Annexe B

Microlensing in H1413+117 :
disentangling line profile
emission and absorption in a
Broad Absorption Line quasar

B.1 Introduction

Dans cette annexe, nous fournissons l'article de Hutsemékers et al. [2009]
dont nous sommes co-auteur. Cet article discute les observations spectrosco-
piques des composantes du mirage H1413+117 obtenues sur une période de
seize années et couvrant le domaine UV /visible dans le référentiel du quasar.
Ce quasar BAL montre en effet des différences spectrales dans les profils de
raie P Cygni des composantes, la composante D semblant particulierement
affectée par un phénomene de microlentille gravitationnelle. Une partie des
résultats publiés dans cet article ont été présentés dans le Chapitre 11.
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ABSTRACT

On the basis of 16 years of spectroscopic observations dbtivecomponents of the gravitationally lensed Broad AbgorpLine
(BAL) quasar H1413117, covering the ultraviolet to visible rest-frame spattange, we analyze the spectraffeiences observed
in the P Cygni-type line profiles and use the microlensifiga to derive new clues on the BAL profile formation. We firstdfin
that the absorption gradually decreases with time in allpoments and that this intrinsic variation is accompaniea@ bigcrease of
the intensity of the emission. We confirm that the spectriiecBnces observed in component D can be attributed to a minsiolg
effect lasting at least a decade. We show that microlensing ifiegthe continuum source in image D, leaving the emissioa li
region essentially urfeected. We interpret the filerences seen in the absorption profiles of component D asodare émission line
superimposed onto a nearly black absorption profile. Wefaigidhat the continuum source is most likely de-magnifieddmponent

C, while components A and B are ndfected by microlensing. [erential dust extinction is measured between the A and Bline
of sight. We show that microlensing of the continuum sourcedomponent D has a chromatic dependence compatible with the
thermal continuum emission of a Shakura-Sunyaev accréligl Using a simple decomposition method to separate theopthe
line profiles @ected by microlensing and coming from a compact region, frleenpart unffected by this ffect and ccming from a
larger region, we disentangle the true absorption line l@®from the true emission line profiles. The extracted eimistne profiles
appear double-peaked suggesting that the emission isteddwy a strong absorber, narrower in velocity than the fhaption
profile, and emitting little by itself. We propose that theftaw around H1413117 is constituted of a high-velocity polar flow and
a denser, lower-velocity disk seen nearly edge-on. Finalyreport on the first ground-based polarimetric mesurésnaithe four
components of H1413117.

Key words. Gravitational lensing — Quasars: general — Quasars: atisoidmes —Quasars: individual : H141317

1. Introduction Despite of many high-quality observational studies, in par
o _ ticular from spectropolarimetry (Ogle et al. 1999), no clei@aw
The broad absorption lines (BALs) observed in the spectra §f the geometry and kinematics of the BAL phenomenon has
quasars (or QSOs, Quasi-Stellar Objects), blueshifted vé# emerged yet. While pure spherically symmetric winds apgear
spect to the broad emission lines (BELs), reveal the existef o0 simple to account for the variety of observations (Hametn
massive, high-velocity outflows in active galactic nuckGN).  al. 1993, Ogle et al. 1999), equatorial disks, rotating sjmmblar
Such powerful winds can stronglyfect the formation and evo- flows, or combinations thereof, have been proposed with more
lution of the host galaxy, enrich the intergalactic mediand or less success to interpret the observations of individbgcts
regulate the formation of the large-scale structures (8itk or small groups of them (e.g. Murray et al. 1995, Schmidt and
and Rees 1998, Furlanetto and Loeb 2001, Scannapieco and{ftes 1999, Lamy and Hutsemékers 2004, Zhou et al. 2006).
2004, Scannapieco et al. 2005). Given the large parameter space characterizing non spttigric
About 15% of quasars have BALs in their spectra (Reichasymmetric winds, BAL profile modeling must then be combined
et al. 2003). Outflows may be present in all quasars if the wgndwith other techniques to determine the outflow propertieigin
confined into a small solid angle so that BALs are only obsgrvelividual objects (e.g. Young et al. 2007).

when the flow appears along the line of sight (Weymann et al. ap interesting method which can bring independent infor-
1991). On the other hand, BAL QSOs could be quasars in gption on the quasar internal regions is the use of gravita-
early evolutionary stage, washing out their cocoons (Vbale tjonal microlensing. Indeed, in a typical gravitationalnsed
1993, Becker et al. 2000). quasar, a solar mass star belonging to the lensing galaxgrhas
Einstein radiusRe (the microlensing cross section) of the or-
* Based on observations made with the Canada-France-HawHi" of 10 pc, which IS 1S compargble to the size of the_ con-
Telescope (Hawaii), with ESO Telescopes at the Paranalriieey NUUM source. The microlens, moving across the quasarigore
(Chile) and with the NASAESA Hubble Space Telescope, and obtaineBrojection, can successively magnify regions of areeRZ, in-
from the data archive at the Space Telescope Institute. E&fdgm ID: ducing spectroscopic variations which could be used toaektr
074.A-0152, 075.B-0675, 081.A-0023. information on the quasar structure (Schneider et al. 1864,
** Maitre de Recherches du F.N.R.S. references therein). Several studies, based on simuati@ve
*** Boursier du F.N.R.S. demonstrated the interest of microlensing analyses foernd
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standing BAL QSOs (Hutsemékers et al. 1994, Lewis and Be
1998, Belle and Lewis 2000, Chelouche 2005).
H1413+117 is a BAL QSO of redshifz ~ 2.55 showing
typical P Cygni-type profiles, i.e. profiles where the absorp
is not detached from the emission. Turnshek et al. (1988) d
cussed the spectrum of H144B17 in details and made the
first attempts to disentangle the emission from the absmpti
assuming an intrinsic blyeed symmetry of the emission lines.
H1413+117is also a gravitationally lensed quasar constituted
four images (Magain et al. 1988; see Fig. 1). Evidence for
crolensing in component D has been suggested from both p
tometry and spectroscopy (Angonin et al. 1990, @stenseh et
1997). In particular, Angonin et al. (1990) found that theigg-
lent width of the emission lines is systematically smalfecdom-
ponent D than observed in the other components, a resultwh
can be interpreted by microlensing of the continuum soutee,
larger region at the origin of the emission lines beingfteaed.
This dfect, which appeared to last at least a decade (Chae e
2001, Anguita et al. 2008) fiers the possibility to separate the
microlensed attenuated continuum (i.e. the absorptiofilgyo
from the true emission line profile, thus providing new cloas
the formation of BAL profiles (Hutsemékers 1993, Hutseargk
et al. 1994).
In the present paper, we homogeneously analyse the spec- _ _ o
tra of the four components of H143317 obtained from 1989 Fig. 1. A deconvolved near-infrared image of the gravitationadigded
to 2005. The spectra cover the ultraviolet to visible reatrfe quasar H1418117 with the four images and the lensing galaxy labelled

