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Organization of Lecture III3

Emission lines from AGN disks

• Intro to AGN spectra and physical picture

• Optical emission lines from “outer” disk and 
their use as a tool to study disk structure

• X-ray emission lines from inner disk

Absorption lines from disk outflows

• Broad and narrow UV resonance lines 

• high-velocity lines in X-ray band



Crash course on AGN spectra4



Animals in the zoo5

• Quasars 
(QSRs, QSOs)

• Seyfert 
galaxies

✦ type I, II

• LL-AGNs, 
LINERs

• NELGs, 
XBONGs

• Radio galaxies

✦ BLRGs, 
NLRGs

✦ FR I, FR II

✦ GPS, CSS 
sources

• BL Lacs 

✦ HBL, LBL
XBL, RBL

• Blazars

✦ HPQ

✦ FSRQs

✦ OVVs



Optical spectra of quasars7

3C 206

PKS 1451–37



UV spectrum of a quasar8

H1821+643
HST/FOS



Examples of emission-line profiles9

3C 206
quasar

PKS 1451–37
quasar

NGC 5548
Seyfert galaxy



The Hα line close up10

[O I] λλ6300,6363
[S II] λλ6717,6731

[N II] λλ6548,6584

Hα λ6563

broad Hα

Observed Wavelength (Å)



What is the AGN Broad-Line Region?

The old-fashioned view:

• “Clouds” orbiting the 
“central engine.”

• Dynamics and survival 
were a puzzle.

• Idea of clouds 
entrenched. Not much 
attention to other 
plausible models.

11



12

from McCray, 1979, in “Active Galactic Nuclei,” eds. Hazard, C. 
& Mitton, S. (Cambridge: Cambridge University Press), p.227



Physical Models for the BLR13

The accretion disk? 

(Collin-Souffrin 1987, Collin-Souffrin & Dumont 1989, 
1990a–d, Rokaki et al. 1992)

Density too high to emit all lines; two regions required for 
low- and high-ionization lines.



Physical Models for the BLR14

A hydromagnetic wind? 

(Emerring, Blandford & Shlosman 1992, ApJ, 385, 460; 
Köenigl & Kartje 1994).

Serves to remove angular momentum from the disk too.



Physical Models for the BLR15

Radiatively accelerated wind? 

(Shields 1977; Mestel, 1979; Arav et al. 1994; Murray et 
al. 1995; Proga et al. 1998–...)

Explains BAL quasars and has implications for galaxy 
evolution.

Shields, G. 1977, ApL, 18, 119



Physical Models for the BLR15

Radiatively accelerated wind? 

(Shields 1977; Mestel, 1979; Arav et al. 1994; Murray et 
al. 1995; Proga et al. 1998–...)

Explains BAL quasars and has implications for galaxy 
evolution.

from Proga et al. 2000, 
ApJ, 543, 686

FIG. 1.ÈDensity maps in two models computed using (top panels) the method of PSD2, (middle panels) the PSD2 method with speciÐc angular velocity
conservation, and (bottom panels) the latter with a Ðxed inclination angle of streamlines. The left panels show the results for the x \ 0 model, while the right
panels show results for the x \ 1 model (see Table 1, and ° 3 for discussion).



16 BLR structure from Reverberation
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17

✦ A continuum flare is 
followed by an echo in 
the emission-line region 

✦ Isodelay surfaces defined 
by   c r (1+cos θ)=τ

Isodelay surfaces 
superposed on a disk

from Peterson 1993, 
PASP, 105, 247

Rverberation Mapping



• Basic principle (Blandford & McKee 1982): 
transfer equation

18

L(v, t) =
∫ ∞

−∞
Ψ(v, τ) C(t− τ) dτ

emission-line 
light curve

continuum 
light curve at 
retarded time

transfer 
function

Potential and Results



Examples of Observed Time Lags19

from Peterson 1993, PASP, 105, 247
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Immediate Results20

Systematic reverberation mapping of about two dozen AGNs 
in the optical.

