RECENT PROGRESS IN VALIDATION OF THE PDFS^∗

S. I. ALEKHIN Institute for High Energy Physics, 1 Pobeda, Protvino, Moscow region, 142281, RUSSIA E-mail: sergey.alekhin@ihep.ru

We discuss extraction of the nucleon PDFs from the global QCD fits with account of the high-order QCD corrections, in particular, the 3-loop corrections to the DIS coefficient functions and the 2-loop corrections to the Drell-Yan process coefficient functions. The compatibility of different data sets used in the fit is considered with peculiar attention payed on the choice of the confidence interval for the PDFs uncertainties.

The Parton Distribution Functions (PDFs) is mandatory ingredient for a quantitative interpretation of the hadronic processes in terms of the parton model. Precise knowledge of PDFs is particularly important for the forthcoming searches of the phenomena beyond Standard Model at the LHC. One of the most important issues for validation of PDFs is account of the high-order (HO) QCD corrections since the PDFs extracted with the HO corrections taken into account are less sensitive to the QCD scale variations and therefore more experimental data can be included into the fit of PDFs with theoretical uncertainties kept under control.

We consider impact of recent calculations of the 3-loop QCD corrections to the DIS coefficient functions^1 on example of the NNLO QCD fit of PDFs^2 to the global DIS data. The gluon distribution obtained in the approximate N^3LO variant of fit^2 with the 3-loop corrections to the splitting and coefficient functions taken into account is given in Fig.1. One can see progressive increase of the gluon distribution at small x and Q from the case of NLO to the case of approximate N^3LO and the numerical difference is big enough to be important for modeling underlying processes at the

∗This work is partially supported by by the RFFR grant 06-02-16659 and the Russian Ministry of Science and Education grant Nsh 5911.2006. 1

2 LHC. The N^3LO correction brings into agreement the QCD calculations with the H1 data^3 on longitudinal structure functions F_L at small x and Q (see Fig.1). At the same time big variation of the approximate N^3LO calculations for F_L with respect to the NNLO case might indicate on the perturbative instability of QCD in this region. Additional study of impact of the 4-loop corrections to the splitting functions, which are necessary for the consistent N^3LO calculations, is required to clarify this point.

Figure 1. Impact of the high-order QCD correction on the PDFs fit. Left panel: 1σ bands for the gluon distribution obtained in the NLO (dots), the NNLO (dashes), and the approximate N^3LO (solid). Right panel: Comparison of the twist-2 DIS longitudinal structure function F_L calculated in the NNLO (dots) and approximate N^3LO (solid) with the data by H1 collaboration. The result of convolution of the NNLO PDFs with the 3-loop coefficient functions for F_L is given for comparison (dashes).

At the same time the PDFs obtained from the global fits are not too sensitive to the details of description of the DIS data at smallest x used. This is illustrated in Fig.2 using variants of the NNLO fit^2 with different low-x cuts. The variation of PDFs due to removing the data at lowest x is within the PDFs uncertainties that is in line with results of the similar NLO study^4 and does not support conclusion^5 about instability of PDFs extracted using data in this kinematical region, presumably due to big HO QCD corrections.

Due to rapidity distribution for the Drell-Yan process now can be calculated taking into account the 2-loop corrections to the coefficient functions^6

3

Figure 2. Impact of the low-x cut for the DIS data used in the global fit on the fitted gluon distribution (left panel) and the non-strange sea distribution (right panel). The curves give 1σ band for the distributions obtained with the cuts x > 0.01 (dots), x > 0.001 (dashes), and no cut (solid). The upper bound dotted curve in the right panel is poorly visible since it almost coincides with other curves in the plot.

one can include the dimuon production data into consistent NNLO fit of PDFs. This input is mostly important for pinning down the sea quarks distribution at large x, which is quite sensitive to the existing fixed-target Drell-Yan data. Uncertainty in the sea distribution obtained from the NNLO fit of PDFs^7 to the DIS data^2 combined with the Drell-Yan data by the Fermilab experiments E-605 and E-866^8 is less than 20% up to x ∼ 0.7 (see Fig.3). The data used in this fit demonstrate good self-consistency. The value of χ^2/NDP=2861/2537=1.13 that is not too far from the ideal case. Moreover, it can be reduced to the ideal value of 1 by rescaling the errors in data for experiments with χ^2/NDP > 1 by factors, which are less than 1.2. Increase in the PDFs errors due to such rescaling of the errors in data is also less than factor of 1.2, therefore use of the standard statistical criterion Δχ^2 = 1 for estimation of the PDFs errors is justified in this case.

Theoretical uncertainty in the sea distribution due to variation of the QCD scales for the Drell-Yan c.s. in the range of M_μ+_μ− to 2M_μ+_μ− practically does not exceed the experimental one (see Fig.3). Account of the NNLO corrections to the Drell-Yan c.s. is important at this point: For the variant of the fit with only NLO corrections to the Drell-Yan c.s.taken

4 into account the theoretical uncertainty in the sea distribution at large x is twice bigger and overwhelms the experimental error, therefore statistical potential of the data is lost in this case.

Figure 3. Results for the NNLO QCD fit of PDFs to the global DIS data combined with the fixed-target Drell-Yan data. Left panel: The uncertainties in the non-strange sea distribution (solid: uncertainty due to propagation of the errors in the experimental data; dashes: the QCD scale variation uncertainty; dots: the QCD scale variation uncertainty for the variant of fit with the Drell-Yan c.s. calculated in the NLO). Right panel: Pulls for the fixed-target Drell-Yan experiment FNAL-E-605 used in the fit (two curves give ±1σ error band due to the PDFs uncertainty).

References 1. J. A. M. Vermaseren, A. Vogt and S. Moch, Nucl. Phys. B724, 3 (2005). 2. S. Alekhin, JETP Lett. 82, 628 (2005) [Pisma Zh. Eksp. Teor. Fiz. 82, 710 (2005)].

3. E. M. Lobodzinska, arXiv:hep-ph/0311180.

4. J. Huston, J. Pumplin, D. Stump and W. K. Tung, JHEP 0506, 080 (2005). 5. A. D. Martin, R. G. Roberts, W. J. Stirling and R. S. Thorne, Eur. Phys. J.

C35, 325 (2004).

6. C. Anastasiou, L. Dixon, K. Melnikov and F. Petriello, Phys. Rev. Lett. 91 (2003), 182002; C. Anastasiou, L. Dixon, K. Melnikov and F. Petriello, Phys. Rev. D69, 094008 (2004).

7. S. Alekhin, K. Melnikov and F. Petriello, arXiv:hep-ph/0606237. 8. G. Moreno et al., Phys. Rev. D43, 2815 (1991); R.S. Towell et al. Phys. Rev.

D64, 052002 (2001).