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The inner part of the Galaxy : 
from the Norma arm to the Sagittarius arm  
325<l<50, |b|<5



Previous results
Grimm, Gilfanov, Sunyaev (2002)

1-12 keV ASM/RXTE data

Total sample of HMXB in the Galaxy with the limiting 
sensitivity of ~6x10-11 erg/s/cm2 is about 50, in the 
inner part of the Galaxy < 10

LMXB concentrated towards the Galactic Center (old 
population)
HMXB concentrated towards the spiral arms (young 
population)



Current study (INTEGRAL) 

Energy band:  20-60 keV

Inner part of the Galaxy  ~>5 Msec
(public data + RAS part of General Program)

We choose a limiting uniform sensitivity 
~1.5 mCrab (~1.8x10-11 ergs/s/cm2) ->
maximal area with the best possible sensitivity

Totally detected 89 sources of the different 
nature (flux ~> 1.5 mCrab): 49 LMXB, 22 HMXB, 
2 AGN, several SNR and single pulsars, 10 -
unidentified + IGRJ16465-4507



Criteria of HMXB: 1) optical identification 2) pulsations
3) strong intrinsic absorption  

List of detected HMXB



Pulsations
16 of 23  - are X-pulsars, 4 of them – new
IGRJ16358-4726  P=5980±22 sec (INTEGRAL, Chandra)
(Lutovinov, Revnivtsev, Glifanov et al. 2004, Patel et al. 2004)
IGRJ16320-4751  P~1300 sec (XMM, ASCA)
(Lutovinov, Rodriguez, Revnivtsev, Shtykovskiy 2004)
IGRJ16465-4507  P=228±6 sec (XMM) (Lutovinov et al. 2004)
AXJ163904-4642  P~900 sec (XMM) (Walter et al. 2004)

PF16465 ~ 50-60 %
PF16358 = 70±10 %
PF16320 ~30%



Intrinsic absorption

19 of 23 sources
have a significant
(>5x1022 cm-2) 
intrinsic absorption



Number-flux function of HMXB
Dashed line represents a shape
of this function obtained by
Grimm et al. (2002) with 
?=0.64

Angular distribution of 
HMXB and LMXB in the 
inner part of Galaxy 



Spatial bin is 8.5x10 deg, 
The gray scale -> change of the HMXB density (1-7) 
HMXB peaked away of the Galactic Center and concentrated
to the spiral arms, but not one-to one.  Why? 

HMXB distribution





Active HMXB  - few Myr to 20-30 Myr from the 
beginning of the star formation (SF). 

Current SF regions ~ do not have HMXBs.  

Examples: 

1) molecular clouds (Feigelson et al. 2003, Nakajima et al. 
2003);

2) LMC, there is a time delay about (1-2)x107 yr
between epoch of the initial SF and epoch of HMXB 
(Shtykovskiy & Gilfanov 2004);

3) M83.     



M83 (Ha image, CHANDRA)

• – supersoft sources 
(no correlation with 
HII regions) 

•- soft sources, probably
SNRs (mostly found in
regions with high Ha)

• – XRB 

(Soria & Wu, 2003)



Spiral arms = spiral density waves = enhanced SF

Spiral arm pattern moves :
~20 Gyr-1 to ~60 Gyr-1 (Bissantz et al. 2003)
Innermost part of arms (~3.4 kpc) and the bar
corotates with stars (Bissantz et al. 2003)

Current positions of arms are displaced with the 
respect to the density maxima in the HMXB 
distribution. We need ~40º rotation of the spiral 
arms pattern.

Time delay ~10-12 Myr



Conclusions
New sample of HMXB in the inner part of the Galaxy is much 
larger than previous, reasons – we revealed a considerable part 
of the absorbed sources;

Majority of HMXB are significantly photoabsorbed;

Most of HMXBs – X-ray pulsars;

HMXB are concenrated towards spiral arms, but not one-to-
one; reason – the dependence of number of HMXB on the age of 
the stellar population; the current maxima are observed where 
the SF was taking place ~10-12 Myr ago;

Continuation of observations is needed to increase the statistical 
significance of the observed displacement of HMXB 


