1805

See key on page 1343 Searches Full Listings Supersymmetric Particle Searches, Quark and Lepton Compositeness

BERGSMA 83C PL 121B 429 +Dorenbosch, Jonker+ (CHARM Collab.) CHANOWITZ 83 PL 126B 225 +Sharpe (UCB, LBL) GOLDBERG 83 PRL 50 1419 (NEAS) HOFFMAN 83 PR D28 660 +Frank, Mischke, Moir, Schardt (LANL, ARZS) KRAUSS 83 NP B227 556 (HARV) VYSOTSKII 83 SJNP 37 948 (ITEP) Translated from YAF 37 1597.

KANE 82 PL 112B 227 +Leveille (MICH) CABIBBO 81 PL 105B 155 +Farrar, Maiani (ROMA, RUTG) FARRAR 78 PL 76B 575 +Fayet (CIT) Also 78B PL 79B 442 Farrar, Fayet (CIT)

Searches for Quark and Lepton Compositeness

NOTE ON SEARCHES FOR QUARK AND LEPTON COMPOSITENESS

If quarks and leptons are made of constituents, then at the scale of constituent binding energies, there should appear new interactions among quarks and leptons. At energies much below the compositeness scale (Λ), these interactions are suppressed by inverse powers of Λ. The dominant effect should come from the lowest dimensional interactions with four fermions (contact terms), whose most general chirally invariant form reads [1] L = g^2 2Λ^2 [ η_{LL} ψ_L γ_μ ψ_L ψ_L γ^μ ψ_L + η_{RR} ψ_R γ_μ ψ_R ψ_R γ^μ ψ_R

+2η_{LR} ψ_L γ_μ ψ_L ψ_R γ^μ ψ_R ] . (1)

Chiral invariance provides a natural explanation why quark and lepton masses are much smaller than their inverse size Λ. We may determine the scale Λ unambiguously by using the above form of the effective interactions; the conventional method [1] is to fix its scale by setting g^2/4π = g^2(Λ)/4π = 1 for the new strong interaction coupling and by setting the largest magnitude of the coefficients η_{αβ} to be unity. In the following, we denote

Λ = Λ^±_{LL} for (η_{LL}, η_{RR} , η_{LR}) = (±1, 0, 0) ,

Λ = Λ^±_{RR} for (η_{LL}, η_{RR} , η_{LR}) = (0, ±1, 0) ,

Λ = Λ^±_{V V} for (η_{LL}, η_{RR} , η_{LR}) = (±1, ±1, ±1) ,

Λ = Λ^±_{AA} for (η_{LL}, η_{RR} , η_{LR}) = (±1, ±1, ∓1) , (2)

as typical examples. Such interactions can arise by constituent interchange (when the fermions have common constituents, e.g., for ee → ee) and/or by exchange of the binding quanta (whenever binding quanta couple to constituents of both particles).

Another typical consequence of compositeness is the appearance of excited leptons and quarks (ℓ^∗ and q^∗). Phenomenologically, an excited lepton is defined to be a heavy lepton which shares leptonic quantum number with one of the existing leptons (an excited quark is defined similarly). For example, an excited electron e^∗ is characterized by a nonzero transitionmagnetic coupling with electrons. Smallness of the lepton mass and the success of QED prediction for g–2 suggest chirality conservation, i.e., an excited lepton should not couple to both left- and right-handed components of the corresponding lepton.

Excited leptons may be classified by SU(2)×U(1) quantum numbers. Typical examples are:

1. Sequential type ( ν^∗ ℓ^∗ ) L , [ν^∗_R] , ℓ^∗_R . ν^∗_R is necessary unless ν^∗ has a Majorana mass.

2. Mirror type

[ν^∗_L] , ℓ^∗_L , ( ν^∗ ℓ^∗ ) R . 3. Homodoublet type ( ν^∗ ℓ^∗ ) L , ( ν^∗ ℓ^∗ ) R . Similar classification can be made for excited quarks.

Excited fermions can be pair produced via their gauge couplings. The couplings of excited leptons with Z are listed in the following table (for notation see Eq. (1) in “Standard Model of Electroweak Interactions” in Sec. III):

Sequential type Mirror type Homodoublet type

V^{ℓ�} −^1_2 + 2 sin^2θ_W −^1_2 + 2 sin^2θ_W −1 + 2 sin^2θ_W A^{ℓ�} −^1_2 +^1_2 0 V^{ν�}D +^1_2 +^1_2 +1 A^{ν�}D +^1_2 −^1_2 0 V^{ν�}M 0 0 — A^{ν�}M +1 −1 —

Here ν^∗_D (ν^∗_M ) stands for Dirac (Majorana) excited neutrino. The corresponding couplings of excited quarks can be easily obtained. Although form factor effects can be present for the gauge couplings at q^2 ≠ 0, they are usually neglected.

In addition, transition magnetic type couplings with a gauge boson are expected. These couplings can be generally parametrized as follows: L = λ^{(f�)}_γ e 2m_f� f^∗σ^{μν}(η_L^{1−γ5}_2 + η_R^{1+γ5}_2 )fF_{μν}

+ λ^{(f�)}_Z e 2m_f� f^∗σ^{μν}(η_L^{1−γ5}_2 + η_R^{1+γ5}_2 )fZ_{μν}

+ λ^{(ℓ�)}_W g 2m_ℓ� ℓ^∗σ^{μν 1−γ5}_2 νW_{μν}

+ λ^{(ν�)}_W g 2m_ν� ν^∗σ^{μν}(η_L^{1−γ5}_2 + η_R^{1+γ5}_2 )ℓ W^†_{μν}

+ h.c. , (3)

where g = e/ sin θ_W , F_{μν} = ∂_μA_ν − ∂_νA_μ is the photon field strength, Z_{μν} = ∂_μZ_ν − ∂_νZ_μ, etc. The normalization of the coupling is chosen such that max(|η_L|, |η_R|) = 1 .