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onstraints within two versions of the minimal supersymmetri
extension of the Standard Model, we derive the predi
tions for the top quark mass, mt, and the W boson mass,MW . We �nd that the supersymmetri
 predi
tions for both mt and MW , obtained by in
orporating all therelevant experimental information and state-of-the-art theoreti
al predi
tions, are highly 
ompatible with theexperimental values with small remaining un
ertainties, yielding an improvement 
ompared to the 
ase of theStandard Model.CERN-PH-TH/2009-223, DESY 09-207, FTPI-MINN-09/44, UMN-TH-2827/09One of the most impressive su

esses of theStandard Model (SM) has been the a

urate pre-di
tion of the mass of the top quark obtainedfrom a �t to pre
ision ele
troweak measurementsat LEP and the SLC [1℄, whi
h agrees very wellwith the value measured at the Tevatron [2℄. Tothis may be added the equally su

essful predi
-tion of the W mass [1,3℄. The su

esses of these
omparisons between theory and experiment re-

quire the in
orporation of higher-order quantum
orre
tions. In the SM these re
eive 
ontribu-tions from the postulated Higgs boson. Indeed,the pre
ision data favour a relatively light Higgsboson weighing <� 150 GeV [1℄.One theoreti
al framework that predi
ts su
h alight Higgs boson is supersymmetry (SUSY) [4℄,whi
h also possesses the ability to render morenatural the ele
troweak mass hierar
hy, 
ontains1
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2a plausible 
andidate for astrophysi
al dark mat-ter, fa
ilitates grand uni�
ation, and o�ers apossible explanation of the apparent dis
repan
ybetween the experimental measurement of theanomalous magneti
 moment of the muon, (g �2)�, and the theoreti
al value 
al
ulated withinthe SM. There have been many analyses of thepossible masses of parti
les within the minimalsupersymmetri
 extension of the Standard Model(MSSM), taking into a

ount the experimental,phenomenologi
al and astrophysi
al 
onstraints.For example, we have presented sparti
le masspredi
tions [5,6,7℄ on the basis of a frequentistanalyses of the relevant 
onstraints in the 
ontextof simple models for SUSY breaking su
h as theCMSSM (in whi
h the input s
alar masses m0,gaugino masses m1=2 and soft trilinear parame-ters A0 are ea
h universal at the GUT s
ale) andthe NUHM1 (in whi
h a 
ommon SUSY-breaking
ontribution to the Higgs masses is allowed to benon-universal). For an extensive list of referen
es,see [7℄.These analyses favour relatively light massesfor the sparti
les, indi
ating signi�
ant sensitiv-ity of the pre
ision observables to quantum ef-fe
ts of supersymmetri
 parti
les. It is thereforedesirable to revisit the su

essful predi
tions ofthe SM, in parti
ular the show-
ase predi
tionsof mt and MW , to see how they are a�e
ted inthe CMSSM and NUHM1. In parti
ular, one mayask whether the SM predi
tion of mt and MW isimproved, relaxed or otherwise altered in thesemodels. The answer to this key question is non-trivial, sin
e low-mass sparti
les su
h as the ~t and~b may 
ontribute signi�
antly to the predi
tionof ele
troweak observables [8℄, and the (lightest)Higgs mass is no longer an independent quantity,but also depends on the sparti
le masses as wedis
uss below.In this Letter, we make supersymmetri
 pre-di
tions for mt and MW within the same frame-work as our previous frequentist analyses of theCMSSM and NUHM1 parameter spa
es [5,6,7℄.The treatments of the experimental, phenomeno-logi
al and astrophysi
al 
onstraints are nearlyidenti
al with those in [7℄. Here, we employ theupdated SM value of (g � 2)� whi
h in
ludes anew set of low-energy e+e� data [9℄. The new

