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CHARGED HIGGS BOSON IN THE ECONOMICAL 3�3�1 MODELD. V. Soa, D. L. Thuy, L. N. Thu *Department of Physis, Hanoi University of Eduation, Hanoi, VietnamT. T. HuongInstitute of Physis, VAST, Hanoi 10000, VietnamReeived Marh 14, 2007The SU(3)C
SU(3)L
U(1)X gauge model with two Higgs triplets (the eonomial 3�3�1 model) is presented.The minimal Higgs potential is onsidered in detail, and new Higgs bosons with the mass proportional to thebilepton mass are predited. In the e�etive approximation, the harged Higgs bosons H�2 are salar bileptons,while the neutral salar bosons H0 and H01 do not arry lepton number. The ouplings of the harged Higgsbosons to leptons and quarks are given. We show that Yukawa ouplings of H�2 to ordinary leptons and quarksare lepton-number violating. Pair prodution of H�2 at high-energy e+e� olliders with polarization of thee+, e� beams is studied in detail. Numerial evaluation shows that if the Higgs mass is not too heavy thenthe reation an give observable ross setion in future olliders at high degree of polarization. The reatione+e� ! H�2 W� is also examined. We show that the prodution ross setions of H�2 W� are very small,muh below the pair prodution of H�2 , and therefore the assoiated prodution of H�2 and W� is in generalnot expeted to lead to easily observable signals in e+e� annihilation.PACS: 12.60.Fr, 14.80.Cp, 12.60.Cn, 14.80.Mz1. INTRODUCTIONReent neutrino experimental results [1℄ establishthe fat that neutrinos have masses and the stan-dard model (SM) must be extended. Among the ex-tensions beyond the SM, the models based on theSU(3)C 
 SU(3)L 
 U(1)X (3�3�1) gauge group havesome intriguing features. First, they an give partialexplanation of the generation number problem. Se-ond, the third quark generation has to be di�erent fromthe �rst two, whih leads to a possible explanation ofwhy the top quark is unharateristially heavy.There are two main versions of the 3�3�1 models.In one of them [2℄, the three known left-handed lep-ton omponents for eah generation are assoiated withthree SU(3)L triplets as (�l; l; l)L, where lL is relatedto the right-handed isospin singlet of the harged lep-ton l in the SM. The salar setor of this model isquite ompliated (three triplets and one sextet). Inthe seond version [3℄, three SU(3)L lepton triplets areof the form (�l; l; �l )L, where �l is related to the right-handed omponent of the neutrino �eld �l (a model*E-mail: dvsoa�asso.iop.vast.a.vn

with right-handed neutrinos). The salar setor of thismodel requires three Higgs triplets, and we thereforeall this version the 3�3�1 model with three Higgstriplets (331RH3HT) in what follows. It is interestingto note that in the 331RH3HT, two Higgs triplets havethe same U(1)X harge with two neutral omponentsat their top and bottom. Allowing these neutral om-ponents to have vauum expetation values (VEVs),we an redue the number of Higgs triplets to two.Based on these results, a model with two Higgs triplets,the eonomial 3�3�1 model, was proposed reently [4℄.This model ontains a very important advantage: thereis no new parameter, but its Higgs setor is very simple,and hene a signi�ant number of free parameters areredued. In the Higgs setor of this model, there arefour physial Higgs bosons. Two of them are neutralphysial �elds (H0 and H01 ), others are singly hargedbosons H�2 .The Higgs boson plays an important role in theSM, being responsible for the generation of the massesof all elementary partiles (leptons, quarks, and gaugebosons). The experimental detetion of them will be agreat triumph of the eletroweak interations and will1266



