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Not so simple...

Fig. 20 Left: Extreme very high-state spectrum (a) merging smoothly onto less Comptonized very high (b)
and then into a soft-state spectrum (c). All data taken from XTE J1550-564. Right: A range of geometries
which can smoothly connect between extreme very high and soft states

Many different
spectral states
and corresponding
geometries
Accretion flows in XRB
Fig. 21 Left: hard-state spectrum (a) merging smoothly onto less Comptonized very high state (b) and
then into an extreme very high-state spectrum (c) during the rapid rise to outburst. All data taken from XTE
J1550-564. Right: A range of geometries which can smoothly connect between the hard state and extreme
very high-state spectra

Done et al. (2007)

Even in “classic” hard
state, there are likely
several spectral
6 Spectral evolution
The previous sections outlinedcomponents.
a physically motivated model in which spectral changes

in these extreme very high state (Done and Kubota 2006), though there are substantial
uncertainties in the models of disc spectra at this point. Nonetheless, the range of very
high state geometries shown in Figs. 20 and 21 match all current constraints, and form
a bridge between the hard and soft states.

(particularly the hard–soft spectral transition) are driven by a changing geometry.
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Variability on all
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Uttley & McHardy (2001)

rms = sqrt [ (1/N) ∑i=1,N (fluxi - mean)2 ]
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Origin of broad band variability

Fluctuations start at large radii - soft and slow propagate
down to smaller radii, where faster variability arises in the
hard emission

Connecting spectra
and variability
Time average

Power spectrum

XTE J1550-564
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from an accretion disc. The absence of a blackbody component in the variability spectrum strengthens the case that
the variability arises not in the accretion disc but in the
more stratified regions of the accretion flow (consistent with
results by Revnivtsev et al. 1999). The fact that the Comptonized spectrum of the rms is harder than the continuum
and also contains significantly less reflection further suggests
that the variability arises in a region of this flow not seeing
very much of the accretion disc (i.e. where the accretion disc
subtends a very small eﬀective solid angle as seen from the
variable plasma). This points to its origin being the hot inner
flow close to the black hole rather than e.g. a corona above
the disc. We can thus think of the entire Comptonized continuum as being a blend of the spectrum from the entire hot
flow/corona that in the very high state is quite complicated.
If we assume that the disc in this state penetrates into the
hot inner flow, we have regions of more or less overlap with
diﬀerent thickness etc. The rms spectrum, however, should
then represent only the region closest to the black hole, that
is far away from the disc and not strongly aﬀected by its
presence. In Fig. 6 we sketch a picture of our preferred geometry and origin of the fast variability. This framework
also explains the observed hard time lags seen in black hole
binary systems (see, e.g., Miyamoto & Kitamoto 1989). If
the variability arises in the outer (softer) regions and propagates inwards where the hard emission is produced, such
lags are naturally produced (Kotov et al. 2001).
The diﬀerences between continuum and rms spectra are
not as great in the harder observations. However, time lags
are present also in these states which leads us to conclude an
inhomogeneous geometry here as well. In the past there have
been several proposed scenarios assuming a homogeneous geometry. For example, Poutanen & Fabian (1999) present a
model where variability in the Comptonized spectrum is introduced by compact magnetic flares. They are successfully
able to reproduce the observed time lags of Cygnus X-1, yet
while they do not explicitly show an rms spectrum, looking
at the continuum spectral evolution one can see that the
variability would have a dip around 10-15 keV. In contrast
our data show that this is not the case - rather, we see a

Large spectral variations in
total spectrum

Variability spectrum does not
change appearance much
Variability
Axelsson et al. (2013)

Figure 4. Sample of PCA (upper panel) and rms (lower panel)
spectra used in this study. Although the PCA spectrum changes
considerably, the spectrum of the rapid variability show much less
alteration.

in Revnivtsev et al 2006). This would be expected if both
originate in a common physical region. There is perhaps a
hint that the variability spectra turn down more sharply

variability. This spectrum requires less reflection and does not require any
thermal (blackbody) component.

does not represent the whole Comptonized region, only a part of it,
and the Comptonized component we see in the time-averaged spectrum cannot represent one uniform region but rather a superposition
of at least two regions (one variable at high frequencies and one not).
The different hardness and absence of reflection points to the variable part being physically separated from the other Comptonized
region/regions (see also Yamada et al. 2013).

The
spectrum
of
the
rapid
variability
In Fig. 5 we show a spectral fit to the PCA spectrum (left-hand
column), the PDS from the observation (middle column) and the
energy spectrum of the rapid variability (right-hand column). The
two rows correspond to ObsIDs 30188-06-01-02 (top) and 30188-
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Figure 3. Comparison of disc blackbody (left-hand panel),•amount of reflection (middle panel) and spectral index ! (right-hand
panel) between the continuum
•
and variability spectra. In all panels, the dashed line shows where the two are equal. As the rms spectra do not require any blackbody component, the left-hand
panel shows upper limits plotted against the strength of the blackbody that would be expected if simply scaling down the continuum spectrum to the level of
the rms spectrum.
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QPO arises in the inner accretion flow!

Axelsson et al. (2014)

Animations from A. Ingram

Precessing inner flow gives
variable illumination
of the disc...

…which gives varying spectral
components.
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variable illumination
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components.
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Similar to average
Compt. in softer states

Observed flux from Compton region:
FE(θ) ∝ I(θ)cosθ ≈ (1+bcosθ)cosθ = b/2+cosθ+b/2•cos2θ
b depends on optical depth - strongest harmonic furthest out!
Viironen & Poutanen (2004)
Veledina et al. (2013)
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In the hardest state, there is no harmonic. In the softer states, it is only
present at low energies.
Time-averaged spectrum (lower panels) in the softer states is not well-fit by
disc, comptonisation and reflection. Additional component needed at lower
energies (<15 keV). Parameters cannot be constrained by available data…

GX 339-4
Preliminary!

QPO/Total
QPO

QPO/Comp+refl

Compare the QPO to the time-averaged
spectrum.

QPO spectrum behaviour similar to J1550: no
disc component, very little spectral evolution.
Can be fit using Comptonisation+reflection

Harmonic

Harm/QPO
The harmonic behaviour is very different. In
the intermediate state it is similar to the QPO,
but in softer states it is very different! Cannot
be just a geometrical effect…

The harmonic spectrum is very similar to a soft (thermal) Compton
component. We can use this to constrain the extra component needed
for the time-averaged spectra - very good fit!
The electron temperature of ~9 keV suggests that it arises at the edge of
the hot inner flow. Doubling of frequency because of stabilizing disc?
Conclusion: The Comptonization region is inhomogeneous.

Are we seeing two different mechanisms for the harmonic?
If so, does inclination play a role in which one we see?

Conclusions
Fast timing can probe inner regions of the accretion
flow, and thereby the properties of the black hole
Radiation spectra alone not enough to determine
emission components.
Comptonization region(s) are inhomogeneous!
QPO spectra support precessing inner flow.
Harmonic could be angular dependence of flux from
edge of Compton region, or oscillations from of the
overlap region.

Thank you!

