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ABSTRACT 

We report photometry and spectra of three quasars, two of which make up a candidate close-separation 
gravitational lens, Q1009-0252A,B. The system is unusual in that a bright foreground quasar is projected 
only —4.5 arcsec from the line of sight to G1009-0252. The gravitational lens candidate consists of two 
images, magnitudes wy=17.9 and 20.5, separation 1.53 arcsec. Spectra show both images to be quasars 
with redshift z=2.739 and very similar emission line and continuum properties, although the fainter 
component is somewhat redder and its emission lines have larger equivalent widths. CCD photométry in 5, 
V, R and / confirms the fainter component has a redder V—I color. Both components show strong Mg II 
absorption at z=0.869 and lensing by a massive galaxy at the absorption redshift can reproduce the main 
properties of the system. A second quasar, Wy=19.1, redshift z=1.627, lies only 4.62 arcsec from 
Q1009—0252A. The geometric and photometric properties we derive for the Q1009 —0252 system are in 
good agreement with the results of Surdej et al [Gravitational Lenses in the Universe: 31st Liege Int. 
Astroph. Coll. (Université de Liege, Liege) (1994)], who discovered the system independently in the course 
of their ESO Key Project. Detection of weak absorption from the z=0.869 Mg II system in the z=1.627 
quasar sets a lower limit to the scale of the Mg II absorber of kpc. Strong Mg II absorption is visible 
in both components of the lens candidate at the emission redshift of the nearby z = 1.627 quasar, placing a 
lower limit of 45/^0

1 kpc to the size of the Mg II system associated with the quasar. 

1. INTRODUCTION 

We report here observations of a candidate for a gravita- 
tionally lensed quasar, Q1009-0252A,B and a close com- 
panion quasar Q1009-0252C. We identified the system as 
the result of a series of spectroscopic and photometric obser- 
vations taken in 1990, 1992, and 1993. The system was sub- 
sequently discovered independently by the ESO Key Project 
team and photometry and spectroscopy of the system has 

^ome of the observations reported here were obtained with the Multiple 
Mirror Telescope, a joint facility of the Smithsonian Institution and the 
University of Arizona. 

been published by Surdej et al. (1994). Surdej et al. found 
the system to consist of two quasars, with identical redshifts, 
z=2.74, magnitudes mß = 18.2 and mB=21.2, angular sepa- 
ration 1.55 arcsec, with a third quasar, redshift z = 1.622, 
magnitude mB = 19.3, lying only 4.60 arcsec away. Strong 
metallic absorption systems were identified in the spectra of 
the close pair at redshifts z=0.866 and z=1.622. We de- 
scribe our own observations that define the geometric and 
photometric properties of the Q1009—0252 system, which, 
while they differ in detail, are in good agreement with the 
properties derived by Surdej et al. In addition, we present 
high-quality spectroscopic data of all three components, in- 
cluding high-resolution observations of both metal absorp- 
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tion systems, that allow interesting constraints to be placed 
on the spatial extent of the absorption systems. An explana- 
tion of the origin of the Q1009 —0252 system in terms of 
gravitational lensing has much in its favor, but in a discus- 
sion of several explanations for the system we conclude that 
none provide an entirely satisfactory quantitative match to 
the observations. 

