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1Supersymmetry in Light of 1/fb of LHC DataO. Buhmuellera, R. Cavanaughb;, A. De Roekd;e, M.J. Dolanf , J.R. Ellisg;d, H. Fl�aherh,S. Heinemeyeri, G. Isidorij, D. Mart��nez Santosd, K.A. Olivek, S. Rogersona, F.J. Rongal,G. WeigleinmaHighEnergyPhysisGroup, BlakettLaboratory, ImperialCollege,PrineConsortRoad, LondonSW72AZ,UKbFermi National Aelerator Laboratory, P.O. Box 500, Batavia, Illinois 60510, USAPhysis Department, University of Illinois at Chiago, Chiago, Illinois 60607-7059, USAdCERN, CH{1211 Gen�eve 23, SwitzerlandeAntwerp University, B{2610 Wilrijk, BelgiumfInstitute for Partile Physis Phenomenology,University ofDurham, South Road,DurhamDH13LE,UKgTheoretial Partile Physis and Cosmology Group, Department of Physis, King's College London,London WC2R 2LS, UKhH.H. Wills Physis Laboratory, University of Bristol, Tyndall Avenue, Bristol BS8 1TL, UKiInstituto de F��sia de Cantabria (CSIC-UC), E{39005 Santander, SpainjINFN, Laboratori Nazionali di Frasati, Via E. Fermi 40, I{00044 Frasati, ItalykWilliam I. FineTheoretialPhysis Institute, Shool of Physis andAstronomy,University ofMinnesota,Minneapolis,Minnesota 55455,USAlInstitute for Partile Physis, ETH Z�urih, CH{8093 Z�urih, SwitzerlandmDESY, Notkestrasse 85, D{22607 Hamburg, GermanyWe update previous frequentist analyses of the CMSSM and NUHM1 parameter spaes to inlude the publiresults of searhes for supersymmetri signals using � 1/fb of LHC data reorded by ATLAS and CMS and� 0:3/fb of data reorded by LHCb in addition to eletroweak preision and B-physis observables. We alsoinlude the onstraints imposed by the osmologial dark matter density and the XENON100 searh for spin-independent dark matter sattering. The LHC data set inludes ATLAS and CMS searhes for jets + =ET eventsand for the heavier MSSM Higgs bosons, and the upper limits on BR(Bs ! �+��) from LHCb and CMS. Theabsenes of jets + =ET signals in the LHC data favour heavier mass spetra than in our previous analyses of theCMSSM and NUHM1, whih may be reoniled with (g � 2)� if tan � � 40, a possibility that is however underpressure from heavy Higgs searhes and the upper limits on BR(Bs ! �+��). As a result, the p-value for theCMSSM �t is redued to � 15(38)%, and that for the NUHM1 to � 16(38)%, to be ompared with � 9(49)%for the Standard Model limit of the CMSSM for the same set of observables (dropping (g � 2)�), ignoring thedark matter reli density. We disuss the sensitivities of the �ts to the (g � 2)� and BR(b ! s) onstraints,ontrasting �ts with and without the (g � 2)� onstraint, and ombining the theoretial and experimental errorsfor BR(b ! s) linearly or in quadrature. We present preditions for m~g, BR(Bs ! �+��), Mh and MA, andupdate preditions for spin-independent dark matter sattering, inorporating the unertainty in the �-nuleon �term ��N . Finally, we present preditions based on our �ts for the likely thresholds for spartile pair produtionin e+e� ollisions in the CMSSM and NUHM1.KCL-PH-TH/2011-28, LCTS/2011-14, CERN-PH-TH/2011-220,DCPT/11/108, DESY 11-161, IPPP/11/54, FTPI-MINN-11/23, UMN-TH-3013/11
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1. IntrodutionIn a series of papers, we and others have re-ported the results of global �ts to pre-LHC [1{6℄and LHC 2010 data [7{10℄ in the frameworks ofsimpli�ed variants of the minimal supersymmet-ri extension of the Standard Model (MSSM) [11℄with universal supersymmetry-breaking mass pa-rameters at the GUT sale. We onsider a lassof models in whih R-parity is onserved and thelightest supersymmetri partile (LSP), assumedto be the lightest neutralino ~�01 [12℄, providesthe osmologial old dark matter [13℄. The spe-i� models studied have inluded the onstrainedMSSM (CMSSM) [14℄, with parametersm0, m1=2and A0 denoting ommon salar, fermioni andtrilinear soft supersymmetry-breaking parame-ters at the GUT sale, and tan� denoting theratio of the two vauum expetation values ofthe two Higgs �elds. Other models studied in-lude a model in whih ommon supersymmetry-breaking ontributions to the Higgs masses areallowed to be non-universal (the NUHM1) [15℄,a very onstrained model in whih trilinear andbilinear soft supersymmetry-breaking parametersare related (the VCMSSM) [16℄, and minimal su-pergravity (mSUGRA) [16,17℄ in whih the grav-itino mass is required to be the same as the uni-versal soft supersymmetry-breaking salar massbefore renormalization.The impressive inrease in the aumulatedLHC luminosity ombined with the rapid analysesof LHC data by the ATLAS [18,19℄, CMS [20{22℄and LHCb Collaborations [23℄ is putting inreas-ing pressure on these and other supersymmetrimodels, in the ontinuing absene of any signal forsupersymmetry. In this paper we update our pre-vious frequentist �ts [8,9℄ to inlude the analysesof � 1/fb of LHC data made publi in July andAugust 2011 at the EPS HEP and Lepton-PhotonConferenes, termed here LHC1=fb, and also dis-uss the impat of the result on BR(Bs ! �+��)by the CDF Collaboration [24℄. As in [8℄, we alsoinorporate the results of the diret searh fordark matter sattering by the XENON100 Col-laboration [25℄ 1.1Preliminary versions of these results were posted on [9℄on July 25th, 2011.

