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Main contents

• Background: accretion neutron stars & GRO J1008-57

• Spin evolution & accretion torque in GRO J1008-57

• Cyclotron resonant scattering feature (CRSF) discovered in 
GRO J1008-57: highest fundamental line energy 

• Ecyc versus X-ray luminosity – probing accretion geometry 
and physics

• Summary



Accretion Physics in NS X-ray binaries

• Strong magnetic fields make the differences in accretion physics 
between NS and BH; 

• Spin period evolution & accretion torques

• Direct measurement of magnetic field in NS by studying cyclotron
absorption lines

• Radiative process and geometric structure of accretion column



High mass X-ray binary GRO J1008-57

• NS + massive star

• Distance: 5.8±0.5 kpc

• Star parameters:

B0e showing Hα emission line

• Orbit:

e=0.64； Porbit = 249 day

NS

starMstar 15 M⊙

R star 7 R⊙

R disk 72 R⊙

Coe et al. 2007;
Kuhnel et al. 2013



• Be X-ray transient
showing regular type I outbursts （at orbital phase 0, lasting 20 
days） and irregular Type II outbursts (lasting 2 months)

Pspin = 93.2 s
Porbit = 249 day

Ten year RXTE/AMS light curves 
Wang 2014



Spin period of GRO J1008-57
• A slow-rotating NS: P≈93.6 s

Spin period showed a long-term evolution in last 30 years

Wang 2014；
Wang et al. 2021

Accretion torque 
reversals occurred: 
spin-up and spin-down

In spin-down trend, 
magnetic torque 
dominates over the 
matter accreting inflow 
torque,
we derive B> 6 x1012 G



CRSF in GRO J1008-57
• Before 2014, we did not find absorption features in X-ray spectra. 

• First detection of CRSF in GRO J1008-57：74 keV line feature 
reported by Wang (2014) by INTEGRAL; Yamamoto et al (2014) 
by Suzaku; Bellm et al. (2014) by NuStar & Suzaku

INTEGARL：74 keV Suzaku: 74 keV NuStar+ Suzaku: 78 keV



2017. 8  Type II outburst
one observation by HXMT

The CRSF confirmed by Insight-HXMT
The type II outburst in 2017

B≈ 1013 G for GRO J1008-57
The highest magnetic field observed in known X-ray pulsars

Ec=90 keV

Ge et al. Insight-HXMT 2020;  Wang et al. Insight-HXMT 2021

（Swift J0243.6+6124：new highest

energy CRSF, see Kong’s talk）



CRSF line energy versus X-ray luminosity in X-ray pulsars

Her X-1 GX304-1

V0332+53



Insight-HXMT discovered Ecyc-Lx relation
Ding, Wang, Insight-HXMT collaboration 2021 Kong, Insight-HXMT collaboration 2021

Below a critical luminosity:  positive relation 
Above the luminosity: negative relation

GX 301-2 1A 0535+262



Present theoretical interpretations on the relations

A critical luminosity (Becker et al 2012; Mushtukov et al. 2015) 

1. sub-critical luminosity range

Low Lx

High Lx

Accretion flow can approach the hot spot with velocities;
Cyclotron line energy can be redshifted by Doppler effect. 

2. super-critical luminosity range

Lx              radiation pressure    

accretion flow velocity 

Doppler effectEc

Radiation pressure dominated

Lx              radiation pressure    

Line emitting region heightEc

Positive correlation

Negative correlation



During the decay of the outburst,
the cyclotron line energy showed the shift.

2017 August outburst

Peculiar Ecyc-Lx relation in GRO J1008-57



Peculiar relations of Ec –Lx in GRO J1008-57

Chen, Wang, Insight-HXMT collaboration 2021, ApJ

Above 5x1037 erg/s
Positive correlation

Blow 5x1037 erg/s
Negative relation



• P=283 s; 

• Two CRSFs   

• E1=20-27 keV 

• E2=44-50 keV

Similar relation found in other X-ray pulsar 
Vela X-1 by Insight-HXMT

Liu, Wang 2022, MNRAS in press



Ec-Lx relation in Vela X-1 by Insight-HXMT

Liu, Wang 2022, MNRAS in press

For Vela X-1
Lcrit > 2x1037 erg/s

Above 2x1036 erg/s
Positive correlation

Blow 2x1036 erg/s
Negative relation



Discussions

• The critical luminosity of GRO J1008-57

Observed fundamental line Ec = 70 -90 keV, 

Lcrit ≧ 1038 erg/s

The outbursts in 2017 viewed by HXMT, Lx <8x1037 erg/s

sub-critical regimes

1. the positive correlation between Ec and luminosity is 
expected from (5 -7) x1037 erg/s

2.   Unknown physical origin for a negative correlation 
between Ec and luminosity at sub-critical mass accretion 
rates

Why peculiar ? 



Evidence for variations of accretion flow geometry ?

smaller area of accretion channel base 
results in stronger radiation pressure

Velocity of accretion flow

Doppler effect  

Ec shift

Not only Lx, but also accretion 
geometry affect the CRSFs.

Chen, Wang, Insight-HXMT collaboration 2021, ApJ



Summary
• GRO J1008-57 shows the long-term spin-down and spin-up 

trend in last 30 years; accretion torque reversals occurred, 
implying a magnetic field >6x106 G.

• HXMT discovered 90 keV CRSF in GRO J1008-57, suggesting a 
surface B~ 1013 G.

• Below critical luminosity, Ecyc versus Lx shows a negative and 
positive relation, which suggests the accretion geometry 
variation.

• Present/future HXMT observations reveal more CRSFs, 
average/phase-resolved spectra probe the accretion physics and 
geometry on NS (also see Ding’s talk).


