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ABSTRACT

High energy diffractive scatterlng 1s reviewved. We flrst summar!ze
exper {mental regults and Informatior gleaned from geometric and optical
models. We then discuss dynamics from the perspectives of hadroa structure
and Pomeron structure. Particular emphasi{s {s placed on investigat{ng hadron

structure using a simple model of the Pomeron.

*Invited talks presented at the XI Internatlonal Winter Meeting on Fundamental

Physics, 11-16 April, 1983, Toledo, Spain.

1. QACKQROUND

A. Introdurtion

High encrgy diffractive scattering is a very broad fleld which could bhe
split into a number of suofields, any one of which could provide sufficient
material for a lengthy talk. This superabundance of material is a rather
happy circumstance si{nce {t means that [ can choose to cover those topics
which conform te my own prejudices (and which have some nonzero overlap with
my knowledge). As you will see, my prejudices in this matter tend toward the
slmple and basic rather than the Intr{cate and arcane. It is pointless to
build phenomenolagical structures too elaborate and intricate for the
theoretical fovndations to support. 1 will concentrate on elastic scatiering
and the total cross section, with a little attention pald to diffractive
dissociation. Other speakers at this meeting have covered multiparticle
production [1]_ and Ba my emphasis on the elastic amplitude is partly a
reflection of what I consider basic and fundamental and partly a search for a
vacant evolutfonary niche. I also shall nnt have time to say anything about
the very lInteresting areas of diffractlve | :avy flavor productlon or
scattering from nuclear targetn.

There (s » very gond reason for our lack of & fundamental understanding
of total cross sections, as you all know. Diffraction, being iatrinsically a
coherent phenomenon, s even more entwined with hadron structure and the
probhlem of confinement than are other soft processes. It is probable that we
wvill not be able to really calculate total cross sections from flrst
princlples (i.e. QCD) unt{l atter we can calculate the hadron spectrum from
QCD. Consequently, all the calculations and {nsights I talk about will be In
the context of TEEE&E; there ar¢ no unassailable QCD calculations. The
(CD-based models all use perturbation theory in regimes where it has not been

shown to be - and {ndeed prohahly {s nnt - applicable.
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vespite this warning, 1 feel we have gataed valid {nsights lato diffractive
scatteriag, and have even developed some predictive ablltry.
For thematlc purposes, [ shall crudely divide the toplcs covered Inta

hadron stracture and Pomeron structure. This ts not possible to do

physically, but {t is organizationaily convenlent, and many features are best

understood from one or the other perspective. In the remainder of this

section we'll review the salient experlmental {eatures of diffraction and then

summarize the relevance of geometrical models to these features. In the next

section we shall adopt a simpie model of the Pomeron and show how {t allows us
to understand total cross sectlons and to probe hadron astructure, after which

we'll treat attempts to calculate or model the Pomeron ltself. ln the final

gection we shall summarize what has been said and try to collect {t all {mto

something resembling a untfied plcture.
B. Experlmental Features
Before embarking on our quest for explzna.lons, lt is appropriate to

recall just what it is that we are trying to egplain. We therefore collect

the general Features of diffractive scattering which must be explained by a

succeasful model - and a fortiori by the corre:t theory. Readers who are

familiar with the experimental sltuatfon are iwvlited to skip to the last
paragraph of this subsectionm.
1) Total cross sections rise slowly with [ncreasing energy, see fig.- 1, and

in gener.i can be fltted by the form

aN _ _aN aN, 2 -0.6
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Far pp scattering for example, ¢ = 24.3 ab, K = 0.5 mh, s = [17 Geve.
i 1t
-0.6 EUR
Including an O(s ") term of 79 ah(s/Gev?) b glves a pood t1r through CERN
=0+
collider energles [Z]‘ The same constants without the (O(s " votrectlaon 1t

uizt through the highest [SR cnergtes The dished and dotted curves In

flg. 1 are respectively a (in s)‘zﬁ depeadence and a It usfag a critical
Pomeran plus nonasymptoti{c correctinns. They are tneluded for later
reference.

2) Elastic cross sections also grow slowly with s and are a small fractlon of
total cross gectlons. This fraction i3 s-independent for high energies,
U::(B)/a::t(S) = const = 0.10 - 0.20, dependtag on the ldentity of particle

a. As can be seen from figure 2, the constant ratio has been achieved for all
beams by s = 100 GevZ,

J) The elastic amplitude is predomtnantly {maginary. The ratio of real to
imaginary parts of the forward elastic amplfitude 1. around 5% at fixed targaet
energles and about 15 ac ISR and colllder energles [S,R].

4) Elastic differential cross sections are sharply peaked in the forward
directfon, proportfonal to exp(Bt) for small t, with the value of B dependent
on the beam and on s. As 8§ {ncreases, B rises slowly; for pﬁ it goes frcm
12.6/Cev? ar s = 10 GeV [7], to abour 13.6/Gev? at /s = 53 Gev {9], to around
17/Gev? at /s = 540 GeV[5,10]. If we take lfterally the facts @, /0 -

i “tot

a lnzs. and dcel/dt = exp(Bt), then

const, fel([-o) a { Im fel(t = 0), 9ot

2
a tor
Ra

do
et dt = 1 e‘(c-O) «

B Tdt X

= const Fequlres o /8 = const and therefore B = £nls.

In that rawe o/ Cor

vt 0
Bluck and Cahn i!ll tit B = 1D.9%% + .04 ans for pp + pp. Thelr tn 8 term is

consislent with cero, but a pure tan s tocrease for B probahly cannot be ruled

out.
5) The eross secttons fsplay approximate factorfzation. The prototype test

af this would be o? =g a , but we cross sectlons are not easily
Lad mopp

practice, the hest evidence for factorizatf{on - in both

measured. Ii
totegrated and differen fal rross sectiona - probably comes from diffractive
dligsociation experlments [12].

sections for different beams at the

6) The retative magnitudes of toral cross

same energy dlsplay a regularity generally called additivity. As can be seen
from Table I, 1f we take the u, d, s total cross sectioans on a proten to be
afup) = o(dp) = 13 mb, o(sp) = 5 mb, then the total cross sect!un of a hadron
on a proron 1s glven appruximately by the sum of the total cros: sections of
fts valence quarks, o¢gc{hp) =iéh0(lp) [IA]. There are questionable aspects
tr such an Interpretacion; but {f we wish to dlscard the notion of additivity,
we had better have some other explanatfon for the relative sizes of total

do have a

cross sectlions. And of course [ hope to coanvince you later that we

better explanation, otherwise I would not be emphasizing this point now.

