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ABSTRACT: It is pointed out that in supersymmetric models with a new gauge symmetry
under which the Higgs is charged, the fine-tuning of the electroweak symmetry breaking
is relaxed due to suppression of the top Yukawa coupling at higher scales by a new large
gauge coupling. We calculate the fine-tuning in an explicit model and find that the lower
bounds on stops and gluino masses from the naturalness criterion are increased by several
hundred GeV in comparison to the Minimal Supersymmetric Standard Model (MSSM).
The fine-tuning is improved by one to two orders of magnitude as compared to the MSSM,
as a consequence of both the suppression of the top Yukawa coupling and the additional
tree-level contribution to the Higgs mass allowing for much lighter stops.
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1 Introduction

Supersymmetry (SUSY) provides one of the best solutions to the hierarchy problem of
the Standard Model (SM) [1-4]. However, the minimal version of the realization of this
idea, the Minimal Supersymmetric Standard Model (MSSM), has been put under a strong
pressure by the LHC results. The primary problem of the MSSM is the fact that explaining
the 125 GeV Higgs mass [5] requires multi-TeV stops which implies large fine-tuning of the
electroweak (EW) scale, the so-called little hierarchy problem. This has motivated a great
amount of work on various extensions of the MSSM in which new positive contributions
to the Higgs mass are present which allow for the 125 GeV Higgs mass without heavy
stops. The most notable examples of such models are Next-To-Minimal Supersymmetric
Standard Model (NMSSM) [6-14] and models with non-decoupling D-terms of some new
gauge interactions under which the Higgs is charged [15-22]. However, even if the observed
Higgs mass is obtained with light stops the fine-tuning is still present due to constraints on
supersymmetric particles, especially on stops and gluino, from direct LHC searches [23, 24].

The fine-tuning is particularly large for models with high mediation scale of SUSY
breaking, thus disfavouring many simple mechanisms of SUSY breaking such as grav-
ity mediation. This motivated construction of new models with extremely low scale of
SUSY breaking, see e.g. [25, 26], models with Dirac gauginos [27, 28] which do not have
logarithmicly-enhanced contributions to the Higgs mass parameter, and SUSY models [29-
33] which suppress the fine-tuning and enhance the tree-level Higgs mass by invoking the
Twin Higgs mechanism [34-36].

In the present paper, we point out that in a class of SUSY models with a new gauge
symmetry under which the Higgs is charged, the top Yukawa coupling becomes small at
high energy scales by the renormalization from the new gauge interaction. As a result, the
logarithmically-enhanced quantum correction to the Higgs mass parameter is suppressed,
making models with high mediation scale of SUSY breaking not less motivated from the
naturalness perspective than models with a low mediation scale. This mechanism is generic



as long as the new gauge coupling is large, which requires the new interaction to be asymp-
totically free to stay in the perturbative regime up to high scales. As a demonstraton of
this idea, we quantify in detail naturalness of the EW symmetry breaking (EWSB) in a
specific model with SU(2)x x SU(2)y gauge symmetry which is broken to the SM SU(2)y,
gauge group at a scale of around 10 TeV. We find that the fine-tuning may be relaxed by a
factor of few as compared to the MSSM and particularly large improvement is found in the
inverted sfermion mass hierarchy scenario in which the first two generations of sfermions
are much heavier than the third one. Moreover, after the Higgs mass constraint is taken
into account the improvement in the tuning, as compared to the MSSM, is one to two
orders of magnitude.

The article is organized as follows. In section 2 we discuss how the suppression of
the top Yukawa coupling is obtained and introduce a model in which this scenario can
be realized. In section 3 we quantify the fine-tuning of the model and compare it to the
MSSM. We reserve section 4 for the summary and concluding remarks.

2 Supersymmetry with an extra gauge symmetry

In this section we describe how in a model with an extra gauge symmetry the quantum
correction to the Higgs mass parameter from stops and gluino is suppressed, and introduce
an explicit example.

2.1 Suppression of the top Yukawa by an extra gauge interaction

In the MSSM, the soft mass of the Higgs m%,“ receives a large quantum correction from

those of stops m%g, m%JS because of the large top Yukawa coupling y,

LmQ :%(mZ +m2)+--- (2.1)
dinpg Mo 16x2 V@ T T ' '
The effect is especially significant for a large mediation scale of SUSY breaking because of
the large logarithmic enhancement, which leads to an excessive amount of the fine-tuning
to obtain the EWSB scale.