A few objects targeted in multi-wavelength campaigns 
(optical +UV+X-Ray)

The emission-line fluxes respond 
to changes in the continuum with 
some delay but the line profiles 
do not change appreciably

The hope of mapping the velocity-
dependent structure of the broad-
line region has not been realized.



• Hardly any radial motion of the gas

Both sides of line profile respond at the same time

• Light-crossing time of broad-line region

Typically a few light weeks but stratified in 
ionization (higher-ionization lines respond first)

• Correlation between size and luminosity

RBLR ∝ Lcp  with p ≈ 0.5

• Line ratios change as the continuum fluctuates

Continuum shape changes with luminosity

21 What did we learn?



One More Clue 22

Smothness of line profiles

(e.g., Arav et al. 1997, 1998; Laor et al. 2006).

Requires a large namber of “clouds”

Photoionization models and luminosity

yield a small region that cannot fit all of these clouds
(discrepancy by 1-2 orders of magnitude)

BUT...



Double-Peaked Balmer Lines23
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✦ FWHM ~ 15,000 km/s (up to 40,000 km/s!)

✦ Corresponds to ξ ~ 500      
(in an edge-on accretion disk)

✦ Relativistic effects (special+general) are important
but can be treated approximately

16,000 km/s
12,000 km/s

24



25 Fits to the line profiles

from Eracleous & Halpern 1994, ApJS, 90, 1



• Energy budget test  photoionization
(e.g., Strateva et al. 2006, 2008)

✦  leads to ion torus hypothesis

• Black hole masses  Eddington ratios
(Lewis & Eracleous 2006)

✦  ion torus not a universal scenario

What powers the emission lines?26

Chen & Halpern 1989, 
ApJ, 344, 115

inspired by Rees et al. 
1982, Nature, 295, 17



27

from Murray et al. 
1995, ApJ, 451, 498 

In the grand scheme of things...

figure from Flohic, 2008, 
PhD Thesis, Penn State



Most Relevant Time Scales 28

Light-Crossing: 6 M8 ξ3 days

Dynamical: 6 M8 ξ33/2 months

Thermal: 5 α–1–1 M8 ξ33/2 years

Sound-Crossing: 70 M8 ξ3 T5–1/2 years

Viscous: 106 α–1–4/5 M83/2 ξ35/4 m–1–3/10 years



Large profile variations over time29
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Models for the variations30

From Lewis et al 2008, in preparation



32 Diagnostic tests so far...

• Long-term monitoring  global perturbations of 
the disk (e.g., Gilbert et al. 1998, Storchi-Bergmann et al. 
2003, Gezari et al. 2007, Lewis et al. 2008)

• Velocity-resolved power spectra  disk 
fragmentation (Flohic & Eracleous 2008) 

• UV spectroscopy  ionization structure of disk, 
feeble outflows (Halpern et al. 1996, Eracleous et al. 
2003)

• Connection to the greater AGN population
(Flohic & Eracleous 2008, in preparation)



X-Ray Emission From AGNs



The basic picture34

• The accretion disks of AGNs are not hot 
enough to emit thermal X-rays. 
Recall Lecture 1: T ~ 105 K

• But AGNs emit hard X-rays, up to ~100 keV

✦ Observed X-ray spectrum is roughly a power law

✦ F(E) ∝ E– α with α ≈0.8–1.0 

• In a small fraction of objects, the X-rays are 
produced in a jet pointed at us.



X-Ray Emission from AGNs35



X-Ray Emission Flowchart36

Hot corona

✦ May resemble coronal loops of stars.

✦ Powered by magic.  

✦ Electrons may have power-law (or thermal?) 
energy distribution. 



X-Ray Emission Flowchart37

Soft photons from the disk (kT~20 eV) illuminate 
the coronal plasma.

✦ Compton up-scattering 20 eV → 1–100 keV

✦ Some up-scattered photons go to the observer 
and some go back to the disk



X-Ray Emission Flowchart38

Photons returning to the “cool” disk...

