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In ACDM cosmology neutrinos start free-streaming after weak decoupling epoch and contribute
to the damping of Primordial gravitational waves entering the horizon. New interactions can stop
neutrinos from free-streaming, therefore, enhance the primordial gravitational waves at small
scale. This leads to enhancement of CMB - B mode compared to ACDM at higher multipoles
(€). This enhancement mimics blue initial spectrum of primordial gravitational waves. Therefore
departure from the scale invariance, if observed in future observations of CMB - B modes, can be
a signature of non-standard neutrino interactions. High precision detection of primordial gravita-
tional waves or CMB - B modes will be able to distinguish between blue initial spectrum and new

neutrino interactions.
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1. Introduction

Primordial gravitational waves (PGW) are messengers of physics at exceptionally high ener-
gies (UV physics). These are tensor perturbations produced in the early universe which source
polarization anisotropies in the Cosmic microwave background (CMB) as B modes. In the linear
theory scalar perturbations do not create B modes, therefore, CMB-B modes provide a cleaner way
to detect PGW.

In recent times, with the onset of gravitational wave experiments, lots of research are being
carried out towards finding new sources of gravitational waves. Here we considered the inverse
problem - disentangling UV physics (nature of PGW initial spectrum) in the case of detection of B
- mode [1]. The propagation of gravitational waves depends crucially on the anisotropic stress of
the medium which is sourced by free streaming relics such as neutrinos. Non-standard interactions
of the neutrinos modify the anisotropic stress, thereby, leave imprints on the observed B-mode
spectrum. These modifications can mimic features of the initial spectrum of the gravitational waves,
therefore, can make extraction of UV physics very challenging.

2. Model for Dark matter - Neutrino Interaction.

New neutrino interactions are severely constrained within the Standard Model (SM). Therefore
to get sizeable non-standard interactions of neutrinos, we need to couple them with new degrees of
freedom beyond the SM. There is overwhelming evidence for the existence of one such candidate
- Dark matter (DM). Dark-matter neutrino (DM-V) interaction has been studied in the literature in
the context of small scale problem of ACDM[2].

The lowest order gauge invariant Lagrangian involving dark matter and neutrino can be written

as,

v
VA’
which generates DM-V interaction after higges gets a vev (v). In this Lagrangian, H and [/ are
the SM Higges and lepton doublet. ) is the DM and v is the mediator having masses m, and
my respectively (my > my). We introduce the mediator to preserve an additional U(1)p under
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which mediator and DM are oppositely charged to make the DM stable. We preserve lepton flavor
symmetry by choosing y to be fundamental under SU (3);.
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Figure 1: Feynman diagram for DM-v scattering. Left one is for fermionic DM whereas the right
one is for complex scalar DM.
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In the red-shift range of interest (z 2 1000) we assume the neutrinos to be massless and com-
pute the intensity averaged scattering cross-section between the DM and the neutrinos. Depending
on the mass difference of the mediator and the DM we get two kinds of temperature dependences
of the cross-section. In the parameter space, where the mass difference is small compared to the
momentum of neutrino, the cross-section is constant at leading order and given as,

o ~ 00 ~ 1071 x op, x (()'?1)4 (log’ﬁ) - 2.2)

where o, = 6.65 x 1072 ¢m? is the Thomson scattering cross-section. In other regions of the
parameter space the cross-section is dependent on square of neutrino temperature,

T, 2 n\4/ A -2 m —4
~ @ v ~ 103 -2 (7) a ( x > 23
Orv ¥ © <1.95 K> ome \o.1) \o1) \100Gev 23)

where A = (m%,, — m%) / mJZC and in the last line we have used the scaling of temperature with

the scale factor (7, o< 1/a). We computed the modifications of neutrino tensor Boltzmann equations
with the new interaction. As DM is non relativistic, it does not contribute to anisotropic stress. The
comoving scattering rate is given by,
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where py is the DM energy density which is related to present DM energy density by p, = p, "/ a’.
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The scattering rate in each case is parametrized by u® and u® which are defined as,
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These modification are implemented in Boltzmann equation solver Cosmic Linear Anisotropy
Solving System (CLASS)[3].

3. Results & Conclusion

Primordial Gravitational waves are frozen outside the horizon, and after horizon entry, they
undergo damped oscillation. Anisotropic stress of the medium enhances the damping by removing
energy from PGW to the free-streaming relics[4]. In SM, neutrinos start free streaming after de-
coupling from the plasma at redshift z ~ 10°. Additional interaction, in this case, DM-V interaction
stops neutrinos from free streaming, thereby, suppress the growth of anisotropic stress. Therefore
the amplitude of gravitational waves gets enhanced compared to the case of no new interaction
which is ACDM.

The scattering rate is higher at earlier times, therefore, the enhancement is more prominent
for modes with smaller wavelength (larger wave-number) which make horizon entry at an earlier
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Figure 2: Evolution of the PGWs for three different wave-numbers for ACDM and after including
additional neutrino interaction. This figure is adapted from [1].

time [Fig. 2]. The effects on unlensed CMB B mode are shown in Fig. 3a where we have plotted
the fractional change of B-mode power spectrum from the ACDM case. Here we also see that
small scale modes which correspond to large multi-poles (¢) get enhanced compared to ACDM and
the enhancement increases as we go to larger . The curves labelled ‘no damping’ represent the
maximum change in B mode in the extreme case when neutrinos never free streamed.
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Figure 3: Fractional change of B-mode power spectrum compared to ACDM. ACPB /CBE = (C/PB —

CPB) /CPB where C/PB is the modified spectrum and CP8 is ACDM spectrum. These figures are

adapted from [1].

The amplitude and shape of the initial tensor power spectrum are determined by tensor to
scalar ratio r and tensor spectral index ny. For ACDM, assuming single field slow roll inflation,
nr ~ 0. In fig 3a we show the effect of a blue primordial tensor spectrum (nr > 0) with ny = 0.05
which may occur in some complicated model of inflation. It also enhances the small scale modes
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compared to ACDM similar to the DM-V case.

Therefore DM-vV interaction mimics blue primordial tensor spectrum which is a UV property
of primordial gravitational waves. However the shapes of these two types of modifications are dif-
ferent, therefore, high precision CMB - B mode experiment should be able to differentiate between
these two scenarios. However, if the first detection of the B modes is just above the noise threshold,
then dark matter-neutrino interaction may be mistaken for a blue primordial tensor spectrum.

DM-v interaction also modifies CMB scalar modes and matter power spectrum, therefore,
gets constrained from CMB and Large scale structure (LSS) observations[5, 6, 7, 8]. These bounds
which assume all the DM interacting with neutrinos can be weakened significantly in multicompo-
nent DM scenario where only a fraction of the total DM interacts with neutrinos[9, 10]. Therefore
in multicomponent model DM-vV interaction can have a larger effect on CMB - B modes.
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