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Formation of a NS-BH binary  
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 Merger rates in the local Universe 

Detection rates 

         
 

 

The Bonn initiative 
 

 

Content 

aLIGO vs. LIGO  

 
 

 





Gravitational wave detection 
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the wave amplitude is twice the relative length change 

http://www.earthview.pair.com/index.html


advanced LIGO 

initial LIGO 

aLIGO vs LIGO 
 
Sensitivity:   10-15x 
(a few hours aLIGO 
 = 1 year LIGO obs.) 
 
Range:   15x 
(NSNS merger 300 Mpc) 
(NSBH merger 650 Mpc) 
(BHBH merger    1 Gpc) 
                        Z=0.4 
 
Event rate:   3000x 
 
 
Angular resolution: 
~100 sqr. deg. on sky 
3 detectors LIGO/VIRGO 

 
 

you are here 



Predicted merger rates: 
 

LIGO Scientific Collaboration, Virgo Collaboration 

“Predictions for the rates of compact binary coalescences 

observable by ground-based gravitational-wave detectors”, 

Abadie at al. (2011) 

Galactic merger rates: 

LIGO detection rates: 



Predicted merger rates: 
 

LIGO Scientific Collaboration, Virgo Collaboration 

“Predictions for the rates of compact binary coalescences 

observable by ground-based gravitational-wave detectors”, 

Abadie at al. (2011) 

Galactic NSBH merger rates: 



Formation of a NSBH binary 



Formation of a NSBH binary 
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Merger time of a given binary 
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( , , , )M m a e

Peters (1964) 



Galactic  
formation rates 
 

NSNS, BHNS, BHBH systems 



Population synthesis  (Monte Carlo simulation) 

 

•  Stellar evolution models  (MS stars, helium stars) 

                                                  metallicities, rotation, wind-mass loss 
 

•  Asymmetric SN explosions  (Maxwellian momentum kicks) 

 
 + a large number of input physics parameters 
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separation (flat in log a) 

thermal eccentricity distribution 

•  ZAMS binary 



•  Contineous star formation in Galactic disk over 12 Gyr   (Gilmore 2001) 

•  Central star formation in a burst < 1Gyr  (Kennicut 1998) 

•  Assume formation of one binary                            

•                                  of a massive binary  

 

1

1 0.8M M yr

10.01BSFR f yr   1 210 4M M M M  

Galactic star formation rate 

Galactic potentials    (location of merger) 
 

• Dark matter halo + central component + disk 
   (Flynn, Sommer-Larsen & Christensen 1996), (Miyamoto & Nagai 1975) 

 

• Constant surface brightness                         (Binney & Tremain 1994) 

 

• Birth place follows density distribution; at rest in local frame  
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Voss & Tauris (2003) 

NSBH merger-rate history of the Milky Way 



Merger rates in the 
local Universe 



Extrapolation to local Universe 

2 3(1.0 1.5) 10 Mpc  

Scaling based on galaxy number density  
or B-band luminosity of galaxies: 

6aLIGO: 300 1.3 10d Mpc NSNS merger factor   

7aLIGO: 1200 8.4 10d Mpc BHBH merger factor   

aLIGO Milky WayMR MR factor 

Kalogera et al. (2001) 



aLIGO detection rates 



The NSBH formation rate  
is extremely sensitive to  

a few key parameters 



Formation of a NSBH binary binding energy? 
bifurcation point? 
efficiency? 
accretion? 
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(Dewi & Tauris 2000, 2001) 

gravitational binding energy 

internal thermodynamic energy 

• thermal energy 
• energy of radiation 
• ionization energy 
• Fermi energy of e--gas 

orbenv EE 

http://www.google.com/url?sa=i&rct=j&q=red+giant+star&source=images&cd=&cad=rja&docid=ha4kKxkeWInhEM&tbnid=8Lj2ONVJAsfQDM:&ved=0CAUQjRw&url=https://store.stardock.com/product/ESD-WC-50-1143&ei=b4wJUbDRAsXBtAa1qoCgCg&psig=AFQjCNGfWl8cjdYmQueUJcEXG6L7Lr0KvA&ust=1359666616685725


NBI  2007 T.M. Tauris 28 

Common envelope 
evolution 

Tauris & Dewi (2001) 

bifurcation point 

Tauris & Dewi (2001) 

Ivanova (2011) 



Formation of a NSBH binary 

magnitude? 
direction? 
+ EC SN 
(Podsiadlowski et al. 2004) 

(Janka 2012) 

http://www.google.com/url?sa=i&rct=j&q=asymmetric+supernova+explosion&source=images&cd=&cad=rja&docid=i6vnixt79PGCqM&tbnid=7kuYF94WL_iGsM:&ved=0CAUQjRw&url=http://www.dailygalaxy.com/my_weblog/2010/05/image-of-the-day-cosmic-bullet-traveling-at-5-million-mph.html&ei=TpgJUf7PBNDltQaMhYCQBw&bvm=bv.41642243,d.Yms&psig=AFQjCNF9Bd263OaUTO8_K2NzpecLnpXV7w&ust=1359669705164908


Formation of a NSBH binary 

Rotation? 



