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Interpreting the LHC Higgs Searh Results in the MSSMS. Heinemeyer1;�, O. St�al2;y, G. Weiglein2;z1Instituto de F��sia de Cantabria (CSIC-UC), Santander, Spain2 Deutshes Elektronen-Synhrotron DESYNotkestra�e 85, D-22607 Hamburg, GermanyAbstratReent results reported by the ATLAS and CMS experiments on the searh for a SM-likeHiggs boson both show an exess for a Higgs mass near 125 GeV, whih is mainly driven by the and ZZ� deay hannels, but also reeives some support from hannels with a lower massresolution. We disuss the impliations of this possible signal within the ontext of the minimalsupersymmetri Standard Model (MSSM), taking into aount previous limits from Higgs searhesat LEP, the Tevatron and the LHC. The onsequenes for the remaining MSSM parameter spaeare investigated. Under the assumption of a Higgs signal we derive new lower bounds on the tree-level parameters of the MSSM Higgs setor. We also disuss briey an alternative interpretation ofthe exess in terms of the heavy CP-even Higgs boson, a senario whih is found to be still viable.
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1 IntrodutionThe Higgs boson [1℄ has for a long time been onsidered as the only missing piee in the StandardModel (SM) of partile physis. Therefore, �nding this partile has been one of the main tasksof experimental high-energy physis. However, the main results from the published searhes so farhave been exlusion limits (see e.g. the results from LEP [2℄, the Tevatron [3℄, and the LHC [4, 5℄).Combining the experimental limits, the only allowed region (before the latest results whih will bedisussed below) a relatively small window for the Higgs mass: 114 GeV < MSMH < 141 GeV. Thislow mass region is also the one favoured by eletroweak preision tests, see e.g. [6℄.A low Higgs mass is predited in supersymmetri extensions of the SM, where the quarti Higgsouplings are related to gauge ouplings. Exlusion of a heavy SM-like Higgs [3, 4, 5℄ an thereforebe onsidered as being in line with the preditions of supersymmetry (SUSY). Besides prediting alight Higgs boson, SUSY protets salar masses from the large hierarhy of sales, it allows for gaugeoupling uni�ation, and it an provide a dark matter andidate [7℄. The minimal supersymmetriextension of the SM (MSSM) [8℄ has two omplex Higgs doublets. Following eletroweak symmetrybreaking, the physial spetrum therefore ontains �ve Higgs bosons. Assuming CP onservation,these are denoted h;H (CP-even), A (CP-odd), and H� (harged Higgs). At the tree-level the MSSMHiggs setor an be desribed by two parameters (besides the SM parameters), ommonly hosen asthe mass of the CP-odd Higgs boson, MA, and tan�, the ratio of the two vauum expetations values.In the deoupling limit, MA >� 2MZ (where MZ denotes the mass of the Z boson), all MSSM Higgsbosons exept the lightest CP-even salar h beome heavy, whereas h has SM-like properties. In thislimit it would be diÆult to separate hints for a SM Higgs boson from a potential MSSM ounterpart.It is also in the deoupling limit where Mh reahes its maximal value, Mh ' 135 GeV [9℄.The LHC experiments reently extended their exlusion regions for a SM-like Higgs boson downto MSMH . 127 GeV, with the lowest limit oming from CMS (MSMH < 131 GeV for ATLAS). Inaddition, ATLAS reported exlusion of the range 114 GeV < MSMH < 115:5 GeV, whih is a regionwhere sensitivity was not expeted. Most interestingly, both experiments also reported about an exessover the bakground expetation lose toMSMH = 125 GeV [10℄. Sine this Higgs mass lies in the rangeompatible with supersymmetry, we report in this letter on a �rst analysis and interpretation of theseresults in an MSSM ontext.2 Experimental Higgs searh resultsBoth the LHC experiments (ATLAS and CMS) have reported [10℄ on indiations for an exess ofHiggs-like events orresponding to a Higgs boson mass1MSMH = 126 GeV (ATLAS);MSMH = 124 GeV (CMS):The result is driven by an observed exess of events over SM bakground expetations in primarily the and ZZ� hannels, whih provide relatively good resolution for the Higgs boson mass. The loalsigni�ane for the ombined result is 3:6� for ATLAS and 2:6� for CMS. However, when interpretedin a global searh ontaining many mass bins, the loal signi�ane is washed out by the look-elsewhere1Another exess at MSMH ' 119 GeV was reported by CMS, but not on�rmed by ATLAS. Consequently, we will notonsider this value in our analysis. 2