The approah we use has been doumented inour previous papers [1{5, 7, 8℄, so we do not de-sribe it in detail here, onentrating on rele-vant new aspets. We onstrut a global like-lihood funtion that reeives ontributions fromthe standard portfolio of eletroweak preisionobservables, as well as B-deay measurementssuh as BR(b ! s) and BR(Bu ! ��� ).The ontributions to the likelihood funtion fromBR(Bs ! �+��), the XENON100 diret searhfor dark matter sattering and the LHC searhesfor supersymmetri signals are alulated withinthe MasterCode framework [9℄. Conerning thetheoretial preditions for the di�erent observ-ables, the MasterCode framework inorporates aode for the eletroweak observables based on [26℄as well as the SoftSUSY [27℄, FeynHiggs [28℄,SuFla [29℄, SuperIso [30℄, MirOMEGAs [31℄ andSSARD [32℄ odes, using the SUSY Les HouhesAord [33℄. The MasterCode framework is suhthat new observables an easily be inorporatedvia new `afterburners', as we disuss below for theLHC1=fb onstraints. We use a Markov ChainMonte Carlo (MCMC) approah to sample theparameter spaes of supersymmetri models, andthe results of this paper are based on a basi re-sampling of the CMSSM with 70M points anda resampling of the NUHM1 with 70M addi-tional points, both extending up to m0;m1=2 =4000 GeV.Our results are based on the publi results ofsearhes for supersymmetri signals using � 1/fbof LHC data analyzed by the ATLAS and CMSCollaborations and � 0:3/fb of data analyzedby the LHCb Collaboration. For our purposes,some of the most important onstraints are pro-vided by the ATLAS [18℄ and CMS [20℄ searhesfor jets + =ET events without leptons, as wellas searhes for the heavier MSSM Higgs bosons,H=A [19, 21℄. Also important are the new upperlimits on BR(Bs ! �+��) from the CMS [22℄,LHCb [23℄ and CDF Collaborations [24℄, whihwe inorporate in this paper as desribed be-low 2. In this paper we fous on the analysisof the e�ets in the CMSSM and the NUHM1.2For other studies of reent data on BR(Bs ! �+��) insupersymmetri frameworks, see [34℄.2



3As disussed briey below, the VCMSSM andmSUGRA models are further disfavoured by theLHC1=fb data.The absenes of signals in the jets + =ETsearhes disfavour the ranges of the model massparameters (m0;m1=2) that had been favouredin our previous analyses of the CMSSM andNUHM1 [7, 8℄, and our urrent best �ts havem0 � 150 to 450 GeV and m1=2 � 750 GeV.Reoniling these larger values of (m0;m1=2) with(g�2)� favours values of tan� � 40, though witha large unertainty. The regions of parameterspae with large tan� are onstrained also by thenew upper limits on BR(Bs ! �+��), as well asthe LHC H=A searhes. Using our standard im-plementation of the (g�2)� onstraint based on aStandard Model (SM) alulation [42℄, and om-bining the theoretial and experimental errors inBR(b ! s) in quadrature, we �nd that the p-value for the CMSSM best-�t point is now� 15%,and that for the NUHM1 is � 16%. On the otherhand, we show that if the (g � 2)� onstraint isdropped muh larger regions of the (m0;m1=2)and other parameter planes are allowed at the68 and 95% CL, and these p-values inrease to38% in both models. In ontrast, hanging thetreatment of BR(b ! s) by adding linearly thetheoretial and experimental errors has relativelylittle impat on the �ts and their p-values, in-reasing them both to 18%.On the basis of these results, we presentupdated preditions for the gluino mass m~g,BR(Bs ! �+��), and the light and heavy Higgsmasses Mh and MA. We also present updatedpreditions for the spin-independent dark mattersattering ross setion, �SIp , stressing the impor-tane of the unertainty in the �-nuleon � term��N [35℄.In addition, we use our results to present like-lihood funtions for the thresholds for spartilepair prodution in e+e� ollisions. These resultsindiate that, within the CMSSM and NUHM1,the best-�t values for the spartile thresholds lieabove ECM = 500 GeV. However, we empha-size that these results are derived in the on-text of spei� models with spei� universalsoft supersymmetry-breaking masses at the GUTsale, and do not apply to other lasses of super-

symmetri models.2. Implementations of the New LHC Con-straintsJets + =ET searhesThe CMS and ATLAS Collaborations haveboth announed new exlusions in the (m0;m1=2)plane of the CMSSM based on searhes for eventswith jets + =ET unaompanied by harged lep-tons, assuming tan� = 10, A0 = 0 and � > 0.The updated CMS �T analysis is based on 1.1/fbof data [20℄, and the updated ATLAS 0-leptonanalysis is based on 1.04/fb of data [18℄. It isknown that 0-lepton analyses are in general rela-tively insensitive to the tan� and A0 parametersof the CMSSM, as has been on�rmed spei�allyfor the CMS �T analysis, and they are also insen-sitive to the amount of Higgs non-universality inthe NUHM1. Therefore, we treat these analy-ses as onstraints in the (m0;m1=2) planes of theCMSSM and NUHM1 that are independent of theother model parameters. The ATLAS [36℄ andCMS Collaborations [37℄ have also announednew exlusions for searhes for jets + =ET eventswith one or more harged leptons with � 1/fbof data, but these have in general less expetedsensitivity, and are more dependent on the othermodel parameters, so we do not inlude them inour analysis. A similar remark applies to the newATLAS limits on events with b jets + =ET una-ompanied by harged leptons using 0.83/fb ofdata [38℄ and on events with b jets + =ET + 1lepton using 1.03/fb of data [39℄ 3.The CMS and ATLAS 0-lepton searhes aremore powerful in omplementary regions of the(m0;m1=2) plane. Along eah ray in this plane,we ompare the expeted CMS and ATLAS sen-sitivities, selet the searh that has the strongerexpeted 95% CL limit, and apply the onstraintimposed by that searh 4. We assign ��2 = 5:99,3It would failitate the modelling of LHC onstraints onSUSY if eah Collaboration ould ombine the results fromits di�erent missing-energy searhes, as is already done forHiggs searhes.4It would also failitate the modelling of LHC onstraintson supersymmetry if the results from di�erent Collabora-tions were ombined oÆially, as was done at LEP, is al-ready done for BR(Bs ! �+��) searhes, and is planned



4orresponding to 1.96 e�etive standard devia-tions, along the CMS and ATLAS 95% 0-leptonexlusion ontours in the (m0;m1=2) plane. Inthe absene of more omplete experimental in-formation, we approximate the impat of theseonstraints by assuming that event numbers salealong rays in this plane / M�4 where M �qm20 +m21=2 (more details an be found in [8℄).We then use these numbers to alulate the ef-fetive numbers of standard deviations and or-responding values of ��2 at eah point in theplane.Searhes for heavy MSSM Higgs bosonsThe CMS Collaboration has announed a newonstraint on the heavy MSSM Higgs bosons froma searh for the neutral bosons H=A! �+�� us-ing 1.6/fb of data [21℄ and ATLAS has presenteda similar onstraint using 1.06/fb of data [19℄, theresults being presented as 95% CL upper limits onthe produt of the prodution ross setion times�+�� branhing ratio as a funtion of the om-mon mass, MH=A, for masses smaller than about500 GeV. In our analysis we use the CMS on-straint, whih has the greater expeted sensitiv-ity. The CMS Collaboration has also announeda onstraint on the deay hain t ! H+ ! �+�using 1.09/fb of data [40℄, but this yields a on-straint in a generi (MA; tan�) plane that is muhweaker than the above searhes forH=A, so we donot implement it in our analysis.We assign ��2 = 3:84, orresponding to 1.96e�etive standard deviations, to model parame-ter sets prediting an H=A signal at the 95% CLgiven by the CMS onstraint, for eah �xed valueof MA. Other model parameter sets are assignedvalues of ��2 aording to the numbers of ef-fetive standard deviations orresponding to thenumbers of events they predit. For any �xedvalue ofMH=A, these event numbers sale approx-imately as (tan�)2.Constraints on BR(Bs ! �+��)Three new results on BR(Bs ! �+��) havebeen announed reently. One is an exess ofandidate Bs ! �+�� events reported by thefor Higgs searhes.

