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๏ First discoveries of narrow absorption 
features (Fe XXV, Fe XXVI) with ASCA 
(e.g., GROJ1655−40 Ueda et al. 1998, 
Yamaoka et al. 2001; GRS 1915+105, 
Kotani et al. 2000)  Hot wind→

๏ Absence of P Cyg profile: the absorber does not flow isotropically

๏ Lack of any orbital phase dependence of the features (e.g., Yamaoka 
et al. 2001; Boirin & Parmar 2003) except during dips: the absorber is 
close to the compact object 

๏ Measured energy shift < a few 1% (up to a few 1000 km/s)
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Disk Winds: Observational facts

Ueda et al. (1998)

GRO J1655-40 in soft state



M. Parra et al.: The current state of disk wind observations in BHLMXBs through X-ray absorption lines in the iron band

Fig. 11. HID Diagram with the position of all exposures for sources with inclination constraints, above (left) and below (right) 55°. Sources present
in both panels have inclination constraints compatible with above and below the threshold.

Fig. 12. HID Diagram with the position of all exposures for sources with inclination constraints strictly above (left) and below (right) 55°.

Fig. 13. HID diagram with the position of all exposures, color-coded according to the lower limit of the source’s inclination for sources above 55°
(left) and the upper limit of the inclination for sources below 55°(right).replaced by the figure with strict limits on the inclination but I keep it
here to have it available if needed

Article number, page 15 of 25

๏ Overwhelming presence of X-ray absorption features in high inclined 
systems in « soft state » (e.g., Ponti et al. 2012, Diaz Trigo & Boirin 2016, 
Parra et al. in prep.)
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Hard X-ray and Radio luminousSoft X-ray and Radio quenched
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➡equatorial geometry with opening angles of few tens of degrees 

Low inclined (< 55 °) BH XrB

4

Disk Winds: Observational facts



๏ Wind mass loss rate:  
·Mwind = 4πρR2vout = 4π

L
ξ

mpvout ≥ ·Macc

5

!!"# !! !$"# $
$

#

!$

!#

%$

&'()&*'+,&-../

0
.'
+ 1
23
.,
0
.'
+ 4
55

!"#$%&'!()
*+,-#$..'!&)
/#(!%'%00)
*+1#2#.3#&.)

45678)9)0)4:;;!

<))))))))))))))))<!

Figure 5. Ṁwind over Ṁacc vs. luminosity. Apart from the one observation
at the lowest luminosity, all detected winds carry away at least twice more
mass than the one accreted into the central object. This implies that these
winds are major players in the accretion phenomenon. The largest Ṁwind

is measured for the GROJ1655-40 observation during which a magnetically
driven wind was detected (Miller et al. 2006a; Miller et al. 2008; Kallman
et al. 2009).

where mp is the proton mass, vout the wind outflow velocity and
Ω is the solid angle subtended by the wind. Chandra observations
provide reliable measurements of the outflow velocities, the detec-
tion of the wind in each soft state spectrum suggest a high filling
factor, moreover we measured a wind opening angle of ∼ 30◦,
thus, once estimated the ionisation parameter, we can measure the
mass outflow rate and compare it to the mass inflow rate (assum-
ing an efficiency η = 0.1). We estimate the ionisation parameter ξ
from the Fe XXV / Fe XXVI ion ratio and assume the ion vs. ξ dis-
tribution computed by Kallman & Bautista (2001) and obtain val-
ues between Log(ξ)∼ 3.5 − 4.2. However, we caution the reader
that these values might change significantly once (instead of as-
suming the ion abundances of Kallman & Bautista 2001) the ion
abundances vs. ξ are computed using the properly tailored ionisa-
tion balances from the self consistent SED4. Figure 5 shows that the
mass outflow rates carried away by these winds are generally sev-
eral times, up to 10-20 times, higher than the mass accretion rates
as found by Neilsen et al. (2011a). This indicates that these winds
are fundamental components in the balance between accretion and
ejection, and that disregarding such winds would mean overlook-
ing the majority of the mass involved in the accretion phenomenon.
Such massive winds suggest a higher mass transfer rate from the
companion than is generally assumed. This might imply, for exam-
ple, more rapid evolution of the binary orbit than we expect.