Notwithstanding the considerable observational effort ex- 
pended on surveys seeking gravitationally lensed quasars, 
the number of such systems identified remains small (e.g., 
Kochanek 1993). In an attempt to increase the number of 
known gravitationally lensed quasars, we are undertaking a 
study of the Large Bright Quasar Survey (LBQS) catalogue. 
The LBQS (Hewett et al 1994) consists of more than 1050 
quasars with redshifts 0.2^z^3.4, and magnitudes 16 
^ mBj ^ 18.85. 887 quasars in the LBQS have redshifts 
z>0.5 and this subset forms the catalogue in which the inci- 
dence of both strong (multiply imaged quasars) and weak 
(possible excess numbers of close associations between qua- 
sars and foreground galaxies) lensing has been investigated. 
The first candidate multiply imaged quasar from the survey, 
Q1429-Ó053, was reported by Hewett et al (1989). One 
aim of the LBQS survey was to provide a large well defined 
sample of apparently bright quasars for which the probability 
of detecting a multiply imaged quasar of specified configu- 
ration [number of images, angular separation(s), and magni- 
tude difference(s)] could be calculated precisely. The tech- 
niques used to identify gravitational lens candidates from the 
APM scans of United Kingdom Schmidt Telescope (UKST) 
direct and objective-prism plates from which the LBQS was 
compiled are described in Webster et al (1988) with an out- 
line of their application to the LBQS sample given in Hewett 
et al (1992). APM scans of UKST plate material provide an 
extremely effective method for identifying quasars and 
gravitational lens systems. However, it is difficult to obtain 
sufficiently accurate magnitude estimates of faint companion 
images located close (Aéfcsó arcsec) to LBQS quasars, and 
an extensive program of CCD imaging of all LBQS quasars 
with companions within A #<10 arcsec and magnitudes 
mBj < 21.5 has been undertaken. Sensitivity to close mul- 
tiple quasar images with separation 0.3<A#<3 arcsec is also 
poor and CCD images in <1 arcsec seeing of a sample of 
high-redshift, z>1.5, high-luminosity, MBj < -27.0, 
LBQS quasars are also being obtained for detailed point- 
spread-function (PSF) modeling. Throughout this paper we 
use a value of i70

=50 km s-1 Mpc-1 and g0
=0-5, and define 

h50=H0/50 to indicate the scaling of linear sizes with the 
value of the Hubble constant. 

2. OBSERVATIONS 

The UKST Bj direct plate, J10147, shows Q1009—0252 
as a stellar object, mBj = 18.1, with a second stellar image 
about 1.2 mag fainter visible ~5 arcsec north and west. In- 
termediate resolution spectra of both images were obtained 
at the Multiple Mirror Telescope (MMT) on the night of 
1990 February 24. The brighter object was identified as a 
z=2.745 quasar (reported in Hewett et al 1991), and the 

1009-0252 
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Fig. 1. Contour plot of a 20X 20 arcsec region from the JKT / band frame of 
the Q1009-0252 system. Right ascension runs along th&X axis, increasing 
to the left, and Declination along the Y axis, increasing to the top. The scale 
is in arcseconds on the sky and the plot is centered (Z=0, 7=0) on com- 
ponent A. Component B can be seen at coordinates (-0.61,+1.41) and 
component C at (—4.39,+1.44). The small feature at (—6.7,+5.1) is a cos- 
mic ray. The lowest contour level is set at a level of 1.5 X the sky noise 
(crsky) in the CCD frame. The first contour corresponds to a surface- 
brightness level in the R band of —24 mag per sq arcsec. The basic contour 
interval is also equal to 1.5X(7sky. The second contour is at 3Xo-sky, there- 
after, the contour level increases nonlinearly by a factor of 1.3 each time. 

fainter object as a z = 1.627 quasar. The Equinox B1950.0 
coordinates of component A are 10h09m43.97s, 
-02°52'12.0". 

CCD imaging was obtained at the 0.9 m Jacobus Kapteyn 
Telescope (JKT) on La Palma on the night of 1992 April 1, 
through KPNO B, V, and I filters, and on the nights of 1992 
November 1-4, through KPNO B, V, R, and I filters. On 
both occasions the detector was a 1242X1152 EEV CCD 
with a scale of 0.31 arcsec per pixel. Integration times were 
in the range 500-1200 s. Seeing conditions were good with 
measured full-width half-maximum values of 1.1 (B), 0.9 
(V), and 0.8 arcsec (R and /). Conditions were photometric 
in the April run enabling magnitude zero points in B and V to 
be derived. The observations made in November were taken 
through light cirrus and no magnitude zero points were ob- 
tained. 

Reductions were performed using IRAF2 and included 
standard bias subtraction, trimming, and flatfielding opera- 
tions using normalized twilight sky exposures. Visual inspec- 
tion of the reduced frames, e.g., Fig. 1, showed the brighter 
image consists of two components. Magnitudes and positions 

2IRAF is distributed by the National Optical Astronomy Observatories, 
which are operated by the Association of Universities for Research in As- 
tronomy, Inc. under contract with the National Science Foundation. 
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Table 1. Q1009-0252 components—relative positions and magnitudes. 

