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Supersymmetric twin Higgs models have a discrete symmetry for which each standard model particle
and its supersymmetric partner have a corresponding state that transforms under a mirror standard model
gauge group. This framework is able to accommodate the nondiscovery of new particles at the LHC with
the naturalness of the electroweak scale. We point out that supersymmetric twin Higgs models also provide
a natural dark matter candidate. We investigate the possibility that a twin binolike state is the lightest
supersymmetric particle and find that its freeze-out abundance can explain the observed dark matter
abundance without fine-tuning the mass spectrum of the theory. Most of the viable parameter space can be
probed by future dark matter direct detection experiments, and the LHC searches for staus and Higgsinos
which may involve displaced vertices.
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Introduction.—For decades the primary motivations for
supersymmetry (SUSY), in particular the minimal super-
symmetric standard model (MSSM), have been a solution
to the hierarchy problem [1–4] and the lightest super-
symmetric particle (LSP) as a natural dark matter (DM)
candidate [3,5,6]. However, recent experimental results
show that the MSSM no longer provides a natural solution
to the hierarchy problem, and the LSP can be DM only in
fine-tuned corners of the parameter space.
The LHC has found the Higgs boson with a mass about

125 GeV [7,8], which requires heavy stops [9–12]. As a
result, the electroweak scale is obtained only by at least a
permille level of fine-tuning of parameters. Lighter stops
can accommodate the Higgs mass in extension of the
MSSM with a singlet field as in the next-to-MSSM
(NMSSM) [13–18], electroweak charged fields with large
Yukawa couplings to the Higgs boson [19–23], or a new
gauge interaction under which the Higgs boson is charged
[24–27]. Although these models can easily accommodate
the Higgs mass, they are still fine-tuned at least at a percent
level due to lower bounds on stop and gluino masses from
direct LHC searches [28–30]. The necessity of the fine-
tuning is called the little hierarchy problem.
Among the scenarios of the LSP DM, the neutralino LSP

with its abundance determined by the freeze-out [31] is
particularly interesting because of predictability and

possible signals in (in)direct detection experiments. In
the MSSM there are four neutralinos—bino, wino, and
two Higgsinos—and each of them may potentially play the
role of the DM. However, nowadays neutralino DM in the
MSSM is either excluded or requires fine-tuning. Pure wino
or Higgsino LSP have large annihilation cross section and
their relic abundance is obtained only for large DMmass of
about 3 or 1 TeV, respectively [32]. They are consistent
with experimental constraints, but requiring the SUSY
mass scale above TeV is inconsistent with the natural
electroweak scale. The bino-Higgsino mixed LSP allows
forOð100Þ GeV soft masses [33], but is excluded by recent
DM direct-detection (DD) experiments [34]. A pure bino is
experimentally viable, but the correct abundance Ωh2 ≈
0.12 [35] is obtained only for a fine-tuned mass spectrum
enabling coannihilation or resonant annihilation [36].
The little hierarchy problem can be solved by the twin

Higgs (TH) mechanism [37]. The Z2 symmetry introduced
in the TH mechanism relaxes the fine-tuning and predicts a
mirror copy of the standard model (SM) particles which we
denote by a prime symbol. Recently, a new class of SUSY
TH models was proposed [38–40] which naturally predicts
the observed Higgs mass and allows for tuning of the
electroweak scale at the level of Oð10Þ% even for stops
and gluinomasses above 2TeV.A comparable or even larger
amount of tuning was required in the MSSM already after
the large electron-positron collider (LEP) [41,42] while the
MSSM tuning is currently at a permille level. This is a strong
motivation to look more closely at phenomenological
aspects of SUSY TH models.
In this Letter, we point out that SUSY TH models

also provide a natural DM candidate. The lightest twin
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neutralino tends to be lighter than the corresponding
MSSM neutralino and may be the LSP with correct relic
abundance. Because of the TH mechanism, the Higgsino
mass may be much above the electroweak scale. In that
case, the twin binolike state B̃0 is a natural candidate for the
LSP. The key observation is that B̃0 annihilates into twin
fermions without chirality suppression if the twin fermions
are heavier than the SM ones. Heavy twin fermions are well
motivated since they allow us to avoid excessive dark
radiation [43–45], and make TH models compatible with
cosmological constraints [35]. We demonstrate salient
features of twin neutralino DM being a mixture of the
twin bino and Higgsino and compare to the bino-Higgsino
LSP in the MSSM which has been exhaustively studied
in the literature [33,46–48]. A detailed study of the LSP
being a mixture of all twin neutralinos will be presented
elsewhere.
We list other DM candidates in TH models. Twin