e�et (LEE). This e�et ompensates for the higher probability of random utuations generating anexess anywhere when searhing in more than one plae. Taking this into aount, the signi�aneof the reported result is redued to 2:5� (1:9�) for ATLAS (CMS) when interpreted as a SM Higgssearh over the mass range from 110 GeV to 146 GeV. On the other hand, one ould argue thatwhen interpreting these results in a model where the allowed range for Mh is onstrained to a smallerrange by the theory (as in the MSSM), the LEE does not apply to the same degree as for the SMinterpretation. These new results are therefore even somewhat more interesting in an MSSM ontext.For the remainder of this paper, enouraged by the exess reported by ATLAS and CMS, weinvestigate a senario where we assume the observation of a state ompatible with a SM-like Higgsboson with mass Mh = (125 � 1) GeV. We will disuss the impliations that suh an assumed signalwould have for the MSSM. While the urrent statistial signi�ane does not allow yet to draw �rmonlusions on the validity of the above assumption, our analysis is in fat somewhat more general, aspossible impliations of observing (or exluding) a state ompatible with a SM-like Higgs elsewhere inthe allowed mass window 115:5 GeV < Mh < 127 GeV [10℄ an also be inferred.3 MSSM InterpretationFor alulating the Higgs masses in the MSSM we use the ode FeynHiggs [9, 11, 12℄ (v. 2.8.5). Thestatus of higher-order orretions to the masses (and mixing angles) in the neutral Higgs setor is quiteadvaned.2 The omplete one-loop result within the MSSM is available and has been supplementedby all presumably dominant ontributions at the two-loop level, see Ref. [9℄ for details. Most reentlyleading three-loop orretions have been presented [14℄, where the leading term is also inluded inFeynHiggs. Following Ref. [9℄, we estimate the (intrinsi) theory unertainty on the lightest Higgsmass from missing higher-order orretions to be �M intrh � �2 GeV. The intrinsi Mh unertaintiesare also somewhat smaller for a SM-like Higgs than in the general ase, whih makes this estimateonservative. Conerning the parametri unertainty from the experimental errors of the (SM-) inputparameters, �Mparamh , the main e�et arises from the experimental error of the top-quark mass.We inorporate this unertainty expliitly in our results below by allowing mt to vary within therange mt = 173:2 � 0:9 GeV [17℄. Parametri unertainties in Mh from �s are smaller than the mtunertainties and will be negleted. Adding the intrinsi theory unertainty (onservatively) linearlyto the assumed experimental unertainty, we arrive at the allowed interval122 GeV < Mh < 128 GeV; (1)whih will be used for the MSSM interpretation of the assumed Higgs signal. While for most of thispaper we investigate the ase where the assumed signal is interpreted as the lighter CP-even Higgsboson, h, of the MSSM, we omment below also on the possibility of assoiating the assumed signalwith the seond-lightest CP-even Higgs boson, H. Sine the observed exess inludes WW � and ZZ��nal states, an interpretation in terms of the CP-odd Higgs boson, A, appears to be highly disfavoured.For our disussions of the possible interpretations of the assumed signal, we use a phenomenologialdesription of the (CP-onserving) MSSM with all parameters given at the eletroweak sale. In orderto determine the radiative orretions to the Higgs masses it is neessary to speify, besides the tree-level parametersMA and tan�, also the relevant SUSY-breaking parameters entering at higher orders.In partiular, the parameters in the stop and sbottom setor have a large impat in this ontext. Sinefor the ase where we interpret the assumed signal as the lighter CP-even Higgs h we are interested2We onentrate here on the ase with real parameters. For the omplex ase, see Refs. [12, 13℄ and referenes therein.3



