hep-ph/9905207 3 May 1999

CERN-TH/99-121

Library of anomalous τ τ γ couplings for τ^+τ^−(nγ) Monte Carlo programs

T. Paul and J. Swain Department of Physics, Northeastern University, Boston, MA 02115, USA and Z. Wa̧s CERN, Theory Division, CH 1211, Geneva 23, Switzerland, and Institute of Nuclear Physics, Kraków, ul. Kawiory 26a, Poland

ABSTRACT

We briefly describe a library that may be used with any e^+e� → τ^+τ �(nγ) Monte Carlo program to account for the effects of anomalous τ τ γ couplings. The implementation of this library in KORALZ version 4.04 is discussed.

To be submitted to Computer Physics Communications

CERN-TH/99-121 May 1999

y Work supported in part by the US National Science Foundation and Polish Government grants KBN 2P03B08414, KBN 2P03B14715, Maria Skłodowska-Curie Joint Fund II PAA/DOE-97-316, and Polish-French Collaboration within IN2P3.

1 Introduction

Radiative τ pair production is of great interest, as it is sensitive to anomalous electromagnetic couplings of the τ . With the sensitivity afforded by the LEP experiments, this provides an opportunity to search for new physics phenomena [1–4]. Any meaningful interpretation of the experimental data requires a Monte Carlo simulation in which Standard Model predictions may be augmented by the contributions from possible anomalous couplings.

Since the LEP collaborations are entering their final years of operation it is a good time to document the programs that were actually used in data analyses. In this paper we describe a library that has been used to calculate anomalous contributions to τ τ γ couplings [2]. The library is based on the work described in [4] and can be used with any e^+e� → τ^+τ �(nγ) Monte Carlo program and, after minor adaptation, with pp → Z/γ+...; Z/γ → τ^+τ �(nγ) or ep → Z/γ + ...; Z/γ → τ^+τ �(nγ) programs as well.

In the present paper, we will discuss the interface of our library to KORALZ version 4.04, which is described in detail in [5, 6]. The fortran code of the library is archived together with KORALZ [6], in the same tree of directories. Let us note that in the future, KORALZ will be replaced by a new program, KK2f [7], which is based on a more powerful exponentiation at the spin amplitude level; implementation of our library will be straightforward for that program as well.

2 Calculation of anomalous couplings

To evaluate the effects of anomalous electromagnetic couplings on radiative τ pair production, a tree–level calculation of the squared matrix element for the process e^+e� → τ^+τ �γ has been carried out [4], including contributions from the anomalous magnetic dipole moment at q^2 = 0, F_2(0), and the electric dipole moment F_3(0). This calculation is included in our library. When activated, it uses the 4-momenta of the leptons and the photon generated by the host program to compute a weight, w, for each event according to w = |M_{ano}|^2 |M_{SM}|^2

. (1)

M_{ano} is the matrix element for F_2(0) ≠ 0 and/or F_3(0) ≠ 0, and M_{SM} is the matrix element for F_2(0) = F_3(0) = 0.

As this calculation is performed at O(α), the case of multiple bremsstrahlung requires special treatment. In this case, a reduction procedure is first applied in which all photons, except the one with the greatest momentum transverse to a lepton, or pT , are incorporated into the 4-momenta of effective initial– or final–state leptons. The 4-momenta of the photon with greatest pT and the effective leptons are then used to compute the weight. Cross–checks of the calculation against an independent and slightly simplified analytical calculation [8] as well as checks of the validity of the reduction procedure are described in [9]. The results of the calculation have been used in the measurement of anomalous electromagnetic moments of the τ described in [2].

3 Flags to control anomalous couplings in KORALZ

In KORALZ version 4.04, the calculation in our library is activated by setting the card

IFKALIN=2. This is transmitted from the main program via the KORALZ input parameter
NPAR(15). Additional input parameters are set in the routine kzphynew(XPAR,NPAR),

although there are currently no connections to the KORALZ matrix input parameters

XPAR and NPAR. Table 1 summarizes the functions of these input parameters.

