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Erratum and Addendum 

Table III of this paper was inadvertently omitted. It should 

have appeared after its first mention at the bottom of p0 6, 

It would have shown four quarks: p, n, h and p’ 

(Q = 2/3, Iz = 0, Y = -2/3, Charm = 1). 

Table IV on p. 7 has been mislabeled Table III. Table IV 

should appear on the previous page, preceding the sentence 

“This scheme is rather complicated: 0 D . ” 
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ABSTRACT 

Theories about the behavior of the ratio 

a(e+e- - y - hadrons) 

a(e+e- - y - p+j.4-) 

are reviewed, and qualitative features of the final state hadron 
distributions are discussed. 

” INTRODUCTION 

The process efe- - y - hadrons has long been a favorite playground of 
theoreticians. It is interesting because all theories which exhibit Bjorken 
scaling in electroproduction also make the naive scale invariant prediction1 

. 

o(e+e- - y - hadrons) - 1 
2 

q2- q 
(1) 

Hence if the prediction (l), or the equivalent (assuming QED) statement 

R(q2) f a(e+e - y - hadrons) 

a(e+e- - y - p+p-) 
c R 

q2.+ co 
(2) 

where R is some model-dependent constant, should fail, then we would have 
to conclude that we really do not understand scaling in electroproduction at 
all. 

Experimental data from CEA2 seem to show little evidence that the 
asymptotic prediction (2) is being approached for q2 5 25 GeV. In fact the ’ 
hadron-muon ratio seems to be increasing, and is already large compared 
with many theoretical predictions. (Though this trend may not be statis- 
tically significant at the present level of accuracy of the data.) Hence it is 
very important: 
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1. To confirm the CEA experiments. 
2. To see whether R(q2) - =G as q2 - 00 could be accommodated theo- 

retically. 
3. To try to understand an increase in R over a range in q2. 
4. To understand implications elsewhere, e.g. ,’ for QED, of R(q2) 

being large, and 
5. To see what theoretical values for R are still plausible. We ‘leave 

1. to SPEAR, and here review 2. to 5. Data either are or will shortly be 
available from CEA and SPEAR on topological cross section, the multipli- 
city and higher moments of the multiplicity distribution, and we discuss 
these qualitative features of the hadronic final state. Detailed data on the 
inclusive distributions and their scaling behavior are rather further away 
and we do not discuss them in detail here: there is more about them in the 
parallel session on partons and the light-cone. 

THE ASYMPTOTIC BEHAVIOR OF R(q2) 

Since it has the dimensions of (length)2, a(e+e- - y - hadrons) would 
. have to go as l/q2 as q2 - ~0 in order to be scale invariant, and this is 

what is predicted in simple parton and canonical short distance behavior4 
models of scaling. Since according to QED (e+e- - y - P+/J-) h l/q2 also, 
this would mean that R(q2) approaches a constant R as q2 - 00. Setting aside 
oscillations, the other possibilities are that R(q2) - 0 or m. The former of 
these is not suggested by the data and is unfashionable theoretically. If 
Ws2) - o” , might go as a power of In q2 or as a power of q2 itself. There 
seems to be nothing wrong in principle with R(q2) - (In q)n for some n > 0: 
indeed this is what occurs in any finite order of a renormalizable field 
theory (except for gauge theories, 59 6 of which more later). Indeed one ac- 
tually ex ects that the naive scaling prediction (1) will be modified by terms 
O(CY In q B /q2) etc. , when radiative corrections to the strong interactions are’ 
taken into account (cf. electroproduction)7. 

