
3

(m1/2, m0) plane of the CMSSM lies largely
within the region that could be explored with
1 fb−1 of integrated LHC luminosity at 14 TeV,
and the 68 % C.L. area lies largely within the
region that could be explored with 50 pb−1 of in-
tegrated luminosity at 10 TeV. A same-sign dilep-
ton signal should be visible in the 68 % C.L. area
with 1 fb−1 of integrated luminosity at 14 TeV,
and the lightest Higgs boson could also be de-
tectable in squark decays with 2 fb−1 of inte-
grated luminosity at 14 TeV. We find that remov-
ing the ΩCDM constraint has little effect on the
preferred regions of the CMSSM parameter space
in the (m1/2, m0), (tan β, m1/2), and (tan β, m0)
planes, apart from expanding the range of m0,
particularly for tanβ ∼ 10. On the other hand,
rescaling the present error in (g − 2)µ may have
quite an important effect: the preferred ranges in
m1/2 and m0 would expand quite significantly if
the error on the present experimental discrepancy
with the SM were to be increased. Conversely, if
this error could be reduced, e.g., by a more precise
measurement of (g − 2)µ and/or a more refined
theoretical estimate within the SM, the MCMC
predictions for sparticle masses and the prospects
for detection at the LHC could be substantially
improved. Finally, we show that our results would
not be greatly changed in the NUHM1: we leave a
more complete study of the NUHM1 and NUHM2
for future work.

2. Multi-parameter Fit to Experimental
Observables

The observables used in our analysis are listed
in Tab. 1. In this table only some EWPO have
been omitted, because they did not change since
our last analysis; they can be found in [43]. We
will briefly discuss some relevant changes and ad-
ditions with respect to [43].

The central value of the BR(b → sγ) con-
straint has slightly changed because of new ex-
perimental results: the data/SM ratio in Tab. 1
corresponds to the HFAG average BR(b → sγ)=
(3.52±0.24)×10−5 [60] and to the NNLO SM cal-
culation, BR(b → sγ)= (3.15 ± 0.23) × 10−5 [55]
(both values refer to the inclusive rate with Eγ >
1.6 GeV). With respect to Ref. [43] we have also

reduced the additional theoretical error in the
calculation of the SUSY contribution. First, it
should be noted that all non-perturbative uncer-
tainties cancel out in the SUSY/SM ratio. Sec-
ondly, data force the deviations from the SM to
be small in BR(b → sγ), so the SUSY/SM ratio
can be computed to a relatively high degree of ac-
curacy 1. A conservative 15% error on the b → sγ
SUSY amplitude corresponds to less than 5% in
the BRSUSY

b→sγ /BRSM
b→sγ ratio in the region where

this does not deviate from unity by more than
30%. The BR(b → sγ) constraint, as well as the
other two B-physics constraints, have been imple-
mented using the code developed in Ref. [65,66].
This includes the leading NLO QCD corrections
to the supersymmetric contributions [56] and a
complete resummation of all the relevant large
tan β effects beyond lowest-order [57–59].

The direct experimental limit on mh obtained
at LEP [5] is mh > 114.4 GeV/c2 at the 95%
C.L. The corresponding bound within the MSSM
could in principle be substantially lower, due
to a reduced ZZh coupling or due to differ-
ent, more complicated decay modes of the Higgs
bosons [6]. However, it has been shown [28,75]
that these mechanisms cannot be realised within
the CMSSM, and hence the experimental lower
bound of 114.4 GeV/c2 can be applied. For our
fit we use the full likelihood information of the
exclusion bound, given by the CLs(mh) value,
which is convoluted with a theory error on the
evaluation of mh of 3 GeV [51]. A detailed pre-
scription can be found in [28].

