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Abstract. We presentfirstresults fromfive years of spectrophsystematic monitoring, with the ultimate aim to obtain the lig
tometric monitoring of the bright double QSO and gravitationélavel time delay and to estimate the Hubble parameter. We ha
lens HE 1104-1805. The quasar has varied considerably ovetarted with apectrophotometrimonitoring in early 1996, and
this time, while the emission line fluxes appear to have remainedluding some earlier observations the time span covered
constant. We have constructed monochromatic continuum ligtaw five years. Here we present first results from this monito
curves for components A and B, finding that B leads the vang campaign, focused specifically on the issue of time deld
ability. A quantitative analysis with the Pelt method gives astimation. Other aspects of the monitoring, in particular a co
best estimate for the light travel time delay of about 0.73 yeaparison of continuum and emission line properties and the p¢
although a value as low as 0.3 cannot yet be excluded. We ditsle signatures of microlensing, will be dealt with in a futurg
cuss possible models for the QSO-lens configuration and ysper.

our measured time delay to predict the redshift of the legs,

Finding that most likelyzg < 1, we can rule out the hitherto

favoured values ofy = 1.32 or 1.66. A new candidate is an2- Observations and data reduction

absorption system at = 0.73, but the lens could also be anrne spectrophotometric monitoring was conducted at the ES
elliptical not detected in absorption. 3.6 mtelescope in service mode. Typically once a month duri

o the visibility period, up to one hour was dedicated to the prd
Keywords:_qugsars: |nd'|V|duaI: HE 11041805—quasars:gen—gramme_ The instrument was EFOSC1 with 5542 pixels
eral — gravitational lensing Tektronix CCD until June 1997, and EFOSC2 with ax2&K
Loral/Lesser chip afterwards. The observations always co
prised one or several acquisition images, followed by a lo
1. Introduction resolution spectrum with the B300 grism throughb’a slit

) , . aligned along components A and B. Exposure time was b
HE 1104-1805 (the ‘Double Hamburger; = 2.32) is one . tween 15-30 min, spectral resolution was typicallg0 A, and

of the brightest multiply imaged QSOs in the sky: Around d"cthe spectra covered the wavelength range between 220

covery in 1993, itsB band magnitudes were 16.7 and 18.6 fOfOOOA The seeing was betwed1 and2/0. A few datasets
components A and B, respectively (Wisotzki et al. 1993). TCZ;\a y ng W ' ‘0. W

ational | wre i firrmlv established. after th ve been included in this analysis that were obtained befd
gravitational lens nature 1S now firmly established, after (e G, proper monitoring started. Some were taken with the sa

c%tnfiguration as described above; in addition we used the N
Hhta shown already by Wisotzki et &dl. (1993) and a set of spe

the lens redshift is still unknown. The strong= 1.66 damped : : : ;
tra obtained with the LDS spectrograph at the Nordic Optic
Ly« system in component A (Smette et/al. I1995) may be an Ghe escope in February 1994p grap P

vious candidate, but the observed properties do not agree wel The CCD frames were reduced in a homogeneous wa

with this hypothesi§ (RQS; Lopez et @98)'. .__largely following standard procedures. The most critical tas
Because of their brightness and the relatively large im s to perform an unbiased simultaneous extraction of the

sepqration ofi"2, photometry_of the. two components can b8omponents. We have employed a three-step deblending al
obtained under less than optimal circumstances, especially; . consisting of the following tasks: (1) Two Gaussians,

HE 1104-1805 shows variability with considerable amplitudﬂqe same FWHM and with fixed angular separation but othe
(Wisotzki et al 1995). The system is therefore well-suited f%se unconstrained, were fitted simultaneously to each spec

