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ABSTRACT

Aims. We discuss and characterize micro-lensing among the 3 tbeghensed images (A-B-C) of the gravitational lens sysiRXS
J1131-1231 (a quadruply imaged AGN) by means of long slicaptind NIR spectroscopy. Qualitative constraints on the ef different
emission regions are derived. We also perform a spectrassaply of two field galaxies located within 1.6 arcmin ragiftom the lens.
Methods. We decompose the spectra into their individual emissionpmrants using a multi-component fitting approach. A compiaiary
decomposition of the spectra enables us to isolate the Aiaiesed fraction of the spectra independently of any spketodelling.

Results. 1. The data support micro-lensing de-amplification of insage& C. Not only is the continuum emission microlensed in #os
images but also a fraction of the Broad Line emitting RegBhR).

2. Micro-lensing of a very broad component of Mgmission line suggests that the corresponding emissiamr®at a region more compact
than the other components of the emission line.

3. We find evidence that a large fraction of thexlegnission arises in the outer parts of the BLR. We also find g e@mpact emitting region
in the ranges 3080-3540 A and 4630-4800 A that is likely dased with Fe:.

4. The [On] narrow emission line regions are partly spatially resdlvehis enables us to put a lower limit ef 110h~ pc on their intrinsic
size.

5. Analysis of Mg absorption found in the spectra indicates that the absgpriedium is intrinsic to the quasar, has a covering facto0éb2
and is constituted of small clouds homogeneously disteidir: front of the continuum and BLRs.

6. Two neighbour galaxies are detected at redshift€.10 andz = 0.289. These galaxies are possible members of galaxy groppged at
those redshifts.

Key words. gravitational lensing — Galaxies: Seyfert — quasars:iddal: RXS J113155.4-123155.

1. Introduction J1131 has several observational advantages compared to
] the other lens systems, namely an integrated magnitude R
RXS J113155.4-123155 (hereafter J1131) is one of the rears 3 and a large angular separation between the lensedsmage
confirmed multiply imaged AGN. The sourceat= 0.66 is (Ag ~ 3.6”). These characteristics make J1131 an ideal target
lensed by an elliptical galaxy at = 0.295 (Sluse et al. 2003). for spectroscopic studies (e.g. Sheinis 2006) and optioal fl
This system is a long axis quad with an image configuratigionitoring (e.g. Morgan et &l. 2006; COSMOGRAIL project).
very similar to B1422231 (Patnaik et al. 1992): three mergaditionally, the low redshift of the source quasar enables
ing images (B-A-C; typical of a source lying close to a cusg gpserve the Mg H and [On] 114959, 5007 emission lines
caustic) face the faint saddle-point image D lying closeh® ti, the optical range. This allows the comparison of the flux

lensing galaxy G (Fid.]1). ratios in three dferent emitting regions, namely the AGN con-
tinuum, the broad emission lines (e.gSHand the narrow
Send ﬁprint requests todominique_s|use@epf|_Ch emission lines (eg [@] /1/14959, 5007) Because of their dif-

* Based on observations collected at the European South&hent angular sizes, these three emitting regions will beot
Observatory, Paranal, Chile (ESO Program 71.A-0407(B, E)) similarly affected by micro-lensing due to stars in the lensing
** Maitre de recherches du F.N.R.S. (Belgique) galaxy or milli-lensing by more massive substructuresiftyp
*** Directeur de recherches honoraire du F.N.R.S. (Belgique)
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offers the opportunity to compare the size of the Emitting
region with the BLR size.

The structure of the paper is the following. We describe the
observations and the spectrum extraction in dct. 2. We per-
form a preliminary analysis to explore the data in SEct. 3 and
provide more quantitative measurements of the spectitalrdi
ences by means of a multicomponent spectral decomposition
in Sect.[4. We propose a comprehensive micro-lensing sce-
nario in Sect b and discuss the implications of th&edéntial
micro-lensing of the broad emission lines (BELS) in JelctVé.
present some additional results concerning the extendedsna
of the NELs, the absorption systems observed in the QSO spec-
tra in Sect[7 together with the redshifts of the lens and of tw
neighbour galaxies. We comment on some working assump-

el tions in Sect_B and summarize the results in $éct. 9.
Unless explicitly stated, we adopy = 70km s Mpc™?,
Fig. 1. Image of J1131 (0’&eeing) with superimposed slit ori-Q0 = 0.3 andAo = 0.7; all they* values reported are reduced
entations #1 and #2. Identification of the quasar lensedemagalues.
(A, B, C, D) and of the lensing galaxy (G) are also reported.

2. Observational overview

cally M > 10*M,). Therefore, the comparison of the flux ratie?- 1. Data
measured in those three regions méepa robust diagnostic We obtained long slit spectra of J1131 with the FORS? in-

of micro/milli-lensing at work in the system. _ strument mounted on the Kueyen (UT2) ESO Very Large
Although milli-lensing had been early suspected in J113%e5c0pe on April 26th 2003. These data consist of two se-

(e.g. Keeton et al._2003), Sluse et al. (2006, Paper 1) 98ys of spectra with the"1slit oriented along the J1131 lensed

stronger evidence for the presence of micro-lensing, ob#he jages B-A-C and A-D respectively (hereafter orientati#s

sis of a multi-wavelength study of the flux ratios observed gfq #2: see Figl1). The Longitudinal Atmospheric Dispersion

diffe_rent epochs. Even wher_t tentatively (;orrectgd for micrgyrrector (Avila et al.[1997) has enabled us to keep the slit
lensing, the observed flux ratios were still impossible froe centering within~ 0.2’all along the wavelength range, re-

duce with simple smooth lens models. Claeskens et al. (20Q6king the slit losses in the blue range. The grisms GR600B
showed in Paper Il that multipole-like models could formallyng GR600LOG590 blocking filter have been used, allow-
solve the anomaly. For this purpose, they constructed lexks Ming to cover the wavelength ranges 38901 < 6280A and

els constrained by the relative astrometry of the QSO imagesgo « 1 < 8810A with a resolving power around 800 and
provided by the HST images and by substructures preserg in it at the central wavelength. The CCD camera (SR collima-
nearly complete Emstem ring . This also enabled them torrec tor) was unbinned (0.08%pix in the spatial direction) in order
struct the host spiral galaxy of the source AGN and to study{§ gase the spatial deblending of the spectra. Long slit-spec
detail its properties. In the present paper, we take adgarat 5 (with slit orientations identical to FORS spectra) haiso

long slit spectroscopy of J1131 to further study micro-89S peen optained in the near infrared range (9810< 11390 A)

in this system and phenomenologically describe fiea on yth the ISAAC instrument placed at the focus of the VLT UT1
d|fftar.ent emlttlng regions and in particular on the broad I"t%lescope (Antu), 13 days before the FORS spectra. The low
emitting region (BLR). resolution grating combined with & Elit and a SZ filter leads

Abajas et al.[(2002) have shown, using the Kaspi et @ a resolving power of 550. Tablé 1 gives a short log of the
(2000) relation linking the BLR size to the quasar lumingsit gpservations.

that the BLR ofless luminousjuasars is likely small enough
(i.e. a few micro-arcseconds) to bffexted by micro-lensing. ]
Because the source in J1131 is rather a (bright) Seyfertahad-2- Reduction

luminous quasar, one may thus expect to obserfferéntial 1o FORS spectra were bias subtracted and flatfielded using
microlensing of its BLR. Thanks to the large spectral cogerajgart. A set of 5 dome flat fields were used. The wavelength

of our data (i.e. 2406 1 < 6900A ; rest frame) we looked for yonendent structure of the flat fields was corrected by fitiing
micro-lensing of the BLR and compared it on the main pigh order cubic spline with theesponse task. The resulting

Balmer lines and on the Mgline. Additionally, we compared {5 fie|d is of suficient quality to correct the fringing appear-

the flux ratios in these lines to those in several narrow €MiGg on the raw data. The wavelength calibration was perfdrme
sion lines (NELs), namely [Nd, [O 4] and [Ou]. Finally, we

Studied miCI’O-|enSing Of the b|ended|F@’niSSi0n a” along the 1 IRAF is distributed by the National Opt|ca| Astronomy
spectra. The location of the remitting region is still hotly de- Observatories (NOAO), which are operated by the AURA, lnader
bated (e.g. Zhang et al. 2006b) and micro-lensing of therattooperative agreement with the National Science FounuéNGF).
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Table 1. Log of the observations for slit orientations #1 and #2
(Fig[D). Col. 1: Observing date; Col. 2: Instrument; Col. 8tal
exposure time; Col. 4: Mean seeing during the observation:
Col. 5: Mean airmassec(2).

Date Instrument Exp seeing sBc(
(dd-mm-yy) (s) 0
slit #1
26-04-03 FORS2 (GR600I) #4240 0.55 1.33
26-04-03 FORS2 (GR600B) »4240 0.4-0.7 1.45
13-04-03 ISAAC (LRrSZ) 6x 200 0.45-0.62 1.19
slit #2
26-04-03 FORS2 (GR600I) 8430 0.53 1.07
26-04-03 FORS2 (GR600B) 8430 0.6-0.8 1.12
13-04-03 ISAAC (LRrSZ) 14x 200 0.56-0.89 1.40

thanks to He-Hg-Cd and He-Ar-Ne calibration arcs. Since inFig. 2, Central panel : Bidimensional Mkat models of the
ages B and C are not well centered in the slit, we shifted the Zgectra of C, A& B in the 414861 & [Ou] 114959, 5007 re-
ropoint of their wavelength calibrated spectra-.8 A with gion. Left and right panels: bidimensional residuat8d) for
respect to A. Finally, the sky background was removed by fi- Moffat and a Gaussian fit. Vertical black lines indicate the
ting and subtracting a first order Chebychshev polynomial §&nter of the profiles for C, A, B.

