AT ATTRE

Université
Grenoble Alpes 1 2 UNIVERSITA DEGLI STUDI

The current state of disk wind observations in
galactic Black Hole LMXBs through X-ray absorption lines

Maxime Parral?, Pierre-Olivier Petrucci!, Stefano Bianchi?, Vittoria Gianollil2, Francesco Ursini?

Finding Extreme
Relativistic Objects
10 Edition

March 31 2022




Y% The current context = =ROMA
ASTRE

= Accretion in Black Hole X-ray Binaries R i ro =t

JLow-Mass X-ray Binaries
= Accretion through Roche-Lobe overflow — Accretion disk

UCA

Université
Grenoble Alpes



2/25

The current context ==ROMA
= Accretion in Black Hole X-ray Binaries ‘TRE
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JLow-Mass X-ray Binaries
= Accretion through Roche-Lobe overflow — Accretion disk

Switch between two standard states

" Hard State — Hard SED, jet in radio
signature of (possibly) truncated accretion disk

= Soft State — Soft SED, no jets, accretion disk extends close to the EH
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The current context = —ROMA
= Accretion in Black Hole X-ray Binaries EJA TRE
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JLow-Mass X-ray Binaries
= Accretion through Roche-Lobe overflow — Accretion disk

Switch between two standard states

Soft State Hard State
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The current context ==ROMA

= Winds detections in Black Hole X-ray Binaries
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—

AFirst detections of blueshifted narrow absorption lines before 2000[2][3]
" material + low speed = not jet

dMany detections in the 2000s with the new generation of XRTs

[2] Ueda et al.1998

Université
[3] Kotani et al. 2000 Grenoble Alpes
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The current context
= Winds detections in Black Hole X-ray Binaries

=

dFirst detections of blueshifted narrow absorption lines before 2000[2][3]
" material + low speed = not jet

LT S

First global analysis by Ponti et al. In 2012 U CA

[2] Ueda et al. 1998 Université
[3] Kotani et al. 2000 Grenoble Alpes
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The current context = —ROMA
= Winds detections in Black Hole X-ray Binaries EJA TRE
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AFirst detections of blueshifted narrow absorption lines before 2000[2][3]
" material + low speed = not jet

" |All LMXB
Soft state V¥

Fe XXvi detections
EW=-25 eV
=-10eV

ey 4U1630-47

GROJ1655-40
H1743-322
EW>-25eV GRS1915+105
: 'i” :" XTEJ1817-330
e GX339-4 4U1957+115 -
[1 L /L—0.5 . .l x
[2] Ueda et al. 1998 og( umg . /lum, keV) Universite

[3] Kotani et al. 2000 [4] Ponti et al.2012 Grenoble Alpes
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The current context
= \Winds detections in Black Hole X-ray Binaries
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AFirst detections of blueshifted narrow absorption lines before 2000[2][3]
" material + low speed = not jet

4U1630-47

dWinds - soft state GRO11655-40

H1743-322

GRS1915+105

- high inclination

inclination angle :

—

central object

accretion disk

[2] Ueda et al.1998

[3] Kotani et al.2000 [4] Ponti et al.2012
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The current context

= Winds detections in Black Hole X-ray Binaries

JLow-Mass X-ray Binaries
= Accretion through Roche-Lobe overflow

— Accretion disk
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’%  The current context

= \Winds detections in Black Hole X-ray Binaries

JLow-Mass X-ray Binaries

= Accretion through Roche-Lobe overflow — Accretion disk

Author First Author Abstract Year Fulltext

"black hole” + "low mass X-ray Binary" year:2012-2022

Your search returned 533 results

(A Due time for a new analysis

All Search Terms
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To do a global analysis, we need:

JA sample of sources
= All the BHLMXB candidates from BlackCAT[5] + WATCHDOG]|6]

68 sources + 13 more

(A Data from these objects
= Let’s start with all XMM EPIC pn exposures - 140 exploitable spectra
from 33 sources

JA Methodology U CA

Université
Grenoble Alpes

[5] Corral-Santana etal.2016

[6] Tetarenko et al.2016
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Methodology

= |Line detection

JMethodology

==ROMA
=A:TRE

UN[VERSITA DEGLI STUDI

UCA

Université
Grenoble Alpes



13/25

Methodology

= Line detection

JExample of output after step 2 (blind search) in 4U1630-47

—— max peak structure width

— 99% conf. with 2 d.o.f.