Send offprint requests th. Wisotzki (Iwisotzki@hs.uni-hamburg.de) resolution element. (2) The variation with wavelength of th
* Based on observations collected at the European Southern Obgggulting parameters FWHM and centroid location was fitte
vatory, La Silla, Chile by low-order polynomials. (3) Another double-Gaussian fit wa
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Fig. 1. Example spectra obtained in the monitoring, showing the r 26
gion around C IVA1549 for two epochs, in components Aand B. Thi [ | Ll Ll Ll Ll Ll

adopted continua are marked by the dotted lines. 1993 1994 1895 ;996 1897 1998
epoc

L]
L
L]
L]
-
[l
vl b b b by

Fig. 2. Monochromatic continuum light curves of both components,
performed, now with only the two amplitudes as free paramgiken at\. = 4910A. The zero point is arbitrary, but the same for
ters. The algorithm is described in more detail by Lopez et @bth panels. Error bars in the upper panel are generally smaller than
(1998). Inspection of the residual maps revealed no significaimt symbol size.
deviation from this model. The resulting one-dimensional spec-
tra were recorded as MIDAS table files, thus avoiding loss of
information due to data rebinning. A1909). Local continua were estimated by fitting straight lines

Wavelength calibration frames were obtained from compag predefined wavebands known to be largely devoid of emis-
ison lamp spectra, usually based on Helium/Argon lines. Th®n and absorption lines (cf. examples in Elg. 1). Although a
observing conditions were in many cases not photometric, adieect comparison of line strengths between different epochs is
standard star spectra for flux calibration purposes were obtaimed possible, there is one strong piece of evidence that the lines
in only a few nights. Therefore only a relative flux calibratiomave remained essentially constant over the time span observed:
could be attempted. Two of the pre-monitoring observatiom$ie flux ratio between the same lines in components A and B,
were made through a narrow slit, which in one case was natlependent of the absolute scale, has stayed at a consistently
even aligned. We explain below how these measurements catddstant value of.85 4= 0.07 for all lines. This implies either a
be incorporated into the analysis. time delay of much less than a month (the separation between
data points during the periods of quasi-continuous monitoring),
which is highly improbable, or simply constancy of the line
fluxes as such. Adopting the latter hypothesis, we were then
Altogether, 19 sets of spectra could be secured, of which &#le to recalibrate the spectra by scaling them to equal emission
were obtained in the course of the monitoring. Most spectra diree fluxes. As reference we used\G a prominent line that is
of very high quality, some with a continuum S/N ratio exceedingurrounded by clearly identifiable continuum windows visible
100 in component A. Examples of the spectra are presentedlso at low spectral resolution.

Fig.[D; the range in S/N ratio is bracketed by these example data, For each pair of spectra we computed a scale factor so that
with most spectra looking rather similar to the February 199Be CIV flux of component A assumed an arbitrary but constant
ones. The high quality of the data enabled us to monitor thialue, and applied this factor to both spectra. The average con-
monochromatic continuum fluxe$ both components, which tinuum values in the interval880 A < X\ < 49404, thus at

has the advantage over the conventional broad-band magnitutles- 4910 A, were then determined for A and B. This estimate
thatitis a brightness measure uncontaminated by emission linéthe QSOs brightness is independent of external flux standards
and their possibly different variability patterns. However, absand of photometric conditions, and we were thus able to incor-
lute photometric calibration from standard stars was usuapprate also narrow slit observations by the same method. Note
not possible, and we had to design a method to compare spbet the relative flux calibration based on standard stars was not
tra taken at different epochs. In the following we motivate arelen strictly needed, although it helped in removing the instru-
outline this procedure. mentally caused curvature from the spectra. The resulting light

After placing the spectra on a relative flux scale, we meaurves are depicted in Figl. 2. The error bars in this plot contain
sured the fluxes and equivalent widths of all major emission linkesth the continuum uncertainties due to photon shot noise and
in both components (Ly, Silv A1400, Qv 1549, and QIl] the error of the line flux rescaling factor. The zeropoint for both

3. Continuum light curves
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Table 1.Relative positions of the images and the lensing galaxy, takg
from the CASTLes compilation (Kochanek et lal. 1998; ekt al.,
in preparation). The directions of positiveandy are west and north,
respectively.

