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Dark Matter (DM)

B The evidence of DM in the universe is overwhelming.

B DM properties : (1) Nonrelativistic (2) No electric charge
(3) Stable or long-lived particle (4) Non-baryonic matter
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What is DM? Where does DM come from?

B Unknown particle nature of DM

® DM mass can spread over a very wide range

® DM can be composed of an arbitrary spin particle

® DM may have interactions to ordinary matter other than

the gravitational interaction

B The origin of DM
® Thermal production
e.g. WIMP, SIMP, FDM, ELDER,
® Non-thermal production
e.g. axion, monopole, FIMP,:----
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Weakly Interacting Massive Particle (WIMP) DM
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WIMP Dark Matter (DM) direct searches
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Current experiments of light DM detections
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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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B DM with a sizable self-interacting (Sl) cross-section can
resolve these astrophysical problems (issues). 7/21



Bounds on DM self-mteractmg cross sectlon
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Can we have light thermal
(WIMP) DM with
a sizable self-interaction?



WIMP DM

M Relic abundance of WIMP DM annihilation
cross-section
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B Mass scale and coupling strength of WIMP DM
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WIMP DM

M S| cross-section via a contact-interaction
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DM mass V.S. coupllng
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DM mass V.S. coupllng

Fast expanding
. universe
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Fast expanding Universe oeramo,etal (2017)

B Assuming the early universe is dominated by a species ¢
that redshifts faster than radiation :

_ (4 a : scale factor
P¢(a) x a4+ n >0
® The total energy density : .

Peor(T) = Py (T) + p, (T) =f’v(T)<\1 "9, (D) 9.(T,)| \T,

T2 2 n/2 T ) = T,
’H(T)f:\/ g,(T) T (T) p,(T.) = p_(T,)

90 myp, T. Parameters : (n,T)

9,(T) g (T)]* (T )"

TT
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A simple light thermal self-interacting DM model

L | E| H | N| S |Z
SU(2) | 2 1 2 1 | 1 |1
U(l)y | =1/2 | =1 | +1/2| 0 | 0 | 0O
ULy | 0 | 0| 0 | Qy|Qs| O
spin | 1/2 | 1/2| 0 | 1/2] 0 | 1

M Particle content & charge assignment under Gg,, ® U(1)p

® )\ 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 15/21



Feynman diagrams

B DM annihilation cross-section
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Predlctlon of DM SI cross sectlon
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CMB constraint on light DM mass

B DM annihilation continues to take place after decoupling &
cause significant effects on cosmology and astrophysics.

M Energy released per DM annihilation E,,, = 2mg,

d?fv inj.(Z) — "?)M (2)(ov) (szM) = P? QzD|\/|,0(1 + z)° (f:j:;)

npm(2) = pQpm(2)/mpy = chDM,O(l + Z)S/mDM
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CMB constraint on light DM mass
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A viable light thermal self-interacting DM model
M Particle content & charge assignment under Gg,, ® U(1)p

SU(2) 2 1
U(l)y | —1/2 | —1
U(1)p 0 0
spin 1/2 | 1/2

Light mediator
mainly decays
Into neutrinos
at CMB epoch
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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. 5, 121
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e Early Universe Equilibrium: If g, 2 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 Nog .
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