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HMXB LMC X-4

LMC X-4 is a benchmark to study S-O modulations:

Modulation is: 
-persistent over decades 
-stable 
-detected from hard X-rays to optical 



Disk precession
Origin of super-orbital modulation of LMC X-4?

Inoue 2019

Hickox 2005

Warped Disk precession

Brumback et al. 2019



0.3 - 10 keV

 15 - 50 keV

Monitoring : 2019-05-24 to 2019-07-09  

BAT: Low S/N

XRT: affected by  
         orbital motion



Super-Orbital Phase Resolved Spectroscopy
XRT: - rejected time intervals 
      in the eclipse (or close to it) 
      -sum OBS in the same ψsup



Super-Orbital Phase Resolved Spectroscopy
XRT: - rejected time intervals 
      in the eclipse (or close to it) 
      -sum OBS in the same ψsup

BAT:  Super-orbital phase resolved data over 4.75 years 
(BATIMAGER, Segreto et al. 2010)

It is a flux diminishing 
Of the same model 
(tested with nthcomp)



How does it change the broad-band spectrum with SO phase?

What can we say about the soft excess?

1. Determine the spectrum at high flux (XRT+NuSTAR) 
2. Study the variation at different phases



TBabs * (diskbb + coplrefl + BWcycl)

kTin ∼ 0.065keV
log(ξ) ≈ 3.04
z ≈ 0.037

1. Model of high flux epoch



Is the flux variation energy - independent? ——> K*(high flux model)

2. Super-Orbital phase-resolved Spectroscopy
Only flux variation ?



Is the flux variation energy - dependent ——>TBabs*(diskbb+coplrefl+BWcycl)

2. Super-Orbital phase-resolved Spectroscopy

Free normalizations



Reflection

Disk

Disk inclination :) :) !!
Changes with  

Almost edge-on at minimum 
(As Nielsen et al. 2009 found with high res. 

spectroscopy)

Ψsup



Conclusions

A. Light curve modulation: 
  1st order effect of disk precession 

B. Mismatch between hard and soft emission: 
   2nd order effect: tilt of the disk 



Additional slides



       Semi-phenomenological model



BAT nthcomp



XRT TBabs*(diskbb+pow)



Joint fit feasible