the spatial direction in two adjacent regions of 180 pixdtithv

not illuminated by the object. Since no standard star was ob-

served during the science night, the sensitivity curve veas c independently, allowing both the centroid of the fiég, the
structed using the two standard stars GD108 (for the GRGOQBpeﬁ and FWHM to vary. After this preliminary fit of the
grism) and LTT7379 (for the GRE00I grism) observed on Aprii_dimensional spectra, we smoothed the fitted centroid- pos
15th 2003 and May 25th 2003, respectively, through & 2.§ons of A-B-C with a 10 A moving average and reprocessed
width slit. The same reduction procedure was applied toethage extraction by fixing the positions to the ones found after
stars, using calibration data associated with these oldgersmoothing. The fitted 2D spectra were then compared to the
dates. The stars and the objects were corrected for skycextigpserved ones in order to track for extraction artifactgura2
tion with the Paranal extinction estimates available orgé8© compares the residuals observed in thg &hd [Ou] region
website. (i.e. 7900< 1 < 8350A) when extraction is performed with
For the ISAAC spectra, as is standard practice in the iB-Moffat (left panel) and with 3 Gaussian (right panel) pro-
frared, the object was observed in two positions along tfiRes. One can see systematic residuals next to each lensed im
slit. The strong and highly variable night sky emission $ineage spectrum when Gaussian profiles are used. These residual
were dfectively removed by subtracting the resulting spectege indeed observed all along the spectra. On the other hand,
from each other. The 2-D sky-subtracted spectra were then fie residuals are flat at all wavelengths whenfldoprofiles
fielded, registered, wavelength calibrated and co-added. Tare used, except around {(P114959, 5007. In order to ex-
wavelength calibration was performed using both xenon gain the origin of those residuals we constructed a 2D pseud
gon arc lines and OH sky lines (Rousselot etlal._2000). TBentinuum under [@] 114959, 5007 by interpolating the con-
slit curvature correction was applied using tfieccoords and  tinuum level measured just before and afteraJOOnce that
transform IRAF tasks. Once corrected for the slit curvaturgyseudo-continuum had been subtracted from the data, we ob-
the NIR spectra were still inclined with respect to the podl.  tained 2D spectra of [@] emission only. The fit of the latter
We thus applied an additional rotation of 0°7® align the with 3 Moffat profiles is significantly worse than the fit of the
spectra with the pixel grid and ease the subsequent spectgiie region for the continuum only¥ = 1.01 for the con-
extraction (Sec(_213). Finally, the response curve wasteal tinuum andy? = 3.71 for [Ou] 114959, 5007). The results are
lated by dividing the reduced spectrum of the B2 type stahdasven worse if we impose the Mat parameters for [@] to be
star HIP88126 by a black body at 20000K. For both opticafual to those found for the continuug?(= 4.68). This is a
and NIR data, a noise image was constructed at each stepiat that the observed [@ 114959, 5007 emission is not point-
the reduction, using the standard error propagation faamul |ike but is partially resolved. The complete extracted $mec
of A, B and C are displayed in Fig] 3. The flux “lost” in the
[Ou] region due to imperfect extraction is only 0.5% of the
[Ou] 124959, 5007 emission in AB+C. Therefore, our ex-
Our extraction method is fierent for slit orientations #1 andtraction method does not introduce significant error on tie fl
#2. For frames obtained with slit orientation #1, only thanpo measurement in [@] due to its spatial extension.
like images A, B and C were in the slit. We thus fitted three After extraction, we constructed a synthetic optical spec-
Moffat profiles in the spatial direction for each wavelength binum (sampled on a pixel grid of 1.33A) of each lensed im-

2.3. Spectrum extraction



Flux (arbitrary units)

4 Sluse D. et al.: Long slit spectroscopy of RXS J113155315%8.

- [Ne V] 3346

800

©
(=2
~
N
(=2}
=
'
i

600

- [Ne V] 3425
- [Ol] 3727

400 -
200

VWP 4 A by ) A% i s+ o = i 3 S+ e+ e

0 __'121,_,»»—I RGO "’“”“II R
4000 4500 5000

|
I |
500 | 5500 6000

400
300 i
200
100 F
0

1400
1200
1000 | : =
800 |- =
600 - =
400 e =
200 + [, -

P SO A T~ M
> - it A LA WL A ;MM;/\,V\/\,NT’

9800 10000 10200 10400 10600 10800 11000 11200 11400
Wavelength (Angstroms)

Fig. 3. Extracted spectra of images A (thick solid red), B (dasheegg), C (dashed-dotted blue) and D (thin solid pink) in the
blue (up), red (middle) and NIR (bottom) ranges. Black ddslme (bottom of the graph) in the blue and red ranges is the
template of Fe emission redshifted a = 0.657 and arbitrarily shifted in flux for legibility. Relativitux ratios between the
spectra are conserved except for image D. Main emissios dneidentified.

age by joining the blue (GR600B) and red (GR600I) spectcarrect flux calibration for the spectrum of D. For this ragaso
on a common grid. Since there is no overlapping domain bege do not analyse that image in the remaining. Additionally,
tween the blue and red spectra, we assume that the fractidghed¢e other objects are located in the slit. A star (11:3B55
loss of flux is similar in each spectrum such that no relativé2:32:16) and two galaxiegal#l and #2 (11:31:55.025, -
flux rescaling between blue and red is necessary. We did A@t32:13and 11:31:57.7,-12:32:22) located at 55 arfd@in
attempt to rescale in flux the NIR spectra over the opticakonthe lens. They were extracted through fixed apertures of 10
since these spectra were obtained 13 days later. Although Apixel width. These spectra are analysed separately (S&jt. 7
and C are not perfectly aligned along the slit, we assume tlfi@m those of the lensed images. The latter are describdubin t
the relative flux loss between the lensed images is smale&io tfollowing two sections.
this, we extracted the flux in the acquisition image alongf3 di
ferent rectangular apertures of 0.8, 1.0 and’ W&dths, each .
oriented like the true slit. We then fitted A, B, C with 3 one—3' Exploratory analysis
dimensional Md@at profiles as we did for the spectrum extracthe goal of this section is to identify general features ia th
tion. Following this procedure we found that the measured fli\-B-C lensed image spectra, by means of a phenomenological
ratios are independent of the chosen slit width. Additignal and model independent approach. Although numerical esult
these flux ratios agree within 5% with the ratios of the s@ectjill be obtained, more quantitative results derived frorms-sy
multiplied by theR-band transmission curve. tematic fittings will be presented in Selct. 4.

For the slit orientation #2, we performed classical extrac-
tions in apertures centered on the lensed images A and D
around G, using the IRAF taskpall. Unfortunately, the ex-
tracted spectra of D were significantly contaminated by tfige first insight into the relative flerences between the lensed
lensing galaxy while the one of A was likely contaminated bgpectra is simply provided by computing the ratios of indhvi
images B and C. Although we could adapt the size of the exal spectra. Indeed, since gravitational lensing is achtmm
traction aperture to reduce the contamination, this pdsadla  one expects the lensed image spectra to be identical up to a

%ﬁf Spectrum ratios
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On the other hand, the/B spectral ratio is not flat. First,
18 e 1 most of the BEL structure has disappeared, with the notice-
able exception of the Mg line, in which the flux ratio is
significantly diferent from the one in the underlying con-
tinuum. Second, the flux ratio in the NELs (in particular in
] [Ou] 2124959, 5007) is drastically fferent from the one in the
continuum (i.e. as measured at the foot of the line “ratio”).
Finally, an overallchromatictrend is observed with a flux ra-
-t -+ — E tio increasing from~ 0.35 in the blue to~ 0.55 in the red. An
attempt to provide a coherent interpretation with a minimum
number of hypotheses is discussed below.
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12 : : , , , : 3.2.1. The Fu method

c/B

Assuming the observed spectaare simply made of a super-
position of spectruniy which is only macro-lensed and of a
spectrumFy,, both macro andnicro-lensed, it is easy to ex-
tract both componentsy andFy, by using pairs of observed
spectra. However, the relative macro amplificatdmust be
oo r 1 known.

Indeed, definingl = M1/M, (> 0) andu = ui/u2 (> 0)
o4 1 as the constant macro- and micro-amplification ratios betwe
! dslall

image 1 and image 2, we have:

0.8 B

02 ]
F]_ = MFM + M,LlFM#
Fz = FM + FMp-

1)

L L L L L L
4000 5000 6000 7000 8000 9000
Observed wavelength (Angstroms)

The latter equations can be rewritten to extfagtandFy,,:
Fig. 4. Ratio of spectra A & B (top) and C & B (bottom). The q Ll My

observed (flat) ratidk = My is plotted with a dotted lineR = F., = Fi/M-uF

0.63 for the AB ratio andR = 0.33 for the @B ratio. FM o M (2)
Mp = =19 »

whereu must be chosen to satisfy the positivity constraint

Fum>0 andFM# > 0.

magnification factor. Therefore the spectral ratio betwisen Itis clear from Eq.[(P) thak, is directly determined from

images is expected to be flat. However, extinction in the-lerf§€ macro-amplification ratié/ and the observed spectfg

ing galaxy may dferently afect the lensed images, as welfndF2, up to a scaling factor. On the other handl &ndy’ are

as micrgmilli-lensing produced by substructures in the lendWo values of the micro-amplification ratio which satisfieth

such that chromatic trends may appear in the spectral ragitivity constraints and such that < , it is easy to show

(e.g. Jean & Surdej 1998, Wambsganss & Paczynskil1991) hat:

some cases, micfmilli-lensing can also modify the profiles of f— gt

the BELS (e.g. Abajas et al. 2002). The ratio between ineliviffm (1) = Fm() + T——Fwm - 3)

ual spectra thus provides one with a simple diagnostic of the H

presence of dierential extinction or micro-lensing. The/B |t is obvious from the previous equation that adopting the

and QB ratios are presented in F[g. 4. smaller valuey’ is equivalent to add a fraction of the mi-
One can clearly see the imprint of the QSO emission lireolensed spectrum to the macrolensed spectrum obtairtled wi

spectrain the MB spectral ratio, indicating that the flux ratio isu. Since an emitting region can only be microlensedot, the

different in the continuum (e.g. 7900-7950 A), the BELs (e.gnly possible choice far is themaximunvalue satisfying the

8000-8170 A) and the NELs (e.g. 8240-8320 A)fiBiences positivity constraint.

in the pseudo-continuum (i.e. the AGN power law contin- The previous decomposition is exact wheis constant as

uumt-blended Fe emission) are also apparent (e.g. 510@ function of wavelength, i.e. when the micro-lensing rasio

6200 A). This suggests that “classic” microlensing is plapa achromatic. However microlensing is a function of the seurc

at work by dfecting the compact region emitting the continsize (which is wavelength dependent) and this function @an b

uum. However, no chromatic dependence is observed, as illdgferent for diferent images, so that even the micro-lensing

trated by the flat underlying continuum ratio (tentativeidic ratio u can be chromatic. Any such wavelength dependence of

cated by the dotted line in Figl 4, at the vaRe- 0.63) 1 would be propagated into the spedii@ andFy,. Although
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this is not important as long as the method is simply used to
identify spectral featuredfi@cted bysomemicro-lensing (i.e. 2 ' ' ' ' ' '
whose flux ratio is not equal to the macro value), we shall show
thaty =constant is a reasonable choice.