31 Yoon, Langer & Normann (2006) 

Chemically Homogeneous Evolution of a 30 Msun star with Z=0.002 
 

These rotating stars remain blue and compact, and avoid RLO and mergers in close-orbit binaries 



The Bonn initiative 

•  A state-of-the-art population synthesis – including: 

• Rotationally induced mixing of chemical elements 
• Better constrains on CE evolution  (core boundary, Ebind , Lacc ) 
• Electron capture SNe  
• Latest VLT-FLAMES Tarantula Survey results 
  (binary frequency, Porb distribution, mass-ratio,…) 
• Most recent wind-mass loss models  (massive + WR stars) 
• Updated threshold masses for BH production in close binaries 
• Using two independent  population synthesis codes   

 
 

•  Predict updated detection rates of merging NSNS, NSBH and BHBH 
•  Expected properties of mildly recycled pulsars orbiting a BH 
•  Optimize radio surveys using the Effelsberg 100-m telescope 
•  HMXB binaries  (numbers, properties, lifetimes)  e-ROSITA 
 

(Tauris, Langer, Kramer, Izzard) 

http://www.google.dk/url?sa=i&source=images&cd=&cad=rja&docid=OUHVprH8DgdSHM&tbnid=ulgzbmkr5EMFXM:&ved=0CAgQjRwwAA&url=http://www.cv.nrao.edu/course/astr534/RadioTelescopes.html&ei=TYoNUar5JYiZtAaa7YCgCg&psig=AFQjCNFra5akt1Qak6vP595Ydn7LygBYkA&ust=1359928269666896


  Once we know the aLIGO deterction rates we can 
    constrain our binary stellar evolution models 

The Bonn initiative - cont. 

http://www.google.com/url?sa=i&rct=j&q=school+teacher+old+days&source=images&cd=&cad=rja&docid=zn1qMpqz05PsbM&tbnid=OdO81lVQXRCMRM:&ved=0CAUQjRw&url=http://createyourlifestory.com/podcast/teaching-your-life-story/&ei=vIwNUaOkDYbKtAbfwYDYAg&bvm=bv.41867550,d.Yms&psig=AFQjCNFAUzx5_jYF2bBUrGobIkR3GaNefw&ust=1359928728011868


Examples of simulations 



300.000 yr 

3 Myr 

300 Myr 

3 Gyr 

30 Myr 

Voss & Tauris (2003) 

Tauris  & van den Heuvel  (2006) 



Voss & Tauris (2003) 
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Collision of NSNS or NSBH 
- origin of short GRBs?  (e.g. Nakar 2007) 



Voss & Tauris (2003) 

http://www.google.com/url?sa=i&rct=j&q=galaxy+deep+sky&source=images&cd=&cad=rja&docid=C1e2_4eixpH9mM&tbnid=TNASgh9P9EG0XM:&ved=0CAUQjRw&url=http://telescopes-astronomy.blogspot.com/2010/12/wininners-of-astronomys-2010-photo.html&ei=wo8NUdb6BY76sga4-YHIAQ&bvm=bv.41867550,d.Yms&psig=AFQjCNGMyEhqAsCfdN0ICW5se4Xw_C5scA&ust=1359929642296975


        Hope for the next decade 

gravitational 
waves 

neutrinos 

electromagnetic 
radiation 

Detection of various signals from the same source! 

Palenzuele et al. (2013) gr-qc: 1301.7074 

 



Conclusions 

•  Merger rates are sensitive to a number of key parameters 
•  Galactic merger rate of NSNS systems is ~10 Myr 

-1 (within a factor 10) 

•  aLIGO detection rate ~1 week 
-1 (within a factor 10) 

 
•  Bonn initiative: a new population synthesis code with updated physics 

 
•  2016: aLIGO detection rates  better understanding of binary evolution 
 



A Two Solar Mass Pulsar in a  
Compact Relativistic Binary 
Antoniadis, Freire, Wex, Tauris, Kramer… et al., submitted 

MNS=2.010.04 MSUN 

MWD=0.172 MSUN 

Porb=2.46 hr 
P=39 ms 
B=2109 G 
cool=2.10.5 Gyr 
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