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HIGGS BOSON PRODUCTION IN e+e�AND e�e� COLLISIONS�Per OslandDepartment of Physis, University of BergenAllégaten 55, N-5007 Bergen, Norway(Reeived Marh 8, 1999)When Higgs boson andidates will be found at future olliders, it be-omes imperative to determine their properties, beyond the mass, produ-tion ross setion and deay rates. Other ruial properties are those relatedto the behaviour under CP transformations, and the self-ouplings. Thispaper addresses the question of measurability of some of the trilinear ou-plings of MSSM neutral Higgs bosons at a high-energy e+e� ollider, andthe possibilities of exploring the Higgs boson CP properties at e+e� ande�e� olliders.PACS numbers: 14.80.Cp, 12.60.Jv, 13.90.+iDediated to the memory of Bjørn Håvard Wiik1. IntrodutionThe Higgs partile is expeted to be disovered at the LHC, if not alreadyat LEP [1℄. Current estimates from preision eletroweak data [2℄ suggestthat it is rather light. A light Higgs partile would be onsistent with boththe Standard Model (SM) and the Minimal Supersymmetri Standard Model(MSSM). A detailed measurement of its branhing ratios should enable oneto distinguish between these two most favoured models.However, there is more to the MSSM Higgs setor than branhing ratios.For a omplete analysis, one should also measure the trilinear and quartiself-ouplings, whih in the MSSM are determined by the gauge ouplings.The measurability of ouplings involving the light Higgs partile wasinvestigated by Djouadi, Haber and Zerwas [3℄. It was onluded that the� Presented at the Craow Epiphany Conferene on Eletron�Positron Colliders,Craow, Poland, January 5�10, 1999.(1967)



1968 P. Oslandtrilinear ouplings �Hhh and �hhh, where h and H denote the two neutral,CP-even Higgs bosons, ould be measured at a high-energy linear ollider.This early study negleted squark mixing, but, with some limitations, theonlusion was on�rmed also for the ase of squark mixing [4℄. A reentstudy also aounts for the dominant two-loop e�ets [5℄.One should keep in mind that the Higgs setor might be more rih thansuggested by the MSSM [6℄. Thus, it would be most useful to establish theCP properties of the Higgs partile from basi priniples. A straightforwardmethod to determine the parity is to study the angular distribution of theHiggs partile itself [7,8℄. A seond approah makes use of the orientation ofthe plane spanned by the fermions from the aompanying Z boson in theBjorken proess [9�11℄.We also review the prodution of salar Higgs-like partiles in high-energy eletron�eletron ollisions, via the fusion of eletroweak gauge bo-sons. The emphasis is on how to distinguish a CP-even from a CP-odd Higgspartile [12℄. Among the more signi�ant di�erenes, we �nd that in the CP-odd ase, the Higgs spetrum is muh harder, and the dependene of thetotal ross setion on the produt of the polarizations of the two beams ismuh stronger, as ompared with the CP-even ase. We also brie�y disussparity violation, and the prodution of harged Higgs bosons.2. Trilinear Higgs ouplingsTrilinear ouplings of the neutral CP-even Higgs bosons in the MinimalSupersymmetri Standard Model (MSSM) an be measured through themultiple prodution of the lightest CP-even Higgs boson at high-energy e+e�olliders. The relevant prodution mehanisms are the prodution of theheavier CP-even Higgs boson via e+e� ! ZH, in assoiation with the CP-odd Higgs boson (A) in e+e� ! AH, or via the fusion proess e+e� !�e��eH, with H subsequently deaying through H ! hh.The trilinear Higgs ouplings that are of interest are �Hhh, �hhh, and�hAA, involving both the CP-even and CP-odd Higgs bosons. The ouplings�Hhh and �hhh are rather small with respet to the orresponding trilinearoupling �SMhhh in the SM (for a given mass of the lightest Higgs boson mh),unless mh is lose to the upper value (deoupling limit). The oupling �hAAremains small for all parameters.We have onsidered the question of possible measurements of the trilinearHiggs ouplings �Hhh and �hhh [4℄ of the MSSM [13℄ at a high-energy e+e�linear ollider that will operate at an energy of 500 GeV with an integratedluminosity per year of Lint = 500 fb�1 [14℄. In a later phase one may envisagean upgrade to an energy of 1.5 TeV.



