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1 Introduction

It is well known that the Standard Model of particle physics (SM) cannot be the ultimate theory of funda-
mental particles and interactions. Most obviously, the SM does not incorporate gravity and explains neither
the identity of the astronomically observed dark matter (DM) nor the observed multiplicities and hierarchies
of interactions, flavor, and fermion generations. Of the many models proposed to address the shortcomings
of the SM, supersymmetry (SUSY) garners significant interest because it simultaneously explains the finite
mass of the recently discovered Higgs particle, provides a DM candidate, and allows more precise unification
of the forces.

The minimal supersymmetric standard model (MSSM) has 120 parameters describing particle masses
and interactions. In order to facilitate interpretation of experimental results within the MSSM framework,
these 120 free parameters have traditionally been reduced to five, by assuming relationships between MSSM
parameters based on a choice of the SUSY breaking mechanism at high energy scale, in the form of the
constrained MSSM (cMSSM) [1-4] or two parameters, by assuming pair production of a single SUSY par-
ticle (sparticle) with fixed decay chain, in the form of simplified model spectra (SMS) [5-7]. While these
frameworks allow for efficient interpretation of results, they do so at the expense of sampling only a very
small part of the phase space of the MSSM and potentially focusing on signatures that may not be realized
in nature.

Recently, the ATLAS and CMS collaborations and theorists have attempted to ameliorate the limitations
of interpretations based on the cMSSM and SMS by use of the phenomenological MSSM (pMSSM) [8-13],
which reduces the 120-parameter MSSM space to 19 free parameters, specified at the electroweak (EW) scale,
based on assumptions related to current experimental constraints (including those from flavor, CP violation,
and EW symmetry breaking) rather than details of the SUSY breaking mechanism. The parameters of the
pMSSM and their definitions are listed in Table 1.

Building on the methods of the CMS and ATLAS collaborations, we have developed a flexible framework
for interpretation of SUSY sensitivity studies for future colliders in the framework of the pMSSM. We perform
a grand scan of the pMSSM parameter space that covers the logical OR of accessible ranges of many collider
scenarios, including electron, muon, and hadron colliders at a variety of center of mass energies. This enables
comparisons of sensitivity and complementarity of different future experiments, including both colliders and
precision measurements in the Cosmological and Rare Frontiers. The pMSSM parameter ranges considered
are listed in Table 1. The lower bounds on each parameter are chosen based on experimental constraints
and phenomelology considerations. The upper bounds are chosen to be within reach of the sensitivity of a
100 TeV pp collider.

The output of the scan for each selected scan point includes the pMSSM parameter values, SUSY particle
masses, calculated values of observables included in the scan likelihood (e.g. top and bottom quark masses,



Param. Definition Range

My mass of psuedoscalar Higgs boson 100 GeV - 25 TeV
tan 3 ratio of Higgs vevs 1-60

| ] Higgs-higgsino mass parameter 80 GeV - 25 TeV

| M| bino mass parameter 1 GeV - 25 TeV

| Ms| wino mass parameter 70 GeV - 25 TeV
M; gluino mass parameter 200 GeV - 50 TeV
M1 15t /274 gen. left-handed slepton mass 90 GeV - 25 TeV
M 12 15t /284 gen. right-handed slepton mass 90 GeV - 25 TeV
mjs 3rd gen. left-handed slepton mass 90 GeV - 25 TeV
M s 3'd gen. right-handed slepton mass 90 GeV - 25 TeV
Mg, 15t /274 gen. left-handed squark mass 200 GeV - 50 TeV
Mg1,2 18t /274 gen. right-handed u-type squark mass 200 GeV - 50 TeV
M 1,2 15t /274 gen. right-handed d-type squark mass 200 GeV - 50 TeV
mgs 3'd gen. left-handed squark mass 100 GeV - 50 TeV
Mg3 stop quark mass 100 GeV - 50 TeV
m s sbottom quark mass 100 GeV - 50 TeV
|A;] 7 trilinear coupling 1 GeV -7 TeV

| Ay bottom trilinear coupling 1 GeV -7 TeV

| Ay top trilinear coupling 1 GeV - 3(mgamgs)!/?

Table 1: The 19 parameters of the pMSSM and their allowed ranges in the Snowmass 2021 scan.

