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1 Introduction

Supersymmetry (SUSY) is one of the compelling candidates for Beyond the Standard
Model (BSM) models that has various motivations such as resolution of the gauge hierarchy
problem [1], unification of the gauge couplings [2], radiative electroweak symmetry breaking
(REWSB) [3, 4], dark matter candidate under R-parity conservation, etc. However, on the
experimental side, the lack of any direct signal for the new physics (NP) leads to a pressure
on the SUSY models. Nevertheless, the discovered 125 GeV SM-like Higgs boson [5, 6], the
LHCb results for the rare decays of B meson [7, 8] and the recent Dark Matter (DM)
results from the astrophysical experiments [9] have a significant impact on the parameter
space of the SUSY models such as constrained MSSM (CMSSM) and non-universal Higgs
mass models (NUHM) [10]. Moreover, in the MSSM, the experimental results that show
significant deviation from SM predictions for the anomalous magnetic moment of muon
(9 — 2), requires very light smuon fi, as well as light electroweakinos, to get sufficient
contribution from the SUSY sector, but the parameter space can not satisfy the LHC data
in this region.

Nevertheless, the absence of any findings for SUSY can be translated into the presence
of the non-minimal SUSY models in which the signals of a SUSY particle may be more
complex to observe. Hence, such particles may also escape usual SUSY searches. The
recent studies have already shown that extending the symmetry and/or particle content
can nicely fit the solutions to experimental data [11-13]. Moreover excluded regions of the
MSSM parameter space can be realized consistent with the experimental results, if one
simply considers non-holomophic (NH) terms in the soft supersymmetry breaking (SSB)
lagrangian [14]. While the standard structure of the MSSM includes only holomorphic tri-
linear soft SUSY breaking terms [15-17], in a more general framework, the non-holomorphic
supersymmetry breaking terms may also qualify as soft terms in the absence of a gauge
singlet field [18-20]. Phenomenologically, such a framework can act differently from the
standard MSSM. Thanks to the new trilinear interactions in non-holomophic supersym-
metric standard model (NHSSM), a SM like CP even Higgs boson with mass 125 GeV can



be achieved with relatively lighter squarks [21]. The NH terms, which alter the squark
and electroweakino mass sectors, may also help to satisfy the experimental constraints
from the rare B-decays and DM searches in the scenarios like phenomenological MSSM
(pMSSM) [21], constrained MSSM (CMSSM) [14, 22, 23] and minimal Gauge Mediated
Supersymmetry Breaking (mGMSB) [24]. Moreover, a large SUSY contribution to (g —2),
can be possible even for heavy smuon [21].

In this work, we investigate the impact of the non-holomorphic terms in a class of SUSY
SO(10) grand unified theories (GUTs) and explore its implications. One of the significant
implications of the SUSY SO(10) theories is capability of the third generation (¢ —b — 7)
Yukawa unification (YU) as well as gauge coupling unification at GUT scale [25, 26].
Indeed, the hierarchy of the third generation fermions (top quark, bottom quark and tau
lepton) masses can be understood by YU. However, the CMSSM (or mSUGRA) with YU
has been ruled for two reasons. First of them is that the exact YU with p > 0 and universal
gaugino masses does not allow the neutralino dark matter scenario consistent with dark
matter constraints [27-29]. Secondly, in order to ensure a correct radiative electroweak
symmetry breaking (REWSB) with YU, the MSSM Higgs soft supersymmetry breaking
(SSB) masses must be split in such way that m% < mj; at the GUT scale [30-32].

Whereas, in a constrained NHSSM, these inconsistencies can be resolved with the help
of the additional NH terms. Here, it is important to note that YU is sensitive to low scale
threshold corrections as well as the value of tanf [33-35], additionally, the NH soft terms
can modify the threshold corrections to the fermion masses/Yukawa couplings [36]. So, it
can render the parameter space to be consistent with recent DM results as wellas t —b— 17
YU. Further, the effects of the NH terms in Renormalization Group Equations (RGE) of
the Higgs SSB masses [20, 22, 37] may help to satisfy the REWSB with YU. With these
motivations, we probe in this work the third family (t — b — 7) YU in NHSSM framework
with fully universal boundary conditions at the GUT scale. We also test the low energy
implications against all currently available data from the colliders and DM experiments,
wich also includes direct detection searches.