Table 1: Total cross sections at /5 = 13.7 GeV {13}

PP

TP _
23.1

42.0
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7) The unitarity sum for the discuntinuity {n the forward elast{c amplitude,

z, &N

ab
Dlec  f2,(£=0) « ElrnbvN

1s dominated by multiparticle states. Whe: we rut the Pomerun we must
reproduce multiparticle spectra correctly. In partlcular, we must reprudice
<nch(s)> « ta%s and do(n = 0)/dn « In s [15], and approximate KNO scalfinp
{15, 16] '

a
an = —[(:T[ $(z = n/<n>). (4)

8) Once we have satisfactorily explained all the above features, we can turn
our attentlon to "detalls” such as: approximate c~channel heliciiry
conservation; the rather small diffractlve dissoclatlion cras: sections, about
0.15 x %ot for single diffractive dissociation of elther particle [\7]:
selection rules for diffractive excitation; dip position and movement; the
break in the diffractive slope, da/dt « exp(Br + C:z); faclusive epectra,
da(ab + aX)/dx = (l-x)“ as x + 1; etc. Some of these “"details” may have
obvious explanations; some may actually constitute crucial clues to
datermining the true mechanism of diffractive scattering.

In Eummary then, we want our diffractive scattering model to predict
total cross sections which grow slowly with s and agree with addicivity,
elastic cross sections which remaln a constant (small) fraction of the total
cros; sections, and differential cross sections which are exponential In t
with a slope whose magnitude {ncreases slowly with s. The elastic scattering
amplitude should be dominantly imaginary, should factorize approximately, and
its absorptive part should reproduce the known global features of
multiparticle events. At the next level of detall, we can worry about

helicity conse~vation, diffractive dissoclatifon and encitatien, ifnclusive

gpectra, dip positions, 1n addltlon, we would expect bonuses in the

foro of unexpected explanatiuns far old phenomena and/or predictions for new
phenomena.

C. Geometry and Optlcs

Geometrical considerations are Included at this point, as an addendunm to
the experimental features, because they provide a convenient and Intuitive way
of organlzing sume aspects of the data. Geometry ls not dynamics, but ft can
show how certafn exper‘mental features follow from general geometrical
features and point out what properties a successful dynamlical model wmust
possess.

The (spinless) elastic amplitude can be written as a Bessel transform of

the tmpact parameter space amplitude,

-
- - /T 4
T?el(s'[) é bdb J_(hq) 77]e!(s,b) . q (4)
where unitarity allows us to write
R YO RE TEN) B LICHU I ()
with [l-n(s,b)] being called the overlap functon.
The optical theorem for our normalization is
1 -
9ior =5 077, (s,t0) = 4z[bdb [1-Re n{s,b)]. (6)
To demons:ate or review the baslcs of optical models we consider the
scattering of waves from a partially absorblng disk of radius Ro. In this
case
1-n(t) = (1-a) e(Ro-h), 0<a<l, (7

where a = 0 corresponds tu perfect absorption. Then

R2
o
?Zl(s_t) - mis(l-a) ® STCLID IS



T " 2R P(1-a), o, - nRoz(l-a)z - uRUZ(l—nZ). (8)

et %ner
(ln such models, where n(ez,b) Is purely real, the elastic scattering arises
purely from the shadow of i{nelastic channels: Uel’ 0 1if % ner " 0.) The
ratio of elastic to inelastic cross sect’ons can then be flxnd by adjusting a,
uellalnel « (L-a)/(l+a). The characteristic diffractive dip structure arlses
from the zeros of Jl(qRo). A dip in do/dt at t = -1.5 Gev? would require an

RD of between 0.6 and 0.7 Fm, quite reasonable for the combined hadron

radius. Now hadronic matter densities are not theta functluns; however the
dip structure perailsts for smoather distributions. Consequently, reproducing
the experimental dips - at least qualitatively - 13 no problem in a model
which adoits a geometric repregentation. In addition, use of smoother
functions anables one to reproduce forward slopes well Such distributions
can be obtained from quark potential models for hadron spectrascopy, as noted
by Gustafson in his talk at this conference two years ago [18]. In additfon,
such nourelativistic quark model overlap functions result in kaons belng
smalier than pions which are smaller than protons, and therefore the correct
appruximate sizes for total cross sections. We shall return to and belabor
this polnt in the next sectlon.

To see what the actual overlap functions really are, one can fnvert the

Bessel transform, eq. (4), assume that ﬁzl(s,t) is Imaginary, and thereby

obtain
1
da
- 1 el 7
1-n{s,b) =~ = [ q dq J (ba) (—J:_‘) . 9)
By Inserting the measured cross section one ohtains the hadron profile in

{wact parameter space. Plotted In fig. 3, for various beams on a proton

target at /5'= 9.7 and 18 GeV, is 2(1-n{s,b)) [7]- The total cross sectlon

-

fs proportional to the integral nver db? of the curves in the {igure, and so
the simllarity of the /5= 9.7 GeV curves Lo those at 18 GeV, except for pp
and pﬁ, reflects the fact that the cruss sections do not change much between
these two encrglies {a few percent).

We now ask what behavior of (1-n(s,b)) might cause a rising total cross

section. Two slmple j;nssibilities are that the range {n b could stay the same
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while the helght of the overlap function fncreased, or the hefght could stay
the same while the range increased. (Obvicusly any number of combianations of
the two are also possible.) Early Indications [19] were that the cross
section rise was a peripheral phenomenon, and more recent evidence [ZOI
confirms this preference for an Increased range. 1ln partirular, the rms
interaction distance increases with {ncreasing cross secrion, as can be seen
fa fig. 4a for taelastlc pp processes. On the other hand, the i{nelastic
overlap function at t « orfgin remains roughly constant {n the reglion of
rising cross section - fig. 4b, again for pp.

