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STRONG COUPLING CONSTANT FROMTHE PHOTON STRUCTURE FUNCTION�Simon Albinoy, Mihael KlasenII. Institut für Theoretishe Physik, Universität HamburgLuruper Chaussee 149, D-22761 Hamburg, Germanyand Stefan Söldner-RemboldFNAL, P.O. Box 500, MS 357, Batavia, IL 60510, USA(Reeived September 12, 2002)We extrat the value of the strong oupling onstant �s from a single-parameter pointlike �t to the photon struture funtion F 2 at large x andQ2 and from a �rst �ve-parameter full (pointlike and hadroni) �t to theomplete F 2 data set taken at PETRA, TRISTAN, and LEP. In next-to-leading order and the MS renormalization and fatorization shemes,we obtain �s(mZ) = 0:1183 � 0:0050(exp.)+0:0029�0:0028(theor.) [pointlike℄ and�s(mZ) = 0:1198 � 0:0028(exp.)+0:0034�0:0046(theor.) [pointlike and hadroni℄.We demonstrate that the data taken at LEP have redued the experimentalerror by about a fator of two, so that a ompetitive determination of �sfrom F 2 is now possible.PACS numbers: 12.38.Bx, 12.38.Qk, 13.65.+i1. IntrodutionIn these proeedings, we demonstrate that new TRISTAN and LEP data,whih extends to high hQ2i � 780GeV2, improves the sensitivity of F 2 to �ssigni�antly, yielding a �tted �s that is onsistent with the world averageand has ompetitive experimental and theoretial errors.2. General proedureWe work in a �xed �avor number sheme with three ative quark �avors(u; d; s), and inlude the heavy quark ontribution via the O(�) expression� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.y Speaker. (2939)



2940 S. Albino, M. Klasen, S. Söldner-Remboldfor the Bethe�Heitler proess �(Q2) ! h�h [1℄. Bottom and top quarkontributions are numerially negligible, while harm is not. We adopt aharm quark mass of m = 1:5�0:1 GeV [2℄. We omit spurious higher orderterms [3℄.We use all published F 2 data olleted at the high-energy e+e�-ollidersPETRA [4�6℄, TRISTAN [7�9℄, and LEP [10�16℄. If more than one set ofstatistially overlapping data exists, the most reent publiation is used.We exlude from our �t the data published by the TPC/2 Collaborationat PEP [17, 18℄, sine several data points, mainly at low x, are inonsistentwith measurements published by PLUTO [5℄, L3 [12℄, and OPAL [15℄ inthe range 1:9 < Q2 < 5:1 GeV2. Data where the harm omponent hasbeen subtrated are also disarded. Statistial unertainties and orrelationsbetween data points due to the experimental unfolding are taken into aountas provided by the experiments, while systemati unertainties are assumedto be unorrelated, so on average �2/DF is expeted to be slightly less thanunity. For asymmetri errors, the data points are taken at the enter of thefull error interval. We neglet P 2 in this analysis, sine usually P 2 � Q2.3. Pointlike �tFor our pointlike �t, we set Q0 = �, so that the hadroni input vanishesautomatially and only a single parameter (�, or equivalently �s(mZ)) hasto be �tted. This is only justi�ed at large x and Q2, where the residueof the pointlike singularity is expeted to be small. Thus we perform oursingle-parameter pointlike �t only to a subset of data points with x � 0:45and Q2 � 59 GeV2. Very similar results are obtained with Q0 = 0:5 : : : 0:6GeV [19�22℄, while hoosing Q0 = 1 GeV signi�antly inreases the valueof �2/DF; two-parameter pointlike �ts of �s and Q0 are driven to Q0 ' �.In the �rst three lines of Table I we list the �2/DF and �s(mZ) valuesTABLE I�2/DF and �s(mZ) values obtained in LO and NLO in the MS and DIS fatoriza-tion shemes with a single-parameter �t of the pointlike photon struture funtionF 2 . Also shown are the results obtained without LEP data and with very high Q2data. Sheme �2=DF �s(mZ)LO 7.9/ 19 0:1260� 0:0055(ex)+0:0061�0:0055(th)MS 9.1/ 19 0:1183� 0:0050(ex)+0:0029�0:0028(th)DIS 8.1/ 19 0:1195� 0:0051(ex)+0:0031�0:0028(th)w/o LEP 3.2/ 7 0:1244� 0:0126(ex)+0:0033�0:0032(th)high Q2 11.9/ 8 0:1159� 0:0125(ex)+0:0018�0:0018(th)



