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The sky in black holes



SMBH mass function
The mass distribution ΦBH(m) of the galactic central SMBHs in the mass range 

10⁶÷ 3×10⁹ solar masses (M⊙) well described by a broken powerlaw
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Break at about 10⁸M⊙, 
ΦBH(m)∼m-1 below and 
ΦBH(m)∼m-3 above. 
The fit with [5] gives
The breakpoint:

L. Á. Gergely, P. L. Biermann: 
[arXiv:1208.5251 [gr-qc]]



Typical mass ratio of SMBH binaries II.

L. Á. Gergely, P. L. Biermann: [arXiv:1208.5251 [gr-qc]]



The dominant spin flips 
• due to GW emission the spin aligns 
to the original J direction
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L. Á. Gergely, P. L. Biermann, 
Astrophys. J. 697, 1621 (2009)

Key elements: (i) typically the BHs are not equal mass, m2<<m1, neglect S2 ~ m2
2

(ii) the direction of J is conserved, (iii) the magnitude of S1 is conserved spin-flip



How large is the 
spin-flip ?

In the majority 
of cases it 
happens during 
the inspiral!

L. Á. Gergely,     
P. L. Biermann,  
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Class. Quantum 
Grav. 27 194009 
(2010) 



Jet variability due to precession
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Jet measurements: 
source location + 
two time intervals 

help in 
reconstructing  
the parameters of 
the binary

The narrowing of the precession 
cone will cause variability (flares) 
in the jet for a limited time

tilt / spin-flip time-scale ≳
inspiral time-scale ≫
precession time-scale ≫
orbital time-scale

E.M. counterparts to the 
strongest GW emission likely 
!!!

M. Tápai, L. Á. Gergely, Z. Keresztes, P. J. Wiita, 
Gopal-Krishna, P. L. Biermann: 
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Jet variability due to precession II.

Jet variability acts as a Jet variability acts as a 
beacon for GWs to be beacon for GWs to be 
detected from the same detected from the same 
source later on!source later on!



Complementary GW measurements

C. Cutler, Phys.Rev. D 57, 7089 (1998)

L. Á. Gergely, M. Tápai, Z. Keresztes: 
in preparation (2012)



Combined GW & jet measurements
Jet measurementsJet measurements give sky location and redshift +give sky location and redshift +

•• precession period Tprecession period Tpp and timeand time--span of the variability Tspan of the variability T∆β

•• precession cone precession cone β and change of precession cone and change of precession cone ∆β

GW measurementsGW measurements give give 

•• time when SNR=10 (or any reasonable other value), Ttime when SNR=10 (or any reasonable other value), TSNR10SNR10

•• time when GW signal stops Ttime when GW signal stops Tmergermerger ≈ time of the inspiral≈ time of the inspiral

Location , redshift + 6 measurementsLocation , redshift + 6 measurements

GW signal expressed in terms of location, GW signal expressed in terms of location, 

redshift  + 5 astrophysical variables:redshift  + 5 astrophysical variables:

β from jets, the other 4 variables expressed as function of (Tfrom jets, the other 4 variables expressed as function of (TSNR10SNR10, T, Tmergermerger,, TTpp, T, T∆β // ∆β)

source parameters fully recoveredsource parameters fully recovered !!!!!!

dominant spin magnitude and dominant spin magnitude and 
inclination, mass ratio,inclination, mass ratio,
total mass, PN parameter at emissiontotal mass, PN parameter at emission

separation, GW frequency at emissionseparation, GW frequency at emissionL. Á. Gergely, M. Tápai, Z. Keresztes: 
in preparation (2012)
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Summary

Combined EM, particle physics and Combined EM, particle physics and 
GW measurements worth to pursue!GW measurements worth to pursue!
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