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Introduction
• The explanation of he origin of dark energy is far from obvious and broadly speaking

involves either invoking an unknown exotic component or modification of gravity at

cosmological scales.

• Irrespective of theoretical approach chosen a common point with the observations

usually occures at the level of w(z) cofficient in an effective equation of state for dark

energy

• The power of modern cosmology lies in building up cosistency rather than in single 

experiment.

• Every alternative method of restricting cosmological parameters is desired

• We propse to use strongly gravitationally lensed systems in this context

such ida was discussed in Biesiada M., 2006, Phys. Rev. D 73, 023006

and in Grillo et al., 2008, Astron. Astrophys., 477,397

ρ)(zwp =
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Gravitational lensing

• It is one of the basic consequences of GR
(Einstein 1916)

• Deflection of light ray by 1”.7 near the limb 
of the Sun (measured in 1919 !)

• Eddington 1920 - idea of multiple images; 
Einstein 1935

• Cosmological context :Zwicky 1937 (!)

• New history - Refsdal 1964 - H0 
measurement through gravitational lensing

• Walsh, Carswell & Weynmann 1979 -
QSO-0957+561A,B

• Paczyński 1986 – microlensing

• Lynds & Petrosian 1986; 
Soucail, Fort, Mellier 1987 - giant arcs in
galaxy clusters
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Regimes of gravitational lensing

• strong

– large deflections

– multiple images

– microlensing- lensing
within lensing
fluctuations inside
quasar macroimages

• weak

– tiny distortion of back
ground galaxies

– statistical in nature

Einstein radius - setteld by mass – gives characteristic angular scale of
fenomenon
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The Method

• our interest concentrated around: 

– regime:strong & -- lens: galaxy

• the image separations in the system 
depend on angular diameter distances Dls
and Ds.

• angular diameter distances determined by 
background cosmology
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• spatial flatness is assumed

(Hinshaw et al. 2009)

• realistic lens model is needed
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The Method

• mass density profile approximeted by - SIS -Singular Isothermal Sphere
model (SIE –singular isothermal elipsoid)

• Einstein ring reads

• σSIS lens velocity dispersion is well approximated by σo  - central stellar
velocity dispersion (see eg. Grillo et al. 2008)

• Central relation
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The Method

• cosmological models enter through

dsistance ratio

• for observable counterpart we need

realiable assesment of σo and θE

• Cosmological parameters were fitted

by minimizing

∑
−

=
i iD

th

i

obs

i pDD
p

2

,

2
2 ))((

)(
σ

χ

∫
∫

′′

′′
==

s

l

s

z

z

z

ls

s
sl

th

pzhzd

pzhzd

pD

pD
pzzD

)];(/[

)];(/[

)(

)(
),,( 0

E

obs

c
D

θ
πσ
2

2

04
=

•advantages of the method:

•independence on H0

•not affected by dust absorption, 

source evolutionary effect
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Samples used
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•full sample n=20

•sub-sample n=7

•for comparison

fit on Union sample –
compilation of Kowalski et al. 

(2008)

n=307 SNIa
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Cosmological models

tested
• ΛCDM

• Quintessence

• Chevalier-Polarski-Linder
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Results; fits on the full sample
n=20

• Lens sample

SLACS+LSD

(n=15+5)

prior on Ωm=0.27

• Union08 

SNIa sample

(n=307)

prior on Ωm=0.27

•Quintessence : whole 2σ CI from SNIa fits well with 1σ CI from lenses

85.0,23.1 −− 74.0,22.1 −−
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Chevalier-Polarski-Linder: bets fits

and confidence regions
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Results; fits on the restricted
sample n=7

• on the restricted

sample

(n=7)

prior on Ωm=0.27

•ΛCDM fits – agreement with SNIa fits

•Quintessence: 2σ interval for the Union08 falls into 2σ interval for lenses
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Chevalier-Polarski-Linder: bets fits

and confidence regions
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Conclusions

• Obtained results demonstrate possibility of practical use of strong gravitational

system in constraining cosmological models

• The small number of lenses available (at the time when we start consider this issue -

2009) prevent as from precisely determining parmeters of cosmological, but it still

proves the feasibility of the method.

• Over the year the SLACS sample of lenses with realiable data on σo  and θE has
grown up to 58 .

• Grillo et al. 2008 demonstrated that sample of  100 or 200  lensing systems would be 

enough to give competitive constraints (constraints on ΩΛ) .

• Work on actually available sample is in progress.

• Presented results are also available in the paper: 

Biesiada M., Piórkowska A., Malec B., MNRAS, 406,1055-1059 (2010)


