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Einstein-Cartan gravity, which is an alternative formulation of general relativity, introduces new degrees
of freedom contained in the torsion field which encodes the torsion feature of spacetime. Interestingly, the
torsion field couples to all fermions through its axial-vector mode with a universal coupling η ¼ 1=8 which
is possible to change under the quantum effects. We argue that Einstein-Cartan gravity provides a
significant portal to probe the A0 dark gauge boson which resides in the dark sector existing as an invisible
world parallel to our own and couples to the standard model (SM) particles through only the kinetic mixing.
For the (very) small kinetic mixing, searches for the A0 from Drell-Yan processes are insensitive due to the
suppressed production cross section and the considerable SM backgrounds. However, through the
mediation of torsion field the pp collisions produce dark-sector fermions which would significantly
produce the A0 due to unsuppressed dark gauge coupling. We explore the potential production modes of the
A0 through bremsstrahlung off dark-sector fermion and the cascade decays. Einstein-Cartan gravity
suggests the torsion mass ≳Oð4Þ TeV for η varying around the classical value since the present scenarios
would tend to produce the A0 with the high boost and large missing transverse momentum from dark-sector
fermions where the SM backgrounds are low. On the other hand, the A0 search via Einstein-Cartan portal
can reach even for the signal events to be not large and is also sensitive to the (very) small kinetic mixing as
long as the decay channels of the A0 to dark-sector particles are inaccessible.
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I. INTRODUCTION

The observations in particle physics, astrophysics, and
cosmology have motivated the existence of additionalUð1Þ
gauge bosons with the (very) small coupling to the standard
model (SM) particles [1–14] (and references therein). In
addition, the observations of dark matter (DM) from the
gravitational effects provide a strong hint for the presence
of a dark sector which exists as an invisible world parallel
to our own and does not couple directly to the SM particles.
This implies that these gauge bosons may reside in the dark
sector and couple to the SM particles through only the
kinetic mixing [1,2], hence usually referred as dark gauge
bosons. The varying range of the kinetic mixing parameter
ϵ is rather wide from Oð10−12Þ to Oð10−3Þ realized in
various scenarios [15–18].
The search for dark gauge bosons has been extensively

studied at the colliders [19–22]. However, the direct
production cross section of dark gauge bosons from

Drell-Yan processes is suppressed due to the smallness
of kinetic mixing parameter and hence the signal is too
small to be discovered amid the considerable SM back-
grounds, for instance with ϵ≲ 10−2 [23,24]. Therefore,
there have been proposals for a significant production of
dark gauge bosons from dark-sector particles (like DM
particles) which are produced from the pp collisions at the
LHC [25–30]. The final state is the visible decay products
of dark gauge bosons into the SM particles plus missing
transverse momentum (MET) from dark-sector particles.
But, a natural question raised here is what is the portal
which allows us to produce dark-sector particles at the
colliders, which is essential for the significant production of
dark gauge bosons, in the situation that the SM and dark
sectors themselves exist in two parallel worlds.1 In this
paper, we will point to the Einstein-Cartan portal, which
provides a mechanism of production of dark-sector
cascades and represent the corresponding potential avenues
for probing dark gauge bosons at hadron colliders.
The choice of the fundamental variables in describing the

gravitational dynamics leads to the different formulations*nam.caohoang@phenikaa-uni.edu.vn
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1We have here assumed that the mixing between the dark
sector and SM Higgs bosons is negligibly small because the
precise measurements suggest that Higgs boson discovered at the
LHC is almost consistent with the SM Higgs boson [31].
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of general relativity (GR). In the metric formulation which
is the most used approach, the metric field is considered as
the fundamental variable and the affine connection Γλ

μν

(related to the covariant derivative of tensor fields
∇μAλ ¼ ∂Aλ þ Γλ

μνAν) is derived from the metric field
and its derivatives due to the requirements of Γλ

μν ¼ Γλ
νμ

and ∇ρgμν ¼ 0 (the connection satisfying these conditions
is called Christoffel connection or symbol denoted by f λ

μνg).
As a result, the features of spacetime as well as the
gravitational dynamics are manifested by the curvature.
An alternative formulation of GR, which is equivalent to
the metric formulation in the case of pure gravity or no
matter included, is Einstein-Cartan gravity [32–35]. In this
formulation, the vielbein and the spin connection are the
fundamental variables or in other words the metric and
affine connection are the independent variables. As a result,
the affine connection Γλ

μν possesses an asymmetric part and
is decomposed as, Γλ

μν ¼ f λ
μνg þ ðTν

λ
μ þ Tμ

λ
ν þ Tλ

μνÞ=2,
where Tλ

μν which satisfies Tλ
μν ¼ −Tλ

νμ is called the
torsion field which carries new degrees of freedom char-
acterizing the torsion feature of spacetime. The further
explorations and phenomenological implications of torsion
field have drawn attention in the literature [36–46].

