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Introduction: Evidence for Dark Matter

Several observations indicate the existence of dark matters at very different scales:
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Introduction: Dark Matter Candidates
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Interaction with the SM:
1. Portal operators
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Motivation

Direct DM detection:

The recoiling target particle is detected:
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DM to fall below detector threshold.

® Need large scattering cross section: sub-GeV DM models require the presence of relatively light mediator particle that

1 : ) : : 4
facilitates interaction with the SM particles.



Challenges for Model Building
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1. Light mediators coupled to nucleon is tightly constrained (coupling constant < 1)
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. . ) ] . Efficient DM annihilation
2. Sizeable LDM-mediator coupling + light mediator mass

in the early Universe
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DM in thermal equilibrium

a The resulting DM relic abundance is
k for longer period

underabundant due to the Boltzmann suppression
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Non-standard cosmology solution:

Accelerated expansion w:
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DM Phenomenology in Non-standard Cosmology

The Lagrangian characterizing the dark sector and its portal to the SM sector:

Z D il/_/}/ﬂa,ul//_ m,\pyy — yl//l/_/q)l//_ V(®,H) where H= (0 vi;;) D =vp+ ¢

Vector-like singlet fermion

(DM candidate) Real singlet scalar Scalar potential
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The new light scalar mediator * The presence of the non-zero mixing angle 6 guarantees that the light

scalar mediator /1, couples to the quarks and gluons within nucleons.

* Therefore, this provides a channel for the elastic scattering of the DM
candidate y off target nuclei in terrestrial direct detection experiment.
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Parameter Space for the Direct DM Detection

Constraints & projections for the spin-independent DM-nucleon scattering cross section
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Parameter Space for the Direct DM Detection

Constraints & projections for the spin-independent DM-nucleon scattering cross section

Preliminary
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Energy density evolution

m,=1GeV,y,=5x10"%m, =1MeV, Tgy= 10 MeV

1019 Pre“minarx w = 0.5 1020 Prehmlnary w= 1 — ]
1015 : | 101 : . . .
'S o2k 'S « Duration of stiff-dominated
2 | § .
10f N\ ge epoch is shorter.
— 107 : < DM freeze-out happens
— 10 : during RD epoch.
O —4 I
= 1078
1012 :
10710H — pe|
20!l = PR [
107204 ot
10 10 107 10 10T 107 107 107 105 107 107 102 107 100 107 10°
( / (L() (l-/ )

12



Yy

102 |
1041

1072 |

10~

1075}

1071

101V

10°°1

Dark Matter evolution

my=1GeV, my,=1MeV, y, =5 x 107
w = .40
== w=10.60 |7
—  w = 0.80
CTCHITHTal'y J

‘\
\
\

\
------------------------- R —.'-;-.’---. - ._-
07 107 1002 10T 1000 1079
a/ag

During the stiff-dominated epoch:

<+The Hubble rate is larger at a given temperature than the

RD epoch

<+ The freeze-out occurs at an earlier time or higher
temperature (when w increases).

+The resulting DM yield is enhanced as giving the correct

relic abundance.
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The EOM for GW:

2a’
hi(z, k) + —hi(z, k) +
a

Gravitational Wave production

Assuming a nearly scale invariant primordial GW spectrum, the late-time GW spectrum acquires a characteristic shape with
any deviations serving as potential signatures of non-standard thermal history.

k*h;(z,k) = 0.

hy(k, T)e™* el (k)
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well inside

hk,t) ="

1
A,(k) = cons

— 0.100
S
g| <
<=

< << 0.010

0.001

[Caprini, Figueroa]
104

10 50 100

5000 104

500 1000

niMpc]

the horizon (k > 7#):
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Gravitational Wave production

Assuming a nearly scale invariant primordial GW spectrum, the late-time GW spectrum acquires a characteristic shape with
any deviations serving as potential signatures of non-standard thermal history.

super-Hubble scale (k < #):

The EOM for GW:
1
A,)(k) = cons well inside|the horizon (k > Z):
2a’
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The present GW spectrum becomes: r |-
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Stochastic Gravitational Wave spectrum
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Here, vertical dashed lines represent the
corresponding wavenumber that re-enter the

Hubble horizon during the stiff-dominated
fluid.

The resulting GW spectrum is high-frequency
blue tilted (index n > 0).
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Conclusion & Outlook

* Model-building effort is required to investigate the light DM signatures.
* In the stiff-dominated non-standard cosmology,

* The correct relic abundance can be obtained within the framework of the LDM + light mediator
particle with sizable coupling constant.

* The enhanced GW spectrum can be tested by upcoming terrestrial and space-based
interferometers.

* Therefore, the precise measurements of the expansion history (the equation of state w and the

reheating temperature 7,) to yield the correct DM relic density dictate the spectral shape, tilt and
peak frequency of the SGWB.

O In next step, we will perform a parameter scan for w vs T}, with respect to LISA SNR.

Thank you!
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