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ABSTRACT

Aims. We presen¥Ri photometric observations of the quadruply imaged quasd@4id&-1223, carried out with the Danistb4m
telescope at the La Silla Observatory. Our aim was to moaitak study the magnitudes and colors of each lensed compasent
function of time.

Methods. We monitored the object during two seasons (2008 and 200@)eiNRi spectral bands, and reduced the data with two
independent techniques:fitirence imaging and PSF (Point Spread Function) fitting.

Results. Between these two seasons, our results show an evidentadecire flux by~ 0.2-0.4 magnitudes of the four lensed
components in the three filters. We also found a significaareizse £ 0.05-0.015) in thei¥ — RandR — i color indices.

Conclusions. These flux and color variations are very likely caused byrisic variations of the quasar between the observed epochs.
Microlensing éfects probably alsoffect the brightest “A” lensed component.

Key words. quasar — lensing — photometric variability

* Based on data collected by MINDSTEp with the Danish
1.54m telescope at the ESO La Silla Observatory. Tables 5,
6, and 7 are only available in electronic form at the CDS
via anonymous ftp to cdsarc.u-strashg.fr (130.79.128.5) via
httpy/cdsweb.u-strasbg/agi-binjgcat?JA+A/ *** Royal Society University Research Fellow
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Fig.1. Zoom of a DFOSG filterimage showing the four compo- I ) ’

nents of the lensed quasar and four nearby stars. The comigonEig. 2. Zoom of a DFOSG filter image showing the galaxy envi-
are labeled following the notation of Wisotzki et al. (2002  ronment near HE0435-1223. The objects are labeled follpwin
for the brighter component, “B”, “C” and“D” clockwise. The the notation of Morgan et al. (2005). The contrast, on a regat
stars “R”, “S”, “T” and “U” were used to search for a suitablescale, was selected to improve the visibility of the galaxiehe
reference star. The “R” star was finally chosen. The contrfstimage is a median of the three CCD frames collected on 2008
the displayed image, on a negative scale, was selected tovep August 8.

the visibility of the lensed components. The image is a media

of the three CCD frames collected on 2008 August 8. )
(2005) suggested the presence of substructures in thendensi

. galaxy.
1. Introduction The first systematic monitoring, which was performed in Ehe

In the framework of the MINDSTEp (Microlensing Networkﬁ_lter and covered the years between 2003 and 2005, was car-

for the Detection of Small Terrestrial Exoplanets) campaig!€d out bylKochanek et all (2006): that paper provided astro
(Dominik et al. 2010), which has as a main target the systefRELrc measurements compatible with the previous works-me
atic observation of bulge microlenses, we developed a pgp_red_the (t)l(r)ne ddelays_bet;vlegré the 'm?]gﬁ&d - _14'3_7’|
allel project concerning photometric multi-band obsepra AtABO‘ _86 »an A(EAC = —2.10 days, with errors respectively
of several lensed quasardn the present paper we focus orPf 6% 10% and 35%), and finally confirmed the lensing galaxy
HE0435-1223 (see Figl 1), a QSO discovered by Wisotzkilet EF an elliptical with a rising rotation curve.

(2000) in the course of the HambyESSO digital objective prism | urthermore!_Mediavilla et.al‘.(2009) observed HE0435-3122
survey, and confirmed to be a quadruply imaged quasar | he framework of a monitoring of 29 lensed quasars, and at-

: : : e - tributed eventual microlensing events to the normal steitsm-
Wisotzki et al. (2002). The lensing galaxy was initially idie X :
fied as an elliptical with a scale lengthefl2kpc at a redshift in ulations, while_Blackburne & Kochanek (2010) focused on the

_ i ; itself, applying a model with a time-variable agoret
the rangez = 0.3-04. The time delays between the four image uasar itself, r g .
(labeled “A", “B”, “C”, “D", starting from the brighter one ad glskto the object. Mosquera et al. (2010) found clear evideri

proceeding clockwise) of the quasar were estimated aroQndcfiromatic microlensing in the *A” component, and provided a
insic va&stimate of the disk size in tfieband in agreement with the sim-
ple thin-disk model. Blackburne et/gl. (2010) used the clatien

More recently, the value of the redshift for the lensing ggla ficrolensing to model the accretion disk, and Courbin et al.
was estimate):j as= 0.44+ 0.20, and the quasar redsﬁif?%vaézolo) recalculated the time delays with N-body realizagiof

confirmed to bez = 1.6895+ 0.0005, with aAz between the € leénsing galaxy, which he thought to belong to the B com-

; e t" (A\tga = 8.4, Atgc = 7.8 andAtgp = 6.5 days with
components of 0.0015 rms|(Wisotzki et al. 2003). These sped?°"€N . ays Wi
trophotomeric observations showed some possible signafur €770rs Of 25%, 10%, and 11% respectively). Consideringimult

microlensing &ects in the continuum and in the spectral emi%—mo(; ot;]servations of otheréenseﬁggi%‘ffgha smgle-erpqﬁhh
sion lines for the “D" component. and photometry was used on to constrain the

M tal. [(2005) provided milliarcsecond astrometsy, r@ccretion disk model and the size of the emission regionen th
Vi;)égatr;]g \z/ialu‘e of t)hé) lens redshift at= 04546+ 0.00(?; continuum |(Bate et al. 2008; Bate 2008; Floyd et al. 2008). A

with the Low-Dispersion Survey Spectrograph 2 (LDSS2) @n tfnulti-epoch multi-band photometry, carried out duringesev

Clay 65m telescope, and studied the galaxy environment of t§§&rS, was used for the quasar Q228305 by Koptelova et al.

lens, because it is located in a dense galaxy field. The gesailt (¢006), who observed the object during five years (1995-P000

not show any evidence of a cluster for the considered gataxil®! the VRI bands_Anguita et al. (2008) combined these data
However th()e/ nearest galaxies (G20, G21, G22, G23 ?ind G‘ﬁg‘h O_GLE_obse_rvatlon:;. Mosguera et al. (2009)_mon|tor_@d t.h
in Fig.[d) whose redshifts were not measured, left this soenal/ect In eight filters and found evidence for microlensing i

