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It is generally believed that active galactic nuclei (AGNs) and black hole X-ray binaries
(BHXRBSs) have a similar central engine: black hole (BH), accretion disc, and jet. Whether
the two kinds of sources with 6-10 orders magnitude differences in BH masses have a similar
physical properties is still unknown. In this paper, we explore the physical properties in
these BH sources, and especially investigate the possible universal correlations for these
different-scale BH sources.

We firstly explore the possible physical reason that regulated the different radio-X-
ray correlations as found in X-ray binaries (XRBs). We firstly explore the hard X-ray
spectral evolution in four black-hole X-ray binaries with multiple quasi-simultaneous radio
and X-ray observations, and find that the hard X-ray photon indices, I', are negatively and
positively correlated with the X-ray fluxes respectively when the X-ray flux F3_gkev is below
and above a critical value Fx ¢, which is consistent with predictions of the advection-
dominated accretion flow and the Shakura & Sunyaev disc-corona (SSD-corona) model,
respectively. Most importantly, the radio-X-ray correlations are also changed simultaneously
at this critical X-ray flux. As we know, the anti- and positive correlations of hard X-
ray photon index and Eddington ratio are most possibly triggered by different accretion
processes. Therefore, this work gives the direct evidence that the different tracks of radio-
X-ray correlation may be triggered by different accretion processes.

Since the former fundamental plane (lgLr = &xlgLx + & lg My + ¢, where Ly
and Ly are the radio and X-ray luminosity, respectively, Mgy is the BH mass, the fitting
slopes £x ~ 0.60, &y ~ 0.80) is mainly applied to the radiatively inefficient BHs (e.g., low-
luminosity AGNs and low/hard state of XRBs), we next explore this issue for the radiatively
efficient BHs. We firstly construct a sample consisting of the bright radio-quiet AGNs and
outliers of XRBs with Lx > 1%Lgqq, where Lx is the X-ray luminosity, and Lgqq is the
Eddington luminosity. We find these two populations follow a similar correlation between
the hard X-ray photon indices and Eddington ratios. Basing on these similarities, we present
a new fundamental plane (£x = 1.597035 €5y = —0.227030, ¢ = —28.9715:32) with a scatter
of ogr = 0.51 dex, which is suitable for the radiatively efficient BHs.

In order to investigate whether the Lg-Lx correlation as defined in low/hard state of
XRBs can extend to the quiescent state, or has a break when the X-ray luminosity Lx is less
than a critical value Lx i, we construct a sample consisting of XRBs and low luminosity
active galactic nuclei (LLAGNSs) with a wide distribution of the Eddington ratios. We find
that there is a similar fundamental plane ({x ~ 0.6) for Lx > Lx it and Lx < Lx crie. We
further simulate a single AGN with a narrow mass range evolving from the sub-Eddington
to quiescent state, and find that the highly sub-Eddington sources still roughly stay on the
extension of radio-X-ray correlation as defined by the sub-Eddington BHs. Therefore, our
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results support that the properties of quiescent BHs are similar to those of low/hard state.
Finally, we study the spectral evolution of XRBs in a whole outburst period, and try
to constrain the possible accretion physics based on the spectral evolution. Because part
of the work is still ongoing, we only take the whole 2007-2008 outburst of GX 339-4 as an
example. We find that there are two different spectral evolutions in the rising and the decay
periods of the 2007-2008 outburst. We will further study the spectral evolution of more
complete outburst of XRBs to constrain the physical mechanism of BH accretion mode.
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