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3076 V. Chekelian (Shekelyan), A. Cooper-Sarkar, R. Thorne2. DIS results on the proton stru
ture fun
tions2.1. The �rst NuTeV results on F2The �(�)-nu
leon 
ross se
tions from the NuTeV neutrino experimentwere presented by R. Bernstein [1℄. In Fig. 1(left) the results are 
omparedwith the former CCFR data [2℄ as fun
tion of the inelasti
ity y. The mea-surements are in a good agreement apart from x = 0:45 where the � resultsof CCFR are systemati
ally lower. In 
ontrast to CCFR the NuTeV experi-ment uses very 
lean � and � beams provided by a Sign Sele
ted QuadrupoleTrain where the 
harge of the parent �;K of the neutrinos 
an be sele
ted.The admixtures of the wrong neutrino type is 3 � 10�4 for � and 4 � 10�3for � beams. The energy s
ale un
ertainties for muons and hadrons are alsoimproved 
ompared to CCFR with 0.8% for muon (goal 0.3%) and 0.4% forhadrons. For CCFR both un
ertainties were 1%.The sum of � and � 
ross se
tions depends on F2, R, the ratio �L=�T oflongitudinal to transverse 
ross se
tions, and �xF3 = xF �3 �xF �3 = 4x(s�
)whi
h is sensitive to heavy quark densities. All three fun
tions 
annot bederived from the data simultaneously be
ause of strong 
orrelations among
orresponding parameters. The �rst NuTeV results on F2(x;Q2), shownin Fig. 1(right), were obtained using the world knowledge on R and �xF3dedu
ed from the y dependen
e of the 
ross se
tions.
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Fig. 1. �(�)-nu
leon 
ross se
tions (left) and F2(x;Q2) (right) from NuTeV.



The Stru
ture Fun
tion Working Group Summary 30772.2. New HERMES results on nu
lear e�e
ts in DISDIS 
ross se
tion ratios for positrons of 27.5 GeV on helium-3, nitrogenand krypton with respe
t to deuterium were measured by the HERMES
ollaboration (presented by Bruell [3℄). The helium-3 and nitrogen datawere already published [4℄. Re
ently, those data were found to su�er froman A-dependent tra
king e�
ien
y of the HERMES spe
trometer, whi
hwas not re
ognised in the previous analysis. The resulting 
orre
tion of the
ross se
tion ratios is signi�
ant at low values of x and Q2 and substantially
hanges the interpretation of those data. The data 
orre
ted for this e�e
tare shown in Fig. 2. They are in agreement with previous measurements ofNMC and SLAC. Values for the ratio RA=RD have been derived from the ydependen
e of the data and are found to be 
onsistent with unity.
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Fig. 2. Ratio of isos
alar DIS Born 
ross se
tions for several nu
lei with respe
t todeuterium (left), ratio RA=RD (right).2.3. HERA results at low and medium Q2Lastovi
ka [5℄ presented new H1 data on F2(x;Q2) at very low x and0:35 < Q2 < 3:5 GeV2 in the transition region from the non-perturbativeQCD to the DIS domain, see Fig. 3. The data were taken in 2000 in aspe
ial run with the intera
tion vertex shifted by 70 
m in the proton beamdire
tion, thereby a

essing lower Q2 than at the nominal vertex position.



