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ABSTRACT

Aims. We aim to use microlensing taking place in the lensed quas Q2370305 to study the structure of the broad line region and
measure the size of the region emitting the C 1V and C Ill]dine

Methods. Based on 39 spectrophotometric monitoring data pointsimdxiabetween Oct. 2004 and Dec. 2007, we derive lightcureethe

C IV and C Ill] emission lines. We use thredidirent techniques to analyse the microlensing signdlleint components of the lines (narrow,
broad and very broad) are identified and studied. We buildrardy of simulated microlensing lightcurves which reproelthe signal observed
in the continuum and in the lines provided only the source Ezhanged. A Bayesian analysis scheme is then developkite the size of
the various components of the BLR.

Results. 1. The half-light radius of the region emitting the C IV linefound to beRciy ~ 6673 It-days= 0.06'5% pc = 1.72810'" cm
(at 68.3% CI). Similar values are obtained for C lll]. Relatsizes of the V-band continuum and of the carbon line emgittegions are also
derived with median values &™"¢/R°"in the range [4,29], depending of the FWHM of the line compine

2. The size of the C IV emitting region agrees with the Radiusiinosity relationship derived from reverberation maggpiUsing the virial
theorem we derive the mass of the black hole in QSO 22305 to beMgy ~ 107303M,.

3. We find that the C IV and CIII] lines are produced in at leaspatially distinct regions, the most compact one giving tisthe broadest
component of the line. The broad and narrow line profiles kgbtly different for CIV and C Il1].

4. Our analysis suggests dfdrent structure of the C 1V and Fedlll emitting regions, with the latter being produced in tiaér part of the
BLR orin a less extended emitting region than CIV.

Key words. Gravitational lensing: micro, strong, quasars: genetasgrs: emission lines, quasars: individual QSO 22305, line: formation

1. Introduction

We know that quasars and active galactic nucleii (AGN) are
powered by matter accreted onto a supermassive black hole.
he accretion of material in the direct vicinity of the ceatr

* Based on observations made with the ESO-VLT Unit Telesco% .
# 2 Kueyen (Cerro Paranal, Chile; Proposals 073.B-0243(p&BPlack hole releases most of the quasar energy, in form of powe

074.B-0270(A), 075.B-0350(A), 076.B-0197(A), 177.B-664&B), law continuum emission. lonised gas surrounds the central a
P1: F. Courbin). cretion disc and gives rise to broad emission lines, whieh ar

** Maitre de Recherches du FNRS used as footprints allowing the identification and clasaifan



http://arxiv.org/abs/1012.2871v1

2 D. Sluse et al.: Size and structure of the BLR in the Eingizirss

of quasars. Our knowledge of the kinematics and physical cat al.[2008) but its exact nature and the physical conditions
ditions prevailing in the BLR gas remain elusive, espegia#l- this region are still debated (Brotherton et[al. 1994b, Side
cause the nuclear region of quasars is yet spatially unredol & Marzianil1999, Marziani et al. 2006).

with existing instrumentation. The properties of the CIII] emission line have received

Current insights on the BLR come from various kind offSS attention in the literature, probably mostly becaie t
studies: empirical modeling of the line shape with kinematin€ iS blended with Allll11857, Silllj11892 and with a
cal models, use of photo-ionization codes to reproducebhe &€ !+!1 11914 complex. In their study of the CIV and C 1]
served flux ratios between spectral lines, spectropolaricne €MISSIoN, Brother;on et al. (1994a) find that_ the 2 linesrofte
observations, statistical study of the width and asymmetry Nave diferent profiles and that, for some objects, a 2 compo-
the lines, use of the principal component analysis tecteig@!€nts decomposition (i.e. narrow cexery broad wings) does
and velocity resolved reverberation mapping (e.g. BorasonnOt provide a good model of Cli], a third component is re-
Greer 1992, Sulentic et &I, 2000, Smith ef al. 2005, Marzigfiired- They also find that the VBC needed to reproduce C1i]
et al.[2008, Zamfir et al. 2008, Gaskell 2009, 2010b, BerftS to be larger than the corresponding component of CIV.
et al.[2010). Despite the development and many successed yf SUPPOrts the idea that the region emitting C I1l] iffef-
these methods, as briefly summarized hereafter, we still @3t from the one emitting C IV (Snedden & Gaskell 1999).
not completely understand the structure and kinematickeof t ~ Recently, Marziani et al[(2010), based on the line profile
BLR. The microlensing of the broad emission lines in muytipl décomposition of a small sample of AGNs selected in the 4D
imaged lensed AGNs provides us with a powerful alternatifd9€nvector 1 context (€.g. Boroson & Green 1992, Zamfir et
technique to look at the BLR, measure its size, even in high 2008), suggest that all the broad emission line profites a
luminosity distant quasars, and get hints of the structade &COMPosed of 3 components of variable relative intensity and
geometry of both emission and intrinsic absorption witlia t centroid shift (from line to line in a given object and betwee
BLR (e.g. Schneider & Wambsganss 1990, HutsemékersPgjects). They suggest a classical pnshlﬁed broad conmpone
al.[1994, Lewis & Bellé 1998, Abajas et &I, 2002, Popovic &FWHM=600-5000 kms?'), a redshifted very broad compo-

al.[2003, Sluse et I, 2007, 2008, Hutsemékers Bt al]2010). "ent and a blue-shifted component mostly visible in the so-
called Population A objects (i.e. objects with FWH#4000

kms™). Based on line ratios, they also tentatively infer that

1.1. Phenomenology of the line profiles these components arise fronffdrent emitting regions.
The smoothness of the line profiles and the physical condi-

Our primary clue on the BLR comes from the shape of th®ns derived from photo-ionization models allowed selvaua
broad emission lines. The largest (and highght) Studies of thors to put constraints on the “structure” of the BLR gasoTw
broad emission lines have focused on two lineg: #4863 and popular models remain. The first one considers that the BLR is
C 1V 11549 (Sulentic et al. 2000 for a review). Of direct intera clumpy flow composed of small gas clouds, and the second
est for the present work is C R1549. The C IV profile shows a one assumes a smooth gas outflow originating from an accre-
broad variety of shapes from strongly asymmetric to symimettion disc (Elvis [2000, Laor_2007 and ref. therein). Several
(e.g. Wills et al[ 1993, Baskin & Latr 2005), has an equivalegeometries have been considered for the BLR gas, the most
width anti-correlated with its intensity (Francis et al9P9, and popular ones are disc-like, spherical and biconical mo@ets
shows larger variability in the wings than in the core (Wighi Chen & Halperri 1989, Robinsan _1995). Murray and Chiang
et al.[2006). In addition, the CIV line is also found to b§1997) demonstrated that a continuous wind of gas origigati
systematically blueshifted by several hundred to a few tholom an accretion disc can successfully reproduce the profil
sand kilometers per second compared to the low ionisatiand systematic blue-shift of the C IV emission line. Otheli-in
lines (Gaskel[ 1982, Corbin 1990, Vanden Berk et al. 200@ations that a fraction of the BLR material has a disc-likerge
The analysis of about 4000 SDSS quasars by Richards etetity comes from statistical studies of the broad line prsfite
(2002) suggests that this shift is caused by a lack of flux gamples of (mostly radio-loud) AGNs (Vestergard et'al. 2000
the red wing of the line profile and correlates with the quasktcLure & Dunlop[2002, Jarvis & McLuré 2006, Decarli et
orientation. Variability studies and emission line decasip al.[2008, Risaliti et al. 2010), and from spectro-polaisabb-
tion techniques (principal component analysis and arcayti servations of Balmer lines in AGNs (Smith et[al. 2005). Some
fitting) indicate that the region emitting C 1V could be builbf these studies also suggest the existence of a second; sphe
up with 2 components, a “narrow” emission core of FWHNLally symmetric component with keplerian motion. The spec
~ 2000 kms?! emitted in an intermediate line region (ILR)tropolarimetric observations of PG 170818 by Young et al.
possibly corresponding to the inner part of the narrow lige r(2007) support a disevind model for the Hr emission. On
gion, and a very broad component (VBC) with FWHMO000 the other hand, biconical models of the BLR seem needed to
km s producing the line wings (Wills et &l. 1993, Brothertorexplain the variability of the rare double-peaked AGNSs. (i.e
et al[1994a, Sulentic 2000, Wilhite etlal. 2006). In radidetj AGNs showing emission lines with two peaks) and their po-
objects, the VBC is observed to be systematically bluetesthif larisation properties (Sulentic et @l. 1995, Corbett €1808).
by thousands of knT$ w.r.t. to the narrow core (BrothertonThese studies show that there is no consensus on the geometry
et al.[1994a, Corbin_1995) suggesting it is associated withthe BLR. From an observational and theoretical perspecti
outflowing material. The ILR component disclosed in CIV is seems nevertheless to depend on the ionisation degrie of t
probably diferent from the one recently uncovered igHu line and on the radio properties of the object.
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1.2. The Radius-Luminosity relationship four images arranged in a cross-like pattern around the nu-