✦ ionize it and heat it up,

✦ some are scattered back out by bound atomic 
electrons, suffering photoelectric absorption 
along the way



Observer sees sum of all spectra39

from Minuitti et al. 2007, PASJ, 59S, 315
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Emergent disk spectrum40

from Ballantyne et al 2001, MNRAS, 327,10 

•Emergent disk 
spectrum depends 
on ionization 
state



Emergent disk spectrum40

from Ballantyne et al 2001, MNRAS, 327,10 

•Emergent disk 
spectrum depends 
on ionization 
state



Comparison of Model to Data41

from Minuitti et al. 2007, PASJ, 59S, 315

MCG–6-30-15 observed with Suzaku



Zooming in on the Fe Kα Line42

from Minuitti et al. 2007, PASJ, 59S, 315



Zooming in on the Fe Kα Line42

from Minuitti et al. 2007, PASJ, 59S, 315



First Fe Kα profiles from ASCA43

Mike Eracleous
Text Box
MCG –6-30-15: 
figures from
Tanaka et al. 1995, Nature, 375, 659
Iwasawa et al.  1999, MNRAS, 306, L19

Mike Eracleous
Text Box
1994



Spinning or Not?44

From Nandra et al. 1997

Mike Eracleous
Text Box
ApJ, 477, 602



Absorption+Scattering Though Wind45
From Sim et al. 2008, MNRAS, in press



46

Fit of wind model to 
XMM-Newton 
spectrum of Mkn 766

From Sim et al. 2008, MNRAS, in press



If the line is coming from the disk...47
T. J. Turner et al.: Orbital motion in Mrk 766 61
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Fig. 1. a) The signal-to-noise deviations of counts in the Fe-line in
the energy-time plane for Mrk 766 above the power-law continuum.
The colour-scale represents excess signal in the line counts. Energy
and time are oversampled by a factor 10. Data are top-hat smoothed
by 10 ks in time and Gaussian smoothed with FWHM = 0.14 keV in
energy; b) the same as a) except these are deviations in the line flux in
units of count s−1 keV−1. We note the S/N and flux maps have different
y-axes, as discussed in Sect. 2.2.

as a flux map, plotted as observed energy versus time. Most
striking is that Mrk 766 shows emission from the K-shell of
Fe that has the appearance of wandering in energy over a
range >1 keV. There appears to be at least one distinct coher-
ent structure tracing out a sinusoidal trail in the energy-time
domain (with mean observed energy ∼6.6 keV and minimum
energy occurring ∼60 ks into the observation). Figure 1b has a
y-axis range that optimally displays the trail. Figure 1a shows
the corresponding signal-to-noise (S/N) map with a broader
range displayed on the y-axis to illustrate the absence of trails
far away from the Fe K regime. The highest S/N observed
is 5.2. There is no evidence for a dominant time-invariant core

component of the line and no component that appears steady in
energy. S/N changes are evident with time along the trails:
some S/N variations are driven by changes in the background
level and/or in the flux of the underlying power-law (which
varies rapidly). The most persistent feature traces a sinusoid
of period ∼150 ks. While the assertion of a period is a bold
one, especially when it is comparable to the length of the ob-
servation, in these data this is based upon coherent structures
composed of many data points giving the cycle a strong defi-
nition. These maps delineate more clearly the rapid variations
in flux and energy of components in the Fe K-regime reported
previously by Pounds et al. (2003) and Turner et al. (2004). We
also examined the corresponding S/N map for MOS 2 (MOS 1
was in timing mode and those data were not suitable for mak-
ing an energy-time map). MOS 2 is not as sensitive as the pn,
with only about 30 percent of the count rate. The trails are not
bright enough to be clearly detected in the MOS 2 data, but
the strongest features in the pn map are confirmed by MOS 2
and therefore cannot be statistical fluctuations in the pn data.
If we coadd the pn and MOS data the highest signal-to-noise
ratio observed is 5.9; however, coadding these data is not our
preferred method for orbit-determination owing to uncertainty
in the relative energy calibration between the two instruments.

