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Theory… 
  Why do accretion disks actually accrete? 

  MHD turbulence paradigm for angular momentum 
transport 

  Why are accreting systems so variable? 
  Aperiodic and quasi-periodic phenomena 

  Why do some black holes produce powerful jets whereas 
others do not? 
  Generation of large scale magnetic field 



•  Global convergence study of vertically unstratified Newtonian disks 
•  Implement orbital advection in Athena; speed up calculation by factor 20 
•  Effective h/r=0.1; 8/16/32/64 z-zones/h at the fiducial radius 
•  First models to achieve high resolution in vertical direction AND not cheat 
in terms of azimuthal resolution (Sorathia, Reynolds et al. 2011) 

Magnetic Pressure (midplane)  Density (midplane)  





Magnetic tilt angle: 
tan θB = Br/Bφ 

Sorathia et al. (in prep) 



Simulation 
3-D adiabatic MHD simulation run for 1600 ISCO orbits (105GM/c3) 
Constant h/r=0.05 disk; cooling function used to keep disk thin 
r:4400rg; θ:0.05π0.95π; φ:0π/4 
Resolution of 25 zones/h (nr=512; nθ=384; nφ=64) 
ZEUS-MPv2 run on Teragrid/Ranger  
(O’Neill, Reynolds, Miller, Sorathia 2011)  

Density (blue) ; Magnetic pressure (orange) 





Stresses (Reynolds, Maxwell, Total) 





O’Neill, Reynolds et al. (2011) 
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Figure 1. Examples of the two types of PDS with type-C QPO. (a) PDS from one of the first five observations (Obs.: 30188-06-01-01). (b) PDS of an observation
after the first five (Obs.: 30191-01-19-00). In both panels, the solid line shows the best fit, while the dashed line represents the separate Lorentzian components (see
the text).

Custom timing-analysis software under IDL and MATLAB
was used. For each observation (in a few cases, an inspection of
the PDS showed significant variations in the QPO frequency
between different RXTE orbits, which were therefore split),
we produced a set of PDS from 128 s long stretches from the
PCA channel band 0–35 (corresponding to 2–13 keV). The time
resolution was 1/256 s, corresponding to a Nyquist frequency
of 128 Hz. These spectra were then averaged together and
logarithmically rebinned. The effect of dead time on Poisson
noise was not subtracted directly, but fitted in the power spectra
with an additional additive constant. Broadband and peaked
features were modeled by a combination of Lorentzians (Nowak
2000; Belloni et al. 2002) using XSPEC v11.3. The power
spectra were normalized according to Leahy et al. (1983);
however, the fitting results were converted to squared fractional
rms (Belloni & Hasinger 1990).

For each observation, a spectrogram was also accumulated in
order to detect time variations of the QPO parameters within a
single observation. This consists in a time sequence of the single
128 s power spectra, i.e., a time–frequency image. We fitted each
PDS in the spectrogram (limited to a narrow frequency range
centered on the main QPO peak) with a model consisting of a
Lorentzian peak and a power law for the local continuum. In
this way, we derived the frequency shift with time on a 128 s
timescale.

For each observation, we also produced PDS in different
channel ranges: eight sub-bands of the 0–35 range plus channels
36–89 (corresponding to 13–33 keV).

2.1. PDS Model

In order to characterize the LFQPO behavior, a consistent
model is required to describe the full PDS for the observations
showing a type-C QPO. During the initial rise of the outburst, a