LETTER

z ['] y (']

A 0.0 0.0
B —2901+0.003 —1.332+0.003
G —-0.974£0.003 —0.510=+£0.003

log. dispersion

-5

Table 2. Parameters for the SIST and the SIEMD modeJ:is the
Einstein radius¢ and~y are ellipticity and shear, with position angles
P e 0 and ¢, respectivelyM and Mg are the magnifications, the signs
giving the parity, and” contains the time delay according to Ej. 1.

time delay A—B [years]

Fig. 3. Dispersion curves for decorrelation lengths of 50 (thin), 100model  ao [] € ~y Ma T [arcsec?]
(normal), and 365 (thick lines) days. For the solid lines, the dispersion 6 [°] o [°] Mg

was calculated using statistical wglghts from the measurement errorgls_l_ 1403 0 0122 —723 1395

For the dashed lines, constant weights were used.

SIEMD 1.546 0.191 0. —-7.12 1.590
components is arbitrarily set at the continuum magnitude of A 221 +2.48
in May 1993, which constitutes the brightest point.
Although the light curve is certainly not well-sampled, some
features are very cleary discernible. The strong decline in com- The global minima of all dispersion curves are consistent
ponent Abetween 1993 and 1995, spanning almost a magnitudeated between 0.6 and 0.8 years, which indicates a value
is well mirrored in B, except for the inflection between Novhe time delay in this range. Using a decorrelation length
1994 and Feb 1995 which occurs only in B. This feature alon@0 days which reduces the windowing but does not smog
is already very suggestive that B leads the variability, as one éXe data on longer time scales, the minimum idat= 0.73 yr
pects from the observed lens configuration (cf. R98). From eawljth magnitude difference of 1.70 for the weighted data. No
1996 on, the sampling improved due to the beginning of regutiat the existence of slightly weaker local minima still permit
monitoring, and it became apparent that the object shows adenewhat smaller time delay of 0.3—0.5 yrs. On the other ha
significant variability on relatively short time scales. a At of one year or more is not consistent with the data.
This estimate of a time delay is to be seen as a very preli
inary result. A detailed analysis of the light curves has to wa
until better sampled data are available.
Sliding the light curves against each other to find the best visual
agreement lead us to an estimate of about half a year for the tign
delay A—B (component B leading) with a brightness difference’
of about 1.7 mag. For such a time delay, the observing periofise observational parameters of this system are the image «
of the one component coincide more or less with the seasogalaxy positions (cf. Tablg 1), and the flux ratio of the image
gaps in the light curve of the other. This effect without doulior the latter it is important to realise that the continuum rati
produces a bias for values around =~ 0.5 yr, and we had to of 4.8 (1.7 mag) differs from the emission line value because
find a quantitative method of estimation that is insensitive the excess continuum component in image A, tentatively ide
such biases. tified with microlensing by Wisotzki et al. {1993). We use thg
The dispersion method of Pelt et al. (1994; 7996) proved flox ratio of 2.85 obtained from the emission lines (see above
be quite robust despite the windowing effects in the case of timich should be much less affected by microlensing than t
delay determination for the double quasar 0957+561. To mieentinuum because of the larger size of the emitting region.
imise the bias for our data, we used the disperdian (Pelt et As a reference model, we use a singular isothermal sphg¢
al[1996) which takes into account not just neighbouring data lwith external shear (SIST). This is probably the simplest mod
uses the complete light curves with weight factors corresporaipable to reproduce the observed positions and the flux rg
ing to the (shifted) time differences of two observations eacftf. R98). The parameters of this model can be found in Table
If the decorrelation length# is chosen sufficiently large, the The observational uncertainties lead to an internal error of o
windowing effect becomes increasingly less significant.[Big.86 % for the time delay. To examine the much larger possib
shows the dispersion for different values@bver an interval errors due to the modeling, we used a more general approq
of a priori possible time delays. of models consisting of a singular isothermal ellipsoidal mas

