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2021 The Jet Emitting Disk (JED)
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« The density at the base of the flow is NOT a free parameter
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- Ejection efficiency p (where M__. = rP)
« Important for parametrizing the outflow model

* Ferreira 1997, Casse & Ferreira 2000a, 2000b
 Ferreira and Casse 2004
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The Jet Emitting Disk (JED)
and its scope for absorption line Winds

Warm Solutions
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- Ejection efficiency p (where M__. = rP)
« Important for parametrizing the outflow model
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N The Jet Emitting Disk (JED)
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A suit of JEDs L - :
Ejection efficiency p (where M__. = I?)
12 — 71— Important for parametrizing the outflow model
e S 11,1, 2.92 1
— 11 | /*B@s....___._._ﬁ oY Chakravorty+ 2016, A&A, 589A, 119
§ o " 100,278 ~ing12.2, 3.08 i % Chakravorty+ 2021 in preparation
§ | ] &
o T .\1:’ 3.71 l0gn,=13.9, logve=3.79_| , Also see
g 9 - TE— | Jacquemin-lde, Ferreira & Lesur, 2019MNRAS.490.3112J
= : A 149, 408 |, For other flavours or JED models
3 s
] |i ] | ] | ] | ] - & 100
30 — . . 10°; """.'mﬂ
I——I—-I Iog£<4.I86 "l'm..
—m— 10g£<6.0 (i)
20 — | .»uugg!ll"l"ll!I“!ﬂﬂln!"“”
2k : REEmE—— LTI TRT i
- - 3 102 . o e
o - -,,,M
10 7 a 5 crmemeres e o may,
‘ - 103 - "‘-” = con .-o::-:-::z:\!“
0 ] I ] | ] | ] | ] ":. ;:E;é.:--: _.:;: 10-2
0 0.1 0.2 0.3 0.4 0.5 i, SUEisE T
p 1 2 3 4 D 6

|__Increasing p == Denser outflow >

EUROPEAN ASTRONOMICAL SOCIETY ANNUAL MEETING



Leiden

2021

Virtual

A suit of JEDs

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

10 —

g -

[ 10.9, 2.78

q 3.71

?5.9. 5.82

'
'
.
'
| | |
1 H 1 1
T
'

logn,=23.9, logv,,=3.79 |
14,9, 4, 5

|
o

[%4/"*y] 6o

'
H
'
I i
'

—— |0g£<86.0

e v e e

1 I 1 I 1
L o——ii--—- l0gE<4.86

0.5

P .
|__Increasing p == Denser outflow > .
EUROPEAN ASTRONOMICAL SOCIETY ANNUAL MEETING

Ejection efficiency p (where M. = IP)
Important for parametrizing the outflow model

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

We started spectral predictions with Dense Models
Why Dense Solution?
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- GROJ 1655, using Chandra,
- Neilsen & Homann, 2012
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If we can explain observations — absorption lines — in winds
The model parameters will relate to the accretion state of the BHB
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The Jet Emitting Disk (JED)

and its scope for absorption line Winds

Line of sight

=i broken into slabs separated by

m———)
75 km/s

Final Aim: Library of Absorption
spectra in terms of MHD flow
parameters (p and €) and |
(inclination angle)
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Av =75 Km/s
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A suit of JEDs

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

Important Notes

We are keeping our methods generic
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|__Increasing p == Denser outflow >

Since its better than the instrument resolutions,
we use this.
We use the same resolution in XSTAR
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@zﬁeﬁ How will Athena and Xrism see these spectra
Virtua Interpretations

ATHENA XIFU resolution is ~100 km/s at ~ 6.5 keV
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@20621 Athena and Chandra comparison
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. R ATHENA XIFU resolution is ~100 km/s at ~ 6.5 keV
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How will Athena and Xrism see these spectra
Interpretations
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The FeXXVI Lya Doublet

Table 1. Detailed parameters for each line included in these
MONACO simulations. Note that we list only lines which have os-
cillator strength larger than 1073, These are listed by increasing
energy of the transition.