ÆÝÒÔ, òîì 132, âûï. 6 (12), 2007 Charged Higgs boson in the eonomial 3�3�1 modelmark a new stage in high-energy physis. However, themass of the Higgs boson is a free parameter1). Thetrilinear Higgs self-oupling an be measured diretlyin pair prodution of the Higgs partile at hadron andhigh-energy e+e� linear olliders [6�9℄ or at photon ol-liders [10℄. Interations among the SM gauge bosonsand Higgs bosons in the eonomial 3�3�1 model werestudied in detail in our earlier work [11℄. The trilineargauge boson ouplings in the 3�3�1 models were pre-sented in [12℄. Prodution of bileptons in high-energyollisions [13℄ and the single Z 0 prodution at CLICbased on e� ollisions were studied in [14℄. The disov-ery potential for doubly harged Higgs bosons and thepossibility to detet the neutral Higgs boson in the min-imal version at e+e� olliders was onsidered in [15, 16℄.Prodution of the Higgs bosons in the 331RH3HT atthe CERN LHC was studied in [17℄. The distinguishinglittle-Higgs prodution and simple group models at theLHC and ILC were also disussed reently [18℄.The polarization of eletron and positron beamsgives a very e�etive means to ontrol the e�et of theSM proesses on the experimental analyses. Beam po-larization is also an indispensable tool in identifyingand studying new partiles and their interations. Inthis paper, we onsider some properties of H�2 in the3�3�1 eonomial model and the future perspetive ex-periment, the prodution of the singly harged Higgsboson in high-energy ollisions with polarization of e+,e� beams.This paper is organized as follows. In Se. 2, wegive a brief review of the eonomial 3�3�1 model. Se-tion 3 presents the minimal Higgs potential in detail. InSe. 4, we onsider the oupling of the harged Higgsboson with leptons and quarks. Setion 5 representsa detailed alulation of the ross setion of H�2 pairprodution with polarization of e+, e� beams. The as-soiated prodution of H�2 and W� via neutral bosonsZ and Z 0 is given in Se. 6. We summarize our resultand make onlusions in Se. 7.2. A REVIEW OF THE ECONOMICAL 3�3�1MODELThe partile ontent in this model, whih is anomalyfree, is given by [4℄ aL = (�aL; laL; NaL)T � �1; 3;�13� ;laR � (1; 1;�1); (1)1) For a review on the Higgs setor in the SM, see [5℄.

where a = 1; 2; 3 is a family index. The right-handedneutrino is denoted by NL � (�R) andQ1L = (u1; d1; U)TL � �3; 13� ;Q�L = (d�;�u�; D�)TL � (3�; 0); � = 2; 3;uaR � �1; 23� ; daR � �1;�13� ;UR � �1; 23� ; D�R � �1;�13� : (2)Eletri harges of the exoti quarks U and D� arethe same as for the usual quarks, i.e., qU = 2=3 andqD� = �1=3. The SU(3)L
U(1)X gauge group is bro-ken spontaneously in two steps. In the �rst step, it isembedded into the SM group via a Higgs salar triplet� = ��01; ��2 ; �03�T � �3;�13� ; (3)endowed with the VEVh�i = 1p2 (u; 0; !)T : (4)In the seond step, to embed the gauge group of theSM into U(1)Q, another Higgs salar triplet� = ��+1 ; �02; �+3 �T � �3; 23� (5)is needed with the VEVh�i = 1p2 (0; v; 0)T : (6)The Yukawa interations that indue the fermionmasses an be written in the most general form asLY = (L�Y + L�Y ) + LmixY ; (7)where(L�Y + L�Y ) = h011Q1L�UR + h0��Q�L��D�R ++ heij iL�ejR + h�ij�pmn( iL)p( jL)m(�)n ++ hd1iQ1L�diR + hd�iQ�L��uiR +H..; (8)LmixY = hu1iQ1L�uiR + hu�iQ�L��diR ++ h001�Q1L�D�R + h00�1Q�L��UR + H.. (9)The VEV ! gives mass to the exoti quarks U and D�and the new gauge bosons Z 0, X , and Y , while theVEVs u and v give mass to the quarks ua and da, the1267 2*



