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XrB Wind Signatures

* There are about 20 confirmed black
hole binaries (Remillar & Mclintock
2006)

* A few BHBs show absorption lines
(RXTE + Chandra or XMM-Newton)

% Most observations show absorption

lines from ‘only’ FeXXV and FeXXVI
(black spectra)

% Exceptions (?)
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Neilsen et.al. 2012
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- GROJ1655, 2006 observation (Miller et.al. 2008) has numerous lines

(blue spectra)

- GRS1915, 2000 observation (Lee at.al. 2002, Ueda et,al. 2010)
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Jet/Wind and Spectral States
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oe— . . v vy

0 50 100 150 200
MJD (+54100)

FERO9 meeting, May 2018, Heraklion



E Fg [keV cm~2 s71]

Jet/Wind

and Spectral States

T
80an Feb Mar

[e2]
o
T

N
o
T

Weighted mean flux (cts/s/SSC)
N
o

1
Apr

Mlay

JLIm

1
Jul

0 50

1 10 100 1000 10¢
E [keV]

100
MJD (+54100)

E Fg [keV cm~2 s-1]

150

200

L Cygnus X-1 o
'j.nml FERTTT] B R AT EETT] B R R ETTT] SRR T TIT] B
1 10 100 1000 104
E [keV]

FERO9 meeting, May 2018, Heraklion



E Fg [keV cm~2 s71]

Jet/Wind and Spectral States
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Jet/Wind and Spectral States

Ponti et al. (2012)
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Jet/Wind and Spectral States

* The presence of winds seems to be a

“state dependent” effect

% Winds are observed in the Soft state

% Further, winds are observed in objects of ~
high inclination (i.e. low equatorial angle)

05— ‘ ‘
High inclination-dipping LMXB HLD
ot & ’
05/ LR N
| oL
-1+
3 #’ >
w -1.5¢
< [ v
5 ] ]
P
TIO/) Fe Xxvi detections
3 -2.5 @ew=-ev V 1
| @ =l0ev
39 4U1630-47 ]
Fe Xxvi upper limits GROJ1655-40 y
-3.5 EW> 25 eV
_47¥ 5106V H1743-322
Y >deV | _ GRS1915+105 - ‘
-1 -0.8 04 -02 0

8 [0.6 T
0g(Lumg_yo/LUM, g o)

5 ; ; ;
Low inclination-non dipping LMXB HLD
Of v ]
-0.57 " 4 M
' v
AR X
15 Ty :
¥ v VV
2r v
-2.5¢ 4
-3t v
Fe xxvi upper limits ~ XTEJ1817-330
—35 [ EW>-25eV
Ve o6m4 XTEISSOS00
-4r v >l 4U1957+115 GRS1758-258

-15 .

-1 -
Log(Lume_ : 0/Lum3_6 kev)

0

| AllLMXB
0r Soft state ¥
0.5 E
Y %Nave
PR, - i
-1.5¢
=2V g
Fe XxvI detections
_2.5‘. EW=-25eV v % -
. =-10eV
Y2 o '
35 Fe v upper limits . 09 g
- !EW>-$€\‘; GRS1915+105
Y e XTE1817-330 |
VY ey | GX3394 4U1957+115 l
1 05 0
Log(Lum, _ fLum, . )

Ponti et al. (2012)

\

FERO9 meeting, May 2018, Heraklion




Outflow Physical Origin



Outflow Physical Origin

% The estimated ionizations state of the winds (§ > 103) disfavor radiatively
driven outflow processes
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Outflow Physical Origin

% The estimated ionizations state of the winds (§ > 103) disfavor radiatively
driven outflow processes

* At least in GRO J1655-40, the estimated distance is too small for thermally
driven outflow processes
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Outflow Physical Origin

% The estimated ionizations state of the winds (§ > 103) disfavor radiatively
driven outflow processes

* At least in GRO J1655-40, the estimated distance is too small for thermally
driven outflow processes

What about magnetically driven (MHD) outflow processes?

MHD known to work for jets. The same mechanisms could apply for Winds but
the observational signatures may be different
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Outflow Physical Origin

% The estimated ionizations state of the winds (§ > 103) disfavor radiatively
driven outflow processes

* At least in GRO J1655-40, the estimated distance is too small for thermally
driven outflow processes

What about magnetically driven (MHD) outflow processes?

MHD known to work for jets. The same mechanisms could apply for Winds but
the observational signatures may be different

= JET:. powerful radio emission, strong collimation, high speed, no
absorption features

= \WIND: weak radio emission, low speed, absorption features

MHD Poynting flux

The key parameter: the magnetization o = —
Thermal + kinetic energy flux

FERO9 meeting, May 2018, Heraklion



MHD Outflow Solutions

Baryonic jet emitted by the accretion disk through MHD mechanism (Blandford &
Payne, 1982)

v Assume a large-scale magnetic field
v’ First self-similar solution of the complete set
of equations of an accretion-ejection structure
(Ferreira & Pelletier 1995; Ferreira 1997)
S v' Analytical computations and heavy
numerical simulations (Casse & Ferreira
2000a, 2000b; Ferreira & Casse 2004;
Pesenti et al. 2004; Casse & Keppens 2004;
Ferreira et al. 2006;)

v' In agreement with other works (Konigl
2004; Zanni et al. 2007)

Sesto meeting, July 2015
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MHD Outflow Solutions

Baryonic jet emitted by the accretion disk through MHD mechanism (Blandford &
Payne, 1982)

v Assume a large-scale magnetic field

v First self-similar solution of the complete set
of equations of an accretion-ejection structure
(Ferreira & Pelletier 1995; Ferreira 1997)

Can these solutions represent observable winds (in terms of , Nu, n and vops)?
Can we recover the (i) state dependent and (ii) angle dependent observability?

