
1SUSY AND PRECISION ELECTROWEAK DATAG. AltarelliaaTheoretical Physics DivisionCERN, CH-1211 Geneva 23The present Standard Model �t of precision data has a low con�dence level, and is characterized by a fewinconsistencies. We look for supersymmetric e�ects that could improve the agreement among the electroweakprecision measurements and with the direct lower bound on the Higgs mass. We �nd that this is the caseparticularly if the 3.6� discrepancy between sin2 �eff from leptonic and hadronic asymmetries is �nally settledmore on the side of the leptonic ones. After the inclusion of all experimental constraints, our analysis selects lightsneutrinos, with masses in the range 55{80 GeV, and charged sleptons with masses just above their experimentallimit, possibly with additional e�ects from light gauginos. The phenomenological implications of this scenario arediscussed.I report in this talk on our recent work [1]about possible SUSY e�ects in electroweak pre-cision tests. The results of the electroweak preci-sion tests as well as of the searches for the Higgsboson and for new particles performed at LEPand SLC have now been presented in a close to �-nal form. Taken together with the measurementsofmt,mW and the searches for new physics at theTevatron, and with some other data from low en-ergy experiments, they form a very stringent setof precise constraints to compare with the Stan-dard Model (SM) or with any of its conceivableextensions. When confronted with these results,on the whole the SM performs rather well, so thatit is fair to say that no clear indication for newphysics emerges from the data. However, if welook at the results in detail, there are a number offeatures that are either not satisfactory or couldindicate the presence of small new physics e�ects.One problem is that the two most precise mea-surements of sin2 �eff from ALR and AbFB di�erby 3:5 � [2]. More in general, there appears to bea discrepancy between sin2 �eff measured fromleptonic asymmetries and from hadronic asym-metries. The result from ALR is actually in goodagreement with the leptonic asymmetries mea-sured at LEP, while all hadronic asymmetries arebetter compatible with the result of AbFB . It iswell known that this discrepancy is not likely to

be explained by some new physics e�ect in theb�bZ vertex. In fact AbFB is the product of lepton-and b-asymmetry factors: AbFB / A`Ab, whereAf = 2gfAgfV =(gfA2 + gfV 2). The sensitivity ofAbFB to Ab is limited, because the A` factor issmall, so that, in order to reproduce the mea-sured discrepancy, the new e�ect should inducea large change of the b couplings with respect tothe SM. But then this e�ect should be clearly vis-ible in the direct measurement of Ab performedat SLD using the LR polarized b asymmetry, evenwithin the moderate precision of this result, andit should also appear in the accurate measure-ment of Rb / gbA2+gbV 2. Neither Ab nor Rb showdeviations of the expected size. One concludesthat most probably the observed discrepancy isdue to a large statistical uctuation and/or to anexperimental problem. Indeed, the measurementof AbFB not only requires b identi�cation, but alsodistinguishing b from �b, and therefore the system-atics involved are di�erent than in the measure-ment of Rb. At any rate, the disagreement be-tween AbFB and ALR implies that the ambiguityin the measured value of sin2 �eff is larger thanthe nominal error obtained from averaging all theexisting determinations.Another point of focus is the relation betweenthe �tted Higgs mass and the lower limit on thismass from direct searches, mH > 113 GeV, as



2it was recently stressed in ref. [3]. The centralvalue of the �tted mass is systematically belowthe limit. In particular, given the experimentalvalue of the top mass, the measured results formW (with perfect agreement between LEP andthe Tevatron) and sin2 �eff measured from lep-tonic asymmetries, taken together with the re-sults on the Z0 partial widths, push the centralvalue of mH very much down. In fact, if onearbitrarily excludes sin2 �eff measured from thehadronic asymmetries, the �tted value of mH be-comes only marginally consistent with the directlimit, to a level that depends on the adopted valueand the error for �QED(mZ). Consistency is re-instated if the results from hadronic asymmetriesare also included, because they drive the �ttedmH value towards somewhat larger values.In conclusion, if one takes all available mea-surements into account the �2 of the SM �t isnot good, with a probability of about 4%, partlybecause the measurements of sin2 �eff are not ingood agreement among them. If, on the otherhand, one only takes the results on sin2 �eff fromthe leptonic asymmetries, then the �2 of the SM�t considerably improves, but the consistencywith the direct limit on mH becomes marginal.In Ref. [1] we enlarged the discussion of thedata from the SM to the Minimal Supersymmet-ric Standard Model (MSSM). We looked for re-gions of the MSSM parameter space where thecorrections are su�ciently large and act in thedirection of improving the quality of the �t andthe consistency with the direct limit on mH withrespect to the SM, especially in the most un-favourable case for the SM that the results onsin2 �eff from the hadronic asymmetries are dis-carded. We show that, if sleptons (and, to a lesserextent, charginos and neutralinos) have massesclose to their present experimental limits, it ispossible to considerably improve the overall pic-ture. In particular the possible MSSM e�ects be-come sizeable if we allow the sneutrino masses tobe as small as allowed by the direct limits on m2~�and by those on charged slepton masses, whichare related by m2~̀�L = m2~� +m2W j cos 2�j. At mod-erately large values of tan � (i.e. for j cos 2�j � 1),light sneutrinos with masses as low as 55 GeV