in partiular in determining lower bounds on the most relevant parameters, we �x those with smallerimpat on Mh to their values in the mmaxh senario [15℄,M1 = 100 GeV; M2 = 200 GeVm~g = 0:8MSUSY; � = 200 GeV; (2)so that onservative lower bounds are obtained for the other parameters. In Eq. (2) M1;2 and m~g arethe soft SUSY-breaking gaugino masses orresponding to the SM gauge group, and � is the Higgsmixing parameter. This hoie ensures that the orresponding ontributions to Mh are suh that oneobtains (approximately) the highest value for Mh. In addition to varying the tree-level parameters,we allow for variation in the overall SUSY mass sale MSUSY and the stop mixing parameter Xt �At � � ot �, where At;b denotes the trilinear oupling of the Higgs to salar tops or bottoms. Wefurthermore set Ab = At. The salar top masses will be denoted asm~t1 andm~t2 below, withm~t1 � m~t2 .It should be noted that when we disuss relatively low values of MSUSY this refers only to squarksof the third generation (whih give rise to the relevant Higgs mass orretions). The experimentalbounds reported from squark searhes at the LHC [16℄, on the other hand, apply only to squarks of the�rst two generations, whih are essentially irrelevant for Higgs phenomenology. We also do not applya lower bound on the gluino mass, whih leads to more onservative lower limits on the parametersfrom the Higgs setor than e.g. a bound m~g > 700 GeV [16℄ would do. We omment further on thispoint below. As mentioned above, for the top quark mass we use the latest Tevatron ombinationmt = 173:2 � 0:9 GeV [17℄, taking the unertainty into aount by varying mt over its �1� interval.Besides onstraints from the Higgs setor, whih we will disuss shortly, one ould also onsiderindiret onstraints on the MSSM parameter spae oming from other measurements, suh as theanomalous magneti moment of the muon, (g � 2)�, or from B-physis observables suh as BR(b !s). The former requires in general that � > 0, while the latter is often in better agreement withexperimental data for �Xt � �At < 0 (for a reent analysis see [18℄ and referenes therein). We will notapply any indiret onstraints here, but when presenting the results below we sometimes distinguishbetween positive and negative Xt, where the bounds obtained for Xt < 0 ould be regarded asexperimentally preferred. However, one should keep in mind that a small admixture of non-minimalavour violation ould bring the BR(b ! s) results into agreement with experimental data withouthanging (notably) the Higgs setor preditions [19℄.A light CP-even SM-like Higgs bosonWe begin the MSSM interpretation by assoiating the assumed LHC signal with the light CP-evenHiggs boson h. By hoosing the relevant parameters suh that the radiative orretions yield amaximum upward shift to Mh, it is possible to obtain lower bounds on the parameters MA andtan� governing the tree-level ontribution. The situation where the radiative orretions to Mh aremaximized in this way is realised in the mmaxh senario with a stop mixing of Xt = 2MSUSY. In Fig. 1we show the result of varying the tree-level parameters in this senario (with MSUSY = 1 TeV asoriginally de�ned). Constraints on the parameter spae from diret Higgs searhes at olliders aretaken into aount by using HiggsBounds [20℄.3 Sine we are interpreting an assumed signal, we donot inlude the updated exlusion bounds from [10℄. Fig. 1 shows separately the regions exluded byLEP [22℄ (blue), and the Tevatron/LHC (red). The gray area is the allowed parameter spae before3We use HiggsBounds v. 3.5.0-beta with a private addition of the latest CMS results on A=H ! �+�� [21℄. Thesenew results provide the most stringent Tevatron/LHC limits on the (MA, tan �) plane at medium or large tan�.4



