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Ingram, Done & Fragile (2009) 
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The QPO modulates the power law emission  

Sobolewska & Zycki 2005; 2006  
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The QPO amplitude depends on inclination angle 

Schnittman, Homan & Miller (2006) 
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ro=60; fQPO~0.2Hz 
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Full spectral model 
- Continuum oscillates (NTHCOMP) 
- Reflection spectrum shifts in 
energy (RFXCONV; Ross & Fabian 2005; 

Kolehmainen & Done 2011) 

ro=60; fQPO~0.2Hz 
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LOFT 
Hard State Intermediate State 
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ro=30; fQPO~1Hz - `sweet spot’ 

for BHBs (∼ 0.1 − 10Hz; Ingram, Done & Fragile 2009). Many other properties can also be quantitatively
explained in this picture (Ingram & Done 2011; Ingram & Done 2012a). Precession may also drive the QPO
in neutron star binaries (NSBs; Ingram & Done 2010), however here we concentrate on black holes.
Despite the many successes of the model, there is still no unambiguous evidence that the QPO is driven

by precession. However, in Ingram & Done (2012b), we identified a very distinctive model prediction and
showed that it provides a clean test. In addition to the disc and power law emission, an iron Kα emission
line is often observed, which is the result of flow photons reflecting off the disc. Figure 1 (top) shows that
the region of the disc preferentially illuminated by the flow rotates as the flow precesses. Since the disc is
spinning (black arrows), an observer viewing from this angle (60o) sees reflection predominantly from the
approaching side of the disc (left) before the QPO maximum (middle) and from the receding side (right)
after the QPO maximum. Figure 1 (bottom) shows the effect of this on an iron line with a δ−function rest
frame profile. When the approaching material is illuminated (left), the iron line is Doppler blue shifted and
also boosted due to time dilation. When the receding material is illuminated (right), the iron line is red
shifted. Figure 2a shows spectra representing the rising (blue) and falling (red) phases of the QPO cycle as
predicted by the spectral model developed in Ingram & Done (2012b), assuming an inclination of 60o. Here,
we set R = 30GM/c2 for the solid lines and R = 20GM/c2 for the dashed lines, corresponding to QPO
frequencies of fQPO ∼ 1Hz and fQPO ∼ 2Hz respectively (the exact value depends on parameters such as
mass and spin). This predicted phase dependence of the iron line provides a clean test for the origin of
the QPO in black holes.
However, no data set currently exists which is appropriate for testing this property. Such a test requires

an observation with a strong QPO and a strong iron line. During an outburst, these features are observed in
both the climb and decay and are more prominent when the power law component is softer (i.e. smaller R).
However, there is a trade-off since the model predicts the QPO phase dependence of the iron line to be more
significant for larger R. This is due to the relative importance of time dilation. For small R, reflection from
the inner approaching regions of the disc is so heavily Doppler boosted that it contributes a large fraction
of the total iron line flux even when the flow preferentially illuminates the receding side. Detailed spectral
modelling leads us to conclude that these considerations best balance in the HIMS with a QPO frequency
of 1 − 2Hz (inferring R ∼ 30 − 20GM/c2). The HIMS during the climb to outburst is ideal since strong
QPOs are nearly ubiquitous here. There are suitable observations in the RXTE archive which we can stack
in order to achieve a high signal to noise (Ingram et al in prep). However, the spectral resolution of the
appropriate PCA event modes is far too coarse to constrain the phase resolved iron line profile. In contrast,
the XMM-Newton EPIC pn in timing mode does provide the necessary spectral and timing resolution but
there are currently no timing mode observations in the archive of a black hole displaying the
necessary properties.
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Figure 2: a: Predicted iron line profiles of the rising (blue) and falling (red) phase of the QPO for the fQPO ∼ 1Hz (solid)
and fQPO ∼ 2Hz (dashed) models. Spectra are represented as the ratio to a power law of Γ = 1.9 and 2.1 for the 1Hz and 2Hz
models respectively. b: Simulation of the 1Hz model assuming a 200ks exposure on the EPIC pn in timing mode. c: Ratio of
rise to fall spectrum displaying an excess at ∼7keV which we predict to be detectable as a 4.7σ feature.
Although the HIMS during the climb provides the best chance to observe a strong QPO, scaling RXTE

observations using webPIMMS predicts a pn count rate (> 2000cps) far exceeding the pileup limit for timing
mode. This problem cannot be solved by using ‘burst mode’ because we would require too much time in
order to achieve the required statistics, plus this will make it difficult to separate the QPO rise from the fall.
However, targeting the HIMS during the decay does solve this problem since the count rate here is a factor
> 10 lower (e.g. Belloni et al 2005). Although not all outbursts display strong QPOs in this state many do
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RXTE / Phase binning 
… so can phase bin but need LOTS of  counts: 

Ingram et al (in prep) GRS 1915+105; QPO~2Hz 
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RXTE / Phase binning 
… so can phase bin but need LOTS of  counts: 

Ingram et al (in prep) 
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Conclusions 
•  If  QPOs are due to precession, the iron line will 

rock on the QPO frequency 
•  LOFT will be able to detect this easily 
•  This will provide a very good diagnostic for 

inclination and disc inner edge 
•  Phase binning the QPO is possible now 
•  …but need very long exposures 
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RXTE / Phase binning 
… so can phase bin but need LOTS of  counts: 
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