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INTRODUCTION IDE1:(Q) = H pge CONSTRAINTS
The extensive release of accurate astronomical data has opened avenues for answering questions about modern cosmology. Its level of precision enables us to e It can be seen that the parameter ¢ for the joint datasets favours the - 50+cC 51 CCPantheonP+SHOES
evaluate cosmological models and accurately determine cosmological parameters. One model, namely the ACDM adequately explains most observations that there quintessence in which DE decays into DM, contributing to the accelerat- — e = e
currently are, with the cosmological constant (A) explaining the observed acceleration of the Universe and cold dark matter (CDM) generating gravitational wells ing expansion of the universe at present.

that align with observations on both galactic and cosmological scales. For instance, the observation of supernova type Ia (SNIa) made researchers aware in 1998 of
such expansion and acceleration of the Universe after the unexpected faintness in the data. Better yet, most independent observations, including cosmic background

microwave (CMB) [1], baryon acoustic oscillations (BAO), weak lensing (WL) and many more, confirmed the fact that the Universe indeed is expanding. o
. . . . 3
e Addressing the shortcomings of the standard cosmological model (ACDM). * This combination provides strong constraints on all parameters, but BAO 9
+ CC, BAO + PantheonP + SHOES, and CC + PantheonP + SHOES weakly

e Exploring whether a non gravitational interaction in the dark sector is supported by data. constrain the parameters except for Hy. 1

e Testing the viability of the IDE model using observational data. . I
DARK ENEGY AND DARK MATTER INTERACTION ACDM CONSTRAINTS e Thus, the constraint estimate value H, from CC + PantheonP + SHOES |
Dark energy and Dark matter are the two fundamental forces shaping how the ACDM %1;;)5\75 alignment with the value found in when combined with SNIa and 75|
universe behaves. As their names imply, they cannot be directly observed even ' e
with the most advanced instrum.ent.s capable of de’Fec.ting various x./vavelengt.hs e Here ACDM shows tightly constrained parameters ©,,, and Hy. os|
of light. We can only study them indirectly by examining how they interact with e The combination of all datasets, CC + PantheonP + SHOES maintains the Hy
other types of matter throughout the universe. tension at 50, reducing the calibrated PantheonP + SHOES. . . . . ol

- ; e Despite the degeneracies that lie within the BAO and PantheonP + SHOES ¢ This model does not reconcile the tension Hy, as can be seen from the in- =
Composition of the Universe . : ' consistencies in the values. 140}
we cannot rule out ACDM before cross-checking other available datasets.
Dark matter Dark Hlotoats o o015 i3
27% maitter Ord inar}r e BN BAO+CC i CC+PantheonP+SHOES Qn W £ H, ry
2704, —_— £ maE  BAO+PantheonP+SHOES BAO+CC+PantheonP+SHOES
504 Ordinary matter e Insummary, this interacting model shows mild interaction in the dark sec-  Figure 3: Two—dimensior.lal plots illustrating 1D marginalized distribution§ wi.th lo and
4% H and He tor and shows consistency with the non-intera cting ¢ osmolo zy. 20 contours of cosmological parameters for the IDE1 model from the combination of all.
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* The observational constraints on the parameters are weakly constrained,
apart from the H, parameter showing compatibility among the combined
datasets with a smooth Gaussian distribution.
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e We look at the contours of {€,,,w},{Q,, ¢} and {w, &} they have a tilted
form showing the degeneracy between the parameters. This comes from
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Figure 1: The Composition of the Universe: We can only see and interact with 5% of
the matter in the universe, while a little over two-thirds of it is composed of dark energy.
(Image credit: Lumen Learning Astronomy)
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the set priors for each parameter. Despite the degeneracies shown from the o)
contours, this model reveals weak observational support for the interac- 031
tion between DM and DE. Moreover, the model can help alleviate the H| ]
tension due to the recorded uncertainties.
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* Dark energy and dark matter evolve independently with energy densities
managed separately in ACDM.
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The conservation equations as; : L. : : 156 |
O Ho rg model, but also is statistically viable, a key challenge in contemporary cos- 2 oD
Figure 2: Two-dimensional plots illustrating 1D marginalized distributions with 1o and ol

: 20 contours of cosmological parameters for the ACDM model from the combination of ] | '
pac + 3Hpae(1 +wae) = —Q e | | an o r m : ; . ,_d

e This model demonstrated competitive performance against ACDM and Figure 4: Two-dimensional plots illustrating 1D marginalized distributions with 1o and
B 20 contours of cosmological parameters for the IDE2 model from the combination of all.

CONCLUSION

[1] David N Spergel, Licia Verde, Hiranya V Peiris, Eiichiro Komatsu, MR Nolta,  We investigated the non-linear model using the combination of the cosmological datasets: DESI BAO, PantheonP + e Qur results indicate that this model, which is a nonlinear model, not only fits current observational data better than
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