ÆR.A. ¿Dec. 
n n 

B AB AV Ar Ai 

A - - 18.2 17.9 - - - 
B -0.59 -1.36 20.8 20.5 2.52 ±0.20 2.62 ±0.10 2.26 ±0.10 2.03 ±0.08 
C -4.39 1.44 19.3 19.1 0.93 ±0.05 1.18 ±0.02 1.16 ±0.02 1.18 ±0.02 

for the two close components were derived using a PSF 
modeling technique (Irwin 1985). The model PSF was de- 
fined using isolated unsaturated stars within each CCD 
frame. Relative magnitudes and coordinates derived from the 
PSF-fitting procedure to the V, R, and / frames for all 
three components are given in Table 1. Zero-point magni- 
tudes are also given for B and V. Components A and B have 
similar colors although B is definitely redder, with the mag- 
nitude difference Am(A—B) decreasing systematically by 
0.5 mag from the B band to the / band. Component C, the 
image of the z = 1.627 quasar is bluer than both components 
A and B. No additional images were detected within a radius 
of 20 arcsec of component A to a limiting magnitude of 
mR~21. The three components A,B,C account for all the flux 
observed in the CCD frames of the system. In particular, 
there is no evidence of any underlying galaxy to a magnitude 
of m7?~21. 

Intermediate resolution (~5 Â) spectra of components A 
and B were obtained in conditions of 0.9 arcsec seeing at the 
4.2 m William Herschel Telescope (WHT) on La Palma on 
1993 April 9 using the ISIS double spectrograph. Red- and 
blue-arm observations were obtained concurrently giving a 
wavelength coverage of XX3200-8500 Â. The spectra were 
wavelength calibrated using CuNe and CuAr arcs and flux 
calibrated using observations of the standard star Feige 34. 
In 0.9 arcsec seeing there was still significant overlap be- 
tween the profiles of the two components along the slit. The 
spectrum of the bright component was extracted using the 
uncontaminated “half” of the profile furthest away from 
component B. By assuming profile symmetry we could ex- 
tract component B by simply subtracting off the brighter 
component from the combined total spectrum. As a check on 
this result the spectra were also optimally extracted using 
only the least contaminated “half” of each components5 pro- 
file. No significant differences resulted. We therefore con- 
clude that the extraction has constrained the light contamina- 
tion from the brighter component to be less than 10% of the 
total spectral flux derived for the faint component. This is 
bom out by the marked difference in continuum slope be- 
tween the two components. The spectra are shown in panels 
(a) and (b) of Fig. 2. 

The spectra of images A and B show emission lines char- 
acteristic of high redshift quasars. The quasar redshift de- 
rived from the centroids of the principal emission lines is 
z=2.739. Gaussian fits to the peaks of the emission line pro- 
files give wavelengths which are identical to within 2 Â 
(—150 kms“1). There are, however, differences in the 
emission-line equivalent widths of the two spectra: Lyman 

3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500 

3500 4000 4500 5000 5500 8000 6500 7000 7500 8000 8500 
Wavelength (Â) 

Fig. 2. Panels (a) and (b) show the WHT spectra of the components A and 
B obtained on the night of 1993 April 9. The resolution is ~5 Á. The spectra 
were obtained in conditions of 0.9 arcsec seeing (FWHM); the procedure 
employed to extract the individual spectra is described in the text. A feature 
at 6550 Â in the spectrum of B, possibly identifiable as [N m] X1750, is 
marked with an asterisk. Panel (c) shows the result of subtracting a scaled 
version of the spectrum of A from B, with the Residual=B-0.12A. The 
residuals at the positions of the principal emission lines result from the 
different emission equivalent widths in the spectra of the two images. Note 
that some are positive and some negative, indicating that if variability is the 
cause of the differences, the lines do not vary in lockstep. The form of the 
residual spectrum on the large scale is indicative of the much redder spectral 
energy distribution of component B compared to component A. Note the 
lack of any continuum breaks, emission or absorption features that might 
indicate a contribution to the residual spectrum from any lensing galaxy. 
Panel (d) contains the MMT spectrum of component C, the redshift 2: = 1.627 
quasar. The spectrum has a resolution of —10 Â and was obtained on the 
night of 1993 January 21. Emission from C rv X1549, [C m] X1909 is visible 
with strong Fe 11 multiplets also present. 
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a+N v XI240 have a combined equivalent width of WK (Ly- 
man c*+Nv)—140 Â in A and 200 Â in B; Wk (Civ 
\1550)=90 Â in A, 120 Á in B; and WK ([C m] \1909)=60 
Â in A, 70 Â in B. 

