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Outline
1. binaries coalescences as GW sources

2. a little bit of data analysis

3. GW150914: first event, a peculiar one

4. Conclusions & future prospects:

a. other events

b. more detectors

Purpose: understand the accuracy of parameters 
determination for a coalescence event



1. Gravitational waves in binary systems

gµν = ηµν + hµν Transverse
and Traceless
(in vacuum)
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Hulse-Taylor pulsar:
(indirect)

observation of GW
agreement with GR at 0.1%

Even more precise tests 
from double pulsars

�hµν = Tµν



Other interesting sources/kinds of GW’s

Coalescence signal

• Continuos: non axisymmetric rotating NS

• Bursts: supernovae

• Stochastic



2. How to extract the signal from the noise
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(quasi)circular motion
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we need a precise knowledge the phase

at least 3PN:  3rd order expansion in v2 � GM

r

is required as accuracy for the inspiral phase



3. GW150914:

‘live’ detection of coalescence 
of two              BH’s∼ 30M⊙



• First GW detection

• First (?) direct observation of a heavy stellar BH

• First observation of collision of two BH’s

• First evidence for                BH’sO(102)M⊙

‘live’ detection of coalescence 
of two              BH’s∼ 30M⊙

3. GW150914:



High masses: <10 
cycles observed in a 

few milliseconds

minutes)∼ 15in
(NS-NS: O(104) cycles 

M1

M2

The longest the 
measured inspiral phase, 
the better its parameters 

can be measured



O = h+F+ + h×F×

F+ =
1

2

�
1 + cos2 θ

�
cos 2ϕ

F× = cos θ sin 2ϕ

hc =
1

R

GMc

c2

�
τ

Mc

�−1/4

+ . . .

h+ = hc
1 + cos2 ι

2

h× = hc cos ι

cosΦGW

sinΦGW

hc

hc

1PN

1.5PN 2PN
tail

χeff ≡ c

G

�
S1

m1
+

S2

m2

�
.
L

M

τ ≡ c3

5G
(tc − t) ν ≡ µ

M
Mc ≡ ν3/5M

ΦGW = −2

�
τ

Mc

�5/8 �
1 +

�
3715

8064
+

55

96
ν

��ντ
M

�−1/4

+

�
f (χeff , ν)−

3

4
π

��ντ
M

�−3/8
+ f2PN (ν, S⊥)

�ντ
M

�−1/2
+ . . .

�



O = h+F+ + h×F×

F+ =
1

2

�
1 + cos2 θ

�
cos 2ϕ

F× = cos θ sin 2ϕ

hc =
1

R

GMc

c2

�
τ

Mc

�−1/4

+ . . .

h+ = hc
1 + cos2 ι

2

h× = hc cos ι

cosΦGW

sinΦGW

hc

hc

1PN

tail

χeff ≡ c

G

�
S1

m1
+

S2

m2

�
.
L

M

τ ≡ c3

5G
(tc − t)

R → dL = R(1 + z)

M(c) → M(c) ≡ M(c)(1 + z)

τ → τo ≡ τe(1 + z)

ΦGW = −2

�
τ

Mc

�5/8 �
1 +

�
3715

8064
+

55

96
ν

��ντ
M

�−1/4

+

�
f (χeff , ν)−

3

4
π

��ντ
M

�−3/8
+ f2PN (ν, S⊥)

�ντ
M

�−1/2
+ . . .

�

ν ≡ µ

M
Mc ≡ ν3/5M

1.5PN 2PN



1602.03840

6%

12-14%
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12-14%

23%

100%
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40%

χ ≡ cS

Gm2

∆MGW = 3.0± 0.5M⊙17%



orbital plane
roughly (anti)aligned 

with line of sight

arrival direction: 
somewhere in the 

southern emisphere



1602.03841

• Power excess after subtraction
• Graviton mass
• Polarization
• Consistency inspiral vs. merger vs. ringdown

X
λc ≥ 1013km



1602.03841

• Power excess after subtraction
• Graviton mass
• Polarization
• Consistency inspiral vs. merger vs. ringdown
• PN parameter deviations

X
λc ≥ 1013km
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•PN parameter deviations:
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•PN parameter deviations:

• poor PN expansion
• single event degeneracy

OK, but not that 
exciting so far:



• more cycles: more precision in parameters 
determination.

• spin orientation: possible precession effects

4. Conclusions
and future prospects I:

other events



4. Conclusions
and future prospects II:

more detectors

• higher detection rate, good also for 
constraining PN deviations

• arrival direction

• degeneracy breaking in measured amplitude:

• distance

• polarisation



• Full O1 analysis released soon

• O2 with VIRGO starting fall 2016

S6

O1

goal

• KAGRA operational around 2020

• LIGO-India approved


