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Abstract. New constraints on the mass of quasars are derivegstematics. Gravitational lensing studies may provide an inde-
from gravitational lensing studies of the QSO pairs Q1548+1péndent estimate of the quasar mass through its effects on our
A & B and Q1148+0055 A & B, for which new ground-basediew of background objects. Close pairs of quasars with angular
and Hubble Space Telescope (HST) direct imagery have baeparations of a few arcseconds on the sky and with different
obtained. In the case of Q1548+#lA & B, QSO A hasbeen redshifts are suitable to determine (constrain) the mass of the
resolved into its host galaxy and a close companion. The ndoreground one from the (nhon)detection of a secondary lensed
detection with HST of a secondary lensed image of the badkiage of the distant one.
ground QSO in the close vicinity of the foreground one and the Such a pair of quasars (Q1548+114 A & Bj = 0.44,
modeling of the host of QSO A, of the companion and of fields = 1.90, A6 = 4.9”) has been first discovered by Wampler
galaxies with Singular Isothermal Spheres (SIS) yield a robuedtal. (1973). Gott & Gunn (1974) argued that gravitational lens-
upper limit on the central compact masstdf 101! M. On the ing effects due to the foreground quasar on light from the back-
other hand, the combined mass of Q1148+0055 B plus host myistund one should appreciably enhance the chance of observing
be smaller thar6.5 10'' M, since no secondary lensed imagsuch a tight pair of quasars; this effect being referred to-day as
has been detected with HST. Photometry and relative astromélry amplification — or magnification — bias. They also showed
of all the detected objects are reported. that the absence of a secondary lensed image of B near the
foreground quasar requires the combined mass of A and of its
Key words: cosmology: gravitational lensing — galaxieshost galaxy to be less tham0'? M. Let us note that a close
guasars: general — galaxies: quasars: individual: Q1548+4réup of three galaxies has been found at approximat€ely 10
A&B — galaxies: quasars: individual: Q1148+005 A&B West of quasar A and at nearly the same redshift (Stockton
1974). Shaver & Robertson (1985) obtained an R-band CCD
image of this quasar pair under average seeing conditions and
made a search for the presence of a secondary image of QSO
1. Introduction B near quasar A. No such a secondary image, with an intensity

While the accretion disk surrounding a massive black ho#is€ater than 1 percent that of B and further away tHafrdm
(MBH) s the current paradigm to explain the huge amount of efiu@sar A, could be detected. lovino & Shaver (1986) used these
ergy radiated by Active Galactic Nuclei (AGN; see e.g. Kroliebservations to refine the upper limit on the mass of the fore-
1999), observational evidence and constraints on the masgr&“lg‘d quasar. They found that the mass of quasar Ais less than
MBHSs in AGNs are difficult to set. The glare of the AGN itself? 10"~ and they derived an upper limit of 0.3 g/érfor the
prevents the direct observation of the stellar kinematics cloddface mass density of any associated cluster.

to the central part. This can only be done for nearby normal Ve have proposed to use the WFPC2 planetary camera on-
galaxies, where a correlation between the mass of the cenf@"d the Hubble Space Telescope (HST) in order to set more
black hole and that of the bulge has been found (Magorrian et3ingent observational constraints on the presence of a sec-
1998). For distant quasars, a rough estimate of the mass of9Aga1y image, i.e. setting a larger magnitude difference between
MBH relies on the size and velocity dispersions of the broal!€ Primary and secondary QSO images at smaller angular sepa-

line region (e.g. Padovani & Rafanelli 1988) and is affected it tions, for this and two more recently reported pairs of quasars
(Q1148+005 A & B and Q1009-0252 AB & C) having dif-

Send offprint requests to: claesken@astro.ulg.ac.be ferent redshifts and angular separations smaller HgSurdej
* Based on data collected with the Hubble Space Telescope an@t@l. 1993; Hewett et al. 19%)The case of Q1009-0252 A-C,
the European Southern Observatory, La Silla, Chile
** Charge de recherches du F.N.R.S. (Belgium) ! The detection of two quasar pairs alike Q1009-252 and
*** Directeur de recherches du F.N.R.S. (Belgium) Q1148+0055 in the LBQS isot unlikely (Hewett et al. 1998).
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observed in thé? band with the E.S.O./M.P.l. 2.2m telescope +
direct CCD camera in sub-arcsecond seeing conditions; the im-
age scale i8.175"/pixel. The frames were obtained during the
March 1993 observations related to Beavitational Lensing
Key-Program, together with standard stars to allow photometric
calibrations. The total exposure time amounts to 40min. After
precise alignment and scaling, these frames were coadded to-
gether with the NTT frames in order to create the deepestimage
of the~ 1 arcmin field around Q1548+41A & B (see Fig[l).

@ CSEI In addition, we retrieved a set of 8 images of Q1548+114
: b

2.2. HST observations

Our HST observations of Q1548+ 1A & B consist of 4
frames acquired with the WFPC2 planetary camera (PC1; scale:
0.0455" /pixel) through the F814W wideband filter (PID: 6790,
PI: J. Surdej) on February 12, 1999. In order to avoid saturation
of the bright pointlike image of component A, we chose an inte-
gration time of 400 sec and a gain of 15 e/ADU. Unfortunately,
the last image cannot be used for PSF analysis because of the
huge number of cosmic hits, some affecting the QSO images.
Q1548+14 A & B havealso been observed in May 1995
with the Wide Field camera through the F702W filter (PID:
5682, PI: M. Burbidge) with an exposure time of 700 sec. Al-
Fig. 1. Field centered on Q1548+114 A from the coadded ground-ba%ugh the central parts of QSO A and QSO B are saturated,

R band observations. The lardg” radius circle represents the regiormese data provide useful information on the close vicinity of
where field galaxy photometry has been performed using SExtract@rso A

Small circles identify the quasaA & B, thecomparison stars CS1 &
CS2 and the 3 bright galaxies G1-G3 abpdf West of QSO A.