. from Chantry and Magain 2007). The image has been obtaméuki
spectral range. In Sect._3, we show that the _spectfﬂérén_ces I(:160W filtern(//l ~ 1.6pgr]n) with th)e NICMOg camera attached to the
opsewed .between' the Images can _be_ consistently at,tr'Mteq-lubble Space Telescope. North is up and East to the left. Mgelar
microlensing despite of intrinsic variations. In Sect. 4ing a geparation between components A and Di&. 1
simple method, we separate the parts of the spefieatad and
undfected by microlensing, which basically corresponds to the
attenuated continuum and the emission lines. From theal#tses Telescope (VLT). The data were obtained under medium qualit
we derive a consistent view of the macro- and microlensing #eeing conditions (2 FWHM). Details on the observations and
H1413+117 (Sect. 5). Finally, with the “pure” absorption andeductions are given in Anguita et al. (2008). For this data s
emission profiles in hand, we discuss the formation of the BAkwas not possible to separate the spectra of images A and B of
profiles and the implications for the geometry and the kintizea H1413+117.
of the outflow (Sect. 6). The 2005 near-infrared spectra obtained with the integral
field spectrograph SINFONI at the VLT were retrieved from the
ESO archive (principal investigator : A. Verma ; proposabB-
0675(A)). Only the spectra obtained with the best seeifi (0
Spectra of the four components of H141137 were gathered FWHM on May 22, 2005 in the H and K spectral bands) are
from archived and published data. Table 1 summarizes the cheonsidered here. The adopted pixel size was28x0/250 on
acteritics of the spectra obtained over a period of 16 yedth, the sky. The observations consist of four exposures per-spec
the date of observation, the spectral range and averagleireso tral band. The object was positionned affelient locations on
powerR = 1/AA, and the instrument used. the detector for sky subtraction. The data were reducedyusin

The visible spectra secured in 1989 with the bidimensiontde SINFONI pipeline. Telluric absorptions were correaisiahg
spectrograph SILFID at the Canada-France-Hawaii Telescagiandard star spectra normalized to a blackbody. The ithdali
(CFHT) are described in Angonin et al. (1990) and Hutsemgekespectra were extracted by fitting a 4-gaussian function fisgd
(1993). These spectra were obtained under optimal seeimg crelative positions and identical widths to each image ptzribe
ditions (&6 FWHM). They provided the first spectroscopic evidata cube using a modified MPFIT package (Markwardt 2009).
dence for microlensing in H143317. Astrometric positions were taken from Chantry and Magain

A series of spectra were obtained in 1993-1994 with tH2007). The spectra which appeardtated by detector defects
Hubble Space Telescope (HST) feeding the Faint Object spaador important cosmic ray hits were discarded. The good spec-
trograph (FOS). They cover the UV-visible spectral rangetg tra were finally filtered to remove remaining spikes.
ings G400H and G570H). These data are described in Monier In addition, we have observed H1448B17 on May 10, 2008
et al. (1998). A second series of HST spectra, yet unpuldlishevith the polarimetric mode of the Focal Reducer and low dispe
were obtained in 2000 using the Space Telescope Imagsign Spectrograph 1 (FORS1) installed at the Cassegrairsfoc
Spectrograph (STIS) and the G430L grating (principal itivesof the VLT. Observations have been carried out with thgV
gator : E. Monier; proposal # 8127). All HST data were retei@v filter, under excellent seeing condition$ §).Linear polarimetry
from the archive and reduced using standard proceduresrigr | has been performed by inserting in the parallel beam a Woltas
slit spectroscopy and prescriptions by Monier et al. (1998)  prism, which splits the incoming light rays into two orthogdly

In 2005, visible spectra were obtained with the integralolarized beams and a half- wave plate at four positionsesng|
field unit of the Visible MultiObject Spectrograph (VIMOS)a (e.g. Sluse et al. 2005). In order to measure the polarizatfo
tached to the European Southern Observatory (ESO) Veryel athe four images, the MCS deconvolution procedure devised by

2. Data collection
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Table 1. Spectroscopic data in the upper panel of Fig. 2, the spectrum of H14137 changes
regularly with time, suggesting intrinsic variations iretquasar
Date Spectralrange R Instrument outflow (this is further discussed in Sect. 3.3). These chang
(y/myd) are observed in all components, indicating that the timéeszia
19890307 4400-6700 A ~ 450 CFHT+ SILFID the intrinsic line profile variation is longer than the timelalys
109306/23 4600—6800 A 1300 HST FOS between the four images. The longest time delay is not larger
than a few months according to the observations of @stensen
19941224 3250-4800 A 1300 HST FOS . .
et al. (1997), and possibly much smaller according to maddels
20000421-26  3000-5700 A 500-1000 HSTSTIS (Kayser et al. 1990, Chae and Turnshek 1999)
20050318 3700-6700 A  ~ 250 VLT + VIMOS y : ; . e
20050522 1.95245m  ~4000 VLT + SINFONI The spectrum of component D is clearlyfdrent when com-
20050522 1.45-1.85m ~ 3000 VLT + SINFONI pared to AB. After scaling to the continuum, the emission in D
200506/07 1.10-1.4Qim ~ 2000 VLT + SINFONI appears less intense. This behavior is observed at all s@oth

in the diferent spectral lines, superimposed onto the intrinsic
time variations seen in all components. This is a clear sigea
9{@ long-term microlensingfiect in D with amplification of the
continuum with respect to the emission lines. The timesoéle

ual frames obtained with the same observational setup (Bu he dfect is in agreement with previous estimates, i.e. of the or-