The outline of the paper is as follows. We will briefly introduce the NHSSM in sec-
tion 2. After summarising our scanning procedure and imposed experimental constraints
in section 3, we present our results over the surviving parameter space and discuss the
corresponding particle mass spectrum, including discussing DM implications in section 4.
Finally, we summarise and conclude in section 5.

2 Model
The superpotential in MSSM is given as
Wussm = pHuHy + Y, QH,U + Y,QH D + Y.LH.E (2.1)

where p is the bilinear mixing term for the MSSM Higgs doublets H,, and Hg; @Q and L
denote the left handed squark and lepton dublets, while U, D, E stand for the right-handed
u-type squarks, d-type squarks and sleptons respectively. Y, 4. are the Yukawa couplings
between the Higgs and the matter fields shown as subscripts. Higgsino mass term p is



included in the SUSY preserving Lagrangian in MSSM, and hence it is allowed to be at
any scale from the electroweak (EW) scale to Mguyr. In addition to Wyigsm, the soft SUSY
breaking (SSB) Lagrangian is given below

— L3538 = mip, |Hul” +miy, | Hal* + m%!QP +m3|L|?
+mZ|U? +m%|DP? + m%|E)” + 5 MoAgha + (BuH Hy + h.c.)
a
+ A,Y,QH, U + A;YyQH, D¢ + A Y.LH,E° (2.2)

where the field notation is as given before. A, 4. are the SSB terms for the trilinear scalar
interactions, while B is the SSB bilinear mixing term for the MSSM Higgs fields.

The framework in this work differs from the standard MSSM only by introducing the
non-holomorphic (NH) soft supersymmetry breaking interactions as [18-20)]

—LaBsy = W H Hy + ALY, QH U + AY,QH, D¢ + ALY.LH,E° + h.c. (2.3)
where A;%e are the NH soft trilinear parameters corresponding to the up, down and

lepton sectors, respectively and p’ is the NH soft Higgsino mass parameter. It can be
noted that the new additional soft breaking sector consist of bare Higgsino mass terms and
the trilinear couplings with “wrong” Higgs doublet. In fact, such terms can be dangerous
in the theories with gauge singlet fields as they break the SUSY hardly by regenerating
the quadratic divergences [38]. However, the NH SUSY breaking terms may be soft in the
models, like MSSM, without any singlets [39, 40].

The non-standard terms in eq. (2.3) bring quite different phenomenology to the main

sectors of the model at the low scale. Let us start with impact of NH terms on the scalar
fu,d,e
sfermion mass-squared matrices of MSSM as follows.

sector. The NH trilinear interactions containing A cause the modifications in tree-level

A2 mfgL + (5 — 3sin® Ow)mZ cos 28 +m5  —my(Ar — (u+ A})C(B)) (2.4
e —my(Af — (n+ A})C(B)) m?;R + 2 sin? Oyym% cos 28 + mfc '

where m 7, p are the soft SUSY breaking masses for the left- and right-chiral sfermions,
my is the mass of the corresponding fermion where f = u,d, e stands for up-type quarks,
down- type quarks and leptons respectively. C(/3) = cot 8 (tan ) for the up-type squark

I
u,d,e

in flavour space. As seen from eq. (2.4), the NH trilinear terms with A’f appear in the

(down-type squark, slepton) mass-squared matrices. A, 4. and A are 3x3 matrices
off-diagonal elements of the sfermion mass squared matrices where p is replaced by u + A’f
and hence they can considerably change the mass of the sfermions by contributing to the
L-R mixing.