Such winds should have a major impact on the physics of the
inner accretion disc. For example, it is expected that the onset of the
wind would reduce the local accretion rate. After a viscous time,
this would modulate the accretion rate in the inner disc and, thus,
the source luminosity, ultimately producing oscillations (Shield et

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

al. 1986; Melia et al. 1991). Interestingly, a Suzaku observation
caught GRS1915+105 in transition from the hard (χ state) to the
soft state (Ueda et al. 2010, but see also Neilsen et al. 2011) and,
in agreement with this interpretation, both the rise of the wind and
oscillations (θ state) are observed. We note that Compton heated
winds are predicted to be powerful only at luminosities higher than
few per cent of the Eddington limit. This corresponds to the only
range of luminosities in which the soft states are observed, sug-
gesting a strong connection. We speculate that the wind might have
an effect in keeping the thin disc stable and the source firmly in
the soft state, basically preventing the transition back to the hard
state until the wind is not powerful anymore. This would lead to a
more or less constant luminosity for soft to hard state transitions,
which is observed (Maccarone 2002). It is critical to establish in
the future whether these winds really are driven by Compton heat-
ing and what their influence is on the inner accretion flow, to better
understand how they are linked to the accretion state and/or the
formation/suppression of the jet.
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Munoz-Darias et al. (2019) 

➡ubiquitous (?) 
➡Are Hot and Cold winds the same 

component?

๏ Wind mass loss rate:  
·Mwind = 4πρR2vout = 4π

L
ξ

mpvout ≥ ·Macc
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mass than the one accreted into the central object. This implies that these
winds are major players in the accretion phenomenon. The largest Ṁwind

is measured for the GROJ1655-40 observation during which a magnetically
driven wind was detected (Miller et al. 2006a; Miller et al. 2008; Kallman
et al. 2009).

where mp is the proton mass, vout the wind outflow velocity and
Ω is the solid angle subtended by the wind. Chandra observations
provide reliable measurements of the outflow velocities, the detec-
tion of the wind in each soft state spectrum suggest a high filling
factor, moreover we measured a wind opening angle of ∼ 30◦,
thus, once estimated the ionisation parameter, we can measure the
mass outflow rate and compare it to the mass inflow rate (assum-
ing an efficiency η = 0.1). We estimate the ionisation parameter ξ
from the Fe XXV / Fe XXVI ion ratio and assume the ion vs. ξ dis-
tribution computed by Kallman & Bautista (2001) and obtain val-
ues between Log(ξ)∼ 3.5 − 4.2. However, we caution the reader
that these values might change significantly once (instead of as-
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abundances vs. ξ are computed using the properly tailored ionisa-
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eral times, up to 10-20 times, higher than the mass accretion rates
as found by Neilsen et al. (2011a). This indicates that these winds
are fundamental components in the balance between accretion and
ejection, and that disregarding such winds would mean overlook-
ing the majority of the mass involved in the accretion phenomenon.
Such massive winds suggest a higher mass transfer rate from the
companion than is generally assumed. This might imply, for exam-
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Such winds should have a major impact on the physics of the
inner accretion disc. For example, it is expected that the onset of the
wind would reduce the local accretion rate. After a viscous time,
this would modulate the accretion rate in the inner disc and, thus,
the source luminosity, ultimately producing oscillations (Shield et

4 For example, under various assumptions about the gas density, different
authors studying the same dataset found ionisation parameters that vary by
∼ 2 orders of magnitude (Miller et al. 2006a; 2008; Netzer 2006; Kallman
et al. 2009). However, our estimated ionisation parameters here are within
the typical range of measured values, and we believe they are useful for our
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range of luminosities in which the soft states are observed, sug-
gesting a strong connection. We speculate that the wind might have
an effect in keeping the thin disc stable and the source firmly in
the soft state, basically preventing the transition back to the hard
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➡Crucial component for the XrB evolution

๏ (Cold) Wind signatures observed in the 
IR/Opt/UV mainly in the Hard state (e.g. 
Munoz-Darias et al. 2019, Mata Sanchez 
et al. 2022)
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๏ Compton Heated Wind (Begelman et al. 1983)