. : g ; f 10 years (e.g. Hutsemékers 1993). As first pointedbput
2001). We constructed the PSF using a bright point-like dbje eror. . .
located~ 15” from H1413+117. Since this object is close toAngonln et al. (1990), a dierence is also observed in the ab-

our target and is similar in brightness to the individual gam sorption profiles. This dierence is especially strong in the 1989

nents of H1413117, it provided a good estimate of the PSPand 199.3 spf)?ﬁtra.bThis isda pbriori ntpt e>|<'pect(re]d sitnhce thelr}gi i
The Stokes parameters have been calculated from the photom)g origin ot the observed absorption fines nas the sameaspa

try of the quasar lensed images derived from the deconesiuti€ €Nt as the continuum source fldrential microlensing of an
process. absorbing cloud smaller in projection than the continuuoree

has been proposed (Angonin et al. 1990). However the tineesca
of such an event is expected to be much smaller than 1 year
3. Description of the spectra (Hutsemékers 1993), ruling out this interpretation. d&ast, we

] ) ) _ . interpret this diference in the absorption profiles as due to the
Atthe redshiftof H1413117, spectra obtained in the UV-visiblegyperposition of an emission line onto a nearly black atigmp

contain Qv 111548,1550, Siv 111393,1402, N 141238,1242, (Sect. 6.1).
Pv.111117,1128, G 141031,1037, Ly 11216 and LB 11026, jthough not as strong as in component D, spectriibdi

while the near-infrared spectra contain #6563, 8 14861 and  gnces are also observed when comparing C to AB. After scaling
[Om] 114959,5007 (Figs. 2 and 3 ). From the i lines we (4 the continuum, the emission lines in C appear slighthynbig
measure the redshift = 2.553. The UV resonance lines showy; g epochs. This suggests that microlensing afects com-

typical P Cygni-type profiles with deep absorption while thg,nentc, de-amplifying the continuum with respect to thésem
Balmer lines show broad emission possibly topped with a n&iyn, jines.

rower feature. Ly and LyB lines are weak due to absorption by
the Nv and Ovr ions, respectively (e.g. Surdej and Hutseméke
1987).

Magain et al. (1998) has been applied. We used a version of
algorithm that allows for a simultaneous fit offidirent individ-

The scaling factor used to fit the continuum of D to that one
bt AB strongly depends on wavelength. This can be explained
either by chromatic microlensing (the source of UV contimuu
is less extended than the source of visible continuum am the
3.1. Evidence for microlensing more magnified) or dierential extinction (the extinction along

) i . . the AB line of sight is higher than along the line of sight ta D)
InFigs. 2 and 3, we compare the profiles of various spectra$li o 5 combination of both. Such a strong wavelength deperedenc
observed in the dierentimages A, B, C, and D of H144B17. of the scaling factor is not observed when comparing C to AB.
A scaling factor is applied to superimpose at best the caatin The origin of this &ect is further discussed in Sect. 5.2.
considering in particular the continuum windows 4525-4845
and 5165-5220 A (i.e. 1275-1280 A and 1450-1470 A rest- o
frame, Kuraszkiewicz et al. 2002). If the four images areyon>-2- The extinction curve from A/B
macrolensed, the line profiles observed in the spectra dbtie  gj,,ce images A and B are not significantlffexted by mi-
components must be identical up to the scaling factor. On tgjensing, the wavelength dependence of their flux ratio ca
other hand, line profile dierences between some cOMPONeNnis, interpreted in terms of fierential extinction in the lensing
may be indicative of microlensing, which is expected (0 mags|axy Fig. 4 illustrates the observed flux rafia/Fs using
nify the —small- continuum region and not the —larger— brodgj| 5yailable spectroscopic data (slightly filtered and sthed).

emission line region. Photometric data are superimposed. They were collected fro

We first note that the line profiles in components A and Rpqonin et al. (1990), @stensen et al. (1997; the rafiggFs
are essentially identical up to the scaling factor. Thisgasgs 5. averaged per filter), Turnshek et al. (1997), Chae and

that neither A nor B is stronglyfeected by microlensing. The rrgpek (2001), Kneib et al. (1998), Chantry and Magain
difference observed in the [@ lines is likely due to the spatial 7(2007) MacLeod et al. (2009).

extension of the narrow line region (Chantry and Magain 200

The Wa\_/ele_ngth dependenc_e of th? scaling factor reveafehig We also estimate small time delays, typically less than Ida
dust extinction along the B line of sight than along the A @, .,nsidering a classical singular isothermal ellipsoid)Skhear model,
d|SCUSS€d n deta"s in Sect. 3.2.In the fO”OW|ng we COGIS’(Ue a S|E+Sheaﬂ_ga|axy model proposed by MacLeod et al. (2009), as well
average spectrum of components A and B, denoted AB, as t€using pixellated models with a symmetric mass distriu{Saha
reference spectrum uffacted by microlensingfects. As seen and Williams 2004).
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Fig. 2. Intercomparison, at ffierent epochs, of the & and Cwv line profiles illustrating the spectral fiierences between some images of
H1413+117. Ordinates are relative fluxes. Vertical dotted linedidate the positions of the spectral lines at the redshift 2.553 . The scal-
ing factors needed to superimpose the continua are indicA refers to the average spectrum of the A and B componevitly could not be
separated in the 2005 spectra). The upper left panel illtetrithe time variation of the AB spectrum.
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‘ ‘ ‘ resonance scattering, where each absorbed photon is teeémi
this suggests that the high-velocity outflow has more sgatie

1.6 material perpendicular to the line of sight than absorbiraden
rial along the line of sight, which also requires a large cong
1.4 factor.

Fp / Fp

4. Decomposition of the line profiles
4.1. The method

|

1.0

We follow the method used in Sluse et al. (2007). Assuming

that the observed spectf@ are made of a superposition of a

spectrumFy which is only macrolensed and of a spectrkig,

which is both macro- and microlensed, it is possible to &ttra

the componentBy andFy, by using pairs of observed spectra,
1/A(um) if the relative macro-amplificatioM can be estimated.

