1796

Searches Full Listings

Supersymmetric Particle Searches

processes has a crucial impact on supersymmetric phenomenology. For example, starting from an initial state involving ordinary (R-even) particles, it follows that supersymmetric particles must be produced in pairs. In general, these particles are highly unstable and decay quickly into lighter states. However, R-parity invariance also implies that the lightest supersymmetric particle (LSP) is absolutely stable, and must eventually be produced at the end of a decay chain of a heavy unstable supersymmetric particle. In order to be consistent with cosmological constraints, the LSP is almost certainly electrically and color neutral [13]. Consequently, the LSP is weakly-interacting in ordinary matter, i.e. it behaves like a neutrino and will escape detectors without being directly observed. Thus, the canonical signature for (R-parity conserving) supersymmetric theories is missing (transverse) energy, due to the escape of the LSP. Some model builders attempt to relax the assumption of R-parity conservation [14]. Models of this type must break B–L and are therefore strongly constrained. Nevertheless, because such models cannot be completely ruled out, it is important to allow for the possibility of R-parity violating processes in the search for supersymmetry. In particular, the LSP would be unstable, and this fact (among others) leads to a phenomenology of broken-R-parity models that is very different from that of the MSSM.

In the MSSM, supersymmetry breaking is induced by the soft-supersymmetry breaking terms mentioned above. These terms parametrize our ignorance of the fundamental mechanism of supersymmetry breaking. If this breaking occurs spontaneously, then (in the absence of supergravity) a massless Goldstone fermion called the goldstino ( eG) must exist. The goldstino would then be the LSP and could play an important role in supersymmetric phenomenology [15]. In models that incorporate supergravity, this picture changes. If supergravity is spontaneously broken, the goldstino is absorbed (“eaten”) by the gravitino (g_{3/2}), the spin-3/2 partner of the graviton [16]. By this super-Higgs mechanism, the gravitino acquires a mass (m_{3/2}). In models of this type; the gravitino mass is typically of order of the low-energy supersymmetrybreaking scale (O(1 TeV)), while its couplings are gravitational in strength [1,17]. Such a gravitino would play no role in supersymmetric phenomenology at colliders.

The parameters of the MSSM are conveniently described by considering separately the supersymmetry-conserving sector and the supersymmetry-breaking sector. A careful discussion of the conventions used in defining the MSSM parameters can be found in Ref. 18. Among the parameters of the supersymmetry conserving sector are: (i) gauge couplings: g_s, g, and g^′, corresponding to the Standard Model gauge group SU(3)×SU(2)×U(1) respectively; (ii) Higgs Yukawa couplings: λ_e, λ_u, and λ_d (which are 3 × 3 matrices in flavor space); and (iii) a supersymmetry-conserving Higgs mass parameter μ. The supersymmetry-breaking sector contains the following set of parameters: (i) gaugino Majorana masses M_3, M_2 and M_1 associated with the SU(3), SU(2), and U(1) subgroups of the Standard Model; (ii) scalar mass matrices for the squarks and sleptons; (iii) Higgs-squark-squark trilinear interaction terms (the so-called “A-parameters”) and corresponding terms involving the sleptons; and (iv) three scalar Higgs mass parameters—two diagonal and one off-diagonal mass terms for the two Higgs doublets. These three mass parameters can be re-expressed in terms of the two Higgs vacuum expectation values, v_1 and v_2, and one physical Higgs mass. Here, v_1 (v_2) is the vacuum expectation value of the Higgs field which couples exclusively to down-type (up-type) quarks and leptons. Note that v^2_1 + v^2 = (246 GeV)^2 is fixed by the W mass (or equivalently by the Fermi constant G_F ), while the ratio

tan β = v_2/v_1 (1)

is a free parameter of the model. The supersymmetric constraints imply that the MSSM Higgs sector is automatically CP -conserving (at tree-level). Thus, tan β is a real parameter (conventionally chosen to be positive), and the physical neutral Higgs scalars are CP -eigenstates. Nevertheless, the MSSM does contain a number of possible new sources of CP violation. For example, gaugino mass parameters, the A-parameters, and μ may be complex. Some combination of these complex phases must be less than of order 10^{−2}–10^{−3} (for a supersymmetrybreaking scale of 100 GeV) to avoid generating electric dipole moments for the neutron, electron, and atoms in conflict with observed data [19]. However, these complex phases have little impact on the direct searches for supersymmetric particles, and are usually ignored in experimental analyses.

Before describing the supersymmetric particle sector, let us consider the Higgs sector of the MSSM [20]. There are five physical Higgs particles in this model: a charged Higgs pair (H^±), two CP -even neutral Higgs bosons (denoted by H^0_1 and H^0_2 where m_H0_1 ≤ m_H0_2 ) and one CP -odd neutral Higgs boson (A^0). The properties of the Higgs sector are determined by the Higgs potential which is made up of quadratic terms [whose squaredmass coefficients were mentioned above Eq. (1)] and quartic interaction terms. The strengths of the interaction terms are directly related to the gauge couplings by supersymmetry (and are not affected at tree-level by supersymmetry-breaking). As a result, tan β [defined in Eq. (1)] and one Higgs mass determine: the Higgs spectrum, an angle α [which indicates the amount of mixing of the original Y = ±1 Higgs doublet states in the physical CP -even scalars], and the Higgs boson couplings. When one-loop radiative corrections are incorporated, additional parameters of the supersymmetric model enter via virtual loops. The impact of these corrections can be significant [21,22]. For example, at tree-level, the MSSM predicts m_H0_1 ≤ m_Z [7,8]. If true, this would imply that experiments to be performed at LEP-II operating at its maximum energy and luminosity would rule out the MSSM if H^0_1 were not found. However, this Higgs mass bound need not be respected when radiative corrections are incorporated. For example, in Ref. 21, the following upper