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Outline

• A very luminous Globular Cluster X-ray 
Source in M31

• Swift Observations of ULX Holmberg IX X-1

• Optical counterparts of ULXs in the BCD 
galaxy NGC4861

• Gamma-ray emission from PSR J1023+0038
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Observation of Bo375 X-ray Source
Bo375 X-ray source was first discovered by Einstein High 
Resolution Imager (HRI) in 1979 during M31 survey 
observations. Later, it was also observed with ROSAT, 
ASCA, as well as many other on going X-ray satellites 
such as Chandra, XMM-Newton, Suzaku and Swift. 

Di Stefano et al. (2002) conducted a Chandra survey of 
selected regions of M31, and found that the luminous 
source in their regions was associated with the globular 
cluster Bo375. 

For more than 30 years, the source has been observed 
many times, and the luminosity has been found to be 
persistent all time (Lx > 4E38 ergs/s)
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Possible explanations for the high luminosity 

• the source might contain multiple 
components

• the source radiation might be beamed

• the source might be an accreting neutron star

• the source might be an accreting black hole
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A series of Chandra HRC-I 1.0 ks observations from 1999 to 2002 
were also used to construct the long-term lightcurve of Bo375.
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Radial Profile of Bo375 Chandra Observation

Wednesday, September 22, 2010



Example using M15

2.8 arcsec

Assuming a distance of 9.98 kpc to M15, we can calculate the 
distance between these two sources. Apply the distance to Bo375 
(distance to M31 is 780 kpc), the corresponding angular separation 
is 0.036”. Using 0.5” as Chandra limit for angular resolution, that 
gives ~2pc. 
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Short-term Lightcurve of Bo375
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Multi-Mission Long-term Lightcurve
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XMM-Newton Spectrum
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Suzaku Spectrum
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Power-Law + Blackbody Model
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Power-Law + Disk Blackbody Model
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Summary
• The high luminosity is unlikely due to the 

superposition of multi-sources. Even if Bo375 contains 
more than one source, there at least one which 
dominates most of the energy output. 

• Relativistic beaming is unlikely, because of the 
persistent source brightness and less of variability. 
However, anisotropic beaming due to the strong 
outflow or corona might be possible. 

• It might be a neutron star accretes in a very unique way 
which produces persistent high luminosity.

• It might be a black hole with a much smaller mass than 
we usually found in our own Galaxy. (3~4 Msolar) 
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Holmberg IX X-1 in different luminosity states

Swift XRT 0.3-10 keV lightcurve of Holmberg IX X-1 between 
2008 December. 1 and 2010 March 31.
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Swift XRT 0.3-10 keV spectra taken during the “low” state (upper left), “variable” state 
(upper right), “high” state (lower left), and all data (lower right). All spectra can be 
well described by a dual thermal model with a black body temperature of ~0.2 keV and 
a MCD temperature of ~ 2 keV.
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Optical counterparts of ULXs in the BCD galaxy 
NGC4861

Chandra proposal for better astrometry has been approved. 
More optical observations will be requested.
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PSR J1023+0038 was identified as a LMXB in 2006 (Homer et al.)

The radio MSP was found subsequently (Archibald et al. 2009)

The disk clearly showed an accretion disk before 2002 (Wang et al. 
2009)

The disk has disappeared afterward (Archibald et al 2009)

Radio Pulsation was found in 2007 (Archibald et al 2009)

X-ray orbital period and pulsation found (Archibald et al. 2010 and 
this work)

Gamma ray emission from Fermi found (this work 2010)

About PSR J1023+0038
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Gamma-ray emission from PSR J1023+0038
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TS map of PSR J1023+0038

With TS value ~54 which corresponds to ~ 7 sigma significance.
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Gamma ray power is low compare to the spin-down power of 
the pulsar. Also the spectral photon index is quite steep 
compare to the typical Gamma ray pulsars found previously.  

This is probably due to the viewing angle. 
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Future Work

Continuously working on current research, 
building up skill for  multi-wavelengths 
observations. 

&

Most importantly, hopefully Lofar will be 
able to find radio transients very soon! 
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