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ABSTRA CT
We present results from Chandra and XMM-Newton observations of the low-ionization broad absorp-

tion line (LoBAL) quasar H 1413+117. Our spatial and spectral analysis of a recent deep Chandra
observation con�rms a microlensing event in a previous Chandra observation performed about 5 years
earlier. We present constraints on the structure of the accretion 
o w in H 1413+117 based on the
time-scaleof this microlensing event.

Our analysisof the combined spectrum of all the imagesindicates the presenceof two emissionpeaks
at rest-frame energiesof 5.35 keV and 6.32 keV detected at the >

� 98% and >
� 99% con�dence levels,

respectively. The double peaked Fe emissionline is �t well with an accretion-disk line model, however,
the best-�tting model parameters are neither well constrained nor unique. Additional observations are
required to constrain the model parameters better and to con�rm the relativistic interpretation of the
double peaked Fe K� line. Another possibleinterpretation of the Fe emissionis 
uorescent Fe emission
from the back-side of the wind. The spectra of images C and D show signi�can t high-energy broad
absorption features that extend up to rest-frame energiesof 9 keV and 15 keV respectively. We propose
that a likely causeof these di�erences is signi�can t variabilit y of the out
o w on time-scalesthat are
shorter than the time-delays betweenthe images.

The Chandra observation of H 1413+117hasmadepossiblefor the �rst time the detection of the inner
regionsof the accretion disk and/or wind and the high ionization component of the out
o wing wind of
a LoBAL quasar.
Subject headings: galaxies: active | quasars: absorption lines | quasars: individual (H 1413+117) |

X-rays: galaxies| gravitational lensing

1. intr oduction

The broad X-ray absorption lines produced by out
o w-
ing material detectedrecently in two broad absorption line
(BAL) quasarspossibly probe a highly ionized, high ve-
locity component of the wind that appears to be distinct
from the absorbers detected in the optical and UV wave-
bands (e.g., Chartas et al. 2007). Becauseof the limited
number of BAL quasarsbright enoughto allow X-ray spec-
troscopy of their broad absorption lines, the generalX-ray
properties of the out
o ws in such objects are poorly con-
strained. The two X-ray brightest quasarswith detected
X-ray BALs are APM 08279+5255 (z = 3.91; Chartas
et al., 2002) and PG1115+080 (z = 2.72; Chartas et al.
2003). Order of magnitude estimatesof the massout
o w
rates in these objects (Chartas et al. 2007) imply rates
that are comparable to the estimated accretion rates of a
few M � yr � 1 and are considerably higher than those de-
rived from observations of UV BALs. The fraction of the
total bolometric energyreleasedby thesetwo quasarsinto
the IGM in the form of kinetic energy (hereafter referred
to asout
o w e�ciency) is constrainedto be � k = 0:09+0 :07

� 0:03

, and � k = 0:3+0 :3
� 0:1, respectively. The main reasonfor the

signi�can tly higher out
o w e�ciencies of the X-ray ab-
sorbing material compared to the UV absorbing material
in theseobjects is the signi�can tly higher out
o w velocities

of the X-ray absorbing wind, reaching � 0.4c coupled with
the fact that � k / v3

w ind . Our derived estimatesof the ef-
�ciency of the out
o ws in BAL quasarsPG 1115+080and
APM 08279+5255,when comparedto valuespredicted by
recent models of structure formation [e.g., Scannapieco&
Oh 2004(SO04); Granato et al. 2004(G04); Springel, Di
Matteo, & Hernquist 2005(SDH05); Hopkins et al. 2005,
2006], imply that these winds will have a signi�can t im-
pact on shaping the evolution of their host galaxiesand in
regulating the growth of the central black hole. The out-

o wing X-ray absorbing material is likely launched from
the accretion disk. The high out
o w velocities, the high
ionization and the rapid 
ux variabilit y of the X-ray BALs
in APM 08279+5255and PG 1115+080 indicate that the
launching radius is closeto the last stableorbit of the black
hole (Chartas et al. 2002;2003). Fe K� emissionoriginat-
ing from the accretion disk was not detected in the X-ray
spectra of APM 08279+5255and PG 1115+080. This is
not surprising sincethe equivalent width of the Fe K� line
for the X-ray luminosities of these objects is expected to
be <

� 200 eV (e.g., Nandra et al. 1997) which is below
the detection limit of these observations. Part of the dif-
�cult y of detecting the Fe K� line in quasarsarisesfrom
the signi�can t dilution of the reprocessedemission from
the disk by the emission from the primary X-ray source
(presumably the hot coronaoverlaying the inner disk that
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up-scatters the soft, thermal photons from the disk). The
equivalent width of the Fe line in quasarshas also been
observed to be inversely proportional to luminosity (e.g.,
Nandra et al. 1997). One possible explanation is that
the disk density is reducedfor more luminous quasarsand
recent work indicates that it is proportional to 1/L (see
Krolik 1998eqn. 7.74). The reduction of the disk density
in luminous quasarswill result in a higher ionization pa-
rameter in the surface layers of the disk causing a lower
equivalent width for neutral iron line emission, although
leading to other features (e.g., Reynolds & Nowak 2003).

Direct emissionfrom the central X-ray sourceis thought
to be signi�can tly absorbed by an out
o wing wind in a
classof objects known as low ionization broad absorption
line (LoBAL) quasars.A recent BeppoSAX observation of
the LoBAL quasarMrk 231(Braito et al. 2004)con�rmed
the presenceof a Compton thick absorber in this object
with a column density of NH � 2 � 1024 cm� 2. Another
member of this rare classis the gravitationally lensedz =
2.56quasarH 1413+117(the Cloverleafquasar). A recent
38 ks Chandra observation of H 1413+117 taken in 2000
April revealeda remarkable iron emissionfeature (Oshima
et al. 2001;Gallagher et al. 2002), which was interpreted
as Fe K� 
uorescencefrom the far side of the quasarout-

o w. Our re-analysis of the Cloverleaf data (Chartas et
al. 2004) indicated that the Fe K� line was only signif-
icant in the brighter image A. We also found that the
Fe K� line and the continuum were enhancedby di�er-
ent factors. A microlensing event could explain both the
energy-dependent magni�cation and the signi�can t detec-
tion of Fe K� line emission in the spectrum of image A
only. In the context of this interpretation we provided
constraints on the spatial extent of the inferred scattered
continuum and reprocessedFe K� line emissionregionsin
a low-ionization broad absorption line quasar. From our
analysis of the 38 ks Chandra observation of H 1413+117
we predicted that a follow-up observation would show the
following, if microlensing was a�ecting image A:

(a) A reduction of the magni�cation of the X-ray contin-
uum 
ux of image A as the microlensing caustic traverses
the accretion disk. Once the microlensing event is com-
plete the X-ray 
ux ratios of the images should become
similar to the H ST optical 
ux ratios in the H and R
bands, which are lesssensitive to microlensing due to the
larger sizescalesof the H and R emissionregionscompared
to the X-ray emissionregion.

(b) A reduction in the Fe K� line 
ux as the microlens-
ing caustic sweepsacrossthe accretion disk and out
o wing
wind.

In this work we present the results from a deeper 89 ks
follow-up observation of H 1413+117 and revisit our mi-
crolensinginterpretation of the magni�cation event in im-
ageA. The deeper observation allows us to analyzeof the
spectra of individual images. The spectra show broad ab-
sorption features bluewards of the rest-frame energy of �
6.4 keV and two remarkable emission line features red-
wards of this energy. In the discussionsection we present
plausible interpretations of the properties of the emis-
sion and absorption features. We have also analyzed two
XMM-Newton observations of H 1413+117taken between

the two Chandra ones. The XMM-Newton observations
do not resolve the lensed images but allow us to mon-
itor the variabilit y of the combined spectrum of all im-
ages of H 1413+117. Throughout this paper we adopt
a �-dominated cosmologywith H 0 = 70 km s� 1 Mpc� 1,

 � = 0.7, and 
 M = 0.3. The luminosity distance to
H 1413+117 in this cosmology is � 21 Gpc. The lumi-
nosity distance estimate is taken from Caroll, Press, &
Turner (1992) and is based on the Friedman-Robertson-
Walker model.

2. obser vations and dat a anal ysis

H 1413+117 was observed with the Advanced CCD
imaging Spectrometer (ACIS; Garmire et al. 2003) on
board the Chandra X-r ay Observatory (hereafter Chan-
dra) on 2000April 19 and 2005March 30 for 38.2 ks and
88.9 ks, respectively. It was also observed with XMM-
Newton (Jansen et al. 2001) on 2001 July 29 and 2002
August 2 for 19.2 ks and 23.5 ks, respectively. The spec-
tral analysis of the Chandra April 2000 observation of
H 1413+117 was presented in Oshima et al. (2001), Gal-
lagher et al. (2002), Chartas et al. (2004) and Dai et al.
(2004). Becauseof signi�can t improvements in the cal-
ibration of the instruments on board Chandra since the
publication of these results, we have re-analyzedthis ob-
servation. Updates on the calibration of Chandra and
XMM-Newton are reported on the Chandra X-ray Cen-
ter (CXC) and XMM-Newton ScienceOperations Centre
(SOC) World Wide Web (WWW) sites, respectively. 7

The Chandra observations of H 1413+117wereanalyzed
using the standard software CIAO 3.3 provided by the
CXC. For the reduction we used standard CXC threads
to screen the data for status, grade, and time intervals
of acceptableaspect solution and background levels. The
pointings of the observatory placed H 1413+117 on the
back-illuminated S3 chip of ACIS. To improve the spatial
resolution we removed a � 000:25 randomization applied to
the event positions in the CXC processingand employed
a sub-pixel resolution technique developed by Tsunemi et
al. (2001) and later improved by Mori et al. (2001).

