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Abstract 

The hadronic fragmentation functions of the various quark flavours and of gluons are measured in a study of the inclusive 

hadron production from Z” decays with the DELPHI detector and are compared with the fragmentation functions measured 
elsewhere at energies between 14 GeV and 91 GeV. A large scaling violation is observed, which is used to extract the strong 

coupling constant from a fit using a numerical integration of the second order DGLAP evolution equations. The result is 

(Y,, ( Mz ) = 0.124?~;~,~, (exp) rt 0.009( theory) 

where the first error represents the experimental uncertainty and the second error is due to the factorization and renormal- 
ization scale dependence. @ 1997 Elsevier Science B.V. 
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1. Introduction 

Hadron production in e+e- annihilation originates 

from the production of quark-antiquark pairs which 

can radiate gluons, the quanta of the field theory of 

the strong interactions, Quantum ChromoDynamics 
(QCD) . Gluon radiation depends logarithmically on 

the centre of mass energy Q, due to the increase in 

phase space with increasing energy and to the energy 
dependence of the running coupling constant of QCD, 
LY,~ ( Q) . These effects lead to logarithmic dependences 

of the momentum spectra of the produced hadrons on 
the centre of mass energy, even if the momenta are 
scaled to that energy. These scaling violations can be 

used to determine the strong coupling constant a,s. 

Our previous analysis of this type [ 1 ] was based on 
the exact second order matrix-element and string or in- 
dependent fragmentation, with a relatively small num- 

ber of free parameters. A precise measurement was 
obtained, cu,(Mz) = 0.118f0.005,in agreement with 

(Y,~ measurements at the 2’ mass from shape variables, 
from jet rates and from total cross-sections, measured 
at the electron-positron storage ring LEP [ 2-41. 

This paper extends that analysis by including new 
data on gluon and heavy quark fragmentation and 

using a numerical integration of the second order 

DGLAP evolution equations [ 51, employing the pro- 

gram of Nason and Webber [ 61. This approach uses 
a summation of the leading logarithms, in contrast to 
our previous analysis which used a numerical Monte 

Carlo integration over the complete second order ma- 
trix element. Additional differences between the two 

analyses are as follows. 

(i) 

(ii) 

In the DGLAP equations, the higher orders are 

resummed for soft and collinear gluons, while 
the hard gluons are calculated only in first order. 

In the previous analysis using the QCD matrix 

element, all gluons were calculated up to exact 
second order without a resummation of the lead- 

ing logarithmic terms. 
The separation between the perturbative and 
non-perturbative regime is handled differently: 
with the matrix element, the separation is done 
by a cut on invariant masses between quark and 
gluons, while in the DGLAP approach the fac- 

’ On leave of absence from IHEP Serpukhov 

’ CICYT-AEN96- I68 1. 

torization theorem states that the two regimes 
can be separated at an arbitrary factorization 
scale. 

Thus this measurement provides a useful cross check 
of the previous result with different systematics. 

The DGLAP equations are based on the con- 
cept of independent quark and gluon fragmentation 
since each parton fragments according to a particular 

parametrization, independently of the other partons. 
In contrast, the QCD predictions were based on the 

fragmentation of colour flux tubes stretched between 
the partons. However, in our previous analysis [ 11, 
we showed that both independent and string frag- 

mentation models led to the same results. This is not 
surprising, since LY,~ is determined from the differ- 

ences between the parametrizations of the momentum 
spectra at different energies, so many systematic 
uncertainties cancel. 

2. Phenomenology of inclusive hadroproduction 

The inclusive production of charged hadrons in the 
reaction e+e- --) h* + X can be described by two 

kinematic variables, Q2 and X, where Q2 is defined 

as the square of the four-momentum transferred from 

the leptons to the hadrons and x = ph/pbeam is the 
fraction of the beam momentum pt,eam carried by the 

hadron h. In e+e- annihilation, Q2 equals s, the total 
centre-of-mass energy squared. 

