arXiv:hep-ph/0009352 29 Sep 2000

COHERENT EXCLUSIVE EXPONENTIATION FOR PRECISION MONTE CARLO CALCULATIONS OF FERMION PAIR PRODUCTION / PRECISION PREDICTIONS FOR (UN)STABLE W^+W^− PAIRS

B.F.L. WARD^{A,B,C}, S. JADACH^{A,B,D,E} , W. PŁACZEK^{B,F} , M. SKRZYPEK^{B,E} , AND Z. WAS^{B,E} ADepartment of Physics and Astronomy, University of Tennessee, Knoxville, TN 37996-1200, USA B TH Div., CERN, CH-1211 Geneva 23, Switzerland CSLAC, Stanford UNiversity, Stanford, CA 94309, USA DTheory Div., DESY, D-22603 Hamburg, Germany E Institute of Nuclear Physics, ul. Kawiory 26a, PL-30-055 Krakow, Poland F Institute of Computer Science, Jagellonian University, ul. Nawojki 11, 30-072 Krakow, Poland

UTHEP-00-0901, SEPT., 2000 Presented by B.F.L. Ward at ICHEP2000, Osaka, Japan, July 27, 2000

We present the new Coherent Exclusive Exponentiation (CEEX), in comparison to the older Exclusive Exponentiation (EEX) and the semi-analytical Inclusive Exponentiation (IEX), for the process

e+_e�_{→ f}¯_{f + nγ, f = μ, τ, d, u, s, c, b, with validity for centre of mass energies from τ lepton threshold}

to 1 TeV. We analyse 2f numerical results at the Z-peak, 189 GeV and 500 GeV. We also present precision calculations of the signal processes e+e� → 4f in which the double resonant W +W � intermediate state occurs using our YFSWW3-1.14 MC. Sample 4f Monte Carlo data are explicitly illustrated in comparison to the literature at LEP2 energies. These comparisons show that a TU for the signal process cross section of 0.4% is valid for the LEP2 200 GeV energy. LC energy results are also shown.

1 Introduction

At the end of the LEP2 operation, the total cross section for the process e^−e^+ → ff̄ + nγ will have to be calculated with the precision 0.2% - 1%, depending on the event selection. In addition, the awarding of the 1999 Nobel Prize to G. ’t Hooft and M. Veltman emphasises the importance of the on-going precision studies of the Standard Model processes e^+e^− → W^+W^− + n(γ) → 4f + n(γ) at LEP2 energies, as well as the importance of the planned future higher energy studies of such processes in LC physics programs.

In what follows, we present precision predictions for both sets of processes, using our new coherent exponentiation (CEEX)^1 theory (KK MC) for the former set and our older and firmly established exclusive exponentiation (EEX)^2 theory (YFSWW3-1.14 MC^4) for the latter set. Both CEEX and and EEX are based on the YFS exclusive exponentiation theory of Yennie, Frautschi and Suura^3. A detailed description^{1,4,2} of our two approaches to the precision exponentiation theory may be found in Refs.^{1,4,2}. As we indicate below, we have compared our KK MC calculations with with EEX, its semianalytical partner IEX, and ZFITTER 6.21^5 and we have compared our YFSWW3-1.14 MC calculations with RacoonWW^6 and with the Beenakker et al.^7 semi-analytical approach.

The paper proceeds as follows. In Sec. 2 we discuss the implementation of CEEX in our KK MC in relation to EEX. In Sec. 3 we present some of its new results for 2f + n(γ) processes at high energies. In Sec. 4 we present the EEX theory realization in our

YFSWW3-1.14 MC. In Sec. 5 we present some of its new results on W W + n(γ) → 4f + m(γ) processes at high energies. Sec. 6 contains our summary remarks.

2 KK MC

The main differences between CEEX and EEX are best illustrated by focusing on the process of interest, which is e^−(p_1, λ_1) + e^+(p_2, λ_2) → f(q_1, λ^′_1) + f̄ (q_2, λ^′_2) + γ(k_1, σ_1) + ... + γ(k_n, σ_n). (1) The respective EEX total cross section σ = ∞∑ n=0 ∫ m_γ dΦ_{n+2} e^{Y (mγ )}D_n(q_1, q_2, k_1, ..., k_n) (2) corresponds to the attendant O(α^1) distributions D_n as given in Ref.^2 by formulas such as, for n = 0, 1, D_0 = β̄_0 and D_1(k_1) = β̄_0S̃(k_1) + β̄_1(k_1), where the real soft factors S̃(k) are defined as usual^2. The important point is that the IR-finite building blocks β̄_n, for example, β̄_0 = ∑ λ |M^{Born}_λ |^2,

in the multi-photon distributions are all in terms of ∑ spin |...|^2! Here, λ = fermion helici-

ties and σ = photon helicity. In contrast, in the analogous O(α^1) case of CEEX σ = ∞∑ n=0 ∫ m_γ dΦ_{n+2} ∑ λ,σ1 ,...,σ_n |e^{B(mγ )}M^λ_{n,σ1,...,σn} (k_1, ..., k_n)|^2 (3) the differential distributions for n = 0, 1 photons are, for example, M^λ_0 = β̂^λ_0 , λ = fermion helicities

and M^λ1,σ_1 (k1) =^^β^λ0sσ_1 (k1) +^^β^λ1,σ_1 (k1)

