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Accretion disc winds in LMXBs

• Observable (e.g. Ueda+04, Lee+02) 
•  

• ( ) 

•  
(H  and He-like ions, especially Fe) 

• High inclination close to Edge-on ( ) 
• Large mass loss rate: 

 
What powers these winds? 
→ Physical models are required. 

NH ∼ 1022−24 cm−2

vout ∼ 100 − 1000 km s−1 ∼ 104 − 105 Rg

ξ = L/(nR2) ∼ 103 − 105 erg cm s−1

i > 60∘

·Mw = 4πR2mpnpvour = 4πL/ξvoutmp ∼ ·Ma

2

Blue-shifted absorption lines in spectroscopic data
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Blue-shifted absorption lines in spectroscopic data
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Blum et al. 2010; Neilsen et al. 2011b). Thus, the ‘static absorber’
interpretation may be unlikely.

Early works on accretion disc theory (Shakura & Sunyaev 1973)
already predicted the formation of winds from the outer disc.
Compton-heated winds (see Fig. 3) can be launched if the inner
disc is geometrically thin and thus the central source can illumi-
nate and heat the outer disc, creating a hot outflowing disc atmo-
sphere with temperature T ∼ TIC =

∫ ∞
0 hνLνdν/4kL ∼ 107–8 K

(Krolik et al. 1981; London et al. 1981; Begelman et al. 1983a,b;
Woods et al. 1996; Shields et al. 1986) whose ionization parameter
is expected to be primarily linked to the spectral energy distribution
(SED; characterized by T IC) of the illuminating source.

Assuming that the Fe XXV and Fe XXVI absorption lines are unsat-
urated and are on the linear part of the curve of growth, we can esti-
mate the Fe XXV and Fe XXVI ion abundances (see formula 1 of Lee
et al. 2002). Fig. 4 shows the Fe XXV-to-Fe XXVI ion abundance ratio
as a function of T IC for all the observations in which the two lines
are detected. For all sources, we systematically observe the lower
ionization states (Fe XXV) at low T IC, with the ratio Fe XXV/Fe XXVI

decreasing for harder spectral shapes (higher T IC), as expected if the
ionization parameter (ξ ) increases linearly with T IC (see solid lines
in Fig. 4). This result suggests that, during the soft states, ionization
effects might play an important role in determining the properties
of the wind. However, this conclusion is based on the ionization
balance for a low-density gas illuminated by a # = 2 power law;
in order to verify the disappearance of the wind in hard states as
due to overionization, a detailed study of the actual ionizing spectra
and wind densities would be required. Although important, this is
beyond the scope of this Letter. Alternatively, the wind disappear-
ance in the hard state might arise from the fact that illumination
of the outer disc is critical for the production of Compton-heated
winds or from some other phenomenon (e.g. organization of mag-
netic field) which is related to the accretion states. Irradiation only
occurs when the outer disc subtends a larger solid angle than the
inner flow. Thus, the formation of thermal winds might be prevented
if harder states are associated with thick discs that, even if optically

Figure 3. Several physical mechanisms can explain the properties of the
observed equatorial disc winds. Here the thermal winds scenario is sketched.
In soft states, associated with geometrically thin discs, the central source
does probably illuminate the outer disc and thus it might heat it, increasing
the thermal pressure that then drives away a wind, which is flattened above
the disc. Thus, only in high-inclination sources our line of sight to the
central source crosses the wind, allowing us to detect it. In hard states, a
geometrically thick and optically thin corona and the jet are present, while no
wind is observed. [Correction added after online publication 2012 April 4:
figure colours fixed]

Figure 4. The Fe XXV-to-Fe XXVI ion abundance ratio as a function of TIC.
For each source, the Fe XXV/Fe XXVI ion abundance ratio is decreasing with
T IC (which is a tracer of the spectral hardness). This suggests that the wind
ionization increases with spectral hardness, thus suggesting that ionization
effects play an important role here. The solid lines show the expected relation
between ion ratios and T IC, assuming a linear relation between ξ and TIC
(ξ = $ × T IC/1.92 × 104, where $ = Fion/nkTc, Fion is the ionizing flux
between 1 and 103 Rydberg; Krolik et al. 1981) and the ion fraction versus ξ

as computed by Kallman & Bautista (2001; see their fig. 8) for an optically
thin low-density photoionized gas (# = 2).

thin at the centre, have an optically thick region with H/R ∼ 1 or
have a significant optical depth as seen from the outer disc (see also
Neilsen et al. 2011b). Alternatively, if the disc ionization instability
is at work in these transient sources, the Compton radius of the wind
might lie in a low-temperature, and thus unflared, part of the outer
disc (Dubus et al. 2001).

