
LORENTZ FACTORS OF COMPACT JETS 
IN BLACK HOLE X-RAY BINARIES

PAYASWINI SAIKIA 
DAVE RUSSELL, MARIA CRISTINA BAGLIO, DANIEL BRAMICH, 

 JAMES MILLER-JONES, NATHALIE DEGENAAR

11 July 2019, HEPRO VII, Barcelona



BLACK HOLE X-RAY BINARIES (BHXRB)

Jets

Accretion Disc

Black Hole

Companion star

STELLAR-MASS BLACK HOLES



JETS IN BHXRB

STELLAR-MASS BLACK HOLES

Jets

Accretion Disc

Black Hole

- Jets are some of the fastest outflows of matter in our galaxy  
- They energize the galaxy, spewing matter and energy into the surrounding 
- They travel close to speed of light - but the exact speed is still unknown.
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OPEN QUESTIONS RELATED TO THE JET :  
- How are jets formed.                - How they get collimated. 
- How relativistic they are.          - How they get accelerated.
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A jet light curve can be modeled at first approximation using just 
two intrinsic parameters - 
1. Inclination angle 
2. Lorentz factor.
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A jet light curve can be modeled at first approximation using just 
two intrinsic parameters - 
1. Inclination angle 
2. Lorentz factor.



 INFRARED WAVELENGTH OBSERVATIONS.
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Both the jet and the disk emits in Infrared.
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SOFT STATE HARD STATE
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But BHXRBs jets are present only in certain “states”.



 INFRARED LIGHT CURVE OF XTE J1550-564 DURING OUTBURST

Jain et al. 2001

X-AXIS : MJD = modified Julian day 
Y-AXIS : H-Band magnitude (IR emission at 1.65 μm wavelength) 

I.R., P.D., and S.F. denote the initial rise, primary decay, and secondary flare.



 INFRARED LIGHT CURVE OF XTE J1550-564 DURING OUTBURST

Jain et al. 2001

X-AXIS : MJD = modified Julian day 
Y-AXIS : H-Band magnitude (IR emission) 

I.R., P.D., and S.F. denote the initial rise, primary decay, and secondary flare.

Amplitude of IR excess = (Flux_jet + Flux_disc) / Flux_disc



INFRA RED EXCESS AND INCLINATION

- Small inclination angle 
- Jet pointing at us  
- Relativistic Beaming 
- Disc face on

Amplitude of IR excess = (Flux_jet + Flux_disc) / Flux_disc



INFRA RED EXCESS AND INCLINATION

- Increasing inclination angle 
- Less synchrotron emission
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Amplitude of IR excess = (Flux_jet + Flux_disc) / Flux_disc



INFRA RED EXCESS AND INCLINATION

- Increasing inclination angle 
- Less synchrotron emission

- High inclination angle 
- Less disc emission 
- Jet/disc will increase 
especially for low velocity jets

- Small inclination angle 
- Jet pointing at us  
- Relativistic Beaming 
- Disc face on

Amplitude of IR excess = (Flux_jet + Flux_disc) / Flux_disc
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All Black hole X-ray binaries with previous estimates of IR excess seen during state transition.

Saikia et al. 2019, submitted



OBSERVED INFRARED EXCESS



OBSERVED INFRARED EXCESS

CALCULATED INFRARED EXCESS
FOR DIFFERENT LORENTZ FACTORS



IR coming from the Jet depends on the relativistic beaming and 
inclination angle : 

Frank et al. 2002, Paradijs & McClintock 1994; Gallo et al. 2003, Russell et al. 2006, etc.