In the following, we will call the decompoasition of the spec-
tra into Fu-Fw,, theFu method.

20

15

3.2.2. The A-B pair

10

Flux (arbitrary units)

In order to apply theFu method to the A-B pair of spectra,
the macro amplification ratios must be fixed. In the remain-
der of the paper, we use the hypothesis that they are given by ,
the observed flux ratios in the [ 114959, 5007 lines. This
seems a reasonable choice in the sense that the NELs are pro-
duced by the largest emitting region, thus the leéfgicéed by ol—= . s . . .
microlensing. The fact that the [} 414959, 5007 emission o 0 Obssffwave‘engthiionzmms) o0 %0
is partially resolved especially between images C and A (selt_e
Sect[2.B) does not bias the [{flux estimate. Indeed, we have
shown that only a very small fraction (i.e1%) of the flux in
[O w] was lost during the extraction (Selct. 2.3).

Under this hypothesis, first we must have thHdt =
Ma/Mg = 21 in order to suppress the [(A14959,
5007 emission lines in the combined spectrém — MFg.
Second, by associating image A (resp. B) with number 1 (re§gromatic microlensing is also expected to mainfieet the
2) in Egs. [2), we fing: = ua/ug = 0.3. The extracted spectrab|Ue part of the spectrum; finally, the host galaxy is expecte
Fum andFy, are shown in FidZJ5. Note that a constant value & maximize its contamination in the reddest part of the spec
w is certainly a good approximation, given the flgBAunder- trum of the faintest image, as observed, but it is not suppose
lying continuum (Figl4) to produce a dierential éfect on Mg.

The striking result of this decomposition is that, in addfiti ~ Since the host is indeed observed to be quite bright in the

to the continuum, theroadest part of the BEIs also dfected €d and in the NIR (see Papers | & II), we decided to ex-
by microlensing. This might indicate that at least part af tH°lore the combinedfgect of the host contamination together
BLR is very compact. A more thorough discussion is delay&th @ wavelength independenticrolensing, as modelled in
to Sect[, after a more quantitative analysis is made in BectSecti3.2.1.

On the other hand, as expected, the fieeted spectrum The host contamination probably seen in the spectrum ra-

Fw is basically flat and consists of the NEL and narrowegp neces;arily comes from a cqnstgrmolvedcontribution
part of the BEL. Indeed, not only the [@114959, 5007 lines, (the possiblyunresolvedchost contribution undergoes the same

but also the core of Mg Hy and H3 BELs are prominent. macro-amplification as the QSO and is spatially too largesto b

Interestingly, blended Feemission is also clearly observedMicrolensed, so that it cannoffect the slope of the spectrum
around Mg: and blugred-ward of H3. ratio). The contamination by suchesolvedcontribution isad-

ditive and, thus, it must first be removed before applying Egs.
(2). Since, conversely, the dominant part of theolvedflux
3.2.3. The B-C pair may be associated with the host and the dominant part of the

) ) unresolvedlux may be associated with the QSO continuum,
In the case of the B-C pair of spectra, before applying our &e can write with a good approximation:
traction method, we must first discuss tteomatictrend ob- '

served in thg ratio speptrum (see Hg 4). This trend prqbab,l:B = Foso+ Frost 4
comes frqm image C since theﬂ_%\rayo is not ﬁegted_. It has Fc = RFoso+ Frost. (4)
four possible origins: i- chromatic microlensing; iifidirential
extinction along the line-of-sight; iii- host contaminati iv- whereR is the intrinsic @B ratio due to macro- and micro-
contamination by the lensing galaxy. amplification. Fes iS Obtained after smoothing out residual
We exclude significant contamination by the lensing galaxgatures in the solution of systdm 4.
that is about 100 times fainter than image C at the lensed Now, the exact choice of the value is somewhat arbitrary.
images position (Paper Il). Since none of the other phenoththe host contamination in the blue is assumed to be negligi
ena taken separately is capable of accounting for the obd#e, the valuer = 0.35 is chosen, as observed in the blue part
vations, we must search for the minimum combination of hyf the spectrum ratio (see F[gd. 4). A break is seen in the fresul
potheses. Indeed, extinction alone is unable to explaiptee ing host restframe “spectrum” exactly at the expected jmwsit
ence of Mg in the ratio spectrum and is expected to modifgf the Balmer discontinuity, giving a good hint that we indee
more strongly the spectrum slope in the blue than in the ratkal with the host galaxy (unfortunately the break fallshia t

ig. 6. The smoothed host galaxy spectrum (dotted) responsi-
ble for the chromatic trend observed in th&8Gpectrum ratio,
compared with a redshifted spectral template of a Sb galaxy
(solid).
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Fig.5. Fraction of the spectrumff@cted £, dotted) and unfiected £, solid) by microlensing (arbitrary units) in the A-B
spectrum pair (see Eq.(2)). The A-band telluric absorpsaiso identified.

Table 2. Summary of the macro-amplification ratibg micro- core of Mgy and HB BELS). This would confirm that the BLR
amplificationu and continuum rati® values found in the ex- is very compact. However, as we shall discuss in $éct. 5, this

ploratory study. decomposition has to be compared with the one of the A-B pair
and interpreted in terms of the micro-lensing of severaddeh
A/B C/B images.
M 21 14 Before entering into the possible interpretations, we doul
w030 0.25 like to further confirm the previous results by deriving thi d
R 063 033 ferent flux ratios in a more quantitative way, based on a sys-

tematic fitting of the dferent spectral components (i.e. host,
QSO-continuum, QSO emission lines, ...).

gap between the two wavelength ranges covered by our spec-
tra). As a refinement, adoptirig = 0.33 instead oR = 0.35 4
adds a slight host contamination in the blue, so that the final
contaminating “spectrum” is reminiscent of the spectruna ofExamination of our extracted spectra reveals significarisem
Sb galaxy (see Fidl 6). In the first (resp. second) case, thie hglon associated with ke An important fraction of the flux
flux at 5000 A restframe corresponds<td0% (resp~ 75%) of the host galaxy is also mixed with the flux from the cen-
of the QSO flux observed in image C at the same wavelengttal AGN (Sect.[3.Z13). In order to quantitatively disentan
However, in both cases, theBspectrum is flattened and nogle the diferent emission components (which might bfedi
significant diterence is observed in the subsequent analysiitly afected by microlensing), we used a Multi-Component
Note also that correcting posteriorifor the host contamina- Decomposition MCD) approach (e.g. Wills, Netzer and
tion in the A-B pair does not significanthyffect the results de- Wills[1985; Dietrich et al. 2003). This method assumes osir re
rived in Sect[3.2]2. frame spectra to be a superposition of: (1) a power law centin
Once the B and C spectra are decontaminated (U8irg uum (F, ~ v*), (2) a Balmer emission continuum, (3) a pseudo-
0.33), the spectral decomposition is performed in the same wagntinuum due to the merging of Femission blends, (4) a
as for the A-B pair. Associating image C (resp. B) with numbejalactic template for the AGN'’s host galaxy, and (5) an emis-
1 (resp. 2) in Egs[{2), we finMl = Mc/Mg = 1.4 andu = sion spectrum due to the other individual broad emissiagslin
uc/us = 0.25; the extracted spectra are shown in Eig. 7. Byhe fitting of the spectra s a classical least square mirgtitn
construction, the unected spectrum is flat. The BEL appearssing a Levenberg-Marquard based algorithm adapted frem th
here nearly totally fiected by microlensing (except parts of th&lumerical recipes routine (Vetterling et al. 1993). We give

MCD: Multi Component Decomposition analysis



8 Sluse D. et al.: Long slit spectroscopy of RXS J113155315%8.

Fum
Fa =
35 ; ]
i
:
5.
3 ] _
i
bH
25 ' -
2 - -
15 F .
1 - -
oo k. T
?;
ot MW»‘M -
1 1 1 1 1 1

3000 4000 5000 6000 7000 8000 9000 10000
Observed wavelength (Angstroms)

Fig. 7. Fraction of the spectrumfl@cted £, dotted) and urféected Ewm, solid) by microlensing (arbitrary units) in the B-C
spectrum pair, after removing the observed host contaiimétee Eq.[(2)). The A-band telluric absorption is alsantiie=d.

hereafter the technical details associated with this ntettMe with B,(T¢) as the Planck function at the electron temperature
use it to decompose the observed spectra of A-B-C (Beét. 412) 7, as the optical depth at, and FBE as a normalized es-
and discuss the errors in Sdct.14.3. timate for the Balmer continuum flux density at the Balmer
edgelse = 3646A. At wavelengthsl > JAge higher order
Balmer lines are merging into a pseudo continuum, yielding
a small rise to the Balmer edge. We did not attempt to model

We performed the fit iteratively. First we fitted component&is region and kepE® = 0 at 4150A> 1 > Age. In or-

(1), (2) and (4) in three rest-frame windows nearly free éfer to ease the minimization, we fixed the electron tempera-
Feun emission, namelg12600-2700 A, 2950-3100 A and 5400+ure and the optical depthy to realistic values (i.er; = 2.0
5500A (Natali et al. [1998). Secondly, we imposed a nuind Te = 15000K; Wills et al[ 1985, Dietrich et al. 2003).
weight to the emission line regions and fitted components (e region 3080-3540 A is imperfectly modelled using Ed. (6)

to (4) using the previous results as initial conditionsafipwe  We observe a significant excess of emission w.r.t. the model.
included the emission lines in the fit. This one is likely explained by blended Femission for which

there is presently no available template and which are poorl
. reproduced by photo-ionization models (e.g. Véron-Cettgl.
4.1.1. The quasar continuum 2006). We thus excluded this region from the fitting procedur

