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Abstract
We discuss low scale implications of a class of SUSY GUTs with non-universal SSB masses and confront
them with the current experimental results from the direct detection of dark matter experiments, as well
as the collider experiments of different center of mass energies. This class of SUSY GUTs are expected to be
tested soon in direct detection dark matter experiments through the scatterings of Higgsino and Wino-like
dark matters at nuclei. Besides, the stop and gluino will be able to be probed and tested up to about 5-6
TeV in the current and future collider experiments. These probe scales are expected to be further when
high luminosities are achieved.
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1. INTRODUCTION
In this paper we discuss the low scale implications of a class of the supersymmetric grand unified theories (SUSY GUTs) with
non0universal soft supersymmetry breaking (SSB) mass terms, which are represented in details in [1, 2, 3]. Non-universal SSB
mass terms can be obtained by considering different sources, which break the supersymmetry (SUSY) simultaneously such as
mirage mediated SUSY breaking [4], or considering F-terms, whose vacuum expectation values (VEVs) break the SUSY, belonging
to non-singlet representations of the GUT gauge symmetry [5].

FIGURE 1: The masses of SUSY particles in comparison to the LSP neutralino. All points are compatible with the REWSB and
LSP neutralino conditions. Green points satisfy the mass bounds and constraints from rare B−meson decays. Orange points form
a subset of green, and they represent the solutions compatible with the b − τ YU of SU(5) GUTs. Brown points also satisfy the
WMAP bound on relic abundance of LSP neutralino within 5σ uncertainty.

When the GUT scale boundary conditions, the low scale mass spectrum is obtained as shown in Figure 1. If one assumes the
dark matter abundance is saturated by the LSP neutralino, then the results predict some coannihilation scenarios, in which the LSP
neutralino co-annihilate together with stop, gluino and stau. These coannihilation processes reduce the relic abundance of the LSP
neutralino into the ranges allowed by the WMAP measurements [6]. In addition, the model also predicts annihilation processes in
which two LSP neutralinos annihilitate into a CP-odd Higgs boson.

The lightest mass eigenstates of stop and stau are known to be mostly the right-handed in the class of SUSY GUTs [3]; thus,
the coannihilation scenarios involving the stop and stau become more effective in satisfying the constraints on the dark matter
implications, when the LSP neutralino is formed mostly by MSSM higgsinos. Such solutions are also interesting in testing the dark
matter implications, since their scattering cross-section at nuclei is expected to be large in comparison to Bino-like and Wino-like
neutralinos.

We show the results for the spin-independent and dependent cross-sections for the dark matter scattering at nuclei in Figure 2
and compare with the current results from several direct dark matter detection experiments. As mentioned above, the Higgsino-
like dark matter yields large scattering cross-section, and as can be seen from the σSI − mχ̃0

1
plane, such solutions are below the

current exclusion curve of the LUX experiment, while they are slightly above its future projection [10]. These solutions are expected
to be tested soon in the experiments. There are also solutions below all the exclusion curves. These solutions predict Wino-like or
Bino-Wino mixed dark matter, which predict relatively smaller scattering cross-section.

The mass spectrum shown in Figure 1 also indicates that especially stop and gluino masses are in the range that is reachable in
the current and future collider experiments. We can consider the following processes in the stop analyses within the SUSY GUTs,
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FIGURE 2: Spin-independent (left) and spin-dependent (right) scattering cross-sections versus the LSP neutralino mass. In the
σSI − mχ̃0

1
plane, the dashed (solid) blue line represents the current (future) results from the SuperCDMS experiment [7]. The

dashed (solid) line indicates the current (future) results from the LUX-Zeplin experiment [8]. In the σSD − mχ̃0
1

plane, the solid
black line represents the currrent bound from Super-K [9], while the orange solid line is set by the LUX results [10]. The purple line
is obtained from the collider analyses [11]. The dashed (solid) blue line shows the current (future) results from IceCube DeepCore.

FIGURE 3: Exclusion curves for the stop mass through Signal 1 (left) and Signal 3. The green points are consistent with the current
mass bounds and constraints from the rare B−meson decays. Blue points form a subset of green, and they are compatible with
the WMAP bound, while the brown points satisfy the Planck bound on the relic abundance of LSP neutralino. In addition, orange
curve represents the exclusion at the current energy, while the dark green and red are obtained at 27 TeV and 100 TeV, repsectively.
Luminosity is set to 36.1 fb−1 at all energies.

