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Gravi ta t ional lens surveys are o f cosmolog ica l interest because they p rov ide a 
way to measure the gravitat ional field o f b o t h luminous and dark mat ter . M a n y 
o f the o ther m e t h o d s used to detect the presence o f dark mat ter , such as studies 
o f ga laxy ro ta t ion curves and cluster dynamics , require that there b e luminous 
o b j e c t s in the gravitat ional field that act as tracers o f the mass . Th i s m a y in t roduce 
a select ion effect. In constrast , in studies o f gravi tat ional lenses, the b e a c o n we 
obse rve can b e far (at distances o f order one thousand M p c ) f rom the gravitat ional 
field. In this paper we descr ibe a V L A survey designed to detect gravitat ional 
lensing o n sub-arc second and arc second scales. W e also present a prel iminary 
result o f the radio data: we find that the density o f mat ter in the f o r m o f a uniform, 
c o m o v i n g number density o f 1 0 1 1 t o 1012MQ c o m p a c t o b j e c t s , l uminous or dark, 
mus t b e substantial ly less than the critical density. 

T h e potent ia l o f a gravitat ional lens survey as a cosmolog i ca l t oo l mot iva ted 
our V L A survey. T h e strategy o f the lens survey is as fo l lows. First we m a p m a n y 
M G (Benne t t , et al. .1986) sources wi th the V L A , and select lens candidates on 
the basis o f rad io m o r p h o l o g y . These candidates are sub jec ted to lens tests, for 
example : ( 1 ) Opt ica l imaging - d o the candidate images have similar op t ica l and 
rad io flux rat ios? ( 2 ) Opt ica l spec t roscopy - d o the candida te images have the same 
redshift and similar spect ra? ( 3 ) V L B I - d o the candida te images have milli-arc 
s econd radio m o r p h o l o g y consistent wi th gravitat ional imag ing? W e are carrying 
out a p r o g r a m o f opt ica l verification o f lens candidates , and s o m e prel iminary 
V L B I observat ions are planned. T o our knowledge , this is the first t ime a large set 
o f rad io da ta has been col lec ted systematically, wi th a g o o d unders tanding of the 
instrumental selection biases, for the purpose o f s tudying the proper t ies o f lensed 
sources . 

T h e V L A has well defined instrumental l imits that de termine its ability to 
detect gravitat ional lens systems. T h e resolut ion and field o f v iew limit the range 
o f image separat ions detectable; the d y n a m i c range limits the range o f flux ratios 
detec table . For a given lens sys tem, character ized b y its total mass , mass distri-
bu t ion , and the distances t o the lens and the source , the instrumental limits can 
b e m a p p e d into a cor responding range o f source pos i t ions that p r o d u c e detectable 
mul t ip le images . W e then assume a spatial dis t r ibut ion o f lenses and treat the 
source pos i t ion as a r a n d o m variable within the range de te rmined b y the instru-
menta l l imits. Th i s allows one to calculate the expec t ed f requency o f lensing and 
the proper t ies o f lensed images in a sample o f rad io sources . Th i s m e t h o d is similar 
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t o that o f Turner , Ostriker, and Got t (1984) ; it differs in that we have included 
the effects o f k n o w n instrumental limits. 

T h e frequency o f lensing in a sample of radio sources p rov ides a measurement 
o f Ωχ,, where Ωχ, is the density of mat ter in the fo rm of lenses expressed as a 
fract ion o f the critical density. For example , in the case o f po in t mass lenses, the 
cross sect ion for the format ion o f mult iple images scales wi th the mass M ; the 
n u m b e r densi ty o f lenses scales wi th Ω χ , / Μ ; and the f requency o f lensing scales 
wi th just Ω/ , (Press and G u n n 1973) . If we calculate the op t ica l dep th to lensing 
(wh ich for small opt ica l depths gives the probabi l i ty o f lensing) for a uniform 
c o m o v i n g dis t r ibut ion o f point mass lenses, including the instrumental limits of 
the V L A in the A array, we find the results p lo t ted in Figure 1. T h e V L A in the 
A array at an observ ing wavelength o f 6 c m is sensitive t o 1 0 1 1 t o 1 0 1 2 MQ lenses. 
W e can use the radio data to constrain Ωζ,. A s wi th the mic rowave background , 
one thing that is interesting is what we d o not see. W e can put l imits on the 
density o f mat ter in the fo rm o f c o m p a c t lenses b y count ing the n u m b e r o f sources 
that are not lensed o n the scales detectable wi th the V L A . T o relate this to Ω ^ , 
we will make a few conservat ive assumptions. 