To be sure that the energy calibration is stable we examined
the simultaneous variations in the peak of the instrumental Au-
edge (close to 2 keV) for the 2001 observation. We verified that
the photon energy calibration was stable over most of the ob-
servation to 0.03 keV, with the largest variation being 0.06 keV,
and that the Au-edge does not show the periodic pattern of en-
ergy shift evident in the Fe line. In any case, residual (uncali-
brated) gain fluctuations could not produce the multiple-peaked
structures seen in the map.

There also exists an earlier 80 ks observation from
2000 May. That exposure begins with a pn “closed calibration”,
using the on-board calibration source for the first 13 ks of the
observation. Those data show the Mn-K line to be steady in
peak energy. The pn instrument was then exposed to Mrk 766
for 24 ks, revealing similar characteristics to those evident
in 2001.

For comparison with Mrk 766 we also show the signal-to-
noise in the Fe line for NGC 5548 in the energy-time plane
(Fig. 2). In contrast to Mrk 766, NGC 5548 shows no signifi-
cant variations in flux or energy of the Fe line. This compari-
son increases our confidence that the pn instrument behaviour
is well-understood and well-calibrated.

To test the interpretation of the data further we have gen-
erated a number of simulated datasets, with the same time-
varying continuum and background as the real data and with a
superimposed time-invariant line spectrum given by the mean
line spectrum of the real data, simulated photons being gen-
erated by Poisson sampling. The simulations are conservative,
in the sense that any Doppler broadening of the line is also
included as a non-varying component. Visual inspection indi-
cates that although multiple line features can be seen arising
from the Poisson sampling of the broad, multiply-peaked mean
line profile, long-lived trails are not visually apparent. This sub-
jective evaluation is put onto a quantitative basis below.

Mrk 766

from Turner et al. 2006, A&A, 445, 59



48 NGC 3516

from Turner et al. 2006

1076 K. Iwasawa, G. Miniutti and A. C. Fabian

folding tests could give large χ2 values (e.g. Benlloch et al. 2001).
However, the general properties of the temporal behaviour of iron
line emission in AGN are not yet known. Given the lack of knowl-
edge of the matter, we have to make some assumptions for the noise
spectrum when examining the periodicity. Two limited cases are
presented below.

The power spectrum of the X-ray continuum variability of
NGC 3516 has been measured fairly well in a wide frequency range
(10−8–10−3 Hz) and can be approximated by a broken power-law
form (e.g. Markowitz et al. 2003). The frequency range of interest
is well above the break frequency at ≈2 × 10−6 Hz and the power
spectrum density follows ∝ f −2, where f is the Fourier frequency.
If the same power spectrum is adopted for the iron line variability,
the rms variability amplitude expected on the time-scale of 25 ks is
2–3 per cent, much smaller than the error in line flux measurement.
This means that the above test against random noise is valid in this
case.

We further tested a case of the red noise with a large amplitude
of variability using simulated light curves. 1000 light curves were
simulated assuming the same power spectrum slope but a fractional
rms amplitude of 35 per cent, similar to that in the red feature light
curve, with the Timmer & König (1995) prescription. Gaussian noise

Figure 3. The Fe K line profiles during the on (solid circles) and off (open
squares) phases of the red feature. The data are plotted in the form of a ratio
against the best-fitting continuum. The energy scale has been corrected for
the galaxy redshift (z = 0.0088).

Figure 4. The smoothed excess emission map on the time–energy plane.
The pixel size is 2 ks in time and 100 eV in energy. The energy scale is as
observed. The flux of the excess emission is indicated by the false colour,
in units of photon (2000 s)−1 cm−2. The value of 0.02 corresponds roughly
to 10 counts (uncorrected for the dead time due to the EPIC operation in the
small window mode).

Table 1. The 6.4-keV core and the red feature of the Fe Kα emission in on
and off phases. The line energies are measured in the galaxy rest frame. The
line fluxes are as observed and uncorrected for absorption. Errors are of the
90 per cent confidence range for one parameter of interest.