Figure 1: Tree-level Higgs setor parameters (MA, tan �) for the ase where the parameters govern-ing the higher-order orretions are hosen suh that a maximum value for Mh is obtained (mmaxhbenhmark senario). The di�erent olours orrespond to the regions exluded by LEP (blue) andTevatron/LHC (red). The gray area is the allowed parameter spae prior to the latest LHC results.The green band shows the region where Mh is ompatible with the assumed Higgs signal (see text).inluding the bound from Eq. (1), and the green band orresponds to the mass interval ompatiblewith the assumed Higgs signal of 122 GeV < Mh < 128 GeV. The brighter green is for the entralvalue for mt, while inluding also the dark green band orresponds to a �1� variation of mt.The assumed Higgs signal, interpreted as the lighter CP-even MSSM Higgs mass, implies in par-tiular thatMh > 122 GeV (inluding theoretial unertainties), whih is signi�antly higher than thelimit observed for a SM-like Higgs at LEP of Mh > 114:4 [2℄. From Fig. 1 it is therefore possible toextrat lower (one parameter) limits on MA and tan� from the edges of the green band. As explainedabove, by hoosing the parameters entering via radiative orretions suh that those orretions yielda maximum upward shift toMh, the lower bounds onMA and tan� that we have obtained are generalin the sense that they (approximately) hold for any values of the other parameters. To address the(small) residual MSUSY dependene of the lower bounds on MA and tan �, we extrat limits for thethree di�erent valuesMSUSY = f0:5; 1; 2g TeV. The results are given in Table 1, where for omparisonwe also show the previous limits derived from the LEP Higgs searhes [22℄, i.e. before the inorpora-tion of the new LHC results reported in Ref. [10℄. The bounds on MA translate diretly into lowerlimits on MH� , whih are also given in the table. A phenomenologial onsequene of the boundLimits without Mh � 125 GeV Limits with Mh � 125 GeVMSUSY (GeV) tan� MA (GeV) MH� (GeV) tan� MA (GeV) MH� (GeV)500 2:7 95 123 4:5 140 1611000 2:2 95 123 3:2 133 1552000 2:0 95 123 2:9 130 152Table 1: Lower limits on the MSSM Higgs setor tree-level parameters MA (MH�) and tan � obtainedwith and without the assumed Higgs signal of Mh � 125 GeV, see Eq. (1). The mass limits have beenrounded to 1 GeV. 5



Figure 2: Allowed ranges of tan� for MA = 400 GeV, shown as a funtion of the stop mixingparameter Xt. The olour oding is as in Fig. 1. The three plots orrespond to MSUSY = 500 GeV(left), MSUSY = 1 TeV (entre), and MSUSY = 2 TeV (right).MH� & 155 GeV (for MSUSY = 1 TeV) is that it would leave only a very small kinemati windowopen for the possibility that MSSM harged Higgs bosons are produed in the deay of top quarks.For deriving the onservative lower bounds on MA and tan� it was unneessary to impose on-straints on the prodution and deay rates of the assumed Higgs signal in the relevant searh hannelsat the LHC. One might wonder whether it would be possible to improve the bound onMA by requiringthat the rate in the relevant hannels should not be signi�antly suppressed as ompared to the SMase. Suh an improvement would be senario-dependent, however, i.e. the result would depend onthe spei� hoie made for the other MSSM parameters. We will therefore not study this issue infurther detail.It might look tempting to extrat also an upper limit on tan� from the green band in Fig. 1,but in ontrast to the lower bound whih is senario-independent, this limit will only apply to thespei� ase of the mmaxh senario. In fat, the allowed range for tan � depends sensitively on the otherparameters, as an be seen from Fig. 2, where we show the (Xt; tan �) plane for MA = 400 GeV, butthe results are qualitatively similar for other values ofMA in the deoupling limit. The main di�ereneis the LHC exlusion limit (in red), whih goes down to lower values of tan � for lower MA. On theother hand, for MA in the non-deoupling regime, even before the new results tan� was already quiterestrited, from above by the the LHC limits, and from below by the LEP limits, whih an also beseen from Fig. 1. Themmaxh value of Xt = +2MSUSY turns out to be quite speial, sine this parameterregion (at least for MSUSY = 1 TeV and MSUSY = 2 TeV) atually shows the highest sensitivity tovariations of tan� whenMh � 125 GeV. This would result in only a narrow allowed tan� region. Forother regions of Xt, however, tan � values all the way up to the LHC bound are ompatible with anassumed signal at Mh � 125 GeV. Further progress ould obviously be made if diret information onthe stop setor beame available from the LHC or a future Linear Collider.Having established lower limits on the tree-level parameters MA and tan �, we now investigateinstead what an be inferred from the assumed Higgs signal about the higher-order orretions inthe Higgs setor. Similarly to the previous ase, we an obtain an absolute lower limit on the stopmass sale MSUSY by onsidering the maximal tree-level ontribution to Mh. We therefore performthis analysis in the deoupling limit (�xing MA = 1 TeV, tan� = 20). The resulting onstraints forMSUSY and Xt are shown in Fig. 3 (left) using the same olour oding as before.Several favoured branhes develop in this plane, entred aroundXt � �1:5MSUSY, Xt � 1:2MSUSY,and Xt � 2:5MSUSY. The minimal allowed stop mass sale is MSUSY � 300 GeV with positive Xt6