; I the continuum, but not in the emission lines. Furthermore
open. Nevertheless, the results of a deep investigatiooeton ' i : '
ing the direction of an external shear in the gravitationalfi Q22370305 was the object of deep studies focused on the lens

i i ; i galaxy (Poindexter & Kochanek 2010b), and on the inclirmatio
8; mg I:.\:asr%%g())(ti:g oAv\szianr(;\:rl](;eigitn(;o;;egﬁlr?;i\(/)vrllt.hl\';lr:)emp:?hsg{ gf the accretion disk_(Poindexter & Kocharek 2010a). Anpthe
' = example of multi-epoch multi-band observations is given by
1 HE0435-1223, UM67®0142-100, Q223i70305, WFI2033— UM673/Q0142-100, observed in the Gunand Cousin/ fil-
4723 and HE0047-1756 ters between 1998 and 1999 (Nakos et al. 2005) and iWRie

ability (Wisotzki et al| 2002).
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Fig. 3. Position and bandwidth of théRi DFOSC filters super-
posed on the unresolved spectrum of HE0435-1223. The figure
is a composition made from the spectrum shown in the paper of
Wisotzki et al. (2002). ay

Fig.4. Scheme for the superposed images of the first (little dots,
bands between 2003 and 2005 _(Koptelova £t al. 2009). Unlilighter grid) and second (big dots, bolder grid) stars. Tigedots
for these objects, nsystematic multi-band photometry has evercorrespond to the knots with known fluxes. The arrawsand

been carried out for HE0435-1223. _ Ay indicate the shift between the two images.
Here, we present two periods of multi-band photometric

observations of HE0435-1223, performed in & spec-

tral bands with the Danish.34m telescope at the La S'”amasking the stars and cosmic rays, and the images were recen-
Observatory. ) ] ] tered with an accuracy of 1px.

In Sect.[2 we explain how the observgtlons were carrleq Ol ese steps were performed with a-Cpipeline developed by

in Sect[B we focus on the data reduction, and we describe g team.

two independent techniquesfigrence imaging and PSF (Poinfye analyzed each image to sort out and then disregard the prob
Spread Function) fitting, that were used to construct thiet ligjom5tic images in terms of bad tracking, particularly bagirsg
curves. In Sect.]4 we present the results. Finally, in $éwte5 (the components were completely unresolved) or bad fogusin
summarize the conclusions. We then obtained 216 images during the 2008 season: 70 in the
i filter, covering 26 nights, 83 in thR filter, covering 32 nights,

and 63 in theV filter, covering 25 nights, distributed between
2008 July 27 and 2008 October 4.

We observed HE0435-1223 during two seasons (2008 and 2008)cerning the 2009 season, we obtained 116 images: 46 in the
with the Danish 154m telescope at the La Silla Observatory. Wefilter, covering 17 nights, 37 in thié filter, covering 14 nights,
used the DFOSC instrument (Danish Faint Object Spectrbgraand 33 in theV filter, covering 12 nights, distributed between
and Camera) for imaging and photometry, with a 2%4Z101 2009 August 20 and 2009 September 19.

CCD device, covering a 18 x 13.7 field of view with a resolu-

tion of 0.39”/pixel. The gain of the device is™4 electropADU

in high mode, while the read out noise in this mode.ls@ec- 3. Data reduction

trons (Sgrensen 2000). i
The data were collected in thredidirent filters: Gunm, Bessel ﬁs”a“flf’st“s:c’ep, We Shos‘? four stars near HE0435-1223, labeled
R”, “S”, “T" and “U” in Fig. L]to search for a stable refereac

Rand BesseV (see Tablell and Figl 3). We worked with a Ve%tar. We examined the ratios between the fluxes of theseistars

homogeneous dataset consisting of 180s exposures. : ; :
For almost every night of observation, we also collected iia the\/_ banq asa function of time, to possibly detect some photo-
metric variations between the two seasons.

ages and dome flat-fields, which were already treatéoto us- > .
9 y For the calculation of the ratio between the fluxes of two se-

ing an automatic IDL procedure, part of the MiNDSTEp pipelin ; e
fo?the observation ofpbulge micrglenses. We then obtgirr)\gsi-m lected stars we applied the PSF fitting method th‘fit was alx?o su
ﬁequently used on the gravitational lens system itself|&\s-

ter flat-fields for the dterent filters and master biases. Whe . ! .
this method, we superposed the image of the first star over

these images were not present for the desired date, we «:bu@;@ fixed i £ th d st h in Biq. 4. The red
the most recent set of master bias and master flat-fields to giff ''X€d Image of the second star as shown inidig. 4. fhe re

science dataset, in the phase of pre-processing.

We collected a total of 391 images during the 2008 season, i

160 images in 2009. ¢ g alnzijbzle 1. Parameters of the DFOSC filters used for the photome-
The images were pre-processed (de-biased and flat-fie ktedl), try <.
we used particularly the dome flats. To erase the possibild-res : .
ual halos caused by the inhomogeneous illumination, the sky Filter ESO Size 4 Al

kground w r fittin r rf r #_ [mm]  [nm] _ [nm]
background was subtracted fitting & 4legree surface afte SesseV— 25T G800 4480 11631

BesseR 452 C60.0 648.87 164.70
1Gunni 425 C60.0 797.79 142.88

2. Observations and pre-processing

2 Information available on the Internet at
http://www.eso.org/lasilla/telescopes/dlp5/misc/dfosc_filters.htm
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Fig. 5. Light curves of the four lensed components of HE0435-12p&.diterent graphs illustrate the photometry in th& and
V bands, calculated using theffdirence imaging technique (left) and the PSF fitting techan{gight). The error bars correspond to
the magnitude rms (&) of each night of observation.

and black grids represent the images of the first and the decarx and Ay are the relative shifts (fractions of a pixel) between
star, respectively. the two superposed images. Before the first iteration, wehset
The big dots correspond to the knots for which the countisree parameter, Ax andAy within reasonable ranges.