We analyzed the XMM-Newton data for H 1413+117
with the standard analysis software SAS version 6.5 pro-
vided by the XMM-Newton SOC. We �ltered the PN
(Str •uder et al. 2001) and MOS (Turner et al. 2001) data
by selecting events with PATTERNSin the 0{4 and 0{12
ranges, respectively. Several moderate-amplitude back-
ground 
ares were present during the XMM-Newton ob-
servations of H 1413+117. The PN and MOS data were
�ltered to exclude times when the full-�eld count rates
exceeded20 s� 1 and 4 s� 1, respectively.

A log of the Chandra and XMM-Newton observations of
H 1413+117observations that includes observation dates,
observed count rates, total exposure times, and observa-
tional identi�cation numbers is presented in Table 1.

In both the Chandra and XMM-Newton analyses we
tested the sensitivity of our results to the selectedback-
ground and source-extractionregionsby varying the loca-
tions of the background regions and varying the sizesof
the source-extraction regions. We did not �nd any sig-
ni�can t changein the background-subtracted spectra. As

7 The CX C and SOC WWW sites are located at http://asc.harv ard.edu/ciao/releasenotes/history .html and
http://xmm.vilspa.esa.es/external/xmm sw cal/calib/rel notes/index.sh tml, respectively.
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we describe in x2.2, x2.3 and x2.4 the Chandra and XMM-
Newton spectra of H 1413+117were�tted with a variety of
models employing XSPECversion 12 (Arnaud 1996). In all
modelswe included Galactic absorption due to neutral gas
with a column density of NH =1.82 � 1020 cm� 2 (Dickey
& Lockman, 1990). Falco et al. (1999) give a total extinc-
tion of 0.22 � 0.04 mag for the lensing galaxy and Dai et
al. (2006) estimate a dust-to-gas ratio of E(B � V )/ NH
= (1.4 � 0.5) � 10� 22 mag cm2 for the lens. Based on
these results we estimate the column density of the lens
to be NH � 1.5 � 1021. We conclude that the absorp-
tion from the lens does not have any signi�can t e�ect on
the spectral modeling of H 1413+117 since the intrinsic
absorption is signi�can tly larger with a column density of
NH = 1{10 � 1023 (seex2.2 and x2.3). All quoted errors
are at the 90% con�dence level unless mentioned other-
wise. Due to the poorer S/N of the XMM-Newton spectra
of H 1413+117all errors on parametersobtained from �ts
to thesespectra are quoted at the 68% con�dence level.

2.1. Spatial Analysis of the Chandra observationof
H 1413+117.

To estimate the X-ray 
ux ratios of H 1413+117 we
modeled the 89 ks Chandra images of A, B, C and D,
with point-spread functions (PSFs) generatedby the sim-
ulation tool MARX(Wise et al. 1997). The X-ray event
locations were binned with a bin-size of 000:0246to sample
the PSF su�cien tly (an ACIS pixel subtends000:491). The
simulated PSFs were �tted to the Chandra data by min-
imizing the C-statistic formed between the observed and
simulated imagesof H 1413+117. In Figure 1a,b we show
the Lucy-Richardsondeconvolved imagesin the 0.2{8 keV
bandpassof the 38 ks and 89 ks Chandra observations,
respectively.

We �nd that the X-ray 
ux ratios in the full (0.2-8keV)
band for the 89 ks observation of H 1413+117 in March
2005are [B/A] f ull = 1.02 � 0.12, [C/A] f ull = 0.82� 0.11,
[D/A] f ull = 0.71� 0.09and the number of detectedX-ray
events in imagesA, B, C, and D were160 � 13, 163 � 13,
131 � 12, and 114 � 11, respectively. The X-ray 
ux ra-
tios in the full (0.2-8keV) band for the 38 ks observation
of H 1413+117in April 2000are [B/A] f ull = 0.49 � 0.08,
[C/A] f ull = 0.35� 0.07, [D/A] f ull = 0.37 � 0.07 and the
number of detectedX-ray events in imagesA, B, C, and D
were 147 � 13, 72 � 10, 52 � 8, and 54 � 9, respectively.

For comparisonthe HST WFPC2 F 702W -band 
ux ra-
tios are [B/A] F 702W = 0.87 � 0.02, [C/A] F 702W = 0.77
� 0.01, [D/A] F 702W = 0.72 � 0.01. The HST WFPC2
F 702W -band observations were taken in 1994 December
(Turnshek et al. 1997). The HST WFPC2 F 702W band
is centered at 6919 �A with a bandwidth of 1385 �A and
represents a wide R-band.

We �nd that the X-ray 
ux ratios have varied signi�-
cantly betweenthe two Chandra observations. The X-ray

ux ratios for the 2005observation of H 1413+117are con-
sistent with the F 702W -band 
ux ratios. The 0.2-8 keV
count-rate of imageA decreasedby a factor of � 2.1 while
the 0.2-8 keV count-rates of the other images remained
the samewithin errors between the 2000and 2005Chan-
dra observations.

The full-band 
ux fractions of imageA, [A/(B+C+D)],
during the 38 ks and 89 ks Chandra observations are 0.83

� 0.10 and 0.39 � 0.04. For comparison the 
ux fraction
of image A in the HST WFPC2 F 702W -band is 0.42 �
0.01.

2.2. Spectral Analysis of the Individual Imagesof the
Chandra observationof H 1413+117.

We performed �ts to the spectra of individual imagesof
H 1413+117 with a variety of models of increasing com-
plexity. We used events with observed-frame energiesly-
ing within the range of 0.4{8 keV. Due to the moderate
S/N of the spectra we performed these�ts using the Cash
statistic which does not require binning of the data. For
comparison we also performed the spectral �ts using the
� 2 statistic and found similar results. Our �rst model con-
sistedof Galactic absorption and a simple power-law. The
best-�t parameters of this model are presented in Table
2 (model 1). These �ts are unacceptable in a statisti-
cal senseand the �t residualsshow signi�can t absorption
at observed-frame energiesof � 2{5 keV and emissionat
observed-frameenergiesof � 1{2 keV.

To illustrate better the possible presenceof broad ab-
sorption features and emissionlines we �tted the spectra
of the individual imagesof H 1413+117 in the observed-
frame energy bands of 4.5{8 keV for image A, 5{8 keV
for image B, 3{8 keV for image C and 4{8 keV for image
D, with simple power-law modelsmodi�ed by Galactic ab-
sorption and extrapolated thesemodels to lower energies.
The �ts to the spectra of individual imagesand the resid-
uals of these �ts are shown in Figure 2. We indicate the
expectedlocation of the Fe K� emissionline in thesespec-
tra and note that the possible broad absorption extends
considerably above this energy. We note that the �ts to
the high-energy range of the individual spectra are only
usedto qualitativ ely show the possiblepresenceof absorp-
tion and emissionfeatures. The signi�cance of absorption
and emissionfeaturesin the individual spectra is estimated
later in this section with �ts to the observed-frameenergy
band of 0.4{8. keV. The spectrum of image D shows an
abrupt discontinuit y in 
ux near a rest-frame energy of
� 15 keV. Background contamination and instrumental
e�ects are ruled out as the origin of this feature for the
following reasons: (a) The background event rates in the
0.2{10. and 4.{6. keV bands in the spectrum of image D
are 7.2 � 10� 6 and 4.5 � 10� 7, respectively comparedto
sourceevent-rates of 1.1 � 10� 3 and 1.7 � 10� 4 in these
bands. Any background feature would alsohave to appear
in all imagesdue to their closeproximit y. (b) The ACIS
response does not have any signi�can t discontinuities in
this energy range and any instrumental e�ect would have
to appear in all imageswhich is not the case. A disconti-
nuit y in 
ux is also detected in the spectrum of image C,
near a rest-frame energy of � 9 keV. The residual plots
alsosuggestpossibleFe K� emissionlines in the spectrum
of image C, near a rest-frame energy of � 5.4 keV, in the
spectrum of image A at rest-frame energiesof � 5.4 keV
and � 6.25keV and in the spectrum of imageD at a rest-
frame energyof � 5.4 keV. Theseemissionlines are more
evident in the combined spectrum of all the imagesshown
in Figure 3.

As a re�nement to our model we next included a neutral
absorber at the redshift of the source(hereafter referred to
asmodel 2 in Table 2). The �ts are signi�can tly improved
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with the addition of an intrinsic neutral absorber with
best-�t column densitiesranging between9+7

� 5 � 1022 cm� 2

for imageB and 29+21
� 10 � 1022 cm� 2 for imageC (seemodel

2 in Table 2). The best-�t spectral indices range between
� = 0.9+0 :3

� 0:4 for image B and � = 1.9+0 :7
� 0:4 for image C.

Later in the sectionwe provide an estimate of the signif-
icanceof the absorption and emissionfeaturesin imagesC
and D suggestedin the residual plots of Figure 2. Fits to
the spectra of imagesC and D that model the high-energy
absorption above the rest-frame energy of 6.4 keV with
an absorption edgeor single broad absorption line cannot
successfullyreproducethe abrupt apparent changesin 
ux
at the rest-frame energiesof � 9 keV and � 15 keV, re-
spectively. We proceededto model the spectra of images
C and D with more complex models motivated by our
current understanding of the structure of LoBAL quasars
(e.g., Green et al. 2001;Gallagher et al. 2002).

