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In this proceeding we report the recent study by the MasterCode collaboration [1] where we
have performed a frequentist likelihood analysis of the parameter space of the pMSSM10. The
pMSSM10 is a phenomenological scenario of the MSSM defined by 10 input parameters, which
√
we specify at the scale MSUSY = mt˜1 mt˜2 . The multi-dimensional parameter space was sampled
using the MultiNest algorithm, for a total of 1.2 × 109 evaluated points. Experimental searches
from ATLAS and CMS for strongly-interacting sparticles (jets, leptons + ET signatures) and for
electroweakly-interacting particles are included. Moreover we also consider Higgs sector (light
Higgs mass and production rates), B-physics and electroweak precision observables. Finally, the
constraints coming from the Cold Dark Matter (CDM) relic density and from the direct detection
experiments (XENON100 and LUX) are included, assuming that the lightest neutralino provides
the main component of the CDM density. Our analysis points out that the pMSSM10 provides a
better fit to the available data, being able to accommodate without tension the measured value of
(g − 2)µ and the exclusion constraints from the LHC, than the CMSSM, NUHM1 and NUHM2.
We find, for the best fit point, a χ 2 = 20.5 with 18 degrees of freedom (d.o.f.), excluding Higgs
rates. In comparison, in the CMSSM, NUHM1 and NUHM2 we have a χ 2 /d.o.f = 32.8/24,
31.1/23 and 30.3/22 respectively.
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1. Introduction

2. The MasterCode framework
The MasterCode is a frequentist fitting framework written in C++, Python and Cython. It
interfaces several different public and private codes that provide the theoretical predictions for the
observables that enter the global χ 2 function. All codes are linked together using the SUSY Les
Houches Accord (SLHA) [10] standard.
The sampling of the multi-dimensional parameter space is performed using the MultiNest
algorithm [11, 12, 13]. For the study of the pMSSM10, a total of ∼ 1.2 × 109 samples of the parameter space were computed. However it is computationally impossible to check the consistency
of all these points with all the available collider searches. To overcome this obstacle the SUSY
searches are split into three categories. The first one includes those searches that constraint the production of colored sparticles. We use then the approach outlined in ref. [14] to build a look-up table
that depends only on the gluino, squark (mq̃1,2 and mq̃3 ) and LSP masses. The second one contains
searches that are relevant for the production of electroweakly-interacting particles, while the third
one is dedicated to compressed stop spectra. For these last two categories, we use specialized algorithms validated using the Atom [15] and Scorpion [16] codes. In all cases, all the information
from the latest ATLAS and CMS searches has been included. Besides collider searches, we also
include the constraints coming from:
2

PoS(EPS-HEP2015)183

The negative results from SUSY searches during LHC Run 1 [2, 3] have started to constraint significantly SUSY models, especially those that are based on unification assumptions at
some Grand Unified Theory (GUT) scale. Indeed, in these models (e.g. the CMSSM [4, 5, 6],
NUHM1 [7] and NUHM2 [8]) unification imposes a correlation between the masses of colored
sparticles, which are strongly constrained by the LHC, and the masses of electroweakly-interacting
sparticles, whose bounds from direct experimental searches are much less severe. These relations
make difficult to explain the discrepancy between the observed (g − 2)µ value and the SM prediction via the additional contribution from SUSY particles, since the electroweakly-interacting
sparticles are bounded to be relatively heavy by the limits on squarks and gluinos. Therefore phenomenological models, whose SUSY parameters are instead given at a low energy scale and are
not correlated by any theoretical assumptions, are becoming more and more appealing.
The complete, unconstrained, phenomenological MSSM (pMSSMn [9]) introduces a large
number of new parameters and it is therefore difficult to study effectively. We have therefore
focused our attention on a reduced version with just 10 independent parameters, the pMSSM10.
Following the experimental observation of the absence of sizable Flavor Changing Neutral Current
(FCNC) beyond the Standard Model (SM) ones, we have assumed that the soft SUSY-breaking
masses for the first two generations of squarks are equal and that the same holds for the three
generations of sleptons. Moreover, for simplicity, we also assume that the soft-SUSY breaking
masses for the left and right sfermions are the same and that the values of the scalar trilinear
couplings are the same for all the sparticles. Finally, all the parameters are assumed to be real and
√
their input value are defined at the scale MSUSY = mt˜1 mt˜2 . The resulting set of input parameters
is shown in table 1.
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pMSSM10 input parameters
M1 , M2 , M3
mq̃1,2 , mq̃3 , ml˜
A
MA , tan β , µ