The total cross-section for e+e- -+ h* + X can be 
factorized into two regimes: the short distance regime, 

in which hard gluons can be radiated, and the long dis- 
tance regime of the hadronization process. The short 

distance regime is calculable perturbatively in terms 
of the so-called coefficient functions, while the non- 

calculable long distance regime has to be parametrized 

by phenomenological fragmentation functions. Com- 
bining the two regimes according to the factorization 

theorem yields the following expression for the cross- 
section [ 61: 

dc 
z(e+e- - h +X) 
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where the Ci are the coefficient functions for the cre- 
ation of a parton with flavour i and momentum frac- 
tion ; = &mon/f’beam~ while the fragmentation func- 

tions D; represent the probability that parton i frag- 
ments into the hadron h with momentum fraction x/z. 

In leading order, the C; are given by the flavour spe- 
cific weights of the electroweak theory, and the (Y,, 
dependence of the C, represents the next-to-leading 

order QCD corrections to the primary quark-pair pro- 

duction. Both the coefficient and fragmentation func- 

tions depend on an arbitrary factorization scale PF, in 
such a way that the dependence of the physical cross- 
section on PF would cancel if the calculation could 

be carried out to all orders in perturbation theory. In 

principle, the renormalization scale PR used for cy, in 
( 1) could be chosen differently from the factoriza- 

tion scale PF; for simplicity, the two scales have been 
taken to be the same. The sum runs over all possible 

partons: 14, d. c, s, b, g and their antiparticles. 
The scaling violation in the fragmentation function 

is described by coupled integro-differential evolution 
equations [ 51, which can be written as 

dD;Cx, Q’) 

dlnQz 

= Di{:,Q2} (2) 

with the splitting functions 

2 

P;,j{:.a,hd, ““} 
Q2 

= Fg!d p$yz) 

The indices i and j run over all active quarks, anti- 

quarks and the gluon. The splitting functions Pij (z ) 
are the probabilities for finding parton i with momen- 
tum fraction z after splitting from its parent parton 
j. The Pii(Z ) are known to next-to-leading order in 

perturbation theory [ 71. Thus the fragmentation func- 
tions at a given energy Qo can be fitted to experimen- 
tal data using Eq. ( 1), and then evolved to a differ- 
ent energy using the evolution Eqs. (2). The strong 
coupling constant can then be extracted from a simul- 
taneous fit of these calculated spectra to the data at 
different centre-of-mass energies. 

The strong coupling constant, LY,~, depends on the 
energy or scale, PR. Since we compare momentum 
spectra at different energies, it is more convenient to fit 
the energy independent QCD scale hg (for 5 flavours 

in the MS renormalization scheme), which is related 

to (Y,~ at the scale p by 

as(p) = 
4%- 

(5) 2 1 -21 
PO W-dAm) [ 

p, ln[ln(~/A~)*l 

PO In(p/A$)’ 

4P: 

+ & ln2(p/Ag)2 ( 
(ln[ln(~/A~)‘] - $)* 

+ P2Po 5 --- 
8P: 4 

(3) 

with /& = 11 - $Nr, pt = 51 - yNr, and p2 = 

2857 - YNf - %N+, where N+ = 5 is the number 
of quark flavours [ 81. 

3. Measurements of inclusive hadron distributions 

This analysis uses 1.75 million hadronic Z” decays 

collected with the DELPHI detector [9] in the years 

1991 to 1993. 
Samples enriched in bottom (b), charm (c), and 

light (uds) quarks were used to determine the scaled 

momentum distributions 1 /U du/dx for each quark 

flavour separately. In addition, the scaled momentum 
distribution for charged particles from gluon fragmen- 
tation was obtained from 3-jet events. 

These distributions define the fragmentation func- 

tions averaged over all final state hadrons and can he 
obtained from the total number of events Nt,, and the 

number of charged particles for each .r bin NC’): 

1 dN”’ 
Di(x,Q”) _ ~~ = No. 