, with the IR-finite building blocks β̂^λ_0 = ( e^{−B} M^{Born+Virt.} λ )| O(α1) and β̂^λ_{1,σ}(k) = M^λ_{1,σ}(k) − β̂^λ_0s_σ(k). Explicitly,this time everything is in terms of Mspin-amplitudes! This is the basic difference

Figure 1. Results for 189 GeV in the μμ̄ channel, for v < 0.999. We plot the difference between the KK MC result and semi-analytical (IEX) result divided by the latter.

between EEX/YFS AND CEEX. Complete expressions for spin amplitudes with CEEX exponentiation, n_γ arbitrary, are given in Phys. Lett. B449, 97 (1999) for the O(α^1) case and in CERN-TH/2000-087,UTHEP-99- 09-01, for the O(α^2) case, all are based on GPS spinor conventions as given in CERN- TH-98-235, hep-ph/9905452.

3 Results: CEEX

In Figs. 1, 2 and 3 we show the baseline technical precision test with the β̄_0 level matrix element and physical precision tests of σ_{tot}, A_{F B} , and the IFI at LEP2 energies as effected in the LEP2 MC Workshop^8. With these and related tests we achieve the technical precision tag of 0.02% at LEP2 energies , the physical tags of 0.2%(0.2 − 0.4%) for the σ_{tot}(the A_{F B} ), and firm control on the IFI^1:

we see that the IFI ∼= 1.5% for energy cut 0.3, that a |cosθ| < 0.9 cut reduces the IFI by 25%, and that the IFI is very small at the Z return, for example.

4 YFSWW3-1.14 MC

Starting from the underlying process of interest, Eq.(1), its cross section, Eq.(2), and the attendant W^+W^− produc-

For Publisher’s use

Physical Precision Tests (a)

(b)

Figure 2. Absolute predictions for σtot, AF B :

μμ̄, 189 GeV.

Physical Precision Tests (a)

(b)

Figure 3. s′-cut dependence of δσ, No θ-cut: (a),

189 GeV; (b), M_Z .

tion and decay, e^−(p_1) + e^+(p_2) → W^−(q_1) + W^+(q_2), W^−(q_1) → f_1(r_1) + f̄_2(r_2), W^+(q_2) → f^′_1(r^′_1) + f̄^′_2(r^′_2), we may isolate the Leading Pole Approximation (LPA_{a,b}) as follows: M^{(n)}_{4f} (p1, p2, r1, r2, r^′1, r^′2, k1, ..., kn)^{LP A}_{=>} M^{(n)}_{LP A}(p1, p2, r1, r2, r^′1, r^′2, k1, ..., kn) = X_{γ P art0ns} M_{(n),λ1λ2P rod (p1, p2, q1, q2, k1, ..., ka)} �^1_{D(q1)} M^{(n)}_{Dec1,λ1} (q1, r1, r2, ka+1, ..., kb) �^1_{D(q2)} M^{(n)}_{Dec2,λ2} (q2, r^′1, r^′2, kb+1, ..., kn),_{(4)} in an obvious notation^4 for the W^± propagator denominators D(q_i), etc. Here, we can identify two different realizations, LPA_{a,b}, of the leading pole residues in Eq. (4) by following the prescriptions of Eden et al.^9 and Stuart^{10}: in M = ∑ j ℓ_jA_j ({q_kq_l}), the complete set of spinor covariants {ℓ_j} may (b) or may not (a) be evaluated at the pole positions for the respective Lorentz scalar functions {A_j ({q_kq_l})}, as these latter already realize the analyticity properties of the S-matrix by themselves. We do both.

The standard YFS methods^2 (EEX-Type) give us the corresponding analog of Eq.(2). In realizing the exact O(α) corrections in the latter equation in the LPA, we have chosen, for our renormalization scheme, the G_μ- Scheme of Fleischer et al.^{11} in version 1.13 and the schemes A and B in version 1.14, where in A only the hard EW correction has α_{Gμ} whereas in B the entire O(α) correction has α(0). The analysis in Ref.^{12} tells us that the schemes A and B are improvements over the G_μ scheme in version 1.13, as we have verified in the context of the LEP2 MC Workshop comparisons with Denner et al. As a consequence, we have a

For Publisher’s use E_{CM} = 200 GeV

E_{CM} = 500 GeV

Figure 4. Distribution of cosθfl with respect to the

e+_{beam}

−0.3÷−0.4% shift of the NORMALISA- TION of version 1.14 relative to version 1.13. See G. Passarino^{13} for more details and references.

