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State of the Art

Our universe is not only expanding but it is also accelerating!!
ΛCDM model has been constrained with unprecedented accuracy. But it suffers from the
challenges coming from both the theoretical and observational sides.
From theoretical side it suffers from the problems like Cosmological Constant Problem,
Coincidence Problem, Fine tuning problem etc.
With the improvement in our ability to constrain the cosmological parameters, a few
statistically significant tensions has emerged.
It seems that the late time cosmological data and early time cosmological data are in
tension. 
We need to extent our imagination beyond standard ΛCDM.
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Current Tension in Cosmology
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CMB Planck data together with BAO, BBN, and DES have constraint the Hubble parameter to be H0 ∼ (67.0 −
68.5)km/s/Mpc. On the other hand, cosmic distance ladder and time delay measurement like those reported by

SH0ES and H0LiCOW collaborations have reported H0 = (74.03 ± 1.42) km/s/Mpc and H0 = (73.3 +1.7 −1.8 ) km/s/Mpc
respectively by observing the local Universe.
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Tension



DESI 2024 Results
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DESI installed on the Nicholas U. Mayall 4-meter 
Telescope at Kitt Peak National Observatory

Dark Energy Spectroscopic Instrument (DESI) data covers  on
the  redshiftrange of z∈[0.1,4.2], the survey is divided in to
seven redshift bins. This data contains five different samples,
the Bright Galaxy Sample(BGS), Luminous Red Galaxy
Samples(LRG), Emission Line Galaxy Sample(ELG), Quasar
Sample(QSO) and Lyman-α Forest Sample(Lyα).



DESI 2024 Results
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Suggests  dynamical nature of
the  dark energy .
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Cosmologists have compelling
evidence to explore dynamical

dark energy models.
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Modification of  class

You might be interested in implementing new features in class:

May be addition of a new species.
Modification of the Gravity.
New mathematical description of the existing species.
New input or output  observables.
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Modification of  class
THE LOGIC

 
 Think about an acronym that is easy to search in the code and distinguish your
modification from the other acronyms in the code.  

1.

Think of the feature of your modification which is closest to the feature or species which is
already implemented in class.  Find that acronym and search for it. For example, in case
you want to implement a new fluid search for the for: fld)

2.

Find for all occurrences of fld in include/.h and source/.c (normally they are all within
some "if (has_fld) (...)" and you can search directly for occurrences of has_fld)

3.

Duplicate these occurrences according to your new model.4.
Change fld into your acronym.5.
Change some equations to describe the specific properties of your model.6.
Adapt the python module of the code.7.



Give a suitable acronym
and find the closed

feature already
implemented in the class
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Modification of  class
Construct your
modification
theoretically

Find all the instances and
change it according to
your model features

Implement the equations
representing your model.

Adapt the python
module of the code.

You might need to
modify the MontePython

too.



Structure to modify CLASS
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background.c : File to modify the background cosmology

input.c: to include the input parameters of your models

thermodynamics.c to modify the thermodynamics 

perturbation.c modification of the perturbed equations

output.c: to include the output parameters of your models

class_public/isource/xxxx.c



Structure to modify CLASS

Add the
parameter and
the variables of

your model

class_public/include/background.h



Structure to modify CLASS
class_public/include/python/

cclassy.pxd Add the same variable or

parameter which you have added in

include.h here so that MontePython

can find it.

cclassy.pyx  If you want to copute some observables as
drive observable define it here



Lets Modify class
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Read carefully the preamble of

each file you want to modify.

Densities are all

expressed in units

of
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Compute the density
and pressure for

each component and
add it to the total

density and pressure.



Dark Energy in class
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class_public/explanatory.ini

You can chose three different description of the dark energy components.
Cosmological Constant
Fluid
Scalar Field 
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Cosmological Constant
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Scalar Field
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Fluid Description



Modification of the perturbation
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class_public/source/perturbations.c

pba->has_scf pba->has_fld 



Let us modify the fluid description
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 Jassal-Bagla-Padmanabhanparametrization(JBP)

Jassal, H.K.; Bagla, J.S.; Padmanabhan, T. WMAP constraints on low redshift
evolution of dark energy. Mon. Not. Roy. Astron. Soc. 2005, 356, L11.



Let us modify the fluid description
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 Jassal-Bagla-Padmanabhanparametrization(JBP)

Write  the  EOS in terms of  w(a).
Find the differentiation:

Find the integration:



Let us modify the fluid description
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 Jassal-Bagla-Padmanabhanparametrization(JBP)



Let us modify the fluid description
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include/background.h



Let us modify the fluid description
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source/background.c

The EOS

The Derivative

The Integration



Let us modify the fluid description
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source/input.c



Let us modify the fluid description
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source/input.c



Let us modify the fluid description
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python/classy.pxd explanatory.inii



Let us modify the scalar field description
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The  KG Equations  for the Scalar Field



Let us modify the scalar field description
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The  KG Equations  for the Scalar Field

We need to find out.



Let us modify the scalar field description
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explanatory.ini 



Let us modify the scalar field description
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explanatory.ini 



Thank you
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