. . , cleus of az = 0.0394 barred Sab galaxy. The average pro-
The "size” of the the broad line regidRs.r has been measuredg o gistance of the images from the lens center is only

in about 40 AGNs by use of the reverberation mapping te Opc~ 0.9%, such that the matter along the line of sight to

niqlue l(e..g. Krolik et 3" 1991, Horne et al 2004). The empi{he lensed images is mostly composed of stars. The symmet-
ical relationReg o L* (¢ ~0.5-0.6, Kaspi et al. 2005, Bentz. .nfiguration of the lensed images around the lens-galax
et al.[2006), combined with the virial theorem, allows one Ige ensures a time-delay of less than a day between the
dgnve_a relation linking the black holg mmﬁ' the A_‘GN Iu-_ lensed images, such that intrinsic flux variations should be
_m|n03|tyL and the FWHM of the emission line. This relatlorgeen quasi- simultaneously in the four images (Rix ét al2199

is one of the most popular methods used to measure black I’\5‘?)§r'nbsganss & Paczynski 1994). Since the low redshift of the

masses based on _smgle epoch spectroscopw data and SltéWQ’ galaxy leads to a large relative transverse velocity be
their growth, evolution and correlation to other AGN propefeen the observer, the lens and the source, the lensed im-

ties. _ _ _ ages of QSO 22370305 are continuously flickering due to mi-
The Rgir o L relation has been derived quite accuratelyglensing produced by the stars in the lens galaxy, at small
for the broad component of theHiine, but only a few ob- {imescales than in any other lens. The microlensifigcting
jects haveRg r measurements for high ionisation lines likgyg images of QSO 2230305 leads to large amplitude vari-
CIV (e.g. Kaspi et al.[ 2007). This is a severe problem fgjiions (Udalski et al, 2006), reaching upl mag, often ac-
black hole mass measurements of high redshift ijects. T&ﬁnpanied by chromatic microlensing of the quasar contin-
use of the CIV line to derive black hole masses is d_eswal:dgm (Wambsganss & Paczy nski 1991), used to study the accre-
but faces several problems related to our understandingeof oy gisc temperature profile (e.g. Kochariek 2004, Anguiita e
structure and geometry of the region emitting this line @&e 5 2008, Eigenbrod et 4l. 2088aper 11). Several studies have
Marziani et al. 2006 for a review). The existence and COBpown that the broad emission lines are also significantly af
tamination of a narrow emission component in C IV whickycteq py microlensing (Wayth et al. 2005, Metcalf efal. 200
could bias FWHM 1v (Bachev et al. 2004) and the possible alpaper 1), Based on microlensing of C 1] observed at one Bpoc
sence of virial equilibrium, especially in sources showarge i 2002, Wayth et al (2005) derived a most likely size of the
blueshifts (Richards et al. 2002), are major concerns. region emitting this line of 0.062 pc. The work presented
Velocity resolved reverberation mapping (Horne @fere aims at improving the measurement of the BLR size by
al.[2004) should allow one to get insights on these problemging monitoring data instead of a single epoch measurement
but the technique is still under development and has not ygig constrainting the structure of the BLR.
been applied to the CIV line. Most of the recent advances in The structure of the Paper is the following. In S&gt. 2, we
velocity resolved echo-mapping are based on the analyii®ofpriefly summarize the data we use and explain the thiereli
H 8 emission line (Denney et al. 2009, Bentz et al. 2009, 201@1t methods we apply to analyse the spectra. In Bect. 3, we ap-
Although the kinematics of the Balmer gas was thought to B, these techniques to our data to understand how microlens
relatively simple, the technique provided puzzling ress jng deforms the emission lines and to measure the flux ratios i
both keplerian rotation, inflow and outflow signatures appegeveral portions of the C IV and C I11] emission lines. In S&gt
in various objects. Itis still unclear whether this revealarge \ve explain the microlensing simulations we developed to de-
variety of kinematics, a biased interpretation of the olser rive the size of the broad emission lines and continuum emis-
signal or a spurious signal introduced by observational argjon region. In SecE]5 we present our results: measurenfient o
facts. The past evidence of inflow and outflow signatures {Re sjze of the BLR and of the continuum region, comparison
NGC 5548 (Clavel etal. 1991, Peterson et al. 1991, Kollatgchof our BLR size with reverberation mapping, estimate of the
& Dietrich[1996) might indicate that infloutflow signatures pjack hole mass, and finally constraints on the BLR structure

are not unambiguous. A possible explanation to the variety ginally, we summarize our main findings in Ségt. 6.
observed signals might beffeaxis illumination of the BLR

(Gaskel[ 20104, 2010b and references therein). ) ) )
2. Observations and analysis techniques

1.3. Microlensing in QSO 2237+0305 We compare emission line fluxes in images A & D of
e QSO 223%0305. A comprehensive description of the obser-

The many open questions concerning the BLR we outlingdtions and of the observational setup can be found in Papers
above motivate the interest in developing new techniqueg Il. The full data set consists of a series of spectra ob-
to probe this region. In this paper we investigate the cotained obtained at 39 fiierent epochs between October 2004
straints on the broad lines provided by means of the micesleand December 2007 with the FORS1 instrument at the ESO
ing study of the lensed quasar QSO 228305, for which Very Large Telescope. All the observations were carried out
long term spectro-photometric monitoring has been carrigdMOS (Multi Object Spectroscopy) mode. The multi-object
out (Eigenbrod et al._2007, hereaftéaper |). The gravita- mask used to obtain the data presented here included tharquas
tional lens QSO 223#0305, also known as “Huchra’s lens”images A and D as well as several field stars which are used for
or the “Einstein Cross”, was discovered by Huchra et aimultaneous flux calibration and deconvolution. The gspect
(1985) during the Center for Astrophysics Redshift Survegf the individual lensed quasar images were de-blended(fro

It consists of azg = 1.695 quasar gravitationally lensed intaeach other and from the lensing galaxy) using the MCS de-
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Table 1. Journal of the observations used in this paper. The
observation ID refers to the whole data set presented inrBape

165l ] | and Il. Data flagged with & are not used. Data flagged with
ot o hpgoortt an = are those deviating from the OGLE lightcurve in Higy. 1.
e A £ Aﬁs in leiper Il, epochs #7, 8, 10, 30 have been excluded from
' e X the analysis.
,.‘r.':""“”. 6‘%‘:‘“@"’ y
% 17.5F
£ ID Civil Date JD-2450000 Seeing] Airmass
8o - X T 13-10-2004 3292 0.86 1.204
D L ,.."’6" 2 14-11-2004 3324 0.75 1.184
I 2 N %ﬁ"i{” * 3 01-12-2004 3341 0.88 1.355
AR EO fxf < & 15-12-2004 3355 0.99 1.712
ool B 5 11-05-2005 3502 0.87 1.568
32‘00 34‘00 3600 3860 4600 4i00 44‘00 — 6 01-06-2005 3523 0.63 1.342
a 9 06-08-2005 3589 0.51 1.135
b - 2450000 T 11  25-08-2005 3608 0.49 1.261
Fig. 1. Comparison of V-band OGLE lightcurves of images A & ié ;72:83:5882 ggi? g'gg i'igg
& D (points) of QSO 22370305 with the lightcurves derived 14 01-10-2005 3645 078 1281
from our spectra (diamonds; crosses are used for epochs devi ¢ 11-10-2005 3655 0.57 1.140
ating from the OGLE lightcurves). Error bars (not displayed 16 21-10-2005 3665 0.70 1.215
are typically of the order of 0.02 mag (A) and 0.04 mag (D). 17 11-11-2005 3686 0.90 1.137
18 24-11-2005 3699 0.78 1.265
19° 06-12-2005 3711 1.10 1.720
20 24-05-2006 3880 0.87 1.709
convolution technique (Magain et al. 1998). A slit width of 217 16-06-2006 3903 0.66 1.213
0.6’was used together with grism GRBE®OV and blocking 227 20-06-2006 3907 0.64 1.286
filter GG375, leading to a resolving powRr= 400 at 5900A. « 23  27-06-2006 3914 0.41 1.145
For the data obtained in 2007, the FORS CCD had been r%— 24 27-07-2006 3944 0.74 1.316
placed by a new camera more sensitive in the blue wavelengéh 25  03-08-2006 3951 0.73 1.246
range. With this new camera, the GG33® blocking filter & 26  13-10-2006 4022 0.59 1.176
was not used. The spectral resolution was improved by about 27 28-10-2006 4037 0.57 1.148
10%, but the observations obtained with the new setup have 28 10-11-2006 4050 0.89 1.515
. . . . 29 27-11-2006 4067 0.87 1.255
a signal to noise ratio/8<10 in the red wavelength range 31 22122006 4092 0.80 2018
(A > 6700 A) due to fringing. TablEl1 provides a log of the 3> 10-07-2007 1999 063 1153
data sample we used. Data flagged withare systematically 33  15-07-2007 4297 0.57 1.158
removed as the C IV emission is not covered by our spectra. 34 25.07-2007 4307 0.79 1.231
We show in Fig[dL a comparison of the V-band lightcurves 35 03-08-2007 4316 0.68 1.412
ofimages A & D provided by the OGLE collaboration (Udalski & 36 27-08-2007 4340 0.88 1.133
et al.[2006) with the lightcurves derived by applying V-bandg 37°  06-09-2007 4350 0.67 1.396
response curve to the spectro-photometric monitoring.datags 38 ~ 20-09-2007 4364 0.73 1.230
Throughout this paper, we shift the magnitude ofimage D from 39" 23-09-2007 4367 1.23 1.530
the OGLE-III lightcurve by-0.5 mag w.r.t. the published val- 40 05-10-2007 4379 0.59 1153
ues to account for élierent flux calibration of that image in the 4l 10-10-2007 4384 0.76 1.283
. : 42 15-11-2007 4420 1.07 1.189
OGLE-IIl data (see Paper | for discussion). Although thereve 43 01-12-2007 4436 1.00 1502

all agreement is very good, several epochs identified with aft
"X’ symbol deviate from the OGLE lightcurve. These data are
flagged with an asterisk) symbol in Tabl&1l. We test how they

affect our results in Sedt._5.2.

into a componenky;, undfected by microlensing and another

In order to study how microlensing deforms our spectene,Fw,, which is microlensed (Se€t. 2.2). Thirdly, we use the
and how the broad lines ardfected, we use three ftkrent narrow band technique (NBD), i.e. we cut the emission lines
techniques explained hereafter. Firstly, we apply the imulinto different velocity slices and measure the flux in each slice
component decomposition technique (MCD), i.e. we assurigelook for microlensing within the emission line (Seéct.)2.3
multiple components cause the quasar emission and measure

the flux in these individual components (Séct] 2.1). Segond
we use the macro-micro decomposition techniqgue (MmD),

