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Jets 1n e e annihilation are discussed in the context of pertur-
bative Quantum Chromodynamics. Topics discussed include higher twist
contribution, effects of quark masses and fragmentation on the 3 and
4 jet rates and some distributions bearing on the experimental verifi-
cation of 4 jet events at the PETRA/PEP energies.

It is now almost five years that the idea of observing gluon jets
in e e annihilation was first discussed . Since then a lot of water
has gone down the river Elbe. Several independgnt groups at DESY have
presented independent and convinecing evidence © bearing on the existence
of gluon brgmsstrahluug as a physical phenomenon. There is even a prima
facie cas for the spin-1 nature of gluon = and indeed there is ample
evidence ~ that the first estimates = of the effective quark gluon
coupling, a (Q7), are in conformity with the expectations of asymptotic
freedom. s

The triumph of the Born estimates, impressive as it is, however,
by itself does not constitute a satisfactory quantitative description
of the experimental data in terms of the underlying theory, QCD. The
hurdles that prevent such a direct comparison are:

1) Non-perturbative effects, both related to confinement and to

the breakdown of perturbation theory in certain kinematic domains.

ii) Influence of higher order effects on the normalization and

shape of the lowest order distributions.

Clearly (i) is the more formidable of the two, since calculation
of higher order effects in a theory does not involve any matter of
principle once you admit the Born(term) philosophy. I would like to
report some work related to points (i) and(ii) above from a practi-
tioner's point of view. Most+0§ it, if not all, is related to the de-
termination of a (Q7) from e e jet data,

+ - First, let me discuss the effects of the higher twist terms in

e e annihilation. In deep inelastic reactioni,_the term higher twist

1s almost synonymous with mass effects. In e e annihilation, there

is no target mass and the final quark mass effects can perhaps be cal-
culated in the context of perturbatixe_QCD. What 1s generally under-
stood by higher twist effects in e e annihilation are effects related
to non-perturbative phenomenon, for example the process

ee” > q + g + large p, hadron(s) (1

which competes with the QCD process

ee »q+q+G (2)

The higher twist process (1) can be7calculated in model field
theories. A o-model type estimate gives :



o Xz X2
1 do(1) . _HT 1_( 2 + )
S 16n° Q2 (1—x2)2 (1-x1)2
bdra 2
“pt.  3s 2Q; » %y = Ei/Ebeam (3)

where o is the effective quark-meson coupling constant. This has to
be compared with the QCD estimate:

2 2 2
1 de() 2 % X X )
Upt. dx‘dx2 3 b (1—x1)(1—x2)
(3) gives rise to a pT—behaviour do 5 " mlz as compared to the O(Gs)
dpp Prp
. do 1 . .. .
QcD predlctlon,———75~-—jz . Of course, intrimsic to both (1) and (2) is
dpp” Py

a non-perturbative p,, dependence, for which there is convincing experi-
mental evidence that it is gharply p aked. Both the low-p_ hadron data
as well as the low energy e e data suggest, though do = not prove,
that a Gaussian distribution

2
d02 N e—pr 7 (5)

de

with b % 6-8 GeV 2 describe the p_, distributions and <p_> adequately.
The question is how important cou?d be the contribytion from (3) or in
other words how big is o, ? It has been suggested ~ that the Spear p, ~
distributions in the energy,region 3.0 GeV<Q<7.4 GeV gre well accoun@ed
for if one takes b = 6 GeV © in (5) and a_.. = 220 GeV" . However, this
analysis ignores the charm quark production and weak decay effects.

I have redetermined the strength of the effective coupling Gyr by
taking into acchnt charmlgroduction and decay at DORIS and SPEAR. Using
gtill b = 6 GeV ", I get

oy < 10 Gev? (6)
Note that neither <p,_ > nor the p_-distributions can be explained in terms
of the higher twist process (1) and the non-perturbative p, distribution
(5) in the entire DORIS/SPEAR, PETRA range. The multiplicigy of the
third jet also mutilates against a q + q + "meson" interpretation of
these events. My contention here is that the bound (6) together with

the ~ behaviour of (3) leads to the result that the contribution of

Q
the higher twist/CIM diagrams is

1 7% of the contribution due to the
perturbative QCD process (2) at Q

30 GeV.

* Thés is correlated with the value of a (Qz) and b. I have taken
aS(Q } = 0.15 and b = 6 for this estimaté.
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Next, I would like to discuss the effects of quark masses on the
3 and 4 jet rates. Implicit in these estimates is the tacit assumption
that_the quark mass effects may be incorporated via perturbation theory.
In qq production, these kinematic mass effects are not a faithful
approximation since the resonances in the qq channel vitiate this
" simple quark model picture. One does not anticipate resonances in the
qqG channel, more so when the three partons are so far apart in phase
space. There is thus a hope that taking into account the quark mass
effects in the 3 and 4 jet processes, using perturbation theory, may
be a more meaningful- exercise. I adopt this philosophy and present in
tables I and Il the effects of charm and bottom quark masses on the
rates of 3 and 4 jet events. One could use the Sterman-Weinberg
variables to define1§inite 3 and 4 jet evenqi, or equivalently the
variable thrust, T and acoplanarity, A, to define the 3 and 4
jets respectively. The variables T and A are defined as:

