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DIFFRACTION1

WHAT DO WE KNOW;

WHAT CAN WE LEARN?*

J . Ran da

Physics Depar traenc

Univers i ty of Colorado

Boulder, CO 80309

High energy d l f f r a c t l v e s c a t t e r i n g is reviewed. We f i r s t summarize

exper imental r e s u l t s and Information gleaned from geometric and o p t i c a l

models . We then d i scuss dynamics from the p e r s p e c t l v e s of hadron s t ruc Curv

and Pomeron s t r u c t u r e . Par t l c u l a r emphasis Is placed on Invest l£<it Ing hadron

s t r u c t u r e using a simple mode 1 of the Pomeron -

* Inv i t ed t a l k s presented at the XI In t e rne t lonal Winter Meeting on Fundamental

Phys ics , 11-16 Apr i l , 1983, Toledo, Spain.

I. BACKGROUND

A. Intr odur11 on

High energy d l f f r a c t l v e s c a t t e r i n g i s a very broad f i e ld uhlch could be

s p l i t Into a nurobiT of s u o f i e l d s , any one af which could provide s u f f i c i e n t

ma te r i a l for a lengthy t a l k . This superabundance of ma te r i a l Is a r a t h e r

happy c i r cums tance s i nee I t means tha t I can choose to cover those t o p i r a

wh ten Conform to ray own pre judices (and which have some nonzero over lap with

my know]edge)- As you wi l l see , my pre judices In t h i s matter tend coward the

simple and bas ic r a the r than the I n t r i c a t e and arcane • I t Is p o i n t l e s s to

but Id phenomenologi cal s t r u c t u r e s too e l abo ra t e and I n t r l e a t e for the

t heo re t i ca l foundations to support . I wil l concentrate on p l a s t i c s ca t t e r ing

and the to ta l cross sec t ion , with a l i t t l e a t t en t ion paid to d l f f r ac t lve

d i s soc ia t ion - Other speakers at th i s meeting have covered mult Ipar t i d e

pr oduc tIon [ 1 ] , and so my emphasIs on the e l a s t tc ampli tude is par t ly a

r e f l e c t i on of what I consider basic and fundamental and pa r t ly a search for a

vacant evolutionary niche- I also shal l not have time to say anything about

the very In te res t ing areas of d l f f r ac t lve I ^a/y flavor production or

sca t te r Ing from nuclear t a r g e t s .

There Is t* very good reason for our lack of a fundamental understanding

of t o t a l cross sec t ions , as you a l l know. Diff ract ion, being I n t r i n s i c a l l y a

coherent phenomenon. Is even more entwined with hadron s t ruc tu re and the

prohlem of confinement than are other soft processes . I t Is probable that we

will not be able to r ea l ly ca lcu la te t o t a l cross sec t ions from f l r sc

pr lnc I pies (1 -e . QCD) unt 11 at ter we can ca lcu la te the hadron spectrum from

QCD. Consequently, a l l the ca lcu la t ions and Insights I talk about wi l l be In

the context of models; there arc no unassa i lab le QCD c a l c u l a t i o n s - The

QCD-based models a l l use per turbat ion theory In regimes where It has not been

shown to be - and Indeed probably Is not - app l icab le .
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despite this warning, I feel wt> have? gained valid Insights Into diffracltve

scattering, and have even developed some predict Ive abl11Ly.

For thematic purposes, t shall crudely divide the topics covered Into

hadron structure and Pomeron structure- This Is not passible co do

physically, but it is organLzatlonaily convenient, and many features are best

understood from one or the other perspect1ve• In the remainder of this

section we'll review the salient experimental features of diffraction and then

summarize Lhe relevance of geometrical models to these feaLures. In the next

section we shall adopt a sltnpie model of the Poraeron and show how it allows us

to understand total cross sections and to probe hadron structure, after which

we'11 treat attempts to calculate or model the Pomeron Itself. In the final

section we shall summarize what has been said ami try to collect it all Into

soaething resembling a unified picture.

