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PRECISION MUON g � 2 RESULTS ANDLIGHT HIGGS BOSONS IN THE 2HDM (II)�Maria Kraw
zykTheory Division, CERN, CH-1211 Geneva 23, SwitzerlandandInstitute of Theoreti
al Physi
s, Warsaw UniversityHo»a 69, 00-681 Warsaw, Poland(Re
eived August 6, 2002)Dedi
ated to Stefan Pokorski on his 60th birthdayWe dis
uss the impli
ation of re
ent evaluation of the SM 
ontributionto (g � 2)� in light of the latest E821 measurement, for the light Higgs-boson s
enarios in a Two-Higgs-Doublet-Model (�Model II�). If the 
on-straints from the new (g� 2)� results are 
ombined with the other existing
onstraints, one 
an ex
lude a light-s
alar s
enario at 95% CL while a light-pseudos
alar s
enario 
an be realized, for a pseudos
alar mass between 25and 70 GeV with tan� in the range 25 � tan� � 115.PACS numbers: 12.60.Fr, 14.80.Cp1. Introdu
tionA pre
ision measurement of the g � 2 for the muon at BNL is expe
tedto test the ele
troweak (EW) se
tor of the Standard Model (SM) and at thesame time to shed light on possible e�e
ts due to �new physi
s�. After arelease of the new E821 result [1℄, based on the �+ data 
olle
ted in the year2000, a 
urrent mean of experimental results for (g � 2)� is [1℄:aexp� � (g � 2)exp�2 = 11 659 203 (8) � 10�10 ; (1)with the un
ertainty (in parentheses) whi
h is almost two times smaller thanin the previous measurement [2℄, and only two times larger than the ultimategoal of the E821 experiment.� Supported in part by the Polish State Committee for S
ienti�
 Resear
h (KBN),Grant no 5 P03B 121 20 (2002), and by the European Community's Human PotentialProgramme under 
ontra
t HPRN-CT-2000-00149 Physi
s at Colliders.(2621)



2622 M. Kraw
zykThe Standard Model predi
tion for a� 
onsists of the QED, EW andhadroni
 
ontributions :aSM� = aQED� + aEW� + ahad� :The QED 
ontribution, whi
h 
onstitutes the bulk of the SM 
ontributions,is 
al
ulated up to �ve loops [4℄, with a very small un
ertainty equal to3 � 10�11. The EW 
ontribution, based on one and two loop diagrams,is also known to a similar a

ura
y [5�8℄. The EW 
ontribution is small(152 � 10�11) and is only two times larger than the present experimentalun
ertainty (see (1)). The hadroni
 
ontribution, � 7000 � 10�11, is these
ond largest (after the QED one) 
ontribution to aSM� . Its un
ertainty,presently about � 70 � 10�11, is the main sour
e of the un
ertainty in theSM predi
tion. Various predi
tions for the hadroni
 
ontribution [7�15℄ di�eramong themselves (see re
ent dis
ussions in [3,9�12,24℄). However, thesedi�eren
es are no longer so signi�
ant, see below. The dominant 
ontributionto ahad� , as well the dominant error in its value, 
ome from the leadingva
uum polarization (vp1) term. Some preliminary results of the improved
al
ulations of this part have been presented re
ently [13,14℄. These are datadriven analyses using the most re
ent data on hadron produ
tion in e+e�
ollisions from BES, CMD-2, SND [15℄. The 
orresponding un
ertaintiesfor the vp1 are now even smaller than those obtained previously by usingthe data on � de
ays in addition to the then available e+e� data, e.g. see[11,12℄. Another important issue has been the hadroni
 
