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1. Introduction

The study of QCD processes that take place in the hadron pro-
duction 1n high-energy e*e”™ interactions 1s included into the Pro-
grum of the experiments at LEP

To my opinion, this part of program can be supplemented with
an interesting problem of studyigg the scaling violation in the
fragmentation functilons (FF) 5 /3;,5’) that describe the transition
of quarks produced 1n e¥e” fnnihila.tion into identifiled hadrons

:j;) . These functions are measured in the prooesses of
inclusive an.nihilation (IA) 1like e+e"—->f+x and e+e"-a—l‘+ 4-._&}_’_

The feasibility of such measurements at LEP has recently been
demonstrated by the DELPHI collaborationlj/ that has presented the
data on single charge hadron inclusilve distributions over Z—H/zn(ln
c.m.s. E=X, —54/ )andl[}_ (p 1s the mome tum of a singie hadron,
the sort of whlch, whether it 1s a plon, kaon or a proton, was not
determined).

The aim of this paper 1s to present the physical arguments
in favour of the selection of the events of inclusive annihilation
with the identifioation of the sort of & single hadron in the final -
state in the course of analysis of the experimental material obtal-
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——>/g+x stems from the QCD prediction of the
strengthening of scaling-violation effects in the annihilation
channel as compared with those ooccurring in the processes of lepton-
=hadron deep-inelastic scattering. The check of this prediction at
LEP energies would be very interesting.

The paper 1s organized as follows, Section 2 contalns necessa—
ry definitions of the fragmentation functions (¥F) and their oonnec-—
tion with the cross section. The experimental situation 1s alsc dis-
oussed there. Bection 3 18 devoted to the QCD predictions for scaling
violation in the FFs in IA, Section 4 contains the dissussion of
the physical results that oan be obtained from the data analysis of
the prooesses e"'e"——ﬁ-ﬁx'at the first stage of the measurements at
LEP near the X° -peak.



2. Scaling violation in the fragmentation functions
and experimental data

1. The prooess e"’e"-»A fx shown by the diagram in fig,1l
can be treated as the lepton annihilation channel analog of the
process e" —>e‘+_x that takes place in the lepton scattering
channel (see fig.2 for l:/) )]

Fig.l. The diagram of process e'e™ */{*Io t/hz 1ncll}zive
production of the identified hadron =4
in e*e™ - annihilation. T p-)

q:(k1 ‘kz‘

Fig.2. The diagram ofﬁd ei-inelass:lc electron scattering
on the hadron E =



These two different processes differ by the geometrical nature of the
vector of momenta transferred from the leptonic block to the
hadronic one, Nemely, in the annihilation channel, i.e. for e+e"-’-
-y/l‘i'x the vector of momenta transfer is time-like, il.e.
2= (K, + t‘z)'z > ¢ while in the lepton-hadron scattering

channel g—A4 —»e& +X 1t i3 space~like,i.e. g‘é <z -/C'_z)i' <0,

The analyticel continuation in z‘z—variable from the space=like
to the time<like region 4/ performed in the QCD matrix elements of
the scattering amplitude reveals similar features of these processes
as well as their difi’erence/S'T/.

2. The cross section of the inclusive production e+e'—>-A)+X
of the identified hadron 1 with the mass m"v:ﬂz and momentum szF
has the following fom

t/év = /477“)?: Z"_/”J

’S/.'J

—
Wﬂ LaP il (D

(27)% o,

where

e (2
A/u? = ’exﬂ Koy *+ Ky t:z/u ‘//W//Cx"".z),

and

ind %)
Ve 5ot 15t 2 g

Here j /C') is the electromagnetlc current, ‘/_(% is the 4-momentum
of 11 not 1dentified hadrons X whose variables are summed in 3.
The sum 1is taken also over the polarimations 62 of the separated

hadron .
In terms of the decomposition of the hadron tensor

. 'IZ.—; - [_f_g*_ 04/,4} W, (x,5) + W

2T
£ - S — 1/
& e B Ll ) Vi)
where ’Z-‘-"z and ?L=/A:1+IC'2)‘Z=,S’ s the IA cross section

(I) can be represented in the limit §-p-oc, /97—’-0° in the form
(see, for example, 7/ )



e Z —~ . = K
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Here & 1s the angle between the hadron momentun and the beam