CDF Collaboration [24℄, whih orresponds toBR(Bs ! �+��) = (1:8+1:1�0:9)�10�8 or BR(Bs !�+��)< 4:0�10�8 at the 95% CL. The other twonew results are upper limits from the CMS Col-laboration using 1.14/fb of data [22℄: BR(Bs !�+��) < 1:9�10�8 at the 95% CL, and from theLHCb Collaboration using 0.34/pb of data [23℄:BR(Bs ! �+��) < 1:5� 10�8 at the 95% CL.These three results are reasonably ompatible,though there is some tension between the CDFand CMS/LHCb results. The two latter ollab-orations have released an oÆial ombination oftheir results [41℄, whih yields BR(Bs ! �+��)< 1:08� 10�8 at the 95% CL. In our implemen-tation of the BR(Bs ! �+��) onstraint, we use��2 orresponding to the full likelihood funtionprovided by this ombination, whih has a globalminimum lose to the SM predition. We alsoomment on the hanges in our results that wouldfollow from an (unoÆial) ombination with theCDF result [24℄, whih would yield a ��2 fun-tion with a minimum at BR(Bs ! �+��) atabout twie the SM value.
Constraints on dark matter satteringWe inorporate the upper limit on the spin-independent dark matter sattering ross se-tion �SIp provided by the XENON100 Collabo-ration [25℄ in a similar manner to [8℄. In thatpaper we disussed extensively the unertainty inthe spin-independent sattering matrix elementindued by the relatively ill-determined value ofthe �-nuleon � term, ��N . In this paper we use��N = 50�14 MeV, and neglet other unertain-ties, e.g., in modelling the dark matter distribu-tion. We also do not onsider here other experi-ments reporting signatures that would require �SIpabove the XENON100 limit. Nor do we onsiderlimits on spin-dependent dark matter satteringand astrophysial signatures of dark matter an-nihilations, whih urrently do not onstrain theCMSSM and NUHM1 [8℄.



53. ResultsThe (m0;m1=2) planes in the CMSSM andNUHM1Fig. 1 displays ontours with ��2 = 2:30 (red)and 5.99 (blue) relative to the minimum valuesof �2 at the best-�t points (denoted by greenstars) in the (m0;m1=2) planes for the CMSSMand NUHM1 5. Suh ontours are ommonly in-terpreted as 68 and 95% CL ontours. The solidlines are the ontours after inorporation of theLHC1=fb results, and the dotted lines are the CLontours obtained from an analysis of the pre-LHC and pre-XENON100 data [5℄. Consequently,the di�erenes in the ontours show the full im-pat of the � 1/fb data set of LHC data. Therinkles in these ontours give an indiation ofthe sampling unertainties in our analysis.We see that the new best-�t points with(m0;m1=2) = (450; 780) GeV in the CMSSM and(150; 730) GeV in the NUHM1 (denoted by solidgreen stars) lie well within the previous 95% CLregion. On the other hand, the pre-LHC best-�t points with (m0;m1=2) = (90; 360) GeV inthe CMSSM and (110; 340) GeV in the NUHM1(denoted by open stars), lie far outside the re-gions allowed by the LHC1=fb data. Thus, wesee that there is now signi�ant tension betweenthe LHC1=fb and pre-LHC data sets. The full setof parameters of the post-LHC1=fb and pre-LHCbest-�t points are shown in Table 1 6.In both the CMSSM and the NUHM1, as wedisuss later, the 68% CL upper limits on m1=2 inFig. 1 are largely driven by (g�2)�, and the 95%CL upper limits are largely driven by the relidensity onstraint, with large-m1=2 points lyingin the heavy-Higgs rapid-annihilation funnel atlarge tan�. The fat that muh larger regions inthe (m0;m1=2) are now allowed at the 95% CL, asompared to the pre-LHC �t, indiates that the5The NUHM1 analysis inludes both the dediatedNUHM1 sample, whih is eÆient for smaller valuesof (m0;m1=2), and the basi set of CMSSM points,whih provide extra NUHM1 sampling at larger values of(m0;m1=2).6The parameters of the pre-LHC best-�t CMSSM andNUHM1 points given in Table 1 di�er by up to 1 � fromthose given in [8℄. These di�erenes are aused primarilyby hanges in the data inputs.

tension between (g�2)�, favouring relatively lowSUSY sales, and the diret searh limits, favour-ing larger SUSY sales, has signi�antly reduedthe sensitivity of the �ts within the CMSSM andthe NUHM1 for onstraining the SUSY param-eters. Sine the �2 values of the best-�t pointsare signi�antly higher (see Table 1), and onse-quently the �2 distribution towards higher val-ues of m0 and m1=2 is muh atter than in thepre-LHC ase, the preise loation of the 68%and 95% CL ontours is less preisely determinedthan before. The narrower range of m0 allowedin the NUHM1 at the 68% CL, ompared to theCMSSM, is due to the appearane of a `pit' witha lower absolute value of �2 that is attainablein this model thanks to its exibility in reon-iling the (g � 2)� with the ~�01 LSP and otheronstraints by deviating from Higgs mass univer-sality. As in our previous analysis inluding 2010LHC and XENON100 data [8℄, we �nd no distintenhanement of the likelihood in the fous-pointregion at large m0.The absolute values of �2 at the best-�t pointsfor the pre-LHC ase and for the LHC1=fb dataset using our standard implementations of the(g � 2)� and BR(b ! s) onstraints are givenin Table 1. Our updated analysis of the pre-LHC data set yields �2/d.o.f. = 21:5=20(20:8=18)in the CMSSM and NUHM1, respetively, or-responding to p-values of 37% and 29%. Onthe other hand, using the LHC1=fb data set, we�nd that the minimum values of �2 are signif-iantly larger than the numbers of e�etive de-grees of freedom in the �ts, whih are also shownin Table 1: �2/d.o.f. = 28:8=22 (27:3=21) forthe CMSSM and NUHM1, respetively 7. Cor-respondingly, the best �ts have signi�antly re-dued probability values, � 15% in the CMSSMand � 16% in the NUHM1 8. If we ombine the7For tehnial reasons, the �Z onstraint was not inludedin our previous �ts, leading to hanges of one unit in thenumbers of e�etive degrees of freedom in the �ts.8The p-values for the VCMSSM and mSUGRA are some-what smaller, as was found previously [8℄: �2/d.o.f. =31:2=23(32:5=23), respetively, orresponding to p-valuesof 12% and 9%. We do not disuss these models fur-ther, exept to omment that the light-Higgs funnel re-gion found previously in these models is now exluded byATLAS data [18℄, in partiular.
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Figure 1. The (m0;m1=2) planes in the CMSSM (left) and the NUHM1 (right). In eah plane, the best-�tpoint after inorporation of the LHC1=fb onstraints is indiated by a �lled green star, and the pre-LHC�t [5℄ by an open star. The ��2 = 2:30 and 5:99 ontours, ommonly interpreted as the boundaries of the68 and 95% CL regions, are indiated in red and blue, respetively, the solid lines inluding the LHC1=fbdata and the dotted lines showing the pre-LHC �ts.BR(b ! s) errors linearly instead of quadrati-ally, the values of �2 derease by 0:8(0:7) in theCMSSM and NUHM1, respetively, and the p-values inrease modestly to 18% in both ases.On the other hand, if we drop the (g � 2)� on-straint, we �nd �2/d.o.f = 21:3=20(20:3=19), re-spetively, orresponding to p-values of 38% inboth ases. Thus, the qualities of our best �tsare not very sensitive to the treatment of BR(b!s), but are muh more sensitive to the inlusionof (g � 2)�, as we disuss later in more detail.The degrees of non-universality, r � m2H=m20,for the best-�t NUHM1 points in Table 1 are asfollows: r = �57 (pre-LHC), r = �54 (LHC1=fb),r = �54 (linear BR(b ! s) error ombina-tion), r = �0:39 (dropping (g � 2)� onstraint),r = �0:39 (inluding both variants). Sine r isquite poorly onstrained, we do not quote its un-ertainties.We note that the best-�t values of Mh are sig-ni�antly higher in the CMSSM and NUHM1�ts dropping (g � 2)�, with their large valuesof (m0;m1=2), than in the �ts that inlude the(g � 2)� onstraint. An LHC measurement ofMh ould provide a diagnosti disriminating be-tween models with light and heavy spetra of