The numerical evaluation has been performed
with the MasterCode that combines consistently
the codes responsible for RGE running and the
various low-energy observables. For the RGE
running SoftSUSY [76] has been used. At the

1There are two exceptional cases in which the above un-
certainties can still be large, namely when i) the SUSY ef-
fects are very large, SUSY/SM ∼ −2, yielding a BR(b →

sγ)rate close to the SM value, or ii) the overall SUSY
contributions are small because of cancellations among
large contributions. However, case i) is excluded by the
B → Xs"+"− constraints [73] that we take into account
in our numerical analysis, and we deal with case ii) by im-
plementing the leading NLO SUSY contributions, that are
known within a MFV framework [74,56], systematically in
our code.
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Observable Th. Source Ex. Source Constraint Add. Th. Unc.

mW [GeV/c2] [44,45] [46] 80.399± 0.025 0.010

aexp
µ − aSM

µ [8,47–49] [7,10,50] (29.5 ± 8.7) × 10−10 2.0 × 10−10

mh [GeV/c2] [51–54] [5,6] > 114.4 (see text) 3.0

BRexp
b→sγ/BRSM

b→sγ [55–59] [60] 1.117 ± 0.076exp ± 0.082th−SM 0.050

mt [GeV/c2] [44,45] [61] 172.4 ± 1.2 –

ΩCDMh2 [62–64] [14] 0.1099± 0.0062 0.012

BR(Bs → µ+µ−) [62,65,66] [60] < 4.7 × 10−8 0.02 × 10−8

BRexp
B→τν/BRSM

B→τν [67] [68,69] 1.94 ± 0.53 –

BRexp
Bd→$$/BRSM

Bd→$$ [65,66] [60] ? < 2.3 × 10−8 0.02 × 10−8

BRexp
B→Xs$$/BRSM

B→Xs$$ [65,66,70] [60] 0.99 ± 0.32 –

BRexp
K→µν/BRSM

K→µν [65,66] [71] 0.992± 0.017 –

BRexp
K→πνν̄/BRSM

K→πνν̄ [65,66] [] ? < 4.5 –

∆mexp
s /∆mSM

s [65,66] [72] 1.11 ± 0.01 0.32
(∆mexp

s
/∆mSM

s
)

(∆mexp
d

/∆mSM
d

)
[65,66] [72,60] 1.057± 0.013 0.085

∆mexp
K /∆mSM

K [65,66] [72] 0.92 ± 0.003 0.14

Table 1. List of experimental constraints used in this work in addition to the electroweak observables listed
in [43]. The top part of the table shows observables that are very sensitive to the CMSSM parameter space,
the middle part lists observables with updated measurements compared to [43] while the bottom part lists
additional experimental constraints. The values and errors shown are the current best understanding of
these constraints. The rightmost column displays additional theoretical uncertainties taken into account
when implementing these constraints in the CMSSM.

electroweak scale we have included the follow-
ing codes: FeynHiggs [51–54] for the evalua-
tion of mh and aSUSY

µ ; a code based on [65,66]
for the flavor observables, a code based on [44,
45] for the electroweak precision observables,
MicrOMEGAs [62–64] and DarkSUSY [77,78] for the
observables related to dark matter. We made ex-
tensive use of the SUSY Les Houches Accord [79]
in the combination of the various codes within the
MasterCode.

The deviation of (g − 2)µ from the SM predic-
tion by more than 3 σ can easily be accomodated
wuthin the (C)MSSM, if sign(µ) = sign(aSUSY

µ ).
Consequently, we analyze and discuss only the
case µ > 0.

The CMSSM parameter space has been sam-

pled using the MCMC technique. We treat m1/2,
m0, A0 and tanβ as free parameters, and the
Higgs mixing parameter µ and the pseudoscalar
Higgs mass mA as dependent parameters deter-
mined by the electroweak vacuum conditions.

A global χ2 function is defined, which combines
all calculations with experimental constraints:

χ2 =
N∑

i

(Ci − Pi)2

σ(Ci)2 + σ(Pi)2
+

M∑

i

(fobs
SMi

− ffit
SMi

)2

σ(fSMi
)2

(1)

Here N is the number of observables stud-
ied, Ci represents an experimentally measured
value (constraint) and each Pi defines a CMSSM
parameter-dependent prediction for the corre-