First , we ignore the effect o f a flux intensification bias o n the sample . This 
bias causes more lensed images to b e inc luded in any flux l imited sample . Second , 
we assume the redshift dis tr ibut ion o f the sources is the same as that measured 
for 30 opt ica l ly bright sources ( to the extent that faint sources have the same red-
shift d is t r ibut ion as bright sources, as suggested at this conference b y K o o , this 
a s sumpt ion m a y not b e conservat ive) . Th i rd , we make the r idiculously conserva-
tive assumpt ion that any structure in a V L A m a p m a y b e due t o gravitat ional 
lensing. T h e n , for a sample o f 290 sources observed at a wavelength o f 6 c m with 
the A array o f the V L A , we count the number of sources that cou ld b e lensed. T h e 
m a x i m u m value o f Ω ^ consistent wi th the data and a b a c k g r o u n d met r ic descr ibed 
b y Ω = 1 (again a conservative assumpt ion in the sense that it gives a large value 
o f Ω ^ ) , for masses in the range of 1 0 1 1 t o 1 0 1 2 M © , is 0.7. 

W e can modi fy the third assumpt ion by assuming, perhaps m o r e reasonably, 
that resolved, collinear c o m p o n e n t s represent intrinsic source s t ructure and not 
lens effects. T h e n we find that, again for masses in the range o f 1 0 1 1 t o 1 0 1 2 M o , 
the m a x i m u m consistent value o f Ω ^ is 0.4. These m a x i m u m values o f Ωζ, are 
independent o f the value o f H0. 

In summary , even at this very early stage in our gravitat ional lens survey, the 
da ta s t rongly suggest that one cannot close the universe wi th l uminous or dark 
galaxy-sized c o m p a c t ob jec t s . W e expec t that future work will further constrain 
Ω/ , . T h e observat ions will cont inue t o eliminate lens candidates , and the inclu-
sion in the calculat ions o f the flux intensification bias will decrease the m a x i m u m 
density o f lenses that is needed to explain a given frequency of lensing. 

Finally, t o demons t ra te that we are not on ly el iminating lens candidates , but 
we are also finding, s o m e interesting ones , we present the radio source 1 0 4 2 + 1 7 8 
in Figure 2. Th i s source , wi th four c o m p o n e n t s arranged in a para l le logram, has 
ex t remely unusual radio m o r p h o l o g y . A n opt ica l o b j e c t at the pos i t ion o f the radio 
source appears to have s o m e structure. A spec t rum o f the c o m b i n e d light f rom the 
source shows strong emiss ion lines at a redshift o f 0.921. If this source is lensed, 
the lensing m a y well b e due t o a single galaxy. Such a s imple mass dis tr ibut ion, 
c o m b i n e d wi th the l o w redshift o f the source that reduces cosmolog ica l distance 
uncertainties, m a y make this a g o o d sys tem to use to measure the H u b b l e constant 
th rough a measurement o f the t ime delay. 
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F i g u r e 1: Re la t ive sensit ivi ty of the V L A observat ions to compact grav i ta -
t iona l lenses of different m a s s e s , for three values of the source redshift . A curve 
h a s been d r a w n t h r o u g h numer ica l ly calculated points to guide the eye. 
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F i g u r e 2: V L A m a p ( A array; λ = 6 c m ) of 1042+178. 
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DISCUSSION 
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PECKER: How would your hypothesis that most radio structure of radio 
sources (or at least many of them) is due to lensing effects, affect 
the Θ-Ζ relation (the classical Hubble Tolman test)? 

HEWITT: A flux-limited sample would preferentially select lensed 
sources because of the flux intensification effect. Therefore, I would 
expect that the focussing due to the "extra11 matter along the line of 
sight TOuld tend to cause an increase in θ with increasing redshift. 
I would like to note that my 1 hypothesis11 that most radio structure is 
due to lensing was a devil's advocate assumption I made to find a 
conservative limit on the density of matter in the form of compact 
masses. 
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