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1. Introduction

Supersymmetry (SUSY) [1-3] is one of the favored ideas forsfs beyond the Standard
Model (SM) that is currently explored at the Large Hadronli@et (LHC). In several recent pa-
pers [4-8], we presented results from frequentist analystee parameter spaces of various GUT
based versions of the Minimal Supersymmetric Standard M@d8SM), most recently [9] also
including first data from SUSY searches at the LHC [10, 11]. rééall that the CMSSM has four
input parameters: the universal soft SUSY-breaking sealdrgaugino massgs, my»), a uni-
versal trilinear soft SUSY-breaking paramefgrand the ratio of Higgs v.e.v.s, tgh as well as
the sign ofu (the magnitude oft and the bilinear SUSY-breaking parameBgrare fixed by the
electroweak vacuum conditions). The results on the anamatwagnetic moment of the muon,
(9—2)y, [12-15] strongly favor a positive sign. In the NUHM1, a coomsoft SUSY-breaking
contribution to the masses of the two Higgs doublets is atbwo vary independently, so there
are five independent parameters. On the other hand, the VEMB®oses the supplementary
constraintBy = Ag — mp on the CMSSM (see Ref. [8] for our notation), thereby remguang as
a free input and leaving three parameters, on which thedubnstrainimg, = mp in MSUGRA
imposes a severe restriction. (Detailed references fovahieus models can be found in Ref. [9].)

Here we review the results presented in Refs. [6,8,9]. Theluile the parameters of the
best-fit points in the CMSSM, NUHM1, VCMSSM and mSUGRA, ashaslthe 68 and 95% CL
regions for various sparticle masses applying the phenological, experimental and cosmolog-
ical constraints. These include precision electroweak,dgt— 2),, B-physics observables (the
rates for BRp — sy) and BRB, — 1Vv;), Bs mixing, and the upper limit on BB — utu™)),
the bound on the lightest MSSM Higgs boson maég, and the cold dark matter (CDM) density
inferred from astrophysical and cosmological data, assgttiat this is dominated by the relic den-
sity of the lightest neutralindQh?. In the case of Ref. [9] also recent limits from SUSY searches
at CMS and ATLAS [10, 11] are taken into account.

2. Description of our Frequentist approach

We define a globaj? likelihood function, which combines all theoretical pretitins with
experimental constraints (except the latest LHC SUSY éesic

_ 2 % L S (3 — fdha)®
0 =2 5P ToMm2 2 olfem)?
+X (Mh)+x (BR(Bs— up))
+ x2(SUSY search limits from LEP and Tevatron (2.1)

Here N is the number of observables studi€gi, represents an experimentally measured value
(constraint) and eacR defines a prediction for the corresponding constraint teatedds on the
supersymmetric parameters. The experimental uncertaiig;), of each measurement is taken
to be both statistically and systematically independetih@fcorresponding theoretical uncertainty,
o(P), in its prediction. We denote by?(Mp) and x?(BR(Bs — uu)) the x2 contributions from
the two measurements for which only one-sided bounds aitablaso far, as discussed below.
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Furthermore we include the lower limits from the direct shas for SUSY patrticles at LEP [16]
as one-sided limits, denoted by#(SUSY search limit¥ in eq. (2.1).

We stress that in [6, 8, 9] (as in [4, 5, 7]) the three SM paransdisy = {AQhag, M, Mz} are
included as fit parameters and allowed to vary with theirentrexperimental resolutiors( fsu).
We do not includens as a fit parameter, which would have only a minor impact on ttadyais.

Formulating the fit in this fashion has the advantage thaktherobability, P(x?, Nyof), prop-
erly accounts for the number of degrees of freeddigy, in the fit and thus represents a quanti-
tative and meaningful measure for the “goodness-of-fit.pievious studies [4]P(x2, Nqof) has
been verified to have a flat distribution, thus yielding aalgle estimate of the confidence level
for any particular point in parameter space. Furthermanapgortant aspect of the formulation
is that all model parameters are varied simultaneously ilM@MC sampling, and care is exer-
cised to fully explore the multi-dimensional space, inahgdpossible interdependencies between
parameters. All confidence levels for selected model paieare performed by scanning over
the desired parameters while minimizing th&function with respect to all other model parame-
ters. The function values whejg(x) is found to be equal tg2;,+Ax? determine the confidence
level contour. For two-dimensional parameter scans wel\yde= 2.23(5.99) to determine the
68%(95%) confidence level contours. Only experimental waimds are imposed when deriving
confidence level contours, without any arbitrary or direamigtraints placed on model parameters
themselves. This leads to robust and statistically meéulimgtimates of the total 68% and 95%
confidence levels, which may be composed of multiple sepdm@intours.