B meson branching fractions, etc.), and calculated values of observables not included in the scan likelihood
(e.g. the dark matter relic density). The scan also prodcues an SLHA file [14] for generating simulated
events for each point. Event generation and detector simulation is not discussed in this whitepaper.

Section 2 describes how the scan is performed by using a Markov chain Monte Carlo procedure to sample
points from the 19-dimensional pMSSM parameter space. Section 3 describes how properties of theoretical
and experimental interest are calculated for each point. Section 4 reviews the scan coverage in terms of
interesting physics processes and estimates the impact of future precision measurements on the pMSSM
phase space. Conclusions are drawn in Section 5.

2 Markov chain Monte Carlo sampling procedure

Due to the high dimensionality of the pMSSM and the large span of the parameter ranges (Table 1), the
parameter space considered in this scan is extremely large. A Markov chain Monte Carlo (McMC) [] algorithm
is therefore used to explore the space in a sophisticated way, guided by a likelihood constructed from existing
experimental results (see Section 2.1)

To begin the McMC scan, an initial pMSSM point in the 19D parameter space is selected at random
within the ranges specified in Table 1. The SPheno 4.0.5 [15, 16] spectrum generator is used to calculate
the corresponding particle masses and decays. The Higgs sector is then replaced with that calculated by
FeynHiggs 2.18.0 [17-24]. If SPheno or FeynHiggs indicate that the selected point is not a valid pMSSM
model, a new random point is selected until a viable initial point is obtained. The McMC likelihood for the
initial point is calculated as described in Section 2.1.

The following steps are repeated until the desired number of points is reached:

1. A new pMSSM point &’ is selected from the previous one (Z) by sampling randomly from the probability
distribution given by the stepping functions f;(z;). The form of the stepping function is discussed in
detail in Section 2.2.

2. If the pMSSM point does not fall within the ranges listed in Table 1, return to step 1.

3. The particle spectrum and Higgs sector for Z’ are calculated with SPheno and FeynHiggs respectively.
If the pMSSM point is not a valid model, return to step 1.



4. Run additional calculations required to compute the McMC likelihood (detailed in Section 2.1).

5. If the likelihood ratio L(Z')/L(Z) > 1, the point is accepted. If the likelihood ratio L(Z')/L(Z)
it is tested against a random number in the interval [0,1], and the point is accepted if L(Z")/L(Z)
(this allows the McMC to move away from a local minimum). Otherwise, the point is rejected.
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6. If the point is rejected, return to step 1.

7. If the point is accepted, save the point. Then take ¥ = &’ and repeat from step 1.

The total pMSSM scan is comprised of the union of 400 independent McMC scan threads, each starting
from a different initial point.

2.1 Construction of the likelihood

In order to steer the Markov chain Monte Carlo out of regions of parameter space that are well excluded by
existing measurements, a likelihood function is constructed that incorporates the following:

e Measurements of top and bottom quark masses

e Measurements of the strong coupling constant ag

e Measured branching ratios of B — 7v, Dy — v, and Dy — pv

e Measurements of B-physics observables from Superiso [25]

e LHC Higgs boson measurements from HiggsSignals [26] and HiggsBounds [27-30)

e Measurement of Aa, from the muon g — 2 experiment (in half of scan threads, see below)

The total likelihood is taken to be a product of the contribution from each of these sources. The likeli-
hood does not include the following observables, though their values are computed for each point to allow
understanding of how the allowed pMSSM space relates to physical observables of interest.

e Dark matter relic density

e Identity of lightest SUSY particle (LSP)

Each of the observables listed in Table 2 has a Gaussian contribution to the total likelihood, with the
mean and width corresponding to the measured value and uncertainties, respectively. The values of these
observables are calculated by SPheno for each sampled pMSSM point. The contribution of each observable
to the total likelihood the Gaussian likelihood function evaluated at the value calculated by SPheno.

Observable Measurement
my 173.1 £ 0.9 GeV
m 4187503 GeV
Qg 0.1181 +0.0011

BR(B — 7v)  (1.09+0.24) x 1074
BR(Dy — 1v)  (5.48 £0.23) x 1072
BR(Ds — pv)  (5.49£0.16) x 1073

Table 2: Experimental results with Gaussian contribution the McMC likelihood, from the Particle Data
Group [31].

