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THE PROMISE OF X-RAY BINARIES
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e Neutron stars: spin frequency
e Keplerian frequency
e Relativistic precessions:

e Periastron precession

¢ | ense-Thirring precession )
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e Radial light-crossing
e Radial sound-crossing
* Free-fall
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STRONG GRAVITY ‘

1200 Hz 500 Hz

Innermost Stable Circular

e Keplerian frequency 100-1000 Hz Orbit (ISCO) - Black hole spin

Timing and spectral approach

i Weak limit: Mercury, Double )
e Periastron precession 100-700 Hz Pulsar
* * Need timing
g

Weak limit: Gravity Probe B
e Lense-Thirring precession 1-90 Hz
* “ Need timing
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—ARLY HISTORY:
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In the beginning.. Cyg X-1

Strong spectral changes

Radio correlation
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10-20 keV

Tananbaum et al. (1971)

6-10 keV

Long time scales here
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CARLY HISTORY: FAST VARIABILITY

e |n the beginning.. Cyg X-1

e [ast aperiodic variations

e Difficult to follow with small instruments
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—VERYTHING

PHOTONS AR

e Sensitivity linear with flux S2

* Imaging reduces background only

Cygnus X-1 RXTE/PCA
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TO VARY OR NOT TO VARY?
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EVOLUTION OF TRANSIENTS ¢

Hardness-Intensity Diagram (HID)

GX 339-4

2002/2003
2004/2005
2007

2009/2010
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MISSING..

Where are the good frequencies”?

What happens in the middle of the diagrams®?



INTERM

DIATE STATES: QPOs

e Intermediate spectrum Transitional states

e Intermediate rms I e—
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HARD-INTERMEDIATE: QPO + NOIS

e Smooth evolution of properties - harmonics

* Frequencies increase | | zsés ™ -
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SAME COMPONENTS - Radius connection?

* Frequency-modulated oscillation?
® Frequency range for Lense-Thirring
e Complex lags

e Hard oscillations
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AP

~CULIAR OSCILLATION

e Limited frequency range

¢ | ess rms: no flat-top noise

¢ Not Lorentzian?
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A PECULIAR OSCILLATION

e Associated to a specific rms
e Same energy dependence

e Energy spectrum
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CONNECTION WITH

SA

DIO J

- [S7

Gallo (2010)

corona evacuation?

L_Edd

Thermal dom.

j\ Radio flare|internal shock?

Fender, Belloni & Gallo (2004)
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e Radio emission goes with it - ejections close to transitions
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FREQUENCY CORRELATIONS

e All frequencies correlate

e NS binaries follow
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LINK TO GENERAL RELATIVITY?

e All models involve now GR frequencies
e Relativistic Precession Model Stella & Vietri (1998,1999)

e bump 2: Keplerian

e Bump 1: periastron precession )
e QPO: Lense-Thirring precession
e Emission process must be added

e Type-B (peculiar) QPO does not fit
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High-Frequency oscillations

e 30-450 Hz

e \/ery few detections
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e Resonance model
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High-Frequency oscillations

e 30-450 Hz

500

:

Maximum QPO Frequency (Hz)

300}

—@— XTE J1550-564
250}
= | XTE J1859+.228

*

L 4

150 4
1 i 1
005 10 15 20

g

:

GRO J1855-40

BH Dynamical Mass (solar masses)

e Resonance model

e Too few points... some of them not even real

Highest QPO frequency (Hz)

o8 883288 E8E ST

/". \ i

. 3...... rrT—T———— o
r Ad < 2o

IR (S TN SR ST ST U T

6 7 8 9 10 11 12 13

14

Black Hole dynamical mass (solar masses)

.....

16 17 18

4s50f
400}

3sop

Frequency (H2)

~——

==y, = radial epicyclic

Vo~ orbital
Vg = vertical epicyclic

~—

~~~~~




SXTE and THE FUTUR

e All this thanks to 15 years of RXTE
* Timing is important!
e The near future: ASTROSAT (2011)

e Better than RXTE above > 20 keV
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LOFT

e Selected for assessment by ESA

e | aunched in 2020

LARGE AREA DETECTOR

e 12 m? effective area
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LOFT: BH QPOs

e Pinning of GR frequencies

¢ |dentification of vk and ISCO

e Additional peaks?

20 Relativistic
Precession

e BH spin measurement from radius

e Feedback on accretion studies
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