D. V. Soa, D. L. Thuy, L. N. Thu, T. T. Huong ÆÝÒÔ, òîì 132, âûï. 6 (12), 2007leptons la, and the ordinary gauge bosons Z andW . Topreserve the orrespondene with the e�etive theory,the VEVs in this model must satisfy the onstraintu2 � v2 � !2: (10)The masses of the gauge bosons areM2W = g2v24 ; (11)M2Y = g24 (u2 + v2 + !2); (12)M2X = g24 (!2 + u2); (13)and M2Z1 � g242W (v2 � 3u2); (14)M2Z2 � g22W!23� 4s2W : (15)Relations (11), (12), and (13) imply the splittingbetween the bilepton masses similar to the law ofPythagoras M2Y =M2X +M2W : (16)Therefore, the harged bilepton Y is slightly heavierthan the neutral one X . We reall that a similar rela-tion in the 331RH3HT is jM2Y �M2X j � m2W [3℄.3. HIGGS POTENTIALIn this model, the most general Higgs potential hasthe very simple formV (�; �) = �21�y�+�22�y�+�1(�y�)2+�2(�y�)2++ �3(�y�)(�y�) + �4(�y�)(�y�): (17)We note that there is no trilinear salar oupling, whihmakes the Higgs potential muh simpler than that inthe 331RH3HT [19℄ and loser to that of the SM. Theanalysis in Ref. [20℄ shows that after the symmetrybreaking, there are eight Goldstone bosons and fourphysial salar �elds. One of two physial neutralsalars is the SM Higgs boson.We shift the Higgs �elds into physial ones,� = 0BBB� �01 + up2��2�03 + !p2 1CCCA ; � = 0BB� �+1�02 + vp2�+3 1CCA : (18)

With (18) substituted in (17), the potential beomesV (�; �) = �21 ���0�1 + up2���01 + up2� ++�+2 ��2 +��0�3 + !p2���03 + !p2��++�22 ���1 �+1 +��0�2 + vp2���02+ vp2�+��3 �+3 �++ �1 ���0�1 + up2���01 + up2�++ �+2 ��2 +��0�3 + !p2���03 + !p2��2 ++�2 ���1 �+1 +��0�2 + vp2���02+ vp2�+ ��3 �+3 �2 ++ �3 ���0�1 + up2���01 + up2�++ �+2 ��2 +��0�3 + !p2���03 + !p2���� ���1 �+1 +��0�2 + vp2���02 + vp2�+ ��3 �+3 �++ �4 ���0�1 + up2��+1 + �+2 ��02 + vp2�++ ��0�3 + !p2��+3 ��� ���1 ��01 + up2�+��0�2 + vp2���2 ++��3 ��03 + !p2�� : (19)From the above expression, we obtain onstraint equa-tions at the tree level�21 + �1(u2 + !2) + �3 v22 = 0; (20)�22 + �2v2 + �3 (u2 + !2)2 = 0; (21)whih imply that the Higgs vaua are not SU(3)L 

 U(1)X singlets. As a result, the gauge symmetry isbroken spontaneously. The nonzero values of � and �at the minimum value of V (�; �) an be easily obtainedas �+� = u2 + !22 = �3�22 � 2�2�214�1�2 � �23 ; (22)�+� = v22 = �3�21 � 2�1�224�1�2 � �23 :It is worth noting that any other hoie of u and! for the vauum value of � satisfying (22) gives1268



ÆÝÒÔ, òîì 132, âûï. 6 (12), 2007 Charged Higgs boson in the eonomial 3�3�1 modelthe same physis beause it is related to (4) by anSU(3)L 
