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(a) (b)

Figure 1: (a): The CMSSM excluded region at 95% C.L. from all constraints in Table 1.
The solid (white) line corresponds to the 95% C.L. exclusion contour obtained by a Higgs
boson of 126 GeV and the dotted (white) line by the combination of a Higgs boson and the
relic density constraint. (b): The NMSSM excluded region at 95% C.L. from LHC SUSY
searches at 8 TeV and 20.1 fb�1. The other constraints from Table 1 do not influence
the excluded region. The extrapolation of these searches to 14 TeV and 3000 fb�1 is
represented by the dotted (red) line in the top corner. The grey regions are excluded in
constrained models.

in Fig. 1a shows the 95% C.L. exclusion region for the combination of all
constraints in the CMSSM, where the Higgs mass constraint combined with
the constraints from Table 1 requires stop masses in the multi-TeV range.
The solid (white) line corresponds to the 95% exclusion contour in case only
the Higgs mass constraint is considered, while the combination with the relic
density constraint results in the dotted (white) line. The red region in Fig.
1b corresponds to the 95% C.L. exclusion region in the NMSSM, which comes
from the LHC SUSY searches at a center-of-mass energy of 8 TeV and an
integrated luminosity of 20.1 fb�1. Other constraints of Table 1 do not play
a role, since stop masses below 1 TeV are allowed and B-physics constraints
are automatically fulfilled because of small tan � values. The dotted (red)
line in the top right corner represents the extrapolation of the SUSY searches
to 14 TeV and 3000 fb�1, which will be discussed in more detail in section
3.2. In the following, we will concentrate on the neutralino masses in the
allowed region of parameter space.

Since we use GUT scale input parameter, the mass spectrum at low scale
is calculated via the renormalization group equations, so the masses are cor-

4

Higgs
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gg

s+
Ω Higgs+Ω+Bµµ

3000 1/fb
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The Dark Matter:  
three reactions in one

Only the combination of these 
three signals will allow one to 
confirm the observation of the DM The signal in absent so far!

𝛘 = LSP (neutralino)
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CMSSM NMSSM
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Figure 3: The allowed region in the (SI) WIMP-nucleon cross section versus WIMP mass
plane after di↵erent constraints, as indicated above, for the CMSSM (a) and NMSSM (b),
respectively. Since in the NMSSM the WIMP mass is independent of the SUSY masses,
the allowed regions are shown for a fixed mass point for (b), while the regions in (a) include
a scan over all mass points.

We calculated the possible spin-independent (SI) WIMP-nucleon cross
section and the corresponding neutralino mass for each point in the parameter
space, both for the CMSSM and NMSSM. The results are shown in Fig. 3 by
the grey regions. The lower limit on the WIMP mass in the CMSSM is given
by the lower limit on the squark and gluino masses given in Fig. 1b. In the
NMSSM the mass of the lightest neutralino is independent on m0 and m1/2,
so the allowed regions in Fig. 3b are generated for m0=m1/2=2000 GeV. The
allowed regions are further divided into regions which have

• mh = (126± 2) GeV (dark green region)

• mh and ⌦h2 = 0.1199± 0.0139 (medium green region)

• mh, ⌦h2 and the remaining constraints in Table 1 except the LUX limit
(light green region)

at 95% C.L.. As shown in Fig. 3, a large region is already excluded by the
direct dark matter searches from LUX (above the solid (red) line). In the
CMSSM the WIMP mass can reach large values, since mWIMP / m1/2. The
lower limit on the WIMP mass is given by the LEP limit on the chargino mass
[35] and increases rapidly by combining the Higgs mass with the constraints
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This is expected, since in the NMSSM the WIMP masses are not related
to the SUSY masses and hence not to the LHC limits on the SUSY masses,
at least in the parameter region, where the WIMP is largely a singlino. Such
light singlino-like LSPs can only be probed e�ciently by the direct dark
matter searches. Light WIMPs, as claimed in Ref. [20], would only be
allowed in the NMSSM and exclude the CMSSM.

4. Summary

In this letter we compared the dark matter sector of the CMSSM and
the NMSSM using GUT scale input parameters. Within the CMSSM the
lightest neutralino is bino-like and has a mass proportional to m1/2. The
LHC constraints on m1/2 requires LSPs above 400 GeV, see Fig. 1 and
3. The lightest neutralino in the NMSSM is typically singlino-like. Small
cross sections for the WIMP nucleon cross section are possible because of
the negative interference of the amplitudes of the two lightest Higgs bosons.
The allowed mass range for the neutralino within the NMSSM covers the
region from 30-1000 GeV. The LHC SUSY searches will be able to access the
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