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1. IYTRODUCTIOB 

The e*q'- annihilation into hadrona is one of the nost in- 

formative processes in elementary particle physics. Both experi- 

mental 111 and theoretical (see,e.g. L2] ) analysis of the behavi- 

our of Its basic characteri~tic ~ ( s )  - du( e%-- ha&ona)/ 

d (e*e-+J*J' ) allows one to obtain important information - 
about the propertlee of hadrone and their constituents, i.e. 

quark6 and gluona. In the zeroth order of perturbation theory 

(PT)QCD prediction for R(e) ie in qualitative agreement with ex- 

periment. However, in order to test quantitatively the QCD predic- 

tions it is neceasarp to take into account the effects of higher 

FT correctione. Until recently R(e) hae been h o w n  in 2CD up to 

the next-to-leading 0( 2; ) PT correctionD] . In thi3 work we 

 resent the result of analytical calculation of the =ex:-next-to- 

leading O( ) correction to R(s) m d  o b ~ a i n  the new eati.mtio: 

of the parameter A s  based on th-. analyeis of the combined 

PETRI and PEP reeults[4,28] . We show that rot only tke next-to- 

leading PT correction but the higher order PT effects e-e very 

important for comparing QCD with experiment and detersining the 

value of the QCD paremeter . We also discues the problem of 
comparing asymptotic FT series of QCD with experiment. 

2. THE OUTLINE OF CALCULATIONS 

Throughout this work we follow the calculationel ;iroqram 

outlined in refs.[5,61 and uee the nozhtions ictrocuced :here. 

In the course of calculations it is convenier.t to use :he 3 - 

Here Q=-$ 1. tho Euclidean transferred momentum a n d n  is the 

hadronio vacuum polariEatlon function defined as 

where J is the hadronio eleotromagnetic current. It can be 
fi 

&om that in order to oalculate the next-next-to-leading 

corrections to the 0 -function, it is necessary to use the 

two-loop approxinetion of the bare expansion parameter 

Qb - (ds/JT )* , to calculate the three-loop approrimstion 
of the bare expreaaion n,(a,) and to find the four-loop ap- 
proximation of the photon wave flmction renormalization constant 

2 . At this level, over 100 diagrams contribute to 2 . 
The typical examples are shown in figs.1. All the calculations 

have been done within the dimeneional regularization in n =4-2C 

epace-time dimensions and the minimal subtraction (US) scheme. 

Figure 1. 

The application of the methods of infrared rearrangement [7,6] 

and the infrared R* - operation[8] allowed us to reduce the 

calculation of the four-loop approximation of z j  to the evalu- 
ation of the three-loop massless propagator-type integrals up 

to O(E*) terms. These integrals ae well as the three-loop ap- 

proximation of n (aR) have been calculated with the in- 

i function 3 



tegration-by-parts algorithmL9J . Some basic scalar integrals 
used in the calculations have been calculated with the Gegen- 

bauer polynomial X -space technique [6] . All analytical cal- 
culations have been done with the help of the SCHOONSCHIP prog- 

ramco] which implements the integration-by-pmts algorithm[9J . 
The whole running time at the CDC-6500 computer exceede 200 houre. 

All the direct calculatione have been done at two etagee. At the 

firet stage, we have found the oounterterms of 58 diagrame 

which contr$bute to t ,  in QED (see, e.g., figs. la, lb). As . 

a rerrult, tbe four-loop approximations of the QBD - iunctioq P 
in the MS-saeme and the QED - function have been obtained[ll]. 
At the secopd stage, the final QCD reeult fgr the Phrnction of 

eq.(2.1) hap been obtained. The details and the teete of oalcu- 

latione d l $  be deecribed in a more extended publication. 

3. THE QCD RESULTS 

All direct calculations diecussed in the previous section 

have been done in the Euclidean region of momentum transfers. 

However, to obtain the theoretical expression for Rts) it 

is necessary to transform the final result into the physical 

region by means of the following repreeentation 

Eq. (3.1) leads to the appearance of the additional scheme in- 

dependent correction in the next-next-to-leading order we are 

interested in, which is proportional to JT' 

where q=+/r , p, is the first coefficient of the QCD 
function which hae been calculated in[12] in the YS-scheme at 

I the three-loop level 
I 

The additional contribution to R(s) in eq.(3.2) appear8 after 

taking ipto account the effecte of analytical continuation of 

the t u r  &(&pa)+ (e*(s&t)*i~) I 
which rrisee in 

eq. (3.1) after the integration of the a ' b r ( ~ 3 9  term in 

the upreeelon for the D-iunction. These effecte have been dia- 

cueeed earlier in the caee of ete' -annihilation~3,143 and 

RM) - 3 - ProcesaP51 . *. ma1ogous correction 
has also appeared in calculatione of the next-next-to-leading 

order corrections to the total hadronic decay width of the neu- 

tral Hlggs boson of the standard electroweab theory p6] . As 
well as in that casell6J , taking into account the j? term 

decreases the numerical value of the analysed PT coefficient. - 
Thue, we will not redefine the expansion parameter d, in the 

space-like region in contrast with the proposals of refs.~l3.14] . 
Solving the renormalization group (RG) equation, we obtain 

the folloring analytical expression for R ( s )  in QCD in the 

a - scheme : 
