We modelled the quasar emission as:

4.1. Overview of the method

—(2+) 4.1.2. The Fell emission

Fo=Fox — + FBac 5 _ _
! ° Ao ! ®) Following many authors (e.g. Wills et al. 1985, Laor etaB19

Dietrich et al. 2008, Tsuzuki et &l. 2006), we used template
wherelo = 50004, « is the canonical power law index andspectra of Fe emission instead of theoretical emission models.
Ffacis the Balmer continuum intensity. To estimate the Balm&famely, we fitted the Feemission in our spectra by using an
continuum from our fits, we have used the empirical distribw}V Fe. template (Vestergaard & Wilkés 2001) and an optical
tion by Grandi[(1982) which assumes gas clouds of uniforRe: template (Véron-Cetty et al. 2004). We also tested the opti
temperaturd . that are partially optically thick. In this case thecal template of Boroson and Greén (1992) but this did not mod-
Balmer continuum spectrum < 3646 A) can be described by:ify significantly our results. We prefered the optical teatpl

of Véron-Cetty et al. especially due to its larger spectoader-
FBac— FBER (T)(1—e™), A< Age (6) age. Since UV photons are generally absorbed and re-emitted
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at optical wavelengths (for high optical depth), opticadlafy  Natali et al. [1998) in the range 1200-5500 A or with the power
Fes emission are often anti-correlated (Joly M., private contaw index of the composite SDSS quasar spectra measured in
munication). For this reason, we have not fixed the intemaity the range 1300-5000A (i.ex = -0.44; Vanden Berk et al.

tio between the UV and optical Fetemplates. The templates2001). Results are given in Talgle 3.

have been broadened in the log space (in order to keep the ve-

locity width constant over the whole wavelength domainhgsi
the FWH M of the HB emission line. The broadened template%

are shown in Fid.13. The flux ratios between the power law continua are directly
For technical reasons, in the kg template of Vestergaardobtained from the MCD results (Taldlé 3) and are reported in
& Wilkes, the Fe level beneath the central part of therabld5. We findFa/Fg = 0.55+0.02 andFc/Fg = 0.31+0.01,
Mg emission (i.e. 278% 1 < 2802A) is 0. We have thus in good agreement with the rough measurements performed on
constructed a modified Retemplate for which we considerthe direct spectral ratioF¢/Fg = 0.63 andF¢/Fg = 0.33,
a non zero Felevel between 275X A < 2832A. We esti- see TablER). Since the estimate of the host galaxy coritibut
mate this level by interpolating in the template thesFevel to the observed spectra is veryfdient with both methods (i.e.
between the two closest maxima enclosing the zerotfede. 180% of the QSO flux in C from th1CD method and 75%
These maxima are found at 2752 and 2832 A. Both templatesm the direct ratio), we are confident that the error on the
have been used during our decomposition. Tfiece of this host galaxy level does not dramatically bias our continua flu
modified template on the results is discussed in $ect]4.2.2. ratioL.

.2.1. The continuum

4.1.3. Host galaxy 4.2.2. The emission lines

We used a Sb galactic template (Kinriey 1993) to model tRaint NELs were fitted with a single Gaussiamofile while the
host galaxy. The latter choice is motivated by the detailedys bright [Ou] 1214959, 5007 were fitted with 2 components. The
of the host performed in Paper Il. It is also supported by thatter decomposition enables us to take into account thee lin
empirical host spectrum we have retrieved in 9dct. 3 andtwhimsymmetry of the [@] 1214959, 5007 emission lines. Since
has a continuum emission compatible with a Sb type galattye FWH M of the narrowest component is close to the spectral
(Fig.[8). resolution, one should not over-interpret this decompmsitn

the following, we will not use the flux measured in the individ
ual components but rather the total flux in the line.

Regarding the BELS, as itis a common practice, we decom-
During the last iteration of our fitting procedure, the ertiss Posed each line into two broad Gaussian profiles (e.g. eron
lines were fitted simultaneously with the other componests @etty & Véron 2000, Sulentic et al. 2000, Romano et al. 1996)
a sum of Gaussian profiles. A minimum of two profiles wagnd we added a narrow component when necessary. We en-

considered for the main emission lines. More details arergivforced theFWHM and A of the various sub-profiles to be
in Sect[4.2P. identical for each lensed image. Motivated by the claimed si

ilarity between the Mg and Balmer line profiles (e.g. Mc Lure
o & Jarvis[2002), we enforced the velocity width of the 2 broad
4.2. Application to A-B-C spectra components (i.esWHM ~ 2000 and 4300 km$) to be iden-
tical -within 50km s*- for each broad line. However, like

Ge9- Corbett et al (2003), we found necessary to add a very

We present in this section the results of M€D method ap-
lied to th tra of i A, B and C in order to esti
pled 1o the spectra of Images an In order fo estim road component{WHM-~ 22 000km s') to the Mg: pro-

the flux ratios in the dferent emission regions. Unfortunatel We did find id f h in th
we found that there is a degeneracy between three quantitfgg' cd not Ind any evigence for suc a_component In the
Balmer line profile. We supposed that théfeient decompo-

the host galaxy relative flux, the power law indexand the =%
Balmer cgntingum leveFBa¢ Due Ft)o the large range of ac_S|t|on found for Mg could be due to the hole of rdoeneath
1 g in the Fayy template. However, the use of a modified

ceptable values far implied by the degeneracy, we could noﬁ/‘?||| template in which we “filled” the Fe hole (Sect[Z.1]2)

disentangle the host galaxy emission from the QSO emiss h ¢ broad .
and we could not assess the presence (absence) of chron‘% not preyent the presence of a very broa component in
the Mg profile. The fit of Mg: was even found to be worse

variation of the quasar continuum (due either to microlegsi ith thi dified t lat d iallv. th K of th
or differential extinction). In the following, we thus decide t : IS modilied template and especially, the peak of the

make a prior onr in order to break the degeneracy. This has g« emission could not be fitted correctly anymore. Finally,
major efects on our conclusions as explained in Sect. 4.3 we modelled the faint Mgnarrow absorption line doublet seen

Motivated by the results of Sedfl 3, we imposedo be Note that it neither fiects theFu decomposition of the spectra.

id_entical for each image. We choase- —0.125 which is at the Namely, a similaFu decomposition is obtained with these twéeli-
middle of the overlapping range of acceptable valuegfarA, ot host estimates.

B, C, when no prior is imposed. This valueis also similar®th 3 pye to the low contrast between [Ng 12419 and

best value found for image B. This value is in good agreemet+[0 1114340, 4363 emissions w.r.t. their underlying continuum,
with the mean power law index = —0.33 + 0.59 found by the fit of those lines is inaccurate and not presented.

4.1.4. Emission lines




10 Sluse D. et al.: Long slit spectroscopy of RXS J1131523155.

Table 3. Multi-component best fit of the spectra wheiis forced to be identical in A, B, C. Col. 1 is the image ID, Cdis the
power law indexx of the quasar continuum, Col. 3 gives the flux level of the poae continuum att = 5000 A (rest-frame),
Col. 4 gives the flux level of the Balmer continuum, Col. 5 gitke relative flux of the host galaxy at 5000 A normalized by
FEWE (in B), Col. 6 is the level of the optical template of FeCol. 7 is the level of the UV template of FeAll the quantities
(excepta) are normalized to image B.

image a Fowt FBac Fhosto Feliopt Feuyy
A -0.125 0.5%0.02 0.940.09 0580.02 19%0.03 2.220.08
B -0.125 1.060.01 1.0&0.09 0.740.02 1.0&0.03 1.060.08

C -0.125 0.3:0.01 043009 054001 043003 0.820.06

Table 4. Multi-component fit of the main emission lines normalizedhse total flux in H3 for image A. Note that ki normal-
ization is arbitrary due to the wrong flux scaling of the NIRRspa of J1131 w.r.t. the optical spectra.

ID Ae FWHM Fa Fg Fc z

Mg 22798 BC1 4636.4 2050 0.2840.006  0.07#£0.006 0.08%0.004 0.657
BC2 4638.4 4320 0.86#0.009 0.55#£0.008 0.25%0.006 0.658
VBC 4629.4 21830 0.7280.013 0.64&0.009 0.2150.006 0.655
TOT 1.842:0.017 1.2530.014 0.5340.009
no VBC 1.148:0.010 0.6340.010 0.3320.007

HpB 14861 NC1 8039.6 460 0.0400.001 0.0120.001 0.0160.001 0.654
BC1 8054.2 2000 0.3480.005 0.1340.005 0.09%0.004 0.657
BC2 8055.4 4310 0.6180.006 0.47£0.006 0.1520.005 0.657
TOT 1.00G:0.008 0.6230.008 0.2660.006
BC 0.96G:0.008 0.6130.008 0.25@0.006

H @ 16562 NC1 10850.8 550 0.4960.015 0.2420.015 0.2780.015 0.653
NC2 10831.7 550 0.5940.013  0.2440.013 0.2930.013 0.654
NC3 10884.8 550 0.1900.018 0.1580.018 0.33#£0.018 0.653
BC1 10874.5 2070 3.599.063 1.68&0.063 1.1220.063 0.657
BC2 10872.5 4300 5.480.078 4.22%0.079 1.5330.080 0.657
TOT 10.361:0.104 6.55£0.104 3.5620.105
BC 9.075:0.101  5.91%0.101 2.65%0.102

[Ow] 214959, 5007 NC1 8202.1 240 0.0520.001  0.0330.001 0.0380.001 0.654
NC2 8198.8 660 0.0780.002 0.0340.002 0.0420.002 0.653
NC3 8280.7 310 0.2140.002  0.1180.001 0.1580.002 0.654
NC4 8275.6 800 0.1720.003  0.0840.002 0.1080.002 0.653
TOT 0.5110.004 0.2520.003 0.345%0.003