The next model considered(referred to as model 3 in
Table 2) consistsof Galactic absorption, a power-law con-
tinuum modi�ed by intrinsic neutral absorption, a notch
representing a saturated high-energy absorption line rep-
resenting the X-ray BAL, and a Gaussian emission line.
The saturated absorption line model assumesabsorption
centered at energy Ec and within the energy range of Ec
� Ew /2 the normalized intensity is equal to 1 � f c, where
f c is the covering fraction. 8 Fits to the spectra of images
C and D using model 3 in Table 2 resulted in a signi�can t
improvement in �t quality comparedto �ts using model 2
in Table 2. In particular, the F -test indicates that �ts to
the spectra of imagesC and D using model 3 in Table 2 re-
sulted in an improvement of the �ts comparedto �ts with
model 2 in Table 2 at the >

� 95% and >
� 94% con�dence

levels, respectively.
We also tried more sophisticated models (referred to as

models4 and 5 in Table 2) that consistof Galactic absorp-
tion, direct emissionfrom a power-law modi�ed by intrin-
sic neutral absorption, a saturated high-energyabsorption
line to account for the X-ray BALs, scatteredemissionof a
power-law assumingsimpleThomsonscattering to account
for possiblescattering of the central sourceemissionfrom
the out
o wing wind, and a 
uorescent Fe K� line from an
accretion disk around the black hole. We usedFe K� line
models that consider accretion onto a non-spinning (e.g.,
Fabian et al. 1989;model 4 of Table 2) and spinning black
hole (e.g., Laor et al. 1991;model 5 of Table 2).

Fits to the spectrum of image C using model 4 in Ta-
ble 2 did not result in a signi�can t improvement in �t
quality comparedto �ts using model 2 in Table 2 (seeFig-
ure 4a). Speci�cally , the F -test indicates a model that
included an accretion-disk Fe K� line at 6.4 keV and a
saturated absorption line centered at a rest-frame energy
of 8.5 � 0.2 keV(68%) with rest-frame width of Ew =
0.5+0 :3

� 0:5 keV(68%) resulted in a marginal improvement of
the �t compared to �ts with model 2 in Table 2 at the
82%con�dence level. The best-�t parametersare listed in
Table 2. Fits to the spectrum of image D using model 4
or model 5 that included an accretion-disk Fe K� line at
6.4 keV and a saturated absorption line centered at a rest-
frame energyof 14 � 0.2 keV(68%) with rest-frame width
of Ew = 2.3 � 0.4 keV(68%) resulted in an improvement
in �t quality at the 94% con�dence level comparedto �ts

using model 2 (seeFigure 4b).

2.3. Spectral Analysis of the Combined Imagesof the
Chandra observationof H 1413+117.

The spectra of the combined imagesof the 38 ks (2000
April) and 89 ks (2005 March) Chandra observations of
H 1413+117 suggest the presenceof emission line peaks
redshifted with respect to the 6.4 keV energy of Fe K�
line and absorption bluewards of this energy. Our spectral
analysisof the 89 ks Chandra observations of H 1413+117
indicated possiblespectral di�erences betweenimages. In
particular, we detected signi�can t di�erences betweenthe
maximum absorption energies in images C and D. We
therefore expect that the combined spectrum of the im-
agesto averageout the high energy absorption structure
found in the spectra of the individual image. With this
caveat we �tted the combined spectra with models that
included a power-law modi�ed by intrinsic neutral absorp-
tion, two redshifted Gaussianemission lines and a broad
Gaussianabsorption line. The spectra and best-�t models
for the 38 ks and 89 ks observations are shown in Figures
3a and 3b respectively. These �ts indicate the signi�can t
presenceof emission line peaks at rest-frame energiesof
Eemis1 = 4.9+0 :3

� 0:4 keV and Eemis2 = 6.25 � 0.25 keV for
the 38 ks observation and Eemis1 = 5.35 � 0.23 keV and
Eemis2 = 6.3+0 :6

� 0:3 keV for the 89 ks observation. A conser-
vative interpretation of thesepeaksbasedon their energies
and the observational fact that Fe K� emission lines are
common in quasarsis that they arise from Fe K� emis-
sion; Recent spectral analyses(e.g., Porquet et al. 2004;
Jimenez-Bailon et al. 2005;Schartel et al. 2005) �nd sig-
ni�can t detectionsof Fe K� emissionlines in about half of
the quasarsin their samplesand there are indications of
broadening of the lines in about 10% of the quasars.

In Figures 5a and 5b we show the con�dence contours
betweenthe 
ux and rest-frame energyof the Fe K� emis-
sion line peaksdetectedin the 38ks and 89ks observations
of H 1413+117. All emissionline peaksare detected at >
97% con�dence level with the exception of the peak at
4.9 keV which is detected marginally at a con�dence level
of � 85%. We notice a statistically signi�can t reduction
in the 
ux of the blue Fe K� line peak betweenthesetwo
observations. The red Fe K� peakdoesnot appear to vary
within errors, however the detection of this peak in the 38
ks observation is marginal, with large error bars on the
pro�le parameters. This decreasein the strength of the
blue Fe K� line peak is consistent with the microlensing
interpretation proposedto explain the anomalous
ux ra-
tios in the 38 ks observation of H 1413+117. In particular,
asa microlensingcaustic traversesthe Fe K� emissionline
region we predicted the magni�cation of the Fe K� line to
vary. The time separation between the two observations
is about �v e years which is approximately the estimated
duration of a microlensing event for this system.

We next �t the combined spectra with a more physi-
cally motivated model that consists of Galactic absorp-
tion, a power-law modi�ed by intrinsic neutral absorption,
a Gaussianabsorption line, and a 
uorescent Fe K� line
from an accretion disk around a Schwarzschild black hole
(model 2 in Table 3). In Figure 6 we show the unfolded
spectrum of H 1413+117 plotted with the best-�t model

8 The covering factor, f c , e�ectiv ely represents the fraction of photons from the background source(s) that pass through the absorber.
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(model 2 in Table 3). We alsoperformed �ts with a model
similar to model 2 but with a line from a disk around
a Kerr black hole (model 3 in Table 3). The �ts using
models 2 and 3 in Table 3 were acceptablein a statistical
sense,however, becauseof the low S/N of the data we can-
not constrain well the parameters of the models and the
solutions are not unique.

2.4. Spectral Analysis of the XMM-Newton Observations
of H 1413+117.

XMM-Newton cannot spatially resolve the images of
H 1413+117and thereforeweanalyzedthe combined spec-
trum of all images.

The spectral analysis of the 38 ks and 89 ks Chandra
observations of H 1413+117 presented in Chartas et al.
(2004) and in x2.2, respectively indicated signi�can t dif-
ferencesin the spectra of the di�eren t images. In partic-
ular, we detected signi�can t enhancement of the Fe K�
line in image A during the 38 ks observation, we found
that the broad absorption features extended to di�eren t
energiesblueward of the Fe K� line, and inferred signif-
icant changesin the relative 
ux ratios between the two
Chandra observations.

Becauseof the signi�can t spectral di�erences between
the images, the Hydrogen column densities, the Fe K�
emission line properties, and the broad absorption line
properties inferred from �ts to the XMM-Newton spec-
tra of H 1413+117 represent averagequantities from the
four di�eren t spectra.

We �rst searched for broad absorption lines in the
XMM-Newton PN and MOS spectra by �tting them in
the 4.5{10 keV band with a power-law model (modi�ed by
Galactic absorption) and extrapolating this model to lower
energies(seeFigure 7). The best-�t 4.5{10 keV spectral
indicesfor the 2001and 2002observations � � 1.4and � �
1 werenot well constrained. For the purposeof comparing
the absorption residuals between the two XMM-Newton
observations of H 1413+117 we set the spectral index to
1.4. The residuals of these �ts in both the PN and com-
bined MOS 1+2 detectorssuggestabsorption at rest-frame
energiesof 7{14 keV and possibleemissionredward of the
rest-frameenergyof 6.4 keV, however, the present analysis
does not provide any useful constraints on the properties
of the high energyabsorber becauseof the low S/N of the
XMM-Newton data.

Wenext simultaneously �tted the PN, MOS1and MOS2
spectra of H 1413+117 at each of the July 2001and Au-
gust 2002observations with a model consisting of a power
law modi�ed by Galactic absorption and neutral intrinsic
absorption at z = 2:56 (model 1 in Table 4). These �ts
support the presenceof an intrinsic absorber with column
densities of NH = 25+9

� 8 � 1022 cm� 2 (68%), and 19+11
� 8 �

1022 cm� 2 (68%) the 2001and 2002XMM-Newton obser-
vations of H 1413+117 respectively.

To obtain an estimateof the energiesof possibleFeemis-
sion features we added a Gaussian emission line to our
model. The best-�t rest-frame energiesof theseGaussian
lines for the 2001 and 2002 observations are 5:8+0 :2

� 2:5 keV
(68%) and 6:2+0 :3

� 0:1 keV (68%), respectively. The results
from the �ts to the XMM-Newton spectra of H 1413+117
are presented in Table 4. For clarit y we only show the
higher S/N ratio PN data in Figure 7; however, all �ts were

performed simultaneously using the PN and MOS1+2.
The lower panels in Figure 7 show the � � 2 residuals be-
tweenthe best-�t power-law model and the PN data. Be-
causeof the low S/N of thesespectra we did not attempt
to �t thesespectra with more complex models.

In x3.4 we use the X-ray 
uxes obtained from the
spectral analysis of the XMM-Newton observations of
H 1413+117to infer the time evolution of the microlensing
event in image A.

3. discussion

Our analysis of the Chandra and XMM-Newton obser-
vations of H 1413+117hascon�rmed the presenceof a mi-
crolensingevent in a previous 38 ks Chandra observation
and revealed the presenceof redshifted Fe K� line peaks
and broad absorption features bluewards of Fe K� . In x
3.1 and x 3.2 we investigate possibleorigins of these fea-
tures and provide constraints on the kinematic and physi-
cal properties of the medium producing them. One of the
surprising results of the spectral analysis was the detec-
tion of spectral di�erences between the images. In x 3.3
we present plausible interpretations of these di�erences
and suggestan observational strategy for discriminating
between these interpretations. In x 3.4 we revisit the mi-
crolensinginterpretation of the magni�cation event in im-
ageA that we provided in Chartas et al. (2004) and infer
constraints basedon this interpretation.

