arXiv:hep-ph/0510387 v1 28 Oct 2005

Meson decay in the Fock-Tani Formalism

D.T. da Silva^∗, M. L. L. da Silva^∗, D. Hadjimichef^{†,∗} and C. A. Z. Vasconcellos^∗

∗Instituto de Física, Universidade Federal do Rio Grande do Sul, Caixa Postal 15051, CEP 91501-970, Porto Alegre, RS, Brazil.

†Departamento de Física, Instituto de Física e Matemática, Universidade Federal de Pelotas, Campus Universitário, CEP 96010-900, Pelotas, RS, Brazil.

Abstract.

The Fock-Tani formalism is a first principle method to obtain effective interactions from microscopic Hamiltonians. Usually this formalism was applied to scattering, here we introduced it to calculate partial decay widths for mesons.

Keywords: meson decay; Fock-Tani formalism PACS: 13.25.Jx ; 12.39.Pn

INTRODUCTION

In the Fock-Tani representation [1] one starts with the Fock representation of the system using field operators of elementary constituents which satisfy canonical (anti) commutation relations. Composite-particle field operators are linear combinations of the elementary-particle operators and do not generally satisfy canonical (anti) commutation relations. “Ideal" field operators acting on an enlarged Fock space are then introduced in close correspondence with the composite ones. The enlarged Fock space is a graded direct product of the original Fock space and an “ideal state space". The ideal operators correspond to particles with the same quantum numbers of the composites; however, they satisfy by definition canonical (anti)commutation relations. Next, a given unitary transformation, which transforms the single composite states into single ideal states, is introduced. When the transformation acts on operators in the subspace of the enlarged Fock space which contains no ideal particles, the transformed operators explicitly express the interactions of composites and constituents. Application of the unitary operator on the microscopic Hamiltonian, or on other hermitian operators expressed in terms of the elementary constituent field operators, gives equivalent operators which contain the ideal field operators. In the present we apply the formalism to meson decay into two-mesons. In particular the example system is ρ^+ → π^+π^0.

THE FOCK-TANI FORMALISM

Now let us to apply the Fock-Tani formalism in the microscopic Hamiltonian to obtain an effective Hamiltonian. In the Fock-Tani formalism we can write the meson creation operators in the following form M^†_α = Φ^{μν}_α q^†_μq̄^†_ν .

where Φ^{μν}_α is the bound-state wave-functions for two-quarks respectively.The operators of the quark and antiquark obey the following anticommutation relations {q_μ, q_ν } = {q̄_μ, q̄_ν } = {q_μ , q̄_ν} = {q_μ , q̄^†_ν } = 0 {q_μ, q^†_ν } = {q̄_μ, q̄^†_ν } = δ_{μν} .

The composite meson operators satisfy non-canonical commutation relations

[M_α, M_β ] = 0 ; [M_α, M^†_β ] = δ_{αβ} − Δ_{αβ} where Δ_{αβ} = Φ^{⋆μγ}_α Φ^{γρ}_β q^†_ρ q_μ + Φ^{⋆μγ}_α Φ^{γρ}_β q̄^†_ρq̄_μ .

The idea of the Fock-Tani formalism is to make a representation change, of form that the composite particles operators are described by operators that satisfy canonical commutation relations. i.e., which obey canonical relations [m_α, m_β ] = 0 ; [m_α , m^†_β ] = δ_{αβ} .

where m^†_α is the operator of the “ideal particle” creation. This way one can transform the composite state |α⟩ into an ideal state |α ), in the meson case for example we have U^{−1} M^†_α |0) = m^†_α |0) = |α ) where U = exp(tF) and F is the generator of the meson transformation given by

F = ∑_α^{m†}α^{M̃}α^{− M̃†}α^mα

with M̃_α = M_α + 1 2 Δ_{αβ} M_β + 1 2 M^†_β [Δ_{β γ} , M_α]M_γ .

A set of Heisenberg-like equations for the basic operators m, M, q

dm_α(t) dt = [m_α(t), F] = M̃_α (t) ;

dM̃_α(t) dt = [M̃_α(t), F] = −m_α(t) .

