arXiv:hep-ph/0610018 v1 2 Oct 2006

Electroweak corrections to the charged-current Drell-Yan process

C.M. Carloni Calame^{1,2}, G. Montagna^{2,1}, O. Nicrosini^1, and A. Vicini^3

1 INFN, Sezione di Pavia, Via A. Bassi 6, Pavia (Italy) 2 Dipartimento di Fisica Nucleare e Teorica, Via A. Bassi 6, Pavia (Italy) 3 Dipartimento di Fisica and INFN-Sezione di Milano, Via Celoria 16, 20133 Milano (Italy)

Introduction. The production of a high-transverse-momentum lepton pair, known as Drell-Yan (DY) process, plays an important role at hadron colliders, such as the Fermilab Tevatron and the CERN LHC, thanks to the large cross section and the clean signature of the final state, with at least one high-transverse-momentum lepton to trigger on. After the LEP and Tevatron precision measurement of the gauge boson masses, the DY processes represent standard candles which can be used for the detector calibration. The production of gauge bosons, in association with jets, is an important background to interesting physics channels, like the top quark pair production. The mass of the W boson will be measured at the LHC from the transverse mass distribution, but also from the ratio (dσ^W /dM_⊥)/(dσ^Z /dM_⊥), with a foreseen final uncertainty of Δm_W ∼ 15 MeV [1]. The latter, combined with the improvement in the determination of the top quark mass (foreseen with an accuracy of 1-2 GeV), will put more stringent bounds in all the precision tests of the Standard Model. The DY processes provide, both in neutral and charged current channels, stringent constraints on the density functions which describe the partonic content of the proton [2]. The important progress in the calculation of the QCD corrections has reduced at the per cent level the residual theoretical uncertainties which affect the DY cross sections; as a consequence, it has been proposed to use them as a luminosity monitor of the collider [3, 4]. The large mass tail of the invariant mass distribution represents an important background to the search for new heavy gauge bosons [5]. QCD calculations and generators. The accuracy in the determination of the theoretical cross-section has greatly increased over the years. Next-to-next-to-leading order (NNLO) QCD corrections to the total cross section have been computed in [6], but differential distributions with the same accuracy have been obtained only recently in [7]. A realistic phenomenological study and the data analysis require the inclusion of the relevant radiative corrections and their implementation into Monte Carlo event generators, in order to simulate all the experimental cuts and to allow, for instance, an accurate determination of the detector acceptances. The Drell-Yan processes are included in the standard QCD Parton Shower generators HERWIG and PYTHIA [8, 9]. Recently there have been important progresses to improve the QCD radiation description to NLO, which has been implemented in the code MC@NLO [10]. Another important issue is the good description of the intrinsic transverse momentum of the gauge boson, which can be obtained by resumming up to all orders the contributions of the form α_s log(p^W_⊥ /m_W ). The generator RESBOS [11], used for data analysis at Tevatron, includes these effects.

Electroweak calculations and generators. The size of the NNLO QCD corrections and the improved stability of the results against changes of the renormalization/factorization scales raises the question of the relevance of the O(α) electroweak (EW) radiative corrections, which were computed, in the charged current channel, first in the pole approximation [12, 13] and then fully in [14, 15, 16]. The generator WGRAD [15] includes the exact O(α) EW

Fig. 1. Transverse mass distribution and O(α) relative correction.

Fig. 2. Relative effect, with respect to the Born results, of the radiative corrections to the transverse mass distribution. In the left panel the effect of the higher-order QED effects is displayed. In the right panel the large negative corrections due to the O(α) EW Sudoakov logs is shown.

corrections. The latter have been shown to induce a shift on the value of m_W , extracted at the Tevatron from the study of the transverse mass distribution

Electroweak corrections to the charged-current Drell-Yan process 3

(see figure 1^4), of about 160 MeV in the muon channel [17], mostly due to final-state QED radiation. In view of the very high experimental precision foreseen at the LHC (Δm_W ∼ 15 MeV), final-state higher-order (beyond O(α)) QED corrections may induce a significant shift, as shown in ref. [18] (see figure 2, left panel). Some event generators can account also for multiplephoton radiation: in the published version of HORACE [18] final-state QED radiation was simulated by means of a QED Parton Shower; the generator WINHAC [19] uses the Yennie-Frautchi-Suura formalism to exponentiate finalstate-like EW O(α) corrections; finally, the standard tool PHOTOS [20] can be used to describe QED radiation in the W decay. A detailed series of tuned comparisons between different EW Monte Carlo generators have been done in ref. [21], in order to check the reliability of different numerical predictions, with O(α) accuracy, in a given setup of input parameters and cuts.

Fig. 3. Charged lepton pseudo-rapidity distribution. From top to bottom, Born, corrected electron, corrected muon distributions.

