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Charmonium
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Darkonia

+ 3 unknowns: dark matter spin, binding force, mediator

+ We choose dark matter to be a Dirac fermion. The scalar
dark matter case can be worked out in a similar way.

+ The three lightest darkonia are

O—+ 1~ O++
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Dark force @

+ The mediator could be scalar, pseudo-scalar or vector
boson
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Dark P & C

+ The minimal models have dark parity and dark charge
conjugation symmetries (similar to G-parity for pion)

Py yiPy=—xg P, xgPy=—x1

* For the Fg model, 77, is P ~odd and Y ;is C ~odd

+ For the I, model, 77, and P are P ~odd

+ For the Iy, model, P, and C, will not play a role for
phenomenology
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Binding energies @
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Wave functions
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Portal interactions @

» In general, the mediator particle to the SM may not be the
force carrier. For simplicity, we assume that the force
carrier can couple to the SM

Lowa =—pusSH'H—AS?H'H + ?H'H— AH'H?,  (Fs)

portal —

A portal = Ap P°H'H , (Fp) [conserving dark parity]
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Bound State EFT (BSEFT) @

+ Similar to NRQCD, one has an EFT with the cutoff scale

m, v~ o;m, << Ny <<m,

+ P ~and C_~conserving interactions up to three boundstates
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Both 77, and Y , are stable
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Bound State EFT (BSEFT) @
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The lighter one of P and 7} , is stable
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Signatures at the LHC: I}, @
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Signatures at the LHC: I
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Signatures at the LHC: I, @

1/A
pp o NdYd — [(SM)’M(SM)M]U(SM)M

pp — Yaqj — [(SM) ., (SM)+, (SM) ] v J

JAN )
pp —— Yaj — mavglr i — [[(SM),(SM)+,], SM] . 4,

(SM), = {77, jj}

+ Some light mass parameter space has been searched for at
low-energy linear colliders gsasar, PRL 128 (2022) 2, 021802
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Conclusions @

+» Dark matter could form bound states if it interacts
through additional dark forces.

» Some models suggest that darkonia could remain
stable not only at colliders but also on
cosmological time scales.

+ There are still many intriguing signatures at the
LHC waiting to be explored.
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