• Electroweak precision observables (FeynWZ [17])
• Flavor observables (SuFla [18], SuperISO [19]).
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Table 1: Input parameters for the pMSSM10 model. From the top to the bottom row: the gaugino mass
parameters; the squark and slepton mass parameters, with the assumptions outlined in the text; the unified
trilinear coupling; the pseudoscalar Higgs mass (MA ), the ratio of the vacuum expectation values of the two
Higgs doublets (tan β ) and Higgsino mass parameter (µ).

• Cosmological and direct detection dark matter constraints. In detail, we consider the spin independent proton cross section (SSARD [20]) and the cold dark matter relic density (micrOMEGAs [21]).
• Higgs sector observables, specifically the light Higgs mass and the production rates
(FeynHiggs [22, 23], HiggsSignals [24], HiggsBounds [25]).
In the list above, we have specified in parenthesis the code that the we use in each case for the corresponding theoretical prediction. To generate the MSSM spectrum we have used SoftSUSY [26],
while SDECAY [27] was used to calculate the sparticle branching ratios. We refer the reader to
ref. [1] for an extensive explanation of the implementation of all the different experimental constraints included in our analysis.

3. Results
In the following section we first describe the main features of our fit, from the characteristics
of the best fit point to the mass spectrum, and then we point out the reach for SUSY discovery at
the LHC run 2 and at a future e+ e− collider. For a more detailed discussion of our results, we refer
again the reader to ref. [1].
3.1 Best fit point
In fig. 1 we plot the mass spectrum for the best-fit point of our pMSSM10 scan. We observe
the following salient characteristics:
• There is a near degeneracy between the χ̃10 , χ̃20 and χ̃1± . This is a general feature of our 68%
CL region and it is due to the CDM relic density constraint. The overall mass scale is determined from below by the LEP and LHC constraints and from above by the experimentally
observed (g − 2)µ value.
• The mass scale of the gluino is relatively high, around 2.5 TeV, because of LHC searches,
though the precise value is poorly determined.
3
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Figure 1: Mass spectrum for the best-fit point. The dominant decay channels are shown with dashed lines.

• There is a near degeneracy between the slepton masses due to our assumption of a unified
value for the soft SUSY-breaking masses in the slepton sector. The mass scale is below 1
TeV and it is determined from below by the LHC searches and from above by the (g − 2)µ
constraint.
• The preferred value for MA is far in the decoupling limit. This is required by the fact that
the observed properties of the (light) Higgs boson observed at the LHC are SM-like and by
direct searches for heavy Higgs bosons.
The SLHA file corresponding to the best fit point can be downloaded from the MasterCode
website [28].
3.2 Mass spectrum
In fig. 2 we plot the allowed 68% CL (dark peach) and 95% CL (light peach) intervals. In blue
we also report the mass values of the best-fit point. From this plot we can observe that the masses
for the colored sparticles (gluino and the squarks) and for the heavy Higgs are poorly constrained,
since the LHC searches impose only a lower bound on them. On the other hand, the allowed mass
range for electroweakinos and sleptons is much more restricted by the requirement of yielding the
correct CDM relic density and by the measured value of (g − 2)µ .
3.3 The muon anomalous magnetic dipole moment
The current measured value for (g − 2)µ deviates by ∼ 3.5σ [29] from the most precise SM
prediction[30, 31]. However it possible to accommodate for the observed value in SUSY models. Indeed contributions from SUSY particles can be significant if smuons, charginos and the
the lightest neutralinos have masses around 100 GeV. However, as we have already recalled, in
4
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Figure 2: Mass ranges as predicted by our pMSSM10 fit. We show using dark (light) peach bars the 68%
CL (95% CL) interval for the all the SUSY particles. The blue horizontal lines mark the values of the masses
at the best-fit point.

