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MICROLENSING PROBES THE AGN STRUCTURE OF THE LENSED
QUASAR J1131-1231

D. Sluse,' J.-F. Claeskens,? D. Hutsemékers,?3 and J. Surdej?*

RESUMEN

Presentamos el anélisis de una temporada de observacion de espectros con rendija larga de las tres imagenes més
brillantes del sistema de lentes gravitatorios J1131-1231. Estos espectros proporcionan una de las evidencias
observacionales mas claras de variaciones producidas por micro-lentes sobre las lineas anchas de emisién en un
cudsar con efecto de lente gravitacional. Este efecto micro-lente nos permite: (1) confirmar que el ancho de
las lineas de emisién estd anti-correlacionado con el tamano de la regién emisora; (2) demostrar que la fraccién
principal del Fe Il proviene de las partes externas de la region de lineas anchas mientras que otra fraccién del
Fell se produce en una regiéon compacta; (3) obtener informacién interesante acerca del origen del doblete de
lineas en absorcién intrinsecas del MgII observado en este sistema.

ABSTRACT

We present the analysis of single epoch long slit spectra of the three brightest images of the gravitationally
lensed system J1131-1231. These spectra provide one of the clearest observational evidence for differential
micro-lensing of broad emission lines (BELs) in a gravitationally lensed quasar. The micro-lensing effect
enables us: (1) to confirm that the width of the emission lines is anti-correlated to the size of the emitting
region; (2) to show that the bulk of Fell is emitted in the outer parts of the Broad Line Region (BLR) while
another fraction of Fell is produced in a compact region; (3) to derive interesting informations on the origin

of the narrow intrinsic Mg II absorption doublet observed in that system.
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1. INTRODUCTION

J1131-1231 is one of the nearest gravitationally
lensed AGN. The lensing galaxy (z; = 0.295) splits
the light rays from the source (z5 = 0.66) into four
macro-images: three bright images (A-B-C) sepa-
rated on the sky by typically 1” and a fainter compo-
nent (D) located at 3.6” from A (Sluse et al. 2003).
The present study focuses on the lensed images A-
B-C. The lensing effects in a system like J1131-1231
occur for two different regimes. First, the lensing
galaxy produces four resolved macro-images of the
background source. Second, the compact masses in
that galaxy (typically 107¢ < M < 10° M) split
each macro-lensed image into multiple of unresolved
micro-images separated by a few micro-arcseconds.
Because gravitational lensing magnifies the source,
each (unresolved) macro-image ¢ is amplified by a
factor M; associated with macro-lensing and by a
factor p; due to micro-lensing. The typical length

ILaboratoire  d’Astrophysique, Ecole Polytechnique
Fédérale de Lausanne (EPFL) Observatoire, 1290 Sauverny,
Switzerland (dominique.sluse@epfl.ch).

2Institut d’Astrophysique et de Géophysique, Université de
Liege, Allée du 6 Aot 17, B5C, B-4000 Sart Tilman, Belgium.

3Maitre de recherches du F.N.R.S (Belgium).

4Directeur de recherches honoraire du F.N.R.S.(Belgium).

scale for micro-lensing (in the quasar plane) is the
Einstein radius Ry (in light days) of the micro-lens:
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where D,s, D;s, D, are the angular-size distances
between observer and source (o0s), lens and source
(Is) and observer and lens (ol) (see e.g. Wambs-
ganss 2006 for a review on micro-lensing). Micro-
lensing acts as a magnifying glass which amplifies
regions of the source on scales smaller or equal to
the micro-lens Einstein radius. For J1131-1231, a
solar mass Einstein radius has a size similar to the
usually assumed size of the BLR, meaning that re-
gions as large as the BLR can be amplified by micro-
lensing. Because micro-lensing occurs independently
in each macro-lensed images, we can track for spec-
tral differences between multiple images of a lensed
quasar. Such differences reveal the selective micro-
amplification of small regions of the source. Unfor-
tunately, spectral differences between macro-lensed
images are not only due to micro-lensing. The time
delay between the macro-lensed images can also in-
duce spectral differences between images (because
each lensed image is a snapshot of the source at a
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Fig. 1. Spectra of images A-B-C in J1131-1231. Arbi-
trary flux units.

different epoch). Hopefully, the time delay between
images A-B-C of J1131-1231 is less than a few days
(e.g. Saha et al. 2006) and thus can be neglected.
Differential reddening between lensed images due to
the lensing galaxy might also exist. This effect seems
however to be negligible in the case of J1131-1231
(Sluse et al. 2006, 2007). After a brief description of
the data (§ 2), we interpret the main spectral differ-
ences observed between images A-B-C of J1131-1231
in the micro-lensing framework (§ 3). More results
can be found in Sluse et al. (2007).

2. DATA

We present long slit spectra of J1131-1231 ob-
tained with the FORS2 instrument (ESO Very Large
Telescope) on April 26th 2003. These data consist
of spectra obtained with the 1” slit oriented along
the lensed images B-A-C. We used 2 grisms which
cover the wavelength ranges 3890 < \ < 6280 A and
6760 < A < 8810A with a resolving power around
800 and 1500 at the respective central wavelengths.
A total exposure time of 960s has been devoted to
each grism. This observational set up enables us
to cover the (AGN) rest-frame range 2500-5600 A.
Standard reductions steps have been followed. Due
to blending between the spectra of images A-B-C, we
extracted the spectra by fitting three Moffat profiles
along the spatial direction for each wavelength bin
independently. Comparison of the fitted 2D spec-
tra with the observations confirmed that this proce-
dure provides an optimal extraction of the individual
spectra (except in the O III region where residuals up
to 0.5% of the O III flux are observed).