It is apparent from Fig. 2 that quasar B has a somewhat 
redder continuum slope than quasar A, consistent with the 
photometric color differences. This is shown explicitly in 
Fig. 2(c), where the residual flux following subtraction of a 
scaled spectrum of component A from component B 
(Residual=B—0.12 XA) is shown. In addition to the large- 
scale difference in the continuum shapes, residual features at 
the wavelengths of Lyman a+N V, CIV, and [C III] are evi- 
dent, confirming the difference in the equivalent widths de- 
duced from the individual spectra. An emission feature at 
6550 Â is also visible in the difference spectrum. The line at 
6550 Â is seen in the spectrum of component B, equivalent 
width —13 ±5 Â, with a somewhat sharper profile than the 
Crv X1549 emission line. Component A may contain a 
weak, somewhat broader, feature at 6550 Â, but prominent 
emission with the narrower profile is present only in compo- 
nent B. At redshift z=2.739 the feature is coincident with the 
restframe wavelength of the [N m] X1750 line. If the detec- 
tion of strong emission at 6550 Â in component B alone is 
confirmed, it has important consequences for whether the 
Q1009—0252 system is a gravitational lens (Sec. 3). Also 
evident in both components are strong Mg II \\2796,2803 
(and associated Fe n) absorption systems at 7=0.869 and 
2 = 1.627 with the lower redshift Mg H system appearing to 
be significantly stronger in the fainter quasar component 
[lVA(Mg il)—6.6 Â vs WB(Mg Ii)—14.3 Â]. The two quasars 
also have a number of common absorption features blueward 
of the Lyman a emission line, in the region of the Lyman a 
forest, though the path length differences between the two 
lines of sight, irrespective of whether the quasar pair is a 
lens, are too small to set interesting limits on the sizes of the 
absorbers. 

Figure 2(d) shows the spectrum of Q1009—0252C, ob- 
tained with the MMT on 1993 January 21. Although the 
emission lines are weak, Civ and [Cm] lines are clearly 
present, as is Mg II which appears at the red end of the spec- 
trum. Additional spectra of components A and B combined 
and component C were obtained at the MMT on the night of 
1993 April 29 and 1994 January 19. The high signal-to-noise 
ratio, 2.2 Á resolution spectra which cover XX4700-5600 Â 
and XX6500-8100 Á are shown in Figs. 3 and 4. The Mg II 
\X2796,2803 absorption, at z=0.8688 and z = 1.6266, evi- 
dent in the WHT spectra of A and B, is seen along with a 
number of additional features in the spectrum of A+B. The 
wavelengths, equivalent widths, and identifications of the ab- 
sorption lines are given in Table 2. The z=0.8688 system is 
also seen, albeit weakly, in quasar C, suggesting the system 
is at least 40/i Jo kpc in extent. The z = 1.6266 system seen in 
A and B is, within the uncertainty of determining the emis- 
sion redshift (<7^600 kms-1), at the identical redshift to 
quasar C. The higher redshift absorption system thus pro- 
vides direct evidence for a structure of at least 45/iJ)1 kpc 
associated with the quasar C. 

