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To study the evolution 
of the spectral shape 
from the Hard to the 

Soft state in 0.1-200 keV 
using reflection models

2)

To test the validity of the                
disk-reflection scenario

1)



LMXB containing a weakly magnetized neutron star

Atoll class

4U 1705-44
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M. Gilfanov (2009)

Main components of the X-ray emission



Reflection spectrum

Monte Carlo simulation 
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Iron line
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Reflection spectrum

Monte Carlo simulation 
from Reynolds (1996)



- Doppler shifts
- Relativistic beaming

- Gravitational redshifting

Broad and Asymmetric :

Profile of the iron line

Fabian et al. 2004



Determination of parameters of the accretion disk :

• Inner radius 

• Outer radius 

• Inclination of the system 

• Ionization parameter : 
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mine the surface composition of materials in the laboratory,
or even of a planetary surface.

For cosmic abundances the optical depth to bound-free
iron absorption is higher than, but close to, the Thomson
depth. The iron line production in an X-rayÈirradiated
surface therefore takes place in the outer Thomson depth.
This is only a small fraction of the thickness (say, 1% to
0.1%) of a typical accretion disk, and it is the ionization
state of this thin skin which determines the nature of the
iron line.

The strength of the iron line is usually measured in terms
of its equivalent width with respect to the direct emission.
(The equivalent width is the width of the continuum in, say,
eV, at the position of the line which contains the same Ñux
as the line. Its determination is not entirely straightforward
when the line is very broad.) It is a function of the geometry
of the accretion disk (primarily the solid angle subtended by
the ““ reÑecting ÏÏ matter as seen by the X-ray source), the
elemental abundances of the reÑecting matter, the inclina-
tion angle at which the reÑecting surface is viewed, and the
ionization state of the surface layers of the disk. We will
address the last three of these dependences in turn.

General relativistic e†ects may also play a role
(Martocchia & Matt 1996).

2.1.1. Elemental Abundance

Elemental abundances a†ect the equivalent width of the
iron line through both the amount of iron that is present to
Ñuoresce and the absorption of the line photons by L-shell
photoelectric absorption of iron and K-shell photoelectric
absorption of lower Z elements. These competing e†ects,
together with the fact that the edge is saturated (i.e., most
incident photons just above the photoelectric edge are
absorbed by iron ions), lead to a roughly logarithmic depen-
dence on abundance. For example, using the cosmic abun-
dance values from Anders & Grevesse (1989), the equivalent
width as a function of the iron abundance is given byAFe

W (AFe) \ W (AFe \ 1) (AFe)b (0.1 \ AFe \ 1) , (1)

W (AFe) \ W (AFe \ 1) [1 ] b log (AFe)] (1 \ AFe \ 20) ,

(2)

where

(b, b) \ (0.85, 0.95) edge-on , (3)

(b, b) \ (0.75, 0.48) face-on , (4)

(b, b) \ (0.78, 0.58) angle-averaged , (5)

where refers to cosmic abundances (Matt, Fabian,AFe \ 1
& Reynolds 1997).

2.1.2. Inclination Angle
As the inclination angle at which the disk is viewed is

increased, the observed equivalent width is depressed as a
result of the extra absorption and scattering su†ered by the
iron line photon as it leaves the disk surface at an oblique
angle. Ghisellini, Haardt, & Matt (1994) !nd that

I(k) \ I(k \ 1)
ln 2

k log
A

1 ] 1
k
B

,

where k \ cos i, with i being the angle between the line of
sight and the normal to the reÑecting surface.

2.1.3. Ionization of the Disk Surface
X-ray irradiation can photoionize the surface layers of a

disk (Ross & Fabian 1993 ; Ross, Fabian, & Young 1999).
As discussed above, the Ñuorescent line that the illuminated
matter produces depends upon its ionization state. A useful
quantity in this discussion is the ionization parameter

m(r) \ 4nFX(r)/n(r) ,

where is the X-ray Ñux received per unit area of theFX(r)
disk at a radius r and n(r) is the comoving electron number
density : it measures the ratio of the photoionization rate
(which is proportional to n) to the recombination rate
(proportional to n2). The iron line emission for various ion-
ization parameters has been investigated by Matt, Fabian,
& Ross (1993, 1996). They found that the behavior split into
four regimes depending on the value of m (also see Fig. 2) :

1. m \ 100 ergs cm s~1.ÈThe material is weakly ionized.
X-ray reÑection from the accretion disk produces a cold
iron line at 6.4 keV. Since the total photoelectric opacity of
the material is large even below the iron edge, the
Compton-backscattered continuum only weakly contrib-
utes to the observed spectrum at 6 keV, and the observed
iron K-shell absorption edge is small. This regime is termed
““ cold ÏÏ reÑection, since the reÑection spectrum around the
energy of the iron K features resembles that from cold,
neutral gas.