These features {ndicate that as the energy Iincreases, the overlap
function expands, but {ts central he{ght does not grow. An appealing
embodiment of this behavior, which was actually suggested before most of the
data became avallable, is geometrical scaling (GS) [Zl]- Thia 1s the
hypothesis that all the energy drpendence is contained in a rescaling of the
impact parameter scale. In rerms of the overlap function, this could be
wvritten

n(s.b) = n(b/R(s)), 77 (5,b) = s 7 (b/R(8)). (10
Such a scalling could be fmagined occurring in a dynamical model or theory
wvhich was sensitive rto the transverse size of hadron wave functions, but had

an Interaction whose range Increased with energy-
The consequences of thls hypothesis are quite extensive and so far are in

agreement wit: experiment. We first combine eqs. (4) and (10) to obtain

2 - .
M,y (s:t) = sR?(s) ); x dx J 1z x qR)am, (x). (11)
It then follows that d[ot = const x Rz(s). vhich fixes R(s). It is then easy
to show that ¢ (and o as well) is a constant fraction of o , a8 1is
et inet tot

observed through ISR (and probably collider) energies, cf. fig. 2. Eq. (11)



-1

also indicates that the t© = -qz dupendence just gets rescaled by R?
Consequently the forward expancntial slope, da/dt = exp {B(s)tl waust be

proportional to R? and therefore to %o

0
B(s)/atot(s) = cunstant. (12)
Stmilarly, the dip posit{on also scales with RZ,
t Rz(s) = const. (3
dip
The slope vartation ls experimentally conf{rmed through ISR energles, as s
shown in Fig. 5. The dip movement {s in qualltative anreement with the
prediction at colllider energies [5]. In addition, geometrical scaling leads
to constant <bz>/°tot and n(s,b=0), which were discussed above.
The alternatlve geometrlcal mechanism for accounting for the rise in g ¢
to
ts a blackening of the center of the hadronic disk, as proposed in the

Chou-Yang (CY) model [ZZ]. Such a mechanism has problems with the observed

dip motion and constancy of n(s,b=0). Other lmportant tests are prediceions

£ . -
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to be .22 - .23 by CY [ZZb], and about .18 from GS5. The collider measurement
15 0.20 »+ 0,02 [5]. For B/a,  (fn GeV ?/mb) CY predicts sbout .23 and GS

expectations are about .31, whereas the data say 0.26 L 0.025. More precise

measurcments of thse two quant{ties and a detevmlnation of “1nex(b'°’ at
culifder energles will d: ¢ mine which geometrical mechnauiaw in clocer ta the
truth.

The successes of g metrical and optical models are too widespread and
too natural to be coin idence. They fndicate that a Buccessful model should
admit a geowerrical interpretation or representation and that, conversely, any
model which does reduce to an optical form will have many (at least
qualitatively) correct features.

So why should we bother studyling diffraction at all, what else can we
learn? The first point is that optical models do not “explainu” elastlc
gcattering in any fundamental way - they cannot since they are devold of any
dynamics. It helps to recall that no onz has tcld us that the scatteri-ig
amplitude must be proportional to the overlap of macter dergittes. Tne
challenge is to obtain a model with geometrical features which ‘s based on
(derived from, fdeally) a fundamental theory wlth puint-like constituents- In
addition, we must also understand the ortgin of the s dependence of the
scattering mechanism. And finally, there is the question ef hadron
structure. Just as x-ray diffraction may not directly lmply Maxwell's
equations but does yleld informatfon about the target's structure so too with
hadrontc diffraction we can learn something of hadron structure. And becauae

we have the possibilfty of exciting the target or beam, we can learn more than

just the hadrons' sizer.
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L1. TWO - GLUON EXCHANGE (IGE)

In this sectlon we shall adopt a simple model for the Pomeron and
concentrate on what we can learn about hadronlc structure, and what features
of diffractive scattering can be understood {rom this perspective.

A. Total Cross Sections

Study of the Pomeron in QCD gor off che ground in {975 with the work of
Low and Nussinov [Z]]. They suggested that since the Pomernn corresponds to
vacuum quantum nusber exchange {t should be bullt from mulciple gluon exchange
in QCD. We briefly recall Law's treatmeat as a bit of a prelude. Two rolor
singlet hadron bags, to which zre confined the colared quark and gluon flelds,
approach each other as in fig. 6a. As they overlap, a right~ and a
left-moving quark exchange a gluon, fig. 6b, leaving two color octets receding
from one another, connecited by a tube of flux, fig. 6¢c. As the octets recede
farther, more and more energy is contained in the connecting fields, and {t
becomes energerically favorable ta produce a q; or gg or qq4q,
fig. 6d. {(For simplicity fig. 6d was drawn as if gg or qqii were pulied from

the vacuum. If it were aq there would be a triplet and antitriplet receding,

{a) {b}

Fig. 6

-

-k/2 —
+
k/2
A 8
+ i +
Fig. 7

which could then reach the configuration pictured by producing another q;-)
This process then repeats {tself wirthin each of the resultant suhsystems. Low
estimated the separation distance for producing pairs from the vacuum, based
upon the bag model, and used the recursive behavior of the fragmentation to
derive a &n s behavior for the muleiplicity. It is clear that once the
vriginal color exchange occurs, one is free to insert one's faverite
hadronization model, a point to which we shail briefly return below. One
qualitative properry which {mmediately follows from this picture {s that the
elasric cross secrion will be bur a small fraction of L. since fig. 6c will
usually result {n a multiparticle state. An obvious thecretical problem {2
the first/then dichotomy, first gluon exchange, then hadronization. As Low

noted, there are not two different time scales, one much shorter than the



other, and coasuvquently there (s not a clear distinction hetween the
perturbative scattering and the nonperturbative hadronization. This is just a
man{testation of the inability to justify perturbatilnn cheory for such
processes, as noted in the Introductlion.

It is nevertheless Interesting to pursue such a mndel further. The
lowest order contribution to the elastic scattering amplitude (s two gluon
exchange (2GE), shown in fig. 7 for meson mesan (MM) scattering. Gunion and
Soper [l“] were the first to consider this quantitatively, fi-ding a number of
attractive features and an appealing physical picture. The forward elastic

amplitude is found to be

5 ts 4g2y 2 2, €942 'The #2
A t=0) = —) [d /2 + 211 - (k 14
ﬁ“_,elc ) ?,{3)] K [ (/) + 4] { A )] (1)

« 21 - £ (kD)
whare fA and fB are form factors calculated by taking the expectation value of
exp[ii-(;l-;z)] in the ground stat: of wmesons A and B. The vector k has
traasverse components only, the energy and longitudinal integrations having
already been periormed. The gluons are glven a fictitious mass y for
mani{pulative convenience. The integral ls finite for uz = 0, and uz is set
equal to zero at the end of the calculatfon. The fact that the amplitude is
finice for u = 0 is ltself encouraging, since IGE Jeads to a divergent
quark-quark or quark-meson amplitude.