Parameter Description Default

IFL1 Compute weights for F_2(0) if IFL1 = 1 1

IFL2 Compute weights for F_3(0) if IFL2 = 1 0

ISFL

For ISFL = −1, compute only terms with anomalous contributions. For ISFL = 0, include all terms (anomalous, Standard Model, all interference). For ISFL = 1, use the approximation of ref. [8] 0

IRECSOFT Generate only events with photon(s) if IRECSOFT = 1 0

EMINACT Minimum sum of all photon energies required to calculate anomalous weights

17 GeV

EMAXACT Maximum sum of all photon energies allowed to calculate anomalous weights 1000 GeV

PTACT Minimum sum of all photon momenta transverse to the beam direction required to calculate anomalous weights 2 GeV

Table 1: Input parameters to control the calculation of weights for anomalous electromagnetic moments.

In order to provide the user with enough information to retrieve w for a given event for any F_2(0) or F_3(0), we take advantage of the fact that, for each event, one may write w as a quadratic function of the anomalous couplings:

w = αF^2_2 (0) + βF_2(0) + γF^2_3 (0) + δF_3(0) + ϵ . (2)

When the calculation of w is completed, the 5 weight parameters α, β, γ, δ and ϵ are stored in the common block common /kalinout/ wtkal(6), with the assignments shown in Table 2. The user is then free to calculate w for whatever combination of F_2(0) and F_3(0) is desired. In practice we set ϵ = 1, since anomalous terms must vanish for F_2(0) = F_3(0) = 0. We also set δ = 0, as the interference between Standard Model and anomalous amplitudes vanishes in the case of radiation from an electric dipole moment. These short cuts save substantial CPU time.

Common block entry Weight parameter

wtkal(1) not used here
wtkal(2) ϵ
wtakl(3) α
wtkal(4) β
wtkal(5) γ
wtkal(6) δ

Table 2: Correspondence between entries in kalinout common block entries and weight parameters of eq. (2).

The code for calculation of the weight w is placed in the directory korz new/ttglib in the files ttg.f and ttgface.f.

4 Demonstration programs

The demonstration program DEMO2.f for the run of KORALZ when our library is activated can be found in the directory korz new/february and the output DEMO2.out in the directory korz new/february/prod1. The Standard Model DEMO.f for KORALZ and its output DEMO.out are also included in the directories mentioned above. All these files, as well as the library itself, are archived together with KORALZ [6]. The maximum centre-of-mass energy allowed for the runs with anomalous τ τ γ couplings is 200 GeV.

Acknowledgements

ZW would like to thank the L3 group of ETH Zürich for support while this work was performed.

References

[1] J. A. Grifols and A. Méndez, Phys. Lett. B255, 611 (1991), Erratum ibid. B259, 512 (1991).

[2] L3 Collab. (M. Acciarri et al.), Phys. Lett. B434, 169 (1998).

[3] OPAL Collab. (K. Ackerstaff et al.), Phys. Lett. B431, 188 (1998).

[4] S.S. Gau, T. Paul, J. Swain and L. Taylor, Nucl. Phys. B523, 439 (1998).

[5] S. Jadach, B.F.L. Ward and Z. Wa̧s, Comput. Phys. Commun. 79, 503 (1994).

[6] S. Jadach, B.F.L. Ward and Z. Wa̧s, The Monte Carlo program KORALZ, for the lepton or quark pair production at LEP/SLC energies – from version 4.0 to 4.04, CERN-TH/99-119.

[7] S. Jadach, B.F.L. Ward and Z. Wa̧s, Global positioning of spin GPS scheme for halfspin massive spinors, Preprint CERN-TH/98-235;

S. Jadach, B.F.L. Ward and Z. Wa̧s, Coherent exclusive exponentiation CEEX, The case of the resonant e^+e� collisions, Preprint CERN-TH/98-253.

[8] J. Biebel and T. Riemann, Z. Phys. C76, 53 (1997).

[9] T. Paul and Z. Wa̧s, Inclusion of tau anomalous magnetic and electric dipole moments in the KORALZ Monte Carlo, CERN-L3-NOTE-2184, e-Print Archive: hepph/9801301.