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Outline

Stellar Winds on Super-Giant X-ray binaries.
The system: Vela X-1.

The data: an unexpected XMM-Newton observation.



Stellar Winds on SGX

Three main reasons why real
accretion differs from current
theory:

-The wind of massive stars
are highly structured.

-Accretion onto a NS is an
unstable process.

-The magnetic field of NS
affects the flow of material.

Bozzo et al . 2011



Stellar Winds on SGX

Oskinova et al. 2012:

Bondi-Holyle-Lyttleton
accretion of a non stationary
stellar wind onto a NS of 1.4M.

The synthetic light curves are
highly variable, with X-ray
luminosity changing by up to
eight orders of magnitude ! Due
to the highly variable density
and velocity of the clumping
stellar wind.

Spectral type 09.7Ib

Mass M. 34 Mn
Radius R. 24 Rpy
Terminal speed v 1850 km/s
Mass loss rate M  3x1075 Mg yr!

B JSLANS UL B LN LA BN B B A B B B B SR B B T
LY =2 x 10%erg s a
g - '\1

\ A\ J I\ I\
\ \ I\ f
- VH\ [ \/ u\ﬁ\k// N T L\/ 2
d—_l-l.OR-'l\:\l/-\l' NP0 Il ) PO ol Nyt P Mo S~ L7l Bl ]
WL PR D I LA L NN N B RN BN SN L BN R NN B T
—L‘\’6=7xl()“erv ! .'\ =
= A e - & —
LA\ 'V“' [ ||
- | f‘ A | — - || ' —
'||'.\/\' / L\/\J A | "\ / ~ J\ | /\\l
Ca=4R,|
‘.111.11.1|11111.x.|.11|14|
A/ TR (TR B P A R [ BLEE B R R PR N L A e R ]
- L‘{ =3X l()‘6 ere s ' .
B l ‘ ‘ il
; '1'/1' X '] '\/ ':.V/' 1] I‘l‘ // \ Ao (/ _\\
- e \ A | (=) " '1
N \vr / .' | L\/\'\ | \/ ¥} P
Fa=25R. YV . i Wi :
P e G BN R (PSR P T 0 | W SV N 1 1 TG SR i T el M. (P
G LN . B [ T 6 BT i R Y B LA R RS BT BT Y
P Ly =7 x 10%erg s f! A (]
? A . . J\ \ [
A / |l' ,';\/1 llr’ ". '[' .'. ; !|17 \In "' // | f',/_,,"ﬂ \/ \' 'I,/\IL\/ ‘r‘vl
L / | | Vi \ \J/ {
Bl B0 R AT R TSR
- V\' \ A A
"azl.ZRL' Y g el e B o I\l e | '\|1 TP T i B Lo K Bk )
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

Time (hours)

Blue line is the limit for current X-ray missions
for a source at certain source distance



Stellar Winds on SGX

Mauche at al. 2007

3D Monte Calor Flash snapshot
simulation of Vela X-1 system.

Bondi-Holyle-Lyttleton
accretion of a smooth stellar
wind.

Colors indicate
log density (g/cm?3).

accretion
WELG

B star
neutron star




The system: Vela X-1

o NS (1.9-1.8M.) + BO.5Ib
supergiant companion.

o Orbital period: 8.96 d.

HD 77581

o PUISe pe r|0d: 283 S. photoionization wake  >:? —
. i
« Eclipsing system. st
M=(1-6x10"°M Vela X-1
o Mass loss rate: I-6x10 ) ’ :

' accretion wake

Stromgren sphere |



The system: Vela X-1
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The system: Vela X-1

Kreykenbohm et al. 2008
INTEGRAL/IBIS

Different types of flaring activity
at different time scales

Flare 3
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The system: Vela X-1

Sako et al. 1999: ASCA eclipse
Faint continuum: non-thermal emission: direct and scattered.

