
Ai&HMMT-

UWThPh-1988-37 

On the Q2-Dependence of Quark and Diquark 
Fragmentation Functions* 

A. Bartl 
Institut für Theoretische Physik 

Universität Wien 

Abstract 

The (^'-dependence of quark and diquark fragmentation functions is studied by means 
of evolution equations and compared with the experimental data. Some comments on the 
evolution of charm quark fragmentation are also presented. 
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When describing the properties of quark jets in terms of a cascade-type model [1], the 
production of baryons can be incorporated by assuming that also diquark-antidiquark 
pairs are created [2-4] in the dynamical colour field. Diquark fragmentation [5] further 
appears in deep-inelastic lepton-nucleon scattering when a quark is knocked out from a 
nucleon, the diquark then being the main component of the target remnant repsonsible 
for target fragmentation. With regard to colour the diquark behaves like an antiquark. 
Its composite structure is in a global way taken into account by assigning a certain 
probability for "break-up", i.e. emission of a meson. The fragmentation functions may 
further depend on the spin and the internal quantum numbers of the diquark as has been 
studied in [6]. 

In order to make quark and diquark fragmentation functions useful and applicable 
in a large energy range it is crucial to take into account their appropriate dependence 
on the virtuality of the initial parton (^-dependence). One way for doing that is to 
use evolution equations [7] of the Altarelli-Parisi type [8]. Application to inclusive single-
hadron production in deep-inelastic lepton-nucleon scattering then immediately gives rise 
to two questions: 

i) Which variable has to be used in the evolution equations, e.g. W (total hadronic 
CMS energy) or q2 (mass of the virtual photon)? 

ii) Do the diquark fragmentation functions also evolve? 

In the present note we first study the (^'-dependence of the fragmentation functions using 
>the evolution equations of [6] and taking as input at a low value Ql, a set of fragmentation 
functions based on the model of [3]. We assume that also the diquark fragmentation 
functions evolve treating the diquark formally like an antiquark. By comparison with 
the experimental data of the EMC group [9] we shall conclude that W2 is the preferable 
variable to be used in che evolution equation. We also comment on the fragmentation of 
charm quarks. The results presented here were obtained in [10]. Further details will be 
given in [11]. 

We start with the parametrization of the fragmentation functions Af°* (z), B^^z), 
M*lq%{z) etc. given as solutions of the system of coupled integro-differential equations 
written down in [3]. The main ingredients are the momentum sharing functions fx(z) 
(/ 3(z)) and f3(z) (/<(*)), denoting the probabilities of emitting a meson (baryon) from a 
quark or diquark, respectively, with momentum fraction 1 - z. We shall use the analytic 
results obtainable for the ansatz 

fi(z) = Pi(di + l)zdi 

which for d\ = d2 = dA = 1, d3 = 3 and pi « ps w 0.9 (pj = 1 — pi, pt — 1 — pa) also 
describe the experimental data quite well [3,10]. The explicit analytic expressions for the 
fragmentation functions will be given in [11]. The flavour factors are the same as in [3,10]. 

The influence of parton radiation on the properties of jets can be seen in the ex
periment al data of the EMC group [9] and when comparing the data at PETRA/PEP 
energies with those obtained at the SppS collider [12], We try to incorporate the softening 
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of the longitudinal momentum distributions of the hadrons by taking into account the 
( '̂-dependence of the fragmentation functions as following from the evolution equations 
in [7]. These equations are symbolically shown in Fig. 1. The "splitting functions* P„(*)> 
Ptq(z), Pqg(z) and Paa(z) are the same as in [8]. 