We point out that this problem is relaxed in extensions of the MSSM such that the
Higgs is charged under extra gauge symmetry, which have been extensively discussed be-
cuase they alllow for the 125 GeV Higgs mass with relatively small stop masses [15-22].
The running of the top Yukawa coupling is given by

d
dlnpug

ve = (V. + Qs +70,) Yo (2.2)

where ~; is the anomalous dimension of the field i. At one-loop level gauge interactions gives
a negative contribution to anomalous dimensions, suppressing the top Yukawa coupling at
high energy scales. As a result the quantum correction to m%{u is also suppressed.

We are interested in a model which remains perturbative up to a high energy scale
and does not require a UV completion below the energy scale of gravity. In order to make
the suppression effective by a large gauge coupling, the extra gauge interaction should be
asymptotically free. We introduce an example of such a model in the next subsection.



SU(2)x [ SU@)w [ UMy | SUE).
H, 2 1/2
H, 2 ~1/2
S 2 2
Pu 2 1/2
ba 2 -1/2
Qs 2 1/6 3
Q1,2 2 1/6 3
U123 —2/3 3
€1,2,3 1
di2,3 1/3 3
Ly 2 ~1/2
Lo 2 -1/2

Table 1. The matter content of the model.

2.2 A model with an extra SU(2) symmetry

We borrow the setup described in ref. [15]. The gauge symmetry of the theory is SU(2) x X
SU(2)w x U(1)y x SU(3).. The chiral multiplets are shown in table 1. Among quark and
leptons, the first and the second generation doublets are charged under SU(2)y, while the
third generation doublets are charged under SU(2)x. The Higgs multiplets H, and Hy
are charged under SU(2)x, and their vacuum expectation values (VEVs) give masses to
the third generation quark/lepton. The masses of the first and the second generations are
given by the VEVs of ¢, and ¢4. We are interested in the case where the gauge coupling
constant of SU(2)x, gx, is much larger than that of SU(2)w, gw (“W” stands for “weak”,
and “X” does for “extra”). The gauge coupling gx is asymptotically free.

The VEV of the bi-fundamental field S breaks SU(2)x x SU(2)y down to the diagonal
subgroup SU(2)r, and the low energy theory is given by the MSSM. In order to break the
symmetry we consider the superpotential

W = kE(S12521 — M?), (2.3)

where = is a singlet chiral multiplet and x, M are constants, and the soft mass

Viort = ma|S|. (2.4)
The VEV of S is given by
0 vg
(S) = , vg =/ M2 —m?2/k2. (2.5)
vg 0

The gauge coupling of SU(2)y, is

1 1 1 1
e Rt el e aelie i (2.6)
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Since in the present paper we focus on large values of gx in the last approximated equality
we assumed g§< > gIQ/V. The mass of the gauge boson of the broken symmetry is given by

m% = (9% + giy)vs. (2.7)
The experimental lower bound of mx is mx 2 gx x 4.1 TeV [32]. After integrating out the
field S, the effective quartic coupling arising from the SU(2)x x SU(2)y gauge symmetry
is given by
9 2 2\2
Vi = (% +00) (P = PP, (2.8
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In order to obtain a quartic coupling larger than that of the MSSM, the soft mass m%
must be non-zero or, equivalently, €2 < 1. The one-loop threshold correction around the
symmetry breaking scale generates a soft mass of the Higgs, which in the limit gg( > 912/1/
is given by

2
om3;, ~3 g);r m%In (6_2) . (2.10)

This threshold correction shifts also the soft masses of all other SU(2) x-charged fields.
We found that the fine-tuning of the electroweak scale from m% that enters via the above
threshold correction is at most 10 % and always subdominant as compared to the fine-
tuning from stops and gluino, see section 3 for more details.