 U(1)X transformation. Thus, in general, weassume that u 6= 0.Beause u is the lepton-number violation parame-ter, the terms linear in u violate the lepton number.Applying onstraint equations (20) and (21), we ob-tain the minimum value, mass terms, lepton-numberonserving, and lepton-number violating interations:V (�; �) = Vmin+V Nmass+V Cmass+VLNC+VLNV ; (23)whereVmin = ��24 v4 � 14(u2 + !2)[�1(u2 + !2) + �3v2℄;V Nmass = �1(uS1 + !S3)2 + �2v2S22 ++ �3v(uS1 + !S3)S2; (24)V Cmass = �42 (u�+1 + v�+2 + !�+3 )�� (u��1 + v��2 + !��3 ); (25)VLNC = �1(�+�)2 + �2(�+�)2 ++ �3(�+�)(�+�) + �4(�+�)(�+�) ++ 2�1!S3(�+�) + 2�2vS2(�+�) + �3vS2(�+�) ++ �3!S3(�+�) + �4p2(v��2 + !��3 )(�+�) ++ �4p2(v�+2 + !�+3 )(�+�); (26)VLNV = 2�1uS1(�+�) + �3uS1(�+�) ++ �4p2u ���1 (�+�) + �+1 (�+�)� : (27)We here expanded the neutral Higgs �elds as�01 = S1 + iA1p2 ; �03 = S3 + iA3p2 ;�02 = S2 + iA2p2 : (28)In the literature, the real parts (Si; i = 1; 2; 3) arealso alled CP-even salars and the imaginary parts(Ai; i = 1; 2; 3) are alled CP-odd salars. In this pa-per, we all them salar and pseudosalar �elds, respe-tively. As expeted, the lepton-number violating partVLNC is linear in u and trilinear in salar �elds.In the pseudosalar setor, all �elds are Goldstonebosons: G1 = A1, G2 = A2, and G3 = A3 (see

Eq. (24)). The salar �elds S1, S2, and S3 aquiremasses via (24), and we therefore obtain one Goldstoneboson G4 and two neutral physial �elds: the SM H0and the new H01 with the massesm2H0 = �2v2 + �1(u2 + !2)��q[�2v2 � �1(u2 + !2)℄2 + �23v2(u2 + !2) �� 4�1�2 � �232�1 v2; (29)M2H01 = �2v2 + �1(u2 + !2) ++q[�2v2 � �1(u2 + !2)℄2 + �23v2(u2 + !2) �� 2�1!2: (30)In terms of salars, the Goldstone and Higgs �elds aregiven by G4 = 1p1 + t2� (S1 � t�S3); (31)H0 = �S2 � s�p1 + t2� (t�S1 + S3); (32)H01 = s�S2 + �p1 + t2� (t�S1 + S3); (33)where t2� � �3MWMX�1M2X � �2M2W : (34)It follows from Eq. (30) that the mass of the new HiggsbosonMH01 is related to the mass of the bilepton gaugeX0 (or Y � via the law of Pythagoras) throughM2H01 = 8�1g2 M2X �1 +O�M2WM2X �� == 2�1s2W�� M2X �1 +O�M2WM2X �� � 18:8�1M2X : (35)Here, we use � = 1=128 and s2W = 0:231.In the harged Higgs setor, the mass terms for(�1; �2; �3) are given by (25), and hene there are twoGoldstone bosons and one physial salar �eld:H+2 � 1pu2 + v2 + !2 (u�+1 + v�+2 + !�+3 ) (36)with the massM2H+2 = �42 (u2 + v2 + !2) = 2�4M2Yg2 == s2W�42�� M2Y � 4:7�4M2Y : (37)1269



D. V. Soa, D. L. Thuy, L. N. Thu, T. T. Huong ÆÝÒÔ, òîì 132, âûï. 6 (12), 2007The remaining two Goldstone bosons areG+5 = 1p1 + t2� (�+1 � t��+3 ); (38)G+6 = 1p(1 + t2�)(u2 + v2 + !2) �� �v(t��+1 + �+3 )� !(1 + t2�)�+2 � : (39)Thus, all pseudosalars are eigenstates and aremassless (Goldstone). The other physial �elds arerelated to the salars in the weak basis by the lineartransformations0B� H0H01G4 1CA = 0B� �s�s� � �s���s� s� ��� 0 �s� 1CA0B� S1S2S3 1CA ; (40)0B� H+2G+5G+6 1CA = 1p!2 + 2�v2 ��0BBBBB� !s� v� !��p!2 + 2�v2 0 �s�p!2 + 2�v2vs2�2 �! v2�
1CCCCCA��0B� �+1�+2�+3 1CA : (41)From (29) and (30), we reprodue the result inRef. [20℄: �1 > 0; �2 > 0; 4�1�2 > �23: (42)Equation (37) shows that the mass of the massiveharged Higgs boson H�2 is proportional to the mass ofthe harged bilepton Y through the Higgs self-ouplingonstant �4 > 0. The same is true for the SM Higgs bo-son H0 (MH0 �MW ) and the new H01 (MH01 � MX).Combining (42) with onstraint equations (20) and(21), we obtain that �3 < 0.To �nish this setion, we omment on our physialHiggs bosons. In the e�etive approximation w � v; u,it follows from Eqs. (40) and (41) thatH0 � S2; H01 � S3; G4 � S1;H+2 � �+3 ; G+5 � �+1 ; G+6 � �+2 : (43)This means that in the e�etive approximation, theharged boson H�2 is a salar bilepton (with leptonnumber L = 2), and the neutral salar bosons H0 andH01 do not arry lepton number (L = 0).

