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1. Intreduction.

Over the last four years an army of literally hundreds of particle physi-~
cists all over the world worked out numercus predictions of the Perturbative QCD.
Many of these predictions have already been compared with the high energy data,
others still await this confrontation. Still many others are to be worked out in
the vyears to come.

Has QCD been tested in its perturbative regime to the extent that we can
with justification begin to believe that we perhaps deal here with the correct

theory of the Strong Interactions?

I will try to address this gquestion at the end of my talk. Meanwhile I
would like to invite you for a short Tour of Perturbative QCD. ©On cur Tour we
shall visit the follcwing points of interest: 1) Scale parameter A and the argqu-
ment of il Deep-inelastic scattering, 1iii) Semi-inclusive processes,

iv) -1 distributiocns, double logs and Sudakov formfactors, v) Quarkenia, vi)
Jets, and vii) Other theoretical news.

During our sight-seeing we shall put the emphasis on the results and con-
frontations with the experimental data rather than on technical details. The lat-
ter can be found in the by now numerous gquides (Al-A20). At each point of interest
we shall discuss in scme detail vdrious aspeéts of a given subject, At the end of
our Tour we shall collect the most important results of our investigations with the
hope to obtain a Grand View of the Present Status of Perturbative QCD. Only then
‘shall we attempt to address the question posed at the beginning of this Introduc-
tion.

Before the departure for our tour it is perhaps useful to list three main
aspects which we shall discuss along the way. These are: a) Extraction of the
QCD scale parameter A from various processes, b) Higher Order Corrections to
various processes, c¢) Double logs, Sudakov formfactors and generally soft glucn

affects.

2. Scale Parameter A and the Argument of uQCD‘

In Perturbative QCD we deal with the expansions in powers of the effective
strong interaction coupling constant aQCD Z a, which depends on a large scale Q?,
relevant to a given process. To set the scene consider a physical guantity
P{Q?) for which we have the following perturbative expansion in a
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a, (nQ?) a2 {ng®)
P(Qz)_=[ui(nQ2)}NE‘|+rm (n) & r e A
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where N is a power which depends on the process considered, and the coefficients

r(” {n) -« rin (n! , etc. (also process dependent) are calculable in perturbative

i
QCD. Now the point is (Bl,B2) that both @y and the coefficients r, in Eq.(2.1)
depend on the renormalization scheme used to calculate P(Q2?). They alsc depend on

the choice of the argument of o through the parameter n (B3). The rencrmalization
scheme dependence of o, and ry is signaled in (2.1} by the index i , which may
denote the following popular schemes discussed widely in the literature:

i = M5 (B4), M5 (B2), MOM (B5,B6) among others (B7). To each scheme thera is
attached a scale Aite.q. AE- or AMOM) which is related to oy by the following
relation (B8) {(numerical values below correspond to four effective flavors)

2
tnin %
ai(an) = .ﬁ'}_ 1-0,74 > + Q (_.%......;)] {(2.2)
g,n(ﬂg_) in Q- in® Q°
2 z S a2
Ay Ay Ay

where the first and the second term correspond to the well known one locop (B9} and
two leop (Bl0) coefficients in the perturbative expansion for the renormalization
group A function respectively (B.ll) . The various scales Ai are related to each
other. We have for instance (B1l2)

AD‘DM, = 2,16 A‘E (2.3}

which corresponds to

G—
oM = OFE [1 +3.21 —-i:s + O(GLMS)] (2.4)
and
£ (1) - .
T TyoM 3.2L « N {2.5)

for a fixed value of n . Furthermcre the n dependence of rf}(n) for a

fixed scheme 1 is given by
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P o= 2 v w208 (2.6)
Zgs. (2.3} and (2.4) express the important fact that the QCD scale A and the ef-
fective coupling constant & are not physical gquantities and, dependently on the
scheme considered, take different numerical values.

The point is however that the scheme dependence of the coefficients
{n ]

. r
i L
then a scheme independent answer for P(Q?) is obtained (note, there is no index i

, ete. is such that {f ri's and ai are inserted into equaticn (2.1}

on the l.h.s. of Eq. {(2.1)). Strictly speaking the last statement is only exact
if P{Q?) is calculated to all orders of perturbation theory. If the perturbative
expansion is truncated as in Eq.(2.l) there is a left-~over dependence of P(in on
the scheme considered which is related to the fact that different renormalization
schemes give different estimates of higher order corrections (0{a’) and higher)
not included in the analysis. However, if we consider a class of schemes for
which perturbative expansions are behaving well (i.e., higher orders are small) the
dependence of P(Q?) on { will be weak even if only two first terms in the expan-
sion are kept.

This turns out to be indeed the case (A2) for instance for deep-inelastic
structure functions and the photon structure functions at not too large values of
x, and also for total e'e” annihilation cross-sections. For these quantities as
long as Agz I 250 MeV the M5 and MOM schemes lead to the same predictions within
a few % ., For various gquarkonia decays (see Section §) where next to leading order
corrections are sometimes large, the situation is somewhat worse and MS and MOM
schemes are compatible with each other only within 10-15% (A2} indicating that
higher order corrections not included in the analysis are not neglegible.

Now a few words about the parameter n in Eq.(2.1) which distinquishes
between varicus choices for the argument of a . We may recall the discussions of
1979-80 of whether the a as extracted at PETRA from jet cross-sections had been
"measured” at Q? = 900 GeV? or maybe at Q® = 150 Gev?? At that time only the
leading contributions to the three jet cross-sections had been fully known (this
corresponds in Eg.(2.1) to N = 1 and r, = 0} and the value of the extracted scale
parameter A was very sensitive to the assumed relevant value of Q? (Bl3). Inclu-
'sion of next to leading order corrections to jet cross-sections (see Section 7}
removed this sensitivity to a large extent (completely if all orders in a were
taken into account) since each change of n in ui(nQ’) was compensated by the coxr~
responding change in the parameter ri{n) (see Eq.(2.6)).

In summary the discussion of this section shows that it is essentially ir-
relevant which scheme for A and which n are used as long as

i) at least next to leading order corrections are taken into account (for
the compensation mentioned above to occur)
and
ii) the next to leading order corrections in the renormalization schemes
and for the cholces of n considered are not too large (say smaller than
40% of the leading term).
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For many guantities encountered in Perturbative QCD the MS scheme, the MOM
scheme of re;.(BS) and any scheme with Ai satisfying Aﬁg £ Ai < AMOM fulfils the
criterium 1i), whereas the MS scheme does not. There are of course sometimes
differences of = few to l0% in predictions obtained in M5 and MOM schemes. I
persconally think that within our present understanding of higher crder caorrections
in QCD we have to live with these uncertainties. But I am aware of the fact that
some of my colleagues have different points of view. In particular Celmaster and
Sivers (B3) argue that the MOM scheme is the best scheme. On the other hand
Stevenson (Bl4) suggests a method for finding the best parameter n for a given
renormalization scheme in such a way that the resulting answer is independent of n
and 1. At closer lock Stevenson's procedure is similar to the scheme (see
Section 3 and {Bl5)) in which a2ll higher order corrections are absorbed into the,
scale A except for the two-loop contribution to the § function (see (2.2)).

One should also mention the suggestion of Pennington and Ross (Bl6) that,
in the time-like processes, |a(Q?)| in place of a(|Q@?|) should be used as an
expansion parameter. The hope is that this will lead to a faster convergence of
perturhative expansions. Although this idea is certainly an interesting cne, I
think more work is needed before it can be accepted as a working procedure. Simi-
lar comments apply to the interesting papers of ref. Bl7, where attempts are made
+to estimate O(a?) corrections to deep-inelastic scattering on the basis of the
presently known O(a) corrections to the structure functions and the three-loop
contributions to the 8 function (Bll).

Irrespective of personal views there ara gquantities in Perturbative QCD
for which the requirament ii) is not satisfied. These ara for instance the cases
of the deep~inelastic structure functions for x + 1, and of the massive muon pro-
duction for u? << p} << @* . In these kinematical limits the next to leading.
{and higher) order corrections are large and a resummation of these corrections
to all orders of perturbation theary has to be made. We shall encounter examples
_of it on our tour. ‘

The cdigcussion of this section shows how important the next to leading and
highar order calculations are. Without them a meaningful extraction of the para-
meter A from the dataz and a meaningful comparison of values of A "measured”™ in
various processes are not pessible (Bl).

In order to simplify the presentation, I have used throughout my talk the
NS scheme, which seems to be the favorite scheme of the experimentalists.

3, Deep Inelastic Scattering.

We shall now visit the Deep Inelastic Scattering. This process has domi-
nated many photon-lepton Conferences in the past and as we have seen this morning
it is also an important part of the present conference (Cl).

The main issues invelved here are the logarithmic scaling violations in
thx,Qz) and F!(x.QZ), higher twist effects, and the longitudinal structure func-
tions. We shall discuss all these issues one by one.



3.1. Distinct regicns of x.

In the discussion of QCD effects in deep~inelastic scattering it ts useful
(a13) to distinguish four regicns of x :
i) 0 £ x < xl(Qz), the Regge region which is rather poorly understocd at

present,

ii) xl(Qz) £ x 2 xz{Qz), the region where the most action takes place. In
this region the leading twist contributions are believed to dominate.
Furthermore in this region the full cancellation of the virtual and soft
real gluon emissions takes place and consequently there is only a singie
large (collinear) logarithm per loop in the Feynman Diagrams. These
large collinear logarithms [a(Q?) log Qz]K nave to be summed up to all
oxders in o which can be easily accomplished by the renormalization
group techniques. The resulting formulae are known as moment equations
(3.1) or evolution equations (3.2) which can be systematically expanded
in powers of the effective coupling constant a(Q?).

iii) xz(QZ) S x s xa(Q?) with l-x small but not too small. Since x inm this
region is rather close to the kinematical boundary the real emission of
soft gluons is restricted and.is therefore unable to fully compensate
the reducing effects of virtual contributions. This results in large
corrections of the type a(Q?)an? ].E and a{Q%)tn lix tnen lix

which must be summed up to all orders of o . Since there are now

two logarithms per.lqop standard rencrmalization group arguments do not
apply and other techniques have to be used to sum the large corrections.
Furthermore in this region higher twist contributions cannot be neg-
lected any longer, at least for not sufficiently large values of Qt.

Lv) Finally for x > x_(Q%) with log yo— ~ 0 (—20d Q7/A*

' 3 log .log Q%/A?
the higher twist contributions 0(1/Q?) become dominant because the
leading twist contributions are suppressed by Sudakov-like effects.
The asymptotic behaviour of structure functions in this region in. beth
Q? and x can however be studied by the renormalization group techniques.
The border lines between various regions are a bit fuzzy. A rough

estimate on the basis of the formulae quoted below is that for Q? = 20 Gev?
x1 ~ 0,02, xz ~ 0.7 and x1 = 0.95. With increasing gq? , x1 decreases while
X, and x! increasa.

We shall now in more detail discuss the regions ii) and iii) and briefly
comment on the region 1iv).

2.2 Standard Approach.

3.2.1. TLeading Twist {Theory).

Neglecting higher twist cohtributions the QCD predictions for the deep-
inelastic structure functiocns Fz and F3 in the region 1i) are usually expressed

- elther in the form of the moments
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NS
d
1 2,10 (@ {Q*1=a(@’))
NS, a2y n-2 _N§ 2y V8 2, a(Q®) NS o] 2
M, Q%) [ dx x o {x, Q%) =1 (Qo)[a(Qé)] [1+Rn — +0(a®}]
o
(3.1)
or in the form of the evolution equations
3 NS t NS x af{Q*) L) al(g? (2
Q* 2 P x, 2% = I az P&, 0¥ [—n— p M (z) +?L p'¥(z) +0(a") (3.2)
‘ +

x

These equations are for F! and the non-ginglet contributions to F2 which
dominate in the full region 1i) except for x < 0.3 where singlet contributions
become important. The moment eguations and evelution eqguaticns (C2, C3, C4) for
the singlet contributions are more c¢omplicated than Egs. (3.1) and (3.2). They
c¢an be found in (C4, CS). The input moments MﬁS(Q;) or the boundary condition
F{x ., Qg) to Bg.{3.2) have to be extracted from experiment at some not too small
value of Q% = Q;, say 5-10 Gev? . The powers 4_(one~loop anomalous dimensions)

and the coefficients Rgs are on the other hand calculable in QCD. The functions

P(”(x).and P(z’(x) contain the same information as dgs

Some technicalities shogld be mentioned here. The evaluation of the coef-
ficients Rﬁs and the corresponding coefficients in the singlet sector (Ri)
involves the calculations of the one-loop quark and gluon Wilson coefficient func-
tions (B2} and of two-loop ancmalous dimensions (C6}. Furthermore these two cal-
culations have to be done in the same renormalization scheme in order that the
physical predictions for the structure functions are obtained. In the non-singlet
sector thers is a full agreement between calculations performed by various authors.
In particular the recent calculations (C7) of the two~loop non-singlet anomalous
dimensions agree with earlier calculaticons of Floratos, Ross and Sachrajda (C6).
In the ginglet sector there is a discrepancy between refs, (C38) and (C9) in the
rasult for the element Yég of the two-loop anomalous dimension matrix. Both
calculations have been done in the MS scheme. When the results of both groups are
transformed (ClO) into the dimensional reduction scheme (DRS} (Dll) which is
frequently used in the supersymmetric calculations, the elements of the two-loop
ancmalous dimension matrix as calculated by Furmanski and Petronzio (C%) satisfy a
so-called quark-lepton symmetry relation (C3): Yég + Yég = Tég + Yg;v whereas
the results of Floratos et al. (C8) do not. As argued recently by Floratos (Cl2)
thias favors the result of ref. C3 . In any case the discrepancy just mentioned
hag essentially nc phenomenclogical consegquences, since the dominant contribution
to Rﬁ and Rﬂs comes [at least in the M§ gcheme) from the coefficients functions
calculated in (B2). .

Finally it should be said that for not too large values of x oxr n (say

x < 0.7 , n < @) the next-to-leading order corrections to Fz and Fa in M5 and MOM

and st regpectively.
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schemes are not large (5 - 203%) and consequently it is believed that perturbative
calculations can be trusted.

3.2.2. rhenomenological Results.

On the phencmenolcgical side as has been shown in many analyses (Cl,CS,
Cl3,Cl4), the formulae like (3.1) and (3.2} agree very well (Cl) with the existing
deep-inelastic data (ep, up, VN, UN, etc.) even in the absence of higher twist
contributions. Furthermore it has been found that the inclusion of next-to-
leading order corrections (i.e. Rﬁs
the agreement of the theory with data. This is mest clearly seen by utilizing the
so-called Ay scheme (B1,B2,Cl5). The idea (Bl) Ls to absorb all higher order cor-

rections into the parameter A i.e., to put the formula (3.1) into the form of a

' Rﬁ) in the phenomenological analyses improves

leading order expression. The resulting scale an which replaces A of the L.OQ.
expression becomes now n dependent with the n dependence predicted (B2,Cl5) by QCD:

(B
Ap ™ Mgz exp l.m] ~ cvn © = constant : {3.3)
n large

n

This n dependence is (as emphasized by Para and Sachr#jda (C1l53)) renormalization
prescription independent and agrees very well with the data (C16,C17). But what
about values of s ?

3,2.3. Values of Aﬁg.

This morning scme of us (Cl8) have been encouraged by our experimental
colleaques that the wvalue of 10 MeVv for Aﬁg is not necessarily favored by the data.
But aa discussgsed by Dress (Cl) the wvalues of Aﬁg as extracted by various groups
are smaller than two years ago. At this moment I am opening a table of values for
Aﬁg ., which we shall collect on our tour (see table II at the end of this talk).
The ones extracted from deep-inelastic scattering have been borrowed from Drees

(Cl), who finds

+35

<tz > = 157 T30

1 MaV, (3.4)

At fiirst sight it would appear that this value is smaller than what one
would naively expect for AQCD . But it should be remarked that the corresponding
value in the MOM scheme (apparently a more "physical™ scheme than MS) is
MAiomw ™ 350 MeV, a value which scme of us guessed four years ago.