[Nev] 23425 NC1 5664.3 520 0.0380.002 0.01%£0.002 0.0120.001 0.653

[Ou] 23727 NC1 6171.6 620 0.0280.001  0.0130.001 0.0230.001 0.656

in the Mgu broad emission with 2 Gaussian profiles separateds finding that botlrs/Fg andFc/Fg have diferent values
by 7.2 A rest frame (Sedf_17.2). for the BELs and for the NELs. Note that due to the excel-
For images B and C, our best fitted profile of the brod@nt agreement between the flux ratios measured ir] {8959
emission lines was indistinguishable (in termsAyf2) from (NC1+NC2) and [Q1]45007 (NC3-NC4), we do not distin-
the profile obtained when no prior was imposed on the decog_wsh between these two lines in th_e following and rather con
position. For image A, when no prior was imposed on the fiider the total flux [G]ir measured in the [@] doublet.
we found that the best decomposition of the Balmer lines was The most precise flux ratio estimates are obtained for the
made of two broad profiles separated by typically 1000 ki sproad component BC of Bl and for [Ou]it. They represent
suggesting somasymmetryn the line profile. characteristic values of the BEL and the NEL respectively an
We report in Tabl€4 the results of the fits performed witAre reported in Table 5. We note that the:[@ux ratio values
the MCD method. Figur&€l8 shows the continuum subtractdéfa/Fs([On]) = 1.97 andFc/Fg([Oun]) = 1.33) found here

emission lines in each lensed image, together with their-matfe in good agreement with the macro-amplification raties de
elled profile. rived in Sect[B to match the [} emission in each spectrum

The flux ratios calculated using the results of TdBle 4 afeee Tablgl2).
similar for Ha, HB and Mg: BELs. The flux ratios calculated  Interestingly, for each BEL, the flux ratios found for the
for the narrow [Qi] 124959, 5007 and [Ng 13425 emission broadest components (e.g. BC2 or VBC) aréedent from
lines agree within the error bars but ardfeiient from those those of the narrowest broad component (BC1) except for
obtained in the BELs. This independently confirms our previca/Fc.
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multi-component fitted model (superimposed with dotte@édin H3, Mg« and [Ou] 124959, 5007 are continuum subtracted
profiles. For Hy, [Nev] and [Oi] , we have normalized the apparent pseudo continuum to tt@bimage C.

The Feioy flux ratio (TableB) is similar to the [dratio for 4.3. Error analysis
the image pair B-C and to the [Q ratio for the image pair A-
B, as can be easily seen in Table 5. There is an indication fldteMCD method provides us withd formal errors calculated
a similar behaviour in Feyy but the flux ratios deviate morefrom the covariance matrix in the Levenberg-Marquard min-
significantly from those obtained in${ and [Ou]. imization routine (Vettering et al. 1993). The main limitat

of the MCD technique comes from a degeneracy between the

Finally, a systemic redshittsysiemic = 0.657+ 0.001 has power law index (and the leveF§'W), the Balmer continuum
been determined from the Mgemission. The measured naremission £229 and the galactlc template contribution. This
row emission lines are all blue-shifted w.r.t. the systereit- means that these quantities cannot be retrieved unamtstyou
shift (zveL = 0.654+ 0.001) except [Q] emission gon; = Before fixing the same value ferin each image, we have esti-
0.656=+0. 001) We also notice that the red Wlng of the emlSSIqﬂated the range of acceptab|e Va|ueg)f(andFPWL by f|X|ng
line profile of [Ou] is significantly more pronounced in imagethe host galaxy level to two extreme values beyond which the
A (Fig. [8), probably because of some underlying: Feemis- it becomes unacceptable. For that range of acceptableneonti
sion (which may deviate from the template we usedyantb yum spectral decompositions, we found that the fit of theMg
emission associated with star formation located in a doact H g, [0 1] 114959, 5007 and Fept remained unchanged. On
orthogonal to the slit. the other hand, the Rgy intensity was retrieved with only

20% accuracy. Consequently, imposing the same value for
In summary, theVICD analysis performed in this sectlonn each lensed image is safe and does not induce systematic
confirms the main results unveiled in Sddt. 3. First, we mea

. ~érror on the fit of the emission lines (including Fe
sure significantly dferent flux ratios for the continuum emis- ( 9h

sion, the BELs and the NELs. Secondly, we confirnffed However, we want to be more cautious regarding the re-
ential magnification of the broadest component of the BEIS§/lts of the [Ne]43425, [0i] 13727 emission lines. Indeed,
compared to the core of the emission lines as shown in e\§ have no satisfying model for the pseudo continuum un-
Fig.[5. Finally, we find that the flux ratiBc/Fg (resp.Fa/Fg) der these lines. Therefore, the Gaussian fitting of thess lis

in Feu is similar to the one of the BEL (resp. NEL). performed independently using a flat pseudo-continuummunde
the line. Because of the likely presence ofike that pseudo-

continuum, our procedure may introduce a systematic bias on
the fitted line intensity.

Table 5. Summary of the flux ratio values measured with the

MCD method for several important spectral features.

A/B cB 5. Towards a microlensing scenario
[On] 1.97+003 1.320.02
Hp 1.570.06 0.4%0.01 In this section we look whether theffirence in flux ratios ob-
Feuopt 1.91+0.08  0.420.04 served in the NELs, the BELs and continuum (SEkt. 4.2)

Continuum 0.580.02 0.3%0.01

can be understood by means of micro-lensing occurring in one
or several lensed images. We first identify a possible sa@nar
following a quantitative approach and then discuss theigapl
tions.
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we infer the micro-amplification ratig;/u; for that region.

and j calculated by normalizing the flux ratio measured@able[6 displays the micro-amplification ratig/u; for the

for a given emission region by the flux ratio measured

imain emission regions computed using the results of Table 4

[O ] 2114959, 5007 (Seck]5). For completeness, we have alsee have not reported the results fontbecause they are sim-
added the micro-amplification ratios computed from opticéar to those obtained for H). A first quick look at Tablé 6

and X-ray imaging at dierent epochs (mfyy). Note that
FWHM(BC1) ~ 2050km s'; FWHM(BC2) ~ 4300km s?;
FWHM(VBC) ~ 22000km s.

ID Ha/pB Halpc Hc/us
[Ouw] 124959, 500%; 1.00:0.02 1.0& 0.03 1.0@ 0.02
[Nev]a3425 0.940.10 1.160.13 0.820.11
[Ou]A3727 0.8&0.11 0.68&0.08 1.290.12
Mg 42798 BC1 1.850.14 2.330.21 0.720.09
BC2 0.7 0.02 2.340.08 0.340.03
VBC 0.574 0.02 2.290.09 0.250.04
TOT 0.75:0.02 2.330.07 0.320.03
noVBC 0.920.02 2.340.08 0.320.03
HB 14861 NC1 1.720.21 1.660.23 1.030.14
BC1 1.3k 0.05 256 0.15 0.5%0.06
BC2 0.65-0.01 2.6%0.10 0.250.04
TOT 0.82-0.02 2.540.08 0.320.03
BC 0.80+ 0.02 259+ 0.09 0.31+0.03
Feugpt 0.97+ 0.04 3.040.28 0.320.10
Fenyy 1.16:0.12 1.820.18 0.6} 0.12
Continuum 0.28+ 0.01 1.23+0.07 0.23+0.04
R band 0403 0.31 1.24 0.26
R band 04042 0.46 1.69 0.27
R band 0405° 0.58 1.43 0.41
X Ray 0404°¢ 0.09 0.45 0.20
a Paper |

b Morgan et al.[(2006)
¢ Pooley et al.[(2006)

5.1. A possible microlensing scenario

shows that, except for the NELs (namely (JO[Nev]), the
ui/uj ratio isnotcompatible with 1 for any value of,(j). This
confirms what we had already revealed in Sgct. 3, namely that
micro-lensing is occurrin@ more than one image

We now examine whether the results are compatible with
microlensing occurring itwo images. A priori, there are three
possible scenarios, depending on whether thefteeid im-
age is assumed to be A, B or C. Thus, each scenario corre-
sponds tqua = 1,ug = 1 oruc = 1, respectively. From Tablé 6
it is then easy to derive the respective micro-amplificatiah
ues (g, uc), (ua, uc) and (ua, ug), both in the continuum and
in the broad components BC of H(see values in bold face
in Table[). A robust rule to reject a scenario is the follogvin
the BLR being spatially larger than the continuum emittiag r
gion, it cannot benoreaffected by microlensing than the latter.
In other words, the micro-amplification value must be closer
to 1 in the BLR for the two fiected images in the considered
scenario. It is straightforward to check that the above rsile
satisfied only in the case whénage B is not giected We find
in that case thatua, uc) = (0.28, 0.23) in the continuum and
(ua, uc) = (0.80, 0.31) in KB, which means ae-amplification
of both images A and C. Both the continuum emitting region
andthe BLR are &ected. We now discuss these results.

5.2. Micro-lensing of the BLR

As already stated in the introduction (Sdgdt. 1), microlegsi
of the BLR is not surprising in the case of J1131. Here we
demonstrate that microlensing has indeed the correct szale
affect the BLR. The Einstein radilg&: of a star of mas#$/ is

Because the narrow line emission takes place in a regioarargiven by:
than the BLR and the continuum, it is likely to be much less

affected by micro-lensing. Therefore, as already mentioned in
Sect[B, we can reasonably assume that the macro-amptificat’e =
ratios are close to the flux ratibs [O n] 114959, 5007. So, we

can write:
M F
M F_j([olll]), (7)

whereM; (M;) is the macro-amplification of image(j) and
Fi/Fis the flux ratio in [Qu] calculated for imagesandj. On
the other hand, if micro-lensing (u;) occurs inimage(j), we
can write for a given emission region:
5(emission)= ﬂ%. (8)
Fj Hi Mj

4GM DD Mh-1
— %% =143
c ol o

It — days (9
whereDgs, Dis, Do are the angular-size distances between ob-
server and source (0s), lens and source (Is) and observer and
lens (ol).