The experimental constraints used in our analyses ardl listdfable 1 in [6]. The only
significant changes are an updated value of the top quark, mi&s= 1733+ 1.1 GeV [17]
and the use of the nee"e~ determination of the SM contribution t@ — 2),, [14], aﬁUSY =
(28.7+8.0) x 10719, see also Ref. [15].

One important comment concerns our implementation of the eénstraint oM. The value
quoted in Table 1 of Ref. [6My > 1144 GeV, was derived within the SM [18], and is applicable
to the CMSSM, VCMSSM and mSUGRA, in which the relevant Higgamlings are very similar
to those in the SM [19, 20], so that the SM exclusion results loa used, supplemented with
an additional theoretical uncertainty: we evaluate #3éMy,) contribution within the CMSSM,
VCMSSM and mSUGRA using the formula

(Mh o Mfl'ilmit)z
(1.1 GeV)2+ (1.5 GeV)2”’

X*(Mp) = (2.2)
with MMt = 1150 GeV forM, < 1150 GeV. Larger masses do not receivgZdMp) contribution.
We use 11% GeV so as to incorporate a conservative consideration mérarental systematic
effects. The I GeV in the denominator corresponds to a convolution of ittedithood function
with a Gaussian functiord; s5(x), normalized to unity and centered aroulg, whose width is
1.5 GeV, representing the theory uncertaintyMp[21]. In this way, a theoretical uncertainty of
up to 3 GeV is assigned for 95% of all My, values corresponding to one parameter point. The
1.1 GeV term in the denominator corresponds to a parameterizat theCLg curve given in the
final SM LEP Higgs result [18].

Within the NUHML1 the situation is somewhat more involvedicg, for instance, a strong
suppression of thEZhcoupling can occur, invalidating the SM exclusion boundsorder to find
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a more reliable 95% CL exclusion limit favl,, in the case that the SM limit cannot be applied,
we use the following procedure. The main exclusion bounthftd&P searches comes from the
channelete” — ZH,H — bb. The Higgs boson mass limit in this channel is given as a fanct
of the ZZH coupling in [22]. A reduction in th&Zhcoupling in the NUHML1 relative to its SM
value can be translated into a lower limit on the lightest N\UHHiggs massMr']imit*o, shifted to
lower values with respect to the SM limit of 184GeV. (The actual number is obtained using
the codeH ggsBounds [23] that incorporates the LEP (and Tevatron) limits on redutliggs
boson searches.) For valueshf < 86 GeV the reduction of theZhcouplings required to evade
the LEP bounds becomes very strong, and we add a brick-wattibotion to theyx? function
below this value (which has no influence on our results). Ikinag. (2.2) is used witmlﬂmit =
Mﬂm"’o + 0.6 GeV to ensure a smooth transition to the SM case, see [6] doe aetails.

To include the recent LHC searches for SUSY we calculate [9]

2 _ .2 2
XatLas = Xorg T BXATLAS >

X&ms = Xorg+ DXéwuis » (2.3)

i.e. we investigate the impact of the SUSY searches at ATLAG @MS separatelyand do not
attempt a combination of these searches.

The CMS result [10] is based on a search for multij&r+events without accompanying
leptons. The 13 events found in the signal region were cabyipatith the~ 10.5 expected from
SM backgrounds with a probability value of 30% The obseresdit allowed CMS to set a 95% CL
(i.e., 1960) upper limit of 13.4 signal events. This would correspon@.fot (13.4—2.5)/1.96 =
2.5+ 5.6 events for any possible signal, yieIdiaﬁ‘CMS = 0.85 for large sparticle masses. The
central CMS result, shown in Fig. 5 of [10],isa 95% CL exatuscontour in themg, my /») plane
of the CMSSM for the particular values tBn= 3,Ag = 0 andu > 0. However, the sensitivity of
a search for multijet #r events is largely independent of these additional parametihin the
CMSSM [10], and can also be taken over to the NUHM1, VCMSSMmaisUGRA models, which
have similar signatures in these search channels.