.1. The multi component decomposition (MCD)

i.e. we follow the prescription of Sluse et al. (2007) an@ur most comprehensive analysis technique is a multi-
Hutsemékers et all_(20110) to decompose the quasar spectoamponent spectral decomposition of the quasar spectrum
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(MCD). With this technique, we decompose the quasar spectable 2. Decomposition of the C IV and C IlI] emission lines
into several components likely associated witifadient emis- (Average value and scatter between epochs when the paramete
sion regions (Dietrich et al._2003). As in Papers | & I, thés fitted). The central wavelength is expressed in A and the
spectrum is modeled as a sum of three components: i) a poR&HM in kms™.

law for the quasar continuum emission; ii) an empirical iron

template; iii) a sum of Gaussian profiles to model the emissio

lines. The exact decomposition of each spectruffieds in sev-
eral respects from the one presented in Papers | & I:

ID A D
Ac FWHM Ac FWHM

. L . Clv
— First, the quasar emission in imafeis corrected for dust TS B2 10 6339.404 154600 6158557

][edde.n'lng produced ?y ths I‘?nséng gpalaxy I“S\;\r;g tze di-A\C  1548.9:05 1153:190 1548.7:0.4 1186: 253
erential extinction values derived In aper I. e a Opt aNC 1547.6+ 0.6 2580 1547.6- 0.44 2580

Cardelli [1989) Milky-way like extinction law with (Ryv, CI

Av) = (3.1,0.2 mag). BC  1910.7+ 0.6 3400 1910.% 1.1 3400
— Because the UV Fedlll template constructed by Nc  1907.3+ 0.4 1545 1907.5 0.3 1545

Vestergaard & Wilkes[(2001) from | Zwl does not per- vBC 1910.9 8548 1910.9 8548

fectly reproduce the Fe-Hll blended emission observed
in QSO 223%0305 we construct the iron template empir-
ically. In order to take into account possible intrinsic flux
variations angbr systematic errors, we proceed indepen- The results of the MCD decomposition are shown and
dently for data obtained in 2004-2005 (periBd), 2006 discussed in Secf_3.1. One could suspect that residual flux
(period P2) and 2007 (period®3). This template is con- from the lensing galaxy is included in our empirical Fell tem
structed iteratively based on the residuals of the fittir@y prplate. We tested this possibility by fitting a lens galaxy tem
cedure. In a first step, we only fit a power-law to the speptate (as retrieved from the deconvolution of the 2D spec-
tra, excluding the regions where Felll is known to be trum, see Paper I) as an independent component. However,
significant (Vestergaard & Wilkes _2001) and where thetie quasar lightcurves derived in this case severely digagr
are noticeable quasar broad emission lines. The subsequeétti the OGLE lightcurves, indicating that residual coniam
fits are performed on the whole quasar spectrum (excluthtion of the spectra by the lensing galaxy is not a severe is-
ing atmospheric absorption windows), fixing the width ansue. Finally, we emphasize that the decomposition of the car
centroid of the quasar emission lines. A new fit is then pegsen lines in multiple Gaussians offférent widths is empirical
formed using the residuals as the iron template. The proegéd does not necessarily isolate emission lines coming from
dure is repeated until a good fit of the whole quasar spgshysically diferent regions. The adopted naming of the com-
trum is obtained. ponents is based on their width; itis line dependent andnate

— In order to better reproduce the detailed shape of the Ci¥/this paper. Because of thefidrent decompositions found for
and CIII] line profiles, we refine their modeling comthe CIV and CIII] lines, comparison between gaussian com-
pared to Paper | by decomposing each line profile intopwnents should be performed with care, keeping in mind the
sum of three Gaussian profiles. The C1V line is composedtual line widths.
of two emission (a narrow component NC and a broad
component BC) and of one absorption component (AC
The faint 1600A blend of emission sometimes observ

in AGNs, and caused mostly by Hell1640, O lllJ11663 This technique, introduced in Sluse et al. (2007) and
(Fine et al[ 2010 and ref. therein), is included by construgntsemékers et al. (2010) and previously nickna®@d- Fy,

tion in our Fe Ik1ll template. To reproduce the ClI] line gecomposition, allows us to determine the fraction of the
we need to use three emission components of increasgighsar emission which is natected by microlensing indepen-
width (abbreviated NC, BC and VBC). With the exceptiogently of any modeling of the quasar spectra. Because spectr
of CIlJ(VBC), the central wavelength of the Gaussians gifferences between lensed images are only due to microlens-
are allowed to vary from epoch to epoch as well as thgy (here we correct for diierential extinction prior to the de-
amplitude of each component. Talle 2 provides for eagBmposition), we can assume that the observed sped&um
image, the central wavelength and the FWHM of the of imagei is the superposition of an emissidh, which is
different components of the line. The average value agfly macro-lensed and of another comporfeg, both macro
standard deviation between epochs are displayed. Whg{timicro-lensed. Using pairs of spectra offdirent lensed im-
the standard deviation is not displayed, it means that tgges, it is then easy to extract both componé&htsand F,,.
quantity is fixed for all epochs (see Appendix A for depefiningM = Ma/Mp (> 0) as the macro-magnification ratio
tails). Figure[2 shows the C IV and C III] emission line opetween image A and image D, apd= ua/up as the mi-

2004-11-14 and the corresponding profile decompositiogrolensing ratio between image A and image D, we have:
As in Paper |, the other emission line profiles (e.g. Allll,

Hell, Silll], O 1l1], Mg ) are fitted with single Gaussian £, _ v x £y, + M x 1 x Fy
profiles of fixed width. Fpo=Fm+ Fumy. ’ @)

2. Macro-micro decomposition (MmD)
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The latter equations can be rewritten: much as the continuum (Figuré 3). It is also apparent that the
Eu/MpixFp microlensed fraction of the lines has a broad Gaussian shape
Fum = T @) with no flux depletion or flat core in the center (the deple-
Fmu = W tion observed for the C 1V emission is caused by the intrinsic
_ o ~absorber). On the other hand, iy, only a narrow emission
wherep must be chosen to satisfy the positivity constraifiiye is visible for C IV and C I11]. If we remove the continuum
Fum > 0 andFy, > 0. For the macro-magnification fact™, ower law model and Fe Il model prior to the decomposition,
we adopt the rati = Ma/Mp = 1.0 provided by the lens 54 plot the C11I] and C IV lines on a velocity scale (Figlite 4)
model of the Einstein cross performed by Schmidt etal. (J99e find that the decomposed line profiles are rather simiree. T
The microlensing ratiqu(t, 1) is wavelength and time depenyemainder of the dierence could be caused by Fe Il blended
dent and can be estimated for each epoch based on the rati@;@{ the C I11] emission, and therefore not included in ourlFe
the continuum emission between A & D (Séct]2.1). Our choiggmplate, but may also be real. It is also apparent that tiee i
of the continuum flux ratio to derive(t, 1) means that we im- yofile is asymmetric with a stronger blue component, antl tha
plicitly assume that the emission line and pseudo-contmuine c 1V line is slightly blueshifted~500km s?) compared to
emission arise from regions equally or less microlensed tha Il]. Although comparison between epochs isfidult due
the continuum, in agreement with theoretical expectatibht 1o intrinsic variability of the emission lines, we observet
assumption is also verified a posteriori as our analysis Bo8fi e decomposition remains roughly the same during the gerio
that the continuum emission is also the most microlensed. pq (not shown). During periods P2 and P3, both fractiegs
andFy, of the carbon lines follow the intrinsic brightening of
2.3. Narrow band technique (NBD) the continuum. We also tentatively see that, during peridd P
the line wings appear ifry, indicative that the broadest com-
A simple method to identify dierential microlensing within an ponent is diferently microlensed than the continuum at these
emission line is to divide the line into various WaVElenm'mdS epochs_ We note that the use of a macro_magnification ratio
and calculate the flux ratiBa/Fp for each of these bands. Fory ~0.85, closer to the radio and mid-infrared flux ratios (Falco
the CI1V and ClII] emission, we chose thredfdrent wave- et a1.[1996, Agol et al. 2009, Minezaki et &l. 2009), does not
length ranges corresponding respectively to the blue Wifg ( change the general features observed in Figure 3.
-8000<v < -1500 kms?), the line core (CE; -150Q v < 1500 The slicing of the emission lines in velocity also allows us
kms™) and the red wing (RE; 1500V < 8000 kms*) of the - to study diferential microlensing in the emission lines indepen-
line. Before integrating the flux in these ranges, we first rgently of a model of the line profile. Figuke 5 displays the flux
move the continuum and the Fe-lll emission from the spec- measured in the blue wing (BE), red wing (RE) and line core
tra based on the results of the MCD fit (S@ 21) For the]C Ikl(:E) of the carbon emission |inesy using the NBD (a@ 23)
emission we also remove the Allll and Silll] emission. Th&tandard error bars are calculated based on the photon noise
central wavelength corresponding to zero velocity is 1546rA Although the error bars are large, we clearly seefedtince
CIV and 1907.5A for C1il]. of about 0.3 mag between the flux ratios measured in the core
and the wings of the emission lines. Table 3 shows the average
flux ratios for periods P1, P2, P3. Error bars for a period are
standard errors calculated based on the dispersion of the da
In Paper I, we reported evidence that the broad emissios lingints. The systematic @iérence observed between the blue
in QSO 22340305 are significantly microlensed in image Aand red wings of the C IV profile seems to be mostly caused
during the monitoring period. In this section, we refine ard eby an asymmetry of the core of the line. Indeed, tfiset be-
tend these results (including 2007 data which were absemt frtween blue and red wing decreases as we increase the width of
Paper 1) using the techniques outlined in SELt. 2. This W4ll ahe central velocity range (not shown). The asymmetry of the
low us to derive lightcurves for the CIV and C Ill] emissiorF, fraction of the line visible in Figurigl4 supports this finding
lines and identify signatures of microlensing. When looking to the intrinsic variability of the fierent bands
(i.e. individual lightcurves for images A & D), we observath
the wings vary more significantly on short time scales than th
core of the line.
First, we investigate how microlensinffects the emission line  The results of the MCD decomposition are presented in
shape. For this purpose we use the MmD technique (Sett. 2Rgure[6. They broadly agree with the velocity slicing tech-
The results of this decomposition for the C IV and C lll] emisaique (Fig.[b, Tabl&]3). Figuld 6 shows that the flux ratio in
sion are shown in Fid] 3 for four representative epochs. @n tthe full C 1] profile (diamonds) varies weakly over the mon-
figure, we also overplot as a dashed line the continuum modeling interval. A similar flux ratio is measured in CIV and
derived from the MCD decomposition and the spectrum of in@ 111] with evidence for a small increasé\fnyp closer to 0)
age D (dotted line). As indicated by Eq. 1, the spectrum of inm 2007. Figuré B, also confirms that the flux ratio measured in
age D should matcRy, in the region of the spectra which arehe narrower component of the emission lines is closer te1 (i
microlensed like the continuurf s, = Fp whenFy = 0). The the macro-lensed ratila/Mp) while the flux ratio amounts to
match betweefrp andFy, in the wings of the emission linesnearly 2.5 in the broadest component of the lines (i.e. BC of
reveals that the corresponding emitting region is micredglas C IV and VBC of C l1]).