are known. The valuep(x,y) and S correspond to the countsyye gerived the light curves for the reference stars as madgit
for each knot of the first and the second star, respectively. diferences and calculated the averagéedéince and standard
perform a precise fitting we needed to superpose these imagggiations for the two epochs (see Tdfle 2). Obviously thkest
with an accuracy better than 1 pixel. When this was done, tigirs with the star “R” in Tabl&]2 show on average the smallest
knots of both images did not perfectly coincide with eacteothyigerences between the two epochs. Moreover the light curves
as shown in Fig.}4. Therefore we had to calculate intermedigff the “R” star shows on average the least standard deviation
values, for example(x, y), which we could compare with the see Taplgl2), and we may reasonably assume that star “R¢ is th
values at the same point. For that we used bicubic interpolatiqost stable reference star between the two seasons. Ttesrefo
(Press etal. 1992). The intermediate vap(&,y) is expressed e chose star “R” as the reference for all subsequent phatame
by the polynomial zero point determinations.

3 3
pocy) = >\ > a Xyl

i=0 j=0

1)

To derive the values of the 16 dfieientsa; ; we resolved this
set of equations for 16 knots around the considered ggint).
They are shown as red dots in Hifj. 4. With thisfG@éent matrix
a;,j we could derivep(x, y) at any point. For the fitting of both

Table 2. Average V magnitude fierences between the two
epochs for the four stars near HE0435-1223.

. S . Pair < V2008 > < Vzoog >
images we minimized the quantity SRS 178+ 003 177002
_ 2 <S-T> 2.04+0.07 195+ 0.07
A(A A% AY) = > (A~ (X -+ AX Y +AY) — S, (2) <T-R> -041+006 -040+0.04
k <U-S> -236+004 -242+0.03
which is the sum over all knotk of the first star imageA is <U-R> -058+004 -065+0.03
<U-T> -0.34+0.05 -031+0.04

the ratio between the total flux of the second and the firsf star
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Fig. 6. Average magnitude of each component for the 2008 seasori(spmbols) and 2009 (lower symbols), calculated with the
difference imaging technique (left) and the PSF fitting methigth{y. The error bars correspond to the magnitude rmg furing
each epoch of observation.

Table 3. VRi average magnitudes of the four lensed components of HEA£23-during the 2008 and 2009 seasons.

2008 technique A B C D
i difference imaging 186+ 0.03 1833+0.04 1825+0.03 1853+0.03
i PSF fitting 1787+ 0.02 1832+0.03 1826+0.03 1854+0.03
R difference imaging 197+0.02 1846+0.02 1839+0.03 1864+0.03
R PSF fitting 1797+ 0.02 1844+0.03 1839+0.03 1865+0.04
\Y, difference imaging 185+ 0.03 1894+0.04 1888+0.04 1912+0.04
\Y, PSF fitting 1845+ 0.02 1896+0.03 1889+0.03 1913+0.03

2009 technique A B C D
i difference imaging 181+0.03 1851+0.02 1847+0.03 1875+0.04
i PSF fitting 1812+ 0.02 1851+0.03 1846+0.02 1877+0.02
R difference imaging 180+ 0.01 1869+0.02 1864+0.01 1893+0.02
R PSF fitting 1831+ 0.02 1870+0.02 1866+0.03 1893+0.03
\Y, difference imaging 187+0.02 1922+0.03 1918+0.02 1945+0.02
V PSF fitting 1834+ 0.01 1923+0.01 1919+0.02 1944+0.02

The magnitude of the reference star was taken from the USNI®¥ is the reference frame arfda generic frame, thefi=r @Kk,
B1.0 catalog for theandRfilters (16.27 and 16.33 respectively) wherek is the convolution kernel describing thefgrences be-
and from the NOMADZ1 catalog for th¥ filter (17.04). tween the PSF, which are unknown, addéhdicates the convo-

The light curves for the four components of the gravitation#!tion product. In the Fourier space, the previous equatim

lens system were then calculated with two independent rdsth@€ noted as~ = RK, whereF, RandK represents the Fourier
treated below: dference imaging and PSF fitting. transform (77) of the generic framé, the reference frame and
the convolution kernet. Thenk = .7 1(F/R).

Phillips (1993) considers the limits of this technique amel $o-
lutions adopted to avoid problems with background and high-

The aim of the dierence imaging technique is to subtract frorff €GUeNcy noise.

each image of our field (indicated as *frame” in the following\ye normalized the frames in flux by fixing the magnitude of the
one image of the same field (called "reference frame”) taken @terence star in each filter with the values of the catalogs-m
a different time under the best seeing conditions. This opekgsned above. Then we used thefdience imaging method on
tion produces a set of subtracted frames where only thévelathe normalized frames. With this technique, all the notataie
flux variations between the two images (generic frame and r%‘ojects in the field disappear, which allows us automagidall

erence frame) are visible. Performing aperture photometry g, nhress the contribution of the lensing galaxy, which igan
these subtracted frames, and in particular at the positbti®  anded and photometrically constant object.

lensed QSO components, we derived the light curves of thre fou
lensed components. To obtain the light curves, we performed aperture photoyretr

However, diferences in seeing, focus, and guiding precision b€ residuals, using the positions of the selected referstar
tween frames collected atftirent times may produce variationga"d of the lensed components previously derived. But wedoun

in the shape of the PSF: trying the subtraction without addPr the 2009 images a weak linear dependence between the mag-
tional operations would produce high residuals caused bsrpo nitude and the seeing, which we removed after calibratiigy th
tial PSF slope variations. Several methods have been MIoeﬁeCt-

to force the PSF of the_lmages to ma_m:h (Alard 1:999, 200G ¢ procedure described in this paragraph is based on a code
These me_thods are particularly useful in qrowded f|e_lds ‘;;"“Chdeveloped by our team, written in Python.

the galactic bulge, but are less succesful in sparse figidbid

paper we adopt the method proposed by Phillips (1993) whiglme results for the three filters are shown in the left colurhn o
was already successfully applied by Nakos étlal. (2005)andFig.[3. The error bars correspond to the magnitude rra$ ¢f
based on FFT (Fast Fourier Transform). each night of observation.