5 DI SCUSSION

How important are these winds for the accretion phenomenon? We
estimate the wind mass outflow rate using the equation

Ṁwind = 4πR2nmpvout
%

4π
= 4πmpvout

LX

ξ

%

4π
, (1)

where mp is the proton mass, vout the wind outflow velocity and % is
the solid angle subtended by the wind. Chandra observations pro-
vide reliable measurements of the outflow velocities; the detection
of the wind in each soft state spectrum suggests a high filling factor;
moreover, we measured a wind opening angle of ∼30◦. Thus, once
the ionization parameter is estimated, we can measure the mass
outflow rate and compare it to the mass inflow rate (assuming an
efficiency η = 0.1). We estimate the ionization parameter ξ from
the Fe XXV/Fe XXVI ion ratio and assume the ion versus ξ distribution
computed by Kallman & Bautista (2001) and obtain values between
log(ξ ) ∼ 3.5 and 4.2. However, we caution the reader that these val-
ues might change significantly once (instead of assuming the ion
abundances of Kallman & Bautista 2001) the ion abundances ver-
sus ξ are computed using the properly tailored ionization balances
from the self-consistent SED.4 Fig. 5 shows that the mass outflow

4 For example, under various assumptions about the gas density, different
authors studying the same data set found ionization parameters that vary by
∼2 orders of magnitude (Miller et al. 2006a, 2008; Netzer 2006; Kallman
et al. 2009). However, our estimated ionization parameters here are within
the typical range of measured values, and we believe they are useful for our
purposes here.

C⃝ 2012 The Authors, MNRAS 422, L11–L15
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Thermal winds (Compton heated winds)

• The temperature of the disc surface 

  

• Gas pressure force > The gravity 
→Wind ( ) 
 Inevitable occurrence (if R is large) 

• Radiation force also affects. 
(thermal-radiative winds if  is large) 

•  
Possible to predict the dynamics and line profiles 
by X-ray SED, , and the outer disc size

TIC =
∫ EFE(E)dE

4k ∫ FE(E)dE
∼ 107−8 K

R > 0.2 RIC

L/LEdd

vesc(RIC) ∼ 100 − 1000 km s−1

L/LEdd

4

Powered by X-ray radiation heating (Begelman+83)
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BH

TIC

X-ray

Wind

 RIC =
GMμmp

kTIC

RIC ∼ 105−6 Rg (Rg = GM/c2)

Disk



The thermal-radiative wind model

• The new RHD code  for comparison with 
observation  
• Input parameters  
(SED, , Disc size) 

• Radiative heating/cooling  
(Compton and Inverse Compton,  
Lines, photoelectric abs, recombination,  
bremsstrahlung with )  

• Radiative acceleration + attenuation 
(scattering, lines and photoelectric abs)

L/LEdd

Z = Zsolar

5

We build radiation hydrodynamic  (RHD) simulation code.
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Radiation hydrodynamic  (RHD) simulations
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The thermal-radiative wind in H 1743-322 3

Figure 1. a) The energy flux of H 1743-322 which consists of a disc-blackbody plus Comptonised power-law (������+������*������ in �����). b) The
heating and cooling function (� � ⇤ ). The black curve shows the thermal equilibrium (� � ⇤ = 0), the right colour bar shows the absolute logarithm value
of heating minus cooling function (log |� � ⇤ |). The Compton temperature of this spectrum is TIC = 1.0 ⇥ 107 K. c)The zooming figure of b) surrounding by
white dashed line. The vertical lines show the instability points. Red vertica lines is ⌅h,min = 100.
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Figure 2. a)Thermal equilibrium curve of log ⇠vs logT . b): Force multiplier
of continuum process(bound-free plus scattering, red), line (green) and total
(black) at the thermal equilibrium state. The vertical dashed line shows
⇠H,min = 1.7 ⇥ 102 which is the ionisation parameter of disc surface.

where Fx is the X-ray flux and Lx is the X-ray luminosity at each
grid point. These are defined from the intrinsic luminosity, Lx0,
which is modified for absorption/scattering along the line of sight
so that Lx = Lx0e

�⌧(R,✓). We assume that the corona and inner disc
are both e�ectively a central point source, so that

⌧(R, ✓) =
’