are not excluded by present limits, while chargedsleptons must be heavier than 96 GeV. These lowvalues of the sneutrino mass can still be compat-ible with the neutralino being the lightest super-symmetric particle. We recall that tan � >� 2� 3is required by LEP, and large tan � and light slep-tons are indicated by the possible deviation ob-served by the recent Brookhaven result [4] on themuon g� 2, if this discrepancy is to be explainedby a MSSM e�ect. We �nd it interesting that,by taking seriously the small hints that appear inthe present data, one can pinpoint a region of theMSSM which match the data better than the SM,and is likely to be within reach of the present runof the Tevatron and, of course, of the LHC.For this analysis in the MSSM we used the tech-nique of the epsilon parameters �1, �2, �3 and �b,introduced in ref. [5]. The variations of �1, �2 and�3 due to new physics contributions are propor-tional to the shifts in the T , U , and S param-eters [6], respectively, if one keeps only obliquecontributions (i.e. terms arising from vacuum po-larization diagrams), expanded up to the �rstpower in the external momentum squared. Butin the MSSM not all important contributions areof this kind. We recall that the starting pointof the epsilon analysis is the unambiguous de�ni-tion of the �i in terms of four basic observablesthat were chosen to be sin2 �eff from A�FB , ��,mW and Rb. Given the experimental values ofthese quantities, the corresponding experimentalvalues of the �i follow, independent of mt andmH , with an error that, in addition to the prop-agation of the experimental errors, also includesthe e�ect of the present ambiguities in �s(mZ)and �QED(mZ).If one assumes lepton universality, which iswell supported by the data within the presentaccuracy, then the combined results on sin2 �efffrom all leptonic asymmetries can be adopted to-gether with the combined leptonic partial width�`. At this level the epsilon analysis is model-independent within the stated lepton universal-ity assumption. As a further step we can observethat by including the information on the hadronicwidths arising from �Z , �h, R`, the central val-ues of the �i are not much changed (with respectto the error size) and the errors are slightly de-



3creased. Thus one may decide of including or notincluding these data in the determination of the�i, without a�ecting the results.Di�erent is the case of including the resultsfrom the hadronic asymmetries in the combinedvalue of sin2 �eff . In this case, obviously, the de-termination of �i is sizeably a�ected and one re-mainswith the alternative between an experimen-tal problem or a bizarre e�ect of some new physicsin the b coupling (not present in the MSSM). Butif we remain within the �rst stage of purely lep-tonic measurements plus mW and Rb, the �i anal-ysis is quite general and, in particular, is inde-pendent of an assumption of oblique correctiondominance.The comparison with the SM can be repeatedin the context of the �i (see Fig. 1). The pre-dicted theoretical values of the �i in the SM de-pend on mH and mt, while they are practicallyindependent of �s(mZ) and �QED(mZ ). If weonly take the leptonic measurements of sin2 �eff ,formH = 113 GeV andmt = 174:3GeV one �ndsthat the experimental value of �1 agrees withinthe error with the prediction, while both �2 and�3 are below the theoretical expectation by about1 �. We recall that mW is related to �2 and thefact that the experimental value is below the pre-diction for this quantity corresponds to the state-ment that mW would prefer a value of mH muchsmaller than mH = 113 GeV. Similarly the small-ness of the �tted value of �3 with respect to theprediction has to do with the marked preferencefor a lightmH of sin2 �eff from all leptonic asym-metries. The agreement between �tted value andprediction for �1, which, contrary to �2 and �3,contains a quadratic dependence on mt, reectsthe fact that the �tted value ofmt is in agreementwith the measured value. The other variable thatdepends quadratically onmt is �b. The agreementof the �tted and predicted values of �b reects thecorresponding present normality of the results forRb.Now we want to investigate whether low-energysupersymmetry can reconcile a Higgs mass abovethe direct experimental limit with a good �2 �tof the electroweak data, in the case of sin2 �effnear the value obtained from leptonic asymme-tries. Our approach is to discard the measure-
Figure 1. One-sigma ellipses in the �3 � �2 (left)and in the �1 � �3 (right) planes obtained from:a. mW , �`, sin2 �eff from all leptonic asymme-tries, and Rb; b. the same observables, plus thehadronic partial widths derived from �Z, �h andR`; c. as in b., but with sin2 �eff also includ-ing the hadronic asymmetry results. The solidstraight lines represent the SM predictions formH = 113 GeV and mt in the range 174:3 �5:1 GeV. The dotted curves represent the SM pre-dictions for mt = 174:3 GeV and mH in the range113 to 500 GeV..