Fig. 4. The flux ratioF  /F from the UV-visible spectra of 1989, 1993,  Indeed, definingl = M1/M; andu = u1/u> as the macro-

1994, 2000, and from the near-infrared spectra of 2005 $ewsf dif- and micro-amplification ratios between image 1 and imagee2, w

ferent colors). Photometric data point obtained dffedént epochs are have:

superimposed (black diamonds with error bars). The contisdines

represent SMC-like extinction curves redshiftedite: 1.0. F1 = MFu + MuFu, ()

Fg = FM + FM,u~ (3)

There is a lot of dispersion in the measured flux ratios whicfye |atter equations can be rewritten to extiagtandFy, :
arises not only from inacurracies in the data but also from a :

0.8

possible combinedffect of intrinsic photometric variations and Fi/M — uF,

time delay (cf. @stensen et al. 1997). A clear trend is nbgert "M = ? (4)
less observed, indicating higher extinction along the ¢éihgight Fy— Fy/M

toimage B, as suggested by Turnshek etal. (1997). The flix rafy,, = v (5)

is reasonably well fitted using 1-n

= E where M andu must be chosen to satisfy the positivity con-
F_/; = F—/;Z 1070461 Ae (1) straintsFy > 0 andFy, > 0. As demonstrated in Sluse et

al. (2007), for a giverM the only possible choice fqr is the
whereAAg = Ag(A) — Ag(B) is the diference of extinction be- value closest tg = 1 satisfying the positivity constraiffty > 0
tween the A and B line of sights measured in @dilter and (Eq. 4).

£(A) the extinction curve tabulated in Pei (1992), redshified t The previous decomposition is exact whens constant
the redshift of the leng =~ 1.0 (Kneib et al. 1998). Since noas a function of wavelength, i.e. when the microlensingorati
obvious 2200A feature typical of the Milky Way extinction isis achromatic. This is reasonable as far as line profileschvhi
observed at 2.3m™t, we adopt a SMC-like extinction curve.span small wavelength ranges, are considetedan never-
A reasonably good fit is obtained witkiag/Fgo = 1.05:0.02 theless be dierent at diferent wavelengths, since the micro-
and AAg = -0.09:0.02 (Fig. 4). The flux ratioFag/Fgo = amplification is related to theffective size of the magnified re-
1.19+0.10 measured by MacLeod et al. (2009) atitd in the gion which can be wavelength-dependent. Similarly, thermac
mid-infrared, i.e. at wavelengths were both extinction amid amplification factorM used in Egs. 4 and 5 may contain a
crolensing are expected to be negligible, is compatible wie wavelength-dependent contribution due tfiefiential extinction
extinction corrected flux ratid=p9/Fgo We derived, although in the lensing galaxy, since extinction, like macrolensiagts
marginally higher. on the line profile as a whole. Finalli is expected to remain
identical at the dferent epochs of observation whjlecan be

im ndent.
3.3. Intrinsic line profile variations time dependent

Time variations in the absorption line profiles of BAL quasar

are not uncommon (Barlow et al. 1989, 1992, Gibson et a'.2' The results

2008). In H1413117, Turnshek et al. (1988) reported a deepAle extract the partsy andFy,, from the spectraof H1413117
ening of the Siv BAL between 1981 and 1985. Between 1988singF; = Fp andF, = Fag in EQgs. 4 and 5. We hawdl < 1
and 2005 (Fig. 2), variations are observed as a gradual@sereandu > 1 since D is fainter than AB and its continuum ampli-
of the strength of the BAL high-velocity component, the deefiied (Sect. 3.1). Becaus$ay, only depends o up to a scaling
est low-velocity part of the profile being essentially ffieated. factor, we first determin&y, by varyingM in Eg. 5. Assuming
The strongest change occurs between 1989 and 1993 and tlmat the major part of the emission lines is formed in a region
responds to an increase of the luminosity (Remy et al. 1996uch larger than the Einstein radius of the microlens and the
@stensen et al. 1997). Moreover, stronger absorption ismaec essentially ungiected by microlensing\l is chosen as the value
panied by stronger emission, which is an indication thab+eswhich leaves as little emission as possibl&ijg, over the wave-
nance line scattering can play an important role in the déoniss length range of a given line profile. For the UV-visible spact
line formation. In the Gv line of the AB spectrum, the high- emission appears superimposed to a quasi-black absogiion
velocity absorption appearsl5% larger in 1989 than in 2005that we adopt the largesfl < 1 satisfyingFy, > 0. Smaller
while the emission is-25% more intense. In the framework ofvalues of the macro-amplification factt are possible but not
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meaningful. Indeed, in such a case, an increase of the bantrilar to those derived from the pair (D,AB). They require macro
tion due to micro-amplification will be needed to compengate amplification withM ~ 1 and a de-magnification of the C con-
the low M. For the near-infrared spectra, we adopt the largetshuum. From the near-infrared spectra, a ffaf, is obtained at

M which givesFy, with no depression at the position of thethe position of Hr with M ~ 0.88. This value should be seen as a
emission lines, i.e., as far as possible, a flat continuleadpec- lower limit since a part of the bl emission might beféected by
trum. Then, we estimatéy by varyingu in Eq. 4, adopting the microlensing as in component D. We then estimate & 88 <
smallest value ofi > 1 which verifies the positivity constraint 0.92 andu ~ 0.8 at the wavelength of &l

Fum > 0. The factor gM)~* should be close to the scaling factor

used in Figs. 2 and 3. The results of the line profile decomposi o

tion are given in Figs. 5 to 7. 5. Lensing in H1413+117

Fig. 5 illustrates the spectral decomposition for thevSt 5 1. The macro-amplification factors
Civ region.M was forced to be identical at all epochs. Values o ) )
of M between 0.39 and 0.45 were found acceptable, the sn&IPrinciple, the variation oM with wavelength can be attributed
values being more adequate for the 1989 data —which are tAdlifferential extinction. Unfortunately, for the (D,AB) paihe
noisiest— while higher values (up td ~ 0.45) are acceptable Wavelength dependence is not clear enough to extract amcexti
for the post-1989 data. We adaldt = 0.42, noting that varying tion curve, given the uncertainties on the determinatiorMof
M between 0.39 and 0.45 does not significantly change the ékigs. 5 to 7). The results nevertheless suggest that trerein-
tracted spectréy and Fy,. DecreasingVl below the adopted tial extinction between the AB and D lines of sight is smaller
value will transfer emission frorfiy to Fy, which is not mean- than between the A and B lines of sight for which the extinc-
ingful. tion at Ly is ~ 1.2 times the extinction at & (Fig. 4): As a
Although diferent values of: were adopted at fierent consequence, the valud(D,AB) = 0.40+0.01 determined at

epochs, the extracted spectra are remarkably consistenmi € wavelength of H should not difer from the true macro-