Figure 3: Constraints on the MSSM stop setor from the assumed Higgs signal. The allowed rangesare shown in the (Xt,MSUSY) plane (left) and the (Xt, m~t1) plane (right) forMA = 1 TeV, tan� = 20.The olour oding is as in Fig. 1.and MSUSY � 500 GeV for negative Xt (whih is in general preferred by BR(b ! s), see above).The results on the stop setor an also be interpreted as a lower limit on the mass m~t1 of the lighteststop squark. This is shown in Fig. 3 (right). It is interesting to note from the �gure that withoutthe assumed Higgs signal, there is essentially no lower bound on the lightest stop mass oming fromthe Higgs setor. Taking the new results into aount, we obtain the lower bounds m~t1 > 100 GeV(Xt > 0) and m~t1 > 250 GeV (Xt < 0). These bounds an be ompared to those from diret searhes,where the LEP limit m~t1 >� 95 GeV is still valid [23℄. Results from stop searhes at the Tevatronan also be found in this referene. No new stop limits have been established so far from the SUSYsearhes at the LHC [16℄. It should be noted that our stop mass bound is rather onservative, sinethe low mass sales disussed here orrespond to a gluino mass m~g = 0:8MSUSY < 300 GeV, whih isexperimentally disfavoured [16, 23, 24℄. Sine the low gluino mass ontributes towards a higher valueof Mh, a lower bound on m~g would lead to a stronger bound on m~t1 . As an example, in a simpli�edmodel onsisting just of the gluino, the squarks of the �rst two generations and a massless lightestsupersymmetri partile, the ATLAS Collaboration has inferred a lower bound of about 700 GeVon m~g [16℄. Imposing suh a bound on m~g in our analysis would shift the lower limit on m~t1 tom~t1 & 200 GeV (m~t1 & 350 GeV) for positive (negative) Xt. It should be noted, however, that in thepresene of a light stop deays of the gluino into a top and a salar top would open up, ~g ! ~t1t, whihare expeted to weaken the bound on m~g as ompared to the analysis in the simpli�ed model wherethis deay mode is assumed to be absent.A heavy CP-even SM-like Higgs bosonAll results presented up until this point apply only if we interpret the assumed signal as orrespondingto the light CP-even MSSM Higgs h. We now disuss briey the alternative possibility that the heavierCP-even H has a mass MH � 125 GeV (with the same experimental and theoretial unertainties asbefore, see Eq. (1)) and SM-like properties.In order to investigate whether there is a region in the MSSM parameter spae that admits thissolution we performed a san over the relevant free parameters (MA, tan �, MSUSY, Xt), keeping7



Figure 4: Parameter spae in the alternative MH � 125 GeV senario. The olour oding is similar toFig. 1, with new regions (yan and yellow) where MH is in the range ompatible with the assumed Hsignal. In addition, for the yellow region the heavy Higgs has a rate for prodution times deay into of at least 90% of the orresponding SM values. For the plot in the (MA; tan �) plane (left) we haveassumed MSUSY = 1 TeV, Xt = 2:3 TeV and for the stop parameters (right) we �x MA = 100 GeV,tan� = 10. In both ases � = 1 TeV, and the remaining parameters are given by Eq. (2) with theadditional requirement m~g > 700 GeV.� = 1 TeV �xed and the remaining parameters aording to Eq.