3.1. Origin of Emission Lines

The emission features detected in the 89 ks Chandra
observation of H 1413+117 have energiesnear the Fe K�
6.4 keV line and are reminiscent of the double peaked
Fe K� line pro�le with rest-frame energiesof 5.3 keV and
6.4 keV recently discovered in the radio-loud quasar PG
1425+267 with XMM-Newton (Miniutti & Fabian 2006).
Theseauthors exploredtwo possibleorigins of the line pro-
�le; (a) a singlerelativistic iron line from the accretiondisc
whoseshape is determined by strong special and general
relativistic e�ects, and (b) the superposition of a narrow
6.4 keV line from material at a large distance from the
black hole and a relativistic one.

We �rst consider the following scenario regarding the
origin of the Fe K� line peaksin H 1413+117: The double-
peaked line arises from 
uorescence from the far side of
the accretion disk and/or out
o wing wind. If we assume
an out
o w geometry for quasarssimilar to that proposed
by Proga et al. (2000) then, at su�cien tly high inclina-
tion angles, the near side portion of the accretion disk is
blocked from our view by the out
o wing X-ray absorb-
ing material (seeFigure 8). The far side of the accretion
disk, interior to the launching radius of the out
o w, is less
absorbed and visible when the angle between our line of
sight and the disk axis is smaller than or equal to the an-
gle between the surfaceof the out
o w and the disk axis.
In the caseof LoBAL quasars the high levels of UV po-
larization observed in several casessuggestthat our line
of sight traversesa large portion of a Compton thick out-

o w and that the photons reaching the observer are mostly
scattered and reprocessed. H 1413+117 has a high level
of polarization of P(5600-6400�A) � 2% in the continuum
and a signi�can t rise to P(4850-4900�A) � 4.5% in the
absorption troughs (Goodrich & Miller, 1995). Goodrich
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& Miller proposethat this di�erence in polarization levels
betweenthe continuum and the absorption troughs implies
that the scatteredlight is lessabsorbedthan emissionfrom
a direct line of sight.

Due to the relatively large observingbeam-size(for the
ACIS spatial resolution of � 000:5 the observing beam has
a diameter of � 4 kpc at the redshift of H 1413+117) we
expect to detect emission from the far side of the accre-
tion disk and the far side of the out
o w. This leads to
the following question: Are the observed properties of the
emissionline peaks in H 1413+117 (energy, energy width
and equivalent width) consistent with 
uorescence from
the far side of the accretion disk and/or the far side of
the out
o w? Spectral analysis of broad Fe K� lines in
several Seyfert 1 galaxies indicate that the line emission
originates between � 6 r g and � 100 r g (e.g., Nandra et
al. 1997), where r g = GM bh=c2 and M bh is the massof
the black hole. The skewed and asymmetric structure of
the Fe K� line observed in someSeyfert 1 galaxiesis often
interpreted as the result of special and general relativistic
e�ects. Basedon spectral Model 1 of Table 3 we �nd the
2{10 keV luminosity of H 1413+117 to be 1.5 � 1045/ �
where � is the lensing magni�cation and is expected to
range between20{40 (Chae et al. 1999). Basedon obser-
vations the expected EW of an Fe K� line from the disk
of an AGN as luminous as H 1413+117 is � 250 eV (e.g.,
Nandra et al. 1997). We note that the EW of the Fe K�
line is expectedin theory to bea function of the inclination
angle i of the accretion disk and the spectral slope � of the
incident power-law spectrum as predicted in Monte Carlo
calculations of the interaction of X-rays with denseneutral
material in standard disk models (e.g., George& Fabian
1991). Basedon our constraints on � and i from �ts to the
Chandra spectrum of H 1413+117theseMonte Carlo cal-
culations predict the EW of the Fe K� line in H 1413+117
to lie in the rangeof 150{200eV for solar abundances(see
Figure 14 of George& Fabian 1991). The rest-frame EWs
of the Fe line peaks detected in H 1413+117 are poorly
constrained to � 500+1200

� 200 eV and � 1000+1200
� 900 eV, respec-

tiv ely. In Table 3 we also list the EWs of the line peaks
assumingdisk line models. TheseEWs are estimated with
respect to the observed continuum. The large equivalent
widths of the detected line peakscan be explained if emis-
sion from the central source is mostly absorbed. A large
fraction of the emissionthat we observe may be scattered
emission from the wind or other scattering medium and

uorescencefrom the far side of the accretion disk and/or
out
o w. In Figure 9 we show the scattered emissionspec-
trum, f scat (E ), assumingsimple Thomson scattering and
associated absorption of the continuum emission from a
scatterer that subtends a solid angle of 
 scat to the cen-
tral source. We have assumedthat the photon 
ux den-
sity of the central sourceis a power-law of the form f cs(E )
/ E � � , the spectral index is � = 1.8, 
 scat = 0.15 and
standard solar abundancevalues after Wilms, Allen, and
McCray (2000). In this simple model the estimated ratio
of the incident emissionspectrum to that of the scattered
emissionspectrum at 6.4 keV is f cs(EF eK � )/ f scat (EF eK � )
� 18.

Basedon the simple geometricalmodel shown in Figure
8 we estimated the EW of the Fe K� line for the casesof
(a) no signi�can t and (b) signi�can t absorption from an

out
o wing wind. The EWnoabs of the Fe K� line for case
(a) of no signi�can t absorption from a wind has the form:

EWnoabs �
FFe

[f disk (EF eK � ) + f cor (EF eK � )]
(1)

where FFe is the integrated 
ux of the Fe K� line that
originates from the disk, f disk (EF eK � ) and f cor (EF eK � )
are the 
ux densities of the reprocessedcontinuum emis-
sion from the disk and the corona respectively, estimated
at the energyof the Fe line. The EWabs of the Fe K� line
for case(b) where an absorber blocks the continuum from
the corona and partially blocks the continuum from the
disk has the form:

EWabs �
Adisk FFe

[Adisk f disk (EF eK � ) + Acor f cor (EF eK � )]
�

FFe

f disk (EF eK � )
(2)

where Adisk and Acor are de�ned as the fractions of emis-
sion from the disk and corona that manageto penetrate
the absorbing wind and be observed, respectively. Since
the reprocessedline and continuum are emitted from the
sameareaof the disk weassumedthe samefraction (Adisk )
for line and continuum components. According to the geo-
metrical model shown in Figure 8 we alsoassumethat the
emissionfrom the corona is completely blocked and there-
fore Acor � 0. The ratio of EWs with and without the
Compton thick absorber is then given by the expression:

EWabs

EWnoabs
� 1 +

f cor (EF eK � )
f disk (EF eK � )

(3)

Typically radio-quiet AGN havef cor (EF eK � )=f disk (EF eK � )
� 10 (seeFigure 12 of George& Fabian 1991). We con-
clude that the large observed valuesof the EW of the line
can be the result of signi�can t X-ray absorption of the
direct emission from the central source. The detection,
however, of possibleX-ray BALs above 6.4 keV in images
C and D of H 1413+117 implies that a fraction of the di-
rect emissionapparently makes it through the absorbing
wind at rest-frame energiesabove � 6.4 keV.

We also modeled the line pro�le in H 1413+117assum-
ing emissionfrom a relativistic accretion disk (e.g., Fabian
et al. 1989; Laor et al. 1991). As shown in Figure 6 �t-
ting the line with a disk model resulted in an acceptable
�t to the spectrum. Becauseof the low S/N of the spectra
the solutions obtained are not unique and the best-�t pa-
rameters are not well constrained. In addition we caution
that becauseof the spectral di�erences between images
the best-�t parameters should be consideredas averaged
quantities betweenthe four di�eren t spectra. The best-�t
parameters are shown in Table 3. In models 2 and 3 in
Table 3 we consider the caseof a Schwarzschild and Kerr
black hole, respectively. We note that the models that we
usedassumeemissionfrom the entire disk whereaswe ex-
pect only the far sideof the disk would be observed. Thus
the observed line pro�les would be quantitativ ely di�eren t
from the model predictions but they would still be qualita-
tiv ely similar. To investigatethe e�ects of disk obscuration
on the Fe K� line pro�le we used the K Y relativistic ac-
cretion disk models developed by Dovciak et al. (2004).
We note that the low quality of the Chandra spectrum of
H 1413+117 does not allow us to uniquely constrain the
parameters of the K Y models, however, the goal of this
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exercisewas to obtain a qualitativ e estimate of the e�ects
of obscuration on the shape of the Fe K� emissionline and
�nd a range of model parametersthat are consistent with
the data. We �tted the Chandra spectrum of H 1413+117
with a model that consistsof Galactic absorption, a power-
law modi�ed by intrinsic neutral absorption, a Gaussian
absorption line, and a 
uorescent FeK� line from an accre-
tion disk around a black hole that is obscuredover a range
of azimuthal angles. kyr1l ine (Dovciak et al. 2004) was
used to model the relativistic line from an accretion disc
around a Kerr black hole in the caseof non-axisymmetric
disk emission. The inclination angle, and inner and outer
radii of the disk emissionwere�xed to the valuesof 30 de-
grees,14 r g and 17 rg, respectively, found from �ts to the
Chandra spectrum of H 1413+117using the axisymmetric
model kyr l ine. In Figure 12 we show Fe K� line pro�les
originating from �v e di�eren t azimuthal segments of the
disk assuming that portions of the disk are obscured by
the out
o wing wind as illustrated in Figure 8. � (units of
degrees)is the lower azimuth of non-zero disk emissivity
and � � (units of degrees)is the span of the disk sector
with non-zero disc emissivity. Models with � 140 degrees
< � < � 90 degrees,where substantially more than half of
the disk emissionis obscuredby the wind, are not consis-
tent with the data.

We might also expect 
uorescent Fe K� line emission
from the far side of the out
o w. In this casethe line pro-
�les would also be quantitativ ely similar to those com-
puted above. The Fe line emissiondetected in the 38 ks
Chandra observation of H 1413+117 was initially inter-
preted by Oshima et al (2001) as Fe K� 
uorescencefrom
the far sideof the out
o w. We note that in a re-analysisof
the Cloverleaf observation (Chartas et al. 2004) we found
that interpretation to be problematic becauseof a signi�-
cant microlensingevent in imageA. The Fe K� line in the
38 ks observation wasonly signi�can t in image A and any
constraints on the properties of the reprocessingmedium
basedon the strength of the Fe K� line mentioned in that
analysis are thus not reliable.