Such NH contributions to stop mass sector mainly affect the radiative effects to Higgs
boson mass. In standard MSSM framework, the discovered Higgs boson with a mass of
125 GeV [5, 41, 42] requires large radiative corrections to the mass of the lighter neutral
CP-even Higgs boson. This means that heavy scalar top quarks and large value of |A;| are



needed in order to get large loop corrections for Higgs boson mass. The one loop correction
to the lightest CP-even Higgs boson mass from top sector can be written as follows [43]

3gami M?2 X? X?
omj 2t log [ =5 L1 — =5 2.5
™= gz [0\ w2 ) Tz \1 T e (2:5)
where X; = A; — (u+ Aj) cot(3) is the left-right mixing term in NHSSM and & (m;, +mg,).
my is the running MS top quark mass to account for the leading two-loop QCD and

electroweak corrections in a RG improvement. It can be noted that this term corresponds
the case of MSSM for A} = 0. Unlike the standard MSSM framework, it is possible to
satisfy the 125 GeV Higgs boson mass without having heavy stops or large |A;| in NHSSM.
As the YU can realize at the large tan 3, the sbottom contributions will be significant in
this work. It is important to emphasis that we take the loop contributions from all sectors
into account. Moreover, even if the ;/-term does not appear in the sfermion mass-squared
matrices shown in eq. (2.4), it can contribute the Higgs masses through Higgsino loops at
the higher order diagrams shown in ref. [44].

The another impact of the non-holomorphic terms is on the masses of the electroweaki-
nos. In fact, only p/-term changes the neutralino and chargino mass matrices as
shown below.

My 0 — My cosBsinfyy My sin 5sin by
Mo — 0 Moy My cosBcosbyy —Mysin S cosbOy (2.6)
X" —MzcosBsinfy Mz cos 3cos Oy 0 —(u+u) '
Mysin Bsinfy, —Mysin 3 cos Oy —(p+u) 0
- ( Mo ﬁMWsinB> (2.7)
- \V2MycosB  (u+p) )’ '

where Mgo is mass matrix for the neutralinos in the basis (B,W?, ﬁg, HY%) and
(B,W°, HY, HY), while Mg+ is for the charginos in the basis (W=, H;) and (W, H).

Undoubtedly, the NH terms shown in eq. (2.3) can also change the contribution of
MSSM to masses of quarks and leptons at the loop level since they introduce new Yukawa
interactions between the sfermion and sfermion through “wrong” Higgs in addition to
standard Yukawa interactions in MSSM superpotential. Figure 1 shows the one loop dia-
grams for sbottom and stop contributions to the bottom quark mass involving change of
gluino, charginos and neutralinos. In the MSSM, the interactions between sbottom (stop)
and Higgs fields is bbH, ({tH,) while there is an additional interaction as bbH,, (ttH,)
in NHSSM. The p' term also enters these diagrams through chargino/neutralino masses
shown in egs. (2.6) and (2.7). In the case of the MSSM, the main contributions to bottom
mass(or y,) arise from gluino-sbottom and chargino-stop loops whose diagrams are shown
in the top planes of figure 1 and are written by [45-47]

() _ 2a3 v 9
Ambg MSSM = 37mguyb7uif(mb ,mb MG ),

Ytyb v
Amp " s = T6m QNAtyt\/%I(mgl,mtgz,MQ), (2.8)
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Figure 1. The main diagrams for the one loop contribution to the bottom quark mass in MSSM
(top planes) and the NHSSM (bottom planes) [36].

where the loop integral I(a,b,c) is given by
_ab In(a/b) + bc In(b/c) + ca In(c/a)
(a=0)(b—c)(c—a) )

In the NHSSM, there are additional contributions from gluino-sbottom and neutralino-

I(a,b,c) = (2.9)

sbottom loops whose diagrams are shown in the bottom planes of figure 1 and for p/ =0
can be given by

2a3 , Uy

(@) _ 2 2 2
Amy” yggsm = 37 bybﬂl(mél’m52>mg),
o yz? / Uy, 2 2 2
Amy NHSSM — 167T2M(u+Ab)ybﬁl(m51,m52,,u ). (2.10)

and for p/ # 0, all the loop contributions to bottom mass approximately can be written
by [36]

