arXiv:hep-ph/0111219 v2 27 Dec 2001

Higgs bosons may be sneutrinos

Roland E. Allen and Antonio R. Mondragon^∗ Physics Department, Texas A&M University, College Station, Texas 77843

In a GUT scenario with unconventional supersymmetry, Higgs bosons can be sneutrinos.

The next few years are full of promise for historic discoveries in high-energy physics. One expects that both a Higgs boson [1-5] and supersymmetry [6-16] will be observed at either the Tevatron or the LHC [17-21], with more detailed exploration at a next-generation linear collider [22, 23].

It was proposed long ago that Higgs fields might be superpartners of lepton fields [24], but this original proposal was ruled out because of two problems: (1) With standard Yukawa couplings, lepton number would not be conserved. (2) This proposal is incompatible with standard supersymmetric models for more technical reasons [25].

Recently we proposed a very different scenario, in which both Yukawa couplings and supersymmetry have unconventional forms [26, 27]. The basic picture is an SO(10) grand-unified gauge theory with the nonstandard supersymmetry described in Refs. 26 and 27.

(1) Yukawa couplings. Suppose that the first stage of symmetry-breaking at the GUT scale involves a Higgs field ϕ_{GUT} which is the superpartner of the charge-conjugate of a right-handed neutrino field ν_R. Then ϕ_{GUT} has a lepton number of -1 and an R-parity

R = (−1)^{3(B−L)+2s} = −1. (1)

This picture is compatible with the minimal scheme [28]

SO(10) → SU (5) → SU (3) × SU (2) × U (1) → SU (3) × U (1). (2)

More specifically, there are 16 scalar boson fields, in each of 3 generations, which are superpartners of the 16 fermion fields per generation in a standard SO(10) theory. There are then 3 scalar bosons which are superpartners associated with right-handed neutrinos, and ϕ_{GUT} is a linear combination of these 3 bosonic fields.

Suppose also that symmetry-breaking at the electroweak scale involves a Higgs field ϕ_{EW} which is the superpartner of the charge-conjugate of a left-handed lepton field: ϕ_{EW} = ( ϕ^+ ϕ^0 ) , ψ_ℓ = ( ν_L e_L ) . (3)

In the simplest description, ν_L is the electron neutrino and e_L is the left-handed field of the electron.

Finally, suppose that a typical fermion field below the GUT scale has an effective Yukawa coupling with the form λ_{eff} = λ_0 ⟨ ϕ^†_{GUT} ⟩ m_{GUT} (4) where λ_0 is dimensionless and ⟨ ϕ^†_{GUT} ϕ_{GUT} ⟩ ∼ m^2_{GUT} with m_{GUT} ∼ 10^{13} TeV. One then has a Dirac mass term

mψ^†_Lψ_R = ψ^†λ_{eff} ⟨ϕ_{EW} ⟩ ψ_R = λ_0ψ^† ⟨ ϕ^†_{GUT} ⟩ m_{GUT} ⟨ϕ_{EW} ⟩ ψ_R (5) ψ = ( ψ^′_L ψ_L ) , ⟨ϕ_{EW} ⟩ = ( 0 v/ √ 2 ) . (6)

(There is another set of effective Yukawa couplings involving the charge-conjugate Higgs fields, of course.) Since both ϕ_{GUT} and ϕ_{EW} have a lepton number of -1, ϕ^†_{GUT} ϕ_{EW} conserves lepton number. The same is obviously true of the operator in v^2/2 = ⟨ ϕ^†_{EW} ϕ_{EW} ⟩ , which determines the masses of the W bosons [29].

∗allen@tamu.edu, mondragon@tamu.edu

Since the operator in (5) is effectively dimension-four below the grand-unification scale, the theory is renormalizable up to this scale. At energies above m_{GUT} , one has a dimension-five operator and the theory is no longer renormalizable, but this is exactly what one expects of a fundamental theory near the Planck scale [30].

(2) Unconventional supersymmetry. In the present context it is desirable to use the same broad definition of the term “supersymmetry” that was used in Ref. 26 (in accordance with previous usage in various contexts, including nonrelativistic problems [31-35]): A Lagrangian is supersymmetric if it is invariant under a transformation which converts fermions to bosons and bosons to fermions.