The difference between the standard model value and the pMSSM value for the anomalous muon magnetic
moment, Aa,, is calculated for each point by the GM2Calc package [32, 33]. In order to allow for sufficient
statistics near both the SM value of Aa,, = 0 and the measured central value of Aa,, = 251 x 10! [34], Aa,,



is included in the likelihood for only half of the scan threads. When included in the likelihood, the Aa,
contribution is taken to be Gaussian with mean corresponding to the measured central value, with the same
value (251 x 10711) used for the width. This approach ensures that pMSSM regions near the measured value
and the SM prediction are both populated by the scan.

For each sampled pMSSM point, the Superiso 4.1 package [25] is used to calculate the values of B-
physics observables from the spectrum provided by SPheno. Superiso also provides the compatibility of
the calculated observables with existing measurements in the form of a x?, which is incorporated into the
likelihood according to

— (Xi) : e—X2/2 (1)
251(3)
where n is the number of degrees of freedom. The B-physics observables included in the Superiso x? are
listed in Table 3, corresponding to n = 9.

Observable Ndof
Ao(B — K’y)
BR(B® — K*%)

o
=
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Table 3: B-physics observables included in the calculation the y? from Superiso. For the last two rows,
measurements from two energy regions are included.

HiggsSignals 2.6.0 [26] is then used to calculate each point’s compatibility with LHC Higgs measurements,
including measurements of the Higgs boson mass. HiggsSignals returns a y? value, which is incorporated
into the total likelihood according to Equation 1 with number of degrees of freedom n = 107. The likelihood
corresponding to A — 77 searches at the LHC is calculated by HiggsBounds 5.9.1 [27-30] and included in
the total McMC likelihood.

2.2 Stepping in the McMC

Given pMSSM point &, the stepping functions f;(z;) are the probability distributions from which the next
pMSSM point is chosen. Two forms are considered for the stepping functions in the pMSSM scan. The first
is denoted linear:

f(z;) = Gaus(p = 24,0 = 09 X W) (2)

Here, w is the width of the parameter range allowed for parameter x; (see Table 1), and oy is a tunable step
size parameter. The second stepping function is denoted logarithmic:

f(z;) = exp [Gaus(pu = In|z;|,0 = 09 X w)] (3)

where w and o have the same meanings as above.

Because the logarithmic stepping function is positive definite, each new point selected from this distri-
bution will have positive sign. However, some pMSSM parameters can have negative values (M7, Ma, u, Ay,
Ap, Ap). The sign of each parameter is therefore fixed to that of the randomly selected initial point, and the
magnitude only is determined by the stepping function. The final combination of many scans with different
initial points will insure all sign combinations are explored.

Relative to the linear stepping function, the logarithmic stepping function ensures that lower parameter
values are explored with finer granularity than higher ones. This has several advantages for the pMSSM scan.
First, the highest parameter values are inaccessible to many collider scenarios of interest for Snowmass 2021,
and the use of log stepping in some or all parameters ensures that the scan is not overwhelmed by points



only accessible at a 100 TeV proton—proton collider. Second, at lower sparticle masses, the near-degeneracy
between SUSY and SM particles yields a more diverse array of experimental signatures.

A series of small-scale (200,000 point) test scans are generated to optimize the choice of stepping functions.
In these tests, the logarithmic stepping function is taken as the default for all pMSSM parameters, and four
values of the step size are tested: o9 = 0.05, 0.10, 0.20, and 0.30. These scans are labelled by “Log oy”
for the remainder of this section. An additional scan setup, “Lin 0.05”, aims to sample a higher fraction of
points where the strong SUSY sector is decoupled: here, the logarithmic stepping function (o¢ = 0.05) is
used for all but the squark and gluino mass parameters, which instead employ the linear stepping function
with o9 = 0.05.

The test scan setups are listed in the top section of Table 4. The middle section of this table reports the
number of points sampled, accepted by the McMC, and accepted after post-processing (see Section 3), as
well as the total efficiency.

Log 0.05 Log 0.10 Log 0.20 Log 0.30 Lin 0.05

Stepping (squark, gluino) log log log log lin
Stepping (other) log log log log log
Step width og 5% 10% 20% 30% 5%
Sampled points 200100 200100 200100 200100 200100
McMC accepted points 7938 3160 1541 1214 7728
Post-process accepted points 1045 408 161 119 2639
Total Efficiency 0.0052 0.0020 0.0008 0.0006 0.0132
Lightest squark mass > 10 TeV  0.0775 0.1005 0.1988 0.1681 0.2865
Am(LSP — gluino) < 500 GeV  0.0057 0.0123 0 0 0.0072
Am(LSP — stop) < 500 GeV 0.0029 0 0 0 0.0023
Aa,, within 1o of meas. 0.0593 0.0760 0.0559 0.0588 0.0940

Table 4: Results of the test scans with different stepping configurations.