neutrons and twin neutral atoms, and if the twin electro-
magnetic symmetry is broken, twin electrons, may be DM
[43,44,49–51]. In fraternal TH [52], twin taus, mesons, and
bottom baryons may also be DM [49,50,53–58]. They
enjoy phenomenology such as self-interacting DM and
direct detection. We find that the twin binolike LSP also has
rich phenomenological consequences including signals at
nuclear recoil experiments and the LHC. We work in the
framework of mirror TH models, but twin neutralino LSP
can be a good DM candidate also in other variants of TH
models such as fraternal TH.
Thermal abundance of twin bino LSP.—We focus on a

twin bino-dominated LSP.We assume for simplicity that the
twin wino is decoupled. This assumption does not affect our
results unless the relative bino-wino mass splitting is less
than several tens of percent. On the other hand, evenwith the
TH mechanism, naturalness requires that Higgsinos are
relatively light. The LSP has some twin Higgsino compo-
nent with non-negligible impact on observables. We also
assume that the twin and MSSM neutralinos mix with each
other by a small amount, so that theMSSMbino B̃ can decay
into B̃0 before the freeze-out of B̃0 occurs, which is the case in
typical models [38–40,59–62].
Pure (twin) binos annihilate into (twin) fermions via

t-channel exchange of (twin) sfermions f̃ with the cross-
section scaling as M2

1=m
4
f̃
, where M1 is the bino mass.

Because of collider constraints on sfermion masses from
LEPand theLHC, this cross section is suppressed, leading to
B̃ LSP overabundance. Among sfermions, the right-handed
staumass is least constrained due to its small pair production
cross section and τ’s in the final state. LEP sets a lower
bound on the right-handed stau mass of about 90 GeV [63–
66]. Dedicated searches by ATLAS [67] with 139 fb−1 and
CMS [68] with 77 fb−1 of data do not improve this bound.
However, even for a stau mass of 100 GeV the relic
abundance of binos is too large unless coannihilations with

staus are efficient, which requires fine-tuning of the mass
splitting between the bino and the stau [36,69].
The annihilation cross section of B̃0 is enhanced if there

is a Z2 breaking in the Yukawa couplings such that the
twin fermions are heavier than the corresponding SM ones.
This avoids the chirality suppression of the s-wave ampli-
tude which is present in the MSSM due to the fermion
mass mf ≪ M1.
The Z2 breaking in the Yukawa couplings is mandatory

in order to avoid excessive dark radiation [43] in generic
TH models unless a nonstandard cosmological evolution is
assumed [70–72]. The Z2 breaking does not introduce fine-
tuning of the electroweak scale as long as there is no Z2

breaking in the top Yukawa coupling and the rest of the
twin fermions are much lighter than the twin top quark. On
the contrary, the Z2 breaking in the Yukawa couplings
can radiatively generate the difference between the electro-
weak scale v and the twin electroweak scale v0, such that
v0 > v. A spontaneous Z2 breaking can happen in a
relatively simple way [44] by adapting the Froggatt-
Nielsen mechanism [73].
We consider the minimal case of the Z2 breaking in the

Yukawa couplings and assume that the masses of MSSM
and twin sparticles are nearly degenerate with each other,
up to corrections given by the Yukawa couplings.
In our numerical computations we assume a simplified

model in which the right-handed stau is the only light
sfermion. Such a simplified model approximates well the
relevant part of the spectrum in many models of SUSY
breaking. Indeed the effects of renormalization-group
running generically make the right-handed stau the lightest
sfermion unless it is heavier than other sfermions at the
mediation scale of SUSY breaking. Even in the presence of
other light sfermions the results would be unaffected unless
the corresponding twin fermion masses are similar to the
twin tau mass. In this case the annihilation cross section of
B̃0 would be further enhanced, making it even easier to
obtain the correct relic abundance.
In Fig. 1 we present contours of Ωh2 ¼ 0.12 for a pure

