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* Introduction

* Particle Physics portal to Cosmology
» Higgs couplings to hidden sector

* keV DM sterile neutrino production
« Cosmological constraints

« Conclusions

L.A. Popa, Universe 2021, 7, 309
L.A. Popa, arXiv:2110.09392[hep-ph], 2021
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@ Particle Physics portal to Cosmology
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Energy scale [GeV]

unitarity bound
Ay~ 10"3GeV H. <25x105M, (95%CL)

vacuum stability bound
AI ~ 1011 GeV

Some yet unknown particles/interactions are required
to explain:

- neutrino masses and oscillations;

- matter-antimatter asymmetry:

- Dark Matter (DM) nature;

- Cosmological inflation;

- Dark Energy (DE) nature;

Issue: energy scale separation between
hidden and visible sectors
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Standard Model of Cosmology
ACDM: six free parameters + Inflation + GR
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@ Higgs portal interactions to Cosmology

SM*does not

« my, =125.10 +0.14 GeV &:;;'S”?fom 0, = H'H Lorentz and gauge invariant
having

© Myep= 172.6 £ 1.4 GeV interactions l
with non SM

«  No unambiguous signal of NP has been found fields HTH|¢|2

V D den|®*H'H

2
Ap=|1—|1- —2 ) sin?a g
[ ( mi) ]

M= /z,gle v = (V2GF)Y/2 = 246.22 GeV

): The Higgs plays a special role in probing dark sector by the
t=In(¢p/myop) coupling to hidden scalar states with no SM quantum numbers,
preventing the vacuum instability.
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@ keV sterile neutrino from the decay of a singlet
scalar field produced via Higgs portal

Motivation:

LD —= S NN my = <S>
keV sterile neutrino can simultaneously explain: N =DVt

- active neutrino oscillations; 1 y)
: — 2 ¢2 S ¢4 2
- DM properties; V=-m§S?+78* + 22y (HTH) S
- provide correct DM relic density for structure formation

-matter-antimatter asymmetry of the universe;

cS=¢C + Choss - Coos
The observed ~3.5 keV X-ray line - m,s ~ 7.2 keV HH&SS H—-SS5 = =5-NN

cN = CsonN
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The dependence of the sterile neutrino phase-space L]

The time evolution of the abundances of scalar

distributions on the co-moving momentum : :
and sterile neutrino
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(155 BN Cosmological Analysis

Pacom = {Qbhz, Qch?, 05, T, log(10"°As) , ns, Y “my, Neff} ‘

Pspp = {my,, Ms, yx, Ag}

Qs MCMC Technique
fVS - ‘Q'C
Table 2. Priors and constraints on the additional parameters for SDP models. All priors are uniform
'Qm - 'Q'C +'Qb + 'Qv-l_‘Q'VS in the listed intervals.
SDP Parameter Prior
m,,_(keV) [2,30]
Y [10-19, 10-9]
AH [10-%8,10-4]
M;s(GeV) [10,1000]
Oy h? [0.001,0.5]
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@ Cosmological and Astrphysical Datasets
breaking the degeneracy fypy - m,s

* Planck CMB anisotropy:
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« Dark Energy Survey (DES) weak lensing power spectrum of galaxies

(cosmic shear)
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Dependence of deflection angle power
spectra on sterile neutrino mass fraction in
models sharing the same sterile neutrino mass.
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« Higgs portal couplings can solve the cosmological problems associated with the vacuum
metastability and energy scale separation between the hidden (dark) and visible sectors.

Conclusions

*  Higgs coupling to scalar field with no SM quantum numbers and non-zero VEV can be
responsible for keV sterile neutrino DM production.

« The best fit values of sterile neutrino mass are in the parameter space of interest for
sterile neutrino DM decay interpretation of the 3.5 keV X-ray line.

« DM sterile neutrino mass fraction is in agreement with the upper limit constraint from
the X-ray non-detection and Ly-a forest measurements that rejects fs=1at 99 % C.L.

« The Higgs portal can be explored further via collider experiments and astrophysical
observations.

We expect that the future BAO and weak lensing surveys, such EUCLID, will provide much
more robust constraints on the DM sterile neutrino properties.
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