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Black Hole Candidates

Microquasar = BHC + Jets
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Complex Phenomenology
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Issue #1: Spectral States

CYGNUS X-1
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Issue #1: Spectral States
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X-ray SED

McConnell et al. 1998
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X-ray SED

McConnell et al. 1998
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Evolution of SED
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Issue #2: Recovering Disk Emission
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GRO J1655-40: Spinning Black Hole?
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Important Technical Issues: |
Zhang, Cui, & Chen 1997

“Color correction” ; ol fc olT
. ;‘(E(r)lrdc:;:g;]free” Inner boundary rp _ rm /17
« Gravitational and Doppler shifts col fgr fc olT
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Lessons Learned: A Retrospective View
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Lessons Learned: A Retrospective View

Empirical modeling is not physical.
e.g., the power-law approximation of a Comptonized spectrum
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Lessons Learned: A Retrospective View

Coupling between the disk and the Comptonizing
“corona” must be taken into account.
Model dependent: seed photons, emission geometry
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Emission Geometry and Coupling

Indirect disk emission:
hard X-ray

Direct disk emission:
soft X-ray




" J
Lessons Learned: A Retrospective View

- Full GR treatment is needed to minimize theoretical
uncertainties.
- Correct treatment of electron scattering may be very

important.
Evidence for variable color correction
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The need to measure color correction
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Determining Color Correction

Model the soft component with the multicolor disc model,
which gives T,

Repeat it with a Comptonization model, which gives T 5
and T, (and 7, ).

Perform consistency check: T_,~ T, for 7, >>1.

Compute the spectral hardening factor
f col — !col / Teff
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Determining Color Correction

Model the soft component with the multicolor disc model,
which gives T,

Repeat it with a Comptonization model, which gives T 5
and T, (and 7, ).

Perform consistency check: T_,~ T, for 7, >>1.

Compute the spectral hardening factor
f col — !col / Teff

Follow-ups:

Cui et al. 2002, Zhang, X.L. 2005 (thesis), Pszota & Cui 2007
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XMM-Newton Spectra of GX 339-4

eeeeeeeeeeeeeeeeee

£ =148 f.., =135+0.01

Pszota & Cui 2007



" JEE
Modeling with Relativistic Model #1

kerrbb: the color correction accounted for with a free
parameter
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Pszota & Cui 2007
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Modeling with Relativistic Model #2

bhspec: the color correction accounted for with full
radiative transfer calculation through the disk
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Issue #3: Relativistic Fe Line
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Subtlety

FLIN Y w1

Wilms et al. 2001
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Subtlety

XTE J1650-500

Wilms et al. 2001 Miller et al. 2002
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Uncertainties

Sensitive to continuum modeling
Variability of the line profile

Theoretical uncertainties
Emissivity profile, outer boundary condition

Observational uncertainties
Inclination angle
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Issue #4: QPOs
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Issue #4: QPOs
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Issue #4: QPOs

Do you see QPOs at 92, 143, 184, 276 Hz?
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Issue #4: QPOs
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Beyond X-rays
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Radio Emission
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Issue #5: X-ray/Radio Correlation
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No Universal Radio/X-ray Correlation

Xue & Cui 2007
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Theoretical Scenarios

Jet: radio, IR
Cold accretion flow:

IR, optical, UV, soft X-ray

Hot accretion flow:
optical, UV, X-ray
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A Coupled Jet-Accretion Model

Yuan, Cui, & Narayan 2005
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Radio/X-ray Correlation in Quiescence
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Conclusions
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Conclusions

- The SED of microquasars provides a simple
description of the spectral states.

Low-hard state: dominating hard X-ray emission, peaking
at around 100 keV

High-soft state: dominating soft X-ray emission, peaking
at around 1 keV
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Conclusions

- The SED of microquasars provides a simple
description of the spectral states.

Low-hard state: dominating hard X-ray emission, peaking
at around 100 keV

High-soft state: dominating soft X-ray emission, peaking
at around 1 keV
- X-ray continuum modeling is a promising technique
for probing strong gravity near a stellar-mass black
hole but be critical of the conclusions based on
low-hard state observations.

Weak disk component
Coupling between the disk and “corona” emission
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Conclusions - Cont'd
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The phenomenon of QPOs is complex. It is probably still
be too early to take any of the models seriously.
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- Though promising theoretically, the use of Fe disk
florescent line is challenging, from the observational
point of view.

- There is no universal radio/X-ray correlation.

For a given source radio and X-ray variabilities may, but not
always, be correlated to a certain degree, but the correlation is
clearly vary among different sources.
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Conclusions - Cont'd

- The phenomenon of QPOs is complex. It is probably still
be too early to take any of the models seriously.

- Though promising theoretically, the use of Fe disk
florescent line is challenging, from the observational
point of view.

- There is no universal radio/X-ray correlation.

For a given source radio and X-ray variabilities may, but not
always, be correlated to a certain degree, but the correlation is
clearly vary among different sources.

All roads lead to Rome ... hopefully
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