arXiv:hep-ph/0107085 9 Jul 2001

hep-ph/0107085 LMU 01/10 July 9, 2001

Calculation of the Higgs Boson Mass Using the Complementarity Principle

Xavier Calmet^1 and Harald Fritzsch

Ludwig-Maximilians-University Munich, Sektion Physik Theresienstraße 37, D-80333 Munich, Germany

Abstract

We compute the Higgs mass in a model for the electroweak interactions based on a confining theory. This model is related to the standard model by the complementarity principle. A dynamical effect due to the large typical scale of the Higgs boson shifts its mass above that of the W-bosons. We obtain m_H = 129:6 GeV.

1supported by the Deutsche Forschungsgemeinschaft, DFG-No. FR 412/27-1, email:calmet@theorie.physik.uni-muenchen.de

Recently we have proposed a model for the electroweak interactions based on a confining SU(2) theory [1]. It was shown that, at least at low energies, this model is complementary or dual to the electroweak standard model [2]. The complementarity principle states that there is no phase transition between the Higgs and the confinement phase if there is a Higgs boson in the fundamental representation of the gauge group [3, 4]. The Lagrangian of the theory under consideration is exactly that of the standard model before gauge symmetry breaking. However the sign of the Higgs boson squared mass is changed, i.e. it is positive, and the gauge symmetry is thus unbroken. We have the following fundamental left-handed dual-quark doublets, which we denote as D-quarks: leptonic D-quarks l_i = ( l_1 l_2 ) (spin 1/2, left-handed)

hadronic D-quarks q_i = ( q_1 q_2 ) (spin 1/2, left-handed, SU(3)_c triplet)

scalar D-quarks h_i = ( h_1 h_2 ) (spin 0).

The right-handed particles are those of the standard model. As the gauge symmetry is unbroken, physical particles must be singlets under SU(2) transformation, and we thus get the following particle spectrum

ν_L = 1 F (h̄l) = l_1 + O ( 1 F ) ≈ l_1 e_L = 1 F (ϵ^{ij}h_il_j) = l_2 + O ( 1 F ) ≈ l_2 u_L = 1 F (h̄q) = q_1 + O ( 1 F ) ≈ q_1 d_L = 1 F (ϵ^{ij}h_iq_j) = q_2 + O ( 1 F ) ≈ q_2 H = 1 2F (h̄h) = h_{(1)} + F 2 + O ( 1 2F ) ≈ h_{(1)} + F 2 (1) W^3_μ = 2i gF^2 (h̄D_μh) = B^3_μ + +O ( 2 F ) ≈ B^3_μ W^−_μ = √ 2i gF^2 (ϵ^{ij}h_iD_μh_j ) = B^−_μ + O ( 2 F ) ≈ B^−_μ

W^+_μ = ( √ 2i gF^2 (ϵ^{ij}h_iD_μh_j ) )_† = B^+_μ + O ( 2 F ) ≈ B^+_μ ,

where g is the coupling constant of the gauge group SU(2)_L and D_μ is the corresponding covariant derivative. We have used the unitary gauge

h_i = ( F + h_{(1)} 0 ) , (2)

where F is the parameter appearing in the expansion of the bound states (1). Matching the expansion of the Higgs boson to the standard model we get F = 492 GeV [1]. Using this expansion, we can associate a certain scale, which is proportional to F , to each particle. The scale of the W -bosons is then Λ_W = √ 2F/4 = 173.9 GeV. As can be seen from the expansion for the Higgs boson (1), there is a factor four between the expansion parameter of the Higgs boson and that of the W-bosons, thus one finds Λ_H = √ 2F = 695.8 GeV. This factor four is dictated by the algebraic structure of the underlying gauge theory.

In the confinement phase the Higgs boson is the s-wave of the SU(2) theory, whereas the W -bosons are the corresponding p-waves. Thus one expects the Higgs boson to be lighter than the W -bosons. But, as we shall show, a dynamical effect shifts the Higgs boson mass above that of the W - bosons mass. The reason for this phenomenon is the large Higgs boson scale compared to that of the W -bosons.

The masses of the physical Higgs and W-bosons, being bound states consist of a constituent mass m^0_H = m^0_W = 2m_h, where m_h is the mass of the scalar D-quark and of dynamical contributions. We have to consider two types of diagrams: the one-particle reducible diagrams (1PR) and the oneparticle irreducible diagrams (1PI). For the Higgs boson mass, we have to take the self-interaction and the contribution of the Z and W^±-bosons into account (see figures 1, 2 and 3). The fermions couple via Yukawa coupling to the Higgs boson, and as this interaction is not confining, fermions cannot contribute to the dynamical mass of the Higgs boson.