3. Analysis of the observations of Q1548+114 A & B

- _ 3.1. Aperture photometry
consisting of two lensed QSO images A & B and a foreground

quasar C located at a distanceldf”, will be reported in another Aperture photometry in th& band of Q1548+14 A & B and
paper (Surdej et al. 2000). In Sects. 2-3, we report on HST dl-the two comparison stars CS1 & CS2 (see [ig. 1) has been
servations for Q1548+H1A & B together with complementary derived from the flux calibrated ground-based observations ob-
ground-based observations. In Sect. 4, we present the lend@iged on 20" of March 1993, using Johnson-Kron-Cousins
model and in Sect. 5 we discuss the results. The observationgtgfdard stars (Landolt 1992) and the value of the extinction
Q1148+005 A & B are reviewed irSect. 6. Conclusions form coefficientkr = 0.067 available on the WEB for that night
the last section. Cosmological parameters are fixedte= 1, (Burki et al. 1995). The magnitude difference between the two
Ao = 0 andH, = 65 km/s/Mpc. comparison stars being unchanged on the uncalibrated NTT ob-
servations, we made use of those stars to perform a secondary
flux calibration of the NTT frames. The results are reported in
2. Observationsof Q1548+114A & B Table[1.
2 1. Ground-based observations While the Q1548+}14 B flux remained constant Withi'n the
error bar, our observations show that component A has dimmed
Q1548+14 A & B hasbeen imaged at the European Southeilsy 0.15 mag between March 1993 and May 1994. The smallest
Observatory (E.S.O., La Silla, Chile) under very good seeimgagnitude difference observed ihbetween components A &
conditions, with the SUSI direct camera mounted at the NeBis thus about 0.22 mag while it was between 0.7 and 0.9 mag in
myth focus of the New Technology Telescope (NTT) durin§983 (Shaver & Robertson 1985; Yee et al. 1986). The optical
test time on 18" of May 1994. The Tektronix CCD # 25 wasvariability of Q1548+114 A is not surprising as its core is a
used. The scale i&128"/pixel. Three exposures of 3min wereknown variable radio-source (Barthel et al. 1984).
obtained in thek band, with an average seeinglof4”’. These The HST aperture magnitudes listed in TdBle 1 rely on the
frames have been reduced following the standard proced®HOTFLAMkeyword and they have been derived according to
but flux calibration is missing. A scaled Point Spread Funthe standard procedure described in Whitmore (1997). A CTE
tion (PSF) subtraction analysis (see 9ecli. 3.2) reveals a fuzpyrection of 0.02 mag has been performed and the F814W mag-
source close to component A. This reinforced our decision ndudes have been offset to the Vega systémKron-Cousins
apply for observing time with HST. magnitudes; no colour term was added).
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Table 1. Aperture photometry of Q1548+114 A+host & B. The estimated error bar is 0.05 mag.

Date Telescope Filter ComponentA ComponentB  CS1 CSs2
20 March 1993 2.2mESO/MPI R 18.42 18.82 18.40  20.73
10 May 1994 NTT R 18.57 18.79 18.40 20.73
12 February 1999 HST 1. 17.55 18.23 - -
L O N 2 L

Finally, since light may be considered as a tracer of mass
measured with SExtractor (Bertin & Arnouts 1996) the appail
R magnitude of all field galaxies detected witHii’ of QSO A
on the deep coadded ground-based image, including the
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bright galaxies G1-G3 seen in Hig. 1. The detection criter ©
corresponds to a limiting magnituder ;;,,, of 24 mag/arcség s .
significantly deeper than the HST direct imagery. F F
2 Lo \‘r‘:\\ \“\M\'H\,}\ [ I 2 Covvn b na v g by
. -2 -1 0] 1 -1 0 1
3.2. PSF anaJySlS —-coséAalarcsec) -cosbAalarcsec)

Q1548+114 A directly appears to be a diffuse object on b Fig.2. Contour plots of the underlying objects in tRdand after scaled
the NTT and HST frames. A careful subtraction of a pointli PSF subtraction of Q1548+114 A. The external contours are 8bthe
component corresponding to the QSO itself is required in or 'evel. Left: from ground-based images; the small (resp. large) cross
to better quantify the nature of the underlying extended ob !ndlcates the QSO A (resp. host) pc_;sr[_lon. Right: from HST archive
(e.g. the host galaxy). This is done by fitting simultaneously image; the small (resp. large) cross indicates the QSO A + host (resp.
intensity and position of the numerical PSF to the QSO cor companion) position; full lines define the host while dotted contours

- . . delineate the companion.
bution with an analytical model for the extended component. Vee P
used the program developed by Remy (1997). We first present

the results from the ground-based observations, then from %Ie 2. PSF analysis of Q1548+114 A. The error bars reflect the

archive images and finally from our own HST frames. jigpersjon of the results using different models and the error on the
On each NTT frame, the numerical PSF has been estlmaigg% point for the NTT magnitudes.