Strong Coupling Constant from the Photon Struture Funtion 2941obtained in LO and NLO. The NLO �t is performed in two fatorizationshemes (MS and DIS [3℄) with di�erent treatment of the pointlike Wilsonoe�ient in F 2 , but the numerial variation is found to be small. Thevalues of �2/DF for the individual data sets (not shown) lie around unity orbelow. The experimental errors are determined by varying �s(mZ) until thetotal value of �2 is inreased by one unit. To estimate the theoretial error,we vary the harm quark mass as indiated above and vary the fatorizationand renormalization sales by fators of two about their entral value, thephysial sale Q. We then add these three individual errors in quadrature.In the fourth line of Table I, we list the result of a �t without the LEPdata. The experimental error is more than doubled, showing that the LEPdata have onsiderably inreased the sensitivity of F 2 to �s at high x andQ2. When data at all values of x, but very high Q2 (Q2 � 284 GeV2)are �tted, the entral value of �s(mZ) remains virtually unhanged (lastline of Table I). At very high Q2, the theoretial error drops by a fatorof two, whereas the experimental error inreases. Measurements of F 2 ata future linear e+e�- or e-ollider like TESLA at very high values of Q2and with small experimental errors will therefore lead to even more preisedeterminations of �s.
The Pointlike Photon Structure Function at Large Q2
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Fig. 1. Single-parameter �ts of the pointlike photon struture funtion, omparedto PETRA [4℄, TRISTAN [7,9℄, and LEP [10,12�14,16℄ data at large Q2. The datapoints marked by open irles have not been used in the �ts. Also shown is thehadroni ontribution from a �ve-parameter NLO �t of the full photon struturefuntion in the DIS sheme.



2942 S. Albino, M. Klasen, S. Söldner-RemboldThe goodness of our pointlike �t may also be judged from Fig. 1, wherethe �tted data points are shown as full irles, and where the statistial andsystemati errors have been added in quadrature. The LO and NLO �tsdi�er only by small amounts. The hoie of fatorization sheme only a�etsthe region outside the data. Also shown in Fig. 1 is the hadroni ontributionfrom a �ve-parameter NLO �t of the full photon struture funtion in theDIS sheme, and amounts to only a few perent in the region that has beenused in the pointlike �t.4. Pointlike + hadroni �tF 2 is dominated by the u-quark density in the photon and is only sen-sitive to the ombined density of d- and s-quarks, whih is suppressed bythe smaller d- and s-quark harges. The gluon ontributes to F 2 in LO onlythrough a rather weak oupling to the quark singlet density in the evolutionequations. A onseutive �t of the u-quark, d- and s-quark, and gluon den-sities shows that only the �rst is well onstrained by F 2 data and that the�t does not improve when more degrees of freedom are added. Thereforewe set the gluon PDF to zero and assume that the hadroni �utuations ofthe photon are insensitive to the quark harge, i.e. we identify the hadroniboundary onditions for u-quarks and d- and s-quarks at the starting saleQ0. Together with �s(mZ) and Q0, we then �t the parameters N , �, and� of our ansatz fu; d+s(x;Q20) = Nx�(1 � x)� to the full data set desribedabove. In the �rst three lines of Table II we list the Q0, �2/DF, and �s(mZ)TABLE IIQ0, �2/DF, and �s(mZ) values obtained in LO and NLO in the MS and DISfatorization shemes with a �ve-parameter �t of the hadroni photon struturefuntion F 2 . Also shown are the results obtained without LEP data.Sheme Q0/GeV �2=DF �s(mZ)LO 0:79� 0:18 121/129 0:1475� 0:0074(ex)+0:0141�0:0072(th)MS 0:83� 0:09 118/129 0:1198� 0:0028(ex)+0:0034�0:0046(th)DIS 0:85� 0:09 115/129 0:1216� 0:0028(ex)+0:0033�0:0050(th)w/o LEP 0:46� 0:10 37/ 38 0:1147� 0:0047(ex)+0:0282�0:0033(th)values obtained with this �ve-parameter �t in LO and NLO. The startingsale Q0 is perturbatively stable and is found to be lose to the masses of thelight vetor mesons �, !, and �. The individual values of �2/DF lie aroundunity or below. The �2 value for the four TPC/2 points at Q2 = 2:8 GeV2,whih have not been used in the �ts, is 18.0. The gluon density, generated