+ - pra
diregtion in e’,e” - c.m.s.,where ¢=(4,,0) wslly =W
2 =E_P¢/ 2= 2Pofpgy = EL/E feam , dﬁ}n ' # “

L(ES)=W, (2,8) ;£ (e8)=LE W (2.
After the Integratlion over the ﬁ the formula (5) takes the fomm

L = G2 [3E 20+ F o 25)] -

a7 )]

- e;,,/u-z/-ﬁ (%,8) +£ 5, (2,8)]
where (5 in GeV2)
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and

—

/E'r:z/;; )/E,t’,:ge rESG (9

3. In the parton 1limit, i.e. when the coupling constant of
quarks to gluons 0(’, /iz)is turned off, the following relatlons
take place

Fla)=c, 2E(z)=2F (z) (10)
= , 2 T4 o _
EFhp (z) = 3{% "-:’/ 25;:; (2) + ZS;L. /z)]—-

) /}/5’("}2)_’_5;/2)/ ""f/@l/z}vf-fﬁ}//zj)r

(11)
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Here 23 . /Z/ are the fragmentation functions (FF) that desoribe
&

the disé{ribution of the hadron in the quark z‘v . The FF'g

satisfy the following relations

ch/z 7 73[ (z) = TF (12)

fo/zz 73 r2) =2, 3

&
for ee.ch quark z“ with the third isospin component _];;. The rela-

tion (13) is the conservation law of the momentum of the jet of had-

rons produced by the parton £7'8.11/

4. The experimental data ‘'~ show quite a sizable effect
of the,S —dependence of the gquantity ,.S';,g that due to (7) and
(8) must have6 in the parton limit, a pure scaling behaviour.

TASSO data 719,11/ plotted in fig.3 show the ,.S' ~dependence of

,5’5/5_ = %ﬁ%g.[éﬁz}g}+%/§/‘z,x)] (14)
b3

that looks very similar tot)the analogous Qidependence of deep-ine-
iestic structure functions (see for example fig.4 with BCIMS data’l)

5. It 1s important to note that the study of the reaction
eTe” -,»A +x has made available, for the investigation (even before
the LEP), the region with much higher values of the square of the
momentum transfer j‘Y:,S")tha.n that one reached until now in the
prooesses of deep~inelastic lepton-hadron scattering. Thus the
Beoms 712 ang EMC 713/ gate velong to the interval 5< @ 270 GeV2,
As 1s seen from fig.3, where TAS80 data /10,11/ are presented at
energies VS = 28 = 12; 143 25; 30.5; 34.5 and 41, !»‘Gev even at
PETRA energies there were obtained the data on 5 5! ; that
belong to the=10300V2region of 72/;',5"

6. The soaling violation in TASSO data on FF's ﬁ /z,,s’/
has, in agreement with the QCDb the logarithmio nature, whioh is
shown in Table 1 taken from /1% « In this table the valuez of the
parameters from the phenomenclogical formula (15) that describes

these data are shown

X) the vehaviour of (14) es a function of ¥ is shown in fig,S.
5
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Table 1. The results of the fit of the TASSO data
with the phenomenological formula (15)

Z Cy Ce
0.02 - 0,05 0.50 + 0.05 25.30 + 2.490
0.05 - 0,I0 1.97 + 0.87 0.318 + 0.080
0,10 ~ 0.20 26.80+ 1,40 -0,022 + 0.008
0.20 - 0.30 14.99+ 0.81 -0,071 + 0.005
0,30 - 0.40 7.27 + 0.54 -0,081 + 0.006
0.40 - 0.50 3.29 + 0.37 =0, 084 + 0,008
0,50 - 0.70 1.0 + 0.16 =0.075 + 0.012

Results analogous to TASSO were got by some other collabora-

tions

/14,15/

., 411 ¢f them show the existence of the logarithmic

deviation from soalig s which is expected in QC - . The scaling
violation in TASSO »11/ and JADB / data achieves 20-25% for

x » 0,15 and 1s much higher for low & .