Since the details of varicus phenomenclogical analyses have been already
presented by other speakers (Cl), I will only make a few remarks.

First there exists one analysis of the CDHS data (C.17) in which much
larger than (3.4) values of Aﬁg (450 + 50 MeV) have been found. It is important
to clarify this discrepancy. Second, it has heen suggested by Roy (Cl9) that the
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low values of A found in high 0% uN experiments could be due to the presence of a
hard intrinsic charm component in the nucleon. The corresponding threshold effect
would cause an increase of Fz(x,Q’) at large x, and Q*. Taking this effect into
account and assuming the size of the intrinsic charm to be %, Roy finds that the
net QCD scaling violations correspond to A =~ 300-400 MeV. However as discussed at
this conference there is essentially no evidence for such a charm component in the
data. Consequently it is not clear how sericusly one should take Roy's result.
Finally there are a few remarks on higher twists but these will be made at the end
of this section.

3.3 Large x behaviour.

For large x or large n the coefficients R, in Eq.(3.1) behave like {(ina)?.
When a(Q?){fnn}? or eguivalently a(Q?) in? llx are a substantial fraction of 1,
one enters the region iii) of Sectien 3,1, perturbation theory breaks down and
resummation of terms a(Q@%) *(2n® I%;) or a(@?)*1nfn  to all orders of perturba-
tion theory has to be done. Such a resummation has been demonstrated by various
authors (A3,A7,A13,C20-C23) in the so-called decuble leading log approximation

(DLLA) in which the dominant terms in each order in a,i.e. a(Q’}k Zk llx , are

taken intoe account, but the terms a(Qz)k en? I%E with k<p< 2k are neglected.

One obtains for instance for the nucleon structure functions (Al13):

16

P (x,Q) ~ (lex)? exp [f-i-i-_?—f f(x.Qz)]
where (3.5)
2 - 2
£(x,0%) = 2n Q%/A% inin Q%/A*~in (‘],: %) gntn %z(l-x) - n 1-33; Lain '1%2 .

The moment version of Eg.(3.5) is given by Eq.{3.7) of ref.(C.22). For
a (Ql) log n << 1 but ag (@%) (logn) > = 0(1) the result (3.5) or its moment
version correspond te the exponentiation of the dominant term in the parameter

2 in @t
_Rn f1.e. (4inn)* term. For Iin «=— > °‘EEE§‘T) or n 2 63 . Whera
Q; ~ 1 Gev? the exponential in (3.5) behaves like a Sudakov formfactor and the
structure function as given by (3.5) is strongly suppressed. Consequently the lead-
ing twist contributions on which Eq.(3.5) ls based cease to be important and higher
twist contributions take over., This is the region iv) of Section 3.1. In this
reqgqion one can show that (C24)

. -
P (x,ah) ~ M L Sy [—Mi"‘] o (3.6)
2 q? N -inQ? (L-x) '
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whare GM(QZ) is the magnetic formfactor of the nucleon, AN are ancmalous dimen-
sions cf three fermion operators and CN are calculable coefficients which have not
been calculated so far.

The result like {(3.3) is valid only for large x and it would be interesting
to have a formalism which would interpclate hetween the intermediate x region (ii))
and the large x region (iii)). I% has bheen suggested (C20,C22,C23) that so-called

improved evolution equations {compare with (3.2))

1
NS 2 f -
g B (x,0%) %J az PS5 (X a2, [Q(inz_z)”,(l)(z,} (3.7)
X

1 2z’
3Q +

which correspond torescaling of the argument of a from Q% to Q%(l-z)/z may do this
job. The change of the argument of o is an effect of taking properly the kinemati-
cal constraints on the kL of the emitted gluons (A3,A7). Thus it is argued that
by a simple rescaling of the argument of a (in the leading order expressions} one
can resume the most impertant corrections to all orders of perturbation theory.
Indeed as has been shown in refs. (C20,C22,C213) an egquation like (3.7) is for

X - 1 equivalent to (3.5} to the DLLA accuracy. Jne can question, however, the
quality of Eq.(3.7) in interpolating between intermediate and large X regions.

Such an jinterpolation should include correctly the terms like

z(Q?)klnp Ié; {k < p< 2k) which have not been taken into account in Egs.{(3.5) and
(3.7). We thus need a systamatfé approach in which we can calculate the correc-
tions to Egs.(3.5) and (3.7). There is a hope that the methods developed recently
by Collins and Soper (see Section S5) may serve this purpose.

Furthermore there is the gquestion raised by some of my colleagues (C25)

whether an equation like (3.7} is consistent with the factorization of mass singu-

larities. The point is that such a factorization is only true at fixed @ and not-
W2 = Q% (l-x}/% .

How raelevant is all this for the deep—inelastic scattering phenomenclogy
and for the data f£itting? Personally I do not think it is of great relevance. It
has been shown for instance in ref. (Cl4) that the numerical differences between
equations like (3.7) and the explicit calculations of the next-to-leading order
corrections (Eq.(3.1l)) becoma important only for x> 0.7 where the structure
functions are small, data are poor, and the uncertainties due to higher twist
contributions are non-negligible.

Oon the thecretical sida, however, the studles of refs. (A3,A7,Al13,C20-C25)
are very important and this for two reasons. Firat they show that the large x
behaviour of the twist tweo contributions to the deep—inelastic structure functions
and in particular the large higher order correcticna can be brought under control.
Second the resummation methods discussed in the above papers turn out to be useful
for such processes in which (Sudakov-like) effects are experimentally better
"rigible" than in the deep-inelastic scattering. We shall come t¢ this in Section
5.
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3.4 Longitudinal Structure Functions.

In the parton model with spin % gquarks and in the absence of target mass
corrections and ! igher twist contributions, the longitudinal structure function is
zero (C26). In QCD and in the leading twist approximation one finds

(L) (a2 ‘
M- (@) 2 2
n L 4 Qb [ a(Q?) 2
;TiTTE?) I TaFD L1-an - + Ola )] (3.8}
n

(L} (2}
where Mn and Mn

structure functions respectively. It has been known already for scme time (C27)
that the first term in (3.8) cannot account for the albeit poor data. Especially
for large n or x values the leading order prediction of Eg.(3.7) lies systema-
tically below the data, For small x, where singlet contributions (not shown in
(3.8)) dominate, the agreement of the theory with data 1s quite good. The disagree-
ment between theoretical predictions and the intermediate and large x data for FL
might not be a problem for QCD, however, and could be due to ocur neglect of higher
twist contributions, target mass effects, non-perturbative effects etc., which are
present in QCD but are difficult to calculate {c28).

Irraspective of this it is of importance to check how large the next-to-
leading order corrections are to the ratio in {3.8) (i.e. the coefficients Bn)l
Such calculation is also necessary if we want to use in Eq.{3.8) the same value
for the scale parameter A (e.g: Ayg) as the one cbtained from the phenomenology
of F1 and F3 structure functions. The coefficients B have heen recently calculat-
ed by Duke, Kimel and Sowell (C29). They find that Bn's vary slowly with n and in
the MS scheme change from 4.3 to 7.5 when n is varied from 2 to 10. The correc-
tions. are therefore non-negligible and have the right sign. However due to the
decrease of ogg  as compared to the leading order L) (C30), the net effect of the
next~-to=-leading order corrections ta the ratio (3.8) 1s very small (C3l). Conse-
quently there is still room in the data for diquarks and higher twists effects
{C28). So let us say a few words about tha latter.

are the moments of the non-singlet longitudinal (FL) and Fz

3.5 Higher Twists

At low values of Q? one has to worry,in addition to logarithmic scaling
violations, about power-like scaling viclations. In perturbative QCD they are
represented by target mass effects, heavy quark mass effects and by contributions
of operators of higher twist. Here we shall only discuss the latter, In the
presence of higher twist contributions, Eq.(3.l) generalizes to

AlB)

(t) 2
M) = I e fa@n 1™ (1ag(® 2D L (3.9)

aven
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where the sum runs cover various twist (t) contributiong: leading twist (= 2),

()

twist four {£=4) and so on. A are incalculable hadronic matrix elements of

spin n, twist t operators. dét and Rét) are calzulable numbers, e.g.
dAZ) = dis and RQZ) = Ris . It should be remarked that there are many operators

of a given twist > 2 contributing to Eq.(3.9) so this equation is in reality more
complicated than we have shown. Consequently there are many unknown non-perturba-
tive parameters Aét)(t>2) which have to be extracted from the data. This makes
the phencmenology of higher twist contributions very complicated.

Since the parameters Aét) are incalculable at present {(see, however,below)
one can study phencmenologically the effects of higher twist contributions in deep
inelastic scattering by using "QCD motivated™ parametrizations of the terms t > 2
in Eq.(3.9). Unfortunately there is no full agreement between phenomenclogists on
the importance of higher twist contributions in the scaling violation analyses.
Some physicists find that they are (C32) or could be (C33) important. Others find
(C34) that they are negligible except in the x+ 1 regicon. One should alsoc mention
here the analysis of the CDHS group (C35). They find that for Q® > 10 Gev® and
x < 0.7 the higher twist contributions are probably negligible but are important
at lower Q? i.e. in the SLAC region. .

Clearly in order to settle the issue a systematic attack of the higher
twist problem 13 very desirable. Some progress in this direction has already been
made:

a) the ancmalous dimensions of some of the twist four (t=4) operators have
been calculated (C36);

b) the coafficient functions of certain classes of higher twist operators
have been analyzed in ref. (C37) and in particular in ref. (C38);

¢) diagrammatic approaches to higher twist contributions have been suggested
in refs. (C39] and (C40). These papers also address the question of
higher twist contributions to the semi-inclusive processes;

d) one should also mention the explicit calculations (C4l) of certain higher
twist contributions to semi-~inclusive processes, and finally

e} there exist very interesting calculations of the matrix elements Aiz)

(C42) and AA4).(C38} in the framework of the MIT bag nmodel. Neglecting
logarithmic gcaling violations cone finds (C28) for n= 2 moment

. - 2
uE2*% @) = nlE22 - le0MeV)T 5 1.7.107% . (3.10)
BAG Q? Q=5

Thus in the MIT bag model the twist four contribution to the n=2 moment
is gmaller than l%. For higher n the higher twist contributions are expected to
be more important. The calculation is in progrz2ss. Note also the negative sign in
Eg.{3.10). 1If this feature would continue to higher n then the inclusion of



-]2a

"MIT bag motivated" higher twist contributions into the analysis of deep-inelastic
data would increase the scale parameter A rather than decrease it, as assumed in
many phenomenclogical analyses. .

One may of course ask how much the bag model has to do with QCD? In spite
of this the analyses of refs. (C38) and (C42} are very interesting and undoubtedly
one should pursue in this direction with the hope of gaining a better understand-
ing of higher twist contributions.

4. Semi-Inclusive Processes.

In 1977-78 it was shown by a group of physicists (Dl - D3) that
Perturbative QCD calculations could be extended to cther processes guch as semi-
inclusive processes, discussed here and in Section 5, and jet cross-sections,
discussed in Section 7.

The main issues involved in semi-inclusive processes are higher order QCD
corrections for the integrated (over pL) cross-sections, the resulting corrections
to parton medel relations connecting various processes, and the study of transverse
momentum (PL) distributions. We shall discuss all these issues here and in the
following Section.

4.1. Basic Structure.

There are six (including deep-inelastic scattering) inclusive and semi-
inclusive processes for which a’huge amount of data is now available and which
therefore deserve particular attention. These are:

i) eh+eX 11) e'e”+hx 1i4) hlhz*u"'u-x
' + - {4.1)
iv) eh+eh X v) ee +h h X vi) hh »h X
1 2 I 2 I 2 3
In perturbative QCD the formulae for the processes listed in Eg. (4.1}
have the following general structure:
7 h 2 2z
op = 1 £ (0% ¢ g (x,a(Q") (4.2)
i
for the processes i) and ii),
hy a2 z h, 2
dhyn = Z £, (xIaQ b ] °1j(x;’xz'°(Q }la fj (xz,o ) (4.3)
12 ij .
for the processes iii} - v) and
hy h, 2 ha 2 k z Ny 0 L2
Ghlhz igk fi (xl.pl)c fj (xz,pL)o Gij(xumxa(PL))° fk'(xs,pL) {4.4)
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for the process vi).

In the above eguations f?(x,Qz) stand either for the partoen distributicns
{quark, antiguark, gluon) which measure the probability for finding a parton of
type i in a hadron h with the momentum fraction x , or they stand for the frag-
mentation functions, which measure the probability for a parton of type i to decay

into a nadron h carrying the fraction x of the parton momentum. Gij are the rele-
vant parton cr.oss—sectiom and the summation in Egs.{(4.2) and (4.3) is over quarks,

antiguarks and gluons. Thz @ denotes symbolically a convolution, an example cf
which can be found in Eg.({3.2).

Strictly speaking the separation of the (physical) c¢ross-sections Oy *
ha

hiha
functions is not unique beyond the leading order (D4) and depends on the definition

%ih, and o into parton distributions, parton cross-sections and fragmentation
of parton distributions and fragmentation functions. This is analogous to the
arbitrariness in the definition of the effective coupling constant encountered in
Section 2. Two definitions have been discussed in the literature:

Definition A. (Dd)

The parton distributions and fragmentation functions are defined by the
space-like (S) and time~like (T) cut vertices (D3) respectively which are normal-
ized at Q? and defined by the MS scheme. The moment version o% the evolution
equations for such defined densities is (in the non-singlet sector) as follows:

NS .2 NS, .z
<q o (Q%) > g = (Q3) > ] NS NS
sl o [a(onrn [1+ “ns| (a(Q?)-a(Qd)) (4.5)
2 NS ’
oM@ > <DN3fQ;)>nJ ala,) Zar "
where
1
< %>, = [ ax 71 " (x,0% (4.6)
0

and similarly for the fragmentation functions DNS(z,Qz). Only two=-lcop ancmalous

dimensions and two-lcop B function contributions are included into the coefficients
Zng
QCD corrections to the relevant parton subprocesses are included into the short

which we have called parton cross-sections. We
NS NS
ns 274 Znp
to the difference between two-loop anomalous dimensions of space-like cut vertices

(D3) (relevant for deep-inelastic scattering and parton distributions in general,
see Section 3) and the two~loop ancmalous dimensions of time~like cut vertices
(relevant for fragmentation functions} which have been calculated last year in

and zﬁg « The remaining higher order correcticons which come from cne-loop

distance functions Gij and 9y

shall discussg these cross-gections below., 2 differ from each other due
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ref. (DS). This difference corresponds to the breakdown of the so-called Gribov-
38 and ZNS
ns °* at
n < 1¢ and grow only like &n n for large n . <Consequently evolution eguations

Lipatov relation (D6). However, both 2 dre very small (~0.3) for

defined by (4.5) are essentially the same as the leading order eguaticns and
. furthermore they are almost the same for q{x,Q%) and D(x,Q%).