3078 V. Chekelian (Shekelyan), A. Cooper-Sarkar, R. ThorneThe luminosity was in
reased by about a fa
tor of four as 
ompared to theinitial shifted vertex run in 1995 whi
h lead to the �rst H1 [6℄ and ZEUS [7℄data on the proton stru
ture fun
tion in the low Q2 domain.
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Fig. 3. F2=Q2 � �tot(
�p) as fun
tion of Q2 for di�erent W , the invariant mass ofthe hadroni
 �nal state. Grey squares at 0:35 < Q2 < 3:5 GeV2 
orrespond to thenew H1 results.The steep rise of the proton stru
ture fun
tion F2 towards small x was�rst observed in 1993 in the HERA data [8℄. In perturbative QCD this rise
orresponds to an in
rease of the gluon density and is expe
ted to slow downat highest energies (small x) due to gluon-gluon intera
tions. Meanwhile thepre
ision of the F2 data is mu
h improved and the rise is studied in greatdetail. Gayler [9℄ presented the lo
al derivative � = �(� ln F2=� ln x)Q2based on the new H1 F2 data [5℄ and published pre
ision H1 data [10℄. Thex and Q2 dependen
e of � is shown in Fig. 4(left). The derivative is 
onstantfor �xed Q2 in the range x < 0:01 
onsistent with the QCD �t. Thereforethe data were �tted assuming the power behaviour F2 = 
(Q2)x��(Q2). Theresults for the � and 
 values are presented in Fig. 4(right). At Q2 < 2 GeV2the H1 data were 
ombined with data of NMC [11℄ and ZEUS [12℄. We
an state that no damping e�e
ts of the rise of F2 are visible yet at presentenergies for Q2 > 0:85 GeV2. For Q2 � 3:5 GeV2 and x < 0:01, F2 
anbe well des
ribed by the very simple parameterisation F2 = 
x��(Q2) with
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Fig. 4. Lo
al derivative � = �(� lnF2=� lnx)Q2 (left) and �tted values of �(Q2)and 
(Q2) (right).
 � 0:18 and �(Q2) = a�ln(Q2=�2). At very low Q2 � is approa
hing 0.08whi
h 
orresponds to the energy dependen
e of soft hadroni
 intera
tions�tot � s�P (0)�1 � s0:08 [13℄.2.4. High Q2 HERA dataNew high Q2 HERA data were presented by Ellerbro
k [14℄, Moritz [15℄and Grijpink [16℄. Both ZEUS and H1 have results from � 16 pb�1 of e�pdata taken in the years 1998�1999 and � 60 pb�1 of e+p data taken in theyears 1999�2000, both at ps = 318GeV. These e+p data 
an be 
ombinedwith the previously published data at ps = 300GeV to give a total sampleof � 90 pb�1.The ZEUS and H1 data for neutral (NC) and Charged Current (CC)e�p s
attering are 
ompared in Fig. 5. There is ex
ellent agreement betweenthe experiments and with the Standard Model predi
tions for ele
troweakuni�
ation at high Q2.
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Fig. 5. Comparison of the ZEUS/H1 data on e�p CC and NC s
attering (left). TheNC e� redu
ed 
ross-se
tions as a fun
tion of Q2 (right).Negle
ting the small 
ontribution of FL, the di�erential 
ross-se
tion forNC e�p s
attering is given byd2�(e�p)dxdQ2 = 2��2Q4x �Y+F2(x;Q2)� Y�xF3(x;Q2)� ; (1)where F2; xF3 are expressed in terms of parton distribution fun
tions (PDFs)as F2(x;Q2) = �iAi(Q2)(xqi(x;Q2) + x�qi(x;Q2)) (2)and xF3(x;Q2) = �iBi(Q2)(xqi(x;Q2)� x�qi(x;Q2)) (3)in leading order perturbative QCD. For unpolarised lepton beams the 
o-e�
ients A;B are given in terms of ele
troweak 
ouplings [18℄. The parityviolating stru
ture fun
tion xF3 is only signi�
ant at high Q2. Fig. 5 alsoshows the di�eren
e in the e+ and e� NC 
ross-se
tions due to this xF3term as a fun
tion of Q2. This has been used to extra
t xF3 and a newmeasurement from ZEUS is shown in Fig. 6. With the greater luminosityof HERA-II a pre
ise measurement of this valen
e stru
ture fun
tion will bepossible a
ross all x. Currently the only su
h pre
ision measurement is thexF3 measurement from CCFR �; �� s
attering on an Fe target.High Q2 CC data 
an be used to gain information on the high x valen
ePDFs, with �avour separation between uv and dv. CC s
attering involvesonly the quark �avours whi
h are appropriate to the 
harge of the 
urrent,
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Fig. 6. The stru
ture fun
tion xF3 extra
ted from ZEUS high Q2 NC e�p data.so that the di�erential 
ross-se
tion for CC e�p s
attering with unpolarizedbeams is given byd2�(e�p)dxdQ2 = G2F2�x M4W(Q2 +M2W )2 �xU(x;Q2) + (1� y)2x �D(x;Q2)� (4)andd2�(e+p)dxdQ2 = G2F2�x M4W(Q2 +M2W )2 �x �U(x;Q2) + (1� y)2xD(x;Q2)� ; (5)where U stands for U -type quarks with 
harge +2=3 andD forD-type quarkswith 
harge �1=3. Clearly at high x the e�p 
ross-se
tion is dominated bythe uv PDF and the e+p 
ross-se
tion by the dv PDF. The new high Q2 CCdata are shown in Fig. 7. Their 
ontribution to the pre
ision extra
tion ofPDFs will be dis
ussed in Se
. 3.2.The strong dependen
e of the CC 
ross-se
tions on the W propagator
an be used to make an extra
tion ofMW in a spa
e-like pro
ess. The resultsfrom ZEUS and H1 for e� and e+ data are given in Table I. The e� datagive the better determinations, both be
ause of the larger 
ross-se
tion andbe
ause of the redu
ed un
ertainty from the PDFs when the better knownu quark distribution is dominant.At HERA-II our ability to measure ele
troweak parameters will be greatlyimproved both due to in
reased statisti
s and due to the polarization of thebeams, as detailed in the 
ontribution of Metli
a [17℄. For example, with1 fb�1 and P (e�) = �0:7, the error a
hievable will be �MW � 0:055 GeV,
f. the PDG value �MW � 0:049 GeV from time-like pro
esses.
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ted from ZEUS and H1 CC data.Experiment Beam MWZEUS e+ 81:4� 2:7(stat)� 2:0(sys)� 3:0(PDF)H1 e+ 80:9� 3:3(stat)� 1:7(sys)� 3:7(PDF)ZEUS e� 80:3� 2:1(stat)� 1:2(sys)� 1:0(PDF)H1 e� 79:9� 2:2(stat)� 0:9(sys)� 2:1(PDF)3. Re
ent NLO QCD �tsA large amount of new data has be
ome available during the past 
oupleof years, in parti
ular the re
ent measurements of in
lusive DIS 
ross se
tionsin ep intera
tions by H1 and ZEUS and the in
lusive high-ET jet data byD0 and CDF. The improved pre
ision of the data led to a new generation ofglobal NLO DGLAP QCD analyses, su
h as MRST01 [19℄ and CTEQ6 [20℄presented at the workshop by Thorne [21℄ and Tung [22℄. Reisert [23℄ and
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ture Fun
tion Working Group Summary 3083Tassi [24℄ presented QCD �ts performed by H1 [10℄ and ZEUS using theirrespe
tive data supplemented by the data from �xed target experiments.Improved quality of the �ts is a
hieved due to more pre
ise data as well asdue to a new level of sophisti
ation in the �tting te
hnique in
luding a fulltreatment of available experimental 
orrelated systemati
 un
ertainties.The MRST01, CTEQ6 and ZEUS PDFs are 
ompared in Fig. 8, wherethe error band illustrated is that from the ZEUS standard (ZEUS-S) analysis.There is good agreement of all these PDFs within experimental un
ertainties.
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ertainty of parton distributions from QCD �tsA new feature of the re
ent QCD analyses is a systemati
 and pragmati
treatment of the un
ertainties of the parton distribution fun
tions and theirphysi
al predi
tions. One of the problems of the un
ertainty estimation for�ts with many data sets is related to a 
ertain degree of in
onsisten
y of thelatter. Usually the one sigma error of a parameter in a �t is determined byvariation of �2 by one unit from the minimum. Very often, however, thisrule be
omes unrealisti
. This is demonstrated in Fig. 9, where the distan
esfrom �2-minima of individual data sets to the global minimum by far ex
eedsthe range allowed by the ��2 = 1 
riterion. It is not possible to simply
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Fig. 9. Partial �2 for data sets in the MRST01 �t as fun
tion of �s(M2Z) (top). Dis-tan
e along a parameter 
ombination (eigenvalue 4, CTEQ6) from the �2-minimumof an individual data set to the global minimum (bottom). In the neighborhood ofthe global minimum a distan
e of 1 
orresponds to ��2global � 1.drop �in
onsistent� data sets, as then the partons in some regions wouldlose important 
onstraints. On the other hand the level of �in
onsisten
y�should be re�e
ted in the un
ertainties of the PDFs. This 
an by a
hieved