Some of the virtues of eq. (l4) are obvious. It i{s pure {maginary; real
parts must arise from higher order corrections. It leads to a total cross

25 exhibited by the data, but close

section which i3 constant {n s— not the &n
enough for the lowest order. A fact which is not obvious from eq. (14) is

that the amplitude {s pure helfcity nonflip, due to the manner {n which

vectors couple to high energy fermions. A nice geometrical plcture Is

supggested {f we consider the behavior of 77u5 the sfze of nae meson goes to

zero. If the wave function ls noavanishing only within x < R, and R = 0, then

~

(- ~fatx [vea] P[0 - explt 330]
= b |2 el ad (%)

(for an £ = 0 meson), and the cross section vanishes as the cross sectional
arca. The lowest color multipole of an £ = O color singlet is its quadrupole

moment, which vani{shes (~R2) as the slze of the =aeson goes Lo zero. A

pointlike gauge singlet does not radlate gauge bosons. An additlonal point is
the relationship between meson meson (M), meson baryon (MB), and baryon
baryoiw (BB) cross sections. If particle A i1s a baryon rather than a wmeson,
then 2[1-EA] * J[I-fA], and the same for particle B {f it is a baryon. The

G.S.
The factor of 3,7 arlses from the color sums, 4nd could account

form factor fA is % Z (exp(iz-(;l-;J))> , where t, | are valence quarks of
i

the baryon.

for the ratio of atot(pp): utot(:p) - provided the wave functions of quarks In

barvons and {n mesons are simllar. (Lipkin has shown that the same factor

also arises for thrue gluon exchange | 25].)

The obvious question then (s whether this model leads to reasonable
results for the relative nagnitudes of total cross sections. Gunion and Soper
oted that for weakly bound quarks of equal mass the fA's can be approximated
by electropmagnetic form factors, and they used a model for form factors to
estimate cross section predictions for various mesons. We shall adopt a
different tactic, which Is to use a set of hadron wave functions to explicitly
calculate the f,’'s and hence the r :al cross sections [26]. For the meson
wave functions we choose to use Guussfans, corresponding to a harmonic

ascillator potrntial. The coefficient in the exponent is fixed by the



requirement, gleane? 7rus leptonfec decays of vector mesuns, that the wave
functlon at th: origi~ is propoertional to the mass of the vector acson. This
flxes the mesan wace fincilan:
e g2y L2 2 2, 2= 4/3

by lx) = (By'm) exp(= 5 Byx®), By = a® uy, . (14}
where Ty Is twice t*e reduced mass for the system and "a” fs the same [or all
acsons - and barvons. Requiring that the qq potentilal is the same as that for
gq, except for gauge 3roup factors of course, then determines baryon wave

functions as well. Ses e.z. [27,28] for detalls. For baryons with three

equal mass (mq) quar<s the wave function is

o e y3i2 _loz 2.2

valead) v B33/ " exp [~ 5 85 (%aY)],

b2 (k) - xWT L5 (% + %y - 283)/VE,

2. 2473

BB Ja mq . (17)

If two quarks have zass :|q and one has m&, it is

e 1,22 2,2
vgilpid) = [ exp [~ 3(ape’® +afahy],
o o'
2, 4,2 43 2 42 4/3 - 949
a2 Ja uq , 2t 3 da =y > my 3 ZEQ?E: . (18)

The factor of 3 betveen si

and Bg is due to there being three Interacting qg
palrs in a baryvon and onaly one qa pair In a mesnn. These wave functlons are
obviously not mean: te reproduce hadron spectroscopy, but do possess a number
of realistic features and are canvenient for our purposes. Oscillator wave
functions are the starting point !n the very successful potential modul of

Isgur and Karl {23,29]. We have just modifled their 8's so that WM(O) ~my.

Our modification {s =weant to be a crude lncorporation of other effects, such

- 20)-
Table [1: Predicted and observed total rross scctfons at /s’ = 13.7 Gev.

np er rﬁp VP Dp

24 20 16 7.2 11

[ELN R

23.3 | 189 [ 105 ] 2 | -

| 384 33,3 | -

as the l/r attraction whic.: is nore i{mportant for larger nmasses, while still
retalning the siaplicity of Gaussians.

We lnsert these wave functlons into eq. (14) and use the opticsl theorem
(6) to obtaln total cross sections for M1, 4B, BB. Since the hyperon total
cross section measirements are at /s = 13.7 GeV (13]. we use a[ot(PP) -

38.4 mb [13] to flx g“/az, which multiplies each cross section. This ylelds
the results of Table II. Except for 4p and yp, to which we shall return, the
agreement Is very good, within 8% {n every case. Thus the 3:2 baryon: meson
ratlo obtalned just from the SU(J) algebra survives approximately (np/pp =
0.62), and in additlon we have obtained the correct qualitarive and even
quantitatalve suppression of cross sections for hadrons contalning strange
quarks - without resorting to different u and s cross sectlons. We've used
2GE plus Gaussian wave functions fixed by spectroscopic constralnts. The Zp
cross section 1> snmaller than that for pp not hecause the strange quark's
cross sectien Is szmaller than the u's, but hecause the sigma {s smaller than
the proton. Bound states of heavy quarks are smaller than light quark bound
states, and 2GE translates that into emaller cross sections. We thus seem to
have a derivacfon af the relarive magnitudes of hadron cross sectlons and are
free to disc2:d the notion of incoherent sums of quark proton total cross

sections.



What about $p and ¢p? The predlcted crass sectlons are spall, bul ot
small enough: the 4p prediceion !s about 507 too large. and thit for yp s
factor of 2-4 tao high. This fsn’'t ton worrisome since wve know that the

charmonium spectrum s characteristic of an r° potential with v small

(0-.2) [30] and s therefare ponrly represented by a Gaussfan. The same Is
probably true to a lesser extent for the ¢. Resules for the lighter states
are suffliciently good to warrant further {nvestigation using a better set of
wave functions. They also suggest that total cross sectiuns arce sensitive to
hadron structure and are another nlece of infnrmation which could be
considered in wodels for hadron wave functions. This could be premature,
however, untlil one also undersctands ¢ distrilbutions im this context., ({See
comment below.)

TIf the D wive function Is also much different from a Gaussian, it could
being down the Dp prediction te well below the additlve quark model prediction
(~13 mb). For a heaw:s quark Q, additivity would prevent the M(au)-procon
cross section from faiilng below about %dto:(“D) as :Q + @, With 2GE the
total cross sectinmy for H(au)-p would also approach a constant as mQ + @,

since then th: meson size would be determined entirely by the fight quark; hut

1
the constant 1s lover than 5u {rp). Measuring atDL(Dp) cculd be rather

tat
chall :nging. There {5 a suggestion to extract {t from the nuclear A
dependence of D production, but {t {5 not at all clear that the D i{s foraed
<ithln the nucleus. Rather there are Indicattans [31! that the dressing or
hadronization of produced quarws at high energles occurs on a length scale
greater than or comparable to auclear sizes.