twin bino LSP for several values of the twin tau to bino
mass ratio. An analogous contour for twin tau degenerate
with the SM tau is also presented for comparison with the
MSSM case. In contrast to the MSSM case, the correct relic
abundance can be obtained for a large range of bino and
stau masses in agreement with the LEP constraints and
without invoking coannihilation. This happens if the twin
tau mass is at least one third of the bino mass.
Constraints and prospects for direct detection.—A pure

twin bino has a small scattering cross section with nuclei,
far below the irreducible neutrino background for DD. [A
pure MSSM bino also has small DD cross section, but it
may be above the neutrino background when the mass
splitting with the next-to-LSP is below Oð10Þ GeV [74].]
However, naturalness in TH models requires that the μ
parameter, which sets the masses of the Higgsinos and their
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twins, cannot be arbitrarily large. Some mixing between the
twin Higgsino and the twin bino is unavoidable, leading to
LSP scattering off nuclei via the tree-level Higgs portal.
The effective Higgs coupling to the twin binolike LSP B̃0
reads, modifying the results for the MSSM in Ref. [75],

L¼ 1

2
chhB̃0B̃0 þH:c:; ch≈

v
v0

g21v
0

2
ffiffiffi

2
p

μ

�

s2βþ
M1

μ

�

; ð1Þ

where s2β stands for sin 2β, with tβ ≡ tan β being the ratio
of the vacuum expectation value of the up-type Higgs to
that of the down-type Higgs, and g1 is the hypercharge
gauge coupling. In the leading approximation, the coupling
does not depend on v0. Indeed, the suppression of the
coupling by the mixing between the twin and SM-like
Higgses (which is the portal to the twin sector), corre-
sponding to the factor of v=v0 on the right-hand side, is
compensated by the enhanced twin bino-Higgsino mixing
which is proportional to v0. Nevertheless, the spin-inde-
pendent (SI) DD cross section (which is mediated by the
SM-like Higgs) is expected to be much smaller than in the
MSSM because the TH mechanism allows for much larger
values of μ compatible with naturalness. In some UV
completions of the TH model, μ as large as 1 TeV leads to
mild tuning at the level of only 10% [38–40].
Figure 2 shows the SI scattering cross section in the

ðM1; μÞ plane for tan β ¼ 5, v0=v ¼ 3 and mτ0=mDM ¼ 0.6,
with the right-handed twin stau mass mτ̃R

0 ≡mτ̃0 deter-
mined to obtain Ωh2 ¼ 0.12. The required value of mτ̃R

0 is
larger than the one in Fig. 1 because of the annihilation of
B̃0 into τ0 via the mixing with the twin Higgsino. For
μM1 > 0, jμj below about 600 GeV is excluded by
Xenon1T [76]. The unconstrained natural parameter space
will be probed by future experiments. For example, LZ [77]
will probe μ up to about 3 TeV. We will comment on the
blind spot in DD [48] for μM1 < 0 later.
Equation (1) shows that generically the SI scattering

cross section is smaller for larger tan β. However, tan β is

bounded from above by the perturbativity of the twin tau
Yukawa coupling yτ0 . A crucial feature of our scenario is that
the twin tau mass, which is given by mτ0 ¼ yτ0v0 cos β, is
relatively large. Since v0=v≲ 4 is required to keep fine-
tuning at the level of 10%, large yτ0 is necessary to
compensate the suppression by large tan β. Avoiding a
Landau pole below 104ð1016Þ GeV requires yτ0 at the
electroweak scale below about 1.6 (0.8). Figure 3 shows
that the allowed range of tan β is limited. For a twin taumass
of 90 GeV (which corresponds to mDM ¼ 150 GeV in
Fig. 3), tan β must be below 10 (5) to keep perturbativity
up to 104ð1016Þ GeV.
For a large twin tau Yukawa coupling, there are

potentially large corrections to the right-handed stau mass.
The correction to the mass by the mixing between the right-
handed and left-handed twin staus is

FIG. 2. SI DD cross section (black) in the ðμ;M1Þ plane for
tan β ¼ 5, v0=v ¼ 3, and mτ0=mDM ¼ 0.6. The blue shaded
region is excluded by Xenon1T [76]. The value of mτ̃0 repro-
ducing the correct relic density of DM is shown by the red
contours. The purple curves depict the B̃ decay length. To the
right of the green dashed curve B̃ decays after the freeze-out of B̃0.

