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1. Introduction 

The study of QCD processes that take place in the hadron pro
duction in high-energy e'e - interactions is included Into the pro-/l 2/ gram of the experiments at LEP ' . 

To ray opinion, this part of program can he supplemented with 
an Interesting problem of studying the scaling violation In the 
fragmentation functions (FF) S ^ ("*,$) that describe the transition 
of quarks О produced in e +e~ annihilation into identified hadrons 

Л - S" iC t> These functions are measured in the processes of 
inclusive annihilation (IA) like e?e~--/€+JC and е +е~-*-^У/^ЫГ. 

The feasibility of such measurements at LEP has recently been 
/3/ 

demonstrated by the DELPHI collaboration that has presented the 
data on single charge hadron inclusive distributions overZ=Pf/o (in 
o.m.s. ? 5 3 l = Л/Е*-», )an&/*L 'P i s * n e m o m e turn of a single hadron, 
the sort of which, whether it is a pion, kaon or a proton, was not 
determined). 

The aim of this paper is to present the physical arguments 
in favour of the selection of the events of inclusive annihilation 
with the ldentlfioatlon of the sort of a single hadron in the final 
state in the course of analysis of the experimental material obtai
ned at LEP. The most Interesting physically are the events with the 
identified single protons in the final state. 

From the physical point of view the distinguished role of the 
IA prooesses e+e~-+-fi -+-JC stems from the QCD prediction of the 
strengthening of scaling-vlolation effects in the annihilation 
channel as compared with those occurring in the processes of lepton-
-hadron deep-inelastic scattering. The check of this prediction at 
LEP energies would be тегу Interesting. 

The paper is organized as follows. Seotion 2 contains necessa
ry definitions of the fragmentation functions (FF) and their connec
tion with the cross section. The experimental situation Is also dis
cussed there. Seotion 0 Is devoted to the QCD predictions for scaling 
violation in the FFs in IA. Section 4 oontains the discussion of 
the physical results that oan be obtained from the data analysis of 
the prooesses e e~—*- A.-*JCa.t the first stage of the measurements at 
LEP near the £ ° -peak. 
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2. Scaling violation In the fragmentation functions 
and experimental data 

1. The prooess ее --»- shown by the diagram In fig.l 
can be treated as the lepton annihilation channel analog of the 
prooess fTn. -*-ёГ + X that takes place in the lepton scattering 
channel (see fig.2 for n-—fi ) 

Flg.l. The diagram of prooess e e~-*- the inclusive production of the identified hadron /L f/£.=J7,fc P..) in e+e~ - annihilation. r ' 

Fig.2. The diagram of Jeep-Inelastic electron soattering on the hadron Я ( л = £>/TJ. 
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These two different processes differ by the geometrical nature of the 
vector of momenta transferred 0 from the leptonic block to the 
hadronic one. Namely, in the annihilation channel, i.e. for e e~—*-

the vector of momenta transfer is time-like, i.e. 
aZ— ( tc-x •+• £e) > & while in the lepton-hadron scattering 

channel er/£ -*fe"Y-X it is space-like,i.e. fe f*?j. ~^л)Л ^ °> 
The analytical continuation in f -variable from the space-like 

to the time-like region ' performed in the QCD matrix elements of 
the scattering amplitude rev 
as well as their difference' 
the scattering amplitude reveals similar features of these processes 

./5-7/ 
2. The cross section of the inclusive production e e —*-

7j - /гг. and momentum p = p of the identified hadron Л with the mass m^-Аг. and momentum ft = 
has the following foim 

g* J (ЗЛГ /»o 
where 

(2) 

a_nd ю 

*/i 
Here Jn, (c) is the electromagnetic current, JjL is the 4-momentum 
of all not identified hadrons JC whose variables are summed in (3). 
The sum is taken also over the polarisations ^ of the separated 
hadron ft . 