An additional feature of note (s that approximate factorization is
obtalned. Using the predictions {an Table II, /E;:E;; = 23.7 mb, to be

compared with 24 mb prediccted far a‘p. This feature wi{ll also carry aver to

A1t ractive dissoctation, which will he discussed In the third part of this

svction.
Thero are a number of other possible calculat{nns and comparisens which
spring to mind. Tatal cruss sections for radial recurrences of vector mesons

could be calculated. The ratlos ofV'p)/a(yp) for o', w', $', ¢’ can be

extracted from photuproduction f32} {f we know the relevant branching ratios

“Working with raclos of cross sections

+ -
and YV’ couplings from e e .
-4 by 2wyt 4 of f,(q2=0).]
reduces the uncertaint, fntraduced by using fv(q mv) nstead o ya
Another open problem is that elastic differential cross sections have not
been calculated vet in this nodel. lowever, t distributions are much more
sensitive to higher order or nunperturbative effects than are the forward
amplitudes [24.331- Consequently we cannot yet address the question of the

forward slope ar quan-itative prediction of the uel/U:ot ratio. This is

2
obvlously an lmportant point, as is the gquestion of generatlng the tn“s

{ncrease 1n u[uc. It is quite possible that they both invclve the rame
corrections to 2GE.
B. Significance
The biggest question pased br the previous subsection would seem to be
why 2GE 5“auld;uork at all. The answer s that we don't really know (yet),
but there are two possiSiliti=zs <hich come to mind - sne pundane, the other
more speculative. &The safe, “oring explanatisn 1s that hadron total cross

sectlons are determined mostis hy hadron cizes, and 2GE just happens to
reflect hadron sizes. Consequently the 2GE prediction is propartional to the
total cross section.

The second, more i{nteresting, scenario is called to the atrentian of less
cautious readers. If a two-phase plcture of the hadronic vacuum {5 adopted,

frce space has a nonperturbative superconductor-like vacuum which excludes



color filelds. Couscquently, only (real ar virtual) color singlets can
propagate {n frve space. Within a hadron, on the ovther hand, Is a region of
space with a normal perturbative vacaum, {n which color fields can propagate.
Nonpercurbattve effects keep quarks f{rum escaping f{rom hadrons, but within
hadrons quarks and gluons {nteract perturbatively. Such a picture underlies
successful spectroscoplc models with a confining lnteraction {(bag presrure
[34], potential [27,43)). Tt {s not that {ntrahadroanlc distances are small
enough to justify perturbation theory - from fig. 4a we see that typlcal
interaction distances are around 9.8 Fm ~0.25GeV. However, Lt may be that
nonperturbative effects enter almost c¢xclusively as a conflining patential and
that to a good approximation they can be contalned in the wave functions.

The important mechanism for hadron scattering then depends on impact
parameter. For small [mpact parameter, the two hadrons overlap significantly
and partons from the two hadrons are in the same continuous volume of
perturbative vacuunm, cf. flg. 6. The¥ fnteract perturbatively and separate as
in Low's picture. [f the perturbative (nteractlon resulted in ‘eft~ and
right-moving color singlets, then ther separate without nonperturbative
finteraction - except withiln each separately of course. For large impact
parameter, the two colilding hadrons do not overlap, and whatever is exchanged
between them nust propaéhte‘through the nonperturbative vacuum. We therefore
expect such interactions to be mediated by exchange of color singlet hadrons -
mesons, baryons, zlueballs. Since dif{fractive scattering ls dominated by
small {mpact parameter a perturbatlve approximation could work for it, whereas
for the more peripheral quantum number exchange reactions or for the large
fmpact parameter part of the Pomeron (glueballs?), nonperturbative methods
could be requirgd. (Even for the perturbatfve case, it is likely that we need

to include other exchanges - e.g. ladders.)

In any rase, whether the success of 26E for total cross sectlons lg
signtficant or fortuftous kt Is clear that diffractive scattering is
Lntrinsically buound up with hadrun structure and therefore constitutes a probe
of {t. [If 2GE ts 1n fact a good approximation, then we understand the probe
and can begin using {t ‘o extract information.

C. Offfractive Dissoc{ation

~

The 2GE treatment of the elastic amplitude can he ex;endcd to diffractlive
excitatfon, ab + a%b, and diffractive dissociation, ab + Xb. For diffractlve
excitation all that is required {s the change of a final state wave function.
Such a calculation would allow a derivation of selectlion rules for diffractive
excitatinn. Because the w;‘wa overlap 1. now iapartant, it would require
beltevable wave functions. Any real comparison to experiment would also
require t dependence, and that remafns to be done. There {s some work on
forward cross sectfons [35}, but the surface has harely been scratched. For
inclusive diffractive dissociation, there has been work on the normalization
of Lntegrated cross sectlons [33,36], as well as the work described below.
(Note that [36] s not really 2GE; ft is a modiiied Abelian nodel with a

particular prescriptlon for confinement effects.)




We shall cancera aurselves with high-mass diffractive dissociation [37].
In order that an event he Identified as diffractive dissoctation, we require a
large rapidity gap between the subsystem of projectile fragments and the
renainder of the particles produced - e.g. from target fragmentation. For
simplicity we shall treat the case of an elastic recail proton, but hecause of
the approximate factorfzation which occurs it would be trivial to extend the
tceatment to cases In which the praton also dissoclates.

The process we consider then i{s hp » Xp as plctured in fig. B, where the
particles in X are all forward (E‘-Eh > 0,ieX) in the overall center of mass.
As a matter of notation, we shall use an asterisk ta denote variables measured
in the ;X = 0 frame or Internal to the X subsystem (e.g. s* = Hi. etc.). [f
we assume 2GE for the Pomeron, the amplitude is given by

77¢hp - Xp) = 5 “5 gy’ dardle 32 52(g-q;-az )41 20 LR,

(2n)?
q? ~ ¢, (20)

where L {5 the amplitude for g(q;, g(q3) h + X. R s the ppgg vertex, R =
{fl(q) - fz{q‘.qz)]. where f, {s a form factor for 2GE from the same quark
line ln the hadron, and f; is a form factaor for 2GE from different lines. For
q =0, ; reduces to [1 - fp(ql)]. as in eq. (l4). For x # 1, eq. (20) car he
written approximately in a factorized form, and ; can be simply related to

(hT e X). This leads ta the form

do(he2Xp) . (3242~} F2(q.x) a(hP +X),
dt dM
42k LA i2y-2(bo212y-2 -
F(q,x) —» F(q) = [——, (k+/2)7%(k-q/2)" R, (21)
xe] (2r)

where F? may be thought of as a fragmentatinn function faor p +Fp. Faor x = 1,

if one Insists on the factorized form aof eq. (21), then F2 diverges as

KO

(l-x)'l- This 1s the appropriate behavior for a diffractive {ragunentation
function and {t reproduces the currect cexclusive Ymit, cf. {35]. Eq. (21)
was derfived e a 2GE model of the Pomerun, but 1t s considerably more gencral
than that model. The only features we have really exploited are the
approximate factarizati n and that the Pomeron {s a spatfally extended colar
siaglet coupling nonloc:lly to ¢he constituents of p and h. Eq. (21) can also
be made differvntial {n any warfables of the hFe X subprocess.