4. INTERACTION OF H�2 WITH LEPTONSAND QUARKSSubstituting Eq. (41) in Eqs. (8) and (9), we obtainthe ouplings of H�2 to leptons and quarks asLleptonY = !H+2p!2+2�v2 hs�(heij�iLejR�2h�ij�iLejL)++ �(heij�iRejR + 2h�ij�iLejL)i+H.. (44)andL�(quark)Y = v�p!2 + 2�v2 �� �h011H�2 d1LUR � h0��H+2 u�LD�R�+H..; (45)L�(quark)Y = !p!2+2�v2 hhd1iH+2 (s�u1L+�UL)diR++ hd�iH�2 (s�d�L + �D�L)uiRi+H..; (46)L�(mix)Y = v�p!2 + 2�v2 �� �hu1iH�2 d1LuiR � hu�iH+2 u�LdiR�+H..; (47)L�(mix)Y = !p!2+2�v2 hh001�H+2 (s�u1L+�UL)D�R++ h00�1H�2 (s�d�L + �D�L)DRi+H.. (48)From Eqs. (44) and (46), we see that the Yukawa ou-pling of H�2 to the ordinary leptons and quarks vio-lates the lepton number beause L(H�2 ) = �2. In thisase, the oupling oe�ients are proportional to s�,whih means that the Yukawa ouplings are very weak.Interations among the SM gauge bosons and Higgsbosons were studied in detail in [11℄. From these ou-plings, all salar �elds inluding the neutral salar H0and the Goldstone bosons were identi�ed and their ou-plings to the usual gauge bosons suh as the photon,the harged bosonsW�, and the neutral Z, and also Z 0were reovered without any additional onditions. Wenote that the CP-odd part of the Goldstone boson asso-iated with the neutral non-Hermitian bilepton gaugeboson GX0 deouples, while its CP-even ounterpartis involved in mixing in the same way as in the gaugeboson setor.5. PAIR PRODUCTION OF H�2 IN e+e�COLLIDERSHigh-energy e+e� olliders have been essential in-struments to searh for the fundamental onstituents of1270



ÆÝÒÔ, òîì 132, âûï. 6 (12), 2007 Charged Higgs boson in the eonomial 3�3�1 modelTable 1. Trilinear ouplings of the pair H�2 to theneutral gauge bosons in the SMVertex A�H�2  !��H+2 Z�H�2  !��H+2Coupling ie �igSW tWmatter and their interations. The possibility to detetthe neutral Higgs boson in the minimal version at e+e�olliders was onsidered in [16℄ and prodution of theSM-like neutral Higgs boson at the CERN LHC wasstudied in [17℄. This setion is devoted to the pair pro-dution ofH�2 at e+e� olliders with the enter-of-massenergy hosen as ps � 1000 GeV (CLIC) [15, 16℄. Thetrilinear ouplings of H�2 to the neutral gauge bosonsin the SM are given in Table 1 [11℄.From Table 1, we an see that the prodution ofH�2 in e+e� olliders ours through the neutral gaugebosons in the SM. We now onsider the proess in whihthe initial state ontains an eletron and a positron andthe �nal state ontains a pair of H�2 :e�(p1) + e+(p2)! H+2 (k1) +H�2 (k2): (49)Straightforward alulation yields the following di�er-ential ross setion (DCS) in the enter-of-mass framewith the polarized e+e� beams:d�(P+;P�)d os � = K3H+2 H�2 ��24s2 � 1s2 (1� P+P�)��gz[ve(1� P+P�)� ae(P� � P+)℄2W sW s(s�m2Z) ++ g2z [(v2e + a2e)(1� P�P+)� 2veva(P� � P+)℄162W s2W (s�m2Z)2 ��� �1� os2 �� ; (50)where � is the angle between p1 and k1,g = esW ; gZ = 2!2s2W � v2(42W � 1)2sW W (!2+v2) ;ve = �1 + 4s2W ; ae = �1;andKH+2 H�2 = h(s�m2H+2 �m2H�2 )2�4m2H+2 m2H�2 i1=2 : (51)P+ and P� are the respetive polarization oe�ientsof the e+ and e� beams. The total ross setion isgiven by