; ; lification factor by more than 2%.
crolensed part of the spectrurfiy,, contains the continuum, amp i .
the full absorption line as well as a small contribution from . FOr the (C,AB) pair, we estimated 0.88M(C,AB) < 0.92

the emission part of the profile, while the bulk of the emigdt the wavelength of & M(C,AB) seems slightly wavelength

sion lines appears in the macrolensed-only part of the Byract dependent, providing (weak) evidence that extinction ialnm

. . along the line of sight to C than along the line of sight to AB.
Fu clearly show.mg a two-peak strucf[urfe inm(at 5350 A an'd Since the dierential extinction remains small, we also assume
5500 A). AsFy, is the part of the emission noffacted by mi-

] S . ) that it does not fliect this flux ratio by more than 2%.
crolensing, it shows the flux emitted from a large region & th The flux ratios with respect to component A are then

quasar (much larger than the Einstein radius of the mics}lenFBO/FAO — 0.95:0.02 (Fig. 4), FcgFao = 0.88:0.04 and

whereas~y,, shows the flux emitted from a smaller region (comg-~ /= _ The f h = Eo/E
parable to and smaller than the Einstein radius). Just fike t po/Fao = 0.39:0.03. The fact thafca/Fao and Foo/Fag are

A fil iR | inq f | different from the values estimated from photometry is due to
emission proiiles seen IRy are mostly coming from a large 5 significant de-amplification of the C continuum and to a sig-
region, the absorption profiles seenfiy, are due to absorp-

. . : . ._nificant amplification of the D continuum, as derived from the
tion affecting mostly (almost exclusively) the emission coming v sis of the spectral lines. This emphasizes the neetfs p
from the more compact region at the origin of the continuu

L : ; X Mrly correct for microlensing before interpreting the flatios.

It is interesting to note that in our best quality spectrurb-(o Although only marginally dferent, the flux ratios of the B
tained in 2000), a faint continuum is seen betweew 3ind 5,4 ¢ components relative to A seem slightly higher than the
Civ in Fy, i.e. not microlensed. Since no lines are expect luesFeo/Fao = 0.84£0.07 andFco/Fao = 0.72:0.07 deter-

in this spectral region (Kuraszkiewicz et al. 2002), thiS§10 ineq in the mid-infrared by MacLeod et al. (2009), i.e. veéher
bly supports the existence of an extended, scattered ¢mtin ;- o1ensing and extinction are thought to be negligitieed!,

in H1413+117, as suggested by polarization measurements (&, origin of such a discrepancy is not clear but could beeela

Lamy and Hutsemékers 2004). ) to the intense starburst activity detected in the host gat#x
The rest-frame UV spectra, and more particularly therLyH1413+117 (Lutz et al. 2007, Bradford et al. 2009), which pos-

+ N v region were similarly analyzed (Fig. 6). Although the desjply contaminates the 11/2n (3.2 um rest-frame) flux mea-
composition is less accurate due to structures in the comtin sy rements with PAH emission.

blueward of Lyr (possibly due to narrow absorption features and
inaccuracies in the wavelength calibration), the extrsfeectra ] ] .
Fum, andFy show the same qualitative behavior as observed #2- Microlensing of the continuum source

the Civ and S line profiles. The micro-amplification factop: determined in component D
Fig. 7 shows the decomposition for th@H [Om] and Hr  depends on both the date and the wavelength (Figs. 5 to 7).
line profiles.M was choosen to havey, as flat as possible  The strongest time variation @f occurs between 1989 and
with no depreSS|on at the position of the emission lines. Tfltggg (Figs. 2 and 5). It roughly corresponds to a relativet@ho
microlensed spectrum is clearly a flat continuum in the H metric variation between A and D which can be observed in the
[Om] spectral region, while there is weak evidence that a patiight curves of H1413117 presented by Remy et al. (1996)
of the Hx emission line region is microlensed in addition to thend @stensen et al. (1997), superimposed onto the common in-
continuum source. trinsic variation of the 4 components. Between 1993 and 2000
In principle, the same analysis can be done using the p#ie variation ofx is weaker, in agreement with the HST photom-
(C,AB). However the profile dierences are weaker so that thetry in the F555W filter reported by Turnshek et al. (1997) and
extracted spectra are much noisjeheing closer to 1 in Egs. 4 Chae et al. (2001).
and 5. Only the best spectra, extracted from the 2000 datetwhi At a given epochy decreases with increasing wavelength,
show the strongest profile fiiérences (Figs. 2 and 3), are il-suggesting chromatic magnification of the continuum saurce
lustrated in Fig. 8. The resultingy and Fy, are quite simi- This is best seen in the 2005 data (obtained within a 2 month
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I I I I
M=0.42 Fuiy 1989 F,=Fp

M=042  Fy,

F2=FAB [.l.=153 FM F2=FAB [L=218 FM

5000 5500 2000 5500
Wavelength (&) Wavelength (&)

Fig. 5. The microlensedry, and macrolensed-onlyy spectra of H1418117 extracted from the comparison of the D and AB spectrai figrdnt
epochs.The Sv and Civ line profiles are illustrated. The macro and micro-amplifimafactorsM andu are given for each epoch. Ordinates are
relative fluxes, thé~y, spectrum being shifted upwards by 2 units. Vertical dotieed indicate the positions of the spectral lineg at2.553.