What do we expect uf the h = cross section? Like all other hadronic taral
cross sectlons it should be asymptotically constant (modulo logs). That and
F2(x,q) ~{1-x)~! lead ta da/dM2~u=2 far all h, in agreement with experiment
[]9]. It will be dominated by saft hadronization, two hadronic jets with an
exponential distribution of the jet axis direction about the hIP axis. Fast
hadrons {in the h¥ CM) in the jet orleated along the beam directian arlse from
the fragmentation of h; fast hadrons following the Pomeron's direction arise
from Pomeron fragmentation, fig. 9a. A central plateauv will appear for large
enough s* = Hi- Such events will reflect pointlike dynamics oaly indirectly,
perhaps In the x} dependear> of h or ~ fragmentaltan, but nat in the jet axis
distribution.

There i{s also a (smaller) camponent of hF scattaring which invalves large

momentum transfer and which mav therefore reveal pointlike dynamics in h. The

subprocass which as boen studied {UJ] is meson (M) or photon +7 . q+§_ fig.
9b, where 2GE is used for the @, and the contributlng diagrams are shown in
fig. 10. Use af 2GE for this process is a bit more solid than for elastic

L]
scattering since large t* = (p1~kl)2 = ; {l-cosB*) requires a highly virtual



. h FRAGMENTS 8 ® quark and thereby insures that at least part of the process ls short-
h % M

=l @ — distance. There are other hard subprocesses of the same arder ln a. as ggM +

% I " qﬁ. hard scattering mechanisms as occur Ln ordlnary Li-h collisons, but such

g
T FRAGMENTS mechanisms would not lead to visible high pf Jet structure at avaflable values
(G) \b) of s*, Qae such mecha~lsm, leading to two high p‘\. parton jets plus the beam
Flg. 9 and target jets, {s shown ln fig. 1l. Hote that the gg¥ » qq type of
Hadron-Poneron subprocess for soft (a) and hard (h) scattering. mechanism, with two high * jets only (no buam or target jets) is not pos.ible
B
in normal h h cnilisicas-uni{]l one constructs a glueball beam (or target).
ky ko The cross sections for hp » qqp have been calcualted [40]. Even without a
q2 full calculation, scaling laws can be written for the ggh « aq cross sectfon,
+ which {n turn lecad to [37,41]
4 do(hpeqap) _ . "h
_".Z_P_i_qp .~ ~M O, =(l-caos8*) large, (22)
d¥“ dcosf* 2
P2
p with n, = 4, n = 6, n ~ B - where of course for h = p the final state ls
{ Y ", K (3
Fig. 10 qq+q+p rather than g+q+p. Typical results of the full calculation [40] are
Two gluon exchange mechanism for (hard) dfffractive dissociation. shown in fig. 12 including an estimate of an overall normalfzation.
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A hard scatcering which leads to more thaan two Jets ian the X subsystem.



The estlmated cross scectlons are large voough to measure  bhut the cxperimental
diffteulty so far has been to derermine the jet axls accurately ennugh to know
that the flattened cosB* distributton Ls not just a smeiaring of the soft Jets'
exponential distributfon.

We therefare have a plcture {n which we expect soft hadronie Jets at
small (l-cosB*), f!y. 9a, and hard qa (ar gq+q) Jets at large 9*. How cuaa one
distinguish between the soft and hard fers? Gross features such as
multiplicity may not be sufffcfent. All jets tend to loak much like p,
-limited phase space [42]. (Far a very nice experimental demonstratian of the
futllity of distingufshing different type jets by their average multiplictity,
sce {&3).) The two ways to tell in hP+ X are detailed flavor studies and I
dependence at fixed cos8* (or t*). The soft cross section has a different M2
dependence than the hard qa cross sectlon, 1/M% for small B* vs. eq. (22) for
large 6*. Certain flavor cross sections are an even nore ohvious indication,
if they can be neasured. By studyling dx/dx; in the forward jet as a function
of M and/or t*, one can watch for.the vanishing of the forward peak In the
h®systen (e.g. nt » n™X). As lnng as it persists one s not looking at qq
Jjets. Another possibility (for photoproduction) s to look for differences
between quantities measured in one Jet and their charge conjugates In the
other. Such differences vanish for Y% » qa but not far yT=+ 7*,?: {Or lnak

for net charge diiﬁgﬁence between jets, which vanishes for y= =% but not qa.)
A very interesting footnote on the soft fragmentation {s that the Pomeran

fragmentation region should be rich in gluonlum states. (For detalls see

(37])

- 4n-

What does one learn from such diffract{ve dissoctacion studies?  Assuming
the hard Jets can be {solated, there are a number of Interesting polnts.
Study of the n? dependence for the hard jets will test dimensfonal counting
and will reveal the different underlying structures of different beams, Y vs.
M vs. B. For {ncident mesans one has the opportunity to study jets of a known
flavor [4&], u and d from »*, u and @ from K¥, ¢:c. And of course by studying
Pomeron (rn;menta(lun.ue can hunt for glueballs and also learn something of

the valence structure -f the Pomeron (e.g. two-gluon vs. three-gluon

component ).
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1L, POMERUN STRUCTURE

A. Theory

Having accepted the fact that dilffractive scattering is intimately
connected to gluon exchange (or "derlved” the fact by perturbative studles)
nne would obvlously like to sum all possible gluon exchanges. (Even such an
ambitious project could miss important nonperturbatlve effects.) Falling
that, one could try to find a "goad” subset of graphs - one with such
desirable propertiecs as leading s dependence, leading gz dependence,
unitarity. Having identified such a subset one would atrempt to sum it.