Could R(q2) - (q2)” for some power m > 0 as q2 - 43 1 We know of no 
theory where this occurs, and it can be argued that such a possibility would 
destroy the renormalizability of QED. Consider for example the contribu- 
tion of the high q2 part of the hadron vacuum polarization to the muon (g-2) 
shown in Fig. 1. It is given by 

m2 00 
Ak-2)1-r = J3 

/ 

a(e+e- - y - hadrons) d q2 
(3) 

6~ 
Q2 

q2 

where Q2 is some lower limit > > rni. It is clear that the integral diverges 
if (e+e- - y - hadrons) goes to a constant as q2 - ~0, entailing a subtraction 
and a new renormalization constant. Indeed, simple Dyson power counting 
indicates that an infinite number of QED graphs become divergent if 
(e+e-- y -hadrons) ,(q2) m for any m > 0, because internal photon propa- 
gators acquire cu(q2)m-l corrections. Actually, in such theories even an 
expansion in powers of Q! would be invalid: we can only use a photon 
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propagator (see Fig. 2) 

P(s2) = $ t1+ Ns2)) q 
where 

ds 
se+e--y -+ hadrons (‘) 

q2 -s+ie 
(4) 

when 

P(q2) = f 1 

Q 1 -Ws2) 

as in Fig. 3. Clear1 
lw12) 1 

one expects that the rise in R( 2, should cut off when 
<< 1: for R(q 3 ) - (q2)1/2, R-O.1 when (q 2? )I 2 -35 GeV. 

FIG. 1--Hadronic contribution 
to the vacuum polarization cor- 
to g-2 of the muon. 

n I 2 n 1.11.1 

FIG. a--Geometric series re- 
sponsible for the full vacuum 
polarization correction to the 
photon propagator D 

FIG. 3 - -Hadronic vacuum polar - 
ization correction for t-channel 
photon exchange in efe- elastic 
scattering. 

One major piece of recent theoretical progress has been the realiza- 
tion5r 6 that some renormalizable field theories have the naive scaling law 
(1) e These are a class of non-Abelian gauge theories (Le., theories with 



a non-commutative symmetry group in which a set of vector mesons are 
present whose transformation properties are such that the theory is invar- 
iant under “rotations” within the group even when the “rotation” is a function 
of x, the space-time point), which have for some time been popular among 
constructor@ of renormalizable theories of weak interactions, and those 
trying to understand how quarks might be bound in hadrons.9 It has been 
shown that these theories are “asymptotically free” which means that at 
short distances and near the light cone their singularity structures are al- 
most the same as those of a free field theory. Bjorken scaling in electro- 
production in such theories is violated by calculable inverse powers of 
lnq2.10 The naive parton or canonical short distance model scaling pre- 
die tion 

a(e+e- - y - hadrons) 

o(e+e- - y - j.t+p-) 

- R 
(5) 

is valid in these models. Also, sub-asymptotic inverse logarithm correc- 
. tions to (5) can be calculated as discussed later. 

3 
WHATISR? 

Let us now assume that R(q2) approaches a constant, R as 2 
5 4 ii! thyso in accord with theoretical prejudice. In all theoretical models ’ 9 

occurs because at large q2 the electromagnetic current acts as if it is cou- 
pled to point-like spin-l/2 fields (quarks) in addition to the usual leptons: 

(6) 

where the sum is over all quarks, qi, with charges Qi. Since each quark 
enters analogously to a muon, 

R(q2) z a(e+e- - y - hadrons) ) 

a(e+e- - Y -CL+/-4 
c 

q2-ca i 
Qf (7) 

(Spin-O quarks enter with a contribution &f/4.) Thus for the usual. Gell- 
Mann-Zweigll scheme R = 4/9 + l/9 + l/9 = 2/3. 

’ There are both experimental and theoretical reasons for considering 
alternative uark schemes. 

% 
Early colliding beam results give R(q2) > 1 and 

perhaps R(q ) > 2-3. Theoretically, the x0 - 2y decay rate can be related 
to short distance behavior l2 where we hope the electromagnetic current has 
the simple form indicated in (6). Together with PCAC, the Gell-Mann- 
Zweig scheme gives a rate too small by a factor of about 10. 