On the other hand, Kaspi et al. (2005) have deduced a
relation between the size of the BLR and the luminosity
L.(5100 A) of the QSO. An improved relation correcting from
the host galaxy contamination has been derived in Bentz et al
(2006). Using the magnitude of image B in the F814W filter
measured with HST (Paper Il), and assuming an amplification
factor of 10 for thatimage, we can estimate the likely sizénef
BLR using Bentz et al’s relation. We find that the luminosity
AL,;(4900A)= 7.91 13°%h~2 erg's which translates into a likely

Consequently, if we normalize the flux ratio estimated for &, tor the H3 emission line region of 40-50 It-days (using

given emission region by the flux ratio in [{p124959, 5007,

4 The flux ratios measured in [} 114959, 5007FA/Fg = 1.97,
Fc/Fg = 1.33) slightly difer from those obtained with the Sty
fiducial model used in Paper Fg/Fg = 1.65, Fc/Fg = 0.9) indicat-
ing some inadequation between the model and the data (seB3gc

h = 0.7; 20-40 It-days using Kaspi et al.'s relation). Although
this can only be a rough estimate due to the bias on the lumi-
nosity introduced by the presence of {pD+ HB emission in

the F814W filter and due to the uncertainty on the macro-lens
amplification, we see that a few solar mass micro-lens has an
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Einstein radius large enough tffect a significant fraction of 5.5. Conclusion

the broad emission line region. . . . .
We have shown that the most simple micro-lensing scenario

consistent with the published data on J1131 implies thagéra

A and C are both de-amplified by a micro-lens. The latter also
affects the BELs. We have presented supporting arguments of
this scenario.

The micro-de-amplification we find for image A is an indepen-

dent confirmation of the results found on the basis of flux ra- )

tio temporal variability in the optical (Paper I). They afsdly 6. Microlensing as a probe of the QSO structure

support X-ray observations. Indeed, because there isesde|n the previous section, we presented a scenario accounting
that the QSO X-ray emitting region is smaller than the contifpr the discordant flux ratios measured in the continuum, the
uum emitting region (e.g. Pooley 2006), the de-amplificatiBE| s and the NELs. We have shown that the data are com-
is expected to be stronger in the X-ray than in the optical, g4tible with microlensing de-amplification of images A and C
a given epoch. This was clearly the case in April 2004, witfaterestingly, both our exploratory and multi-componeméla
pax = 0.09 anduar = 0.46, as reported in Table 6 fromyses (Sect$]3 &412) show that the BEL is nearly completely
data in Pooley et al. (2006) and in Paper |, respectivelal§in - micro-lensed inimage C and partially micro-lensed in image
the parity of image A being negative (saddle pointimage), denjs difference of behaviour is likely due to the larger Einstein
amplification can easily be produced by substructure(shpf aradius Rz of the micro-lens fiecting C. Indeed, the micro-
mass (e.g. Keeton 2003). Given the time variability detbctgansed fraction of a given emitting region increases withRh
in Paper |, the microlensing regime is favoured rather then tof the micro-lens (Ed19). In this context, an emission ragio
milli-lensing one. that is micro-lensed in image A should also be micro-lensed i
image C and should be very compact, while a larger emitting
region might be micro-lensed only in image C. Finally, even
5.4. Micro-de-amplification of image C larger regions should not be micro-lensed either in A or in C.
Consequently, we are able to infer information about the BEL
tructure by simply identifying and characterizing the timg
egions microlensed in A & C.
This scenario further supports our assumption that there

5.3. Micro-de-amplification of image A

Like for image A, the de-amplification of image C is possibl
supported by the even stronger de-amplification observitin
X-ray domain in April 2004 (i.eucx = 0.20 anducr = 0.27, , . , ; )
see TablEl6). Note however that while the X-ray data alone c&h N° chromatic micro-lensing of the optical continuum.
not discriminate between the micro-de-amplification of @ aNd€€d, chromatic micro-lensing is expected to be strofager
the micro-amplification of B, our data only support the formémaller Einstein radii as’we!l as during caustic crosswg\a/
scenario. A sharp drop in the flux of image C has also been (%\_/ambsganss_ & Paczyhski 1991). Due -to the smeﬂgnn
served between 2004 and 2006 in the X-ray domain (Kochadwge A th_an in C and to the absence of time qu.x v:_':lr|a.t|0ns of
et al[2008). Of course, this is not evidence for de-amptifica the B/C ratio between 2002 and 2004 (Paper I) -indicating that

in 2003 but simply another sign that C can undergo variatfa€T® Was no caustic crossing event for image C-, we would
microlensing. expect chromatic micro-lensing of the optical continuum to

be stronger in image A than in C. However, the absence of a

Unlike the parity of image A, the parity of image Cpss- chromatic trend in the /8 spectral ratio (Fid.}4) suggests that
itive (minimum image). Consequently, it can only @mplified this &fect is negligible. It is thus meaningful to phenomeno-
by anisolatedsubstructure. This is not only the case with alpgically probe the BLR structure using thCD analysis of
isothermal clump (Keeton 2003) but also with a point-magsB-C (Sect.[4.R) and the results of tig: decomposition
perturber in the scenario of micro-lensing (i.e. in the Ghan(Sect.[3.2). The adopted micro-lensing scenario provides u
Refsdal 1984 lens model). This is so because for a minimth a simpler interpretation of thEu decomposition of the
image and < 1, we always have + y < 1, wherex andy are A-B and B-C pairs of spectra. Indeed, the absence of micro-
the macro model dimensionless surface mass density and sie2sing in image B means that tig decomposition of resp.
values at the position of the considered image. Adding a séae A-B and B-C pairs unveils the micro-lensed regions ipres
ond point mass perturber does not change the result (Greegeh and C.
al.[1989). However, if a non-negligible fraction of the sué We discuss in the next two sections the structural infor-
mass density of the lens is made of micro-deflectors, the-pranation inferred from the microlensing of the emission liee r
ability to de-amplifya minimum macro-image increases a logions (Sec{_6l1) and of the pseudo-continuum emittingoregi
as illustrated in Fig. 3 of Schechter and Wambsganss (2008ect[6.P).
Their M10 model (macro-amplification of 10 of a minimum
image) represents a situation quite similar to the one ofthe . : i | :
image of J1131. The observed de-amplification ofimage C b)§ él' Microlensing of the emission line regions
factor~ 4 would constrain the fractional contribution of micro-A first interesting result relates to thefldirences existing be-
lenses to be larger than 30% of the total surface mass densitgen the Mg and Balmer emission lines. Indeed, the assumed
of the lens around image C. decomposition of the Balmer lines with 2 broad components
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(BC1 with FWHM~ 2000km s and BC2 withFWHM~ sion atz = 0.654. This would reveal that at least a fracfion
4300km s?') did not enable us to reproduce the Mprofile. of [Ou] 14363 is coming from a region more compact than
The foot of that line is clearly larger than the one of the Baimthe other narrow emission lines (e.gsHO u] 114959, 5007,
lines and is well modelled with a very broad component VB{INev]) and even as compact as the inner part of the BLR.
(FWHM~ 22000km s?). Additionally, we found with the All these results underline that fiérential micro-lensing of
MCD method that VBC is significantly de-amplifiedfrothA  the BEL is important in image A but cannot be fully under-
and C f1a(VBC) = 0.57; uc(VBC) = 0.25; Table[6). This is stood with our phenomenological approach. Nevertheless, w
confirmed by the finding of a very broad componerfig,(A) interestingly notice that micro-lensing of only the windgstee
andFu,(C) at the wavelength of Mg(Figs[5 and17). Becauseline profile is predicted in Abajas et all. (2002) for an outflow
it is microlensed in both A & C, the very broad componerihg broad emission region. On the other hand, the existence
VBC in Mg should be emitted in a very compactregion.  of a compact [@] 24363 emission is supported by the work
of Nagao et al.[(2001a) who show that a significant fraction

T [Ow] 14363 is likely formed closer to the continuum than

e other main NELs. Because the critical density of {Ne
only two times smaller than for [@] 14363, one would expect
él%llev] to be formed in a region similar to [} 14363 (Nagao

al.[2001b) and thus be partially micro-lensed, which is no

Oobserved.

In summary, we have brought several pieces of evidence
that the Balmer and MgBLRs are diferent. Especially, we
have found that there is a very broadmpactcomponent in
Mg, not present in the Balmer lines. The narrow emission
found in HB and Hy at the same redshift as the other NELs
éi.e. [Ou] 214959, 5007, [Neg]) is absent for Mg where in-
Stead narrow absorption lines are observed. The micrargns
'5? the BELS also confirms that the size of the emission region

gar:r;\:\:)\fvnaol;s?:C{i(())-ri?jr:)suebcfét'\?gee(r:nﬂ,l_s_;]lg)n ?)?1 ;eoﬁcii'r ?:atn js anti-correlated with thEWHM of the line. Finally, it seems
P ' that the micro-lensing of the BELs in image A resolves the

a symmetric Mg emission line is observed at the systemlgLR in velocity. However, in order to discriminate between

redshift in Fy(C). A Gaussian fit of this profile shows that. o .
its FWHM is ~ 2500km s. However, we cannot assesdlfferent BLR emission models, multi-epoch data as well as a

. T . : L Yealistic modelling of the BLR (e.g. Abajas etlal. 2002, Lewi
whether this component is kinematically isolated (|.e.r-na& Ibata[2004) are necessary. This will be investigated in-a fu
row” Mg emission doublet wittFWHM~ 1000km s?) or ture paper y g

not (i.e. associated with flierential microlensing of the broad Paper.

Mg line).