Definition B. (D7)

All higher order corrections to deep~inelastic scattering and to ete™ + hx
are abscrbed into the definition of parton distributions and fragmentation func-
tions respectively. The evolution equations now take the form (4.3) with Zﬁg and

zNS replaced by

nT
(R°] = 1221+ ()] (4.7)
s,T s,T s,T
where (Bﬁs)s and (BES)T come from the bne-loop corrections to the deep~inelastic

NS
ns,T
are large for large n (see below), the new evolution equations differ substantially

at large n (large %) £from the corresponding leading order equations. Furthermore,
as we shall discuss below, ng and ng differ considerably from each other which

is mainly due to the continuation of Q! from space~like to time-like region. Con-
sequently the evolution equations for parton distributions and parton fragmentation
functions, given by the definitisn B, differ at "low"™ values of Q2 < 100 GeVv?
where the next-to-leading order corrections {in particular for fragmentation func-

tions) are not negligible.

scattering and the cne~loop corrections to ete” + hx respectively., Since B

4.2. Sumarvy of Higher Order Corrections to Semi-Inclusive Processes.

We begin this summaiy by discussing the processes 1) - v) in Eg.({4.1). Let
us denote the moments of the cross-sections % and o, of Eq.(4.2) generally by

1
o (@) = [ ax %2 g (x,0%) (4.8)
[+

and the double moments of the cross—-sections Ghlhl and cij of Eq.(4.3) by
Gnmtoz) = [ dx J dx, x P2 xf""2 a(x‘,xz,QZ) (4.9)

where x, X, and x, are the relevant scaling variables, Then the moments of the
crosa-sections for the processes i}- v) of Eq.{4.l) can be written (neglecting
obvious overall factors) as 47ag,/3Q° in (4.12) as follows:
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2

PRty = <qes 118,y 2Ly o) (4.10)
e.+e_ -+ hX = CD(Q2)> [1 +B G(QZ)- + O(GZ)I (4 ll)
gn n nT T °
o%¥ (%) = <qa?)>. <Flat)>_ (1+80Y 200 o (7)) (4.12)
nm n m nm m
eh,+1,eX h h 2

i - 1oz ?,.2 eh a{Q*) z
am (@5 g (@45, <0 (@Y (1+B0) HEL 4+ ofal)] (4.13)
e+e--hlhzx hi hy, ., ete” a{Q?) 2

2 - 2
c’nm{Q ) <D (Q )>n <D “{Q )»m IZ1+Bmll - + 0(a?) ] (4.14)

We have used here the definition A of parton densities and we have expanded
the parton cross-sections in powers of a keeping only the next-to-leading terms.
Furthermore to make the formulae more transparent we have not summed over quarks
and antigquarks. The parton cross-~sections for these additional subprocesses are
exactly the same to this order ag the parton cross—-sections shown in (4.10)-(47.14).
The references where the explic_it calculations of the parameters Bn and Bm can
be found are listed in (D8-Dl3) --and in Table III at the end of this talk.

We have found (Dl4} that for large n and m the results for various coeffi-
cients B, and B.n in (4.10)~-{4.14) can be summarized by the following simple
formulae

B ) 0
sl . 2,2 (4.15)
B n 1) 3
nT
and
oy
3. [2
eh () 2.z
Bnﬂ_ --1='ml + ll 3 (4.16)
a’e
Bmu 2
where the universal functions Fr(:l) and Fr(x;i ara given by (MS scheme)
1
p_ " = 2 [logni® + 1.77 (lognl-2.2 -3 (4.17)

and
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2)

P = Z((lognl? + [logml® + 21ogm logn)
(4.18)
+ 1.54 ((lognl+ [logml) = 4.4 - 3

Thus,

1) For large n and m there is a universality in the n and m dependence of
Bn angd Bnm at =he level of (logn)?, logm log n, log n and constant terms, which
is broken on.y by a process dependent number ([---]) of the 2/3 7% texrms.

2) We have found (Dl4) a simple counting rule for the number of "2/3 13"
terms one has to add to the universal function for a given process. This
"2/3 v counting rule" reads as follows: count the number of target hadrens and/or
hadrons detected in the final state, which are on the other side of a large
momertum, say Q. Using this rule, one immediately reproduces Egs.(4.15) and
(4.186).

3) For low n the ugiversal behaviour of B ns and B AT is n:hlonggi satisgizg;
Bop ns is smzller than 3 w2, However, the universality of B ' Bnm_and Bnm
is (except for 3n1 terms) satisfied within 3% if n, m 2 6.

4) The next-to~-leading order corrections to all processes ii)-v) are much

- B

‘larger than the ones found in deep-inelastic scattering and they are large at all
values of x or n due to the m* terms which come mainly from the continuation of Qf
from the space-like to the time-like region. Slightly smaller corrections for all
processes i)} -—v) are found if th; MOM scheme is used.

5} In order to study QCD corrections to parton medel relations which con-
nect various processes it 13 useful to use the definition B of parton distributions

o
and parton fragmentation functions. In this case Beh. Bime and Bgz are replaced
by '

~DY oy
Bnm Bn.m an BnS
~ah - eh _ -
Bim Bon an BnT (4.19)
~a*te" ete~
nm Bnm. BnT BnT
and Eg. (4.16) by
fpy
Bom 2
=ah = (2 2 2
Blm -an + o} 3" (4.20}
gete” 0
nm

where
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2

¥ (4.21)

4 2
1m'=-§logm + logn =0.23 (logn + logm] - P

?;g are renormalization scheme independent.

Since now the %n‘ terms have been ahsorbed into the definition of the
fragmentation functions the parton model relaticns between eh-eX, ete”™+hX and
eh+ehX as well as between e’e™+hX and e+e-+hlhzx are mainly viglated by the
{logn) - (logm) terms which introduce neon-factorization in n and m, absent in the
leading order and in the parton model. The parton model relaticn between eh-eX

and h1h2+u+u-x is also violated by the [2] %-wl term.

Let us summarize five main findings which have lmportant implications for
future research and for confrontation with the data.

A} The next~to~leading order corrections to the processes ii) - v) are
large for all n and m due to the terms (lognj?, {logm)?, (logn) * {(legm} and the
1?2 terms. The resummation of these corrections to all orders of perturbation
theory is necessary. The {logn)?, {logm)®, etc. terms can be summed as in the
deep-inelastic scattering (see Sec. 3.3). It has also been suggested (D15) that
the m? terms can be summed to all orders in a(R?)by using the asymptotic formula
for the elastic gquark form facteor (Dlé). I think that this method of summing the
¢ terms related to the continuation from space-like to time-like Q? is quite ’
reasonable. It should be, howeﬁér, kept in mind that not all r® terms are summed
by this method; e.g., the m® terms of Egs. (4.17), (4.18) and (4.21). Conse~
quently the 7% terms require further study.

B) Scaling violaticns in massive mucen producticn and in all time-like
processes are expected to be larger (for a given Aﬁg) than in deep-inelastic
scattering (D17). In particular we find the prediction

4+ -
@ & +hX DIS
Aeft w. (2= 3} Aeff (4.22)

where the effective scales A are to be extracted by means of leading order expres-
sions from e'e +hX and deep-inelastic scattering data. Although scaling viola-
tiens in ate™~hX have been seen both at PETRA and PEP, it is not yet clear
whether Eqg.(4.22) is in agreement with data.

C) One expects the crogs-gection for the massive muon production to be
renormalized by roughly factor 2 relative to the standard Drell-Yan formula, i.e.

- -
hh+u p X DY

[af=4 do -
—duz] (4.23)

an? _ ~ K

——n
.

with K =~ 2 . This is confirmed by the data (pN,7vN} (D1l8}. Is this a great
success of CCD or just an accident?
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O} One expects the non-factorization in n and m in the processes iii) - v).
In particular in the semi-inclusive deep-inelastic scattering eh ~eh X this cor-
responds to non~factorization in x and z variables. It is not ciear‘}hether the
presence of such non-factorization in the data has been firmly established (Al8).

F) One should also mention the large next-to-leading order correcticons to
hlhz*tla(largeﬁpk}fc, which have been found by Ellis, Furman, Haber and Hinchliffe
(D.19). If a(s) (s is the c.m.s. energy of the partcn subprocess, say gg) is the
expansion parameter, the next-to-leading order corrections are roughly by a factor
1= 2 larger than the Born cross-section. These large corrections have been con-
firmed by Furmanski and Slominski (D20). They point out however (see also ref.
B3) that the corrections are small in the whole range of P, if a(s/7.4) instead
of a(s) is used as the expansion parameter. Thus in the end it might be that the
process in guesticn is not outside cur control. For the cross-gsection at 90° one
can find, using the results of ref.(D20), the following simple formula

gds . 1 s (4p: V. L. (4.24)
a'p 90° p,* T V7.4 az_/ . LG A ¥0.7

MS
which is valid for 2 ¢ P, ¢ 10 Gev and 0.1 ¢ Aﬁg § 0.5 Gev. The first factor is
the nominal power related to the parton subprocess. The second ils the effect of
the leading and next-tc the leading QCD corrections. For Aﬁg ~ 0.2~-0.3 GaV the
effective power is 6 - 5.5 which is not so far from the experimentally measured
value ~ 8 . The remaining ) dépendenca sean in the data can presumably be ex-
plained by tha 1ntrinsic~klreffects. The calculations of refs. (Dl9) and (D20)
involve only the QCD correctiocns to the qgq subprocess. Before a detailed phenomen-
clogical analysis can be done, the QCD corrections to other subprocesses, such as
Gq, gq and GG have to ba computed.

There have been a few more calculations of higher order QCD corrections to
semiwinclusive processes. They are listed in Table III (see the end of this talk).

5. g Effects,

‘5.1. Preliminaries.

Among the most spectacular QCD effects are P, effects which are caused by
gluon bremggtrahlung. These have been most extensively studied in the massive muon
pair production and in e'e” annihilation. We shall concentrate here mainly on the
massive muon pair production.

In the standard Drell-Yan model and in the absence of the primordial kL
of annihilating quarks and antiquarks the transverse momentum Py of the muon pair
is zero. In QCD P is no longer zero and its perturbative component receives the
dominant O(a} contribution from the diagrams of Fig. 1. The distributions result-
ing from these diagrams have been calculated by various authors (El). The result
is compared with the data (E2) in Fig. 2. It is clear that the diagrams of
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q ——qonnr G CIE T 2T LI g
+ crossed + crossed
- * (Fig. 1)
(a) (b)

Fig. 1l cannot reproduce the data. 1In particular the shape at small and intermedi-
ate p, is wrong. Furthermore at low P the predicted distribution behaves as l/pj
contrary to the data which is rather flat. For large pi ~ 0(Q?%* the situation is
much better but the theoretical prediction lies somewhat lower than the measurad
distrihution, especially in N scattering.

A little thinking convinces us however that there is as yet no need to
worry or to panic, and this for four reasons.

First there is something positive in Fig. 2. The data show large P, ef-
fects in accordance with theoretical expectations. Furthermore the predicted in-
crease of <p > with s and Q% is confirmed by the data (E2).

Second the theoretical predictions shown in Fig. 2 are based on the expres-
sion

2
da 4““EM

~

szdpf' 9s5Q?

dx dx_ qi{x ,Q*) q(x Q" a(x ,x ,r,Qf-) (5.1)

[ Q. 1 2 1z p

L

which only applies for'pf ~ 0(Q%). If pi is 0{Q?) at order az there is only a
k-fold logarithmic divergence due to mass (collinear) singularities,while the in-
frared (soft) divergences cancel between real and virtual gluon emissions. The
mass singularities can be factored cut and the left-over large logarithms
a§ chsz can be resummed to give Q? dependent parton distributions. For pi << g?
but pi >> u? the situation is more complicated. Now at each order in pgrturbation
thecry the dominant corrections to the standard Drell-Yan process are of the form
aglnzk(oz/pi) arising from the emission of k gluona which are both soft and col-
linear. If Q% >> pi the perturbation theory breaks down and these large logarithms
have to be summed@ to all orders of perturbation thecry. This region of Py is anal-
ogous to the region iii) (large x) of Section 3. We shall deal with it below. In
any case we should not be surprised that a formula like (5.l) disagrees with data
for pi << @? .

Third at low p, one may expect non-perturbative effects related to the in-
trinsic (primordial) <kL> to be of importance. The usual procedure (E3} is to
convolute the perturbative result of Fig. 2 with the primordial distribution
chosen to have the form

kz

E(k?) ~ exp [~ —=— ] (5.2)

2<k P>




§ (nb GeV?)

do/dmdydp

do/p;dp; (nb Gev?)

—
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P

=20
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| e piyy=200Gev(x1]

» Py, *150GeV[x1G7]

1

2

3
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Calculations to Ola)
in QCD (selid lines)of
the p distributions of
muon pairs are compared
to data in a} pN inter-
actions and b) 7N inter-
actions. The figures
are from ref. (E4). The
dashed line in Fig. 2a
corresponds to the O(a)
result convoluted with
the primordial k; ac=
cording to the procedure
of ref. (E3).
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Choosing <ki> ~ 1 GaV? one obtains a better agreement with the data (see =he dashed
line in Fig. 2b). This procedure is however very ad hoc and the agreement reached
with the data cannot be regarded as a success of the theory. WYevertheless the
primordial k, effects should somehow he taken into account. How they are really
important c¢an only be answered once the perturbative part of the 13 distributions
at relatively low pL(O(1 GeV)) 1s correctly taken into account. We shall come to

this in Section 5.3.
Fourth c¢ne may ask whether the next-to-leading order QCD corrections which

are here O(a;) could modify substantially the leading order result of Fig. 27
We shall now address some of the above guestions.

5.2. p} ~ 0(Q* region.

As can be seen in Fig. 2, the =3 distributions resulting from the diagrams
of Fig. 1 are consistent with the pN data at p, ™~ Q ~» 4 GeV but are substantially
below the 7N data. Even after the inclusion of the intrinsic kL (in the amount
sufficient to fit the low Py data) the wN data lie by a factor K' = 2.4 (E4) above
the theoretical predictions. Now in pN scattering the Ccompton subprocess (Fig. lb)
dominates for pi ~ 0({Q*), whereas in ©N scattering the annihilation subprocess
(Fig. lal is more important. One could then expect (E4} that, if QCD is going to
agree with the 7N data for pi ~ Q% , the higher order corrections to the annihila-
tion subprocess should be substantial. Indeed it has been found recently by Ellis,
Martinelli and Petronzio (ES) and also by Perlt(ES) that the 0O(a?) QCD corrections
to the "non-singlet cross-sectiofis” (a.g. (rt = 7T )p or (p-p)p) are substantial.
The calculation involves the subprocesses qJ + q3y” and g + gqy” (E7) in addition
to the virtual and real gluon radiation corrections to the lowest order subprocess
qq + Gy*. Typical diagrams are shown in Fig.3 . For A =~ 400 MeV the ratio

g G g AT YV VN *
G
g Y 3
(a) (b) G
(Fig. 3)
Y*
q
q ’mm'a'<_ q 3 ";HJ q
q =
g e §—3 3

—
(4]
—
f
O
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L 2
EL dePL(O(as}+0(as})

K'(pl) =
EJ_ d_QCi?L (O(Gs))

changes from 2.3 to 1.5 when P, is changed from 2.5 to 5 GeV at ¢ = 6.5 Gev. Thus
ag in the case of the integrated (over PL) cross-sections (see Section 4) one finds
a correction factor of order 2 and furthermore, as there, it appears that this
factsr is welcomed by the data, There remains of course the worry tiiat since the
corrections are so large, the perturbative calculations of B, distributions at
prasent values of Q% cannot be trusted. 1In view of the fact that these large
corrections are welcocmed by the data it is important to investigate whether the
resumation of the most important higher crder corrections to all orders in a could
be done.

But what about the small and intermediate pl? Can we do better, than it is
shown in Fig. 2, within the perturbation theory without introducing a large and
ad hoc intrinsic kL for partons?

5.3. Small and Intermediate p {(E8 - EL9).

The massive muon pair production cross-section as given in (5.1) is sche-
matically illustrated in Fig. 4a where the circles stand for parton distributions,
and the square denotes the partop cross-section. The later cross-section which
we dencte by dc/dpi can be calc&lated in perturbation theory as shown in Fig. 4b.

q { X1s ?)
hy hadrons f"‘+
q B
(a)
g } hadrons
: (Fig. 4)
hz hadrons
g (XZ;')
-+
o , P+
N\ ¢ .-
(b) ' = + .
B
+
u
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The guestions which we want to ask now are:
a) What is the scale which enters the parten distributions when pi << Qf 2
b) what happens to dc/dpi when pi << Q%2
¢} Can we use perturbation theory to evaluate dc/dpi at B, = 0 ?