1 tot dx 
(4) 

Hadronic events were selected by requiring at least 

5 charged particles with momenta above 0.2 GeV/c 
and track lengths in the detector of at least 50 cm. a 
total energy of the charged particles exceeding I5 GeV 
(assuming pion masses) including at least 3 GeV in 
both the forward and the backward hemisphere with 
respect to the beam axis, and a polar angle of the 
sphericity axis between 40’ and 140”. In addition the 
momentum imbalance had to be less than 20 GeV/c. 
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Hadrons coming from bottom quark fragmentation 
were selected with the help of the large impact pa- 
rameter for the decay products of B-hadrons. Due to 

the long lifetime of B-hadrons and their large mass 

and high momentum, the computed probability l’~ for 

all the decay products in the event to come from the 
primary interaction point is typically small. Requiring 

PE < 0.01 selected a sample of 217,000 events with 
a purity of 83%. The technique used is described in 

detail in [lo]. 
The same method was used to obtain a light quark 

sample: requiring Pfi > 0.5 gave a sample of 357,000 
events consisting of 79% light, 14% charm and 7% 

bottom quark events. 
The c-quark fragmentation function was determined 

by a different method. Firstly, 2580 D*+ candidates 

were reconstructed in the channel D*+ -+ Don-+ fol- 
lowed by Do -+ K-n-+ as described in [ 111. Then an 
additional enrichment in charm quarks was achieved 

by requiring 0.005 < PE < 0.015, which reduced 
the background from D-mesons originating from B- 

meson decays. The resulting sample consisted of 50% 
c-quark, 18% light-quark, and 32% b-quark events. 
In the simulated data, charm events with D* mesons 

showed the same momentum spectrum as all charm 
events. Thus there was no indication of bias due to the 

tagging. However, to be independent of any such bias, 
only the hemispheres opposite to the reconstructed D* 
were used to measure the charged particle spectrum, 
weighting each particle by a factor of two. 

Detector effects and the effects of selection cuts 

and impurities from other quark species have been 
corrected by computing correction factors: 

G; c; = - 
Mi 

(5) 

for each bin of each distribution from a detailed sim- 

ulation of the detector after generating the hadronic 

Z” decays using the JETSET PS model [ 121. Here 
Gi is the bin content of the generated distribution and 
Mi the corresponding bin content of the fully simu- 
lated Monte Carlo distribution. The corrected x dis- 
tributions are plotted in Fig. 1 together with the cor- 
responding simulated spectra. Since for the samples 
containing charm and bottom events these factors were 
falling below 0.1 for x > 0.8 3 , the corresponding x 

>This is because the cross sections fall much faster at high x 

1 

10' Correction Factors 

DATA b-events 

x = P-/Ppm 

1 

10' 
-+- 

Correction factors charm* 

V DATA charm 

-- 
Correction Factors u-d-s 

T DATA u-d-s 

Fig. 1. The corrected x distribution for bottom events (upper plot), 

charm events (middle plot), and light-quark events (lower plot) 

and the corresponding Monte Carlo distribution (shaded). The 

upper insets show the correction factors for detector effects, cuts 

and backgrounds (F& (5) ) 

bins have been excluded from the fit. The systematic 
errors were estimated as max [ 0.03,0.1( 1 - ci) ] /CL of 

the bin value, thus increasing the error for large cor- 
rection factors. The resulting momentum distributions 
are tabulated in Table 1. 

The gluon fragmentation function was determined 
from tagged gluon jets in 3-jet events with b-quarks. 
Both bottom quark jets were tagged by requiring Pj < 

for b and c quarks than for light quarks, as can be seen in Table 
1, and the background from light quarks therefore dominates the 

b and c quark samples at large x. 
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Table I 

Corrected inclusive momentum distribution l/rrr,r du/dx for b. c and uds quarks. DELPHI. The data have been corrected for detector 
effects, backgrounds and selection cuts. The first error quoted is statistical, the second is systematic. Data points with .r below 0.1 or 
above 0.8 were not used in the fit. 