We also found systematic evidence that the 2 broad co
ponents BC1 and BC2 used to decompose the BELs are
ferently micro-lensed in image C. We measufedBC2) <
uc(BC1) < 1 for Mg, HB and Ha. This demonstrates that
the broadest component BC2 is more strongly de-amplifi
than the narrowest broad-line BC1, indicating that BC2 isan
compact than BC1. Additionally, we found withiCD that
uc(NC1) = 1 for the narrow KB emission. Consistently, this
narrow component at = 0.654 is seen inFy(C) for both
H B and Hy. However, the K8 and Hy profiles inFy(C) can-
not be fitted by a single narrow Gaussian profile at 0.654.
Especially, the foot of the line is too large, likely due t@th
differential micro-lensing of the broad component of the lin
Contrary to what is observed for the Balmer lines, there is

. . : 6.2. Micro-lensing of the pseudo-continuum
A more speculative result concerns the microlensing of thé g p

Balmer lines in image A. We observe with the decomposi- The Fu decomposition of the spectra (FId. 5[& 7) shows that
tion that only the wings of the J and Hy profile are #fected a significant fraction of the Feis microlensed in image C but
by some micro-lensing (Fi¢] 5). On the other hand, @D not in image A. This is confirmed by théCD analysis for
analysis reveals thata(BC1) > 1 while ua(BC2) < 1. This which we measure similar flux ratios in the g (and possi-
apparent dference of micro-lensing regime between BC1 argly Feuyy) and in the BELs. This indicates that Fi&s emit-
BC2 (i.e. amplification of BC1 and de-amplification of BC2}ed in a region similar to the BLR. This is not surprising sinc
is likely not a real €ect but is due to the MCD method whichFe: emission lines are generally broadened like the broadest
assumes that Gaussian profiles describing BC1 and BC2 paet of Balmer lines (e.g. Sulentic et al._2000). Although ou
microlensed as a whaleSuch a measurement is indeed conmresult does not prohibit that reemission arises in an accre-
patible with the central part of the line profile being lessri tion disk as generally believed (e.g. Collin-Siwin et al 1980,
lensed than the wings, such that an excess of flux is measureghang et al_2006a), it does not favour a scenario whitre
the core of the line (i.e. BC1), mimicking a miceonplification Fe is emitted in the very inner part of the disk. Nevertheless,
of the latter. Although only the wings of # are observed in we will show hereafter that we have a hint that a fraction ef th
Fwmu(A), the profile is not an exact replica of#d Especially, Fe. emission is emitted in a more compact region.
the reddest fraction of hi is narrower than its homologue in We can see irFy,(A) that there is an excess of flux just
Hg. Additionally, it coincides with possible [@)] 14363 emis- blueward of the H8 emission (i.e. rest frame range 4630-
4800A). Additionally, emission is still observed at the sam
wavelength inFy (A). WhenFy(A) (redward of Hy) is fitted

5 This assumption is not valid for image A as suggested a prior® Because narrow emission -possibly associated wijh 4 also
by the evidence for a partial micro-lensing of the BELs intfh@age present at this wavelength Ky (A) and Fy (C), it might be that only
while micro-lensing de-amplify nearly completely the BEh<C. a fraction of [On] 14363 is micro-lensed.
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ful identification of the Fe emission -and absorption- lines in
the range 3080-3540A. This is beyond the scope of the present

paper.

7. Additional results

7.1. The NEL extension

Flux (arbitrary units)

The spectrum extraction of A, B and C has revealed that the
spatial profile of the [@] 2114959, 5007 region is significantly
different from the one of the underlying continuum especially
for images A and C. Indeed, after extraction, significanidres
. ‘ ‘ ‘ ‘ ‘ uals are present around both images A & C while nothing com-
s100 B e st (ngstom 3500 parable is observed around image B (Seci. 2.3). This ingkicat
_ that the flux in the NEL is partly resolved along the slit di-
Fig.9. Zoom on the 308 1 < 354QA range (rest frame) for e ction, On the other hand, we did not find a significafiset
Fuu(A) (dashed red) ané,(C) (thin solid blue) andm(A) (i e. afset< 1 pixel) of the centroids of the NEL images w.r.t.
(thick solid red) and=u(C) (dashed-dotted blue). The pseudg, the centroid of the continuum emission. Using a Singular
continuum model oF v, is overplotted in short dashed pinkigothermal Ellipsoid+ external shear (SHy) to model the
lines. The emission iffr(A) is not compatible with 0 and is |ensing galaxy (Paper 1), we calculate that the absenceabf su
likely Fen emission. However, there is a conspicuous excessgf (fset implies an upper limit of roughly 30h~*pc on the
fluxin Fy,(A) w.r.t. the model (dotted pink line) which might o centering of the [@] emission w.r.t. the continuum emis-
also be due to Fe For image C, all the emission in that ranggjon. Once we have noticed the absence of fircentering
is micro-lensed. of the [Ou] 114959, 5007 emission, we can safely impose a
limit on its size. Indeed, using the SHy lens model, we find

with the Feigp template, we find a lack of emission w.r.t. théhat images A, B and C are merging for a source size rédius

. . > 110h~pc. This size is compatible with the typical size of
template in _the range 4630-4800A. This suggests thf”‘t the ffe NLR 2 1kpc; Bennert et 21\. 2002). Strongyepr constraints
Eesi\of Iflu;wlnFM,,(A):gégei%%rg}s tl(%) Eeem_lsismn rrgssmdgbln could be derived by combining integral field spectroscopy of
th'\é(fo)l;rrf]olloewriiggnﬁul tiple:[s [Fe] AFG[SF??'; Oprlr:Oe lé((:)ean dy J1131 with a proper method to estimate uncertainties dueeto t

. f Il A 1 . . .
Fen 43 (Véron-Cetty et al. 2004). If the micro-lensedFe seeing, sampling rate and lens model degeneracies (Yanehar

. . . " 2006).
associated with a particular Féransition, one would expect
to observe other components of the multiplet associateld wit
that transition elsewhere iRy, (A). Among the 4 mentioned 7.2. The intrinsic absorption lines
multiplets, Fe 50 and Fe 43 only emit in the range 4630-
4800 A, but [Fe] 4F is also emitting ai 4889 A and [Fe] 20F

Another remarkable result is the presence in our spectra of a

. o Mg absorption doublet blueshifted at=0.654 . According
s also emitting atl14874, 4005A and around [Q 114959, to its velocity shift \v ~ —660 km s?), this absorption system

5007. Since these other components of the multiplet are SI9% be classified as an “associated absorption line” (AAkS; s
nificantly blended with the [@] and HB emissions, we indeed e.g. Hamann & Sabfa 2003) '

cannot identify which are the micro-lensediReansition(s). In These lines disappear from the spectrum ratigs And

COI”IC.|USIOI’1, the present dataAln.dmat(.a tha.t at least a dract . C/B. This indicates that the absorbed flux is proportional & th
Fe in the range 4630-4800A is emitted in a compact regiog, coming from the continuumBLR. This implies that the

pos;l_blyl a‘T’ ctompha(it_as Lhe VBdC_oftI;]/lg 4630-4800 A region at the origin of the absorption must cover both the con
imifarly To what IS observedin the range ) ' Jinuum and the BLRs and that, within the uncertainties,rthei

excess of flux is also observed in the rest-frame range 30 pths are identical in the spectra of the three images Ay, a

.354QA (where no F_e templates e?qst). Ir_1deed, We can Se€g ‘Tis is clearly illustrated in Fig. 10 where the absomptio
in Fig.[d that a fraction of the emission in that range is mjy

crolensed in A & C while another fraction is micro-lensedyonl Ines are normalized to a locaffective “continuum” which in-
cyo cludes the broad Mgemission line.

in image C. Although it is known that the emission in that The relative intensities of the blue and red lines of the dou-

range Is mamly dug to Fe we canngt demo_nstrate. th"?“ th%Iet show evidence for partial coverage. Indeelg,it andl eq
micro-lensing behaviour we observe is associated with tivo d

e ) are the normalized residual intensities of the two lineshef t

ferent Fe em|tt|ng regions (as for the range 4630—480_0,3_\) %Boublet andr the optical depth, we expetiue = e and

not. If not associated with ke we have no credible emission

candidaté for the fraction of the emission (in the range 308Balmer continuum model, suggesting that the microlensex ifiu

3540 A) micro-lensed in A & C. This open question needs carBw,(A) is not related to the Balmer continuum.

8 We should notice that this estimate is model dependentglf e.
7 Due to the steep flux increase observed in the rang®040- multipoles are added to the lens model (Paper 11), one firatsritages

3120 A, the 3080-3540 A range was imperfectly modelled witih 0 A, B and C are merging for emission regian86én! pc.
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Flux (arbitrary units)

Flux normalised to local continuum

08 I I I I I
2760 2770 2780 2790 2800 2810 2820

! L L L
4000 5000 6000 7000 8000 9000

Rest frame wavelength (Angstroms) Observed wavelength (Angstroms)

Fig. 10. Associated Mg absorption doublet normalized to aFig.11. Smoothed spectra in the blue and red ranges (thin solid
local dfective continuum (i.e. continuum including the broaded) of the lensing galaxy (bottom panel), gal #1 (middlegdan
Mg emission) for the 3 lensed images A, B and C. The simnd gal #2 (top panel) and associated redshifted template sp
ilar depth in the three images indicates that the origin ef thra (thick solid blue). A flux &fset has been imposed for legi-
absorption covers both the continuum and the BLR. bility. Due to mis-centering of gal #1 and #2 in the slit, thés
significant slit losses for 550@ 1 < 6500 A andl > 8500 A.
Best redshifts are found to Iz 0.295 (Lens)z= 0.289 (gal

_ 057 ; H
leg = € in the case of full uniform coverage. The facgr;l) andz= 0.105 (gal #2).

that Irzed < Ipe as clearly seen in Fi§. 110 suggests that on

a part of the local continuum is covered by the absorptiom lin

region. Assuming homogeneous partial coverage (Hamann &

Sabrd 2003), we find from these intensities that the coveringth intense star formation. A careful look at the smoothed

factor of the absorption region is around 20% (see e.g. e respectrum of the galaxy reveals emission of][$16716, 6731,

tions given in Hutsemékers et al. 2004). This suggestdtiieat [O 1] 13727 and Hy 24340 that definitely confirm a redshift

absorption is intrinsic to the quasar, and exterior to th&BL value ofz = 0.289+ 0.002 for this galaxy. Once smoothed with
One can see theftigrential microlensing at work in J1131a Gaussian kernel, the spectrum of the second galaxy (gal#2)

as a probe of the inhomogeneities in the absorbing mediuttearly reveals several absorption features among whic Ca