2
YpVd [ Yy

Amy ~ 2=
m V2 [1671’2
Yh

167

Such additional contributions to quark and lepton masses in NHSSM are translated

2 2a3
AL (i mi,, (p* 4 7)) tan B+ Z—mg(p + Ay I(mg, ,mi, ,mg) tan 3

_I_

sh(p+ ANI(m2 m? (2 + %)) tan B (2.11)

into the modifications in the threshold corrections to their Yukawa couplings, which are
crucial in realizing Yukawa Unification consistent with the observed quark and lepton
masses for the third family. The finite correction to Yukawa coupling of the b-quark is
needed especially to be appropriately large and negative [48, 49]. With the help of the new
contributions in eq. (2.11), this condition, especially in the constrained version of NHSSM,
may be satisfied with the parameter space which provides compatible solutions with the
recent LHC and DM results.



Moreover, the NH terms p/, A}, A/, and A, can enter the RGEs of the two Higgs field

soft breaking terms, m%{u and m%{d whose one loop /3 functions are as shown below [22].

1 6 2 2 6
B = = gotu” — 663" — 2ot M’ — 6g3 M’ — gro

M, 5
16Ty (A;A’UT) + GqudTr(YdeT ) + Qm%{dTl"(YeYeT)
+ 6Tr (A;;AdT) + 2Tr (AZAZ) + 6Tr (miY@’YdT )

+2Tr(m2Yey[ ) + 2T (miy Y. ) + 6T (m2y]vy)

1 6 2 2 6
Bty = = g9in = 651" = SN — 6G3|MI° + 1o

My 5
+6Tr(454, ) + 21 (4,4, + 6md, Tr (v, Y)
+6Tr (A5 A7) +6Tr (m2Y[ Y, ) + 6Tr(m2Y,v}). (2.12)

In the MSSM framework, it is not possible to achieve the ¢t — b — 7 YU with universal
scalar masses at the GUT scale, hence, the Higgs field soft breaking terms cannot ensure
the electroweak symmetry breaking condition, which is that m%{u must be less than m%{d
and negative at the low scale [32, 50, 51]. Considering the different contributions of the
NH soft trilinear parameters to the RGEs of the each Higgs field soft breaking terms in
eq. (2.12), unlike the MSSM, it can be possible that the Higgs field soft breaking terms

which are degenerate at Mgyr split at the low scale to allow for REWSB.

3 Scanning procedure and experimental constraints

In our work, we have employed the SPHENO (version 4.0.3) package [52] obtained with
SARAH (version 4.14.3) [53]. In this code, all gauge and Yukawa couplings in the NHSSM
are evolved from the electroweak (EW) scale to the GUT scale that is assigned by the
condition of gauge coupling unification, described as g; = go. However, g3 is allowed to
have a small deviation from the unification condition, since it has the largest threshold
corrections at the GUT scale [54]. After that, the whole mass spectrum is calculated by
evaluating all SSB parameters along with gauge and Yukawa couplings back to the EW
scale. These bottom-up and top-down processes are carried out by running the full two
loop RGEs and in the latter, boundary conditions given at Mgyt scale are used. We
assume the universal boundary conditions at the GUT scale:

M1:M2:M35M1/2

2 _ 2 — 2
de—mHu:mO
mgzmﬁzmi:m%:m(gzlm%
Ai = AoY;
I Ay
A; =AY,

where my is the universal SSB mass term for the matter scalars while M /; are the universal
SSB mass terms of the gauginos at the GUT scale. Besides, Ay is the SSB trilinear coupling



Parameter | Scanned range | Parameter | Scanned range
mo [0, 6] TeV sign p +1
M,y [0, 6] TeV Aj [—15,15] TeV
tan 3 [1,60] w [—5,5] TeV
Ap [—5,5] TeV

Table 1. Scanned parameter space.

and A is the NH SSB trilinear coupling. ¢ = u, d, e stands for up-type quarks, down-type
quarks and leptons respectively. In the numerical analysis of our work, we have performed
random scans over the parameter space of the NHSSM shown in table 1, where tan 8
is the ratio of the VEVs of the MSSM Higgs doublets and pu is the NH soft Higgsino
mass parameter.