E σ Line flux
keV keV 10−5 photon s−1 cm−2

Core 6.42+0.02
−0.02 0.045+0.020

−0.020 On: 2.9+0.6
−0.4 Off: 3.2+0.5

−0.5

Red 6.13+0.10
−0.07 0.15+0.25

−0.07 On: 2.1+1.3
−0.8 Off: <0.7

based on the line flux measurement error (see above) was added to
the light curves. We then folded the simulated light curves with the
six trial periods between 15 and 40 ks and compared their χ2 values
with those for the real data for significance. This comparison shows
that less than 2 per cent of the simulated light curves show stronger
periodic signals than the real red feature light curve. While the
above test suggests that the probability of the 25-ks periodic signals
being an artefact of red noise is low, given the crude assumptions, the
inferred significance of the periodicity must be taken as an indication
only. Also, with such a small number of cycles (and the limited
frequency range of the noise spectrum we can examine), we draw
no strong conclusion on the 25-ks periodicity.

3.5 Line profile variation

Using the above image and light curves as a guide, we constructed
two spectra taken in a periodic manner from the ‘on’ and ‘off’
phases to verify the implied variability in the red feature. The line
profiles obtained from the two spectra are shown in Fig. 3, which
can be modelled with a double Gaussian (Table 1). The 6.4-keV
core is resolved slightly (∼5000 km s−1 in FWHM) and found in
both spectra with an equivalent width (EW) of 110 eV. While the
6.4-keV core remains similar between the two, there is a clear differ-
ence in the energy range of 5.7–6.2 keV due to the presence/absence
of the red feature. In the ‘on’ phase spectrum, the red feature centred
at 6.13+0.10

−0.07 keV (EW of 65 eV with respect to the continuum at the
centroid energy) is evident. The line flux ratio to the 6.4-keV line
core is &0.7. It is not detected in the ‘off’ phase spectrum. The
90 per cent upper limit of the line flux given in Table 1 is the
value when the same line centroid and the width of a Gaussian
as in the ‘on’ phase spectrum are adopted, and corresponds to
EW < 20 eV. The variability detected between the two spectra
is significant at 4σ . It would be unlikely to detect the variability
if time intervals were chosen arbitrarily, as done by Dovčiak et al.
(2004).

3.6 Higher time resolution analysis

Having established the significance of the variability in the red fea-
ture, we now investigate possible time evolution of the feature at
a finer time resolution. A similar image of excess emission, but
at a 2-ks time resolution, is constructed. Then elliptical Gaussian
smoothing with dispersion of 1.5 × 1.0 pixel (7 ks × 250 eV in
FWHM) has been applied to obtain the image shown in Fig. 4. The
elliptical Gaussian kernel was chosen so as not to oversmooth the
spectral resolution, which is kept to be 100 eV per pixel in the orig-
inal digital image. Because the signal-to-noise ratio of the data in
individual time intervals becomes worse, interpretations based on
this image must be treated with caution. However, a further inter-
esting behaviour of the red feature is noticed (see Fig. 4). The red

C© 2004 RAS, MNRAS 355, 1073–1079
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Figure 5. The smoothed theoretical time–energy map of the emission fea-
ture. The time resolution is enforced by dividing the flare orbit into 13 inter-
vals. By assuming an orbital period of 26 ks (consistent with the measured
period of 25 ± 5 ks), each interval corresponds to 2 ks. See text for details
on the model parameters. No noise has been added to the theoretical results.

located higher than a certain height (typically h ! 3 r g, depending
on r), the broadened line emission becomes undetectable because
of the lack of the contrast to the underlying continuum. This occurs
at a phase when the flare is on the near receding side of the disc,
which corresponds to the ‘off’ phase, and explains the skewed form
of the excess emission in Fig. 4.

