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Activities of the Department
- put in the PERSPECIVE

.

1. Dark matter/energy problem –fitting models
to observations

2. Dark matter/energy problem as a problem of model 
selection -- information theoretic model selection 
approach

3.  Astrophysical bound on exotic (non-stadnard) physics
4.  Gravitational wave experiments in cosmological context

5. Last stages of stellar evolution
6. Model – theoretical approaches to Quantum Gravity



What is the PERSPECIVE ?

.



Activities of the Department
- put in the PERSPECIVE

.



Key Questions:

.



Pillars of Modern Physical Cosmology

1. CMBR

2. LSS

3. Gravitational lensing

4. Quasar spectra (Lα)

5. High redshift SN Ia

http://antwrp.gsfc.nasa.gov/apod/image/0110/a2218c_hst_big.jpg


Activities of the Department
M. Biesiada

• Dark energy in the Universe – tests and bounds
SNIa, BAO, acoustic peaks in CMBR
(partly in collaboration with Cracow, OAUJ)

Strong lensing systems as alternative test

• DE problem as a problem of model selection – many 
competing models with little theoretical guidance 
which is right ; Which model (or a class thereof) is 
the most supported by the data ? 

(partly in collaboration with Cracow, OAUJ)





Perspectives

Hubble diagrams on GRB data – via Ghirlanda relation

Possible collaboration --- T. Bulik CAMK/OA UW





Lensing system
HST 14176+5226
in V band

zL=0.809
zs=3.4

E=1.”489
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Idea:
Take the expression for the Einstein ring

S

LSv
E D

D
c

2

4 ⎟
⎠
⎞

⎜
⎝
⎛=
σπθ

Determined by the
cosmological model

From angular measurements of
images 1 and 2
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Quintessence

w < -0.67

Dynamical scalar
field –

w(z) = w0 + w1 z
w0 > -0.1
w1 < -1.2 

Chaplygin Gas

models with
A0 1 preferred
i.e. equivalent to 

CDM

Brane world



Perspectives
Apply this for a sample of strong lensing
systems from CLASS survey

Pros.

Method complementary to Hubble diagram 
– different systematics

Cons.
Dependence on the lens model – mass density profile





Four classes of cosmological models invoked to explain 
accelerated expansion of the Universe

•Cosmological constant Λ
•Quintessence – dynamical scalar fields
•Chaplygin Gas
•Multidimensional models – braneworld
scenarios



Which model is the best?

• The one that is the most supported
by data.

• Model selection based on information
theory

• Starting point: Kullback - Leibler
Information AIC (Akaike
Information Criterion)

• Also, BIC and Bayesian methods



Cosmological models fitted to 
SN Ia data



Comparative ranking



Perspectives
1. Test different models with different priors

e.g. topology prior – Boud Roukema

2. Model selection based on different tests: CMBR, BAO,
LSS power spectrum, (ambitious task of self-consitency)
GRBs, SN Ia, lensing, Alcock-Paczynski
test for clusters



Astrophysical bounds
on Dark Matter canditaes



i  d  e  a
• weakly interacting particles (axions, Kaluza-Klein 

gravitons, etc. ) can be produced in stellar interiors 
and escape freely

• they become an additional channel of energy loss 
from stellar interiors (WIMPS too !)

• new channel of energy loss would modify stellar 
evolution

e.g. Raffelt G., Annu.Rev.Nucl.Particle Sci.,49, 1999



Scheme of Evolutionary Track of a Star



Instability strips

on H-R diagram

ZZ Ceti



What have we done
with G117-B15A ?

•we have used this approach to constrain the compactification
mass scale Ms (in n=2 large extra dimensions)

Arkani-Hammed, Dimopoulos & Dvali (1998) model 

the upper 2σ limit on POBS translates into a bound:

Biesiada & Malec PhysRevD 65, 2002
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comparison with other bounds

• LEP Ms > 1 TeV/c2

• The Sun Ms > 0,3 TeV/c2

• Red Giants Ms > 4 TeV/c2

• SN1987A Ms > 30-130TeV/c2

• White Dwarf Ms > 14,3 TeV/c2



What have the others done
with G117-B15A ?

• used G117-B15A to constrain the mass of an axion

•evolutionary and pulsational codes with axion emissivity added

•obtained bound to axion mass 

Corsico et al. New Astron. 6, 2001

meVmax β2cos4≤



Another issue - Varying G

• renewed debate over the issue 
whether the fundamental constants 
of nature (G, c, h or e) can vary with 
time 



•Dirac’s Large Number Hypothesis

•Brans-Dicke Theory

• Theories with higher dimensions, superstring theories, 

M-theory etc. 

• Claims that fine structure constant might vary

Webb & Murphy 2001

• Gravity constant G:

historically the first considered as varying

MOTIVATION 



Paper

M.Biesiada & B.Malec
MNRAS 350, 644, 2004

Astroseismology

of

G117-B15A



Nature of oscillations: g-modes, Brunt - Väisälä frequency

Asymptotic form Rate of period change (classically)

Modification for varying G

Cooling
Residual
contraction

Here is the dependence on  G



Idea: 
observed agrees with

theoretical (with some accuracy)

so

We obtain the bound

[Theoretical
model according to 
Salaris et al. 1997]



Perspectives

Use stellar evolution constraints (esp. 
Helio/astroseismology & WD cooling) for 

Supersymmetric particles



• Equation of state in (proto)neutron stars – field 
theoretical approach

• Structure and evolution of strange and hybrid
stars

• some interesting results concerning mass 
distribution of hybrid stars

Prof.Manka-Marcisz + Ilona 
Bednarek (+ PhD Students)



• Model theoretical approach to Quantum Gravity

• Toposes as natural environment ….

Dr Jerzy Król



Bednarek I. Mańka R., Properties of a protoneutron
star in the Effective Field Theory, Phys. Rev. 
C73, 045804 (2006).

Król J., A model for spacetime. The role of 
interpretations in some Grothendieck topoi, 
Found. Phys. 36, No5, (2006).

Król J., A model for spacetime II. The emergence of 
higher dimensions and field theory/strings 
dualities, Found. Phys. 36, No12, (2006).

Some current papers
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