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Fig. 1. The total ross setion of the proesse+e� ! H�2 as a funtion of polarization oe�ients.The ollision energy is taken to be ps = 1 TeV andthe Higgs mass mH�2 = 200 GeV
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Fig. 2. The DCS of the proess e+e� ! H�2 as afuntion of os �. The ollision energy is taken to beps = 1 TeV and the Higgs mass mH�2 = 200 GeV.Curve 1 is for P� = 0; P+ = 0 and urve 2 forP� = �1; P+ = 1�(P+;P�) = K3H+2 H�2 ��23s2 � 1s2 (1� P+P�)�� gz[ve(1� P+P�)� ae(P� � P+)℄2W sW s(s�m2Z) ++ g2z [(v2e+a2e)(1�P�P+)�2veva(P��P+)℄162W s2W (s�m2Z)2 � ; (52)where we take mZ = 91:1882 GeV, v = 246 GeV, and! = 1 TeV [4℄.1271
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Fig. 3. The total ross setion of the proesse+e� ! H�2 as a funtion of mH for P� = �1 andP+ = 1. The ollision energies are hosen as ps = 0:7(1 ), 0:85 (2 ), 1 (3 ) TeV
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Fig. 4. The total ross setion of the proesse+e� ! H�2 as a funtion of mH for P� = P+ = 0.The ollision energies are hosen as in Fig. 3Based on Eqs. (44) and (46), we analyze the behav-ior of the ross setion for some high energies of e+e�olliders. In Fig. 1, we plot the ross setion �(P+;P�) asa funtion of the polarized oe�ients (P+, P�). Theollision energy is taken to be ps = 1 TeV and theHiggs mass is hosen as mH�2 = 200 GeV. The �gureshows that the ross setion has the maximum value�(P+;P�) = 6 � 10�2 pb at P� = �1 and P+ = 1, while�0 = 2:1�10�2 pb at P� = P+ = 0. The DCS as a fun-tion of os � is shown in Fig. 2 (urve 1 for P� = P+ = 0and urve 2 for P� = �1, P+ = 1). We see from Fig. 2that the DCS has a maximum value at os � = 0, sim-ilarly to the proess e+e� ! Zh in the SM (while theDCS of the reations e+e� ! ZZ;ZA has the minimalvalue at os � = 0) [9℄. The results show that the ross

Table 2. Number of events with the integrated lu-minosity 500 fb�1 and mH = 200 GeVps, GeV 700 850 1000�(P+;P�), pb 8:7 � 10�2 7:4 � 10�2 6:1 � 10�2Number of events N 43500 37000 30500setion with highly polarized e+, e� beams is approxi-mately three times larger than those with unpolarizede+, e� beams. The dependene of the total ross se-tion on the Higgs mass for �xed ollision energies, typ-ially ps = 0:7, 0:85, 1 TeV, is also shown in Fig. 3 forP� = �1, P+ = 1 and in Fig. 4 for P� = P+ = 0. TheHiggs mass is hosen as 200 GeV � mH � 500 GeV.As we an see from the �gures, at high energies, theross setion dereases as mH inreases. It is worthnoting that there is no di�erene between two linesat mH � 240, 260, and 300 GeV, with the respetiveross setions given by �(P+;P�) = 6 � 10�2, 5 � 10�2,and 4:2 � 10�2 pb. With the high integrated luminosity500 fb�1 [8℄ and the Higgs mass hosen at a relativelylow value of 200 GeV, the number of events with dif-ferent values