from QSO B and the two stars CS1 and CS2. Simultaneous fits

of the PSF together with either a gaussian, exponential or |geT Aacos§(”) AS(") R
Vaucouleurs model for the diffuse component have been PESOA  10.000+£0.000 +0.000%0.000 18.75 % 0.05
formed. The results are equivalently good in terms of the rgg; 10.048+0.008 —0.269 + 0.046 20.28 -+ 0.07
ducedy?, which is of the order of unity, or residuals, which ar
all compatible with the statistical noise in the original images.
The magnitude of the pointlike component is given by the i o 10,000 £0.020 40,000 £ 0.020
tegrated count numper in the_PSF while the.magmtude of tggmp_ 40400 £ 0100 —1.000£0.100 22.00 <+ 0.50
galaxy has been estimated using SExtractor in the same way-as

for the field galaxies but after subtracting a scaled PSF from IﬂéT Aacoss(") As(") Le
original image. The magnitude estimates are very similar for tRO A +0.000 = 0.000  +0.000 £0.000 17.89 £ 0.03
different models. They are reported in the first part of Tablet$ost  +0.000 +0.006  +0.000 +0.006  19.70 £ 0.15
together with the fitted positions.

The center position of the diffuse object is significantly 01Lft_he first component is then centered on the QSO to better than

set with respect to that of the QSO on the ground-based ima % a pixel and thus corresponds to the host galaxy (seEIFig. 2).

(Table[2). The HST archive images indicate that this is due ég :
ecause of saturation, aperture photometry has only been per-
rmed for the companion, following Holtzmann et al. (1995).

Aacosd(") AS(") R
OA +0.00040.000 +0.000 =% 0.000 -

a companion galaxy located at abdut” (~ 5 kpc) from the f?
QSO and about 2 mag fainter than the host. Indeed, a synthelic ~". .
PSF has been generated with THeNYTI Msoftware package ASSuming: ~ 0.5, we chose a color ter — R ~ 1 (Fukugita

(Krist & Hook 1996) from the unsaturated pixels of QSO B anﬁt al. 1995). The photometry and the relative positions are listed
n etrhe central part of Tablg 2.

a scaled PSF subtraction has been performed on QSO A a The presence of closeby companions in the vicinity of

giving a zero weight to the central saturated pixels. Con&denggscx, especially when the host is an elliptical galaxy, has al-

only QSO A andasingle ex_tended object,lthew relative pOSItIOr((jaady been evidenced by Bahcall et al. (1997) and seems to be
are found in agreement with those obtained from the ground- .
conndwected to the AGN process and to the QSO environment. In

rvation residuals are present. Addin T :
based'obse ations, but s duals are prese t dd hga Seﬁ e case of Q1548+114 A, an extended emission line region has
gaussian component considerably improves the fit; its positio

is found to coincide with that of the previous residuals, whn%ﬁgf‘ggpbeeaer: [g%‘gt:‘:y?i’ Cgi"g:fg)’:y&T“r’]':frﬁzgtg " :gtsgégg‘e
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‘ ‘ ‘ tweenB, and QSO A (i.e. the angular selection function, ASF)

i i A 7 is very important in order to observationally set a realistic con-
S straint on the QSO mass and on the lensing model. To reach this

goal, we added to QSO A a synthetic PSF profile generated by

TI NYTI Mwith shot noise, at random positions and with ran-

dom intensities. Each resulting image was then analysed in the

same way as the original one. The ASF separates the detection

and the non detection regions of the plakeip, 5, — Afap,

(see Fig.B). A smoothed fit to the ASF is given by the following

relation:

ATTLB2B1 = 7.48 + 4.951og A9A32

if 0.05” < Abap, < 0.1”
Am3231 = 5.27+ 2.77log A9A32

if 0.1” < Abap, < 0.8"
ATILBZB1 =5

if A9A32 > 0.8"

1 ‘ 1 1 ‘ 1

0 0.2 0.4 0.6 0.8
AD 5, (acsec) We have selected all the observed field galaxies residing within

a 48'radius from Q1548+114 A (see Sdcil3.1); the position

Fig.3. Angular selection function (ASF) of our HST frames aroungnd the apparer_ﬂ magnitude estimated by SExtractor for each
Q1548+114 A. The ASF curve separates the undetected (circles) fr@g]axy are listed in the first columns of Talle 3. The correspond-

0! o 4. Lens modeling of Q1548+114 A and its environment

the detected (dots) simulated secondary lensed imagesthe vicin-

_ ing data for the host and the companion galaxy were obtained
ity of QSO A.

from the PSF analysis (see Table 2).

All the galaxies, including the companion and the host
i ) .galaxy of QSO A, are assumed to act as “truncated” Singu-
enough to probe the outermost proﬁ_le_so that its morphplgglqg} Isothermal Spheres (SIS; Katz & Panski 1987; Turner et
type cannot be found from model fitting. We assume it is afj 19g4) Quasar Q1548+114 A itself is regarded to act as a
elliptical galaxy since the quasar is radio-loud (e.g. Bahcall 66t mass lens. We also assume that all field galaxies belong

al. 1997). to one and same cluster located at .44 which also includes

Finally, our F814W HST images are not saturated and allQ4y 548114 A and the three galaxies G1-G3 (Stockton 1974).
for a clean PSF analysis of QSO A, firstly aimed at detecting g, neglect microlensing by stars in the host galaxy.

faint secondary lensed image B2 of QSO B. As a consequence, 1pq free parameters of our model are {té/L ) ratio of

the host galaxy appears to be faint and the companion is bargly galaxies, the mase 4, of QSO A and the density,. of a

d_etected sothat i-ts photometry cgnno.t be performed. The anglyorm sheet of dark matter possibly associated with the galaxy
sis has been carried out as described in Remy et al. (1998): ter.

