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WIMP paradigm: ¢,,,(v/c) =1 pb = Q,,=0.12
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Maybe lighter dark sectors?

There is a large, potentially interesting part of thermal DM parameter space that is not so sensitive
to DM-nuclear scattering, but is potentially within reach of other probes

How to have Light DM?

Freeze-out scenario with light dark matter requires a light mediator to explain the relic
density, or dark matter is overproduced.



Challenges
DM of mass range 100 MeV-a few GeV q stringent CMB limits !!!
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Ways around

y p-wave annihilation
’ BW resonance
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Model

New particles
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It my, > 2m,,, mediator decays almost entirely into DM
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Parameters




CMB anisotropy

CMB puts a bound on electromagnetic energy injection into primordial plasma

An upper limit on f.g(m,)(ov), /m,

/ / Slayter et al. 2016

efficiency DM velocity

at recombination epoch

—

To suppress annihilation at recombination maximally,

one needs only the s-wave part of (oV), q Ve > > Vo



Relic density
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® At freeze-out, vy is closer to vz, compared to that of CMB, so BW enhancement is significant.

® The enhanced cross-section must go with suppressed couplings to match with the observed
relic density

® Suppressed coupling with SM particles lead to insignificant energy exchange with thermal bath
through scatterings , DM kinetically decouples from the thermal bath much earlier than usual
freeze out : early kinetic decoupling

® The effect is maximal when T, ; ~ O(T{00s0-0ut)
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® For DM mass below 10 GeV, observed relic density fixes the mixing angle in the range
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¢ v, ~ 100 km/s ~ 1077

e PLANCK * Jer(m,) {ov), [m, < 4.1 X 1072 cm3/s/GeV at 95% C.L.

Mediator mass above ~ 4 GeV is excluded




Collider searches

the light mediator can be probed in the searches for
invisible rare decays of mesons
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Current limits : Belle, BaBar, E949, NA62, and KOTO at 90% C.L.
Future projections : Belle Il and KLEVER



Direct detection
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Indirect detection

Indirect detection can constrain DM annihilation into
electromagnetically charged particles

For our analysis

i

Vg ~ 1077 ~ vpy at present epoch

DM annihilation cross-section at present epoch has the
maximal contribution from the higher partial waves



Cosmic ray observations

® DM annihilation into leptons contributes to cosmic ray flux

E (DM densnty
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Propagation B [Boudaud et al. 2017,
Kappl et al. 2015]
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Limits available from Voyager I, being the only
cosmic ray detector located outside the heliosphere

up| pp TTo Pom(re) = 0.25 £ 0.11 GeV/cm? [Read et. al 2014]
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y-ray observations

gamma-ray flux from the dark matter annihilation at the galactic center

‘VO = 400 km/s

Produced photons typically have MeV energies = experimentally difficult to probe <:
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Take home

V' We have considered a GeV-scale dark matter model with two singlet scalars, one
acting as DM while the other is the mediator

v DM annihilation is essentially s-wave
v Strong CMB-constraints are evaded by tuning the resonance parameters

v Focussing on the BW resonance region makes way for interesting probes
through indirect searches

v Low-energy direct detection and accelerator searches (proton and electron
beam-dumps, searches through rare meson decays etc) give complementary
probes
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Problem !

ee

" E dN, dN,
Jegr(m,) = J dE Ly Z Br(xx = fsm) [2]2(1;)(1‘:) dEe +j2(‘¥)(E)d—E ‘
- s
Efficiencies Fragmentation functions
| ey o my < 2m”, 2m” <my < 2m,_, HAZMA
\ T and2m, < m, < 500 MeV — —
HH 7y gg bb
pp-> 7T 1= CC e 4 GeV < my < 2my, and ,
Tt micrOMEGAs
I my 2 2my, S
But... 500MeV <m, < 4 GeV
107" 10° 10’
m, (GeV) No robust way to calculate fragmentation

function for hadronic final states



Kinetic decoupling

O Thermalization of DM occurs primarily through an exchange of energy due to collisions with the SM plasma

O For small couplings, kinetic equilibrium is not always maintained, and DM can decouple from the thermal bath earlier than
usual

O We assume that y has significant self interactions and after kinetic decoupling has occurred, reaches equilibrium at a
temperature 7, which is different from the plasma temperature 7.

O When DM decouples thermally from the primordial plasma, its temperature drops faster than usual. 7, decreases as a=?,

while T scales approximately like a~!. As DM cools down, the annihilation cross-section (ov,_..) increases, and hence relic

density drops.
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