Indeed, by lensing more (less) strongly some regions of thed HA13933.7, 3968.5 A. The redshift of gal #2 derived from

source, dierential micro-lensing increases (decreases) theese absorption lineszs= 0.105+0.002. The spectra of these

contribution of a fraction of the intervening absorber tethtal galaxies compared to the associated redshifted templates a

absorption. The nearly identical absorption depths sediein displayed in Figl_Tl1.

three images (Fig. 10) indicates that both the spatialibistr Gal#1 and gal#2 are in the direction of the external shear

tion and the optical depth of the absorbing clouds must biequjwith the convention that the shegpoints towards or oppo-

homogeneous over the continuum and BLRs. This is compalite to the perturber). If we model the perturbing galaxy as

ble with an absorption region composed of a large number®fSingular Isothermal Sphere, we can calculate the amount

small absorbing clouds, their projected sizes being sigmifly of shear caused by that perturber (e.g. formula A.20. of

smaller than the continuum region. A more quantitative stutliomcheva et al. 2006). Using a conservatively large value

of this efect needs modelling of the absorbing medium, of tt®00 km s for the velocity dispersion, we estimate that the

micro-lensing event as well as higher spectral resolutioth aamount of shear caused by gal#1 and gal#2 is griy0.011

SN data. for each galaxy. Even then, this is not $licient to explain the

shear valuer ~0.1 necessary in the lens models (e.g. Papers |

& 11). This suggests that these two perturbers might be mem-

bers of more massive galaxy groups. Interestingly, Wilkagh

The slit orientation #2 provides us with a medium resolwl. (2006) -based on two band imaging and red sequence find-

tion spectrum of the lensing galaxy and of two neighboing technique- found evidence for two galaxy groups likdly a

galaxies gal #1 and #2 located at”5&nd 95 from the lens z=0.19 andz =0.29 in the field of J1131. The redshift of gal#2

(Sect[2.B). We confirm the identification of the lensing ggla together with the measured redshift 0.1035 andz = 0.1006

by Sluse et al.[(2003) as an elliptical galaxyzat= 0.295. of two other field galaxies obtained during the Las Campanas

Unfortunately, the 8\ is too poor to derive the central veloctedshift survey (Shectman etlal. 1996) suggest a redshifi. 1

ity dispersion. The galaxy gal#l is identified on ddepand for the foreground galaxy group. These two possible groups

imaging as a face-on spiral galaxy. There are 2 strong emis-

Sion features W|th an intensity I’atiO 2:1 Observed,l‘;8461.5 9 A|th0ugh the angu|ar Separation from the lens is |arger a}#@,

& 8488A and a fainter one a18440A. We identify these its shear amplitude is as high as for gal#1 because of itdematl-

lines as Hr 16562 and [N] 116548, 6583 emission associateahift

7.3. The lensing galaxy and neighbours
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might play a role in the modelling of that system. This will béne that time variability between A and B (C) may play a role
further investigated elsewhere. in the interpretation of our measurements. However, over th
nearly 2 years of monitoring performed by Morgan et al., in-
trinsic variability never exceeded 0.05 mag over a period of
15 days. Intrinsic variability may thus be considered asdn a
In this section, we first further discuss the use ofiJ@s a rea- ditional source of noiseffecting our measurements at a level
sonable estimate of the macro-lens model flux ratios. Secasfctypically 5%. This is not only true for the continuum but
we estimate whether the results might ltkeeted by the time also for the BEL that is mainly formed through photoionieati
delay between A-B-C. Third, we briefly address the questignocesses which imply that the BEL flux variations respond
of the efect of intrinsic quasar absorber that might modify thinearly to the flux variations of the continuum (e.g. Pederst
BEL profile independently of any micro-lensing. al.[1985%). Consequently, the time-delay between A and B (C)
should only marginally fiect our results.

8. Caveats

8.1. Macro-amplification ratios

Although it seems reasonable to use the flux ratios in][&s 8.3. Bias due to intrinsic absorbers

an estimate of the macro-model flux ratio, one may ask ha@reen [(2006) recently investigated how the small line offisig
robust our conclusions are with respect to that assumptielitferences existing between lensed images may modify the ob-
For this purpose, we can compare the flux ratios inJ@ served emission line profiles. Green suggests that some warm
those expected by a simple smooth lens model. Using thissorber outflow located close to the QSO continuum might
SIE+y model derived in Paper | as a fiducial model, we finghodify the BEL line profile since it would be present along
Fa/Fs = 165 andFc/Fg = 0.9 while the values measuredthe line of sight of one image but not of the other. However, if
in [Ow] areFa/Fg = 1.97 andFc/Fp = 1.33. Although there intrinsic absorbers modify the BEL in A-B-C it is unrealisti
are significant dferences likely due to an imperfect modellinghat they would &ect the whole emission profile. Partial “de-
of the lens potential, the values measured inJ@re more formation” of the broad line profiles due to a warm absorber
similar to the model than those measured in the BEL or might bias theFu decomposition of the BELs (Se&f_B.2), be-
the continuum. Therefore, using the fiducial model estimateause the method assumes a similar intrinsic profile in each
of the macro model flux ratios will not change our conclusionsomponent. The similarity between the B and C line profiles
Indeed, using the macro model values instead of the] fx  suggests that BEL fierences due to line-of-sightfects are
ratios as a proxy of the macro-amplification ratios wouldyonhot significant in these images. If present, thieet likely oc-
change the amplitude of micro-lensing in A and C but nothingurs in image A for which the | line profile appears more
else. asymmetric. However, A absorbers are very rare: up to now,
One may ask whether the [ emitting region is large broad absorption lines in Bl have been observed only in 4
enough to be urféected by micro-lensing. Indeed, using equasystems (Hall 2006). Long term spectroscopic monitoringy wi
tion[9, one find that a region larger than 100 pc can be signéhed light on such anfiect if present at all.
icantly microlensed by substructures more massive than typ
cally 510 M,. Such a massive substructure is unlikely to afs
fect image A. Indeed, if present, it should significantly mo
ify the BEL while we have evidence that the latter is onlfrhis paper is devoted to a thorough analysis of the long slit
marginally de-amplified compared to the continuum. On thepectra obtained for the gravitationally lensed quasaBI41
other hand, milli-lensing of image C is more likely since w&231. The spectra of the three brightest images A-B-C en-
observe a significant de-amplification of a large fractiothef abled us to estimate the flux ratios irffdrent emitting regions
BLR. Consequently, we may hypothesize that the NLR in C {aamely the continuum, the broad line and the narrow line
partly demagnified. The only consequence of such an assumgitting regions) and unveil the micro-lensinffeets occur-
tion would be that theféect of micro-lensing of the continuumring in that system. Evidence forftirential micro-lensing of
and the BELs in C are stronger than estimated. Alternativetlie broad emission lines enabled us to perform a phenomeno-
magpnification(instead ofde-magnificatiopof the NLR seems logical study of the structure of the Broad Line emitting Reg
incompatible with the data. Indeed, if the NLR is magnified b{BLR).
substructures, one expects that the BLR and the continulmwi Due to the better resolving power of the present spec-
be more stronglyffiected, which is not observed. Thus, only atra, new redshift estimates of the source and of the lensing
ad-hoc scenario in which the NLR is magnified by a massigalaxy have been performed. Based on the:Mgission, a
substructure (e.g. a dwarf galaxy) and the BELs and contimusystemic redshifz =0.65%0.001 has been deduced. The nar-
are de-magnified by stars (e.g. the stars in the dwarf) woalld fow emission lines (except [PA3727;z = 0.656+ 0.001) are
compatible with the data. blueshifted w.r.t. the systemic redshift. A redshift 0.654+
0.001 is measured for those lines. On the other hand, we con-
firm the redshift of the lensing galaxy to ke= 0.295+ 0.001.
Finally, we have estimated the redshifts of the 2 galaxiégha
Recently, Morgan et al.(2006) argued that the time-delay kand #2 located at resp. 5&nd 9% from the lens to be resp.
tween A and B (C) is around 15 days. One may thus ima@=289+ 0.002 and 0L05=+ 0.002.

. Conclusions

8.2. Bias due to the time delay



18 Sluse D. et al.: Long slit spectroscopy of RXS J1131523155.

The results derived from the micro-lensing analysis and its Feu is emitted in the inner parts of BLR. Compact emission
implications for the quasar structure are summarized helow  from Feu is very likely identified in the rest frame range
4630-4800A. Micro-lensed pseudo continuum emission is
1. Different flux ratios were derived for the continuum, the present in the range 3080-3540A. This emission is likely
Broad Emission Lines (BELs) and the Narrow Emission associated with Re
Lines (NELs), indicating that micro-lensing is at work in9. An associated absorption line doublet was observed in
at least 2 images. The simplest scenario explaining our ob- Mg at the same redshift as the NELs. We have found that
servations consists in micro-lensing de-amplificatiomof i the absorbing medium is intrinsic to the QSO and covers
ages A and C. Additionally, we found evidence fofféli- both the continuum and BLR emission, with a covering fac-
ential micro-lensing of the BLR?. Since a larger fraction  tor of ~20%. Additionally, using dterential micro-lensing
of the BELs is micro-lensed in image C, the Einstein radius as a probe of the inhomogeneities in the absorbing medium,
of the micro-lens is likely larger in C than in A. Using the  we have shown that both the spatial distribution and the op-
relation between the size of the BLR and the luminosity of tical depth of the absorbing clouds are homogeneous over
the QSO (Kaspi et al. 2005, Bentz et[al. 2006), we found the BLR and the continuum.
that a micro-lens of a few solar masses iffisient to dfect
the whole BLR. Although our phenomenological description of the mi-
2. We found that the Mg and the Balmer emission linescrolensing of the BELs is imperfect in several aspects cielyi
cannot be represented with the same velocity componeiitgstrates the wealth of information one can retrieve frspac-
Especially, the very broad component of the Manission troscopic observations of micro-lensed QSOs. Clearly,emor
is not present in the Balmer lines. Since it is micro-lensetetailed models as well as coordinated spectroscopigfiaite
inimage C and A, this component likely comes from a veifjeld) monitoring of lensed quasars where micro-lensingsak
compact region. place will improve our understanding of both the micro-iegs
3. The diferential micro-lensing of the BELs confirms thaphenomenon and of the QSO structure.
the size of an emission line region is anti-correlated with . o
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