B has been used to generate an oversamiplléd/TI MPSF, for The individual physical and lensing properties of the field

the best values of the jitter and focus parameters. As for the Ngglaxies computed in the frame of the SIS model are listed
fr_ames, simulta_neous fits of the PSF together with either a gajiSthe second part of Tab[@ 3. Their absolute magnitudes are
sian, exponential or de Vaucouleurs model for the host galgyyieq from their appareit magnitudes with a K-correction of
have been performed. _Is is impossible to indentify which |s_t 2 mag including evolution (Fioc & Rocca-Volmerange 1997).
best model. The magnitude of QSO A corresponds to the injgssming that all galaxies are elliptical, we have calculated
grated counts number in the scaled PSF while the magnitude;fir corresponding velocity dispersions from their luminosity

the host galaxy is estimated from the integrated flux in a b%ing the Faber-Jackson relation (Faber & Jackson 1976):
of 1 arcse¢ after a properly scaled PSF subtraction. The errors

reported in Tablel2 are dominated by the systematic uncertaingy I\ /4
on the model. On the other hand, no secondary lensed imagenf= ( ) )
QSO B is seen in the vicinity of QSO A + host galaxy after their

subtraction. whereo* is set to 225 km/s and* corresponds td\/;, =
—20.9 + 5log h (h = H,/100), following the procedure

in Fukugita & Turner (1991) and applying a colour term of
b; — R = 1.54 (Metcalfe et al. 1991). The value of is also

The empirical determination of the largest magnitude diffein agreement with statistical studies of gravitational lensing in
ence betweeiB; and B; = B detectable with our scaled PSFhighly luminous quasar samples (Claeskens 1999; Kochanek
subtraction technique as a function of the angular separation b896).

= ®

3.3. HST detection limit on the secondary lensed image
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Table 3. Observed properties of all objects detected withifi from Q1548+114 A on ground-based observations (see[$ect. 3; the properties

of the QSO A host galaxy (H) and companion (C) come from the PSF analysis) and computed physical quantities for the field galaxies in the
Einstein - de Sitter Universe withl, = 65 km/s/Mpc (see Sedil 4). Ad/ /L ratio of 50 has been adopted. “B”, “G1”, “G2"and “G3” in

column “ID” stand for QSO B and galaxies G1-G3 in Hib. 1. The: and AJ coordinates are relative to QSO A. Column “Type” refers to a
pointlike object (1) or a galaxy (0).

ID# Ao cos d Aé  Type mpg Mg o O Mgar Teut  Ocut
(") ") (km/s) () (Ms)  (kpc) ()