We skz2ll now answer all these guestions cne by one.

5.3.1. The scales in the parton distributions.

In the discussion of P, distributions in the massive muon pair producticn
it is useful to distinguish three regions in g, - In each of these regions the
parton distributions which enter formulae like (5.1) are to be evaluated at differ-
ent scales, One finds (El6-El9):

Region Scale in gq(x,?)
pi ~ Q? ok
2 1 -] 2
Q" >>p) > {py}, Pl
Pl ¢ (D), (i) |
where
1 1
2 - 2 I+C F3 I+C 185 .
= A c = 5.4)
(p_L)u [A%] (Q*l] 33-26 (

Here £ is the number of flavors. For Q* = 100 Gev? and A = 500 Mev, .
(pi)a ~ 2.5 GeV? . The important point is that even for pi ~ 0 the parton dis-
tributions are to be evaluated at (pi)o, which for the example guoted above and in
general, is large enough for the perturbative calculations to make sense. We shall
discuss it in more detail in Sect. 5.3.3.

5.3.2. Parton Cross-Sections for p} << Q* .

In Section 5.2 we have discussed the parton cross~secticns in the region
pi ~ Q2 We shal; now present what happens to dc/dpi in the two remaining regions
listed above,

As we have mentioned in Section 5.1 when u? << pi << Q? double logarithms
ak log2k %ii appear in the parton cross-sections and perturbation theory breaks-

' L

down. These double logarithms can be interpreted as a result of an incomplete
cancellation between soft virtual and real gluon emissions. If we want to have any
reliable QCD predictions for the massive muon pair production in this region we
have tc sum all these large corrections to all orders of perturbation theory.

Quite generally'one can write

1 do . @ Q { loq? 2 Q2
= oo =~ log A + «{B_ log + B log +3B)
T, dPf P} P’ ! E} 2 P’ s

2 2
+ azfclloq“ 9? + C,log? &+ ..l
pi Py
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5.3)
nere v, = 4:@1¢M/902 .+ Then in the so-called double leading logarithmic approxi=-
mation {DLLA) in which only the dominant terms in each order in a, i.e.

2
aklong 9? , are summed, one obtains (E8-Ell)
-
—1-'——Gq~—gylogo—§-exp[-%-logzg-;] . (5.6)
cu dp— PJ_ P_L L) pJ_
This formula is only valid for a fixed o« ., For a running « the argument

of the axponential in (5.6} is somewhat more complicated (EJ9, El6). The exponen-
tial itself can be regarded as an effective quark formfactor. It gives the
probability for the massive (Q*) muon pair production in q& annihilétion without
emigsion of gluons having transverse momenta kL greater than P, {(the transverse
momentum ©f the muon pair). When pi << Q? this probability is very small. Indeed
for pi = () the cross-section is predicted to be zero (Fig. 5).

If there is a strong cancellation between the leading logarithms for small
pi » it i3 quite probable that the subleading logarithms neglected so %ar could
have an important contribution in this Py regicn, and could fill the dip of Fig. 5.
This indeed seems to he the case as first discussed by Parisi and Petronzio (E1L)
and recently in more detail by other authors (E17-El8).

Let us first recall that in
'y DLLA the dominant contribution comes
---=- DLLA from multi-gluon emissions with one
gluon having ki s Pi and the remain-
ing gluons having (ki)z<<pi . It
turns out that for small pi the most
important contributions come from
malti-gluon emissions with two or more
gluons having kii >> pi which add
vectorially to give a small pi of the
muon pair. As discussed in detail in
refs. (E17) and (E183) the contributions
in question are suppressed in each
order of a by at least log? Qi as compared to the contributicns which enter DLLA.
However after all orders are summed these subleading logarithms dominate over the
DLLA contributions and £fill the dip at small P, - As pointed cut first by Paristi
and Petronzio (Ell), and recently discussed by various authors (E15-El9), the sub-
leading logarithma in question can be "pulled out” from the series (5.5) by using
the exact transverse momentum conservation. This is usually most easily done by
working in the impact parameter space b instead of kL space (E10-El5, E17-El9).

Defining &(b,Q%*) by
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L é%;: ~ | d2b exp[-i.g . ; ] dib,0%) (5.7}
Oy 9B J i
one cbtains
- "'gﬂ (bz;Qzl
E(b,Qz) = Z ei q(xl. Bj;z')q(xz; b—]:?_') e ] (5-8)
i
where (for fixed a)
§,(b%,0%) = 32 log?(@in?). (5.9)

We observe that Egs.(5.7)-{(5.9) correspond to the exponentiation of the
leading logarithms in the b-space rather than in the Ec_L space as it is done in the
DLLA (see (5.d)). Thus exponentiating in the b-space one sums effectively some
sub-leading logarithms in the kL space (those related to the exact transverse
momentum conservation) in addition ta the leading logarithms which enter DLLA.
Numerically it turns out (E17,E18) that for pi > (pi)° the DLLA and the "b-space
method" lead to very similar results, whereas for pf < (pi)a the two give very
different predictions. Instead of a dip predicted by DLLA, the b-space approach
gives (El6-El3%). (see Fig. 5)

-0.6
1 dg A Q% .¥ gt
% L pijgiag A #al G

where the power 0.6 corresponds to 4 flavors.

5.3.3. Small p, Region.

We are now in a position to answer the question c)} of whether we can use
perturbation theory to evaluate da/dpi at B, ~ 0 . As remarked already, for
pi << (pi)U the dominant contribution to dc/dpi comes from multi-gluon emissions

with (ki)gluons o (pi)a >> pi . Consequently even for very small P, the argument
of a and of the parton distributions will be (pi)° and not pi . But since (pi)u
(see (5.4)) is for sufficiently large Q* much larger than A?, the perturbation
theory can be safely applied. It should be stressed, however, that at not toco
large values of Q° one should expect the non-perturbative effects (intrinsic ka
to be important. It i3, however, interesting to observe (Ell) that due to the
exponential in (5.8) the large b region (where the non-perturbative effects are
most important) is more and more suppressed as Q! ilncreases. Consegquently at very
large Q! the Fourler transform in (5.7) will be dominated by the small b regicn
(short distances), sensitivity to the intrinsic k. will be lost, and the P, dis-
tributions in the massive muon production will be fully predicted within perturba-
tion theory in the whole region of Ple This is of course only a dream at pre-
sently available energies, but at Isabelle and Tevatron energies this dream could
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pe partially realized. So let us see what our experimental friends can observe at

such high energies.

5.3.4. Large Q? Predictions

They should observe
{see Fig. 6 ) a plateau in
pi , extending from Pi = 0

A N to pi= (p) omal'z QY-8
1
(El6), and a decreasing with
+ do p] (at fixed Q*) cross-
—Od 2 section for pi > (pi)'.
a pL With increasing Q? the

length of the plateau should

increase as Alszo'a and its

height should decrease as

! N~ a~l:2. consequently for

Fig. 6 [pz)(ﬂ (pz)m p2’ values of p} somewhat larger
L9 L L than (pi)o an increase of .

the cross-section with Q* is

expected. Note that the

height and the length of the
plateau depend sensitively (as ;:power) on the scale parameter A . Thus in prin-
ciple the massive muon pair production offers us a possibility for a precise deter-
mination of the scale A by using very high energy machines. Note that this is op-
posite to many other experiments (e.g. deep~inelastic scattering) in which the
sensitivity to A is lost at such high (say Q? 3 500 Gev?) energies. However,
before the scale A which enters the formulae above can be identified with Aﬁg
more theoretical work is needed. Some progress in this direction has already been
made by Collins and Soper (El9}.

5.3.5. BSystematic Approach

We have seen above that the inclusion of certain sub-leading logarithms
{in the k; space)} modified subatantially the DLLA result. The obvious question
{E18) is then whether other subleading logarithms not taken as yet into account
could have an important efflect on everything that we just said. 1In order to
answer this question a systematic approacﬁ iz needed. Such an approach has re-
cently been proposed by Collins and Soper. We shall only present here their final
formula which applies in the whole range of pi . It reads as follows (E20):

2
Q__...__...‘ do - = T+ Y (5.11)
axldxzd P,

where I dominates for pi << Q% and it combines with ¥ for pi ~ 02 to repro-
duce the standard perturbative results of Section 5.2. I is given essentially by
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a formula like (5.7) with

v':’:—lsz
~ x x.Q - =
5 = Elul (log ——— ; Yglglwl - ZK(b.g{é))l (5.12)
u
1/b

~

replacing §, of Eq.(5.9}. The functions ;K and K are fully calculable in pertur-~
bation theory and the ¢laim is that once the one-loop and two-loop contributions
to ;K and one-loop result for K are inserted into (5.12) the remaining corrections
are small, The results (see (5.7)) discussed in the previous sections correspond
to setting i_to zero and taking qnly one loop contributions to ;K into account. X
is already known but the two-loop Y has stilill to be calculated. Once it is known
the scale A in Eg.(5.10) can be related to Aﬁg .

It should be remarked that a complete proof of the Collins~Soper formula
(5.11, 5.12) is still missing, but there exists a proof (E21) of an analegous for-
mula -relevant f£or Energy-Energy correlations in efe” - hxhzx'

In summary it seems that a lot of progress has been made towards the under-
standing of pl_distributions in the massive muon production. However it is crucilal
ta check whether the predictions discussed here are not spoiled by diseases found
by Doria, Frenkel and Taylor (see Section 8) in the integrated over p, cross-
sections at the two-loop and higher twist level.

Fihally we should mention that the phenomenological application of formulae
like (5.7}={5.9) has been made recently by Chiappetta and Greco (E22}, who find a
good agreement of the theory with nN and pN data after the inclusion of the intrin-
sic <ki>int = 0,4 GeV:. Thus the inclusion of multiple-gluon effects into the
phenomenological analysis improves the agreement of the theory with the low P, data

without the need for a large O(1 GeV) intrinsic kL .

5.4. Miscellaneous Remarks

another place where the physics discussed above can be studied is energy-
energy correlations (E23), d4I/dcosd, which can be measured in e+e-annihilation.
The important variable is now & , the angle between the momenta of two particles a
and b detected in the final state (E24) (e+e- -~a+ b+ anything). For
60° < 6 < 120" the standard perturbation theory can be used. One finds (E25) that
a good description of the data can only be cobtained after the inclusion of a sub-
stantial non-perturbative (fragmentation) contribution. The non-perturbative com-
penent decreases with the increasing enerxrgy (like 1/W) but even at the highest
enerqgy it corresponds'to roughly 40% of the full result. The non-perturbative
effects are expected (E23) to be much smaller (decreasing like 1/W?) in the asym-
metry defined by

ar _ _at

Tcosd (r=8) Icos® {8y . (5.13)

A(g)
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Isndeed, the analysis of the PLUTO group (E26) shows that the perturbkative
resault 1s in gecod agreement with the data at 30 GeV¥. It should he mentioned that
these results are pased on the leading order (0(a)) of perturbation theory. The
J{a?) corrections are now being computed {(E27).

For small ¢ the physics is essentially identical to the one encountered at
low P, in the massive mucn pair production. Detailed discussions can be found in
(E12), (E17), (EL8) and (E21). The first comparisons with the data are encourag-
ing.

There are other guantities where multiple gluon emissions play an important
role. These are the total transverse jet momentum distributicns {(El10, E1S5, E26)
and acolinearity distributions in deep-inelastic scattering (E13).

6. Heavy Quarkonia Decays.

The next set of quantities which we shall encounter on our tour are the
leptonic, photonic and hadronic decay widths of heavy quarkonia and their hyper-
fine splittings. It is believed (Al17,Fl) that in QCD all these quantities can he
written in a factorized form as follows:

P = [¢(0)]? C(as(mz)) (6.1)

where ¢(0) is the wave function at the crigin of the oo] system and C(as(mz)) is a
short distance functicn which cédn be calculated in Perturbative QCD and which has
an expansion in ag of the type biven in Eq.(2.1). Furthermore m is the mass of
the constituent quark. The function c(as(m}) is cobtained by evaluating the ampli-
tude for annihilation of a quark and an antiguark into gluons, and in higher
orders inte gluons, quarks and antiquarks. The wave function ¢ {0}, which contains
long distance effects (binding effects) cannot be calculated by perturbative
methods, but can be obtained from a potential model, It is sometimes useful to
take appropriate ratios of various partial widths and eliminate |¢{(0)|? from the
analysis. The resulting quantities are then fully calculable in Perturbative QCD
and consequently good for QCD tests.

To our best knowledge there is no rigorous proof of the factorization in
Egq. (6.1) but there exist arguments (Al7, Fl) that at least the leading and the
' next-to-leading order QCD corrections to various ratios considered below are
independent of the binding energy and can be meaningfully calculated in perturba-
tion theory.

After these general remarks we can now have a closer look at the outcome
af various calculations.

6.1. Large Corrections to P-state Decays.,

Barbieri, Caffo, Gatto and Remiddi (F2) have calculated the one loop QCD
correcticons to the annihilation widths into hadrons and into two photons of the P=-
wave quarkonium states. In order to confront the results of these calculations
with the existing data we consider {F2) the following ratios (hzhadrons)
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where the numerical values of the coefficients of a/7 are for the charmonium
family. For the bottomium family the corresponding <oefficients are 4.0 and %.5.
It should be emphasized that the cocefficients in question are true physical pre-
dictions of QCD and do not depend on the renormalization scheme used to calculate
P's. Thus the sign and the size of the corrections can be directly confronted with
the data. As shown in Egs. {(6.2) and (6.3), for the full range of wvalues of 4%
considered (0.1 GeV < A < 0.5 GeV}), the corrections to the leading corder predic-
tions (i.e. 1) are sizeable. It is then interesting to note (F2) that the pres-
ant data (F3), which give R1 > 1.45 and Rz = 2.1 ¢ 0.5, require these large cor-
rections. The sign and the size of the corrections agree with the data!! This
anthusiasm is tempaered, howaver, by the fact that the next-to-leading order cor-
rections to R1 and R1 ara large and it 1s not clear whether we should trust per-
turbation theory. But the situation could have been even worse. We could have
found very small corrections or corrections with a negative sign in which case
thers would not be much hope for the agreement of the theory with data (unless
non-perturbative effects were very large). I therefore think that at least on a
qualitative level QCD predictiohs fer Rl and Rz for the charmonium family have
survived the confrontation with experiment.

For more quantitative tests it 1is important to make a similar comparison
for the bottomium family. The corresponding predictions are Ria 1.26 + 0.05 and
R2 = 1.63+x0.13 1i.e., corrections arg smaller than in the charmonium case and the
perturbative expansions are expected to behave bhetter,

6.2. Leptonic Widtha of ¥ and T, Hadronic Widths of Paraguarkonia and Hyperfine

Splittings.

