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F ep2 IN THE DEEP SEA AND DGLAP�Dieter HaidtDESY, Notkestr. 85, 22603 Hamburg, Germany(Re
eived June 28, 2002)The 
onsisten
y of the DGLAP equations is tested in the deep searegion using the HERA F2 data.PACS numbers: 12.38.Bx, 12.38.Cy, 13.60.Hb1. Introdu
tionThe theory of strong intera
tions is now 30 years old. Lepton�nu
leonexperiments have 
ontributed de
isively to the understanding of QCD andto the stru
ture of the proton. During the last de
ade the experiments atthe ep-
ollider HERA have extended the available phase spa
e to very highvalues of Q2 in the valen
e region and have opened at values of Q2 below100 GeV2 a hitherto unexplored region, the deep sea, i.e. x <0.001. Theobserved strong rise of F2 at low values of x was unexpe
ted and so was thesu

essful in
lusion of the low-x data into global QCD analysis [1℄ withoutloosing apparently in �t quality.A phenomenologi
al study of the F2 data in the deep sea revealed twoprominent features, when plotting the data in terms of the variableq = log10(1 +Q2=Q20) [2℄ (with Q20 = 0:5GeV2) rather than the usual lnQ2(i) Within the experimental pre
ision the data [3℄ are well represented byF2(x; q) = u0(x) + u1(x) (q � hqi). For x < 0:001 the linear extrapola-tion to q = 0 satis�es F2(x; 0) = 0 as required by the 
onservation ofthe ele
tromagneti
 
urrent, while for x > 0:001 the valen
e 
ontributiongets in
reasingly important and makes a linear extrapolation inappropriate.(ii) The data 
overing the range above Q2 = 0:05GeV2 do not indi
ate any
hange of behavior in the transition region from non-perturbative to pertur-bative physi
s. This empiri
al fa
t [3℄ 
hallenges the question of how thelinear behavior of F2 in q is brought about as a result of intrinsi
 propertiesof the kernels in the validity region of the DGLAP equations.� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(2847)
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0 0.5 1 1.5 2Fig. 1. F2 data from H1 and ZEUS for 6 �xed x-bins versus q.2. The DGLAP equations and F ep2The formalism des
ribing the evolution of parton distributions is wellknown [4℄. In order to take advantage of the properties of q, the 
oupledDGLAP equations for the singlet (S) and the gluon (G) distributions areexpressed in this variable�S(x; q)�q = a(q)�Pqq 
 S(x; q) + Pqg 
G(x; q)� ; (1a)�G(x; q)�q = a(q)�Pgq 
 S(x; q) + Pgg 
G(x; q)� ; (1b)where a(q) = (�s(Q2)=2�) �(Q2 +Q20)=Q2� ln10 plays the role of the QCD-
oupling. The stru
ture fun
tion F2 in ep s
attering evolves di�erently forthe singlet part, " S(x), and nonsinglet part, N(x). In the Quark�PartonModel " = 1f Pfi e2i and S(x) =Pfi x(qi(x)+ qi(x)) , where e2i are the QED
oupling 
onstants for the f a
tive �avors. In QCD at next-to-leading order



F ep2 in the Deep Sea and DGLAP 2849the parton distributions get Q2-dependent. Choosing the MS renormaliza-tion s
heme the expression for F ep2 reads [4℄: F ep2 = CF 
 N +" (CF 
 S+ CG 
 G). In the kinemati
 region of interest, the deep sea, " S(x; q) =F ep2 (x; q)(1 +O(few %)), as long as Q2 > 1 GeV2. In the 
al
ulations belowthe kernels are used at next-to-leading order with 3 �avors and the singletfun
tion " S(x; q) is identi�ed for x < 0.001 with F ep2 itself, while for x >0.001 S and �S=�q are extended smoothly to the valen
e region in agreementwith data. Eq. (1a) is equivalent toa(q)Pqg 
G(x; q) = �S(x; q)�q � a(q)Pqq 
 S(x; q) : (1
)Now the r.h.s. Ŝ(x; q) � (�=�q � a(q)Pqq
)S(x; q) 
onsists of known quan-tities: S, �S=�q by experiment and Pqq, �s by theory, thus 
onstraining theproperties of the unknown gluon on the l.h.s. This information ought to be
onsistent with the se
ond DGLAP equation (Eq. (1b)). A quantitative testin the deep sea is performed under the two hypotheses1. The singlet S(x; q) is exa
tly linear in q in the deep sea;2. The DGLAP equations are valid in the 
onsidered phase spa
e region;using later on as test quantitya(q)Pqg 
 �G(x; q)�q : (2)3. The �rst DGLAP equation(a) Ŝ: the term �S=�q is given, in the deep sea, by the measured slopes ofF ep2 , i.e. u1(x) (see Fig. 1). The other term a(q)Pqq 
 S(x; q) involvesthe kernel Pqq and so a 
onvolution with S over the full range fromx until 1. Its e�e
t is numeri
ally small as shown in Fig. 2(a). The
onvolution with the lowest order kernel is also shown. The e�e
t ofthe 1=x-term in the NLO-part of Pqq gets prominent at low x. In
on
lusion, the r.h.s. of Eq. (1
) is well determined and is nearlyQ2-independent for 1 < Q2 <100 GeV2. The pre
ise shape of S in thevalen
e region is not relevant.(b) The gluon fun
tion satisfying Eq. (1
) must have a strong dependen
eupon q, sin
e both q a(q) and Ŝ are weakly q-dependent. Fig. 2(b)shows Ŝ(x; q) for q=1. Its shape is dominated by the logarithmi
behavior of �S=�q = u1(x) � log(1=x) [3℄ with a strong suppressionat large x and a small negative 
urvature at low x 
aused by Pqq 