30 -7.473  -40.995 0 2457 -17.36 80.2 11 2.322E+10 4.9 1.0
36 -26.288 -33.897 0 2353 -18.40 101.9 .18 6.052E+10 8.0 1.5
39 15.367 -32.768 1 21.78 .00 .0 .00 0.000E+00 .0 .0
40 21.590 -33.364 0 20.09 -21.84 2251 .87 1.438E+12 38.9 7.5
43 28.660 -28.948 0 25.28 -16.65 68.1 .08 1.207E+10 3.6 7
44 -21.814 -28.314 0 2355 -18.38 101.5 .18 5.941E+10 7.9 15
46 6.104 -26.876 0 24.05 -17.88 90.4 14 3.749E+10 6.3 1.2
47 -28.284 -26.794 0 24.30 -17.63 85.4 13 2.978E+10 5.6 1.1
50 -13.205 -26.182 1 21.47 .00 .0 .00 0.000E+00 .0 .0
51 -17.856 -24.520 0 2247 -19.46 130.1 .29 1.606E+11 13.0 25
57 22.645 -21.221 0 23.28 -18.65 108.0 .20 7.618E+10 8.9 1.7
58 -30.499 -21.139 0 2207 -19.86 142.7 .35 2.322E+11 15.6 3.0
60 -10.257 -19.380 0 24.04 -17.89 90.6 .14 3.783E+10 6.3 1.2
61 18.631 -18.153 0 24.07 -17.86 90.0 .14 3.680E+10 6.2 1.2
65 23.544 -16.328 0 23.67 -18.26 98.7 .17 5.319E+10 7.5 1.4
68 -4.620 -14.337 0 23.45 -18.48 103.8 .19 6.514E+10 8.3 1.6
69 -13.924 -14.194 0 23.09 -18.84 112.8 .22 9.075E+10 9.8 1.9
70 -27.240 -13.110 0 24.42 -17.51 83.1 .12  2.666E+10 5.3 1.0
72 31.950 -10.994 0 22.83 -19.10 119.8 .25 1.153E+11 11.0 2.1
75 15.310 4,289 0 2511 -16.82 70.9 .09 1.412E+10 3.9 7
76 -3.299 -9.967 0 21.93 -20.00 147.4 37 2.642E+11 16.7 3.2
77 35.546 -7.611 0 2454 -17.39 80.8 .11  2.387E+10 5.0 1.0
78 3.528 -7.452 0 23.85 -18.08 94.7 .15 4.507E+10 6.9 1.3
79 2.509 -6.119 0 22.87 -19.06 118.7 24 1.111E+11 10.8 2.1
80 -25.737 -6.324 0 21.66 -20.27 156.8 42  3.387E+11 18.9 3.6
81 -13.163 -6.414 0 20.87 -21.06 188.1 .61 7.012E+11 27.1 5.2
82 -31.717 -4.943 0 23.79 -18.14 96.0 16  4.763E+10 7.1 1.4
84 43.782 -4.814 0 22.90 -19.03 117.9 .24 1.081E+11 10.7 2.1
85 -30.348 -4.492 0 23.80 -18.13 95.8 16 4.719E+10 7.0 1.4
86 38.313 -4.949 0 21.71 -20.22 155.0 41  3.235E+11 18.4 3.6
89 -23.920 -1.904 1 21091 .00 .0 .00 0.000E+00 .0 .0
90 16.119 -2.840 0 25.06 -16.87 71.7 .09 1.479E+10 3.9 .8
92 15.397 -2.463 0 2311 -18.82 112.3 .22 8.910E+10 9.7 1.9
93 -29.215 -2.693 0 2292 -19.01 117.3 .24 1.061E+11 10.6 2.0
94 13.222 3.471 0 2161 -20.32 158.6 43  3.547E+11 19.3 3.7
B 95 4.806 -1.017 1 18.76 .00 .0 .00 0.000E+00 .0 .0
96 -38.396 1.205 0 2253 -19.40 128.3 .28 1.520E+11 12.6 2.4
G197 -8.746 -1.048 0 19.44 -22.49 261.4 1.17 2.617E+12 52.4 10.1
G398 -10.772 -3.173 0 19.89 -22.04  235.7 95 1.729E+12 426 8.2
G299 -10.948 -.866 0 20.42 -21.51 208.6 .75 1.061E+12 334 6.4
H 100 .000 .000 0 20.28 -21.65 2155 .80 1.207E+12 35.6 6.9
c101 400 -1.000 0 22.00 -19.93 145.0 .36 2.477E+11 16.1 3.1
102 -6.671 2.644 0 22.29 -19.64 135.6 .32 1.896E+11 14.1 2.7
103 -21.196 3.032 0 2357 -18.36 101.0 .18 5.833E+10 7.8 1.5
104 31.512 5.543 0 24.38 -17.55 83.8 12  2.766E+10 5.4 1.0
105 -43.736 5.017 0 22.98 -18.95 115.7 .23 1.004E+11 10.3 2.0
107 35.517 5.307 1 20.74 .00 .0 .00 0.000E+00 .0 .0
108 7.015 5.953 0 23.01 -18.92 114.9 .23 9.769E+10 10.1 2.0
109 -24.620 7.602 0 24.87 -17.06 74.9 .10  1.761E+10 4.3 .8
110 -11.325 8.068 0 2478 -17.15 76.4 .10 1.914E+10 4.5 9
112 25.974 9.352 0 24.01 -17.92 91.3 .14 3.889E+10 6.4 1.2
113 -25.984 9.088 0 23.44 -18.49 104.1 .19 6.575E+10 8.3 1.6
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Table 3. (continued)

ID# Aacosd Aé  Type mpg Mg o 0Og Mgar Teut  Ocut
@) @ (km/s) () (Mo)  (kpc) ()

114 -25.271 9.415 0 24.20 -17.73 87.4 .13 3.265E+10 5.9 1.1
115 -13.839 10.175 0 2331 -18.62 107.2 .20 7.411E+10 8.8 1.7
116 -6.826 10.222 1 22.68 .00 .0 .00 0.000E+00 .0 .0
117 -31.054 10.884 0 2265 -19.28 124.8 .27 1.361E+11 12.0 2.3
120 38.698 11.837 0 24098 -16.95 73.0 .09 1.592E+10 4.1 .8
122 3.031 12.063 0 2441 -17.52 83.2 .12 2.691E+10 5.3 1.0
123 35.130 12.734 0 2262 -19.31 125.7 .27 1.399E+11 12.1 2.3
124 537 12.565 1 22.07 .00 .0 .00 0.000E+00 .0 .0
128 27.709 13.982 0 20.66 -21.27 1974 .67 8.509E+11 29.9 5.8
129 20.446 15.896 0 21.80 -20.13 151.8 .40 2.978E+11 17.7 3.4
130 4,963 16.848 0 2373 -18.20 97.4 .16 5.033E+10 7.3 1.4
131 -33.081 18.466 0 2292 -19.01 117.3 .24 1.061E+11 10.6 2.0
132 -3.764 19.784 0 2347 -18.46 1034 .18 6.395E+10 8.2 1.6
135 16.476 23.323 0 23.38 -18.55 1055 .19 6.948E+10 8.5 1.6
136 -37.215 24.236 0 24.36 -17.57 84.2 .12 2.818E+10 5.4 1.1
137 -3.748 24.670 0 24585 -17.08 75.2 .10 1.794E+10 4.3 .8
138 -12.296 25.729 0 23.27 -18.66 108.2 .20 7.689E+10 9.0 1.7
139 -12.502 26.383 0 25.47 -16.46 65.2 .07 1.014E+10 3.3 .6
140 -12.218 26.669 0 2581 -16.12 60.3 .06 7.411E+09 2.8 5
142 -13.559 27.323 0 22.68 -19.25 1240 .26 1.324E+11 11.8 2.3
144 -24.332 29.426 0 2216 -19.77 139.8 .34 2.137E+11 15.0 2.9
145 -28.307 28.477 0 20.26 -21.67 2165 .80 1.230E+12 35.9 6.9
147 32.871 29.810 0 2054 -21.39 2029 .71 9.503E+11 31.6 6.1
148 29.660 31.958 0 2334 -18.59 106.5 .19 7.209E+10 8.7 1.7
149 12.744 33.742 0 23.40 -18.53 105.0 .19 6.821E+10 8.5 1.6
150 -7.702 33.911 0 2283 -19.10 1198 .25 1.153E+11 11.0 2.1
151 -28.558 33.864 1 21.63 .00 .0 .00 0.000E+00 .0 .0
152 -.239 35.339 0 22.08 -19.85 1424 35 2.301E+11 155 3.0
155 -18.118 37.734 0 24.42 -17.51 83.1 .12 2.666E+10 5.3 1.0
156 -21.306 37.572 0 25.78 -16.15 60.7 .06 7.618E+09 2.8 5
157 -21.527 37.882 0 25.06 -16.87 71.7 .09 1.479E+10 3.9 .8