The lower portion of Table 4 shows the fraction of points in a few regions that are of special interest:

e Strong SUSY sector is decoupled: lightest squark or gluino mass > 10 TeV

e Compressed mass spectra: Am betweeen the lightest stable particle and the stop or gluino < 500 GeV
e Aaq, is within 1o of the measured value of 251 & 59

A high density of points in these regions is useful for Snowmass 2021 studies. Largely due to the 29% of
points with lightest squark mass above 10 TeV, the Lin 0.05 test scan is deemed the most optimal and is
used as the final stepping configuration.

Figure 1 shows the up-type squark mass distributions of points sampled (both accepted and rejected) by
the McMC for the different stepping configurations. The change in oy corresponds to a change in the slope
of

In order to maximize the statistics of the final scan, the results of the four non-optimal test scans presented
in this section are combined with the results of the final configuration. However, the contribution from these
test scans is small, and the overall scan behavior follows that of Lin 0.05.
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Figure 1: Up-type squark mass parameter of sampled pMSSM points accepted by the McMC, shown for
different stepping configurations.

3 Selection of sampled points

Following the sampling of pMSSM points, a post-processing step is applied to further remove experimentally
disfavored regions of the parameter space from the scan. In particular, points are rejected if they satisfy one
or more of the following criteria:

e excluded at 95% CL by LHC Higgs searches, as calculated by HiggsBounds
e excluded at 95% CL by LHC SUSY searches, as calculated by SModelS [35-38]
e excluded at 95% CL by dark matter measurements, as calculated by MicrOMEGAs [39-41]

The HiggsBounds likelihood of the A — 77 search is used directly in the McMC likelihood described
above. However, the boolean HiggsBounds outputs, which indicate whether a point is excluded by LHC
Higgs searches, is applied only at the post-processing stage. A pMSSM point is rejected if it is excluded at
95% CL by at least one of the four LHC Higgs searches with highest expected sensitivity to that point.

The exclusion limits from LHC simplified-model searches on each pMSSM point are calculated by SModelS
2.1 [35-38], which provides a boolean output indicating whether the point is excluded at 95% CL.

The MicrOMEGAs package [39] 5.2.7.a calculates exclusion limits from Z — invisible, LEP [40], dark
matter mass limits and direct detection experiments [41]. Points excluded by any of these measurements at
95% CL are rejected. The dark matter relic density QA2 is also calculated at the post-processing step by
MicrOMEGAs. Though not included in the McMC likelihood, this observable can be used to further focus
on regions of the pMSSM scan that are experimentally and theoretically motivated.

SOME TEXT describing Table 5.



With Aa,  Without Aa, Total

Sampled points 5,617,746
McMC accepted points 61,240
Post-process accepted points 9,438
Total Efficiency 1.0%

Squark, gluino masses > 10 TeV
Am(LSP, gluino) < 500 GeV
Am(LSP, stop) < 500 GeV

Aa,, within 1o of meas.

Table 5: Summary of the scanned pMSSM points.

4 Results

4.1 Higgs boson properties

The Higgs boson mass calculated by FeynHiggs is shown in Figure 2, with the measured best-fit value shown
with a vertical black line, and the uncertainty with dashed lines. Since Higgs boson mass measurements are
incorporated into the McMC likelihood through the HiggsSignals x2, the sampled points again peak near
the measured value.
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Figure 2: Higgs boson mass calculated by FeynHiggs for each pMSSM point, with the measured value and
uncertainties indicated by vertical lines.

Higgs boson couplings for each pMSSM point are calculated by FeynHiggs and studied in the k-framework,
where for particle p with Higgs coupling A,

kp = Asnt (4)
The Higgs boson couplings to the top, bottom, and charm quark are shown for each pMSSM point
in Figure 3. The Higgs boson couplings to the tau lepton and muon are shown in Figure 4. For all the
fermions studied, the calculated coupling values peak sharply the expected SM value of xk = 1. This is
consistent with the LHC measurements to date, which enter the McMC likelihood through the contribution
from HiggsSignals.
The pseudo-scalar component of each Higgs-fermion coupling is also calculated, but is not found to deviate
from zero in any of the sampled pMSSM points. This indicates that, should CP-violation be discovered in
Higgs-fermion couplings, it is unlikely explainable by a SUSY model consistent with the pMSSM.
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Figure 4: Higgs couplings x, and ~, calculated by FeynHiggs for each pMSSM point.