Most such studies utilize the Higgs mechanism to glve the gluons a mass.
This remaves the infrared problems of the theory, but {t also meaas the theory
i{s not QCD. OQne must take the y + 0 limit to regain QCD - assuming the limit
exists and hoping ft ls the same as the p = 0 theory. Considering qq
scattering In such a broken theory, it was shown that In the leading log
approximation (LLA) the gluon Reggelzes [45,46,47}. The resultant traj-ctory
(which, remember, has gluon quantum numbers) was then {nserted into Reggeon
Fleld Theory (RFT) and the part of the amplitude corresponding to vacuunm

quantum numbers exchanged Wwas extracted. It exhibited the rather

disconcerting s-dependence of a fixed cut to the right of j =1, {.e.

1 o Zgztnz
w -

tot o n2

23

violating the Froissart bound. The problem can be traced to the failure of
the LLA to maintain unitarity. This can be seen by noting that the elastic

amplitude squared contains vacuum exchange,

G

LA

¥

whervas fts discontinutty c.atalns only the Regygefzed gluon exchange, and no

Pomeran,

1>
4 Aok

[t is therefore necessary t. go beyond the LLA. 1In addition, it is still
necessary Lo take the uz + 0 and x » O liamits.

These last two problems are bes: attacked (n color singlet scattering,
and recent efforts to go beyond the LLA also have been made {n this context.
For the Y(qz) + h elastic aamplitude, the praphs contributing in the LLA, in

the appropriate (axial) gauge, are the ladder graphs,

2

:; h 5 7;

~ + o e +
Yg h o T
\
§r-q* f i \
Working fn the deep inelastic limit, x = Qzls fixed, 8 + =, a fn x'l small,
s

summing these graphs reproduces the standard results for the structure
functions [Aa]. The kinematic region of Interest for high energy hadronic
diffractive scattering, the Regge limit, is Qz = xs fixed {and small) and
s + ®, consequently x + 0. For nonsmall x, the weak coupling results

(gz + 0, gzlns = 1) inserted Iinto RFT are as in quark-quark scattering, if.e. a



total cross section which graws as 9 [47]. If more than two gluons are
allaved tn the exchange channel, then the range (in x) of applicability and
the s dependuence both improve, but x still cannut become ton small. The cross
section scems to behave as d(yY*) ~ {fn x'l)r: n <2 [&91.

The question of what happeas as x, uZ » 0 is exceedingly dtfficulr, and
has not yet been fully resolved. The work of A. White represents the most
anbictfous attempt {n thls directlon [50]. His approach {s tn start with the
“xnagwn" perturbative results in the region of thefr valfdity (x, u2 ¢ 0) and
to use dispersian relations and unitarity to continue into the uz = 0, small-~x
regize. Not too surpristngly, {n the process of this continuation he finds 1t
nacessary to grapple with the problems of confinement and chiral symmaetry
breaking as well. As the dust settles he sees the following results emerging
(for SU(3)). It y # O then one obtains a supercritial Pomeron. In the y +» O
li=it 7ot falls as s + = for the number of Flavors less than sixteen. If the
nu:b;t of flavors 1is equal to sixteen, a critical Pomeron results.
Aesthezfcally this is a particularly attractive result because it has many

specific predictions [51]. Asymptotically, {t predicts

Y . -
9ot ~{&ns) ', ¥ 0.26

-0.6
del ~ (20 §) .

B ~(kn 5)1.].3

dagy 9 1.13
ot~ 0y« e 1. (24)

Eopirically, the last of these predictions is sat{sfied quite well, and the

pradictfon for B {s conslstent with the data, but rthe s dependence of atotand

% are wrong at present energies {(which are not asymptotic of course).

A more congervatlve approach has been used by Bartels [52], wha also

presents an intuitive physical plcture. He attempts to sum the set of graphs

-
< 4

wf the form
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assuming thar the set !s fully unitary asymptotically. The external particles
are color singlets, for which it has been shown [53] that the y » 0 limit is
fintte {f the number of gluons {n the t channel is conserved. (This
fllustrates the necessity of trezting color singlet scattering.) It {s
assumed that the limit is also finite even {f the number of gluons changes,
provided one maintains external color singlets. Bartels the- investigates the
behavior of the sum of diagrams using a diffusion formalism. Taking x + 0
carries one outside the radius of convergence of the series. In ovder to
deflne the series in thils limit it is necessary to add a nonperturbative term
of the farm exp(—l/gz)- The total cross scction then has the fora

- 2
9 op 7 CONSE &, w ~0(e /g ). (25)

for small 32. When gz {s not small he obtains

)
Opqp " CONSE x [so + 0(&n s e /g )], (26)

but there could be additlonal as vet undetermined powers of tn s. It is
{nteresting to note that the rise of the total cross section s due to the
nonperturbative term, exp(—c/gz) x &n s.

The physical picture of why the cross section rises starts with the old
parton model concept that it 1s the slow (wee) partons which Interact In a
high energy hadronic colllsion [54]. 1f a fast quark {s lac{dent it aust

cascade down to slow quarks and gluons in order to {interact, thereby
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46 generating lts own sea. The trdansverse
é{iJLiJL" spatial extent of this attendant cloud

4
AiLlﬁaUL can he estimated as follows. At seep f

:aq of the cascade some typical
o

perpendicular momentum, k { {s

‘qz;::_— transferred, leadlng to a spatial

. ﬂﬂ smearing of arder &b, - 1/k11' Since
each step {n the cascade reduces the
rapidicty by about one unit, the nuaber

of steps required to get slow partons Is proportional to the rapidity N ~ Y.

¥iewing the cascade as a random walk Iln fmpact parameter space leads to

R~ab, ~<b>x /To,  ~ R ~tas. (27)
A potential problem of such a picture is that In theories with massless
particles the Abl can be very large and <Abl> can grow with Y, leading

to R ~vexp{const x Y). This could be expected to occur in QCD i{f the gluoas

appeared In the physical spectrum. The furction of the nonperturbative term

which was added Ls to Lnclude the effects of conflnement and remove massless

quanta from the physical spectrum, thereby restoring something like eq. (27).

it is still possible that <Ab1> could be dependent on N (and hence Y) and

could modify the %n s growth of the cross section. In addition, the fact
that the radius was proportional to ¥/¥'was due to the random walk having no

preferred direction, <AEi> = 0. If there were some preferred direction (e.g.

toward the other incident hadron) then <A51> # 0 and R~N~2n 5.

We therefore have a qualitative picture of how the hadron radius could
grow with energy. This picture {s primarily peturbative, with nonperturbative
effects preventing the gluons from propagating "too far” as massless

particles. These nonperturbative effects appear to control the growth of the

T

cruss section [ 55) and are most {mportant at larger distance (near the
peciphery of the hadron?). To construct a full quantitative foundation for
this pleture - assuming It is correct - will require a great amount of
additional effurt and lngenuitry.