The Stru
ture Fun
tion Working Group Summary 3085by modi�
ation of the �2 toleran
e 
riterion to ��2 = T 2 [19, 20, 25, 26℄where T stands for a toleran
e whi
h should be estimated from the levelof (in)
onsisten
y of the data sets used in ea
h parti
ular QCD �t. In theCTEQ6 �t the toleran
e was taken to be 10 (��2 = 100), as shown by thehorizontal lines in Fig. 9(top). The 
hoi
es for T 2 in the QCD �ts are listedin Table II and range from 1 to 100. TABLE IIValues of �s(M2Z) and its error from di�erent NLO QCD �ts with di�erent errortoleran
es.CTEQ6 ��2 = 100 �s(M2Z)= 0:1165� 0:0065(exp)ZEUS ��2e� = 50 �s(M2Z) = 0:1166� 0:0049(exp)�0:0018 (model)� 0:004 (theory)MRST01 ��2 = 20 �s(M2Z) = 0:1190� 0:002 (exp)� 0:003 (theory)H1 ��2 = 1 �s(M2Z) = 0:115� 0:0017(exp)+ 0:0009� 0:0005 (model)� 0:005 (theory)The values of the strong 
oupling 
onstant �s(M2Z) obtained in the �tsare also given in Table II. They are remarkably 
onsistent. However, theestimates of the experimental un
ertainties on �s(M2Z) are di�erent due todi�erent judgements on the ��2 
riterion. This is not a 
ontradi
tion, all
hoi
es are legitimate and re�e
t di�erent emphases in the �ts. For example,H1 [10℄ uses the 
anoni
al ��2 = 1 after 
areful 
onsisten
y 
he
ks of thetwo data sets (H1 and BCDMS �p) used in the �t. The relative un
ertaintybands for the gluon distribution obtained in the CTEQ6 and ZEUS-S �tsare shown in Fig. 10. They illustrate a reasonable 
onsisten
y of judgementon the experimental errors of the gluon PDF.Thus, there are reasonable approa
hes to how to treat experimental sta-tisti
al and systemati
al errors, how to take into a