Figure 5 shows the Higgs boson couplings to vector bosons. As for the fermions, the calculated coupling
values peak sharply the expected SM value.
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Figure 5: Higgs couplings ks and kz calculated by FeynHiggs for each pMSSM point.

Measurement of the Higgs boson self-coupling x is a target for many future collider experiments. Unlike
the Higgs couplings to fermions and vector bosons, the Higgs self-coupling is unconstrained in the McMC
likelihood. As shown in Figure 6, the pMSSM scan populates a large range in x), with a peak near the SM
value.

Some words about the precision measurements scheme and a reference to the paper from Caterina.
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Figure 6: Higgs boson self-coupling calculated by FeynHiggs for each pMSSM point.
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Figure 7: Higgs boson self-coupling for different cuts




4.2 Muon magnetic moment

Recent measurements of the anomalous muon magnetic moment Aa,, [34] have sparked renewed interest
in possible Beyond the Standard Model physics contributing to this observable. The McMC likelihood is
therefore constructed to populate the region near the measured value as well as the Standard Model value
(Aa, = 0). The distribution of Aa,, for the sampled pMSSM points, shown in Figure 8, exhibits the desired
two-peak structure. Though much of the peak at the measured value is excluded by SModelS, approximately
10% of points passing all selection have Aa,, within 1o of the measurement (denoted by vertical lines).
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Figure 8: Distribution of Aa, for the sampled pMSSM points. The predicted Standard Model value corre-
sponds to Aa,, = 0, and the measured central value and uncertainties indicated by vertical lines.
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Figure 9: amu for different cuts

4.3 Electroweakino dark matter

The dark matter particle is taken to correspond to the lightest stable neutral particle (LSP) in the model,
the neutralino xJ. The dark matter relic density due to the LSP is calculated by MicrOMEGAs, is shown
in Figure 10. The impact of LHC searches on these observables is quite pronounced: SModelS excludes the
majority of points with very light dark matter candidates, and with very low relic density. The value of Qh?

10



measured by Planck [] is shown in the right-hand side of Figure 10. The pMSSM scan populates values of
this parameter over a very wide range compared to the precision of the measurement.
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Figure 10: The LSP mass (left) and dark matter relic density (right) for each sampled pMSSM point. The
measured value of Qh? is indicated by vertical lines.

The LSP is a superposition of electroweakino states (bino, wino, and higgsino). The LSP composition
in the sampled pMSSM points (after all selection is applied) is shown in Figure 11. The top left corner
corresponds to pure wino, the bottom left to pure higgsino, and the bottom right to pure bino dark matter.
Most pMSSM points contain an LSP that is relatively pure in the electroweakino composition, though the
scan also captures points with a mixture.

n 104
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§06 10° 506
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Bino fraction Bino fraction

Figure 11: The electroweakino composition of the dark matter candidate in terms for each pMSSM point,
(left) for points accepted by the McMC and (right) for points passing all post-processing selection. In each
panel, the top left corner corresponds to pure wino, the bottom left to pure higgsino, and the bottom right
to pure bino dark matter.

Each pMSSM point is then labelled by the electroweakino comprising the largest component of the LSP,
thereby separating the scan into samples with bino-, wino-, and higgsino-like dark matter. The dark matter
relic density for each component sample is shown in Figure 13. The sampled points with very high relic
density are dominated by models with bino-like dark matter. Wino-like dark matter, on the other hand, is

11



McMC accepted Post-process accepted

Mostly wino 15,555 776
Mostly bino 28,874 8,083
Mostly higgsino 11,987 554
Mixed wino/bino 4 0
Mixed bino/higgsino 1,064 6
Mixed wino/higgsino 214 1

Table 6: DM candidate composition. Mostly (> 80%) and Mixed (> 40/40%)

concentrated at low values of Qh? and comprises most of the low tail excluded by SModelS in Figure 10.
Near the measured value of the relic density, wino-, bino-, and higgsino-like dark matter all contribute.
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Figure 12: Distribution of the dark matter relic density for the sampled pMSSM points, after the full selection
has been applied, broken down by the electroweakino composition of the dark matter candidate.

