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Motivation:

 The existence of Dark Matter (DM) is proven only through indirect gravitational probes.

* Astrophysical observation predicts the amount of DM ( ~ 26.8 % ) of the total energy of
the Universe.

A Plethora of DM direct and indirect detections for WIMP are only of minimal success.
 We for light DM (MeV-GeV scale).
* The light DM can receive sufficient energy for the nuclear recoil if it is boosted.

* Detection prospects get better with the boost.



Two Higgs doublet model
v2HDM. @, and ¢,

—I— Scalar singlet ¢, _I_

Vector-like doublet N
Vector-like singlet x

Particle Name | SU(2)r Charges | U(1l)y Charges | Z; Charges
Scalar Fields
D, 2 1 1
D, 2 1 -1
s 1 0 1
Fermionic Fields
N 2 -1 -1
X 1 0 -1




For each of the DM components, the relic density is determined by the Boltzmann equation which is driven by the

corresponding DM annihilation cross-section.
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Fermionic DM yx;:
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No boost is obtained by putting v,;=0 ory,; =1 in |

2

resonance condition § = M

or, Mgy = Mp/2

my, = 20 MeV is taken as a benchmark

Resonance is due to the H-dominated
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Future direction:

* |n Direct/Indirect Detection experiments the DM collides with either the
electron/nucleon of the detector atom, producing a recoil energy to be detected by
the detectors.

 The roadblock for sub-GeV DM is due to its small mass it can only generate very
small recoil energy.

* By boosting the DM, although being light mass, it can transfer a large amount of
energy to the recoil electron/nucleon; making it easy to detect.

* The challenge to detect the boosted DM is, that the flux of boosted DM is small and
nearly mono-energetic, and large volume detectors are preferred.

 We aim to discuss the detection prospect of the MeV scalar dark matter in detail in
an upcoming work.



Conclusion:

* Relic density is an important quantity to knowing DM
* Two dark sector particles can interact through the Higgs portal

* Two-component scenario allowed >50 % boosted scalar DM as a favorable DM
candidate.

* Boosting a lower mass DM to probe further lower region. Compared to the (2MeV - 200
MeV) allowed mass window for single scalar relic density, the boosted scalar relic

density gives a (2.5 MeV - 95 MeV) mass window.

e Boost helps to detect a low-mass DM in the DD experiments.

Thank You
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Based on the theoretical constraints, and Higgs invisible BR, we scan over the parameter space

107#

107°

Theoretical constraints such as stability of vacuum and tree-level perturbative unitarity.

The Higgs invisible bound. SM Higgs boson (h) (125 GeV) invisible BR is <20%.

Z invisible bound.

1 MeV < v, <100 MeV,
1 MeV < myg <100 MeV
—m/2< a <7/2

my (GeV)
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yy = 0.4
my = 3 TeV
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The BE is expressed for the
fermionic DM 1,

with Y=n/s, and x=m/T scaling
factor,

where the thermally averaged
cross-section of fermionic DM x1
IS,
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