3.1. Difference imaging method
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Fig.7. Color-color diagrams for the four lensed components. Thectdumn shows th& — Rvs. R — i diagram calculated with
the diference imaging technique: all observations (upper panedipserage of the observations for each season (lower pahel)
right column shows the same diagrams calculated with theff2®g technique.

Table 4. Averages and error bars (sigma) characterizingtheR andR — i color indices of each component for the 2008 and 2009
seasons.

2008 technique A B [} D

V -R difference imaging @7+003 047+0.03 048+0.03 046+0.03
V-R PSFfitting 048+ 0.02 050+0.02 049+003 046=+0.03
R-i difference imaging .08+0.02 013+0.03 013+003 010+0.04
R-i PSFfitting 009+ 0.03 011+004 013+004 012+0.03
2009 technique A B [} D

V -R difference imaging 66+002 051+0.03 053+0.03 052+0.03
V-R PSFfitting 053+ 0.02 051+003 052+003 050+0.03
R-i difference imaging .06+0.02 017+0.03 017+0.03 014+0.03
R-i PSFfitting 019+ 0.02 019+004 018+0.02 016+0.04

3.2. PSF fitting method (Morgan et al. 2008) Therefore, it is legitimate to model it with

the PSF of our ground-based observations.
In this way we had seven free parametéys; Ay (coordinates

We also decided to calculate the light curves using PSFditti®f the gravitational lens system with respect to the refeeestar

as an independent method, which we previously employed‘R"). and the central fluxes of the five components.
determine the most adequate reference star. After minimization of the SquarEd fierences between the fluxes

of the real lens system image and the simulated image with the
five PSF, we derived the seven best-fitting parameters. Wi use
For the fitting of the lens system we used the image of star “Rjcubic interpolation for the superposition of the CCD figsn
as the PSF reference. Then we fitted each frame with five ag-achieve results better than 1 pixel according to our d@scr
justable PSF for the four lensed quasar images and the lefisn in Sect[3. To construct the light curves, we calculates
ing galaxy, taking the relative astrometric coordinatesveen flux ratios between each component and the reference star “R”
the components from Kochanek et al. (2006). Note that thme fai

lensing galaxy is barely resolved on direct HST CCD frames® HST program 9744
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The procedure described in this paragraph is based on actObjee R and theV light curves the average 2008 and 2@®09i and

Pascal code developed by our team. (R-i)+(V—-R) colorindices, respectively. The results are shown
The results for the three filters are shown in the right colwin in Fig.[8 (lower curves).

Fig.[3. The error bars correspond to the magnitude rra3 ¢f After these superpositions, we observe in 2008 a scatter in
each night of observation. the data (see Figl 8) significantly larger than that of theviddal

light curves (see Fid.]5); and in general delience in scatter
4. Result between the two epochs that we attribute to intrinsic viemest
- RESUulls of the quasar both in magnitude and color.

Both methods show a significant decrease in flux of the foMe also observe a slight brightening of the lensed quasar in
lensed components between the 2008 and 2009 seasons. Thé@83, followed by a significant decrease in 2009. Our obser-
timated amounts of the decrease are coherent between the Y@ions corroborate those recently reported by Courbihet a
methods (see Fig] 6). (2010). Referring to the PSF-only fitting method, we wereals
In order to estimate this decrease, we measured the meahand@ble to estimate the magnitude of the lensing galaxy #3719
o for each component in each filter. The average values for f4d0 in thei band; 2047+ 0.13 in theR band; and 289+ 0.24
magnitudes and rms for each component, each filter and tf& 2@dthe V band. Furthermore, no significant changes in the mag-
and 2009 seasons, are reported in Table 3. Specificallyhall hitude of the lensing galaxy were observed between the two
four components show a decreases.2—-0.4 magnitudes in €Pochs. Our results for théandi filters are coherent with those
each of the filters, although we notice a slightly larger amge  Of Wisotzki et al. (2002) and Morgan et al. (2005).
for component “A” in theV band. Proceeding in the same way, we did not find any evident color-
The corresponding values expressed in sigma units shovita siift for the lensing galaxy: we find a value oY + 0.33 and
between~ 1130 and~ 13.7¢ in the V band, except for com- 1.36+ 0.21 for theV — R color index in 2008 and 2009, respec-
ponent “A’. which shows a decrease bﬂ630’ In theR andi tiVG'y; and 059+ 0.17 and 061 + 0.14 for theR — i color index.
filters, the shift is betwees 6.50- and 75¢, except for compo- The stability of the flux of the lensing galaxy over the two ep®
nent “A” (~ 15.00- and~ 9.80- respectively) and component “C” enforces the validity of our PSF fitting software. We find that
in theRband & 12.00). appreciably larger photometric error bars derived for #resing

For the fraction of nights when the object was observed in &ilaxy are essentially caused by its faintnéssy( 21.9) com-
VRi filters, we were able to build the color-color diagravh{R  pared with the four lensed componeni¥sq [18.4, 19.5]).
vs.R-i) for the four components. The results are shown in[Big. 7.
With the same technique used to estimate the decrease in fisiXConclusion
we also found a significant increase@.05-0.015) for the color ) )
indicesV — RandR - i between the two observing seasons. Thaystematic multi-spectral band photometry of the quagrupl
details are given in Tablg 4. In particular, component “Abals imaged quasar HE0435-1223, carried out during two seasons
the largest shift in color. (2008 and 2009), shows a significant decrease in flux of the fou
The corresponding values expressed in sigma units shovita siginsed components between the two epochs.
in color between: 1.30 and~ 2.00 for the color indices/ — R The drop in flux observed for the four lensed components be-
andR - i, except for component “A’ (30 in V — Rand 31c tween 2008 and 2009 is very likely caused by a change in the
inR—1i). intrinsic luminosity of the quasar. This corroborates thevp
Given the short time delays (Kochanek €t al. (2006)) and heus studies of the HE0435-1223 gravitational lens system by
cause we expect microlensing to lead to uncorrelated fluix vaifochanek et al. (2006) and_Courbin et al. (2010). Concerning
ations between the four lensed components, these respits dhe color variations, the intrinsic reddening of a quasaemh
port the assumption that the observed magnitude and calier v becomes fainter in luminosity is arfect already observed in
ations are very likely caused by intrinsic variations of @80, Previous studies (Pereyra etlal. 2006), and the same trerd pr
while the lensed “A’ component is probably alsexted by mi- ably accounts for the similar observed changes in the colors
crolensing. the four lensed components of HE0435-1223.