In terms of the decomposition of the hadron tensor 

Л7, 

+ 
тл [ I J- a* /v /1 ' ал 

where 7 = *2£#" and f.l-(^± + #я.)Л = У » the IA cross seotion 
(I) can be represented in the limit /S/-»-«>0, £>а—*-с*з i n the form 
(see, for example, ) 
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с/Г tw = ££•*[%'*,*)+£z-*"s*-ZMfa 
Неге V is the angle between the hadron momentunyA and the beam 

After the integration over the P the formula (5) takes the form 

where ( , У ш SeV 2) 

tyj* = Ь(ё+е -+JU/») -~jg -g~ ^D <*> 

and 

3. In the parton limit, i.e. when the coupling constant of 
quarks to gluons o( f<f^) is turned off, the following relations 
take place 

en) 
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(FF) 1 Here '7)л. /ЛJ are the fragmentation functions (FF) that describe 
the distribution of the hadron A . in the quark 0; . The FF's 
satisfy the following relations 

for each quark £/ with the third isospln component ./ . The rela
tion (13) is the conservation law of the momentua of the jet of had-
rons produced by the parton 9£ • 

4. The experimental data ' show quite a sizable effect 
of the,^ -dependence of the quantity £~f$ t b a t d u e t 0 W) a n d 

(8) must have, in the parton limit, a pure scaling behaviour. 
TASSO data Z 1 0» 1 1' plotted in fig.3 show the ^ -dependence of 

jjfc = Щ*_\ г Г W f%^) +1 /F rjkjj] ( 1 4 ) 

c/% 3 L * 
that looks very similar to^the analogous & -dependence of deep-ine
lastic structure functions (see for example fig.4 with BCMIS data .) 

5. It is important to note that the study of the reaction 
has made available, for the investigation (even before 

the LBP), the region with muoh higher values of the square of the 
momentum transfer 4 (=,S/than that one reached until now in the 
processes of deep-inelastic lepton-hadron scattering. Thus the 
BCBIIS / 1 2 / and EMC / 1 3 / data belong to the interval 5£ O -^ 270 GeV2. 
As Is seen from fig.3, where TASSO data ' 1 0 * 1 1 ' ar e presented at 
energies V^F- 2E - 12; 1*; 25; 30.5; 34.5 and 41.5.0eV, even at 
PETRA energies there were obtained the data on J5 /!?, 0Z) that 
belong to theelO^aV^region of V^f-r^). *" —£ 

6. The sealing violation In TASSO data on № e A * /x^J 
has, in agreement with the QCD, the logarithm!о nature, whioh is 
shown in Table 1 taken from ' ' . In this table the values of the 
parameters from the phenomenologloal formula (15) that describee 
these data are shown 

The behaviour of (14) aa a function of jr la shown in fig.5. 
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+ e. &№)], (15) 

Table 1. The results of the fit of the TASSO data ' 
with the phenomenologlcal formula (15) 

C. 

0.02 - 0.05 
0.05 - 0.10 
0.10 _ 0.20 
0.20 - 0.30 
0.30 - 0.40 
0.40 - 0.50 
O.gO - 0.70 

0.50 + 0.05 
1.97 + 0.87 
26.80+ 1.40 
14.99+ 0.81 
7.27 + 0.54 
3.29 + 0.37 
1.09 + 0.16 

25.30 + 2.490 
0.318 + 0.080 

-0 .022 + 0.008 
-0 .071 + 0.005 
-0 .081 + 0.006 
-0 .084 + 0.008 
-0 .075 + 0.012 

Results analogous to TASSO were got by some other collabora
tions / 1 4 » 1 5 / . All of them show the existenoe of the logarithmic 
deviation from sealing, which is expected in QCl/ ~ 2 . The scaling 
violation In TASSO Z 1 0» 1 1/ a n a JADB / 1 5 / data achieves 20-25* for 
x ^-°.15 and is much higher for low CC . 