ount model un
ertaintiessu
h as 
harm or bottom masses, and how to a

ount for in
ompatibilitiesof data sets. It is not so easy to estimate theoreti
al un
ertainties, this isexplored further in [21℄ and in Se
. 5.4. The model un
ertainty whi
h 
omesfrom the 
hoi
e of parametri
 forms for the PDFs at the input s
ale also mer-its further investigation. The latter issue was studied by CTEQ [20℄ and H1.Reisert [23℄ presented an investigation of the parameter spa
e using generalforms of MRST type parameterisations xPDF = axb(1� x)
(1+ dpx+ ex)for the PDFs of the gluon, quarks and anti-quarks at the input s
ale. Start-ing with the parameters a; b; 
 for ea
h PDF, an additional parameter was
onsidered only when its introdu
tion improved �2 by more than one unit.The un
ertainty envelope in this study was de�ned as an overlap of the ex-
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ture Fun
tion Working Group Summary 30873.2. Results from QCD �tsThe HERA data are 
ru
ial for determining the low x sea and gluonshapes. The ZEUS-S sea and gluon distributions are 
ompared in Fig. 12 [24℄.The gluon density is mu
h larger than the sea density for Q2 > 5 GeV2, butfor lower Q2 the sea density 
ontinues to rise at low x (
onsistent with therise in F2 down to low Q2 mentioned in Se
. 2.3), whereas the gluon den-sity is suppressed. This 
ould be a signal that the 
onventional DGLAPformulation of NLO-QCD is inadequate in this region. Fig. 12 also showsdata at very low Q2 
ompared to the ZEUS-S �t. Su
h a �t 
learly failsfor Q2 � 0:65 GeV2, even when the 
onservative error bands on the �t are
onsidered.
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e distributions and this isimportant be
ause these data do not su�er from the un
ertainties asso
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3088 V. Chekelian (Shekelyan), A. Cooper-Sarkar, R. ThorneBoth the NC and CC high-Q2 data are very well des
ribed by the globalPDF �ts. ZEUS has also made a spe
ial �t to ZEUS data alone (ZEUS-O) in-
luding the new e�p 98/99 and the preliminary e+p 99/00 high Q2 data [24℄.In this �t these additional data sets were used instead of the �xed-targetdata to 
onstrain the valen
e distributions. Fig. 13 
ompares the valen
edistributions from the ZEUS-S global �t to those for the ZEUS-O �t. Thelevel of pre
ision of the ZEUS-O �t is approa
hing that of the global �tand its pre
ision is statisti
s limited rather than systemati
s limited, so thatimprovement 
an be expe
ted with higher luminosity HERA-II data. Thesystemati
 pre
ision of high-x (x > 0:7) measurements at HERA-II 
an alsobe improved further as explored in the 
ontribution of Helbi
h [27℄.
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Fig. 13. Valen
e distributions for the ZEUS-S �t (left). Valen
e distributions forthe ZEUS-O �t (right).There are further advantages to using HERA data alone. In the ZEUS-O�t, the high-x d-valen
e distribution is determined by the high-Q2 e+p CCdata. In 
ontrast in the global �ts it is strongly determined by the NMCFD2 =F p2 data. It has been suggested that su
h measurements are subje
t tosigni�
ant un
ertainty from deuteron binding 
orre
tions [28℄. The ZEUS-Oextra
tion does not su�er this un
ertainty.The ZEUS-O �t was made using the same form of parton parametrizationas the ZEUS-S global �t. For the global �ts, parametrization dependen
eis not severe sin
e, for example, the valen
e shapes are strongly 
onstraineda
ross all x by the CCFR xF3 data, and the �d� �u distribution is 
onstrainedby D; p target data. However, if HERA data alone are used, then these
onstraints are lost and parametrization dependen
e 
an be signi�
ant, as
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tion Working Group Summary 3089dis
ussed in Se
. 3.1 [23℄. At HERA-II the pre
ision measurement of xF3a
ross all x should 
onsiderably redu
e this un
ertainty, and eliminate theun
ertainty from heavy target 
orre
tions whi
h is unavoidable in the CCFRxF3 measurement. 4. F 
�
2 , F 
2Results relevant to the 
harm stru
ture fun
tion and the photon stru
-ture fun
tion were extensively 
overed in the Hadron Final States WorkingGroup and will not be dis
ussed again in detail here. Results from HERAon the 
harmed stru
ture fun
tion were reviewed for the Stru
ture Fun
-tion Working Group by Behnke [29℄. Przyby
ien [30℄ reviewed the statusof photon stru
ture fun
tion measurements at LEP. De Roe
k [31℄ pre-sented new OPAL data from two-photon pro
esses and Max�eld [32℄ re-viewed measurements of real and virtual photon stru
ture. There was alsosome progress in developing new PDF sets for the photon, a