Fig. 5 shows one of the theoretical time–energy maps that we con-
sider to be in reasonable agreement with the observed map because
they reproduce the key features mentioned above. This particular
example assumes a flare with (r , h) = (9, 6) r g, the rest-frame line
energy of 6.4 keV, a disc inclination of 20◦, an inner disc radius of
1.24 rg, and a detection threshold of 37 per cent. The normalization
of the excess emission in the theoretical map is adjusted so that Fig. 5
can be compared with Fig. 4 directly. In Fig. 6, light curves in the
two selected bands, obtained from the smoothed observed (Fig. 4)
and simulated (Fig. 5) maps are shown to illustrate the degree of
agreement between the model and the observation.

By applying the above procedure we find for the flare radius

7 rg " r " 16 rg. (2)

Radii larger than 16 rg are ruled out because (i) the amplitude of
flux variation during the ‘on’ phase becomes too large, (ii) the ‘on’

Figure 6. A comparison between the observed (solid line) and predicted
(dotted line) light curves in the 6.0–6.2 keV (upper panel) and 5.8–6.0 keV
(lower panel) bands, obtained from the excess maps in Figs 4 and 5. This
demonstrates the level of match between the two. The model describes the
amplitudes and delays of the emission feature as a function of time reasonably
well, given the quality of the data.

phase lasts longer than the ‘off’ phase, and (iii) substantial emission
below 6.1 keV appears during the ‘off’ phase above the detection
threshold. If the orbital radius is smaller than 7 rg, the opposite trend
is seen. Some uncertainty comes from the presence of the narrow
6.4-keV line which blends with the moving feature at energies above
6.2 keV. Note that, because the minimum radius we find is larger
than 3 rg, the orbital time is insensitive to our assumption of the
maximally rotating Kerr space–time.

Together with T = (25 ± 5) ks, and by using equation (1), the
flare radius translates to a black hole mass in NGC 3516:

1.0 × 107 M# " MBH " 5.0 × 107 M#. (3)

5 D I S C U S S I O N A N D C O N C L U S I O N S

We study the variability of a transient emission feature around 6 keV,
of which detection has been reported previously in the time-averaged
X-ray spectrum of NGC 3516. The feature appears to vary system-
atically both in flux and energy on a characteristic time-scale of
25 ks. On comparing with extensive simulations, the variability is
found to be significant at the 97 per cent confidence level, and the
probability for the variations to occur cyclically as observed purely
due to random noise is very low (see Section 3.4).

The flux and energy evolution of the red feature is consistent
with being Fe Kα emission produced by an illuminated spot on the
accretion disc and modulated by Doppler and gravitational effects.
Modelling the observed X-ray data with a relativistic disc illumi-
nated by a corotating flare above it constrains the radial location
of the flare to be r = (7–16) r g. This is combined with the orbital
period to provide an estimate of the black hole mass in NGC 3516
which is M BH = (1–5) × 107 M#.

One caveat is any weak continuum variation correlated with the
line variation. Because the flare is assumed to corotate with the disc,
its direct emission should also produce modulation in the continuum
in roughly the same way as the red feature. Ideally, this constraint
should be obtained from the ionizing flux of the Fe K line, i.e.
the continuum flux above 7.1 keV. However, because of the poor
signal-to-noise ratio of the light curve in those energies, the 0.3–
10 keV band light curve (Fig. 1) is used instead. If the spectrum
of the flare is harder than the total continuum emission, the limit
given below would increase. The best constraint is obtained from
the second and third ‘on’ phases where the continuum light curve
is relatively flat. Excess flux increases during those periods are of
the order of 5 per cent, which represents an upper limit on the
continuum modulation. Because the line flux of the red feature is
a small fraction (8 ± 5 per cent, on average) of that of the total
broad Fe K emission,1 the relative contribution of the flare, which
produces the red feature, to the total continuum flux is accordingly
small, and the line flux ratio gives an estimate of that. Based on
the estimate, the expected variability amplitude in the total light
curve due to the modulation of the orbiting flare is computed for
the range of flare radius and inclination of the disc derived above.
It ranges over 3–19 per cent, which contains the observed limit
towards the lower bound. The amplitude is smaller when the flare
radius is larger and the inclination is smaller. We note that the above
estimate assumes other X-ray sources above the disc are entirely
static. Other short-lived flares occurring at different radii may mask
the continuum modulation.