Surdej et ai (1994) have published spectra of the three 
components of the system. Our spectra are of rather higher 

Fig. 3. MMT spectra of components A+B (combined) and component C 
showing the absorption features detected in the redshift z=0.8688 system 
that may signal the presence of a lensing galaxy at the same redshift. The 
numbering of the features corresponds to that adopted in Table 2 where the 
parameters of the individual absorption features are listed. The spectra have 
a resolution of 2.2 Á and were obtained on the night of 1994 January 19. 
Note that the flux scale and zero level is the same for both spectra. 

signal-to-noise ratio and extend slightly further to the blue 
and red. There is good agreement in the overall continua 
shapes, emission line strengths and profiles, and presence of 
the strongest intervening absorbers. The higher-resolution 
MMT spectra, Figs. 3 and 4, of the two principal absorption 
systems provide a much more detailed census of the indi- 
vidual features—Table 2. Our detection of weak Mgll at 
z=0.8688 in component C is consistent with the higher qual- 
ity of the spectra shown in Fig. 3. Figure 1 in Surdej et al. 
shows no evidence of the presence of an emission feature at 
6550 Â in component B, the line, tentatively identified as 
[N III] X1750 above, although their spectrum is probably not 
inconsistent with the existence of such a feature. A higher 
signal-to-noise ratio spectrum of component B is required to 
confirm the reality of the putative 6550 Â line. 

Our measured separation of 1.53 ±0.01 arcsec between 
components A and B is in good agreement with the value of 
1.55 arcsec determined by Surdej et al. The derived photo- 
metric properties for the system are also very similar. Surdej 
et al. ’s zero-point magnitudes of components A and C in the 
B band are in excellent agreement (£Z?<0.05) with those in 
Table 1 and the relative magnitude differences A-B and 
A—C in the R and i bands also match—£m<0.15 in all 
cases. The only potentially significant difference between the 
datasets is the B band magnitude of component B. Our rela- 
tive magnitude is A(A-B)5=2.52, whereas Surdej et al. find 
A(A-B)b=3.0. Formally, the difference is not significant, 
our quoted error is cr= 0.2, and that of Surdej et ai, cr= 0.1. 
We note that our measured value A(A-B)5 is very similar to 
that in the adjacent V band A(A—B)v=2.62, where Surdej 
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Fig. 4. MMT spectra of components A+B (combined) and component C 
showing the absorption features detected in the redshift z=1.6266 system 
that is coincident with the redshift of the quasar C. The detection of absorp- 
tion in components A+B means the absorbing system associated with the 
quasar C is at least 45kpc in extent. The numbering of the features 
corresponds to that adopted in Table 2 where the parameters of the indi- 
vidual absorption features are listed. The spectra have a resolution of 2.2 Á 
and were obtained on the night of 1993 April 29. The flux scale is the same 
for both spectra but the zero flux level has been offset with the zero point of 
A+B indicated on the left abscissa and that for C on the right. 

1538 

et ai have no data, and the flux ratio, integrated over a B 
band transmission profile, derived from the spectra of com- 
ponents A and B is consistent with the magnitude difference 
A(A—B)*=2.52. 

3. DISCUSSION 

Explanations for the properties of the Q1009-0252 sys- 
tem fall into two classes: the components A and B may be 
physically distinct quasars or the system represents the gravi- 
tational lensing of a single quasar by some intervening mass 
concentration. In the latter interpretation the differences in 
the continuum and emission line properties of the compo- 
nents may be due to one or more of four factors: (1) differ- 
ential contribution to the flux associated with each quasar 
component from the lens itself, (2) differential extinction of 
the components by dust associated with the lens, (3) intrinsic 
variability of the lensed quasar on time scales comparable to 
the differences in light travel to the components, (4) differ- 
ential microlensing by an intervening compact object, prob- 
ably associated with the macrolens. 

Examples of binary quasars are known to exist 
(Djorgovski et al. 1987) and several of the “dark” lenses 
with separations ~5 arcsec may be binaries. Under this hy- 
pothesis, Q1009—0252A,B are two quasars separated by 
only I/i^q1 kpc in projection. Information on the ampli- 
tude of the spatial clustering of quasars on these scales is 
practically nonexistent. If the form of the quasar-quasar 
two-point correlation function observed at much larger 

Table 2. Absorption lines in spectra of Q1009—0252 A+B and C. 

Wavelength ID Redshift Wa(A+B) W\(C) Notes 
(A) (A) (A) 

z=r0.8688 system: 
1. 
2. 
3. 
4. 
5. 
6. 
7. 

4834.06 
4859.63 
4868.61 
4890.04 
5255.93 
5239.41 
5332.78 

Fe II A2586 
Fe II A2600 
Fe II+MnII bl. 
Fe II bl. 
Mg II A2796 
Mg II A2803 
Mg I A2853 

0.86885 
0.8689 

0.86884 
0.86886 
0.8692 

2=1.6266 Systema (note Zabs = Zem(C)): 
8. 
9. 
10. 
11. 
12. 
13. 

