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The commistency of the DELAF equations & tesbed in the deep sea
tegion using the HER A Fr data,

1. Imtroduction

The theory of strong interactions is now 30 years old. Lepton-nuclson
experiments have contributed decisively to the understanding of QCD and
to the structure of the proton. During the last decades the experiments at
the ep-collider HER A have extendsd the available phase space to very high
valusa of @° in the valence region and have opened at valuss of Q% below
100 GeV® a hitherto unesplorsd region, the deep sen, ie = <0.001. The
obsarved strong rise of Fs at low valuss of » was unespectad and so was the
succeasful inclusion of the low-z data into global QOO0 analysss [1] without
loceing apparently in fit quality.

A phenomenclogical study of the Fo data in the desp ssa revealad two
prominent features, when plotting the data in terms of the variable g =
log (1 + 37/Q3) [ (with @3=0.5 @&V?) rather than the usual In J° :
(i) Within the experimental precision the data [3] are well represantad by
Folx,g) = walz) + walz) (g — (g)). For = <0.001 the linsar erctrapolation to
g=0 satisfies Fu(x,0] =0 as required by the conssrvation of the electromag-
netic current, while for = >0.001 the valence contribution gets increasingly
important and males a linear ectrapolation inappropriate (i) The data
covering the range above =005 FeV® do not indicate any change of
behariour in the transition region from non-perturbative to perturbative
physica. This empirical fact[3] challengea the question of how the linear
behavior of F; in g is brought about az aresult of intrinzic propertise of the
kernels in the validity region of the DELAP equations.
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Fig.1l. Fo data from Hl and ZEUS for G ficed o-bine vet=is g.

2. The DGLAP equations and FiF

The formalism describing the svolution of parton distributions is well
known [4]. In order to tale advantage of the propertiss of g, the couplad
DGELAP equaticns for the singlet (5) and the gluon (&) distributions are
expressed in this variable:

A5(x, ' -

% = g[q][:PﬁE:l S(z,q) + PO LTI:I',t]']) : iLla)
Az '

hlg:;,qj = ﬂl:q:l [:Pﬁ i 5':1' ,q] + ng i GI:Tr G‘]) ] Elb]

whers alg) = =22 %ﬂ In10 plays the rols of the QCD-coupling. The
structure function 55 in ep scatberin g evolves differently for the singlst part,
£ 5(x), and nensinglst part, ¥(x). In the Quark-Parton Model € = 2 7 &7

F =1
and Siz) = 7 z(g.iz) +g,(x)) , where 7 are the QED coupling constants
for the f active favors. In QCD at nest-to-leading crder the parton distri-
butions get @°-dependent. Chocsing the 145 rencrmalization scheme the
eccpression far Fy reads [4]: Fo7 = O N 4e( 054+ CeiG). In the kine
matic region of interest, the desp sea, € 5(x,q) = F3%(z,g)(1 + O(few %)),
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as long as Q% = 1 GeV®. In the caleulations below the lkemes are ussd
at merct-to-leading order with 3 flavora and the singlst function € 5(z,g) is
identified for = <« 0.001 with F3¥ itself, while for = > 0.001 5 and 45/ g are
exctendead smoothly to the valence region in agresment with data. Eq. la is
equivalent o

o(9)P © Gl,g) = "2 (g7, 0 5(2.0) (1c)

Mew therhs. S(z.q) =(3/3g —alg)P0) 5(x,q) consists of lnown quan-
tities: 5,35/dg by expariment and F,., . by theory, thus constraining the
properties of the unknewn gluon on the Lhs. This inform ation ought to be
consistent with the second DELAF equation (eq. 1b). A quantitative test
in the desp sea is performed under the two hypothesss

l: The singlet 5(x,q) iz eractly linear in g in the deep sea.
2: The DGLAF equations are valid in the congidered phase space region.

using later on as test quantity :
AG(z,q)