The present data cannot unambiguously constrain the
origin of the Fe K� emission. We brie
y summarize and
discussthe pros and consof the two proposedinterpreta-
tions :

(a) Our �rst interpretation is that the observed line rep-
resents 
uorescent Fe emissionfrom the far side of the in-
ner accretion disk. The observed pro�le of the Fe K� line
is a result of special and general relativistic e�ects. Sup-
porting evidencefor this interpretation are the observed
energiesand widths of the line peaks. The blue Fe K� line
peak at � 6.3 keV is marginally broad (model 1 in Table
3) which is consistent with an origin near the black hole.
As we show in x3.4 the estimated size of the microlensed
Fe emissionregion of the Fe peak at 6.3 keV is � 13 r g.
This is consistent with emissionnear the event horizon of
the black hole. The iron line peak at � 5.4 keV is sig-
ni�can tly redshifted with respect to 6.4 keV implying also
an origin near (10's of r g) the black hole. In the context
of this scenario,the line-emitting region of the disk must
be considerably larger than the source of the continuum
(the corona) so that it is not completely obscuredby the
out
o wing wind. The extent, geometrical con�guration
and kinematics of the hot corona are not well constrained

from present observations and there are several competing
models for the geometry of the corona. Proposedcon�g-
urations of the corona include one where the cold accre-
tion disk is surroundedby a hot extended,possibly patchy
corona (Haardt & Maraschi 1991,Merloni 2003), a point
sourcelocated above the accretion disk (also referred to as
the lamp-post model; e.g., Marto cchia et al. 2002), mul-
tiple hot 
ares (Collin et al. 2003;Czerny et al 2004), an
aborted jet (Ghisellini et al. 2004),and a sphericalcentral
source spatially separate from the accretion disk (Proga
2005). The lamp-post and central spherical corona mod-
els would allow for di�eren t absorption towards the hot
corona and the accretion disk.

(b) Our secondinterpretation is that the Fe line emis-
sion is producedby 
uorescencein the far sideof the wind.
In this scenariothe wind would have to be launched near
the black hole and the 
uorescent Fe emissionwould have
to originate from a narrow enough region to produce the
double peaked structure and width of the observed iron
line.

3.2. Origin of Absorption Lines

One plausible interpretation of the broad-absorption
featuresdetectedbluewards of Fe K� (with signi�can t de-
tections in the spectra of imagesC and D) is that they are
resonancetransitions in highly ionized Fe XXV and/or
Fe XXVI in an out
o wing wind. Among the most abun-
dant elements of S, Si and Fe, Fe absorption lines have the
closestenergiesto the observed absorption features. Simi-
lar high-energyabsorption features have beenreported in
BALQSOs APM 08279+5255and PG 1115+080(Chartas
et al., 2002, 2003, 2007). Assuming the above identi�-
cation we infer maximum out
o w velocities of 0.29c and
0.67c in the spectra of imagesC and D respectively based
on the maximum energy of the absorption troughs. The
rest frame widths of the absorption lines detected in im-
agesC and D are Ew = 0.5+0 :3

� 0:5 keV(68%) and Ew = 2.3
� 0.4 keV(68%). One plausible interpretation of the ob-
served broadeningof the absorption lines is that it results
from large velocity gradients in the out
o w, along our line
of sight.

In the following section we investigate plausible mech-
anisms to explain the di�erence in maximum absorption
energiesbetweenimages.

3.3. Multiple Views of the Cloverleaf Quasar

Three plausible interpretations for the spectral di�er-
encesbetweenimagesare: (a) Signi�cant inhomogeneities
in the out
o w properties along the lines of sight corre-
sponding to di�eren t images(e.g., Chelouche 2003;Green
2006), (b) Variabilit y of the out
o w on time-scales that
are shorter than the time-delay between the images,and
(c) Microlensing in at least two of the images.

(a) Signi�cant inhomogeneitiesin the out
o w properties
along the lines of sight towards di�eren t images.

We investigate this interpretation by estimating the lin-
ear separation of the lines of sight as a function of the
distance to the black hole and compare these separations
with the size of the central X-ray source. The comoving
linear beam separation is given by :

S(z) = �
Dol D sa

D sl
(4)
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where D are the angular diameter distances,and the sub-
scripts l, a, s, and o refer to the lens, absorber, sourceand
observer. In Figure 10a we show the linear beam separa-
tion asa function of redshift of the observer for an observed
imageseparationof 1 arcsecassuminglensand quasarred-
shifts of 1.55and 2.56,respectively. In Figure 10bwe show
the linear beam separation as a function of distance from
the black hole for a lens redshift of z = 1:55. The lo-
cation of the material producing the high energy absorp-
tion is not constrained by the present observations. We
note however that similar high energyabsorption features
have beendetectedin BAL quasarsAPM 08279+5255and
PG 1115+080. Based on the detected 
ux-v ariabilit y of
the X-ray BALs, the inferred out
o w velocities of the X-
ray absorbing material, and the high ionization state of
the detected absorbers in these systemswe inferred that
they likely originate very closeto the black hole with in-
ferred launching radii ranging between � 10{100 r g. For
H 1413+117 we estimate r g � 4.5 � 1014 � � 1 � � 1 cm �
2.3 � 1014 cm, where � is the lensing magni�cation, � =
L B ol =LE dd , L E dd is the Eddington luminosity, L B ol is the
bolometric luminosity and, � is thought to range between
0.1 and 1 in quasars. Our estimate of the dependenceof
the angular beamseparation with distance from the black
hole shown in Figure 10b indicates that for out
o wing ab-
sorbers at distances in the range of 10{103 rg the corre-
sponding linear beam separationsat these locations lie in
the range of 4.3� 1010 cm { 4.3� 1012 cm. These linear
beamseparationsare signi�can tly lessthan the sizeof the
central X-ray source(a sourcesizeof 10r g � 2.3 � 1015 cm)
and therefore the Chandra beams(i.e., cylinders of sight)
corresponding to the di�eren t imagesof H 1413+117over-
lap almost completely, thus they samplethe sameregions
of the out
o w. We conclude that the observed spectral
di�erences between imagescannot be causedby inhomo-
geneitiesin the out
o w properties along di�eren t lines of
sight.

(b) Variabilit y of the out
o w on time-scales that are
shorter than the time-delays betweenthe images.

From a light travel time argument we estimate that the
minimum variabilit y time-scale in the observed-frame is
tmin = 6(1 + z)r g/ c � 2 days, where 6r g is the radius of
the innermost stable circular orbit around a Schwarzschild
black hole. We note that the last stable orbit can be
even smaller in a Kerr black hole and the disk can extend
down to the event horizon. The dynamical time-scalecor-
responding to motion near the event horizon across the
line of sight is � dyn =

p
(r=rg) tmin � 5 days. The dy-

namical time-scale� dyn is perhapsmore plausible than the
light crossing-timetmin becauseit corresponds to physical
changes(e.g., motion acrossthe line of sight or internal
changes). Variabilit y of the out
o w over time-scalesthat
are shorter than the time-delays betweenimagescan result
in spectral di�erence betweenimages.

Lensmodelsof H 1413+117assumingthat the lenscon-
sists of two galaxies(e.g., Chae et al. 1999) indicate that
imageC leadsimagesB, A, and D by 15, 18.5and 22 days,
respectively. Thesevaluesof the time-delays are sensitive
to the adopted lens model, however, the two-galaxy lens
modelsand the galaxy + cluster lensmodelsconsideredby
Chae et al. (1999) both have C being the leading image
and D being the trailing image. We concludethat variabil-

it y of the out
o w can be the causeof the observed spectral
di�erences sincetdyn is lessthan the time-delays.

We use the relative time-delays between imagesC and
D to interpret the observed di�erence in the maximum
absorption energiesin their spectra. The spectrum of im-
age C shows absorption of up to 9 keV in the rest-frame
of H 1413+117 and the spectrum of image D shows ab-
sorption of up to 15 keV in the rest-frame. The relative
time-delays predicted in the Chae et al. (1999) model
imply that the spectrum of image D corresponds to an
earlier rest-frame time than that of the spectrum of im-
age C. Assuming that the broad absorption is causedby
X-ray absorbing material in an out
o w, one plausible in-
terpretation of the observed di�erences in the maximum
absorption energiesbetweenthe spectra of imagersC and
D is a decreaseof the apparent velocity of the absorbing
material (i.e., the projection of its velocity along the line
of sight).

The �rst detected changein the apparent velocity of an
out
o w associated with a Seyfert 1 galaxy wasrecently re-
ported by Gabel et al. (2003) basedon HST monitoring
observations of NGC 3783. They interpreted this veloc-
it y shift as either produced by a radial deceleration of a
UV absorbing cloud or causedby the evolution of a con-
tinuous 
o w tube acrossour line of sight to the emission
source. A similar mechanism may be responsible for the
di�erences in maximum absorption energiesof the X-ray
BALs in imagesC and D.

The variabilit y interpretation is testable with a follow-
up observation of H 1413+117with comparableexposure.
In particular, if the spectral di�erences betweenimagesare
due to intrinsic variabilit y of the out
o w over time-scales
shorter than the time-delay we predict a signi�can t vari-
abilit y in the structure of the high-energy absorption of
the sameimagebetweenChandra observations in a future
campaign.

(c) Microlensing in at least two of the images. Our
present spectral and spatial analysis of the 89 ks observa-
tion of H 1413+117indicate that the X-ray 
ux ratios have
becomesimilar to those observed in the optical F 702W -
band that is thought to be lesssensitive to microlensing.
The analysespresented in x2.1 and x3.4 indicate that the
microlensing event in image A inferred to have occurred
during the 2000observation of H 1413+117hasendedand
there is no indication of any anomalous
ux ratios in any
imagesduring the 2005 observation of H 1413+117. We
conclude that microlensing is not the causeof the spec-
tral di�erences between the imagesin the 89 ks Chandra
observation of H 1413+117.

