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Fig. 1 The correlation between the radio flux density at 8.6
GHz and the X-ray flux in the 3-9 keV range. The solid line
represents the best fit to the data using the function
F,.40 = ¢ X F¢, while the dashed line indicates the 1o
deviation from the fitted parameters. Upper limits are shown
at the 30 level. The diamond markers correspond to data
points that are not strictly simultaneous or may be

influenced by a minor reflare observed in the hard X-ray

band. Figure adapted from Corbel et al.[gl.
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Fig. 2 Magnetic field configurations, field strength, and terminal speeds of the outflow in a thin accretion disk, obtained
through numerical simulations with varying parameter values. Panels (A)-(C) display the poloidal magnetic field configurations
of the disks for different external field strengths. The dashed lines indicate the disk’s scale height, extending from R, to
R,.. = 10*R,,. The calculations adopt a Prandtl number P, =
shown for simulations with 3, = 50, 100, and 200 in panels (A)-(C). Panels (D)-(E) illustrate the variation of the vertical
component of the poloidal magnetic field with radius. Colored lines represent the results for different external field strengths:

Bouwe = 50 (red), 100 (green), and 200 (blue). The solid lines correspond to calculations with 8, =1 and P, = 1, while the dot-

m

=1 and a gas density at the base of the outflow 3, = 1. Results are

dashed lines represent the standard thin accretion disk without outflow. In panel (D), the dashed lines are for results with
B, =0.2 and P, =1, while the dotted lines in panel (E) correspond to results with 8, =1 and P, = 1.5. Panels (F)-(G) show
the terminal speeds of the outflows as a function of radius for different parameter values. The colored lines indicate results for
different external field strengths: 3., = 50 (red), 100 (green), and 200 (blue). The solid lines correspond to calculations with
Bs =1 and P, = 1, while the dashed lines in panel (F) are for results with 8, = 0.2 and P, = 1, and the dashed lines in panel

(G) correspond to results with 3, =1 and P, = 1.5. Figure adapted from Li et al.[65].
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Fig. 3 Magnetic field configurations, accretion flow structure, and magnetic field strength in an ADAF, obtained from
numerical simulations with varying parameters. Panels (A) and (B) show the large-scale poloidal magnetic field configuration of
the ADAF. The dashed line represents the scale height of the ADAF, and the outer radius of the disk is assumed to be R, =
100R,- The configuration in panel A is calculated for a magnetic Prandtl number P, =1, while panel (B) corresponds to P, = 1.5.
Panels (C) to (E) illustrate the structure of the accretion flow, with P, = 1 used for all calculations. The colored lines represent

results for different magnetic field strengths: 8, = 20 (red), 40 (green), 200 (blue), and 400 (yellow), while the black lines correspond
to the flow structure without magnetic fields. 3, = 87p (R, ) /B2, where B, is the outer magnetic field strength. Panel (C) shows
radial velocities (solid lines) and sound speeds (dashed lines) as functions of radius. Panel (D) presents the scale heights of the
accretion flow as functions of radius, and panel (E) shows the specific angular momentum as a function of radius. The black dashed
line represents the Keplerian specific angular momentum. Panel (F) shows the ratio of the magnetic field strength in the accretion
flow to the external imposed field strength as a function of radius. The red lines represent results for 3, = 20 with R, = 100 R,
(B, =2 for R,,, = 1000R,), and the blue lines represent results for 3, = 200 with R, = 100R, (8, = 20 for R,,, = 1000R,). Solid

lines correspond to calculations with P, = 1, while dashed lines correspond to P, = 1.5. Figure adapted from Cao[ﬁq].
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Fig. 4 Resolved radio images of the core and ejections from
MAXI J1820+070. At represents the time in units of day,
since the onset of the radio flare that occurred during the

transition from the hard to soft state (At =0 at MJD

58305.68), and is indicated to the right of each observation.

The white vertical solid line marks the core position, as
determined from hard state observations made with
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Interferometer Network). The right and left dashed lines

represent the best-fit ballistic trajectories of the approaching

and receding ejection components, respectively. Figure

adapted from Bright et al.[75]‘
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Fig. 5 Observation of a radio flare event from the jet source
Cyg X-3 at 15 GHz. The rise time of the event is
approximately 0.04 day, which enables an estimate of the
size of the region associated with the flare. Observations

were made using the Ryle Telescope.

Figure adapted from Fender[n]A
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Fig. 6 Broadband jet-model fit to the radio-X-ray spectrum of GX 339-4 in the low/hard X-ray state

[31]. The flat-spectrum,

self-absorbed synchrotron component extends beyond the radio band and transitions to optically thin emission in the near-

infrared. An extrapolation of this near-infrared emission smoothly connects to the X-ray power law spectrum, suggesting that it

may also be optically thin synchrotron emission, in contrast to more widely-accepted Comptonization models. The broadband

spectrum and model fit are similar to those of XTE J1118+480 in the same X-ray statc[ssl. Figure adapted

from Fender et al.
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The purple dots represent the first outburst from MJD 58192 to MJD 58286. Figure adapted from You et al.[%].
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Fig. 8 Schematic of the proposed jet-like corona in the
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Figure adapted from You et al.[gd]A
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Transfer of Magnetic Field and Jets in Black Hole X-Ray Binaries

YANG Shuai-kang YOU Bei
(School of Physics and Technology, Wuhan University, Wuhan 430072)

Asstract Black hole X-ray binary (BHXRB) is a binary system consisting of a central compact black
hole and its companion star. Its outburst phase is always accompanied by multi-wavelength emission.
With the development of the multi-messenger astronomy, a general picture of the physical processes and
spectral energy distribution (SED) behind the multi-wavelength radiation has been formed. The
accretion disk and corona around the black hole dominate the X-ray emission; black hole X-ray binaries
are always accompanied by jets, and the jets are the main source of radio emission; the physical process
that dominates the optical/near-infrared emission is more complicated. It is generally believed that
there are three physical processes involved, including X-ray reprocessing, viscous thermal radiation from
the outer accretion disc, and jet emission. Many researches indicate that there is often a clear power-law
correlation between the flux of the multi-wavelength emissions. This implies a correlation between the
physical processes behind the multi-wavelength emissions. However, the specific physical processes
underlying the association between the jet and the accretion disc remain unclear. It has been suggested
that the weak external magnetic field in the BHXRB can be radially dragged inwards by the accretion
disc to form a strong magnetic field near the black hole. This process results in a significant
amplification of the magnetic field in the accretion flow. And it is a prerequisite for theoretical studies
of the BZ (Blandford-Znajek) model and the BP (Blandford-Znajek) model for jet launching and
acceleration. Also, the strong magnetic fields can change the structure of the internal accretion flow,
possibly forming the magnetically arrested accretion disks (MADs) in regions close to the black hole.
Using the broad band X-ray observations from Insight-HXMT (Insight Hard X-ray Modulation
Telescope), we are able to glimpse the high-energy radiation processes occurring in such densely
compact regions. The transfer of magnetic fields in BHXRBs may provide insights into, or partially
explain, the coupling between the accretion disk and the jet. We will review the researches on BHXRB
accretion magnetic field advection and jets over the decades, and introduce the recent research on black
hole accretion and magnetic field advection.

Key words stars: black holes, X-rays: binaries, radiation mechanisms: general, accretion disk,
relativistic processes
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