—-=—- 90% conf. with
=== 68% conf. with

2 d.of
2 d.of

base level (y2+0.5)
® peak

o =] = h ~ [
o w [t} ] wn =
on

~
b w

M
)
(=]

FS
e
¥

=]
]
oo

Ay? with se

parated scales for emission and absorption
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= Line detection EJA TRE

VERSITA DEGLI STUDI

JFollow-up of the previous exposure after step 3 (line fit)

UCA
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= | ine detection

JFollow-up of the previous exposure after step 3 (line fit)

Tested in a second
blind search

UCA
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Results

= Global HID behavior

dMain HID for the sample with sources as color
= Almost all detections are in soft or in transitioning states

Luminosity in the [3-10] keV band in (L/Lggq) units

Marker signification

o non detections

O absorption line detections above 0.99 significance.

Equivalent widths

. 5eV
. 20 eV

. 50 ev

¢ ¢

Hardness Ratio ([6-10]/[3-6] keV bands)

|
%
i’

1H1659-487
IGRJ17497-2821
MAXI)1820+070
Swift)1357.2-0933
MAXI)1535-571
IGR]17091-3624
IGR]17451-3022
SAX]1711.6-3808
GROJ1655-40
GRS1915+105
Swift)1910.2-0546
G51354-64
MAXI)1348-630
4U1957+115
MAXIJ1659-152
IGRJ17098-3628
Swift]174510.8-262411
XTEJ1752-223
XTE]J1650-500
GRS1758-258
XTEJ1817-330
XTEJ1856+053
IGRJ17285-2922
XTEJ1720-318
EXO1846-031
XTEJ1652-453
MAXI)0637-430
Swift)1753.5-0127
XTEJ1901+014
4U1630-472
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= Global HID behavior EA TRE
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dMain HID for the sample with blueshift in km/s

Marker signification

1 0 non detections

O absorption line detections above 0.99 significance.

¢
¢ ¢

1 Equivalent widths

. 5ev

. 20 eV

e .. 1 WIN

Hardness Ratio ([6-10]/[3-6] keV bands) UniverSité
Grenoble Alpes

maximal value of the Blueshift in significant detections
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Results
= Distributions

= IIIIIII]

AThere are 33 sources with XMM exposures, 15 of which have
constraints on their inclination.

A Detections are considered significant above 0.99 confidence

Number of sources with Number of individual
at least 1 detection significant detections
All Lines 10 46
FeXXV Ka 4 14
FeXXVI Ka 7 20
NiXXVII Ka 3 4
FeXXV KB 2 4
FeXXVI KB 2 4 U C—A
FeXXVI Ky 2 0 Université

Grenoble Alpes
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Results = =—=ROMA
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Al significant line detections are for high-inclined objects

equivalent widths - inclination for all absorption lines

UCA
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20/%5 pesults =<=ROMA
=TRE

NIVERSITA DEGLI STUDI

= Distributions

—
—

JRepartition of the intrinsic line parameters

Repartition of the equivalent widths of the absorption lines Repartition of the blueshifts of the absorption lines Repartition of the energies of the absorption lines
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Results
= Correlations

>

-

JEquivalent width — HR for all lines: "significant" correlation

equivalent widths - Hardness Ratio for all absorption lines blueshifts - Hardness Ratio for all absorption lines

Pearson: r= —0.406%997% p=0.0053 3%, Pearson: r=0.319%9133 p = 0.031%533
Spearman: r= — 0.405+2-999 p = 0.005+9-014 Spearman: r =0.423X313% p = 0.0038.833

4 detections above 99.0% treshold . detections above 99.0% treshold
4 linked detections above 99.0% treshold € linked detections above 99.0% treshold