In order to scan the parameter space efficiently, we use the Metropolis-Hasting algo-
rithm [55]. Then, we implement Higgs boson and sparticle mass bounds [42, 56] and the
constraints from rare B-meson decays such as BR(B — Xsv) [7], BR(Bs — ptp™) [8] and
BR(B, — Tv;) [57]. We also require that the predicted relic density of the neutralino LSP
agrees within 5o with the recent Planck results [9]. The relic density of the LSP and scat-
tering cross sections for direct detection experiments are calculated with MICROMEGAS
(version 5.0.9) [58]. The experimental constraints can be summarised as follows:

my = 122 — 128 GeV,
mg > 2.0 TeV,
0.8 x 1072 < BR(Bs — putu~) <6.2 x 1077 (20 tolerance),

mox > 103.5 GeV,
X1

> 105 GeV, (3.1)

3

2.99 x 107" < BR(B — X,7) < 3.87 x 107* (20 tolerance),

0.15 < BR(B, — TV;)NHSSM
BR(BU — TI/.,-)SM

< 2.41 (30 tolerance),

0.114 < Qcpmh? < 0.126 (50 tolerance).

We have also applied the colour and charge breaking (CCB) constraint in NHSSM shown
in ref. [59].
Additionally, we implement a constraint on the parameter that quantifies the t —b— 7

YU as shown below.
Ma’x(yt7 Yb, yT)

Rb = . )
T Min(ye, yb yr)

(3.2)

where Ry, < 1.1 means that the solution are compatible with ¢ — b — 7 YU [60]. Ry, =1
donates perfect t —b— 7 YU. As mentioned in section 2, this condition can not be satisfied



in the standard CMSSM. The following list summarises the relation between colours and
constraints imposed in our forthcoming plots.

o Grey: radiative EWSB (REWSB) and neutralino LSP.

e Red: the subset of grey plus Higgs boson mass and coupling constraints, SUSY
particle mass bounds and EWPT requirements.

e Green: the subset of red plus B-physics constraints.

e Blue: the subset of green plus Planck constraints on the relic abundance of the
neutralino LSP (within 50).

e Black: the subset of blue plus ¢t — b — 7 Yukawa Unification constraint, R, < 1.1

4 Results

In this section, we will first present the regions in the parameter space that are compat-
ible with t — b — 7 YU in figure 2 with mo — Ry, (top left), M/, — Ry, (top right),
(|Ao| + |45|?)/mo — Ry (middle left), tanB — Ry, (middle right) and g/ — Ry, (bottom)
planes. The colour convention is as listed at the end of section 3 and the solid line indi-
cates the region consistent with YU with Ry, < 1.1. According to top panels, the t —b— 7
YU allows a wide range for mg, namely 2 TeV < mo S 6 TeV while M5 lies in the
range of 1.5 TeV < My, < 3 TeV. Essentially, perfect YU is realized for mg > 4 TeV
and M5 ~ 2 TeV. In the middle left panel, we show the ratio (]Ag| + [AH|?)/mo which
must be smaller than 3.5 to satisfy CCB condition in [59]. We observe that the main
contribution to this ratio comes from the NH SSB trilinear coupling A in the range
—15 TeV < Af < —8 TeV, since it is needed to be large and negative in order to enhance
the effect of the last term in eq. (2.11). Such large differences between Ay and Af, have no
importance in the high scale based SUSY breaking scenarios for the reason that they arise
from different origins [19] and A’ terms are highly suppressed in such scenarios [21]. As
seen from the middle right panel, tan/ should be in the interval [45,55]. According to our
results, in this interval, the Yukawa couplings of top, bottom and tau unify around 0.55 at
GUT scale. For the Yukawa unification, tan8 > 40 is expected region to get realistic quark
masses due to my/mp = (yi/yp)(tan) relation, so we can say that our analysis is under
control. In the bottom panel, it can be seen that the NH soft Higgsino mass parameter u’
should be negative in the range of —5 TeV < y/ < —3 TeV. Moreover, the perfect t —b— 7
YU can be actualized for u/ < —4.5 TeV.

