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Outline of talk:

I Inflationary Perturbations of DM and Neutrinos Species.

I Effect on CMB.

I Effect of DM-neutrino interactions.

I Effect of DM annihilation to neutrinos.

I Constraining such interactions from PLANCK-2018 data.

I Viable DM Model and constraints on the parameter space.

I Conclusions.
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History of the Universe
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CMB: LCDM fit

For we can fit the CMB data with just 6 parameters quite well:
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Assumptions in Neutrino Cosmology
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Dark Matter Primer

Slides (Poulin)
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Dark Matter in CMB

Slides (Poulin)
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Inflationary Perturbations: DM interactions

ΛCDM model of cosmology assumes DM has no interactions. With DM-neutrino
scattering interactions present, the perturbation Euler equations, in Newtonian gauge,

Parametrizing µ = aσΨ−νcnDM , S = 3
4
ρDM
ρν

and

In principle σΨ−ν can be velocity-dependent.
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Inflationary Perturbations: DM annihilation

Including DM annihilating to neutrino species, the perturbation equations, in
Newtonian gauge,

µ = aσΨ−νcnD M Parametrizing

Scope for Sommerfeld enhancement of DM annihilation.
We will constrain the quantities u and Γ from PLANCK-2018 data. Analysis done with
Boltzmann solver CLASS.
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Sommerfeld Enhancement of DM Annihilation Rates

Slides (Feng) Irvive seminar
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Sommerfeld Enhancement of DM Annihilation Rates Cont.

QFT picture with dressed propagator:

The annihilation rate is increased with the velocity of the particle due to the loop
corrections arising due to non-perturbative physics. Very similar to the classical case.
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Effects of DM-nu Scattering in CMB

I DM-ν scattering leads to clustering (in contrast to free-streaming) of the
neutrinos during radiation domination. This means we have deeper gravitational
potential fluctuations, affecting the photon-baryon fluid oscillations. Gravitational
boosts to all the peaks barring the first one.

I Due to the DM-ν scattering, the combined fluid attains a sound speed, which is
smaller than that of the baryon-photon fluid as non-relativistic matter fraction is
higher in the first fluid. This in turn drags back the sound waves of the
photon-baryon fluid, letting them move to a smaller distance than for the
standard scenario. So, the peaks get shifted to larger l values.

I The contrast between even and odd peaks of CMB Power Spectrum will occur
due to shift of temperature fluctuation oscillations by metric perturbation.
Having DM-ν scattering during recombination suppresses the metric
perturbation, hence decreasing the contrast between even and odd peaks.
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Effects of DM-nu Scattering in CMB

I Metric fluctuations evolve with time as long as DM stays coupled to neutrinos
efficiently. As stated before, CMB PS gets contribution from variation of metric
fluctuations along the photon path known as integrated Sachs-Wolfe effect.
Variation of this kind just after recombination (after the mode corresponding to
the first peak has entered the horizon) thus results in further enhancement of the
first peak.

I The features of the tail of CMB PS is highly suppressed due to diffusion damping,
so no visible difference due to non-standard scatterings is present at those modes.
On the other hand, small l modes are mainly dependent on the initial PS and late
time evolution of the Universe (as these modes enter the horizon at late time and
also the late integrated Sachs-Wolfe effect due to metric fluctuation variation
during Matter-Dark Energy equality contributes to these modes). As these are
not much affected by the DM-ν scattering, changing the scattering strength does
not affect low l modes.
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DM-nu Plots

Numerical Results:
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Effects of DM-annihilation

Due to the presence of DM annihilation to neutrinos (invisibles):

I The height of the peaks of CMB power spectra is lowered when the annihilation
channels of the DM particles are open (left panel), resulting in less power in TT
correlations. This is primarily because of the fact that annihilation of DM into
relativistic species decreases the DM density fluctuations, resulting in shallower
gravitational potential fluctuations.

I This also decreases the contrast between even and odd peaks, similar to the
scenario in DM-ν scattering
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Effect of DM-annihilation Plots

Numerical Results:
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Results

We have (ΛCDM + u + ) parameter model:
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Results: Best-fit Values

MCMC analysis:
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3d poteriors
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Neff open

We have ΛCDM + u + Γ + Neff parameter model:
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Neff open: best-fit values

MCMC Analysis:
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Neff open: 3d poteriors
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Viable Dark Matter Model

Let us discuss a viable particle DM model now:

Processes that we wish to have in he dark sector:

DM needs to light (sub-MeV) and such candidates usually have some involded
phenomenology of forming the thermal relic. See Berlin (2017), D’Agnolo (2018),
Evans (2019).
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Viable Dark Matter Model

Translates in the DM independent parameter space:



CMB

Conclusions

I Light dark sector if it exists can be constrained via CMB.

I Such dark sector composing of DM is naturally expected to involve DM-nu
scattering and DM annihilation to neutrinos.

I DM-nu interactions are highly constrained from PLACK data.

I DM-annihilation is highly constrained.

I Usually such DM annihilations do not lead to better constraints on DM
parameter space. However if we have Sommerfeld-enhancement in the DM
annihilation cross-section, it can leave its impact on CMB.

I Viable DM candidate involving light psuedoscalar (or pseudo-vector) mediators
for Sommerfeld can be tested and be investigated from CMB.

I Invitation to imagine and construct such light dark sector models and
complement the cosmic footprints with laboratory observable predictions.
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Thank You