II. TORSION FIELD AND ITS COUPLINGS
TO MATTER

Torsion field can be decomposed into three irreducible
components as follows

Tλμν ¼
1

3
ðTμgλν − TνgλμÞ −

1

6
ϵλμνρSρ þ qλμν; ð1Þ

where Tμ ≡ Tν
μν is its trace part corresponding to the

vector mode, Sρ ≡ ϵλμνρTλμν is its completely antisymmet-
ric part corresponding to the axial-vector mode, and qλμν is
its tracefree part satisfying the conditions qνμν ¼ 0

and ϵμνρλqμνρ ¼ 0.
The spin connection does not vanish in the Minkowski-

flat spacetime (gμν ¼ ημν) with the presence of torsion field.
As a result, it leads to the couplings of some irreducible
component of torsion field to any Dirac fermion with a
general Lagrangian read

LD ¼ ψ̄iγμð∂μ þ iηγ5Sμ þ � � �Þψ −mψ̄ψ ; ð2Þ

where η ¼ 1=8 is the prediction of Einstein-Cartan gravity
and the ellipse refers to the terms relating to the gauge fields
of the SM gauge symmetry. We see here that the torsion
field couples to the fermions which are both SM and hidden
fermions through its axial-vector part with a universal
coupling η ¼ 1=8 at the classical level. This suggests that
although the SM and dark sectors themselves exist in two
parallel worlds, the universal coupling of torsion field to

any fermion is crucial for a production of dark-sector
fermions, from the collisions of the SM fermions, which
subsequently radiate or decay into lighter dark-sector
particles to significantly produce dark gauge bosons with
an unsuppressed production cross section.
In the situation of dynamical torsion field, the classical

value η ¼ 1=8 is no longer stable under the quantum
corrections and η runs in terms of the energy scale.
Therefore, we consider the fermion-torsion coupling η as
a free parameter in the following analysis.
One can establish the action for the dynamical torsion

field in the context of effective low-energy quantum theory
using the consistency criteria of unitarity and renormaliz-
ability [47,48]. As seen above, the trace and tracefree parts
of torsion field decouple to theory, hence we set them to be
zero and consider only its axial-vector part to be present.
This means that the torsion field can be parametrized as
Tλμν ¼ −ϵλμνρSρ=6. In this way, we here consider a subclass
of most general torsion fields where the torsion field is
totally antisymmetric in all three indices. Since, in the
framework of effective field theory the action of the
dynamical torsion field would contain the terms related
to the derivatives in Sμ. In this way, the action of Einstein-
Cartan gravity which is obtained by extending the Einstein-
Hilbert action with including the dynamical torsion field is
given by

S ¼ M2
Pl

2

Z
d4x

ffiffiffiffiffiffi
−g

p �
RðΓÞ þ 1

Λ2
ðc1SμνSμν

þc2ð∂μSμÞ2 þ higher-order termsÞ
�
; ð3Þ

whereRðΓÞ is the Ricci scalar written in terms of the affine
connection Γ, MPl is the Planck scale, Sμν ≡ ∂μSν − ∂νSμ,
Λ is an energy scale below which the effects of the torsion
field are negligible, and c1;2 are the parameters. Note that
the higher-order terms here are highly suppressed by the
Planck mass. We can split the Ricci scalar RðΓÞ into two
parts as RðΓÞ ¼ R̄þ SμSμ=4 where R̄ is the usual Ricci
scalar corresponding to the Christoffel connection and the
second term is related to the torsion mass. Whereas, in
order to have an effective low-energy quantum theory of
torsion field compatible with the requirements of unitarity
and renormalizability, the parameter c1 must be nonzero
and negative which is suitably chosen to be −1=4 and the
parameter c2 must be zero [36,37]. By rescaling the torsion
field as Sμ →