5 Results: YFSWW3-1.14

In Fig. 4, we show the hardest photon angular distribution, both at 200 GeV and at 500 GeV. We see that the NL EW correction is relevant both for the BARE and CALO event selections as defined Ref.^{14} away from the beam direction. Similar effects are discussed in Refs.^4, where we find that the EW NL correction at LEP2 energies is large, ∼ −2%, and is in general a non-trivial function of the kinematical variables. The authors in Ref.^6 have reached the analogous conclusion.

Indeed, in Table 1 we show a comparison between the results from RacoonWW and YFSWW3-1.14, where we have chosen the case of with-

no cuts σtot [fb] final state program Born best

YFSWW3 219.770(23) 199.995(62)

νμμ+τ� ν̄τ RacoonWW 219.836(40) 199.551(46) (Y–R)/Y �0.03(2)% 0.22(4)%

YFSWW3 659.64(07) 622.71(19)

ud̄μ�ν̄μ RacoonWW 659.51(12) 621.06(14) (Y–R)/Y 0.02(2)% 0.27(4)%

YFSWW3 1978.18(21) 1937.40(61)

ud̄sc̄ RacoonWW 1978.53(36) 1932.20(44) (Y–R)/Y �0.02(2)% 0.27(4)%

Table 1. Total cross sections, CC03 from RacoonWW,

YFSWW3,

√ s = 200 GeV without cuts. Statistical errors – last digits in ( ), etc.⇒ 0.4% TU.

out cuts, as carried out in the context of the LEP2 MC Workshop. From these results and others similar to them we arrive at the theoretical precision tag of 0.4% at 200 GeV for the WW signal cross section at LEP2. See G. Passarino^{13} for more details and references.

6 Conclusions

Our conclusion for the CEEX KK MC discussion is that the CEEX is a clear upgrade path for the EEX in a spin amplitude level MC. We have shown that, for LEP2, the total TU is 0.2%(0.2- 0.4%) for σ_{tot}(A_{F B} ), for typical cuts – for the LC at 0.5 TeV, these are a factor of 2 worse, and for γγ^∗ the TU is 0.3% for LEP2 (there is no firm result for LC). The IFI (ISR⊗FSR) is included and under firm control. Our conclusions for YFSWW3-1.14 are that the EW NL correction^{11} in O(α), which is also realized in RacoonWW, is important both for the normalisation and for the differential distributions. The TU at 200 GeV, based on comparisons with RacoonWW, is 0.4%.

Acknowledgements

The authors all thank the CERN TH Div. and the CERN ALEPH, DEL- PHI, OPAL and L3 Collaborations for their support and kind hospitality during the course of this work. S. J. thanks the DESY TH. Div. for its support and kind hospitality while a part of this work was done. This work was supported in part by the Polish Government grants KBN 2P03B08414 and 2P03B14715, the Maria Skłodowska- Curie Joint Fund II PAA/DOE-97-316, and by the US Department of Energy Contracts DE-FG05-91ER40627 and DE-AC03-76ER00515.

References

1. S. Jadach, B. F. L. Ward and Z. Was, DESY-99-106, CERN-TH- 2000-087, UTHEP-99-0901, and references therein.

2. S. Jadach and B. F. L. Ward, Phys.

Lett. B274, 470(1992); Comp. Phys. Commun. 56, 351 (1990); S. Jadach, B. F. L. Ward and Z. Was, ibid. 79, 531 (1994); S. Jadach et al., ibid. 102, 229 (1997), and references therein.

3. D. R. Yennie, S. C. Frautschi and H. Suura, Ann. Phys. (NY) 13, 379 (1961).

4. S. Jadach et al., Phys. Lett. B417, 326 (1998); Phys. Rev. D61, 113010 (2000); UTHEP-00-0101.

5. D. Bardin et al., hep-ph/9908433, and references therein.

6. A. Denner et al., hep-ph/9912261, 9912290, 9912447; Phys. Lett. B475, 127 (2000); BI-TP 2000/06; hep-ph/0006307.

7. W. Beenakker et al., hep-ph/99023 33, 9811481, and references therein.

8. M. Kobel et al., hep-ph/0007180. 9. R. J. Eden et al., The Analytic S-Matrix, (Cambridge University Press, Cambridge, 1966).

10. R. G. Stuart, Nucl. Phys. B498,

28 (1997); Eur. Phys. J. C4, 259 (1998); hep-ph/9706431, 9706550.

11. J. Fleischer et al., Zeit. Phys. C42, 409 (1989), and references therein.

12. B. F. L. Ward, Phys. Rev. D36, 939 (1987).

13. G. Passarino, in these Proceedings. 14. M. W. Gruenwald et al., hepph/0005309.