Also the Gell-Mann-Zweig scheme has well-known intrinsic problems 
with statistics. One solution is to invoke a new underlying symmetry by 
supposing there are several “colors” of each kind of quark. I3 To get the 
1p- 2y decay rate right, one needs three colors - red, blue and yellow, 
say - giving a factor nine in the square of the amplitude. With three 
colors we can put three quarks in a symmetric s representation of the 



usual (p, n, A) SU(3) and in an anti-symmetric L representation of color 
SU(3), making an overall anti-symmetric state without any further machina- 
tions. 

More recently 
9 

further theoretical support has been given to “color” 
schemes. Lipkin, following an old proposal of Nambu, I4 has pointed out 
that “colored gluons” i. e. , vector mesons belonging to an& representation 
of color W(3) can reproduce the fact that only triality zero hadrons are ob- 
served. The result follows from a simplified treatment in which the quarks 
are very heavy but move non-relativistically with a lighter effective mass. 
Lipkin finds that only color singlets are bound while color gs, s s etc. , are 
unbound-by energies of the order of the quark mass. Since all color singlets 
(e.g., RR + ??B + YY) have triality zero, a fundamental fact is accounted 
for. Whether Lipkin’s analysis can be used to study exoticity (i.e., the 
absence of 27’s of (p,n,A) SU(3)) is less clear, as is the question of whether 
his vector gluons are gauge vector gluons. 

The realization5 that non-Abelian gauge theories are asymptotically free 
has added impetus to the study of color schemes which furnish an under- 
lying non-Abelian symmetry. Abelian gauge theories like the original Gell- 
Mann-Zweig scheme with a neutral gauge vector gluon violate scaling by 
positive powers of In q2. 

These recent theoretical developments have increased interest in color 
schemes which have been around for some time. We mention here a few 
such schemes in the hope that if R(q2) does approach a constant q2 - ~0, 
then it will be an interpretable number - 2/3 for example - rather than 
742, say. 

Table I Gell-Mann-Zweig with Color 

Q IZ 
Y 

‘R,Y,B 2/3 m 3.13 

“R,Y,B -l/3 -l/2 l/3 

‘R, Y, B -l/3 0 -2/3 

em J Q! i (l)lt pR + & py + TB pB) - + (nRnR +$“y +;BnB) 

- ; (h$R +hy$ +h&) 

Jem is a color singlet and a (p,n, A) SU(3) octet, so that final states in 
e+e- annihilation are color singlets. R = 3 X 2/3 = 2. 

I”‘.” 1 ” i . . ’ 



-6- 

Table II Han-Nambul5 

Q 
IZ 

Y Q . Iz Y 

PR 1 l/2 1 pB 0 0 O i 
nR 0 -l/2 1 nB -1 -1 0 

hR 0 0 0 hB -1 -l/2 -1 

pY 1 1 0 

ny 0 0 0 

hy O l/2 -1 

Jem - a! PRPR +iyPy -“;BnB -TB$ = (PRPR +pYPy +PBpB) 

- - 
- tPBPB + liBnB + ‘BhB) 

Jem has singlet and octet pieces under both color and (p,n,h) SU(3) 
groups. Hence the final states in e+e- annihilation include color octet pieces. 
If all final states are included, R=4. If only color singlets are permitted 
we must calculate 

c <OIJIn><n’lJIO> 
nel 

Inserting the contributing color singlet states 

- - - 
- tpRpR + pypy + pBpB)’ 

L (iiRnR +“y”y +‘BnB) 9 
J3 

one finds that for these restricted final states, R = 2. 
Weak interaction theorists 16 have proposed introducing a new conserved 

quantum number “charm” with associated quarks, which enables them to 
eradicate neutral strangeness changing weak currents. A prototypal scheme 
is shown in Table III. 