Signal 1 : pp→ t̃1 t̃1
t̃1 → tχ̃0

1−−−−−→ tt̄χ̃0
1χ̃0

1

Signal 2 : pp→ t̃1 t̃1
t̃1 → bχ̃±1−−−−−→ bb̄χ̃±1 χ̃∓1

χ̃±1 →W± χ̃0
1−−−−−−−→→ bb̄W±W∓χ̃0

1χ̃0
1

Signal 3 : pp→ t̃1 t̃1
t̃1 → bχ̃±1−−−−−→ bb̄χ̃±1 χ̃∓1

χ̃±1 → qq̄′ χ̃0
1−−−−−−→→ bb̄(qq̄′)(qq̄′)χ̃0

1 .

While the processes referred to Signal 1 and Signal 3 can provide sensitive results in the current and future experiments, Signal
2 is not available for the current experiments. In order to have chargino decaying into a LSP neutralino along with a W−boson, it
has to be Wino-like chargino, while LSP neutralino is to be Bino-like. However, since the lightest stop mass eigenstate is found to
be mostly right-handed, the Wino-like chargino interacts with it quite weakly, proportional to the mixing of the left-handed stop
in the lightest stop mass eigenstate. However, it can provide some sensitive results in the future experiments with higher center of
mass energy and luminosity [3].

Following similar to the experimental analyses [12]; the exclusion curves, which can be probed in the current and future collider
experiments, can be obtained as shown in Figure 3. According to our results, the current experiments can probe the stop mass up
to about 1.2 TeV, while it can be probed up to about 1.8 TeV and 3 TeV in the future colider experiments of 27 TeV and 100 TeV
center of mass energy, respectively.

Similar analyses can be also followed for the gluino. The current experimental mass bounds on the gluino is about 2.1 TeV [12],
while it reduces to mg̃ ≥ 800 GeV, when it is next to LSP (NLSP). Considering the results shown in Figure 1, the gluino is realized
mostly heavier than the stop, and one can also add another decay channel in which a gluino decays into a stop quark along with a
top quark. If we follow similar analyses, which are performed in the experimental analyses over the gluino mass. We summarize
our findings for the exclusion curves on the gluino mass in Figure 4. While The current experiments have enough sensitivity to test
the gluino mass up to about 2 TeV, the future collider experiments will be able to probe its mass up to about 3 TeV and 6 TeV, when
the center of mass energy is set to 27 TeV and 100 TeV respectively. This decay channel of gluino can also indirectly probe the stop
mass as shown in the right panel of Figure 4. It can lift the mass bound on the stop up to about 1.8 TeV un the current experiments
(orange curve), while the stop can be probed up to about 2.2 and 4.4 TeV in the collider experiments with the center of mass energy
of 27 TeV and 100 TeV, respectively. Note that despite being indirect bounds, the g̃→ t̃t decay channel may provide more sensitive
results on the stop mass.
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FIGURE 4: Summary of our findings in the mχ̃0
1
−mg̃ and mχ̃0

1
−mt̃1

planes. The color coding is the same as in Figure 3. The orange
curve represents the exclusion at 14 TeV, while the dark green and the red curves are obtained for 27 TeV and 100 TeV respectively.

FIGURE 5: Gluino probe at the 100 TeV center of mass energy and 3000 f b−1 Luminosity. The color coding is the same in Figure 3.
The red curve represents the gluino reach when the luminosity is set to 3000 f b−1.

Before concluding, we also consider the gluino mass probe in the collider experiments with 100 TeV center of mass energy and
3000 f b−1 luminosity. our analyses over the g̃ → t̃t within the class of SUSY GUTs reveal that the gluino mass can be probe up to
about 9 TeV when a high luminosity is achieved in the future collider experiments with the center of mass energy of 100 TeV.

2. CONCLUSION
We discussed the dark matter implications and probe of the low scale mass spectrum through the decay modes of the stop and
gluino within a class of SUSY GUTs with non-universal SSB mass terms implemented at the GUT scale. This class of models are
expected to be tested in the current and near future direct detection dark matter experiments via the scattering of Higgsino and
Wino-like LSP neutralinos at nuclei. In addition, the stop and gluino particles will be available in the current and near future
collider experiments. The stop can be tested up to 1.2 TeV in the current experiments, while the future experiments will be sensitive
enough to probe its mass up to about 3 TeV. Similarly, the gluino mass can be tested up to about 2 TeV in the current experiments,
while it will be able to be probed up to about 6 TeV in the future experiments. These bounds and probe scales are expected to be
further, when the high luminosity is achieved.
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