B. Experimental Features

Before embarking on our quest for explcntu ions, it Is appropriate to

recall Just what it Is that we are trying to e-tplain- We therefore collect

the general features of diffractLve scattering which must be explained by a

succeasful model - and a fortiori by the correct theory. Readers who are

familiar with the experimental situation are iivited to skip to the last

paragraph of this subsection.

1) Total cross sections rise slowly with Increasing energy, see fig- I, and

In general can be fitted by the form

°t - % " + KaN£n2(./S) - O(S-
0-6). (1)
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F a r pp s c a t t e r i n g f o r e x a m p l e , o " 1 H . 3 m b . K - 0 . ri m b , s - 1 1 7 d - V * ' .

I n c l u d i n g a n 0 ( s '' ) t e r r a o f 7 9 t n b ( s / C e V J ) ' g i > / e s .1 |-,f>n<i t i r r l i r u u i j h CKKN

r o l 1 I d e r e n e r g i e s [ 2 ] . T h e s . i t n e o i r i s r . m t s u t ( h o u t t h e f ) ( s ' ' 1 1 0 1 r c e t I n n f i t

0 t h r o u g h t h e h i g h e s t [ S R L - n n r g U ' s Th..- rf <<she<t a n d H o t t e d c u r v e s I n

f i g . 1 a r e r e s p e c t i v e l y a ( I n s ) ' d e p e n d e n c e a n d a f l i u s i . i j ; n i r l t l r . i l

P o m e r o n p l u s n o n a s y r a p t o t I c c o r r e c t I o n H . T h e y , i r e I n t : l u d e d f o r l a t e r

r e f e r e n c e .

2 ) E l a s t i c c r o s s s e c t i o n s a l s o g r o w s l o w l y w i t h s a n d a r e .1 s m a l l f r a c t i o n o f

t o t a l c r o s s s e c t i o n s . T h i s f r a c t i o n i s s - f n d e p e n d e n t f o r h i g h e n e r g i e s .

o e i ( s ) / o t o t ( s ) * c o n s t - 0 . 1 0 - 0 . 2 0 , d e p e n d i n g o n t h e I d e n t i t y o f p a r t i c l e

a . A s c a n b e s e e n f r o m f i g u r e 1 , t h e c o n s t a n t r a t i o h a s b e e n a c h i e v e d f o r a l l

3) The elastic amplitude Is predominantly Imaginary. The ratio of real to

Imaginary parts of the forward elastic amplitude 1 „ around 5* at fixed tnrgaet

energies and about 151 at ISR and collider energies [ 5 ,fl] .

4) Elastic differential cross sect Ions are sharply peaked in the forward

direction, proportlonal to exp(Bt) for small t, with the value of B dependent

on the beam and on s • As s Increases, B rises slowly; for pp it gnes frcra

12.6/CeV2 at »'s * 10 CeV [7], to abour 13-6/GeV2 at /s - 53 CeV [9], tu a round

17/Cev2 at /s - 540 CeV[5,10l. If we take literally the facts a /a
1 J eZ to t

" 0 ) l at -̂ rht*n

( 2 )

In t t i l t r . t ' . e o fa - r u n fit reiju I n - a o /B • c u n s t and I h e r e f o r e B « £ n s .

B l o i k tri'' i.'.ihn ' i l l l i t B - 10.OA + 0 . 0 4 in2 s f a r pp + p p . T h e i r I n s t e r r a I s

r u n s i s i e n t w i t h . - i - ru , tint .i j u r e t n 5 i n c r e a s e f o r B p r o b a b l y c a n n o t be r u l e d

o u t .

r)) The r r - i s s s i - i - t l u n s , <\ s p l ay ;jppr<jxlrr . j t •• f,ic I o r 1 z a t I o n - The p r o t o t y p e t e s t

of t i l l s w o u l d !)«• a7 - 0 o , bu t im c r o s s s e c t I o n s a r e n o t e a s i l y

m e a s u r e d . In p r - i n l e i 1 , ihi? h e s t e v i d e n c e f u r f a c t o r i z a t i o n - In b o t h

i n t e g r a t e d a n d d l f f e r e n t a 1 r r o s s s e c t i o n s - p r o b a b l y comes f rom d l f f r a c t l v e

d i s s o c i a t i o n e x p e r i m e n t s [ l 2 J .