In this model (Table III) we see that R = 4/9 + 4/9 + l/9 + l/9 = 10/9. 
Color can be added in a manner analogous to the usual Gell-Mann-Zweig 
model with the result R = 10/3. This scheme is rather complicated: hadrons 
may be colored (i.e., not a singlet under color SU(3)) or charmed. The 
charmed sector brings R to a value of 6. Of course the electromagnetic cur- 
rent has zero charm, and so no charmed particles need appear in the final 
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state even if R saturates the value 6. 
is reduced to 10/3. 

If only color singlets are produced R 

Table III Han-Nambu with Charm 

Q IZ 
Y Charm 

PiI 
pR 

nR 

33 

p;r 

pY 

ny 

hy 

p’B 

pB 

nB 

hB 

1 

1 

0 

0 

1 

1 

0 G> 

0 

0 

0 

-1 

-1 

0 

l/2 

-l/2 

0 

l/2 

1 

0 

l/2 

-l/2 

0‘ 

-1 

-l/2 

0 1 

1 0 

1 0 

0 0 

-1 1 

0 0 

0 0 

-1 0 

-1 1 

0 0 

0 0 

-1 0 

Jem = J em (Han-Nambu) + pk PR + TY P+ 

These schemes do not exhaust the possibilities but it is clear that ex- 
perimcnts at CEA and SPEAR at q2 = 25 GeV2 and 80 GeV2 next year (?) 
are of the greatest importance to quark schemes. If R is found to be a con- 
stant the many proposals may be narrowed down to a few or perhaps just 
one. 

WHEN SHOULD ASYMPTOPIA BE REACHED? 

Assuming that R(q2) does indeed approach a constant R as q2 - 00, 
what sets the scale for approaching asymptopia? A first guess might be 
that by analogy with inelastic scattering off composite systems like atoms 
and nuclei, scaling should set in when q2 
rons), i.e. , 0 ( [a few hundred MeV] 2). 

> > (typical level spacing of had- 
Indeed this is apparent1 observed 

in deep inelastic electroproduction with scaling occurring for I q l 
GeV2. 

1 > (l-2) 
One should expect scaling in annihilation to set in later because the 

most striking singularities in q2 are timelike: the vector mesons p, w, $I 
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with q2 N 1 GeV2 (and p’ with q2 - (2-3) GeV2 ?). Presumably one needs 
q2 >> these values for scaling to occur, probably when the widths of the l- 
states become comparable with their level spacing: q2 = 0 (10 GeV2) might 
seem reasonable from these arguments. 

However, it can be argued threshold effects might tend to make R(q2) 
rise appreciably over a range in 92. These might either be those for pro- 
ducing conventional massive particles such as baryons, or unconventional 
particles such as colored or charmed hadrons. 
principle be non-negligible:7 even at low 

The baryon effect could in 

e+e- - ~+n-. 
2 e+e- - pp is comparable with 

Also it has been suggested 7 8 that the parton model may be 
applied to large pl phenomena in hadron-hadron collisions. Experiments 
indicate there may be relatively many baryons at large pl suggesting there 
may be many baryons produced at large q in e+e- annihilation. Also esti- 
mates suggest19 that asymptopia for baryon production may set in only when 
q2 >> 10 GeV2. 

As mentioned in the previous section, the asymptotic cross section ex- 
pected in Han-Nambu type models increases when color octet hadron states 

. are excited because Jem has a color’octet piece. 
plateau in q2 and then a rise, 

Thus R(q2) could have a 
or else rise more gradually and continuously. 

Colored hadrons would presumably be rather more massive than ordinary 
hadrons, so asymptopia might be even later than suggested above. Detecting 
produced colored hadrons in efe- annihilation might be very tricky: the 
heavier ones would decay electromagnetically and rapidly (T << lo-l6 set 
probably). As also mentioned earlier, asymptopia could be reached in 
charmed theories even if charmed particles were not being produced, be- 
cause the Jem is uncharmed. However threshold effects might make the 
approach rather slow. Charmed hadrons would have to decay weakly, and 
might have a distinctive experimental signature if they exist. 