value of (g � 2)� [10℄ does not signi�
antly alterthe regions of the CMSSM and NUHM1 parame-ter spa
es favoured in our previous analyses.Our statisti
al treatment of the CMSSM andNUHM1 makes use of a large sample of points(about 3 � 106) in the SUSY parameter spa
esobtained with the Markov Chain Monte Carlo(MCMC) te
hnique [11℄. Our analysis is en-tirely frequentist, and avoids any ambiguityasso
iated with the 
hoi
es of Bayesian pri-ors. The evaluations are performed using theMasterCode [5,6,7,12℄, whi
h in
ludes the fol-lowing theoreti
al 
odes. For the RGE runningof the soft SUSY-breaking parameters, it usesSoftSUSY [13℄, whi
h is 
ombined 
onsistentlywith the 
odes used for the various low-energyobservables: FeynHiggs [14,15,16℄ is used for theevaluation of the Higgs masses and aSUSY� (seealso [17,8℄), for the other ele
troweak pre
isiondata we have in
luded a 
ode based on [18,19℄,SuFla [20,21℄ and SuperIso [22,23℄ are usedfor 
avour-related observables, and for dark-matter-related observables Mi
rOMEGAs [24℄ andDarkSUSY [25℄ are used. In the 
ombination ofthe various 
odes, MasterCode makes extensiveuse of the SUSY Les Hou
hes A

ord [26,27℄.In the SM, the pre
ision of the 
onfrontationbetween theory and experiment is often expressedin the (mt;MW ) plane. The experimental valuesof these quantities are essentially un
orrelated [1,2,3℄,mexpt = 173:1� 1:3 GeV; (1)MexpW = 80:399� 0:023 GeV; (2)shown in Fig. 1 as the bla
k ellipse. In the SM,mt is an independent input parameter, whereasthe relation between the gauge boson massesMWand MZ 
an be predi
ted with high pre
ision interms of mt, the Higgs mass, MSMH , and othermodel parameters, see [28℄ and referen
es therein.The 
orrelation between mt and the predi
tionfor MW is displayed in Fig. 1 (foliated by lines of
onstant Higgs mass, MSMH ).A �t of the SM parameters to pre
ision observ-ables, e.g., those measured at the Z peak [29℄,yields indire
t predi
tions for mt and MSMH , andhen
e also a predi
tion for MW . The SM predi
-



3tion for mt without in
luding the experimentallimits on MSMH and ex- or in
luding the experi-mental measurement of MW is [1℄m�t;SM;ex
l:MWt = 172:6+13:3�10:2 GeV ; (3)m�t;SM;in
l:MWt = 179:3+11:6�8:5 GeV ; (4)and the SM predi
tion forMW , ex
luding the ex-perimental measurement of MW but either ex-or in
luding the experimental measurement of mtis [1℄M�t;SM;ex
l:mtW = 80:363� 0:032 GeV ; (5)M�t;SM;in
l:mtW = 80:364� 0:020 GeV : (6)The regions of the (mt;MW ) plane favoured atthe 68% C.L. by dire
t experimental measure-ments (1, 2) and in the SM �t (3, 5), shown asthe dark (blue) 
ontour [30℄ in Fig. 1 have signif-i
ant overlap, representing a non-trivial su

essfor the SM at the quantum level. However, wenote that the overlap between the 68% C.L. 
on-tours happens in the region of Higgs mass valuesthat are below the ex
lusion bound from the LEPSM Higgs sear
hes, MSMH > 114:4 GeV [31℄, in-di
ating a 
ertain tension between the pre
isionobservables and the Higgs limit. Indeed, the ex-perimental 
entral value ofMW would be rea
hedfor a Higgs mass as low asMSMH � 60 GeV. Com-bining the indire
t measurements, mt and MW ,the best-�t value of MSMH � 87 GeV, and the95% C.L. upper limit isMSMH � 157 GeV [1℄. Thedire
t sear
hes at the Tevatron 
urrently ex
ludea range 163 GeV < MSMH < 166 GeV [32℄, as alsoindi
ated by a white line in Fig. 1, so that therange 115 GeV <� MSMH <� 150 GeV is favouredin a global �t to the SM (in
luding experimentalbounds) at the 95% C.L. [33℄.Turning now to our analysis in the 
ase of su-persymmetry, we note that the predi
tion forMWas a fun
tion of mt in the un
onstrained MSSMgives rise to a band in Fig. 1 (shaded green)whi
h has only little overlap (shaded blue) withthe band showing the range of SM predi
tions forHiggs masses above the sear
h limit from LEP.This is be
ause the 
ontribution of light super-symmetri
 parti
les tends to in
rease the pre-di
ted value of MW 
ompared to the SM 
ase.
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Figure 1. The 68% C.L. regions in the (mt;MW )plane predi
ted by a SM �t ex
luding the LEPHiggs 
onstraint [1℄, and by CMSSM and NUHM1�ts in
luding the LEP Higgs mass 
onstraint,
ompared with the experimental measurementsfrom LEP2 and the Tevatron shown as the bla
kellipse. The medium gray (red) and the dark(blue) shaded regions show the SM predi
tion, fo-liated by lines of 
onstant MSMH values. The lightgray (green) and the dark (blue) regions show thepredi
tion of the un
onstrained MSSM [18℄ rang-ing from light to heavy SUSY parti
les.Furthermore, the overlap region (
orrespondingto the situation where all supersymmetri
 par-ti
les are heavy) is limited be
ause, in 
ontrastto the SM, the value of Mh is not an indepen-dent parameter in the MSSM, but is 
al
ulable interms of the sparti
le masses with an upper limit� 135 GeV [15℄.We have performed �ts in the CMSSM and theNUHM1 in
luding all relevant experimental in-formation as spe
i�ed in [7℄, i.e., we in
lude allpre
ision observables used in the SM �t shown inFig. 1 (ex
ept �W , whi
h has a minor impa
t) aswell as 
onstraints from (g� 2)�, 
avour physi
s,the 
old dark matter (CDM) reli
 density and