6 ) The r e l a t i v e m a g n i t u d e s of t o t a l c r o s s s e c t i o n s f o r d i f f e r e n t beams a t t h e

same e n e r g y d i s p l a y a r e g u l a r i t y g e n e r a l l y c a l l e d a d d i t l v i t y . As c a n b e s e e n

f rom T a b l e I , If we t a k e t h e u , d , s t o t a l c r o s s s e c t i o n s on a p r o t o n t o be

o ( u p ) • o ( d p ) " 13 mb, o ( s p ) - 5 mb, t h e n t h e t o t a l c r o s s s e c t . ' j n o f a h a d r o n

on a p r o f a n I s g i v e n a p p r o x i m a t e l y by t h e s u n of t h e t o t a l c r o a : s e c t i o n s of

I t s v a l e n c e q u a r k s , a t D r ( h p ) = V o ( i p ) f 1 ̂ * 1 - T h e r e a r e q u t s t l o n a b l e a s p e c t s
ich

to such an Interpretation; but if we wish to discard the notion of addltlvlty,

we had bet ter have some other explanation for the rnlative sizes of total

cross sections- And of course I hope to convince you later that we do have a

hetter explanation, otherwise I wouId not be emphasizing this point now.

Table I: Total cross sections at / ? • 13.7 CeV [13]

.(mb) 2 3 - 3

. — ^P



7) The unltarlty sum for the discontinuity in the forward elastic amplitude,

DLsc ^ ( t - O ) - I|f,lb-,N|
2' O )

la dominated by mult Ipart lcle states. Whet we rut the Poaerun we must

reproduce multlpartlcle spectra correctly. In par11 cult) r , wo must reprudi<~e

[IS. 16]

8) Once we have satisfactorily explained all the above features, we can turn

our attention to "details" such as : approximate c-cYtannel he I lei ty

conservation; the rather small dlffractLve dissoctation erasi sections, about

0.15 x a for single dlffractlve dissociation of either particle [ 17];

selection rules for dlffractlve excitation; dip position and movement; the

break In the dlffractlve slope, da/dt <* exp(Bt + Ct 2); inclusive spectra,

do (ah •* aX)/dx • (l~x) as x + I; etc Some of these "details" may have

obvious explanations; some may actually constitute crucial clues to

determining the true mechanism of dlffractlve scatter Ing.

In summary then, we want our dlffractIve scattering model to predict

total cross sections which grow slowly with s and agree with addltlvlty,

elastic cross sections which remain a constant (small) fraction of the total

cross sections, and differential cross sect Ions which are exponent Lai In t

with a slope whose magnitude Increases slowly with s- The elastic scattering

amplitude should be domlnantly Imaginary, should factorlze approximately, and

Its absorptive part should reproduce the known global features of

multlpartlcle events. At the next level of detail, we can worry about

heltcity conservation, diffractive dissociation and excitation, Inclusive

spectra, dip positions, ... In addition, we would expuct bonuses In the

furra of unexpected explanations far old phenomena and/or predictions for new

phenomena•

C. Ceoiui'Lry and Optics

Geametr teal cons I d LT.it Ions are Included at this point, a a an addendum to

the experimental fujturts, because they provide a convenient and Intuitive way

of organlz lny so rat? a s p e n s nf th« data. Ceoraet ry is not dynamics, but It can