Fi=Fp | M=045  Fy, | 1994 || F;=Fp | M=045  Fy, | 2000
4 F2=FAB [J.=240 FM F2=FAB [L=195 FM

|
2 e -
O I ,,,,,,,,3, ,,,,,,,,,,,

L L l 1 L L ] l L L

4000 4500 4000 4500
Wavelength (&) Wavelength (&)

Fig. 6. Same as Fig. 5, but for the bky+ N v line profile.

interval) which span the largest wavelength range. We emplihe values of: determined in Figs. 5 and 7 as a function of the
size thatu, when determined from the line profiles, is not conwavelength of observation in the quasar rest-frame.
taminated by dferential extinction (Sect. 4.1). In Fig. 9, we plot
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I —
M=0.42
©n=1.50

| T
FM[.L
Fy

2005

T T T I
F1=FD

Fo=Fyp

——
M=0.40
r=135

| T
FM[.L
Fy

2005

1.70 1.75 1.80 2.30 2.35 2.40
Wavelength (um) Wavelength (um)
Fig. 7. Same as Fig. 5, but for thed [O mi] (left) and Hx (right) line profiles.
T T | T T T | I T I | T I T T | T
Fi=F¢ M=1.00 Fyu 2000 F=F¢ M=1.10 Fyu 2000
F2=FAB FM F2=FAB [1.=070 F

u=0.72
4 - L

5000
Wavelength (&)

Fig. 8. Same as Fig. 5 and 6 but the microlensgg and macrolensed-onlyy spectra are extracted from the comparison of the C and ABuspec
obtained in 2000. The 8i and Civ (left) and Ly + N v (right) line profiles are illustrated.

5500

4000
Wavelength (&)

4500

The magnification of an extended source close to a caustic In principle, we could have used thedyN v and the G
can be written 41909 emission lines, also present in the 2005 visible spgtctr

g measure: at other wavelengths. Although tentative estimates do

¢(d) (6) agree with the observed trend, the quality of the data is uit s

VRs/Re ., . . :
. ) . . ) . ficient to derive reliable estimates pft these wavelengths, due
whereRs is the source radiusie the Einstein radius of the mi- t the insificient spectral resolution in the complexdyN v re-
crolens projected in the source plagds a constant of the or- gion and to the fact that thei line is truncated. Clearly, with
der of unity,Z(d) a function which depends on the distance tggtter quality data, it could be possible to sepatdtandy at

the caustic anglo a constant “background” magpnification (€.gother wavelengths using additional line profiles and thus/de
Schneider et al. 1992, Witt et al. 1993). In the frameworknasi e brightness profile of the accretion disk.

ple model where the continuum is emitted by a Shakura-Sunyae
(1973) thin accretion disk thermally radiatirigs (1) o« 143 (e.g.
Poindexter et al. 2008) such that we may expect

M =po +

From the value of the constaft, we can derive a rough
estimate of the size of the continuum sourc®s(1)/Re <
5 A*310%°. The Einstein radius is computed to B =~ 0.01
log (u — uo) = —=log (1) +C. (7) VM/Mg pc usingz = 1.0, a flat cosmologym = 0.27 and H

3 = 70 km s Mpc™L. M is the mass of the microlens. Finally,

As seen in Fig. 9, this model nicely reproduces the data USingRs(1) < 0.01 vVM/M; pc at the rest-frame UV wavelength
= —0.58 and assuming for simpliciyy = 1 (i.e. no background A = 0.15um. This radius agrees with the values obtained for
(de- )magnification), supporting the idea of chromatic nmiign the lensed quasars HE1104305 and Q223¥0305 on the ba-
cation of a continuum emitted by a Shakura-Sunyaev aceretisis of their photometric variability (e.g. Poindexter et 2008,
disk. Eigenbrod et al. 2008, Anguita et al. 2008b).
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6. Consequences for the BAL formation

-0.0 - N In the previous sections we derived a consistent pictureiof m

crolensing in H1413117, showing that the continuum of com-
L i ponent D (or more precisely all the regions of the quasartéata
02 L - in a cylinder of diameter 2R oriented along the line of sight
and containing the continuum source) is magnified with respe
B E - to the more extended regions at the origin of the emissiaslin
r B This allowed us to disentangle the absorption part of the BAL
-0.4 - I profiles, essentiall§,,, from the emission part, essentiafy,
(Figs. 5 to 7). The observed profiles are equal to the sum of the
Fwm. andFy spectra (Eq. 3). The separation is robust against the
Y N7 T T T I R uncertainties of the macro-amplification factdr It is however
~1.0 ~08 —0.6 —04 —02 —0.0 hotperfect since emission which originates from regionselto
log(n ) the continuqm source _in p_rojection will app_earﬁn]ﬂ. Selected
rest spectra are illustrated in Fig. 10 on a velocity scale.
Fig.9. The micro-amplification facton measured in 2005 (cf. Figs. 5  The absorption profile of the @ BAL appears nearly black
and 7) against the wavelength of observation expresseceinjibsar extending fromv ~ —2000 km s to v =~ —10000 km s?. It
rest-frame (irum). A reasonable error of 10% op ¢ 1) is shown. The is especially interesting to note that the flow does not start

log(u—1)
T
Il

straight line represents the model prediction (see text). v = 0 in the rest-frame defined by the [@ emission lines. The
part of the profile betweenr8000 and-10000 km st is clearly
Table 2. Polarimetry of the four images variable between 1993 and 2000, showing a smaller depth in
2000. The absorption appears stronger inahd weaker in Si;
A B C D ABC thisis best seen in the velocity rang2000 to—4000 km st and
D 199903 16:05 2305 1805 2805 1803 indicates an ionization dependence of the optical depth.
199906 - - - 1.0:0.6 0903 The extracted emission profile shows a double-peaked struc-
200805 1.4:0.1 2.40.1 1.20.1 2.60.1 1.6:0.04 ture which extends to the blue as far as the absorption profile
0 199903 75:9 656 7148 1025 70:a does. The blue peak aB000 km s* appears much fainter than
199906 - - - 10218 g7+11 the red peak at1000 km st. The full emission profile (rep-
200805 72:2 791 69+3 96+2 75+1 resented by the green line in Fig. 10) is roughly centered on

; 1 ;
The polarization degrep is given in percent and the polarization po-the onset velocity of the flow-2000 km s°), thus blueshifted

sition angled in degree. The data obtained in 1999 are from Chae \Q’tith VQSPeCt _to the [G.)I] rest-fram(_a. In fact, the full absor_ption
al. (2001). + emission line profile appears in a rest-frame blueshifted by