ontribution to thelight-by-light (lbl) s
attering, and its 
ontribution to (g � 2)�. After a signerror, �rst pointed out in [19℄, was found in the earlier 
al
ulations of this
ontribution, few re-evaluations [20℄ of this part have appeared during thelast few months. All of them 
on�rm the �nding of [19℄, i.e. a positivesign of the lbl 
ontribution. The 
entral value for the lbl varies from 80to 110 � 10�11, depending on the analysis. Sin
e this 
ontribution 
an beestimated only on a purely theoreti
al ground, it has a sizable un
ertaintyof the order of 40� 10�11 [21℄ (or maybe even larger, as dis
ussed in [22℄).The latest SM predi
tions and the present world average of the experi-mental result (1) di�er by � 3 � (a 
ombined in quadrature theoreti
al andexperimental error), if preliminary results of the evaluation of the leadingva
uum polarization 
ontribution from [13,14℄ are used together with the es-timation for the lbl given in [21℄. The signi�
ant progress in the redu
tion ofthe error on the experimental side and the stabilization of the SM predi
tionof ahad� , makes a reanalysis of the possible impli
ations of the (g�2)� results,essential. The issue whether this is a signal of supersymmetry is already be-ing addressed [23℄. Here we fo
us on the impli
ation of the latest (g � 2)�results for the light-Higgs boson s
enarios in the non-supersymmetri
, CP
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onserving Two-Higgs-Doublet-Model (2HDM) for its version 
alled �ModelII�; this is a 
ontinuation of our earlier studies [24, 25℄.In Se
. 2 we 
olle
t some results based on the re
ent 
al
ulations of aSM� .As a referen
e for the vp1 
ontribution we take the e+e� data-driven anal-ysis done by Jegerlehner [13℄, FJ02, where the new CMD-2 results wereused. The di�eren
e between the experimental data and the SM predi
tion,�a� = aexp� �aSM� , 
an be used to derive stringent 
onstraints on the param-eters of models, whi
h give additional 
ontribution(s) to a�. We 
al
ulateinterval Æa�, whi
h 
an be then used to 
onstrain any su
h a 
ontribution,at 95% CL. In Se
. 3 we introdu
e the 2HDM(II), and dis
uss brie�y theexisting 
onstraints. In Se
. 4 we use the range of Æa�, obtained in Se
. 2, toderive the 95% CL limits on the parameters of this model. Se
. 5 
ontainsthe 
ombined 
onstraints, while in Se
. 6 the 
on
lusions and outlook aregiven in Se
. 6.2. The g � 2 for muon � the new experimentaland theoreti
al resultsHere we 
olle
t the SM 
ontributions (and their un
ertainties), whi
h wetake into a

ount in our analysis. First we dis
uss the hadroni
 
ontributions(see Table I). We use the higher order 
ontribution from [17℄, and for thelight-on-light s
attering 
ontribution we take an estimate from [21℄. Theleading va
uum polarization 
ontribution is taken from a preliminary resultof an analysis by a Jegerlehner, FJ02 [13℄, where the experimental input isbased only on the e+e� data, in
luding the latest ones from CMD-2 [15℄. Wesum all the hadroni
 
ontributions, adding in quadrature the 
orrespondingerrors. This leads us to the result for ahad� given in the last row of the Table I.TABLE Ihadroni
 
ontribution [in 10�11℄ho [17℄ �100 (6)lbl [21℄ 80 (40)vp1 [13℄ 6889 (58)had [FJ02℄ 6869 (71)We take the QED and EW terms from [4℄ and [7, 8℄, respe
tively (seeTable II). We then 
al
ulate the total SM predi
tion presented in this table,by adding the QED, EW to the full hadroni
 
ontributions, and by addingin quadrature the 
orresponding errors. This leads us to the SM predi
tion
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zyk(we label it by the author of the analysis of the vp1 
ontribution):[FJ02℄ aSM� = 116 591 726:7 (70:9) � 10�11: (2)Taking the new world mean we 
al
ulate the quantity �a�, de�ned asthe di�eren
e between the 
entral values of the experimental and theoreti
alpredi
tions for a�, Eq. (1) and (2), respe
tively. The error for this quantitywe estimate by adding in quadrature the 
orresponding experimental andtheoreti
al errors, � =q�2exp + �2SM. Next we 
al
ulate the regions of Æa�,allowed at 95% CL, assuming Gaussian errors. This leads to an intervalsymmetri
 around �a�, quoted in the last row of Table II. TABLE IISM 
ontribution [in 10�11℄QED 116 584 705.7 (2.9)had[FJ02℄ 6 869.0 (70.7)EW 152.0 (4.0)tot 116 59 1 726.7 (70.9)�a�(�) 303.3 (106.9)lim(95%) 93:8 � Æa� � 512:8The 95% CL interval Æa� so obtained is positive, and hen
e it leads toan allowed positive 
ontribution (an allowed band). At the same time it alsoleads to the ex
lusion of any negative 
ontribution to the a�. Note, that theadditional positive 
ontribution to a� 
an be even few times larger than theEW 
ontribution.Use of results for the vp1 
ontribution given by HMNT group [14℄, fromtheir �ex
lusive� analysis gives results for aSM� , �a�(�) and Æa�, whi
h arenumeri
ally very 
lose to those obtained above using the FJ02 analysis.Keeping all the other 
ontributions as before, but with the HMNT(ex) resultsfor the vp1 term [14℄, we get in units of 10�11,[HMNT(ex)℄ : �a�(�) = 297:0 (107:2) 87:2 � Æa� � 507:4; (3)while the results of their �in
lusive� analysis leads to a more stringent 
on-straint, namely[HMNT(in)℄ : �a�(�) = 357:2 (106:4) 148:7 � Æa� � 565:7: (4)Note that the above 95% CL intervals, are positive for both the HMNTresults, just as in the FJ02 
ase. Further noti
e that the relative di�eren
e
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ision Muon g � 2 Results and Light Higgs Bosons : : : 2625of the upper bounds in all the three analyses are small (up to 10%). Howeverthe use of HMNT �in
lusive� analysis leads to a lower bound relatively mu
hhigher (up to 70%) than in the FJ02 and HMNT(ex) 
ases.The other, re
ently published SM predi
tions [11,12℄, to whi
h the BNLpaper [1℄ refers to, were obtained from analyses of the vp1 
ontribution basedon the older, often not very pre
ise e+e� data. To improve the a

