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Compact object mergers: Long-term goals
- challenges, required input, current activities -

► Constrain properties of high-density matter by detection of gravitational waves

► Are compact object mergers the dominant source of r-process nuclei?

► Explain observations of electromagnetic counterparts (kilonovae – heated by nuclear 
decays, short gamma-ray bursts, ...), connect to physical parameters, multi-messenger 
astronomy

→ biased by provided input and personal view, focus on European activities



Implications by GW150914

► GW detection of merger of two massive BHs by Advanced LIGO (September 2015) 

► Implications for NS-NS merger rate speculative, but

► Gravitational waves exist

► Instruments work

► No deviations from General Relativity found Abbott et al. 2016



Constraining the nuclear EoS from GWs - 
requirements 

► Detections (instruments are running, more will join, approach design sensitivity during 
next years)

► Data analysis strategies (the more sensitive ones rely on predicted models) 

► Understanding of EoS dependence of GW signal for the interpretation of future 
measurements

► In general: EoS affects dynamics of inspiral and merger and thus the GW signal

► Two complementary approaches:

- Finite-size effects alter GW signal of late inspiral (premerger) phase 

- EoS affects structure of merger remnant and thus its frequencies



Constraining the nuclear EoS from GWs - 
requirements 

► Candidate EoS (for postmerger in particular more temperature dependent EoSs are 
needed, constraints from nuclear physics) → Working group 1

► General relativistic hydrodynamical simulations of mergers (possibly including 
subdominant effect of magnetic fields and neutrinos on GW signal)

► systematic studies are possible, but huge parameter space, computationally expensive 

► Simulation results are funneled into effective-one-body models for insprial, analytic 
models for postmerger

► template bank purely based on simulations prohibitive (must contain true EoS)





Further activities in Frankfurt (input by L. Rezzolla)



Current activities at HITS/MPA/AUTH
► Prospects for NS radius measurements

► Constraining NS maximum mass from collapse 
behavior

► Understanding of postmerger emission 
mechanisms

► Analytic postmerger models

► Data analysis (burst searches, PCA)                    
→ near-by mergers will reveal EoS information

Bauswein et al. 2014

Prospects for EoS constraints from 
postmerger phase:



Are compact object mergers the dominant 
source of (heavy) r-process nuclei?

► Robustness of r-process in merger ejecta

- impact of neutrinos on neutron richness (→ include more sophisticated neutrino transport 
schemes and hydro models)

- reaction rates, mass models, fission treatment, ...

► Amounts of ejecta (reliable resolution of ejecta masses and properties)

- resolution of different scales (→ improve hydrodynamical model, also crucial for weak 
interactions)

- strong impact of nuclear EoS

- secular ejecta (from massive NS or BH-tori) require detailed models (hydrodynamics, neutrino 
transport, magnetic fields)

- possibly insights from observations of em counterparts

► Merger rates (for overall production)

- from detected NS mergers (GW events)

- from theoretical models of population over Galactic/Cosmic history

► Chemical evolution - Early enrichment compatible with mergers? – explore alternative sites



Activities in Basel (input from F. Thielemann)
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Activities in Basel (input from F. Thielemann)



Current activities at 
HITS/MPA/TUD/Brussels

► Ejecta masses of NS-NS and NS-BH mergers – 
EoS impact (Bauswein et al. 2013)

► Compatibility with merger rate (Bauswein et al. 
2014)

► Improving hydro models, neutrino impact 
(Goriely et al. 2015)

► Secular ejecta of BH-tori as postmerger 
remnants (Just et al. 2015)

► Impact by different mass models (Mendoza-
Temis, Wu, … (2015))

► Impact of fission (Goriely et al. 2013) 

Bauswein et al. 2014

Merger rate estimate based on 
nucleosynthesis yields:

Similar activities by groups of A. Arcones (Darmstadt), S. Rosswog (Stockholm), F. 
Thielemann (Basel): e.g. Martin et al. (2015), Perego et al. 2014, Eichler et al. 2015, 
Rosswog et al. 2014, ...



Electromagnetic counterparts
► Several types considered: e.g. short gamma-ray bursts, radio transients, ... 

► Kilonovae powered by radioactive decays of r-process nuclei (possibly also neutron decay) 

► Challenges

- opacities (composition dependent) 

- exact heating rate

- ejecta masses and ejecta velocities and                                                                             neutron-
richness affect light curve                                                                              (including secular ejecta)

- previously mentioned challenges

- light curves require radiative transport

► Prospects: may reveal those properties                                                                              (several 
existing and upcoming surveys:                                                                                                        PTF 
(Palomar Transient Factory), (ZTF) Zwicky                                                                                  
Transient Facility, BlackGem array,                                                                                                      
LSST (Large Synoptic Survey Telescope))

► Modelling activities by groups in Basel, Darmstadt, Frankfurt, Garching, Heidelberg, Stockholm, 
Trento  

Berger et al. 2013

Kilonova (candidate) in the aftermath 
of a short gamma-ray burst
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