ffiffiffi
2

p
ΛSμ=MPl, we find Lagrangian of torsion

field in terms of its axial-vector part as

LT ¼ −
1

4
SμνSμν þ

1

2
m2

TSμS
μ; ð4Þ

where the torsion mass is determined by mT ¼ Λ=
ffiffiffi
2

p
.
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Besides the metric field corresponding to Einstein
gravity, the low-energy limit of string theory also predicts
an antisymmetric torsion field related to Kalb-Ramond
field. Thus, within string-inspired Einstein-Cartan gravity
the torsion mass is expected to be of the Planck mass order.
Such a torsion scenario was considered in [49] where the
authors indicated that the gravitational interactions related
to the torsion field allow us to generate the right-handed
Majorana neutrino masses at two loops involving the global
anomalies. However, considering the torsion mass of the
Planck mass order would be less appealing for the collider
phenomenology because the torsion interactions are sup-
pressed by the Planck scale and hence the effects of torsion
field are practically unobservable. In the present work, we
suppose that the torsion field propagates at the energies
which are much lower than the Planck scale and available at
the present/future colliders.

III. SIMPLIFIED Uð1ÞD MODEL WITH
EINSTEIN-CARTAN PORTAL

In the presence of torsion field, we extend the SM with
dark sector which is represented by A0

μ dark gauge boson
corresponding to an extra Uð1ÞD gauge group and a Dirac
fermion χ. The corresponding Lagrangian is given by

L ¼ LD þ LT þ Lgauge þ χ̄ðiγμDμ −mχÞχ; ð5Þ

where Dμ ¼ ∂μ þ iηγ5Sμ þ igDA0
μ with gD to be the dark

gauge coupling corresponding to Uð1ÞD and Lgauge reads

Lgauge ¼ −
1

4
BμνBμν −

1

4
F0
μνF0μν þ ϵ

2cW
F0
μνBμν

þm2
A0

2
A0
μA0μ; ð6Þ

here Bμν and F0
μν is the field strength tensors corresponding

to the Bμ and A0
μ gauge fields of the Uð1ÞY and Uð1ÞD

gauge groups, respectively, cW is the cosine of the
Weinberg angle, and mA0 is the A0 mass which can be
generated from the nonzero vacuum expectation value
(VEV) of a dark-sector scalar field. Well motivated by
the theoretical and observational reasons which the dark
sector may exist around the electroweak scale, we are here
concerned in the mass range of the A0 which is from a few
tens of GeV to a few hundreds of GeV. This mass range
should correspond to the promptly decaying or short-lived
A0 if the kinetic mixing parameter is small enough.
By canonically normalizing the gauge fields and rotating

the mass eigenstates, one obtains the coupling of the A0 to
the SM fermions as [50]

L ⊃ ϵe

�
Qff̄γμf þ ĝ

2c2W
f̄γμðgfV − gfAγ

5Þf
�
A0
μ; ð7Þ

where Qf is the electric charge of fermion f,

ĝ≡m2
A0=ðm2

Z −m2
A0 Þ, gfV ¼ Tf

3 − 2s2WQf, and gfA ¼ Tf
3

with Tf
3 to be the weak isospin of fermion f. The kinetic

mixing leads also to the additional couplings of χ to the Z
boson of the SM as L ⊃ −ðgDtWϵĝm2

Z=m
2
A0 Þχ̄γμχZμ.

We discuss the constraint on the torsion mass from the
LHC limits [21]. For the fermion-torsion coupling which
varies around the classical value predicted by Einstein-
Cartan gravity, one can find a lower bound of mT which is
Oð4Þ TeV for the present model. However, the bound can
relaxed if we consider many additional fermions with their
masses smaller than mT=2, which would reduce the
branching ratio BrðTS → lþl−Þ.

IV. RELIC ABUNDANCE AND
DIRECT DETECTION

The pair-annihilation of χ into the SM fermion pairs is
mediated through the s-channel exchange of the A0, Z, and
torsion field. However, these annihilation channels are
subdominant because they are strongly suppressed by
the small kinetic mixing and m2

f=m
2
T where mf refers to

the mass of the SM fermions. Therefore, the dominant pair-
annihilation of χ which contributes to its relic abundance is
into the A0 pair via the t-channel. The thermally averaged
cross section of this pair-annihilation is given as
hσvi ¼ g4Dð1 − x2Þ3=2ð1 − x2=2Þ−2=ð16πm2