The large corractions ta Rl and R: discussed above are by no means the
only large corrections encountered in the quarkonia physics., It has been known
for a long time that the one-loop corrections to the leptonic width of the S-atate
orthoquarkonia (1~ ) were substantial. One has (F4)

- 4“&232 z
V(- wte) =B @2 11-5.3 28D (6.4)

where e and m are the charge and the mass of the constituent guark respectively.
Furthermore TpM is the electromagnetic coupling constant, The one-loop corrections
here have an opposite sign to those found in the P state decays and they reduce the
Born term prediction by roughly a factor 1.8 * 0.3 for ¥ and a factor 1.5 = 0.2

for T when 0,1 < A < 0.3 GeV.
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Similarly the one-loop corrections to the hadronic widths of paraquarkonia

have been found to be substantial. 1In the ¥5 scheme cne has (F3)

2 2
n aq—(m ] -
PPS c - = 877 MS ’ 12 . f =
; (”b ) = S [ (0) ] E1+\4.55) — ] {6.3)

It is then interesting to observe that the recently calculated (F6) one-
loop QCD corrections to hyperfine splittings turn out to be very small (2-7%):

¥en o= (m?} ag=(m?)
e\ _ 32r “Ms | 2 {0.77 MS
AE (T‘”b) 3 focor |2 (1 + \0.14) . ] (6.6)

The important question is then whether the predictions (6.4) and {6.5)
(large corrections) and the prediction {6.6)}.(small corrections) can be made simul-
taneously consistent with the data, and this for reasonable values of oE - In
order to answer this guestion one can either take various ratics of quantities in
{6.4)-(6.6) in which case the dependence on [¢(0)|%?/m® ig eliminated, or use a
potential model from which |¢(0)]*® can be obtained. Using the potential model of
ref.(F7) one finds (see Table I) that the existing data for the charmonium family

are well répresented by Egs.(6.4) ,{6.5) and {(6.6) with A-==200 + 100 MeV (F8) .

us
Table I
Quantity Theory Experiment
(Agg = 200 * 100) .

ry = uu’) 4.7 % .6 4.8 + .6 kev
r(ng~ h) 22 » 10 20 ¥ 1% mMev
AE (¥-n_) . ' 84 + 21 119 £ 3 Mev
r(T-pu™) 0.98 = 0.06 1.16 ¢ .17 keV
I (g, 7.1 = 2.1 ? MeV
BE(T=ny) 39. + 5 ? MeV

This is consistent with the analysis of the authors of ref.(F6)who, using various
ratios of quantities in (6.4),(6.5) and (6.6) and employing the method of ref.
(B1l5) £ind Aﬁg = 160 £ 90 MeV, Remembering various theoretical uncertainties such
as non-perturbative effects, relativistic corrections and higher order correcticns
which have not been taken into account, the analysis presented above can only be
regarded as semi-quantitative. For this reason also the precise determination of
the scale parameter Aﬁg cannot be made from ¥ spectroscopy. For the T family the
situation is expected to be better as we shall now discuss.

6.3 Aﬁg from Hadronic Width of Orthoquarkonia.

One of the most intaresting and at the same time difficult calculations in
Perturbative QCD in the last year has been done by Lepage and McKenzie (F9) who
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evaluated the long awaited o' correcticns #o the hadronic widths of ¥ and ~. The
calculation involves the transitions QF - 4G, Zqu in addition to the virtual cor-
rections to tae 3G decay mode. Since the perturbative expansion for the hadronic

! these quantities are very useful

widths of S-wave orthoguarkonia begins with a
for a precise determination of the scale parameter A. Choosing the MS scheme

Lepage and McKenzie find (F9)

‘ |4 (0|2 v = (MP)
¥ . lso 2 P 4.9 "MS
Iy (¢ = hadrons) IT {mw 9) am(M) o (1+ (3_3 EE— ] (6.7)
which when combined with (6.4) gives
r X al (M?) a__ (M%)
10 (r%-9) MS (10.2) MS
= == 1+ == 6.8
v e e C 5.1) 7 1 (6.8a)
TRN
i a’ (m?) a__(m?)
10 (r?-9) s (o.ao‘ M5
-1 1+ —— . .8
¢+ Bl gt GZEM [ 0.45) T ] (6.8b)

In obtaining (6.8b) we have used ¥ = 2m, where M is the quarkonium mass.
Note that if the argument of o is chosen to be m the corrections to the ratio above
are very small. Comparing Eg.(6.8a,b) with the data for the T family (F10}, Lepage
and McRenzie find Agg = 12173} Mev and Az = 100738 Mev from (6.8a) and (6.8b)
respectively. The difference between these two values together with the quoated
errors which come from the data show how accurately cone can at present determine A
from T decays. Smaller values of Aﬁg are obtained for the charmonium but the anal-
ysis is much less reliable. As shown in Table I the QCD prediction for Fu+u-(T)
when combined with the potential model of ref.(F7) agrees quite well with the data.
Also in ref.(F9) predictions for [(¥,T -y + hadrons}) can be found.

6.4. Summary and Qutlook.

i) It seems that the QCD predictions for various decay rates of guarkonia
agree well with experiment. An exception are the E1l Transitions (Fll) where the
discrepancy between theory and experiment amounts to a factor 2 to 4, but at the
moment it is not clear whether this is the problem of QCD or of the existing poten-
tial models. Furxrthermore only leading order prediction for the El transitions are
known and the higher order QCD corrections could turn out to be asg large as in the
case of the P-state decays.

ii) Radlative corrections to various decay rates turn out to be small and
large at right places. One can, however, worry a bit that in the cases where they
are large, perturbative calculations cannot bhe fully trusted.

1ii) Because of large corrections the charmonium family can offer us only
qualitative tests. More quantitative confrontation can be made for the hottomium
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family once AE(T-nb) and F(nb* h} are measured in addition to the already known
F(T~u+u-) and T{T~-h}. Good data for all these four guantities could allow us pre-
cise determination of A . Finally as discussed at length in ref. (Fl2), the topo-
nium family, if not too heavy (Fl3), weculd be a very good place for QCD tests and
for the determination of the Q3 potential. For a 40-50 GeV heavy toponium a large
portion of the Qa potential is expected to be Culombic, in which case the confron-
tation with the QCD potential, which is known up to the two-loop level (Fl4) will
be possible.

iv) The values of 'g= extracted from varicus decay rates are compatible with
each other, although the values extracted from the hadronic and leptonic widths
are scmewhat lower than the one extracted from hyperfine splittings (F8). Further—
more the values of Aﬁg are compatible with the ones found in deep~inelastic scat-
tering analysis.

v) Pinally a better understanding of factorization (6.1), of the non-
perturbative effects and of the relativistic effects is clearly needed. The latter
effects are probably gquite important for the charmonium family but are estimated
(Fr12) to be-relati@ely small for cottomium and toponium families.

Further aspects of the Quarkonia physics can be found in the talk of
Shifman (Fll).

Wa have not discussed here the jet studies in quarkonia physics. Among
the recent papers on this subject is the study of gluon jets in heavy paraquarkon-
ium decay (F15). )

7. Jets and e'a” Annihilation.

One of the most popular topics in Perturbative QCD is jets. These have
been studied most extensively in_e+e- annihilation. There have already been many
talks on jets at this conference (Gl)} and conseguently we shall concentrate hers
only on the highlights of jet physics.

The procedure for all jet‘calculaticns consists essentially of three steps.
In Step 1, one calculates the diagrams of the type given in Fig. 7: a) zeroes
order in a , b) Q(&), e)- &) 0(a?) and generally f£) O(a™).

In Step 2 one integrates the results of the first step over various vari-

ables. Subsequently so-called infrared safe gquantities (G2) can he constructed.
The most popular among these are: i} Sterman~-Weinberg crcas-sections (G2) and ii)
average jet measurements such as thrust {(Gl), acoplanarity (G4}, Fox-Wolfram para-
meters (G3) and energy-energy correlations (G6). One is also interested in 1ii)
Py distributions of the hadrons in the final state and in iv) the average hadronic
multiplicity. Finally in Step 3 hadronization effects and generally non-~perturba-
tive effacts have to be taken into account before a given quantity can be compared
with the experimental data.

The first two steps are believed to be well understood in Perturbative QCD,
whereas the last step which involves long distance phenomena can only be handled
by invoking hadronization models (G7). There is also a belief (partly justified
for scme gquantities) that the calculations of the first two steps can be done
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independently of the last step. Furthermore it is hoped that for some quantities
and at gufficiently high energies the results of the first two steps will be in-
sensitive to the hadronization effects of step 3 . Such quantities would then be
suitable for "clean" QCD tests. Unfortunately it does not seem that anybody so
far succeeded in finding a quantity which would be completely clean at the acces-
sible energies. Consequently gquantitative tests and confrontations of QCD with
the available experimental data should be considered with some caution. On the
other hand qualitative tests at present energies have much firmer basis. In fact

- it appears that on the gqualitative level all QCD predictions for jet cross-sections
are in accord with the experimental findings.

In the following we shall make a biased and probably incomplete list of
the most interesting confrontations of QCD with the experimental data in ete”
annihilation, Subsequently we shall discuss a hot topic of this symposium: a?
corrections to the jet cross-sections.

7.1. Highlights of Jets and of e'e” Anninilation.

1. Observation of a two jet structure at SPEAR between 3.0 and 7.4 GeV, which sub-
sequently has been confirmed by groups at Doris.
2. Studies of the angular distribution of the jet axis with respect to the beam
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direction revealed 1 + cos®® distribution supporting spin % for the gquarks
(szalar quarks would give 1 - cos?d).

3. The measured value of r® e agrees very well with the QCD prediction. The high-
er order corrections turn cut to be small (G8).

4. Deviations from two jet structure have been observed by several groups at Coris.
In particular the analysis by the PLUTO group (G9) suggests the decay T-1G.
Furthermore the analysis of Koller and Krasemann (Gld), the analysis a'la
Ellis-Rarliner (Gll) by the TASSO group (Gl2) and the recent paper by Koller,
Sander, Walsnh and Zerwas (Gl3) support the spin 1 for the gluon.

S, Three jet events in the nonresonant region at 30 GeV have been observed by var-
ious groupa (Gl4). Extensive analyses of varjous distributions support the
beliaf that the three jet events come from hard gluon bremsstrahlung (Gl5). In
particular one observes broadening of P, distributions with increasing energy.
Furthermore some differences hetween the quark and glucn fragmentation have been
chserved in accordance with QCD expectations (Gl6).

On the theoretical side there have been many developments in the jets
phyaics. Some of them are listed below.

6. Jet calculus (Gl7).
7. a® corrections to the jet cross-sections and to the event shapes which we shall

discuss in Sect. 7.Z.
8. Generalizations of the Sterman~Weinberg formula. The present status is summa-_

rized very nicely in Sect. 6 of ref. (Al3).
9. Energy-energy correlations discussed in Sect. 5.4.
10.Average hadronic multiplicities to be discussed by Mueller in his talk at this

symposium.

7.2. Higher Order Calculations and the Parameter A .

In Sections 3 and 6 we have discussed the values of the scale parameter A
as extracted from the deep-inelastic scattering and gquarkonia decays respectively.
It is important to check whether the jet cross—-sections give the same value for A.
One vear ago various experimental groups at DESY found the values of A using the
leading order {O{(a)) jet cross~sections. For reasons discussed in Section 2 these
values cannot be meaningfully compared with the values of Aﬁg found in Sections 3
and 6 . For such a comparison to make sense next-to the leading order corrections
(0({a?)) to the jet cross-sections have to be calculated. Such a calculation in=-
volves the Born diagrams contributing to four jet cross-sections e"'e'-qa GG and
ete™ - gqg gqq and alsc the virtual (lcop) corrections to the three jet process
ete™ ~ qqG .

Tha four jet cross-sections have been first calculated in ref.(Gl8) and
the result of this calculation has been subsequently confirmed by two other groups
(dl9,G20). The first full calculation of order a® (i.e. including virtual cor-
rections) has been done by Ellis, Ross and Terrano (ERT) (G20) and subseguently by
two other groups (G21-G23). The answers for the matrix elements (see step 1 above)
obtained by all groups agree with each other, whereas there seemed to exist ({at
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least oefore :this symposium] some disagreements in subsequent steps of various
analyses.

The authors of ref.(G23) found large and pocsitive corrections to the
=arust distribution (G24). This result has been confirmed in refs. (G25 - G29)
where the matrix elements of ERT (G20) have been used, On the other hand Fabrici-

us, Kramer, Schierholz and Schmitt (FKSS} (G21l) found small and negative correc-
tions to the thrust distribution. The latter authors have also calculated (G221}
the generalized 3-jet Sterman-Weinberyg c¢ross-section, and found that for certain

values of the cut-off parameters e and § the corrections were small. A similar
result has been obtained by Sharpe (G227}, who used the matrix elements of ERT.
In view of all these results, we want to ask now the following gquesticns:
i) How large are the O(a?) QCD corrections to the thrust distribution as defined
by Farhi (G3) in 19767
ii) Which distributions (thrust, Sterman-Weinkerg cross-sections, etc,} are useful
for QCD tests?
iii}) How large is Aﬁg as extracted from the jet crouss-sections?
Here are the answers to all these gquestions.
i) In order to answer the first guestion I organized two short meetings
{G30) with the physicists, who were directly involved in the calculations mention-
ed above. It has been concluded that only the authors of refs. (G24 - G2%) calcula-
ted the thrust distribution as defined in (G3). The authors of ref.(GZl} calcula-
tad a different distribution (call it dg/dT')- and therefore there is no wonder that
they obtained a result which differs from (G23 -G29). The discussion of the dif~-
ference is somewhat too technical to be presented here. In summary then, the
0{a?) QCD corrections to the thrust distribution are large and positive (G31). Cne
has for instance:

1 do | 2 [ %S ]
= = 4.8 g—(Q°) |1+ 16, — {7.1)
9T |pa, g5 NS r
and
1ldg — ) | s
5 T IT-.'}O = 0.2 aMS(Q ) L1+24. ﬂ_ ] {(7.2)

which for agp= (1200 Gev?) m .13 corresponds to a 60% and 100% correction respec-
tively. For 0.75 < T < 0.90 the corrections are roughly 60%.

{1} what about other distributions? FKSS have found small (~ 20%) cor-
rections to the 3~jet Sterman-Weinkberg cross-sections for e= 0,2 and §=45°, but
huge corrections (a factor 1/3: 1) "for €e=0.1 and § = 30°., This agrees with the
calculations of Sharpe (G27) who finds that the O{a?) corrections to Sterman-
Weinberg 3-jet cross-sections are less than 25% for ¢ > 0,05 and 36° < & < 609,
but that they are larger for other values of & and 4.

As emphasized by Clavelli and Wyler (G26,G32), for small T the O(a?} cor-
rections to do/d4T must be large because the phase—space for the O(a)an contri-
bution ends at T = 2/3 whereas for the O(a?) gQGG contribution it extends to
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T = E 0.58. This is clearly seen in Egs,{(7.1) and (7.2). This is unfortunate
because in the range of T far from T=1 the non-perturbative effects are axpected
to be smallest and consequently one would believe that this is the best region for
QCD tests. Clavelli and Wyler suggest therefore to seek wvariazbles which have the
same xinematlic boundaries in all crders of a. One possibility (G26) is to divide
events in two with respect to the plane normal to the thrust axis and use the in-
variant mass MH of the heavier jet as a variable. In all orders in a one has

Mﬁ/s € 1/3 . Using the matrix elements of ERT, Clavelli and Wyler find that the
O(e?) corrections to the distribution in question are at most 40% in the whole
range of My -

In summary it seems that thrust distributions for 0.75 < T < 0.90, Sterman—
Weinberg cross-sections for € > 0.05 and 36° < & < 60°, and My, distributions of
ref. (G26) can Le meaningfully compared with the data. The c¢orrections to the
thrust distribution are somewhat large but I do not think that they are large
enough to prevent the determination of Aﬁg from these distributions (G33). I
think it is important to find out which of the three distributions mentioned above
15 least sensitive to non-perturbative effects. Talking to various people during
this symposium I get the impression that different opinions exist on this issua.

iii) But what about the values of Aﬁg ? Unfortunately at the moment of
this writing there is no £full agreement on this value. The authors of refs. (G23,
G25) and in particular Alil (G29) find nﬁg L lOQt 50 MeV from the thrust distribu-
tion (G34). A similar result has been obtained in ref.(G26) by studying the MH
distyribution. O©On the other hand FKSS find Aﬁg » 430 MeV by comparing the 3-jet
Sterman-Weinberg cross-sections with data. Because of large experimental errors
the value Aﬁg-ﬂ 300 MeV could also fit the latter cross-sections. The discre-
pPancies in the values of Aﬁg-just mentioned do not look 30 bad if one talks about
o instezad of Aﬁg . Aﬁg-- 100 £ 50 MeV and say Aﬁg @ 400 £ 100 MeV carrespond to
oNE 0.125+0.01 and T m 0.16 £0.01 at Qg =~ 1200 Gev? respectively. This
amounts to a 30% discrepancy. Nevertheless it is important to clarify why the

values of Aﬁg or_uﬁg extracted from various diastributions are so different.