(2]
3g 12)

alg)Py, O

3. The first DGLAP equation

a) 5: Thetarm 45/3g is given, in the desp saa, by the messured slopes
of F¥, ie. w7 (s== fig. 1). The other term .:quP 01 5(z,q) invalves the
keruelP and so a convolution with 5 over the-fu]l range from > until 1.
Itz E-ﬂ'ect iz numerically small as shown in figure 2a. The convolution with
the lowest order kernel is also shown, The effect of the 1/>-term in the
ML C-part of F, gets prominent at low z. In conclusion, ther hs of ag le
is well determined and is nearly Q%-independent for 1 < @° <100 GaV=.
The precise shaps of 5 in the valence region is not relevant.

b.] The gluon function satisfying eg. 1o must have a strong dependence
upon g, sincs bath g - alg) and 5 are weakly g-dependant. Fig. 2b shows
S(z,g) for g=1. Its shape is dominated by the logarithmic behavicur of
85/8g = wy(z) ~ log(l/z) [3] with a strong suppression at large = and a
srnall negative curvabure ab low r caused by F O S(z.g). Eq. lc can be
approcimataly solved for the gluon function by noting the property of the
kernel F, ., which applied to a valencelilke distribution produces . constant,
while applied to a constant produces a logarithmic rise in the desp sea. The
resulting gluon function for g=1 is displayed in fig. Zb. The decresse at
low x accounts for the small negative curvature in 5. Far verification both
S(z,1] and alg) Py & Giz,g) for g=1 using the reconstructad gluon Sz, 1)
iz also shown in fig, 2b by the two curves, one displaced for better visibility.
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Fig. 2. Lefk: alg)Fiq @ S(x,g) for o=1 v= log(z) ab ITLO (upper) and LO (lwer):
Fight: Diisplay of the recomstrucksd gluon funckion &z, 1); the lower curve repre-
pentzs .'_5'~[:, 1) and the curve shifbed uprrard for visibiliy by 0.3 verifies that &z, 1)
approcdimately satisfies =q. lc.

4. Conslstency test for g=1

The test quantity T'(z,q)=a IIq]ng C1 3Gz, q) /dg (eq. 2) is evaluated for
g=l in two ways. It appears as one of the terms, dencted by I, when
forming the derivative of the first DEFLAFP equation wrt. g :

_ 55[1‘,1}] _5].11&[.-.}] E
dg dg

On the other hand, substituting in T for 35(z,q) /g directly the second
DGFLAP equation (1h) yidds

T (z.q) —E”ll:‘;q":‘ﬂ elg) (P — P27 )0 Glz.4)

Iy = EI:q:Ing@ El:q][:.quG' 5|:;_r-,.-__'||:| +P5,5, i GET,Q':I)

The very low = behaviour is different for T7 and Ty, since the second one
conzists of a product of two kernels, while the first one involves only one
kernsl.

With the gluon distribution function satisfying the first DZLAF equa-
ticn for g=1 one obtains the following numbers for Tr and Trr ab 3 z-values:

T I; Tir |
0-= | 34 3.3
o—* |56 9.3
10" |78 18.5
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5. Hesults

A transparent analysis has besn carried out confronting the obssrved
form of the structure function F7¥ at low x with the form implied by the
DZLAF kernels. Mo evolution is performed, but rather the interplay of the
derivative w.r.t. g and the conveolution is investigated locally. Thetwo main
results are :

# In the deep ssa region the linear g-dependence of F¥ is inconsistent
with the DELAF equations.

v alg) Py O Gz, g) varies very littles with @7 for 1 < @7 < 100 G&V=

The first hypothesis regarding the linsarity is not strictly satisfisd. Indeed,
the mers messurement uncertainties of the data do not ecclude a small
departure from linearity in g, which, however, is too small to invalidate the
large deviation of the ratio T7 /T from unity, Furthermors, this ratio is
insemsitive to the assumptions made in the analyszis.

The obesrved inconsistency is hidden in global fits [1], sincs the majority
of the Fo data is in the valence dominated phass space region and cnly the
small fraction of the HER A samples in the deep saa probe the eritical 1/ >
termns in the DELAP kemels. Az §° becomes smaller than 100 3eV® the
low-z behaviour affects the fits increasingly and unavoidably induces large
gluon driven curvatures 87 F° /Jg” in conflict with the predominant linearity
of F3¥ in g borne out by the data,.
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