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CHAPTERR 1 

II I 
II Taking apart the proton 

1.1.. Introduction 

Thee production of heavy quarks in deep inelastic electron proton scattering poses a 
richh testing ground for the QCD sector of the Standard Model. The mass of these 
quarkss is higher than the fundamental cut-off scale of QCD, AQCD- The production 
off  heavy quarks can as a result be treated completely perturbatively. 

Inn the experimental environment of electron proton scattering, where the probe 
iss electroweak in nature, the measurement of heavy quarks can be directly related to 
aa hard QCD production process. Hence the measurement of heavy quark production 
iss a direct test of QCD. 

Thee QCD production process for ep-scattering, boson-gluon fusion, is driven by 
thee proton's gluon content. The gluon density functions of the proton are not obtained 
throughh direct experimental measurement, but indirectly, from the scaling violations 
off  the structure function of the proton. The measurement of heavy quark production 
cann therefore also verify the universality of the gluon density function. 

Off  the heavy quarks, the charm quark is the lightest. At about 1.3 GeV it is 
roughlyy four times lighter than the next heavy quark, beauty and therefore copiously 
moree produced. The fact that the electric charge of the charm quark is twice that of 
thee beauty quark further enhances the charm/beauty production ratio. 

Measurementss of charm production must be inevitably done through the detec-
tionn of charmed mesons. One particularly popular method for doing this is the 
identificationn of the Z>* (2010)-meson, which is formed by 23.5  1.0% of the pro-
ducedd (anti)charm quarks. This meson can follow the decay chain D*+ —  nfD0 —
ir+K~TTir+K~TT++  (or charge conjugate), where the subscript s denotes the so-called slow-
pion.. Due to the small mass difference between the D*  and the D° mesons, only 
1400 MeV, this slow-pion is practically at rest in the D-meson rest frame. The recon-
structionn of this mass difference results in a very clean signal for charm production. 
Thee analysis of this decay chain is the predominant source of the world data for 
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CHAPTERR 1 Takingg apart the proton 

Figuree 1.1: Feynman-diagrams of deep inelastic scattering with the kinematics of 
thethe interaction in terms of (a) four-vectors and (b) the invariants. 

deepp inelastic ep scattering charm production. Unfortunately, there is also a down-
sidee to using this method. The combined branching ratio of this decay chain is 
67.7%% x 3.80% = 2.57%: only a small fraction of the all produced charm quarks is a 
prioripriori  visible in this channel. 

Ann alternative is the identification of the semileptonic decay of charmed mesons, 
withh a branching fraction BR(c —> e~) = 9.6  0.4%. The main body of this thesis 
(Ch.2-6)) will  be dedicated to the measurement of these electrons. In this chapter the 
theoreticall  framework relevant to the production of charm quarks in deep inelastic 
ep-scatteringg will first be presented. 

1.2.. Neutral current deep inelastic scattering 

1.2.1.. Kinematics of the interaction 

Inn neutral current deep inelastic scattering (NC-DIS) an electron and proton interact, 
throughh the exchange of a photon (Z-boson), breaking up the proton in the process: 

e(k)+p(P)->e'(k')e(k)+p(P)->e'(k') + X(P'= P + q) (1.1) 

Here,, X{P') denotes any final state that fits energy-momentum conservation. Through-
outt this text, bold symbols will denote the Lorentz four vectors of the particles. The 
interactionn in fact takes place between the electron and a quark in the proton: 

e(k)e(k) + q(xP)^e'(k') +  q'(C) (1.2) 

Thee quark carries only a fraction of the total proton four momentum. This is denoted 
byy the x, the Bjorken scaling variable. The four momentum of the exchanged photon 
iss given by q = k — k', see Fig. 1.1(a). A hard scattering process of the type described 
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Neutrall current deep inelastic scattering SECTIONN 1.2 

abovee is defined by the following four Lorentz scalars 

QQ22 = -q2 = {k- k')2 (1.3) 

-a-a2 2 

2P2P q y J 

WW22 = (P + q)2 (1.6) 

whichh all have an intuitive interpretation at the leading order of the QCD pertur-
bationn expansion. The virtuality or mass of the photon is given by Q2, which also 
iss the measure of the probing depth of an interaction. A higher value of Q2 means 
thatt the photon will resolve structures at a smaller scale. The interpretation of x was 
alreadyy given. The variable y, the inelasticity, is, in the proton centre of mass frame, 
thee fraction of the energy of the electron transfered to the proton. Finally, the mass 
off  the hadronic system after the interaction, including the proton remnant, is given 
byy W. The four kinematic variables are related through 

QQ22 = sxy (1.7) 

wheree s = (k + P)2 is the centre of mass energy squared, and 

WW22 = sy{l -x)+m2
P (1.8) 

whichh includes the mass of the proton, mp. 