•ihow how certain expe r • raenta 1 features follow from general geometrical

features and point out what properties a successful dynamical model must

possess•

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

thp Impact parameter space ataplitude,

>Yol(s.O - /"bdb JQ<hq) 7??el(s,b) , q - /=T . (M

uh'-re unltarlty allows ufl to write

(5)'^ e t(3,b) - 4«is[l-n(s,b)] , |n(s,b)| < 1,

with [l-n(s,b)] being called the overlap functon-

The optical theorem for our normalization Is

0 - I Im^? (s,t-0) - 4sfbdb fl-Re n(s,b)]. (6)

tot s 'el J l J

To demons';ate or review the basics of optical models we consider the

scattering of waves from a partially absorbing disk of radius R . In this

l-n(!rl - (1-a) 6(R - b ) , 0 < a < 1,

where a " 0 corresponds to perfect absorption- Then

(7)



tot o el o 1 net u

(In such models, where n(c,b) Is purely real, the elastic scattering arises

purely from the shadow of Inelastic channels: o • 0 If a. . • 0.) The

ratio of elastic to Inelastic cross sections can then be f lxod by ad Just Ing n,

a la • ( > a ) / ( l + a ) . The characteristic dlffractlve dip structure arises
el I net

from the zeros of Jj(qR )- A dip In do/dt at t * -1.5 CeV 2 would requlri* an

R of between 0.6 and 0.7 Fm, quite reasonable for the combIned hadron
o

radius- Now hadronlc matter densities are not theta functions; however the

dip structure perslsta for smoother distributions - Consequently, reproducIng

the experimental dips - at least qualitatively - Is no problem In a model

which admits a geometric representation. In addition, use of smoother

functions enables one to reproduce forward slopes well Such distributions

can be obtained from quark potential models for hadron spectroscopy, as noted

by Gustafson in hia talk at this conference two years ago [ 1 8 ] . In addition,

such n&.»relatIvistlc quark model overlap functions result In kaons being

soaXier than plans which are smaller than protons, and therefore the correct

approximate sires for total cross sections. We shall return to and belabor

this point In the next section.

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

Bessel transform, eq. (4), assume c h a t * ^ <s,t) is Imaginary, and thereby

obtain

1-nC.b) -±, / q dq JQ(bq) {-^-f- O>

By Inserting the measured cross section one obtains the hadron profile In

lipact paraneter space. Plotted In fig. 3, for various beams on a proton

target at /T 1 - 9.7 and 18 CeV, Is 2(l-n(s,b)) [7j. The total cross section

Is p r u p u r t l . j n a l In I lie l n n i n ^ l . .ver ill>2 of t he c u r v e s In the f i g u r e , and so

ihe s i m i l a r i t y of Clio /V - 9 .7 r,eV c u r v e s to t h o s e at 18 CeV, excep t for pp

and pp , r e f l e c - n t he f ac t t ha t t he c r o s s s e c t i o n s do not change much be tween

t h e s e two e n ^ r y l e s {a feu p e r c e n t ) .

We now ask what h e h a v l o r of ( 1 -T>( s ,b ) ) might cause a r i s i n g t o t a l c r o s s

s e c t i o n . Two s imple p o s s i b i l i t i e s a r e t h a t t h e range In b cou ld s t a y t h e sam

F i g - -i

P l o t s of 2 « ( l - n ) for v a r i o u s beams at ST • 9-7 GeV and 18 GeV; from [ 7 ] ,
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whi If the height of cht? overlap functIon Inc r eased, or the height could stay

the same while the range Increased- (Obviously any number of combinations of

the two are also possible.) Early Indications [19] were that the cross

section rise was a peripheral phenomenon, and more recent evidence [20|

cunflrms this preference for an Increased range. In particular, the rms

Interaction distance Increases with Increasing cross section, as can be seen

In fig- 4a for Inelastic j'p processes. On the other hand, the Inelastic

overlap function .it c •: origin remains roughly constant in the region of

rising cross section - fig- 'b, agaln for pp •

These features indicate that as the energy Increases, the overlap

function expands, but Its central height does not grow. An appealing

embodiment of this behavior, which was actually suggested before most of the

data became available, Is geometrical scaling (GS) [2lJ. This Is Che

hypothesis that all the energy dependence Is contained In a reBcaling of the

Impact parameter scale• In terms of the overlap functton, this could be

written

nCs.b) - n(b/R(s)), ̂ t ( 8 , b ) - s ^ e t (b/R(s)}. (10)

Such a scaling could be Imagined occurring In a dynamical model or theory

which was sensitive to the transverse size of hadron wave functions, but had

an interact Ion whose range Lncreased with energy.

