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NEW DELPHI DATA ON INCLUSIVE e*e” 5 h +X PROCESS
AND CHECK OF QCD PREDICTIONS FOR SCALING
VIOLATION IN FRAGMENTATION FUNCTIONS

E.P.Velicheva' , S P.Kurlovich? , N.B.Skachkov

The appearance of the first DELPHI data on the processes of inclu-
sive production of hadrons allows the check of the QCD-predictions
on the fragmentation function D (z s). For this purpose we firstly
perform the QCD-analysis of TASSO data and then we perform the
extrapolatxon of QCD expressions for Dh (z, s) (with fxxed values of
parameters found from TASSO data ﬁttmg) in the region of Z° -peak.

The investigation has been performed at the Laboratory of Theore-
tical Physics, JINR.

HoBsele nannbie JEJIOH no HHKITIO3UBHOMY IpoLeccy
ete™» h + X u nposepka npenckaszanuii KX
1A HapylleHNA cKeinuHra B GyHKUMAX dhparMeHTalum

E.I1.Beanuena, C I1. Kypnoeuy, H.B .Cxauxkos

[MosiBnenme mnepBbix panupix JEJIOU oTHocuTensHo mnpouecca
HMHKJTIO3KBHOTO POXKIEHHA aJIpOHOB MO3BOJIAET OCYIIECTBHTb IPOBEPKY
npeackasanuii KXI mna dbynkummit ¢parMeHTaumu DM (z, 8) . Ilun
3TOH UeJM Mbl BHadane ocywectBuwm KXIl-aHanna uarmmx TASSO
H 3aTeM npoBenH 3kcTpanonAuuio KX BbipakeHMa mna (Z 8)
(¢ napaMeTpaMH, GHUKCHPOBAaHHbLIMH MO pe3ysibraraM ¢uTa D;aHHblx
TASSO) B o6nacts Z°-muka.

Pa6ora BrmosHeHa B JlaGopaTopuy TeopetHueckod ¢u3uxku OUSH,

The process of inclusive annihilation (IA) e’e ™ ., h+X with the
production of the distinguished hadron h (h=#, K, p...) in the final
state (X — all other particles) belongs to a set of few processes about
which QCD can give an unambiguous prediction /1-5/
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This process, shown in fig.1, is a cross channel analog of deep-
inelastic scattering (DIS) e™p » e~ +X (see fig.2, h =p) carefully studied
in the last decade by EMC /¢’ and BCDMS’7/ collaborations. The in-
terest in this process is caused by the prediction of the existence (with
the account of the QCD second order perturbation theory) of a stronger
effect of the scalhng v101at10n in e"e” »h +X as compared with the
channel e h e + X Due to thxs reason the experimental measu-
rement of the s-dependence of the ete™ -+ h+X cross section and its
theoretical analysis is very important*,

The aim of the present paper is to study the question up to what
extent new DELPHI data on the process e*e™ > h+X taken at Z° -peak

(W=v(o_+ P, )°=Vs = M, =91 GeV)’1¥ "do agree with the theo-

retical QCD predlctlons For thls purpose we will perform firstly (part I)
the QCD analysis of TASSO data’1?/ and then (part II) the extrapo-
lation of the theoretical expressions (with the fixed values of the para-
meters of the fragmentation function Dh (z, s) of quarks q, into had-
rons) to the region of LEP energies. The 6bta1ned theoretlcal curve will
be compared with the preliminary expenmental DELPHI - data /13
1. QCD-analysis of TASSO data’'®’ was performed by us with the
“help of the previously proposed method of the expansion of structure
functions in orthogonal Jacobi polynomials /14 and applied, in parti-
cular, for the analysis of BCDMS data /15’ Here, we shall use a more

*The more detailed discussion in connectlon w1th the possibility of measur-

ing the IA process e+e - h+X at LEP can be found in 11/
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general method of expanding in arbitrary polynomials

n
Po(x) = % A:‘(a)xi
i=0

(see /) that are orthogonal in the interval 0 < x < 1 with the weigth
function w(x, a)

1
fw(x,a) B(x)P. (x) d&x = 5, @)
0

the exact form of which is defined by a set of parameters denoted as a.
The expansion of the fragmentation functions Dh (z, s), defining the

cross section of the process e TeT+h +X

2 2 B,

da ggm_ 3., s)_i‘_”_;_..g ﬁqiz_ ei[D (z,s)+D @ 9l2)
g 2
has the form (z = = pq)
beam s
- Nuax
D(z,8) =w(z,a) lm 3 C (a,8) P %2). (3)
N 00 k=0
MAX

Here, the coefficients

k
k
Cola,s) = 2 A (a)M, s

n=0

are the sum of the moments of the fragmentation function

1 o -
Mn(s) = [ dg.g" 2~Dh(z,s)
0

QCD
the analytical expressions for which M . (8) are calculated in the fra-
mework of QCD up to the second order of perturbation theory /8-10/



Here, we shall restrict our analysis to the use of the leading order (LO)
in the running coupling constant of QCD a ¢ (Q )(Q2 = s). In the case
of IA, the QCD formulae for the moments have the same structure as in
the case of the muon-proton deep-inelastic scattering but with the only
exchange of nondiagonal anomalous dimensions ¥, qg and Vg, resgon-
sible for the quark-gluon mixing (see for details, for example,

The results of fitting TASSO data’!* at W= v(p,+p)®=v5 =
=14, 22, 34 and 44 GeV with the restriction of the sum (3) only to se-
ven terms (Ny , y=7) and with the use, except for A, of only 4 free pa-
rameters (that define the form of the weight function as well as distri-
bution of nonsinglet, singlet quark and gluon distributions) lead us to
the next value of QCD scale parameter A (that was also taken as a free
one): A=150+76 MeV at x 2 =76/55 = 1.38. Only the points with
2> 0.05 we included in fitting among which 2 points were excluded
(z=0.15, W=34) and (z=0.225, W= 44) with the contnbutlon larger
than 10. The total number of fitted points was 60. In /18/ TAGSO data
with z> 0.1 were fitted and a larger value of A was obtained.

3
10 F II. The extrapolation of
F QCD-fit into 2° -region and
: ¢ DELPHI the comparison: with the
21* preliminary DELPHI data
10 - was done with the help of
3 \ the same formula (3) (with
C NMAX= 7) with the values
~N i X of parameters fixed by
O 10 TASSO data fitting. Due
= — Q\ to the absence of the
© [ DELPHI data  presented
- S ‘\ as a table the results of this
> i Ne. extrapolation are shown
=z p Y + in fig.3 by the solid line
_\J as compared to the new

DELPHI d/ata/taken from
fig.(3b) of 13’ From this

' 2 "T
A&
+

! \-¢- figure we see that the
L DELPHI preliminary data
0 01 03 0s 07 on IA agree well with the
QCD prediction. So we

z hope that the appearance

Fig.3 of more precise data in



future would allow one to perform a more detailed QCD-analysis with
the account of the 2nd order perturbation theory and with the discus-
sion of the form of the fragmentation functions of quarks ﬁ;‘(z, s) and
gluons what would give the opportunity to check an interesting QCD
prediction. :

The authors express their sincere gratitude to U.Amaldi, V.G.Ka-
dyshevsky and G.V Mitselmakher for interest in work and useful discus-
sions.
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