Higgs Boson Prodution in e+e� and e�e� Collisions 1969The multiple prodution of the light Higgs boson through Higgsstrahlungof H, and through prodution of H in assoiation with the CP-odd Higgsboson an be used to extrat the trilinear Higgs oupling �Hhh. The non-resonant fusion mehanism for multiple h prodution, e+e� ! �e��ehh, in-volves two trilinear Higgs ouplings, �Hhh and �hhh, and is useful for ex-trating �hhh.In units of gmZ=(2 os �W) = (p2GF )1=2m2Z , the tree-level trilinearHiggs ouplings involving h are given by�0Hhh = 2 sin 2� sin(� + �)� os 2� os(� + �); (1)�0hhh = 3 os 2� sin(� + �); (2)�0hAA = os 2� sin(� + �); (3)with � the mixing angle in the CP-even Higgs setor, whih is determinedby the parameters of the CP-even Higgs mass matrix.We inlude one-loop radiative orretions [15, 16℄ to the Higgs setor inthe e�etive potential approximation. In partiular, we take into aount [4℄the parameters A and �, the soft supersymmetry breaking trilinear param-eter and the bilinear Higgs(ino) parameter in the superpotential. Theseparameters enter through the stop masses,m2~t1;2 = m2t + ~m2 �mt(A+ � ot �) (4)whih again enter through the radiative orretions to the Higgs masses aswell as to the Higgs trilinear ouplings. The dominant one-loop radiativeorretions are proportional to (mt=mW )4, multiplying funtions dependingon the squark masses [15, 16℄.The trilinear ouplings depend signi�antly on mA, and thus also onmh. This is shown in Fig. 1, where we ompare �Hhh, �hhh and �hAA forthree di�erent values of tan�, and the SM quarti oupling �SM (whih alsoinludes one-loop radiative orretions [17℄). For a given value of mh, thevalues of these ouplings signi�antly depend on the soft supersymmetry-breaking trilinear parameter A, as well as on �.As is lear from Fig. 1, at low values ofmh, the MSSM trilinear ouplingsare rather small. For some value of mh the ouplings �Hhh and �hhh startto inrease in magnitude, whereas �hAA remains small. The values of mh atwhih they start beoming signi�ant depend ruially on tan �.To sum up the behaviour of the trilinear ouplings, we note that �Hhhand �hhh are small for mh <� 100�120 GeV, depending on the value oftan �. However, as mh approahes its maximum value, whih requiresmA >� 200 GeV, these trilinear ouplings beome reasonably large.
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Fig. 1. Trilinear Higgs ouplings �Hhh, �hhh and �hAA as funtions of mh fortan� = 2:0 and tan� = 10:0. Eah oupling is shown for ~m = 1 TeV, and forthree ases of the mixing parameters: no mixing (A = 0, � = 0, solid), mixingwith A = 1 TeV and � = �1 TeV (dotted), as well as A = 1 TeV and � = 1 TeV(dashed). 3. Prodution mehanismsDi�erent mehanisms for multiple prodution of the MSSM Higgs bosonsin e+e� ollisions have been disussed by DHZ [3℄. The dominant mehanismfor the prodution of multiple CP-even light Higgs bosons is through themehanisms e+e� ! ZH;AHe+e� ! �e��eH � ; H ! hh; (5)shown in Fig. 2. The heavy Higgs boson H an be produed by H-strahlung,in assoiation with A, and by the resonant WW fusion mehanism. All thediagrams of Fig. 2 involve the trilinear oupling �Hhh.(a)e+e� Z H Z hh (b)e+e� Z H A hh (c)e+e� WW H hhFig. 2. Feynman diagrams for the resonant prodution of hh �nal states in e+e�ollisions.A bakground to (5) omes from the prodution of the pseudosalar Ain assoiation with h and its subsequent deay to hZe+e� ! hA; A! hZ; (6)