Strong Coupling Constant from the Photon Struture Funtion 2943with fg (x;Q20) = 0, is in good agreement with reent H1 dijet data [23℄.Due to the larger number of data points in the full �t, the experimentalerror turns out muh smaller than in the pointlike �t. When the full �t isperformed without the LEP data (last line of Table II), the experimentalerror is almost doubled, i.e. the impat of the LEP data is again impressive.A �t to LEP data only leads to almost idential results as the full �t. Thetheoretial error in LO and without the LEP data gets a large asymmetriontribution from doubling the fatorization sale, whih is highly orrelatedwith an inrease in the �tted value of Q0 and whih is drastially reduedin the full NLO �t. Similar results as those listed in Table II are obtained,when only u-quarks are assigned a hadroni boundary ondition.In Fig. 2 we ompare our results to the �tted F 2 data in the region oflow x and Q2. This region is learly dominated by the hadroni ontributionand by the impat of the LEP data. A �t without the LEP data results ina rise of F 2 at low x, whih is muh too steep. The �ts are perturbativelystable and the data are desribed almost equally well in the MS and DISsheme.
The Full Photon Structure Function at Small Q2
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xFig. 2. Five-parameter �ts of the full photon struture funtion, ompared to datafrom PETRA [5℄, TRISTAN [8, 9℄, and LEP [10�13, 15℄ at small Q2. The datapoints marked by open irles refer to the seond experiment and/or Q2 value.Also shown are the hadroni and pointlike ontributions to the NLO �t in theDIS sheme.



2944 S. Albino, M. Klasen, S. Söldner-Rembold5. SummarySine the total error on �s(mZ) is smaller in the full �t than in thepointlike �t due to the larger number of data points, we adopt as our �nalresult �s(mZ) = 0:1198 � 0:0054 (5.1)in NLO and the MS sheme, where the larger theoretial error has beenadded to the experimental error in quadrature. While our total error isslightly larger than those obtained in Z-boson- and � -deays at LEP, it isomparable to the errors obtained in deep-inelasti sattering at HERA andheavy quarkonium deays. This enourages us to ombine our result withthe urrent world average of 0:1172 � 0:0014 [24℄ to a new world average�s(mZ) = 0:1175 � 0:0014; (5.2)where the errors are assumed to be unorrelated.6. ConlusionOur analysis proves that the available F 2 data ontribute signi�antly toa preise determination of �s and that future measurements of F 2 at linearolliders will have a large impat.REFERENCES[1℄ V. Budnev, I. Ginzburg, G. Meledin, V. Serbo, Phys. Rep. 15, 181 (1974).[2℄ J. Kühn, M. Steinhauser, Nul. Phys. B619, 588 (2001).[3℄ M. Glük, E. Reya, A. Vogt, Phys. Rev. D45, 3986 (1992).[4℄ W. Bartel et al., Z. Phys. C24, 231 (1984).[5℄ C. Berger et al., Phys. Lett. B142, 111 (1984); Nul. Phys. B281, 365 (1987).[6℄ M. Altho� et al., Z. Phys. C31, 527 (1986).[7℄ S. Sahu et al., Phys. Lett. B346, 208 (1995).[8℄ T. Kojima et al., Phys. Lett. B400, 395 (1997).[9℄ K. Muramatsu et al., Phys. Lett. B332, 477 (1994).[10℄ R. Barate et al., Phys. Lett. B458, 152 (1999).[11℄ P. Abreu et al., Z. Phys. C69, 223 (1996).[12℄ M. Aiarri et al., Phys. Lett. B436, 403 (1998); 447, 147 (1999); 483, 373(2000).[13℄ K. Akersta� et al., Phys. Lett. B411, 387 (1997).
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