Calculating/Modeling the IR excess

IR coming from the Disc depends on its projected area : 



So for each source we can calculate the predicted IR excess value : 

Saikia et al. 2019, submitted

Calculating/Modeling the IR excess



OBSERVED INFRARED EXCESS

CALCULATED INFRARED EXCESS
FOR DIFFERENT LORENTZ FACTORS
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BAYESIAN ANALYSIS

Courtesy : Daniel Bramich, NYUAD



Hierarchial Bayesian Inference

Posterior probability density function  
P (Ф,Γ,α | D,M)  ∝  P(D | Ф,Γ,M)   P(Ф | M)   P(Γ | α,M)   P(α | M)

Ф : parameters of the black hole system 
(inclination, mass of compact object, mass 
of companion star and orbital period)    

Γ : Lorentz factors of the individual sources

α : XRB Parent Lorentz factor distribution

D : IR excess data M : Our model



eg. Hogg et al. 2010, Kelly et al. 2012

Hierarchial Bayesian Inference

P (Ф,Γ,α | D,M)  ∝  P(D | Ф,Γ,M)   P(Ф | M)   P(Γ | α,M)   P(α | M)

P (Ф,Γ,α | D,M)  is the final posterior probability density function for the 
       parameters Ф (inclinations, masses, orbital periods etc), 
       Γ, and α, given the data D and model M 

P(D | Ф,Γ,M) is the likelihood function of the data D given Ф, Γ and M 

P(Ф | M) is the prior probability density function for Ф given model M 
(i.e. uniform/gaussian range of the parameters from literature) 

P(Γ | α,M) is parent distribution for Γ (we assume a power-law, like AGN) 

P(α | M) is the prior probability density function for α given the model M 



Parent Lorentz Factor Distribution

It is interesting to note that the power-law index of the parent Lorentz factor distribution for 
BHXB obtained from this study (~ -1.88) is quite similar to what is expected for AGN too. 

For example, power-law indices of the AGN bulk Lorentz factor distribution from literature:  
Padovani & Urry, 1992 : ~ -2.3 
Lister & Marscher, 1997 : -1.5 to -1.75 
Saikia et al. 2016 : -2.1 +- 0.4 Saikia et al. 2019, submitted



Lorentz factors of individual Black Hole X-ray binaries

Black curve : Histograms (normalized by peak) of the jet Lorentz factors.         Vertical blue lines : The best-fit MAP parameter estimates. 
Red curve : Inferred parent distribution for the Lorentz factors of BHXBs .        Vertical black lines : The 15.9, 50 and 84.1 percentiles.



CONCLUSION

Goal : How fast are the jets of  XRBs. Tool : Infrared excess when jet starts.

Result : For the first time, we constrain the Lorentz factors for several XRBs to be ~ 1.5-3.5.

SIMPLE MODEL

BAYESIAN 
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CONCLUSION

Goal : How fast are the jets of  XRBs. Tool : Infrared excess when jet starts.

Result : For the first time, we constrain the Lorentz factors for several XRBs to be ~ 1.5-3.5.

SIMPLE MODEL

BAYESIAN 
ANALYSIS

THANK YOU



EXTRA SLIDES 



Saikia et al. 2019, submitted

We maximize the logarithm of the posterior probability density function 
     yields a maximum a posteriori (MAP) estimate of the best-fit parameters 



IR excess and X-ray luminosities 



Saikia et al. 2019, in prep.

Only for the Lorentz factors in the range of 1.3 - 3.5, the predicted IR 
excesses are in agreement with the observed ones. For example, Γ of 2.6 : 
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Calculated IR excess using our model

For Γ = 2.6

Pearson r-coefficient = 0.9, p-value = 0.001



Saikia et al. 2019, in prep.

The slope systematically deviates from 1 and the correlation becomes 
weaker as we move to other Lorentz factors. For example, Γ of 1 : 

Calculated IR excess using our model

For Γ = 1.0
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Pearson r-coefficient = -0.2, p-value = 0.5



Lorentz factors of individual Black Hole X-ray binaries

Saikia et al. 2019, in prep.



Possible Lorentz factor values from the slopes 

Saikia et al. 2019, in prep.



IR drop in GX 339-4 

Saikia et al. 2019
in prep.



Previous Lorentz Factors in XRBs 

Saikia et al. 2019, in prep.



Previous Lorentz Factors in XRBs 

Saikia et al. 2019, in prep.