The consequences of this hypothesis are quite extensive and so far are In

agreement wlti experiment. We first combine eqs. (M and (10) to obtain

- sR2(s) J" (11)

It then follows that o - const * R 2 ( B ) , which fixes R(s). It Is then easy

to show that o (and o, , as well) is a constant fraction of o , as is
et inet tot

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



alao tndtcites that the t - -q2 dependence Just gets rescaled by R̂

Consequently the forward exponential slope, do/dt = exp [B(s)tl im-̂ c be

proportional to R2 and therefore to o ,

B(s)/a (s) •* cunstant. (12)

tot
Similarly, the dip position also scales with R",

t j, R2(s) - const- (13)
dip

The slope variation Is experimentally confirmed through ISR energies, as Is

shown In Fig. 5. The dip movement Is in qua lit at Ive agreement with the

prediction at collider energies [5]. In addition, geometrical scaling leads

to constant <b*>/o and n(s,b-O), which were discussed above,
tot

The alternative geometrical mechanism for accounting for the rise In 0 flt

Is a blackening of the center of the hadronlc disk, as proposed In the

Chou-Yang (CY) model [22]. Such a mechanism has problems with the observed

dip motion and constancy of n(s,b-O). Other Important tests are predictions

f ° r Oet/Otot £nd "'"tot' A c "tot " 6° nlb' a<U/otot1S P r e d l « e d
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to he .22 - .23 by CY (22b], .ind about •!» from CS. The collider measurement

is 0.20 • 0.02 [5]. For B/ocot (In r.eV2/mb) CY predicts about .23 and CS

expectations are about .31, whereas the data say 0.26 1 0.025. More precise

measurements of thse two quantities and a determination of nlnet(
b"°) a t

LjUlder energies will d- <: mine which geometrical KC'IW,,,:.. :=. clorer to the

truth.

The successes of g ortrlcal and optical models are too widespread and

too natural to be coin ldence. They Indicate that a successful model should

admit a geometrical Interpretation or representation and that, conversely, any

model which does reduce to an optical fora «111 have many (at least

qualitatively) currecr features.

So why should we bother studying diffraction at all, what else can we

learn? The first point Is that optical models do not "explain" elasctc

scattering In any fundamental way - they cannot since they are devoid of any

dynamics. It helps to recall that no one has told us that the scatteri Ig

amplitude must be proportional to the overlap of matter densities. The

challenge Is to obtain a model with geometrical features which is based on

(derived from, Heally) a fundamental theory with polnt-ltke constituents- In

addition, we must also understand the origin of the s dependence of the

scattering mechanism. And finally, there Is the question of hadron

structure. Just as x-ray diffraction may not directly Imply Maxwell's

equations but does yield Information about the target's structure, so too with

hadronlc diffraction we can learn something of hadron structure. And because

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

just the hadrons1 slzep.



11' TUO - CLUON EXCHANGE _(_2CE)

Iti this seed on we shall adopt a simple model for the Pome r on and

concent rate on what we can learn about had ronlc structure, and what features

of diffract!ve scattering can be understood from this perspect1ve.

\. Total Cross Sections

Study oF the Poneron In QCD got off the ground In 1975 with the work of

Lou and Nusslnov [ 23] . They suggested that since the Paraeron cor responds to

vacuum quantum number exchange It should be but It from multIple gluon exchange

in QCD. We briefly recall Law's treatment as a bit of a prelude- Two color

singlet hadron bags, to which are confined the colored quark and gluon fields,

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, connected by a tube of flux, fig. 6c- As the octets recede

farther, more and more energy Is contained In the connecting fields, and It

becomes energetically favorable co produce a qq or gg or qqqq,

fig. 6d- (For slmpllcIty fig - 6d was drawn as If gg or qqqq were pulled from

Che vacuum. If it were qq there would be a triplet and antltrlplet receding,

0
(a)