1 Note that the broad red wing of this line emission has been subtracted away
in the excess map (see Section 3.1).

C© 2004 RAS, MNRAS 355, 1073–1079

from Iwasawa et al. 2004, MNRAS, 355, 1073



In the Future: Echos of Flares49
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Young & Reynolds 2000, ApJ, 529, 101



Absorption from Outflows



• BALs: Broad Absorption Lines

‣ smooth, deep, blue-shifted absn. troughs in UV 
resonance lines

‣ FWHM > 2,000 km/s (traditional definition) and easily 
up to 30,000 km/s

‣ found in ~20% of all quasars

‣ do these absorbers/outflows represent a phase in the 
evolution of every quasar, or 
do they cover a small solid angle in all quasars ?

The zoo of UV absorption lines51



Progression of BALs52
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from Junkkarinen et al. in prep (plot courtesy of Fred Hamann)

CSO 673: Example of a BAL Quasar
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Zoo of UV absorption lines continued54

• NALs: Narrow Absorption Lines

‣ UV resonance doublets must not be blended

‣ FWHM < 500 km s–1, based on C IV λλ1448,1451 

• “mini-BALs”: narrower than BALsCatch-all for 
everything in between

‣ wide variety of profiles

✦ are they “mini-BALs” or “super-NALs”?



Examples of mini-BALs and NALs55

from Rodriguez et al. in prep 
(plot courtesy of Paola Rodriguez)

Mini-BALs can be fairly broad 
(~ 2000 km/s) 
with significant substructure 
(cf., HS 1603+3820)

NALs and mini-BALs 
can co-exist with BALs

Multiple NAL or mini-BAL 
systems are possible



Distribution of Line Widths56

from Rodriguez et al. in prep (plot courtesy of Paola Rodriguez)



•Example: PG 1115+080

✦ z=1.72 (lensed)

✦ Fe XXV and XXVI

✦ Δυ ~ 0.36 c

✦ Variable lines

✦ Chartas et al. 2007, 
AJ, 133 1849

High-Velocity X-ray lines in quasars57



High-Velocity X-ray lines in quasars

•Example: PG 1211+143

✦ z=0.0809

✦ Multiple lines

✦ Δυ ~ 0.14 c

✦Ṁout ~ 3.4 M/yr

✦ Pounds & Page 2006, 
MNRAS, 372, 1275

58

XMM-Newton/EPIC-MOS

XMM-Newton/EPIC-pn



UV and X-ray absorption in Seyferts59

Example: 
UV and X-Ray absorption lines in 
NGC 5548; Δυ ~ 2000 km/s

Crenshaw et al. 2003, 
ApJ, 594, 116

Steenbrugge et al. 2005, 
A&A, 434, 469
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Properties of absorption lines

• BALs found in ~ 20% of quasars

✦ same family as mini-BALs

✦ FWHM up to 30,000 km s–1

• NALs found in ~50% of quasars

✦ up to Δυ ~ 60,000 km s–1

✦ ~ 30% of all NALs are intrinsic

• UV and X-Ray abs lines in ~ 50% of Seyferts

✦ Δυ ~ 2,000 km s–1

✦ similar UV and X-ray line profiles
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FIG. 1.ÈDensity maps in two models computed using (top panels) the method of PSD2, (middle panels) the PSD2 method with speciÐc angular velocity
conservation, and (bottom panels) the latter with a Ðxed inclination angle of streamlines. The left panels show the results for the x \ 0 model, while the right
panels show results for the x \ 1 model (see Table 1, and ° 3 for discussion).
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✦ Line-Driven
‣ Murray+05; Proga+...

✦ Magnetocentrifugal+Line
‣ Köenigl & Kartje 94; 

Proga 00; Everett 05

✦ Thermally Driven 
(via X-Ray heating of 
dusty torus)

‣ Krolik & Kriss 95,01; 
Chelouche & Netzer 05
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The End