Discrete features: recombination (H and He lines produced by
photoionization in wind) and fluorescence lines (circumsome medium).
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The system: Vela X-1

Kreykenbohm et al. 2008
INTEGRAL/IBIS

Cyclotron Resonance Features
at 25 keV and 50 keV

Magnetic field ~ 3 x 1012 G
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The system: Vela X-1

After an initial decrease there is a phase of strongly variable absorption,
while late orbital phases are always rather strongly absorbed.
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The observation

Orbit sketch of Vela X-1 using Kreykenbohm et al. (2008) ephemerides.

200 T T T | T I T T | T T T

150

100
100 ks observation

Egress phase from 0.132 to

50

AN T T T N I STl SN T T N e AN N N N A SN N N A

0.270 [
EPIC/pn timing mode N .
RGS
-100
-150
2000 o4l ey T B !
-200 -100 0 100 200

[It-sec]

1.5-12 keV RTXE/ASM average light cuve
0.5-12 keV EPIC/pn light curve



The observation

Vela X-1

counting modes during flare
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e Strongly piled up during most of the
observing time.

 Extraction only in the wings of the PSF
(70% of the photons rejected!)

* Applied to the whole interval to maintain
homogeneity of extracted data.



The observation
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The observation

Countrate (counts/s)

100.00

10.00

1.00 [Lakk

0.10

0.01

2006 May 25
18

2006 May 26

18

I

[ Illllw

T T T T T
8000-10000 eV

6000-8000 eV
3000-6000 eV
1000-3000 eV
600-1000 eV

| | I | |

I IIIIII[

20

40 60
Time in ksec since start

80

100



The observation
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The observation

Ratio 3000-6000 / 1000-3000 eV
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The observation
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The observation
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Counts [arb. unit]
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Spectra: RGS
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Phenomenological model

=

* Direct: originates near 5 |
surroundings of the NS. "
£

* Scattered: Thomson scattering ¢ 5 -

of electrons in the stellar wind.

* Soft: originates in the outskirts
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Orbital phase resolved spectroscopy: power law index

150 I T I I II | I II I
. | PR |
3 100 |- | * |
= - | *x |
o **Iak ** ¢
w50 #oRK ¥ Tk oort R
S X ' *

Gamma
T

I I | I |
@] §
8
¢

S 12— +
'.Ee L e o o0 ole o
O _. *° ® ° ..o°.°.. :‘ oo “0".0.0 . .
1 o ° o.o.oo % I ° “ol...o.....o..
o o o o [ S .o Y | ° Lo [ )
0.8 | | ] | 1 | 1 | 1 |1 |
0.14 0.16 0.18 0.2 0.22 0.24 0.26

Orbital phase




Orbital phase resolved spectroscopy: absorption columns
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Absorption columns correlations

countrate 0.5-12 keV

NH soft
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Orbital phase resolved spectroscopy: the Fe line
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Despite dramatic changes
from bin to bin and
source brightness, Fe line
always compatible with
Ka transition from neutral
Fe.

No signs of ionized Fe.

Fe Ka fluorescence must
come from cool dense
clumps.

Turning point at the
beginning of the flare may
indicate accretion of
clumps.



Orbital phase resolved spectroscopy: the Fe line

The Fe Ka line flux

and soft
component flux are
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Conclusions

o Rich behaviour:
- Source varying on all timescales.
- Dramatic flare.
- Time variable absorption.
- Recombination lines at the beginning of obs.
- Iron line Ka: equivalent width variable.

o Data explained by a phenomenological model:
lack of physical models.

o Turning point in every spectral parameter and
color at the beginning of the flare: two different
accretion environments!



o ldentification of
components with
physical processes still
pending

o Valuable input

for wind/wind
accretion models.

An argon plasma jet forms a rapidly growing ¢ Need fOF |mprOVEd
corkscrew, known as a kink instability. This wind 3D models that
instability causes an even faster-developing reproduce the

behavior called a Rayleigh-Taylor instability, in observation.

which ripples grow and tear the jet apart. This

phenomenon, the Caltech researchers say, has

never been seen before and could be important

in understanding solar flares and in developing

nuclear fusion as a future energy source. Watch

the plasma in action here. Thaniks for your atftention 1%
[Credit: A. L. Moser and P. M. Bellan,

Caltech ]



