
In recent years, the study of Standard Model (SM) behaviour under the Renormalization Group Equation (RGE) flow has revealed an interesting 
peculiarity: the measured values of Higgs and Top masses lie in the narrow SM metastability region (the region where electroweak vacuum is unstable 
but sufficiently long-lived compared to the age of the Universe, and the SM can be considered a viable theory up to the Planck scale).  
This work shows that also within the Minimal Supersymmetric Standard Model (MSSM), studied with an analogous philosophy, the measured values of 
mh and mt reveal interesting features. These features are somehow equally surprising and perhaps with more fertile implications.

Motivations

Former works have focused their attention on single requirements (such as 
quartic Higgs coupling matching or gauge coupling unification) using as 
variables the SUSY scale mS and/or the Higgs mass mh, but rarely the Top 
mass mt, despite many valid motivations for doing so. 
Here we have analysed the MSSM for different plausible SUSY-breaking 
scales (mS = 2, 5, 100, 1000 TeV), using the {mh,mt} plane perspective, 
looking for viable configurations with simultaneous: 
- gauge coupling unification 
- satisfactory quartic Higgs coupling (𝜆) matching 
- natural parameters configuration at the GUT scale 
- Radiatively realised ElectroWeak Symmetry Breakdown (REWSB)

1. Novelty of the work 2. Details of the performed analysis
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• EWSB [Eq. (5)] • µ, b naturalness [Eq. (7)]

• mh match [Eq. (6)] • (REWSB [Eq. (8)])

4 Is there (at least) one configuration (of Step 3) that satisfies all conditions?

• Yes ! {mh,mt} is an allowed point.

• No ! {mh,mt} is not an allowed point.

Table 1: Performed analysis on a specific {mh,mt} point.

To scan the viable parameter configurations, we decided to use the following strategy:
to fix {tan �S,M1,2,mQ3,U3 , At,mHu,d

} at mG, to run them down to mS, to exploit
Eq. (2) to find |µ(mS)|, b(mS),
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and finally to run µ and b up to mG.

The definition of the scanned region is of critical importance. For tan �S, it is su�-
cient to fix a reasonable range; we have used tan �S 2 [1.1, 10]. For M1,2, the usual
SUGRA conditions are applied: M1,2(mG) = M3(mG). For the remaining parameters,
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2 Appendix: details about the analysis

In this appendix, a detailed description of what is meant in the article with “allowed {mh,mt}
point” will be given. Once owned the definition of allowed {mh,mt} point, the concept of
overall allowed region in the {mh,mt} plane (and thus its borders) can be immediately
inferred.

Table 1 summarises the criteria that has been used to determine whether a {mh,mt}
point was allowed or not for a given SUSY scale mS. In the table and in the following, the
EW scale is represented by the MS top mass m̄t = 163 GeV. The values {mh,mt} under
analysis are understood to be give at the EW scale: {mh(m̄t),mt(m̄t)}.

Our analysis can be divided in four di↵erent steps:

• Step 1, in which the GUT scale mG is determined.

The 1 loop running of the SM coupling constants g1,2,3(µ) is performed up to the SUSY
scale using SM RGEs and further up using SUSY RGEs. We are now able to define
the GUT scale mG as the energy scale where the best gauge coupling unification is
achieved. In formulas, the GUT scale has been defined as follows:

mG = min
µ

 p
(g1(µ)� g2(µ))2 + (g2(µ)� g3(µ))2 + (g1(µ)� g3(µ))2

g1(µ) + g2(µ) + g3(µ)

!
. (1)

It is worth to precise that this step is just needed once for each mS value.

• Step 2, in which SUSY and GUT boundary conditions are determined.

Starting from mh(m̄t) and mt(m̄t), we can determine the quartic Higgs coupling �(m̄t)
and the SM top Yukawa coupling gt(m̄t) and run them up to mS. From gt(mS) we will
be able to infer the SUSY top Yukawa coupling yt(mS) = gt(mS)/ sin �S, while �(mS)
will be used to check the SUSY predictions.

As an operative assumption, we identify the SUSY scale with the gluino pole mass,
M3(mS) = mS. Though the RGEs, we are now able to determine M3(mG). This value
will be used as a reference value for the SUSY-breaking terms at the GUT scale.

• Step 3, in which a scan over di↵erent configurations for the SUSY parameters is per-
formed.

So far, the only fixed SUSY parameters are the gluino mass M3 and the top Yukawa
coupling yt. The SUSY parameters relevant for our analysis left undetermined are:
tan �S, the other gauginos masses M1,2, the stop mass terms mQ3,U3 , the stop mixing
term At, the Higgs potential parameters m2

Hu,d
, µ, b. Not all of them are independent,

since two low energy conditions exist requiring the EWSB to be broken the way it is:
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Search for natural configurations 
of SUSY parameters with: 
- proper 𝜆(mS) matching 
- Radiative EWSB

3. Results in a low-scale SUSY scenario
By modifying the analysis parameters and observing the effects, 
we get a deeper understanding of the physics that originates 
the borders:

4. Changing the analysis parameters

Results for mS = 5 TeV:
Many factors contribute to the final shape: 
I. For higher mt, 𝜆(mS) becomes 

negative 
II. For higher mt, yt(𝜇) develop a Landau 

pole before mGUT 

III. For higher mh, 𝜆(mS) becomes too big 
IV. For lower mt / higher mh, EWSB and 

𝜆(mS) matching are incompatible 
V. For lower mt, EWSB cannot be 

radiatively induced

Enlarged natural range at mGUT Reduced 𝜆-matching tolerance

Amplified yt(𝜇) Landau pole effectReduced maximal tan(β) value

5. Comparison for different SUSY scales
By comparing the results for different SUSY scales we can better appreciate 
the peculiar position of the SM in the space of possible vacua.

6. Conclusions
This analysis has two important novelties: 
- mt is a scanned input parameter (as mh) 
- we introduce a Radiative EWSB condition 

We obtain new and interesting 
results: 
- we reduce the allowed window 
for SUSY models in the {mh,mt} 
plane, also as a consequence of 
the REWSB condition.  
- remarkably, the measured values 
still lies in the allowed window, 
which is narrow in both mh and 
mt directions. 

It can be appreciated that this coincidence is perhaps as 
strong and surprising as for the SM vacuum metastability.

I. mS > 2 TeV, due to direct searches 
bounds 

 mS <106 GeV, otherwise gauge coupling 
unification is spoiled 

II. For high mt, d𝜆(𝜇)/d𝜇<0. Thus, for higher 
mS we have lower 𝜆(mS), causing the 
observed shift to the right 

III. For low mt, d𝜆(𝜇)/d𝜇>0. Thus, for higher 
mS we have higher 𝜆(mS), causing the 
observed shift to the left 

IV. For higher mS we have lower yt(mS). This 
makes REWSB harder to achieve 

V. The measured {mh,mt} values are found in 
a remarkably narrow window of the 
parameter space where all the imposed 
conditions are met for a large range of mS 
values
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The {mh,mt} plane: Standard Model 
criticality vs. high-scale SUSY

inferred from gauge 
coupling unification

VI. For mS = 5 TeV, the measured {mh,mt} values are allowed by a naïve 
analysis, but excluded by our more sophisticated analysis.
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