of ps is given in Table 2. From theseresults, we an see that with the high integrated lumi-nosity and at the high degree of polarization of eletronand positron beams, the prodution ross setion mayhave observable values at moderately high energies. Atthe CLIC (ps = 1 TeV), the number of events is ap-proximately N = 30500, as expeted.6. ASSOCIATED PRODUCTION OF H�2 ANDW� IN e+e� COLLIDERSSimilarly to Se. 5, in this setion we evaluate theassoiated prodution of H�2 and W� at e+e� ollid-ers via a Z Z 0 exhange, whih is lepton-number vio-lating with �L = �2. The trilinear ouplings of thepair H�2 W� to the neutral gauge bosons in the eo-nomial 3�3�1 model are given in Table 3 [11℄. Here,U�� (�; � = 1; 2; 3; 4) is a mixing matrix of neutralgauge bosons given in the Appendix. The angle � is themixing angle between harged gauge bosons W and Y ,whih is de�ned by [4℄tg � = u=!: (53)The deay of the harged gauge boson W into leptonsand quarks analyzed in detail in [4℄ gives the upperlimit s� � 0:08. We an see from Table 3 that the as-soiated prodution of H�2 and W� at e+e� ollidersours through the neutral gauge bosons Z and Z 0 inthe s-hannel1272



ÆÝÒÔ, òîì 132, âûï. 6 (12), 2007 Charged Higgs boson in the eonomial 3�3�1 modele�(p1) + e+(p2)! H�2 (k1) +W�(k2): (54) In this ase, the DCS is given byd�(P+;P�)d os � = KH�2 W��2�32s2 (e2Z [(v2e + a2e)(1� P�P+)� 2veae(P� � P+)℄16C2WS2W (s�m2Z)2 ++ e02Z [(v02e + a02e)(1� P�P+)� 2v0ea0e(P� � P+)℄16C2WS2W (s�m2Z0)2 + eZe0Z [(vev0e + aea0e)(1� P�P+)� (vea0e + v0eae)(P� � P+)℄82W s2W (s�m2Z)(s�m2Z0) )��(�2s+ K2H�2 W�2m2W (1� os2 �)) (55)and the total ross setion is�(P+;P�) = KH�2 W��2�32s2 (e2Z [(v2e + a2e)(1� P�P+)� 2veae(P� � P+)℄16C2WS2W (s�m2Z)2 ++ e02Z [(v02e + a02e)(1� P�P+)� 2v0ea0e(P� � P+)℄16C2WS2W (s�m2Z0)2 ++ eZe0Z [(vev0e + aea0e)(1� P�P+)� (vea0e + v0eae)(P� � P+)℄8C2WS2W (s�m2Z)(s�m2Z0) )(�4s+ 23K2H�2 W�m2W ) ; (56)whereve = �1 + 4S2W ; ae = �1; v0e = vep4C2W � 1 ;a0e = aep4C2W � 1 ;eZ = v!2S2Wp!2 + 2�v2 �� hs��(U12 +p3U22) + 2�U42i ; (57)e0Z = v!2S2Wp!2 + 2�v2 �� hs��(U13 +p3U23) + 2�U43i ; (58)andKH�2 W� = h(s�m2H�2 �m2W )2�4m2H�2 m2W i1=2 : (59)We here use data as in the previous setion, withmZ0 = 800 GeV [12℄. For onveniene of alula-tions, we take the upper value of the mixing angle(s�)max = 0:08.We now evaluate the ross setion in detail. InFig. 5, we plot the total ross setion �(P+;P�) as afuntion of the polarized oe�ients. The status is asin Fig. 1, the total ross setion �(P+;P�) takes the ma-ximum value �(P+;P�) = 2:5 � 10�6 pb at P� = �1 andP+ = 1, while if the e+, e� beams are not polarized,then �0 = 0:8 �10�6 pb. In this ase, the ross setion is

