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Outline

& Spectral modeling of neutron star (NS)
low-mass X-ray binaries (LMXBs)

& Relation between subclasses

& Application: X-ray source populations in
nearby galaxies

& Conclusions



Accreting Stellar-mass Black Hole Spectral States

Black hole (BH) X-ray binary: three spectral states
GRO J1655-40

Black hole Hard State ]

10

0.1

Multi-color disk

Soft State 5

10

E Fe (keV/cm?s)

Stéep Power-law State

Power-law

1 ‘ A‘ ‘AAA;O .‘l .‘.‘{00
Energy (keV) Remillard & McClintock 2006



Accreting Stellar-mass BH Spectral States

Thermal State: Lo< T* —>inner disk truncated at ISCO
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Accreting Intermediate-mass BH:

Thermal State: Lo< T
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Accreting Supermassive BH:

Thermal State: Lo< T
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Different Types of NS LM XBs

Sample color-color and hardness-intensity diagrams
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NS LMXB Spectral Modeling: Double Thermal

Boundary Layer

0




NS LMXB Spectral Modeling: Double Thermal

NS LMXB model = BHB model + blackbody boundary layer
BHB GRO J1655-40
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NS LMXB Spectral Modeling: Double Thermal

Hard Color

© Disk: L o< T#, large inner radius
in thermal state

< Boundary Layer: constant but
small emission area from the hard

States in color-color diagram to the soft state.
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Different Types of NS LM XBs

Sample color-color and hardness-intensity diagrams
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Relation between subclasses?




XTE J1701-462

*%¢ First Z transient showing different types of NS LMXBs
+% Peak super-Eddington luminosity
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Hard Color
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XTE J1701-462

+% The source changes from one type to another as count rate decreases

% Two vertices of Z tracks evolve along two distinct lines.

o3 lower vertex = Atoll soft state, as flaring branch disappears.

Hardness-intensity diagram
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XTE J1701-462

wm-Different types of NS LMXBs are due to

different mass accretion rates (not due to
inclination, magnetic field)

w\Vhat is going on in Z-source stage?
What causes different branches of Z
sources?



XTE J1701-462: Double thermal model fit

& Atoll stage: both disk and
boundary layer L o< T#
S Z source stage:
% | > Disk deviate from L o< T#: inner
L= disk reaches local Eddington limit
M > Boundary Layer at Eddington
T l. temperature seen in type-l X-ray
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w \What causes different branches of Z
sources? Could it be Myisk?

)

wm- Our solution: three mechanisms/instabilities
with constant Misk (two stable disk solutions at
any super-Eddington accretion rate)



Schematic sketch of accretion tlow along Z track
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GX 17+2: constant Maisk along Z track

Hard Color

Color-color and hardness-intensity diagram
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X-ray Population 1n early-type galaxy NGC 3115




X-ray Population 1n early-type galaxy NGC 3115

Most NGC 3115 bright X-ray sources fall in the NS LMXB soft-state track
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Conclusions

Three Z branches: Three different
Hard State: Jet, mechanisms at constant Myisk
Comptonization (instability?)

Z-source upper
vertex: inner disk
strong advection
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