As a complementary approach, we decided to construct td8is hypothesis is enforced if we suppose that the intripbis-
“global i” light curves to better understand the nature of thed@metric quasar variations in thefidirent colors are not synchro-
different variations in flux and color index. nized, which prOVideS an explanation for théféiences in scat-

To construct the first one, we superposed the light curvelseof fler between the epochs (see Fig. 8). Microlensing probatoly p
four components by subtracting from “B”, “C”, and “D” their vides the.addltlonalféct necessary to account for the higher
average 2008 dierence in magnitude with respect to the “Aflux variation observed for the “A” component. _
component, and we corrected the data for the time delays pféie presented observations also show that a well sampleté mul
vided by Kochanek et al_(2006) (i.e, we applied to the compBand photometry can help in distinguishing the nature of the
nents a shift in the MJD corresponding to the time delays@riTh variability of multiply imaged objects, in particular grigation-

we superposed the obtained curves (one for each filter) by say lensed quasars. _ - o
tracting from theR and theV light curves the average 2068- i We suggest to couple this technique in the future with inte-
and R- i) + (V — R) color indices, respectively. The goal ofgral field spectroscopy to provide an additional way for a@nev
this first “globali” light curve is to visualize how the spreads inmore detailed investigation of the observed phenomena.
magnitude and colors evolve between the epochs. The resaltsacknowiedgements. The research was supported by ARC — Action de recherche
shown in Fig[B (upper light curves). concertée (Communauté Frangaise de Belgique — Acad@fallonie-Europe).

To construct the second “globllight curve, we repeated the AE is the beneficiary of a fellowship granted by the Belgianiéal Science

«nn uddolicy Office. Astronomical research at Armagh Observatory is fundgd b
same procedure, but subtracted from the 2008 data of “B”, e Department of Culture, Arts & Leisure (DCAL), Northerreland, UK.

and “D” the average 2008 flierence in magnitude with respecCioperation of the Danish.34m telescope is supported by the Danish National
to component “A’, and from 2009 data the corresponding aveSeience Research Council (FNU). We wish to thank the anongmeferee for

age 2009 dterence in magnitude. Similarly, we subtracted frorie remarks and the suggestions.
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Fig.8. Upper light curve: “global” light curve of the four lensed components of HE0435-122tamied after subtracting the
average 2008difference in magnitude from “B”, “C”, and “D” with respect to cponent “A’; then corrected for the time delays
provided by Kochanek et al. (2006) and finally subtractimgrftheR and theV light curves the average 2088-i and R-i)+(V-R)

color indices, respectively. Lower light curve: “glokallight curve obtained repeating the same procedure as foupper one,
but correcting for the average 2008 magnitude and coloc@wtoncerning the 2008 data, and for the 2009 average mdgrinhd
color indices concerning the 2009 data. The left panel stthevsesults obtained with theftérence imaging technique, while the
right panel shows the results obtained with the PSF fittichr&ue. The gray quadrilaterals help to connect the twalepof

observation.
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Table5. Light curves in tha filter