4the dire
t sear
hes for the Higgs boson and su-persymmetri
 parti
les. The dire
t experimentalmeasurements ofMW and mt, on the other hand,have not been in
luded in these global �ts. Theresults of our �ts in the CMSSM and the NUHM1are also displayed as 68% C.L. 
ontours in Fig. 1,and show remarkably good agreement with theexperimental measurements of MW and mt.The 68 and 95% C.L. regions in the (mt;MW )plane found in the CMSSM (NUHM1) �t areshown in more detail in the upper (lower) panelof Fig. 2. The �ts within the MSSM di�er fromthe SM �t in various ways. First, the numberof free parameters is substantially larger in theMSSM, even restri
ting ourselves to the CMSSMand the NUHM1. On the other hand, more ob-servables are in
luded in the �ts, providing ex-tra 
onstraints. We re
all that in the SM �ts(g � 2)� and the B-physi
s observables have aminor impa
t on the best-�t regions, and are notin
luded in the results shown above, whi
h aretaken from [1℄ (see e.g. [34℄ for an alternativeapproa
h), while the reli
 density of CDM 
an-not be a

ommodated in the SM. Furthermore,as already noted, whereas the light Higgs bosonmass is a free parameter in the SM, it is a fun
-tion of the other parameters in the CMSSM andNUHM1. In this way, for example, the massesof the s
alar tops and bottoms enter not only di-re
tly into the predi
tion of the various observ-ables, but also indire
tly via their impa
t on Mh.This provides additional motivation for in
ludingthe experimental 
onstraints on Mh into the �tsin the MSSM.In Fig. 3, we show the results of the same �t asin Fig. 2, but now in the (Mh;mt) plane for theCMSSM (NUHM1) in the upper (lower) panel.The LEP lower limit of 114 GeV is appli
ablein the CMSSM [35,36℄, but 
annot always be di-re
tly applied in the NUHM1, sin
e there are re-gions of the NUHM1 parameter spa
e where thehZZ 
oupling is suppressed relative to its value inthe SM [37℄. We use the pres
ription given in [7℄to 
al
ulate the �2(Mh) 
ontribution for pointswith suppressed hZZ 
ouplings, and see in thelower panel of Fig. 3 a signi�
ant set of NUHM1points with Mh � 114 GeV: these re
e
t theshape of the ��2 fun
tion in the right panel of
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Figure 2. The 68% and 95% C.L. regions inthe (mt;MW ) planes for the CMSSM (upper) andfor the NUHM1 (lower), for �ts that do not in-
lude the dire
t measurements of mt andMW , butdo in
orporate the appropriate LEP 
onstraint onMh.Fig. 4 of [7℄. The appearan
e of a lo
al minimumat Mh � 100 GeV in the lower plot of Fig. 3 isstatisti
ally not signi�
ant. It sensitively dependson the details of the implementation of the Higgssear
h bounds.We now turn to the single-variable �2 fun
tionsfor mt and MW . In the upper panel of Fig. 4, weshow the �2 fun
tions for mt in the CMSSM andNUHM1 as solid and dashed lines respe
tivelywith MW in
luded in the �t (as before, the di-re
t measurement of mt is not in
luded in this
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Figure 3. The 68% and 95% C.L. regions in the(Mh;mt) planes for the CMSSM (upper plot) andfor the NUHM1 (lower plot), for �ts that do notin
lude the dire
t measurements of mt and MW ,but do in
orporate the appropriate LEP 
onstrainton Mh.�t). Comparing the results with the SM �t, we�nd that these rise more sharply, in parti
ular forlarger values ofmt, than they would in the SM �t,indi
ating that the upper bound on mt from theindire
t predi
tion in the MSSM is signi�
antlyredu
ed 
ompared to the SM 
ase. We �nd the68% C.L. rangesm�t;CMSSM;in
l:MWt = 173:8+3:2�3:1 GeV; (7)m�t;NUHM1;in
l:MWt = 169:5+8:8�3:4 GeV: (8)Comparing with the SM �t result (4), we �nd