third-generation squarks, and help foreast thelikelihood of disovering these spartiles in futureLHC runs. Within the CMSSM and NUHM1,measuring Mh ould advise us whether to take(g� 2)� at fae value or, onversely, hint towardsextensions of those models.Table 2 displays the ontributions to the to-tal �2 of eah of the observables at the best-�t points in the CMSSM and NUHM1, reveal-ing where this tension originates. We note, asalready mentioned above, that there is an impor-tant ontribution to the �2 funtion oming fromthe (g�2)� onstraint, as well as the LHC1=fb on-straints. We return later to a more omplete dis-ussion of the tension between these onstraints,and also of the treatment of the BR(b! s) on-straint.Table 2 also displays a similar �2 break-down evaluated assuming the entral values ofmt;��(5)had(MZ) and MZ for a CMSSM pointat very large (m0;m1=2) = (15; 15) TeV, A0 =100 GeV and tan� = 10, near the limit in whihits preditions oinide with those of the SM forthe same value of Mh. This is very similar tothe global best-�t value of Mh in the SM ob-tained inorporating the limits from the diret



7Model Minimum Prob- m1=2 m0 A0 tan� Mh (GeV)�2/d.o.f. ability (GeV) (GeV) (GeV) (no LEP)CMSSM pre-LHC 21.5/20 37% 360+180�100 90+220�50 �400+730�970 15+15�9 111:5+3:5�1:2CMSSM LHC1=fb 28.8/22 15% 780+1350�270 450+1700�320 �1100+3070�3680 41+16�32 119:1+3:4�2:9Linear � BR(b! s) 28.0/22 18% 720+1170�230 420+1270�270 �1100+2180�2750 39+18�22 118:6+3:9�1:9(g � 2)� negleted 21.3/20 38% 2000+� 1050+� 430+� 22+� 124:8+3:4�10:5Both 20.5/20 43% 1880+� 1340+� 1890+� 47+� 126:1+2:1�6:3NUHM1 pre-LHC 20.8/18 29% 340+280�110 110+160�30 520+750�1730 13+27�6 118:9+1:1�11:4NUHM1 LHC1=fb 27.3/21 16% 730+630�170 150+450�50 �910+2990�1170 41+16�24 118:8+2:7�1:1Linear � BR(b! s) 26.6/21 18% 730+220�90 150+80�20 �910+2990�1060 41+16�22 118:8+3:1�1:3(g � 2)� negleted 20.3/19 38% 2020+� 1410+� 2580+� 48+� 126:6+0:7�1:9Both 19.5/19 43% 2020+� 1410+� 2580+� 48+� 126:6+0:7�1:9Table 1Comparison of the best-�t points found in the CMSSM and NUHM1 pre-LHC (inluding the upper limiton BR(Bs ! �+��) available then), and with the LHC1=fb data set (also inluding the XENON100onstraint) using the standard implementations of the (g � 2)�and BR(b ! s) onstraints, followed byvariants �rst adding linearly the theoretial and experimental errors in BR(b! s) and then dropping (g�2)�, and �nally ombining both variants. The errors for �ts dropping (g� 2)� are large and asymmetri,and are not indiated. The preditions for Mh do not inlude the onstraint from the diret LEP Higgssearh, and have an estimated theoretial error of �1:5 GeV.Higgs searhes at LEP, the Tevatron and theLHC [59℄. Using the SM limit of the CMSSMwithin the MasterCode framework ensures thatthis evaluation of �2 in the \SM" an be om-pared diretly with those at the best-�t pointsin the CMSSM and NUHM1. In the \SM" asewe disard the onstraints imposed by the os-mologial dark matter density and XENON100,sine there is no way to explain dark matter withthe SM. We also disard the LHC missing-energyandH=A onstraints, but all other onstraints arekept. Consequently, we do list the ontribution to�2 from (g�2)�. If this is inluded (omitted), theglobal �2 for the \SM" is 32.7 (21.5). The num-ber of degrees of freedom for the \SM" is on-sequently 23 (22) and the p-value is 9% (49%).We observe that the p-value for the CMSSM israther larger than that for the \SM" if (g�2)� isinluded, though similar if (g�2)� is not inluded

in the \SM" and MSSM analyses.We also note that one of the big ontributorsto the global �2 funtions for all the models isAfb(b), whih ontributes ��2 � 7 to eah of the�ts, suppressing all their p-values. Prior to theLHC results, the CMSSM yielded a signi�antimprovement to �2, with the dominant ontribu-tion oming from (g� 2)� (��2 = �10:8). Otherontributing observables wereMW (��2 = �1:6)and A`(SLD) (��2 = �1:3), though Afb(b) wassomewhat worse in the CMSSM (��2 = 2:1).The post-LHC omparison with the \SM" isshown in Table 2. Looking at the entries for theeletroweak preision observables, the only sig-ni�ant hange is now that for (g � 2)�(��2 =�6:8), with all other observables showing hangesj��2j < 1. Thus, when (g � 2)�is dropped as aonstraint, the resulting �2 for the best-�t pointsin the CMSSM and \SM" are very similar. In