3.4. Revisiting the Microlensing Interpr etation of the
Magni�c ation Event in Image A

In our earlier analysisof the 38 ks Chandra observation
of H 1413+117 (Chartas et al. 2004) we determined that
a microlensingevent resulted in a signi�can t enhancement
of the Fe K� line in image A compared to that in the
remaining images. To estimate the evolution of the mi-
crolensing event in image A with time we calculate the
observed-frame 1{2 keV photon 
ux of image A. The 1{
2 keV region contains the redshifted Fe K� emissionand a
signi�can t amount of continuum emission. A comparison
of the best-�t spectral modelsof the two Chandra observa-
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tions of H 1413+117shown in Figure 3 indicates that the
Fe line and continuum components in the 1{2 keV band
varied in 
ux betweenobservations by factors of � 2.2 and
� 1.25, respectively. We therefore attribute most of the
detected variabilit y in the 1{2 keV band betweenthe two
Chandra observations of H 1413+117 to variabilit y of the
Fe line. If the corona is compact as in the proposedout-

o w geometrydescribed in x3.1 wewould expect the direct
continuum emissionfrom this region to be sensitive to mi-
crolensing. Assuming the microlensing interpretation, an
obvious question is why the continuum in the 1{2 keV
band has not varied as much as the Fe line component in
this region. We present two possibleexplanations :

(a) The X-ray 
ux variabilit y betweenthe two Chandra
observations appearsto be energydependent in the sense
that the variabilit y amplitude increaseswith energy. The
ratio of the 
uxes of the continuum components between
the two Chandra observations in the observed-framebands
of 0.5{1 keV, 1{2 keV, 2{3 keV and 3{4 keV are 0.83,1.25,
1.3, and 1.65, respectively. This suggeststhat the direct
continuum emission is more absorbed than the scattered
continuum at observed-frame energiesof <

� 2 keV and
perhapsdominates over the scattered continuum emission
component at observed-frame energiesof >

� 2 keV. The
total continuum emissionin the 1{2 keV range may con-
sist mostly of scatteredemissioncoming from an extended
region and lesssensitive to microlensing,whereas,at ener-
giesabove2 keV the direct continuum (which originates in
a compact source) might begin to dominate as suggested
by the possible detection of broad X-ray absorption fea-
tures at energiesabove 2 keV.

(b) Another possibility is suggestedby the apparent
magni�cation of only the blue Fe line component during
the �rst Chandra observation of H 1413+117. This ap-
parent magni�cation of only the blue line peak can be
explained if during the �rst Chandra observation the mi-
crolensing caustic was located on the approaching side of
the accretion disk and it wasmoving towards the receding
side of the disk. If this were the casewe would not expect
the direct continuum to be signi�can tly magni�ed by the
microlensingcaustic during the �rst Chandra observation.
This successivebrightening of the double Fe line peakshas
beenpredicted in simulations of microlensing of accretion
disks by Popovic et al. (2006).

In Figure 11a we show the 1{2 keV photon 
ux of im-
age A as a function of time for the four observations of
H 1413+117. The two XMM-Newton observations do not
resolve image A and we therefore provide upper limits for
these epochs. We notice a signi�can t decreasein the 1-2
keV photon 
ux of image A consistent with the conclu-
sion of the microlensing event. In Figure 11b we show the
ratio of the 1{2 keV 
uxes between image A and images
B+C+D for the two Chandra observations of H 1413+117.
We have also overplotted with a dashed line the ratio of
the H ST F 702W -band 
uxes between image A and im-
ages B+C+D. Since the F 706W -band 
ux ratio is not
sensitive to microlensing we interpret the convergenceof
the 1{2 keV 
ux ratio to the F 702W -band 
ux ratio asthe
end of the microlensing event in image A. The time-scale
of the decreaseof the photon 
ux in image A implies that
the duration of the microlensing event was of the order of
2 � 103 days.

The sizescaleof the sourceregion being microlensedis
of the order of Rsrc = vt te, where, te is the timescaleof the
microlensingevent in imageA and vt is the velocity of the
causticsin the lensplane (measuredin the observer's time
frame) given by equation (B9) in Kayser, Refsdal, & Sta-
bell (1986). If we assumean observer velocity of 280km/s
(this is measuredfrom the CMB dipole), a lens redshift of
z = 1.55, lensand AGN velocities of 600km s� 1, and sum
the three-dimensionalvelocities in equation (B9) in RMS,
we �nd a typical velocity of a caustic of � 180km s� 1 and
a typical sizescaleof the microlensedregion of Rsrc � 3.1
� 1015 cm � 13 rg.

In general microlensing caustic patterns may be quite
complex and clustered depending on the relative redshifts
of the lensand sourceand the density of stars along a par-
ticular line of sight. We have assumedthat the observed
decreasein the magni�cation of image A is the result of a
single caustic crossingwhereasthe sparsesampling of two
Chandra and two XMM-Newton observations asshown in
Figure 11 leavesroom for multiple microlensingevents be-
tween the two Chandra observations. We note, however,
that shorter microlensing timescaleswould lead to even
smaller sizescalesof the X-ray emissionregion.

4. conclusions

Based on our spectral analysis of a 38 ks Chandra ob-
servation of H 1413+117 (carried out in 2000 April and
presented in Chartas et al. 2004) we had interpreted the
strong Fe K� emissionin the spectrum of imageA and the
energy-dependent magni�cation of imageA asa result of a
microlensing event in this image. We predicted that if the
microlensing interpretation was correct we should expect
to detect a reduction in the continuum and Fe K� emission
in image A when the magni�cation event was complete.

In the follow up 89 ks observation of H 1413+117 per-
formed about �v e yearslater we con�rm our prediction for
the microlensinginterpretation. Speci�cally , the 0.2{8 keV
count-rate of imageA decreasedby a factor of � 2.1 while
the 0.2{8 keV count-rates of the other images remained
the samewithin errors betweenthe Chandra observations
of H 1413+117. The strength of the Fe K� line decreased
by a factor of � 2.3 betweenobservations. As a result of
the decreasein the 
ux of image A the X-ray 
ux ratios
of the imagesvaried signi�can tly between the two Chan-
dra observations of H 1413+117. In particular, we found
that the X-ray 
ux ratios of the 2005Chandra observation
are consistent to the H ST WFPC2 F 702W -band (similar
to a wide R-band) 
ux ratios which are not signi�can tly
a�ected by microlensing. We therefore conclude that the
microlensingevent in imageA endedby the 2005Chandra
observation.

The observed decreaseof the photon 
ux of image A
in the 1{2 keV band and the decreaseof the ratio of the
1{2 keV 
uxes between image A and images (B+C+D)
betweenthe two Chandra observations of H 1413+117in-
dicates the end of the microlensing event in image A and
implies that the duration of the microlensing event was
of the order of 2000 days. Assuming this timescale for a
caustic crossingwe estimate that the sizescaleof the mi-
crolensedregion is of the order of 13r g.

Our analysis of the 89 ks Chandra observation of
H 1413+117 revealed several remarkable features. The
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spectra of the individual imagesshow high energy broad
absorption features between rest frame energiesof 6.4{
15 keV. These features are especially signi�can t in the
spectra of images C and D where they extend from �
6.4 keV up to energiesof 9 keV and 15 keV, respectively.

If we interpret the X-ray broad absorption features as
arising from absorption by out
o wing highly ionized Fe
XXV the observed maximum absorption energiesin im-
agesC and D imply out
o w velocities of 0.29c and 0.67c,
respectively. The detection of X-ray broad absorption fea-
tures suggeststhat a fraction of the detected X-ray emis-
sion must be direct emissionfrom the central sourcethat
is heavily absorbed by an out
o w.

The available spectra of the individual images cannot
provide tight constraints on the properties of the high-
energybroad absorption features. However, we found that
�ts to the spectra of imagesC and D with models that in-
clude a direct, power-law continuum modi�ed by intrinsic
neutral absorption, a Thomson scattered power-law con-
tinuum, saturated high-energy absorption from the out-

o wing material and a 
uorescent Fe line from an accre-
tion disk provide a signi�can t improvement compared to
�ts with modelsthat only include a power-law model mod-
i�ed by neutral intrinsic absorption.

We investigatedvariousplausiblemechanismsto explain
the spectral di�erences between images. We concluded
that variabilit y of the absorber on time scalesshorter than
the time-delays betweenimagesin the most likely causeof
these di�erences. From lens models of this system (Chae
et al. 1999)we expect that the spectrum of image D orig-
inates at an earlier rest-frame time than that of the spec-
trum of image C. This ordering would imply a decrease
in the maximum observed radial out
o w velocity within a
time shorter than the time delay between images D and
C. The time-delay between imagesD and C is estimated
to be of the order of 22 days. Plausible interpretations of
the decreasein the maximum absorption energy include
a radial deceleration of the X-ray absorbing material or
an evolution of a 
o w tube acrossour line of sight to the
emissionsource.

The individual spectra of the imagesalsoshow emission
features redward of the rest-frame energy of 6.4 keV that
resemble the skewed and asymmetric structure occasion-
ally detected in the spectra of Seyfert 1 galaxies. In the
combined spectrum emissionline peaksat 5.35� 0.23keV
and 6:3+0 :6

� 0:3 keV are detected at the >
� 98% and >

� 99%
con�dence levels, respectively. The respective equivalent
widths of the emission line peaksare � 500+1200

� 200 eV and
� 1000+1200

� 900 eV. In LoBAL quasars we expect that X-
ray emissionfrom the central sourceand the near side of
the accretion disk to be signi�can tly absorbed by the out-

o wing wind (seeFigure 8). In H 1413+117 we therefore
proposeas plausible origins of the emissionline peaks
u-
orescencefrom the far side of the accretion disk and/or
from the far side of the out
o wing wind. The large equiv-
alent widths of the line peaks can be explained by the
signi�can t absorption of the central continuum sourceby
the out
o wing X-ray absorbing material. Unfortunately
the present data cannot constrain the column density of
this possiblyCompton-thick component. We note that the
moderate detection levelsof the double-peaked Fe K� line
in the 89 ks observation of H 1413+117combined with the

independent microlensingconstraint of the sizescaleof the
emitting region of � 13 r g and the extreme redshift of the
line peak at 5.35 keV provide a convincing casefor the
relativistic nature of the detected Fe K� line.