The first task is to extract the constituent mass from the experimentally measured W -bosons mass. The fermions contribute to the dynamical mass of the W -bosons as they couple via SU(2) couplings to the electroweak bosons but the divergence is only logarithmic [5] and we shall only keep the quadratic divergences. We have considered the tadpoles and the one-particle-irreducible contributions at the one loop order (the diagrams

Figure 1: dual diagram: one loop 1PI contribution to m_H

Figure 2: dual diagram: one loop 1PI contribution to m_H

Figure 3: dual diagram: one loop 1PR contribution to m_H

Figure 4: Feynman diagram: one loop 1PI contribution to m_H

Figure 5: Feynman diagram: one loop 1PI contribution to m_H

Figure 6: Feynman diagram: one loop 1PR contribution to m_H contributing to the W -bosons mass are similar to those contributing to the Higgs-boson mass). Using the duality described in [1], these duality diagrams can be related to the Feynman graphs of figures 4, 5 and 6. The Feynman graphs have been evaluated in ref. [5] as a function of a cut-off parameter and we will only keep the dominant contribution which is quadratically divergent. We obtain:

m^2_W = m^0_W^2 +

3g^2Λ^2_W 32π^2m^2_H ( m^2_H + 2m^2_W + m^2_Z ) . (3)

This equation can be solved for m^0_W :

m^0_W^2 = m^0_H^2 = m^2_W −

3g^2Λ^2_W 32π^2m^2_H ( m^2_H + 2m^2_W + m^2_Z ) . (4)

We can now compute the dynamical contribution to the Higgs boson mass. The exact one loop, gauge invariant counterterm has been calculated in refs. [5], [6] and [7]. Using the results of ref. [7], where this counterterm was calculated as a function of a cut-off, we obtain:

m^2_H = m^0_H^2(m^2_H) +

3g^2Λ^2_H 32π^2m^2_W ( m^2_H + 2m^2_W + m^2_Z ) (5) + 3g^2m^2_H 64π^2m^2_W ( m^2_H ln

Λ^2_H m^2_H

− 2m^2_W ln

Λ^2_H m^2_W

− m^2_Z ln

Λ^2_H m^2_Z ) . The unknown of this equation is the Higgs boson’s mass m_H. This equation can be solved by numerical means. We obtain two positive solutions: m_{H 1}=14.1 GeV and m_{H 2}=129.6 GeV. The first solution yields an imaginary constituent mass and is thus also discarded. The second solution is the physical Higgs boson mass. We thus obtain m_H =129.6 GeV in the one loop approximation. The constituent mass is then m^0_W =78.8 GeV.

As expected the dynamical contribution to the W -bosons masses is small and the Higgs boson mass is shifted above that of that of the W -bosons mass because of the large Higgs boson scale.

Note that our prediction m_H=129.6 GeV is in good agreement with the requirement of vacuum stability in the standard model which requires the mass of the Higgs boson to be in the range 130 GeV to 180 GeV if the standard model is to be valid up to a high energy scale [8]. We can thus deduce that the duality we have described [1] must also be valid up to some high energy scale. Our result is also in good agreement with the expectation m_H = 98^{+58}_{−38} GeV based on electroweak fits [9].

This has also consequences for the model proposed in [10], where we assumed that the Higgs boson does not couple to b-quarks. Because of the dynamical effect we have discussed, the Higgs boson is relatively heavy and should decay predominantly into electroweak bosons.

Acknowledgements

We should like to thank A. Hoang and A. Leike for useful discussions.

References

[1] X. Calmet and H. Fritzsch, Phys. Lett. B 496, 161 (2000) [hepph/0008243], X. Calmet, Phys. Lett. B 510, 221 (2001) [hepth/0008189], X. Calmet and H. Fritzsch, hep-ph/0103333.

[2] S. L. Glashow, Nucl. Phys. 22, 579 (1961), S. Weinberg, Phys. Rev. Lett.

19, 1264 (1967), A. Salam, Elementary Particle Physics, in Proceedings of the 8th Nobel Symposium, 1968.

[3] K. Osterwalder and E. Seiler, Annals Phys. 110 (1978) 440, E. Fradkin and S. H. Shenker, Phys. Rev. D19 (1979) 3682, Phys. Lett. B164 (1985) 121.

[4] G. ’t Hooft, in Erice 1998, From the Planck length to the Hubble radius, 216-236, hep-th/9812204, hep-th/9812204, G. ’t Hooft, in “Recent Developments In Gauge Theories”, Cargesè 1979, ed. G. . ’t Hooft et al. Plenum Press, New York, 1980, Lecture II, p.117, see also T. Banks and E. Rabinovici, Nucl. Phys. B160 (1979) 349, S. Dimopoulos, S. Raby and L. Susskind, Nucl. Phys. B173 (1980) 208.

[5] M. Veltman, Acta Phys. Polon. B 12, 437 (1981), G. Passarino and M. Veltman, Nucl. Phys. B 160, 151 (1979).

[6] J. Fleischer and F. Jegerlehner, Phys. Rev. D 23, 2001 (1981).

[7] E. Ma, Phys. Rev. D 47, 2143 (1993) [hep-ph/9209221].

[8] M. Sher, Phys. Rept. 179, 273 (1989), M. Sher, Phys. Lett. B 317, 159 (1993) [B 331, 448 (1993)] [hep-ph/9307342], J. R. Espinosa and M. Quiros, Phys. Lett. B 353, 257 (1995) [hep-ph/9504241], J. A. Casas, J. R. Espinosa and M. Quiros, Phys. Lett. B 342, 171 (1995) [hepph/9409458].

[9] T. Kawamoto, contributed to 36th Rencontres de Moriond on QCD and Hadronic Interactions, Les Arcs, France, 17-24 Mar 2001, hepex/0105032.

[10] X. Calmet and H. Fritzsch, Phys. Lett. B496, 190 (2000) [hepph/0008252].