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Arc minute gravitational 
lenses and cosmic strings 

PACZYNSKI has suggested' that several 
large separation gravitational lens candi
dates could be explained by the existence 
of cosmic strings. These lens candidates 
are quasar pairs with separation between 
l and 4 arc min. Paczynski states that arc 
minute separation quasar pairs, which are 
lensed by long straight strings, are a 
prediction of cosmic string theory. Pac
zynski's work received a great deal of 
attention when preliminary evidence for a 
gravitational lens with a 2.6 arc min separ
ation was published by Turner et al. 2

• 

Because a lens with such a large separation 
is difficult to explain with unseen conven
tional objects and requires a large mass-to
light ratio for the lens, this lens candidate 
has been reported3 as evidence for a cos
mic string. Subsequent observations sug
gest that the quasar pair is not lensed4

• We 
point out here that such large separation 
lenses are not predicted by cosmic string 
theories. 

The typical separation of the images of 
an object that is lensed by a cosmic 
string5

-
7 is 41rGµ where Gµ is the 

dimensionless mass parameter of the 
string. A gravitational lens with a separ
ation of 2.6 arc min corresponds to Gµ = 
6 x 10-5

• While it is possible for a string 
configuration to produce gravitational 
lenses with image separations >41rGµ 
with favourable geometry, to increase the 
image separation by more than a factor of 
two or three above this value seems to 
require very unlikely conditions. While it 
was originally suggested8-10 that a valve 
of Gµ = 10-3-10-5 might be useful for 
galaxy formation, further work has shown 
that these valves are too high, and prob
ably already excluded by observation. Arc 
minute separation lenses are thus not a 
prediction of cosmic string theories. If 
some of these objects were lensed by long 
straight strings, it would create other 
cosmological problems, or suggest a basic 
misunderstanding of how cosmic strings 
should behave. 

We now list the evidence against valves 
of Gµ > 10-5

• Models where galaxies or 
clusters accrete around loops11

•
12 have 

obtained Gµ = 2 x 10-6. Thus the predic
tion of cosmic string models is that Gµ = 
10-6 not 10-5

• More serious problems for 
large values of Gµ come from nucleosyn
thesis and anisotropy of the microwave 
background radiation. The most stringent 
limit on Gµ comes from the requirement 
that the strings do produce so much grav
itational radiation as to interfere with the 
successful primordial nucleosynthesis 
scenario13

-
15

• This bound is stringent, 
Gµ < 4 x 10-6, but it can also be avoided 
by some types of cosmic strings that pre
dominantly radiate massless goldstone 
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Fig. 1 Computer-generated image of 700 
stars in a flat three-dimensional space, 

with a broad luminosity function. 

bosons rather than gravitational waves16. 
However, these strings are not as attractive 
as seeds for galaxy formation, nor do they 
appear in any attractive particle physics 
models. A completely model-independent 
limit has been obtained by Kaiser and 
Stebbins17 who showed that Gµ < 10-5 is 
required by the observed isotropy of the 
microwave background. Similar limits 
come from anisotropy due to string loops 
and the gravitational waves they pro
duce18'19. While estimating the errors on 
these theoretical limits is difficult, we feel 
that at least the limit of Kaiser and Steb
bins is actually conservative. As they 
stated, the limit given is for a "minimal 
model" which, for example, does not 
include the increase in the r.m.s. tem
perature fluctuation due to the superposi
tion of strings which will occur in any 
model. Thus, the limit Gµ < 10-5 is quite 
firm, so the predicted separation of images 
lensed by a cosmic string is definitely < 1 
arc min. 
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PACZYNSKI REPLIES-In my letter' I 
intended to emphasize two issues. Firstly, 
it is unlikely that cosmic strings could be 
discovered by finding pairs of images. I 
pointed out that there is a more striking 
effect of a string lensing: the images of 
some galaxies would appear as if they were 
cut with a sharp edge. Secondly, I pointed 
out that with the images separated by a 
few arc minutes the expected difference in 
the light travel time between the two 
images may be a few hundred or even a 
few thousand years. We do not know how 
stable are the broad line spectra of 
quasars, and I presented some observa
tional reasons why they may, in fact, be 
variable. Therefore, I proposed that the 
forbidden lines in the spectra of pairs of 
quasars may help to decide between a 
cluster of quasars and a gravitational lens 
hypothesis. I quoted some papers (not 
mine) that suggested that strings may pro
duce pairs of images separated by up to a 
few arc minutes, but this was just one of 
the many possibilities I listed. Therefore, 
it is surprising that Bennett and Stebbins 
give me so much credit for the cosmic 
string as the cause of the 2.6 arc min lens 
candidate. 

I would like to take this opportunity to 
re-emphasize the same two points. Figure 
1 shows a computer-generated field with 
about 700 'stars' randomly placed in a flat 
three-dimensional space, with a broad 
luminosity function. Half-way between us 
and the 'horizon' there is a straight 'cosmic 
string' that produced 27 pairs of images. 
Readers are encouraged to find the pairs 
and the string. This can be done, but the 
presence of the 'string' is not striking. That 
was my first point'. 

I do not think that it is possible to prove 
or disprove the gravitational lens 
hypothesis for the 2.6 arc min candidate 
of Turner et al. by analysing their spectra, 
as the forbidden lines are too weak to be 
seen. Fortunately, the quasars (or the 
quasar) are relatively close, with redshift, 
z = 1.01. With present technology it is 
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