hep-ph/9904381 19 Apr 1999

CTS-IISc/5/99 hep-ph/9904381 Predictions for Higgs and SUSY Higgs properties and their signatures at the Hadron Colliders.^a

R.M. Godbole Center for Theoretical Studies, Indian Institute of Science, Bangalore, India. E-mail: rohini@cts.iisc.ernet.in

In this talk I shall present a discussion of the theoretical bounds on the mass of the Higgs in the Standard Model (SM) as well as in the Minimal Supersymmetric Standard Model (MSSM). Then I will point out a few facts about the couplings of scalars that are relevant for its search at hadronic colliders. After that I discuss the search possibilities at the Tevatron and the LHC, paying special attention to the issue of how well one can establish the quantum numbers and the couplings of the Higgs, when (if) it is discovered.

1 Introduction

I would concentrate here on the theoretical bounds on Higgs mass both in the SM and the MSSM as well as on the theoretical information about its couplings which are relevant for the Higgs search at the Tevatron and the LHC. This would be followed by a discussion of the search prospects for the Higgs at both these colliders. I will also address the issue of the feasibility of establishing the quantum numbers and the couplings of a spin zero particle when it is discovered at these colliders. This would be necessary to establish it as the Higgs boson which arises from the Higgs mechanism of Spontaneous Symmetry Breakdown (SSB). We will see that to achieve the latter, search at the hadron colliders needs to be complimented by that at a high energy e^+ e^− collider (the next linear collider NLC)^1.

2 Higgs Couplings and masses: Theoretical predictions

2.1 Predictions in the SM:

In the SM the existence of Higgs boson is necessary to bring about the SSB which gives masses to the fermions and the gauge bosons, still keeping the theory renormalisable. For the SSB to happen, the (mass)^2 term for the complex scalar doublet Φ has to be negative, i.e. the potential V (Φ) is

V (Φ) = λ 4! (Φ^†Φ)^2 − μ^2Φ^†Φ (1)

with μ^2 positive. After the SSB, out of the four scalar fields which comprise Φ, we are left with only the physical scalar h with a mass

m^2_h = λv2 (2)

aInvited talk at the 13th Topical Conference on Hadron Collider Physics, Jan.14-20, 1999, Bombay, India.

Further, the tree level couplings of the Higgs boson h to the SM fermions and the gauge bosons are uniquely determined and are proportional to their masses. The coupling of a Higgs to a pair of gluons/photons does not exist at the tree level, but is induced at one loop level by the diagrams shown in Fig. 1. As with the other

Figure 1: Loop diagrams responsible for h → γγ(gg).

couplings, this coupling is also completely calculable given the particle content of the SM, to a given order in the strong and electromagnetic coupling^3. The hgg coupling is dominated by the top quark contribution in the loop diagram whereas the hγγ coupling receives dominant contribution from both, the top loop as well as the W loop. These channels have appreciable branching ratios, albeit very small, only for m_h <∼ 2m_W . Recall also that the precision measurements at the Z indicate m_h <∼ 300 GeV^2. It should be noted that the QCD corrections for Γ(h → gg) are significant (∼ 65%)^3.

In the intermediate mass range (i.e. m_h ≤ 140 GeV) the total width of the Higgs is <∼ 10 MeV, dominant decay is into a bb̄ final state (e.g. for m_h = 120 GeV Γ(h → bb̄) ≃ 68%); on the other hand the branching ratio into a γγ final state is about one part per mille. The total width is ∼ 1 GeV around m_h ∼ 300 GeV and rises very fast after that, reaching Γ_h ∼ m_h around m_h >∼ 500 GeV. Calculations of various branching ratios, including higher order QCD effects are available^3.

While the various couplings and hence the branching fractions of the Higgs are well determined once m_h and various other parameters in the SM such as m_t, α_s etc. are specified, m_h itself is completely undetermined in the SM. However, as seen from Eq. 2, it is linearly related to the self coupling of the scalar field. Eventhough, the theory has nothing to say about the Higgs mass per se the behaviour of the self coupling λ is determined by field theory. This then puts bounds on m_h. These bounds can be understood as follows. The self coupling receives radiative corrections from the diagrams indicated in Fig. 2. The contributions from the diagrams involving the scalar and the gauge boson loops on one hand and the fermion loops on the other, are opposite in sign. The requirement that the self coupling λ stay positive, i.e. the vacuum remain stable under radiative corrections, puts a lower bound on m_h for a given value of m_t^4. This bound however, depends on the htt̄ coupling and hence can be evaded in models with more than one Higgs doublets. m_h is also bounded from above by considerations of triviality. This can be understood by considering only the contributions of the scalar loops, for simplicity, to the