SUSY GUT models, due to the implicit relation between colored and un-colored sparticle masses
imposed by unification assumptions, the constraints coming from LHC searches and the observed
Higgs mass on colored SUSY particles have the effect of preferring relatively heavy electroweak
sparticle, therefore making difficult to explain the observed (g − 2)µ value with SUSY.
On the left of fig. 3, we show the ∆χ 2 from (g − 2)µ to the global χ 2 function in the pMSSM10
(black solid curve), and for comparison, in three GUT models that we analyzed in a series of
previous papers (CMSSM, NUHM1,NUHM2). We also show the assumed experimental likelihood
(red solid curve). We observe that indeed, differently from the GUT models, the pMSSM10 is
perfectly able to reproduce the observed (g − 2)µ value, with ∆χ 2 ∼ 0 in the case of the best fit
point.
On the right of fig. 3, we plot the global χ 2 function of the (g − 2)µ with (solid black line)
and without (dashed black line) the LHC electroweak constraints. We observe that they have little
effect on the capability of the pMSSM10 to resolve the (g − 2)µ puzzle.
3.4 Perspectives for SUSY discovery
Now that the LHC has been restarted and it has been collecting new data, it is important to
understand what are the prospects for SUSY discovery/exclusion, considering the parameters space
that it is still allowed after the LHC Run 1.
3.4.1 SUSY Discovery after LHC Run 1
On the top left of fig. 4 we plot the 68% CL (red contours) and the 95% CL (blue contours)
two-dimensional likelihood in the (mq̃ , mg̃ ) plane1 as well as the estimated 5σ discovery (95%
CLs exclusion) sensitivity with 300 fb−1 , using solid (dashed) magenta lines from ATLAS [32] via
generic E T searches. We can see that the region of the parameter space preferred by our fit will be
probed by the LHC in large part, including the best-fit point. Concerning the latter, nevertheless
1 We

use the symbol mq̃ to denote the average of the masses of the first two generation squarks.
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Figure 3: On the left: ∆χ 2 contribution of the (g − 2)µ constraint to the global fit for the CMSSM (dotted
blue), NUHM1 (dashed blue), NUHM2 (solid blue) and the pMSSM10 (solid black). We also plot, as a
reference, our assumed experimental likelihood using a solid red curve. On the right: global χ 2 curve, in
the pMSSM10, with (solid black) and without (dashed black) the constraints coming from electroweaklyinteracting sparticle searches at the LHC.

we have to recall that the masses of the colored sparticles are in general poorly determined and
therefore also the position of the best fit point in the (mq̃ , mg̃ ) plane.
In the top right pane of fig. 4, we plot again the two-dimensional likelihood contours, with
the same color coding, in the (mt˜1 , mχ̃ 0 ) plane. The color shading represents the dominant decay
1
channel (i.e. the one larger than 50%) in a specific point. We show using solid black lines the
exclusion sensitivity for the t˜1 → χ̃10t decay mode [33]. We see that, with this channel only, the
LHC will not be able to probe the compressed-stop region. However, it is possible to probe this
section of the parameter space using the t˜1 → χ̃1± b decay channel. We show as a pale blue line the
rescaled 95% CLs limit contour, from the dibottom analysis, assuming that mχ̃ ± − mχ̃ 0 ∼ 5 GeV,
1
1
obtained using the Collider Reach tool [34] for 300 fb−1 . We see that it would be able to
probe part of the 95% CL compressed-stop region.
Next, we show on the bottom left of fig. 4 the (mχ̃ ± , mχ̃ 0 ) plane, with the 68% CL and the
1
1
95% CL contours shown again in red and blue respectively. Again, the color shadings reflect the
dominant χ̃1± decay channel, with the color coding as specified in the legend. Using the same
color scheme of the shadings, we show the sensitivity with 300 (3000) fb−1 [35] as solid (dashed)
contours in the various decay channels. We see that with 300 fb−1 of data, the W h search will cover
almost all of the 95% CL region with low neutralino masses (. 80 GeV). To probe the remaining
0
95% CL region we have to rely on other final states (e.g. χ̃1± → f f¯ χ̃10 /χ̃20 → f f¯χ̃10 ).
Finally, we show in the bottom right panel the (mµR , mχ̃ 0 ) plane. We show again, with the same
1
color coding as before, the 68% CL (red) and the 95% CL (blue) contours. As before, we use the
color shading to denote the dominant channel, in this case for the decay of the µR . We notice that
the plane is dominated almost everywhere by the decay channel µR → µ χ̃10 . With a solid (dashed)
pale blue line we show the sensitivity of the LHC with 300 fb−1 (3000 fb−1 ), again obtained with
the help of the Collider Reach tool. We observe that with 300 fb−1 the LHC would be able
6
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Figure 4: Bi-dimensional projections of our preferred pMSSM10 parameter space. For each location in
the plane, we take the point in the full multi-dimensional parameter space with lowest global χ 2 . The 68%
CL and 95% CL contours are plotted in red and blue respectively. The best fit point is marked by a filled
green star. In the upper left panel we show the results in the (mq̃ , mg̃ ) plane. We plot with solid (dashed)
purple lines the 5σ discovery (95% CLs exclusion) sensitivity with 300 fb−1 via generic E T searches from
ATLAS. In the upper right plot, we show the results in the (mt˜1 , mχ̃ 0 ) plane. The sensitivity with an integrated
1
luminosity of 300 fb−1 in the t˜ → χ̃10t ( t˜1 → χ̃1± b) decay channel is show with a thick black (pale blue) line.
In the left right plot, we display the (mχ̃ ± , mχ̃ 0 ) plane. The shadings are used to indicate the dominant χ̃1±
1