3. QCD predictions for scaling violation in Й-, { i , Cfa) in the 
annihilation channel ' 

As was mentioned in the Introduction, QCD predicts s. more 
strong effect of the scaling violation in the lepton annihilation 
channel as compared with the deep-inelastic lepton-hadron scattering 
(DIS). This difference occurs due to the contribution of the second 

/?? 25/ order of perturbation theory ' , the inclusion of which into 
the QCD-analysis only makes the procedure of extracting the value of 
J\_ meaningful ' . (One would also keep in mind thpt, as is 
known from the results of the QCD-analysls, the QCD scale parameter 
-A. is strongly correlated with the parameters that define the shape 
of the gluon distribution function ) , 

The difference of the lepton annihilation (A) channel from the 
channel of their scattering (S) сяп Ъе reproduced by the following 
quantity ' 2 2 / 

Я fcf of AT) = * fv>Qo>*r) ( 1 6 ) 

where t = /?j,S? are the ra t ios 

of the moments ( Afig the number of the moment) of nonsinglet (NS = 
= I/ ;" +-ji7^/ >-' /2..7oombinations of the s tructure function in the 
annihi lat ion (A)j 

—fr) 7F+-Jr° 9 Г~е+е-+Яг+Х -ёГГ+Я%-УС 1 
6^ (^ £>% ос*/в. / * ,**J- Ь. ^ ^ / C i 8 ) . 

and deep-inelastic scattering (S) 
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channels. The numerical values of (16) are shown for different 
numbers of the moments /V and fox the choice Qu 

= 2°0 G eV 2 in fig.6 taken from ' 
5 GeV2 and & * 

1.0 
Q2, = 5 Г Э В 2 

I q 2 - 2 0 0 Г 3 В 2 

„ •V 
z <̂ (SI© 
О \г~^— R I 

fSI-

2 
XXL 

"2 

0.5 • 1 

Fig.6. The ratio (16) of the moments of the structure functions (18), (19) in different channels (annihilation (A) and deep-inelastic scattering (j&) ). (To characterise the size of the difference in the scaling violation effects in these channels the value of &*• is taken Q a= 200 йеЧ and the moments are normalized to their values at the reference point <J<?» 5 GeV2 . /ZA and A4 correspond to the traditional and exponentiated forms of the solution of the renormalization group equations (see ref. /22/ ). 
This result shows that the effect of the scaling violation 

(with the same value of A ) in the IA channel is much more stronger 
than that within QCD in the DIS-cnanael. 

/23/ Analogous calculations performed in ' have shown that the 
FF's in the annihilation channel do evolve with Q (=$) much stron
ger than the structure functions (SF's) in DIS. This is coimected 
with the fact that in the time-like region Ог> О the contribution 
of second-order terms^i.e. ~ Ж* (й ))to the FF's derivative with res
pect to 0 reaches about 50-70* of the value of the leading order 
contribution while in the DIS channel the relation of the 
second and first order contributions does not exceed 20-30*. 

Ар.а result, tiie variety of the nonsinglet component of the 
\ ' /ij/SV at the evolution from ^•=а,я-= 

= 0zz.l№ (JeV2 is equal to the variety of nonsinglet SF J^^f^G3) 
.Г.. , . „, ..._ ^__„z _ 9 S e v 2 to Сг

=-ая-~™ «-" 2 

FF 9 GeV* 
SF 

9 GeV* to ^ г г - ^ Э О О GeV 2 

Herefrom It follows that QCD preducts (with the заде value of 

In the interval from 
/23/ 
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complex Orassraan variables, where \^ is an orthonormal 

basis in X : Tr h<Xr K, , U i . l j M V V 

are total antisymmetric structural constants and 1,J ,k=l ,2, . . . 

Ifcdlm X . Lagranglan (5.1) i s invariant under gauge trans

formations 

' (5 .2) 

where , and we assume that V is inva
riant und er (5.2). 

