Beyond RXT I: Ihe Future of X ray Tlmlng
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(Hopkins et al., 2006)
. Accretion onto Black Holes regulates star formation
—> anti-hierarchical structure formation =—> “co-evolution”

Need to understand accretion processes!
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Open questions:
e How do supermassive black holes grow
and evolve?
e How does accretion work?
e How does gravity behave in the strong
field limit?
e \What is the spin distribution of Black
Holes?
e Does matter orbiting black holes follow
general relativity?
...and, in general,
10° 10’ e \What is the behavior of matter under
Wil PUREN the most extreme conditions?
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V.L. Ginzburg: If the cosmological problem is the number one problem of as-

tronomy, then problem number two should be the problem of black holes.
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Three items dealt with here:

Curvature

1. Testing General Relativity
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2. Probing the Fastest Variablity
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3. Studying the densest “normal matter”
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... using examples drawn from IXO
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V.L. Ginzburg: If the cosmological problem is the number one problem of as-

tronomy, then problem number two should be the problem of black holes.




1. Testing General Relativity



There are two flavors of accreting black holes:
e Galactic BHs — few M
long-term variability, accretion modes,. ..
e Supermassive BHs — 10°...10°% M,
detailed studies on Kepler timescale possible
... since characteristic timescales and radii are oc M



accretion disk



E/E.
. 1 0.9 .
. 0.0 0.1 . 0.5
Redshift z

(Disk for a = —1, Dauser et al., submitted)
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Dauser et al., submitted

Shape of relativistic Fe Ko lins is the tracer of geometry of accretion flow
close to the black hole.
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Dauser et al., submitted

Shape of relativistic Fe Ko lins is the tracer of geometry of accretion flow
close to the black hole.
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In the hard and intermediate
states, galactic black holes
show strong and broad Fe
Ka lines.

Cyg X-1: a ~ 0 (?), = > 45°,
e oc 73 (see Fritz, PhD Tibingen)

Nowak et al. (2010, submitted)
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In the hard and intermediate
states, galactic black holes
show strong and broad Fe
Ka lines.

Cyg X-1: a ~ 0 (?), = > 45°,
e oc 73 (see Fritz, PhD Tibingen)

Nowak et al. (2010, submitted)



Counts st keV1

In the hard and intermediate
states, galactic black holes

‘ show strong and broad Fe
| I Ko lines.
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Cyg X-1: a ~ 0 (?), 1 > 45°,
e oc 73 (see Fritz, PhD Tibingen)
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Counts st keV1

In the hard and intermediate
states, galactic black holes
show strong and broad Fe
Ka lines.

Cyg X-1: a ~ 0 (?), © > 45°,
e o< 3 (see Fritz, PhD Tubingen)
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Duro et al. (2010, to be submitted)
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Relativistic lines are

also seen in many
Galactic Black Holes

e GX 339—4: Nowak et al.
(2002); Miller et al. (2004);
Caballero-Garcia et al. (2009)

e GRO J1655—40: Batucinska-
Church & Church (2000)

e Cyg X-1: Miller et al. (2002);
Fritz et al. (2006)

e XTE J1650—500: Miller et al.
(2002)

...and many more more (see Miller
et al. 2009)

(ASCA,; after Miller 2007)
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(4U 1705—44, XMM-Newton; di Salvo et al., 2009)
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Neutron Star X-ray Binaries also seem to

have broad lines

But not all NSs show broad lines (2 out of 6 in sample of Cackett
et al. 2009) — ionization effect?

Energy (keV) (Suzaku; Cackett et al., 2008)
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(GX 339—4; Suzaku Miller et al., 2008)
Broad-band data = can try to measure black hole angular momentum.
E.g., GX 339—4: Suzaku: a = 0.89 £ 0.04 (Miller et al., 2008),
XMM-Newton: a = 0.93 = 0.01 (Miller et al., 2004)

Uncertainties do not take into account systematic uncertainty in continuum modeling or detector ef-
fects!



MOS1 18-120s
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(Done & Diaz Trigo, 2009)
But beware: bright source effects in detectors can affect the line shape!
(Yamada et al., 2009; Done & Diaz Trigo, 2009)

Pileup effects, background subtraction,. ..
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(M. Martin, E. Kendziorra [IAAT], C. Schmid, J. Wilms [ECAP])




- R,=7 GM/c?® — 1000 sec (1248 Hz)
" R,=12 GM/c* — 1000 sec (560 Hz)

Energy (keV)

HTRS will allow to measure relativistic lines without danger of pile up.




300 ksec on MGC-6-30-15
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IXO-WFI will deliver complementary spins for
AGN

IXO-WFI simulations for
MCG—6-30-15, 50 ksec




2. Probing the Fastest Signals



(Uttley et al., 2010)

Reprocessing of X-rays leads to



Density of emission

Iron line+reflection

Reprocessed disk thermal emission
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Different spectral components have different time response
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(Uttley et al., 2010, submitted)
XMM-Newton data show that




Power x frequency (rms? units)

Freq. Range:

0.04-0.2 Hz
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(Uttley et al., 2010, submitted)

XMM-Newton data show that
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IXO-HTRS will allow high precision reverberation measurements




3. Studying the densest “normal matter”






How do we determine the structure of a neutron star?

1. Use and In General Relativity:

2. Assume , 1.e., prescription of relation between pressure and
density,

P = P(p, [other parameters])
3. Integrate from P(r = 0) = P.to P = 0, to obtain M and R

For each EoS, gives family of solutions as function of initial condition P = F..



0

iro, Teukolsky (1994, ApJ 424, 823)R (km)

: Dominated by (unknown) nuclear equation of state

Problems: trans. 50% protons to 0% protons, QCD condensates, quarks,. ..

Knowledge of EoS important for particle physics and astrophysics (SN ex-
plosions, NS-NS-mergers [progenitors of short GRBs, sources of gravita-
tional waves])



Pulsars in binaries:

(M) = 1.35(4) M,
Not enough —> or any combination of M and R



e Relativistically broadened lines = R(M)
e Quasiperiodic oscillations = R(M )

e Time-delay spectrum — R < Rj,

e Redshifted photospheric lines = M /R
e Absorption line profiles = M /R

e Waveform of pulsations = M /R

and more, see Ozel & Psaltis (2009, Phys. Rev. D80, 103003)



Extra noise component

Frequency * Power

| Quasi periodic oscillations:

1 /GM
V< —A/ ———
27 r3

| 1 ool
10 100
Frequency (Hz) Sco X-1 (Wijnands et al., 1999)
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Detection significance of a QPO:
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Reverberation measurements in neutron star systems will allow measuring
response of disk to neutron star intensity variations and constrain the disk

and neutron star radii.




Congratulations, Eckhard, | hope we have many more
years to enjoy X-ray timing together!
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