Higgs Boson Prodution in e+e� and e�e� Collisions 1971leading to Zhh �nal states. A further mehanism for hh prodution is doubleHiggs-strahlung in the ontinuum with a Z boson in the �nal state,e+e� ! Z� ! Zhh: (7)There is also a mehanism of multiple prodution of the lightest Higgsboson through non-resonant WW fusion in the ontinuum:e+e� ! ��e�eW �W � ! ��e�ehh; (8)as shown in Fig. 3.(a)WW W hh (b)WW hh (c)WW h;H hh (d)WW H+ hhFig. 3. Feynman diagrams for the non-resonant WW fusion mehanism for theprodution of hh states in e+e� ollisions.It is important to note that all the diagrams of Fig. 2 involve the trilinearoupling �Hhh only. In ontrast, the non-resonant analogues of Figs 2(a),2(b) and 2() (or 3()) involve both the trilinear Higgs ouplings �Hhh and�hhh. 3.1. Higgs-strahlung and assoiated prodution of HThe dominant soure for the prodution of multiple light Higgs bosonsin e+e� ollisions is through the prodution of the heavier CP-even Higgsboson H either via Higgs-strahlung or in assoiation with A, followed, ifkinematially allowed, by the deay H ! hh.In Fig. 4 we plot the relevant ross setions [18,19℄ for the e+e� entre-of-mass energy ps = 500 GeV, as funtions of the Higgs mass mH andfor tan� = 2:0. For a �xed value of mH , there is seen to be a signi�antsensitivity to the squark mixing parameters � and A. We have here taken~m = 1 TeV, a value whih is adopted throughout, exept where otherwisespei�ed.A measurement of the deay rate H ! hh diretly yields �2Hhh. Butthis is possible only if the deay is kinematially allowed, and the branhingratio is sizeable (but not too lose to unity). In Fig. 5 we show the branhingratios (at tan� = 2) for the main deay modes of the heavy CP-even Higgsboson as a funtion of the H mass [20℄. Apart from the hh deay mode, theother important deay modes are H ! WW �, ZZ�. For inreasing valuesof tan � (but �xed mh), the Hhh oupling gradually gets weaker (Fig. 1),
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Fig. 4. Cross setions for the prodution of the heavy Higgs boson H in e+e�ollisions, and for the bakground proess in whih Ah is produed. Solid urvesare for no mixing, A = 0, � = 0. Dashed and dotted urves refer to mixing.and hene the prospets for measuring �Hhh diminish. Also, the deay ratesan hange signi�antly with ~m, the over-all squark mass sale (see Fig. 5).
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Fig. 5. Branhing ratios for the deay modes of the CP-even heavy Higgs boson H ,for tan� = 2:0 and ~m equal to 1 TeV or 500 GeV, as indiated. Solid urves arefor no mixing, A = 0, � = 0. For ~m = 1 TeV, the dashed urves refer to A = 1 TeVand � = 1 TeV, whereas for ~m = 500 GeV, the dashed (dotted) urves refer toA = 500 GeV (800 GeV) and � = 1 TeV (800 GeV).
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Fig. 6. The region in the mA�tan� plane where the deay H ! hh is kinematiallyforbidden is indiated by a solid line ontour. Also given are ontours at whih thebranhing ratio equals 0.1 (dotted), 0.5 (dashed) and 0.9 (dash-dotted, far left).
∼ ∼

Fig. 7. Similar to Fig. 6, for squark mass parameter ~m = 500 GeV.There is a sizeable region in themA�tan � plane where the deayH ! hhis kinematially forbidden, shown in Figs 6 and 7, as an egg-shaped region atthe upper left. The boundary of the region depends ruially on the preiseHiggs mass values. This is illustrated by omparing two ases of mixingparameters A and � at eah of two values of the squark mass parameter~m. We also display the regions where the H ! hh branhing ratio is inthe range 0.1�0.9. Obviously, in the forbidden region, the �Hhh annot bedetermined from resonant prodution.



1974 P. Osland3.2. Double Higgs-strahlungAs disussed above, for small and moderate values of tan �, a study ofdeays of the heavy CP-even Higgs bosonH provides a means of determiningthe triple-Higgs oupling �Hhh. For the purpose of extrating the oupling�hhh, non-resonant proesses involving two-Higgs (h) �nal states must beonsidered. The Zhh �nal states produed in the non-resonant double Higgs-strahlung e+e� ! Zhh, and whose ross setion involves the oupling �hhh,ould provide one possible opportunity.
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Fig. 8. Cross setion �(e+e� ! Zhh) as a funtion of mh. The dotted urve is theresonant prodution, the dashed urve gives the deoupling limit [21℄.However, the non-resonant ontribution to the Zhh ross setion is rathersmall, as is shown in Fig. 8 for ps = 500 GeV, tan � = 2, and ~m = 1 TeV.In this ase, the ross setion is rather di�erent for the two sets of mixingparameters shown [4℄. In the ase of no mixing, there is a broad minimumfrom mh ' 78 to 90 GeV, followed by an enhanement around mh � 90�100 GeV. This struture is in part due to the fat that the deay H ! hhis kinematially forbidden in the region mh ' 78�90 GeV, see Figs 6 and 7(this oinides with the opening up of the hannel H ! WW ), followed byan inrease of the trilinear ouplings.Sine the non-resonant part of the ross setion, whih depends on �hhh,is rather small, this hannel is not suitable for a determination of �hhh [3℄.In the ase of large squark mixing, the ross setion an be onsiderably