&
L 4

. —

Hardness Ratio ([6-10]/[3-6] keV bands)
Hardness Ratio ([6-10]/[3-6] keV bands)

10 ' ; 1000 2000 3000 4000 5000 6000 7000 8000
Line equivalent width (eV) Line blueshift (km/s)
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Results
= Correlations

—
—

JHints at multiple correlations in 4U for FeXXVI Ka

Pearson: r=0.83813113 p=0.0371233"

0.571

Pearso - 0.805*5432 p=0.053+2:972 Pearson: r= —0.799%533% p=0.057232
Spearman: r=0.6%93} p=0.2080381

-0.035

Spearm —0.8291043% p=0.042103%9 Spearman: r= —0.886351% p=0.019+52%2

Hardness Ratio ([6-10]/[3-6] keV bands)
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Line equivalent width (eV)

Results
= Correlations

JHints at multiple correlations in 4U for FeXXV Ka

Pearson: r= —0.283*33 p 2 Pearson: r= — 0.8057
Spearman: r= —0.2*12 p=0.62410-1%° Spearman: r= = 0. 7*32 p=0.188*31
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Pearson: r= —0.8861833% p=0.04615333
Spearman: r= —0.9757 p=0.037+3239}

2x10 3% 10!
Line equivalent width (eV)
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= Correlations

A Opposing trends between Ka and KB lines

energies - equivalent widths for all absorption lines
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Prospects

L

—

JWe can test other correlations from the analysis
= Presence/absence of emission lines
= Ratios between parameters of lines of the same complex
= Differences between linked/unlinked line parameters

dCaveats/improvements of the analysis itself
= Use more physical models for tabulated objects

= Probe at more exotic lines/parameter spaces
(redshifted lines/search in strong emission features/...)

JAdd MOS exposures when available, and Chandra/Suzaku data

JCompute stability curves and check the compatibility with physical
models
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Thanks for your attention |
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Methodology

= | ine detection

MH"

AMethodology

- Data reduction
= data download, reduction and products (spectra) computation

- Continuum + High-Energy fits
= simplistic models (absorbed pl +/diskbb) in [0.3-10]keV and [4-10]keV

- Blind search
= 2d Ax? map from the addition of a narrow line with varying E and F

- Second fitting procedure to get the line parameters
= Progressive addition of significant emission/absorption components

- Significance assessment of the lines with MC simulations UCA

= Fakeit ‘till you make it

Université
Grenoble Alpes
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= | ine detection UNIVERSITA DEGLI STUDI

(dBeside each final fit parameter/uncertainty and the flux in diverse
bands computed from the continuum model, for all lines we store:

= The equivalent width/associated errors

= The blueshift/associated errors
" The line significance computed from the fakeit simulations

(each line is considered significant above 99%)
" The ‘linked’ status of each line’s energy

UCA

Université
Grenoble Alpes
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JSecond blind search from the results of the incremental fit

UCA
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The current context
" Modeling and stability of absorption lines

The picture is much more complex now

JWhat about intermediate states ?
= Many observations but unclear global behavior

N2

dThermal and/or MHD driving[5][6] to launch the material ?
5 Twind < Tacc

N2

dThe spectral shape affects the thermal stability and &
= Wind always here[7] but only detectable in the right conditions ?

[5] Diaz-Trigo & Boirin 2016 [6] Tetarenok et al.2018 [7] Sdnchez-Sierras & Mufioz-Darias 2020
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The current context
* Modeling and stability of absorption lines

AThe wind thermal stability curves can be computed
= \ery sensitive to the SED - requires broad band data that doesn’t exis

dWith a bit of physically motivated[8] extrapolation...[9]

5533 55334

UCA

Universiteé
Grenoble Alpes

[8] Marcel et al.2018 [9] Marcel et al.2019

[1] Petrucci et al.2021



The current context

* Modeling and stability of absorption lines "
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* Modeling and stability of absorption lines EJA TRE
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ANow to be compared with observations for objects with detections
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