Fig. 6

V V

V V1
Fig. 7

which could then reach the configuration pictured by producing another qq-)

This process then repeats Itself within each of the resultant subsystems- Low

estimated the separation distance for producIng pairs from the vacuum, based

upon the bag aodel, and used the recursive behavior of the fragmentation to

derive a In s behavior for the multiplicity. It Is clear that once the

original color exchange occurs, one Is free to Insert one's favorite

hadronizatlon model, a point to which we shall briefly return below. One

qualitative pro perry which Immediately follows from this picture Is chat the

elastic cross section will be but a small fraction of o since fig. 6c will

usually result in a multipartIcle state. An obvious theoretical problem la

the first/then dichotomy, first gluon exchange, then hadronlratlon- As Low

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



uthe r , and consequent ly the re Is not ;i clear d i st 1 net Ion het ween the

perturbatlve scattering and the nonperturbat Ive hajronlzat Ion. This Is just a

manifestation of the inablllty to justify perturbation theory for such

processes, as noted In the Introduction.

It Is nevertheless Interest Ing tn pursue such a mode 1 further. The

lowest order contribution to the elastic scatter Ing amplitude Is two gluon

exchange (2GE), shown In fig. 7 for meson meson (MM) scattering. Cunlon and

Soper [l'1] were the first to consider this quantitatively, fl-idlng a number of

attractive features and an appeal Ing physical picture. The forward elastic

amplitude is found, to be

rir (t-0) - 1 S..f^JJ J d 2 k f ( k / 2 ) 2 + u
2} 2[ 1 - f (k*2)] (U)

: el a-** 3 ' l ' l A J

" 2 [1 - fBtf
2)].

where f and f_ are form factors calculated by taking the expectation value of

exp[Ik-(xj-xj)] In the ground state of mesons A and B. The vector k has

transverse components only, the energy and longitudinal integrations having

already been performed. The gluons are given a fictitious mass u for

aianlpulatlve convenience. The integral Is finite for u » 0, and u Is set

equal to zero at the end of the calculation. The fact that the amplitude Is

finite for p • 0 is Itself encouraging, since 2GE leads to a divergent

quark-quark or quark-meson amplitude-

Some of the virtues of eq. (14) are obvious. It Is pure Imaginary; real

parts must arise from higher order corrections. It leads to a total cross

sect Ion which is constant In s— not the £n s exhibited by the data, but close

enough for the lowest order. A fact which is not obvious f rota eq. (14) is

that the amplitude Is pure hellclty nonfltp, due to the manner !n which

vectors couple to high energy fermlons. A nice geometrical picture is

suj;̂ i'HL«'fJ If we consider tlie behavior of ?*? <in the size uf one men tin goes to

zero. If the wavi- functlun Is nonvanlshlng only within x < R, and R * 0, then

(1 - f, ) "^/d2x U(x) 2f 1 - cxp(t ,-x)l

(for an t = 0 meson), and the cross section vanishes ae the cross sectional

area. The lowest color raultlpole of an I - 0 color singlet is its quadrupale

moment, which vanishes (-R ) as the size of the meson goes to zero. A

polntlike gauge singlet does not radiate gauge bosons. An additional point Is

the relitlonshlp between meson meson (MM), meson baryon (MB), and baryon

baryoi. (BB) cross sections. If particle A is a baryon rather than a meson,

then 2[l-fA] • 3[l-f ], and the same for particle B If it is a baryon. The

form factor f is \ J <exp(lic« (x -x ))> , where 1, j are valence quarks of
A Ji*j l j G.S.

the baryon. The factor of V arises from the color sums, dnd could account

for the ratio of a (pp): o ("p) - provided the wave functions of quarks in
tot tot •*

bar/'jns 3nd in oesons are similar. (Li pit In has shown that the same factor

also arises for three gluon exchange [ ?.*>] .)