M(⇠,T)es⇢(R, ✓)�R + ⌧0(✓) (3)

where es = 0.34 cm2 g�1 is the mass-scattering coe�cient for free
electrons, ⌧0 is optical depth of inner corona discribed in Sec.3.3 and
M(⇠,T) is the force multiplier defined by Tarter & McKee (1973).
This force is calculated by ������ and accounts for the additional
opacity from continuum process (bound-free; photoelectric absorp-
tion edges) and line process (bound-bound transitions) (Fig.2b), but
does not include the additional force from velocity shifts as the ve-
locity is low. This also defines the radiation force on the material
as frad =

esM(⇠,T )
c

Fx [cm s�2]. ������ also calculates the ion
fractions of Fe XXV and Fe XXVI, fXXV(⇠,T) and fXXVI(⇠,T) at each
point of ⇠ and T .

We adopt an irradiated disc shape, where Hd/R / R
2/7 (Cun-

ningham 1976, as recast by Kimura & Done 2019) where

Hd/R = 1.5 ⇥ 10�3
✓

L

LEdd

◆1/7 ✓
Mc

M�

◆�1/7 ✓
Rout
Rg

◆2/7 ✓
R

Rout

◆2/7

= fd

✓
R

Rout

◆2/7

(4)

In the simulation grid, we set angle of disk from mid-plane ↵d(R) =
arctan{Hd(R)/R�Hd(Rin)/Rin} in order to set ↵d = 0 (✓ = ⇡/2) at
inner radius of computational domain Rin (see also, Appendix.A).

We apply the axially symmetric boundary at the rotational axis
of the accretion disk, ✓ = 0 so that ⇢, p and vr are symmetric, while
v✓ and v� are antisymmetric). We apply a reflecting boundary at ✓ =
⇡/2 so that ⇢, p, vr and v� are symmetric, but v✓ is antisymmetric.
Outflow boundary conditions are employed at the inner and outer
radial boundaries, so that matter can freely leave but not enter the
computational domain. We set our radial computational grid from
R = (0.01 � 1)Rout, with 120 values logarithmically spaced. Our
assumed value of Rout = 6.6⇥ 105

Rg is coincidentally equal to RIC
for the Compton temperature of the soft state SED of 1.0 ⇥ 107 K.

We set a specific polar angle grid to follow the shape of the
disc surface, so we take 120 values of ✓ to cover the disc/atmosphere
transition for angles ✓ > ⇡/2 � ↵d(Rout) and another 120 values to
cover the wind region with constant solid angle d(cos ✓) = sin ✓d✓.
In the disc zone and disk surface, we set vR = 0, v� = vk =p

GMc/R sin ✓ at each time step.
We initially set temperature T(R, ✓) = 1.1⇥107(R/6Rg)�3/4K,

density ⇢0(R, ✓) = 1.0 ⇥ 10�33g cm�3 (except in the disk region),
vR(R, ✓) = 0, v✓ (R, ✓) =

p
GM/R sin ✓ and v�(R, ✓) = 0.

For comparison with observation, we calculate ion density of
Fe XXVI and Fe XXV from simulations via nXXVI = n AFe fXXVI(⇠,T)
and nXXV = n AFe fXXVI(⇠,T), where AFe = 3.3 ⇥ 10�5 is iron
abundance relative to hydrogen which is same value as Miller et al.
(2006b). We use these to define the ion column density along any
line of sight, and to calculate the column density weighted velocity
for each ion.

MNRAS 000, 1–10 (2015)



The RHD model

• RHD wind can explain the observed line profiles. 

7

RHD simulation & Monte-Carlo radiation transfer
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Absorption lines in H1743-322

• Can our RHD wind model explain the wind in the hard state?

8

Disappearance in the hard state  
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occasions (Miller et al. 2006b). All four of those observations
captured relatively soft flux states. Three could be roughly clas-
sified as “high/soft” states. The remaining observation (second
in the sequence) likely captured a harder (but still luminous)
“very high” state.

H 1743−322 was again observed with the Chandra/HETGS
and RXTE in 2010. The Chandra observation started on 2010
August 8 at 23:03:48 UT and was 60.5 ks in duration. RXTE
observed H 1743−322 simultaneously with Chandra, starting
on 2010 August 9 at 05:35:51 UT for a total duration of
6.1 ks. Rapid analysis of the RXTE observation confirmed that
H 1743−322 was in a “low/hard” state at the time of these
observations (Belloni et al. 2010).