.Y range 

0.00-0.0 I 
0.0 I-0.02 
0.02-0.03 

0.03-0.04 

0.04-0.05 

0.05-0.06 
0.06-0.07 

0.07-0.08 

0.08-0.09 

0.09-O. IO 

0.10-0.12 
0.12-O. I4 

0.14-0.16 

0.16-0.18 

0.18-0.20 
0.20-0.2s 

0.25-0.30 
0.30-0.40 

0.40-0.50 

0.50-0.60 

0.60-0.70 

0.70-0.80 

0.80-1.00 

b-quarks 

415f6~12 

455f6114 

309Et4f9 

21643f7 

162*2f5 

126.8&1.6f3.8 
IOO.9It I .3f3.0 

82.0?cI.lf2.5 

66.7ztO.9zt2.0 

55.7~t0.8fl.7 

42.51t0.6f1.3 

30.2f0.4f0.9 

22.3f0.3f0.7 
16.2f0.3*0.5 

12.3&0.2&0.4 
7.61tO.lf0.2 

4.03f0.07fO.12 
I .86f0.04f0.06 

0.678fO.01710.020 
0.235f0.00910.007 

0.069f0.007zt0.007 

0.016~0.007zt0.003 

1 /rrlOL cluldx 

c-quarks 

283klOf9 

380*11*11 

2441fr957 

189&8!c6 

141f7f4 

115f7zt4 

82zt5f3 

66zt5f2 
59It5f2 

SOf4f2 

40.8*2.92t 1.2 
30. I zt2.4ztO.9 

24.4f2.3zh0.7 

18.5zt2.0*0.6 

13.1zt1.7f0.4 
8.7f0.8f0.3 

6.Oz!zO.8+0.2 
2.9510.371-0.09 

0.96ztO.1910.03 

0.32&O. IO&O.01 

0.16~0.12ztO.02 

&s-quarks 

274.5ztO.518.2 

3s7.s*o.sf IO.7 
232.3f0.4&7.0 

160.8fO.41I~4.8 

118.5f0.313.6 

91.2f0.3S.7 

72.7f0.312.2 

59.3f0.21 I .8 
49.3zt0.2* I .5 
41.63tO.21 I.3 

32.910. I zt I .O 

24.9*0. I ztO.8 

I9.41tO. I1t0.6 
15.310.1105 

12.410.110.4 
8.84f0.041t0.27 

5.6 I ztO.03ztO. 17 
3.061tO.02M.09 

I .40+0.0 I f0.04 
0.672~0.008+0.020 

0.31910.006+0.010 
0.148f0.004zt0.006 

0.03710.00 I *0.00-7 

0.01, where Z’i differs from PE only in referring to 
the tracks in a single jet, and the remaining jet was 
taken as a gluon jet if its value of Pj exceeded 0.1. A 

total of 6791 gluon jets were identified with a purity 
of 94%. For these gluon jets, the fraction of the jet 

momentum X,j = p,, /pjet of the charged particles in the 

jet was measured and was used in the fit described in 
the next section. This technique has been described in 

detail in [ 131, and the results have been taken from 

that analysis. 
The systematic uncertainties were estimated by 

varying the selection criteria. Changing the minimum 

number of charged particles from 5 to 6 and varying 
the cut on the sphericity axis between 30” and 45’ 

changed the correction factors by typically 3% in the 
intermediate x range used in the fit. 

To extract the scaling violation, we used all mixed- 
flavour spectra from the following experiments: 
- DELPHI 91 GeV [ 11 

- ALEPH 91 GeV [ 14,151 
- AMY 54 GeV [ 161 
- TASS0 44, 35, 22, 14 GeV [ 171 
- CELLO 35 GeV [ 1,181 

- MARK II 29 GeV [ 191 
A global fit has to take into account the correlations be- 
tween the data points of a given spectrum, e.g. coming 
from a common normalization error. For those exper- 

iments where the normalization errors were absorbed 
in the total error, the following procedure was adopted. 