Figure 2: Diagrams responsible for radiative corrections to self coupling.

radiative corrections to λ . It can be shown that the self coupling then satisfies, dλ(t) dt = 3 4π^2 λ^2(t) (3)

with t = ln(Λ/v); where Λ is the momentum scale at which the coupling λ is evaluated. This equation needs a boundary condition to solve it, which is chosen as

λ = λ(Λ = v) = λ(1) = √ 2G_F m^2_h. (4)

Then Eq. 3 above can be solved to give λ(t) = λ 1 − 3λt/4π^2 (5) This shows that λ(t) will diverge at high scales. If we demand that the Landau pole, where λ(t) will blow up, lies above a scale Λ, we get m_h <∼ 893 √ ln(Λ/v)

GeV. (6)

Hence the requirement that the theory be valid at large Λ and yet be nontrivial at a scale v , puts an upper limit on λ(v ) and hence on m_h due to the identification in Eq. 2. The above analysis, of course, has to be improved using the renormalisation group equation^{5,6}. As λ becomes large, clearly perturbative methods used above must fail. In the region of large λ the analysis has been done using lattice theory^7.

The lower bound on m_h implied by the vacuum stability arguments^4 and the upper bound implied by the triviality considerations^{5,6}, depend on the value of m_t and the uncertainties in the nonperturbative dynamics respectively. The resulting bands, taking into account these theoretical uncertainties, are shown in Fig. 3^8.

The results can be summarised as follows:

1. If we demand that the Landau pole lies above 10^{15}(10^{18}) GeV and there exists no new physics other than the SM upto that scale, then m_h < 190(130) GeV.

2. If we assume that the SM is an effective theory only upto 1 TeV, i.e., there is some new physics at that scale then m_h <∼ 800 GeV. As an aside let us also mention here that this upper limit of 800 GeV is of the same order as the limit obtained by requiring that W W → W W (ZZ → ZZ) amplitude satisfies perturbative unitarity^{9,10}.

Figure 3: Theoretical bounds on mh in the SM.

2.2 Masses and couplings in the MSSM

In the MSSM there exist two complex Higgs doublets Φ_1, Φ_2 with hypercharge Y = ± respectively. As a result there are five physical degrees of freedom left after the spontaneous symmetry breakdown. The MSSM thus contains, in all, five scalars: three neutrals out of which two are CP even states denoted by h_0, H_0 and one is a CP odd state denoted by A and a pair of charged Higgs bosons H^±. Thus the scalar sector of the MSSM is much richer than in the SM. h_0 denotes the lighter of the two CP even neutral scalars.

The most general scalar potential for a two Higgs doublet model contains a large number of free parameters, essentially analogues of the self coupling λ and μ^2 term in the case of the SM. However, supersymmetry either fixes all these self couplings in terms of the gauge couplings or requires them to vanish. Hence the scalar potential for the MSSM is

V = m^2_{11}Φ_1^†Φ_1 + m^2_2Φ_2^†ϕ2 − [ m^2_{12}Φ_1^†Φ_2 + h.c. ]

+ 1 8 (g^2 + g^{′2}) [ (Φ_1^†Φ_1)^2 + (Φ_2^†Φ_2)^2 ]

+ 1 4 (g^2 − g^{′2})(Φ_2^†Φ_2)(Φ_1^†Φ_1) − 1 2 g^2(Φ_1^†Φ_2)(Φ_2^†Φ_1), (7)

where g, g^′ are the SU (2), U (1) coupling constants respectively. After the SSB where the neutral members of the two doublets acquire vacuum expectation values v_1/ √ 2, v_2/ √ 2 respectively, the resulting masses of the five physical scalars that follow from the abovementioned potential, can be written in terms of two parameters which can be chosen to be m_A, tan β = v_1/v_2 or equivalently m_H� , tan β. At the tree level the five scalar masses satisfy the following inequalities:

m_{h0} ≤ m_Z , m_{H0} > m_Z , m_H� > m_W , m_{h0} < m_{H0} , m_H� . (8)

In the decoupling limit^{11} (m_A → ∞) one finds that, independent of tan β, all the four heavy scalars become degenerate and infinitely heavy and the mass of the lightest scalar approaches the upper bound. In this limit the couplings of the h_0 to matter fermions and the gauge bosons approach those of the SM higgs h. The interesting thing to note here is that all the masses m_H� , m_A, m_{h0} can become large without some self coupling becoming strong, unlike the case of the SM.