-
[



3. QCD predictions for scaling violation in 73 [z, ﬁ )m the
annihilation channel

As was mentioned in the Introduction, QCD predicts = 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
order of perturbation theory 22~25 y the inclusion of which into
the QUCD-analysis only mekes the procedure 3f extracting the value of
_/\. meaningful /21 . (One would alsec keep in mind thet, as is
known from the results of the QCD-analysis, the QCD scale parameter
A is strongly correiated with the parameters that define the shape

0f the gluon distribution function)
The difference of the lepton annihilation (4) channel from the

channel of theilr scattering (S) ¢sn be reproduced by the following
quantity

A, 2 e
R (0%} w)= B (&N 6)
) R0 g} )
where /Q[/ /@z ‘,)/r) £=A4,S are the ratios
— AN o
Kﬁg(,,,) )..f-/-/%,—’fj- - F a3y
2 27 Af/ ]*-'AS), ns' )
/ 2 (GEA)

of the moments { A7/¢ the number of the moment) of nonsinglet (NS
=\/Tt./-/—:‘/)“ﬂ..,)combinations of the structure function in the
arnihilation (4):
~w i7" -~e*e -7 X —ee T F X
>
[z, g = x’ [, Y- K (x, @) | 8

/01=,.s’=i2 ’

2

and deep-inelagtic scattering (s)

,\_/5)J _ep"'efx- _e/:.-»é*x ]
2 /1 =215 fe,@Y “z (% 42‘?//(19)
0‘=—23



channels. The numerical values of (16) are shownzfor different
numbers of the moments AV and for the cholce &, = 5 GeV? and &=
= 200 GeV2 in fig.6, taken from 22/ |

L M |
Q2 - srs8?
a2 -200r382 1

o

2 N

<] Ry
~N- -
=] E‘ R>
>4
0.5 R o
1 S 10 N

g.6. The ratio (16) of the moments of the structure functions

(18), (19) in dii’fer(*ent channels (annihilation (4) and deep—inelastic
scattering ( To oharacterise the size of the difference in
the sca}(ing violation effects in these channels the value of &2 is
taken Q@<= 200 @e and the moments,_ are normalized to thelr values
at the reference point Q7= 5 GeVe , R;and A; correspond to
the traditional and exponentiated forms of the solutlon of the
renormalization group equations (see ref. /22/ 3

This result showas that the effect of the scaling violation
(with the same value of A) in the IA channel is much more stronger

than thet within QCD in the DIS-channel.

Analogous calculations performed in /234 have shown that the
FF's in the annihilation channel do evolve with g”/=,$ much stron-
ger than the structure functions (8F's) in DIS. This 1s connected
with the fact that in the time-like region 2> O the contridbution
of second-order terms(i.e. ~c(52[?a'))to the FF's derivative with res-
pect to 2 reaches about 50-70% of the value of the leading order
contribut?o while in the DIS channel the relation of the
second and first order oconmtributions does not exceed 20-30%,

Agga esult, tue variety of the nonsinglet component of the
FF %- s (%2,8) ot the evolution from S=g2%= 9 GeV® to S=

2100 Ge\T2 is equal to the variety of nonsinglet SF F"’"/xﬁ
in’the interval from 4".:-; = 96V to &%= -/g 900 Ge¥2
/23/ .

Herefrom it follows that QCD preducts (with the same value of

% A

9



complex Grassman varlables, where '(\i_ 1s an orthonormal

basis 1 : Te A =5, 1= g

asis “X L) l.d ’ [’AL,/A-J] -‘:L“’K'AK,'FLJK

are total anlisymmetric structural constants and 1,J,k=1,2,...
N=dim X . Lagrangian (5.1) 1s invariant under gauge trans—

formations

- Qa0 ¢ DT Qe
(5.2

- -1
g—bﬂa_ﬂ_ L +—9_Bt‘9- '
where SL =R ek , and we assume that V 1s inva-
riant under (5.2).
'_"-.'B = _‘}L s =
Canonical momenta are = %a G, p= /61 :Dt'lt,
We describe Grassman degrees of freedom as in Sect.4, 1.e.,
we introduce the Dirac brackets (4.4). S0, the Hamiltonian

is

g Tept s Voo, 246 G

[ ks
were G =-{a Y = ¥L3x (Pax" " w,‘;“’x\) =0 are
the seoondary constraints. As one may check, they are the

first—class counstralnts. After a quantisation of the theory

Gi. pick out the physical subspace g’ef?\,
GL \é?h> = _‘“-L l@F\‘> = 0.

Qur purpose is a PI construction for the evolution

(5.4)

operator kernel of physical degrees of freedom. In accordan-—
ce with the recipe suggested 1n Sect.4 1t is necessary to
introduce new curvilinear coordinates in which the constra-—
ints (5.4) are dlagonalized, then, to write the Hamiltonlan
ph -
’
in '}f?k and to find <$Hr Z,h . At last, Ut (‘1,,‘})

may be restored by the method of Sect.2.