3. RESULTS

The spectra of A-B-C are shown on Figure 1.
Because spectral differences between A-B-C are only
due to micro-lensing, one can assume that the ob-

served spectra F; are simply made of a superposition
of a spectrum F; which is only macro-lensed and
of a spectrum Fjs, both macro and micro-lensed.
Using pairs of observed spectra, it is then easy to
extract both components Fp; and Fjs,. Defining
M = M /M (> 0) as the macro-amplification ratio
between image 1 and image 2 and p as the micro-
lensing factor affecting image 1 (image 2 assumed
not to be micro-lensed), then we have:

Fy = MFy + MpFyy, )
Fy = FM"‘FMH

The latter equations can be rewritten:
Fuy = Fy/M—puF,

Bty (3)
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where 1 must be chosen to satisfy the positivity con-
straint Fy > 0 and Fas, > 0. Assuming that the
narrow line region is too large to be micro-lensed,
one easily retrieves M and u for any pair of images.
One can show that image B is not affected by micro-
lensing (Sluse et al. 2007) so that this decomposition
applied to image pairs A-B and C-B reveals which re-
gions of the quasar are micro-lensed in images A and
C (Figure 2). We see that the broad emission lines
(BELs) are nearly completely micro-lensed in image
C and partially micro-lensed in image A. This dif-
ference of behaviour is likely due to the larger Rg of
the micro-lens affecting C. Indeed, the micro-lensed
fraction of a given emitting region increases with the
Rpg of the micro-lens (equation 1). In this context,
an emission region that is micro-lensed in image A
should also be micro-lensed in image C and should be
very compact, while a larger emitting region might
be micro-lensed only in image C. Finally, even larger
regions should not be micro-lensed neither in A nor
in C. Consequently, this analysis provides informa-
tion about the AGN structure based on the identi-
fication and characterization of the emitting regions
micro-lensed in A & C (a complementary analysis
technique is presented in Sluse et al. 2007).

Based on Figure 2, we conclude that the small-
est regions (micro-lensed in both A and C) are
the regions emitting the very broad component of
Mg I1, the Fe II emission observed in the range 3080—
3540 A and a fraction of the Fe II,pt in the range
4630-4800 A. The remaining of the Fe Il emission as
well as the bulk of the BELs are emitted in regions
with a larger size (because they are micro-lensed only
in C). Finally, the largest regions are those emitting
the narrow core of the BELs, which is not micro-
lensed. We notice that microlensing in both A and C
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Fig. 2. Fraction of the spectrum affected (Faru, dotted) and unaffected (Fas, solid) by micro-lensing (arbitrary units)
for image A (left) and C (right); rest frame wavelengths. For image A, the broadest components of MgII, Hy and Hj as
well as some Fe Il multiplets (in the range 3080-3540 A and around 4600 A) are micro-lensed. For image C, nearly the

whole BELs and Fell emissions are micro-lensed.

of the wings of the BELS is easily explained with an
outflowing BLR. Although less likely, micro-lensing
of a BLR with a rotating accretion disk can pro-
duce a similar observational signature (Abajas et
al. 2002).

Another remarkable result is the presence in
our spectra of an intrinsic MgII absorption dou-
blet blueshifted at z =0.654 (Av ~ —660km/s).
These lines disappear from the spectrum ratios A/B
and C/B. This indicates that the absorbed flux is
proportional to the flux coming from the contin-
uum+BLR. This implies that the region at the origin
of the absorption must cover both the continuum and
the BLR and that, within the uncertainties, their
depths are identical in the spectra of images A, B,
C. One can see the differential micro-lensing at work
in J1131-1231 as a probe of the inhomogeneities in
the absorbing medium (Figure 3). Indeed, by lensing
more (less) strongly some regions of the source, dif-
ferential micro-lensing increases (decreases) the con-
tribution of a fraction of the intervening absorber to
the total absorption. The nearly identical absorption
depths seen in the three images indicate that both
the spatial distribution and the optical depth of the
absorbing clouds must be quite homogeneous over
the continuum and BLR. This is compatible with
an absorption region constituted of a large number
of small absorbing clouds, their projected sizes being
significantly smaller than the local continuum region
(i.e. continuum+BLR).

We have shown (Sluse et al. 2007) that micro-
lensing is a very useful tool to study the AGN struc-
ture. A step forward is to perform a spectroscopic
monitoring of micro-lensing events (the latter occur
at any time in quadruply imaged quasars). Such a
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Fig. 3. Cartoon picture of the effect of micro-lensing on
intrinsic absorbers. Left: absorbing clouds (black tiny
circles) in front of the pseudo-continuum region (contin-
uum+BLR, assumed to emit uniformly for clarity; large
circle; solid contours) for two kinds of cloud distribution:
homogeneous distribution of clouds (up) and inhomoge-
neous distribution (down). The small circle (dashed con-
tours) shows the fraction of the emission region amplified
by micro-lensing. Right: corresponding absorption dou-
blet (normalized to the local pseudo continuum) without
micro-lensing (solid) and with micro-lensing (dashed).

program will allow to derive absolute sizes (or tight
upper limits) of the BLR and maybe to probe their
geometry.
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