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Introduction
• Small Astronomy Satellite (SAS) is the first Explorer satellite 

launched in 1958.

• Observational features of cyclotron resonance scattering detected 

through absorption lines in the spectra of magnetized accreting NSs.

• They form due to resonant scattering processes with electrons which 

are quantized in energy levels perpendicular to the magnetic field.

• Providing the direct observation for the cyclotron features and 

calculate the magnetic field (≥ 10^10-12 G) from electrons, 

protons.

• Since the first detection of a cyclotron line in the X-ray source

• Her X-1 by UHURU satellite in 1979, 36 sources have been 

discovered by many space satellites.
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cyclotron radiation where electrons emit 

photons as they spiral around the magnetic field 

lines, resulting in a stable, non-oscillating 

shock. 



List x-ray space satellites
• X-Ray observations are made from a near-space environment 

on sounding rockets or high-altitude balloons.







Magnetic fields in Neutron Stars

- HMXB- Accretion mainly via stellar wind ;

mainly NS with high B (~ 10^11-10^13 G) having 

a harder spectra;

- LMXB- Accretion via Roche-lobe overflow; BH 

transients; NS LMXBs- weaker B field (10^9-

10^11 G) spectra softer mainly from the accretion 

disk & the surface; exhibit variability







HMXBs classifications
• Be X-ray binaries (a type B star with emission lines) form by far 

largest class of identified HMXBs (van den Heuvel 2004) in the 

Galaxy (∼> % 80), P_orb ~15 d to several years, and with relatively 

low mass companions (∼ 8 to 20M⊙). Transient X-ray sources.

• Supergiant (SG) companion i.e. Cen X-1 and Vela X-1, only 

about a dozen known members, with short orbital periods (< 11 

days) and the companions are very massive (∼ 18 to over 40M⊙). 

Persistent X-ray emission,



Objectives…

• Our aim is to use several X-ray spectra of 

HMXBs, in particular the detection of cyclotron 

lines, to study the P_spin, P_orb, M_dot, and 

B-field of the NSs to obtain clues about the 

evolution of HMXBs.

• Derive unknown parameters of HMXBs, such 

as wind velocity, wind mass loss rate and T_eff. 

These parameters influence significantly on the 

model of wind-fed binary systems and can be 

constrained the effects on binary evolution







Observational Data…

• Space telescopes

- Ginga, RXTE, BASTE, INTEGRAL, SWIFT, 

EXOSAT,  Suzuku and HXMT…



Transient sources (Group I)

Persistent sources (Group II)

We need to consider some observational

biases1) to strong magnetic field prevents 

accretion onto NS and we could not 

observe such systems as bright

X-ray sources. 

2) More observational data is needed.

3) Besides such possibility of biases, this 

concentration around B ≈ 10^12G will draw 

a lot of interests and promote further 

studies of NS magnetic field
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