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ABSTRACT

The total hadronic annihilation cross section has been measured
by four experiments in the range 12.0 < vs < 35.8 GeV. There is no
evidence for production of a sixth quark (top). The chances to measure
the strong coupling constant o in this channel are discussed. Charged
multiplicities from three experiments show a rapid rise with energy
above the In s - dependence observed for CMS energies below 10 GeV. The
data are in good agreement with the multiplicities observed in hadronic
collisions and confirm the scale breaking expected from hard gluon
emission (ggg) in efe” - annihilation. In detail, there are differences
to the multiplicities from pp. The inclusive spectra display scaling
for x > 0.2 up to ¥s = 35.8 GeV within the experimental errors, but the
accuracy is not sufficient to show the predicted violation of scaling
(= 10% of the slope).

1. The total hadronic annihilation cross section

One of the most important quantities in the study of multihadron
production from e’e” initial states is the ratio R of the total hadronic
cross section to the pointlike cross section for producing muon pairs.
Experimental data on this quantity are now available from the four exper=
iments at PETRA (JADE, MARK J, PLUTO, TASSO) up to vs = 35.8 GeV. Following
the quark-parton model with first and second order QCD corrections, the
cross section has the very simple form 1)

tot 2 0( ols \*
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where NC is the number of color freedom, Qi the electric charge of the
quark Qs G = 12 7 / {(33 - ZNf)-In s/A*} the strong coupling constant,
A= 0.5 GeV a free parameter, and Nf the number of free flavors that can
be produced up to vs in pairs MM, with M = (qi,ﬁﬁ )> 1 < N.. The ratio R
is a powerful experimental tool, because : (1) itf tests the pointlike

tot . .
had /cUU is found to be constant, (2) it

nature of quarks when the ratio o
measures the quark charges Qi by the observation of thresholds due to a
new term Q? {1 + «eee+} when ¥s rises, (3) by counting thresholds it

also counts the number of flavors Nf, (4) it counts the number of colors

NC by comparing with Ouu’ and (5) it measures the strong coupling constant.
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This report concentrates on the evidence for the existance of a sixth
quark flavor (top or truth), and on the chances to measure O from the
total hadronic cross section.

In view of the small cross sections (Guu= 0.096 nb at /s = 30 GeV)
the most economical way for detecting new flavor is to measure R at the
highest energy available, in order to check for a new threshold. For
PETRA the highest energy was vs = 31.6 GeV (1979) and 35.8 GeV (1980),
after installation of more cavities (32 » 64) and RF-power. The measure=
ments at these energies, all four experiments combined, yielded
R = 3.96 + 0.28 {1979) and 4.17 + 0.44 (1980, preliminary). Thus the
value expected from equ. (1), for A = 0.5 and 06 = 2/3, namely R = 5.36,
is missed by 5 and 3 standart deviations respectively. No conclusions
can be drawn if 06 = 1/3 (R = 4.29 expected).

The next step is then a search for (tt) resonances in the region
~ 1 GeV below the maximum energy. The result of such a scan in the energy
region 29.90 < s < 31.46 GeV (1979) is shown for the combined data 2-3)
in fig.1l, with the result that no such resonance was detected. A similar
scan was performed this year in the range 35.00 < Vs < 35.42 GeV. The
resuit was not fully evaluated up to June 1980, but a similar negative
evidence is very likely. The present, but preiiminary conclusion is that
no top quark with charge 2/3 was found in efe™- collisions for energies
Vs < 35.8 GeV. |
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The total hadronic cress section is in principle an ideal place to
measure the strong coupling constant ag> but - as we will see - the press
ent statistical and systematic errors stili prevent an accurate deter=

mination. The data on R from the four experiments at PETRA 2-14)

are
Tisted in table 1 with their statistical errors. A1l the data have been
corrected for the contribution from the two-photon channel and tt - prod=
uction, and for acceptance and radiative effects. For the data above
Vs = 20 GeV the systematic errors guoted are 8% for JADE, and = 10% for
the other experiments. The last column in the table contains the stat=
istical average per energy for the four experiments. These combined data
are displayed in fig.2 together with the prediction, equ. (1), between
the Timits 0.2 < A < 1.0 GeV. Data from various experiments below /s =
10 GeV are also shown.