lower 
entral values for mt in both the CMSSMand NUHM1 in better agreement with the exper-imental result (1). The redu
tion in the upperbound on mt re
e
ts, in parti
ular, the fa
t thatthe additional 
ontribution from the ~t and ~b en-ters with the same sign as the leading SM-type
ontribution to the pre
ision observables that isproportional to m2t . A non-vanishing 
ontribu-tion from superpartners therefore tends to redu
ethe preferred value of mt 
ompared to the SM �t.It should be noted in this 
ontext that the smallerun
ertainties in mt found in the supersymmetri
�ts 
ompared to the SM 
ase (parti
ularly in theCMSSM) 
an in part also be attributed to the fa
tthat a larger set of observables has been used inthe CMSSM and NUHM1 �ts.For the W boson mass, we �nd the �2 fun
-tions in
ludingmt in the �t in the CMSSM (solid)and NUHM1 (dahed) shown in the lower panel ofFig. 4, and the 
orresponding 68% C.L. rangesM�t;CMSSM;in
l:mtW = 80:379+0:013�0:014 GeV; (9)M�t;NUHM1;in
l:mtW = 80:370+0:024�0:011 GeV: (10)The best-�t values of these predi
tions are sub-stantially higher than the SM predi
tion (6) basedon pre
ision ele
troweak data (in parti
ular in theCMSSM) and are 
loser to the experimental value(2), again with smaller un
ertainties.We summarize our main results in Fig. 5. Theupper (lower) panel 
ompares the experimentalmeasurement of mt (MW ) with the predi
tions ofa SM �t to pre
ision ele
troweak data and our �-nal predi
tions in the CMSSM and NUHM1. Theresulting agreement of the �nal predi
tions for mtwith the experimental value (1) is remarkable, al-most embarrassingly good in the CMSSM 
ase,and very good in the NUHM1. Compared to theSM �t, the best-�t values forMW in the CMSSMand NUHM1 are 
loser to the experimental value(2), and in the CMSSM 
ase the best-�t valuelies within the experimental 68% C.L. range. We
on
lude that the CMSSM and NUHM1 pass with
ying 
olours the test of reprodu
ing the su

ess-ful SM predi
tions of mt and MW , even improv-ing on them. We 
an only hope that this probeof SUSY at the loop level will soon be made evenmore pre
ise with the dis
overy of sparti
les at
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150 160 170 180 190
mt [GeV]

Top-Quark Mass [GeV]

Exp. average 173.1 ± 1.3

SM fit 179.3
 +11.6
-8.5

CMSSM fit 173.8
 +3.2
- 3.1

NUHM1 fit 169.5
 +8.8
-3.4

80.3 80.4 80.5
MW [GeV]

W boson Mass [GeV]

Exp. average 80.399 ± 0.023

SM fit 80.363 ± 0.032

CMSSM fit 80.379
 +0.013
- 0.014

NUHM1 fit 80.370
 +0.024
-0.011

Figure 5. The 68% C.L. ranges for mt (upperpanel) and MW (lower panel) in
luding (from topto bottom) the experimental average, and the pre-di
tions of the SM (not in
l. the MSMH limits) [1℄,CMSSM and NUHM1 �ts, using all the availableinformation ex
ept the dire
t mass measurement.