The angular Einstein radids; is then derived according tosolar units, and adopting for the Sun the absolute magnitude
the well known formula for SIS (e.g. Schneider et al. 1992): Mp o = 4.31 (Allen 1976). Thus, changing thé//Lg) ratio
4no? D does only affect the cut-off radius, and not the Einstein radius

5 —bs (2) of the lens. The galactic masses listed in Table 3 correspond to
¢t Dos (M/Lg) = 50. Fig[4 illustrates the angular cut-off radius and
where Dpgs and Do are the cosmological angular distancegosition of the galaxies in the lens plane. The angular cut-off

between the deflector and the source and the observer andr#diekus of the quasar A host galaxy amounts’tpétjuivalent to
source, respectively. Let us note here that, whatever the cos@@Kpc in the lens plaffe Note that theangular cut-off radius
logical model, the angular Einstein radius of the QSO A hoistindependent of, and,.

galaxy is always smaller than half the angular distance between Now, how to compute the secondary lensed image proper-
QSO A and QSO BZ.45"). Thus, we would never expect aties? For a given mass distribution in the lens plane, the true
secondary lensed imad#, to be produced by the host aloneposition of the source (Q1548+114 B) is derived from the ob-
(e.g. Refsdal & Surdej 1994). served primary image positiorB(). Then, the flux ratio be-

The SIS model actually describes the halo of the galaxiggieen the primary image; ) and a possible secondary lensed
Its surface mass density is truncated-at; such that the SIS image (B;) of Q1548+114 B is computed by means of the ray
deflection angle is equal to that of the Schwarzschild lens withooting method (Schneider et al. 1992), which includes the
massMgq;: shear effect of all field galaxies. In order to simulate the possi-

G Moo, ble formation ofimagé3,, we chose avery small circular source
ga

Teut = . (3)

T o2

O =

) ) . 2 In the SIS model, the radius of the spherical halo containing the
The mass of the galaxie¥/,,; is computed from their lu- equivalent mass\,,; is given by Ry = 7/2r..: and thus would
minosity for a given mass-to-light ratig//Lr) expressed in extend up to 56 Kpc for the host galaxy.
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20

i S e Table 4. Mass constraints (in M) on QSO A for the lensing model
1 with point mass + host + companion + G1-G3.

M/Lr =10 M/Lg =50
ke =0 4.710% 4.410%"
ke = 0.2 3.610"1 3.310"!

10

s
L5

by the point mass associated with QSO A sifiggy,s: = 0.8”
is smaller than half the angular distance between imagasd
B;ii) for small angular separations, the shear effect of the point
mass dominates, so that all curves merge at very small angular
separations4d — 0); iii) the effect of the three bright galaxies
is weaker than in lovino & Shaver (1986), as we replaced for
these the (unrealistic) point mass model with the SIS model:
increasing the mass of the galaxies results in expanding their
halo instead of deepening their gravitational well.
e : | - | However, the mass parametrization is not the same on the
s e different curves. The host galaxy as well as the new close com-
0 10 20 panion help in producing a secondary image, while galaxies
Arcsec G1-G3 counteract the influence of QSO A. The latter effect is
Fig.4. Circles with angular cut-off radii of SIS models associateB€St seen on thé//Lr = 50 curves (see Figl5A) since the
with each galaxy in the vicinity of Q1548+114 A{/Lr = 50). angular cut-off radii of G1 and G3 then extend up to QSO A.
Continuous (resp. dotted) circles correspond to galaxies with knowtowever, the exact value dff /L has little influence on the
(resp. unknown) redshifts. The two asterisks indicate the positionsfpfal results (see Tablg 4). On the other hand, the overall tidal
Q1548+14 A & B and thecrosses the center positions of field galaxshear £ = 0.012) produced by the remaining 70 field galaxies
ies. The background shows the caustic network. North is up and Eggk 5 negligible effect on the results (see the large crosses in
to the left. Fig[BA). Simulations show that this remains true if we assume
that the field galaxies are not at the redshift of QSO A. Thus,
@s ~5 10—9”)ﬁ, which corresponds to a QSO continuum emithe corresponding external shear can be neglected.
ting region of~ 10'4 cm. In the ray shooting calculations, we  Finally, assuming that all field galaxies belong to one and
have finally used a very fine grid whose size is one thousandtime cluster at = 0.44, the associated surface mass density
the diameter of the source, so that within a square surroundifgs about 0.025 in units of the critical density fof/ Lz = 30
the unlensed sourc#)® rays are being shot. The results for thé>.,;; ~ 0.5 g/cn?). If we consider that 90% of the mass of the
expected magnitude difference between Hheand B, lensed cluster is dark matter, we find that the latter acts as a uniform
images are presented and discussed in the next section.  sheet of matter with a maximum surface density= 0.2. The
mass constraint is then stronger since the cluster contributes to
the image angular separation (see Eig. 5B and Table 4).
The limits onM 4 presented in Tab[e 4 scaleHg . Choos-
5.1. Results ing a flat cosmology dominated by the cosmological constant
éeinforces the constraints d 4 by only ~ 25% so that our re-
Sults are robust and conservative with respect to the exact values
of the cosmological parameters.