Are these data useful to determine ag ? The present answer is cers=

tainly no, not only because of the large systematic errors, also the

tot

Table 1 R = O ad / Guu from PETRA experiments (scan 1979 +, 1980 ++),
the data above 31.6 GeV are preliminary
V'S
(GeV) JADE MARK J PLUTO TASSO . | average
12.0 (4.1 = .3 | 4.03 + .2814.27 + .27 14.0 =+ .4 4.12 + .15
13.0 4.1 =+ .5 | 5. * 5.4 = .8 4.69 £ .32
17.0 4.4 =+ .6 | 4.3 =+ . 3.1 = .6 3.98 + .32
22.0 12.9 = .7 | 4.7 = .7 |3.41 ¢ .73}13.2 +.8 3.58 = .36
27.6 |4.0 +.513.8 .3 |3.64 =z .3113.9 =+ .4 3.79 = .18
30.0 4.6 + .4 1 4.2 =+ .3 [4.38 = .37 4.0 =+ .2
30.7 4.1 + .2 14,40+ .,1613.8 = .2 3.7 1 .3 4.11 = .08
31.6 4.2 + .6 | 4.0 + .5 |3.59 + .52
33.0 3.9 + .8 3.3 « 3.98 = .81 3.64 = .41
35.0 14.0 = .3 4.18 + .42 '
1135.28 | 4.00 + .21 4.03 + .16
35.8 3.3 + .7 {4.7 = .7 4.76 + .92 | 4.17 + .44
average
>20 GaV 4,05 + .141 4,17 = ,1013.82 + .1413.94 =+ .14 | 4.03 + .06

oL LI LT TR T p e Rt T e R T I L T T e T R T I R T R A (U RN

LR R TR T R T L T e P R PP T PR S T T PO




30311

Rtoili'l|{l||[ii|l]|lllil‘[l-l]llIIIIITTII
Iy Yy + ORSAY o PETRA DATA:
8ffR? "% 14 * FRASCATI JADE .
v NOVOSIBIRSK MARK J
- x SLAC - LBL PLUTO 4
s DASP TASSO
6 # v PLUTD i
¢
a—} tl e’ svm— Ja 9
—t ? ‘:’
t 5@:—‘5{, + *
[

2oy ' _
K

) y
L]

) T T T Y N N (N N N T T[T Y T AU U VRN I ) N TN SN SN WA N TN SN SR S G
0 5 10 15 20 25 30 3B

W (Gev)
Fig. 2

The normalized total cross section R = oﬁgg /ouu for CMS energies W< 35.8 GeV

from the combined PETRA experiments. The Tines indicate the predjction from
equ.(1) between the Timits A = 1.0/0.2 (upper/lower Tine). Data below 10 GeV

are shown for comparison.

statistics are not sufficient. We now show, what the data yield for Qs without
regard of thpse big systematic errors quoted. They have their main sources in
acceptance corrections from the Monte Carlo models used (=~5%), and in the
Juminosity measurements. (=5%).