If we denote by α the mixing in the two CP even neutral fields to yield the mass eigenstates h_0, H_0, then the couplings of all the three neutral scalars, with the fermions and gauge bosons are given in Table 1. For the MSSM scalars only

Table 1: Couplings of the three neutrals with fermions and gauge bosons h h0 H0 A

bb̄ gm_b/2m_W sin α/ cos β cos α/ sin β tan β → 1 tan β tan β

tt̄ gmt/2m_W cos α/ sin β sin α/ cos β cot β → 1 cot β cot β

V V gm_V sin(β − α) cos(β − α) 0 → 1 0 0

the additional factors relative to the SM case are written down. These couplings in the decoupling limit reduce to the ones denoted in the second line in each case. We notice that in the decoupling limit, where the upper limit on the mass of the lightest scalar is saturated, the couplings of the lightest scalar approach those for the SM higgs h. It should also be noted that the CP odd scalar A does not couple to a pair of gauge bosons at the tree level.

The inequalities of Eq. 8 get affected by the radiative corrections to the Higgs masses. The dominant corrections arise from loops involving top (t) and its scalar partner stop (t̃) due to the large Yukawa coupling of the top quark. There are many different methods, involving different methods of approximations^{12}, to calculate these corrections. These depend on m_t as well as the masses of and the mixing between t̃_L, t̃_R (the superpartners of t_L and t_R). To a good approximation, the radiatively corrected upper bound on the mass of the lightest CP neutral scalar (m_{h0} ), can be written as

m^2_{h0} < m^2_Z cos^2 2β + ϵ + ϵ_{mix} , (9)

where ϵ = 3g^2m^4_t 8π^2m^2_W ln ( m^2_{t̃} m^2_t )

ϵ_{mix} =

3g^2m^4_t 8π^2m^2_W

A^2_t m^2_{t̃} ( 1 − A^2_t 12m^2_{t̃} ) , (10)

with A_t being the coefficient of the trilinear, supersymmetry breaking term, and m_{t̃} being the common mass of the t̃_L, t̃_R. The second term ϵ_{mix} , even though dependent on A_t, can be shown to be bounded by 9g^2m^4_t /8π^2m^4_W . Thus m_{h0} is still bounded eventhough the bound on m_{h0} of Eq. 8 is changed by radiative corrections. Also note that the corrections will vanish in the limit of exact supersymmetry. The limits on the radiatively corrected scalar masses for the case of maximal mixing in the stop

Figure 4: Bounds on the masses of the scalars in the MSSM

sector are shown in Fig. 4^{13}. It can be seen from the results shown in the figure that the mass of the lightest scalar in MSSM is bounded by ∼ 130 GeV even after it is radiatively corrected. This bound does get modified in the NMSSM^{14,15,16}. Again, it has been shown that for all reasonable values of the model parameters, m_{h0} is bounded by ∼ 150 GeV. From the figure, it might seem that the current LEP bound on the mass of the m_{h0} , m_{H0} and m_A rule out the low tan β values for the MSSM. However, it has been shown^{17} that a rather minor extension of the MSSM, can help avoid this conclusion. The couplings of Table 1 do get modified to some extent by the radiative corrections, but the general features discussed above remain unchanged.

In discussing the search strategies and propspects of the MSSM scalars one has to remember the following important facts:

1. Due to the reduction of the h_0W W coupling as indicated in Table 1, the h_0γγ coupling is suppressed as compared to the corresponding SM case. Of course one also has to include the contribution of the charged sparticles in the loop^{18}. Due to the upper limit on m_{h0} the decay mode into W W (V V ) pair is not possible for h_0, due to kinematic reasons. On the other hand, for H_0 the suppression of the coupling to V V as seen from Table 1, makes the decay less probable as compared to the SM case. As a result, the MSSM scalars are expected to be much narrower resonances as compared to the SM case. For example, the maximum width of h_0 is less than few MeV, for reasonable values of tan β and even for the heavier scalars H_0, A, the width is not more than few tens of GeV even for masses as high as 500 GeV.

2. h_0 is much narrower than the SM Higgs. However, over a wide range of tan β, m_A values, the h_0 has dominant decay modes into Supersymmetric particles. The most interesting ones are those involving the lightest neutralinos, which will essentially give ‘invisible’ decay modes to the h_0, H_0 and A^{19}.