Concerning its evolution we treat the diquark like an antiquark. The fragmentation 
function D$(z) of a quark q into a hadron A (i.e. £>£ = M? if A = ob, DK

q = Bf° if 
h = abc etc.) then obeys the equation 

JtDi{z,t)=^jf ^V„(>,V,t) + PnfyDfc,t)\ (1) 
with t = In Q2/A3. Analogous equations hold for the diquark and the gluon fragmentation 
functions. D*{z) has to be written as the sum of the non-singlet and singlet part, 

rtsi*) = Dk

q(z)-D$(z) (2) 
Dk

s(z) = E!?*(*) (3) 

because they evolve with different anomalous dimensions. In an analogous way we write 
the fragmentation functions of the diquark also as sums of non-singlet and singlet parts. 
In the evolution of the singlet parts also the fragmentation function D*{z) of a gluon 
into the hadron h enters. For D^(z) we take the form obtained in [13] which is modelled 
using the string picture [14] and which is most convenient for our purpose. 
, The evolution equations are solved by means of Mellin transformation. The inverse 

transformation is performed numerically using the method of [15]. As input at Q\ = 4 
GeV2 we use the analytic form of the fragmentation functions described above. We fix 
the QCD parameter A = 200 MeV. Resonance decay is taken into account by writing [1] 

where G{z) and G(z) are the distributions of the resonance and the decay product, 
respectively. 

In Fig. 2 we compare our results with the experimental data of the EMC group [9] 
for the fragmentation function of charged pions produced in forward direction {xp > 0) 
for fixed intervals of xp, plotted against W2 for fixed intervals of Q2, and vs. Q2 for fixed 
intervals of W2. Fig. 3 shows the results for xp < 0. As can be seen the W2 dependence 
for fixed intervals of Q2 is quite well reproduced, contrary to the Q2 dependence for fixed 
intervals of W2. From this we conclude that W2 is the preferable variable to be used in the 
evolution equation. This is consistent with the results of [16] and may also be suggested 
by the way parton shower models are constructed [17] (see also [18]). Moreover, from the 
behaviour at xp < 0 (Fig. 3) we see that also the diquark fragmentation functions obtain 
their right W2 dependence from the evolution equations. 

It is well known that in the fragmentation of c quarks the produced D's and D*'s are 
the leading particles, the fragmentation function Df'(z) having its maximum at z « 0.6 
[19]. Creation of cc pairs out of the vacuum during the non-perturbative hadronization 



is negligible [14]. The W dependence of D?*(z) as following from Eq. (1) would be very 
weak if one assumes for the gluon fragmentation Df'(z) = 0 at W = 34 GeV. The 
calculation of the number of heavy quark pairs in QCD jets in [20], however, shows that 
at W2 = (34 GeV)2 the number of cc pairs in a gluon jet could have a value of 0.1 -
0.16. Taking this as input for Eq. (1) we obtain the result for D?'(z) at W = 100 GeV 
as shown in Pig. 4. Although these results may be only upper limits, they suggest that 
there could be a small rise of the charm fragmentation function in the small-z region 
at LEP energies. It is conceivable that asymptotically the charm fragmentation function 
approaches a behaviour similar to that of light quarks. 
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Figure Captions 
Fig. 1: Modification of the fragmentation functions by parton radiation. 

Fig. 2: W2 and Q2 dependence of the fragmentation function of quarks into charged 
pions following from Eq. (1), data from [9]. 
• 0.0 <xF< 0.05, • 0.05 < I F < 0.1, A 0.1 <xF< 0.2, x 0.2 < xF < 0.3, 
• 0.3 < i F < 0.4, Y 0.4 < i F < 0.6, + 0.6 < xF < 0.1. 

Fig. 3: W2 and Q2 dependence of the fragmentation function of diquarks into charged 
pions following from Eq. (1), data from [9]. 
• -0.05 < xF < G.0, • -0.1 < I F < -0.05, • -0.2 < i F < -0.1, 
x -0.3 < xF < -0.2, • -0.4 < I F < -0.3, ^ -0.6 < I F < -0.4. 

Fig. 4: Fragmentation function Df" of charm quark into D* vs xg at W = 100 GeV for 
different values of nieS (number of cc pairs in a gluon jet at W = 34 GeV): 
naa = 0 dashed line, nga = 0.1 — 0.16 dotted line, ngc£ — 0.2 full line. 
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