1.2.2.. Structure functions 

Underr the assumption that deep inelastic scattering can be described by the exchange 
off  a single virtual gauge boson, the most general form for the unpolarised cross section 
forr positron proton scattering is given in terms of the structure functions Ff. 

(Pa(Pa 2TTC*2 

dQdQ22dxdx xQ4 YY++ FF22(x,(x, Q2) - y2FL(x, Q2) - Y.xF3(x, Q2)]  (1.9) 

wheree  — 1  (1 — y)2. In this equation FL describes the coupling of the proton 
too the longitudinal photons, and xFs is a parity violating term arising from the Z° 
exchange.. F2 gives the sum of both transverse and longitudinal couplings. When 
thee typical scale of the interactions, Q2, is much lower than the scale of the weak 
interactions,, viz. Q2 <C Af|, the contribution of xF$ wil l be negligible compared to 
thee other contributions. 

Inn comparing the cross section for the interaction of a positron with a free spin-̂  
quarkk with the general expression 1.9 one finds that F2 can be interpreted as 

FF22{x)=x{x)=x  ] T e?(f t (x )+$(* ) ) (1.10) 
i=u,d,s i=u,d,s 

wheree qi are the quark densities inside the proton of quark flavour i and e, is the 
chargee of that quark. In this case helicity conservation also requires that for massless 
quarkss FL = 0. 
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CHAPTERR 1 Takingg apart the proton 

Thee quark densities are more often referred to as the parton density functions of 
thethe proton or PDFs. The parton density functions are not calculable from first prin-
ciples.. They must therefore be obtained from data. The interpretation of structure 
functionss in terms of quark densities is only unique at the leading order of QCD. It 
iss nevertheless a useful and intuitive picture of the meaning of the structure func-
tion.. The total momentum carried by quarks in the proton can be determined from 
thee parton density functions. It turns out that only about half of the total proton 
momentumm is carried by these charged constituents. The other half of the momen-
tumm therefore needs to be taken by the gluons. In the QCD picture of the proton 
quarkss are continuously exchanging gluons. The addition of these higher order QCD 
interactionss also give rise to a non-zero coupling to the longitudinal photon by off 
mass-shelll  quarks, so that Fj, ^ 0. 

1.3.. QCD dynamics and evolution 

1.3.1.. Resolving smaller scales 

Figuree 1.2(a) shows a (low) Q2 photon probing a quark in the proton. Its 'long' 
wavelengthh limits the level of detail to which it is sensitive: it is 'blind' to the gluon 
emission-absorptionn that takes place within a distance less that the wavelength, indi-
catedd by the circle. A photon with a (greatly) increased value of Q2 (Fig. 1.2(b)) has 
aa smaller wavelength and can resolve the quark at smaller distance scales (compare 
thee outer and inner 'fields of view'). It can therefore interact with the quark after 
itt emitted a gluon, but before this gluon was re-absorbed. The same quark is now 
probedd while it has a lower value of x. For the parton density functions this leads in 
aa shift of the distribution towards lower x for increasing Q2. Hence, QCD induces 
thee necessity of an additional scale, Q2 for the description of the parton densities. 

AA similar effect is also true for gluons. Gluons may fluctuate in (j^-pairs, by 
virtuee of the Heisenberg Uncertainty Principle: AEAt > h. Figure 12(c) shows 
whatt happens when the quantum fluctuation takes place on a spatial distance less 
thann the wavelength of the photon: nothing. The photon cannot resolve the charge 
off  the dipole created by the fluctuation and sees a net charge of zero. With a smaller 
wavelengthh (Fig. 1.2(d)) the photon can see the q  ̂ pair, and the individual quarks, 
andd couple to it. The quark densities will thus increase with increasing Q2. Analysis 
off  the cross sections shows that this increase mainly occurs at low x. It is also clear 
thatt the change in the quark density distributions is dependent on both the quark 
andd the gluon density; the same is true for the gluon density. The quark-antiquark 
densitiess that arise from the gluons are also referred to as the sea quark densities, as 
opposedd to the valence quark density, which give the net contribution of the two u 
andd one d constituent quarks in the proton. The sea quark density is symmetric in 
thee flavours {u,d,s) and between particles and antiparticles. 