We modeled the Fe K� pro�le with an accretion disk
line model and found an acceptable �t to the spectrum.
We note, however, that due to the low S/N of the spec-
trum wecannot obtain tight constraints on the parameters
of such a disk-line model. Additional deeper observations
are neededto con�rm the origin of the X-ray broad ab-
sorption features, determine the causeof the spectral dif-
ferencesbetween images, determine the origin of the Fe
emission line and constrain the parameters of a disk-line
model. Constraining the inclination angle of H 1413+117
will allow us to test the uni�cation schemebetweenBAL
and non-BAL quasars. A detection of a small inclination
angle (i.e., <

� 50 degrees)would challenge the validit y of
the orientation model of BAL quasars.On the other hand
the detection of a large inclination angle (i.e., >

� 50 de-
grees)would provide supporting evidencefor the uni�ca-
tion model, however, additional observations of other BAL
quasarswould be neededto reject competing BAL mod-
els. Speci�cally , to reject the "y outh" model that proposes
LoBALs are quasarsat an early stage in their evolution
(seefor example Voit, Weymann & Korista 1993; Becker
et al. 2000; Lacy et al. 2002) we would need several ob-
servations of BAL quasarsthat show that the inclination
angle is consistently large whereasthe "y outh" model pre-
dicts a more uniform distribution of inclination angles. A
con�rmation of the uni�cation model is very important in
cross-checking the frequencyof out
o ws in quasarsand by
extensionestablishingtheir importance in shapingthe evo-
lution of their host galaxiesand in regulating the growth
of the central black hole.

The present detection of disk like Fe K� line and
highly blueshifted X-ray broad absorption features in
H 1413+117 indicate that this is an ideal systemto study
quasar out
o ws. The detection of the double-peaked Fe
emissionline is possiblepartly due the the signi�can t ab-
sorption of the central source resulting in an increased
equivalent width and the large 
ux magni�cation from
lensing expected to be between20{40.
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TABLE 1
Log of Observ ations of the LoBAL Quasar H 1413+117

E�ectiv e
Observ ation Observ atory Observ ation Exp osure Time a R sr c

b

Date ID (ks)

2000 April 19 Chandr a 930 38.2 8.2 � 0.5 � 10� 3

2001 July 29 XMM-Newton 0112250301 19.2 1.1 � 0.1 � 10 � 2

2002 August 2 XMM-Newton 0112251301 23.5 0.9 � 0.1 � 10 � 2

2005 Marc h 30 Chandr a 5645 88.9 5.6 � 0.3 � 10� 3

a The e�ectiv e exp osure time is the time remaining after the application
of good time-in terv al (GTI) tables to remo ve portions of the observ ation
that were severely contaminated by background 
ares.
b Background-subtracted source coun t rate including events with energies
within the 0.2{10 keV band. The source coun t rates and e�ectiv e ex-
posure times for the XMM-Newton observ ations refer to those obtained
with the EPIC PN instrumen t. See x2 for details on source and back-
ground extraction regions used for estimating R sr c .



14 CHARTAS ET AL.

TABLE 2
RESUL TS FR OM FITS TO THE Chandr a SPECTRA OF INDIVIDUAL IMA GES

Mo del a Parameter b Values For Values For Values For Values For
Image A c Image B c Image Cc Image D c

1 � 0.62 � 0.21 0.38 � 0.21 0.55 � 0.23 0.50 � 0.26
C � statistic=nbins 433/783 496.3/783 406.1/783 364/783

� 2 =� 35.4/25 30.9/28 39.3/22 27.5/16
P ( � 2 =� )d 8.1 � 10� 2 0.3 1.3 � 10� 2 3.9 � 10� 2

2 � 1.7+0 : 4
� 0 : 7 0.93+0 : 33

� 0 : 42 1.9+0 : 7
� 0 : 4 1.64+0 : 28

� 0 : 40

N H (10 22 cm � 2 ) 19+9
� 13 9+7

� 5 29+21
� 10 24+9

� 10
C � statistic=nbins 412.7/783 487/783 380/783 352/783

� 2 =� 20.9/24 23.7/27 22.9/21 17.6/15
P ( � 2 =� )d 0.64 0.65 0.35 0.28

3 � { { 1.5+0 : 6
� 0 : 5 (68%) 1.7 f p

N H (10 22 cm � 2 ) { { 25+21
� 14 (68%) 120+100

� 50 (68%)
E (k eV) { { 5.6 � 0.1 (68%) 5.6+0 : 6

� 0 : 8 (68%)
� (k eV) { { 0.24 +0 : 15

� 0 : 16 (68%) 1.7 +0 : 5
� 0 : 4 (68%)

E BAL (k eV) { { 8.5 � 0.2 (68%) 13.9 � 0.2 (68%)
wBAL (k eV) { { 0.5+0 : 3

� 0 : 5 (68%) 2.2 � 0.4 (68%)
C � statistic=nbins { { 365/783 330/783

� 2 =� 12.0/16 8.3/11
P ( � 2 =� )d 0.75 0.68

4 � { { 2.1 � 0.6 (68%) 1.6+1 : 1
� 0 : 6 (68%)

N H (10 22 cm � 2 ) { { 55+43
� 23 (68%) 79+77

� 46 (68%)
E (k eV) { { 6.4 f p 6.4 f p

r in ( r g ) { { 6 f p 6 f p

r out ( r g ) { { 1000 f p 1000 f p

q { { 4f p 4f p

i (degrees) { { 21 � 7 (68%) 27 +7
� 10 (68%)

E BAL (k eV) { { 8.5 � 0.2 (68%) 13.9 � 0.2 (68%)
wBAL (k eV) { { 0.5+0 : 3

� 0 : 5 (68%) 2.3 � 0.4 (68%)
C � statistic=nbins { { 365/783 327/783

� 2 =� 14.8/16 7.8/10
P ( � 2 =� )d 0.54 0.64

5 � { { 2.9+1 : 2
� 0 : 7 (68%) 1.7 � 0.9 (68%)

N H (10 22 cm � 2 ) { { 110+69
� 35 (68%) 78+66

� 56 (68%)
E (k eV) { { 6.4 f p 6.4 f p

r in ( r g ) { { 1.47 f p 1.67 f p

r out ( r g ) { { 1.52 f p 1.69 f p

q { { 4f p 4f p

i (degrees) { { 69 � 1 (68%) 66 +7
� 10 (68%)

E BAL (k eV) { { 8.6+0 : 1
� 0 : 2 (68%) 14.0 � 0.2 (68%)

wBAL (k eV) { { 0.5 � 0.3 (68%) 2.3 � 0.4 (68%)
C � statistic=nbins { { 362/783 328/783

a Mo del 1 consists of a power law Mo del 2 consists of a power law
and neutral absorption at the source. Mo del 3 consists of emission of
a power-la w mo di�ed by in trinsic neutral absorption at the source, sat-
urated high-energy absorption, and a Gaussian emission line. Mo del 4
consists of direct emission of a power-la w mo di�ed by in trinsic neutral
absorption at the source, scattered emission of a power law assuming
simple Thomson scattering, saturated high-energy absorption, and a

uorescen t Fe line from an accretion disk around a Schwarzschild blac k
hole, where the Fe line mo del is based on Fabian et al. (1989). Mo del 5
consists of direct emission of a power-la w mo di�ed by in trinsic neutral
absorption at the source, scattered emission of a power law assuming
simple Thomson scattering, saturated high-energy absorption, and a 
u-
orescent Fe line from an accretion disk around a Kerr blac k hole, where
the Fe line mo del is based on Laor et al. (1991). All mo del �ts include
the Galactic absorption to ward the source (Dic key & Lo ckman, 1990).
b All absorption-line parameters are calculated for the rest frame.
c All errors are for 90% con�dence unless mentioned otherwise with all
parameters tak en to be of in terest except absolute normalization.
d P ( � 2 =� ) is the probabilit y of exceeding � 2 for � degrees of freedom if
the mo del pro vides an acceptable description of the data.
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TABLE 3
RESUL TS FR OM FITS TO THE COMBINED SPECTR UM OF ALL Chandr a IMA GES OF THE 2005 OBSER VATION

Parameter a Values For
Com bined Spectrum b

Mo del 1: Tw o Gaussian Emission Lines and One Gaussian Absorption Line c

� 0.7 � 0.2
N H (10 22 cm � 2 ) 9+5

� 4
E red (keV ) 5.35 � 0.23
� red (keV ) 0.15+0 : 24

� 0 : 15 (68%)
E W red (keV ) 0.5+1 : 2

� 0 : 2

E blue (keV ) 6.3+0 : 6
� 0 : 3

� blue (keV ) 0.5+0 : 4
� 0 : 3 (68%)

E W blue (keV ) 1.0+1 : 2
� 0 : 9

E BAL (keV ) 14 � 2
� BAL (keV ) 2.6+1 : 6

� 0 : 7 (68%)
E W BAL (keV ) 2.4+3 : 3

� 1 : 6
� 2 =� 17.6/20

P ( � 2 =� ) f 0.6

Mo del 2: Disk-Line and One Gaussian Absorption Line d;g

� 0.74+0 : 23
� 0 : 22

N H (10 22 cm � 2 ) 10+6
� 4

E (keV ) 6.4 f p

E W (keV ) 1:2 � 0:5
r in ( r g ) 15.7 up

r out ( r g ) 15.8 up

q 4f p

i (degrees) 26 +13
� 6

E BAL 13+9
� 4 keV

� BAL 3+4
� 1 keV (68%)