The total error &t) was split into an experimental er- 
ror &L for each data point i of a given spectrum and 
an assumed overall normalization error (T, for all data 

points of that spectrum: 

a:;i2 = &iJ2 
exp + cZ . (6) 

The experimental error for a given point was obtained 
by quadratically subtracting u,, from the quoted total 
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error. In order to avoid the experimental error squared 
becoming negative by this procedure, it was required 

to exceed a certain minimum value gin. The whole 

analysis was then repeated for various values of crtin 

and the o-,,. The result found to be insensitive to these 
values, as expected since the main effect of the scaling 
violation is to change the shapes of the spectra, not 
their overall normalizations. 

4. Determination of the strong coupling constant 

The fragmentation functions defined in Eq. (4) 

cannot be derived in perturbative QCD. Only the 
energy evolution (Eq. (2) ) is predicted. Therefore 

a parametrization of the fragmentation functions is 

needed at one energy, from which the evolution starts, 

and these parameters have to be the same at all other 
energies, so that the differences between the momen- 
tum spectra at different energies depend only on (Y,. 

In this analysis, the parametrization from Ref. [ 141 

was used: 

xDi(x, Qo) 

= Ni 
xal( 1 - x)~! exp(-c(lnx)*) 

Jz;8 dx x@( 1 - X)~I exp(-c(lnx)*) 
(7) 

where the coefficients Ni, ai and bi were allowed to 

take different values for the spectra for light (uds) 
quarks, c-quarks, b-quarks and gluons (g) ; QO is the 
“starting energy” which was taken to be 91.2 GeV. 
In addition to the uds, c, b and g spectra, the spectra 
summed over all quarks and gluons were also used. 

These ‘total’ spectra are parametrized by a, and b,. 
Since a, and 6, cannot be independent parameters, the 
parametrization for the spectra from the light quarks 

(uds) was obtained from the total spectra minus the 
spectra for b and c quarks. The exponential term in 
(7) is inspired by the Modified Leading-Log Approx- 
imation (MLLA) [ 201 which predicts 

& - exp(-c(lnx)*) 

with a single value c for all quark flavours as well as 
for the gluon. The boundaries of the integral in (7) 
correspond to the x range used in the analysis: the fit 
was performed only in the range 0.1 I x I 0.8, since 

’ = Phadron’beam 

Fig. 2. Flavour-specific scaled momentum distributions at 9 1 GeV. 

The curves are results of the fit in the region between 0.10 and 0.80. 

The gluon jets were tagged in 3-jet events with x = ~~~~~~~~~~~~~~ 

The gluon distribution is lower mainly because of the lower mul- 

tiplicity of a single jet compared to the complete events. 

for smaller x the parametrization failed to describe the 
data. 

The experimental momentum distributions from 

DELPHI are displayed in Fig. 2 together with the 
corresponding parametrizations, as determined from 

the global fit. This was a simultaneous fit of the QCD 
scale Afl and the fragmentation parameters a;, Ni, 
bi and c 3s efined in (7)) and was made by minimizing 
the following x2 function: 

x2 = ATV-‘A. 

Here A is a column vector containing the residuals 
between the content of a given x bin of the inclusive 

momentum spectrum for a given Q* and the theoretical 
prediction. The latter can be computed at any value 
of Q* by evolution of the spectra from the starting 
energy of 91 GeV, the reference spectra at 91 GeV 
were parametrized by Eq. (7); the evolution was done 
by numerical integration of Eqs. ( 1) and (2) with the 
program discussed in [ 61. The matrix V is the N by 
N covariance matrix between N measurements. The 
elements of V are defined as follows: 
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Table 2 

Parameters of the fragmentation functions and their errors: The 

lower subscripts stand for r = total, i.e. for the parameters for the 

spectra from all events, c = c-quark, b = b-quark, g = gluon. 