TIC =
∫ EFE(E)dE

4k ∫ FE(E)dE
∼ 106−8 K

hot atmosphere

๏ Disc atmosphere escape when:

i.e. when R > RIC =
GMBHmp

kTIC
∼ 105−6Rg

Vth(TIC) = ( 2kTIC

mp )
1/2

> Vesc(R) = ( 2GMBH

R )
1/2

(Credits: R. Tomaru)

 requires large disk
 small range in velocities 

→
→

(e.g. Woods et al. 1996; Done et al. 2008; 
Dyda et al.   2017; Tumaru et al. 2019) Black hole

Disk Winds: Launching processes
Thermally driven

➡ Simulations show that  is already enoughR > 0.1RIC
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๏Key parameter: the magnetization  μ =
Pmag

Ptot

๏The same mechanisms that produce jets from disk (e.g. Blandfold & Payne 1982) 
can apply for Winds

➡ JET: high powerful radio 
emission, high speed, no absorption 
features

μ → ➡ WIND: low weak radio 
emission, low speed, absorption 
features

μ →

Fukumura et al. (2017)

  MHD wind can be produced wherever → μ > 0
  Wide range in velocity, depending on the 
wind radial extension
→

But… both processes could (should?) be present 
(e.g., Everett 2005; Neilsen & Homan 2012; 
Waters & Proga 2018)

(e.g. Chakravorty et al. 2016, 2022; 
Fukumura et al. 2017, 2021)

MHD driven
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Soft state

Hard state

Spectral Energy Distribution

Ionisation Fraction

Photoionisation Stability Curves

Disk Winds: Thermal Stability

Could explain the absence of (hot) wind 
detection in Hard State (e.g., Chakravorty et 
al. 2013, 2016; Bianchi et al. 2017)
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The revolution of X-ray  High 
Spectral Resolution
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Large number of counts needed…

Chakravorty et al. (2022)

➡ Counts > several  in the 6-8 keV range to constraints lines of < 10 eV103

Athena counts in the 6-8 keV band

·M ∝ Rp

Athena 6-8 keV counts 

        2-10 keV Flux            
Ex

po
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 ti

m
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(k
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MHD like

Thermal like

Magnetic Driving: 
Asymmetric profiles 
and strong blueshift

Thermal 
Driving: 
(with low 

turbulence)

C
ol

um
n 

D
en

si
ty

Energy

Gandhi et al. (2022)

๏Up to now, both types of processes manage to reproduce the main 
characteristics (density, velocity,…) of the observed absorption features 
(e.g., Fukumura et al. 2017; Chakravorty et al. 2016, Tomaru et al. 2019) 

Giustini & Proga (2012)

LOS

- MHD wind: vlos(R) ∝ R−1/2 - Thermal wind: vlos(R) a few 100 km/s

๏ The difference in the velocity profiles is expected to produce different line 
profiles (Fukumura et al. 2021, Chakravorty et al. 2022, Tomaru et al. 2022)

Constraints on Launching Processes 
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MHD wind Thermal radiative wind

Constraints on Launching Processes 

- MHD wind: vlos(R) ∝ R−1/2 - Thermal wind: vlos(R) a few 100 km/s

Energy (keV)
6.95 7 7.05 6.95 7 7.05

Energy (keV)

๏Up to now, both types of processes manage to reproduce the main 
characteristics (density, velocity,…) of the observed absorption features 
(e.g., Fukumura et al. 2017; Chakravorty et al. 2016, Tomaru et al. 2019) 

๏ The difference in the velocity profiles is expected to produce different line 
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Constraints on the geometrical/
physical properties

Disk Magnetization
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= 0.0674μ
= 0.0059μ
= 0.0016μ

๏ In case an MHD wind is present, the wind properties (density, velocities,…) 
along the LOS will depend on the magnetisation

Datta et al. (in preparation)
Jacquemin-ide et al. (2019, 2021)
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Without ignoring the 
absorption from the 

unstable parts of the wind

 Ignoring absorption 
from the unstable 
parts of the wind
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Detection in the Hard State?
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Conclusions

๏ Disk winds in XrB certainly play a crucial role in the 
evolution of these systems.

๏ High Spectral Resolution Missions (XRISM/Athena) will 
provide crucial constraints on: 

✓ Launching process (MHD vs Thermal) 
✓ Wind properties (inclination, density distribution, …) 
✓ Disk magnetisation 
✓ X-ray wind detection in hard states? 
✓ …
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Thanks!
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