3. Microlensing variability in the emission lines

3.1. CIV and CIll] emission lines
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of the components are provided in Table 2.
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Fig. 3. Macro-micro decomposition (MmD) of the C I\eft) and C III]+Silll] (right) emission lines obtained from the spectra
of images A & D at 4 diferent epochs. In each panel, the black solid line shows #widin of the spectrurfry, affected by
microlensing and the red solid line shows the emisgignwhich is too large to be microlensed. For comparison, we dilsalay
the observed spectrum of image D with a dotted blue line aagtwer-law continuum used to calculat@, t) with a dashed
blue line.

3.2. Other emission lines spectra averaged over period P1. We clearly see that not only
CIV and CIllI] have their broadest component microlensed,

An accurate study of the microlensing occurring in th@ut also Mglli2798, Alll11671, Hell11640, Allll 11857.

other emission lines is very flicult because of the pseudo-The narrow component of these lines is clearly visibléip

continuum Fe K11l in emission blended with these lines. Thdnterestingly, the Silllj1892 is not microlensed. The absence

MmD technique gives qualitative information about micrale of microlensed Silll] emission is also clearly visible ingHB.

ing for the other emission lines. Figiiie 7 showsgandF The bottom panel shows the [retemplate of Vestergaard &
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in the diferent components (Figl 2) of the CIVeft), CIlI] (right) emission lines. The shaded area indicates the range of
Ampp estimated from the macro-model and from MIR measuremethis.atronyms NC, BC and VBC ffer to the dfferent
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Table 3.Average values of magnitudeffirenceAmyp as mea- kms. Although the iron emission in QSO 2280305 difers
sured in the blue wing (BE), line core (CE), and red wing (REJightly from the Vestergaard & Wilke5 (2001) template (Bap
of the C IV and C 1] emission lines. I, Sect[Z.1), we clearly see that only the microlensed pseud
continuum (i.e. emission above the continuum ), Jresem-
bles the Fgy emission but there is no sign of UV iron emission
in Fy. The pseudo-continuum emission visibleRg at A >
1920 A is unlikely to be produced by Fe because its shape
civ ';; '_g'géf 8'82 :g'ggi 8'83 1;3 3'8‘21 devigtes s_ignificantly from gxpectations. Most likely anic)
DO ' ‘ ' ' of this emission are UV emission from the host galaxy, Balmer
P3 -0.66+ 0.02 -0.58+0.02 -1.10+0.02 . . . .
Il P1 1084002 -059 001 -1.07+0.02 continuum emission and scattered continuum light. Althioug _
P2 118+ 0.03 -0.62+0.01 -1.14+ 0.03 this feature peaks at about 2200A in the quasar rest frame, it
P3 1.32+ 0.05 -0.61+ 0.02 -1.13+ 0.02 is unlikely to be caused by fierential extinction in the quasar
host galaxy because the light-rays separation between A & D
in the host is too small (Falco et al. 1999).

Ampp (Mag)
Line Period BE CE RE

Wilkes (2001) convolved with a Gaussian of FWHM2000
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the spectra of images A & D averaged over period P1. The

black solid line shows the fraction of the spectriin, af-

& fected by microlensing and the red solid line shows the emis-
sion Fy which is too large to be microlensed. For compari-

10| [ * ﬂ son, we also display the observed spectrum of image D with

0.0

1

o

%
I

L

a dotted-blue line and the power-law continuum of D with a
dashed black lineBottom: Fe I1+11l template from Vestergaard
& Wilkes [2001 convolved with a Gaussian of FWHE000
kms?,
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randomly distributed stars. The surface density of statislag
Fig. 5. Time dependence of the magnitudéelience between gheapy at the location of the lensed images are those provided
images A & D,Amap, as measured in the blue wing (BE; blugy a macro model of the system. Instead of the surface den-
diamond), line core (CE; green square) and red wing (RE; rg@;, the dimensionless quantitythe convergence), defined as
hexagons) of the C IVTop) and C 111] (bottom) emission lines. the ratio between the surface density and the critical tiensi
The shaded area indicates the rangéwhp estimated from s ysed. We usex(y)a = (0.394, 0.395) anck( y)p = (0.635,
the macro-model and from MIR measurements. 0.623) (Kochanek 2004). Due to the location of the lensed im-
ages behind the bulge of the lens, we assume that 100% of
the matter is in the form of compact objects. This assumption
4. Microlensing simulations is motivated by the results of Kochanek (2004) who demon-
strate that the most likelysmooth = 0 in QSO 223#0305. The
In order to derive the size of the regions emitting the carbemass function of microlenses has littlext on the simula-
lines, we compare the observed microlensing signal with sitions (Wambsgan$s 1992, Lewis & Irwin 1995, 1096, Congdon
ulated microlensing lightcurves generated fdfefient source et al.[2007) and we therefore assume identical masses in the
sizes. The strategy we adopt is similar to the one explainedsimulations. The mass of the microlenses sets the Einsiein r
Paper Il. Instead of searching for the best simulated lighe diusre. For QSO 22370305, the Einstein radius projects onto
reproducing the data, we follow a Bayesian scheme for whichige source plane as:
probability is associated to each simulated lightcurve rébp
ability distribution is then derived for each parametertt ithex 4AGM DysDs 6 M
scribes the lightcurve. We provide a description of the iauc'® = \/ ~2 Dy 9.84x 100 O'3M®cm, (3)

steps in the next sub-sections.

where theD are angular diameter distances, the indiogk
srefer to observer, lens and source aids the mass of mi-
crolenses. We create magnification patterns with sideteoiyt
We use the state-of-the-art inverse ray-shooting codel-devi0rg and pixel sizes of 0.0dgz. Tracks drawn in such a pattern
oped by Wambsganss (1990, 1999, Z001) to construct micvasuld provide simulated microlensing lightcurves for 1edix
magnification maps for images A & D. To create these patize sources. In order to simulate lightcurves for others®u
terns, the code follows a large number of light-rays (of ordsizes, we convolve the magnification pattern (after conwers
109, from the observer to the source plane, through a field of a linear flux scale) by the intensity profile of the source. A

4.1. Creating the microlensing pattern
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shown by Mortonson et al. (2005), the exact shape of the sourc

intensity profile has little influence on the lightcurve. dther -0.4
depends on the characteristic size of the source. For siitypli
we assume a Gaussian profile. A uniform-disc profile has also -0

been tested for comparison. We construct magnification maps
for 60 different source sizes having characteristic scales (Full
Width at Half Maximum for the Gaussian and radius for the 9
disc profile) in the range 2-1400 pixels (0.62- 14rg). 5

—0.8F

4.2. Comparison with the data

—1.4F

The patterns created in Seff.]4.1 are used to extract simu-

i i i “1800 3200 3400 3600 3800 4000 4200 4400 4600
lated microlensing lightcurves to be compared to the data. B S Ra (o)

Two data sets are used: the OGLE data of QSO 2P305
(Udalski et all 2006), which provides well sampled V-band
lightcurves of the continuum variations, and our spectmph
tometric lightcurves presented in Sddt. 2. In order to sthay
microlensing signal, we have to get rid of intrinsic vagats.
This is done by calculating theftgerence lightcurves between
images A & D. Similarly, the simulated microlensing sigral i
obtained by taking the fferences between the simulated tracks
for images A & D. The parameters which characterise a simu-
lated microlensing track are the starting coordinatesemtlag-
nification patternsXpa, Xop), the track position angléy, 6p),

and the track length. As the extracted track is compared to =
lightcurve obtained over a given time range, the track lengts |
corresponds to the transverse velocity of the source esgdes 5 _ .|
in re per Julian day. As in Paper Il, we assume that the velocitg _, |
is the same for the trajectories in A & D and the track orienta-© e

. . 00032003400360038004000420044004600 0032003400360038004000420044004600
tion 0a= 6p. To account for the fact that the shears in A & D are JD-2450000 (days) |D-2450000 (days)
roughly orthogonal (Witt & Ma®_1994), we rotate the magnifi-

cation map of D by 90 prior to the track extraction. The dif- _ o ) ]
ference of the magnitude between track A and track D shoufd9- 8- Top: Example of a good track fitting the féérential

on average, be equal to the one of the macro-model. Like otfigftcurve Amap observed for the C IV broad line and for the

authors, we account for the uncertainty on the amountftédi continu_umCenter: Co_rresponding tracks_(solid line) in the_mi-
ential extinction between A & D and on the macro-model flugrolensing pattern of image Aeft) and D ¢ight). The large cir-

ratio by allowing for a magnitudeffsetmo between the simu- cle represents the C IV source size and the small one theneonti
lated lightcurves extracted for A and D. The other paransetdfUm-Bottom: Track corresponding to the continuum emission
characterizing the lightcurves are the convergence anarsH@!ack solid line) and to the C IV emitting region (dashedygra
(k,y) fixed in Sec[ZL. Physical quantities (source size and Ji&€) forimage A (left) and D (right).

locity) are proportional to the mass of microlensed/H¢’.