Difference imaging PSF fitting
MJD A B C D MJD A B C D
546754 1B4+001 1833+001 1818+0.01 1852+0.01 546754 1B8+0.01 1839+0.01 1818+001 1853+0.01
54677.4 186+0.01 1834+0.01 1826+0.02 1852+0.02 54677.4 1B9+001 1835+0.01 1829+0.02 1855+0.01
54681.4 18B8+001 1835+0.01 1828+0.04 1854+0.02 54681.4 1B8+0.01 1835+001 1828+0.03 1857+0.02
54682.4 185+0.01 1832+0.02 1827+0.04 1854+0.02 54682.4 1B8+0.01 1832+0.02 1829+0.05 1857+0.01
54683.4 1B5+001 1833+0.03 1827+0.03 1851+0.03 546834 1B9+0.01 1835+0.02 1831+005 1853+0.04
54684.4 18B6+0.01 1829+0.04 1825+0.03 1854+0.01 54684.4 1B7+001 1830+0.03 1827+0.02 1857+0.01
54685.4 189+001 1837+0.03 1829+0.01 1855+0.03 546854 1B9+0.01 1834+002 1829+0.03 1855+0.02
54686.4 1B7+0.01 1832+0.02 1825+0.01 1852+0.03 54686.4 1B8+0.01 1833+0.01 1826+0.01 1854+0.02
54691.4 18B8+001 1833+0.03 1825+0.03 1852+0.04 54691.4 1BP1+001 1833+001 1827+0.01 1855+0.02
54698.4 1P1+0.01 1838+0.02 1830+0.02 1858+0.03 54698.4 1B6+0.01 1832+0.01 1825+0.02 1853+0.02
54700.3 1B6+001 1836+0.03 1828+0.05 1856+0.04 54700.3 1B8+0.01 1837+002 1831+0.04 1859+0.02
54705.4 184+001 1832+0.01 1825+0.01 1855+001 547054 1B4+0.01 1840+001 1816+0.01 1851+0.01
54708.3 18B5+001 1831+001 1827+0.02 1857+0.01 54708.3 1B6+0.01 1832+0.01 1827+0.03 1856+0.01
54709.4 1P1+0.01 1837+0.02 1827+0.02 1859+0.02 54709.4 1P4+001 1837+0.01 1830+0.03 1863+0.02
54720.3 1B5+001 1831+003 1822+0.01 1853+0.02 54720.3 1B6+0.01 1832+0.02 1824+002 1855+0.01
54724.3 185+0.01 1836+0.04 1824+0.03 1854+0.02 547243 1B5+001 1835+0.02 1823+0.01 1854+0.03
54726.3 1B2+001 1831+002 1824+0.06 1849+0.04 54726.3 1B4+0.01 1830+0.01 1823+001 1849+001
54728.3 18B7+0.01 1836+0.02 1825+0.03 1853+0.02 54728.3 1B6+001 1832+0.02 1821+0.01 1852+0.01
54729.4 1B3+001 1837+0.04 1827+0.04 1850+0.04 547294 1B4+0.01 1836+0.03 1824+001 1853+0.01
54730.3 1P1+0.01 1835+0.01 1826+0.01 1856+0.02 54730.3 1B9+0.01 1830+0.01 1823+0.01 1854+0.03
547314 1B8+001 1835+002 1826+0.02 1854+0.02 547314 1B9+0.01 1833+0.01 1826+001 1856+0.01
54733.3 1789+0.01 1836+0.01 1825+0.01 1855+0.01 54733.3 1P0+001 1834+0.03 1824+0.01 1856+0.01
54734.3 1B9+001 1835+0.02 1827+0.01 1855+0.02 54734.3 1B8+0.01 1831+001 1826+0.02 1855+0.02
54740.3 187+0.01 1833+0.01 1828+0.01 1856+0.01 54740.3 1B7+001 1831+0.01 1829+0.01 1857+0.01
54741.3 1B6+001 1831+0.01 1825+0.02 1851+0.02 54741.3 1B8+0.01 1830+001 1827+0.03 1853+0.02
54743.3 186+0.01 1830+0.01 1823+0.01 1853+0.02 54743.3 1B6+0.01 1829+0.01 1823+0.01 1852+0.02
55064.3 1813+001 1854+001 1848+0.03 1876+0.02 55064.3 183+0.01 1854+0.01 1846+001 1877+0.01
55065.4 180+001 1848+0.01 1846+0.01 1871+001 55065.4 184+0.01 1848+001 1847+0.01 1874+0.01
55066.4 1815+0.01 1853+0.02 1852+0.02 1879+0.04 55066.4 186+001 1854+0.03 1849+0.04 1876+0.01
55067.4 1899+001 1849+004 1844+0.05 1871+0.03 55067.4 130+0.01 1852+0.01 1844+004 1875+001
55068.3 1811+0.01 1851+0.03 1846+0.04 1878+0.02 55068.3 183+001 1854+0.01 1847+0.01 1880+0.01
55070.4 1813+001 1853+0.02 1846+0.02 1874+0.01 550704 187+0.01 1854+0.01 1844+002 1876+001
55071.4 1812+0.01 1849+0.03 1849+0.01 1877+0.02 55071.4 183+001 1849+0.02 1848+0.01 1878+0.03
55072.4 1810+001 1849+003 1849+0.01 1874+0.03 550724 183+0.01 1851+0.02 1848+001 1877+0.03
55073.4 1814+0.01 1852+0.01 1851+0.01 1877+0.01 55073.4 184+001 1852+0.01 1848+0.01 1879+0.02
55074.4 1811+001 1852+0.01 1848+0.02 1878+0.02 550744 182+0.01 1855+0.01 1848+002 1881+001
55075.4 1812+0.01 1853+0.02 1848+0.04 1874+0.03 550754 186+001 1851+0.01 1847+0.02 1873+0.01
55079.4 1899+001 1850+001 1846+0.01 1875+0.02 55079.4 183+0.01 1850+0.01 1845+002 1877+0.01
55085.4 1813+0.01 1854+0.04 1852+0.04 1877+0.06 55085.4 181+001 1852+0.02 1846+0.01 1875+0.02
55087.3 1899+001 1853+0.01 1849+0.01 1872+0.02 55087.3 181+0.01 1853+0.01 1846+001 1875+001
55088.3 1812+0.01 1852+0.01 1849+0.01 1878+0.01 55088.3 184+001 1851+0.01 1848+0.01 1878+0.01
55092.4 1813+001 1853+002 1852+0.03 1878+0.04 550924 1834+0.01 1853+0.01 1848+003 1877+0.02
55093.4 1805+0.01 1858+0.05 1851+0.08 1872+0.07 55093.4 1®6+001 1859+0.05 1850+0.03 1878+0.02
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Table 6. Light curves in theRfilter