Higgs Boson Prodution in e+e� and e�e� Collisions 1975larger [4℄, but only at Higgs masses whih are essentially ruled out1. Athigher values of tan�, the ross setion is even smaller. For lower values ofthe squark mass parameter ~m, the ross setion an be larger, but again atHiggs masses whih are ruled out.3.3. Fusion mehanism for multiple-h produtionA two-Higgs (hh) �nal state an also result from the WW fusion meh-anism in e+e� ollisions. There is a resonant ontribution (through H) anda non-resonant one.The resonant WW fusion ross setion for e+e� ! H��e�e [23℄ is plottedin Fig. 4 for the entre-of-mass energy ps = 500 GeV, and for tan � = 2:0,as a funtion of mH .Besides the resonant WW fusion mehanism for the multiple produtionof h bosons, there is also a non-resonant WW fusion mehanism:e+e� ! �e��ehh; (9)through whih the same �nal state of two h bosons an be produed. Theross setion for this proess (see Fig. 3), an be written in the e�etiveWWapproximation as a WW ross setion, at invariant energy squared ŝ = xs,folded with the WW �luminosity� [24℄. Thus,�(e+e� ! �e��ehh) = 1Z� dx dLdx �̂WW (x) ; (10)where � = 4m2h=s, anddL(x)dx = G2Fm4W2 � 12�2�2 1x�(1 + x) log 1x � 2(1 � x)�: (11)The WW ross setion reeives ontributions from several amplitudes,aording to the diagrams (a)�(d) in Fig. 3, only one of whih is proportionalto �hhh. We have evaluated these ontributions [4℄, following the approahof Ref. [25℄, ignoring transverse momenta everywhere exept in the W prop-agators. Our approah also di�ers from that of [3℄ in that we do not projetout the longitudinal degrees of freedom of the intermediate W bosons.We show in Fig. 9 the resulting WW fusion ross setion, at ps =1:5 TeV, and for ~m = 1 TeV. The struture is reminisent of Fig. 8, and the1 The LEP experiments have obtained strong lower bounds on the mass of the lightestHiggs boson, and are beginning to rule out signi�ant parts of the small-tan � pa-rameter spae. ALEPH �nds a lower limit of mh > 72:2 GeV, irrespetive of tan �,and a limit of � 88 GeV for 1 < tan� <� 2 [22℄.



1976 P. Osland

70 80 90 100 110
10

-1

1

10

10 2

∼

70 80 90 100 110
10

-1

1

10

10 2

∼

Fig. 9. Cross setion �(e+e� ! �e��ehh) (via WW fusion) as a funtion of mh.The dotted urve is the resonant prodution, the dashed urve gives the deouplinglimit.reasons for this are the same. Notie, however, that the sale is di�erent.Sine this is a fusion ross setion, it grows logarithmially with energy.For high values ofmh we see that there is a moderate ontribution to theross setion from the non-resonant part. For a lower squark mass sale ~m,the situation is somewhat di�erent. In the absene of mixing, the light Higgspartile then tends to be lighter (for ~m = 500 GeV, tan� = 2: mh <� 90 GeV� whih is mostly ruled out already [22℄). With mixing, however, higherHiggs masses an be reahed.4. Sensitivity to �Hhh and �hhhWe are now ready to ombine the results and disuss in whih parts ofthe mA�tan � plane one might hope to measure the trilinear ouplings �Hhhand �hhh. In Figs 10 and 11 we have identi�ed regions aording to thefollowing riteria [3, 4℄:(i) Regions where �Hhh might beome measurable are identi�ed as thosewhere �(H) � BR(H ! hh) > 0:1 fb (solid), while simultaneously0:1 < BR(H ! hh) < 0:9 [see Figs 5�7℄. In view of the reent, moreoptimisti, view on the luminosity that might beome available, wealso give the orresponding ontours for 0.05 fb (dashed) and 0.01 fb(dotted).