Fig. 5 of [10] also presents @n,my ) contour for the 95% CL exclusion expected in the
absence of any signal, corresponding 65« 1.96 = 10.9 events. This contour would correspond
to anapparentsignificance of10.9 - 2.5)/5.56 ~ 1.50 and henceélx? ~ 4. The observed 95%
CL contour, on the other hand, correspondAjd = 5.99. We approximate the impact of the new
CMS constraint byAx&us ~ X3 cusl(Mc/M) — 1| P¢ (whereM = , /mg + mf/z) for each ray in

the (mo, My ») plane, fitting the parameterc, pc by requiringAx? ~ 4,5.99 on the expected and
observed 95% exclusion contours shown in Fig. 5 of [10], sefe ] for detalils.

The ATLAS result [11] is based on a search for multijéir+events with one accompanying
electron or muon. The 2 events found in the signal region wenepatible with the- 4.1 expected
from SM backgrounds with a probability value of 16%. The ca&nATLAS result, shown in
Fig. 2 of [11], is again a 95% CL exclusion contour in tfrey,m;») plane of the CMSSM for
the particular values tgh= 3,Ag = 0 andu > 0, which is also only moderately dependent on
these additional parameters within the CMSSM [11], and d¢sm lae taken over to the NUHM1,
VCMSSM and mSUGRA models. We construdcx 2, x5 in a similar fashion as for CMS, where
all the details can be found in Ref. [9].
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The numerical evaluation of the frequentist likelihooddtion using the constraints has been
performed with thevlst er Code [4-9, 24], which includes the following theoretical cod&sr
the RGE running of the soft SUSY-breaking parameters, it &gd t SUSY [25], which is com-
bined consistently with the codes used for the various loergy observables. At the electroweak
scale we have included various codégynHi ggs [21, 26-28] is used for the evaluation of the
Higgs masses and};”>Y (see also [29-32]). For flavor-related observables weSugd a [33,
34] as well asSuper | so [35, 36], and for the electroweak precision data we haveuded a
code based on [37, 38]. Finally, for dark-matter-relatedepablesM cr OVEGAs [39-41] and
Dar kSUSY [42, 43] have been used. We made extensive use of the SUSY teshes Ac-
cord [44, 45] in the combination of the various codes withiaVast er Code.

3. Resultsfor Sparticle Masses (without LHC data)

The best-fit points and respective probabilities are sunz@aiin Tab. 1 in Sect. 5. Here we
review the results for the predictions of sparticles magsdhe CMSSM, NUHM1, VCMSSM
and mMSUGRA. The results for the CMSSM spectrum are shownerugiper plot, and for the
NUHML1 in the lower plot of Fig. 1, whereas the spectra in theM&SM can be found in top
plot and mSUGRA in the middle and bottom plot of Fig. 2. Thetf{raiddle) mMSUGRA plot
corresponds to the overall minimum #f ~ 29 in this model. However, a second local minimum
of x2 ~ 33 (and hence a “small” area allowed at the 95% CL) can be falmny the light Higgs
rapid-annihilation strip with smath, ;, are very largeny. The masses shown in the second (lower)
plot correspond to this secondary minimum.

We start our discussion with the gluino masg, In both the CMSSM and the NUHML, the
best-fit points have relatively low values mf ~ 750 and~ 600 GeV, respectively. These favored
values are well within the range even of the early operatafrithe LHC with reduced center-of-
mass energy and limited luminosity. However, even quigdamlues ofng < 2.5 TeV are allowed
at the 30 (Ax? = 9) level (not shown in Fig. 1). The LHC should be able to disroa gluino
with mg ~ 2.5 TeV with 100/fb of integrated luminosity gts= 14 TeV [46,47], and the proposed
sLHC luminosity upgrade to 1000/fb of integrated lumingsit /s = 14 TeV should permit the
discovery of a gluino withmg ~ 3 TeV [48]. However, Fig. 1 does demonstrate that, whilstehe
are good prospects for discovering SUSY in early LHC runiigjgthis cannot be ‘guaranteed’.

The central values of the masses of the supersymmetricguartii theu,d, s, c,b quarks are
slightly lighter than the gluino, as seen in Fig. 1. The défece between the gluino and the squark
masses is sensitive primarily bg. The reason is that the preferred regions of the paramedeesp
in both the CMSSM and the NUHML1 are in thi-slepton coannihilation region [5, 6] where
mp < My /,. Heremy makes only small contributions to the central values of tngask masses.
The SUSY partners of the left-handed components of the fgltdst quarks, thg,; are predicted
to be slightly heavier than the corresponding right-hanstpaarks,gr, as seen by comparing the
mass ranges in Fig. 1. As in the case of the gluino, squarkenagsto~ 2.5 TeV are allowed at
the 3o level. Comparing the upper and lower panels, we see thaiirlss are predicted to be
somewhat lighter in the NUHML1 than in the CMSSM, but this @liffince is small compared with
the widths of the corresponding likelihood functions.
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Figure 1: Spectra in the CMSSM (upper plot) and the NUHM1 (lower pl6}) [The horizontal solid lines
indicate the best-fit values, the vertical solid lines are &8% CL ranges, and the vertical dashed lines are
the 95% CL ranges for the indicated mass parameters.