3. On the whole for the MSSM scalars the decay modes into fermion-antifermion pair are the dominant ones due to the point (1) above as well as the fact that the CP odd scalar A does not have any tree level couplings to V V . Hence, looking for the τ^+τ^− and b̄b final state becomes very important for the search of the MSSM scalars.

It is clear from the above that the phenomenology of the MSSM scalars is much richer and more complicated than the SM case. Again, calculation of various decay widths including the higher order corrections has been done^{3,18}.

3 Production and search of Higgs at Colliders

In this section we will begin by discussing the search possibilities for the SM Higgs h. As is clear from the discussions in the earlier section of the couplings of the Higgs, the most efficient way of producing the Higgs scalar at any Collider is through its coupling to gauge bosons or to a heavy fermion-antifermion (tt̄) pair. At the hadronic colliders the following processes can contribute to the production: gg → h (11) qq̄^′ → hW (12) qq̄ → hZ (13) qq → hqq (14) gg, qq̄ → htt̄, hbb̄. (15) At the Tevatron energies ( for Run-II/TeV33) the most efficient processes are those of Eqs. 11,12. The potential of direct Higgs search at the Tevatron is discussed elsewhere in the proceedings^{20}. The associated W/Z can make it possible to use the dominant bb̄ decay mode. However, the energy of the Tevatron is just too small to give appreciable production cross-section, except for the values of m_h close to its current lower limit of 92.5 GeV^2. Various strategies for using the W W^∗ or the bb̄ decay mode for h to enhance the mass reach of the Tevatron have been suggested^{21} .

At LHC energies, due to the large available gluon fluxes and the large value of m_t, Eq. 11 is the dominant production process for all values of m_h upto the upper bounds discussed in section 2.1. The total production cross-section goes from ∼ 20 pb to ∼ 0.1 pb as m_h goes from 100 to 1000 GeV. For a superheavy Higgs ( >∼ 800 GeV i.e. above the highest upper bound of sec. 2.1), the process of Eq. 14 has significant cross-section. The higher order QCD corrections to the gluon induced higgs production are significant and have been included in the available theoretical predictions shown in Fig. 5^3. These predictions, at the LHC, have a typical theoretical uncertainty of ∼ 20% due to the parton densities.

Since LEP-2 has already ruled out, from direct search, m_h < 92.5 GeV^2, the range of masses of interest to LHC divides neatly into two parts : 92.5 < m_h <∼ 140 GeV and m_h > 140 GeV. In the first mass region the dominant decay mode of

Figure 5: Production cross-section for the SM Higgs at LHC

the h is into a bb̄ final state which has a QCD background about 10^3 higher than the signal. Hence, in this mass range h → γγ remains the best final state, even with a branching ratio ∼ 10^{−3}. Even then, the resolution required for the Mγγ measurement has to be <∼ 1 GeV ≃ .1% m_h.

The new developements in the detection aspect have been detector simulations for the γγ and bb̄ mode for the planned detector designs. Fig. 6 taken from the

Figure 6: The expected significance level of the SM Higgs signal at LHC for the intermediate mass region

CMS/ATLAS technical proposal^{22} shows the expected S/ √ B for the SM Higgs in the intermediate mass range, using the γγ, bb̄ modes. The use of bb̄ mode for m_h < 100 GeV, is essentially achieved by using the associated production of Eq. 12.

Once m_h >∼ 140 GeV , the V V^∗ or V V decay mode is dominant. As a result, for 140 < m_h < 600 GeV, the 4 lepton final state following from h → ZZ → l^+ l^−l^+ l^− offers the so called ‘gold plated signal’ for the Higgs. For 800 < m_h < 1000, the very forward jets produced in association with the Higgs in the process of Eq. 14 provide a much better signature than the ‘gold plated signal’. However, it should be borne in mind, that the unitarity and triviality bounds of section 2.1 imply that in the SM m_h <∼ 600 − 800GeV.

Thus we see that while the detection of an intermediate mass Higgs is difficult but feasible at LHC, it will surely require the high luminosity run. It should also be kept in mind that a low value of m_h seems to be preferred by the precision measurements at LEP and SLC and further that SUSY also predicts that the lightest scalar in the theory will be in this mass range. For higher m_h values the detection is a certainty at LHC. However, to establish such a scalar as the SM Higgs, one needs to establish

1. The scalar is CP even and has J^P = 0^+ ,

2. The couplings of the scalar with the fermions and gauge bosons are proportional to their masses.

This is also essential from the point of view of being able to distinguish this scalar from the lightest scalar expected in the MSSM. We see from Table 1 that the couplings of the scalars to the fermions and gauge bosons can be quite different in the MSSM.

