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WIMP Dark Matter (DM) direct searches

CI\EI1O_36 T 1T T T | 1T 1T T 1Tl | 1T 1T 1T 111 | T T T 11
L, _38 E. Aprile et al. (2019) il
= 107°° ¢ > NEWS-G (2017) R. L. Workman [PDG] (2022) -
o i 2019) J. Aalbers et al. (2022)
)
§ 10749 | comsLite (2018) DAMIC (2020) -
& 42 |
o 1077"=r
&) -
= —44 |
E 10
S L
= 10740+ .

o . eENO _
— Neutrino fog (2022)
= 1048} y
; B C. A. J. O’Hare (2021) T
(7) 10_50 1 1 1 111 | | I 1 1 1 111 | | I 1 1 1 111 | | I 1 1 111

0.5 1 5 10 50 100 500 1000
WIMP mass [GeV] 2/16



Current experlments of Ilght DM detectlons
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Issues of small scale structures (< 1Mpc)
M Discrepancy between N-body simulations and observations :

Baryonic Results DM—only Results
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core-vs-cusp problem too-big-to-fail problem
B DM with a sizable self-interacting (Sl) cross-section can
resolve these astrophysical problems/issues. 4/16



Bounds on DM self-mteractlng cross sectlon
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Can we have light thermal
(WIMP) DM with a sizable
self-interacting cross-section?



WIMP DM

M Relic abundance of WIMP DM annihilation
cross-section
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1078 GeV~*
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M Mass scale and coupling strength of WIMP DM
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) (Our work)
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WIMP DM

M S| cross-section via a contact-interaction

Tsi ~ lcm?/g ~ 4.6 X 10° GeV~°
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B S| cross-section via a light mediator in the small velocity limit
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DM mass V.S. couplmg

Relic abundance
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DM mass V.S. couplmg
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1 Cm2/g
Fast expanding

. universe

01 05
mpy (GeV)

10

Relic abundance

g ~ 10—3( mDM )
o 10 GeV

Self-interaction

10 GeV
m, ~ O(10) MeV

_1/2
g:2><10_3< "om ) /

DM iIs under-abundant
In low mass regime due
to too large annihilation

Cross section
9/16



Fast expanding universe oeramo,etal (2017)

B Assuming the early universe is dominated by a species gb
that redshifts faster than radiation :
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A simple light thermal self-interacting DM model
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B Particle content & charge assignment under Gg,, ® U(1)

® )\ plays the role of fermionic dark matter
® S develops VEV that breaks the Dark gauge symmetry

® 7' is a mediator responding the DM self-interaction  11/16



Feynman diagrams

B DM annihilation cross-section
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Predlctlon of DM SI cross sectlon
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CMB constramt on Ilght DM mass
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A viable light thermal self-interacting DM model
B Particle content & charge assignment under Gg,, ® U(1)
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Numerical results
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M Light thermal self-interacting DM can be used to test the
non-standard cosmological evolution of the universe. 16/16



Backup



L, — L, Gauge Boson, Natural Kinetic Mixing (e = g,,_,/70)
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e Early Universe Equilibrium: If g, , > 4 x 1079, the Z’ population thermalizes with the
SM bath at early times and decays into neutrinos when T ~ my/ /3. If these decays occur
predominantly after the neutrinos and photons decouple, they contribute to the neutrino energy
density and thereby increase the value of N.g. Furthermore, in the presence of non-negligible
kinetic mixing with the photon, Z’ interactions with charged particles can delay the neutrino-
photon decoupling, quantitatively affecting Neg .
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