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Introduction
• The explanation of the 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) coefficient 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
this idea was discussed in Biesiada M., 2006, Phys. Rev. D 73, 023006

     and in Grillo et al., 2008, Astron. Astrophys., 477,397
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The Method
• our interest concentrate 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

• spatial flatness is assumed  (Hinshaw et al. 2009)

●    realistic lens model is needed  ~  mass density profile approximeted by  
     Singular Isothermal Sphere model (SIS) 
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The Method

• Einstein ring reads

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

• The main relation obsD
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• cosmological models            enter through distance ratio

• for observable counterpart we need realiable assesment of σo and θE 

• cosmological parameters were fitted by minimizing
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advantages of the method:

• independence on H0    

• not affected by dust 
absorption, or 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 Union08 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 in agreement with 1σ CI from lenses
85.0,23.1 −− 74.0,22.1 −−
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Chevalier-Polarski-Linder: best fits and 
confidence regions

68% confidence 
region

95% 
confidence 
region
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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: best fits and 
confidence regions

68% 
confidence 
region

95% 
confidence 
region
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standard rulers versus standard 
candles

• standard rulers
– gravitational lenses (the same 

sample as before)

– CMBR shift parameter R

– BAO dimmensionless 
combination of so called 
dilatation scale

• standard candles - SN Ia
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joint analysis

Two additional models tested (besides ΛCDM (p=Ωm), Quintessence  
(p=Ωm,w), CPL (p=Ωm,w0,wa))

• Chaplygin Gas

• Braneworld scenario

The probes described above were combined by calculating joint likelihoods

in our study equivalent to the assesment of

SNlensBAOCMBcandrultot LLLLLLL ×××=×=
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Standard rulers and standard candles probe distance measures based on different concepts – 
angular diameter distance and luminosity distance – so one step before making a full joint fit we 

performed fits based on rulers and candles separately
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Fits  for:

•rulers;

•candles

•joint
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best fits (dots) and confidence regions

Chevalier-Polarski-Linder              Quintessence
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Which model is the best?
• Minimizing the chi-square is good for finding best parameters in a model but 

is insufficient for deciding whether the model itself is the best one
• What we want to know is which model is supported by the data the best
• Here model selection is based on information theory
• We use two information-theoretic criteria:

– Akaike Information Criterion (AIC),
– Bayesian Information Criterion (BIC)

Akaike criterion is based on Kullback –Leibler information I(f,g) between two 
distributions

KdataAIC 2))|p̂(log(2 +−= L
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KdataAIC 2)|p̂(2 += χ
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in our case:

AIC value for a single model is meaningless, differences are used instead

Akaike weights – relative normalized likelihoods

Likelihood function

)ln(2))|p̂(ln(2 nKdataBIC +−= LBayesian Information Criterion (BIC)

derived by Schwartz

number of parameters
sample size
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Conclusions
• Obtained results demonstrate possibility of practical use of strong gravitational 

system for constraining cosmological models

• The small number of lenses available (at the time we started our study - 2009) makes 
the precision of cosmological parameters determination poor comparing with oher 
methods, yet feasibility of the method is demonstrated.

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

• Grillo et al. 2008 demonstrated on simulations that a 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)
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Conclusions
• The best fit obtained for the model parameters in joint analysis is in agreement with 

joint analyses performed by others on different set of diagnostic probes.

• Information theoretic methods used to assess which model is the most supported by 
data lead to conclusion that the concordance model ΛCDM  is preferred and brane 
world scenario is practically irrelevant.

• AIC :
– ΛCDM is only slighty prefered over quintessence
– CPL an Chaplygin are considerably less supported
– Braneworld ruled out

• BIC:
– ΛCDM wins
– Quintessence considerably less supported
– Others – ruled out Biesiada M., Malec B., Piórkowska A. RAA 

submitted (2011)
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