χÞ where x≡
mA0=mχ . The relic abundance of χ is computed as
Ωχh2 ≃ 2.12 × 10−10 GeV−2=hσvi. As seen below, in
order to obtain the sufficiently large A0 production cross
section through bremsstrahlung, the dark gauge coupling is
as sizable as Oð1Þ. Since the hσvi annihilation cross
section is very large and the relic abundance of χ is
very small compared to the observed DM abundance
ΩDMh2 ≃ 0.12 [51]. Accordingly, the contribution of χ to
DM almost agrees with the cosmological constraints on the
fraction of millicharged DM which is less than 1% for
mχ < 100 GeV [52–54].
The χ-nucleon scattering occurs through the t-channel

exchange of the A0, Z, and torsion field. The contribution of
the A0 and Z gives rise to the spin-independence (SI)
scattering because the interactions of χ to the A0 and Z are
described by the vectorial-vector couplings. Whereas, the
axial-vector couplings of the torsion field to both χ and SM
charged fermions will lead to the spin-dependence (SD)
scattering. If χ constitutes all of the DM, it would be
constrained by the direct-detection experiments. The con-
straints on SI scattering cross section are given by several
experiments [55,56], which essentially impose the bounds
on the kinetic mixing parameter. A detailed study can be
found in Ref. [57]. The most stringent constraint on SD
scattering cross section comes from the LUX experiment
[58]. On the contrary, if χ makes up only a small fraction of
the DM abundance, these constraints can be relaxed.
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V. THE A0 PRODUCTION THROUGH
BREMSSTRAHLUNG

Einstein-Cartan portal provides a potential production
mode of the A0 through bremsstrahlung off dark-sector
fermion χ whose production in the pp collisions is via the
mediation of torsion field. The A0 subsequently decays to
the SM fermion pairs with the significant branching ratios
if mA0 < 2mχ , where the dilepton decays would be the
primary channels for the A0 search. This process would lead
to an observable dilepton resonance in association with
MET from dark-sector fermions. The Feynman diagram of
this process is shown in Fig. 1.
The corresponding cross section for on-shell torsion field

can be written as

σ ¼ σðpp → TS → lþl−ÞRA0BrðA0 → lþl−Þ; ð8Þ

where we have considered the decay channels of eþe− and
μþμ− combined, σðpp → TS → lþl−Þ is the cross section
of process pp → TS → lþl− whose upper bound is about
0.2 fb for mT ≳ 3 TeV [21], the RA0 is defined as

RA0 ≡ σðpp → TS → χ̄χA0Þ
σðpp → TS → lþl−Þ ¼

ΓðTS → χ̄χA0Þ
ΓðTS → lþl−Þ ; ð9Þ

which depends on gD,mT ,mA0 , andmχ , and BrðA0 → lþl−Þ
is the branching ratio of the A0 decay to eþe− and μþμ−. We
see that, if the decay channels of the A0 to dark-sector
particles are inaccessible, the cross section of the above
process depends on the A0 and torsion masses, the fermion-
torsion coupling, the dark gauge coupling, and the branch-
ing ratio BrðA0 → lþl−Þ, without depending on the kinetic
mixing parameter.
The signal of the above process is very similar to that

coming from the decay of charginos pair into the lepton pair
plus MET. The null results from the search for electro-
weakinos carried out by ATLAS [59] can be used to place
an upper bound on the cross section σðpp → TS → χ̄χA0Þ
times branching ratio BrðA0 → lþl−Þ which is at the level
of Oð0.1Þ fb. As mentioned above, for the fermion-tor-
sion coupling varying around the value predicted by
Einstein-Cartan gravity, the LHC constraint requires mT ≳
Oð4Þ TeV corresponding to σðpp → TS → lþl−Þ≲ 0.2 fb.
This along with RA0BrðA0 → lþl−Þ≲ 0.25 for the short-
lived A0 under consideration (see Fig. 2) points to that

σðpp → TS → χ̄χA0Þ times BrðA0 → lþl−Þ is less 0.05 fb
and thus it is well consistent with the existing LHC
constraint.
The A0 production at the LHC via the mediation of

torsion field which belongs to the TeV-scale mass region
tends to produce the A0 with the high boost and large MET
where the number of the background events is low and
hence it increases the signal sensitivity of the A0 search in
this process.2 This suggests that applying the high selection
cuts on the transverse momentum pT;ll of the lepton pair
and MET can almost completely eliminate the background
events but it does not lead to a significant reduction in the
signal efficiency. On the other hand, the A0 search can reach
even for the number of signal events to be not large.
Furthermore, the contour plot of RA0BrðA0 → lþl−Þ in the
mχ −mA0 plane given in Fig. 2 implies that the better signal
sensitivity can reach with the sufficiently high integrated
luminosities which are expected to achieve at the future
LHC.
In order to see the potential parameter region of the

present scenario at the 14 TeV LHC with the highly
integrated luminosity, we show the projections in the mχ −
mA0 plane with requiring benchmark number of signal
eventsN ¼ 10 as the criterion of the LHC reach as depicted
in Fig. 3. Here, the expected number of signal events is
computed as N ¼ ϵLσ with σ given in Eq. (8), L to be
integrated luminosity, and ϵ denoting the signal efficiency.
As discussed, the signal in the present scenario is highly
efficient even at the high selection cuts. Hence, we can
consider a constant signal efficiency ϵ ≈ 100%. We find
that for the integrated luminosity which is about one-half of