An inspection of fig.2 shows that there is very little variation in the
data, except for the region near the b-threshold, where we expect resonances.
If we exclude the region below, say /s < 20 GeV, there is a large range up to
36 GeV where R varies very little (= 1.2%) and o is constant within = 12%.
Using all the statistics in this energy range we find for the error weighted
average of the combined data above vs = 20 GeV the value R = 4.03 + 0.06
(see table 1). It is based on = 3200 events and has a relative statistical
error of 1.6%. The error is not small enough to mearure A with any precision
in view of the fact that R varies about 2.7% between the limits of A=0.2/1.0,
which is a Tikely range for that parameter. In order to get a feeling for
the systematic error we can make use of having four independent experiments.
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The average'ﬁi per experiment is found in table 1, last 1ine. In view
of the systematic errors quoted earlier, it is a surprise to find for
their distribution a rather low value, Op = 0.15 which represents a
spread around the mean of 3.75%. Comparind this with the individual
errors of 2+1.6 = 3.2%, the systematic error after the average is of the
order of 2%. This observation may be accidentai, due to the small sample,
or it may be due dominantly to cancellation of individual systematic
errors, indicating that these are randomly distributed, or it may indi=
cate that all systematic errors work essentially in the same direction,
which is the Teast probable case. At any rate, the result calls for a
more careful study of systematic errors in the experiments.

Using equ.(l) with the mean value from the four PETRA experiments
in the range 22 < /s < 35.8 GeV, R = 4.03 = 0.06, we obtain for the
strong coupling constant &gz 0.28 + 0.04 + (0.07?), where the first error
is statistical, the second is the tentative systematic error of 2% with
a question mark. The prediction from the same formula, properly averaged
and weighted over the energy range, is R = 3.92 = 0.06 and ag= 0.20 +0.04,
taking A at 0.5 fg'g GeV. The experimental value agrees reasonably well
to the expectation; but this has as yet Tittle weight due to the size and
uncertainty of systematic errors. A caution must also be observed with
concern to the use of equ.(l). Following M.Dine and J.Sapirstein 1) this
simple representation neglects vacuum polarization from leptons and
hadrons, mass corrections for ¢ and b quarks, and the inclusion of the
effect of two-loop B functions. At /s = 6 GeV these corrections add 3.8%

to the value for R taken from equ.(1).

2. Multiplicities and multiplicity distributions

Multiplicity is experimentally a fairly well defined quantity for
charged particles, but not so for neutrals. This report therefore deals
only with charged muitiplicities. We know from the "low" energy data in
e'e” annihilation that the mean charged multiplicity, Ney”s increases
logarithmically with energy like

@) My> =& +b-dns | Aar<{s <7 Gel

and this behaviour is in agreement with what we expect from the Feynman

scaling hypotheSislS).

LR LU LR LU TR SRS N T T TR T g T R R T T TR e U T S R R T P TR PP P . -



The first evidence from e'e experiments-at PETRA energies for a
much faster than logarithmic increase came from TASS0 16). A fit to
these data to the egu. {2) in the low and high energy region yields two
incompatible sets of constants : a = 2,67, b = 0.48 for Vs < 7 GeV;
a=-6.1, b=2.79 for Vs > 7 GeV, which is a clear indication of scale
breaking. The observed fast rise in <Ny cannot be due to bb production
above threshold, from where an increase A<nCH> = 0.2 is expected.
However, we have good reasons from perturbative QCD calculations to
expect a larger rise due to additional gluon fragmentation at higher
energies. £.g. a fit of the TASSO data to the analytic form

3) LNey> = @ +b'€XP(C'VE;(5//\l)) ;

which was proposed for heavy quarks 17), determines the constants a =
2.92 + 0.04, b = 0.003 + 0.001, ¢ = 2.85 + 0.07. More recent data from
JADE 18) and PLUTO 19) continue to confirm the rapid groth of <Ney”
beyond 10 GeV. All the data presently available from PETRA experiments
are listed in table 2 with their statistical errors. The systematic '
errors quoted are 14% for JADE, and 7% for the PLUTO and ‘TASSO data. The
mean multiplicities are shown with their combinéd statistical and syst=

ematic errors in fig.3 together with earlier data below 10 GeV 20).