ura
y ofthe estimation of the vp1 part, in those analyses � de
ay data were in
ludedin addition. However, predi
tions obtained in these analyses for aSM� and for�SM are not very di�erent from these new preliminary results used by us.It is worth mentioning that the following trend is observed (see dis
ussione.g. in [12, 13℄): if one uses the � de
ay data in the 
al
ulation of vp1 thenits estimation for the value of vp1 in
reases while for un
ertainty de
reases.On other hand, the preliminary FJ02 and HMNT analyses of the vp1 
ontri-bution, the ones used here, rely solely on the low-energy data for the e+e�
ollisions. The a

ura
y of these analyses in
reases signi�
antly 
omparedto the earlier analyses of this kind due to an in
lusion of new, high pre
isionmeasurements [15℄, and by use of more re�ned theoreti
al methods. More-over, the 
entral value for the vp1 
ontribution did not in
rease in thesenew analyses. Thus, the preliminary analyses by FJ02 and HMNT lead toa larger deviation from the experimental value for the muon (g � 2), thanthe published results mentioned above, whi
h di�er �only� by 1.6 to 2.6 �,as pointed out in [1℄.Let us 
on
lude this general part by the following 
omment. It be
omes
lear, that already at present there is a need of a 
oherent and a 
omprehen-sive error analysis for all 
omponents 
ontributing to the 
al
ulation of �SM� .It will be even more desired in a near future, when the BNL experimentwill rea
h a �nal a