In order to build a representative ensemble of lightcurvesction, we explain how we derive probability distribugdor
which is compatible with the data, we follow a four-step strathe quantities of interest.
egy similar to the one described in Paper I, in Anguita et al.
(2008) and in Kochanek (2004)) we pick a set of starting e
values for the parameters defining the tracks in A & D and vaf1y3' Probability distribution

them to minimize thg? between the simulated lightcurve andrpe probability of a trajectory, defined by the set of param-
the OGLE lightcurve2) we repeat step 1 in order to geta réPetersp = (k,y, M, RS, R'S,V, Mo, Xo.A, Xop) (Where we drop the
resentative ensemble of 10000 tracks and a good coveragggkx j for legibility, RS andR., refer to the source size of the
the parameter spacg) each track estimated in step 2 is comMeontinuum and of the line) given the daais, according to
puted for other source sizes and the agreement with the BBByes theorem:

lightcurve is quantified using g2-type merit functions) the

x? estimated in steps (2) and (3) are summed up and used %o L(DIp;)P(p;) L(DIp;)P(R)P(V))
calculate a likelyhood distribution for any track pararmefe P(piID) = <7 L(DIp;)P(p;) ST L(D|p;)P(RE )P(V))
summary of the technical details regarding microlensingsi = o = s
lations is given in AppendixBB. An example of a good simulateatheren is the total number of trajectories in the librakyD|p;)
lightcurve fitting the data is shown in Figurk 8. In the nexXi-suis a likelihood estimator of the dafa given the parameters;

—2.2

2.3

[ av




D. Sluse et al.: Size and structure of the BLR in the Einstems€ 11

andP(R; ;) andP(V)) are the priors on the continuum sourcéne of sight. This means that inclination maffect our size
size and velocity respectively. Only the prior Baand onV estimates by a factor cgs> 1/ V2. Although the exact ge-
appear in Ed.]4 because we use an uniform prior on the otenetry of the BLR is unknown, there are several line of evi-
(nuisance) parameters. The eriR;) is required because wedence that QSO 223D305 is seen close to face-on. Firstly,
have a non uniform sampling €. The prior is related to the QSO 223%0305 is a Type 1 AGN with a flat radio spectrum
density of trajectories as a function Bf . given our source (¢« = —0.18, Falco et all_1996), indicative that the source is
sampling in 60 dierent bins. IfR{; falls in the binb of width  seen nearly face-on. Secondly, the analysis of the micselen
lp, then we havé(Rg ;) o« l,. The velocity prioP(V;) is identi- induced continuum flux variations by Poindexter & Kochanek
cal to the one used in Anguita et al. (2008). It is based onipre(2010b) show that the inclination of the accretion dise4&°
ous studies by Gil-Merino et al. (2005) which suggest that tlat 68.3% confidence level. Thirdly, the CIV line shows only a
net transverse velocity is smaller than 0.084d (at 90% con- small blueshift which can be interpreted as an evidencetieat
fidence level). This corresponds te: %60 kms? in the lens BLR is seen face-on (Richards et(al. 2002).

plane ¢ 6000 kms? in the source plane) foM ~ 0.1Mg, If the BLR has a disc-like morphology, the projected emis-
in agreement with the velocity prior used by Kochariek (2004)on should take place in a ring-likeegion (with an inner ra-
and Poindexter & Kochanek (2010a). dius R, and outer radiu®y), rather than in a uniform disc

As explained in Kochanek (2004), the use of the standasid assumed here. Thifext of such a 'hole’ in the BLR emis-
likelihood estimatorL(D|p;) = exp(-x?(p;)/2) can lead to sion has been studied by Fluke & Webster (1999) who showed
misleading results because it is very sensitive to the acgwf that the microlensing lightcurve would be significantijeated
the error bars and to change of tpinduced by possible out- only for Ry, > 0.5Ry. Since the BLR is commonly assumed
liers. To circumvent this problem, we follow Kochanek (2D04o haveRy: > 10Ri, (e.g. Murray & Chiand 1995, Collin &
and use the following likelihood estimator: Huré[2001, Borguet & Hutsemékers 2010), we shall not con-

sider this geometrical issue.
Naot — 2 x*(Pj)

2 72

L(DIpj) = 1"[

, )
5.2. Absolute and relative size of the continuum and

wherer is the incomplete gamma function, apéi= y2, ¢ + the BLR
Xine is the sum of the? obtained when fitting the OGLE data

R . he V-band OGLE lightcurve is associated with emission-aris
and emission line lightcurves (steps 2 & 3 in SECT] 4.2). g

ing mostly from the quasar continuum. The probability d@istr
bution of the continuum source si&€ derived from our mi-
5. Inferences of the quasar structure crolensing study of that lightcurve (SeEl. 4) is displayed i

) ) ) . Fig.[@. On this figure, we also show, on a color-coded scale,
In this section, we present the results of our microlensimy s 1o average velocity of the tracks in each source size bin. We
ulations and discuss them in the light of the phenomenodgigee that the source size and the velocity are strongly corre-
St“‘?'y of th? emission Il_nes n A &D. First, we d.ISCUSS the dQ5teq as expected from the source sie¢ocity degeneracy (e.g.
main of validity of our simulations and the meaning of the BLg y -hanek 2004, Paper II). When we consider a uniform prior
size estimated with our method. Second, we derive the Sgﬁthe velacity (not shown), we find that imposing, the av-
of the continuum and of the BLR for CIV and CIlI]. Thlrd,erage dference of magnitude between A & D lightcurves, to

we compare our results to the Radius(BLR)-Luminosity rely, oqy41 to the macro-model expectation allows us to exclude
tion derived from reverberation mapping. Fourth, we detfie very high velocities (» 0.005¢/jd). For the velocity range al-

black hole mass of QSO 2230305 using the virial theorem |, q by the Gil-Merino et al[(2005) velocity prior, the sam

and compare it to black hole mass derived from the accretigiyyipytions ofmy is found whatever the velocity bin consid-
disc size. Finally, we discuss the consequences of oursiBaly,re The median half light radius of the continuum we derive
for the BLR structure of QSO 223D305. from our simulations iS¢ = 8.8 x 10'° ¢m (25 x 10'° cm
< RE < 25.4x10% cm at 68.3% confidence levél| = 0.3Mp)

5.1. Caveat for a Gaussian profile, ari§ = 12.3x 10'° cm (32x 10 cm

_ S _ _ < RE < 36.8x10™ cm at 68.3% confidence leved| = 0.3Mg)
In microlensing simulations, we represent the projecte®Blyoy 5 yniform disc. TablE&l4 compares our measurements with
with a face-on disc having a Gaussian or a uniform intensifye results of Kochanek (2004, KOC04), Anguita et[al, (2008)
The exact intensity profile should ndfect our estimate of the paper | and Poindexter & Kochanek (2010b). The half-light
size (Mortonson et al. 2005) but the sizes retrieved arestoby, ;g Ry/2) allows the comparison of sizes derived with var-
only if the BLR has actually a morphology which is disc-lik§qs intensity profiles. We see that our results are comieatib
when projected on the plane of the sky. This correspond=to {ith all other works.
case of a spherically symmetric BLR geometry or of an axi- the probability distributions of the half light radius mea-
symmetric geometry with the axis pointing roughly towares Ug req for the C IV and C IIl] emission lines (using a Gaussian
Since the microlensing signal remains nearly unchanged for
sources with ellipticitye = 1 — q < 0.3 (Fluke & Webster 1 | the case of emission coming from a spherical shell, the pro
1999, Congdon et al. 2007), our simulations should also feeted profile may also look ring-like but emission shoulsoarise
valid for disc-like sources inclined by up b~ 45° w.r.t. the from the central part of the disc.
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Table 4.Comparison of V-band continuum source size of QSO 223805 (Sec{.5]2). The reference is presented in Col. #1, the
source profile used in Col. #2, and the published size estimatol. #4 (wherdR= radius of a uniform disdr,= scale radius

of a Shakura-Sunyaev accretion disg, and FWHM are resp. the standard deviation and the full witithe#f maximum of a
Gaussian). These quantities have been converted to hialfragiusR;,, to allow comparison between profiles. Col. #6 & #7
provide the average mass of microleng@s)) used in the microlensing simulations and information rdiey the velocity prior.