2850 D. HaidtS(x; q). Eq. (1
) 
an be approximately solved for the gluon fun
tion bynoting the property of the kernel Pqg, whi
h applied to a valen
e-likedistribution produ
es a 
onstant, while applied to a 
onstant produ
esa logarithmi
 rise in the deep sea. The resulting gluon fun
tion forq = 1 is displayed in Fig. 2(b). The de
rease at low x a

ounts forthe small negative 
urvature in Ŝ. For veri�
ation both Ŝ(x; 1) anda(q)Pqg 
 G(x; q) for q = 1 using the re
onstru
ted gluon G(x; 1) isalso shown in Fig. 2(b) by the two 
urves, one displa
ed for bettervisibility.
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Fig. 2. (a): a(q)Pqq 
 S(x; q) for q=1 vs log(x) at NLO (upper) and LO (lower);(b): Display of the re
onstru
ted gluon fun
tion G(x; 1); the lower 
urve repre-sents Ŝ(x; 1) and the 
urve shifted upward for visibility by 0.3 veri�es that G(x; 1)approximately satis�es Eq. (1
).4. Consisten
y test for q=1The test quantity T (x; q) = a(q)Pqg 
 �G(x; q)=�q Eq. (2) is evaluatedfor q = 1 in two ways. It appears as one of the terms, denoted by TI, whenforming the derivative of the �rst DGLAP equation w.r.t. qTI = �Ŝ(x; q)�q � � lna(q)�q Ŝ(x; q)� � ln�s(q)�q a(q)(Pqg � PLOqg )
G(x; q) :On the other hand, substituting in T for �G(x; q)=�q dire
tly the se
ondDGLAP equation (1b) yieldsTII = a(q)Pqg 
 a(q)�Pgq 
 S(x; q) + Pgg 
G(x; q)� :The very low x behavior is di�erent for TI and TII, sin
e the se
ond one
onsists of a produ
t of two kernels, while the �rst one involves only onekernel.



F ep2 in the Deep Sea and DGLAP 2851With the gluon distribution fun
tion satisfying the �rst DGLAP equationfor q=1 one obtains the following numbers for TI and TII at 3 x-valuesx TI TII10�3 3.4 3.310�4 5.6 9.310�5 7.8 18.55. ResultsA transparent analysis has been 
arried out 
onfronting the observedform of the stru
ture fun
tion F ep2 at low x with the form implied by theDGLAP kernels. No evolution is performed, but rather the interplay of thederivative w.r.t. q and the 
onvolution is investigated lo
ally. The two mainresults are� In the deep sea region the linear q-dependen
e of F ep2 is in
onsistentwith the DGLAP equations.� a(q)Pqg 
G(x; q) varies very little with Q2 for 1 < Q2 < 100 GeV2.The �rst hypothesis regarding the linearity is not stri
tly satis�ed. Indeed,the mere measurement un
ertainties of the data do not ex
lude a smalldeparture from linearity in q, whi
h, however, is too small to invalidate thelarge deviation of the ratio TI=TII from unity. Furthermore, this ratio isinsensitive to the assumptions made in the analysis.The observed in
onsisten
y is hidden in global �ts [1℄, sin
e the majorityof the F2 data is in the valen
e dominated phase spa
e region and only thesmall fra
tion of the HERA samples in the deep sea probe the 
riti
al 1=xterms in the DGLAP kernels. AsQ2 be
omes smaller than 100 GeV2 the low-x behavior a�e
ts the �ts in
reasingly and unavoidably indu
es large gluondriven 
urvatures �2F ep2 =�q2 in 
on�i
t with the predominant linearity ofF ep2 in q borne out by the data.I like to thank J. Kwie
inski for the invitation to Kraków. I enjoyed fruit-ful dis
ussions with J. Bartels, T. Gehrmann, E. Lohrmann, H. Spiesbergerand P. Zerwas.
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