ura
y. As the estimate for aSM� , and for �a�, whi
h areneeded for sear
h of new physi
s, are not available at the moment, �a poorman� error analysis, as this presented in this se
tion, is unavoidable. Thisis enough just for a hint, for a rough estimation of new e�e
ts, however torea
h a �nal 
on
lusion, better error analyses are ne
essary.3. 2HDM and existing 
onstraints3.1. The modelThe non-supersymmetri
, CP 
onserving 2HDM (�Model II�) [26℄ basedon two doublets of 
omplex, s
alar-�elds �1,�2. This is a simple extensionof the SM, in whi
h only the Higgs se
tor is enlarged. To avoid possiblelarge e�e
ts due to the Flavour Changing Neutral Currents (FCNC), the2HDM potential 
an be 
hosen in a Z2-symmetri
 form, i.e. without (�1,�2)mixing. In a general 
ase, the potential 
an have terms, 
hara
terized by amass parameter �, whi
h break the Z2-symmetry softly, e.g. [28, 29℄.
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zykThe 2HDM has �ve Higgs parti
les: two neutral Higgs s
alars h andH, one neutral pseudos
alar A, and a pair of 
harged Higgses H�. Theirmasses are free parameters of the model. Other parameters are: angle �,whi
h des
ribes the mixing in the neutral Higgs-s
alar se
tor, tan� � theratio of two va
uum expe
tation values of s
alar doublets, tan� = v2=v1,and the parameter �. Small values of � parameter seem to be more naturalfrom a point of view of the FCNC e�e
ts [28℄. It is worth noti
ing that forsu
h a 
ase a non-de
oupling of heavy Higgs se
tor 
an be realized [28, 29℄.In the 2HDM one 
an 
hoose the Yukawa 
ouplings in few di�erent ways.Here we 
onsider the Model (II) implementation, where one doublet of fun-damental s
alar �elds 
ouples to the u-type quarks, and the other to thed-type quarks and 
harged leptons. This way FCNC pro
esses are avoidedat the tree level [26,27℄. This Higgs se
tor is identi
al to the one in MSSM,however in the 2HDM (II) 
onsidered by us, there are no tree level relationsbetween parameters as in the MSSM 
ase. Therefore even for very heavysupersymmetri
 parti
les, the 2HDM (II) and MSSM have very di�erentphenomenology.To be more spe
i�
, let us 
onsider the ratios, of the dire
t 
oupling
onstants of the Higgs boson h or H to the massive gauge bosons V = Wor Z, as well as to the fermions (i.e. Yukawa 
ouplings) for the u-typequarks and d-type quarks and the 
harged leptons, to the 
orresponding
ouplings for the SM. They are determined in terms of angles � and � [26,28℄.For �hi � ghi =(ghi )SM (and similarly for H) we have, in form suitable for asimultaneous dis
ussion of h and H,�hV = sin(� � �) ; �HV = 
os(� � �) ; �AV = 0 ; (5)�hu = �hV + 
ot ��HV ; �Hu = �HV � 
ot ��hV ; �Au = �i
5 
ot � ; (6)�hd = �hV � tan ��HV ; �Hd = �HV + tan ��hV ; �Ad = �i
5 tan� : (7)Here we have (�hV )2 + (�HV )2 = 1. Observe a pattern relation among these
ouplings (for h or H): (�u � �V )(�V � �d) = 1 � �2V , or (�u + �d)�V =1 + �u�d, found in [28℄.For �hV = 1 all 
ouplings of h have the SM values, the 
ouplings of H togauge bosons are equal to zero, while one of the 
ouplings of H to fermionsmay di�er 
onsiderably from the 
orresponding SM one for a small or largetan �. If �HV = 1 then the H-boson has SM 
ouplings, while h has verydi�erent properties: �hV = 0 and the Yukawa 
oupling �hd 
an be large, forlarge values of tan�. This is a 
ase whi
h may 
orrespond to a light-s
alars
enario dis
ussed below.The Yukawa 
oupling �d, relevant for a Higgs boson 
oupling to a muon,plays a basi
 role in 
al
ulation of the 2HDM 
ontribution to a�. It is equalto tan� for a pseudos
alar and H+. If in addition �hV = sin(� � �)=0,
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alar h; more pre
isely then j�hd j = tan�. In the
al
ulation of the two-loop 
ontribution to a�, 
oupling of H+ to a s
alar his involved as well, and it is given by�hH+ = �1� M2h2M2H+��hV + M2h � �22M2H+ (�hd + �hu) (8)with the normalization as that for an elementary 
harged s
alar parti
le inthe SM. For �hV = 0 one gets �hH+ = (�hd � 1=�hd)(M2h � �2)=(2M2H+). Wesee that this 
oupling depends on the parameter �. In this dis
ussion belowwe 
onsider only the 
ase with � = 0. A more general 
ase will be studiedelsewhere. 3.2. Existing 
onstraintsMany sear
hes for a light Higgs parti
le in the 2HDM (II) were per-formed at various energies and ma
hines; the most systemati
 studies wereperformed at LEP. All existing LEP data, see e.g. [25, 30�33℄, allows for anexisten
e of one light neutral Higgs boson, h or A, with mass even below20 GeV. A

ording to the results presented in Fig. 1(Left), the other Higgsparti
le (A or h, respe
tively) should be heavy enough to avoid the ex
lusionregion in the (Mh;MA) plane, given roughly by Mh +MA � 90 GeV.This is in 
ontrast to the SM Higgs boson whi
h should be heavier than114.4 GeV (95% CL), also the MSSM Higgs parti
les should be heavier than� 90 GeV [30℄. An analysis of the Bjorken pro
ess leads to an upper limit onthe 
oupling of h to the gauge boson, �hV . This limit obtained at 95% CL ispresented at Fig. 1(Right). We see, that this 
oupling is mu
h smaller than1 for Mh <� 50 GeV. The Yukawa 
ouplings �d of a very light s
alar or of avery light pseudos
alar, with mass below 10 GeV, are 
onstrained in form ofupper limits by the low energy data [34, 35℄, whereas LEP experiments [33℄do that for masses >� 4 GeV (see Figs. 4, 5). It is only the analysis of thede
ay Z ! h=A
 at LEP [25℄, that gives both the upper and lower limitsfor j�dj, equal to tan� for A and, if �hV = 0, also for h.The 
onstraints from the � ! h(A)
 pro
ess, mentioned above, havebeen measured by few groups [34℄. We present their results in Figs. 4 (linesdenoted by K,N and L). Unfortunately the 
orresponding predi
tions havelarge experimental and theoreti
al un
ertainties the latter due to the QCDand relativisti
 