The Higgs mass in this model is given by

mi = (M2 4 46)v?) cos? (28) + (5m%) (2.11)

loop ’

where v &~ 174 GeV and we assumed the decoupling limit in which the mass of the heavy
Higgs doublets mgy > my,. (5m%)loop parameterizes the loop correction which, similarly
as in the MSSM, is dominated by loops involving stops. In the MSSM, for the stop masses
of 1 (2) TeV without stop mixing the Higgs mass is only about 110 (115) GeV even for
large tan 8 [37]. In the present model the 125 GeV Higgs mass can be easily obtained for
any stop mass by appropriate choice of gx, €2 and tan 3. We consider a case with a large
gauge coupling of the new interaction, gx = 2. The 125 GeV Higgs mass then requires
values of €2 close to unity; e.g. for the stop masses of 1 (2) TeV without stop mixing and
gx = 2.5 the 125 GeV Higgs mass requires €2 ~ 0.96 (0.98) for large tan 3. We do not
consider tan 3 close to unity as it requires large stop masses and/or 2 away from unity,
which leads to fine-tuning. For a very large tan 8 close to 60, the bottom yukawa coupling
is not negligible. In particular, the quantum correction from the bottom yukawa coupling
gives a negative contribution to the Higgs mass. Thus we also do not consider a very

large tan S.
The renormalization group (RG) running of the top Yukawa coupling is given by
= —39x — =93 — — 6 . 2.12
dnnn” = Ton? ( 9x — 593~ 591 + 0y (2.12)
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Figure 1. RG running of the gauge coupling gx (red) and the top Yukawa coupling y; for mx =
10 TeV, msusy = 2T6V, gx(mx) = 2.5.

In figure 1 we show the running of the gauge coupling gx and the top Yukawa coupling ;.
For comparison we also show the running of the top Yukawa coupling in the MSSM. We
see that the Yukawa coupling is strongly suppressed as compared to the MSSM. In figure 1
we fix gx(mx) = 2.5 but as we will see in section 3, the fine-tuning measure changes only
by few percent for gx in the range between 2 and 3. The RG running of gx is slow and gx
remains that large for a wide range of the energy scale g before the theory exhibits strong
dynamics. So there is no fine-tuning with respect to the choice of gx and the symmetry
breaking scale. We investigate the impact of the suppressed top Yukawa coupling to the
naturalness of the EWSB scale in the next section.

3 Naturalness of electroweak symmetry breaking

In this section we evaluate the naturalness of the EWSB scale of the model explained in
the previous section. We quantify the fine-tuning using the following measure

A =max{A,,}, A, =

(3

‘ Olnv? , (3.1)

Olnz;(A)

where 7; is a mass-squared parameter (e.g. M2, mé,d, ©?) at the mediation scale of SUSY
breaking A. ;2 is a supersymmetric parameter and contributes to fine-tuning at tree level:

Ay 2P (3.2)
my,

The soft SUSY breaking parameters contribute to fine-tuning via loop corrections to m%{u.

In order to compute these corrections we solve the RG equations (RGEs) between the
SUSY scale, set to 2TeV, and A. We have set tan 8 = 10 and neglected all the Yukawa
couplings other than the top Yukawa coupling. The RGEs are solved basically at the one-
loop level except for the followings: two-loop corrections to soft masses from the first two
generations of sfermions are included as we will also discuss the case where they are heavy.
As gx is large, the RGEs of the gauge couplings are solved at the two-loop level. Two-loop
corrections from the soft masses of SU(2) x-charged chiral multiplets are also included.



Between A and mx, the RGEs are solved in the unbroken SU(2)x phase. The size
of the two-loop correction to m%[u from mQS, which for €2 = 0.95 and myx ~ 10TeV is
about (1.5 TeV)2 at the mx scale, depends on the RG running of m%. In our analysis we
assume that m?g is constant which is approximately the case if the SU(2)x gaugino mass
and the soft mass of = are suppressed. In this approximation m% corrects m%lu by about
—(300GeV)? for gx = 2.5 so has subdominant impact on the fine-tuning.

At a scale mx we perform matching by including the threshold correction (2.10) to
soft masses for all SU(2)x-charged fields. The exact size of this correction depends on
the parameters determining the Higgs mass. In the numerical calculations we set for
concreteness gy = 2.5, €2 ~ 0.95 and tan 3 = 10 which can explain the 125 GeV Higgs
mass for sub-TeV stop masses even without stop mixing. For this choice of parameters,
and after saturating the experimental lower limit on myx shown in the previous section,
the threshold correction is about (400GeV)? and does not affect fine-tuning much. For
larger stop masses and/or non-negligible stop mixing the threshold correction can be even
smaller due to €? being closer to unity. Between my and the SUSY scale we solve the
MSSM RGEs.