8 Observable Soure Constraint ��2 ��2 ��2Th./Ex. (CMSSM) (NUHM1) (\SM")mt [GeV℄ [43℄ 173:2 � 0:90 0.05 0.06 -��(5)had(MZ) [42℄ 0:02749 � 0:00010 0.009 0.004 -MZ [GeV℄ [44℄ 91:1875 � 0:0021 2.7�10�5 0.26 -�Z [GeV℄ [26℄ / [44℄ 2:4952 � 0:0023 � 0:001SUSY 0.078 0.047 0.14�0had [nb℄ [26℄ / [44℄ 41:540 � 0:037 2.50 2.57 2.54Rl [26℄ / [44℄ 20:767 � 0:025 1.05 1.08 1.08Afb(`) [26℄ / [44℄ 0:01714 � 0:00095 0.72 0.69 0.81A`(P� ) [26℄ / [44℄ 0.1465 � 0.0032 0.11 0.13 0.07Rb [26℄ / [44℄ 0.21629 � 0.00066 0.26 0.29 0.27R [26℄ / [44℄ 0.1721 � 0.0030 0.002 0.002 0.002Afb(b) [26℄ / [44℄ 0.0992 � 0.0016 7.17 7.37 6.63Afb() [26℄ / [44℄ 0.0707 � 0.0035 0.86 0.88 0.80Ab [26℄ / [44℄ 0.923 � 0.020 0.36 0.36 0.35A [26℄ / [44℄ 0.670 � 0.027 0.005 0.005 0.005A`(SLD) [26℄ / [44℄ 0.1513 � 0.0021 3.16 3.03 3.51sin2 �ẁ(Qfb) [26℄ / [44℄ 0.2324 � 0.0012 0.63 0.64 0.59MW [GeV℄ [26℄ / [44℄ 80:399 � 0:023 � 0:010SUSY 1.77 1.39 2.08aEXP� � aSM� [53℄ / [42, 54℄ (30:2� 8:8� 2:0SUSY)� 10�10 4.35 1.82 11.19 (N/A)Mh [GeV℄ [28℄ / [55, 56℄ > 114:4[�1:5SUSY ℄ 0.0 0.0 0.0BREXP=SMb!s [45℄ / [46℄ 1:117 � 0:076EXP 1.83 1.09 0.94�0:082SM � 0:050SUSYBR(Bs ! �+��) [29℄ / [41℄ CMS & LHCb 0.04 0.44 0.01BREXP=SMB!�� [29℄ / [46℄ 1:43 � 0:43EXP+TH 1.43 1.59 1.00BR(Bd ! �+��) [29℄ / [46℄ < 4:6[�0:01SUSY ℄ � 10�9 0.0 0.0 0.0BREXP=SMB!Xs`` [47℄/ [46℄ 0:99 � 0:32 0.02 � 0:01 � 0:01BREXP=SMK!�� [29℄ / [48℄ 1:008 � 0:014EXP+TH 0.39 0.42 0.33BREXP=SMK!���� [49℄/ [50℄ < 4:5 0.0 0.0 0.0�MEXP=SMBs [49℄ / [51, 52℄ 0:97 � 0:01EXP � 0:27SM 0.02 0.02 0.01�MEXP=SMBs�MEXP=SMBd [29℄ / [46, 51, 52℄ 1:00 � 0:01EXP � 0:13SM � 0:01 0.33 � 0:01��EXP=SMK [49℄ / [51, 52℄ 1:08 � 0:14EXP+TH 0.27 0.37 0.33
CDMh2 [31℄ / [13℄ 0:1120 � 0:0056 � 0:012SUSY 8.4�10�4 0.1 N/A�SIp [25℄ (m~�01 ; �SIp ) plane 0.13 0.13 N/Ajets + =ET [18, 20℄ (m0; m1=2) plane 1.55 2.20 N/AH=A;H� [21℄ (MA; tan �) plane 0.0 0.0 N/ATotal �2/d.o.f. All All 28.8/22 27.3/21 32.7/23 (21.5/22)p-values 15% 16% 9% (49%)Table 2List of experimental onstraints used in this work, inluding experimental and (where appliable) theoreti-al errors: supersymmetri theory unertainties in the interpretations of one-sided experimental limits areindiated by [...℄. Also shown are the ontributions that these onstraints make to the total �2 funtionsat the best-�t points in the CMSSM and NUHM1, respetively, and (for omparison) in the SM limit ofthe CMSSM (alled \SM") inluding (exluding) (g� 2)�. The total values of �2, the numbers of degreesof freedom and the p-values at these points are shown in the two bottom rows.



9the ase of the post-LHC NUHM1, we also seea large drop in �2 relative to the \SM" due to(g � 2)�(��2 = �9:4) and again all others givej��2j < 1. We also note that in both the CMSSMand NUHM1 the best �ts reeive signi�ant on-tributions from the LHC =ET + jets searhes.To illustrate further the impat of LHC1=fb ex-perimental onstraints relative to pre-LHC pre-ferred regions, we display in Fig. 2 olour-odedontours of approximate9 p-values from our global�ts for the CMSSM and NUHM1. Care is takento ount the e�etive number of degrees of free-dom at eah point, onsidering all onstraintsthat ontribute non-trivially to the �2 funtions.Thus, for example, we drop the ontributionof the LHC1=fb missing-energy onstraints wherethey ontribute ��2 < 0:1, ausing the visiblehanges in shading along drooping diagonal linesin both panels of Fig. 2. (This ut is applied onlyto the LHC1=fb missing-energy onstraint.) Sub-stantial non-zero p-values are observed to extendto high m0 and m1=2, in both pre- (upper panels)and post-LHC1=fb (lower panels), and both theCMSSM (left panels) and NUHM1 (right pan-els) models. As also seen earlier, the primarye�et of the LHC1=fb searhes for jets + =ET ismost evident for m1=2, preferring higher valuesthan that predited by the pre-LHC global �ts.At even higher (m0, m1=2), beyond the droop-ing diagonal line, slight inreases in approximatep-values appear when omparing the pre-LHC re-sults with the post-LHC1=fb and post XENON100results. This is due partly to the experimentalonstraint on BR(Bs ! �+��), whih is nearingthe SM predition. Regions of the CMSSM andNUHM1 parameter spaes approahing the high-mass deoupling limit reeive a non-zero ontribu-tion from BR(Bs ! �+��) in the post-LHC1=fbera, resulting in ��2 < 1, whih ataually im-proves the overall �2 per e�etive degree of free-dom. Additionally, the XENON100 onstraintslightly prefers high mass sales, so as to aomo-9Stritly speaking, transforming a �2 value to a p-value,using a spei�ed number of degrees of freedom, is validfor Gaussian-behaved onstraints. Beause some of theexperimental limits are one-sided and modelled in a non-Gaussian manner as previously desribed, the p-values re-ported here an therefore only be onsidered approximate.