Turning now to the likelihood functions for the mass of thghtier stop,n,, we find that it
is shifted to values somewhat lower than for the other sqgflavlrs. It can also be seen that the
2 o range of its likelihood function differ from those of the glo and the other squarks, reflecting
the importance of scalar top mixing. We recall that this aelsestrongly on the trilinear soft
SUSY-breaking parameté and the Higgs mixing parametgr, as well as on the precise value of
m.

In the case of the lighter stdl, see its range in Fig. 1, the mass is very similar to that of the
LSP)?E’ in the coannihilation region, but this is not the case in #y@d-annihilationH, A funnel
region, see [6] for details. In the case of the NUHML1 rapidihitation is possible also for low
tanp, leading to larger values ofy than in the CMSSM also for relatively small valuesnof, .

The scalar taus as well as the other scalar leptons are exipecbe relatively light, as can
be seen in Fig. 1. They would partially be in the reach of th@(B00) (i.e. with,/s= 500 GeV)
and at the 95% CL nearly all be in the reach of the ILC(1000) %89 This also holds for the two
lighter neutralinos and the light chargino.

In the case of the VCMSSM, the spectrum is qualitatively Eimio those in the CMSSM
and NUHM1. The two mSUGRA spectra are significantly différélom each other and from
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Figure2: Spectra in the VCMSSM (top), and mSUGRA in the coannihilagigion (middle) and the funnel
region (bottom), implementing all the constraints incluglthat onQXh2. The horizontal solid lines indicate
the best-fit values, the vertical solid lines are the 68% Qhges, and the vertical dashed lines are the 95%
CL ranges for the indicated mass parameters.

the VCMSSM, CMSSM and NUHML. This is because the coannibitategion hasm, , signif-
icantly larger than in the other models, whereas the furegibn has a significantly smaller and
very well-defined value ofn, » and relatively large values ofy. This bimodality affects directly
the preferred values afyo andmg, and affects the other sparticle masses via renormalizafio
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fects. These spectra show that the colored particles alenitkin the reach of the LHC for the
VCMSSM and mSUGRA in the coannihilation region, whereasenotegrated luminosity would
be necessary for mSUGRA in the funnel region (except fomglyiroduction). In each scenario
some SUSY particles should be accessible at'a collider, even with a center-of-mass energy
as low as 500 GeV.

4. Prediction for the Higgs sector (without LHC data)

In Fig. 3 we display the favored regions in tfida, tanf) planes for the CMSSM and NUHM1
(taken from Ref. [6]). (Predictions favl, in the four models are reviewed in Sect. 6.) We see that
they are broadly similar, with little correlation betweére two parameters. Concerning farone
can observe that while the best fit values lie at@an 11, the 68 (95)% CL areas reach up to
tanfB ~ 30(50-60). The existing heavy neutral Higgs discovery analyses @pexéd in the various
benchmark scenarios [51-54]) cannot directly be applietheéqMa,tanf) planes in Fig. 3. In
order to assess the prospects for discovering heavy Higgmnkaat the LHC in this context, we
follow the analysis in [55], which assumed 30 or 60 flxollected with the CMS detector. For
evaluating the Higgs-sector observables including higinder corrections we use the soft SUSY-
breaking parameters of the best-fit points in the CMSSM aadiiHM1, respectively. We show
in Fig. 3 the 50 discovery contours for the three decay chankkld — 117~ — jets (solid lines),
jet+ u (dashed lines) and jete (dotted lines). The parameter regions above and to thefleft
the curves are within reach of the LHC with about 30 ¥of integrated luminosity. We see that
most of the highest-CL regions lie beyond this reach, palgity in the CMSSM. At the ILC(1000)
masses up ta < 500 GeV can be probed. Within the CMSSM this includes the-fiepbint,
and within the NUHM1 nearly the whole 68% CL area can be calere