24
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Fig.7. ) The UA] data on the effect%ve nucleon structure function
F(x) at Q2 = ¢ -t »= 2000 GeV- /26/, The broken line repre-

sents the parametrization F(x)= 6.2 exp(-9.5x). The solig
curw(r)e rg resents a QCD parametrization of CDHS data at Q< =
= 20_Ge

5 and tae broken curves show 1ts evolution uE
to 02 = 2060 GeV2 . b) The UA2 data /26/ on the same F(x)
at Q¢ = 2000 GeV<c , The full line represents the exponentilal

fit P(x)=4 exp(-x-2)y A = 6.2 £ 0.1, & = 8,3+ 0.1, while
the dashed lines are computed as the QCD evolution of the
CDHS neutrino data.

modifications). This relation between the channels could be applied
for instance to obtaln from the knowledge of %_"%‘E,,S) the predic-
tions for the behaviour of the proton structurd functions in the
region of q2= Q2 c104 Gevz.

3. The knowledge of ﬁi /Z,rg”-‘—'/'f,las a function of the X -variab- '.)

le even at one S —point would also allow us, to §h7ck the QCD=pre-
diction on the multigluon emission process /29-31 . QCD (and the
natural assumption that the 2 —distribution of the final hadrons
is defingd mainly hy the gluon distribution)lead to the following
iormula.x

X 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/ .

11
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r o e,%/f Z/’c/%/’/f)-f/g &/w]/‘j o

it b fS)) 4, )

where ( is pgome reference point , C is a constant and /&
the QCD-scale parameter. The center of +he distribution (20) in terms

of the f/;_ yz—va.ria'ble is at the point
4 4 S
/gz /‘N"//fmx B :% en ///"2) ’ (20

The TASSO data 711/ testify to this dependence (see fig.8,
where W= ‘F-‘-JE! Je

a6 . .
*W=14 Gev
051 wa220ev
. xx
04l sW = 3L Gev R .:: |
n L
x . x
Jo3l A
° . - .
~Np2) e x ol
W Yeom
0.1 l;:- ]
oo .
2 1 2 3 4
int1/z

Fig.8. The TAffO data /11/ on the normalized quantity
- A2 "5'/0’2 as a function of //:_ /1/2_)
for W = 14, 22 and 34 GeV,F is the normalization factor.

The addition of the curve corresponding to W= V:g_'-_- M;_.
to that shown in fig.8 would allbw us to check this interesting pre-
diction of QCD (see also the discussion in 347y,

4. Up to now the problem of checking the QCD predioction was
malnly discussed. For this reason we have not discussed the prcblem
of the ~Zointerference. The inclusion of electroweak interactlon
would result in appearance of the additional terms in the lepton

(2) and hadron (4) tensors

— EW /.e . <, B
Z/,“, =E_’:"5f«0¢ﬁ"{}kz (22)

12
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) =

«zf3 v ~

The term —1‘\ /55 g )that contains the contribution of parity-vio-
lating weak currents (= /b; )

Lé;Zz.z 2 W, /ﬁ,ﬁ )— ¢ ./”"""f’ 24/_ 7z, f-?} (24)

can be separated experimentally by measuring the forward-backward
asymmetry in the cross-—sections of hadron production’

. a6
A8 = =/ a//o % -/6073;—//7—9

S AN L L1 W AN
Fimi—T Tt Ve (217,

(25)

where f Z- 4,5(/2 % € ﬂ is the Weinberg angle) and/d_ Z

5. Summary

So the selection and the analysis of the e+e"'-r fX_ events
with different identified hadrons /4 =7, £, A.. would allow one:

2. To check the QCD predictions for the size of){.he scaling
violation effects in the fragmentation functions 2. /S )
that: [

a) are expeoted to be much more stromger than in deep-inelastic

processes like & 4> e~ + X,
b) take place at LEP-1 energies in the reglon of ~10* gev?

values of the squared momentum transfer ~/§ jt sy Llees
100 GevZ £ ¢z £ 10 000 GeV2, that lies much higher than the
reglion of 2 attainable up to now in the channel of deep—inelastic

lepton-hadron scattering;
2. To make by the analytical oontinuation ofz /2,,!) from the

annihilation 40 scattering channels the predictions for the

13



behaviour of the proton structure function lcr;%z))?f/at S8C energles;
3. To check the picture of multigluon emission of the high~
—energy hadron production;
— 4. To mezpure and study the parity violating structure function
ws ﬁ;)that 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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Cxauxos H.B. R £2-80-301
Yem miTepecto naysestne Gynxmuh pparmenrapn D! (2,8) xmapxon
B anpoiat B npouecce ete "+ b+ X npu sweprnax JII1?