As a matter of fact this issue has been a subject of much investigation of late^{23,24}. The Snowmass Studies^{23} indicate that for a light Higgs (m_h = m_Z ) it is possible only to an accuracy of about 30 %. It is in this respect that the planned e^+ e^− colliders^1 can be a lot of help. At these colliders, the production processes are the same as given in Eqs. 13-15 where q(q̄) are replaced by e^−(e^+ ). This is not an appropriate place to give a complete discussion of the search prospects for the SM (and MSSM) Higgs at these colliders. But suffice it to say that if the production is kinematically allowed, detection of the Higgs at these machines is very simple as the discovery will be signalled by very striking features of the kinematic distributions. Determination of the spin of the produced particle in this case will also be simple as the expected angular distributions will be very different for even and odd parity. Even with this machine one will need a total luminosity of 200 fb^{−1}, to be able to determine the ratio of BR(h → cc̄)/BR(h → bb̄), to about 7%^{24}. The simplest way to determine the CP character of the scalar will be to produce h in a γγ collider, which are being discussed. There are also interesting invstigations^{24} which try to device methods to determine the CP character of the scalar using hadron colliders.

For MSSM Higgs the discussion of the actual search possibilities is much more involved and has been covered in other talks at this conference^{25}. For the lightest scalar h_0 in the MSSM, the general discussions of the intermediate mass Higgs apply, with the proviso that the γγ branching ratios are smaller for h_0 and hence the search that much more difficult. However, since there exist many more scalars in the spectrum now, one can cover the different regions in the parameter space by looking for A, H and H^±. At low values of m_A these other scalars are kinematically accessible at LHC and also at the NLC. However, even after combining the information from various colliders (LEP-II, Tevatron (for the charged higgs search) and of course LHC), a certain region in the m_A − tan β plane remains inaccessible. This hole can be filled up only after combining the data from the CMS and ATLAS detector for 3 years of high luminosity run of LHC. Even in this case there exist large region where one will see only the single light scalar.

At large m_A (which seem to be the values preferred by the current data on b → sγ), the SM higgs and h_0 are indistinguishable as far as their couplings are concerned, as can be seen from Table 1. A recent study, gives the contours of constant values for the ratio BR(cc̄)/BR(bb̄)|h_0 BR(cc̄)/BR(bb̄)|_h , as well as a similar ratio for the W W^∗ and bb̄ widths as a function of tan β and m_A. As we can see from Fig. 7^{23}, a measurement of this ratio to an accuracy of

Figure 7: The ratios of relative branching fractions for the MSSM and SM for maximal mixing in squark sector. The specific value of the Higgs mass used is theoretically disallowed at large mA and around tan β ∼ 2.

about 10% will allow distinction between the SM Higgs h and MSSM Higgs h_0 for m_A as large as ∼ 600 GeV. As stated above, NLC should therefore be able to do such a job. Certainly, the issue of being able to determine the quantum numbers and the couplings of the scalar accurately, forms the subject of a large number of investigations currently.

4 Conclusions

1. The experiments at the upcoming hadronic colliders will be able to ‘discover’ scalar in the entire mass range from 100 GeV to 1000 GeV, with varying degree of ease. The lower end is difficult but feasible.

2. If the experiments at the Tevatron (Run-II and TeV33, should it happen) and the LHC do not find a light scalar upto m_h = 130(160) GeV, it will certainly rule out a class of SUSY models; viz. MSSM and models with minimal extension of the MSSM: the (N)MSSM. The only way this upper bound can be relaxed is if we enlarge the gauge group and introduce additional scales in the problem.

3. If the scalar that is ‘found’ has a mass >∼ 800 GeV, it is an indication that the EW symmetry breakdown happens via strongly interacting sector.

4. If we do find a light Higgs, then all we can conclude is that the SM works as an effective theory upto large scales, as discussed in section 2.1. It will also be consistent with the indirect mass limits obtained from precision measurements. This limit is more or less insensitive to existence of SUSY (or otherwise) due to large mass scales to which sparticle masses have already been pushed by the lack of direct observation of the SUSY particles

5. Since in Supersymmetric models the masses and the decay modes of the various scalars in the theory are correlated, almost all the region in the parameter space of the MSSM can be explored at the experiments at the LHC^{25}.