4. Time delay estimation

‘?Vlodeling the deflector potential



o
Ll
=
—
L
-

L76 L. Wisotzki et al.: First estimate of the time delay in HE 1104-1805

T T T T T T y) 77T

distribution (SIEMD, see Kassiola & Kovngr 1293) with exter- - ' Sy
nal shear. For the model-fitting we fixed ellipticityand shear I L

~, and used the other parameters listed in Table 2 (including the2
position angles) and the source position to fit the observations. | /
Due to the small number of constraints, the position of the lens- S
ing galaxy was fixed at the observed values. This was carried® | 7
out for a range of values far and~. With the restriction of <& ,
e < 0.3 andy < 0.2, we find a maximum deviation 6£20 %
and—10 % for the time delay. As an example, the model with' I g
zero external shear is also given in Tdlle 2. The time delay for
this case is 14 % larger than for the SIST model. S
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6. Implications for the lensing galaxy © : : : : : : : :

If the redshift of the lensy were known, we could compute the z,

Hubble parameter from the time delay using the fundamen't:éiigll 4.Time delay scaled b, for the SIST (thick) and SIEMD (thin)
. . . B 0
equation connecting the time dely and the parameter model. Standard Einstein-de Sitter cosmology is shown as solid lines,

1 dads a low-density universeS{ = 0.3, A = 0) as dashed lines. Flat low-
At = Hy o (1+ za) Td T . (1) density world models are located between these two curves.
S

As z4 is still unknown, we cannot use this formula to géj.

However, simplyadoptinga canonical value fak allows us to . ) )
predict the redshift of the lens, or better, to constrain the rarj_[;@'s leaves the system at= 0.73 as candidate; however, the

of possible values for,. Fig.[d shows the product of time delay©NS could also be an elliptical galaxy for which Mgbsorption
and Hubble parameter as a functionzgf For At = 0.73 yr would be a poor indicator. The very red colours measured by

Hy = 50kms~! Mpce~!, Q = 1, andA = 0, the SIST model R98 support such a notion.

predlf:ts,zd = (.)'79' and the v%l? C|ty_d|sper3|on of the galaXyAcknowIedgementsWe are grateful to all ESO staff and visiting as-
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band magnitude of 20.9 according to R98, the mass-to-light
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consistent with the expectations for such a galaxy (cf. Keetgﬁzferences
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Recently, values for the time delay have been predict&dssiola A., Kovner 1., 1993, ApJ 417, 450
based on the assumption that one of the two strong metal abstgeton C.R., Kochanek C.S.., Falco E.E., 1998, ApJ in press, astro-
tion line systems at = 1.32 or z = 1.66 can be identified with ~ Ph/9708161
the deflector. R98 givat ~ 1.9 h5—01 yrs, Courbin et al[{1998) Kochanek C.S., Falco E.E., Impey C., et al., 1998, CASTLe Survey,
even3.5 hz ! yrs. Since we can reliably excludet > 1yr, our <htlp:f/cta-www.harvard.edu/castles/>
results are not compatible witly significantly larger than 1; in Lopez S., Reimers D., Rauch M., Sargent W.L.W., Smette A., 1998,
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particular, the absorbers at 1.32 and 1.66 can be ruled out. Pelt J., Hoff W., Kayser R., Refsdal S., et al., 1994, AGA 286, 775

We have searched our higher resolution NTT spectra gk ;. kayser R., Refsdal S., Schramm T., 1996, A&A 305, 97
HE 1104-1805 (cf. Lopez et al."1998) for absorption |'ne$2emy M., Claeskens J.-F., Surdej J., Hjorth J., et al., 1998, New As-
within the redshift range permitted by Fig. 4. An additional de- tronomy 3, 379

mand is that the lines should be stronger in A, as this componeniette A., 1995, in: QSO Absorption Lines, ed. G. Meylan, ESO As-
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