Canonical momenta are X = V̂ ay = О , p= °̂ <j-£ =T)l. 
We describe Grassman degrees of freedom as in Sect.4, i.e., 
we introduce the Dirac brackets (4.4). So, the Hamiltonian 
is 

«here G L = - [ X , , j H ^ = - ? i . i K ( ? j X K + i + + ^ ) = 0 are 
the seoondary constraints. As one may check, they are the 
first-class constraints. After a quantiaation of the theory 
Q. pick out the physical subspace oCv, 

G J V > e : 3 r L l ^ > - 0 - ( 5- 4 ) 

Our purpose is a PI construction for the evolution 
operator kernel of physical degrees of freedom. In accordan
ce with the recipe suggested in Sect.4 it is necessary to 
introduce nev/ curvilinear coordinates in which the constra
ints (5.4) are dlagonalized, then, to write the Hamiltonian 
in ^ ? k and to find <!<}. I <),'> v, • At last, U j {<\ fy~) 

may be restored by the method of Sect.2. 
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Fig. 7. a) The UA1 data on the effective nucleon structure function 
F(x) at Q 2 = <' -t >cr2000 GeV^ /26/. The broken line repre
sents the parametrization F(x)« 6.2 exp(-9.5x). The solid 
" ™ " represents a QCD parametrization of CDHS data at Q z = 

3eVz , and the broken curves show its evolution up 
2000 GeV§ . b) The UA2 data /26/ on the same F( x) at Q' > 2000 GeV^ . The full line represents the exponential 

fit F(x)=A ехрС-Л-аО, A = 6.2 ± 0.1, Л = 8.3± 0.1, while 
the dashed lines are computed as the OCD evolution of the 
CDHS neutrino data. 

curve 
= 20 Ge 
to 

modifications). This relation between the channels could be applied 
for Instance to obtain from the knowledge of A» f^Sj the predic
tions for the behaviour of the proton structure functions in the 
region of q 2» Q 2 i»10* GeV^./ 

3. The knowledge of Л , f'^i^-^la.s, a function of the g -variab
le even at one ^-point would also allow us to check the QCD-pre-
diction on the multigluon emission process 'Z9~-'1' . QCD/and the 
natural assumption that the 2 -distribution of the final hadrons 
is defined mainly *>y the gluon distribution) lead to the following 
formula 
Formula (20) can be modified to take into account the contribution 

of the decay processes to the formation of light particles from 
heavier ones. The corrections to (20) as well as to the width and 
higher momenta can be found in /32,33/ . 
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2% ex # (20) 

where JU is soma reference point , С is a constant and -A-is 
the 0CD_scale parameter. The center of «-.he distribution (20) in terms 
of the tfl. ^-variable is at the point 

' '/плх * 
The T-ASSO data / ' 1 1 / t e s t i fy to th is dependence (see f l g . 8 , 

where V = ^W~2E^ ) . 

« W = H GeV 
Ob • »W« 22GeV • 

• W= 34 GeV X X X 

ил к • • 
• 

ж 
m I . 

x • • 
0.3 * « • • • 

0 2 • • x • 

0.1 
, : : • • 

0 •• 

Fig.8. The TASSO data 

1 2 
In 1/z 

/11/ on the normalized quantity 
«^/•jr a 3 a function of fa- {*/%) 

for \f = 14, 22 and 34 GeV,F is the normalization factor. 
The addition of the curve corresponding to 

to that shown in fig.8 would aHow us to check this interesting pre
diction of 0СЭ (see also the discussion in ' ^ * ' ) . 

4. >»p to now the problem of checking the QCD prediction was 
mainly discussed. For this reason we have not discussed the problem 
of the У*- 2 interference. The inclusion of electroweak interaction 
would result in appearance of the additional terms in the lepton 
(2) and hadron (4) tensors 

/ 
f ** V (22) 
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The term IV3 < *> £ / t h a t contains the contribution of pa r i ty -v io 
l a t ing weak currents ( ' ? = J^V* У 

Ь * ч *•*'>•ie'** •# vfy} (24) 

r 
can be separated experimentally by measuring the forward-backward /25/ asymmetry in the cross-sections of hadron production 

where 0 = 1 - 4.&П Pu ( ̂ ris the Weinberg angle) and aa = -jf. 