8. Theoretical News

Buring the last two years there have been sevaeral important theoretical
results in perturbative QCD, which we have not discussed in this review. For com-
pleteness, however, we shall make a {probably incomplete}list of these achievements.

8.1, Wee Parton Cancellation.

In connection with the semi-inclusive processes in which there are two
hadrons in the initial state (e.g.'pp-ou+u'x) or two detected hadrons in the final
stata (e.g. a*a‘-rhlhzx) there is an important guestion of whether the soft gluons®
exchanges between the colliding (or detected) hadrons are cancelled by the real
gluon emissions. Explicit calculations of order a have shown that this is indeed
the case., Hawever, an all order proof was missing for some time. Racently such a
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proof for ete™ - h!hzx has been demonstrated by Collins and Sterman (Hl). An anal-

ogous proof for the massive muon production is however still missing.

8.2, Doria-Frenkel-Tavlor disease.

We should mention a very important finding of Doria, Frenkel and Taylor
{H2). These authors made a study of the infrared behaviour of the inclusive pro-
cess gg - virtual photon+ anything (O{a?)). Their study has been repeated by
Di'Lietc, Gendron, Halliday and Sachrajda (H3) who, although finding some errors
in the intermediate steps of the calculations of ref.{(H2), confirmed the main re-
sult of Doria et al: for the process in question the Bloch-Nordsieck cancellation
of infrared divergences fails. The left infrared divergence is 0(m?/Q?%) and will
undoubtedly complicate the study of higher twist contributions to massive muon
production. Generally a similar feature is expected for processes with two hadrons
in the initiél state (H2~H4). The above results raise the following important
question: does the Bloch-Nordsieck mechanism work for leading twist contributions
X with x > 22
It is possible to cancel the infrared singularities mentioned abcve by

to the processes in question in order a
forming a coherent state of soft gluons (I4), but the final answer must clearly de-
pend on how this state i3 formed and consequently the predictive power of the

theory 13 lost.

8.3. Exclusive Processes

During the last two years the QCD predictions for the hadronic formfactors
and the elastic scattering at large angles have bheen worked out by wvariocus people,
in particular by Farrar and Jackson (H5), Brodsky and Lepage (H6), Efremov and
Radyushkin (H7), Parisi (H8), Duncan and Mueller (H9) and Landshoff and Pritchard
(H10} . Further references and the discussion of the results of these papers can he
found in the talk by Mueller.

I will just mention here that in ref.(Hll) the next to the leading order
corrections. (i.e. O{a?)} to the hard scattering amplitude relevant for the pien
formfactor have been calculated. The corrections turn cut to bhe substantial.
However in order to obtain the full O{a?) corrections to the pion formfactor, the
next to the leading order corrections to the parton distribution amplitudes have
still to be computed.

§.4. Two-photon Processes

Photon structure functions FzY. FLY . 2tc., which can be measured in
e*e” +e®e™ + hadrons have attracted the attention of many people, whose names can
be found in the talk of Bardeen, As copposed to the hadronic structure functions,
FLY can be fully calculated if Q? is large enough. TFor Q% =~ 5- 10 GeV? only the
% > 0.4 regiocn can be fully predicted in Perturbative QCD since the small x region
receives an important vector dominance contribution. The recent PLUTO data (H12)
seem to agree for x > 0.4 with the shape and normalization of F: as predicted by

QCD. The value of Aﬁg turns out to be 200z 100 MeV (H13).
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 For completeness we have listed in Table III the referesnces to higher
order calculations which are relevant to two-photon physics (H14-H17).

8.5. Average Hadronic Multiplicitieg

Very interesting predictions have been made for the energy dependence of
the average hadronic multiplicities. Details can be found in the talk by Mueller
and in (B18).

9. Grand View of Perturbative QCD.

We are approaching the end of cur tour. Let us enumerate the successes and
spectacular results of Perturbative QCD as well as the oroblems which have to he
solved in the future.

9.1. Seven Wonders of Perturbative QCD.

A} Roughly ten vyears agoe theorists began a search for a theory of strong in-
teractions which would explain approximate Bijorken scaling and the ratic rete” |
QCD Eqrned out to be such a theory. Moreover it predicted calculable logarithmic
deviations from the exact Bjorken scaling and the deviations from the parton model
prediction for Re'@”™ | The high statistics experiments performed over the last
four years have shown deviations from the free parton model predictions in actord-
ance with QCD. Furthermore it has been found by theorists that higher order cor-
rections to deep-inelastic structure functions and to Re+e‘ were rather smail al-
ready at presently available energies implying that perturbative calculations for
these gquantities can be trusted.

It has also been found that there are other quantities for which the lead-
ing order QCD predictions agree well with the data, and for which higher order
corrections turned out'to_be small, The list of these guantities includes photon
structure functions at intermediate x values and hyperfine splittings among others.

B3) It is then important to notice that the same theory which gives small high-
er order corrections to the gquantities mentioned above gives large corrections to
almost all semi-inclusive processes. In particular one finds large renormaliza-
tion of the Drell-Yan cross-—section by roughly facteor 2, scaling viclations in
fragmentation functions which are predicted to be larger than those for parton
distributions, and substantial non-factorization effects, in particular in semi-
inclusive deep—inelastic scattering. Large QCD corrections are furthermore found
in Py distributions in the massive muon production and in the leptonic, hadronic
and photonic widths of quarkonia. Some of these corrections can be made smaller
by suitably redefining the expansion parameter a, but others which are renormali~
zation prescription independent are the true predictions of the theory. It is
then interesting to obsarve that ess2ntially all of the large corrections which
came out of various theoretical calculations are required by the data., This is in
particular the case in the Drell-Yan cross-sections and various widths of guarkon-
ia. '
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03} There are other spectacular predictions of the Perturbative QCD which have
been confirmed by the data. We should mention first of all the three jet events
which have been found in agreement with QCD on the qualitative and, tc scme extent

also, quantitative level.

D} Alsc various large p, effects, as the ocnes found in the massive muon pair
production, e*e” annihilation, and deep-inelastic scattering, and which are believ-
ed to be the consequence of hard gluon bremsstrahlung, belong to the spectacular
predictions of QCD, which have been confirmed by the data.

E) Other spectacular results are related tao multiple soft gluon emissicns and
consequently to the infrared structure of the theory. These are in particular Py
distributions in the Drell-Yan process at small P, values, where cne expects a
decrease of the cross-section with the increasing energy, and the average multipli-
cities for which a fast increase with the energy is predicted. Although the pre-
sent data seem to indicate the expaected increase of average multiplicities, more
work has to be done on the theoretical side before a meaningful quantitative
confrontation with the data is possible. Other spectacular confrontations of QCD
with the data are expected in the Exclusive processes and the Two-photon Processes.

F) Tt-should also be emphasized that essentially for all guantities for which
the relevant calculations have been done tha higher order corrections improve the
agreement of the theory with data. 1In particular this is the case of the deep-
inelastic structure functions (FZ,F:), 158 distributions in the massive muon pré-
duction at intermediate and large P, valuas and also gquantities mentioned under B).

G) Finally ags shown in Table II there is a remarkable (with few exceptions,
see balow) agrcement hetween the values of Aﬁg extracted from varicus experiments,
Roughly the present "world Aﬁg * turns out to be

g = 160 T 130 mev

In spite of the Seven Wonders which we have encountered on our trip it is
cbviocus that there still remain many problems which have to be solved before we
can be completely satisfied with curselves and with QCD. Let us list some of them.

9.2. Seven Prcblems to be Solved in Perturbative QCD.

&) The study of higher twist effects in deep-inelastic scattering and in other
processes should be continued. Also better understanding of the on set of hadron-
ization and of non-perturbative effects is clearly needed. Scme progress in this
direction has been made by Shifman, Vainshtein and Zakharov (I1})

8) Better understanding of the origin of large higher order corrections found
in various processes and in particular the study of their resumation is desirable.

[o}] Further study of Sudakov-like effects is clearly needed. In particular one
needs a systematic method for calculating corrections to double leading logarithmic
approximation. Important progress in this direction has been made by Collins and
Soper (El9).
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Table IT: Values of AE and 5
Quantity "&I_is" {MeV) g {Q? = 30 Gav?)
Structure functions:
CDHS 210 * 32 0.18 ¢ 0.02
CDHS (moments) 250 + 80 0.19 = 0.02
EMC, H 145 .7 130 0.165+0.035
z - 90
_ - + 155 .
EMC, Fe : 170  1os 0,17 = 0.04
BCDMS 85 = 2° 0.15 = 0.03
BEBC 140 * 32 0.165+0.02
+ 150

GGM 150 T 175 0.165* 0,035
Charm ‘ 240 = 120 0.190:x0.01
Raf. Cl7 450 * 50 0.23 £ 0.01
T(¢=u*u7)

. 200 = 100 0.175+0.025
I'(n,=h) :
aE(?-nc) 350 + 50 3.21 + Q.01
T'(T-+h) 120 = 45 0.16 £ 0.01
Sterman-Weinberg 480 (x 200) 0.24
3. jet cross-section (G22)
Thrust (G29) 1o £ 210 0.155 £ 0,020
Photon Structure Functions 200 * 100 0.175+0.025

o One would like to have some "Clean QCD Tests" in which problems A and B

are avolided. 1In particular a clean experimental test of the non-abelian structure
of QCD (I2) and of asymptotic freedom would be very important.

4 Further exploraticn of two photon physics, of exclusive processes and of
various apin effects (I3) is certainly of interest.

3] There are still various rigorous proofs to be demonstrated. Some have
been listed in Section 8.

fed] Finally it would ba good to clarify the origin of the difference between
the large values of Aﬁg ~ 400 - 500 MeV asg extracted by Duke, Owens and Roberts
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{Cl?) from the deep-inelastic scattering data and by FKSS (G22) from the Sterman-
weinberg 3 jet cross-sections, and the small values of lgz =~ Lsof lgg MeV found by

the rest of the world.

Table III: Higher Order Caiculations

Quantity Ref. Quantity Ref.
Two-Loop B function BlO Three~Loop B functicn Bll
Two-Loop C6 Two=-Loop DS
Space-~Like Ancmalous c7 Time-Like Anomalous
Dimensions c8 Dimensions
c9
Ceep-inelastic B2 Deep-inelastic C29
Scattering F , F3 c8 Scattering Fp,
Massive Muon Production (q&,qG) o8 Massive Muon Production {(qq} D9
ete™ - hx D10 ete™ - hh x D11l
eh - ehx D12 hh - hx ple
Dl3 D20
hh - jet x D21 Polarized Deep=~Inelastic C43
Scattering -
P, distributions in Drell-Yan ES Large p, direct photons D22
E6
E7
Four Jets Gla Full o? corrections to Jets G20
Gl3 G2l
G20 G23
+ -
R® © Ga Threa Loop Corrections to H18
Hadronic Multiplicities
Real Photon Structure H1l4 Virtual Photeon Structure H1S
Functicens E: Functions
Paraguarkonia ot F5 Orthogquarkonia 0++, 2t F2
Orthogquarkonia 17 F2 Hadronic Width 1™, Fo
17 - yx
Leptonic Widths 17 ~_F& Hyperfine Splittings F6
FI H16 Direct photons in eve™ H17
Collisions
Large P, Direct Leptons D23 Pion Formfactor H1l

We can now address the question posed at the beginning of the Introduction.
I perscnally believe that in view of the many successful QCD predictions discussed
ahove there is a very good peossibility that Quantum Chromodynamics is the correct
theory of the Strong Interactions. However in view of the remaining problems
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which have to be solved both in the short and the long distance domain, we still

have to work very nard before we can be sure that this is indeed the case. In

other words: "Although substantial progress has been done {see Table III) it seems

we shall still have a lot of fun in the years tc come."

I would like to thank many of my friends for numercus informative discus-

sicns, and NORDITA and colleagues of NORDITA/NEI for warm hospitality.

al.
Al.
Ad.

A4d.

A3,

A8,

A7T.
A8.
A9,

AlG.

alz,

All.
Ald4.
AlS.
AlSG.
Alr7.

Al8.

Al9.

Footnotes and References

Permanent address.
Peterman, A., Phys. Rep. 53C (1979) 137.

3uras, A.J., Rev. Mod. Phys. 52 (1980) 199.
Dokshitzer, ¥.L., D.I. Dyakonow and S.I. Trcyan, Phys. Rep. 58C (1980) 269.

Ellis, J. and C.T. Sachrajda, CERN-preprint TH-2782 (1979} Cargése Summer
Institute 19879.

Ellis, J., Proceedings of the 1979 International Symposium on'Lepton and Pho-
ton Interactions at High Energies, Fermilab, 1979 ed. T.B.W. Rirk and
H.D.I. Abarbanel.

Lectures by S$.D. Ellis, R.D. Field, C.H. Llewallyn-Smith and A.J. Buras in
"Quantum Flavordynamics, Quantum Chromodynamics and Unified Theories” ed.
K.T. Mahanthappa and J. Randa, Plenum Press (1980).

Brodsky, §.J. and G.P. Lepage, SLAC-Pub-2447 {1979), SLAC-Pub-2762 (1981).
Xonishi, K., Nordita 81/25 (1981).
Reya, E., Phys. Rep. 69C (1981) 137.

Llewellyn-Smith, C.H., Proceedings of the 1980 Intermational Conf. on High
Energy Physics, Madiscon (1980).

Buras, A.J., "Seven Topics in Perturbative QCD", Fermilab-Conf-80/79-THY,
Physica Scripta 23, (1981) 863.

Talks by J. Lefrancois, F. Sciulli and B.H. Wiik in the Proceedings of the
1980 International Conf. on High Energy Physics, Madison (1980}.

'Muellar, A.H., Phys. Rep. 73C (1981} 237.

ali, A., DEsSY 81-016 (l98l).
Sachraida, C.T., Lectures presented in Les Houches Summerschool, 1381.
Bjorken, J.D. SLAC-Pub-2372.

Remiddi, E., Lecturas given at the International School of Physics E, Fermi,
Varenna 19&9.

Schmitz, N., Max-Planck Institute preprints, MPI-PAE/Exp.El. 88 and 39 and
talk given at this conference.

Schellekens, A.N.J.J., "Perturbative 0OCD and Lepton Pair Production”,



A20.

Bl.
B2.
B3.
B4.

B5.
Bs.

B7.

B8.

B9.
BlO.

BIi.

Blz2.

Bl3.
Bl4.

Bl5,
Ble.

-43-

)= D Thasis
Fh.Jd. JNE851l3

’ - .

$6ding, P. and G. Wolf, DESY 81-013 (1981); H. Meyer, University of Wuppertal
preprint (1981).

Bace, M., Phys. Lett. 78B (1978) 132.

Bardeen, W.A., A.J. Buras, D.W. Duke and T. Muta, Phys. Rev. D18 (1378) 3998,
Celmastexy W. and D. Sivers, Phys. Rev, D23 (1981} 227.

t'Heooft, G., Nucl Phys. B61 (1373) 435,

Bartieri, R., L. Caneschi, G. Curci and E. D'Emilio, Phys. Lett. 81B (1379
207.

Calmaster, W. and R.J. Gonsalves, Phys. Rev. Lett. 42 (1979} 1435 and
Phys. Rev. D20 (1979) 1420.

