A Monte Carlo simulation of decays within the SANC project

G. Nanava^{a ∗}

aLaboratory of Nuclear Problems, Joint Institute for Nuclear Research, Joliot Curie 6, Moscow region, RU-141980 Dubna.

The library of Monte Carlo programs for simulation of two particle leptonic and quark decays of the W,Z and H(Higgs) bosons with single bremsstrahlung photon emission as a part of SANC system is described. The QED and EW O(α) radiative corrections are implemented.The decay amplitudes are evaluated numerically using Kleiss-Stirling spinor method. The comparison with KORALZ and PHOTOS are also presented [2,3].

1. INTRODUCTION

The calculation of cross sections and decay widths using the spin-projection operator method for the production of many particles has traditionally been restricted by the technical difficulties associated with the evaluation of the corresponding multiparticle Feynman diagrams. This difficulty is overcome by employing the spinor methods. For evaluation decay amplitudes we use Kleiss-Stirling spinor technique [1].

2. KLEISS–STIRLING SPINOR METHOD

The basic idea is to reduce the amplitudes to an expression involving only spinor products (objects like ū_{λ1} (p_1)u_{λ2} (p_2)), which itself can be expressed in terms of the four vectors involving in the precesses. The arbitrary spinor u_λ(p) can be constructed out of the two basic spinors u_±(ζ), which represent the helicity states of a massless fermion of momentum ζ: ^ζ u_λ(ζ) = 0, ^ζ = ζ^μγ_μ, λ = ±(±1), ω_λu_λ(ζ) = u_λ(ζ), ω_λ = 1 2 (1 + λγ_5), (1)

u_λ(ζ) = λ ^η u_{−λ}(ζ), η. ζ = 0, η^2 = −1.

Any other spinor with mass m and momentum p may be defined as:

u_λ(p) = ^p + m √ 2p. ζ u_{−λ}(ζ). (2)

∗Supported by INTAS grant N^o 00-00313 and by NATO grant PST.CLG.977751.

In actual computations we can specify ζ and η so that the ū_±(p_1) u_∓(p_2) ≡ s_±(p_1, p_2) becomes quite compact. In our calculations we use ζ = (1, 1, 0, 0) and η = (0, 0, 1, 0) , which leads to the following massless inner product:

s_+(p_1, p_2) = −(p^y_2 + i p^z_2) √ p^0_1 − p^x_1 p^0_2 − p^x_2

+(p^y_1 + i p^z_1) √ p^0_2 − p^x_2 p^0_1 − p^x_1

. (3)

Similarly, inner product for massive fermion comes from (2):

ū_{λ1} (p_1) u_{λ2} (p_2) ≡ S(p_1, m_1, λ_1, p_2, m_2, λ_2), (4)

where

S(p_1, m_1, λ_1, p_2, m_2, λ_2) = δ_{λ1 ,−λ2} s_{λ1} (p_{1ζ} , p_{2ζ} ) + δ_{λ1 ,λ2} ( m_1 √ ζ. p_2 ζ. p_1 + m_2 √ ζ. p_1 ζ. p_2 ) . We use the following expression for polarization vectors of massless spin-1 particle (axial gauge): ϵ^μ_σ (k, β) = ū_σ(k)γ^μu_σ(β) √ 2 s_{−σ}(k, β) , σ = ± . (5)

Similarly, for massive vector boson:

ϵ^μ_±(k) = ū_±(k_1)γ^μu_±(k_2) √ 2 m , (6)

ϵ^μ_0 (k) = ū_+(k_1)γ^μu_+(k_1) − ū_+(k_2)γ^μu_+(k_2) 2m .

This spinor technique we use for computation of H, Z and W decay amplitudes with one real photon emission.

For example, the amplitude for decay H → ff̄(γ) has the form:

M^σ_{λ1 ,λ2} (k, p_1, p_2) = ( b_σ(k, p_2) 2 k. p_2 − b_σ(k, p_1) 2 k. p_1 ) eQ_f B [_{p2 p1} λ_2 λ_1 ]

+ eQ_f 2 k. p_2 ∑ ρ U [_{p2 k k} λ_2 σ ρ ] B [_{k p1} ρ,−λ_1 ] (7) eQ_f 2 k. p_1 ∑ ρ B [_{p2 k} λ_2 −ρ ] U [_{k k p1} −ρ σ −λ_1 ] , B [_{p q} λ_p λ_q ] = − g m_f 2m_w S(q, m_f , λ_q , p, −m_f , −λ_p) . Similarly, for Z → ff̄(γ) we have:

M^σ_{λz ,λ1,λ2} (k, p_z, p_1, p_2) = ( b_σ(k, p_2) 2 k. p_2 − b_σ(k, p_1) 2 k. p_1 ) eQ_f B [_{p2 pz p1} λ_2 λ_z λ_1 ]

+ eQ_f 2 k. p_2 ∑ ρ U [_{p2 k k} λ_2 σ ρ ] B [_{k pz p1} ρ λ_z −λ_1 ] (8) − eQ_f 2 k. p_1 ∑ ρ B [_{p2 pz k} λ_2 λ_z −ρ ] U [_{k k p1} −ρσ−λ_1 ] , where B [_{p2 p p1} λ_2 λ λ_1 ] = g 2 cos θ_w U [_{p1 p p2} λ_1 λ λ_2 ] , U [_{p1 k p2} λ_1 σ λ_2 ] ≡ ū_{λ1} (p_1) ^ϵ_σ(k) (v_f + a_f γ_5) u_{λ2} (p_2) .

3. MONTE CARLO EVENT GENERA- TION PROCEDURE

The event generation procedure goes as follow:

1) Generation of the photon with energy k^0 and direction cos θ_γ ,ϕ_γ in the rest frame of the decaying particle. Because of infrared singularity k^0 is generated with a distribution 1/k^0,

2) fermion — anti-fermion pair with energies p^0_{1,2} = (s + m^2_{1,2} − m^2_{,1})/ √ 4s and direction cos θ_2,ϕ_2 are generated in the rest frame of the (p_1,p_2) system, where due to a collinearity the variable cosθ_2 is generated with a distribution 1/(1 − β_1 cos θ_2) + 1/(1 + β_2 cos θ_2),

3) further the p_1 and p_2 momenta are boosted from their rest frame to the rest frame of the decaying particle along the ⃗k direction,

4) finally, we rotate ⃗p_1 and ⃗p_2 vectors respecting momentum conservation ⃗k + ⃗p_1 + ⃗p_2 = 0.

4. COMPARISON

REFERENCES

1. R. Kleiss and W. Stirling, Nucl. Phys. B262, 235 (1985).

2. E. Barberio, B. van Eijik and Z. Was, Comput. Phys. Commun. 66 115 (1991).

3. S. Jadach, B.F.L. Ward, and Z. Was, Comput. Phys. Commun. 79 503 (1994).

4. S. Jadach, B.F.L. Ward, and Z. Was, Phys.

Lett. B449 97 (1999).