date the small \exess" in events, also resultingin slightly better values of �2 per e�etive degreeof freedom.Complementing the omparison of the p-valuesof the \SM", the CMSSM and the NUHM1, wenow use the standard F-test to test the utilityof adding one or several parameters to a model�t of data. Given a set of data omprising Nobservables and a model using m parameters, onemay ompute �2(m) forN�m degrees of freedomas done above. In general, adding r parametersprodues a redued value of �2(m + r), and thedi�erene between these two �2 distributions isitself a �2 distribution for r degrees of freedom.The F-statisti is de�ned byF� � �2(m)� �2(m+ r)�2(m+ r)=(N �m� r) > 0: (1)The probability that introduing the r new pa-rameters are warranted is found by integratingthe F-distribution, pF (f; r;N � m � r), fromf = F� to 1. We use the F-test to illustratethe relative preferene for various models.In our ase, for the \SM" we have �2 =32:7(21:5) for 23 (22) degrees of freedom if (g�2)�is inluded in (omitted from) the �t. Using theCMSSM value of �2 = 28:8 for 22 degrees offreedom, we �nd F� = 2:98, and the probabil-ity that swithing to the CMSSM is warranted ispF = 90%. Correspondingly, using the NUHM1value of �2 = 27:3 for 21 degrees of freedom, we�nd F� = 4:15, and the probability that swith-ing to the NUHM1 is warranted is pF = 97%. Wean also ompare the improvement in �2 gainedby moving from the CMSSM to the NUHM1. Inthis ase the probability that the extra parame-ter needed to de�ne the NUHM1 model is pre-ferred over the CMSSM ase is 71%. Fig. 3 usesshading to display values of pF in the (m0;m1=2)planes of the CMSSM and NUHM1. On thebasis of these plots, we �nd that present datamay warrant swithing from the \SM" to theCMSSM or NUHM1 for values of m1=2 out to� 1500 GeV 10. Beyond this range of m1=2, the10We note, however, that these results may be toofavourable to the CMSSM or NUHM1, sine they do notinlude the impats of the many lower-sensitivity on-



10
)

D
oF

,N2 χ
p(

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

]2 [GeV/c0m
0 500 1000 1500 2000 2500

]2
 [G

eV
/c

1/
2

m

0

500

1000

1500

2000

2500

pre LHC

)
D

oF
,N2 χ

p(

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

]2 [GeV/c0m
0 500 1000 1500 2000 2500

]2
 [G

eV
/c

1/
2

m

0

500

1000

1500

2000

2500

pre LHC

)
D

oF
,N2 χ

p(

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

]2 [GeV/c0m
0 500 1000 1500 2000 2500

]2
 [G

eV
/c

1/
2

m

0

500

1000

1500

2000

2500

1/fbLHC

)
D

oF
,N2 χ

p(

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

]2 [GeV/c0m
0 500 1000 1500 2000 2500

]2
 [G

eV
/c

1/
2

m

0

500

1000

1500

2000

2500

1/fbLHC

Figure 2. The (m0;m1=2) planes in the CMSSM (left) and the NUHM1 (right), for the pre-LHC data set(upper) and LHC1=fb data set (lower). In eah plane, di�erent regions are olour-oded aording to thep-values found in our global �ts. We note that in the LHC1=fb analysis the regions with p > 0:05 extendup to m1=2 � 2000 GeV in eah ase.motivations for these models would be signi�-antly redued. We also note that the F-test indi-ates that there would be no advantage in swith-ing to the CMSSM or the NUHM1 if (g�2)� wereto be dropped.An important part of the motivation for low-sale supersymmetry is to alleviate the �ne-tuning of the Higgs mass parameter in the Stan-dard Model. However, the problem of �ne-tuningreturns if the supersymmetri mass sales beomestraints from CMS and ATLAS. This problem ould beavoided if the Collaborations publish oÆial ombinationsof the sensitivities of their searhes.

large [60℄. The required amount of �ne-tuning isinreased signi�antly in our LHC1=fb �ts om-pared to our pre-LHC �ts, prinipally beauseof the inreases in the best-�t values of m0 andm1=2. Spei�ally, in the CMSSM our best pre-LHC �t required �ne-tuning by a fator � 100,whereas our best LHC1=fb �t requires �ne-tuningby a fator � 300. The orresponding numbersfor the NUHM1 are � 250 pre-LHC and � 600with the LHC1=fb data.Unertainties in the analysisIn assessing the ompatibility of the CMSSMand the NUHM1 with the experimental data it
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Figure 3. The (m0;m1=2) planes in the CMSSM (left) and the NUHM1 (right). In eah plane, di�erentregions are olour-oded aording to the values of pF found by applying the F-test to our global �ts. Wenote that the regions with pF > 0:8 extend up to m1=2 � 1500 GeV in eah ase.is important also to examine arefully the mostimportant systemati unertainties in the on-straints that drive the �t in this global likeli-hood analysis. We saw in the Table 2 that themost important ontributions to the global �2funtions at the best-�t points in these mod-els originate from the (g � 2)� and LHC1=fbonstraints. Exploring this further, Fig. 4 dis-plays the CMSSM and NUHM1 (m0;m1=2) planesagain, exhibiting the ontribution to �2 fromthe (g � 2)� onstraint, evaluated for the modelparameter sets that minimize the total �2 ateah point in the plane. Their shapes are dif-ferent in the CMSSM and NUHM1, reetingthe existene of the previously-mentioned `pit'in the latter model where �2 may be reduedby some judiious hoie of the degree of Higgsnon-universality. Prima faie, there is tensionbetween the (g � 2)� onstraint, whih preferssmall values of (m0;m1=2), and the LHC1=fb on-straints, whih prefer larger values of (m0;m1=2).This tension is alleviated for larger values oftan�, whih is why post-2010-LHC [8℄ and post-LHC1=fb �ts have favoured larger values of tan�than pre-LHC �ts [5℄, albeit with large unertain-ties.Fig. 5 again displays the (m0;m1=2) planes inthe CMSSM (left) and the NUHM1 (right), this