The Chandra High Energy Transmission Gratings (HETG)
were used to disperse the incident flux onto the Advanced
CCD Imaging Spectrometer “spectroscopic array” (ACIS-S).
To prevent photon pile-up, the ACIS-S array was operated in
continuous clocking or “GRADED_CC” mode, which reduced
the frame time to 2.85 ms. For a discussion of this mode,
please see Miller et al. (2006b). All Chandra data reduction
was accomplished using CIAO version 4.4. Time-averaged first-
order HEG and MEG spectra were extracted from the Level-2
event file. Redistribution matrix files (rmfs) were generated
using the tool “mkgrmf”; ancillary response files (arfs) were
generated using “mkgarf.” The first-order HEG spectra and
responses were combined using “add_grating_orders.” The
spectra were grouped to require a minimum of 10 counts bin−1.

The standard RXTE pipeline spectral files and responses
for the Proportional Counter Array (PCA) and HEXTE were
downloaded from the HEASARC archive, and employed for
spectral fitting. A systematic error of 0.6% was added to the PCA
spectrum in quadrature. All spectral analyses were conducted
using XSPEC version 12.6.0. All errors quoted in this Letter are
1σ errors.

3. ANALYSIS AND RESULTS

The central questions in this Letter require estimates of
the ionizing flux and column density in each observation
of H 1743−322. This can be done through photoionization
modeling, but a simpler and more direct approach is to measure
the equivalent width of absorption lines since EW ∝ N when
the absorbing gas is on the linear part of the curve of growth.

3.1. The Spectral Continuum in the 2010 Low/Hard State

We fit the combined first-order Chandra/HEG and
RXTE/PCA spectra of H 1743−322 jointly. The HEG spectrum
was fit limited to the 1.2–9.0 keV band, owing to calibration
uncertainties and poor signal on either side of this range. The
PCA spectrum was fit in the 3.0–30.0 keV band, again owing to
calibration uncertainties on either side. In the joint fits, a simple
constant was allowed to float between the spectra to account for
differences in the flux calibrations.

A fit with a simple absorbed power-law model with Γ =
1.77 ± 0.01 does not give a formally acceptable fit (χ2/ν =
1.56), but it does characterize the flux well. It is likely that the
poor fit is driven by uncertainties in the cross-calibration of the
instruments. When each spectrum is permitted to derive its own
power-law index in a joint fit, a value of Γ = 1.93 ± 0.01 is
found for the HEG spectrum while Γ = 1.71 ± 0.01 is found
for the RXTE/PCA spectrum, and a much better fit is derived
(χ2/ν = 1.13). If the steeper index is assumed to be the right
time-averaged value for the lengthy Chandra observation, it
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Figure 1. Line spectra from two Chandra/HETGS observations of
H 1743−322. The data have been divided by a simple continuum and binned for
visual clarity. The observation in black was obtained in a disk-dominated phase;
it is listed as “Observation 1” in Miller et al. (2006b). A disk wind was detected
through the blueshifted Fe xxv and Fe xxvi absorption lines in that spectrum.
The deep low/hard state observation considered in this paper is shown in red. No
significant absorption lines are evident, and restrictive upper limits are obtained
through direct fits.
(A color version of this figure is available in the online journal.)

leads to a low value for the 8.8–30 keV ionizing flux (see below).
To be conservative, then, we simply adopt the power-law index
derived in the joint fit (Γ = 1.77) as an approximate value, and
derive the unabsorbed 8.8–30 keV flux based on that model.

3.2. Limits on Absorption Lines in the 2010 Hard State

To test for the presence of Fe xxv and Fe xxvi absorption
lines in the low/hard state spectrum of H 1743−322, we added
Gaussians at 1.850 Å and 1.780 Å (6.700 keV and 6.970 keV,
respectively; Verner et al. 1996). The range of line widths and
velocity shifts measured in the line detections reported in Miller
et al. (2006b) was sampled in order to ensure consistency and
conservative limits. We measure 90% confidence upper limits
of EW ! 0.58 mÅ and EW ! 0.42 mÅ for Fe xxv and Fe xxvi,
respectively. These limits are a factor of several lower than the
line detections reported in Miller et al. (2006b). Figure 1 shows
data/model ratio spectra from a prior Chandra observation and
the low/hard state considered here.

Larger potential velocity shifts were also examined, since one
means of increasing the ionization of a gas is to accelerate it. A
potential feature is apparent at 1.834 Å (6.760 keV). However,
this feature is merely noise: first, the feature is not significant
at even the 2σ level; second, it is unlikely that Fe xxv would
be observed in the absence of Fe xxvi (see, e.g., Kallman &
McCray 1982), especially if the gas is potentially more highly
ionized than when both were detected. There is no evidence for
an Fe xxvi line at a velocity shift required if the feature at the
6.760 keV line is identified with Fe xxv.

