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Distributions of Low-Mass and High-Mass X-Ray Binaries

LMXB: old population, in globular clusters and galactic center
HMXB: young population, in the galactic plane 
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Low-Mass and High-Mass NS X-Ray Binaries

Low-Mass NS High-Mass NS
Donor star 
mass

<~Msun >10Msun

Accretion mode Disk accretion fed by 
Roche-Lobe overflow

Companion’s stellar 
wind accretion fed

Lifetime 107-109 yr 105-107 yr
NS surface B <1011 G >1011 G
Main properties X-ray bursters (NS)

ms X-ray pulsars (NS)
Other atoll sources (NS?)
Other Z-sources (NS?)

Long period X-ray 
pulsars (NS)
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Color-color diagrams during the bright state of the first 
transient Z-source XTE J1701-462

However, XTE J1701-462 is also an atoll-source during its 
very low luminosity state.
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Color-Color Diagrams of two typical atoll-sources

4U1608−52 GX9+1
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Nature of Z- and atoll-sources?
• All previously known Z-sources are much more luminous 

than atoll-sources on average. 
– Does disk accretion rate distinguish between Z- and 

atoll sources? 
• And if so, why?

• However the peak luminosity of transient atoll-sources 
can be higher than Z-sources at less luminous state.
– A second parameter is involved. Is NS magnetic field 

of Z-sources higher than that of atoll-sources?
• But NS magnetic field is difficult to measure.

• For non-bursting and non-pulsating sources, any 
evidence for NS?
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Gas pressure dominated disk-magnetosphere model

5/25/25/4 −− ∝∝= MMBRR min
&& Signature of NS magnetosphere, 

but never observed!
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Accreting Neutron Stars

If ΩK,A> ΩNS : accretion →spin-up
If ΩK,A< ΩNS : propeller →spin-down

If ΩK,A= ΩNS : spin equilibrium 
(alternating spin-up & down)

5/25/25/4 −− ∝∝= MMBRR Ain
&&
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Propeller effect as evidence for NS magnetosphere?
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Hard state transition interpreted as onset of propeller state

Zhang, Yu & Zhang, 
1998, ApJL
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ΩK,A< ΩNS : propeller →spin-down

ΩK,A> ΩNS : accretion →spin-up

Argument for propeller: 
enormous luminosity 
drop after hard state 
transition significant 
mass ejection from the 
system.
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Weakest magnetic field
of all known NSs 
(Trimble 1998)

Zhang, Yu & Zhang, 1998, ApJL
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Characteristic 
ages

Dead

Accretion
Spin-up
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ADAF in quiescent NS SXT and ms pulsars

Zhang, Yu & Zhang, 1998, ApJL

Confirmed by discoveries of ms X-ray pulsars in SXTs!



2nd Galileo-XuGuangqi Meeting , July 12, 2010, Menton, Italy 16/27

Radiation pressure dominated disk-magnetosphere model

Radiation pressure dominates over gas pressure @>~0.3 Edd
Most Z-sources spend most of their lives ~ Edd
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Expected correlations of radiation pressure dominated disk

inffraamin RzvvBBMBRR ξξ ==∝= −
00

5/2  , ,
5/4 &

Without knowing the disk structure a prior, i.e.,                 , only Ba , 
can be inferred from observations (with disk-BB model) directly. 

If no disk structure evolution, 

ffr vv  , ,ξ

5/2
0    constant −∝→∝→= MRBBvv inaffr

&ξ

Shakura & Sunyaev (1973): in a radiation pressure dominated 
disk,                                                       . Considering radiation 
driven outflows, the inflowing disk’s thickness

constant   )outin( =⇒∝+ ρξ M&

5/25/45/2  MBMRMBvvM ainaffr
&&&& ∝∝→∝→∝∝ −ξ

NSRz ≈)in( 0

but never observed!
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Numerical simulation of supercritical accretion onto NS

Stronger outflows for NS supercritical accretion

Ohsuga 2007 Ohsuga 2007
Edd

3
input 10 MM && ≈ Edd

3
input 10 MM && ≈

NSRz ≈0 
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Numerical simulation of supercritical accretion onto NS

Similar disk but with an accretion shell for NS supercritical accretion

Ohsuga 2007 Ohsuga 2007

NSRz ≈0 

Edd
3

input 10 MM && ≈ Edd
3

input 10 MM && ≈
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Spectral model

Fe Kα Fe Kα

DiskBBBB

BB
DiskBB

BPL

DiskBB (accretion disk) + BB (NS surface) + Fe Kα
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Bifurcation of total luminosity
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Thick disk + magnetosphere model

5/2MRin
&∝

MBa
&∝

disk structure 
evolution

NS Surface partially blocked by thickened disk
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Measure the surface magnetic field of the NS
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At super-Edd, inner 
disk is spherized (the 
accretion shell), thus

Unambiguous 
evidence for NS 
magnetosphere!
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Nature of Z- and atoll-sources: two parameter model 
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Black holes cannot do this!
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Conclusions

• This evolution produces the Z-track. This phenomenon 
is not expected and never observed in a BH system, 
because a BH has no hair!

• For a radiation pressure dominated accretion disk

462-J1701 XTE for G 10)4.27.1( 9
0 ×−=B

– Unambiguous evidence for NS magnetosphere!

5/25/45/2  MBMRMBvvM ainaffr
&&&& ∝∝→∝→∝∝ −ξ
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