Figure 3 displays the mass spectrum of SUSY particles in (mj, m;) (left) and (mgz, mz)
(right) planes.The colour convention is as listed at the end of section 3. In addition to
the colours in the figure 2, we have also added the black colour in which the points are
compatible with ¢t — b — 7 YU. The left panel shows that stop and sbottom masses should
be 3 TeV < my, m;
probed in the future collider searches [61]. As can be seen from the right panel in figure 3,

< 5 TeV. These mass ranges are not quite heavy and they can be

~

stau 7 can be as light as 1 TeV, compatible with t —b — 7 YU while sneutrino can be cover
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Figure 2. The fundamental parameter space versus t —b— 7 YU (R, ) over the following planes:
mo — Repr (top left), My /o — Ryr (top right), (JAo| + |Ap)%)/mo — Rypr (middle left), tanB — Ry,
(middle right) and p' — Ry, (bottom). Our colour convention is as listed at the end of section 3.
The solid line indicates the region consistent with YU with Ry, < 1.1.
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Figure 3. The mass spectrum of SUSY states over the following planes: (m;,m;) (left) and
(mgz,mz) (right). Our colour convention is as listed at the end of section 3.
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Figure 4. The mass spectrum of the lightest neutralino and chargino and relic density channels
over the following planes: (mﬁ),m)zli) (top left), (mgo,mz) (top right), (mgo,ma) (bottom left)
and (mgo, mp) (bottom right). Our colour convention is as listed at the end of section 3.

a heavier range, 2.5 TeV < mj,m; S 5 TeV. According to our results, we also obtain the
gluino mass with mgz 2 3 TeV.

In figure 4 we illustrate the neutralino and chargino mass spectrum and relic density
channels in (mﬁ?’mif) (top left), (mf(?,m;) (top right), (mig,mA) (bottom left) and
(m>~<(1>, mp) (bottom right) planes. The colour coding is the same as in figure 3. In top

~10 -



Figure 5. The mass spectrum of the chargino versus stau over the following planes: (mxli,m;)
(left), (mﬁ,m;) (right). Our colour convention is as listed at the end of section 3.

panels, the diagonal solid red lines indicate regions in which the displayed parameters are
degenerate in value. The top left panel shows that the lightest neutralino, which are our DM
candidate, versus the lightest chargino. The mass of DM consistent with Yukawa unification
can be in a narrow range as 0.6 TeV < Mo < 1.3 TeV while the lightest chargino masses
are also squezed to the range of 0.8 TeV < Myt < 1.5 TeV. Furthermore, as can be seen
from the top left panel, the lightest chargino and LSP can not be degenerate in mass. This
means that the solutions which corresponds to chargino-neutralino coannihilation channels
are not sufficient to reduce the relic abundance of the LSP to correct relic density. It is
concluded that our LSP can not be higgsino-like since our heavier charginos are mainly
composed of higgsinos. Top right panel shows that the stau-neutralino coannihilation
channels are almost ruled out in the case of the YU except for a few number of solution.
The bottom panels depict LSP versus the masses of CP-odd and second lightest CP-even
Higgs. The solid red line shows the points with ma g = 2m>~<(1>, condition on setting the
dominant resonant DM annihilation via A or H mediation. According to the plots, the
A(H) resonance solutions with 0.5 TeV < mgo < 2TeV are possible in the all mass range
of the LSP which are consistent with the YU.

