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The analysis, presented here, is a short view of Ref. [1]. It aims at studying the constraints that
can be set on the SUSY parameters space using the most recent experimental constraints known
today: mainly the Higgs mass, and the cold dark matter density in the Universe measured, respec-
tively, at the LHC and by the Planck collaboration, as well as the Xenon100 results. We make
use of the SFITTER toolkit [2]. Since the SUSY models are numerous and the parameter space
very wide, we have restricted ourselves to the mSUGRA [3] model and a 13 parameters TeV scale
MSSM.

Similar studies have been performed by other groups. For instance, FITTINO has studied the
impact of LHC data and WMAP-7year results [4] on two models, mSUGRA and a non-universal
Higgs model. The MASTERCODE group has performed a likelihood study of the same mSUGRA
and non-universal Higgs models including Xenon100 results [5]. A specific analysis with Planck
data, the Higgs mass measurement, and Xenon100 in the TeV-scale MSSM exists with a focus on
light neutralino dark matter [6]. Results similar to ours have recently been published in Ref. [7] and
by the BayesFITS group, including the study of a 9-parameter MSSM in Ref [8]. A non-exhaustive
list of other, similar analyses is given in Ref. [9]. None are using up to date measurements in a
parameter space as wide as the one presented here.

1. Data and Context

The measurements and the assumed theoretical uncertainties entering the analysis are summa-
rized in table 1. The top mass [10] is a model parameter and a measurement. An additional dark
matter related input is the upper limit on the elastic LSP-Nucleon cross section as function of the
LSP mass from the analysis of the Xenon100 225 days x 34 kg dataset [16].

measurement value and error

my, (126+£0.4+£0.4£3) GeV  [11]
Qcamh® Planck 0.118740.0017£0.012  [12]
BR(B, — pur ") (3.2715+£0.2) x 1077 [13]
BR(b — X,7) (3.554+0.24+0.09) x 107+ [14]
Aay (287+£63+£49+20) x 107! [15]
m (173.54£0.6£0.8) GeV  [10]

Table 1: Some of the key measurements used in our analysis, including the error. The last number is the
theoretical uncertainty on the supersymmetric prediction, except for the BR(b — X;y) and m; for which no
theoretical uncertainty is considered.

The prediction of the light MSSM Higgs mass is calculated with SUSPECT2 [17] while the
Higgs branching ratios are computed using SUSY-HIT and HDECAY [18]. The supersymmetric
contribution to the cold dark matter density is calculated with MICROMEGAS [19]. For the elec-
troweak precision observables we rely on SUSYPOPE [20]. Finally, we use SUSPECT2 [17] and
MICROMEGAS [19] to compute the B observables and (g —2),. SFITTER primarily relies on
SUSPECT2 [17] for the renormalization group evolution and the computation of the supersymmet-
ric mass spectrum. In addition, we use SoftSUSY [21] to test our results.

The analysis presented below proceeds in two steps. First, we construct a fully exclusive log-
likelihood map in the model parameters using a set of Markov Chains with a Breit-Wigner proposal
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Figure 1: Profile likelihood projections onto the (mg,my ;) plane, the (mg,Ap) plane, the (mg,tan 3) plane,
and the (m; /,tan ) plane. All results are based on the Planck measurement and assume g > 0.

function. We then build 2d parameters maps using profile likelihood (marginalization has also been
performed but not presented here, more details can be found here [1]).

2. mSUGRA analysis

mSUGRA is described with four parameters at the GUT scale and a sign: mo, m 2, Ao, tan f3
and sign(u). The light Higgs mass measurement constrains the parameter space through the stop
sector. Our parameter space is bounded by mo <5 TeV, my , <5 TeV, |Ag| <4 TeV, and tan 8 < 61.
The corresponding 2 dimensionnal profile likelihood contours are shown on figure 1 in the case of
u > 0.

The first observation is the absence of a clear preference in the mq values. In contrast, the dark
matter relic density favors three distinct regions in my /5:

1. the narrow stau co-annihilation strip with m;,;, <1 TeV and my < 500 GeV at moderate
tan 3. The mass of the lightest slepton 7 is very close to the LSP mass.

2. the A-funnel region with m;/, ~ 1.7 TeV and tanf8 ~ 50, where the LSP mass around
745 GeV is roughly half the heavy Higgs masses my y and the heavy Higgs states have a
sizeable width to allow for a spread-out s-channel annihilation.

3. the h-funnel region with m, /; = 130 GeV, where the bino-LSP mass of 60 GeV is about half
the mass of the lightest Higgs. The dominant dark matter annihilation process is the resonant
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s-channel annihilation via the lightest Higgs boson. Because of the link between the LSP and
gluino masses, this channel could typically be ruled out by direct LHC searches.

