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w = 1.

Dynamical dark energy could have an equation of
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Dark Energy is not only dynamical but also has an
equation of state < -1.
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Quintessence Field

Consider a scalar field rolling down some potential. The classical field equation can be written as

é+3Ho+V'(¢) =0.

The equation of state of the scalar field is given by:

For wg < —1 we need,

¢22 < 0. _> Unphysicall
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PADE-w parametrization with €g = 0.2,70 =3 and CPL and BA
with wg = —0.86, w, = —0.14 are also shown.
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Interacting DM-DE

Suppose the dark matter mass varies with the tield, which could occur through renormalizable operators
such as 282 for scalar DM or X@X for fermionic DM (Farrar and Peebles, 2003).

0 0
Pdm Pdm
Pdm ~ — 5 = Pdm ~ — 5 (9)
a a

The modified Friedmann Equation becomes

H? = ppa™ + pang(¢)a™ + py
| |
= ppa " + @’ + Pgma > (g(@) — 1) + py

1 .
= p)a "’ + Ecbz + Vet (0)

Where,
Vet = V(¢) + pama >(9(¢) — 1) = V(¢) + G(¢)a>.
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Interacting DM-DE

Hence, the effective equation of state of dark energy becomes
39° = V(¢)
30+ V(9) +§(¢)a?

Weff —

We can get a phantom crossing if the correction to the potential is negative i.e. g(¢) < 0.

Thus, the dark energy “eftectively” crosses into the phantom regime as the tield evolves and
the dark matter was less massive in the past.
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Interacting DM-DE

We consider the following potentials and dark matter mass functions.

1. SCCI'CII‘ V(¢) _ A—I— %m2¢2

() = 51°(8" — ).

2. Fermionic 1 5,5 4 free parameters including
Vig)=A+ DR ¢ the initial tield velocity my.

g(¢) = A(9p — ¢o).

3. Exponential

V(ig) =A+ Ae
g(¢) = B(e™** —1).
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Data Analysis

Solve the differential equations (setting 87G/3 = ¢ = 1)

dp Ty drmy () Ty \/ﬂm 1,
da aH da aH . a H = ad 27T¢+Veff(¢)'

Incorporate the new evolution history in to Boltzmann code CAMB. Use mcmc sampler
Cobaya to constrain the 4 free parameters and compute the x*

Datasets used

e Planck 2018 CMB + Lensing
e DESI 2024 BAO
e Union3 Type 1A SN.
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But there's also another catch! Marginalized Posterior on the Parameters for the Exponential Model.
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Equation of State

The 3 models cross into the phantom regime
around redshitt 0.5 just like DESI and recreate
the evolution history upto z = 2.5.

Parameter

P = 28 + V() + pa*(9(6) 1)

When the effective energy density becomes O,
the equation of state briefly becomes oo,

Etfective equation of state and energy density vs
Redshift for the exponential model.

But wait, there’'s more!
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e The coupling of dark matter to an ultralight quintessence tield can introduce a long-range
force between DM particles, that is constrained by structure formation [2204.08484|.

e We can determine the strength of this interaction relative to gravity and call this [3

B < 0.03.
Model 15,
> 0.6
0.03

0.006 — 0.01
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¢ Interacting DM-DE models offer a good explanation for the DESI anomaly at small
redshifts but have a divergence at large redshitts = Need a lot of fine tuning!

e The scalar interaction is ruled out by structure formation constraints and the fermionic one
is at the verge. Exponential coupling small enough to escape them.

e Almost all phantom models make the Hubble tension worse. True even for
parametrizations :(.
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e Could consider ditferent shape of potential in early and late universe. [2604.08449]

e Look at other types of potentials such as string-theory motivated and evolve forwards.
[2507.03090]

e Reject phantom crossing altogether, and wait for future BAO surveys.

o The Bayesian evidence still very small and not robust across various datasets

[2602.0611].

o Systematic Errors? [2504.16932]



Thank You!
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