Anotherr consequence of this is the following. The available energy (mass) is 
inverselyy proportional to the time scale of the fluctuation. This means that massive 
quarkss (c,b,t) can only occur during short enough times, inverse proportional to their 
respectivee masses. They wil l only become visible when the Q2 crosses a sort of fuzzy 
lowerr boundary. The next section will come to talk about the production of heavy 
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QCDD dynamics and evolution SECTIONN 1.3 

(a)) Q2 = Q2,, x > x'; The photon probes (b) Q2 > Qg, x > x'; In this case, the 
thee quark state that is the integral of the 
circlee and misses the effect of the gluon 
emission/absorption. . 

photonn has a higher energy, or higher Q2. 
Ass a result it sees the quark after the emis-
sionn of the gluon, but before the absorption: 
thee photon probes a quark with a smaller 

1QQQQ& 1QQQQ& 

(c)) Q2 = QQ, x > x'; For low values of 
QQ22 the photon does not resolve the gluon 
splittingg into a quark-antiquark pair. As a 
result,, it sees the charge integrated over the 
circlee volume (which is zero) and ignores 
thee gluon altogether. 

(d) ) >> Q2, x > x'; For high Q2 

thee photon can resolve the gluon fluctu-
atingg and the photon can couple to the 
(anti)quark.. Quarks created in this fash-
ionn typically have a low x, roughly half of 
thatt of the parent gluon. 

Figuree 1.2: The effect of increase in Q2 for the probing of quarks ((a),(b)) and of 
gluonsgluons ((c), (d)). 

quarkss by this process. The massless (light) quarks on the other hand are not subject 
too such effects and therefore contribute all equally to the sea-quark density in the 
proton. . 

1.3.2.. DGLAP Evolution of the parton densities 

Thee parton densities of the proton will evolve as a function of the probe scale, due to 
thee increase of detail that will  become visible as Q2 rises. This evolution of the parton 
densitiess as a function of Q2 is given by the following integro-differential equation: 

d d 
d\nQd\nQ2 2 

(q(qll{x,Q{x,Q22)\_aAQ')\_aAQ'11)) fdy (x\ 
{g(x,Q{g(x,Q22)J~)J~ 2n J y ^ \ y ) \g(y,Q\g(y,Q22) ) 

( l . l i ) ) 
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(l-z)P (l-z)P 

(b)) Pgq 

zP zP 

Figuree 1.3: The diagrammatical representation of the leading order contribution to 
thethe splitting functions. 

wheree the qt denotes all the active (light) quark flavours. This equation is known as 
thee DGLAP equation, after the authors Dokshitzer [2], Gribov and Lipatov [3] and 
Altarellii  and Parisi [4] of which the latter two derived the equation independently 
fromm their Russian colleagues. It describes the coupled evolution of both the quark 
andd gluon densities in the proton. The DGLAP kernel is given by 

p.(p.(zz')') - (P9liZ') Pqg(Z')\ /-, 19N 

"**>"**>  \P„W Pgg(z'))> <L 1 2) 
wheree the functions Pqq, etc are known as the splitting or coefficient functions. The 
leadingg order splitting functions are given by1 

P«M-!(£T)++ ^ 
PPgqgq(z)=\(z(z)=\(z22 + (l-zf) (1.14) 

4 / 1 1 
3 3 

\Z*\Z*  + (1 - ; 

++  (ll-?£)5(l-z). (1.16) 

Thesee correspond to the splitting diagrams given in Fig. 1.3. 
Thee leading order equations can be extended to next-to-leading order according 

ak(?)-£/?*(;)+£/**(;)+-- (u7) 
XX X 

wheree the functional arguments have been omitted for the sake of brevity. The dots 
denotee that this can be extended to any arbitrary order. The splitting functions for 

1Thee 'plus-prescription' is used to handle the divergences in the splitting functions at z = 1. It 
iss defined as 

ll l 

ƒƒ dx<i>(x)[iP(x)] + = f dx[4>{x) - <j>{X)]ip{x)  - 0(1) f dxt/>(x 
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(a)) Leading order (b)) NLO gluon (c)) NLO quark 

Figuree 1.4: The leading and next-to-leading contributions to heavy quark produc-
tiontion in neutral current deep inelastic scattering. The contribution of the NLO gluon 
diagramdiagram is of the order of 20%. The NLO quark contributes ss5%. 

higherr orders involve more diagrams and therefore these will gain in complexity. At 
higherr orders, the splitting functions are more commonly referred to as the coefficient 
functions.. The NLO splitting functions are known for some time now [4]; work is 
underr way to calculate the NNLO (next-to-next-to-leading order) splitting functions 
numerically. . 