60 T T T T T T T T T 60
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c
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50 50
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Figure 3: The correlations between Aand tanf3 in the CMSSM (left panel) and in the NUHM1 (right
panel) [6]. Also shown are the& discovery contours for observing the heavy MSSM Higgs soE0A in
the three decay channels, A — 1717~ — jets(solid line),jet+ u (dashed line)jet+ e (dotted line) at the
LHC. The discovery contours have been obtained using arysisahat assumed 30 or 60 fbcollected
with the CMS detector [47, 55].
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5. Resultsincluding LHC data

In this section we review the results obtainadluding the recently published SUSY search
limits from CMS [10] and ATLAS [11] (taken from Ref. [9]).In Tab. 1 we compare the best-fit
points found incorporating the CMS or ATLAS constraints\@ih pre-LHC results [5, 6, 8] in the
four scenarios. In addition to the minimum valuexdfand the fit probability in each scenario, we
include the values afny /,, Mo, Ag and tarf3 at all the best-fit points, as well &4, (discarding the

LEP limits) 2

Model Minimum x? | Probability my o 10)) Ao tanB || My (no LEP)
(GeV) | (GeV) | (GeV) (GeV)
CMSSM (21.3) (32%) (320) | (60) | (-170) | (11) (207.9)
with CMS 22.0 29% 370 80 -340 14 112.6
with ATLAS 24.9 16% 400 100 -430 16 112.8
NUHM1 (19.3) (31%) (260) | (110) | (2010)| (8) (121.9)
with CMS 20.9 28% 380 90 70 14 113.5
with ATLAS 23.3 18% 490 110 -630 25 116.5
VCMSSM (22.5) (31%) (300) | (60) (30) 9) (109.3)
with CMS 23.8 25% 340 70 50 9 115.5
with ATLAS 27.1 13% 390 90 70 11 117.0
MSUGRA (29.4) (6.1%) (550) | (230) | (430) | (28) (107.8)
with CMS 29.4 6.1% 550 230 430 28 121.2
with ATLAS 30.9 5.7% 550 230 430 28 121.2

Table 1: Comparison of the best-fit points found previously in the SMSthe NUHM1, the VCMSSM and
the coannihilation region of MSUGRA when the LHC constgaivdre not included (in parentheses) [5,6, 8],
and the results of this paper incorporating the CMS [10] arid_AS [11] constraints [9]. In addition to the
minimum value o2 and the fit probability in each scenario, we include the valaém >, mo, Ag andtanf

at all the best-fit points, as well as the predictions fqr hglecting the LEP constraint.

The absence of a supersymmetric signal in the LHC data []0n¢dlidates portions of the
CMSSM, NUHM1 and VCMSSM parameter spaces at toyy, that were previously favored at the
95% and 68% CL, but does not impinge significantly on the emoading regions for mMSUGRA.
In the cases of the CMSSM and VCMSSM, the LHC data disfavotawem, , tips of the coan-
nihilation regions and increase visibly the best-fit valagsy /,, as seen in Fig. 4 (and in Tab. 1).
However, it should be kept in mind that the area around thefligsoints is very shallow irx?,
particularly as a function afn, . In the case of the NUHML, the CMS or ATLAS data disfavor

IAnticipated results including early LHC data in the contekirequentist fits were shown, e.g., in Refs. [56,57].
2In Ref. [9] a systematic error of 10(20)% was estimated in the values fioi /> quoted in Table 1 at the best-fit
points, associated with ambiguity in the implementatiothef CMS (ATLAS) constraint and the slow variations in the
2 .
X< functions.
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a slice of parameter space at low,, andmy < 400 GeV extending between the coannihilation
region and the light-Higgs funnel discussed in [8]. Howewasr noted in Table 1, the new LHC
constraints do not increase significantly the value of tiedalx? function for the previous best-fit
points in any of the models. Applying the CMS constraint wel &m increase aAx? ~ 1. The
ATLAS constraint leads to somewhat stronger increase ugfo~ 4.5. This indicates that there
is no significant tension between the CMS and previous caingsrin the contexts of the models
studied here, and only a mild tension with the new ATLAS Isnihbsence of a SUSY signal at the
LHC with a luminosity of> 1/fb at a center-of-mass energy7 TeV would be required to increase
the global minimum ofx? sufficiently to put pressure on these models.
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Figure4: The(mp,my») planes in the CMSSM (upper left), NUHML1 (top right), VCMS8M/ér left) and

MSUGRA (lower right). In each panel, we show the 68 and 95%d@itotirs (red and blue, respectively)
both after applying the CMS [10] and ATLAS [11] constraintiaghed and solid lines, respectively) and
beforehand (dotted lines). Also shown as open (solid) gstans are the best-fit points found after applying
the CMS (ATLAS) constraints in each model (see text), anceas gsnowflakes’ the previous best-fit points.

