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Introduction: gravitational waves

The first hints about the nature of the
Universe which surrounded us came
from deeply looking at the sky...
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But how much would we be able
to understand without hearing?
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WHY DON’T ALSO LISTEN
TO WHAT THE UNIVERSE IS TRYING
TO TELL US?!

Even invisible
things ‘talk’!




Introduction: gravitational waves (GW)

The sound of the Universe.
They are ripples in space-time which propagate from the source at the speed of light.
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Introduction: gravitational waves (GW)

The sound of the Universe.
They are ripples in space-time which propagate from the source at the speed of light.
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INTERESTING BINARIES:
Neutron Star-Neutron Star [NS-NS|;
Neutron Star-Black Hole [NS-BH |;
Black Hole-Black Hole [BH-BH]

Svstem | Masses | Range expected detection rate for aLIGO
(Msyn) | (Mpc) | low (yr— ) | realistic (yr— ") | high (yr™
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INTERESTING BINARIES:
 Neutron Star-Neutron Star [ NS-NS|;
 Neutron Star-Black Hole [NS-BH];

* Black Hole-Black Hole [BH-BH]

Svystem | Masses | Range expected detection rate for aLIGO)

(Mgun) | (Mpec) | low (yr—") | realistic (yr—') | high (yr—")

NS-NS | 1.4/1.4 200 0.1 10) 100)
NS-BH | 1.4/10 110 ().2 10) 300
BH-BH 10/10 970 (0.1 2() 1000




UNIVERSITYOF

Introduction: compact binaries coalescences 5 BIRMINGHAM

INTERESTING BINARIES:
 Neutron Star-Neutron Star [NS-NS|;
 Neutron Star-Black Hole [NS-BH];

* Black Hole-Black Hole [BH-BH]

Svystem | Masses | Range expected detection rate for aLIGO)
(Mgsun) | (Mpc) | low { yr— 1) | realistic (yr—') | high (yr—")
NS-NS 1.4/1.1 200 ().1 10) 100
NS-BH 1.4/10 110) ().2 10) 300

BH-BH 10/10 970 (0.1 2() 1000
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GW Initial Training Network

Motivation: parameter estimation D))y SR aVITON h
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masses, spins, distance, inclination,sky locations ...
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BAYES THEOREM
Sriors Likelihood

d =h(0) +n \ / |

d: data
h. signal

11: noise

0 : parameters | |
H: model Posterior Evidence

GAUSSIAN NOISE

: 2| fz) no, f))>
Zero mean
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h plus strain

SAMPLING THEORY
0t < (2fmaz) "
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here we need a finer
resolution

SAMPLING THEORY
0t < (2fmaz) "

4

— 6t(t) < (2fmaz(t)) ™"
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Procedure: multi-banding

h plus strain

SAMPLING THEORY
6f <T[s]~*
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Procedure: multi-banding
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Procedure: multi-banding
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Procedure: Phase-Interpolation idea
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Procedure: Phase-Interpolation idea
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Procedure: Phase-Interpolation idea
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Gain in template generation
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Conclusion

The sampling procedure can be
notedly optimised by adapting the
step accordingly to the expected
signal frequency evolution.

Useful method for now and future coocnain
generations of interferometers. s
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e GW astronomy has begunt
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1. Stellar black holes as massive as 30 and 60 solar
ma.sses exist

2. Binary black holes exist and can merge within
Hubble time

3. We expect to detect soon many of such events!

Video: SXS
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Weak winds -> Low metallicity

The further away we look, the greater the ' |
number of expected events
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Image: LVC

Probability of observing more than N events
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Results: Number-Gain in template generation

Data, Standard

Data, Phase Int.

—2.7 20.7
low €

—0.4 10.5
low €

75
L
Q
-
=
o
O
=
o
QO
75
=
G
o
-
O
O
&
)
Z

30 40 50
Lowest frequency cut off [Hz]




cos a, sin a, |

COS (¢, — SIN (v,
| |