—-2000 km s with respect the rest-frame defined by thenfD
emission lines. |, on the other hand, appears redshifted (Fig.3).
Although not clearly understood, these line shifts are camin
quasars (e.g. Corbin 1990, MclIntosh et al. 1999) and péatilgu
Chae et al. (2001) have obtained the first polarization neesustrong in BAL QSOs (Richards et al. 2002), in agreement with
ments of the four images of H144217 using the HST. The our observations.
F555W filter was used. They noted that, in March 1999, the po- The shape of the emission profile suggests that the emis-
larization degree of component D might be higher that the psion is occulted by a strong absorber, narrower in velotignt
larization degree of the other components (Table 2). Fram ththe full absorption profile, and emitting little by itself.e%
result, they suggested that microlensing alfeas the scatter- similar absorption and emission profiles are produced in the
ing region. The measurements obtained in June 1999 possibitflow model of Bjorkman et al. (1994) proposed for early-
indicate an intrinsic variation of the polarization obszihin all  type stars. We build on this model to interpret our observa-
components. Similar variations have been reported by Gdodrtions. A toy model, detailed in Appendix A, is used for il-
and Miller (1995). lustrative purpose (a full radiative transfer modeling &ybnd
Taking advantage of an excellent seeing, we were ablettee scope of the present paper and left to a forthcoming work
measure the polarization of the 4 components of H¥1¥ by Borguet and Hutsemékers, in preparation). We assunte tha
in the V filter, from the ground. Our measurements are also rite outflow in H1413117 is constituted of two components: a
ported in Table 2. Within the uncertainties, the polariaatile- quasi-spherically symmetric “polar” outflow, and a densiskd
gree of components A, B and C do agree with the March 1988en nearly edge-on. The disk is slower than the polar wind.
values of Chae et al. (2001), while the polarization degree ©he polar outflow produces typical P Cygni line profiles with
component D does not. Instead, we find that tHféedénce be- a deep intrinsic absorption extending fror2000 to roughly
tween the polarization degrees measured in A and C and thed®000 km s! and a symmetric emission (assumed gaussian
ones measured in B and D is significant. Théatence between shaped for simplicity) of comparable equivalent width angk d
A and B is especially intriguing since we found no significartb resonantly scattered photons. This emission is centamed
microlensing &ect neither in A nor in B (at least before 2005)~ —2000 km s and extends from+6000 to—10000 km st.
Possible interpretations could involve the polarizatioe ¢o an Both the remaining unabsorbed continuum (if any) and the sca
extended scattering region resolved by the macrolens ifgpss tered emission are then absorbed in the slower disk for whizch
in the host galaxy, see Borguet et al. 2008), orféedential po- adopt the velocity and opacity laws needed to adequatelp+ep
larization induced by aligned dust grains in the lens galldgre  duce the observations (Fig. 10). Little emission is expekfriem
data are clearly needed to correctly understand the mearfiingsuch an edge-on disk. As we can see from Fig. 10, this simple
these measurements. model is able to reproduce the gross characteristics ofrtiis-e

5.3. Microlensing of a scattering region ?
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-1
Velocity (104 km/s) Velocity (104 km/s)

Fig. 10. SelectedFy and Fy, spectra from Figs. 5 and 6 illustrated on a velocity scalee Zéro velocity corresponds to the red line of the
doublets redshifted usirg= 2.553. Ordinates are relative fluxdsy, is shifted upwards by 2 units. Vertical dotted lines indéctte positions of
the spectral lines. The profiles from the model (Appendix #) superimposed : the unabsorbed emission (green), thalblsskption profile (red)
and the disk-absorbed emission (blue). The absorptioreipghar flow is not modeled (see text).

sion line profiles. Variability of the polar flow optical ddpivill  6.1. Microlensing in the BAL

generate variations at the high velocity end of the absongt- . .
companied by a change in the resonantly scattered emismion! Ne spectral dierence seen between the high-velocity part of
observed (Sect. 3.3; see also Bjorkman et al., 1994, for-sinf]l€ BAL profiles of components AB and D (Fig. 2) can now
lations). Note that two-component winds have good theaakti be easily explained. In 1989 and 1993, the absorption at 8330
grounds (e.g. Murray et al. 1995, Proga and Kallman 2004) afrd®000 km s1) due to the polar outflow is nearly black, but filled

are supported by many observations interpreted with eittsiis  in With emission resonantly scattered at the same veldsitice
or polar flows (cf. Sect 1). the emission and the attenatued continuum redt@tréintly to

the magnification by the microlens, a spectrdfatience is ob-
served between AB and D. Later, in 2000 and 2005, this part
of the flow is less optically thick: the absorption is not agple
Spectropolarimetric observations of H144Bl7 (e.g. as in the nineties and the resonantly scattered emissiochwhi
Goodrich and Miller 1995, Lamy and Hutsemékers 2004jls in the absorption is accordingly weaker (the blue pesk i
provide additional evidence favouring this kind of sceaari narrower), with the consequence that the spectiféince be-
First, the polarization angle rotates within the absomptine tween the AB and D BALs appears attenuated.
profiles, suggesting the existence of at least two sourcd®ian
mechanisms of polarization. The polar outflow and the disk,
expected to produce perpendicular polarizations, can ¥l&sy 7. Conclusions
role, especially in the case of BAL QSOs with P Cygni-type
profiles (Goodrich 1997, Hutsemékers et al. 1998, Lamy attsing 16 years of spectroscopic observations of the 4 compo-
Hutsemékers 2004). Furthermore, the absorption in tharpolnents of the gravitationally lensed BAL quasar H14137, we
ized spectrum is clearly narrower than the absorption in tigrived the following results.
direct spectrum (this is best observed in Fig. 3 of Goodrinth a — The strength of the BAL profiles gradually decreases witletim
Miller, 1995), supporting the existence of a dense disk Wwhidn all components. This intrinsic variation is accompartgda
absorbs the polar-scattered flux. decrease of the intensity of the emission.
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— The spectral dferences observed in component D can be athantry, V., Magain, P. 2007, A&A, 470, 467
tributed to a stable microlensingfect, in agreement with pre- Chelouche, D. 2005, ApJ, 629, 667

vious studies. Thisféect consistently magnifies the continuu

source of image D, leaving the BEL region essentially un

a_

n?orbin, M. R. 1990, ApJ, 357, 346

igenbrod, A., Courbin, F., Meylan, G., Agol, E., Anguita, $chmidt, R. W.,
& Wambsganss, J. 2008, A&A, 490, 933

fected. We also find that the continuum of component C is mastianetto, S. R., Loeb, A. 2001, ApJ, 556, 619

likely de-magnified, while components A and B are nidéeted

by microlensing. Diferential extinction is found between A and

B

— Using a simple decomposition method to separate the par

Gibson, R. R., Brandt, W. N., Schneider, D. P., Gallaghe€.2008, ApJ, 675,
985

Goodrich, R. W. 1997, ApJ, 474, 606

Goodrich, R. W., Miller, J. S. 1995, ApJ, 448, L73

e} ann, F., Korista, K. T., Morris, S. L. 1993, ApJ, 415, 541

the line profiles &ected by microlensing from the part unafHutsemékers, D., Lamy, H., Remy, M. 1998, A&A, 340, 371
fected by this &ect, we were able to disentangle the intrinsitiutsemékers, D. 1993, A&A, 280, 435

absorption (&ected) from the emission line profile (ufiected).