The simplicity of these equations are not present in the equations for q dq_μ(t) dt = [q_μ(t), F] = −Φ^{μν}_α q̄^†_ν (t)m_α (t) and dq̄_ν (t) dt = [q̄_ν (t), F] = Φ^{μν}_α q^†_μ(t)m_α (t).

The solution for these equations can be found order by order in the wavefunctions. For zero order one has q^{(0)}_μ (t) = q_μ , q̄^{(0)}_ν (t) = q̄_ν , m^{(0)}_α (t) = M_α sint + m_α cost M^{(0)}_β (t) = M_β cost − m_β sint. In the first order m^{(1)}_α = 0, M^{(1)}_β = 0 and q^{(1)}_μ (t) = −Φ^{μν1}_α q̄^†_{ν1} (M_α − m_α ); q̄^{(1)}_ν (t) = Φ^{μ1ν}_α q^†_{μ1}(M_α − m_α ). for these calculations, we are using t = −^π_2 Consequently, for second and third order, one obtains

q^{(2)}_μ (t) = 1 2 Φ^{∗μ2ν1}_α Φ^{μν1}_β [−m^†_αm_β − M^†_α M_β + M^†_α m_β ]q_{μ2}

q̄^{(2)}_ν (t) = 1 2 Φ^{∗μ1ν2}_α Φ^{μ1ν}_β [−m^†_αm_β − M^†_α M_β + M^†_α m_β ]q̄_{ν2} and q^{(3)}_μ (t) = 1 2 Φ^{∗ρσ}_α Φ^{μσ}_β Φ^{ρσ1}_γ q̄^†_{σ1}[−m^†_αm_β m_γ − M^†_α m_β M_γ + m^†_α m_β M_γ

+M^†_α M_β M_γ ] + 1 2 Φ^{∗ρσ}_α Φ^{μν1}_α Φ^{ρσ1}_β q̄^†_{ν1}q̄^†_{σ1}q̄_σ [M_β + m_β ] + 1 2 Φ^{∗ρσ}_α Φ^{μν1}_α Φ^{ρ1σ}_β q̄^†_{ν1} q^†_{ρ1}q_ρ [M_β + m_β ]

q̄^{(3)}_ν (t) = 1 2 Φ^{∗ρσ}_α Φ^{ρν}_β Φ^{ρ1σ}_γ q^†_{ρ1}[−m^†_αm_β m_γ − M^†_α m_β M_γ + m^†_α m_β M_γ

+M^†_α M_β M_γ ] + 1 2 Φ^{∗ρσ}_α Φ^{μ1ν}_α Φ^{ρσ1}_β q^†_{μ1}q̄^†_{σ1}q̄_σ [M_β + m_β ] + 1 2 Φ^{∗ρσ}_α Φ^{μ1ν}_α Φ^{ρ1σ}_β q^†_{μ1}q^†_{ρ1}q_ρ [M_β + m_β ]

THE MICROSCOPIC MODEL

In this model we use the following Hamiltonian inspired in the^3P_0 approach

H = g ∫ d^3xΨ^†(⃗x)γ^0Ψ(⃗x).

Where the quark field is respectively

Ψ(⃗x) = ∑_s

∫ d3 p

(2π)^{3/2}

[u(^→p, s)b(^→p, s) + v(−^→p, s)d^†(−^→p, s)]e^{i→p·⃗x}.

and γ =^g_{2mq} where m_q is the mass of both produced quarks. After momentum the expansion of the quark field and retaining only the b^†d^† yields

H_I = g ∑

ss^′ ∫ d^3 p d^3 p^′δ (−→ p + −→p^′ ) u^†_{s′} (−→ p^′ ) γ^0υ_s (−→p ) b^†_{s′} (−→ p^′ ) d^†_s (−→p ) .

Introducing the following notation b → q; d → q̄; μ = (−→p^′, s^′); υ = (−→p , s) and

V_{μν} = g ∑

ss^′ ∫ d^3 p d^3 p^′δ (−→ p + −→p^′ ) u^†_{s′} (−→ p^′ ) γ^0υ_s (−→p ) .