3. MSSM analysis

The most general MSSM contains a large number of parameters, of which we identify 17
which will affect current LHC and dark matter measurements [2]. Moreover, the absence of evi-
dence for supersymmetric particles at the LHC leads us to effectively decouple some of the masses
to values well about the TeV scale. In this analysis all squark mass parameters with the exception
of the stop sector are fixed at 2 TeV. The same value is assumed for the gluino mass parameter
M;. This way gluinos and light-flavor squarks move outside the region excluded by the LHC.
The trilinear mass parameter A, is assumed to be zero. The first—generation slepton parameters are
identified with their second—generation counter parts. This leaves 13 supersymmetric parameters to
be explored: tan 3, the electroweak gaugino mass parameters (M;, M>), the smuon and stau sectors
(Mp, > M5, ,, Ar), the stop sector (M
parameter i. As for mSUGRA we also fit for the top mass. Our parameter space is bounded by
tan B < 61, (M,,M,) < 4 TeV, (MﬂL/R,Mf-L/R,Mq3L,MfR) <5TeV, (|A¢],|A/]) <4 TeV, my <5 TeV
and [u| <2 TeV.

The measured light Higgs mass essentially depends on three parameters: the heavy Higgs

M;,, A;), the heavy Higgs mass m,, and the higgsino mass

3L°

mass scale my, which has to be large to accommodate the 126 GeV measurement; tan 3 which
has to be large enough to not delay the decoupling regime in m,; and finally the geometric mean
of the two stop masses ,/mz my,, which again has to be large. In terms of MSSM parameters the
latter needs to be computed from the three entries in the stop mass matrix, including A,. The stop
masses are the key parameters, but are neither strongly related to the dark matter sector nor to the
light—flavor squark—gluino mass plane. In addition, they are directly linked to the solution of the
hierarchy problem and hence to the motivation of supersymmetry.

In Figure 2 we show the profile likelihoods in the neutralino and chargino sector M, M», and
u. Those maps favor five regions, three of which directly correspond to the mSUGRA case:

M, [GeV]

2000 3000 4000 3000
M, [GeV] M, [GeV]

Figure 2: Profile likelihood projection onto the (M, M,) plane (left) and the (M, i) plane (right) for the
Planck measurements.
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1. the stau co-annihilation strip diagonal in M; vs M, at relatively small values. Here, the mass
of the lightest slepton 7 is very close to the LSP mass.

2. the A-funnel region where the LSP mass is about half the heavy Higgs mass. This MSSM
region behaves the same way as discussed for the simpler mSUGRA model. In Figure 2 it
contributes to the bulk region of the M| vs M, plane as well as to the correlated patterns in
the My vs u plane.

3. the h-funnel region at low M| ~ 63 GeV almost independent of M,. Unlike for nSUGRA
the gluino mass is now an independent parameter, so the direct LHC searches decouple from
the dark matter sector. Because the corresponding MSSM parameter space is tiny, the funnel
appears only as distinct sets of points in Figure 2. We have checked that it actually is a
narrow line.

4. abino-higgsino region which appears as a strip in the M; vs p plane for u < 0 and [M; |~ |u|.
The dark matter annihilation proceeds through different neutral and charged Higgs—mediated
channels, including chargino co-annihilation and dominantly third—generation quarks in the
final state. The latter includes the bb final state from the A-funnel.

5. a large higgsino region with M, M, > 1.2 TeV, split in two almost symmetric solutions
U =~ +1.2 TeV. Chargino co-annihilation dominates the prediction of the relic density with
first and second generation quarks in the final state.

4. Conclusion

The allowed regions of supersymmetric parameter space can best be categorized by the dark
matter annihilation channel. In mSUGRA we found two valid regions, a narrow stau co-annihilation
region at moderate tan 3 and a large A-funnel region. Stop co-annihilation survives the light Higgs
mass constraint, but resides outside our tested range of model parameter space, while the focus-
point region seems to be ruled out.

In the TeV-scale MSSM we found narrow allowed regions corresponding to stau co-annihila-
tions and the light-Higgs funnel annihilation. The heavy Higgs funnel becomes part of a large
parameter region where the lightest neutralino is a mixed bino—higgsino state, annihilating to third—
generation fermions. Chargino co-annihilation occurs with a charged Higgs funnel. In addition,
we observed a large higgsino region with chargino and neutralino co-annihilation through gauge
boson and into light—flavor quarks. Finally, stop co-annihilation again resides outside our range of
model parameters.

In terms of the supersymmetric Lagrangian we found that the positive measurements like the
relic density or the Higgs mass generally push supersymmetry toward a high new physics mass
scale. The absence of signals for new physics at the 8 TeV run of the LHC puts little tension into
the parameter analysis. Nevertheless, several of the parameter regions corresponding to different
dark matter annihilation can be probed by the LHC running at 13 TeV.
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