ounting formodern data and 
orre
t heavy quark treatment, as presented by Albino [33℄and Jankowski [34℄. 5. TheoryAt this workshop the main emphasis of the theoreti
al 
ontributionswas the di�erent ways in whi
h one 
an 
al
ulate stru
ture fun
tions andthe regions of appli
ability of these di�erent approa
hes. Essentially therewere four alternative methods whi
h were outlined, all of whi
h have seensigni�
ant progress, or at least new results. These are:1. Latti
e QCD.2. Saturation type e�e
ts/
olour glass 
ondensates.3. kT-fa
torization.4. Collinear fa
torization.There were also some other talks whi
h do not fall into these general 
ate-gories. Haidt presented a 
onsisten
y 
he
k for DGLAP evolution [35℄, exam-ining the partons extra
ted from the measured values of F2 and dF2=d lnQ2and 
he
king that these are 
onsistent with the evolution equations. A dis-
repan
y is found at low x and Q2. Lastovi
ka demonstrated that a good�t to stru
ture fun
tions may be obtained using a parameterization deter-mined by assuming a self similar stru
ture, i.e. using the fra
tal dimensionsfor the stru
ture fun
tions [36℄. A. Kotikov presented a �t to high x datausing 
uts determined by the region of large systemati
 errors extra
ting,



3090 V. Chekelian (Shekelyan), A. Cooper-Sarkar, R. Thornefor example, �S(M2Z) = 0:1174� 0:0007(stat)� 0:0019(sys)� 0:0010(norm)from a nonsinglet �t [37℄. D. Timashkov also presented an analyti
 formulafor stru
ture fun
tions for all x and Q2 based on expressions in the limiting
ases Q2 ! 0, x ! 1 and x ! 0 [38℄. However, the summary is based onthe above four alternative pro
edures.5.1. Latti
e QCDThere has been signi�
ant progress in this area, and we were given asummary by Capitani [39℄. It is not possible to 
ompute stru
ture fun
tionsdire
tly on the latti
e be
ause the parton distributions are de�ned on thelight 
one, while latti
e simulations are done in Eu
lidean spa
e. However,one 
an use the Operator Produ
t Expansion and 
al
ulate moments. Themain e�ort has been in the 
al
ulation of 1st, 2nd and 3rd moments of nons-inglet distributions, both for unpolarized and polarized stru
ture fun
tions.A reason for only 
al
ulating nonsinglet quantities is due to the di�
ulty in
omputing dis
onne
ted diagrams (i.e., 
onne
ted only by gluon lines) dueto the expense in 
omputer time. Nonsinglet quantities are insensitive tosu
h diagrams.One of the main improvements has been the �rst 
al
ulations withoutusing the quen
hing approximation. This has shown that, for nonsingletquantities at least, the quen
hed approximation is indeed very good. Therehave also been improvements in the perturbative renormalization fa
torsrequired to translate the results on the latti
e to a parti
ular 
ontinuumrenormalization s
heme (e.g. MS). In order to obtain the �nal results on thelatti
e it is ultimately ne
essary to perform 
hiral and 
ontinuum extrapola-tions, using a �t formula A+Bm2� + 
a2, due to the �nite latti
e spa
ing aand to the fa
t that one 
urrently has a pion with massm� � 500 MeV. Thisappears to be well under 
ontrol, but the results are disappointing � for the�rst moment of the u� d distribution they �nd 0:30� 0:03 where the stan-dard distributions give 0:23 � 0:02. The results for polarized distributionsare more in agreement with experiment.It is thought that this dis
repan
y is due to the �nite size of the latti
emissing the e�e
ts of the pion 
loud. From 
hiral perturbation theory oneobtain terms � m2� lnm2�. Introdu
ing an additional term in the extrapo-lation formula of the form m2� ln(m2�=�2) 
an solve this problem, but onlyfor � a free parameter � 300�700 MeVfor various pro
esses, destroying anypredi
tive power. One needs latti
es su
h that m� < 250 MeV, whi
h maybe possible with 
omputers within a 
ouple of years. It would also be de-sirable to investigate the pion 
loud e�e
ts by doing simulations with largerphysi
al volumes. Finally, preliminary investigates of higher twist momentshave been performed, giving results whi
h are surprisingly small.
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ts/
olour glass 
ondensatesThere was a lot of emphasis on the region of small x and low Q2 wherethe gluon density is expe
ted to saturate. Re
ently a great deal of interesthas fo
used on the GBW saturation model [40℄. In this one fa
torizes deepinelasti
 s
attering into the �u
tuation of the virtual photon into a dipolepair and the dipole-proton 
ross-se
tion. The former is 
al
ulable at LO andthe latter is modelled in the form�̂(x; r) = �0 �1� exp�� r24R20(x)�� ;where r is the dipole size and R20(x) = (x=x0)� GeV�2. This then saturatesat large r and low x and predi
ts geometri
 s
aling, i.e. that the stru
turefun
tions are fun
tions of Q2R20(x) alone. For � � 0:28 this model 
ouldbe made to �t data well, and the pro
edure 
ould then predi
t the totaldi�ra
tive 
ross-se
tion. We had a presentation from N. Timneanu on anextension of this type of approa
h to two photon physi
s [41℄. Using anumber of sensible extensions of the dipole-proton 
ross-se
tion to modelthe dipole-dipole 
ross-se
tion he demonstrated that a good �t to existingdata on photon-photon 
ross-se
tions is obtained for both real and virtualphotons. However, this data is not very pre
ise, and in parti
ular, 
an notdistinguish between the di�erent extensions.However, the new more a