approximately 2:4 � 104 times smaller than those of thepair prodution H�2 under the same onditions. TheDCS as a funtion of os � at ps = 1 TeV is shown inFig. 6 (urve 1 with P� = P+ = 0 and urve 2 withP� = �1, P+ = 1). We see that the behavior of DCS issimilar to that in Fig. 2. The Higgs mass dependene ofthe total ross setion is shown in Fig. 7 for P� = �1,P+ = 1 and in Fig. 8 for P� = P+ = 0. The mass rangeis 200 GeV � mH � 800 GeV and the ollision ener-gies are hosen as above, ps = 0:7, 0:85, and 1 TeV,respetively. We an see from the �gures that the totalross setion dereases rapidly as mH inreases. Fig-ure 7 shows that at the lower bound of mH , the respe-tive ross setions are given by �(P+;P�) = 17:5 � 10�6,4:8 � 10�6, and 2:5 � 10�6 pb. We an see that Fig. 8 isthe same as Fig. 7, but the ross setions are approxi-mately three times smaller.For omparison with the behavior at higher olli-sion energies, we present the ross setion as a funtionof mH for the �xed energies ps = 1, 1:2, and 1:4 TeVin Fig. 9. It follows that at higher values of ps, thetotal ross setion dereases slowly, while at lower en-ergy (ps = 1 TeV), the total ross setion dereasesrapidly as mH inreases. This shows that the rosssetion of the pair H�2 W� prodution is muh smallerthan that of the pair prodution of H�2 under the sameonditions. We dedue that the assoiated produtionof H�2 and W� is in general not expeted to lead toeasily observable signals in e+e� ollisions.1273
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salar bosons H0 and H01 do not arry lepton number.The ouplings of harged Higgs bosons to leptons andquarks are given. It follows that the Yukawa ouplingof the harged Higgs boson to ordinary leptons andquarks are lepton-number violating. The pair produ-tion of H�2 at high-energy e+e� olliders with polariza-tion of e+, e� beams was studied in detail. Numerialevaluation shows that if the Higgs mass is not too largethen the prodution ross setion may give observablevalues at moderately high energies at high degree ofpolarization. We have also evaluated the assoiatedprodution of H�2 and W� at high-energy e+e� ollid-ers. It follows that the prodution ross setions arevery small, muh below the ross setion of the pairprodution of H�2 , and therefore the assoiated pro-dution of H�2 and W� is in general not expeted tolead to easily observable signals in e+e� annihilation.This is beause the onsidered proess is lepton-numberviolating (�L = �2).Finally, we emphasize that the assoiated produ-tion of the harged Higgs boson andW� at high-energye+e� olliders in the minimal supersymmetri SMwas reently studied in [23℄. However, this reation�rst arises at the one-loop level, while the onsideredproess in the eonomial 3�3�1 model exists at thetree level.One of the authors (D. V. Soa) expresses his sin-ere gratitude to the European Organization for Nu-lear Researh (CERN) for �nanial support. He isalso grateful to J. Ellis for the hospitality during hisvisit at CERN, where this work was ompleted. Thework was supported in part by the National Counilfor Natural Sienes of Vietnam.APPENDIXMixing matrix of neutral gauge bosonsFor onveniene in pratial alulations, we use themixing matrix1275
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