From general relativity to spin and mass measurements
through the Relativistic Precession Model
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X-RAY BINARIES
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X-RAY BINARIES: THEY VARY!
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X-ray light curves of 24 transient black hole X-ray binaries

(RXTE data over ~ |5 years)




.ON SEVERAL TIMESCALES
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.ON SEVERAL TIMESCALES
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WHATI IS A QPO

QUASI PERIODIC OSCILLATION

Black Hole biwarg

» Quasl periodic signal In a light-
CUIrve (BHs, NSs, ULXs, even AGNs)

* Becomes apparent in a power
density spectrum

« Associated to nolse

* They come In different flavors

Casella et al. 2004
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Too slow to be leepLer'Law!

QPOsIN BLACK HOLES

LOW FREQUENCY HIGH FREQUENCY
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b common. Different shapes, Not common nor easily detectable
frequency ranges, noise level.. (especially in pairs), and again...

We do not know what they are. We do not know what they are.
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WHY DO WE CARE ABOUT
QPOs!

But collecting pretty peaks
ls not enough...!
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» Easy to study

* They allow to test General
relativity!




riC Rl
RELATIVISTIC PRECESSION MODE

Sitell Qs R 2P0k | 05

R Ln the same for all the equations

Vv, =V, (M,a,R) Orbital frequency

V =V -V =V (M a R) — Periastron precession frequency
per ¢ r per > keplerian frequency - radial epieycelic frequency
Viod = Vo = Vg = Vo (M,a,R) — Nodal frequency (or Lense-Thirring)

keplerian frequency - vertical epicycelic frequency

I O AR 0 s a Vel L0 E
you can solve the system!



Motta et al 2012
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data from RXTE



Motta et al 2012
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OU) GE| | HE MASS AND e

SPIN!

n e I solar masses and grauit I
v,=17254007 | L M =531+ 007
v, =298+4 [, a=0286 % 0.003
v =440+3 w R=5.68 + 0.04

Beer & Podsiadlowski 2002 M = 54 = USRI

From Optical-Infrared

e.g. Shafee et al. 2006 a=06> 0

From X-ray spectroscopy
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SPIN!
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THE RPM FOR GRO |1655-40
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THE RPM + TYPE-C QPOs
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SUMMARIZING

what you do

» you start from GR
& EllRicasUe 5 lrequencles

& @l selve the RPIV system
system of equations

* you get reasonable mass and
spin

B Eiedicted freguencies
match the data

what you get

* you verify the validity of the

R (relativistic precession and keplerian
motion do explain QPOs!)

* you have a method to

measure black hole spin anad
mass and to track the
emission radius

» the PBK broad components

and HFQPOs are uniicasEn
e [RE
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IN CONCLUSION

You can do real hard core physics from timing!

M the t

mMINg you get a very precise measu

the funag

amental parameters of a Black Ho
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