pormalized counts 5 kel !
i

Line ID Energy [keV] Oscillator strength

i bl NM& ﬁ Mﬁ W Ql '\ l Wﬁ' n Al 4 i iﬁ b Fe Xxv Hea y 6.668 6.57x 10°2
£ \ T w Wil ‘w
: *"W” ' f éw }N N 'I‘ ﬁ' },’M FN J ’FI ' M ”} f Fe XXV Hea w 6.700 7.26 % 107
é IAA_.A...A_. M.M-.A_A.~.-..-.A“..o_’...._$._u_ “M..A_Lﬁo .A..A..A..&;&.A.;.....A.;.....A...{.L:;;.A.A.*-L.A—. 0..5..1- .A--‘--A—-&..— M.-—“M‘.A;LML.A_ —~ F(_l XXVI L‘\"rz (j.‘:)r;?. l-36 X lO—I
!n ray (ke \- Encrgy keV) Encmgy (ke FO XXVI L}’(l’l (]()73 273 X lo..]
Figure 10. The observed Chandra third order HEG spectra (co-added from the 4 TE observations) compared to our models with Ni xxvi1 Hea y 7.765 8.50 x 1072
viurh = O(left), vg (middle). and vy (right). It is clear that the models with vi,,,1, = vg overestimate the observed line widths. All models Ni xxvil Hear w 7 805 7.06 % 107!
underestimate the depth of the Fe XxvI Ka) > lines, and overestimate the blueshift of the Fe XXV y intercombination line. The best fit — a
R AT _ , : Fe XxxXv Heg y 71.872 1.37x 107
inclination angles for each are cos@ = .35, 0.47, 0.37. .
Fe xxv Heg w 7.881 1.39x 107!
rd + .
Chandra 3@ Order Spectrum for 6X 13+1 Neutron Star wind NI T 47 AR
TOH’\GF‘LI €'|'.Cl|. 200714607 Ni XxXviI Lya 8.102 2.72x 107!
. e . : . . Fe xxvi1 Ly, 8.246 2.55x% 102
Those reduaced grid™s density and velocity are inpruat into e .
the radiation transfer code MONACO (Odaka et al. 2011). Fe XXVI LyB, 8.203 5.23x 107~
This code uses the Qeantd toolkit library { Agostinelli et al. —_— 500 s 3
2003) for photon tracking in arbitrary three-dimensional zeoe- Fe xxv Hey ) 8.292 5.18x10
ometry. but has its moduales handling photon interactions Fe Xxv Hey w 8.205 5.10x 1072

Watanabe et al. (2006): Odaka et al. (2011) so that it can
treat the interactions such as photo-ionisation or photo-

excitation. and photons generated wvia recombination and
atomic de-excitation. The energies and oscililator strengths
for the H and He-like 1ons were calculated from the Flexible
Atomic Code ((Cua 2005) as detailed iy Tab. 1.
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The FeXXVI Lya Doublet

pormalized counts 5 kel !
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Figure 10. The observed Chandra third order HEG spectra (co-added from the 4 TE observations) compared to our models EXP@CTCd XRISM SpecTrum Of the FeXXVI LYCI
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underestimate the depth of the Fe xxvI Kay > lines, and overestimate the blueshift of the Fe XXV y intercombination line. The beau
inclination angles for each are cos@ = .35, 0.47, 0.37.

Chandra 374 Order Spectrum for 6X 13+1 Neutron Star wind
Tomaru et.al. 2007.14607
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the radiation transfer code MONACO (Odakn ot al. 2011).
This code uses the Qeantd toolkit library { Agostinelli et al.
2003) for photon tracking in arbitrary three-dimensional zeoe-
ometry. but has its moduales handling photon interactions
Watanabe et al. (2006): Odaka et al. (2011) so that it can
treat the interactions such as photo-ionisation or photo-
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for thhe H and He-like 1ons were calculated from the Flexible
Atomic Code ((Cua 2005) as detailed iy Tab. 1. Figure 13. As in Fig.12 but vy, = ve. Tl
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U Will Athena and Xrism see the Doublet from
e MHD Winds?

Virtual
Xstar simulations done by

Comparison between output absorption spectra generated using cloudy and xstar for MHD wind Sudeb Ranjan Datta,
Indian?&'t*te of Science
Typical MHD wind: _ A I
Outer radius is fixed at 1000 |
1.0e6 gravitational radii. ;
p=0.3, ep=0.01, 1 LG=10 5
inclination angle=15 3 Clou Xstar §
degree § g
n E
§ 5; 1.00 |
FeXXVI doublet is present in xstar atomic database,
absent in cloudy database till now. o o = e s el
Energy [keV]
FeXXVI doublet may be observed through MHD wind
depending on Ag and Av.
10_61.; x10° 6.925x 10> 6.95x10® 6.975x10® 7x10 7.025x10% 7.05x10%® 7.075x 103 7.1x 103

Energy in eV
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- Will Athena and Xrism see the Doublet from
e MHD Winds?

Virtual

Xstar simulations done by ATHENA, 100 ks for 100 mJy (1-10 keV)
Sudeb Ranjan Datta, « For detected lines profile are assymetric - non gaussian
Indian Institute of Science . Especially for the line at 6.973, 2-3 gaussians are necessary for fit.
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U Will Athena and Xrism see the Doublet from
e MHD Winds?

Virtual
Xstar simulations done by XRISM, 100 ks for 100 mJy (1-10 keV)
Sudeb Ranjan Datta, « For detected lines profiles are symmetric
Indian Institute of Science  No need for multiple gaussian components
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» 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

ad The asymmetry in the absorption lines can be easily traced with Athena.

a FeXXVI Lya doublet features from these models can be detected by Athena and XRISM

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

Qa Presence or absence of asymmetries in actual observations can thus answer — “MHD or Thermal winds?”
>

A

A

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.
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