(2). The results are shown in Fig. 4,indiating the region whereMH ful�lls Eq. (1) by yan olour to distinguish it from the ase disussedabove (similarly to above, the darker region orresponds to the variation of mt). As we an see fromthis �gure, it is possible to obtain MH in the right range in a region with low MA and moderate tan�(left plot) where we have set MSUSY = 1 TeV, Xt = 2:3 TeV. In the right plot we set MA = 100 GeV,tan� = 10 and show the regions ompatible with a heavier CP-even Higgs having a mass MH �125 GeV in the plane of the stop setor parametersMSUSY andXt. We �nd that suh an interpretationis possible over extended regions of the (MSUSY, Xt) parameter plane. Requiring in addition that theprodution and deay rates into  and vetor bosons are at least 90% of the orresponding SM rates,a smaller allowed region is found (yellow) with large values for the stop mixing (Xt & 1:5 TeV). Inthe yellow region enhanements of the rate of up to a fator of three as ompared to the SM rate arepossible. Conerning the mass of the lighter CP-even Higgs boson h in this kind of senario we we�nd in our san allowed values for Mh only below the SM LEP limit of 114:4 GeV [2℄ (with reduedouplings to gauge bosons so that the limits from the LEP searhes for non-SM like Higgs bosons arerespeted [22℄). A partiularly intriguing option ould be MH ' 125 GeV, Mh ' 98 GeV, in view ofthe fat that LEP observed a ertain exess at Mh ' 98 GeV [22℄ (whose interpretation is of oursesubjet to the look{elsewhere e�et). This ombination of Higgs masses is realized (with H SM-like),for instane, for MSUSY = 1 TeV, Xt = 2:4 TeV, � = 1 TeV, MA = 106 GeV, and tan� = 7. Forthis senario we �nd a redued oupling (ghZZ=gSMHZZ)2 = 0:1 of the lightest Higgs boson to a pair ofZ bosons.Despite the available parameter spae, it should be noted that the senario where the heavierCP-even Higgs is SM-like and has a mass of MH � 125 GeV appears somewhat more ontrived thanthe h interpretation. In partiular, we �nd that simultaneously large values for the � parameter and a8



large mixing in the stop setor are required in order to obtain a SM-like rate of prodution and deayof the heavy CP-even Higgs in the relevant hannels. We leave a more detailed investigation of thissenario for future work.4 ConlusionsAn exess in the SM-like Higgs searhes at ATLAS and CMS has reently been reported [10℄ aroundMSMH ' 125 GeV, whih within the experimental unertainties appears to be remarkably onsistentbetween ATLAS and CMS and is supported by several searh hannels. While it would be prematureto assign more signi�ane to this result than regarding it as a possible (exiting) hint at this stage, itis ertainly very interesting to note that this exess has appeared preisely in the region favoured bythe global �t within the SM, and within the range predited in the MSSM. Conerning the MSSM, it isremarkable that the mass region above the upper MSSM bound on a light SM-like Higgs is meanwhileruled out [10℄. Observing a state ompatible with a SM-like Higgs boson with MSMH > 135 GeVwould have unambiguously ruled out the MSSM (but would have been viable in the SM and innon-minimal supersymmetri extensions of it). We therefore regard the reported results as a strongmotivation for studying the possible interpretation of an assumed (still hypothetial, of ourse) signalat 125 GeV � 1 GeV. In this paper we have disussed the possible impliations of suh an assumedsignal within the MSSM, where we have investigated both the possibilities that the assumed signalis assoiated with the light CP-even Higgs boson of the MSSM, h, and the (slightly more exoti)possibility that the assumed signal in fat orresponds to the heavier CP-even Higgs boson H.Investigating the interpretation Mh = 125 � 1 GeV �rst, we have demonstrated that there is asigni�ant parameter spae of the MSSM ompatible with the interpretation that the assumed signalorresponds to the lighter CP-even MSSM Higgs boson. While it would not be appropriate to assignany physial signi�ane to point densities in MSSM parameter spae, our sans nevertheless do notseem to indiate a strong ase for going from the MSSM to non-minimal SUSY models even though thereported exess is not very far away from the upper bound on the lightest Higgs mass in the MSSM. Itshould be noted that the question to what extent the senarios disussed in this paper an be realizedin onstrained GUT-based models of SUSY breaking is of a very di�erent nature. We do not pursuethis any further here, besides mentioning that it has already been shown to be rather diÆult to getto suh high Mh values in models suh as the CMSSM, mGMSB, mAMSB, or NUHM1 [25℄.We performed two kinds of omplementary investigations of the impliations