4ment of AbFB , which cannot be reproduced byconventional new physics e�ects, �x the Higgsmass above its present limit, and look for super-symmetric corrections that can fake a very lightSM Higgs boson. As we have discussed in theprevious section and as summarized in �g. 1, thiscan be achieved if the new physics contributionsto the � parameters amount to shifting �2 and �3down by slightly more than 1 �, while leaving �1essentially unchanged.Squark loops cannot induce this kind of shiftsin the � parameters, since their leading e�ect isa positive contribution to �1. Thus, we will as-sume that all squarks are heavy, with masses ofthe order of one TeV. Since the mass of the light-est Higgs mH receives a signi�cant contributionfrom stop loops, we can treat mH as an inde-pendent parameter and, in our analysis, we �xmH = 113 GeV. Varying the pseudoscalar Higgsmass mA does not modify the results of our �t,and therefore we �x mA = 1 TeV. The choiceof the right-handed slepton mass has also an in-signi�cant e�ect on the �t. Therefore, we areleft with four relevant supersymmetric free pa-rameters: the weak gaugino mass M2, the hig-gsino mass �, the ratio of the Higgs vacuumexpectation values tan � (which are needed todescribe the chargino{neutralino sector), and asupersymmetry-breaking mass for the left-handedsleptons, ~m`L (lepton avour universality is as-sumed). The choice of the B-ino mass parameterM1 does not signi�cantly a�ect our results and,for simplicity, we have assumed the gaugino uni-�cation relation M1 = 53M2 tan2 �W .As described in Ref. [1], we have computed thesupersymmetric one-loop contributions to �1, �2and �3. Figure 2 shows the range of the � pa-rameters that can be spanned by varying M2, �,tan �, and ~m`L , consistently with the present ex-perimental constraints. We have imposed a limiton charged slepton masses of 96 GeV, on charginomasses of 103 GeV, and on the cross section forneutralino production �(e+e� ! �01�02 ! �+��=E) < 0:1 pb. We have also required that the su-persymmetric contribution to the muon anoma-lous magnetic moment, a� = (g� 2)=2, lie withinthe range 0 < �a� < 7:5�10�9. As apparent from�g. 2, light particles in the chargino{neutralino

sector and light left-handed sleptons shift the val-ues of �i in the favoured direction, and by a suf-�cient amount to obtain a satisfactory �t.In �g. 3 we show an alternative presentationof our results directly in terms of the shifts inthe observables mW , sin2 �eff and �` inducedby supersymmetry.1 For reference, we also dis-play in �g. 3 the di�erence between the measuredvalues of the observables (excluding the hadronicasymmetries) and the corresponding SM predic-tions for mH = 113 GeV, mt = 174:3 GeV. Su-persymmetric contributions can bring the theo-retical predictions in perfect agreement with thedata. An interesting observation is that spar-ticle e�ects can increase mW by �mW up to� 100 MeV, which corresponds to approximatelythree standard deviations, and decrease sin2 �effby � sin2 �eff up to about �8 � 10�4 (� 4 �).Note the marked anticorrelation between �mWand � sin2 �eff . �` is moved upwards, but onlyby less than 90 keV, or about 1 �.To summarize, the request of an improved elec-troweak data �t is making precise demands on thesupersymmetric mass spectrum. The left-handedcharged sleptons have to be very close to theirexperimental bounds, the sneutrino mass is se-lected to be below about 80 GeV, the squarks arein the TeV range, and tan � >� 4, while there isno information on right-handed slepton masses.The lightest chargino, preferably a gaugino statewith mass below about 150 GeV, further improvesthe �t. This range of supersymmetric parame-ters is very adequate in explaining the allegeddiscrepancy between the experimental and the-oretical values of the muon anomalous magneticmoment [4]. In practice, requiring the supersym-metric contribution to g � 2 to be in the rangeindicated by the data amounts to determining aprecise value of tan � and selecting a sign (positivein our conventions) of the parameter �. We recallthat, for moderately large tan �, the negative signof � is disfavoured by the present measurementsof the B ! Xs branching ratio.1A good approximation of the relations between shifts inthe physical observables and in the � parameters is givenby �mW = (0:53��1�0:37��2�0:32��3)�105 MeV; ��` =(1:01��1 � 0:22��3) � 105 keV; � sin2 �eff = �0:33��1 +0:43��3.
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Figure 2. Measured values (cross) of �3 and �2(left) and of �1 and �3 (right), with their 1 � re-gion (solid ellipses), corresponding to case a of�g. 1. The area inside the dashed curves repre-sents the MSSM prediction for m~eL between 96and 300 GeV, m�+ between 105 and 300 GeV,�1000 GeV < � < 1000 GeV, tan � = 10,m~eL = 1 TeV. and mA = 1 TeV. Figure 3. The area inside the dotted curves repre-sents the shifts in the values of sin2 �eff , mW and�` induced by supersymmetric corrections, for thesame parameter region as in �g. 2. The shifts nec-essary to reproduce the central values of the datawith mt = 174:3 GeV and mH = 113 GeV arealso shown, together with the corresponding exper-imental errors. The dot-dashed lines are obtainedby varying the left slepton masses, with all othersupersymmetric particle decoupled. The solidcurve is obtained analogously, but also keeping agaugino-like chargino of 105 GeV. In each curve,the circles correspond to m~� = 60; 70; 80 GeVfrom left to right.
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