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Abstract: We consider the collider phenomenology of asymmetric Dark Matter (DM) scenarios where DM
carries baryon or lepton numbers, which can be defined if there exist operators connecting the dark to the
visible sector. In particular, we focus on minimal models where Standard Model (SM) and DM particles
share a common asymmetry through effective operators at early time in the Universe, and later on decouple
from each other (not care). Once the DM mass is specified, the Wilson coefficients of these operators are
fixed by the requirement of the correct transfer of the asymmetry. This EFT operators can be searched and
constrained at hadron colliders looking at the following processes: i) Jet(s) + MET, ii) jet(s) + lepton +
MET, iii) di-lepton + di-jet + MET. Besides effective operators, it is also possible to constrain the parameter
space of some representative ultraviolet complete models by using additional lepton collider measurements,
like photon + MET.
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Main: The idea of asymmetric DM is a few decades old [1–3] and has seen a renewed interest in recent
years resulting in a plethora of new ideas (see some recent review articles [4–7]). Following Ref. [8], we
will consider a scenario where DM X is a SM singlet but carries either nonzero baryon B and/or lepton
number L and couples to the SM particles through the following effective operators

1

Λn−p
X̄2O(n), (1)

where p = 1, 2 forX being a complex scalar or a Dirac fermion, respectively, and their stability is ensured by
either being odd under a Z2 or charged under a dark U(1) symmetry. O(n) are operators of mass dimension
n > 4 carrying nonzero B and/or L and composed of only the SM particles. Such operators have mass
dimension 5 and 6, and are given, respectively, by [9, 10]:
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The basic idea is that a nonzeroB−L is generated at some high scale and at lower scale, the asymmetry
is shared between the SM and the dark sector through B−L or B conserving operators above. The parame-
ter space consistent with scenarios such that the charge asymmetry in B − L [before electroweak sphaleron
(EWSp) processes freeze out through operator (2)] or B [after EWSp processes freeze out through opera-
tors (3)-(6)] are properly shared between the SM and the dark sectors in accordance with observations are
explored in Ref. [8].

In Ref. [11], we carried out relevant searches for signatures in the collider experiments. For studies
relevant to collider searches, we consider all the SM fermions to be the first-generation ones and focus on
the following operators
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Λ5−p X̄X̄εijεkl(
¯̀c
Li`Lk)HjHl , (7)

1

Λ6−p X̄X̄εij(q̄
c
Li`Lj)(d̄

c
RuR) . (8)

The possible signatures for hadron collider are shown in figure 1.
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Figure 1: Feynman diagrams for pp→ jνXX production at the LHC from the operator in Eq. (8).
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Figure 2: Exclusion regions for fermionic DM, obtained from the LHC recasting of jet + MET searches [12]
(pink) and Rmiss measurements [13] (purple), at

√
s = 13 TeV and 3.2 fb−1.
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Figure 3: Example of simplified UV model giving rise to operator (8).

For the effective field theory (EFT) operators to be valid at the collider studies, we retain at generator
level only events that satisfy the following EFT validity cut

√
s <

{
gΛ for scalar DM,
g4/5Λ for fermionic DM.

(9)

Figure 2 shows with the (blue) region of (mX , Λ) plane characterized by the fact that the measured baryon
asymmetry of the Universe and the DM relic abundance can be reproduced simultaneously, in the case of
fermionic Dirac DM (current data cannot yet exclude any parameter space of the scalar DM scenario), and
for the scenarios where the transfer of the asymmetry is efficient after the freeze-out of the EWSp processes.
In the upper left hatched regions, Λ is smaller than the Higgs vev. The exclusion regions obtained from the
LHC recasting of jet + MET searches [12] (pink) and Rmiss measurements [13] (purple), at

√
s = 13 TeV

and 3.2 fb−1.

Due to the restriction from the applicability of the EFT operators, we further consider several simplified
UV models in Ref. [11] for instance, in Fig. 3. φ1 being a colored particle can be explored through di-jets
event pp → φ1 → jj. On the other hand, ψ being a SU(2)L doublet which couple to lepton doublet and
singlet φ can result in mono-photon even e+e− → φ2φ

∗
2γ as illustrated in Fig. 4. While current data is not

able to exclude this class of sharing scenarios [11], we look forward to future hadron and lepton colliders to
do the job.
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Figure 4: Feynman diagrams for e+e− → φ2φ
∗
2γ and e+e− → XXX̄X̄γ.
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