1

decay channel. The projected 95% CLs limits in the various channels with 300 fb−1 (3000 fb−1 ) are show
with a solid (dashed) line. In the bottom right panel, we plot the (µR , mχ̃ 0 ) plane, using again the shading
1
to indicate the dominant decay channel and showing with solid (dashed) contours the 95% exclusion reach
with 300 fb−1 (3000 fb−1 )

to probe a large part of the 68% CL region and that it will explore most of the 95% CL region with
3000 fb−1 .
3.4.2 Discovery at e+ e− colliders
In fig. 5 we show the one-dimensional likelihood curves for the lowest particle pair and associated chargino and neutralino production thresholds in e+ e− collision, in the pMSSM10 (solid
black) and in the CMSSM (dotted blue), NUHM1 (dashed blue) and NUHM2 (solid blue). We can
see from the upper left, upper right and bottom right panels that the χ 2 minimum for χ̃10 χ̃10 , χ̃10 and
χ̃ + χ̃ − production respectively is within the reach of a e+ e− collider with a center-of-mass energy
√1 1
√
S of 500 GeV. Moreover, a S = 1000 GeV collider will be able to probe all thresholds inside
7
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Figure 5: One dimensional likelihood profiles for various production thresholds at e+ e− colliders, in the
CMSSM (dotted blue), NUHM1 (dashed blue), NUHM2 (solid blue) and the pMSSM10 (solid black). We
show χ10 χ10 (χ̃1+ χ̃1− ) production in the top left (bottom right) plot and associated χ̃10 χ̃20 (χ̃10 χ̃30 ) production in
the top right (bottom left) panel.

the ∆χ 2 ≤ 3 interval. From the lower left plot, on the other hand, we observe that in the case of
χ̃10 χ̃30 , the global χ 2 minimum lies around 600 GeV. It is interesting to note that the pMSSM10 has
√
much lower thresholds compared with the GUT models, with the latter requiring higher S values
to be effectively explored at a e+ e− collider.

4. Conclusions
In this proceeding we have briefly presented some of the results of our recent paper [1] where
we have performed the first global frequentist likelihood analysis of the pMSSM10, including a
treatment of the LHC constraints from Run 1 searches. To achieve this goal we have extended the
MasterCode framework to allow for a consistent inclusion of the LHC searches. We have found
that the masses of colored sparticles are poorly constrained, since experimental searches provide
only a lower bound on their values. On the other hand, the masses of the electroweakinos and
of the sleptons are much better determined due to the constraints coming from (g − 2)µ and the
CDM relic density. Indeed one of the most interesting results that we have found is the possibility
in the pMSSM10 (differently from the GUT models) of accommodating for the observed value of
(g − 2)µ while at the same time respecting all the constraints coming from the available LHC data.
8
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Concerning the perspective of SUSY discovery, we have found that LHC at 14 TeV will have the
possibility of probing large part of the preferred regions of mq̃ and mg̃ and a significant portion of
the parameter space for light t˜1 and µ̃. We have also found that our preferred region will be within
the reach of a collider with center-of-mass energy between 500 GeV and 1000 GeV. We refer to
ref. [1] for a more complete description of our results.
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