The recent LHC analyses have excluded the chargino masses for mex < 1.1 TeV in the
chargino-neutralino pair production channels with decays via sleptons [62], where i= 1,2
stand for the lighter and heavier chargino respectively. In figure 5, we present the mass
relations between the charginos and stau. The diagonal solid red lines indicate regions in
which the displayed masses are degenerate in value. As seen from the figure, the solutions
favourable to YU below red lines, where the charginos can decay to stau kinematically,
can survive from the aforementioned LHC bounds for the chargino masses and they are
reachable at the LHC Run-III.

Before concluding, we also present the status of the NHSSM solutions that are com-
patible with t —b—7 YU in the recent and future DM direct detection searches. In figure 6
shows the DM-neutron Spin-Independent (SI, left panel) and Spin-Dependent (SD, right
panel) scattering cross sections as functions of the neutralino LSP. The colour bars show
the bino (the left panel) and higgsino(the right panel) compositions of the DM. Here, the

- 11 -
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Figure 6. DM-neutron SI (left) and SD (right) scattering cross section as a function of the mass
of the lightest neutralino LSP. The colour bars show the composition of the LSP. Limits from
current (solid) and future (dashed) experiments are also shown.

points satisfy the t —b—7 YU and all the experimental constraints used in this work. They
correspond to the “Black” points as described at the end of section 3. As seen from the
colour bars in the both side of the figure, all ¢ — b — 7 Yukawa unified solutions include
bino-like LSP neutralinos with a very small higgsino percentage. In the left panel, the
black, blue and red solid lines show XENONIT [63], PandaX-II [64] and LUX [65] upper
limits for the SI ¥ - n cross section, respectively, while the black and blue dashed lines
illustrate the prospects of the XENONnT and DARWIN for future experiments [66], re-
spectively. As seen from this panel, most of our points with the LSP mass in the range
of 0.6 TeV < Mo < 1.3 TeV are presently consistent with all direct detection experimental
constraints and can be probed by the next generation of experiments for SI cross section.
In the right panel, the black, blue and red solid lines show XENONI1T [67], PandaX-II [68]
and LUX [69] upper limits for the SD ¥! - n cross section, respectively. As seen from this
plot, all solutions are consistent with current experimental SD direct detection results for
all the LSP masses.

5 Conclusion

In this paper, we have studied the ¢ — b — 7 Yukawa unification in the non-holomorphic
MSSM with universal boundary conditions and explored the low scale and DM implica-
tions in this scenario. We have scanned the parameter space such that the LSP is always
the lightest neutralino ¥{. Following this, we have applied all current collider and DM
bounds onto the parameter space of the model. Additionally, we demand Yukawa unifica-
tion at the grand unification scale (Mgur), that is not possible with universal boundary
conditions in standard MSSM framework. The YU condition, Ry, < 1.1 is achieved and
the fundamental parameters of NHSSM are found to be in a range such as mg 2 2TeV,
1.5 TeV < My /5 < 3 TeV. The tan 3 parameter is mostly restricted to the region in the in-
terval [46, 55] by the YU condition. Also, YU strictly requires the negative and large values
for the NH terms Aj and pPrime as —15 TeV < Ay < —8 TeV and 1/ < —4.5 TeV. We find
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that the mass of the coloured scalar particles are in the range of 3 TeV < mj, m; < 5 TeV
while the stau 7 can be as light as 1 TeV. We also obtain the gluino mass with mg 2 3 TeV.
Furthermore, we find the chargino solutions in which the charginos can decay to stau kine-
matically and the YU can partly be tested in this channel at the LHC Run III.

In the DM sector, the solutions consistent with all current experimental bounds coming
from relic density and direct detection experiments were found a bino-like LSP neutralino
with 0.6 TeV < myo < 1.3TeV. In this respect, we have been able to identify only A (the
pseudoscalar Higgs state) mediated resonant annihilation as the main channel rendering
our DM scenario consistent with Planck measurements. Furthermore, as for SI and SD !
- n scattering cross section bounds from DM direct detection experiments, we have seen
that YU scenarios are mostly valid and compliant with present limits, additionally, they
could be investigated by the next generation of such experiments.
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