FIG. 1. Contours of Ωh2 ¼ 0.12 for pure twin bino DM in the
ðM1; mτ̃RÞ plane for several values of the ratio mτ0=M1. The gray
line with mτ0 ¼ mτ corresponds to the pure bino DM in the
MSSM. The effect of coannihilations is not included.

FIG. 3. The same as in Fig. 2 but in the ðM1; tan βÞ plane for
μ ¼ 1 TeV, v0=v ¼ 3, and mτ0=mDM ¼ 0.6. Above the green
dashed curve, B̃ decays after the freeze-out of B̃0.
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Δm2
τ̃R

0

�
�
�
trilinear

≃ −y2τ0s
2
β

μ2v02

m2
τ̃L

0
; ð2Þ

where mτ̃L
0 is the twin left-handed stau mass. For similar

soft masses of the left-handed and right-handed staus, this
correction may lead to fine-tuning to obtain light right-
handed stau. The correction is small for large mτ̃L

0 , but then
the quantum correction,

Δm2
τ̃R

0

�
�
�
quantum

≃ −
y2τ0
4π2

m2
τ̃L

0 ; ð3Þ

may become large, but we find that for a large range ofmτ̃L
0

the fine-tuning in the stau mass is small for natural values of
μ unless tan β ≳ 20, which is already disfavored by the
perturbativity of yτ0 .
We do not expect any signal in DD via spin-dependent

interactions of the twin neutralino with nucleons, since twin
neutralinos do not interact with the Z boson which mediates
this interaction. This feature is independent of UV com-
pletions since the mixing of the Z boson with the twin Z
boson must be small to satisfy the electroweak precision
tests [78]. Signals in indirect detection are small because B̃0
annihilation into SM particles via the neutral Higgs
exchange is suppressed. Annihilation cross sections into
twin states are sizable, but those particles rarely decay to
SM states.
Bino-twin bino mass splitting.—An important feature

affecting the phenomenology in this scenario is the small
mass splitting between B̃ and B̃0. In the limit jM1j ≪ jμj,
from the results for the MSSM [75], we find

ΔmB̃ ≡mB̃ −mB̃0 ≈
g21ðv02 − v2Þ

2μ2
ðμs2β þM1Þ; ð4Þ

where we take M1 > 0 without loss of generality, and
assume CP symmetry. For M1 > −μs2β, which we assume
throughout this Letter, B̃ is heavier than B̃0 due to a smaller
mixing with the Higgsino. The mass splitting tends to zero
for larger jμj and increases for larger v0=v.
A small B̃ − B̃0 mass splitting affects the scenario in two

ways. First, B̃ may be too long-lived and decay after the B̃0

freeze-out. The chemical equilibrium between B̃ and B̃0 is
not maintained and B̃0 produced by the late decay of B̃
overcloses the universe. Second, even if the B̃ lifetime is
short enough to avoid the B̃0 overabundance, a mass
splitting of Oð5Þ% leads to coannihilation, enhancing
the B̃0 relic abundance.
The B̃ decay width depends on the mixing between the

MSSM and twin neutralinos which arises from the UV
completion. In SUSY D-term TH models [38–40], the
mixing between the Higgsino and the twin Higgsino leads
to a coupling between B̃, B̃0 and the Z boson,

gBB0Z ≃ 4 × 10−5
�
gX
2

�
2
�
8 TeV
mX̃

��
v0

3v

�
2
�
TeV
μ

�
3
�
5

tβ

�

;

ð5Þ

where the large tan β and μ limit is used. Here gX is the
gauge coupling constant of an extra gauge interaction in the
D-term model, and mX̃ is the mass of the corresponding
gaugino. The decay rate of B̃ into B̃0 and a pair of SM
fermions via an off-shell Z boson is

ΓB̃ ≃ 2.2 × 10−16
�

ΔmB̃

7 GeV

�
5
�

gBB0Z

4 × 10−5

�
2

GeV: ð6Þ

In the Supplemental Material [79] more details about the
calculation of the bino decay rate are provided.
In Figs. 2 and 3 we present the region in which B̃ decays

