Diving into the whirlpool = -
Understanding accretion in High-Mass X-ray Binaries with Vela X-1
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A very well known wind-accreting X-ray pulsar —_—— Data from aimostso, | Distance 2.42 (2.25-2.60) kpc [BJ18]
T e, AT g ‘ i’;,ezzrﬁg;fa"bemnd Donor star type, BO.5la [GG16,F15,
Vela X-1 was detected by rocket flights in 1966 (Chodil et al. 1967). (| . 'f‘” A X B mass, & radius 17-27 Me, 28-33 Re R11]
As a bright & persistent X-ray source, it has been observed by every - ROS a0 Mass loss by stellar 4%10-7 - 2% 10-6 Ms [GG16,WO06]
major X-ray satellite and various ground observatories. It thus has a ; ariel 5 S xm-Naton NUSTAR oy wind o VEAT
0 . i ~ d ey Jie: Athena p y
patrﬁlcma:jrhlll'mh c{!?tat set and well known system parameters to compare - -ii M | \( Neutron star mass 1.9+0.7_o c Mo [GG16]
with modelling efforts. . 1 i .
J | s ' i Orbital period 8.96438(6) d [B97,K08,F15]
Diagnostics at many different scales O G asin | 113.89 lt-sec, i>707|897,GG16
scox1| GRE Tpulsa_rs- Qv b'a;;;T eepiogs  IMBHST Eccentricity 0.0898+0.0012 [B97]
Understanding a system like Vela X-1 requires to study scales ranging S| ettt Rolovies  comaegy Pulse period ~283 s
from the order of millions of km for the system as a whole down to less e e e gt quasars (erratic variations)

Clusters X-ray background Comets

than a km for the X-ray emission created in the accretion column. Crab nebufa Iron lines Cyclotron ines ojateq neutron stars Picture © Ole Konig

Stars Jets

Line forming region Magnetospheric radius ' Clumpy stellar Wid
(CRSF) (coupling to B-field) (Optical, UV, & X-ray
spectroscopy)

Accretion column Accretion flow, jets?
(X-rays)
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X-ray spectroscopy to
disentangle the wind structure

Cyclotron Resonant Scattering Features — GX 304-1 Different authors have pypree et al. (1980) Voo = 1700 km/s
(CRSF, a.k.a. cyclotron lines) are found hopp i*;** N X-ray line studies of Vela X-1 have found a come up with distinct . |
in a subset of all accreting X-ray P i . | variety of fluorescence lines at different terminal wind speeds, A S5, (200 Ve = 1100 km/s
pulsars (Staubert et al. 2019). P B ionisation states (= clumpy medium), but based on varying van Loon et al. (2001) Veo = 600 km/s
Vela X1, +g, 3%@4@;:033%53 also radiative recombination continua (RRC). JF { assumptions and Watanabe et al. (2006) Voo = 1100 km/s
They are the most direct measure #Mf }% N . analysis techniques. Giménez-Garcia et al. (2016) Ve = 700+200_100 km/s
of magnetic field strength in these i H‘ Loameva et al. (in prep.) analyse XMM- Sander et al. (2018),  sander et al. (2018) Ve ~ 600 Kim /s
| systems. Variations in the observed R EReLB | | Newton RGS data of an observation | calculated a hydro-
centre energy imply changes in the | Luminosity (1077 crgs-] including a highly absorbed phase followed dynamically consistent
(height of the) emission region. by a bright flare. In the pre-flare data, they atmosphere model Sander et al. (2018)
i - - i find multiple lines of photo-ionised describing the wind stratification
st ci all. (2014 Foung fnefeaiomns elements (O, Ne, Mg, Si) as weI_I as an OV|_| _and i_nclu_ding effe_cts o_f_X—ray 7
for a positive correlation with RRC feature on top of the continuum. Using illumination in a 5|mpI|ﬁed_manner. =
luminosity intthe centroidlenergy the CLOUDY code to model photo- They found much lower wind ) Giménes. Garcia et al. (2016
of the first harmonic. but no clear ionisation, the spectral fit is improved by_ speeds close to the neutron star — HD model (no Xorays) %
; allowing for two plasma components with than in the usually assumed D el (e~ 107 e /

picture of variations in the

fundamental line. different levels of ionisation. B-velocity law for the acceleration

of the wind. Modelling efforts have | sk
so far mostly used higher wind speeds.
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Ji et al. (2019) found a possible

long-term trend in the

cyclotron line energy, despite , , ,

an otherwise very stable source. 5000 55000 56000 57000 58000

Time (MJD)

(a) x1 CLOUDY

A XMM;N?.MF:OM

Wind-fed or disk-fed? Maybe both!

[s~1keV~lcm—2]

&S, 76 ks

’ X (b) x1 CLOUDY

Detailed simulations by El Mellah et al. (2019) find two possible
accretion scenarios:

1. When the wind speed
close to the neutron
star is on the order
of the orbital speed,

Normalised counts Normalised counts

[s~1keV~lcm~?]
|

— All
— tbabs*pow
—— tbabs*CLOUDY (low n, high &)

Various satellites find strong
absorption column (Ny)
variations along the orbit as
expected from large
structures in stellar wind.

But very different absorption
levels can be observed at
the same orbital phase at
different times!

Normalised counts
[s~1keV~lcm™2] |
o o o

the bow shock
becomes highly
asymmetric and

a disk-like structure
may form.

Normalised counts
[s™*keV~tcm™4]

— All

—— tbabs*pow

—— tbabs*CLOUDY (low n, high &)
tbabs*CLOUDY (n unconstr., low §)

. For higher wind speeds
no disk is formed, closer to classical wind accretion

The influence of clumps in the wind on the properties of a R

[s~1keV~lcm~2] |

Normalised counts

Energy [keV]

, , | | transitional wind-captured disk remains to be studied, as
Obial Pras In the future XRISM/Resolve and especially well as observational tools to identify disk signatures.
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Manousakis (in progress) _ Athena/X-IFU will enable studies on shorter
is running hydrodynamic T v e time scales, capturing the dynamics at
simulations, taking o Srdoit higher time resolution.
iInto account X-ray i\ The curves are shifted arbitrarily : ‘ Refe rences
feedback, as in Manousakis |8 ', tO better show the variations Athena/X-IFU will allow detailed X-ray
& Walter (2015a, 2015b) to = N Y spectroscopy on the time scale of the Bailer-Jones et al., 2018, AJ, 156, 58 [BJ18]
trace Ny variations caused by [ pulse period of Vela X-1! Bildsten et al., 1997, ApJS, 113, 367
=

large scale structures in the
wind. There are strong
variations, varying between
individual orbits, but not
quite matching the data yet.

The future with Athena
- simulabed 300 s speckrum,.

Grinberg et al. (2017)
studied short-term
variability caused by clumps
crossing the line of sight.
This effect alone is not
enough to explain the
observed variations.
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