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Neutron stars in galaxies
Single (isolated) NS
NS In binaries
(LMXBs, HMXBs)
Accretion In binaries
allows us to probe
different aspects of NSs
1)NS mass/radius
2)NS magnetic field
3)...



siants and main sequence companhnions.
Dlagnostlcs of QG € Rewivisev et al. 2010
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Detection of this effect 2
is not possible yet due
to problems with
finding low Lx LMXB
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IGR J18257-0707

* __+  One of the INTEGRAL/
;- CHANDRA/HRC
- sample

RTT150 (R-band)

SWIFT/XRT 4



X-ray emission of NS LMXBs
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X-ray emission of NS LMXBs

High/soft state

Boundary layer/
neutron star

Hard/low state




Naive accretion disk/boundary layer scheme

1. Matter rotates in
he disk, moves
nwards

). Then it goes into
he BL, drifts
ip/downwards.
yettles to the NS
surface

Boundary layer/
neutron star
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mple chi
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Energy, keV

Sco X-1

Latest satellite
measurements
(~6400 cm )

{Separation of
-{two components
—is far from obvious

approach for separati

ectral components is not accep!



Approach from different direction:
Fourier frequency resolved spectroscopy










Variability of brlght NS LMXBs

kHz QPO
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Frequency resolved spectra of

bright LMXBs
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Frequency resolved spectra

. Coherence ~1
- Time(phase) lags <<1

- Achromatic - do not denend on freauencv
' ! : L
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Factor 10 in LMXB luminosity:

1) Temperature of AD changes ~accordingly
2) Shape of the boundary layer spectrum is ~constant
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Radiation
WY pressufé

Accretion
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Bounda ry/spread i ng Iayer (Inogamov & Sunyaev 1999)

(b) (c) |a b
q 1 '

- Radiation dominated




Boundary layer statics

Gravity~Rad [Eidls){

Eddington limited flux




Accretion disk statics is different!

Variations in Mdot -> T —> height of the disk



vF,, photxkev?/s/cm?/keV
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5 different sources

Accretion rate
differs ~10 times

Color temperature
kKT ~ 2.4 keV



vF,, photxkev?/s/cm?/keV

Eddington limited spectra of BL/NS
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Neutron star parameters

| Ny
Measurement of c 5? !
Eddington flux value = <
in optically thick case g
S
g
GR corrections
T ~GMR
Complications: - o

Neutron star radius. km

1) Hardening factor
2) Centrifugal force Revnivtsev, Giltanov 2006
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More accurate model
of spreading layer
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Hard color (10—15 keV)/(6—10 keV)

Z track
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Soft color (4—6 keV)/(3—-4 keV)

1. Decrease of the
'boundary layer
lcomponent is the main

reason for “Z-like” shap

2. The drop of the BL
‘component occurs at
\certain mass accretion
rate ~ close to M



Accretion disk + BL scheme

Mdot<Edd Mdot~Edd

~ne zone energy release

Here BL and AD are different Here - not



XTE J1701
Z- and atoll-
In one place
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Hard color (13—20 keV)/(8—13 keV)
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summary

1.Boundary/spreading layer is
important contributior to X-ray
emission of NS

2. BL/SL surface flux is Eddington
limited

3. This provides us important
taml et eastivie toeareendiarSadil
ofifNISMIXBs we now close to touch:

1. Age of population (MS-Giants
transition in LMXB LF)

1.Mean magnetic field of old NS
(cutoff of the LMXB LF at low Lx?)