B. Phenomennloglcal Notes

Because the preceding discussion of Pomeron structure was quite
qulinativu. and because other speakers have covered multiparticle preductlon,
we shall not spend mum time on confrountation of Pomeron models with data,
especially multiparticle data. There are, however, a few points «<hich need te
be made.

Tne first {s the questfon of the applicabllity of asymptotic predicitons
of RFT, such as the scaling laws mentioned {n connection with the critical
Pomerun. [If some set of exchanges of fundamental filelds yields an elastic

aoplitude having the form af a Regge pole exchange, e.g-
f
7, = retotE (28)

then RFT provides a formalism for computing the full elastic amplitude
resulting from multiple exchanges of this “bare Pomeron” [56.51],
a

4

exp((c*n'ln s):/nlsn

nt~1 8
ol

a ~1 n-1
1 - s °

s = f |- (29)

n  an! ‘8r{cfa"in s)

The asymptotic behavior of the elastlic amplitude depends on the bare Lriercept

a,- There is some critical valuz a_ = 148, where § 1is small but not known,

such that 1Ff u°> a. {supercritical) the :total cross section rises like lnzs-

Lf a°< a, the total cross section falls asymptotically. For the critical

case, a, =a.. calculable critical exponents control the asyaptotic behavior

of not just the total cross sectlon but also a number of other measureable
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quantlties, such as those givean {n eq. (24). While some of these predictions
agree (or do not dlsagree) with present experiments, tie predictions for the
total and elast{c cross sections (cf. fig. 1) indicate that efther e are not
at asymptotic energles or the critical Pomeron (s not nature's cholce.

Detailed phenomenological studies confirm this [6,57], requiring large
nonasyaptotic correctfons or agreelng with a perturbative expansfon. The
point of the perturbative expansion {s that at “low” energles only the first
few terms in eq. (29) are important. (Also, effects of flavor thresholds have
a significant impact on the effective a, appropriate at a given s.) Another
indication that at present (through collider) energlies exchange of only a few
bare Pomerons is relevant rather than the full sum of (29) comes from analysis
of multiplicity distributions [SE]. Again it i{s found that only the first few
terms {n (29) are {mportant. Therefore, indications are that we are not in
{or close to) the asymptotic regime of RFT scaling laws.

In connection with multiparticle production, it is not hard to see how
one can make contact with phenomenologically successful models, such as those
reviewed by other speakers at this conference [1]. Considering 2GE as an

example, the discontinuity in the elastic ampl{tude leads to

8 8
f:“*-'-\ ,____kir\
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where the series of short vert{cal lines represents confining effects. The

tvo separating subsystems are joined by color flelds and can hadronize
according to one's favorite model, e.g. the 3 and 3 from different hadrons can
pair off, forming two chalas or strings and producing the nultlparticle flnal

state of the dual partoN model (for one bare Pomeron exchange).

IV. SURMISE AND SUMMARY

Recalling the features of diffractive scattering which were preseated in
the Intraductlon as requiring explanati{on, we can draw up the summary of Table
fif. A check mark {ndicates that the feature (s understood or explained in
the context of a QCD~based model such as 2CE or ladder exchange. A check with
a slash through it fndicates that the feature {s understood within some model
whose connection with QCD {s more obscure.

At a fixed energy the shapes of elastic differential cross scctions are
well deseribed by optical models. The energy dependence of virtually all

relevant quantities - o tdlp’ n(b=0) - is consistent with the

tot' %

hypothesis of geometrical scaling (5S), although that does not address the
172

question of the energy dependence of the scale R(s) = [const x u:ot(s)]
In addition, the relative magnitudes of tocal cros: sections are reproduced by
geometrical considerations or by 2GE. The prnblem i3 to obtaln a geometrical
model from QCD - or at least to see how such a model might follow from QCD.
The more aqpt:ious goal of deriving an optical model from QCD is beyond
our present grasp, of course. However, I-think we have some insight into how
it can occur. If we conslder 2GE between color singlet bound states as a
paradigm for how confined bound states scatter perturbatively, then we
{mmed{ately obtain the correct results for the relative sizes of total cross
sections, and they have a geometrical interpretation. In addition, 2GE yields
helicity conservation, approximate factorization, small Re fel/ln fel ratio,
and constant s depende~ce for the total cross section. Even If we can treat
the scattering as incident wave functions plus perturbative mechanism we must
go beyond 2GE for the perturbative mechanism, including at least leading logs;

but {t 1s easy to see that most of the successes just mention wi{ll carry over
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Table III

Feature . | . Understood? __ f Mow |

7/ n
1) O oe 7 cCOMSL v 2GE, ...
< '&n E)z e Tt

) Set™ o, e ]S e et
D) Re/Im small v 26E, ...
%) forward peak Vx optical models+GS
5) factorization v/ 2GE, ...
6) additivicy L v 2E. ..
7) multiparcicle cross sections Vx dual parton, ...
B) Ete.: helicity nonflip v 2E, ...

diffractive excitation
dip
slope break

faclustve

2
% o<, 8
~
n
g

<
~,
~

optical models+GS
optleal mol:l-

miscellaneous

parton models

-hti-

to more complicated graphs If the final coupling to the external hadrons is
through two gluons. We also must still show that we obtain the characteristic
diffraction pattern for the dffferential cross secttan.

Regarding the question of whether the problem can be treated by lumping
nonperturbative effects {nto initlal and final wave functions and then
treatlng the scattering of the quarks perturbatively, it is quite clear that
that can not be entirely correct. There are also nonperfurbative effects in
the exchange channel: confinement prevents gluons from propagating through
space as massless particles. These effects determine the spatial extent of
the cloud of soft partons surrounding incident valence quarks, they determine
(are determined by; the size of hadrons at a given s. We therefore expect the
effective slze of the hadron (and therefore the growth of atot) as a funcrion
of s to be fixed nonperiurbatively. For peripheral collisions then, the
situation will be very complicated, but in the interfor of the hadroa (smaller
b) the wave functions plus perturbative scatterlng may be sufficient.

Of course it Ls possible that the scenario just outlined is hopelessly
optimlstic and that a viable description of diffractive scattering will
require a full-blown nonperturbative approach. However, the results obtained
from a slmple model so far are sufficiently encouraging, and the prospect of a
“proper nonperturbative” solution sufficiently remote, that it secenms
worthwhile to try to advance with a hybrid model such as the one above. In
Fhat case the two most pressing questions are whether an oprical model type of
differential cross sectlon does result and why does the total cross secrion

grow like tn?s.
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