The two dimensional distribution in the space of the relic density and LSP mass is shown in Figure ?7.
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Figure 13: Distribution of the dark matter relic density for the sampled pMSSM points, after the full selection
has been applied, broken down by the electroweakino composition of the dark matter candidate.
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Conclusion

To be added.

With a large scan of the pMSSM completed, further studies that include event generation will require an

additional slimming down of the sample to a tractable number of points. Scan points can be sampled with
low density in less interesting regions, and high density in regions of particular interest.

Such interesting regions include, but are not limited to, points that have
e the strong SUSY sector decoupled (e.g. lightest squark mass > 10 TeV)
e Agq, near the measured value of (251 £ 59) x 10!

e dark matter relic density consistent with observations from Planck []

e dark matter with specific electroweakino composition

e compressed mass spectra (e.g. LSP mass similar to the stop or gluino)

The final focus of the scan, including what pMSSM points are selected for event generation, will depend

on the interests of the Snowmass 2021 community.
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A Coverage of the scan

Throughout this section, sampled pMSSM points that are excluded at post-processing are shown separately
from the final accepted sample. Points accepted by the McMC but excluded at 95% CL by HiggsBounds
(LHC Higgs searches) are shown in purple. Of the remaining points, those excluded at 95% CL by SModels
(LHC SUSY searches) are shown in dark blue. And of the remaining points, those excluded at 95% CL by
Micromegas (dark matter measurements) are shown in light blue. The green distribution shows the points
that are fully accepted after all post-processing steps.

A.1 pMSSM parameters

The distribution of the sampled trilinear couplings (A, Ap, and A;) are shown in Figure 14. The symmetry
across 0 shows that the random selection of initial scan points does indeed populate all sign combinations
effectively.
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Figure 14: Distribution of the trilinear couplings A;, A, and A; of sampled pMSSM points.

The distributions of the sampled gaugino mass parameters (u, My, My, and Mj3) are shown in Figure
15. Again, good symmetry across 0 is observed in p, M7, and My. The power of LHC SUSY searches is
visible at low values of these mass parameters, where the SModelS exclusion rules out the majority of points
accepted by the McMC.

The sampled values of slepton mass parameters are shown in Figure 16 for left-handed (left) and right-
handed (right) sleptons. The peak at low values of the smuon/selectron mass corresponds to those points
with large Aa,. These are largely excluded by SModelS.

The sampled squark mass parameters are shown in Figure 17: the left column shows the right-handed
up-type, the center column shows the right-handed down-type, and the right column shows the left-handed
squark masses. Again, LHC searches have been able to exclude much of the parameter space at low squark
masses, as showwn by the SModelS exclusion.

The pMSSM Higgs paramters, the mass of the heavy Higgs boson M4 and tan 3, are shown in Figure
18. HiggsBounds, which includes dedicated LHC searches for the decay of the heavy Higgs, and SModelS
exclude all points with M4 < XXX GeV.
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Figure 15: Distribution of the gaugino mass parameters M3, M7, Ms, and p of sampled pMSSM points.
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Figure 16: Distribution of slepton mass parameters myi 2, mjs, M1 2, and mps of sampled pMSSM points.
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Figure 17: Distribution of squark mass parameters (left) mg1,2, mgs, (center) mji ., mgs, (right) mgi 2, mgs
of sampled pMSSM points.
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Figure 18: The sampled mass of the heavy Higgs boson M4 (left), and tan 5 (right) for the sampled pMSSM
points.
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A.2 Sparticle masses

This section shows the distributions of sparticle masses of the sampled pMSSM points.
Figure 19 shows the slepton masses, Figure 20 shows the sbottom and stop quark masses, and Figure 21
shows the gluino mass. The neutralino masses are shown in Figure 77.

10° EEE HB excluded 10°
BN SModelS excluded
B MMG excluded
=0 Accepted

0 5000 10000 15000 20000 25000 0 5000 10000 15000 20000 25000
Selectron mass [GeV] Smuon mass [GeV]

103

0 5000 10000 15000 20000 25000 0 5000 10000 15000 20000
Stau 1 mass [GeV] Stau 2 mass [GeV]

Figure 19: Slepton masses
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Figure 20: Heavy squark masses
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Figure 21: Gluino mass
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Figure 22: Neutralino masses
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Figure 23: Chargino masses
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