Arcsec
o

ey
:'}I?

=10

o [ ;
2 (Bl ne e
Lao —-1a

5. Upper limitson the mass of quasar Q1548+114 A

No secondary lensed imadg, has been detected in the clos
vicinity of QSO A. For each lens model, the expected flux r
tio of the lensed image$(B;)/I(B;) can be displayed as a
function of the angular separation betweBn and QSO A.

These curves being parametrized as a function of the mass 5.2. Discussion
of QSO A, their intersections with the HST ASF derived i

Sect{ 3.8 yield the corresponding upper limits iy . Results s&raint on the mass of QSO Ay < 4.51011M,) is lttle

for different lens models are presented in Eig. 5 and in Table i .
o . . . sensitive to the adopted values of the model parameters. This
A qualitative analysis of Fi@l5 first shows that all curves Lo .
. new upper limit is only 4 times smaller than the value pro-
are very close to each other. A secondary lensed image cou . o . .
therefore not be detected closer than0.55” from QSO A posed by lovino & Shaver (1986) but it is a robust estimate built

. . . ) . on,observed galaxy magnitudes and on a realistic ASF. How

because it would be too faint. This quasi-degeneracy is due tg,at L . o b

least three reasons: i) a secondary image can only be produ%%%s this limit compare W'th other gsuma‘uons. F|r§t, cqmput-
) INg the QSO A bolometric luminosity from thB luminosity

% The exact source size is not important as the source lies far frét§ing Ly,o1 =~ 43L g (as derived from Fig. 7 in Laor & Draine
any caustic (see Fifl 4). 1993) andL r being computed from the apparent magnitude of

rbue to the modeling of galaxies by means of SIS, the con-
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Fig. 5aand b. Intensity ratio between the lensed imagBs & B andB:) as a function of the angular separation betwBg@and Q1548+114 A

for different lensing models. The same symbols represent a QSO A mass of 1, 2, 3, 4 and 5 inudlitykf; filled symbols fordM/Lr = 10

and open symbols fak//Lr = 50. A) point mass (*), point mass + host (circles), point mass + host + companion + G1-G3 (squares); the
large crosses indicate the result when considering the (very small) influence of all the other field galaxies. B) point mass + host + companion +
G1-G3 withx. = 0 (squares) and. = 0.2 (triangles). On both graphs, the thick line represents the observed ASF.

QSO Ain Tablé2, the minimum Eddington mass of the MBH iSable 5. Photometry in the F555\%V filter and relative astrometry
found to be approximately.5 108M,. On the other hand, Laor for Q1148+005 A & B.

(1998) presents a correlation between the MBH mass and the

absoluté/ magnitude of the host, based on BLR measurements Aacosd(”) AS(") 14

and HST host observations. Adoptifig— R ~ 1 (Fukugita QSOA +0.000+0.000 +0.000+0.000 18.00 + 0.01

et al. 1995) for the host, we gétygy ~ 210°My. Finally, QSOB +3.623+0.001 —1.396+0.001 21.60 = 0.05

the correlation between the mass of the bulge and the mass of

the MBH proposed by Magorrian et al. (1998) for local normal

galaxies would yield with our measurement of the host abso'%?er (4 x 400 sec), and through the F814W filter {21300

: 100 _

magthdeMMB.H o 10°M for M/L.R 10. sec) to search for closeby galaxies (PID 6790). The photometry
Our upper limit onM 4 thus remains more than two orders F555W and the relative astrometry of O1148+505& B

of magnitude above current estimates. On the other hand, o IVE y ofQ . . .

ve been performed using a PSF subtraction as described in

non-detection of a secondary lensed image is fully compati 8 i : ) )
with the expected mass of QSO A. If this secondary image wi ciL3.P; they are reported in Tafle 5. QSO B is found to lie

C . at3.883” + 0.001” and P.A= 111.05° 4 0.05 from QSO A
unseen because of extinction by dust, the resulting valié pf e i " 0L eo A '
would then be in conflict with the other estimates. confirming the values df.9” & 0.1" and111° + 2° derived by