Limits on the line equivalent widths obtained with Chandra
(again, 0.58 mÅ and 0.42 mÅ for Fe xxv and Fe xxvi, respec-
tively) are tighter than those obtained in a prior Suzaku obser-
vation in the low/hard state (0.97 mÅ and 0.64 mÅ; Blum et al.
2010). Importantly, whereas the ionizing flux derived from the
Suzaku observation was higher than during the prior observa-
tions wherein a disk wind was detected, the ionizing flux derived

2

High-resolution X-ray spectrum by Chandra/HETGS

(simultaneous observation with RXTE)

D
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a/
M

od
el

Broad-band X-ray continuum by RXTE
Miller+2012



The comparison with observation

▸ The wind is completely ionized. 
▸ We confirm the RHD wind can explain the absorption appearance due to the different SEDs. 

9

The RHD wind can not observed in the hard state.
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The dynamics of winds by different SED

▸ : Thermally stable 
With constant , T↑ 

→Cooling >Heating   
Thermal instability happens at   

▸ Hard state: the rapid rise of  
▸  We confirm the transition in the 

RHD simulation of the Hard state.  
▸ Soft state: stable mid-ionised state 

→ Absorption lines

dT/dΞ > 0
Ξ = Prad/Pgas

Ξc,max

T ∼ TIC

10

The thermal equilibrium curve depends on the incident SED.
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NS LMXB GX 13+1

• Persistent bright NS   

• Largest disc size  

•  

•      

•  
• →Thermal-radiative winds predict large columns. 

• Can our framework reproduce even large columns?   
SED, L, disc size→RHD→MCRT→ absorption lines 

• We also analyzed the HEG 3rd spectrum 
( ) 

L = 0.5 LEdd

Rdisc = 1012 cm (5 × 106 Rg)

Porb = 24 d
MNS ∼ 1.4M⊙

Ms = 5M⊙

δE ∼ 20 eV@7 keV

11

Absorption lines are constantly observed.
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bands, respectively. Here both the HEG and MEG data are
summed including all the orders without correcting for pileup
(the possible flux change is less than 20%). For convenience
of discussion, we divide the whole period into six sections,
labeled as epochs I–VI in the figure, each having a duration of
about 5 ks. RXTE covers only epochs II, III, and IV, where
good agreement of the variability pattern is confirmed between
the HETGS and PCA light curves. Besides short time vari-
ability of !20% level on a timescale of 16 s, the HETGS data
indicate a gradual increase by about 10% from epoch I to the
later epochs.

Figure 2a shows the time-averaged first-order HEG spec-
trum in the whole 1.2–8 keV band, folded with the detector
response. Its blowup in the 6–8.2 keV band is plotted in
Figure 2b. As noticed, prominent absorption-line features are
evident around 6.97, 6.70, 2.62, and 2.01 keV, which corre-
spond to the K! resonance absorption lines of Fe xxvi, Fe xxv
(may include less ionized ions such as Fe xxiv), S xvi, and
Si xiv, respectively. We also detect less deep yet significant
K! absorption line features of hydrogen-like Mn (6.44 keV),
Cr (5.93 keV), Ca (4.11 keV), Ar (3.32 keV), and Mg

(1.47 keV) ions. In contrast, no significant narrow emission
line is detected. The narrow emission line feature at 6.4 keV
reported by Asai et al. (2000) and Ueda et al. (2001) could be
attributed to residuals of the broad emission line structure at
6.7 keV mentioned below. The expanded spectrum around
each absorption line is plotted in Figures 3a–3i. Quantitative
analysis for these features is performed in the next subsection.