The new HORACE version. A precision electroweak calculation of the charged current Drell-Yan process has been recently completed [22] and includes the exact O(α) electroweak matrix elements and leading-logarithmic QED higher-order corrections in the Parton Shower approach. The calculation is implemented in the new version of the Monte Carlo event generator HORACE [23], which combines, in a unique tool, the good features of the QED Parton- Shower approach with the additional effects present in the exact O(α) EW calculation. In figure 2 (right panel) it is shown the increasing size of the EW O(α) corrections, mostly due to the EW Sudakov logs. They are important above the W resonance, for a precise measurement of the W decay width and in the large transverse mass tail, to give a precise estimate of the background to new gauge boson searches. In figure 3 the effect of the O(α) and higher order QED corrections on the charged lepton pseudorapidity distribution is presented. The latter is relevant to give a precise determination of the detector

4 All the figures have been obtained with the new version of HORACE [23] acceptance, which in turn is a key ingredient in the luminosity monitoring of the LHC.

Perspectives. It is important, in view of the precision aimed in the W mass measurement, in the luminosity monitoring and in the new physics searches, to study the interplay between QCD and EW corrections (a first analysis in this direction can be found in ref. [24]). Another possible upgrade of HORACE will be achieved with the introduction of the exact EW O(α) corrections also in the neutral current channel.

References

1. ATLAS collaboration, Technical Design Report CERN/LHCC/99-15; CMS collaboration, Technical Proposal, CERN/LHCC/94-38.

2. H. L. Lai et al., Phys. Rev. D 51 (1995) 4763 [arXiv:hep-ph/9410404];

A. D. Martin, R. G. Roberts, W. J. Stirling and R. S. Thorne, Eur. Phys. J. C 28 (2003) 455 [arXiv:hep-ph/0211080].

3. M. Dittmar, F. Pauss and D. Zurcher, Phys. Rev. D 56, 7284 (1997) 4. S. Frixione and M. L. Mangano, JHEP 0405, 056 (2004) 5. F. Abe et al. [CDF Collaboration], Phys. Rev. Lett. 79 (1997) 2192. 6. R. Hamberg, W. L. van Neerven and T. Matsuura, Nucl. Phys. B 359, 343 (1991) [Erratum-ibid. B 644, 403 (2002)].

7. C. Anastasiou, L. J. Dixon, K. Melnikov and F. Petriello, Phys. Rev. Lett. 91, 182002 (2003); Phys. Rev. D 69, 094008 (2004) K. Melnikov and F. Petriello, [arXiv:hep-ph/0609070].

8. G. Corcella et al., “HERWIG 6.5 release note,” [arXiv:hep-ph/0210213]. 9. T. Sjostrand, P. Eden, C. Friberg, L. Lonnblad, G. Miu, S. Mrenna and E. Norrbin, Comput. Phys. Commun. 135 (2001) 238 [arXiv:hep-ph/0010017].

10. S. Frixione and B. R. Webber, JHEP 0206 (2002) 029 [arXiv:hep-ph/0204244]. 11. C. Balazs and C. P. Yuan, Phys. Rev. D 56 (1997) 5558 [arXiv:hep-ph/9704258]. 12. D. Wackeroth and W. Hollik, Phys. Rev. D 55 (1997) 6788 [arXiv:hepph/9606398].

13. U. Baur, S. Keller and D. Wackeroth, Phys. Rev. D 59 (1999) 013002 14. S. Dittmaier and M. Krämer, Phys. Rev. D 65 (2002) 073007 15. U. Baur and D. Wackeroth, Phys. Rev. D 70 (2004) 073015 16. A. Arbuzov, D. Bardin, S. Bondarenko, P. Christova, L. Kalinovskaya, G. Nanava and R. Sadykov, Eur. Phys. J. C 46 (2006) 407 17. V. M. Abazov et al. [CDF Collaboration], Phys. Rev. D 70 (2004) 092008; 18. C. M. Carloni Calame, G. Montagna, O. Nicrosini and M. Treccani, Phys. Rev.

D 69 (2004) 037301 [arXiv:hep-ph/0303102].

19. W. Placzek and S. Jadach, Eur. Phys. J. C 29 (2003) 325 [arXiv:hepph/0302065].

20. P. Golonka and Z. Was, Eur. Phys. J. C 45 (2006) 97 [arXiv:hep-ph/0506026]. 21. C. Buttar et al., [arXiv:hep-ph/0604120].

22. C. M. Carloni Calame, G. Montagna, O. Nicrosini and A. Vicini, “Precision electroweak calculation of the charged current Drell-Yan process”, submitted to JHEP [arXiv:hep-ph/0609170].

23. http : //www.pv.infn.it/hepcomplex/horace.html 24. Q. H. Cao and C. P. Yuan, Phys. Rev. Lett. 93 (2004) 042001