orre
tions. Nevertheless, as we will see below, the 
on-straints 
oming from this pro
ess, even with large un
ertainties, play animportant role in 
losing a low mass window for the s
alar h.Finally, note that in the 2HDM there is an important lower limit on themass of H+, 
oming from the NLO analysis of the b ! s
 data, given byMH+ � 500 GeV at 95% CL [37℄.
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Fig. 1. Left: The (Mh;MA) ex
lusion plot from OPAL [31℄. Right: The upperlimit on the (�hV )2 (DELPHI preliminary results [32℄).4. Constraining 2HDM(II) by g � 2 for the muon dataWe apply the Æa�, obtained in Se
. 2, to 
onstrain parameters of the2HDM (II) (see also earlier papers [24,39,40℄). We assume that the lightestHiggs boson, h or A, dominates the full 2HDM (II) 
ontribution, i.e. wehave a2HDM� � ah�, or aA� (a simple approa
h in [24℄). This approa
h shouldhold for masses below 50 GeV (see Fig. 1(Left)). For a higher masses, whi
hare also 
onsidered here, this is essentially equivalent to an assumption of alarge mass gap between the lightest one, h or A, and the remaining Higgs-bosons, whi
h lead to a light-h or a light-A s
enario. The relevant one- andtwo-loop diagrams, studied in [24,38,39℄ and [24,40℄, respe
tively, are shownin Figs. 2 for the h and A 
ontributions.

h,A� �


 
h,A� �f(W;H+)
Fig. 2. One- and two-loop (W+ and H+ loops are only for a h-ex
hange) diagrams.A

ording to the LEP limits, dis
ussed in Se
. 3.2, we assume that hdoes not 
ouple to W=Z, and therefore we negle
t the W -loop in the light-hs
enario. We in
lude, however, a H+-loop with MH+ equal to 400, 800 GeV(and for � = 0). In Fig. 3 we present the 
ontributions to a� obtained for
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Fig. 3. The (absolute value of) individual 
ontributions to a� from a s
alar h (solidline), a pseudos
alar A (dashed line) and a 
harged Higgs boson H+ (dotted line).The one-loop 
ontribution for A and H+, and the two-loop one for h, are negative.Two-loop diagram 
ontributions for A and h (denoted �1�) are based on the down-type fermion loops. For h also results with the H+-loop are shown: line �2�(�3�)
orresponds to MH+=800(400) GeV.a h (solid lines), and for a A (dashed lines), assuming Yukawa 
ouplings �dequal to 1. For both h and A, the one-loop [24, 38, 39℄ and two-loop [24, 40℄results are shown separately. For the purpose of 
omparison a one-loop H+
ontribution is presented. The one-loop diagram gives positive 
ontributionto a� for a s
alar, whereas it is negative for a pseudos
alar, independentlyof the value of the Higgs-boson mass. The signs of the two-loop 
ontri-butions are reversed, these diagrams 
ontribute negatively (positively) fora h (A) 
ase [40℄. These two-loop diagrams 
an give large 
ontributions,sin
e they allow to avoid one small Yukawa 
oupling with muon in favor ofthe 
oupling with the other, potentially heavy, parti
les 
ir
ulating in theloop [40, 41℄. Indeed, the 
ontributions of two-loop diagrams dominate overthe 
orresponding one-loop ones when the mass of h or A is above few GeV,see Fig. 3. As a result, in the two-loop analysis, based on a sum of the one-and two-loop (fermioni
 and bosoni
) 
ontributions, a positive (negative)
ontribution 
an be as
ribed to a s
alar h with mass below (above) 5 GeVor a pseudos
alar A with mass above (below) 3 GeV.In our 
al
ulation, ah� and aA� 
ontain 
ontributions either proportionalto �2d, equivalently to tan2 � for A and for h (if �hV = 0), or to �d�u = �1.Assuming ah� = Æa� for a light-h s
enario, and aA� = Æa� for a light-A one,and using the estimate of the interval Æa� from Table II, we 
an derive
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onstraints on tan �, for h and A. They are, as expe
ted, in the form ofallowed regions (the area between thi
k lines in Figs. 4) for mass below 5GeV for h (Fig. 4(Left)) and for mass above 3 GeV for A (Fig. 4(Right)),(see also [40℄).
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Fig. 4. Current 95% CL 
onstraints for h (Left) and for A (Right). The(g�2)� data (this analysis) give allowed regions laying between thi
k dashed lines.Also the upper limits from LEP experiments (ALEPH, DELPHI, OPAL), Tevatron,and from the � de
ay into h(A)
, and � de
ay are presented. The lower limitsfrom LEP measurements on Z ! h(A)
 are shown as well. See text for details.5. Combined 95% CL 
onstraintsThe 95% 
onstraints from the (g � 2)� are presented in Figs. 4 (areabetween thi
k lines) together with 
urrent upper limits from LEP, from theYukawa pro
esses [33℄ (see ALEPH, DELPHI and OPAL results). Also thelower limits from the Z ! h(A)
 [25℄ 
an be seen in Figs. 4. In addition,the upper 90% CL limits from the � de
ay (lines denoted K, N and L,with the K results res
aled by a fa
tor 2, as dis
ussed in [24℄), and from theTevatron [36℄, are presented as well.We see, that our two-loop analysis based on the latest (g � 2)� dataand on the FJ02 estimation of ahad� (vp1), if 
ombined with 
onstraints fromother experiments, allows in the 2HDM (II) for an existen
e of a pseudos
alarwith mass between � 25 GeV and 70 GeV, and tan � above 25. The allowedby (g� 2)� data mass region for A , between � 3 and 25 GeV, are ex
ludedby the 
onstraints from LEP, based on OPAL and DELPHI data. On theother hand the 
onstraints from the Tevatron 
lose the pseudos
alar-masswindow above 70 GeV. For a light s
alar the 
ombined 
onstraints are even
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onstraints from the � de
ay data are taken intoa

