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Plan
 After a short review of Palatini gravity 

we give descriptive account of some 
recent cosmological models with non-
minimal coupling between scalar field 
and curvature in this framework. The 
topics to be discussed include:

 Generalized Friedmann equation
 Estimation of  model parameters by 

astrophysical data
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 Bayesian analysis of model comparison 
and selection

 Dynamical system analysis in terms of 
effective potential

 Comparison against the standard 
(LCDM) cosmological model 

 Statefinder diagnostics
 A role of quadratic Starobinsky term
 Future and initial singularities
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Next part of this talk is based 
          JCAP 02 (2012) 027
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Abstract. 
We study new FRW type cosmological models of modified gravity treated on the  background of Palatini 
approach. These models are generalization of Einstein gravity by  the presence of a scalar field non-minimally 
coupled to the curvature. The models employ  Starobinsky’s term in the Lagrangian and dust matter. Therefore, 
as a by-product, an exhausted  cosmological analysis of general relativity amended by quadratic term is 
presented. We investigate dynamics of our models, confront them with the currently available astrophysical  data 
as well as against ΛCDM model. We have used the dynamical system methods in order to investigate dynamics 
of the models. It reveals the presence of a final sudden  singularity. Fitting free parameters we have 
demonstrated by statistical analysis that this class of models is in a very good agreement with the data (including 
CMB measurements) as  well as with the standard ΛCDM model predictions. One has to use statefinder 
diagnostic  in order to discriminate among them. Therefore Bayesian methods of model selection have  been 
employed in order to indicate preferred model. Only in the light of CMB data the  concordance model remains 
invincible.



Cosmology from the generalized 
Einstein equations
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New cosmological models: solution I
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Quadratic gravity case 



New cosmological models: solution II
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The values of estimated parameters (mean of the marginalized posterior probabilities and 
68% credible intervals or sample square roots of variance, together with mode of the joined 
posterior probabilities, shown in brackets) for all discussed models. Model Iα=0 corresponds 
to rows  No 1, 7; model Iβ=0: No 2, 8; model I: No 3, 9; model IIα=0: No 4, 10; model II: No 5, 
11; ΛCDM: No 6, 12. Computations were made using Union2 + Hz + BAO data. We 
compare estimations without CMB data (top part of the table) with the one employing CMB 
data (bottom part).



Constraining model parameters by 
astrophysical data
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Values of the logarithm of Bayesian Factor together with the corresponding   χ 2 /2 
for models based on solutions I and II, with respect to ΛCDM model.

Comparison of Hubble’s diagrams for model I 
(green) and II (magenta). Grey line
denotes special case of quadratic gravity Iβ=0. 
Blue (Iα=0) and light blue (II α=0) lines denote 
most divergent with respect to ΛCDM (black) 
models without Starobinsky’s term.



Diagrams of the effective potentials
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The diagram of the effective potential in particle–like representation of cosmic dynamics 
for model I (left picture) and model II (right picture) versus ΛCDM model. Differences 
with LCDM model 



Phase portraits
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The phase portraits of the model I (left) and model II (right). We marked as a bolded 
trajectory of the flat model determined by the energy constraint E = 0. The vertical red line 
(left picture) passing through the saddle critical point divides each trajectory into two parts: 
decelerating (V (a) is a growing function of its argument) and accelerating (V (a) is a 
decreasing function of the scale factor) eras.



The role of the quadratic term



Dark matter  



Statefinder & other diagnostics



Plots of the deceleration parameter 
and the effective equation of state
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Plots of the deceleration parameter q(a) (left panel) and the effective equation of state weff (a) 
(right panel) for all models under investigation. Only model II (magenta) provides permanent 
acceleration. Models Iα=0 (blue) and IIα=0 (light blue) have no acceleration epoch at all. There is 
intriguing intersection near a = 0.75 for plots representing four models: I, Iβ=0, II and ΛCDM. 
Thin, vertical line denotes present time.









Thank you for your attention !
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