QPO - theory

MODELS OF BLACK-HOLE VARIABILITY
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DIMITRIOS PSALTIS
INSTITUTE FOR ADVANCED STUDY

TURBULENT DIFFUSION OF ANGULAR MOMENTUM
IS RESPONSIBLE FOR HIGH ACCRETION RATES

ACCRETION FLOWS ARE
VERY VARIABLE!

HAWLEY 2001

BUT:
= WHY DOES VARIABILITY APPEAR

AT PARTICULAR FREQUENCIES?

Dimitrios Psaltis, Princeton (ITP Black Holes Conference 2/26/02)
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Frequency*(Mass/2M ;) (Hz)
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ALL HAVE STRONG DEPENDENCE ON RADIUS!

KEPLER

Frequency (Hz)

e.g., g-modes: f <K
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A PURELY RELATIVISTIC EFFECT!

Dimitrios Psaltis, Princeton (ITP Black Holes Conference 2/26/02)
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Relative Disk Thickness
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> p-mode: INERTIAL-PRESSURE

MEASUREMENT OF BLACK-HOLE SPINI

Dimitrios Psaltis, Princeton (ITP Black Holes Conference 2/26/02)
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Gravitational Radii (5 M, BH)
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SLOW PHENOMENA CLOSE TO THE BLACK HOLE!

Ag}\%& G6X 339-4 :|

#
E Lo
= E XTE J1118+480 1
= £
% i t ~
-
& Bl — f ; Y6 X-1 b 1
E— N — 107 0.1 : : : :
B =~ B
= PN =) =
1; E G5 1826-24 1
—  ipd 5
E
= 107
o n.o1 ¢ 0.01 E
A £
ke a L
107 L A b o
10 [ S
Bl gy 1077 £ %‘ ~
= C 167° 43
'g | [ 1%
ol
0.01 5
w
o

Frequency (Hz)

Dimitrios Psaltis, Princeton (ITP Black Holes Conference 2/26/02)
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CHARACTERISTIC FREQUENCIES ARE VARIABLE
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CORRELATIONS ENCOMPASS NEUTRON STARS & BLACK HOLES
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WIJNANDS & VAN DER KLIS 1999
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PSALTIS et al. 1999
BELLONI et al. 2002

Dimitrios Psaltis, Princeton (ITP Black Holes Conference 2/26/02)
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A TUNABLE CLOCK NEAR THE BLACK-HOLE HORIZON,
PROVIDES MEASURE OF BLACK-HOLE MASS AND SPINI

TRANSITION PRODUCED BY RADIATION DRAG

MILLER, LAMB, & PSALTIS 1998

Dimitrios Psaltis, Princeton (ITP Black Holes Conference 2/26/02)
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Ag: ISOTROPIC
Ayy: AZIMUTHAL @ PERTURBATIONS

A,,: VERTICAL

LOOK FOR ANSWERS
IN MHD SIMULATIONS? &
0

HAWLEY & KROLIK 2001
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Dimitrios Psaltis, Princeton (ITP Black Holes Conference 2/26/02)
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PHYSICAL PROPERTIES OF ACCRETION DISKS
MASSES AND SPINS OF BLACK HOLES
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Research On Black Hole Variability .
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WITH ROOM+NEED FOR THEORETICAL MODELS!

Dimitrios Psaltis, Princeton (ITP Black Holes Conference 2/26/02)
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POWER (RMS/MEAN)?
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FRACTIONAL RMS OF FIRST COMPONENT IS ~CONSTANT!

» SIMILAR EFFECT FOUND IN AGN

UTTLEY 2001
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Dimitrios Psaltis, Princeton (ITP Black Holes Conference 2/26/02)