Reference Profile Estimator Size {26m) Ry/2 (10*°cm) (M) Velocity prior

This paper Gauss Median 17362 (FWHM) 8.8725° YM/03Mg  Gil-Merino[2005

This paper Uniform disc Median 1785 (R 12.3245 +v/M/0.3Mg  Gil-Merino[200%

Poindexter et al (2010b)  Shakura-Sunyaev  Median BERY) 14.2Z, 0.3Mg Poindexter et al[{2010a)
Anguita et al.[(2008) Gauss Most likely 4% (ov) 5.4;30 v/M/0.1Mg  Uniform

Anguita et al.[(2008) Gauss Most likely 133 (ov) 1593 JM/0.1Mg  Gil-Merino[2005

Paper Il Gauss Most likely 4G (FWHM) 207373 YM/0.1IMg  Uniform

Paper Il Gauss Most likely 9722 (FWHM) 4.6 0.1Mg Similar to Kochanek(2004)
Kochanek[(2004) Shakura-Sunyaev  Median IRY) 107383 [0.1,1]Mgp  Sect. 2.3 of Kochanek (2004)
Kochanek[(2004) Gauss Median 5i(ov) 5.933 [0.1,1]Mp  Sect. 2.3 of Kochanek (2004)

source light profile) are displayed in Figurel 10. Reasonably ‘
good fits are obtained for all the line components. However 0.14f
the quality of the best fits tends to be poorer for the broadest
line component (typical reduceg ~ 2), the poorer fits be-

ing obtained for the very broad component of the C 1] line
which has a reducegf ~ 4. This suggests that our error bars
on the flux ratio are underestimated (by a factory2) when
measured in the broadest line components. This is not unex-
pected as the flux in these components of the emission lines
are more prone to measurement errors in the MCD decompo-
sition. Our results are however robust in the sense that they
remain unchanged when the error bars are increased by this
factor. Median half light radius and 68.3% confidence iraésv

are provided in Tablel5 for both Gaussian and uniform disc in-
tensity profiles of the BLR. These sizes are independenteof th
intensity profile used for the continuum emission. Theseltes
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R¢ (<M/0.3My > cm)

, : _ Fig. 9. Probability distribution for the half-light radius of con-
confirm that the most compact region of the quasar is also t[riﬁ%um emission in QSO 2230305, color-coded as a function

one emitting the broadest components of the fines. of the average (lens plane) velocity of the tracks in a givien b
While the absolute source sizes derived above depend on

the mass of the microlenses, the relative size of the contin-

uum and the BLR are independant of the mass of microlenses.

Table[6 displays the ratio between the emission line and the Finally, we note that the results of Table 5[& 6 are not sen-
continuum half-light radius siz&,/RS (assuming the samesitive to possible outliers in our BLR lightcurves. We retré
source profile for the continuum and BLR), at 68.3% confessentially the same results when the points inconsistiéht w
dence, for the dierent components of the BLR identified inthe OGLE lightcurve (i.e. those which are marked with a 'x’ in
Sect.[Z.1l. We can see that the region emitting the broadegy.[T) are excluded. Similar results, bitected by larger error
components of the C 1V and of the CIll11] lines (i.e. Cd¥and bars, are also obtained if we do not consider the 2007 data.
Clll]vec) are about 4 times larger than the region emitting the

V-band continuum. In contrast, the narrowest componertef t : . ) )

emission lines arises from a region typically 25 times largd-3- C IV Radius-Luminosity relationship

than the continuum. In this subsection, we compare our microlensing-based es-
We shall notice that the radius of the Extreme-UV contirtimate of the CIV emission line (Secf_5.2) with the
uum ionizing the carbon lines (typically< 500 A) is expected Radius(BLR)-Luminosity relationship (hereaff@s g — L) de-
to be much smaller than the V-band continuum, with a depenved with the reverberation mapping technique (SEcil.1.2)
dence of the size with wavelength Bsoc A% (Paper Il and The Rg.r — L relationship for CIV has been obtained only
ref. therein). For a standard accretion disc mogdel,4/3, im- for six objects (Peterson et al. 2005, Kaspi et al. 2007). The
plying that the UV ionizing continuum is more than 7 timetuminosity used in this relationship is commonly(L.350A).
smaller than the OGLE-V band continuum. Unfortunately, the latter is out of our spectral range. dast
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Table 5. Half-light radius of the line emitting regioR, (in

.2
o — &C 10% ,/M/0.3 Mg cm) for a Gaussian (G) and a uniform disc
v S (D) intensity profile. Measurements for the CIV & CII] full
ois emission line profiles (TOT) and for their individual compo-
2 nents NC, BC and VBC (in order of increasing FWHM, cf
g Fig.[2), are presented.
g 0.10
(]
= Line R(G) 683%Cl R (D) 68.3%Cl
T CIVBC 429 [14.1,1241] 56.6 [17.6,168.6]
0.05 CIVNC >827 - >1035 -
CIVTOT  170.7 [47.7,457.6] 276.6 [72.0,676.0]
‘ ClfBC  150.1 [51.7,430.5] 209.6  [69.0,627.7]
0.00L- — J . CIHINC  >979 - > 1122 -
10 Y (/o N Cm)“’ 10 CIIJVBC 53.6  [21.2,126.9] 41.7 [17.4,103.0]
) R CIITOT 1264 [36.9,399.5] 163.5  [43.8,570.6]
0.18
— BC
orer  Cll el Table 6. Ratio of sizeR./R¢ of the BLR to continuum re-
0.14f — TOT | gion for Gaussian (G) and uniform disc (D) source profiles.
gmf Measurements for the region emitting the CIV & CIII] full
§ line profiles and for their components NC, BC and VBC (in
e order of increasing FWHM), as shown in Fig. 2, are presented.
°>J 0.081
% 0.06
= ol Line R/R(G) 683%Cl R/R(D) 68.3%Cl
CIVBC 3.9 [1.6,134] 3.0 [1.1,12.0]
0.02 1 CIVNC 277 [9.0,89.3] 222 [7.1,73.8]
000l I? - - CIVTOT 18.9 [4.6,72.3] 17.5 [4.5,61.2]
. cliBC 16.9 4.9,63.1 15.2 4.0,58.9
Ry (<M/0:3Mo>'/* cm) cm% NC 294 {10.5,101;6] 25.6 [[8.1,82.5]]
Fig. 10. Probability distribution for the size of the C I\tap) g:::} ves 5o [[%‘;gf;]] 2 [[033”743_]4]

and CIII] (bottom ) broad emission lines. Measurements fot
the region emitting the C 1V & C I11] full emission line profige
(thick black lines, TOT) and for their components NC, BC and

VBC (in order of increasing FWHM, cf. Figf] 2), are presente@€0metry and density of the BLR gas, we find a remarkably
good agreement with the Rtlrelationship.

5.4. Black hole mass estimates

The BLR size we derive from microlensing can be used to es-

553 i
we usedl(1450A)=10% ergs (Assef et all 2010) which timate a black hole mass using the virial theorem:

has been shown to be equivalent tg(1350A) (Fig. 4 of
Vestergaard & Petersdn 2006). This luminosity estimate,
rectly measured on our spectra, is corrected for mac

magnification and line-of-sight Galactic extinction. Thaero- . . :
S e . g where f=1 is a geometric factor, which encodes assump-
maghnification is correct within a factor 2 (Witt & Mao 1994).. .
. : ions regarding the BLR geometry (e.g. Vestergaard &
Because the lensed images are located behind the bulge o ; , :
o 2 eterson 2006, Collin et al. 2006), calibrated from theltesu
galaxy, it is reasonable to assume that the absolute extmnct :
due to the lens is: 1.0 mag. The finite slit width of 0/6and O Oket et al. (2004). Using FWHM,y = 3960+ 180
: 9- ' kms™ (Assef et al. 2010), we derig = 2.0%; x 10° M.

seeing~ 0.6” may lead to an underestimate of the total f|Ué .

: . onsistent measurements, but generaffgaed by larger er-
by a factor up to 2. This leads to an uncertainty factor of 4 Br bars, are derived using the other broad components of the
AL,(1450A). The CIV size has been derived to Rg"Y = ' 9 P

. emission lines. Hereafter we refer to this black hole masis es
1735 x 107 yM/0.3Mg cm = 65615 yM/03Molight- 1y 0 agMBLR. As we argued earlier, inclination w.r.t. the line
days (Tab[b). Figure11 shows tRg r-L diagram including ) BH
our measurement for QSO 2280305 and the analytical rela-Of Sight may reduc®s,r by cosg > 1/ V2.
tion derived by Kaspi et al. (2007) for their so called 'FITEX 2 Onken et al. derivé = 5.5 but usings-2 instead of FWHM in the
fit. Although the reverberation-mapping size mafeli from virial relation. The corresponding value 6fwhen using the FWHM
the half-light radius by a factor up to a few depending on thef = 1.

i f
i;l_BH = GRetrFWH VEPS (6)
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KT = hc/Aestis given by the following expression (Poindexter
10° ; ; ; ; ; ; ‘ ‘ ‘ & Kochanek 2010b):

Ry = (_456 AﬁestMBH M )1/3

7
1678hc? ()

102 b

whereMagy is the black hole mass arM is the accretion rate.
Rewriting this expression for the black hole mass, we get:

101 L
Q2237+0305

100 b

CIV size [light days]