state transition from LHS into HIMS takes place: the spectrum
softens considerably, and the QPO frequencies increase well
above 1 Hz (Cui et al. 1999; Sobczak et al. 2000b; Remillard
et al. 2002). Therefore, changes are expected in the overall shape
of the PDS. We find that the PDS of the first five observations
appear different (see Figure 1). For them, we adopted a model
consisting of a flat-top noise component Lft, one or two band-
limited noise components LBLN1/2, and a QPO peak LF with its
second harmonic QPO Lh (see Figure 1, panel (a)). For all other
observations with type-C QPOs, we used a model consisting of
a flat-top noise component Lft, a peaked noise component Lpn, a
QPO LF, with a sub-harmonic Ls, and a second harmonic Lh (see
Figure 1, panel (b)). For some PDS, a third harmonic appears.
These two models fit the data reasonably well, with best-fit re-
duced χ2 values less than 2 (for ∼265 degrees of freedom), with
a typical value of 1.5. Hereafter, we concentrate on the second
part of the observations, which we identify as an HIMS. As pre-
sented below, the results of our analysis suggest that the funda-
mental frequency of the oscillation is Ls rather than the conven-
tional LF. However, for clarity, we will refer to LF as the funda-
mental throughout the paper. For all noise and QPO components,
we consider their characteristic frequency νmax =

√
ν2

0 + (∆/2)2,
where ν0 and ∆ are the centroid frequency and the FWHM of the
Lorentzian peak, respectively (see Belloni et al. 2002 for a dis-
cussion). This is the frequency at which the νPν power spectrum
peaks. In the case of broad components, this is a more rational
choice than the centroid frequency, since the use of Lorentzian
models does not have a physical motivation (see Nowak 2000;
Belloni et al. 2002). With this definition, it is possible to com-
pare homogeneously narrow and broad features, which have
been to evolve from one to the other (see, e.g., Di Salvo
et al. 2001) and to discover major correlations between charac-
teristic frequencies both in neutron-star and black hole systems

XTEJ1550-564; Rao et al. (2010) 



High-frequency QPOs 
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Observations… 
  How quickly do supermassive black holes spin? 

  What does this tell us about SMBH formation? 
  Is spin necessary for jet production? 

  Why do AGN emit X-rays? 
  What is the nature of the X-ray source? 

  What is the physics of jet production? 
  How do the jet and the disk interact? 
  How important is environment for jet production? 



X-rays from corona/jet irradiate 
accretion disks… creates a 
backscattered spectrum rich in 
spectral features 

Calculations of spectrum emitted by accretion disk in 
response to X-ray irradiation (Ross & Fabian 2005) 
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Supermassive BHs 
NGC3783 

Neutron stars 

Courtesy of E.Cackett 

Stellar mass BHs 
GX339-4 

Miller et al. (2008) 

2012 Biermanm Lecture 



 1.5 nucleus in NGC3783 (z=0.0097) 

Suzaku XIS+PIN spectrum ratioed 
against simple power-law.  A global 
model of this spectrum requires multi-
zone ionized absorption, reflection 
from distant matter, and reflection from 
inner accretion disk  

MCMC  high spin (a>0.88 at 90% CL).  
This includes all uncertainities associated 
with ionized absorption, irradiation profile of 
inner disk, iron abundance, and treatment 
of PIN background.   

Brenneman et al. (2011) 
Reis et al. (2012) 
Reynolds et al. (2012) 

20 2012 Biermanm Lecture 20th June 2012 



900ks Chandra/HETG (e.g. see Krongold et al. 2003, Netzer et al. 2003) 
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Accretion rate (Eddington Units) 
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Sikora et al. (2007) + Spin results 
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= Slow spinner 



X 
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1H0707-495/XMM (Zoghbi et al. 2010) 

Soft lags hard 

Soft leads hard 



Zoghbi et al. (2010) 

REVERBERATION 

11th July 2012 25 Biermann Lecture III 
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Poutanen (2000); Gilfanov et al. (2000);  
Nowak (2000); Uttley et al. (2011) 

Findings: 
•  Frequency dependent time lags 
(almost constant phase) 
•  Time lags can get very long (for 
M=10Msun, 10-2s≅200rg/c) 
•  Often see log-normal variability 

Cygnus X-1 Hard State 
(Belloni et al. 2000) 
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Iron line 
reverberation in 
NGC4151 
(Zoghbi et al. 2012) 

Source located 
2-4rg from disk 

Confirmation of 
the relativistic iron 
line paradigm 

Biermann Lecture III 