urate HERA data on proton stru
ture fun
-tions presented at this workshop is very pre
ise and for
es the simple satu-ration model to be modi�ed, e.g., the e�e
tive power � in F2(x;Q2) � x��is a

urately measured to run with Q2 (see Se
. 2.3 and Fig. 4) whereas itsaturates at moderate Q2 in the simplisti
 saturation model. In order tore
tify this it is ne
essary to in
lude DGLAP evolution in the model [42℄,repla
ing the above �̂(x; r) by�̂(x; r) = �0�1� exp���2r2�s(�2)xg(x; �2)3�0 ��;where �2 is parameterized in terms of r2. This 
an improve the �t 
onsid-erably, as shown in Fig. 14. However, it moves one away from the originalprin
iples somewhat, and geometri
 s
aling is violated. There are two alter-native formulations in [42℄ (somewhere between the two is likely to be mostrealisti
), both moving the saturation s
ale to lower x and Q2. In
luding
harm quarks rather than only 3 light �avours in the original model (hardlyoptional sin
e 
harm 
ontributes over 30% of the stru
ture fun
tion in someregions) also moved the saturation s
ale down an order of magnitude in x.If this is also true for the modi�ed model it implies that for Q2 = 1GeV2saturation sets in only for x < 0:00001 in stru
ture fun
tions.
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tive slope � as a fun
tion of Q2 � the original saturation model(dashed line) and the improved model (dotted line).We also had some other talks on saturation in QCD, dis
ussing the solu-tions to the nonlinear equations des
ribing QCD at high parton density andadding support to the type of models 
onsidered above. We had a review ofthis subje
t by M
Lerran [43℄ (whi
h will be dis
ussed in the summary of thedi�ra
tive session). We also had a presentation by Freund whi
h outlinedsome spe
i�
 points [44℄. He told us that �Colour Glass Condensate� simplymeans that in QCD (
olour) at high energies, �elds slowly evolve relativeto natural s
ales (glass) and the phase-spa
e density saturates (
ondensate).Hen
e, at high energies, but at s
ales high enough that perturbative QCDapplies, one 
an write a renormalization group equation in x in terms ofsuitable variables [45℄. This results in a Fokker�Plank equation whi
h isnonlinear, but whi
h one 
an use known te
hniques to solve. Implementinga single input 
ondition one obtains a solution (for �xed �S) of the generalform F2(x;Q2) = (x=x0)2�f(x0; (( xx0 )� QQ0 )2) where � = 0:18, whi
h �ts thedata well and is similar to geometri
 s
aling. This has also been appliedto nu
lear stru
ture fun
tions with su