Thee DGLAP equation predicts that when the scale increases, so will  the parton 
densityy at low x. This will happen at the expense of the initial high x contributions, 
whichh migrate to the low x region through the splitting processes. These migrations 
leadd to the violation of the scaling of the parton densities, with terms logarithmic 
inn Q2. These scaling violations have indeed been observed experimentally, for in-
stancee [5]. These scaling violations are mainly driven by the gluon splitting diagrams. 
Hence,, the scaling violations give a handle on the gluon density in the proton. 

1.4.. Heavy quark production 

Thee double differential cross section for charm production follows directly from Eq. 1.9, 
whichh can be restricted to the charm-only case: 

<Pc <Pc 2-ncx2-ncx1 1 

dQdQ22dxdx xQ2 (11 + (1 - y)2)Ff (x) - y2F?(x) (1.18) ) 

wheree the inclusive structure functions have been replaced by the charm specific 
functions.. The difficulty of predicting charm production cross sections lies in the 
calculationn or prediction of the charm structure functions. The pQCD inspired pic-
turee of the proton tells that charm can be produced by so-called boson-gluon fusion 
diagramss where a gluon splits in a (off mass-shell) cc pair which subsequently interact 
withh a photon. 

Figuree 1.4 shows the leading and next-to-leading order diagrams for heavy quark 
productionn through boson-gluon fusion. The structure functions that follow from 
thesee diagrams have been calculated to next-to-leading order [6]. The result of that 
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calculationn can be written as 

Zmax Zmax 

x x 
zzmmax ax 

++  ^4 f - fë /9(4 '>+c^ ln4) 
irmirm22 J z L w *  K'9 K '5 m2 

X X 

++ E <4/«(<£!i+2Sln ^ )+e? M!i) ] • (I") 
where e 

7i,PP = Ji,g{ —  ̂ ) j 

andd where k = 2,L and m = mQ with Q the flavour of the heavy quark. The fi 
denotee the parton densities (g(x,fi?),qi(x,fj,2)) in the proton and fj, stands for the 
masss factorisation scale, which has been put equal to the renormalisation scale. The 
functionss c and d are the coefficient functions represented in the MS scheme. Finally, 
thee integration variable z is given by z — Q2/(Q2 + s). 

Equationn 1.19 is related to the diagrams of Fig. 1.4 in that the first line of the 
equationn is equal to the leading order diagram, the second line to the gluon radiation 
diagramm of Fig. 1.4(b) and the last term with the summation over the light quark 
flavoursflavours stems from the diagram in Fig. 1.4(c). 

Fromm this expression for the structure function it becomes clear that there is a 
strongg dependence of the cross section on the quark mass 

* « - ! - .. (1.20) 
mmQ Q 

Thee leading-order contribution to the structure function is directly proportional to 
thee gluon density in the proton. The next-to-leading-order contribution also contains 
aa term that follows the gluon density. As a consequence the production of charm can 
bee used to measure the gluon density of the proton directly, provided that boson-gluon 
fusionn is the only source of heavy quarks in ep-scattering. 

Ass Q2 increases, the cross section becomes dominated by large logarithms that 
mustt be resummed to all orders [7]. Asymptotically charm production will behave 
ass if the quark is massless and the evolution will be governed by four flavours. Buza, 
Matiounine,, Smith and van Neerven [8] have shown that at the moderate Q2 values 
relevantt for this experiment the difference between the charm cross section calculated 
viaa the three flavour evolution combined with NLO BGF matrix elements and the 
fulll four flavour evolution is small (10% at Q2 = 170 GeV2 and x = 0.001). Several 
authorss have presented methods which incorporate more or less ad hoc interpolations 
betweenn the two schemes. The method proposed by Thorn and Roberts [9] matches 
thee coefficient functions and their derivatives at a certain value of Q2. The oldest 
andd most commonly used of such interpolation schemes is given by the Zero-Mass 
Variablee Flavour Number Scheme (ZM-VFNS). Within this scheme, the charm quark 
iss completely decoupled from the theory, by assuming an infinite mass, below some 
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masss scale \ir  ~ ™>c- Above this scale fir  charm is treated as a massless parton in the 
proton,, generating a non-zero quark density. However the effects are of the order of 
thee uncertainties on the measured cross section and so will be ignored in the analyses 
presentedd in this thesis although some of the parton densities have been extracted in 
thesee so called variable flavour number schemes. 

