envelope (e.g. magnetic coupling,
Spruit & Phinney 1998). Effective description:

d, 1l Q-0

C

* |n a binary: tidal synchronisation (as in BSE
code); RLOF =» corotation with orbital period
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Evolution of the core rotation
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Dependence on coupling strength:
single stars

02.09.2015 ITEP seminar



Dependence on coupling strength:
binaries
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Initial Binary
NS from primary |
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Expected NS spin periods for best-fit t=5 10° yrs
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Rotating iron cores before collapse
for t=5 10° yrs

[3 = Erot/ |Epot|
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Fraction of rapidly rotating cores
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Conclusions

Population synthesis of rotation of stellar cores with effective
description of coupling between the stellar CO core and the
envelope in single and binary stars allows the determination
of effective coupling T™5 10°yrs from comparison with initial
NS periods

with this coupling, rotation of pre-collapse iron cores in
binary systems is calculated

In 0.2-0.7% cases, iron cores rotate with 3>0.0025

Assuming angular momentum conservation, this core rotation
leads to proto-NS with (3>0.25 which may lead to dynamical

bar instability and possible fragmentation
With current aLIGO sensitivity, GW emission can be observed

from 0.2-0.7% of core collapses, which is ~ a few events per
year, comparable to expected NS-NS coalescence rate!
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