5505.50 
6793.63 
6829.30 
7345.56 
7363.27 
7494.70 

Cr I A2096 bl. 
Fe II A2586 
Fe II A2600 
Mg II A2796 
Mg II A2803 
Mg I A2853 

1.62642 
1.62648 
1.62680 
1.62640 
1.62698 

1.22 
2.33 
1.22 
0.45 
3.16 
2.45 
0.60 

0.37 
1.91 
4.38 
6.52 
6.79 
1.33 

< 0.3 o’w'(c) c- 0.1 À 

0.76 
0.27 
<0.3 

<3 

A(C) = 5257.90 
A(C) = 5240.29 
O’IV(C) - 0.1 A 

<rW(c) - 0.1 A 
<rw(c) — 1 A 

Others: 
14. 4962.77 
15. 5032.48 
16. 5043.08 bl 

unidentified 
Mg II A2796(?) 
Mg II A2803(?) 

0.7992 
0.7992 

0.32 
0.41 
0.86 

< 0.3 : 0.1 A 

“Fell 2344 and Fell 2383 absorption in this system seen in low-resolution data. 
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scales, with Mpc, and slope ~1.8 (Shanks & 
Boyle 1994), extended to scales of tens of kiloparsecs, then 
the spatial clustering amplitude would be enhanced by a fac- 
tor 105-106 over random, and the detection of such pairs in 
searches of many hundreds of quasars is not implausible. 
There is no necessity to explain the differences in the con- 
tinuum and emission line properties; the observed differ- 
ences are ascribed to intrinsically different emergent spectral 
energy distributions. Unfortunately, potentially the most sig- 
nificant difference between the spectra, the [N III] X1750 
emission line strengths, is the least well established from our 
data. Given the faintness of B relative to A, the apparent 
detection of the feature seen at 6550 Á cannot be established 
with total confidence, although we have examined the data 
carefully and can find no reason to question the presence of 
the feature. Detection of [N m] X1750 emission is extremely 
rare in quasars (Osmer & Smith 1980; Osmer 1980), and 
coupled with its origin in a relatively extended broad line 
region, its presence in component B alone would present the 
gravitational lensing model for the system with severe diffi- 
culties. An advantage of the binary quasar model is that it 
does not conflict with any of the available evidence. 

The gravitational lensing hypothesis also has substantial 
evidence in its favor. The strong, and spatially extended, ab- 
sorption system at z=0.869 suggests the presence of a lumi- 
nous galaxy at the same redshift (e.g., Drinkwater et al 
1993; Steidel 1992), and the angular separation and bright- 
ness of components A and B are consistent with lensing by a 
massive galaxy at the redshift of the absorption system. Con- 
sider a singular isothermal sphere (SIS) model: image sepa- 
ration 1.53 arcsec, component flux ratio 6.5 (taken from the I 
band), source redshift zsource=2.739, and lens redshift 
Ziens=0.8688. Then, the velocity dispersion is (7=245 
km s_1, with the lensing galaxy projected —0.20 arcsec from 
component B, which is (de)magnified by a factor 0.36, while 
the light from component A, projected 1.33 arcsec on the 
other side of the galaxy, is amplified by a factor of 2.36. This 
geometry is consistent with the Mg H z=0.8688 system ap- 
pearing to be strongest in component B if the absorption-line 
equivalent width is correlated with impact parameter (Lan- 
zetta & Bowen 1990). 

The SIS model places the component B very close on the 
sky to the lensing galaxy. The angular separation of the two 
quasar components is well determined and places tight con- 
straints on the value of the velocity dispersion in the SIS 
model, cr—245 km s-1, and for a normal elliptical galaxy this 
velocity dispersion corresponds to an object with relatively 
low luminosity, *. Unfortunately, the limiting magnitude 
for detection of a galaxy close to the quasar images from the 
existing CCD frames is relatively bright, mR^21. Even in 
the R band the K correction for an unevolved early-type 
galaxy at z=0.87 is large, —1.8 mag (Coleman et al 1980), 
and the present nondetection of a galaxy, which corresponds 
to an absolute magnitude limit of 24.5, does not pro- 
vide interesting constraints on the nature of any galaxy asso- 
ciated with the z=0.869 absorber. 

