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What is CSL-1?
(Capodimonte – Sternberg candidate lens n. 1)

It is a candidate gravitational lens found in the 
Capodimonte Deep Field (OAC-DF; Alcalà et al. 2004)

Photometry and spectroscopy follow-up’s showed its
rather peculiar nature.



The OAC-Deep Field

•OACDF is in three deep broad bands BVR and five intermediate 
bands in the I region (Alcalà et al., astro-ph/0408220)



Photometry



Extended and with the same shapes
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Morphology, shape, absolute
luminosity, colors, luminosity
profiles all converge toward…

A and B being

Two giant ellipticals
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Spectroscopy
Two data sets:

NTT + EMMI

TNG + Dolores

• Redshift

• Spectral shapes
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TNG NTT

CSL-1 
is a gravitational lens!!



0.8452

400 km/s

The probability that there are 
two different spectra with the 
correlation coefficient 0.8452 
for 1000 point is very small:

20010−≈p



Other explanations to be rejected. I. - Dust

Separation is
too large

It would be
the brightest
spheroid in 
the universe



observed  profiles in all 
available band

915 nm
837 nm
815 nm
791 nm
770 nm
753 nm
R
V
B

Dust?A

A B

B

Dust?



Other explanations to be rejected. II. – Interacting pair of 
identical ellipticals

• Separation is too small to
prevent from distortions. 

• There is no cluster of 
galaxies around and, once 
more, 

• It would be the only pair of 
isolated giant ellipticals in 
the universe …. 

• … and it would be rather
difficult to explain where
they come from…



Other explanations to be rejected. III. – chance alignment
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KpcL 20≈ no distortions
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I. Probability smaller than: 

II. Never Observed

III. Where are the clusters?
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Other explanations to be rejected. IV. – self lensing
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observer

There are no distorted images

1 would be incredibly luminous



Gravitational lens, but …

why lensed by a cosmic string?

e
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=
•Because it is extended …

•The two images are identical

•And undistorted !!!

No model of compact lens can produce 
such a morphology



Best example of SIS model

Best fit model convolved
with measured PSF

Residuals

Contours = 0.5 σ



The only explanation we found is
lensing by a cosmic string

σ2
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If the angular distance between 
the background source and the 
string is less than

the observer sees two images
separated by angle
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These paper started a debate…

and a long and still ongoing struggle



Possible Tests. I. Morphology

Contours of simulated de Vaucouleurs spheroid after rebinning to the OAC DF 
pixel size (0.238 arcsec) and convolving with the observed OAC DF PSF (0.98 
arcsec)

Higher
resolution



Contours of simulated image for  pixel size 0.05 arcsec and noise

Two possible solutions:

• HST 

• Adaptive optics (VLT + CONICA or similar)



Possible Tests. II. “Milky way of lenses”

   - angle between the string and the vector 
       coinciding  with the  observer and the point source

   - angular cosmological distance from the 
         observer to the string 

   - angular cos
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Necessary (but not sufficient!) conditions to select gravitational 
lens candidates in vicinity of CSL-1:

1.One or more images with  small angular separation (1”-4”.5)
2.The same flux ratio in different band

CSL-1



Possible Tests. III. CMB signatures



Theoreticians like very much
the idea!

Appealing for the public

fundamental 
strings of 

superstring 
theory

Astronomers like the idea… as
long as it remains just an idea !

A few attempts have also been
made by others !



Scientific American, February 2005



Then what?
Proposals submitted in 2003-2004

1. High resolution imaging for “edges”

• Adaptive optics from the ground: TNG 
and VLT

• Maidanak

• HST

Rejected : no bright
star in the field

Failed: poor seeing

Rejected: more 
observations from the 
ground are needed

2. Spectroscopical confirmation
of other candidates

• TNG 

• VLT (DDT)

• HST

Failed bad weather

Failed bad weather

Rejected (ground)



2. Spectroscopical confirmation of other candidates. 
II. The revenge

• SAO 6 m    2 candidates done

• VLT + FORS1 (DDT) 2 candidates done

• HST Rejected! Need data from
the ground

Candidates 1 and 2 are confirmed gravitational lenses !!!

VLT spectra come in next week (ooops!!!)







RELICT 
(Strukov I.A. et al. MNRAS 258 37P 1992)
COBE 
(Smoot G.F. et al. Astrophys. J. 396 L1 1992)
BOOMERanG
(de Bernardis P. et al. Nature 404 955 2000)
Archeops

WMAP
(Wilkinson Microwave Anisotropy Probe, 
http://map.gsfc.nasa.gov)

Current data of microwave 
background measurements
exclude cosmic strings and 
other topological defects as 
primary source of primordial 
density perturbations. 

CSL1 fits into 1 WMAP pixel !!!

Plank is needed !!!



From a theoretical point of view: cosmic strings may help to explain 

1. The low multipole anisotropy is too small

2. First Doppler peak has double peak structure which cannot be 
explained within standard cosmological model

3. The correlation function of galaxies is fitted  with broken power-law 
empirical fit instead  of standard power law fit.  

One of the possible explanation is that dark matter has complex structure 
and consists from different  type of matter which change both the spectrum 
of the primordial fluctuation and the transfer function. 

Cosmic string is one among the possible candidates



Branes, which now play key role in superstring theory, can collide and generate 
cosmic strings. In modern brane cosmology the string production is natural in 

contrast to monopoles and domain walls production. 

String theory now provides a much richer family of branes with different properties.
For this reason, if we could discover which kind of cosmic strings exist in our 

Universe it would tell us a lot about the underlying fundamental theory.

Brane A

Brane B

A

only strings
no monopoles

no domain wools

B



The very hot Universe
is in Symmetric phase.

No strings.

The Universe cooled Bubble 
nucleations

The Higgs field tends to settle down into the valley



If we accept the interpretation of CSL-1 as gravitational lens 
produced by a cosmic string, it is possible to derive the scale of  

energy at which the symmetry breaking occurred.

The distance between the peaks of the two images ~2`` of CSL-1 roughly 
corresponds to the “deficit angle”. One can therefore estimate the 
density of the string as

7104 −⋅=µG
and the mass scale of symmetry breaking as

GeV15102 ⋅



CONCLUSIONS ?

AT THE PRESENT TIME: NONE


