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Frame dragging

Tell-tale sign of precession: a rocking iron line
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Rocking iron line in H

1743-322
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Polarization

Ingram et al (2015)



Polarization
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Detection

Can’'t measure p and y In arbitrarily small
time bins
Can make light curves for different g bins
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Detection

Calculate fractional rms and phase lag as a
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Detection

100 ks exposure of GX 339-4 with eXTP
GPDs: 200 c/s; LAD 38,000 c/s
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Jet precession

BZ jet that aligns with the accretion flow!
t=14,000 R,/c t=100,000 R /c
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Liska et al (in prep)
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Conclusions

Rocking iron line in H 1743-322 gives strong evidence
for precession
eXTP will enable detailed tomographic mapping

QPOs predicted in polarization degree and angle
p and Yy modulations relate to line centroid modulations

Developing a method to measure variability in p and g
QPOs in p and y should be detectable with eXTP

Always need lots of counts — long exposures of bright
sources

Using the LAD as a reference band helps!

IXPE + AstroSat could work. particularlv for a precessinag






Tomographic modeling

Parameterize disk
Hlumination:
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https://figshare.com/articles/Tomographic_modelling_of_H_1743-322/3503933

ratio

0.95

Tomography with eXTP

30 ks LAD 130 ks XMM + 70 ks
simulation NuSTAR
- HI743-322 ] XM

ratio

E

i

<

=9
j_E

5 10 20 S0 |
Energy (keV)

! PR T B T B ! ! ! -
5 10 20 50 Al, é 8 1|0
Energy (keV)



BZ jet that
aligns with

the
accretion
flow!
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Jet precession
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Liska et al (in prep)
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Results

Polarization degree: required count rate (c/s)
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Phase folding
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Simulation
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Simulation
“Exponentiated” “Random walk’ Synthetic LAD
broad band noise QPO light curve
0 2 4Tm ()6 8 10 0 10 - 20 30

f(w,t{wg,pp) = (211) { 1 + py(t) p cos[2( w-y,(t) )] }

For the GPD, generate 100 light curves, each for a different p bin
32.768ks exposure, dt=1/16 s, no background
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Phase folding
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Phase folding
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Phase folding
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Phase folding
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Phase folding
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Phase folding
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Phase folding
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Phase folding
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Phase Resolvmg

Observed H 1743-322: ~260
ks XMM: ~70 ks NUSTAR

Reconstruct QPO waveform

In each energy band from:

1. Amplitude of first and
second harmonics (power
spectrum)

2. Phase difference between
the two harmonics
(Ingram & van der Klis
2015)
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Phase Resolving

Reconstructing a waveform in each energy band '
gives phase-resolved spectra!
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Phase Resolving

Reconstructing a waveform in each energy band '
gives phase-resolved spectra!
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Broad band noise: propagating
ctuattons
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Broad band noise: propagating 7
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Detection

I(t) = GPD count rate
Q() = I(t) p(t) cos| 2u(t) ]

U(t) = I(t) p(t) sin[ 2y(t) ]
R(t) = LAD count rate

The problem:

Want to measure p(v) & w(v)

But can’'t measure p(t) and y(t) for
arbitrarily small time bins due to Poisson
statistics

Can measure Q(t) & U(t) Ingram & Maccarone (in prep)
Can measure Q(v)R(v) & U(V)R(V)
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Detection

I(t) = GPD count rate
Q() = I(t) p(t) cos| 2u(t) ]

U(t) = I(t) p(t) sin[ 2y(t) ]
R(t) = LAD count rate

The solution:

Define phenomenological model for p(v)

& W(v)

For a given set of model parameters,
calculate model Q(V)R*(v) & U(V)R"(V)

Fit to measured Q(V)R'(v) & U(V)R'(v) i rep)

Ingram
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Detection
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