after the freeze-out of B̃0 and overproduces B̃0, assuming a
D-term model with mX ¼ 8 TeV and gX ¼ 2, which are
typical values minimizing the fine-tuning of the electro-
weak scale. We see in Fig. 2 that this does not occur for
μ≲ 1 TeV, which is anyway required by the naturalness of
the electroweak scale. The B̃ decay width can be enhanced
for large v0=v, but v0=v≳ 4 leads to fine-tuning worse than
10%. Figure 3 shows that B̃ decays before the freeze-out of
B̃0 for most of the parameter space where the perturbativity
of yτ0 is maintained. For small mass splitting the scattering
B̃f ↔ B̃0f by Z boson exchange dominates over the decay
to maintain the chemical equilibrium. However, this does
not expand the parameter space to the region which is
already disfavored by the perturbativity of yτ0 or the
naturalness of the electroweak scale. The effects of coan-
nihilation are included in Figs. 2 and 3 but impact the
relic abundance only marginally in the region in which B̃
decays before the freeze-out of B̃0. The kinetic and/or soft
mass mixing between B̃ and B̃0 can lead to more efficient
chemical equilibration, but we do not investigate this
possibility further since the equilibration condition is
anyway not constraining.
Let us also comment on the case with μM1 < 0.

Equation (1) shows that the Higgs-LSP coupling vanishes
at tree level for M1 ≈ −μs2β and the SI scattering cross-
section is small, which is the so-called blind spot [48] in
DD. However, in the blind-spot region the twin stau mass
required to achieve Ωh2 ≈ 0.12 is close to or even below
100 GeV so is either excluded by LEP or within the reach
of the high-luminosity LHC [80]. This is the case for two
reasons. First, for μ < 0 there is a cancellation in the s-
wave annihilation amplitude. Second, in the blind-spot
region the B̃ − B̃0 mass splitting is small, cf. Eq. (4), so that
coannihilation between B̃ and B̃0 is effective and further
suppresses the effective annihilation cross section. The
strong upper bound on the stau mass may be avoided for a
heavier LSP for which annihilations into twin gauge bosons
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are kinematically allowed, but this requires dedicated study
which we leave for future work.
LHC phenomenology.—The direct-detection, natural-

ness, and perturbativity constraints together with the
requirement of the correct relic abundance set an upper
bound on the twin stau mass of few hundreds GeV. The
direct production cross section for a pair of 200 GeV right-
handed staus is Oð10Þ fb [81,82] and the LHC searches for
τ̃R → τχ̃01 are still statistically limited to set meaningful
constraints. The MSSM right-handed stau is generically
expected to be somewhat heavier than the twin stau due to
the negative loop correction, Eq. (3), and the correction
from left-right mixing, Eq. (2), to the latter. Nevertheless,
the MSSM right-handed stau is not much heavier than its
twin counterpart unless fine-tuning in the twin stau mass is
present. Thus, the right-handed staus in the preferred mass
range may be in the discovery reach of the high-luminosity
LHC [80]. This is an important complementary probe of
this scenario, especially for the μM1 < 0 case which will
not be covered by future DD experiments in the vicinity of
the blind spot.
The constraint on the Higgsino mass depends on the

decay pattern of charginos and neutralinos. In the minimal
scenario that we consider, the Higgsino-like chargino H̃�

typically decays to W�B̃, while the Higgsino-like neutra-
linos H̃0 decay to B̃ accompanied by a Z or Higgs boson.
For this decay topology the strongest constraint on μ is set
by the ATLAS search for H̃�H̃0 direct production [83]
which excludes the Higgsino-like chargino mass up to
about 500 GeV. This is weaker than the bound on μ from
Xenon1T, but it may get stronger as the LHC collects
more data.
Collider signatures are not exactly the same as in the

MSSM because B̃ is not stable and eventually decays to B̃0

via an off-shell Z boson. Interestingly, B̃ is typically long-
lived with a decay length varying from OðmmÞ to several
meters, as shown in Fig. 2, leading to displaced vertices. It
may be challenging to reconstruct such displaced decays
because the typical B̃ − B̃0 mass splitting is below 10 GeV.
However, sensitivity to direct stau and Higgsino production
may improve by combining cuts from displaced searches
with those from usual prompt searches with large missing
transverse energy; see Ref. [84].
Discussion.—We have investigated the phenomenology

of the twin LSP. We focused on the twin binolike LSP
mixing with the twin Higgsino and found that it is a
promising thermal DM candidate. The twin LSP interacts
with SM particles via the Higgs portal, leading to DD
signals detectable by future experiments. This is the first
example of a twin SUSY state playing the role of DM. It
will be interesting to examine other SUSY DM candidates
in the twin sector.
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