| \\ “‘( |\
N Lx(

\7

AG N %V 7

QPOs mi

3’. ps— i

- pD ’

/4

William Alston 7
'f/

" Andy Fabian, Matt Middleton, Julija Markeviciute,
/ Mlchael Parker, Erin Kara, Anne Lohflnk Ciro P|nt

QCambrzd %
) & yAstronomy

2013 - 2017



QPOs in BH-XRBs
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QPOs in BH-XRBs
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QPO in RE J1034+396 (NLS1)

Normalized power
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e 2.6 x10%Hz (1 hour)
e Only seen in Obs 1 (0.3-10 keV)

e No QPO in 0.3-10 keV band (M11)
— Evidence for its presence in

covariance spectra

Middleton + 2011
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XMM observations (0.3-0.8 and 1-4 keV)
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QPO present in 1-4 keV band in the 5 low flux/
spectrally-harder observations
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Energy resolved PSDs

HARD SOFT
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RE J1034+396 time lags
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A QPO in MS 2254.9-3712 (NLS1)
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Time delays as a function

of energy at a given
frequency

Positive lag indicates lag
of comparison band vs
total energy band (minus

comparison band)

Alston + 2015, MNRAS, 449, 467
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Mean and rms-spectra
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D/M2 D/Ml1 P(f) ([rms/mean]?)

Structure seen at f,, in softer bands
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Principle components analysis (PCA)
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QPO identification
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Comparisons with XRBs
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Summary

[l
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QPOs important probe of the inner accretion flow

o More counts/timescalein AGN

1 hr QPO detected in 5 low-flux/spectrally harder
observations of RE J1034+396

2 hr QPO detected in MS 2254.9-3712

o Shows similar spectral-timing properties to RE J1034
o Consistent with being HFQPO

Reverberation lag seen at fqpq

0 Constraint for QPO models

Both accreting at m¢ — consistent with very high and
intermediate states in BH XRBs
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PGILTG

Normalized Flux

PG 1116+215: another QPO detection?
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