As mentioned earlier, asymptotically free gauge theories not only re- 
produce the standard prediction 

R(q2) ~ o(e+e - y - hadrons) 

o(e+e- - y - P+P-, 
*R= CQ; 

q2.+ co 

but also predict that scaling is approached as l/in q2 with a calculable co- 
efficient. 6 For example in a three triplet Gell-Mann-Zweig model 

R(q2) - 2 1 + $ 1 
q24 03 Ws2/Q;) (8) 

where QO is some arbitrary scale of (mass)2. 
is model dependent, but always positive. 

The coefficient of l/ln(q2/Qg) 
Hence if the rising trend suggested 

by the CEA data were correct, then one would have to conclude that asym- 
ptopia is not reached for 2 < 25 GeV2, 

Chanowitz and Drel12a - have suggested another reason why R(q2) may 
increase at present colliding beam energies, though they are agnostic about 
what happens to R(q2) asymptotically. Motivated largely by experimental 
deviations21 from a dipole form for the protons magnetic form factor at 
laye q2, they suggest that scaling laws may gradually break down for 
Iq 1 > 20 GeV2, They expect a breakdown of point-like behavior of the 
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constituents (partons) of hadrons corresponding to a structure generated by 
gluons with masses MG = 10 GeV. In the region 1 << 1 
the dipole form factor modified by a factor (1 - I q2 I/M P 

2 I << 4 they find 
)e violation of scal- 

ing in deep inelastic electroproduction by a factor ( 1 -3 I q2 l/l@) and in 
e+e- -y - hadrons 

(3 
1 -- 

s2 
for 1 << q2 << ML 

Chanowitz and Drell are non-committal about what happens when q2z M& . 
If the gluon coupled directly to the photon, then it would be seen as a reso- 
nance bump in the annihilation cross section. However, if it were not so 
coupled2(e. g. , 
q2 -yp 

if the gluon were scalar or colored), then the behavior for 
would not be predictable. In any case behavior in this model in the 

limit q - 00 is unknown, as it faces the usual problem of a renormalizable 
theory with a large coupling constant. 

It is amusing to consider the implications for purely leptonic processes 
of a large ratio R(q2). Bjorken and Frishman 22 have considered the effects 
of the hadronic corrections to the photon propagator in processes like 
e+e- - e+e- and e+e- -p+,u- (see Figs. 3, 4). If R(q2) were as large as 

suggested by CEA and increased as a 
power of q2 up to the unitarity limit 
then the t-channel Born graph cross 
section in e+e- - e+e- (see Fig. 3) 

. could be affected by 0( 2%) at -t - 12 GeV2, 
the maximum momentum transfer ac- 
cessible at SPEAR or CEA. There 
could also be interesting polarization 
effects in e + e- - e + - because of the e 

'/411*4 phase in the time-like graph shown in 
FIG. 4--Hadronic vacuum Fig. 4. There would of course be no 

polarization correction for s- corrections to the conventional lowest 

c~a.nnel photon exchange in order QED calculation of e+e- - yy 

ee - e+e- and e+e-- P+P-* 
because it contains no internal photon 
propagators. 

QUALITATIVE FEATURES OF THE FINAL STATE 

Jets or Not? 

One approach to the study of final states in e+e- annihilation is to build 
upon our experience with hadronic collisions where the final state hadrons 
have limited transverse momentum. If the final states in annihilation were 
isotropic then we might conclude that the total momentum of the final state 
hadrons would be similarly limited. 23 A direct consequence would be a 
multiplicity growing as s l12/<E2 where <E,> -400 MeV. Early data from 
CEA already give trouble for this picture, since at q2 N (16-25) GeV2 they 
show <n,h > - 4-4.5 suggesting <“all> -6-7 and <E,> - 700 MeV. 

Of course parton models do not predict isotropic final states, but jets 
aligned in the directions of the “produced” partons. 
(1 + cos2 0) distribution if the partons had spin - I/2. 

