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Microquasars

Microquasars—accreting XRBs with relativistic radio jets 
Gamma-ray emission powered by inverse Compton scattering of UV 
photons 
Emission peaks at X-ray energies

Image Courtesy: Mirabel et al. (2012)2



Gamma-Ray Binary Population
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Pulsar Wind Systems: 
Link to HMXBs?

Driven by particle acceleration (Fermi Mechanism) 
Evolve into HMXBs?

Image Courtesy: Mirabel et al. (2012)4



Why are HMGBs important?

χ2=0.92

MeV-GeV emission dominates the spectral energy 
distribution 
Emission seen between radio and TeV energy 
bandpasses 
Rare: only seven HMGBs have been found 
Gamma-ray binaries—early stage in HMXB 
evolution? 
Extreme Particle Accelerators
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Radial Velocity Semi-Amplitude

χ2=0.92

SOAR Radial Velocity Semi-Amplitude 
Mass function consistent with Neutron Star 
Black hole only allowable: i<16 degrees 

Image Courtesy of Strader et al. (2015)7



Folded Fermi LAT Light curve and 
Hardness Ratio

Phase 0 defined by the ascending node of the compact object 
Narrow spike at orbital phase ~0.75 (INFC)

Soft and hard 
energy bands are 
0.1-1 GeV and 
1-300 GeV 

Porb~16.5 days
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Folded Swift X-ray  
Lightcurves of 1FGL J1018.6-5856

Quasi-sinusoidal X-ray modulation with narrow spike at phase 0.75 
(INFC) and broad peak at phase ~0.0 (periastron?)
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Folded Radio Lightcurves of 1FGL 
J1018.6-5856

No narrow spike at phase 0.75 (inferior conjunction) 
Broad Peak found at orbital phase ~0.0 
Radio amplitude modulation decreases with increasing frequency

Image Modified from Coley et al. (2014b)10



Orbital Phase-Resolved ATCA Radio 
Spectra

Covers frequencies in the 2.1-35.0 GHz band 
Modeled with a power law; possible indication of free-free 
absorption11



ATCA Spectral Parameters

Power-law frequency index of the ATCA radio data folded on the 
orbital period (left) 
Spectral index of the ATCA radio spectra vs. flux density (right)
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Preliminary Free-Free Absorption 
Model
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Power law modified by free-free absorption 
Orbital Inclination: 33-37 degrees 
Eccentricity cannot be constrained 



Emission Region Constraints
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Radio fluxes in the 5.5-19.0 GHz bands correlated with 0.3-10 keV 
X-ray flux 





LMC P3

χ2=0.92

First Extragalactic Gamma-ray binary 
Embedded in SNR DEM L241 in the Large Magellanic Cloud 
Optical companion spectral type is O5 III (f) 

Image Courtesy: Seward et al. (2012)16



Radial Velocity Semi-Amplitude

χ2=0.92

SOAR Radial Velocity Semi-Amplitude 
Mass function consistent with Neutron Star 
Black hole only allowable: i<15 degrees 

Image Courtesy of Corbet et al. (2016)17



Multiwavelength Light Curves of LMC 
P3

ATCA (top), Swift XRT (middle) and Fermi (bottom) light curves 
No apparent cycle-to-cycle variability in X-ray bandpass 
Order of magnitude more luminous in X-ray and radio 

Image Modified from Corbet et al. (2016)

16 years

Porb~10.3 days
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Swift Cumulative Spectrum

χ2=0.92

Power law fit with spectral index ~1.3 
No constraints on NH 
Hampered by low S/N; low effective area 

Image Courtesy of Corbet et al. (2016)19



Approved AO-16 XMM and NuSTAR 
Cycle 3 Observations

Investigate phase dependence of NH, Γ, and X-ray flux 
Search for possible neutron star rotation period with EPIC-pn 
Measure Γ and X-ray flux out to 40 keV (NuSTAR)

Image Courtesy:  http://sci.esa.int/xmm-newton/18015-xmm-newton-spacecraft/20



XMM-Newton Simulated  
Spectrum

χ2=0.92

Three Observations: X-ray Max, X-ray Min, Inferior Conjunction 
Estimated Uncertainties on Γ and flux better than 5% and 8%  
Three Measurements of NH 

21



Conclusions
1FGL J1018.6-5856: Refined orbital period, reduced 
uncertainty by ~3 
1FGL J1018.6-5856: Radio and X-ray modulation hints at 
free-free absorption 
LMC P3: 4× more luminous in GeV; 10× more luminous in 
X-ray and radio 
LMC P3: Luminosity likely driven by increased power 
injection 
LMC P3: O5 III (f) star hotter and more luminous than the 
O6 V (f) star in 1FGL J1018.6-5856 

22



Collaborators

Dr. Patricia Boyd (GSFC); Dr. Robin Corbet (UMBC/
CRESST); Dr. Koji Mukai (UMBC/CRESST); Dr. 
Katja Pottschmidt (UMBC/CRESST), Dr. Hans Krimm 
(USRA/NSF), Aaron Pearlman (CalTech); Greg 
Huxtable (UMBC); Trevor Torpin (CUA); Dr. 
Guillaume Dubus (Grenoble), Dr. Philip Edwards 
(CSIRO), Dr. Jamie Stevens (CSIRO); Dr. Mark 
Henriksen (UMBC)



Bibliography

Ackermann, M., et al. 2012, Science, 335, 189  
An, H., Dufour, et al. 2013, ApJ, 775, 135 
Coley, J.B., et al. et al. 2016, AAS/HEAD, 15, 
#120.08 
Corbet, R., et al. 2016, ApJ, 829, 105 
Mirabel, I. F. 2012, Science, 335, 13 
Seward, F. D., et al. 2012, ApJ, 759, 123 