1.5.. Parton density functions 

Theree is no a priori  knowledge on the mathematical form of the parton density 
functions.. It is necessary to postulate some functional description, typically inspired 
byy physical insight, and extract (fit) the parameters of those functions from data. 
Thee use of functional forms based on arguments derived from dimensional counting 
andd Regge theory is commonplace. Though authors may vary the exact definition, 
thee most common parametrisation has the form 

xg(x,Qxg(x,Q22
00)) = Agx

s°(l - x)"'(l + l9x); 

xuxuvv(x,Ql)(x,Ql) = Aux
5u(l - x)n"{l  + eu,/x + iux); 

xdxdvv(x,(x, Ql) ~ Adx
6«{l - x)^{\ + edy/x~ +  ldx); (1.21) 

xS{x,Ql)xS{x,Ql) = Asx
ö"{l  -x)"'(l + e s  ̂ + isx); 

xA(x,QxA(x,Q22
00)) = A^xs^{l-x)^, 

wheree uv(dv) is the u{d) valence quark density, S = 2(w + d + s) is the density of the 
seaa quarks and A = (u + v) - (d + d) is the difference of up and down quarks in the 
proton. . 

Thee parton densities are defined at a starting Q2 value, Qg, like given in Eq. 1.21 
andd used together with the DGLAP evolution equations to predict cross sections 
off a whole host of processes. The parameters are then fitted by comparison with 
data.. The data include inclusive DIS data from fixed target experiments and the 
HERAA experiments and jet production data in pp from the Tevatron experiments. 
Thee actual choice of which data to include in these fits and the value of Ql gives 
roomm for variations in the extracted parton densities. The analyses presented in later 
chapterss will make use of four different sets of parametrisations. The first of these 
setss is the result of the ZEUS fits [10] on their own data and fixed target results 
onn deep inelastic scattering, necessary to constrain the value of the high x structure 
off the proton. The second set is from Gliick, Reya and Vogt, the GRV98 set [11]. 
Thee fit was performed on the same data set as the ZEUS fit, but also includes the 
HII structure function measurement and Drell-Yan muon pair production data. This 
sett distinguishes itself from others by the fact that the sea quark density is created 
purelyy dynamically. To do so, the authors start the evolution at a small starting 
scale,, with a vanishing sea quark density. The last two PDF sets are both from the 
CTEQQ consortium. The CTEQ5 parton density [12] is of the same generation as the 
GRV988 and ZEUS94 sets. The nominal CTEQ5 density is a ZM-VFNS set, but they 
alsoo provide a pure fixed flavour number scheme set: CTEQ5F3. The gluon densities 
off the three aforementioned sets are compared in Fig. 1.5(a) for two values of Q2 and 
overr a wide range in x. Differences between the sets only become visible for x < 10_ . 
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—— ZEUS94 

—— •CTEQ5F3 

GRV98 8 

—CTEQ4F3 3 

—— • CTEQ5F3 

CTEQ6 6 

Figuree 1.5: (a) Comparison between three PDF-sets from the same genera-
tion:tion: ZEUS94, CTEQ5 and GRV98. The gluon distribution is shown for Q2 = 
5(500)) GeV by the lower (upper) curves, (b) Change in the fitted gluon density over 
time,time, for the CTEQ family of parton densities. The gluon densities of CTEQ4F3, 
CTEQ5F3CTEQ5F3 and CTEQ6 are compared for Q2 = 5 GeV2. 

Att high Q2 the ZEUS fit systematically has an enhanced gluon density, but follows 
thee same shape as the CTEQ5 and GRV98 gluon densities. 

Thee CTEQ6 set, from 2001, is the most recent of all sets presented here. It 
includess the 1996-1997 inclusive F2 data from HERA but also the high By-jet data 
fromm Tevatron. This last dataset has quite a large impact on the gluon distribution 
(Fig.. 1.5(b)) which becomes harder as a result. This change affects directly the 
predictionn for the visible charm cross section. 

Thee four PDF sets are compared in Tab. 1.1 where the parameters most important 
forr heavy quark production are summarised. 

Tablee 1.1: A comparison of parameters relevant to heavy quark production 
fromfrom parton densities. 