Table 2 Mean charged multiplicity from PETRA

/s (GeV)| JADE PLUTO TASSO

12 7.8 £ 0.1

13 8.3:0.3 | 9.0+0.4
17 8.2+ 0.3 | 10.7 = 0.6
22 10.1 £ 0.7 | 10.5+ 0.9 | 11.2 £ 0.7
27.6 | 11.6 £ 0.5 | 11.6 + 0.3 | 12.1 + 0.3
30 11.7 + 0.5

30.25 11.4 £ 0.1

30.3 13.4 + 0.2
30.75 11.5 + 0.3

31.2 13.1 + 0.3
31.25 11.7 = 0.3

31.6 | 10.9 0.6
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Mean charged multipl=
icity from PETRA exp=
eriments, and earlier
data below 12 GeV.
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a =2.38 £ 0.09
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XZ/NDF = 1.3

dotted 1ine 24) .
a=2.1,b=20.85

A reasonable fit to these data, using equ. (3), 1s obtained for A = 0.5

with the parameters given in the figure caption, but simpler functions fit

the data equally well, e.g.:
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For a proper comparison with multiplicities from other types of inter=

action we first subtract the contribution Kg ot » which brings the data
down by = 0.7 units. The result of this subtraction is plotted for the
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PLUTO data in fig. 4, which also shows mean multiplicities from pp,pp

and vp collisions 21,22,23)

. The general rise is very similar for all
reactions, but the pp data lie systematically below the data from ete”
by 1 unit, above 5 GeV. The multiplicities from pp, which agree well

20,4

with e'e” data at low energies ) , seem to be 1 unit higher above

5 GeV. The few high energy vp points fall on the e'e” data.

We Tearn more about multiplicities if we investigate the distrib=
utions, which are available now for the PLUTO data. The second moment
of the distribution, the dispersion DCH = /(<nCH2>-<nCH>2) increases at
the same rate as the mean multiplicity. Thus the ratio <nCH>/DCH is
constant within the experimental accuracy. This ratio is shown in fig.5
and compared to the same ratio from pp c0111510n521), whiéh lies syst=

ematically below the e'e  data.
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Fig.6 KNO plot for e'e” data at
9.4 and 30.7 GeV (PLUTO, K - mhn
subtracted). The dashed curve is
a fit to pp annihi1ation22)(10wer

25w as energies), the full curve results
Nepfa N>

from high energy pp collisions.
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The full multiplicity distribution is shown for the two energies
vs = 9.4 and 30.8 GeV in fig.6 in a normalized plot, <nCH>-Pn Versus
e/ <New” (P=probability), also known as Koba-Nielsen-Olesen CHp}0t25)
(KNO) . Following the KNO hypothesis, distributions for different
energies should coincide in this representation, which is in fact
found for the two energies as far apart as 20 GeV. The shape of the
distribution is rather more similar to that found in pp than that for

pp collisions.

3. Inclusive particle spectka from e'e  annihilation

Apart from a. factor s, inclusive particle spectra are defined as the
differential cross section for producing a hadron h with the fractional
momentum x = p/Ebeam' From the hypothesis of quark fragmentation, these
spectra are expected to scale with s, because, at energies large enough
to neglect particle masses, the number of hadrons h which are produced

with fractional energy x by a quark Qs> Dg(x), is independent of s. And
i
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Fig.7 Inclusive particle spectra for (a) 3.6</s<5.0 GeV {PLUTO)
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this function enters in the d1fferent1a1 Cross sect1on,

A&

() gx e -9, q‘-a»JQ) GJ' :2.1) (’ )'- _— (S? 111I> ( X)

so that s+do/dx is a function of x only. Fig.7 shows, that in fact the
data scale for x > 0.2 at all energies between 3.6 and 31.6 GeV within
errors. However, at low x values, the particle yield grows rapidly with
increasing energy due to the rapid rise of multiplicity. Gluon emission
must lead to scale breaking effects: the primary momentum is then shared
by gluon and quark, which favours the yield at low momenta and disfavours
the yield at high momenta. The resulting change for the slope of the
distribution is expected e9 to be about +10% at vs = 30 GeV, much too
small to be detected by the present measurements. We conclude that the
inclusive particle spectra in e*e” annihilation are not a good place
to detect scale breaking effects.,
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