Higgs Boson Prodution in e+e� and e�e� Collisions 1977(ii) Regions where �hhh might beome measurable are those where theontinuum WW ! hh ross setion [Eq. (10)℄ is larger than 0.1 fb(solid). Also shown are ontours at 0.05 (dashed) and 0.01 fb (dotted).We have exluded from the plots the region where mh < 72:2 GeV [22℄.This orresponds to low values of mA and low tan �. These ross setions
∼ ∼

Fig. 10. Regions where trilinear ouplings �Hhh and �hhh might be measurable atps = 500 GeV. Inside ontours labelled �Hhh, �(H) � BR(H ! hh) > 0:1 fb(solid), while 0:1 < BR(H ! hh) < 0:9. Inside (to the right or below) ontourlabelled �hhh, the ontinuumWW ! hh ross setion exeeds 0.1 fb (solid). Anal-ogous ontours are given for 0.05 (dashed) and 0.01 fb (dotted). Two ases ofsquark mixing are onsidered, as indiated.are small, the measurements are not going to be easy. With an integratedluminosity of 500 fb�1, the ontours at 0.1 fb orrespond to 50 events peryear. This will be redued by e�ienies, but should indiate the order ofmagnitude that an be reahed.With inreasing luminosity, the region where �Hhh might be aessible,extends somewhat to higher values ofmA. Note the steep edge around mA '200 GeV, where inreased luminosity does not help. This is determined bythe vanishing of BR(H ! hh), see Figs 6 and 7.The oupling �hhh is aessible in a muh larger part of this parameterspae, but �large� values of tan � are aessible only if A is small, or if theluminosity is high.The preise region in the tan ��mA plane, in whih these ouplings mightbe aessible, depends on details of the model. As a further illustration ofthis point, we show in Fig. 11 the orresponding plots for a squark massparameter ~m = 500 GeV. In the ase of no mixing, there is now a band at
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Fig. 11. Similar to Fig. 10 for ~m = 500 GeV.small mA and small tan� that is exluded by the Higgs mass bound [22℄.Furthermore, where the Higgs mass is low, the oupling �hhh is small [seeFig. 2℄, and a orresponding band is exluded from possible measurements.5. CP studiesIn the MSSM, the Higgs setor ontains also a partile that is odd underCP. Suh partiles, as well as Higgs-like partiles whih are not eigenstates ofCP, would be expeted in more general eletroweak theories. One examplewould be the two-Higgs-doublet model [6, 26℄. Model-independent determi-nations of the Higgs partile CP are possible in the Bjorken proess as wellas in the eletron�eletron hannel.There ould also be CP violation in the Higgs setor, in whih ase theHiggs bosons would not be CP eigenstates [27℄. Suh mixing ould take plaeat the tree level [28℄, or it ould be indued by radiative orretions. It hasalso been pointed out that suh mixing might take plae in the MSSM, andbe resonant [29℄. 5.1. The Bjorken proessCertain distributions for the Bjorken proess [30℄ are sensitive to the CPparity. Suitable observables may also demonstrate presene of CP violation.Below, we present an e�etive Lagrangian whih ontains CP violationin the Higgs setor. CP violation usually appears as a one-loop e�et, sinethe CP-odd oupling introdued below is a higher-dimensional operator andin renormalizable models these are indued only at loop level. Thus, the