Schellekens, A.N., Nucovo Cimento, 24 (1979) 513; M.R. Pennington and G.G.
Ross, Phys. Lett. 86B (1979) 331; L.F. Abbott, Phys. Rev, Lett, 44 (1980)1569;
C. Rozenzweig and Monsay, Phys. Rev. D23 (1881) 1217; L. Caneschi, Phys.
Lett. 98B (198]) 29%5; E. Braaten and J.P. Leveille, DOE-ER/00881-178; A. Dhar
and V. Gupta, Phys. Lett. 101B (1981) 432; R. Coguereaux, Ann. Phys.(N.¥.}
125 (1980} 40l; Phys. Rev. D23 (1981} 1365.

The relation between Ai and a; as given 1in (2.2) is not the only possible
one, hut the cone in (2.2) defines Aﬁg and AMQH as used in refs. (B2) and (B6).
See also A.J. Buras, E.G. Floratos, D.A. Ross and C.T. Sachrajda, Nucl, Phys.
B1l3l (1977) 308.

Politzer, H.D., Phys. Rev. Lett. 30 (1973) 1346; D.J. Gross and F. Wilczek,

* Phys. Rev. Lett. 30 (1973) 1323.

Caswell, W., Phys. Rev. Lett. 33 (1974) 244; D.R.T. Jones, Nucl. Phys. B75
(1374} 531.

Three loop contributions to the 8 functions have Leen calculated by 0.V,
Tarasov, A.A. Vladimirov and A.Y. Zharkov, Phys. Lett. 23B (1980} 42%. They
are, in contrast to the one-and two-loop contributions, rencrmalization pre-
scription dependent and cannot be used without various two-locp Wilson coef-
ficient functions, which are not known at present.

See ref.(BS) and E. Braaten and J.P. Leveille ref.(87). The numerical value
in (2.3) is for the Landau Gauge.

See B.H. Wiik (Al2) and P. S8ding and G. Wolf (a20).

Staevenson, P., Phys. Lett. BI0Q0 (1981)61, Phys. Rev. D23 (1981) 2916 and
Univ. of Wisconsin preprint DCE-ER/00881-213 (198l). For critical discus-
gions of this work see J. Xubo and S. Sakakibara, Univ. of Dortmund preprint,
DO-TH 81/07 and M.R. Pennington, Univ. of Durham preprint 1931.

Grunberqg, G., Phys. Lett. 95B (1980) 70.

Pennington, M.R. and G.G. Ross, Phys. Lett. 102B (1981) le7.
See also A.I. Sanda, Phys. Rev. Lett. 42 (1979) 1658.



Bl7.

cl.

cz.
c3.
cd.

cs.

C6.

c7.

Cc8.
c9.
cla.
Cll.

cla.
cl3.

cl4.
Cls.
cls.

cl7.
Cla.

cl9.

C20.
czl.
caz.

L

Yoshe, M., Phys. Rev. Lett. 43 (1979) 1851; A. Blumenfeld and M. Moshe,
Technion-PH-81-29 {1981).

See the talks by G. Smadja, J., Wotschack, J.Drees, H. Montgomery, M. Strovink
and E. Fisk in these proceedings.

Altarelli, G. and G. Parisi, Nucl. Phys. B126 (1977) 298.
See ref. (A3).
See refs. {(AZ2) and (C7).

See also A, Gonzales-Arroyo, C. Lopez and F.J. ¥Yndurain, Nucl. Phys. BL53
(1979) 16l; Nucl Phys. B159 (1979) 512; Nucl Phys. BlE6 (1980) 429.

Fleoratos, E.G., D.A. Ross and C.T. Sachrajda, Nucl, Phys. B129 (1977) 66;
ibid. B1l39 (13878) 545E.

Curci, G., W. Furmanski and R. Petronzio, Nucl. Phys. B175 (1980) 27; E.G.
Floratos, R. lacaze and C. Kounnas, Phys., Lett, 98B, (1981) B89, 285.

Floratos, E.G., D.A. Ross and C.T. Sachrajda, Nucl. Phys. Bl52 (1979} 493,
Furmanski, W. and R. Petronzio, Phys. Lett. 97B (1984Q) 437.
Antoniadis, I. and E.G. Floratos, LPTENS 81/1 (1981).

Siegel, W., Phys. Lett. 84B (1979} 193; D.M. Capper, D.R.T. Jones and P. Van
Nieuwenhuizen, Nucl. Phys. Bl67, (1980) 479.

Floratos, E.G., LPTENS 81/5 (1981).

See for instance D.W. Duke and R.G. Roberts, Nucl, Phys. Bl66 (1980) 243,

ref. C5; M.R. Pennington and G.G. Ross, Nucl., Phys. Bl79 (1981) 324. Further
references can be found in A.J. Buras, Proceedings of the Madison Conference
{1380).

Barnett, R.M.,D. Schlatter and L. Trentadue, Phys. Rev. Lett. 46 (1981)1659.
Para, A. and C.T. Sachrajda, Phys. Lett. 86B (1979) 331,

Duke, D.W. and R.G. Roberts, ref. Cl3; H.L. Anderson et al., Fermilab-Pub-
79/30-EXP.

Duke, D.W. J.F. Owens and R.G. Roberts, CERN preprint 1981.

Suc!i a low value of Aﬁg would lead in most Grand Unification models to the
proton‘'s life time O(l0?"years) as compared to the experimental lower limit
~10%" years.

Roy, D.P., Phys. Rev. Lett. 47 (1981) 213. The idea of the hard intrinsic
charm in the nucleon is due to $.J. Brodsky, C. Peterson and N. Sakai, Phys.
Rev. D323 (1981) 2745,

Curci, G. and M. Greco, Phys. Lett. 92B, (1984) 175.
Parisi, G., Phys. Lett. 30B (1980) 295.

Amati, D., A. Bassetto, M. Clafaloni, G. Marchesini and G. Veneziano, Nucl.
Phys. B1l73 (1980) 429,



c23.

cz24.

c2s.
c26.
c27.

c28.

c29.
ci0.
C31.
c32.
C33.

C34.

C35.

c3s.

c37.
c38.
C39.

c40,.
c4l.

c42.
c43.

Dl.

=45
Ciafaloni, M., Phys. Lett., 95B (1980} 113; M. Ciafaleni and G. Curci, S5.¥.35.
1/1381.

Parisi, G. Phys. Lett. 84B (1979) 225; A. Duncan and A.H. Mueller, “hys,
Lett. 903 (1980) 159. ;

Baulieu, L., E.G. Floratos and C. Kounnas, private communication.
callan, C.G. and D.J. Gross, Phys. Rev. Lett. 22 (1369) 156.

De Rujula, A., H. Georgi and H.D. Politzer, Ann. of Phys. 103 (1977)
A.J. Buras, E.G. Floratos, D.A. Ross and C.T. Sachrajda, Nucl. Phys.
(1L977) 308.

abbott, L.F.,, E.L. Berger, R. Blankenbecler and G. Kane, Phys. Lett. B83
(1979} 157; W.B. Atwood, SLAC-Pub-2428 (1979); A. Gonzales-Arroyo, C. Lopez
and F.J. ¥Yndurain, Phys. Lett. 98B, (1981) 215; E.M. Raacke, Phys. Lett. 378
{1980) 427.

Duke, D.W., J.D. Kimel and G.A. Sowell, Phys. Rev. to be published.
Buras, A.J., Fermilab-Pub-80/43-THY (May,1980).

This is now being checked by S. Coulsen and R. Ecclestone.
Donnachie, A. and P.V. Landshoff, Phys. Lett. 95B (1980} 437.
Abbott, L.F.,W.B.Atwcod.and R.M. Barnmett, Phys. Rev. D22 (198Q0) 582.

Duke, D.W. and R.G. Roberts, Phys. Lett 94B (1980) 417; M.R. Pennington and
G.G. Ross, ref, Cl3.

Eisele, F., Invited talk at the IV Symposium on Elementary Particle Physics,
Kazimierz , May 24-31,1981.

Gottlieb, S., Nucl Phys. B139 (1978) 125; M. Okawa, Nucl. Phys. B172 (1380)
481, B187(1981) 71.

Luttrell, S.P., S. Wada and B.R. Webber, Nucl. Phys. B188 (1981) 219.
Jaffe, R.L. and M. Soldate, MIT preprints CTP 931 and CTP 3%37.
Politzer, H.D., Nucl. Fhys. B172 (1980} 349.

Furnmanski, W., Jagellonian University preprint, TPJU-12/81.

Farrar, G.R. and D.R. Jackson, Phys. Rev. Lett. 33 (1975), 1416; E.L. Berger
and §.5. Brodsky, Phys. Rev. Lett., 42 (1979} 9%40; E.L. Berger, Phys. Lett.
89B (1980) 241; E.L. Berger, T. Gottschalk and D. Sivers, Phys. Rev. D23
(1981) 99; E.L. Berger and S.J. Brodsky, SLAC-Pub-2749, ANL-HEP-PR-81-14.

R.L. Jaffe and G.G. Ross, Phys. Lett. 33B (1980) 313.

Kodaira, I., S. Matsuda, K. Sasaki and T. Uematsu, Nucl.Phys. Bl3%, (1979)
99; I. Rodaira, K. Sasaki, S. Matsuta, T. Muta and T. Uematsu, Phys. Rev.
D20 (1979) 627; J. Kodaira, Nuecl. Phys. Bl&5 (1980} 129,

Dokshitzer, Y.L., D.I. Dyakonow and 5.I. Troyan, ref. A3d; G. Sterman and S,
Weinberg, Phys. Rev. Lett. 39 (19%77) 1436; H.D. Politzer, Phys. Lett. 70B
(1977), 430, Nucl. Phys. B1l29 (1977) 301l; C.T. Sachrajda, Phys. Lett. 73B



n2.

"0y,

D4.

b5.

D6.
o7.

D8.

Dg.

Dlo.

Dll.

Dl2.

Dl3.
D14.

~46a

(1978) 185, Phys. Lett. 76B (1978) 1l00; W. rurmanski, Phys. Lett. J77B (1978)
312; ¢. Kazama and Y.P. Yao, Phys., Rev. Lett. 41(1978) 611, Phys. Rev. Di3
{1979) 3111, 3121; W.B. Frazer and J.F. Gunion, Phys. Rev. D13 (1979 2447:
C.4. Llewllyn~-Smith, Acta Phys. Austriaca suppl. XIX (1978) 331; A.V.

Radyushkin, Phys. Tett. §9B (1377} 245.

amati, D., R. Petronzic and G. Veneziano, Nucl, Phys. B140 (1978} 54, Bl46
{1978) 29; R.K. Ellis, H. Georgi, M. Machacek, H.D. Politzer and G.G. Ross,
Phys. Lett. 78B (1978) 281, Nucl. Phys. Bl52 (1379} 285; C. Libby and G.
Sterman, Phys. Lett. 78B (1978) 618, Phys. Rev. D18 (1978) 3252, 4737; G.
Sterman, Phys. Rev. D19 (197%) 3135, Phys. Rev. D17 (1978} 2773, 2789.

Mueller, A.H., Phys. Rev, D18 (1978) 37Q05; $. Gupta and A.H. Mueller, Phys.
Rev. D20 (197%) 1ll8.

Baulieu, L. and C. Kounnas, Nucl. Phys. Bl4l (1978) 423; I. Kodaira and T.
Uematsu, NMucl. Phys. Bl4l (19783) 487.

Curci, G., W. Furmanski and R. Petronzic, Nucl. Phys. B1l75 {(1980) 27; W.
Furmanski and R. Petronzio, Phys. Lett. 97B (1980)437; J. Kalinowski, K.
Konishi and T.R. Taylor, Nucl-Phys. BL81 (1981) 221; J. Kalinowski, X.
Konishi, P.N. Scherbazh and T.R, Taylor, Nucl. Phys. B181 (1981) 253; E.G.
Floratos, R. Lacaze and C. Kounnas, Phys. Lett. 98B (1381) 89, 285; H.
Okada, T. Munehisa, K. Kudoh and K. Kitani, TIT/HEP-64/1980 and Phys. Lett.
1028 (1981) 49.

Gribov, V. and L. Lipatav, Sov. J. Phys. 13 (1972) 675.
Altarelli, G., R.K. Ellis and G. Martinelli, Nucl. Phys. B143 (1378) 521.

Kubar-andre, J. and F.E. Paige, Phys. Rev. D1§ (1979) 221; Altarelli, G.,
R.K. E1lis and G. Martinells, Nucl. Phys. BLS57 (1979) 461l; K. Harada, T.

Xaneko and N. Sakai, Nucl. Phys. B155 (1978} 169; B. Humpert and W.L. Van
Neerven, Phys. Latt. 84B (1979) 327, Phys. Lett. 85B (197%) 293.

Contogoutis, A.P. and J. Kripfganz, Phys. Rev. D20 (1979) 2295; A.N.
Schellekens and W.L. Van Neerven, Phys. Rev. D21 (1980} 2619, D22 (1980}
1623,

Altarelli, ., R.K. Ellis, G. Martinelli and S5.Y. Pi, Nucl. Phys. B1l60
(1979) 3¢1l; J. Ambjg¢rn and N. Sakai, Nordita preprint 80/14; G. Curci,

W. Furmanski and R, Petronzio, Nucl. Phys. Bl75 (1980} 27; R. Baler and K.
Fey, 2. Phys. C2 (1979) 339; E. Floratos, C. Kounnas and R.Lacaze, LPTENS
81/3 (1981).

Altarslli,G. et ai., Nucl. Phys. Bl60 (1973) 30l.

Sakai, N., Phys. Lett. 85B (1879} 67; G. Altarelli et al., Nucl. Phys. Bl6d
(1979) 301; J. Ambigrn and N. Sakai, ref. D1l0; R. Baier and X. Fey, Z. Phys.
€2 (1979) 339.

Sheiman, J., I. Hinchliffe and H.E. Haber, LBL preprint 11577 (1880).

Burag, A.J. and N. sakai, unpublished. See Sect. 4.5 of ref. (All).



~47-

Dl5. ©Parisi, G., Phys. Lett. 90B (1980) 295; G. Curci and M. Greco, Phys. Lett.
92B (1980) 175.

316. Korthals-altes, C.P. and E. de Rafael, Nucl. Phys. Blg§ (1976) 237, Bl25
(1977) 275; Phys. Lett, 62B (1%76) 320; R. Coguereaux and E. de Rafael, Phys.
Lett. §%B (1977) 181; Y.L. Dokshitzer, Soviet Physics, JETP 46 (1377) 461;
J.M. Cornwall and G. Tiktopoulos, Phys. Rev. D13 (1976) 3370; A. H. Mueller,
Phys. Rev. D20 (1979) 2037.

Dl7. For a detailed discussion see Floratos et al., ref. (Dl0O).

D18. 'For a detailed discussion and references see J. Kubar et al., Nucl. Phys.
BL75 (l980) 251; see also M. Chaichian, M. Hayashi and M. Roos,
HU-TFT-81-10 (1981).

Dl%. Ellis, R.K., M.A. Furman, H.E. Haber and I. Hinchliffe, Nucl Phys. B1l73
{1980} 397.

D20. Furmanski, W. and W. Stominski, Jagellonian University preprint, TPJU-11/81
(1981).

D21. Furman, M.A. CU-TP-182 {(1980}.

022, Aurenche, P., J. Lindfors, Nucl. Phys. Bls8 (1980) 296; A.P. Contogouris, L.
Marleau and S. Papadopoulos, Phys. Rev. D22 (1980) 1629. .

D23. Aurenche, P. and J. Lindfors, Nucl. Phys. B185 (1981} 274.