FIG. 1. The A0 production in the final state radiation and its
subsequent decay into the lepton pair where TS stands for the
torsion field.
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FIG. 2. The contour of product RA0BrðA0 → lþl−Þ. The red line
refers to an upper bound corresponding to the cosmological
constraints on the fraction of millicharged DM for mχ <
100 GeV [52–54].

2The main backgrounds at the LHC for the dilepton final state
plus MET are pp → WþW−, W�Z, ZZ, and tt̄ [59].
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that at the HL-LHC, it will be possible to probe the low mass
region of the short-lived A0. Its higher mass region can be
probed with increasing the integrated luminosity, for exam-
ple, at the HL-LHC the short-lived A0 in the mass region
around 70 GeV can be enhanced over the SM backgrounds.

VI. THE A0 PRODUCTION THROUGH
CASCADE DECAYS

We discuss another potential avenue for probing the A0:
through the mediation of torsion field the pp collisions
produce the heavier dark-sector fermion pairs each of
which would decay into a lighter dark-sector fermion
and the A0 which decays promptly to the SM fermion
pairs. We consider the situation that the left- and
right-handed components of Dirac fermion χ have the
Yukawa couplings to a dark-sector scalar field ϕ as
−ðy1χ̄LχcLϕþ y2χ̄RχcRϕþ H:c:Þ=2. When ϕ develops
VEV, χL;R acquire the Majorana masses besides the mass
of Dirac type. As a result, the mass diagonalization splits
the original Dirac fermion χ into two Majorana fermions
denoted by χ1 and χ2 whose masses are given by m1 ≃
mD −mþ and m2 ≃mD þmþ, respectively, where m� ≡
mL �mR with mL;R ¼ h1;2hϕi and we have assumed
m−=mD ≪ 1. The couplings of torsion field and the A0
to two mass eigenstates χ1;2 are found as

Lint ⊃ −ηðχ̄1γμχ1 þ χ̄2γ
μχ2ÞSμ − gD

�
χ̄1γ

μχ2 þ H:c:

þm−

mD
ðχ̄2γμχ2 − χ̄1γ

μχ1Þ
�
A0
μ: ð10Þ

We observe here that the interaction of the torsion field to
two mass eigenstates χ1;2 only is defined by the diagonal
couplings, whereas, the dominant interaction of the A0 to
χ1;2 is off-diagonal and the diagonal couplings are sup-
pressed by m−=mD. The difference here is due to the fact
that the coupling forms of torsion field and the A0 to the

original Dirac fermion χ are axial-vector and vectorial-
vector, respectively.
From the coupling Lagrangian (10), one can realize

another production mode of the A0 in the pp collisions.
Through the Drell-Yan process mediated by the torsion
field, χ2 is pair produced from the pp collisions each of
which would decay into the χ1 and the A0. The A0 decays
promptly into the SM fermion pairs where we are interested
in the decay channels of eþe− and μþμ− combined. This
process would be in association with METand four leptons
in the final state and is illustrated in Fig. 4. The corre-
sponding cross section for on-shell torsion field is written as

σ ≃
1

4
σðpp → TS → lþl−Þ½Brðχ2 → χ1A0Þ�2

× ½BrðA0 → lþl−Þ�2; ð11Þ

which depends on the fermion-torsion coupling, the torsion
mass, and the branching ratios of TS → χ̄2χ2, χ2 → χ1A0,
and A0 → lþl−. We have here assumed that the masses of
the SM and dark-sector fermions are much smaller than the
torsion mass and thus they are negligible in the decay
widths of torsion field.
In particular, when the χ2 decays into only the χ1 and the