These jets would have 
Bjorken and Brodsky23 
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suggest that jets might be searched for by considering the traceless tensor 

C( 
T = i 

aP 
c [PiI 

i 

where the sum over i is over all particles in any particular event. The 
eigenvalues of To 

!? 
would be determined for each event. Isotropic events 

would give degene ate eigenvalues, while jets would give non-degenerate 
eigenvalues a, -a/2, -a/2, say. The diagonalization of T Q!P would deter- 
mine the jet axis which should have a (1 + cos20) distribution. 

In the parton model momenta transverse to the jet axis are limited to 
O(400 MeV). In this and other models 24 the one particle inclusive distribu- 
tions exhibit Feynman scaling. The energy conservation sum rule 

c j$pg) Ea= Js particle 
types a 

is satisfied by having g 
q2-+ 03. 

da/d3p become a function of x = 2 l~l/(q~)I/~ as 

Another possibility for the hadron distribution is that the momenta are 
large, so that the one particle distribution scales in x = 2l~l/(q~)I/~, but 
the momenta in individual events do not h ve 
This is the analogue of having pl 5 (Q 2 l/22 

a limit transverse to any axis. 
) in the photon fragmentation re- 

gion of deep inelastic scattering. 25 Early data26 do not support this picture 
in electroproduction. 

MULTIPLICITIES AND TOPOLOGICAL CROSS SECTIONS 

Data on the total charged multiplicity are already available from CEA: 
more information on the multiplicity distribution and topological cross sec- 
tions will soon be available from there and from SPEAR. It is commonly 
expected that the multiplicity will increase m lnq2, as seems to be the case 
in hadronic collisions. A rapidity variable y = l/2 In (E f Ipl)/(E- lpl)]can 
be introduced for particle produced in annihilation, and if the one particle in- 
clusive rapidity distribution is flat in the central region with a height 

1 da 
CT dy- - Ce+e- 

then the multiplicity is <n> = Ce+e- ln q2 f const. In the parton model of 

Feynman and BjorkenB7 Ce+e- # 0 is favored so that the two ends of the 
rapidity axis can communicate and eliminate their quark-like quantum num- 
bers from the final state hadrons. In this model the multiplicities in efe- 
annihilation, hadron-hadron collisions and deep inelastic lepton production 
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are closely related29 

<n> 
e+e- 

= c 
e+e- 

ln q2 + const. 

Q1 ‘hadrons = Cn ln s + const. 
, 

<n> 
w 

= c In q2 + Cn In (w-l) + const. 

VP 
e+e- 

Preliminary data from Frascati and CEA2 indicate that <n>e+e- is increas- 
ing at a rate comparable with that in hadron-hadron collisions. Data on dee 
inelastic electroproduction also indicate that <n> increases with o and q 2 28 . 

One of the reasons why increasing hadronic multiplicities in annihilation 
are favored is that if the multiplicity were asymptotically finite, then at 
least one exclusive channel would have to scale: 

cr exch - const. 
?pt q2- 00 

(see for example, Ref. 19). Two-body channels like e+e- - &r- or pp 
seem experimentally and are expected theoretically to behave as 

1 

7 
P(s2) 1 2 as q2--m 

with F(q2) some form factor goin to zero in the limit. Quasi-two-body 
channels like e+e- - p+p- and A+%-- are expected to exhibit similar be- 
havior. This is analogous to the behavior of non-diffractive exclusive chan- 
nels in hadronic collisions, which are expected to fall relative to the total 
cross section as s20m2 with a! some Regge intercept s l/2. Diffractive 
channels in hadronic collisions would correspond to exclusive channels which 
scaled so that F(q2) - const as q2 - m, i.e., exclusive channels with asym- 
ptotically point-like form factors. If partons were actually types of hadrons, 
then their production could be “diffractive” in this sense. It is easy to show 
that if <n> is asymptotically finite, as for example if Ce+e- = 0, then the 
limit of the total annihilation cross-section is just the sum of the limits of 
the “diffractive” exclusive cross sections: 

lim q2 ctot(q2) = C lim 
q2- R) n q243 

s2qs2) 

In most parton models, partons are not actual hadrons, but there may 
still be “diffractive” channels. 
Polkmghorne, 3o 

For example in the model of Landshoff and 
the total annihilation cross section is proportional to 

-$ Jsdg pI@~’ d-r p(T) 

i. 
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, 

where p is the spectral function of a parton propagator and S and T are upper 
bounds of order q2. There is a normalization condition 

/ 

03 

da p(a) = finite . 