M 0,68 L2 V(s )P (L) 10° Mo (8)
BH ™™ cm 0.2um) Mo1{Lg ©

10t b

where Olng: = 7 = L/(Mc?) is the radiative Biciency of
the accretion discRy, = 2.44R; is the half light radius of
10 L a Shakura-Sunyaev accretion disc model apde is the lu-
10 10 10 10 10 10 10 10 10 10 10 . . . . . . . . .
AL, (1350 A) [erg 5] minosity in units of Eddington luminosity. Using the acéoet
disc half light radiusRS = 8.8 x 10* cm (Sect[5R), we get
Fig.11. Rcrv-L diagram combining reverberation mappingMgiﬁc = 177 x 18 Mg (2.7x10 Mg < M3 <8.7x10° Mg
measurement oRcry (X’ symbol, Peterson et al._2005,at 68.3% confidence) if we assume that Lg andy = 0.1.
Kaspi et al.[2007) and our microlensing based size f@nfortunately M3 is also prone to systematic errors and de-
QSO 223#0305. The solid line is the analytical fit to the repends strongly on the exact temperature profile of the dise. T
verberation mapping data from Kaspi et al. (2007), which hagck hole mass derived with this method assumes a tempera-
a sloper = 0.52. ture profileT o R¢ with & = 3/4 (Shakura & Sunyaev 1973).
A different value o’ in the range [0.5,1] may lead a3
largeysmaller by a factor as large as5 (e.g. Poindexter &
KochaneK 2010b). Th&1d< is thus more uncertain and less
Our estimate ofMg® may be uncertain by a factor ofaccurate thaMgLR.
a few due the variation of from object to object. A value By comparing the isotropic luminosity = 4.0 x 10%¢
of f larger than our fiducial valud = 1.0 may be ex- ergs of QSO 22370305(Agol et al[ 2009) to the Eddington
pected for axi-symmetric geometry of the BLR seen nearlyuminosityLg = 1.38 x 10°® Mgy /Mg erg’s, we derive a black
face-on. The study of several plausible theoretical modelshole massM§,, > 2.9 x 10*Mg, consistent withME-R and
the BLR allowed Collin et al.[{2006) to show that inclinajvidisc,
tion of axi-symmetric :ELR models may noticeably incredse
Observationally, Decarliet al. (2008) foundf in the range
[0.5,10], with larger valuesf( > 4) only for objects with 5.5. The structure of the BLR
FWHM < 4000 kms?. Based on the MCD decomposition of the spectra, we have
The use of the virial theorem to deringy based on the shown that the CIV and C1lI] lines can be decomposed into
CIV line is still debated. For this line, non gravitationd} e 2 (resp. 3) components of increasing width (Elg. 2). The boss
fects, such as obscuration and radiation pressure, areprdiility that these line components correspond to physiadilly
bly affecting the C IV profile (Baskin & Ladr 2005, Marzianitinct regions in the BLR has been discussed by several aithor
et al.[2006). Obscuration, if present, should lead to an undge.g. Brotherton et al. 1994b, Marziani et[al. 2010) but rama
estimate of FWHM(QV) and therefore to an overestimate oflebated. The variable amount of microlensing in these cempo
the MELR. The dfect of radiation pressure might be more sulments allows us to shed new light on this scenario.
tle. While Marconi et al[(2008) have argued that radiaticesp The diferential microlensing lightcurves observed for the
sure implies an underestimate ®fzH, recent calculations of Gaussian components of the emission line (Eig. 6) are essen-
Netzer & Marzianil(2010) show that orbits of BLR clouds aréally flat, even when a substantial microlensing signallis o
affected in such a way by radiation pressure that the prodsetved in the continuum. They also show increasing micsslen
ResL.r FWHM? (and thereforéMgy) will vary by at most 25% ing efect in the broadest line components. Our simulations
due to radiation pressure. Our finding of roughly simidgy  show that it is possible to reproduce both the continuum and
for different components of the line, emitted in regiorn$edi BLR lightcurves by changing only the source size. We clearly
ently dfected by radiation pressure, further supports the idftad that the most compact regions have the broadest emission
that Mgy in QSO 223#0305 is not strongly biased by nonThis excludes BLR models for which the width of the emis-
gravitational &ects. sion line is proportional to the size of the emitting regi@ur
A black hole mass estimate can also be derived from thesults are compatible with a variation of the BLR size with
size of the accretion disc. In the accretion disc theoryrthe FWHM™2 as expected if the emitting regions are virialized.
diusR; at which the disc temperature equals the photon energiis arise in various geometries, i.e., for a sphericatiyrigpic
BLR, a Keplerian disc, or a disavind model similar to one
proposed by Murray & Chian@ (1905, 1997).

% Decarli et al. use a fierent definition off : fiispaper f2ecai
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The other techniques we use to analyse the spectra peoiission in the blue (i.e. blue asymmetry), in agreement wit
vide additional evidence that the BLR of CIV and C ] isprevious studies (Brotherton et lal. 1994a). Fidure 4 shbas t
composed of several regions. The "narrow-band” techniqtlese diferences are visible in the narrow component of the
(Sect[Z.B) reveals thaimap is closer to the macro model valudine. On the other hand, the very broad component of these lin
(i.e.,Amyp ~ —0.1+ 0.1) in the core of the emission lines tharns slightly asymmetric for both lines, showing again a blxe e
in the wings. But even in the central 200 km part of the line, cess but a more significant one for C IV. Because the intrinsic
we find Amap ~-0.6 mag, indicating that there is microlensedbsorber is superimposed on the C IV profile, it is hard to as-
flux in the core of the line. The MmD technique (S€ct] 2.2) pr@ess whether the broadest component of the profile is in fact
vides further clues on the origin of this flux. The shap&gf, blueshifted like the narrow one. Finally, we mention that th
for the carbon lines, smoothly increases from the base to dwe of the carbon lines varies less than the base of the line,
line center, and is compatible with a single-peak profilee Thin agreement with the finding of Wilhité (2006) based on a
lack of "accretion disc-like” profile with a flatter or depéet large sample of SDSS quasars. This finding is consistent with
core (see e.g. Bon et al._2009) does not exclude a disc like tfee above arguments showing that the broadest part of the lin
ometry of the BLR because disc emission can also produce snises from a region closer to the continuum.
gle peaked profiles (Robinson 1995, Murray & Chiang 1997,

Down & al.[2010). The MmD supports the use of a Gaussianéo Conclusions

empirically decompose the emission lines with the MCD tech-

nigue and a composite model of the BLR formed by at least2r the first time we have derived the size of the broad line
different regions. region in QSO 223¥0305 based on spectrophotometric mon-

Clues to the physical conditions occuring in these ré&ering data, consisting of 39 fierent epochs obtained between
gions should come from the flux ratios measured betwe@gt. 2004 and Dec. 2007. To reach this goal, we have measured
lines. A detailed analysis, however, needs very high sigmaldifferential lightcurves between images A & D for the C IV and
noise measurements (based e.g. on an average spectrui@ It broad emission lines and compared them to microlegsin
QSO 223#0305), proper account of Galactic reddening arglmulations. This leads to the determination of the haffi
detailed photo-ionisation models. This is beyond the sadperadius of the CIV emitting regiorRc1y ~ 66 It-days (19 It-
this paper and is devoted to a future publication. We shalthodays< Rc1v < 176 It-days at 68.3% confidence), in very good
ever mention several features already visible in our specttr agreement with th&g g — L relation derived from reverbera-
and which should provide interesting constraints on photiien mapping (Kaspi et al. 2007). The size we derive for C ]
ionisation models. First, there is no broad Silll] emissidhe is Rciip ~ 49 It-days (14 It-daysc R < 154 It-days at
ratio Silll]/CIII] is very sensitive to the electronic density68.3% confidence), compatible with the size estimated fer th
(Keenan et all_1987, Aoki & Yoshida _1999). The absence mgion emitting C IV.

Silll] in the broad component of the emission indicates that Thanks to the variable amount of microlensing observed
electronic densityne in the region emitting the broad compo-within a given emission line, we can also derive informaton
nent of Cll1] is smaller than in the region emitting the navro the structure of the broad line region.fi@rential lightcurves
portion of the lines. Second, there is no clear narrow #8Ill obtained for various velocity slices of the CIV and C llI]dis
emission, suggesting that the latter arises from the inaer pshow that the wings of the lines are more microlensed than the
of the BLR or from a very compact region. This contrasisore, indicating that the former arise in a more compacbrregi
with microlensing observed in the lensed quasar RXJ 113Mhis finding is confirmed by two other techniques. The first
1231 (Sluse et al. 2007) where narrow and broad emission weree demonstrates that a broad and single-peaked fracttba of
found for the "optical’ Fe 11l emission (@ € [3000,5000]A), emission line is microlensed, while a narrower fractionriafd

the UV Fell being poorly covered by the spectra in that syfected by microlensing. This technique also suggests htsfig
tem. Third, the ratio CllIJC1V is found to be nearly the samedifferent structure for the C IV and C lll] emission regions, with
in the broad and narrow component of the line (Eig. 4). Thike narrow C IV emission being blueshifted w.r.t. the system
advocates for a similar ionisation parameter U in these ®wo redshift. The second technique assumes that the emissam li
gions (Mushotzky & Ferland _1984), whichdspriori surpris- can be decomposed into a sum of Gaussian components. The
ing since U should vary with the distance. In their decomp& 1V is decomposed into a narrow (FWHM2600 km s') and
sition of the emission lines based on the principal compbnenbroad (FWHM-~ 6300 km s') component. In order to repro-
analysis technique, Brotherton et al. (1994b) faced a amilduce the small dierences between the CIV and CIl1] lines,
problem, and found that C IUC IV measured for the narrowwe need three Gaussian profiles (FWHM550, 3400, 8550
part of the line (their so called intermediate line regioaswoo kms™) to reproduce the latter. The lightcurves derived for
large by an order of magnitude compared to photo-ionisatitirese components are essentially flat and show that microlen
models. We speculate that metallicity and optically tfticka  ing is more important when the FWHM increases. Although the
nature of the BLR gas are likely to play an important role imdividual Gaussian line components do not necessarilgtso
reproducing these ratios (Snedden & Gaskell 1999). individual emission regions, we find that these lightcuraes

Small diferences between the CIV and CIII] line profilecompatible with the continuum lightcurves, provided oriig t
are visible in the total line profile (Fid.l 4): the ClI] prddil size of the emission region is modified. This allows us tovaeri
peaks nearly at the systemic redshift and is rather symeneti half-light radius for the regions emitting these compasen
while the C 1V line shows a small blueshift and an excess ag well as their size relative to the continuum. The radii are
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consistent with the virial hypothesis and a radius whicliegar Aoki, K., Yoshida, M. 1999, ASPC 162, 385
as FWHM2, Using the virial theorem, we derive a black holéssef, R.J., Denney, K.D., Kochanek, C.S. et al. 2010, Agstted

massMgy ~2.0x10°Mg (0.5x10°Mg < Mey < 5.4x10FMg (arXiv:1009.1145v1)
at 68.3% confidence). Bachev, R., Marziani, P., Sulentic, J. W.et al. 2004, ApJ,ar1

Our analysis supports the finding by other authoRaskin, A., Laor, A., 2004, MNRAS 350, L31
Baskin, A., Laor, A., 2005, MNRAS 356, 1029