The Hamiltonian now is reduced to a compact form, H_I = V_{μν} q^†_μq̄^†_ν where sum (integration) is implied over repeated indexes. Applying the Fock-Tani transformation to H_I one obtains the effective Hamiltonian H_{IFT} = U^{−1}H_IU. For a qq̄ meson A to decay to mesons B + C we must have (qq̄)_A → (qq̄)_B + (qq̄)_C . The transformed operators that shall contribute to U^{−1}H_IU are

H_m = V_{μν} q^{†(3)}_μ q^{†(0)}_ν +V_{μν} q^{†(1)}_μ q^{†(2)}_ν

Which results in the effective meson decay Hamiltonian after some manipulation

H_m = −Φ^{∗μλ}_α Φ^{∗ρσ}_γ Φ^{ρλ}_β V_{μν} m^†_α m^†_γ m_β .

We now consider the transition m_β → m^†_α m_γ , where |i⟩ = m^†_β |0⟩ and | f ⟩ = m^†_α m^†_γ |0⟩. Finally we find ⟨ f | H_m |i⟩ = −Φ^{∗ρν}_α Φ^{ρλ}_β Φ^{∗μλ}_γ V_{μν} − Φ^{∗μλ}_α Φ^{ρλ}_β Φ^{∗ρν}_γ V_{μν} The meson wave function is defined as

Φ^{μν}_α = χ^{S1S2}_{Sα ,MSα} f^{f1 f2}_{fα ,M fα} C^{C1C2}_{Cα} Φ → p_i^→p_j → Pα where χ is spin; f is flavor and C are color coefficients. The spatial parte is given by Φ → p_i^→p_j → Pα = δ^3(^→P_α −^→p_i −^→p_j) ( 1 πb^2 )_{3/4} e^{− 18b2 (} → p_i−^→p_j)^2

We analyze the particular case ρ^+(+ẑ) → π^+π^− decay. For this decay have that the flavor part is given by |ρ^+⟩ = |π^+⟩ = −|ud̄⟩ ; |π^0⟩ =^{1√}_2 [|uū⟩ − |dd̄⟩] and the spin part is given by |ρ(+ẑ)⟩ = | ↑ _ ↑⟩ ; |π⟩ =^{1√}_2 [| ↑ _ ↓⟩ − | ↓ _ ↑⟩]. The transition matrix element is given by ⟨ f | H_{FT} |i⟩ = δ^3(^→P_β −^→P_α −^→P_γ )h_{f i} with h_{f i} =

2^3 3^3 γ ( 1 π^{3/4}b^{1/2} ) P b e^{− P} 2 12b2

This h_{f i} decay amplitude can be combined with relativistic phase space to give the differential decay rate, which is [2]

dΓ_{A→BC} dΩ = 2π

PE_BE_C M_A | |h_{f i} | |^2

FIGURE 1. Γ_{theor} for ρ → ππ; Γ_{exp} = 151 MeV is obtained for β = 0.397GeV

resulting

Γ_{A→BC} = √ π 2^7 3^6 ( g 2m_q

)_2 M_ρ ( P b )_3 e^{− P} 2 6b2 .

CONCLUSIONS

The Fock-Tani formalism is proven appropriate not only for hadron scattering but for decay. The example decay process ρ^+ → π^+π^0 in the Fock-Tani formalism reproduces the predictions in the^3P_0 model. The same procedure can be used for f_0 (M) and for heavier scalar mesons and compared with similar calculations with glue content.

ACKNOWLEDGMENTS

The authors acknowledges support from the Fundação de Amparo à Pesquisa do Estado do Rio Grande do Sul - FAPERGS. D.T.S. acknowledges support from the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior - CAPES. M.L.L.S. acknowledges support from the Conselho Nacional de Desenvolvimento Científico e Tecnológico - CNPq.

REFERENCES

1. D. Hadjimichef, G. Krein, S. Szpigel and J. S. da Veiga, Ann. of Phys. 268 105 (1998). 2. E. S. Ackleh, T. Barnes and E. S. Swanson, Phys. Rev. D 54 6811 (1996).