time showing as solid lines the 68% and 95%CL ontours obtained by dropping the (g � 2)�onstraint, the ontours obtained applying the(g � 2)� onstraint as in Fig. 1 being shown herefor omparison as dotted lines. We see that, inthe absene of the (g � 2)� onstraint, the outerparts of the 68% CL ontours are expanded out-wards, lose to the 95% CL ontours that arethemselves lose to the boundary set by the 
~�01h2onstraint 11. Within the overall range allowedby this onstraint, the most important onstraintis that provided by the LHC data. We note thatthe global likelihood funtions in the CMSSM andNUHM1 are very at, and that the best-�t pointsfound dropping the (g � 2)� onstraints are or-respondingly quite unertain. However, it is learthat the amounts of �ne-tuning at (g � 2)�-lessbest-�t points are muh higher than if (g� 2)� isinluded.We also omment on the treatment of BR(b!s), where di�erent points of view have beentaken onerning the ombination of the theo-11This onstraint is not sarosant, but ould be relaxedby postulating some amount of R-violation, or some othersoure of dark matter, or by modifying the expansion his-tory of the Universe, e.g., by altering the expansion rateduring freeze-out, or by postulating some subsequent in-jetion of entropy.
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13quadrature. However, it might be argued that thetheoretial error should be regarded as an overallrange of unertainty that annot be treated as ane�etive Gaussian error to be added in quadratureto the experimental error. Therefore, we onsideras an alternative implementation of BR(b ! s)the possibility of adding linearly the theoretialand experimental errors. As seen in Fig. 6, theregion of the CMSSM (m0;m1=2) plane that isfavoured at the 68% CL ontrats signi�antlyif the errors in BR(b ! s) are added linearly,whereas there is little e�et in the NUHM1.This e�et arises beause the treatment of theBR(b! s) errors does not hange the global �2funtion at large (m0;m1=2), where its value ap-proahes that of the \SM", sine the experimen-tal measurement of BR(b! s) is in good agree-ment with the SM predition. On the other hand,adding the errors linearly relaxes the BR(b! s)onstraint at smaller (m0;m1=2) in the CMSSM,reduing the tension with other observables andhene also the minimum of �2, as seen in Ta-ble 1. The net result is to enhane the rate ofinrease of �2 for CMSSM parameters departingfrom the best �t, implying that the 68% CL isreahed more quikly. On the other hand, this ef-fet is absent in the NUHM1 beause the freedomto adjust the degree of Higgs non-universality al-ready mitigates the tension of BR(b ! s) withthe other observables, leading to the `pit' in theglobal �2 funtion mentioned above.The (tan�;m1=2) planes in the CMSSM andNUHM1Fig. 7 displays the (tan�;m1=2) planes in theCMSSM and NUHM1, exhibiting learly themovement of the best-�t points and 68% and95% CL ontours to larger tan� that is driven bythe tension between (g�2)� and the LHC push tolargerm1=2. Comparing the dotted and solid on-tours, we see that the LHC =ET onstraints forethe new best-�t points into what were previouslythe `tails' of the 95% CL regions at large m1=2and hene tan�. However, it is lear that therange of tan� allowed at the 68% CL is still verybroad, extending from < 20 to > 50 in both theCMSSM and the NUHM1. On the other hand,any future substantial inrease in the LHC lower

limit on m1=2 would push tan� in both modelsinto a narrower range � 50, where it enounterspressure from BR(Bs ! �+��) as disussed be-low.The (MA; tan�) planes in the CMSSM andNUHM1We now turn to the (MA; tan�) planes of theCMSSM and NUHM1, shown in Fig. 8, whih area�eted diretly by the new CMS onstraints onthe heavy MSSM Higgs bosons H=A;H� [19, 21,40℄, and by the CMS [22℄ and LHCb [23℄ on-straints on BR(Bs ! �+��). As already dis-ussed, we inlude the heavy Higgs onstraintsvia the most sensitive CMS searh for H=A !�+�� [21℄. In evaluating the onstraint on the(MA; tan�) planes of the CMSSM and NUHM1imposed by the new measurements of BR(Bs !�+��), we use the oÆial ombination of thereent upper limits on BR(Bs ! �+��) fromthe CMS and LHCb Collaborations [41℄, whihyields BR(Bs ! �+��) < 1:08 � 10�8 at the95% CL. Our implementation atually inludesthe full likelihood funtion arising from this om-bination. The measurement of BR(Bs ! �+��)by the CDF Collaboration [24℄ is in some ten-sion with the CMS/LHCb ombination, but onlyat the ��2 � 1 level. However, sine there isso far no oÆial ombination of the CDF resultwith those of CMS and LHCb, we limit ourselvesto disussing later its ompatibility with the pre-ditions for BR(Bs ! �+��) of our global �ts.We see in Fig. 8 that the general e�et of theLHC1=fb data is to push the preferred range ofMA to larger values, as well as pushing tan� to-wards larger values.The impats of the H=A and BR(Bs ! �+��)onstraints are less important in the CMSSMthan in the NUHM1, so we disuss the latter inmore detail. Fig. 9 shows four versions of the(MA; tan�) plane in the NUHM1, with all theLHC1=fb onstraints applied (upper left, equiva-lent to the right panel of Fig. 8), dropping theH=A onstraint but keeping BR(Bs ! �+��)(upper right), dropping BR(Bs ! �+��) butkeeping the H=A onstraint (lower left), anddropping both onstraints (lower right). Compar-ing the two upper panels, we see that the H=A
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Figure 8. The (MA; tan�) planes in the CMSSM (left) and the NUHM1 (right). In eah plane, the best-�tpoint after inorporation of the LHC1=fb onstraints is indiated by a �lled green star, and the pre-LHC�t [5℄ by an open star. The ��2 = 2:30 and 5.99 ontours, ommonly interpreted as the boundaries of the68 and 95% CL regions, are indiated in red and blue, respetively, the solid lines inluding the LHC1=fbdata and the dotted lines showing the pre-LHC �ts.the future.Preditions for m~gIn Fig. 10 we show the one-dimensional �2funtions predited by global �ts for m~g in theCMSSM (left) and the NUHM1 (right). The solidlines are based on our global �ts inluding theLHC1=fb onstraints, whereas the dotted lines arebased on our previous global �ts based on the pre-LHC onstraints [5℄ 13. We see that the best-�testimates of m~g have inreased substantially to� 1600 GeV as a result of the LHC1=fb data, butwe also see that there is onsiderable unertaintyin this estimate, with m~g > 2500 GeV subjet toa penalty ��2 � 2 only.13The `stalatites' at m~g � 400 GeV in the pre-LHC�ts [5℄ were due to the light-Higgs funnel that has nowbeen exluded by the LHC1=fb data. Likewise, the `sta-latite' in the CMSSM LHC1=fb urve also originates inthe light-Higgs funnel region, and omes from points withlargem0 > 3 TeV - whih is why they are not seen in Fig. 1- and large A0. These points might be exluded by theATLAS 1/fb 0-lepton searh, whose published (m0;m1=2)exlusion for tan � = 10 and A0 = 0 extends only tom0 = 3 TeV.