Difference imaging PSF fitting
MJD A B C D MJD A B C D
546754 1B4+001 1833+001 1818+0.01 1852+0.01 546754 1B8+0.01 1839+0.01 1818+001 1853+0.01
54677.4 186+0.01 1834+0.01 1826+0.02 1852+0.02 54677.4 1B9+001 1835+0.01 1829+0.02 1855+0.01
54681.4 18B8+001 1835+0.01 1828+0.04 1854+0.02 54681.4 1B8+0.01 1835+001 1828+0.03 1857+0.02
54682.4 185+0.01 1832+0.02 1827+0.04 1854+0.02 54682.4 1B8+0.01 1832+0.02 1829+0.05 1857+0.01
54683.4 1B5+001 1833+0.03 1827+0.03 1851+0.03 546834 1B9+0.01 1835+0.02 1831+005 1853+0.04
54684.4 18B6+0.01 1829+0.04 1825+0.03 1854+0.01 54684.4 1B7+001 1830+0.03 1827+0.02 1857+0.01
54685.4 189+001 1837+0.03 1829+0.01 1855+0.03 546854 1B9+0.01 1834+002 1829+0.03 1855+0.02
54686.4 1B7+0.01 1832+0.02 1825+0.01 1852+0.03 54686.4 1B8+0.01 1833+0.01 1826+0.01 1854+0.02
54691.4 18B8+001 1833+0.03 1825+0.03 1852+0.04 54691.4 1BP1+001 1833+001 1827+0.01 1855+0.02
54698.4 1P1+0.01 1838+0.02 1830+0.02 1858+0.03 54698.4 1B6+0.01 1832+0.01 1825+0.02 1853+0.02
54700.3 1B6+001 1836+0.03 1828+0.05 1856+0.04 54700.3 1B8+0.01 1837+002 1831+0.04 1859+0.02
54705.4 184+001 1832+0.01 1825+0.01 1855+001 547054 1B4+0.01 1840+001 1816+0.01 1851+0.01
54708.3 18B5+001 1831+001 1827+0.02 1857+0.01 54708.3 1B6+0.01 1832+0.01 1827+0.03 1856+0.01
54709.4 1P1+0.01 1837+0.02 1827+0.02 1859+0.02 54709.4 1P4+001 1837+0.01 1830+0.03 1863+0.02
54720.3 1B5+001 1831+003 1822+0.01 1853+0.02 54720.3 1B6+0.01 1832+0.02 1824+002 1855+0.01
54724.3 185+0.01 1836+0.04 1824+0.03 1854+0.02 547243 1B5+001 1835+0.02 1823+0.01 1854+0.03
54726.3 1B2+001 1831+002 1824+0.06 1849+0.04 54726.3 1B4+0.01 1830+0.01 1823+001 1849+001
54728.3 18B7+0.01 1836+0.02 1825+0.03 1853+0.02 54728.3 1B6+001 1832+0.02 1821+0.01 1852+0.01
54729.4 1B3+001 1837+0.04 1827+0.04 1850+0.04 547294 1B4+0.01 1836+0.03 1824+001 1853+0.01
54730.3 1P1+0.01 1835+0.01 1826+0.01 1856+0.02 54730.3 1B9+0.01 1830+0.01 1823+0.01 1854+0.03
547314 1B8+001 1835+002 1826+0.02 1854+0.02 547314 1B9+0.01 1833+0.01 1826+001 1856+0.01
54733.3 1789+0.01 1836+0.01 1825+0.01 1855+0.01 54733.3 1P0+001 1834+0.03 1824+0.01 1856+0.01
54734.3 1B9+001 1835+0.02 1827+0.01 1855+0.02 54734.3 1B8+0.01 1831+001 1826+0.02 1855+0.02
54740.3 187+0.01 1833+0.01 1828+0.01 1856+0.01 54740.3 1B7+001 1831+0.01 1829+0.01 1857+0.01
54741.3 1B6+001 1831+0.01 1825+0.02 1851+0.02 54741.3 1B8+0.01 1830+001 1827+0.03 1853+0.02
54743.3 186+0.01 1830+0.01 1823+0.01 1853+0.02 54743.3 1B6+0.01 1829+0.01 1823+0.01 1852+0.02
55064.3 1813+001 1854+001 1848+0.03 1876+0.02 55064.3 183+0.01 1854+0.01 1846+001 1877+0.01
55065.4 180+001 1848+0.01 1846+0.01 1871+001 55065.4 184+0.01 1848+001 1847+0.01 1874+0.01
55066.4 1815+0.01 1853+0.02 1852+0.02 1879+0.04 55066.4 186+001 1854+0.03 1849+0.04 1876+0.01
55067.4 1899+001 1849+004 1844+0.05 1871+0.03 55067.4 130+0.01 1852+0.01 1844+004 1875+001
55068.3 1811+0.01 1851+0.03 1846+0.04 1878+0.02 55068.3 183+001 1854+0.01 1847+0.01 1880+0.01
55070.4 1813+001 1853+0.02 1846+0.02 1874+0.01 550704 187+0.01 1854+0.01 1844+002 1876+001
55071.4 1812+0.01 1849+0.03 1849+0.01 1877+0.02 55071.4 183+001 1849+0.02 1848+0.01 1878+0.03
55072.4 1810+001 1849+003 1849+0.01 1874+0.03 550724 183+0.01 1851+0.02 1848+001 1877+0.03
55073.4 1814+0.01 1852+0.01 1851+0.01 1877+0.01 55073.4 184+001 1852+0.01 1848+0.01 1879+0.02
55074.4 1811+001 1852+0.01 1848+0.02 1878+0.02 550744 182+0.01 1855+0.01 1848+002 1881+001
55075.4 1812+0.01 1853+0.02 1848+0.04 1874+0.03 550754 186+001 1851+0.01 1847+0.02 1873+0.01
55079.4 1899+001 1850+001 1846+0.01 1875+0.02 55079.4 183+0.01 1850+0.01 1845+002 1877+0.01
55085.4 1813+0.01 1854+0.04 1852+0.04 1877+0.06 55085.4 181+001 1852+0.02 1846+0.01 1875+0.02
55087.3 1899+001 1853+0.01 1849+0.01 1872+0.02 55087.3 181+0.01 1853+0.01 1846+001 1875+001
55088.3 1812+0.01 1852+0.01 1849+0.01 1878+0.01 55088.3 184+001 1851+0.01 1848+0.01 1878+0.01
55092.4 1813+001 1853+002 1852+0.03 1878+0.04 550924 1834+0.01 1853+0.01 1848+003 1877+0.02
55093.4 1805+0.01 1858+0.05 1851+0.08 1872+0.07 55093.4 1®6+001 1859+0.05 1850+0.03 1878+0.02
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Table 7. Light curves in theV filter