B nacronwef paGote npumenesn GHINYECKNS APIYMEHTH B [IONSIY MPOBEAGHNA KIMS-
peswi dynintt dparmentamm » npousceaz & 6™+ b+ X (rae har,K,p — maerrndm-
uxposannsie anponsl, & X — ace octamisie) npm meprunx JIII Toxasawo, ¥10 B cuny
cyuecTnopatin npencxasanHoro KX sddexra camsioro vapywenns cxeftmera » obnacrs
BpeMesunono6HMx nepensy Mmmynscon q(qf> 0, xaman nemron-axTIIenTOMMOA mUHrMNN-
we B aaponsl, q2as), xoTopult cym npesocxoant mmanormwesd spdext » npo-
crpancraennononoGHoft obnactn (q <0, xaMan rnyGOKOHEYTIDYTOro MeITOH-ARDOMHOTO
peccemtr, - qF = @B 0}, uaywesne sTux QynKmwA GparmesTaiN npercTaRTAET ﬁommon
wurepec. [Tepman asa 3mmpuuurrol wa JI3M-1 nossonwr onpenenwms »un D (l.l)
(harn,K,p) xax dpyramn & npu --Il,. Henomsosene 3Tux nanusix (nmmxun-l
nux, noAyseHHIX B0 BTOpoR Gase 3THX IKCNEPUMEKTOD ITPN 8 > ll') COBMOCTNO C ZRMMM-

, monywennniMi npu epruax sa PETRA u PEP {» <<l|' ), NOIBONNT OCYLCTBATE
xpm‘nlockylo nposepky npencxassrud KX » obnacrat npommmono&m nepenay MM-
nynsca. HaMepesne acHMMETDHH BNePEn-HAIL ANIR ATPOHOB, POXISHLIX B PeSXIDN o¥e ™ +
+ 0l + X, mosmonmr onpenenurs cTpyxTYpHy® dymxpno Wq (2,0) , xOTGPAR cOnepXNT
BIUISL HEATPAIBHEIX KBaPKOBMIX , TP mumx k dhdexTam napyuiesnn sernocTs.

PaGota suinonnena » JlaGopatopsm Teopernnecxolt duznxn OUAHK.
Coobiesiwe OGReANHEINOr0 NHCTNTYTS ARCpNLIX Nccnanosarmt. lyGua 1990

Skachkov N.B. E2-80-301

What is the Interest in Studying the Fragmentation Functions 0 2 (s, s)
of Quarks into Hadrons in the Processes ete~+ h + X at LEP Energies?

in the pruuntpupe: phymalmmnumﬁvenm&vouotmwthem
tation functions D} (z, 8) in the process e*e"+h+ X (h=r, K, p... is an identified hadron,
x-undlfor-.llot}lm) at LEP energies. ltulho'nuntduetotbeQCDpudlcﬂonolmn‘
uﬁncvbhtionmtheudono!ume-hhmnent\m tranfers q (q¥ >0, the channel of the
lepton-antilepton annihilation into the hadrons, g® = 8), that is essentially more strong 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.
'Ihﬁntm;eofupmmenbltLEPwﬂlllhw onetodminol): (z.0)(b=w,K,p..)
u-i‘unctlonotzul"u. Th.uno(ﬂmedlh(uwdlnthedﬂao“homnd“
of the elperimontl with ->M:) together with those obtained at PETRA and PEP snergies
( «N ) will allow a crucial check of QCD predictions in the region of time-like momentum
tnnden The measurement of the forward-backward asymmetry for hadrons produced in
the reaction ete™ +h + X will make itpod':htod'urmimthew, (s, 8) structure func-
tion that contains the contribution of the neutial quark currents leeding to the parity-violation
effocts.

The investigation has besn performed at the Laboratory of Theoretical Physics, JINR.
Communication of the Joint Inetitute for Nuclear Ressarch. Dubne 1990
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