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Results of comparison of Q C D predictions with

experimental data on e'e” annihilation into hadrons with

I =1 are presented., It ig shown that experimental data
follow the expected pattern of the breaking of agymptotic

freedom by power corrections.



where M ig an external param'eter with the dimension of
mgss 4
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O{Sis the atrong coupling constant, G{uu is the gluon field
gstrength operator, g4 is the light quark (W or d, ) field
operator. The derivation details cen be found in il
where the following estimates for the vacuum expectation
values have been obtained:
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For dS(M} the expression

ds(M) 4 1 =005 Gev
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normalized to 0.2 at M= Myjp has been used. Note that the
sum rule (1) is valid as far as power corrections .f/le 5
:I/M‘s do not become dominant.,

In Refs. 1 the eqs. 1 has been applied to the calcula -
tion of the .P - meson parameters (mass and leptonic width).
It is essential for this calculation that the integral (1)
over the experimental c¢ross section at the values of the
parameter M”mj’ ig dominated by the 5) -~ peak contribu-
tion, while that of continuum is rather small.

To compare the sum rule (1) with the experiment at high-
er values of M the detailed information on the continuum

region is needed. We shall consider values of M legs than

2 GeV. For such range of M  the integral (1) is dominated by
the energy region J§' ¢ 2 GeV for which experimental data
on erﬂ (S§) are available., '

Figure 1 pregsents the modern status of these data.
They include the procegges ete” FECT L R, L 67 « The data
in the region of the y - meson peak and that left to it
are taken from the experiments in Novosibirsk /2,3/ and Or -
say /4-6/. The region above the [ -peak and up to
134 GeV hag recently been gtudied with good precision in
the Wovosibirsk experiment /7,8/. In the region of |§ high-
er than 1.34 GeV the data of Frascati /9/ on the reaction
e+e'..;. fiT5T" and those of Orsay (DCI) /10,11/ on the multipio -
nic production have been used.

Some comments are in order. First of all we neglect the
contribution to RI‘:-{ of the procegses involving K-'- and

- mesons, because there is experimental evidence for the
smallness of the corregponding crosg sections in the ener-
gy region under consideration /9, 10/.

The gecond point is that of experimental errors. It 1is
clear that statistical errors of separate experimental
pointe do not result in a large error of the integral (1),
systematical errors being the moast dangerous.. The latter
are egpecially large in the region of JE? » 1.4 GeV, where
many different channele are opened. The authors /10/ es -
timate this error as 25%. In this connection note that the
values of the cross-section in this region presented by
the Orsay group to the Tokyo Conference /11/ are about
30% below their preliminary results /10/. The latest data
are confirmed by the recent Frascati exveriment /11/, the-
refore we use them in our calculations,

The last comment isg about the values of Rl’zi at
JS—‘ } 2 GeV. Exigting experimental data give the values of
the total R only. We use for RI = 1 in this region the
theoretical asymptotic estimation:
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Fig. 1. Experimental da-ta_ on R (5) .
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It is necessary to underline that the contribution of this
region to the integral (1) is smell, It grows. with M up
to a 30% level at M = 2 GeV (but for M= 1.3 GeV it is
only 9%).

The results of comparison are presented in Fig. 2. The
shaded area corresponds to a 25% systematical uncertainty
mentioned above. It is clear that the width of the shaded
area characterizeas the relative contribution of the data
with 1.34 GeV < S < 2 GeV. In particular, for M = 1.1GeV
this region gives only 17%, while the dominant contribution
comes from the 5) - megson region. One can see that the the-
oretical curve is in good congistence with the experiment
up to the very low values of M « The deviation becomes
considerable at M < 0.6 GeV. The theoretical reason is
that the power corrections become large and it is necessa-
ry., to know the next terms of the power expansion, the
eq. (1) being no longer wvalid at such small M .

It is amueing that the asymptotic freedom regime for
the integral (1) over Ri’:i (8) is achieved very early and
sharply as compared with the quantity Rr:igs') itgelf. It is
this very property that correlates asymptotic freedom and
regonance parameters.

In Fig. 3 we present the results of comparison with the

experiment for the quantity
lv.v)
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whizh can be obtained from (1) by differentiating over 'I['Ml.
Therefore, this teasat is not independent. However, for the



integral (4) the relative contributions of the different
energy regions vary as compared with (1), the higher ener -
gieg being more esgsential.

It is interesting to extract ©®l¢ and vacuum matrix
elements from the ¢omvarison of the formula (1) with  the
experimental data independently of the theoretical estima-

# tes (2). To this end we apply the following procedure. To
| proceed to the region of M as low as possible, where the
11‘:/5”; . J ex Erlmental precision is higher, the term proportional to
5] - 1 M has been added +to (1). The coefficients in power

terms i/M" ﬂ!“ls i/MEa'ﬂe fitted under the conditions:

i) the theoretical curve 1lies inside the shaded area of

systematical errors, ii) the contribution of the 1/M& term
. doesn't exceed 10% of that }d.‘f/ME. The latter condition

i -
: provides the smallness of higher power terms.
The described procedure allows to reproduce the expe-
rimental curve beginning from ™M as low as 0.6 GeV with
954 the following paremeters:

A=0.1% GeV,
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i,_ If a weaker requirement, that the coincidence starts
from M 0.65 GeV, is imposed, one comes to the limits:

; | 0.0FGeV< A< 0.21GeV
Fig. 2. Comparison of .the first sum rule with 3

the experiment. 1 0 30 io GQV ‘OI }w ;-W'O><2 ff[} GEU'{ (6)

1.2 1074Gevo< o [<0l T9|0Y| ¢ 2.4+ 107GV ©,

| The values of parameters in (5) and (6) should be compared

to the estimates (2).
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Fig. 3. Comparison of the second sum rule with
the experiment.

The general conclusgion is that the exverimental data
follow the expected pattern of the breaking of asymptotic
freedom in Q C D. The further increase of the experimental
pre precision will provide +the possibility to determine
the interesting parameters characterizing the Q C D vacuum.
Thus, we call upon new experimental efforts in the energy re -

gion (' < 2 Gev.
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