T = max(%,,x,,%.,)
11:,% 3 (7)
A = 4 min z O?t
I
The ratios R3jet = g(3jet, T<TC)/0total apd Rﬁjets=0(43et’ A>Ac)/0tota1
are presented in table I, where o is the expression derived in
total
ref. (14):
2 2, 2
a (Q7) LOtS(Q ))
total = 9, (1 +——— + (1.98 - .116nf) — ) (8)

and uS(QZ) is the quark gluon coupling constant in the so-called MS
scheme. The entries in table II are obtained by imposing cuts on each
invariant mass pair.

Table I. Fraction of 3 and 4 jet events with thrust and acoplanarity

variables
R3jet ' Réjet

(va) Tc nf=3 nf=5 Ac nf=3 nf=5
20 .95 .30 .27 .05 .045 .035

.90 .13 .12 .03 .085 .07
30 .95 .28 .26 .05 .04 .03

.90 12 .11 .03 07 .06
40 .95 .26 .25 .05 .35 .03

.90 115 L1 .03 .065 .06




Table IT. Fraction of 3 and 4 jet events with invariant mass cuts

R,. R,.
9 Mij 3jet 4iet

(GeV) (GeV) nf=3 nf=5 nf=3 nf=5
20 5 .24 .28 4, 5x10:§ 5x10:§

6 . 155 165 6.0x10 7x10
30 5 445 .48 .038 .04

) .34 .36 .015 L.018
40 5 .59 .62 .09 .10

6 W48 .50 .05 .055

Note that the Entries in tables I and II have been calculated for
equal value of o (Q7) for nf23 and n_.=5. Also note that the quark mass
effects are stilf ~ 10-12 % in the range of PETRA jet experiments, and
they introduc?Sa substantial difference in the value of the QCD scale
parameter, A. T would also like to point out that only fixed angle
type variables like the Sterminwgeiqberg variables or $ give cross
sections proportional to (InQ"/A®) =~ for the process e e ~ QQG, as
opposed to the fixed p. cuts, like the invariant masses, where the use
of perturbation theory becomes suspect. This can be seen through the

rapid growth of R3jets and R jets with energy in table IIL. The entries
for R

4iets are exact to 0(us ) but those for R3jets

virtual glugp corrections, whose exgct contribution is controversial at
the moment . In any case, an O(a_ ") calculation for 3jets including
the quark masses has yet to be done.

The next point I would like to discuss concerns the effects of
quark and gluon fragmentation. That there is a definite coirelation
between the fragmentation parameters and the value of a_(Q7) extracted
from an experiment was first pointed out in ref. (8). Néedless to say
that the exact correlation is model dependent, and one should undertake
a more detailed study of these matters than has been done so far. My
purpose here is to show, by example of the model in ref. 6, the extent
of one of such correlations namely bﬁtween the intrinsic quark p._, para-
meter Uq = 75 and the value of as(Q ). The model described in ref. 6

are subject to O(a

is a modified Field and Feynman model 17 with a primordial p, distribu-
tion as in (5), and a longitudinal fragmentation described in ref. (17)
and specified through the parameter Ag;. The fragmentation is then com-
pletely specified by stating the pseudoscalar, P, Lo vector meson, V,
decay ratio from a qq pair. The residual o - a_(Q") correlation is
shown in Fig. 1. The data comes from the q TASS0 collaboration’*
I agree that the correlation is somewhat disconcerting in the absence
of any other constraints. The fragmentation effects are important also
for the so called "infra-red-safe fragmentation-insensitive variables™
like thrust and acoplanarity. The distribution in acoplanarity is shown
in Fig. 2. Note the effect of fragmentation gn the 4jet disiribution.
Incidentally, Fig. 2 is a prediction of O(as ) effects in e e annihila-

* The entries correspond to using A__ = 350 MeV, nf=3, m =0 =0
m = 1.8 GeV and m = 4.5 GeV. MS weoe s
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. 19 . . . 1 do 1 do
tion -- perhaps the distributions 5 dpX. and 2 are more
out dp
out
sensitive to the effects of 4jets. The rise of heavy quark multiplicity
in e e annihilation is another 0(aS } effect which might be ob-

servable at PETRA/PEP energies.

The extent of the non-perturbative effegts at PETRA/PEP energies
is a reminder that the determination of a (Q7) from e e data is a

. 3

somewhat model dependent enterprise.

1 gratefully acknowledge useful and productive discussions with
my colleagues at DESY. I would especially like to thank Gustav Kramer
and Esko Pietarimen for sharing their insight with me.
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