P D FF Set Ql(GeVQl(GeV22)) mc(GeV) m6(GeV) Flav.Scheme 

CTEQ5MM [12] 
CTEQ5F3 3 
CTEQ66 [13] 
GRV988 [11] 
ZEUS944 [10] 

1.0 0 
1.0 0 
1.3 3 
0.4 4 
7.0 0 

1.4 4 
1.4 4 
1.3 3 
1,1 1 
1.5 5 

4.5 5 
4.5 5 
4.5 5 
4.5 5 
5.0 0 

ZM-VFNS S 
FFNS S 

ZM-VFNS S 
FFNS S 
FFNS S 
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1.6.. Alternative QCD evolution schemes 

Thee DGLAP scheme for QCD evolution is not the only one. In this section, two 
(prominent)) other schemes are described here. They will be compared to the DGLAP 
evolution,, followed by some discussion on the merits and (lack of) uses of the methods. 

BFKL L 

Ann (almost) completely orthogonal approach to parton density evolutions is given by 
thee BFKL equations. This work of Kuraev, Lipatov and Fadin [14] and additionally 
byy Balitski and Lipatov [15] is based on the summation of terms in In 1/x, rather than 
leadingg In Q2 as for DGLAP. The BFKL approach uses an unintegrated gluon density, 
g(x',g(x', kr) which is convoluted with a hard scattering coefficient C(x/x', Q2, kr)- The 
gluonss and partons in the interaction are allowed to be off their mass shell, unlike 
thee DGLAP case. 

CCFM M 

Bothh the DGLAP and the BFKL methods only sum over one particular leading 
behaviourr of the evolution problem to obtain their results. A complete (infinite 
order)) calculation should take both the terms in In Q2 and in In l/x and sum over 
them.. To accomplish this, Ciafaloni [16] and Catani, Fiorani and Marchesini [17] 
introducedd angular ordering for the emitted gluons. The maximum allowed angle is 
definedd by the hard scattering, where the quark pair is produced. This is combined 
withh the unintegrated gluon densities and off-shell partons, a Id BFKL. This method 
seemss very promising, as it can (approximately) reproduce the DGLAP and BFKL 
equationss when taking the appropriate limits. 

Comparingg the methods 

Thee DGLAP equations have been extended to next-to-leading order and work is well 
underr way, by Vermaseren, Moch and Vogt [18], to expand it to the next-to-next-
to-leadingg order (NNLO). The NLO-DGLAP evolution can reproduce the ZEUS and 
HII measurements of the inclusive structure functions, see [19, 20]. 

Thee next-to-leading log term of the BFKL kernel has also been calculated, but was 
foundd to be comparable in size and opposite in sign to the leading log contribution [21]. 
Thiss clearly complicates the interpretation of the BFKL evolution, opposed to the 
DGLAPP approach where each next order contributes less than the previous. 

Inn Fig. 1.6 the evolution direction of the three methods is shown in the 1/x-Q2 

plane.. This picture makes very clear that CCFM holds a lot of potential as QCD 
evolutionn kernel. Being the youngest of the three evolution kernels, it is also the least 
explored.. The CCFM approach still holds several problems that need to be solved 
beforee it can really be compared to data. 

Finally,, the fact that there is a full NLO-pQCD calculation for heavy quark pro
ductionn in DGLAP NC-DIS available (Sec. 1.4) makes that the focus of the theory-
dataa comparisons in this thesis will lie on the DGLAP-type of parton evolution. 
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O» » 

l/x l/x 

1.7.. Final remarks 

Figuree 1.6: Schematic overview of 
thethe effective difference between the three 
evolutionevolution schemes. The direction of 
evolutionevolution of the structure functions for 
thethe DGLAP, BFKL and CCFM meth-
odsods is shown in the l/x — Q2 plane. 

Thee theory described in this chapter will return in the comparison with the mea
surementt presented in chapter 6. The differential cross sections will be compared to 
predictionss from the calculation of the boson-gluon fusion process at next-to-leading 
order.. From the measured double differential cross section F2

c5 will be extracted 
andd compared to predictions from DGLAP structure functions and the alternative 
parametrisationss described in the previous section. The discrepancies between the 
predictedd DGLAP cross sections and the measurements are taken up in chapter 7. 
There,, the ZEUS and HI data on NC-DIS charm production will be fitted to DGLAP-
predictions.. This will lead to a quantitative answer for the question whether DGLAP-
pQCDD can describe todays charm production. 
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