ount, the allowed by the latest (g� 2)� data area disappears. Note, thatthe ex
lusion of a light h is in agreement with a 
on
lusion of a theoreti
alanalysis [42℄. 6. The 
on
lusions and outlookThe latest pre
ise measurement of the (g � 2)� if 
ompared with theimproved, theoreti
al estimations of the SM 
ontribution, allows one to 
on-strain strongly the additional 
ontribution, whi
h arises in a CP 
onserving,non-supersymmetri
 2HDM (II) for a small parameter �. The additional
ontribution, allowed at 95% CL, has to have a positive sign, and 
an leadto a 
lear predi
tion for a light-s
alar and a light-pseudos
alar s
enarios inthe model 
onsidered here. These two s
enarios 
orrespond to the 
ase whenone of the Higgs boson, h or A, is very light, mu
h lighter than the otherHiggs parti
les of the model. It should be further noted that both of theses
enarios are in agreement with existing data from other experiments. Anex
hange of su
h light parti
le dominates in the one-, and two-loop 
ontri-butions to the a�. Constraints from (g � 2)� are su
h that they ex
lude alight h with a mass above 5 GeV, and a light A if its mass is below 3 GeV,as the 
orresponding 
ontributions are negative in these regions.Our two-loop analysis presented in this paper is based on the newest(g � 2)� data and on the (preliminary) FJ02 estimation of ahad� . Com-bining the 
onstraints from the (g � 2)� data with those from from otherexperiments, a pseudos
alar with mass between � 25 GeV and 70 GeV, and25 � tan � � 115 is allowed. However a light s
alar is ex
luded.The main results will hold also if the g � 2 
onstraints will be based onthe HMNT results for the vp1. For the HMNT(in) 
ase the window for apseudos
alar will be even smaller: 35 � MA � 70 GeV and tan� between40 and 120. The results will not 
hange signi�
antly, if the un
ertainty forthe lbl 
ontribution will be even two times larger than in the estimation weused in the analysis.Finally, we stress a need for a 
oherent and a 
omprehensive error anal-ysis for the SM 
ontributions to the a�.I am grateful to Fred Jegerlehner and Thomas Teubner for many valuabledis
ussions on the re
ent results on the g�2 for the muon. I am espe
ially in-debted to Rohini Godbole for 
riti
al 
omments and important suggestions,also I thank Sªawek Tka
zyk and other 
olleagues for useful dis
ussions andinformation. I am grateful to M. Boonekamp, M. Kobel and F. Akesson forsending me results on the Yukawa pro
ess and on other sear
hes at LEP.Finally I would like to thank organizers of this ex
ellent meeting for theirhelp.
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