Difference imaging PSF fitting
MJD A B C D MJD A B C D
546754 1B4+001 1833+001 1818+0.01 1852+0.01 546754 1B8+0.01 1839+0.01 1818+001 1853+0.01
54677.4 186+0.01 1834+0.01 1826+0.02 1852+0.02 54677.4 1B9+001 1835+0.01 1829+0.02 1855+0.01
54681.4 18B8+001 1835+0.01 1828+0.04 1854+0.02 54681.4 1B8+0.01 1835+001 1828+0.03 1857+0.02
54682.4 185+0.01 1832+0.02 1827+0.04 1854+0.02 54682.4 1B8+0.01 1832+0.02 1829+0.05 1857+0.01
54683.4 1B5+001 1833+0.03 1827+0.03 1851+0.03 546834 1B9+0.01 1835+0.02 1831+005 1853+0.04
54684.4 18B6+0.01 1829+0.04 1825+0.03 1854+0.01 54684.4 1B7+001 1830+0.03 1827+0.02 1857+0.01
54685.4 189+001 1837+0.03 1829+0.01 1855+0.03 546854 1B9+0.01 1834+002 1829+0.03 1855+0.02
54686.4 1B7+0.01 1832+0.02 1825+0.01 1852+0.03 54686.4 1B8+0.01 1833+0.01 1826+0.01 1854+0.02
54691.4 18B8+001 1833+0.03 1825+0.03 1852+0.04 54691.4 1BP1+001 1833+001 1827+0.01 1855+0.02
54698.4 1P1+0.01 1838+0.02 1830+0.02 1858+0.03 54698.4 1B6+0.01 1832+0.01 1825+0.02 1853+0.02
54700.3 1B6+001 1836+0.03 1828+0.05 1856+0.04 54700.3 1B8+0.01 1837+002 1831+0.04 1859+0.02
54705.4 184+001 1832+0.01 1825+0.01 1855+001 547054 1B4+0.01 1840+001 1816+0.01 1851+0.01
54708.3 18B5+001 1831+001 1827+0.02 1857+0.01 54708.3 1B6+0.01 1832+0.01 1827+0.03 1856+0.01
54709.4 1P1+0.01 1837+0.02 1827+0.02 1859+0.02 54709.4 1P4+001 1837+0.01 1830+0.03 1863+0.02
54720.3 1B5+001 1831+003 1822+0.01 1853+0.02 54720.3 1B6+0.01 1832+0.02 1824+002 1855+0.01
54724.3 185+0.01 1836+0.04 1824+0.03 1854+0.02 547243 1B5+001 1835+0.02 1823+0.01 1854+0.03
54726.3 1B2+001 1831+002 1824+0.06 1849+0.04 54726.3 1B4+0.01 1830+0.01 1823+001 1849+001
54728.3 18B7+0.01 1836+0.02 1825+0.03 1853+0.02 54728.3 1B6+001 1832+0.02 1821+0.01 1852+0.01
54729.4 1B3+001 1837+0.04 1827+0.04 1850+0.04 547294 1B4+0.01 1836+0.03 1824+001 1853+0.01
54730.3 1P1+0.01 1835+0.01 1826+0.01 1856+0.02 54730.3 1B9+0.01 1830+0.01 1823+0.01 1854+0.03
547314 1B8+001 1835+002 1826+0.02 1854+0.02 547314 1B9+0.01 1833+0.01 1826+001 1856+0.01
54733.3 1789+0.01 1836+0.01 1825+0.01 1855+0.01 54733.3 1P0+001 1834+0.03 1824+0.01 1856+0.01
54734.3 1B9+001 1835+0.02 1827+0.01 1855+0.02 54734.3 1B8+0.01 1831+001 1826+0.02 1855+0.02
54740.3 187+0.01 1833+0.01 1828+0.01 1856+0.01 54740.3 1B7+001 1831+0.01 1829+0.01 1857+0.01
54741.3 1B6+001 1831+0.01 1825+0.02 1851+0.02 54741.3 1B8+0.01 1830+001 1827+0.03 1853+0.02
54743.3 186+0.01 1830+0.01 1823+0.01 1853+0.02 54743.3 1B6+0.01 1829+0.01 1823+0.01 1852+0.02
55064.3 1813+001 1854+001 1848+0.03 1876+0.02 55064.3 183+0.01 1854+0.01 1846+001 1877+0.01
55065.4 180+001 1848+0.01 1846+0.01 1871+001 55065.4 184+0.01 1848+001 1847+0.01 1874+0.01
55066.4 1815+0.01 1853+0.02 1852+0.02 1879+0.04 55066.4 186+001 1854+0.03 1849+0.04 1876+0.01
55067.4 1899+001 1849+004 1844+0.05 1871+0.03 55067.4 130+0.01 1852+0.01 1844+004 1875+001
55068.3 1811+0.01 1851+0.03 1846+0.04 1878+0.02 55068.3 183+001 1854+0.01 1847+0.01 1880+0.01
55070.4 1813+001 1853+0.02 1846+0.02 1874+0.01 550704 187+0.01 1854+0.01 1844+002 1876+001
55071.4 1812+0.01 1849+0.03 1849+0.01 1877+0.02 55071.4 183+001 1849+0.02 1848+0.01 1878+0.03
55072.4 1810+001 1849+003 1849+0.01 1874+0.03 550724 183+0.01 1851+0.02 1848+001 1877+0.03
55073.4 1814+0.01 1852+0.01 1851+0.01 1877+0.01 55073.4 184+001 1852+0.01 1848+0.01 1879+0.02
55074.4 1811+001 1852+0.01 1848+0.02 1878+0.02 550744 182+0.01 1855+0.01 1848+002 1881+001
55075.4 1812+0.01 1853+0.02 1848+0.04 1874+0.03 550754 186+001 1851+0.01 1847+0.02 1873+0.01
55079.4 1899+001 1850+001 1846+0.01 1875+0.02 55079.4 183+0.01 1850+0.01 1845+002 1877+0.01
55085.4 1813+0.01 1854+0.04 1852+0.04 1877+0.06 55085.4 181+001 1852+0.02 1846+0.01 1875+0.02
55087.3 1899+001 1853+0.01 1849+0.01 1872+0.02 55087.3 181+0.01 1853+0.01 1846+001 1875+001
55088.3 1812+0.01 1852+0.01 1849+0.01 1878+0.01 55088.3 184+001 1851+0.01 1848+0.01 1878+0.01
55092.4 1813+001 1853+002 1852+0.03 1878+0.04 550924 1834+0.01 1853+0.01 1848+003 1877+0.02
55093.4 1805+0.01 1858+0.05 1851+0.08 1872+0.07 55093.4 1®6+001 1859+0.05 1850+0.03 1878+0.02
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