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Event Submitted  
at 8.47 EDTFalse alarm rate 

looks significant 
~ 1 / 9000 years...

High signal-to-
noise ratio (14)

Low chirp mass 
(1.20) and low 
total mass (2.8) 
suggests binary 

neutron star...

Fermi gamma-ray burst event 
~ 2 second after merger!

But only seen at 
Hanford,  

even though 
Livingston and 

Virgo were 
operating... 
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Nitz, Dent, Del Canton, Fairhurst, DAB. ApJ 849 118 (2017)

Rapid offline re-analysis of Hanford, Livingston, and Virgo data

Usman,... DAB, et al. Class.Quant.Grav. 33 215004 (2016)



Laura Nuttall Andy Lundgren Tito Dal Canton

Ian Harry Alex Nitz TJ Massinger



Singer and Price PRD 93, 024013 (2016)





GCN 21513 at 1:54 pm EDT with localization...



Soares-Santos,..., DAB, et al. ApJ 848 L16 (2017)



• The probability of a chance 
temporal and spatial association of 
GW170817 and GRB170817A is  
5.0 x 10-8 

• We can confirm binary neutron 
stars as the progenitors of short, 
hard gamma-ray bursts 

• The time delay between the end of 
the gravitational-wave signal and 
the start of the gamma-ray burst  
is 1.74 (+/- 0.05) s

Abbott,..., DAB et al. ApJ 848 L13 (2017) 



Abbott,..., DAB et al. PRL 119 161101 (2017) 
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Need the data, 

Need a model, 

Need a likelihood, 

Need priors, marginalization, and visualizing software 
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• PyCBC (primarily developed by Syracuse, Albert Einstein Institute)

• Establishing the confidence 
of GW150914, GW151226, 
LVT150914, GW170814 

• Discovering GW170104, 
GW170608 

• Sky location of GW170817 

• Newly developed Bayesian 
parameter estimation code 

• pycbc.org

http://pycbc.org


Collin CapanoChris Biwer Alex Nitz



Measuring the inclination angle 
of GW170817



Cantiello et al. Astrophys.J. 854 L31 (2018)



• Precise sky location measurement from Soares-Santos, et al. 

• Prior on distance from Cantiello, et al. dL = 40.7 ± 2.36 Mpc 

• LIGO and Virgo data from LOSC 

• PyCBC parameter estimation from Biwer, et al. 

• emcee Markov Chain Monte Carlo sampler from Forman, et al.



Finstad, De, DAB, Berger, Biwer arXiv:1804.04179

Daniel Finstad



Viewing angle is 32+10
�13 ± 1.7 deg

Lower limit of � 13deg

robust to choice of prior

Finstad, De, DAB, Berger, Biwer arXiv:1804.04179



https://github.com/sugwg/gw170817-inclination-angle 

https://github.com/sugwg/gw170817-inclination-angle




Constraining the nuclear 
equation of state with GW170817



Qij = �⇤(EOS,m)m5Eij

Haas et al. PRD 93, 124062  (2016)
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Tidal effects enter the post-Newtonian gravitational-wave phase as

Flanagan and Hinderer PRD 77 021502 (2008)



De, Finstad, Lattimer, DAB, Berger, Biwer arXiv:1804.08583
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Results of TOV 
integrations for 

physically realistic 
polytopes



• For nearly every specific EOS in the mass range relevant to 
GW170816 [1.1,1.6] solar masses, range of radii is very small 

• Common EOS constraint

h�Ri ⌘ hR1.6 �R1.1i = �0.070 km

p
h�Ri2 = 0.11 km

⇤1 = q6⇤2R̂ ⌘ R1 ⇡ R2

De, Finstad, Lattimer, DAB, Berger, Biwer arXiv:1804.08583



• Explore three different mass priors: 

• Uniform [1,2] solar masses 

• Double neutron star masses from radio observations 

• All neutron star masses from radio observations 

• Calculate constrained EOS and unconstrained evidences 

• For all three cases, Baysian model selection strongly favors the 
common EOS constraint

De, Finstad, Lattimer, DAB, Berger, Biwer arXiv:1804.08583



De, Finstad, Lattimer, DAB, Berger, Biwer arXiv:1804.08583

Compare to Abbott, et al.

⇤̃90%  800

⇤̃90%  825, 852, 888

Soumi De



https://github.com/sugwg/gw170817-common-eos

hR̂i = 11.5 km, R̂ < 14.1 km, R̂ > 8.8 km

https://github.com/sugwg/gw170817-common-eos




• New constraints in the inclination angle of GW170817 
 

• New constraints on the neutron star radius using the common EOS 
constraint 
 

• Open data, open code, and open analysis allow new, reproducible science 

• The community should push for more openness in gravitational-wave 
astronomy to get the best science for everyone and for the long-term health 
of the field

Viewing angle = 32+10
�13 ± 1.7 deg

hR̂i = 11.5 km, R̂ < 14.1 km, R̂ > 8.8 km



Extra Slides



Finstad, De, DAB, Berger, Biwer arXiv:1804.04179



Compare to 
Abbott, et al. (2017)

De, Finstad, Lattimer, DAB, Berger, Biwer arXiv:1804.08583



Prior used for 
unconstrained EOS 
(c.f. Abbott, et al.)

Priors from 
common  

EOS constraint

De, Finstad, Lattimer, DAB, Berger, Biwer arXiv:1804.08583