Preditions for BR(Bs ! �+��)In Fig. 11 we show the one-dimensional�2 funtions predited by our global �ts forBR(Bs ! �+��) in the CMSSM (left) and theNUHM1 (right). The solid lines are based on theoÆial ombination of the CMS and LHCb on-straints on this deay [41℄, whereas the dashedlines show results using an unoÆial ombina-tion of these onstraints with the CDF measure-ment [24℄, and the dotted lines represent pre-LHCpreditions [5℄. We see that the best-�t esti-mates of BR(Bs ! �+��) are somewhat abovethe SM value, as a result of the push towardslarger tan� required to aommodate the LHCdata while reoniling them with (g � 2)�. Inboth the CMSSM and the NUHM1, the estimatesof BR(Bs ! �+��) are quite ompatible with anunoÆial ombined �t to CDF, CMS and LHCbdata, where the main e�et is a redution of �2 ina somewhat broader range of BR(Bs ! �+��).Preditions for MhIn Fig. 12 we show the one-dimensional �2funtions predited by our global �ts for Mh inthe CMSSM (left) and the NUHM1 (right). Inthis �gure we do not inlude the diret limits from
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19ditions for spin-dependent sattering or signa-tures of astrophysial dark matter annihilations,whih are further removed from the prospetiveexperimental sensitivities in the near future.Spartile thresholds in e+e� annihilationIn view of the interest in building an e+e�ollider as the next major projet at the en-ergy frontier, we now analyze the impliationsof the LHC1=fb and XENON100 data for expe-tations for spartile prodution in e+e� anni-hilation within the CMSSM and NUHM1. Inthis respet it has to be kept in mind that theLHC searhes are mainly sensitive to the produ-tion of oloured partiles, whereas lepton olliderswill have a high sensitivity in partiular for theprodution of olour-neutral states, suh as slep-tons, harginos and neutralinos, as well as yield-ing high-preision measurements that will pro-vide indiret sensitivity to quantum e�ets of newstates. Anything inferred from the oloured se-tor onerning the unoloured setor depends onthe underlying model assumptions, and in parti-ular on assumptions about the possible universal-ity of soft supersymmetry breaking at the GUTsale. Non-universal models, e.g., low-energy su-persymmetri models, or models with di�erentGUT assumptions, ould present very di�erentpossibilities.Fig. 15 ompares the likelihood funtionsfor various thresholds in the CMSSM (upperpanel) and the NUHM1 (lower panel), basedon the global �ts made using the LHC1=fb andXENON100 onstraints. The lowest thresholdsare those for e+e� ! ~�01 ~�01, ~�1~�1, ~eR~eR and~�R~�R (the latter is not shown, it is similar tothat for ~eR~eR). We see that, within the CMSSMand NUHM1, it now seems that these thresh-olds may well lie above 500 GeV, though in theCMSSM signi�ant frations of their likelihoodfuntions still lie below 500 GeV. The thresholdsfor ~�01 ~�02 and ~eR~eL + ~eL~eR are expeted to besomewhat higher, possibly a bit below 1 TeV.The preferred value for the threshold for ~��1 ~��1lies at about 1700 GeV in both the CMSSM andNUHM1 senarios, that for the HA thresholdlies above 1 TeV, and that for �rst- and seond-generation squark-antisquark pair prodution lies

beyond 2.5 TeV in both models. It should bekept in mind that these high thresholds are linkedwith the redued p-value of the model. Fur-ther inreases in the exluded regions would yieldeven higher thresholds, but would also make theCMSSM or NUHM1 seem even less likely.4. Summary and ConlusionsThere is some disappointment in the air thatthe LHC has found no signs of supersymmetryin its �rst � 1/fb of data. However, it shouldbe kept in mind that the searhes performed atthe LHC so far have essentially only been ableto set limits on the prodution of the gluino andthe squarks of the �rst two generations, and theresulting limits depend sensitively on the massassumed for the lightest supersymmetri parti-le [64℄. On the other hand, the sensitivities ofdiret searhes for stops and sbottoms and olour-neutral superpartners are very limited up to now.This situation will improve, as several times moredata an be expeted by the end of 2012, thereis the prospet subsequently of an inrease in theenergy by a fator up to two, and the LHC is ex-peted eventually to aumulate orders of magni-tude more data.The initial optimisti prospets for SUSYsearhes at the LHC were largely driven by twoindiations that the supersymmetri mass salemight not be very high: (g�2)� and the need fordark matter that should not be overdense. Nei-ther of these indiations has weakened reently.Indeed, the (g � 2)� hint has even strengthenedwith the onvergene of the previously disrepantSM alulations using low-energy e+e� and � de-ay data [42, 65℄. However, as we have disussedin this paper, signi�ant tension is now emerg-ing between the (g � 2)� onstraint and LHCdata within the spei� ontext of the CMSSMand NUHM1. A priori, in a general SUSY modelthere is not neessarily a tension between a heavygluino and heavy squarks of the �rst two gener-ations on the one hand, as favoured by the LHClimits, and light olour-neutral states on the otherhand, as favoured by (g � 2)�.The tension within the CMSSM and NUHM1an be redued to some extent by adopting a
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Figure 14. The 68% and 95% CL ontours (red and blue, respetively) in the CMSSM (left) and theNUHM1 (right). The solid lines are for �ts inluding the XENON100 [25℄ and LHC1=fb data, whereasthe dotted lines inlude only the pre-LHC data [5℄.larger value of tan�, but this may eventuallylead to subsidiary tension with the LHC H=Aonstraints and the tightening experimental viseon BR(Bs ! �+��). In any ase, it will beimportant to subjet the (g � 2)� onstraint toloser srutiny, and the upoming Fermilab andJ-PARC experiments on (g � 2)� [66℄ are mostwelome and timely in this regard. In parallel, re-�nements of the experimental inputs for the pre-dition of (g � 2)� from both low-energy e+e�and � deay data would also be welome. It willbe also neessary to subjet the theoretial al-ulations within the SM and the orrespondingestimates of the remaining theoretial unertain-ties to further srutiny.The dark matter upper limit on the spartilemass sale remains unhanged, and is respon-sible for the disfavoured region above m1=2 �2500 GeV visible in our �gures for the CMSSMand the NUHM1. On the other hand, the darkmatter onstraint on m0 is not so strong, as alsoseen in the �gures, extending well beyond therange displayed. Considering the impat of di-ret jets + =ET searhes only, the regions of theCMSSM and NUHM1 (m0;m1=2) planes in Fig. 2with p-values signi�antly non-zero extend be-yond the likely reah even of the full-energy LHC

in its high-luminosity inarnation. A fortiori, thesame is true for the regions of these planes allowedat the urrent 95% CL (��2 = 5:99 relative to theglobal minima, bounded by the blue ontours inFig. 1). This is even more true of the full regionsof the CMSSM and NUHM1 (m0;m1=2) planesthat are allowed by the dark matter onstraint.In light of this disussion, under what irum-stanes ould one onlude that the CMSSM orNUHM1 is exluded? Currently, our best �ts inboth these models have p-values above 10%, om-parable to that of SM �ts to preision eletroweakdata from LEP and SLD, and the F-test showsthat both the CMSSM and NUHM1 are war-ranted extensions of the SM, in the sense that in-troduing their parameters provides an improve-ment in �2 that is valuable in both ases. More-over, it seems unlikely that the LHC will soon beable to explore all the region of the (m0;m1=2)planes in Fig. 2 where the models' p-values ex-eed 5%, nor does the LHC seem likely soon topush F� (see Fig. 3) to uninterestingly low lev-els. This is not surprising, as in the high-masslimit the superpartners deouple and one is leftessentially with the SM with a light Higgs.One way for the LHC to invalidate the mod-els studied here would be to disover an SM-like
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