A comparison of the spectra of components A and B con- 
firms that the differences cannot be ascribed to the presence 
of an elliptical galaxy contributing only to the spectrum of 
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component B. Specifically, an early-type galaxy at z=0.869 
should not make a significant contribution to the flux in the 
B, V, and R bands, the 4000 Â break occurring at 7400 Á in 
the observed frame, and the emission-line equivalent widths 
of B, the component with the redder spectral energy distri- 
bution, are larger than in A, suggesting that the there is little 
additional light in the B spectrum. The residual spectrum 
resulting from subtraction of a scaled version of the spectrum 
of component A from the spectrum of B [Fig. 2(c)] supports 
this conclusion. The residual flux increases very strongly to- 
wards the red and the form is inconsistent with the con- 
tinuum of any normal galaxy seen at a redshift of z—0.87. 
Furthermore, there is no evidence for the presence of a 4000 
Â break, G band, or other absorption features indicative of 
an early-type galaxy, and the lack of Ca il H & K absorption 
and any evidence of emission from [O il] X3727 offers no 
support for identification of the spectrum with a galaxy of 
later type. The combination of the very red spectral energy 
distribution of the residual flux and the lack of any common 
absorption or emission features rules out the hypothesis in 
which the difference in the spectra of the two components is 
due to the presence of a normal galaxy. 

An alternative explanation for the differences in the qua- 
sar continua is that the quasar images are undergoing differ- 
ential extinction through the z=0.869 absorber. In this model 
a massive early-type spiral may be the lens. We have esti- 
mated the amplitude of the extinction required by assuming 
that image A is unreddened and B is extinguished by SMC- 
like dust at z=0.869. The (unreddened) shape of the continua 
of A and B are in good agreement if B suffers extinction of 
E(£-V)= 0.40±0.05 mag (see Fig. 5). This implies a dif- 
ferential extinction of 1.6 mag in the observed-frame I band, 
leading to a true A/ band magnitude of 0.43 mag or a flux 
ratio (A/B) of 1.5. A SIS lens model for this flux ratio and the 
observed separation places image A 0.92 arcsec on one side 
of the lensing galaxy and image B 0.61 arcsec on the other 
side, corresponding to impact parameters—S.O/i^1 and 
5.3hsQ kpc, respectively. Thus, extinction by dust in the 
z=0.869 absorber can successfully reproduce the difference 
in the continuum shapes, although .the differential extinction 
for two lines of sight at very similar impact parameters is 
perhaps rather large for comfort. More significantly, the ex- 
tinction hypothesis does not address the differences in the 
equivalent widths of the prominent ultraviolet emission lines 
(which remain unaffected by the extinction), nor the pres- 
ence in component B alone of the [N ill] XI750 emission 
line. 

For flux ratios of 1.5 (intrinsic ratio in I band for differ- 
ential extinction model described above) to 6.5 (observed I 
band) the simple SIS models for the lens predict time delays 
in the range —30-100 days and intrinsic variations of the 
quasars continuum and emission line fluxes over this time 
scale provide a potential explanation for the differences in 
spectral energy distributions. Steidel & Sargent (1991) have 
argued that the significant differences in the emission line 
equivalent widths and profiles of two gravitational lens can- 
didates, Q1634+267 and Q2345+007, result from intrinsic 
variability on time scales of months. To ascribe both the 
continuum and emission line differences between the com- 
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Fig. 5. WHT spectra of components A and B. The upper panel shows com- 
ponent A, as in Fig. 2(a). The lower panel shows the intrinsic spectrum of 
component B under the hypothesis that the observed spectrum has been 
affected by SMC-like dust in the z=0.869 absorber, giving a line-of-sight 
extinction of E(B - V) =0.4 mag. Note the very similar continuum shapes of 
A and B. The unreddened spectrum of B has been multiplied by a factor of 
1.5 (see text) and the flux zero points have been offset with that for the top 
spectrum shown on the right abscissa. Telluric absorption is marked with ®. 

ponents to intrinsic variations would make Q1009-0252 an 
extreme object and we are not aware of any recorded short 
time scale variation in the ultraviolet continuum of such a 
luminous quasar that has such a strong dependence on wave- 
length. Our knowledge of the characteristics of variability of 
luminous quasars is sparse (Maoz et al. 1994), but intrinsic 
variability is a possible explanation for the differences (or 
part thereof) in the emission line equivalent widths. 