Hewett et al. (1998). No secondary lensed image of QSO A is
detected in the close angular vicinity of QSO B. The images
. : of the QSOs are saturated on the F814W frames but the galaxy
6. HST direct imagery of Q1148+0055A & B detected in infrared by Hewett et al. (1998) is clearly seen at
Q1148+0055 A& B {4 = 1.89, zp = 1.41, A6 = 3.9”) has Af = 5.24” + 0.05"” and P.A= 274.9° + 0.1°. Its magnitude
been identified in a search for new gravitational lens systemihin a circle of1” radius isI, = 21.4 & 0.1. From theK
within a sample of highly luminous quasars (Surdej et al. 1993agnitude published by Hewett et al. (1998), we flpd- K =
see also Hewett et al. 1994). The angular separation betw8en0.25. This could be the colour of& 0.3 L, elliptical galaxy
these two quasars turns out to be the smallest one preselubtated atz ~ 0.6 — 0.8 (Fioc & Rocca-Volmerange 1997;
known among pairs with different redshifts. The publishéd Songaila et al. 1994).
magnitudes of the two objects aVg = 18.2 andVp = 21.2 We estimated the ASF as described is $ect. 3.3. Without
(Hewett et al. 1998). Thus, the most distant QSO being also gy clues on the host of Q1148+0055 B, the lensing model
brightest, the detection of a secondary image should be easisrsimply reduced to a single point mass for Q1148+0055 B
Q1148+005 A & B havebeen imaged in April 1999 with and one truncated SIS for the closeby galaxy. Ray shooting
the WFPC2 planetary camera onboard HST through the F55%hulations show that the absence of a secondary lensed image
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A, with a flux larger than 0.1% the flux of Q1148+0055 A an@arthel P.D., Miley G.K., Schilizzi R.T., Preuss E., 1984, A&A 140,
located further away tham.25” from Q1148+0055 B implies 399
that the combined mass of the latter and its host must be smafieftin E., Arnouts S., 1996, A&AS 117, 393

than6.5 10'"M,. This results is very little dependent on thdurki G., Rufener F., Burnet M., et al,, 1995, A&AS 112, 383,
adopted\/ L for the galaxy. http://archive.eso.org/wdb/wdb/eso/extinctions/form

Claeskens J.-F., 1999, &be de Doctorat, Soc. Roy. Scitge 68 1-4,
pp. 1-305
7. Conclusions Faber S.M., Jackson R.E, 1976, ApJ 204, 668
. . . . Fioc M., Rocca-Volmerange B., 1997, A&A 326, 950
Onthe basis of new HST directimages, we constrained the MaSRugita M., Turner E.L., 1991, MNRAS 253, 99
of Q1548+114 A and Q1148+0055 B from the non detectiqfykugita M., Shimasaku K., Ichikawa T., 1995, PASP 107, 945
of secondary lensed images of the background quasars locaggfl J.R., Gunn J.E., 1974, ApJ 190, L105
very close to the lines-of-sight. All the detected field galaxiggewett P.C., Irwin M.J., Foltz C.B., et al., 1994, AJ 108, 1534
have been taken into account in the ray shooting simulatiohtgwett P.C., Foltz C.B., Harding M.E., Lewis G.F., 1998, AJ 115, 383
including the host when visible. The derived maximal mass bpltzman J.A., Burrows C.J., Casertano S, et al., 1995, PASP 107,
Q1148+0055 B plus its host has been estimatedta0*! M, 11065
while that of the central pointlike component of Q1548+11#Vino A., Shaver P., 1986, A&A 166, 119
A'is 4.510" M. These limits are robust with respect to th(%atz N., Paczynski B., 1987, ApJ 317, 11

. . . . ochanek C.S., 1996, ApJ 466, 638
;deOELZ%jfe;agg Zr:%;edi;]'fetyfzgl‘: ;g‘jlga'ax'es and 1Q ict 3. Hook R., 1996, htp://scivax.stsci.editist/tinytim. html
0 o+ o *

s . Krolik J.H., 1999, Active Galactic Nuclei. Princeton University Press
The upper limit on the central mass of Q1548+114 A is i, nqolt A.U.. 1992 AJ 104. 340

full agreement with independent estimates~ofl0°Mg. AS | a0r A., 1998, ApJ 503, L83

the latter are based on several assumptions, gravitational largr A., Draine B.T., 1993, ApJ 402, 441

ing provides a valuable check. This is also an important arguagorrian J., Tremaine S., Richstone D., 1998, AJ 115, 2285

ment to say that extinction should not be critical in our observitetcalfe N., Shanks T., Fong R., Jones L.R., 1991, MNRAS 249, 498
tions. Unfortunately, improving the sensitivity of this techniquBadovani P., Rafanelli P., 1988, A&A 205, 53

within the expected QSO mass range requires unrealisticdR§fsdal S., Surdej J., 1994, Rep. Prog. Phy. 56, 117

high angular resolution and dynamic (see Fig. 5). The discdgemy M., 1997, Thse de Doctorat, Universite Lege

ery of a distant quasar very close to the line-of-sight of a locgf™Y M- Claeskens J.-F., Surdej J., etal., 1998, New Astr. 3, 379
one ¢ < 0.1) would help in strenghtening the mass constrainy, aver P., Robertson J.G., 1985, MNRAS 212, 15p

) . Schneider P., Ehlers J., Falco E.E., 1992, In: Harwitt M., Kippenhahn
provided the host galaxy (_)f the latter does not spoil the detection R., Trimble V., Zahn J.-P. (eds.) Gravitational lenses. A&A Library,
of the secondary lensed images.
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