6. Already with the current data (particularly the information on the b → sγ) the limits on the MSSM parameter space are such that the lightest scalar h_0 will be very similar in its properties to the SM Higgs h. Hence, it is important to devise strategies to determine the quantum numbers such as Spin, Parity, CP etc., of this observed scalar. To that end a TeV ( >∼ 300 GeV) linear e^+ e^− collider seems indispensible. Also, the possibilities of achieving this at the LHC/Run-II/TeV-33 need to be investigated vigorously.

Acknowledgements:

It is a pleasure to thank Profs. Narasimham and Mondal for organising an excellent conference which provided the forum for many interesting discussions. This work was in part supported by the Department of Science and Technology (India) and the National Science Foundation, under NSF-grant-Int-9602567.

References

1. A. Accomando et al, Phys. Reports 299, 1 (1998), hep-ph/9705442. 2. A. Gurtu, in these proceedings.

3. M. Spira and P.M. Zerwas, Lectures at the Internationale Universitätwochen für Kern und Teilchen Physik, hep-ph/9803257 and references therein.

4. G. Altarelli and G. Isidori, Phys. Lett. B 337, 141 (1994); J.A. Casas, J.R.

Espinoza and M. Quiros, Phys. Lett. B 342, 171 (1995); Phys. Lett. B 382, 374 (1996).

5. For a review see, M. Sher, Phys. Reports 179, 273 (1989). 6. M. Lindner, Z. Phys. C 31, 295 (1986).

7. See for example, Anna Hasenfratz, K. Jansen, C. Lang, T. Neuhaus and H.

Yoneyoma, Phys. Lett. B 199, 531 (1987).

8. T. Hambye and K. Riesselmann, Phys. Rev. D 55, 7255 (1997); hepph/9708416 in ECFA/DESY study on particles and detectors for the linear colliders, Ed. R. Settlers, DESY 97-123E.

9. C.H. Llewellyn Smith, Phys. Lett. B 46, 233 (1973); J. S. Bell, Nucl. Phys.

B 60, 427 (1973); J. Cornwall, D. Levin and G. Tiktopoulos, Phys. Rev. Lett. 30, 1268 (1973).

10. B.W. Lee, C. Quigg and H.B. Thacker, Phys. Rev. Lett. 38, 883 (1977). 11. H.E. Haber and Y. Nir, Nucl. Phys. B 335, 363 (1990).

12. For a good review see: H.E. Haber, hep-ph/9707213, in Perspectives on Higgs Physcis II, Ed. G.L. Kane, (World Scientific, Singapore, 1997).

13. A. Djouadi, J. Kalinowski and and P.M. Zerwas, Z. Phys. C 57, 569 (1993). 14. G.L. Kane, C. Kolda and J.D. Wells, Phys. Rev. Lett. 70, 2680 (1993) 15. J.R. Espinoza and M. Quiros, Phys. Lett. B 302, 51 (1993). 16. P.N. Pandita, Pramana 51, 169 (1998) and references therein, in Proceedings of the Workshop on High Energy Physics Phenomenology, V, Pune, India, Eds. R.V. Gavai and R.M. Godbole, (Indian Academy of Science, Bangalore, 1998).

17. M. Drees, E. Ma, P.N. Pandita, D. P. Roy and S.K. Vempati, Phys. Lett. B 433, 346 (1998), hep-ph/9805242.

18. For a summary of the effects of squarks see: A. Djouadi, hep-ph/9806315 and references therein.

19. A. Djouadi, P. Janot, J. Kalinowski and P.M. Zerwas, Phys. Lett. B 376, 220 (1996).

20. P. Grannis, in these proceedings.

21. T. Han and R.J. Zhang, Phys. Rev. Lett. 82, 25 (1999); D. Choudhury, A.

Datta and S. Raychaudhury, hep-ph/9809552.

22. CMS Technical proposal, CERN/LHCC/94-38 (1994); ATLAS Technical proposal, CERN/LHCC/94-93 (1994).

23. J.F. Gunion et al, hep-ph/9703330, in Proccedings of the 1996 DPF/PDB Summer Study of ‘new directions in high energy physics’ Snowmass(1996), Colarado.

24. J.F. Gunion, hep-ph/9705282, in Perspectives on Higgs Physics, II, Ed.

G.L. Kane (World Scientific, Singapore, 1997).

25. T. Müller, in these proceedings ; T. Trefzger, in these proceedings.