A0, i.e., Brðχ2 → χ1A0Þ ¼ 1, the cross section given in
Eq. (11) is independent on the dark gauge coupling and the
masses of the χ1;2. Consequently, we can identify the χ1 as
DM candidate because its relic abundance may make up all
of DM. This is an advantage of the A0 production scenario
through the cascade decays compared to through brems-
strahlung where the relic abundance of χ is too small due to
the Oð1Þ sizable dark gauge coupling.
In analogy to the A0 production mode through brems-

strahlung discussed previously, the A0 production through
the cascade decays resulting in the four-lepton final state
plus METwould tend to produce the A0 with the high boost
and large MET. Thus, applying the high selection cuts can
drastically suppress the backgrounds without significantly
reducing in the signal efficiency.
For σðpp → TS → lþl−Þ close to the existing LHC

upper bound ≲0.2 fb for mT ≳ 3 TeV and from
BrðA0 → lþl−Þ ≲ 0.3, we find that the signal is observable
at the integrated luminosities around the value achieved at

FIG. 4. The A0 production from the cascade decay of χ2 heavier
dark-sector fermion into another χ1 lighter one and the A0 decays
into the dilepton.

FIG. 3. The contour of signal events for the 14 TeV LHC reach
for various values of integrated luminosity at the future LHC. The
meaning of the red line is the same as in Fig. 2.
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the HL-LHC and in the low A0 mass region. On the other
hand, the signal in the A0 production through the cascade
decays is relatively less sensitive at the 14 TeV LHC in a
wide range of parameters. Therefore, we study the signal
sensitivity of this A0 production mode at a future collider
with the colliding energy above 14 TeV. In Fig. 5, we show
the potential parameter region which will be able to be
probed at the future collider at

ffiffiffi
s

p ¼ 30 TeV and L ¼
1 ab−1 with requiring benchmark number of signal events
N ¼ 10 as the reach criterion. We find that for the
sufficiently heavy torsion field we will be able to probe
almost the mass region of the short-lived A0. On the
contrary, the sensitivity can visibly reach for its low and
high mass regions. This is due to the fact that the branching
ratio BrðA0 → lþl−Þ is small in the middle region around
90 GeV.

VII. DISCUSSION

In this paper, we have pointed to the fact that Einstein-
Cartan gravity provides a portal for a significant production
of A0 dark gauge boson which corresponds to a Uð1ÞD
symmetry in dark sector and couples to the SM particles
through only the kinetic mixing. Einstein-Cartan gravity
introduces new degrees of freedom contained in the torsion
field which couples to all fermions through its axial-vector
mode with a universal coupling which is predicted to be
1=8 in Einstein-Cartan gravity but can vary under the
quantum corrections. Unlike the direct A0 production from
Drell-Yan processes which is strongly suppressed by the
(very) small kinetic mixing, the A0 is significantly produced

in the processes that dark-sector fermions are produced
from the pp collisions through the exchange of torsion field
and then radiate the A0 or decay to lighter dark-sector
fermions and the A0 if the A0 decays to only the SM fermion
pairs. Due to the torsion mass in the TeV-scale regime for η
varying around the classical value, the A0 is produced with
the high boost and MET from dark-sector fermions is large
where the SM backgrounds are low. Hence the search for
the A0 can reach even for the signal events to be not large
and is also sensitive to the (very) small kinetic mixing.
We can extend this work for the light A0 which has the

mass in the range from MeV to a few GeV. With such
masses and the mediation of TeV-scale torsion field, the A0
produced from the above discussed scenarios can be very
highly boosted and hence it would travel for some macro-
scopic distance larger thanOð1Þ mm before decaying. As a
result, the A0 decay point is significantly displaced from its
production point. The corresponding decays to the lþl−
pairs (l ¼ e or μ) and the hadronic resonances are detected
by the timing detectors which can be used to search for the
long-lived particles [60–63] and have been recently pro-
posed to install at the LHC [64–66]. Since the probability
of emitting the A0 (or the RA0) and the branching ratios of
the A0 into the leptonic and hadronic final states are rather
large for the light A0, the signal event number would be
substantially enhanced.
Einstein-Cartan gravity which is here studied can also

provide a portal to search for the light A0 in the exotic
signature of the direct-detection experiments of DM [67].
In the scattering of cosmogenic boosted DM off nucleus or
electron via the t-channel exchange of torsion field, the
scattered/incident boosted DM may radiate the A0. The
resultant final state would be a target recoil along with
visible decay products of the emitted A0 into the SM
particles. The cross section of this process is larger with
decreasing the A0 and boosted DM masses and increasing
the dark gauge coupling and the incoming energy of
boosted DM. This suggests that the sufficiently large
incoming energy of boosted DM and the sizable dark
gauge coupling may lead to a significant event rate between
this signal process and the conventional elastic scattering of
boosted DM.
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