Higgs Boson Prodution in e+e� and e�e� Collisions 1979e�ets are expeted to be small and the on�rmation of presene of any CPviolation ould be rather di�ult.The ZZh oupling is taken to be [9℄i25=4pGF �m2Z g�� for h = H (CP even),� "����k1�k2� for h = A (CP odd), (12)where k1 and k2 are the momenta of the gauge bosons. The CP odd termoriginates from the dimension-5 operator "����Z��Z��H. Simultaneouspresene of CP-even and CP-odd terms leads to CP violation, whereas pres-ene of only the last term desribes a pseudosalar oupling to the vetorbosons.It is well known that the orrelation between the two deay planesspanned by the Dalitz pairs from a �0 deay reveal its pseudosalar na-ture [31℄. In omplete analogy, the orientation of the deay plane spannedby the momenta of the fermions from the Z0 whih is aompanying theHiggs partile in the Bjorken proess an be used to determine the CPof the Higgs partile [9�11℄. Other methods have also been suggested [7℄.These inlude studies of orrelations among momenta of the initial eletronand �nal-state fermions [32℄.In fat, a semi-realisti Monte Carlo study shows that (at 300 GeV) itshould be possible to verify the salar harater of the Standard Model Higgsafter three years of running at a future linear ollider [11℄. Also, various waysof searhing for CP violation have been suggested [9, 11, 33℄.5.2. Eletron�eletron ollisionsThe eletron�eletron ollider mode is interesting sine one may pro-due states not aessible in the annihilation hannel; also, a large eletronpolarization will be readily available. Furthermore, at high energies, theHiggs prodution at an eletron�eletron ollider will proeed via gauge bo-son fusion [34,35℄, and thus not be suppressed by the s-hannel annihilationmehanism. Certain models also predit doubly harged Higgs partiles [36℄,some of whih an be produed more readily at an eletron�eletron ollider.Salar (�Higgs�) partiles, h, h� and h��, are produed in the t-hannelvia Z- or W -exhange:e�(p1) + e�(p2) ! e�(p01) + e�(p02) + h(ph) ; (13)e�(p1) + e�(p2) ! e�(p01) + �e(p02) + h�(ph) ; (14)e�(p1) + e�(p2) ! �e(p01) + �e(p02) + h��(ph) : (15)(In some models, inluding the left�right symmetri model [37℄, the doubly-harged Higgs boson has pratially no oupling to the ordinary, left-handedW bosons and would not be produed by this mehanism.)



1980 P. OslandSeveral distributions are quite sensitive to the CP of the Higgs partile.We see immediately from (12) that near the forward diretion, where k1and k2 are antiparallel, the prodution of a CP-odd Higgs boson will besuppressed.In the CP-even ase, the Higgs partile tends to be softer, and eventsare more aligned with the beam diretion than in the CP-odd ase. Infat, the Higgs energy distribution may be one of the better observables fordisriminating the two ases, as illustrated in Fig. 12.

100 200 300
0

0.005

0.01

0.015

100 200 300
0

0.005

0.01

0.015

Fig. 12. Higgs energy spetra for the ase E:m: = 500 GeV, and for Higgs massesmh = 120 GeV and 150 GeV. The solid urves give the distributions in the abseneof any ut. The dashed and dotted urves show the orresponding distributionswhen uts at 5Æ and 15Æ are imposed on the eletron momenta.The dependene on longitudinal beam polarization (P1 and P2) entersin the following wayd4�(h) = d4�(h)0 h1 +A(h)1 P1P2 +A(h)2 (P1 + P2)i : (16)It turns out that the dependene on the produt of the two beam polariza-tions is muh larger in the CP-odd ase. This dependene, whih is repre-sented by the observable A1 (see Fig. 13), beomes a better �disriminator�for inreasing Higgs masses, when the Higgs momentum dereases, and othermethods therefore tend to beome less e�ient.If the two �nal-state eletrons are observed, a ertain azimuthal distribu-tion, as well as the eletron polar-angle distributions, will also be useful fordisriminating the two ases [12℄. There are also ways to searh for possibleparity-violating e�ets in the ZZ-Higgs oupling.
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Fig. 13. The bi-polarization-dependene A1 [see Eq. (16)℄ as obtained from theintegrated ross setions for Higgs prodution in eletron�eletron ollisions atE:m: = 500 GeV, for a range of Higgs masses. Standard Model (denoted �even�)and CP-odd results are shown. For the even ase, the lower urve orresponds tono ut, whereas the upper ones are obtained with an angular ut on the �nal-stateeletron momenta at 10Æ. (For the odd ase, the two urves are indistinguishable.)6. ConlusionsWe have reviewed the results of a detailed investigation [4℄ of the pos-sibility of measuring the MSSM trilinear ouplings �Hhh and �hhh at ane+e� ollider, fousing on the importane of mixing in the squark setor, asindued by the trilinear oupling A and the bilinear oupling �.At moderate energies (ps = 500 GeV) the range in the mA�tan � planethat is aessible for studying �Hhh hanges quantitatively for non-zero val-ues of the parameters A and �. As far as the oupling �hhh is onerned,however, there is a qualitative hange from the ase of no mixing in thesquark setor. If A is large, then high luminosity is required, in order toreah �high� values of tan �. At higher energies (ps = 1:5 TeV), the mixingparameters A and � hange the aessible region of the parameter spaeonly in a quantitative manner.We have also given a brief review of some ways to investigate CP prop-erties of the Higgs partiles, in e+e� as well as in e�e� ollisions.
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