essful results, and where it is foundthat the s
aling variable is Q2(x=x0)2�A�Æ, where Æ = 0:1 rather than thenaively expe
ted 1=3. Hen
e, the �rst prin
iple solutions in the 
olour-glass-
ondensate approa
h support the saturation models, implying a similar typeof s
aling. Corre
tions to this s
aling have been estimated. However, thereare further improvements to be made, e.g. a full treatment of running 
ou-pling, and it is intriguing that geometri
 s
aling should work so well whenthe 
harm quark 
ontribution is ignored, despite the fa
t that it 
ontributesa great deal to the stru
ture fun
tion, and should lead to violation of anygeometri
 type s
aling.
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torizationThis should be appli
able at high energies at s
ales where perturbationtheory holds but high density e�e
ts are minimal. There have been a numberof improvements in this �eld. One of these is in the Monte Carlos based onkT-fa
torization. H. Jung showed that there has been signi�
ant progressin 
orre
ting previous short
omings in the CASCADE Monte Carlo [46℄,both in the treatment of the s
ale in the running of the 
oupling and inthe in
lusion of the non-singular terms in the O(�S) gluon�gluon splittingfun
tion [47℄. Expli
itly, in the original version the splitting fun
tion hadthe form P = ��S1�z+ ��Sz �ns ; where �ns is the non-Sudakov form fa
tor. Thismisses the non-singular terms ��S(�2+z(1�z)) in the LO splitting fun
tion.Sin
e this is a negative 
ontribution its omission leads to a bigger gluon athigh and moderate x. This has lead to the modi�
ationP = ��S� z1� z +Bz(1� z)�+ ��S�1� zz + (1�B)z(1� z)��ns ;where B � 0:5, as well as 
hanges to the form fa
tors. Unfortunately,although these modi�
ations, or something similar, are ne
essary, the de-
reased positive 
ontribution to the evolution at moderate x a
tually leadsto worse agreement with data for forward jets, and Tevatron b produ
tion,with the data showing an ex
ess in both 
ases. There was also an alterna-tive approa
h to kT-fa
torization based Monte Carlos presented by Miu [48℄.This is based on the Linked-Dipole-Chain model, and di�ers mainly in themanner in whi
h partons are separated into initial and �nal state emissions.The resulting integrated gluon distribution obtained from �ts to F2 agreewell with standard distributions. While this need not be the 
ase at smallx, where kT-fa
torization and 
ollinear fa
torization may well di�er, it mustbe the 
ase at higher x, where a 
orre
tly modi�ed Monte Carlo should notsigni�
antly alter the 
onventional results.A. Stasto talked on solutions to the LO BFKL equation with running
oupling [49℄. She argued that if one 
al
ulates the purely perturbative 
on-tribution to the high-energy gluon Green's fun
tion one obtains an expansionin �0 ��2SY whi
h is reasonably well-behaved as long as �0 ��2SY � 0:1 (beyondthis the series diverges), and expli
it results are known for this series [50℄.It was also demonstrated that the transition to the nonperturbative regionis a sudden tunnelling-like e�e
t, rather than due to di�usion as is generallyassumed [51℄. The regime where the alternative methods of breakdown o
-
ur was 
ompared and found to be similar for ��S � 0:1 but the perturbativeexpansion having a larger range of appli
ability for lower ��S (or in the for-mal limit of small �0). However, �0 ��2SY � 0:1 is not in pra
ti
e a very widerange, and it is un
lear if purely perturbative 
al
ulations of high-energy
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attering are really possible in a quantitative sense, though higher order
orre
tions may help matters.S. Gieseke presented an update of the present status of the 
al
ulationof NLO impa
t fa
tors in the BFKL framework [52℄. This 
onsists of twodi�erent 
ontributions � the one-loop virtual 
orre
tions to the quark boxdiagrams and the 
ontributions with an additional gluon in the intermediatestate, as illustrated in Fig. 15. The 
al
ulation of the vertex diagrams inea
h of these two 
ases is now 
omplete, and moreover, it has been proventhat the infrared divergen
es due to the two separate 
ontributions 
an
elea
h other in the appropriate manner. However, it still remains to performthe integrals over phase spa
e to obtain the �nal result. On
e this is donewe will �nally be in a position where NLO 
al
ulations of physi
al pro
esses
an be made with the kT-fa
torization framework for the �rst time.1 loop1 tree0(a) 0tree0tree(b)
Fig. 15. Contributions to the 
? impa
t fa
tor.5.4. Collinear fa
torizationThis is what we normally think of as standard perturbative QCD, whi
hwe use assuming high a