Consistent results are obtained for th&etient epochs of obser-

vation.

Hutsemékers, D., Surdej, J., van Drom, E. 1994, Ap&SS, 36,

Kayser, R., Surdej, J., Condon, J. J., Kellermann, K. |., &ltagP., Remy, M.,
Smette, A. 1990, ApJ, 364, 15

Kneib, J.-P., Alloin, D., Pello, R. 1998, A&A, 339, L65

— Considering the macro- and micro-amplification factor$-esturaszkiewicz, J. K., Green, P. J., Forster, K., Aldcroft,LT, Evans, 1. N.,

mated with this method, we obtain a coherent view of lensing |

H1413+117. In particular, we show that microlensing of the

Koratkar, A. 2002, ApJS, 143, 257
amy, H., Hutsemékers, D. 2004, A&A, 427, 107
ewis, G. F., Belle, K. E. 1998, MNRAS, 297, 69

continuum source has a chromatic dependence which is cempat; p., et al. 2007, ApJ, 661, L25
ible with a continuum emission by a Shakura-Sunyaev a@aretiMacLeod, C. L., Kochanek, C. S., Agol, E. 2009, ApJ, 699, 1578

disk.

— To interpret the extracted absorption and emission line pr

files, we propose that the outflow from H144BL7 is consti-
tuted of a high-velocity polar flow (at the origin of the imtri
sic variations) and a dense disk expanding at lower velagity
seen nearly edge-on. This is in agreement with spectropodar

ric data and supports the idea that BAL outflows can have Iar8

covering factors.

Magain, P., Surdej, J., Swings, J.-P., Borgeest, U., Kajget988, Nature, 334,
325

Qlagain, P., Courbin, F., Sohy, S. 1998, ApJ, 494, 472

Markwardt, C. B. 2009, arXiv:0902.2850

Mclintosh, D. H., Rix, H.-W., Rieke, M. J., Foltz, C. B. 199%4 517, L73

Monier, E. M., Turnshek, D. A., Lupie, O. L. 1998, ApJ, 496,717

Murray, N., Chiang, J., Grossman, S. A., Voit, G. M. 1995, Mf1, 498

gle, P. M., Cohen, M. H., Miller, J. S., Tran, H. D., Goodri¢h W., Martel,
A.R. 1999, ApJS, 125, 1

Jstensen, R., etal. 1997, A&AS, 126, 393

In our analysis, we focused on the most robust resulsi, Y. C. 1992, ApJ, 395, 130
Several interesting questions nevertheless remain opered Poindexter, S., Morgan, N., Kochanek, C. S. 2008, ApJ, 643, 3

quiring more observations or a full radiative transfer modge

In particular, does the polarization of theffgrent components

Proga, D., Kallman, T. R. 2004, ApJ, 616, 688
Reichard, T. A., et al. 2003, AJ, 126, 2594
Remy, M., Gosset, E., Hutsemékers, D., Revenaz, B., Suidiej1996,

actually difer, and why? Is the scattering region magnified or  Astrophysical Applications of Gravitational Lensing, 1251

does it appear in the part of the spectrum fieeted by mi-
crolensing? High-quality spectropolarimetry of the fonmaiges

of H1413+117 may solve this issue and bring more informatio

Richards, G. T., Vanden Berk, D. E., Reichard, T. A., HalBRSchneider, D. P.,
SubbaRao, M., Thakar, A. R., York, D. G. 2002, AJ, 124, 1
ha, P., Williams, L. L. R. 2004, AJ, 127, 2604
cannapieco, E., Oh, S. P. 2004, ApJ, 608, 62

on the nature of the ouflow. As seen in Figs. 5 to 8, a small fart&annapieco, E., Silk, J., Bouwens, R. 2005, ApJ, 635, L13

the emission lines appears microlensed, suggesting tisgidit

Schmidt, G. D., Hines, D. C. 1999, ApJ, 512, 125

of the emission arises close to the continuum source. Maie reSchneider, P., Ehlers, J., Falco, E. E. 1992, Gravitatibeakes, Springer-Verlag

istic line profile calculations are needed to understanatigen
of this emission and what it tells us about the outflow kinecsat
Finally, with excellent signal-to-noise spectra, it wolle pos-
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Appendix A: The absorption / emission toy model

For a given line profile, we adopt for the disk optical depgh
the functional form

) = Y ofi) exp-1* el

(A1)

wherew is the velocitywg,(i) is the position of the center of the
absorption lind, andwg, the width taken identical for all lines.
The sum is computed over the 2 or 3 lines which constitutea lin
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profile, with the appropriate weights(i). Similarly, we adopt
for the unabsorded emission line profile
2
W= Weell) WCe(')) : (A2)
Wse

) = 3 i) exp-
I

The disk absorption profile is computed &g = explrq)
and the emission line profile absorbed by the diskFas =
fe exp(74). The total absorption of the continuum is equal to
the absorption by the polar flow (not modeled) multiplied bg t
absorption in the disk.

For all line profiles shown in Fig. 10, we usg,(1) = —5000
km s1, Wg = 800 km s, wee(1) = —2000 km s?, wg = 5000
kms?,i =1 corresponding to the reddest line of the profiles, the
position of the other ones being fixed by the doublet separati
andor by the Lyr — N v velocity separation. The parameteg$i)
and fg(i) are choosen to fit the observations.

13