Parameter Result Error 

- I.525 f0.013 

1.824 fO.012 

0.707 *0.002 

-1.280 10.047 

2.833 Lto.115 

0.371 ho.006 

- I.652 *0.045 

3.063 *0.097 

0.29s f0.003 

-1.281 *0.020 

3.829 f0.075 

0.369 f0.002 

0.236 f0.003 

318 +I09 
-!xl 

the diagonal elements are given by the square of the 
total experimental errors; 

the off-diagonal elements of correlated points are 

given by the product of the errors common to them 
( the overall normalization error). 

In the range 0.10 < x < 0.80 and 142 < Q2 < 

9 1 .22 GeV2, a total of 14 parameters including Ag 
were fitted to the 13 distributions of the data from Sec- 
tion 3. The renormalization scale /.L; and the factor- 
ization scale pi were set equal to Q*. This resulted in 

A(.5, = 3 1 8T$:9 MeV, which corresponds to (Y, ( Mz) = 
M.< .- 

0.126~0,.,~~. 

The x2 per degree of freedom of the fit was 
174.5/l 75 and the fit parameters are given in Table 2. 
The x dependence for different Q2 values and the Q2 

dependence for different x-bins are shown in Figs. 3 
and 4 respectively, together with the best fits. 

Alternatively, a different definition of x2 can be 
used in which the correlations between the data points 

are included using an overall normalization factor for 
each momentum spectrum of each experiment: 

x2=x c 
[ ( 

(n,;yi) _ 7-“I)2 

I i 
(n.jffiik)2 > 

+ (1 -n.;j2 
1 a; . 
(10) 

Here nj is the normalization factor for experiment j 
with data DC” in a given x bin with an experimental 

0.01 L__. -v 

li-&-_._--~~_-,-.‘>~. L__. 

0.1 0.2 0.3 0.4 0.6 0.5 0.7 0.8 0.9 
x = t&on’Phcam 

Fig. 3. Inclusive scaled momentum distributions at centre-of-mass 

energies in the range between I4 GeV and 9 I .2 GeV. Only the 

full dots have been used in the fit. 

L-W--r-t--_ x = 0. I 0.2 

10: l-~-r ;_ 
_= ~ x = 

0.2 0.3 

: .--+=%-_ x = 0.3 0.4 

\Y-+ x = 0.4 0.5 
I ; 

Fig. 4. The Q? dependence of the inclusive momentum 

cross-section in GeV2 for various x bins. For most data points the 

errors are smaller than the symbols. The curves are results of the 

fit for 0.10 < x < 0.70. 
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0.15 where the error is half the maximum variation. 

(3 
0.14 

0.13 

0.12 

0.11 

0.1 

0.0!3 B 0.25 1 0.5 0.75 1.25 1.5 2 1.75 

NQ 

Fig. 5. The renormalization and factorization scale dependence of 
(Ye. The shaded area corresponds to the measurements based on 
the exact second order matrix element (from [ 11). 

error a!:; for that bin and an overall normalization 
error un for that experiment. The different definitions 

of x2 can introduce different biases in the fit results, 

especially if the errors are dominated by systematic 
effects [ 2 11. The maximum deviation from the central 
value of the previous fit corresponded to ??a,( Mz ) = 
0.002; so if there is any bias, it is small compared with 
the total error. 