Brotherton et al. 1994a, Marziani et @l. 2010) that theorgi

( . . ) 9 Bentz, M. C., Peterson, B.M., Pogge, R.W., Vestergaard viken,
emitting the C 1V and CIII] lines are composed of at least two C.A. 2006, ApJ, 644, 133

spatially distinct components, one emitting the narroweaair Bentz, M. C., Walsh, J. L., Barth, A. J. 2009, ApJ, 705, 199

the line and another, more compact, emitting a broadest CoOfxiz M. C. Horne K. Barth. A. J. et al.. 2010 ApJ, 7206L4

ponent. The broad (resp. narrow) component of the CIV agg E., Popovi¢, LC., Gavrilovie, N., Mura, G. L., Mediavilla, E.
C 1] lines do not have exactly the same profiles. The flux ra- 2009 MNRAS, 400, 924

tio CIlI]/C 1V is very similar when measured in the broad anBorguet, B., Hutsemékers, D. 2010, A&A, 515, 22

in the narrow components of the lines. This suggests that B@oson T. A., Green, R. F. 1992, ApJS, 80, 109

ionisation parameter U is nearly the same in the two regiofotherton, M. S., Wills, B.J., Steidel, C,C., Sargent, WL 1994
a surprising result since the narrow components are found to APJ, 423, 131

arise in regions several times larger than the broad comftetherton, M. S., Wills, B.J., Francis, P.J., Steidel, 1694 ApJ,
nents. Other lines observed in our spectra seem to arisedrom 430,495 )

least two components: MgAiR798, All111671, He 1111640, gardell:(, JHA'I’ ClaygonF; (iégg" 'Xaf]h';i' f.l,51989, ApJ, S48
Allll A1857. The situation is ffierent for Silll]11892 which en. 1, naperm, .. & AP S

o - 7" Clavel J., Reichert, G. A., Alloin, D. et al. 1991, ApJ, 368, 6
does not show emission from a broad component, |nd|cat|veé€|“n S. Huré. J.-M. 2001. A&A. 372. 50

a smaller electronic density in the region emitting the broad-cojiin, 5., Kawaguchi, T., Peterson, B. M., Vestergaard, 2006
est part of the emission lines. On the other hand, we detect pogA 456, 75

broad microlensed Fe#lll but no “extended” emission. This Courbin, F., Magain, P., Kirkove, M., & Sohy, S. 2000, ApJ952136
suggests that kg is produced in the inner part of the BLRCongdon, A.B., Keeton, C.R., Osmer, S.J. 2007, MNRAS, 388, 2
or in a very compact region. Obtaining spectro-photomet@orbin, M.R. 1990, ApJ, 347, 346

monitoring data in the near-infrared where Balmer lines af@rbin, M.R. 1995, ApJ, 447, 496

detectable would be very useful to constrain photo-ioiisat COrbett, E., Robinson, A., Axon, D. J., Young, S., Hough, J1688,

models and compare the microlensing signal in Balmer (ebq. MTRQSLZ?)'G’ 731 - A Eal R 2008. MNR/GS7
H ), high ionisation (e.g. C1V) and kg lines. ecarll, R., Labita, M., Treves, A., Falomo, R. ’ .

. . 1237
_We have demo_nstrfited that the Spectrpphotometrlc moﬁgnney, K. D., Peterson, B. M., Pogge, R. W. et al. 2009, Ap4, 7
toring of microlensing in a lensed quasar is a powerful tech-| g5

nique to probe the inner regions of quasars, to measurez@e §jetrich, M., Hamann, F., Appenzeller, 1., et al. 2003, AB9I6, 817
of the broad line region and infer its structure. More work igown, E. J., Rawlings, S., Sivia, D. S., Baker, J. C., 2010,RWS,
still needed to take full advantage of the method, but our re- 401, 633
sults are very promising. Several improvements are passiiigenbrod, A., Courbin, F., Sluse, D., et al. 2007, A&A, 4837
to increase the accuracy on our size measurements and bet{Paper I)
ter characterize the BLR structure. First, microlensimgusi Eigenbrod, A., Courbin, F., Meylan, G., et al. 2008, A&A, 4933
lations reproducing the signal in more than 2 lensed images (PaperI)
should allow one to narrow the final probability distribution ~EIViS, M. 2000, ApJ, 545, 63
the source size. Second, the implementation of spectiabjfitt 72/C0: E- E., Lehar, J., Perley, R. A,, et al. 1996, AJ, 112, 89

. . Falco, E. E., Impey, C. D., Kochanek, C. S. et al. 1999, Ap3, 627
using Markov-Chain Monte-Carlo should allow a more appros

iat timate of th b d d d d I.|ne, S., Croom, S. M., Bland-Hawthorn, J. et al. 2010
priate estimate of the error bars and more advanced modeling, v 1005.5287

of the individual spectral components. Third, a fully cargr Francis, P. J., Hewett, P.C., Foltz, C.B., @ba, F.H. 1992, ApJ, 398,

scheme should be developed in order to consistently model th 476

emission line shape and the corresponding source intgTsity Fluke, C. J., Webster, R. L. 1999, MNRAS, 302, 68

file used in the simulation. These improvement will be the-suGaskell, C. M. ApJ, 263, 79

ject of a future work. Gaskell, C. M., Klimek, E.S., Nazarova, L.S. arXiv0711.502
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Appendix A: Averaged emission line profile ference lightcurveAm{ (p) is then compared to the dafa =

) ~ Am by measuring the goodness of fit with Astatistic:
We explain here how we construct an averaged emission line

profile and how we use it to choose a reasonable multis b5 Ay — A (p) 2
Gaussian decomposition of the broad emission lines. FoigwX P) = Z (—)
the prescriptions of the multi-component decomposition de
scribed in Sed. 211, we are able to subtract the quasar psewduerecy are the uncertainties of the data amgs is the num-
continuum emission (including the Fe-lll emission) fromthe ber of data points. For OGLE data, we use those obtained be-
guasar spectra. This procedure leads to a spectrum comgaimween modified julian day (i.e. jd-2450000) 3100 and 4508, an
only the broad emission lines. Then, we normalize their fluxe bin the data points obtained the same night, which leads to
and compare the line profiles averaged over periods P1, P2 agd = 181. The errorry is the quadratic sum of the photomet-
P3. This procedure reveals that the profile of the CIII] emisic erroroogLe provided by OGLE, of the standard deviation
sion line remains basically unchanged over the whole momwiyi, between binned points, and of the systematic underestima-
toring period. In contrast, there is evidence for a smalhgea tion of the errofogs of the OGLE data. The errergs is esti-

of the C IV line profile between 2005 and 2007. The high signated using a polynomial fitting of theftérence lightcurves

nal to noise emission line spectra of Clll] and CIV are thefsee Paper Il) and is estimated to &gs = 0.05 mag. The
fitted with a sum of 3 Gaussian-line profiles. For CIII], wealata points corresponding to the BLR lightcurve have been de
find that the best fit is obtained with a narrow emission corseribed in Secf._3]1.

ponent with FWHM= 1540 kms?, an intermediate emission ~ The brute force approach which consists in randomly pick-
component FWHM3400 km s* and a broad component withing track parameters and estimatg4is very indficient in
FWHM=8600 kms?. For C1V, the emission line is well fit- getting even a few tracks reproducing the data unless a large
ted with only two emission components with FWHM2570 amount of computing time is available. To overcome this prob
kmst and FWHM~ 5150 kms'. The absorption componentlem, we follow the procedure explained in Paper Il and, for
is also fitted with a FWHM~ 1250 km s? for P1 and P2 and each set of random parameters we have generated, we optimize
FWHM~ 900 kms? for P3. The diference of width of the the 6 parametersrp, Xa, Xp, 6) with a y? based minimization
absorption comes from the increased resolution of the spealgorithm using a Levenberg-Marquardt least-square meuti
obtained during period P3. Higher resolution spectra (@¢int Contrary to what has been done in Paper Il, we do not opti-
et al.[1990, Yee & De Robertis 1991) show that the C IV almize the track velocity to avoid possible bias on the velocit
sorption system is composed of at least Zedent absorption distribution induced by the minimization routine. In adioiit,
clouds associated with the quasar. Narrow absorptionragstave have windowed the magnification map in such a way that
are also present in front of CIll] emission (Motta et(al. 2P04he starting point of a track is always more then 1 track lengt
but they do not appear as significant features in our spestta away from the border of the map. Our final library of tracks fit-
are therefore not part of our modelling. ting OGLE data containsl0° tracks (10000 track per source

If we now compare the decomposition of the line profil§ize) with ay?/ness < 8.5.
in images A & D, we find that the width of the individual ~ The only parameter which is varied to compare the tracks
Gaussian profiles are similar but not their relative intéesj ©f our library to the BLR lightcurves is the source sRe As
as already suggested by the analysis performed in PapepXplained in Secl. 412, we extract, for each track of oualippr
During our fitting procedure, we assume that the FWHM d$tep 2), the same track in the 59 other magnification maps cor
the Gaussian components are identical for A & D, except fé#sponding to the 59 source sizes. We then search for the best

C IV(BC) and C IV(AC). The widths are also fixed to the fiduSource size using a minimization routine and calculatektac
cial values derived here. for arbitrary source sizes (in the range 0.01rgdYiby means of

a quadratic spline interpolation betweeffelient source sizes.

(B.1)

k=1 Ok

Appendix B: Microlensing fit

We provide here the technical details regarding the compari
son of the simulated tracks with data. The following source
sizes are considered: 2, 4, 8, 12, 16, 20, 24, 28, 32, 36, 40,
44, 48, 52, 56, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150,
160, 170, 180, 190, 200, 240, 280, 320, 360, 400, 440, 480,
520, 560, 600, 640, 680, 720, 760, 800, 840, 880, 920, 960,
1000, 1040, 1080, 1120, 1160, 1200, 1240, 1280, 1320, 1360
and 1400 pixels. For each of the 60 source sRgsve sim-
ulate 10000 pairs of lightcurves for both images A & D by
tracing source trajectories across the magnification pette
Bilinear interpolation is used for the track extraction.cka
track is characterised by the set of parameters described in
Sect[4.P:p = (R, V, My, 8, X0, Xop, M). Each simulated dif-
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