El. Politzer, H.D., Nucl.Phys. B129 (1977) 301; G. Altarelli, G. Parisi and R.
Petronzio, Phys. Lett. 76B (1978) 351, 76B (1978) 356; H. Fritzsch and P.
Minkowski, Phys. Lett. 73B (1978) 80; C. Michael and T. Weiler, contributicon
to the XIIIth Recontre de Moriond, Les Arcs, France {1978}; K. Kajantie and
R. Raitio, Nucl. Phys. B139 (1378) 72; K. Kajantie, J. Lindfors and R.
Raitio, Phys. Lett. 74B (1878) 384; J. Cleymans and M. Kuroda, Phys. Lett.
BOB (1979) 385; J.C. Collins, Phys. Rev. Lett. 42 (1%879) 291; K. Kajantie
and J. Lindfors, Nucl. Phys. B1l4§ (1378) 465; F. Halzen and D. Scott, Phys.
Rev. D18 (1.978) 3378, D19 (1379) 216; E.L. Berger, ANL-HEP-PR-78-12,
ANL~HEP-CP-80-24.

E2, Stroynowski, R., Phys. Rep. 71C (1981) 1.
E3. See for instance G. Altarelli et al. ref.(El).
E4. Halzen, P. and D.M. Scott, CAMTP 81/12 and DOE-ER/00881-205 (March 1981).

ES. Ellis, R.R., G. Martinelli and R, Petronzio, CERN preprint, TH=3079 CERN
(May 1981).

E6. Perlt, H., Karl-Marx-Univ. preprint, (1581).

E7. Chaichian, M., M. Hayashi and T. Honkarante, Nuel. Phys. B175 (1980) 493.

ES8. Dokshitzer, ¥Yu.L., D.I. Dyakonov and S.I. Troyan, Phys. Rep. 38 (1980) 263;
€.L, Basgham, L.S. Brown, S.D. Ellis and S.T. Love, Phys. Lett, 85B (13979)
297; G.C. Fox and S. Wolfram, Caltech Rep. No. CALT 68-723 (1979), unpublish-
ed; A.V. Smilga, Nucl. Phys. Bl&l (1979) 449; W. Marquardt and F. Steiner,



E9.

ElQ.

Ell.
El2.
El3.

El4.

E1l5.

Els6.
El7.

El8.

El9.

E240.

E2l.

E22.

E23.

E24.

EZ2S.
E26.
E27.

Fl.

=48~

Phys. Lett. 33B (1980) 480; C.Y. Lo and J.D. Sullivan, Phys. Lett. 86B (1379)
327; J.G. McKitterick, Univ. of Illinois preprint ILL-(TH)-80-22 (19813).

Ellis, §.D. and W.J. Stirling, Phys. Rev. D23 (1981} 214.

Curci, G., M. Greco and Y. Srivastava, Phys. Rev. Lett. 43 (1978) 834, Nucl.
Phys, B133 (1979) 451.

Parisi, G. and R. Petronzic, Nucl. Phys. Bl54 (1979) 427.
Baier, R. and K. Fey, Z. Phys. C2 (1979) 339.

Cleymans, J. and M. Kuroda, Phys. Rev. Lett. 45 (198Q0) 1923, Univ. of
Bielefeld preprint, BI-TP 80/17.

Craigie, N.S5. and H.F. Jones, Nucl. Phys. BLl72 (1980} 59; H.F. Jones and
J. Wyndham, Nucl. Phys. Bl76 (1980) 466.

Curei, G. and M. Greco, Phys. Lett. 79B {1978) 406, 92B (1980) 175, Frascati
preprint LNF-81/7 (1981}; M. Greco, LNF-81/10 (March 1981).

Mueller, A.H., Sect, 12 of ref. (Al3).
Rakow P.E.L. and B.R. Webber, Nucl. Phys., B187 (1981) 254.

Ellis, 5.D., N. Fleishon and W.J. Stirling, Seattle University preprint,
RLO=-1388-852. -

Collins, J.C. and D.E. Soper, Univ. of Oregon preprint CQITS, 155 (1981) and
talk presented at Mariond Workshop of Lepton Pair Production, Les Arcs,
France, 19381.

Here x = +/P';' i x, = q /P, where the light-cone coordinates are used and
q aad ?i are the momenta of the wvirtual photon and of the incoming hadrons

respectively.

Colling, J.C. and D.E. Soper, "Parton Distributicns and Decay Functions”
OITS~166 (1981).

Chiappetta, P.and M.Greco Centre de Physigue Théorigque preprint, CPT.81/P.1307.
June 1981).

Basham, C.L.,L.S. Brown, S5.D. Ellis and S.T. Love, Phys. Rev. Lett. 41 (1978)
1585, Phys. Rev. D19 (1979) 2018.

¢ iz defined in such a way that 6§ = 0 corresponds to the back to back config-
uration.

Brown, L.S. and S5.D. Ellis, University of Washington preprint RLO-1388-850.
Berger, Ch. et al. Phys. Lett. 998 (1981) 292.
Ellis, 3.0D. and W.J. Stirling in prepafation.

Appelquist , T. and H.D. Politzer, Phys. Rev. D12 (1975) 1404; A. Duncan and
A.H.Mueller, Phys. Lett. 938 (1980) 119; M.E. Peskin, Nucl. Phys. Bl56 (1979)
365; 5. Bhanot and M.E. Peskin, Nucl. Phys. B156 (197%9) 391; I. Muzinich and
F. Paige, Phys. Rev, D1 (1980) 1151; 5. Gupta, SLAC-Pub- (1981).



F2.

F3.

F4.

F5.

F6.

F7.

Pl4.

F15.

Gl.

G2.

G3.
G4.

GS5.

G6,

G7.

-lg-

Barbieri, R., M. Caffo, R. Gatto and E. Remiddi, Phys. Lett. 958 (19380) 33
and CERN preprint 3071 (198l)., See also R. Barbieri, M. Caffec and I. Remid-
di, Nucli. Phys. Bl62 (1980) 220.

See for instance M. Oreglia, SLAC-Pub -~ 2529 (1980).

Karplus, R. and A. Xlein, Phys. Rev. 87 (1952) 848; R. Barbieri, R. Gatto,
R. Kd8gerler and Z. Xunszt, Phys. Lett. 57B (1975) 455.

Rarbieri, R., G. Curci, E, 4'Emilio and E. Remiddi, ¥ucl. Phys. Bl54 (1979)
5§35; P. Pascual and R. Tarrach, Univ. of Barcelona preprint 19807 K,
Hagiwara, C.B. Kim and T. Yoshino, Nucl. Phys. Bl77 (1981) 4e6l.

Buchmiiller, W., ¥.J. Ng, S.H.H, Tye, CLNS 81/497 Fermilab-Pub-81/46 THY.
The leading logarithm has alsc been calculated by R. Barbieri, R. Gatto and
E. Remiddi, CERN preprint (1981). '

Buchmiiller, W., G.Grunberg and S.H.H. Tye, Phys. Rev. Lett. 43 (1980}103,
45 (1980) S8T7E. :

For AE(W-nc) a better agreement with the data could be obtained using
Aﬁg = 350 = 50 MeV.

Lepage, G.P. and P.B. McKenzie, CLNS/81-498.

Alm, M.S. et al,, J.J. Mueller et al., Phys. Rev. Lett. 46 (1981) 1181,
See the talk by M.A. Shifman in these proceedings.

Buchmiiller, W. and S.H.H. Tye, Phys. Rev. D24 (13981) 132,

For toponium of mass of order 60-3Q GeV, the weak decays become very
important which makes tha QCD tests difficult.

Fischler, W, Nucl. Phys. Bl29 (1977) 157; A. Billoire, Phys. Lett. 92B
{1980} 343.

Kamal, A.N. J. Kodaira, T. Muta, SLAC-Pub~-2725 (April 1981);.

See the talks by R. Felst, W, Braunschweig and D. Haidt in these proceed-
ings.

Sterman, G. and S. Weinberg. Phys. Rev. Lett. 39 (1977) 1436; A. De Rujula,
J. Ellis, E.G. Floratos and M.K. Gaillard, Nucl. Phys. Bl38 (1%7B) 387.
Farhi, E., Phys. Rev. Lett. 39 (1%77) 1587.

De Rujula, A. et al., ref.(G2).

Fox, G.C, and S. Wolfram, Phys. Rev. Lett. 41 (1978) 1581, Nucl. Phys. Bl49
(19279} 413, Phys. Lett. 82B (1979} 134.

pasham, -.L., L.S. Brown, 5.0. Ellis and S.T. Love, Phys. Rev., D17 (1978)
2298, Phys. Rev., Lett. 41 (1978) 1585, Phys. Rev. D19 {1979) 2018.

Field, R.D. and R.P. Feynman, Nucl. Phys. B136 (1978) 1; B. Andersson, G.
Gustafson, C. Peterson,2. Physik Cl (1979) 105, C3 (1980) 22; B. Andersson,
G. Gustafson, T. Sjdstrand, Z. Physik C6 (1980) 235 and Phys. Lett. 34B
{1980) 21l1; P. Hoyer, P. Osland, H.G. Sander, T.F, Walsh and P. M. Zerwas,



G8.

Gl4.

Gl5.
Gl6.
Gl7.

G18.

Gl9.
G20.

G21l.

G22.

G23.
G24.
G25.

G26.
G27.
G28.

G29.

G30.

-50-

Nuel. Phys. Blel (1979) 349; A. Ali, E. Pietarinen, G. Kramer and J. Willrodt,
Phys, Lett. 93B (1980) 155 , A. Ali, E. Pietarinen and J. Willrodt, DESY
Report T-01/1980.

Dine M. and J. Sapirstein, Phy: Rev. Lett. 43 (1979) 668; K.G. Chetyrkin,
A.L. XKataev and ¥.V. Tkachov, Phys. Lett, 858 (1979) 277; W. Celemaster and
R.J. Gonsalves, Phys. Rev. Lett. 44 (1980) 560.

PLUTO Group, Phys. Lett. 82B (1979) 449.

Koller,K. and H. Krasemann, Phys. Lett. 88B (1979) 119.
Ellis, J. and I. Karliner, Nucl. Phys. Bl48 (1979) l4l.
See B.H. Wiik ref. (Al2).

Koller, <., H.G. Sander, T.F. Walsh and P.M. Zerwas,
DESY preprint 1581.

Brandelik, R. et al., éhys. Lett., 86B (1979) 243; D.P. Barber et al., Phys.
Rev. Lett. 43 (197%) 830; Ch. Berger et al., Phys. Lett. 86B (197%) 418; W.
Bartel et.al., DESY-report 79/80 (1979) and Phys. Lett. 91B (1980) 1l42.

Ellis, J., M.K. Gatllard and G.G. Ross, Nucl.Phys. Blll (1976} 253,
Bartel, W. et al., JADE-collaboration DESY, 81/009 (1981).

Konishi, K., A. Ukawa and G. Veneziano, Phys. Lett. 80B (1979) 259, and ref.
(A8) .

Ali, A., J.G. Korner, Z. Kunszt, J. Willrodt, G. Kramer, G. Schierhelz and
E. Pietarinen, Phys. Lett. 82B (1979) 285, and Nucl. Phys. Bl67 (1980} 454,

Gaemers, K.J.F. and J.A.M. Vermaseren, 2. Physik C7 {(1980) &l.

Ellis, R.K. D.A. Ross and A.E. Terrano, PRL 45 (1980) 1226 and Nucl. Phys.
Bl78 (1%81) 421.

K. Fabricius, I. Schmitt, G. Schierholz and G. Kramer, Phys. Lett. 97B (1984}
431.

Fabricius, K., G. Kramer, G. Schierholz and I. Schmitt, DESY 81/35 (1981);
G. Schierholz, DESY Bl/42 (1981).

Vermaseren, J.A.M., K.J.F. Gaemers and S.J. Oldham, CERN-preprint 3002.
Also large and positive corrections to C distributions have been found (G20}.

Kunszt, Z. Phys. Lett. 39B (1981} 429 and CERN preprint, TH-3141-CERN
{(August 1981} .

Clavelli, L. and D. Wyler, Bonn-University, BONN-HE-81-3 (July 1981}).
Sharpe, S, Berkeley preprint, LBL-13018 (July 19381).
Ellis, R.K. and D.A. Roas, CERN preprint, TH-3131-CERN (1981}.

Ali, A., "the QCD effactive coupling constant in e+e- annihilation", CESY

‘preprint {August 1981).

Among the participants of these meetings, which took place during the sympo-



G3l.
G32.

G33.
G34.
Hl.
H2.

H3.
H4.

HS.

H10.
H1ll.

H1lZ.
H13.

Hl4.

H1S.
Hl§.
El7.
H1l3.
ILl.

I2.

~51=

sium, wersn A. Ali, L. Clavelli, R.K. Ellis, K.J.F. Gaemers, G. Kramer, Z.

Kunszt and G. Schierholz. Similar conclusions have been reached by T. Got-
tschalk (see a very recent and a very interesting Caltech preprint).

As conjectured by D.A.Ross, Nucl. Phys. BL88 {(1981) 109 a part of these large
corractions could be summed to all orders.

See also T. Chandramohan and L. Clavelli, Phys. Lett. 94B (1980) 409 and
BONN-HE-80-22 (Nov. 198Q).

See also the comment by A. All after this talk.

A. Ali (and H.Newman) used also the oblateness as obtained by Mark-J. Collab.
Collins, J. and G. Sterman, Stony Brook Preprint 1TP-SB-80-63 (1980}).

Doria, R., J. Frenkel and J.C. Taylor, Nucl. Phys. B1l68 (1980} 93,

Di'Lieta, C., 5. Gendron, I..G. Halliday and C.T. Sachrajda, Nucl. Phys.
B183 (l1381) 223.

Andrasi, A., M. Day, R. Doria, J. Frenkel and J.C. Taylor, Wucl. Phys. B182
(1581) 104.

Farrar, 3. and D. Jackson, Phys. Rev. Lett. 43 (1879} 246.

Brodsky, S.J. and-G.P. Lapage, ref, (Af) and references therein, .
Efremov, A.V. and A.V. Radyushkin, Phys. Lett. 34B (1980) 245.

Parisi, G., Phys. Lett. 84B (1979) 225).

Duncan, A. and A. Mueller, Phys. Lett. 90B (1980) 159, Phys. Rev. D21 (1980)
1636.

Landshoff P.V. and D.J. Pritchard, Z. Phys. C6 (1980) 69.

Field, R.D., R. Gupta, S. Otto and L. Chang, Univ. of Florida preprint, 80-21
(1980); F.M. Dittes and A.V. Radyushkin, JINR-E2-80-688 (1980).

Sea the talk by P. Wedemeyer at this symposium.
Buras, A. J. and D.W. Duke, unpublished.

Bardeen, W.A. and A.J. Buras, Phys. Rev® D20 (1979)166; D.W. Duke and J.F.
Cwens, Phys. Rev. D22 (1980) 2280,

Uematsu, T. and T.F, Walsh, Fermilab preprint, September 1981.
Sasaki, K., SLAC-Pub-2712 (March 1981).

Sasaki; K., SLAC~Pub-2707 (March 1981).

Mueller, A.H., Columbia preprint, CU-TP-197 (1981).

Shifman, M.A., A.I. Vainshtein and V.I. Zakharov, Nucl. Phys. B1l47 (1979)
385, 448, 519.

See for instance, J.G. Kdérner, G. Schierholz and J. Willrodt, Nucl. Phys.
B185 (1981) 365; C.s. Lam, G. Marleau, P.S. Yeung and B.A. Li (McGill uUniv.
preprint, 1981).



I3.

I4.

-52-

Qlsen, H.A., P. Osland, I. @verbe, Phys. Lett. 97B (1980) 286, Nucl. Phys.
Bl71 (193Q) 209; C.S. Lam and Wu-ki Tung, Phys. Rev. D21 (1980) 2712; P.4.
Johnson and Wu-ki Tung, Phys. Rev. Lett. 45 (1980) 1382 and LIT preprint ,
1981; F. Baldracchini, N.S8. Craigie, V. Roberto and M. Sococlovsky, Trieste
preprintc 1381,

C. Nelson, Fermilab preprint 1981.