To determine the continuum shape, the time-averaged PCA
spectrum is analyzed. In the spectral fit, we take into account
all the local structures detected by the HETGS and fixed in-
terstellar absorptions as determined from the 1.2–3 keV HETGS
spectrum: using the cross section by Wilms et al. (2000),
we obtain a hydrogen column density of NH ¼ (3:2 # 0:2) ;
1022 cm$2 with abundances (relative to solar; Anders &
Grevesse 1989) of Mg, Si, and S of 1:4 # 0:3, 1:6 # 0:2, and
1:1 # 0:4, respectively (the quoted errors in this paper are
90% confidence level for a single parameter unless otherwise
mentioned). We find that a sum of the multicolor disk (MCD)
model (Mitsuda et al. 1984) plus a blackbody component gives
a rough description of the whole continuum in the 3–25 keV
range. We notice, however, that broad positive residuals re-
main around 6–8 keV that can be approximated by a broad
Gaussian at 6.7 keV with a 1 " width of 0.6 keV and an
equivalent width of 150 eV. Similar features are also reported
by Sidoli et al. (2002) from the XMM-Newton observation.
Presence of the broad line may be attributed to the simple and
crude modeling of the continuum, although we cannot rule out
the possibility that it comes from a relativistic iron K emission
line from the innermost region of the accretion disk. In any
case, the broad-line parameters do not affect the iron absorp-
tion line parameters, and we do not discuss its origin in this
paper. The final parameters obtained are (innermost) temper-
atures of 1:52 # 0:03 and 2:56 # 0:02 keV with an absorption-
corrected 1–10 keV flux of 1:41 ; 10$8 and 1:65 ; 10$9 ergs
cm$2 s$1 for the MCD and blackbody component, respectively.
The MCD component is dominant below 10 keV. We confirm
consistency between the PCA and HETGS spectra, except that
the HETGS gives a normalization lower by about 20% than the
PCA, probably because of the cross calibration error.

3.2. Absorption Lines

3.2.1. Case I: Fit by the Voigt Profile

Below we make detailed analysis of the absorption-line
profile. To obtain the best statistics, we utilize the time-
averaged first-order spectrum from the whole period. In pre-
vious studies using CCD data, an absorption line has been
often approximated by a negative Gaussian, which is not
physically appropriate. Here, as a more realistic model, we adopt
the Voigt function for the opacity profile, where a Lorentzian
(natural broadening) is convolved with a Gaussian. The as-
sumption made here is that the velocity distribution can be
represented by a Gaussian as in the thermal broadening. In this
subsection we neglect any emission lines (case I). We consider
the fine structure of all the atomic transitions except for those of
forbidden lines that have extremely small transition prob-
abilities compared with resonance or intercombination lines.

When stimulated emissions can be neglected, which is ap-
propriate for our situation (see x 5.6 of Kotani et al. 2000), the
absorption-line profile is expressed as a function of frequency #,

 (#) ¼ 1$ exp $Ni

X

l;u

$e2

mec
%lu(#) flu

" #
;

Fig. 2.—(a) Time-averaged HEG first-order spectrum. (b) Its blowup in the
6–8 keV region, in linear scale (both x- and y-axes).

Fig.—2a

Fig.—2b

CHANDRA HIGH-RESOLUTION SPECTROSCOPY OF GX 13+1 327No. 1, 2004

Ueda+04
Chandra/HEG



The RHD model for NS LMXB GX 13+1

• The RHD model can explain line profiles with only one free parameter (inclination). 
• The inclination is also consistent with observation.

12

The RHD wind model works even in the NS system.
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Figure 8.1: The SED of GX 13+1 (left) and its thermal equilibrium curve (right)

Figure 8.2: The distribution of density (left) and temperature (right)

outflowing with vout ⇠ 400 km/s (Ueda et al., 2004; Madej et al., 2014; Allen et al.,

2018).

8.2 Observational data

There are 8 separate Chandra/HETG observations, each showing highly ionized

absorption lines (Ueda et al., 2004; Allen et al., 2018). We focus on the sequential

observations in 2010 (Tab.5.1). These all have similar continuum shape (all data

is in HB or NB branch (Homan et al., 2016)) and the EWs of the absorption lines

are consistent within statistical errors for all these spectra (Allen et al., 2018). We

use the first order spectra from the Continuous Clocking (CC) mode observation

(ObsID 11818) to determine the absorption line ion column densities, as this mode
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XRISM (Launched on 7th September 2023)

• XRISM observed  GX 13+1 in PV phase at 25 Feb 2024 

13

I had been waiting since I was a master student!
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Summary

• We build models of thermal-radiative (RHD) wind by RHD and RT simulations 
• The RHD wind model can explain the observed X-ray spectrum by Chandra 
• Absorption lines in the soft state and disappearance in the hard state of H1743-322 
• Absorption lines of Neutron Star LMXB GX 13+1 

• XRISM observation shows a lot of absorption lines in GX 13+1. 
• Supper-Eddington wind? 
• The spectrum requires 2 highly ionised absorbers (seems optically thick) 
• The line profile of our RHD wind model missed the faster component. 

18SUMMARY