� 2 =� 19.6/22
P ( � 2 =� ) f 0.6

Mo del 3: Kerr Disk-Line and One Gaussian Absorption Line e;g

� 0.8+0 : 2
� 0 : 3

N H (10 22 cm � 2 ) 11+5
� 6

E (keV ) 6.4 f p

E W (keV ) 1.6+0 : 9
� 0 : 9

r in ( r g ) 1.46 up

r out ( r g ) 1.83 up

q 4f p

i (degrees) 70+12
� 8

E BAL 13+3
� 2 keV

� BAL 2.6+1 : 0
� 0 : 9 keV (68%)

� 2 =� 22/22
P ( � 2 =� ) f 0.45

a All absorption-line parameters are calculated for the rest frame.
b All errors are for 90% con�dence unless mentioned otherwise with all
parameters tak en to be of in terest except absolute normalization.
c Mo del 1 consists of a power law, neutral absorption at the source, two
Gaussian emission lines at the source and one Gaussian absorption line at
the source. In XSPEC notation this is written as: wabs*zw abs*(zgauss
+ zgauss + zgauss + pow).
d Mo del 2 consists of a power-la w mo di�ed by in trinsic neutral absorp-
tion, a Gaussian absorption line, and a 
uorescen t Fe line from an accre-
tion disk around a Schwarzschild blac k hole. In XSPEC notation this is
written as: wabs*zw abs*(diskline + zgauss + pow).
e Mo del 3 consists of a power-la w mo di�ed by in trinsic neutral absorp-
tion, a Gaussian absorption line, and a 
uorescen t Fe line from an accre-
tion disk around a Kerr blac k hole. In XSPEC notation this is written
as : wabs*zw abs*(laor + zgauss + pow).
f P ( � 2 =� ) is the probabilit y of exceeding � 2 for � degrees of freedom if
the mo del pro vides an acceptable description of the data.
g f p indicates a parameter is �xed and up indicates a parameter un-
constrained. All mo del �ts include the Galactic absorption to ward the
source (Dic key & Lo ckman, 1990).
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TABLE 4
RESUL TS FR OM FITS TO THE XMM-NEWTON SPECTRA OF H 1413+117

Fit Mo del a Parameter XMM-Newton Value b XMM-Newton Value b

2001 July 29 2002 August 2

1 PL and neutral absorption � 1.7+0 : 3
� 0 : 3 1.1+0 : 3

� 0 : 3

at source N H (10 22 cm � 2 ) 25+9
� 8 19+11

� 8
� 2 =� (47.5)/43) (57.0)/(43)

P ( � 2 =� ) c 0.3 0.18

2 PL and neutral absorption � 1.4+0 : 3
� 0 : 3 0.9+0 : 3

� 0 : 3

and emission line at source. N H (10 22 cm � 2 ) 19+9
� 7 14+9

� 8

Eemis 5.8+0 : 2
� 2 : 5 keV 6:2+0 : 3

� 0 : 1 keV
� emis 0.35+0 : 25

� 0 : 12 keV < 0:65 keV
� 2 =� (41.5)/(38) (47.6)/(38)

P ( � 2 =� ) c 0.32 0.14

a All mo del �ts include Galactic absorption of N H = 1.82 � 1020 cm � 2

to ward the source (Dic key & Lo ckman, 1990). All �ts to the XMM-
Newton spectra are performed on the PN, MOS1 and MOS2 spectra.
b All errors are for 68% con�dence with all parameters tak en to be of
in terest except absolute normalization.
c P ( � 2 =� ) is the probabilit y of exceeding � 2 for � degrees of freedom if
the mo del pro vides an acceptable description of the data.
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Fig. 1.| The Lucy-Ric hardson deconvolved imagesin the 0.2{8 keV bandpassof the 38 ks (panel a) and 89 ks (panel b) Chandra
observations of H 1413+117 respectively. The brightness scaleof the imagesrepresents count rate. The signi�can t decreaseof the
X-ray 
ux of only image A is interpreted as the result of a microlensing event in image A that peaked near the 38 ks observation.
The X-ray 
ux ratios of the imagesduring the 89 ks observation are consistent with the HST F 702W -Band 
ux ratios. The images
are displayed with a linear brightness scale. East is to the left and north is up.
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Fig. 2.| The spectra of images A, B, C, and D from the 89 ks Chandra observation of H 1413+117 �tted with a power-law
model and Galactic absorption. The model was �tted to points in the following energy range: 4.5{8 keV for image A, 5{8 keV
for image B, 3{8 keV for image C and 4{8 keV for image D and then extrapolated to lower energies. The dashed vertical line
indicates the location of the resdshifted Fe K � emission line.
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Fig. 3.| The spectra of combined images A, B, C, and D of H 1413+117 from (a) the 38 ks Chandra observation and (b) the
89 ks Chandra observation. The spectra were �tted with a model that consistsof a power law, neutral absorption at the redshift of
the source, a Gaussian absorption line at the redshift of the sourceand two Gaussian emission lines at the redshift of the source.
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Fig. 4.| The unfolded 2005 Chandra spectra of images C (panel a) and D (panel b) of H 1413+117 plotted with the best-�t
model that consists of the following components: Galactic absorption, direct emission of a power-law modi�ed by intrinsic neutral
absorption (dashed line), scattered emission of a power law assuming simple Thomson scattering (dot-dashed line), a 
uorescent
Fe line from an accretion disk around a black hole where the Fe line model is based on Laor's (1991) calculation applicable to a
Kerr black hole (dotted line), and saturated high-energy absorption (seetext for more details; Model 5 of Table 2). We emphasize
that the present data cannot adequately constrain such a complex model, however, the main purp oseof these �ts is to demonstrate
that such a model is consistent with the data (model 1 from Table 3).
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Fig. 5.| Con�dence contours between the 
ux and energy of the two Fe K emission line peaksdetected in the combined spectra
of all images of (a) the 38 ks Chandra observation and (b) the 89 ks Chandra observation of H 1413+117.



22 CHARTAS ET AL.

ke
V

 / 
(c

m
2  

s 
ke

V
)

Fig. 6.| The unfolded 2005 Chandra spectrum of H 1413+117 plotted with the best-�t model that consists of Galactic and
intrinsic neutral absorption, a power law, a broad absorption line and a 
uorescent Fe line from an accretion disk around a black
hole. The Fe line model is from Fabian et al. (1989) and is applicable to a Schwarzschild black hole (seemodel 2 in Table 3).
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Fig. 7.| The combined XMM-Newton PN spectra of imagesA, B, C, and D of H 1413+117 for the (a) the 2001 July 29 19.2 ks
observation and (b) the 2002 August 2 23.5 ks observation. The 4.5{10 keV spectra were �tted with a power-law model modi�ed
by Galactic absorption. This model was then extrapolated to lower energies. The dashedvertical line indicates the location of the
redshifted Fe K � emission line.
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Fig. 8.| Schematic diagram of a proposed geometry for the accretion disk and associated out
o w in H 1413+117. X-ray
emission from the near side of the accretion disk and the central contin uum source is blocked by the Compton thick absorbing
wind. Scattered and 
uorescent emission from the far side of the accretion disk and out
o w may reach the observer. Light rays
that originate near the black hole will be slightly bent due to GR e�ects.
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Fig. 9.| The dotted line shows the photon 
ux density of the central source which we assumeto scale as Fcs(E ) / E � � . The
solid line shows the scattered emission spectrum, Fscat (E ), assuming Thomson scattering of the central source spectrum by a
scatterer that subtends a solid angle of 
 scat to the central source. We have assumed� = 1.8, 
 scat = 0.15 and standard solar
abundance values after Wilms, Allen, & McCray (2000). The vertical dashed line indicates the location of the Fe K � line. The
discontin uities in the scattered spectrum are photoelectric absorption edges. They result from the fact that the scattered photons
travel through a signi�can t column of the (mostly neutral) scattering medium.
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Fig. 10.| The beam separation as a function of (a) redshift assuming an observed image separation of 1 arcsecand lens and
quasar redshifts of 1.55 and 2.56, respectively, and (b) distance from the black hole assuming a lens redshift of z= 1.55. The
dashed vertical line marks a distance of 10 Schwartzschild radii for a black hole massof M BH = 1.5 � 109 M � .
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Fig. 11.| (a) The 1{2 keV photon 
ux of image A for the four observations of H 1413+117. The two XMM-Newton observations
do not resolve image A but provide upper limits for these epochs. (b) The ratio of the 1{2 keV 
uxes betweenimage A and images
B+C+D for the two Chandra observations of H 1413+117. We have also overplotted with a dashed line the ratio of the H ST
F 702W -band 
uxes between image A and images B+C+D. Since the F 702W -band 
ux ratio is lesssensitive to microlensing we
interpret the convergenceof the 1{2 keV 
ux ratio to the F 702W -band 
ux ratio as the end of the microlensing event in image
A.
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Fig. 12.| Fe K � line pro�les originating from �v e di�eren t azimuthal segments of the disk assuming that portions of the disk
are obscured by the out
o wing wind as illustrated in Figure 8. kyr 1l ine (Dovciak et al. 2004) was used to model the relativistic
line from an accretion disc around a Kerr black hole in the caseof non-axisymmetric disk emission. The inclination angle, and
inner and outer radii of the disk emission were �xed to the values of 30 degrees,14 r g and 17 r g , respectively, found from �ts
to the Chandra spectrum of H 1413+117 using the axisymmetric model kyr l ine. Models with � 140 degrees< � < � 90 degrees,
where substantially more than half of the disk emission is obscured by the wind, are not consistent with the data. � (units of
degrees) is the lower azimuth of non-zero disk emissivity and � � (units of degrees) is the span of the disk sector with non-zero
disc emissivity.