2. 100 ergs cm s~1 \ m \ 500 ergs cm s~1.ÈIn this inter-
mediate regime, the iron is in the form of Fe XVIIÈFe XXIII

and there is a vacancy is the L shell (n \ 2) of the ion. Thus,
these ions can resonantly absorb the corresponding Ka line
photons. Successive Ñuorescent emission followed by reso-
nant absorption e†ectively traps the photon in the surface
layers of the disk until it is terminated by the Auger e†ect.
Only a few line photons can escape the disk, leading to a
very weak iron line. The reduced opacity below the iron
edge due to ionization of the lower Z elements leads to a
moderate iron absorption edge.

3. 500 ergs cm s~1 \ m \ 5000 ergs cm s~1.ÈIn this
regime, the ions are too highly ionized to permit the Auger

2000 PASP, 112 :1145È1161

Profile of the iron line
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Lightcurve : ASM/RXTE

=>  Clear spectral state transitions observed on about 16 years  
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BeppoSAX observations
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=>  Observations performed in August and October 2000
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XMM and RXTE observations

RXTE observations selected for our analysis+ }

August 2006      August 2008XMM obs :



Selection RXTE data



Self-consistent reflection models

Model :

constant * photoelectric absorption * ( black body + comptonisation 
+ relativistic blurring * reflection)

Reflionx : Ross & Fabian (2005)

=> Comparison of the parameters in the hard and soft state

Xillver : Garcia & Kallman (2010)
Pexriv : Magdziarz & Zdziarski (1995)



Hard State 

Chi2 = 1.12 (980 dof)



Soft State 

XMM obs : Di Salvo et al. (2009)

=> Gaussians : 3.31 keV -> Ar 
                           3.90 keV -> Ca

const * phabs * rdblur * edge * (bbody + nthcomp + gauss + gauss + 
highecut * reflection)

Model :

XMM-Newton observation : pile-up ?



Soft State 
Chi2 = 1.23 (1575 dof)



Hard state Soft state

photon index 1.8 +/- 0.1 2.6 +/- 0.1 

T_electrons (keV) 22 +/- 2 3.0 +/- 0.1

ionization (erg/cm2/s) 210  +/- 10 3580 (+1180 -850)

Rin (Rg) 31 (+28 -12) 13 +/- 3

Chi2 (dof) 1.12 (980) 1.17 (1573)

Comparison of the parameters
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accretion rate (Msol/yr) 2*10^-9 1.6*10^-8
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Conclusion

Fit from non simultaneous data with self-consistent reflection models

Evolution of the spectral parameters from the soft to the hard state 

Overabundance of some elements (Fe, Ca and Ar) of a factor 2

Disk truncated further from the neutron star in the hard state

=> Paper submitted to A&A



Thank you !!!



Pile-up
XMM-Newton/EPIC-pn -- Timing mode : 45 ks -- count rate = 767 c/s

(SAS task epatplot)

CCD

Single event

Double event



Pile-up without the central raw

Double event

Single event

CCD



Pile-up without 2 central raws

Single event

Double event

CCD



Pile-up fraction in 6-7 keV

single double

16 raws 0.983 +/- 0.001 1.114 +/- 0.002

16 - (1 central raw) 0.994 1.070

16 - (2 central raws) 1.000 1.041

=>  The pile-up fraction decreases but the statistics decreases so we 
loose information...



Self-consistent reflection models

Model :

const * phabs * ( bbody + nthcomp + rdblur * highecut * reflection)

Reflionx : Ross & Fabian (2005)

=> Comparison of the parameters in the hard and soft state

Xillver : Garcia & Kallman (2010)
Pexriv : Magdziarz & Zdziarski (1995)