of an assumed Higgssignal at Mh = 125 � 1 GeV. Setting the parameters that enter via the (in general) numeriallylarge higher-order orretions in the MSSM Higgs setor to their values in the mmaxh benhmarksenario, whih maximizes the upward shift in Mh as ompared to the tree-level value, we haveobtained onservative lower limits on the parameters governing the Mh predition at tree level, MAand tan�. We have found that an assumed signal ofMh = 125�1 GeV (when inluding onservativelyestimated intrinsi theoretial unertainties from unknown higher orders, and taking into aount themost important parametri unertainties arising from the experimental error on the top-quark mass)yields the lower bounds MA > 133 GeV and tan � > 3:2 (for MSUSY = 1 TeV). The bound on MAtranslates diretly into a lower limitMH� > 155 GeV, whih restrits the kinemati window for MSSMharged Higgs prodution in the deay of top quarks.Choosing values for MA and tan� in the deoupling region, in a seond step we have investigatedthe onstraints on the salar top and bottom setor of the MSSM from an assumed signal at Mh =125� 1 GeV. In partiular, we have found that a lightest stop mass as light as m~t1 � 100 GeV is still9



ompatible with the assumed Higgs signal. The bound on m~t1 raises to m~t1 >� 250 GeV if one restritsto the negative sign of the stop mixing parameter Xt � At � �= tan �, whih in general yields betterompatibility with the onstraints from BR(b! s).As an alternative possibility, we have investigated in how far it is possible to assoiate the assumedHiggs signal with the heavier CP-even Higgs boson H. Performing a san over MA, tan�, MSUSY andXt we have found an allowed area at low MA and moderate tan �. A SM-like rate for prodution anddeay of the heavier CP-even Higgs in the relevant searh hannels at the LHC is possible for largevalues of � and large mixing in the stop setor. It is interesting to note that in the senario wherethe assumed Higgs signal is interpreted in terms of the heavier CP-even Higgs boson H the mass ofthe lighter Higgs, Mh, always omes out to be below the SM LEP limit of 114:4 GeV (with reduedouplings to gauge bosons so that the limits from the LEP searhes for non-SM like Higgs bosons arerespeted). The fat that senarios like this are in priniple viable should serve as a strong motivationfor extending the LHC Higgs searhes, most notably in the  �nal states, also to the mass regionbelow 100 GeV.Needless to say, an MSSM interpretation of the observed exess would of ourse gain additionalmomentum if the searhes for the salar quarks of the third generation and the diret searhes for theolour-neutral SUSY states, whih so far have resulted in only very weak limits, would soon give riseto a tantalising exess (or more than one) as well.AknowledgmentsWe thank Johan Rathsman and Rikard Enberg for useful suggestions at an early stage of this projet.We also thank Tim Stefaniak and Oliver Brein for disussions and help with HiggsBounds, in partiularon the CMS A ! �+�� results. We thank Paloma Arenas Guerrero for her ontributions to ourinvestigation of a possible heavy CP-even SM-like Higgs boson. This work has been supported by theCollaborative Researh Center SFB676 of the DFG, \Partiles, Strings, and the Early Universe". Thework of S.H. was supported in part by CICYT (grant FPA 2010{22163-C02-01) and by the SpanishMICINN's Consolider-Ingenio 2010 Program under grant MultiDark CSD2009-00064.Referenes[1℄ P. W. Higgs Phys. Rev. Lett. 13 (1964) 508{509; F. Englert and R. Brout Phys. Rev. Lett. 13(1964) 321{322; P. W. Higgs Phys. Lett. 12 (1964) 132{133.[2℄ LEP Working Group for Higgs boson searhes, R. Barate et. al. Phys.Lett. B565 (2003) 61{75,[hep-ex/0306033℄.[3℄ CDF and D0 ollaborations. [http://tevnphwg.fnal.gov/℄ and referenes therein.[4℄ CMS ollaboration. CMS-HIG-11-023.[5℄ ATLAS ollaboration. ATLAS-CONF-2011-157.[6℄ ALEPH, CDF, D0, DELPHI, L3, OPAL, and SLD Collaborations, LEP Eletroweak WG,Tevatron Eletroweak WG, SLD Eletroweak and heavy avor WG [arXiv:1012.2367℄.As updated in July 2011 on [http://lepewwg.web.ern.h/LEPEWWG/plots/summer2011℄ ;M. Baak, M. Goebel, J. Haller, A. Hoeker, D. Ludwig, et. al. [arXiv:1107.0975℄.10
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