In order to understand how the new interaction impacts the naturalness of EWSB it
is instructive to express the IR value of mlzqu in terms of the most relevant UV soft SUSY
breaking parameters. For the MSSM RGEs, which is a useful reference point, this relation

is given by

(m?{u)?ﬁfw ~ 0.68m7;, — 0.32mg, — 0.25mi;, + 0.005mq(1, 2)?
— 1.37TM% + 0.21M3 — 0.13M M3, (3.3)

where all soft terms on the r.h.s. are defined at the UV scale A = 106 GeV. mq(1,2)? is
the soft masses of the first two generation sfermions. The above formula clearly demon-
strates the well-known fact that fine-tuning in the MSSM is dominated by stops and
gluino which all give negative contribution to m%lu via the renormalization by the large
top Yukawa coupling.

In the presence of a large new gauge coupling the top Yukawa coupling is driven to
smaller values at high energy scales. In the model considered in this paper with gx = 2.5
the relation between the IR value of m%{u and the UV parameters reads:

(m3,) g =~ 0.82m3;, — 0.22m3, — 0.08m7, + 0.005mq(1,2)?
— 1.1M3 4 8.9M3% — 1.39Mx M3, (3.4)

where Mx is the SU(2) x gaugino mass. Note that the coefficient in front of m%,s is reduced
by a factor of three as compared to the MSSM case, as a consequence of suppressed top
Yukawa coupling at high energy scales. The coefficients in front of m2Q3 and M3 are also
reduced but not as much. This is due to compensating effects induced by large gx. Namely,

még gives additional negative two-loop correction to quu by the SU(2) x gauge interaction,

d 2 3931( 2
dlnMRmH“ = 2567‘[‘4 X 3mQ3 + y (35)




while M3 gives a negative contribution to m%lu via the Higgs-stop trilinear coupling Ay,

d 2 _6.%2

= AZ ...
dinpg e TTe2 e
A, = 18y2 — —g2 — 3 Gy VAT 3.6
dinpg ! 16772< i 39T o0 ) T g m g e (3.6)

The effect of gx dominates one-loop RG running of the top trilinear coupling A; so A; =0
is no longer an attractive solution (as it is the case in the MSSM [38]). This amplifies | Ay
which is renormalized by the gluino mass and substantially feeds into the B-function of
m%{u via the top Yukawa coupling (despite the latter being suppressed). As a consequence
of these compensating effects of 3; and gx the coefficients in front of mé3 and M?? are
stable as a function of gx and vary by only few percent for gx in the range between 2 an
3. We set gx = 2.5 in the rest of our numerical analysis of the present paper. We also see
from eq. (3.4) a large dependence of m%lu on the SU(2) x gaugino mass Mx so we set it to
zero throughout the analysis.

Fine-tuning in various supersymmetric extensions of the SM has been usually computed
assuming some correlations between the UV parameters, see e.g. [39-49]. In the present
paper we remain agnostic about any such correlations and take purely phenomenological
point of view and calculate the fine-tuning measure as a function of physical masses of
sparticles. In this approach collider constraints on sparticle masses may be translated to
lower bounds on A. Such procedure was recently adopted in ref. [24] using the MSSM
RGEs. However, in the work of ref. [24] m%{u was not included in the set of parameters
{z;} for which the fine-tuning is calculated. We think that Am%[ ’ should be included
in the definition of A and do it accordingly. In fact, A, 2 often dominates the total

u

amount of fine-tuning unless there is some large positive contribution to (7”11125,“)IR that
approximately cancels that from gluino and stops which allows for a small value of m%u at
the mediation scale.

In the left panel of figure 2 we present the fine-tuning as a function of the IR soft
gluino mass and the mass of stops for u = M; = Ms = 200 GeV. This corresponds to
a generic case in which the negative corrections from stops and gluino are cancelled by a
non-negligible UV value of m%lu and Am% : tends to dominate the fine-tuning. We see that
for a given value of A, gluino and stop masses can be heavier than in the MSSM by several
hundred GeV. The tuning better than 1 % can be obtained for a gluino mass up to 2 TeV
and stop masses up to 1.5 TeV, as compared to 1.8 and 1.2 TeV in the MSSM, respectively.
The biggest improvement in tuning is in the region mgiop > M3 where corrections from
stops dominate tuning and A is almost a factor three smaller than in the MSSM.

