
List of Abbreviations

Abbreviation Meaning
DM Dark matter
CDM Cold dark matter
WDM Warm dark matter
HDM Hot dark matter
EoS Equation of state
DE Dark energy
BBN Big Bang nucleosynthesis
FLRW Friedmann-Lemaı̂tre-Robertson-Walker
CMB Cosmic microwave background
BAO Baryonic acoustic oscillation
SNe Ia Supernova type Ia
CFHTLenS Canada France-Hawaii telescope lensing survey
SZ Sunyeav- Zel’dovich
KiDS Kilo degree survey
LSS Large scale structure
HST Hubble space telescope
GWs Gravitataional waves
CLASS Cosmic linear anisotropy solving system
MCMC Monte Carlo Markov chain
AIC Akaike information criterion
COBE COsmic Background Explorer
NASA National aeronautics and space administration
ESA European space agency
CPL Chevalier-Polarski-Linder
CL Confidence limit
LIGO Laser Interferometer gravitational-wave observatory
KAGRA Kamioka gravitational-wave detector

xiv



List of Tables

2.1 Constraints on the parameters of ΛCDM model at 68% CL from Planck-

2018 final release. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

3.1 Uniform priors on the parameters of DM-photon coupling model . . . . . 65

3.2 Constraints on the free parameters and some derived parameters of the

DM-photon coupling model for four combinations of data sets. The upper

and lower values with the mean value of each parameter denote 68% CL

and 95% CL errors. For
∑
mν and Γγ , the upper bounds at 95% CL are

mentioned. The parameter H0 is measured in the units of km s−1 Mpc−1,

rdrag in Mpc, whereas
∑
mν is in the units of eV. The χ2

min values of the

fit are also shown in last row. . . . . . . . . . . . . . . . . . . . . . . . . 68

3.3 Constraints (68% and 95% CL) on the free parameters and some derived

model parameters with four different data combinations are displayed.

The parametersH0 and
∑
mν are measured in the units of km s−1 Mpc−1

and eV, respectively. The χ2
min values of the fit are also shown in last row. 77

3.4 Difference of AIC values of considered models with respect to minimal

ΛCDM model from all data combinations. . . . . . . . . . . . . . . . . 81

4.1 Uniform priors on the free parameters of the model under study. . . . . . 89

xv



4.2 Constraints on the free parameters and some derived parameters of ΛWDM

model for four data combinations. The upper and lower values over the

mean value of each parameter denote 68% CL and 95% CL errors. For

the parameters: wdm0, wdm1, and ĉ2
s,dm, the upper bounds at 95% CL are

mentioned. The parameter H0 is measured in the units of km s−1 Mpc−1.

The entries in the second row of parameters represent the constraints on

the same from standard ΛCDM model. The final row displayed the χ2
min

values. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90

4.3 Lower bounds on DM mass mdm in the units of keV from four data com-

binations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96

4.4 Difference of AIC values of ΛWDM model under consideration with re-

spect to ΛCDM model (reference model) with four data combinations.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100

4.5 Constraints on the free parameters and some derived parameters of the

VWDM model for four different data combinations. The upper and lower

values over the mean value of each parameter denote 68% CL and 95%

CL errors. For the parameters: wdm0, wdm1, and ĉ2
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