5. Summary 
So the selection and the analysis of the e e~'+-fit-JC events 

with different identified hadrons Л—^"л /С,/>,.. would allow one: 
1. To check the QCD predictions for the sise of the scaling 

violation effects in the fragmentation functions "fi (%.jfZ) 
that» * 

a) are expected to be muoh more stronger than in deep-inelastic 
processes like 

b) take place at LEP-1 energies in the region of s*10* OeV2 

values of the squared momentum transfer 0 =:}£-££j , i.e. 
100 GeV2 L 0,Z £ 10 000 GeV 2, that lies much higher than the 
region of в attainable up to now in the channel of deep—inelastic 
lepton-hadron scattering; — /> 

2. To sake by the analytical continuation of A>^/2*5^ from the 
annihilation to scattering channels the predictions for the 
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behaviour of the proton structure function F"(Xj%/at S3C energies; 
3. To cheok the picture of multlgluon emission of the high-

-energy hadron production; 
4. To measure and study the parity violating structure function 

l/tAyjijthat contains the information about the neutral quark 
currents. 

Subsequent publications will be devoted to the detailed theore
tical consideration of the questions quoted in this summary and the 
predictions for the experiment. 
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Скачков Н.Б. _ 12-90-301 
Чем интересно изучение функций фрагментации 5 ' ( « , • ) кварков 
в троны в процессе е + е ~ •» b + X при энергиях ЛЭП? 

В настоящей работе приведены физические аргументы а пользу проведения наме
рений функций фрагментации в процессах е*е~-» п + Х (где h « i r , K , p —идентифи
цированные адроны, а X — все остальные) при энергиях ЛЭП. Показано, что в силу 
существования предсказанного КХД эффекта сильного нарушения скейлмнга в области 
времениподобных передач импульсов q(q*> 0, канал лептои-антилептонной аннигиля
ции в адроны, q * - а), который существенно превосходит аналогичный эффект в про-
странственноподобной области ( q ' < 0 , канал глубоконеупрутого лептон-асронного 
рассеяния, - q' - QS 0 ) , изучение этих функций фрагментации представляет большой 
интерес. Первая фаза экспериментов на ЛЭП-1 позволит определить вид Da (*••) 
( h . «г.К.р) как функции е при 1 = И, . Использование этих данных (также как и дан
ных, полученных во второй фазе этих экспериментов при а > М*) совместно с данны
ми, полученными при энергиях на PETRA и PEP (а « И * ) , позволит осуществят» 
критическую проверку предсказаний' КХД в области времениподобных передач им
пульса. Измерение асимметрии вперед-назад дляадронов,_рожданных в реакции е*е" -• 
- h + X, позволит определить структурную функцию W, ( а , а ) , которая содержит 
вклад нейтральных каарковых токов, приводящих к эффектам нарушения четности. 

Работа выполнена в Лаборатории теоретической физики ОИЯИ. 
Сообщение Объединенного института ядерных исследований. Дубна 1990 

Skschkov N.B. £2-90-301 
What is the Interest in Studying the Frafmentation Functions D ! (a, a) 
of Quatk* into Hadroni in the Proceste* e + e~» h + X at LEP Energies? 

In the present paper, phytical aigumenta are given in favour of measuring the tragmen-
Ution functions 5 * (z, a) in the procesa e*e~ < h + X (h »ir, K, p... is an identified hadron, 
X stands for all others) at LEP energies. It is shown that due to the QCD prediction of strong 
scaling violation in the region of time-like momentum tranfen q ( q ( >0, the channel of the 
lepton-antilepton annihilation into the hadrons, q* - S), that ia essentially more atrong than 
the analogous effect in the space-like region <q* < 0, the deep-inelastic lepton-hadron scatter
ing channel, - q ' - Q* > 0), the study of these fragmentation functions is of great interest. 
The first stage of experiments at LEP will allow one to determine 5 j (x, s) (h - w, K, p...) 

a i 
as a function of a at s = M, . The use of these data (aa well a* the data of the second stage 
of the experiments with s > M J) together with those obtained at PETRA and PEP energies 
(• « M j ) will allow a crucial check of QCD predictions in the region of time-like momentum 
transfen. The measurement of the forward-backward asymmetry for hadrons produced in 
the reaction e+e~ -»h • X will make it possible to determine the Wa (a, s) structure func
tion that contains the contribution of the neutal quark currents leading to the parity-violation 
effects. 

The investigation has bean performed at the Laboratory of Theoretical Physics, JIN*. 
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