We also note that the improvement is particularly significant in a well-motivated sce-
nario in which the first two generation of sfermions are much heavier than the third one.
This scenario was suggested as a way to ease SUSY flavor problems [50-55]. However, it
was pointed out that two-loop RGEs from heavy 1st/2nd generation of sfermions lead to
tachyonic stops unless the latter have a large soft terms at the UV scale in tension with
naturalness [56]. The size of this effect can be understood by expressing the stop masses



A=10"® GeV, Msquarks=3 TeV, p=200 GeV A=10"® GeV, Msquarks =10 TeV, p=200 GeV

3000 ] 3000F
_________
2500 2500-‘_,_-/-
> 2000 2000} et
£ 1500f 1500F
1000~ 1000} - -[300] )
i—~ 200 ” ;
500K . . . 3 500b . - . ; d
1000 1500 2000 2500 3000 1000 1500 2000 2500 3000
Ms | GeV Ms | GeV

Figure 2. Contours of the fine-tuning measure A in the plane of IR values of the soft gluino
mass Mz and the mass of degenerate stops msiop. The solid red contours corresponds to gx = 2.5,
€2 = 0.95 and tan 8 = 10. Values of A in MSSM are depicted by the blue dashed contours for
comparison. In the left (right) panel the sfermions of the first two generations are set to 3 (10)
TeV. The remaining parameters are set to values which do not lead to substantial corrections to
the EWSB scale: = M; = My = 200 GeV and the soft SU(2) x gaugino mass Mx = 0.

in IR as a function of the UV soft terms;

(m),) o &~ —0.11m3, +0.89m%, — 0.08mP, — 0.03m(1,2)?

3.4M3 4 0.33M3 — 0.04Mo M3, (3.7)
(m3 ) & —0.16m%, — 0.17md, + 0.73m¥, — 0.02mq(1,2)?

2.9M3 — 0.12M3 — 0.08 Mo M3 (3.8)

in the MSSM and

(mdy) g ~ —0.0Tm3, + 0.8Tmd, — 0.03mi;, — 0.02mo(1,2)?

3.4M2 4+ 11.3M3% — 0.45Mx M3, (3.9)
(miy,) g &~ —0.06m7;, — 0.05mg), + 0.84m7, — 0.02mg(1,2)
2.9M2 — 2.5M% — 0.93Mx M3 (3.10)

in the model with the new gauge interaction. We see that at one-loop level stops are
mainly renormalized by the gluino mass. However, for the mass of the 1st/2nd generation
of sfermions of O(10) TeV the 2-loop effect may dominate. Notice also that this 2-loop effect
in the stops RGEs feeds into the RG running of m%{u. This is the reason for the positive
coefficients in front of mg(1,2)? in egs. (3.3)-(3.4) and it may result in destabilization of
the EW scale if the 1st/2nd generation of sfermions are too heavy [57].

In the right panel of figure 2 we show contours of A for heavy first two generations of
sfermions with their masses set to 10 TeV. We see that fine-tuning in the MSSM is always
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Figure 3. The same as in figure 2 but for 4 = 600 GeV.

worse than 1 %. The reason is that even for light stops the soft masses of stops must be large
at the mediation scale to compensate for the negative contribution from the heavy first two
generation. This is true to large extent also for the model with the new gauge interaction®
but the sensitivity of the EW scale to the soft stop masses is smaller due to the suppressed
top Yukawa coupling. In consequence, in the model with the new gauge interaction the
region with tuning better than 1% is only mildly affected by shifting the maximal value of
the stop masses from 1.5 to 1.3 TeV. We should also note that the threshold corrections to
the stop masses from the heavy first two generation of squarks, which we neglected in our
analysis, are generically large and positive [58]. For the 10 TeV squarks the physical stop
masses may be about 20% larger than their tree-level value, as was recently emphasized in
ref. [23]. After taking this into account, the range of stop masses with the tuning better
than 1% is essentially unaffected by heavy 1st/2nd generation of sfermions.

The parameters in figure 2 were chosen in such a way that m%{u is not suppressed at

the UV scale so Am%[ dominates the total fine-tuning over much of the parameter space.

m%{u at the UV scale can be decreased by increasing |u| and/or any of the soft terms on

the r.h.s. of eq. (3.4) with positive coefficients. In figure 3 contours of A are shown for
p = 600 GeV. For such value of p, A2 is below 50 so does not affect A (except for gluino
mass close to 1 TeV which is excluded anyway for typical SUSY spectra). We see that this
choice improves the fine-tuning by a factor of two in comparison with g = 200 GeV in some
of the parameter space and shifts the upper bound on the stop masses with the tuning
better than 1% up to 1.8 (1.6) TeV for the mass of the first two generation of sfermions set
to 3 (10) TeV. Similar effect on the fine-tuning is also present in the MSSM so the tuning
is still improved by up to a factor of three.