No dependence of LY, on the renormalization and 
factorization scales, PR and ,UF, is expected if all 
higher orders are known. In this analysis the lead- 

ing logarithms have been resummed, so one expects a 

smaller scale dependence than in the previous analy- 

sis, which was done only up to 0( a:). However, the 

scale dependence of CY,~ does not decrease with respect 
to the O( LYE) result, as shown in Fig. 5. Furthermore, 
the different scales all describe the momentum spectra 
equally well, so there is no experimentally preferred 
scale. The theoretical error due to the renormalization 
and factorization scale uncertainty was estimated from 
the LY, variation in Fig. 5 for scale variations between 
OS,/5 and 26 to be 

Non-perturbative corrections might exist at the 

lower energies. This energy dependence would sim- 
ulate a scaling violation. Possible non-perturbative 

effects have been tested by changing variables, i.e. by 
replacing x with x = f( x’) , where X’ is the measured 
quantity. Assuming that at the scale fi = ,,& all non- 
perturbative effects are absorbed in the fragmentation 
functions, the relation between the perturbative value 
of x and the observed value x’ can be parametrized 

by 161 

The fitted value of ho was -0.07 f 0.11, which is 

compatible with zero, indicating that non-perturbative 

effects are small. 
An additional check for non-perturbative cor- 

rections was carried out by changing the lowest Q2 
value in the fit between 142 and 292 GeV’. This did 
not change the value of LY, outside the errors. The re- 

sulting maximum deviation was 8cys (Mz) = f0.002. 
Combining the theoretical errors in quadrature and 

symmetrizing them yields 

cu,(Mz) = O.l24?t,$$(exp) f O.O09(theory). 

The theory error is larger than that for the LY, deter- 
mination in [ 1] using the string or independent frag- 
mentation model, mainly because of the unexpectedly 
large error from the factorization and renormalization 
scale dependences. After resumming the leading log- 
arithms, there is no reason to restrict these scales to be 
below the centre-of-mass energy, so all scales in the 
range OS& < p < 2,/X were considered. In our pre- 

vious analysis using the complete matrix-element, one 

could calculate the jet cross-sections for each scale, 
and large scales were found not to describe the jet 
cross-sections. Consequently the upper limit on the 

scale was taken to be ,U = 4. In the present anal- 
ysis using the DGLAP equations, no correspondence 
with the jet cross-sections is given and the momentum 
spectra themselves are equally well described by all 
scales, so one cannot reduce the range of scales. 

The experimental errors are larger too, since the 
DGLAP evolution equations require a parametriza- 
tion of the inclusive momentum spectra of the quarks 
(uds, c, and b) and gluons by arbitrary polynomials 
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and exponentials, which is difficult for spectra vary- 
ing over more than 4 orders of magnitude with a non- 

trivial shape, so this requires many parameters. In our 

previous O((Y,~*) analysis, the LUND and Peterson 
parametrizations of the fragmentation functions were 

used for the primary mesons. The complete spectra 
were obtained by adding the secondary mesons and 
gluon fragmentation for every event in the same way. 
and using the same hadron decay parameters for all 
events. With this additional knowledge about the frag- 

mentation process one can describe the spectra better 
over a larger x range with fewer parameters, and this 
resulted in smaller experimental errors. 

5. Summary 

Scaling violation in the fragmentation functions of 

yuarks from e+e- annihilation has been investigated 
using the DGLAP evolution equations in next-to- 

leading order. From the variation of the scaled mo- 
mentum distributions with Q2 in the range 14*GeV* 

to 912GeV’. the strong coupling constant was deter- 

mined to be 

cy,, ( Ml 1 = O.l24T$$(exp) l 0.009( theory). 

This value is in agreement with our previous de- 
termination of cy,, from the scaling violation, (Y, = 

0. I I8 + 0.005 [ I], with the recently measured 
precise value from the Z” lineshape parameters, 

aY, = 0. I2 I +K 0.003 f 0.002 [4], and with a sim- 

ilar analysis of scaling violation by ALEPH, a.s = 

0.126iO.009 [ 151. 
Our previous analysis of scaling violation used the 

exact second order QCD matrix element, implying dif- 

ferent systematics and higher order corrections, as ex- 
plained in the introduction. The errors in the present 

analysis are larger than in the previous analysis, mainly 
because of the more involved parametrization needed 

for the DGLAP equations and the larger scale depen- 
dence. Therefore the cross check with the previous 
analysis has limited precision, but within this preci- 

sion the agreement is satisfactory. 
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