This is the fundamental meaning of supersymmetry: For every fermion there is a bosonic superpartner and vice-versa. It is this property that gives credibility to supersymmetry as a real feature of nature. For example, it permits the cancellation of fermionic and bosonic radiative contributions to the mass of the Standard Model Higgs, which would otherwise diverge quadratically. It also modifies the running of the SU (3), SU (2), and U (1) coupling constants so that they can meet at a common energy m_{GUT} .

In addition to this primary physical motivation for supersymmetry, there is also a secondary and more mathematical aspect in the standard theories that are most widely discussed – namely, the algebra in which supersymmetric boson-fermion transformations of particle states are intimately connected to spacetime transformations of the inhomogeneous Lorentz group. However, there is no necessary logical connection between supersymmetry (as we have defined it above) and Lorentz invariance. Indeed, it is easily conceivable that some form of supersymmetry holds at the highest energies, up to the Planck scale, and that Lorentz invariance does not.

The supersymmetry of Refs. 26 and 27 has two unconventional aspects: First, Lorentz invariance is not postulated, but instead automatically emerges in the regimes where it has been tested – e.g., for gauge bosons and for fermions at energies that are far below the Planck scale. (The theory appears to be in agreement with the most sensitive experimental and observational tests of Lorentz invariance that are currently available, largely because many features of this symmetry are preserved, including rotational invariance, CPT invariance, and the same velocity c for all massless particles.) Second, gauge bosons are not fundamental, but are instead collective excitations of the GUT Higgs field. In the simplest picture, the first two stages of the symmetry-breaking depicted in (2) can be regarded as follows: (i) There are three scalar boson fields ϕ^i_{GUT} which are the superpartners of the charge-conjugates of three right-handed neutrino fields ν^i_R. (These three generations of right-handed neutrinos are a standard feature of SO(10) grand unification [36-42]. Through the see-saw mechanism, they give rise to neutrino masses of about the right size to explain recent experimental observations [43-47].) In the first stage of symmetry-breaking, each of the initial GUT Higgs fields acquires a vacuum expectation value ⟨ ϕ^i_{GUT} ⟩ . At the same time, each ν^i_R acquires a large mass [28]. Then 3 complex bosonic fields and 3 fermionic fields are effectively lost. In the next stage depicted in (2), 24 real bosonic fields participate in the symmetry-breaking and are lost [28, 29]. Below m_{GUT} , however, one gains the initially massless vector bosons of the Standard Model, with (8 + 3 + 1) × 2 = 24 bosonic degrees of freedom. The net result is that an equal number of bosonic and fermionic degrees of freedom are lost, and there is still supersymmetry below m_{GUT} down to some energy m_{susy} ∼ 1 TeV where both bosons and fermions acquire unequal masses.

The particular version of supersymmetry in Refs. 26 and 27 permits a pairing of bosonic and fermionic fields like that in (3) because the initial superpartners consist only of spin zero bosons and spin 1/2 fermions, and because there is a relaxation of the restrictions imposed by Lorentz invariance. We conclude that there is at least one viable scenario in which Higgs bosons are sneutrinos, with an R-parity of -1.

[1] C. Quigg, Acta Phys. Polon. B30, 2145 (1999); hep-ph/9905369. The original work is cited in this and the other reviews listed below.

[2] J. Ellis, hep-ph/9906229. [3] H. G. Evans, hep-ex/0007024. [4] A. Djouadi et al., hep-ph/0002258.

[5] J. F. Gunion, H. E. Haber, G. Kane, and S. Dawson, The Higgs Hunters Guide (Addison-Wesley, Redwood City, California, 1990).

[6] V. Barger et al., hep-ph/0003154.

[7] S. Ambrosanio et al., in the proceedings of the Tevatron Run II SUSY/Higgs Workshop, edited by J. F. Gunion;

hep-ph/0006162.