. T onena ot ar. Zouou;)

v In agreement with other works (Konigl
2004; Zanni et al. 2007)

Myee o< 1P p not a free parameter!

Sesto meeting, July 2015
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An Example of Solution
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Limits to put on the MHD model
- NH <1024 cm2

- log € <1051 for soft SED

- log € <104:52 for hard SED
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An Example of Solution
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» We perform this exercise for different solutions in
the allowed parameter space

* We check the distance, density, velocity of the

“closest wind point”



An Example of Solution
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« Cold » Solutions (small p)
Do Not Work..

Effect of p variation

T
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log n,=9.37, logv,, . =0.82
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9.88, 1.72

P IR I T B

FERO9 meeti

® [n « cold » solutions the wind is just too
far away, the density and velocity are too
low.

e The angles of Line of Sight agree with
Ponti et.al. (2012). Winds can be
detected for low equatorial angles (high
inclination angles.)

e The Hard SED, itself, does not make any
significant difference from Soft SED!
= the intrinsic flow has to be different
to explain “winds in Soft state”

Chakravorty et al. (2016)



« Warm » Solutions

A sort of thermal-magnetical solution

e Heating source at the disk surface
(Casse & Ferreira 2000)

FERO9 meeting, May 2018, Heraklion
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« Warm » Solutions

A sort of thermal-magnetical solution

vvvvvvvvvvvvvvvvvvvvv

e Heating source at the disk surface
(Casse & Ferreira 2000)
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« Warm » Solutions Do the Job
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Warm
Disk surface is heated. Hence
more material is
lifted off the disk

Magnetic acceleration follows

Works for “average” winds
Density < 10! cm3,
Velocity 103 Km/s




Unstable Solutions in Hard States
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Unstable Solutions in Hard States

Log(vf,) [arbitrary units]
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Unstable Solutions in Hard States
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Unstable Solutions in Hard States
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Unstable Solutions in Hard States

Winds could be always present...

X-ray spectrum -
% B

p=-—= = ° °‘%

o —

==

Bocly o

o
% —p
o

3 _o

g oo °

: g oop o

> o o
E oog)

o~

Oo%

2

g
’ /
e |/

... but only observable in the Soft States




Unstable Solutions in Hard States

Winds could be always present...
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Simulated Spectra

Work in progress (Chakravorty et al. 2018 in prep.)

Absorption spectra in terms of MHD parameters (e.g. p) and i (inclination angle)

Note: We are keeping our methods generic

A code that can work for any outflow solution

A velocity resolution that can take care of future missions -
XARM, Athena at 6.5 keV ~ 300 km/s
The limit 75 km/s comes from the limits of CLOUDY

Lme of sight

75 km/s



Simulated Spectra

Work in progress (Chakravorty et al. 2018 in prep.)

Absorption spectra in terms of MHD parameters (e.g. p) and i (inclination angle)

vf(v) (Arbitrary Normalisation)
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Simulated Spectra

Effect of High Resolution
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Simulated Spectra

Effect of Disk Extension
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Simulated Spectra

75 km/s
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Effect of LOS angle
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Simulated Observations

XARM 100 ks

800 T Ll I Ll I ] | T L D L L A A A R
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eChandra will need at least 1000 ks to detect these lines

e Athena will have a resolution twice better and effective area 7
times larger

FERO9 meeting, May 2018, Heraklion



Simulated Observations

XARM 100 ks
800 ' T ; T ; T
Velocity Resclution
Vi at 6.5 kev
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¢ | ine asymmetries are clearly detectable
o NiXXVIl Kar, FeXXV (1s2-183p, 7.88keV) detectable

FERO9 meeting, May 2018, Heraklion



vf  (Arbitrary normalisation)
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Simulated Observations

Sensitivity on LOS
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Conclusions

Chakravorty+ 2016, A&A, 589A, 119

We have devised ways to implement
~ correct ionization state
~ correct column density

We have ruled out Cold MHD solutions

Warm MHD solutions work
Disk surface heating lifts of gas
Magnetic acceleration follows

Works for “average” winds
Density < 1012 cm-3,
Velocity 103 Km/s
We are at par with thermal pressure models

But what about “extreme” winds?
There is hope and we are working on it
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Conclusions

Chakravorty+ 2016, A&A, 589A, 119
Work in progress

We have devised ways to implement Chakravorty+ 18 (to be submitted soon!)
~ correct lonization state
~ correct column density Absorption spectra in terms of MHD parameters

We have ruled out Cold MHD solutions (e.g. p) and i (inclination angle)
Warm MHD solutions work We have checked what they predict
Disk surface heating lifts of gas We have not dealt with emission lines!

Magnetic acceleration follows

Works for “average” winds
Density < 1012 cm-3,
Velocity 103 Km/s
We are at par with thermal pressure models

Future
For our MHD solutions, table models for xspec?

Our methods are generic — applicable to any

But what about “extreme” winds? solutions.
There is hope and we are working on it
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