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Strong Gravity Effects

* Gravitational redshift
* Gravitational light bending

» Dragging of inertial frames in Kerr
metric (ISCO depends on BH spin)
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Accretion makes massive black
holes

Soltan 82

8(}+ Z) = 1’(,0.62

Mean redshift Radiative efficiency

Light Mass density in BH

Observations —» n>0.1

Much of the radiation originates within 6R,







Reflection from photoionized matter
£=30, 100, 300, 1000, 300C & 10000 (Ross & Fabian 93, 05)
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Also see Young+, Nayakshin+, Ballantyne+, Rozanska+, Dumont+
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Very Broad Line = Spinning BH

Tanaka+ Iwasawa+ Wilms+ Fabian+ Brenneman+Reynolds



MCG-6-30-15
Suzaku

Red wing due to large
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Strength and behaviour of line implies
GRAVITATIONAL LIGHT BENDING



Galactic Black Hole GX339-4
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Very Broad Line = spinning BH
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MCG-6  Suzaku: Miniutti+06
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Observed reflection requires strong iron emission line




XTE J1650-500 from BeppoSAX
(6. Miniutti+)
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MCG-5-23-16

Suzaku: Reeves+06
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EW(eV)

Incidence of broad lines in XMM database
Guainazzi+06 (see also Nandra+06)
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18 K. Nandraetal.

5 NGC 5284 NGG 2082 WCG-5-23—16(2)
i I e
T I p
. o s i H it 4
& 5 M - 1 & MM- g i ,igf{{
Fﬁwﬁ* t M it : et
¥ oww e " o b * e b
NGC 3516(1) gl o stac) | oo —
T f £
v v v
@ o Wl §
& s - ~ +1 -
S et P 5™ ‘, i
e —— ® o O P
4F moseom NGC 4151(3) o
N e d e
% % . | rE ]
5 it AT | # i M IHI
+ LA / F*#%ﬂm A
11
' e ! e (e i Ermrgy (ardh
- Mrk 788(2) - 1’2 e 4 - Hﬁﬁ—s—m—lﬁ[l]
s s d A g
; : Lt
) ' 1
g APt s i
d + v
'_L; #‘i. " W b i
* o +
o e Qb L]
MOG——30-15(2) e 5508(2) NGC 7488(2)
% N T 3
t T | %
DT, S L B Y
. A t & A ) T
P W 141 { by FL
w 3 il
Energr (kev) ® Energr (1) * Enerr )
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Re-affirmed importance of broad iron
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Similar line profiles from
stellar-mass and super-
massive black hole
systems... demonstrates
insensitivity of line profile
to mass
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Lockman Hole
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Jetted Radio Sources
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Ratio
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Is it absorption or a line?

Boller+02, Fabian+02,04
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MCG-6-30—15
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How does it vary?

Iwasawa+ Shih+ Fabian+ Vaughan+ McHardy+ Uttley+ Reynolds+



Schematic picture of the two-component
model

Variable power-law

clFe

Quasi-constant reflection-
dominated component
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Data consistent with
highly variable power-law + quasi-constant reflection
spectrum




Data/Model
0.5

Difference spectrum: (High flux)-(Low flux)

is a power-law modified by absorption
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So we know which large scale features are due to absorption



Suzaku difference spectrum
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Light bending model in Kerr
spacetime

observer
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Miniutti et al 03; Miniutti & Fabian 04; earlier work by Matt+
see also Tsuebsuwong, Malzac+06



Reflection Norm

MCG-6 XMM 2000+2001 data
Larsson+06
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XTE J1650-500 during outburst
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"Iron line hot spots” from

- orbiting coronal flares

- corrugations in disk surface
- patchy ionization structure
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Several other examples



Future Observations with XMM

+ A) Determine properties of broad
lines/components in wider range of
objects. More objects with >150,000
ct (Guainazzi+) - typically 100ks+

» B) Follow broad line through outburst
and state change in GBH



+ C) Statistical studies of serendipitous
objects from surveys (eg
Streblyanska, Brusa...)

» D) Longer monitoring of NLS1

» E) Long observations of brightest
broad line sources to
monitor/understand variability

e.g. IMs on MCG-6-30-15 etc
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