We have neglected so far the impact of the Higgs mass constraint in the comparison of
the fine-tuning of the present model to the MSSM. In our analysis we assumed vanishing Ay

!Notice also that the coefficient in eq. (3.10) in front of mq(1,2)? is smaller than in eq. (3.8) for the
MSSM which is due to the absence of the two-loop renormalization by the SU(2)1 gauge coupling for mQQB,
For a given stop mass this results in smaller UV value of m2Q3 than in the MSSM, hence smaller tuning.



at the UV scale which generically leads to negligible stop mixing. In the MSSM with van-
ishing stop mixing the 125 GeV Higgs mass implies the stop masses of at least 10 TeV [37]
which leads to A > 10%. The mass of stops required to obtain the correct Higgs mass in the
MSSM can be reduced to about 2 TeV if the contribution to the Higgs mass from the stop
mixing is maximized which occurs for |A4;| ~ \/émstop at the SUSY scale. The maximal
stop mixing is possible even for A; = 0 at the UV scale if A; is driven to large negative
value via strong RG effects from heavy gluino while stops are kept relatively light due to
heavy first two generations of sfermions [57]. This effect can be illustrated by expressing
the IR value of A; in terms of the UV value of itself and gluino mass in the MSSM:

(AT™M ~ —1.5M;5 + 0.34; . (3.11)

However, in such a scenario 2 TeV stops with A; =~ —\/6mst0p require gluino mass of about
7TeV which leads to A = 1500. Switching on negative A; at the UV scale does not help
much in reducing A since it has relatively small effect on its IR value while it gives large
correction to m%{u via the top Yukawa coupling and easiely dominates tuning if it is large.
Thus, in any case A in the MSSM is at least 1000 once the Higgs mass constraint is
taken into account. We conclude that the model with the extra gauge interaction improves
naturalness by one to two orders of magnitude as compared to the MSSM.

The fine-tuning depends somewhat on explicit implementations of the model that
introduces an extra gauge interaction. If the right-handed top is charged under new gauge
group instead of the left-handed one, as it is the case e.g. in a model proposed in ref. [32],
we expect that fine-tuning would be further improved. This is because in such a case the
two-loop correction does not affect méS which dominates the tuning from stops in the
MSSM and in the present model. The fine-tuning could be also affected by a change in the
number of flavors charged under the extra gauge group and the rank of that gauge group.

4 Summary and discussion

We investigated the impact of an extra gauge interaction on the fine-tuning of the EW
scale in supersymmetry. We found that if the new gauge coupling is large the fine-tuning
from stops and gluino is reduced due to suppression of the top Yukawa coupling at higher
scales. This effect is present in any model in which the Higgs and the top quark are charged
under the new gauge symmetry and the extra gauge coupling is large.

We quantified the fine-tuning in an explicit model with SU(2) x x SU(2)y gauge sym-
metry which is broken to the SM SU(2); gauge group at a scale of around 10 TeV. We
found that for the mediation scale of SUSY breaking of 106 GeV the upper bound on the
gluino mass from naturalness is increased by few hundred GeV, as compared to the MSSM,
e.g. for tuning better than 1 % the maximal value of the gluino mass shifts from 1.8 to
2TeV. Stops up to about 2TeV may also have tuning better than 1 %. For stops the
improvement is more significant, especially in the scenario with the first two generations
of sfermions much heavier than stops, and the fine-tuning may be a factor of three smaller
than in the MSSM with the same stop and gluino masses. Morevoer, once the Higgs mass

~10 -



constraint is taken into account the fine-tuning in the present model is one to two orders
of magnitude smaller than in the MSSM.

Our findings also demonstrate that it is not possible to find model-independent bounds
on stop and gluino masses from naturalness consideration (even if one sticks to one fine-
tuning measure) and in particular, the mechanism that raises the tree-level Higgs mass
above that predicted in the MSSM may have non-negligible impact on the fine-tuning.
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