
by

EUROPEAN ASTRONOMICAL SOCIETY

ANNUAL MEETING

Athena and XRISM spectra for dense MHD 
winds around black hole binaries

Susmita Chakravorty

with
Pierre-Olivier Petrucci, Joern Wilms, Jonathan Ferreira, Sudeb Dutta
as part of the 
ANR-CHAOS collaboration
Institut de Planétologie et d'Astrophysique de Grenoble (IPAG)



EUROPEAN ASTRONOMICAL SOCIETY ANNUAL MEETING

The Jet Emitting Disk (JED)

• The density at the base of the flow is NOT a free parameter

• Ejection efficiency p (where Ṁacc = rp )

• Important for parametrizing the outflow model

• Ferreira 1997, Casse & Ferreira 2000a, 2000b

• Ferreira and Casse 2004 

 ~ 1/p, , Vmax ~ p-1/2
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The Jet Emitting Disk (JED)
and its scope for absorption line Winds

• The density at the base of the flow is NOT a free parameter

• Ejection efficiency p (where Ṁacc = rp )

• Important for parametrizing the outflow model

 ~ 1/p, , Vmax ~ p-1/2
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Warm Solutions

p = 0.1 p = 0.3 p=0.45

= L/nR2
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The Jet Emitting Disk (JED)
and its scope for absorption line Winds

Chakravorty+ 2016, A&A, 589A, 119
Chakravorty+ 2021 in preparation

Also see

Jacquemin-Ide, Ferreira & Lesur, 2019MNRAS.490.3112J

For other flavours or JED models

• Ejection efficiency p (where Ṁacc = rp )

• Important for parametrizing the outflow model

A suit of JEDs

Increasing p == Denser outflow
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The Jet Emitting Disk (JED)
and its scope for absorption line Winds

• Ejection efficiency p (where Ṁacc = rp )

• Important for parametrizing the outflow model

• We started spectral predictions with Dense Models

• Why Dense Solution?

• If we can explain observations – absorption lines – in winds

• The model parameters will relate to the accretion state of the BHB

A suit of JEDs

Chakravorty+ 2016, A&A, 589A, 119
Chakravorty+ 2021 in preparation

Increasing p == Denser outflow

H-like Iron

He-like Iron

GROJ 1655, using Chandra, 

Neilsen & Homann, 2012 
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The Jet Emitting Disk (JED)
and its scope for absorption line Winds

A suit of JEDs

Increasing p == Denser outflow

Line of sight

is broken into slabs separated by 

v = 75 Km/s

Final Aim: Library of Absorption 

spectra in terms of MHD flow 

parameters (p and ) and i

(inclination angle)

75 km/s
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Important Notes 

We are keeping our methods generic

A code that can work for any outflow solution 

provided as an ascii file containing the values of 

the relevant physical parameters.

We use a velocity resolution that can take care of 

future missions –

At 6.5 keV, 

XRISM will have resolution ~ 300 km/s; 

Athena will have resolution ~100 Km/s

The limit 75 km/s comes from the limits of 

CLOUDY version C08. 

Since its better than the instrument resolutions, 

we use this.

We use the same resolution in XSTAR

The Jet Emitting Disk (JED)
and its scope for absorption line Winds

A suit of JEDs

Increasing p == Denser outflow

Line of sight

is broken into slabs separated by 

v = 75 Km/s

Final Aim: Library of Absorption 

spectra in terms of MHD flow 

parameters (p and ) and i

(inclination angle)

75 km/s
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A suit of JEDs

The Jet Emitting Disk (JED)
and its scope for absorption line Winds

Increasing p == Denser outflow
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p = 0.1 p = 0.3 p=0.45
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How will Athena and Xrism see these spectra
Interpretations

ATHENA XIFU resolution is ~100 km/s at ~ 6.5 keV

100 ks exposure
Binned to have 10 counts in each bin

0.1 Crab (F2-10keV=3.4 x 10-10 cgs)
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ATHENA XIFU resolution is ~100 km/s at ~ 6.5 keV

100 ks exposure
Binned to have 10 counts in each bin

0.1 Crab (F2-10keV=3.4 x 10-10 cgs)

Athena and Chandra comparison

~ 2 eV resolution 

~ 50 eV resolution 
In Chandra 3rd order
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ATHENA XIFU resolution is ~100 km/s at ~ 6.5 keV

100 ks exposure
Binned to have 10 counts in each bin

0.1 Crab (F2-10keV=3.4 x 10-10 cgs)

Athena and Chandra comparison

~ 2 eV resolution 

~ 50 eV resolution 
In Chandra 3rd order

vFeXXVI ~ 2500 km/s 

(fit one Gaussian)

GRO J1655: 

vFeXXVI ~ 1000 – 1700 km/s

Fukumura 2021 

v ~ 600 Km/s
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How will Athena and Xrism see these spectra
Interpretations

Athena XRISM

FeXXV complex FeXXV complex

Athena XRISM

FeXXVI FeXXVI

H- and He-like

Ca & Ar

H- and He-like

Ca & Ar
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The FeXXVI Lyα Doublet

Chandra 3rd Order Spectrum for GX 13+1 Neutron Star wind
Tomaru et.al. 2007.14607
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The FeXXVI Lyα Doublet

Chandra 3rd Order Spectrum for GX 13+1 Neutron Star wind
Tomaru et.al. 2007.14607

Expected XRISM spectrum of the FeXXVI Lyα
doublet
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Will Athena and Xrism see the Doublet from 
MHD Winds?

Typical MHD wind:

Outer radius is fixed at 
1.0e6 gravitational radii.

p=0.3, ep=0.01, 
inclination angle=15 
degree

Comparison between output absorption spectra generated using cloudy and xstar for MHD wind

FeXXVI doublet is present in xstar atomic database, 

absent in cloudy database till now.

FeXXVI doublet may be observed through MHD wind 

depending on  and v. 

XstarCLOUDY

Xstar simulations done by 

Sudeb Ranjan Datta,

Indian Institute of Science
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p = 0.3

p = 0.04

Will Athena and Xrism see the Doublet from 
MHD Winds?

Xstar simulations done by 

Sudeb Ranjan Datta,

Indian Institute of Science

ATHENA, 100 ks for 100 mJy (1-10 keV)
• For detected lines profile are assymetric - non gaussian 

• Especially for the line at 6.973, 2-3 gaussians are necessary for fit.
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p = 0.3

p = 0.04

Will Athena and Xrism see the Doublet from 
MHD Winds?

Xstar simulations done by 

Sudeb Ranjan Datta,

Indian Institute of Science

XRISM, 100 ks for 100 mJy (1-10 keV)
• For detected lines profiles are symmetric 

• No need for multiple gaussian components 
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Conclusions

➢ We have studied the Jet Emitting Disk as outflow models for BHB Winds – Detected via Absorption Lines in 

Xrays

➢ Creating the methodology to get spectra from these models for Absorption Lines

➢ We simulated Athena and XRISM spectra to check
❑ The asymmetry in the absorption lines can be easily traced with Athena.

❑ FeXXVI Lyα doublet features from these models can be detected by Athena and XRISM

❑ Athena can even trace asymmetry in the individual lines of the doublets

❑ Presence or absence of asymmetries in actual observations can thus answer – “MHD or Thermal winds?”

➢ Two Caveats we are working on
❑ The simulation of each spectrum takes a LONG time ~> 12 hrs. Because the spectrum is calculated for each slab

❑ We have not been able to include EMISSION LINES in our methods YET.