[8] S. Abdullin et al., in the proceedings of the 1999 Les Houches Workshop on Collider Physics; hep-ph/0005142. [9] Perspectives on Supersymmetry, edited by G. L. Kane (World Scientific, Singapore, 1998). [10] S. Weinberg, The Quantum Theory of Fields: Supersymmetry (Cambridge University Press, Cambridge, 2000). [11] G. L. Kane, hep-ph/0008190. [12] J. Ellis, hep-ph/9812235. [13] K. A. Olive, hep-ph/9911307.

[14] V. Barger, hep-ph/9801440. [15] R. N. Mohapatra, hep-ph/9911272. [16] H. Murayama, hep-ph/0002232. [17] J. Ellis, hep-ph/0002117. [18] C. Quigg, hep-ph/0001145. [19] J. D. Lykken, hep-ph/0001319.

[20] B. Richter, Int. J. Mod. Phys. A 15 S1, 853 (2000); hep-ex/0001012. [21] D. Zeppenfeld, hep-ph/9902307.

[22] R.-D. Heuer et al., TESLA Technical Design Report Part III; hep-ph/0106315.

[23] T. Abe et al. (American Linear Collider Working Group), Linear Collider Physics Resource Book for Snowmass 2001, Parts 1-4; hep-ex/0106055 - hep-ex/0106058.

[24] P. Fayet, Nuclear Physics B 90, 104 (1975).

[25] H. E. Haber and G. L. Kane, Physics Reports 117, 75 (1985). [26] R. E. Allen, Int. J. Mod. Phys. A 12, 2385 (1997); hep-th/9612041. [27] R. E. Allen, to be published; hep-th/0008032.

[28] P. D. B. Collins, A. D. Martin, and E. J. Squires, Particle Physics and Cosmology (Wiley, New York, 1989). [29] T.-P. Cheng and L.-F. Li, Gauge Theory of Elementary Particle Physics (Clarendon, Oxford, 1984). [30] M. E. Peskin and D. V. Schroeder, Introduction to Quantum Field Theory (Addison-Wesley, Reading, Massachusetts, 1995), p. 81 and pp. 402-403.

[31] K. Huang, Quantum Field Theory (Wiley, New York, 1998), p. 292. [32] G. Parisi, Field Theory, Disorder, and Simulations (World Scientific, Singapore, 1992). [33] K. Efetov, Supersymmetry in Disorder and Chaos (Cambridge University Press, Cambridge, 1999). [34] F. Cooper, A. Khare, and U. Sukhatme, Supersymmetry in Quantum Mechanics (World Scientific, Singapore, 2001). [35] M. Stone, The Physics of Quantum Fields (Springer, Berlin, 2000). [36] G. G. Ross, Grand Unified Theories (Benjamin, Menlo Park, 1984).

[37] H. Georgi, Lie Algebras in Particle Physics (Perseus Books, Reading, Massachusetts, 1999). [38] V. D. Barger and R. J. N. Phillips, Collider Physics, Updated Edition (Addison-Wesley, Reading, Massachusetts, 1997).

[39] R. N. Mohapatra, Unification and Supersymmetry (Springer, Berlin, 1992).

[40] H. V. Klapdor-Kleingrothaus and K. Zuber, Particle Astrophysics (Institute of Physics, Bristol, 2000). [41] C. Kounnas, A. Masiero, D. V. Nanopoulos, and K. A. Olive, Grand Unification with and without Supersymmetry and Cosmological Implications (World Scientific, Singapore, 1984).

[42] F. Wilczek, Nucl. Phys. Proc. Suppl. 77, 511 (1999); hep-ph/9809509.

[43] Takaaki Kajita (for the Super-Kamiokande and Kamiokande collaborations), Nucl. Phys. Proc. Suppl. 77, 123 (1999);

hep-ex/9810001.

[44] V. Barger, hep-ph/0003212.

[45] R. N. Mohapatra, in Current Aspects of Neutrino Physics, edited by D. O. Caldwell (Springer-Verlag, Hamburg, 2000); hep-ph/9910365.

[46] R. N. Mohapatra and P. B. Pal, Massive Neutrinos in Physics and Astrophysics (World Scientific, Singapore, 1998). [47] V. Barger and K. Whisnant, in Current Aspects of Neutrino Physics, edited by D. O. Caldwell (Springer-Verlag, Hamburg, 2000); hep-ph/0006235.