1 
In this model, one could truncate the cr and T integrals at any finite values 
SO and To, and still get a contribution to the cross section which goes as 
l/q2. If there is a mechanism adjusting the quantum numbers in the final 
state so that only normal hadrons appear, and if this does not substantially 
change the rapidity distribution in individual events, this would correspond 
to the production of two finite mass jets of hadrons widely separated in ra- 
pidity. Since there are only a finite number of hadronic states with masses 
less than any given value, this means that at least some quasi-two-body ex- 
clusive channels should be point-like or “diffractive”. Partons appearing as 
hadrons would correspond to 6-function contributions to p(c) 0 However, this 
may involve taking the details of the final state in the Landshoff-Polkinghorne 
model too seriously: perhaps one should only expect some of the predictions 
for inclusive distributions to be valid. 

In the parton model of Bjorken, Feynman and others27* 2S all exclusive 
channels in annihilation are expected to fall relative to the total cross sec- 
tion, and they all conspire in a “multiperipheral” manner to build up the 
total cross section. Naively in the Landshoff-Polkinghorne36 the total cross 
section, even if the multiplicity increases logarithmically, is completely 
constructed out of 
fractive excitation 8 

oint-like exclusive channels asymptotically, as in dif- 
I models of hadron collisions. How can we discriminate 

between these two pictures? One way is to look directly for the scaling ex- 
clusive channels. Another is to look at the topological cross sections and 
see whether they have the “multiperipheral” structure of Fig. 5, or the 
“diffractive” structure of Fig. 6, or some combination of the two. 

Light-cone analysis allows a logarithmically increasing multiplicity. 32 
If the bilocal operator is expressible as a finite sum of factorizable terms 

JW 0) - c Gitx) +;(‘I 
then the final state structure must be similar to the Landshoff-Polkinghorne 
model.33 However, a more general structure for the bilocal, as found for 
example in canonical manipulations of the quark-vector gluon model, does 

q2 q2 

FIG. g--Schematic represen- FIG. 6--Schematic representation 
tation of “multiperipheral-like” of “diffractive-like” partial cross 
partial cross sections adding sections adding up to a scaling 
up to a scaling cross section. cross section. 
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not imply any two jet structure. In the Landshoff-Polkinghorne model with 
logarithmic multiplicity scalin ‘n annihilation is approached from below, 
and no more rapidly than (q 2 ft2.34 ) - 

These’various different pictures say different things about moments of 
the multiplicity distribution. In the Landshoff-Polkinghorne model with 
logarithmic multiplicity, f2 and the i her moments grow like powers of q2. 
Naively one might expect f2 - (q2) 1 2 ,35 P as in the simple formulation of 
the diffractive excitation model. 
the diffractive excitation model, 

But just as tmin effects can cut down f2 in 

slowly. For example 
35 f2 in annihilation could increase more 

implies 

u - e((q2)e - n) 
n n2 

(s2) E al> = c L 
n - E In q2 

O<E <l/2 

n=l 

and 

f2 - <n2> - (q2)e 

In the conventional “multiperipheral” parton model of Bjorken and 
Feynman, 28* 2g all th e 
of lnq2. 

multiplicity moments are expected to grow as powers 
Unfortunately experiments at CEA and SPEAR will presumably be 

at values of q2 too low to discriminate between a logarithm and a small power 
of 92. 
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