In the region of parameter space of interest to the CMSSM, MH/CMSSM and mSUGRA,
the reach of the LHC for SUSY is largely determined by thergumassjmg. Accordingly, we
display in Fig. 5 the one-parametef functions formg relative to the minima in all these models.
In each case, we display the new likelihood functions inotapng CMS or ATLAS data as dashed
or solid lines, respectively, and those given by the previits as dotted lines (see also Figs. 1, 2),
setting to zero the value gf at the best fit in each model. In this figure the one-parametéunc-
tions for mMSUGRA are unchanged when the LHC data are inclbdédre shown for comparison
purposes.
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Figure 5: The one-parametex? likelihood functions for the gluino massgrim the CMSSM (upper left),
NUHM1 (top right), VCMSSM (lower left) and mSUGRA (lowerhtlg In each panel, we show the
function including the CMS or ATLAS [10, 11] constraints @slded and solid lines, respectively, and the
previousy? function as a dotted line.

For each of the CMSSM, NUHM1 and VCMSSM, we see that the sidheofikelihood func-
tion below the best-fit point is shifted to largeg by similar amount®mg ~ 100 to 200 GeV. The
best-fit values ofng in the CMSSM, NUHM1 and VCMSSM are now 900 GeV. In mSUGRA
the most likely values ofng are unchanged, lying in the range 1000 to~ 1400 GeV, rising
steeply outside this interval.

6. Prediction for My, including LHC data

One of the main goals of the LHC is the discovery of a Higgs hpsevealing the mechanism
of electroweak symmetry breaking. Similarly, a huge effequt in the current Tevatron analyses
for SM and MSSM Higgs boson searches. Accordingly, we dispiaFig. 6 the one-parameter
x?2 functions for the lightest MSSM Higgs mas4, in the CMSSM, NUHM1, VCMSSM and
MSUGRA. In this figure we do not include the direct limits frafBP [18,22] or the Tevatron, so as
to display the (lack of) conflict between these limits andghetictions of supersymmetric models.
For each model we again display the new likelihood functioesrporating CMS (ATLAS) data
as dashed (solid) lines, around the latter indicating teertitical uncertainty in the calculation of
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M of ~ 1.5 GeV by red bands. We also show, as dotted lines without radsyahe pre-LHC
predictions foM;, (again discarding the LEP constraint.)
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Figure 6: The one-parametey? likelihood functions for the lightest MSSM Higgs massiivithe CMSSM
(upper left), NUHM1 (top right), VCMSSM (lower left) and mSRIA (lower right). In each panel, we show
the x2 functions including the CMS (ATLAS) [10, 11] constraintsdashed (solid) lines, the latter with a
red band indicating the estimated theoretical uncertaintyhe calculation of i of ~ 1.5 GeV, and the
pre-LHC x2 function is shown as a dotted line.

In the case of the CMSSM, we see that the LHC constraints aseethe consistency of the
model prediction with the direct LEP limit dd, indicated by the yellow region: the best-fit value
can be found at- 1126 GeV with an estimated theoretical error 05 GeV, see also Tab. 1. In the
case of the NUHM1, we see that the main effect of the LHC data iscrease substantially the
one-parametey? function at low masse®l,, < 110 GeV, see Sect. 2 for details. In the NUHM1
the LEP constraint is weakened at |ty because thbBZZ coupling may be reduced (which is not
possible inthe CMSSM, VCMSSM and mSUGRA[19,20]). The LH@&dander a large reduction
less likely. Now most of the preferrddy, region in the NUHML is indeed above 114 GeV. In
the case of the VCMSSM, the LHC data strongly disfavor a Higgson below the LEP limit. In
the case of mMSUGRA, lowl, ~ 110 GeV would have been favored pre-LHC, but the CMS or
ATLAS data push the preferred range to largér compatible with the LEP constraint [18, 22].
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Thus, including the LHC data, within NUHM1, VCMSSM and mSU&he combination of all
other experimental constraintsturally evades the LEP Higgs constraints, and no tension between
My and the experimental bounds exists. Within the CMSSM a fterissmaller than in the SM

can be observed.
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