Microlensing by a compact object in the halo of the lens- 
ing galaxy at z=0.869, the third possible explanation for the 
difference in spectral energy distributions under the lensing 
hypothesis, is favored by Surdej et al. Surdej et al. suggest 
that the difference in the spectra of the components results 
from the effects of microlensing producing an excess of blue 
light in component A. Under this hypothesis, the relative 
amplification of the quasar continuum due to microlensing 
increases by ~60% over a rest-frame wavelength range of 
only —700 Â. This implies an extremely strong dependence 
of the effective spatial extent of the continuum source as a 
function of wavelength. If microlensing is responsible for 
such a dramatic differential amplification, then interesting 
constraints on the scale of the continuum generating as a 
function of temperature may be derivable. The microlensing 
hypothesis is appealing in some ways, but we do not favor 
this explanation as the main source of the difference in spec- 
tral energy distributions. The spectral energy distribution of 
component A is typical for quasars, whereas that of B is 
somewhat red, providing circumstantial evidence against the 

microlensing hypothesis, although this is marginal at best. 
To summarize, if the Q1009—0252 system arises through 

gravitational lensing then an explanation for the substantial 
differences in the form of the quasar spectral energy distri- 
butions is required. Intrinsic continuum/emission line vari- 
ability or microlensing of component A are both technically 
possible, but Q1009—0252 would represent a very extreme 
situation if either explanation were responsible for the bulk 
of the differences in the observed spectral energy distribu- 
tions. Differential extinction by dust in the lensing galaxy 
provides a very plausible explanation for the large-scale 
change in the quasar continuum shape. Combining the ex- 
tinction model with a much less extreme element of intrinsic 
variability or degree of microlensing would allow the spec- 
troscopic and photometric properties of the system to be re- 
produced. The sole caveat would then be the possible detec- 
tion of the [N m] XI750 emission feature seen in component 
B only. In the event that the presence of the [N m] line is 
confirmed by future observations, it is difficult to reconcile 
the large difference in strength with a lensing explanation for 
the system, and the binary quasar hypothesis would become 
the favored model for the system. 

4. CONCLUSIONS 

Q1009-0252 is an intriguing system and origins due to 
gravitational lensing or a very close pair of distinct quasars 
both remain possibilities. The geometry, similar spectra, and 
existence of strong intervening Mgll absorption makes the 
system a strong candidate for an example of gravitational 
lensing by a massive galaxy. Invoking differential extinction 
along the two lines of sight through the lens produces a good 
match to the observed spectral energy distributions. How- 
ever, this approach is somewhat ad hoc and the lens model 
then requires relatively large differences in the line-of-sight 
extinction for two very similar impact parameters. Further- 
more, since the extinction cannot change the emission line 
equivalent widths, continuum or emission-line, variability or 
microlensing must be invoked to explain the differences be- 
tween the spectra of A and B. Much deeper direct imaging in 
the / band should result in the detection, or at least place a 
very strict limit on the magnitude, of the z=0.869 absorber, 
providing a better understanding of the system. Further high- 
quality spectra of components A and B to verify the presence 
of the 6550 Â feature seen in component B alone will clarify 
whether the properties of the system present major difficul- 
ties for a gravitational lens model. 

Irrespective of the interpretation for the origin of the 
Q1009-0252 system, absorption lines present in the three 
quasar spectra demonstrate that the Mg n system at 
z=0.8688 is at least 40/i¿o1 kpc in extent and the Mg n sys- 
tem coincident in redshift with the z=1.627 quasar extends 
at least 4 5 A 50 kpc from the quasar itself, providing further 
evidence both for the association of quasars with normal gal- 
axies and the large spatial extent of systems responsible for 
strong Mg II absorption. 
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