ura
y at large s
ales and un
ertain x, usually atNLO. Within the framework of NLO QCD, S. Kretzer gave a presentation ofvarious issues in heavy-�avour produ
tion [53℄: a pres
ription for fully dif-ferential 
harm produ
tion at NLO for 
harm produ
tion in DIS [54℄, whi
hwill be important in determining the strange quark distribution with morea

ura
y at NuTeV; the NLO and mass 
orre
tions to the DIS 
ontributionto ��N ! �X; and a modi�
ation of the ACOT pres
ription for in
lusive
harm produ
tion in DIS to in
lude the appropriate threshold behaviour in
oe�
ient fun
tions at ea
h order [55℄. J. Bartels also gave a summary of the
ontribution of higher twist operators at small x [56℄. Within the 
ontext ofthe double-leading-log approximation, and having to model the inputs, the
ontributions of the four sour
es due to gluon operators show a potentiallylarge 
an
ellation in F2, but imply a large negative twist four 
orre
tionto FL.
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h gave a summary of NNLO 
al
ulations of splitting fun
tions and
oe�
ient fun
tions [57℄. These rely on 
al
ulating the Mellin moments ofthe stru
ture fun
tions, whi
h results in simpli�
ation sin
e internal prop-agators in diagrams whi
h depend on the parton momentum p 
an be ex-panded in powers of (p � q=q2)N where N indeed 
orresponds to the Mellinmoment variable. For the diagrams with only one internal line dependent onp, known as basi
 building blo
ks, this redu
es 4-point diagrams to 2-pointdiagrams and the 
al
ulation is greatly simpli�ed. Various te
hniques thenalso have to be used to relate more 
ompli
ated diagrams to these buildingblo
ks [58℄. A number of �xed moments of 3-loop splitting fun
tions and
oe�
ient fun
tions have already been 
al
ulated [59℄. The 
omplete 
al
ula-tion of non-singlet quantities is nearly �nished. The mu
h more 
ompli
atedsinglet quantities will be a little longer.Finally, we had an update on both the MRST and CTEQ parton distri-butions [19, 20℄. Tung [22℄ 
on
entrated on the treatment of un
ertaintiesdue to experimental errors (dis
ussed in Se
. 3.1). Thorne [21℄ instead em-phasized the need to understand theory errors for partons as well as thedevelopment of experimental errors. For example, MRST have used the ap-proximate NNLO splitting fun
tions in [62℄ to perform global �ts and makepredi
tions at NNLO [61℄. This suggests that NNLO leads to a bigger 
or-re
tion even to the W 
ross-se
tion at Tevatron than the experimental errorwithin NLO. The theory errors asso
iated with higher orders are probablymu
h bigger for gluon dominated quantities. Additionally, detailed investi-gation of 
uts on data [60℄ suggest that the �ts improve if the lowest Q2 andparti
ularly lowest x data are 
ut out, and the predi
tions for 
ross-se
tionswith the new partons 
hange. This suggests potentially large 
orre
tions toNLO DGLAP at low Q2 and low x.5.5. Theoreti
al 
on
lusionsAs outlined, there are various di�erent approa
hes to 
al
ulating stru
-ture fun
tions, and there has been real progress in some of these 
al
ulations,e.g. NNLO in the usual expansion in �S, in the 
olour glass model and inNLO 
orre
tions to BFKL impa
t fa
tors. All the approa
hes are probablyappli
able in their own regime, and in some 
ases 
an be extrapolated with
onsiderable su

ess for surprising distan
es. However, this su

ess maysometimes lead to unwarranted 
laims that one approa
h is a
tually parti
-ularly appropriate. There needs to be more real understanding of pre
iselywhere the regimes are and how they 
an be 
ombined in order to produ
ethe best overall theory with the maximum predi
tive power. In our opin-ion the best theory, parti
ularly when one 
onsiders the predi
tive powerfor a wide range of pro
esses over a range of di�erent experiments (HERA,
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ollinear fa
torization theo-rem, but improved as mu
h as possible by, for example, resummations atsmall and large x, higher twist 
orre
tions, et
. Clearly this will then requiremodi�
ation in the nonperturbative regime. This 
onstru
tion of the best
omplete, universally appli
able theory is a di�
ult task, and help will beneeded from even more pre
ise and wide-ranging data.6. Con
lusionsNew pre
ise results on stru
ture fun
tions a
ross a wide range of Q2,from 0:35 to 30000 GeV2, have been presented this year. The data arenow systemati
s rather than statisti
s limited su
h that QCD �ts to extra
tparton distributions and �s have to 
onsider 
orrelated systemati
 errors.The pre
ision of the data requires extension of the 
onventional formalismof NLO QCD, as embodied in the DGLAP formalism, and this 
hallenge isbeing met as this formalism extended in various dire
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