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Multimessenger Picture 

Gravitational 
Waves

Electromagnetic 
Waves

Neutrinos

-inspiral signal: chirp

-postmerger signal

-short GRB
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-high neutrino 
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The BNS merger 

https://www.youtube.com/watch?v=V6cm-0bwJ98



  

GW170817

Astrophys.J. 848 (2017) no.2, L12

(c) Mark Myers, Swinburne University of Technology

https://www.youtube.com/watch?v=xeh-bpEHMzQ



  

Gravitational Waves
● compare signal with a large number of 

templates

(c) M.Hannam, C. North



  

Gravitational Waves
● Chirp signal during the inspiral

Phys.Rev.Lett. 119 (2017) no.16, 161101 

Determine the mass

Determine the EOS



  

Gravitational Waves
● Chirp signal during the inspiral

Phys.Rev.Lett. 119 (2017) no.16, 161101 

Determine the mass

Determine the EOS

28 sq-deg



  

● postmerger signal at higher frequencies with low chances of detection

Gravitational Waves



  

● postmerger signal at higher frequencies with low chances of detection

Gravitational Waves

arXiv:1710.09320 

no postmerger signal for GW170817 detected



  

Neutrinos

● heating during the NS merger
virial temperature

Electron- positron production 

● Also production of heavy leptons etc.   

Lehner et al., arXiv:1603.00501



  

Neutrinos
● Detection of neutrinos very unlikely   

Lehner et al, arXiv:1603.00501

@10kpc

GW170817 @ 40Mpc



  

EM Signals

Timeline video: 
https://www.youtube.com/watch?v=xBvz5ilc8rE

Astrophys.J. 848 (2017) no.2, L12



  

EM Signals –  sGRBs

GRB170817A

– GRB detection 1.7s after the merger
→ constrain speed of gravity 
→ test equivalence principle
→ Lorentz invariants violation test

– time coincidence (4.4 sigma)
– spatial coincidence (5.2 sigma)
– two components:

– main emission: peak
– tail emission consistent with blackbody

    radiation
APJL, 848:L13

APJL, 848:L13



  

EM Signals –  sGRBs
● low luminosity

● different possible scenarios

APJL, 848:L13



  

EM Signals –  sGRBs
● BH + disk system

– Neutrino & anti-neutrino annihilation 

– Magnetic field amplification and 
jet formation

Ruiz et al., APJ. 824 (2016), L6 

Kuichi et al., PRD92, 124034



  

EM Signals –  Kilonova
● pseudo-black body radiation

from r-process elements

● formation of 

Metzger, arxiv:1710.05931

heavy elements
https://www.youtube.com/watch?v=LHK6yy-NMKo

file:///home/tdietrich/Desktop/Desktop/SkyNet%20Ye%200.01_%20s%2010%20k_B%20_%20baryon_%20tau%207.1%20ms.mp4


  

EM Signals
lluminating Gravitational Waves: A 
Concordant Picture of Photons from a 
Neutron Star Merger

Kasliwal et al., Science  16 Oct 2017



  

EM Signals –  Kilonova

● possible models:
AT2017gfo: an anisotropic and three-component 
kilonova counterpart of GW170817

Perego et al, APJ 850 (2017) L37 

– three components evolved by semi-
analytical model



  

EM Signals –  Kilonova

● possible models:
Kilonova from post-merger ejecta as an optical
and near-infrared counterpart of GW170817

Tanaka et al., Publ.Astron.Soc.Jap.

– radiative transfer Monte-Carlo simulation



  

EM Signals – radio signals

also: Sub-relativistic outflows with peak times of a few months 
up to years

 Nakar E and Piran T 2011 Nature 478 82–84

Mooley, arXiv:1711.11573

ongoing radio observations support cocoon model

Mooley, arXiv:1711.11573



  

EM Signals –  Applications
● Maximum mass of NSs

– Ma et al.,  arXiv:1711.05565

– Rezzolla et al., arXiv: 1711.00314

– Ruiz et al., arxiv:1711.00473

– Shibata et al., arxiv:1710.07579



  

EM Signals –  Applications

● Constraining the EOS:

Radice et al., arxiv:1711.03647



  

Summary

● Neutron star mergers are central engines for 
sGRBs and kilo/macronovae

● Neutron star mergers produce heavy elements 
● MMA allows EOS and maximum mass 

constraints
● MMA constraints speed of gravity, Lorentz 

variation, equivalence principle 
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