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Interferometric detectors of gravitational 
waves • The description of interaction between 

detector and GW is coordinate dependent
• Physical effect is not.
• Intuitive picture (𝜆𝜆𝐺𝐺𝐺𝐺 ≫ 𝐿𝐿)



Advanced detectors
• Larger beams (× 2.5)
• Heavier mirrors (× 2)
• Optical quality improved 

(residual rugosity < 0.5 nm)
• Improved coating 

• absorption < 0.5 ppm
• scattering < 10 ppm

• Larger Finesse (× 3)
• Thermal control of optical aberrations
• Diffused light mitigation
• Improved vacuum 

(× 10−2 , 1 × 10−9 mbar)
• Laser 200 W
• Signal recycling



A network of detectors
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Living Rev. Relativity 19 (2016), 1

http://relativity.livingreviews.org/Articles/lrr-2016-1/


GW150914

• PFA = 1/203000 yr-1

• Significativity > 5.3σ

Livingston (L1)

Hanford (H1) Livingston (L1)

Interpretation: BBH coalescence
Other similar events in the following:
• GW151226 (December 26 2015)
• GW170104 (January 4 2016)

Phys. Rev. D 93, 122003 (2016) 
Phys. Rev. Lett. 116, 131103 (2016)

Phys. Rev. Lett. 116, 241103 (2016) 
Phys. Rev. X 6, 041015 (2016) 
Phys. Rev. Lett. 118, 221101 (2017) 

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.122003
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.131103
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.241103
http://journals.aps.org/prx/abstract/10.1103/PhysRevX.6.041015
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.221101


Parameters of the BBH systems
50% and 90% credible regions 

Phys. Rev. X 6, 041015 (2016) Phys. Rev. Lett. 116, 241103 (2016) 

http://journals.aps.org/prx/abstract/10.1103/PhysRevX.6.041015
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.241103


GW170814

• «Still» a BBH 
coalescence. 

• Three detectors 
detection:

• Localization
• Polarization

Phys. Rev. Lett. 119, 141101 (2017)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.141101


Localization

LIGO: 
1160 deg2 (90% CL)
LIGO+VIRGO: 
60 deg2 (90% CL)
No expected 
counterparts....
....but the 
demonstration that 
multimessenger era 
can start.....

GW170104

LVT151012

GW151226

GW150914

GW170814

Astrophys.J. 826 (2016) no.1, L13

http://dx.doi.org/10.3847/2041-8205/826/1/L13


Consistence between different regimes

1. Mass & final spin estimation using only 
the inspiral signal

2. Mass & final spin estimation using only 
the inspiral signal & ringdown signal

3. Comparison
9Phys. Rev. Lett. 116, 221101 (2016)

Relatore
Note di presentazione
90% confidence regions on the joint posterior distributions for the mass Mf and dimensionless spin af of the final
compact object predicted from the inspiral (dark violet, dashed) and measured from the post-inspiral (violet, dot-dashed), as well as the
result from a full inspiral-merger-ringdown (IMR) analysis (black).

90% credible regions for the waveform (upper panel) and GW frequency (lower panel) of GW150914 versus time as estimated
by the LALInference analysis [3]. The solid lines in each panel indicate the most probable waveform from GW150914 [3] and its GW
frequency. We mark with a vertical line f end insp GW = 132 Hz, which is used in the IMR consistency test to delineate the boundary between
the inspiral and post-inspiral parts.

http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.221101


Quasi Normal Modes
Only 1 mode 
(Higher Q factor one)

• Contours: 90% confidence
• Variation of ∆𝑡𝑡
• Black contour: prediction based 

on parameters estimated from 
Inspiral+Merger+Ringdown

Phys. Rev. Lett. 116, 221101 (2016)

http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.221101


GW170817
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Phys. Rev. Lett. 119, 161101 (2017) 
Astrophys. J. Lett. 848, L13 (2017)
Astrophys. J. Lett. 848, L12 (2017)

https://doi.org/10.1103/PhysRevLett.119.161101
http://iopscience.iop.org/article/10.3847/2041-8213/aa920c/meta
http://iopscience.iop.org/article/10.3847/2041-8213/aa91c9/meta


SNR 32.4
PFA=1/80000 yr-1

DL=85-160 Mly

• GRB170817A: matter is 
present

• Mass consistent with binary 
NS

• Deformability

Parameter estimation

Phys. Rev. Lett. 119, 161101 (2017)

Relatore
Note di presentazione
Durata 30 Hz 2 kHz: 60 s (3000 cicli)
Latenza: 27 minuti – 5 ore 15 minuti
70 osservazioni em (gamma,X,UV,ottico, infrarosso,radio) NGC 4993
Eirr = 0.025 Msun


https://doi.org/10.1103/PhysRevLett.119.161101


Nuclear matter EOS

Phys. Rev. Lett. 111, 071101

High deformability

Low deformability

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.111.071101


Deformabilità: informazioni sulla 
equazione di stato



Hubble parameter

Nature 551, 85 (2017)

http://www.nature.com/nature/journal/v551/n7678/full/nature24471.html


Yang et al. 
2017

Coulter et al. 
2017

Tanvir et al. 2017

Accavi et al. 2017Allam et al. 
2017

Lipunov et al. 
2017

Counterparts

Astrophys. J. Lett. 848, L12 (2017)

http://iopscience.iop.org/article/10.3847/2041-8213/aa91c9/meta


Kilonova

Matter ejected in the post-merger 
phase undergoes r-process

Siegel & Metzger 2017b, arXiv:1711.00868

Siegel & Metzger 2017a, PRL, arXiv:1705.05473
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E Pian et al. Nature 551, 67–70 (2017) 
doi:10.1038/nature24298

Relatore
Note di presentazione
X-shooter spectra (black line) at the first four epochs and kilonova models: dynamical ejecta (Ye = 0.1–0.4, orange), wind region with proton fraction Ye = 0.3 (blue) and Ye = 0.25 (green). The red curve represents the sum of the three model components.







Stochastic background
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Phys. Rev. X 6, 011035 (2016)

CS

Preheating

Pre-BB

• Upper limits and GW observations set 
constraints in very different frequency bands

• Still no detections
• Interseting upper limits (improving)
• Interesting perspectives
• Future:

• Anisotropies
• Astrophysical SB
• Correlations
• …….



Isotropic upper limits

Phys. Rev. Lett. 118, 121101 (2017)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.121101


GW170817 : implications for the stochastic
background

10.1103/PhysRevLett.120.091101

https://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevLett%252E120%252E091101&v=2775f6d9


Conclusions

• August 2017:
• First detection of BNS coalescence
• Multi-messenger astronomy: gravitational channel opened
• Association between BNS – short 𝛾𝛾 ray burst
• Kilonova
• No-degenerate network of GW detectors available

• Tomorrow?
• O3 run with improved sensitivity
• Design sensitivity

• Higher event rates
• Best parameter estimation

• The day after tomorrow?
• Precision gravitational astronomy
• New sources: pulsar, supernovae, fondi stocastici (maybe 

tomorrow!)
• …….

A new way of looking at the universe is born
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