The obvious question then Is whether this model leads to reasonable

results for the relative aagnitudes of total cross sections. Gunlon and Soper

by electroaa^netic form factors, and they used a mod^l for form factors to

estimate cross section predictions for various mesons- We shall adopc a

different tactic, which Is to use a set of hadron wave functions to explicitly

wave functions we choose to use Cjusslans, corresponding to a harmonic

oscillator potential- The coefficient In the exponent is fixed by the



requirement , g Leaue.i :?•_>•= leptonlc decays of vector mesons, linn tin1 wave

function at th-1 or Igi -. La pro port lon.il to the m.iss of the vector -31? son. This

fixes the meson wa;e r'-r.cLi^n:

*H(x) - cejj.'o
3 " expc- \ e 2x 2), a2 - a2 ̂ / 3 , OM

where o^ Ls twice t'-e reduced mass for the system and "<i" ts the s.ine for alt

mesons - and baryons. Requiring that the qq potential Is the sa^t? as that for

qq, excepc for gauge group factors of course, then determines bar yon w-ive

functions as well. See e.g. [27,28] for details. For baryons with three

equal mass (m ) quar<5 the wave function is

*B(P.X) " (S
2/") 3 / 2 exp [- I 32 (pZ+X2)],

p = (xj - x2)//T , X E (xt + x2 - Zx3)//r,

(17)

If two quarks have rass 3 and one has m', It ls
q q

2 i 2a = 3a* Dp
* •' 3

- (aV

3m mqq
Im +m
q q

(18)

The factor of 3 between B^ anc*M
due to there being three interact ing qq

pairs In a baryon and only one qq pair In a mesnn- These wave functions are

obviously not meant to reproduce hadron spectroscopy, but do possess a number

of realistic features and are convenient for our purposes• Oscillator wave

functions are the starting point !i Che very successful potential raodu1 of

Isgur and Karl r28,29]. We have just modified their S's so chat ^ ( o ) ~ m M -

Our rnodiflcatlon Is -aeant to be a crude incorporation of other effects, such

Table [I: Pri'dlrted and observed tot.il rrosa sections at /s* - 13.7 GQV .

, t o t (

pred.

BXpl.

mb) PP

( 3 8 . 4 )

38 .4

- P

3b

33 3

HP

31

"9.2

tip

27

on

15

up

24

23 .3

Kp

20

18. 9

*P

16

10.5

*P

7. 2

2

Dp

11

—

.is the 1/r attraction uhlc i ls raore important for larger masses, while still

retaining the simplicity of Gaussians.

We insert these wave functions into eq- (14) and use the optical theorem

(6) to obtain total cross sections for MM, MB, BB. Since the hyperon total

cross section measurements are at /F1 - 13-7 CeV [ 13], we use a (pp) "

38.4 mb [13] to fix gU/a2, which nultiplies each cross section. This yields

the results of Table II. Except for $p and ijip, to which we shall return, the

agreement ls very good, within 8X in every case. Thus the 3:2 baryon: meson

ratio obtained just from the SU(3) algebra survives approximately (TT p/pp •

0.62), and in addition we have obtained the correct qualitative and even

quantitataive suppress ion of cross sections for hadrons containing strange

quarks - without resorting Co different u and s crass sections. We've used

2CE plus Gaussian wave functions flxed by spect roseop Ic constraints - The Zp

cross section la smaller than that for pp not because the strange quark* s

cross sect ion is saaller than the u's, but because the signa is smaller than

the proton. Bound states of heavy quarks are smaller than light quark bound

states, and 2GE translates that Into smaller cross sections. Ue thus seem to

have a derl va ( Ion af the relative ra«igni tudvs of hadron cross sect ions and are

free to discoid Che notion of Incoherent sums of quark proton total cross

sec tIons.



WhaL .1 bo nt J p and ifp ? The jiredlr t <;d cross sect Ions .ire sn.i 11 , hut n ;t

snail enough: the <pp prediction !s about 502 coo large, and thit for typ Is ;

factor of 2-4 too high. Thl s Isn' t tun uorr Isame slncu we know th.it tht*

charmonlura spectrum Is char^ccerlstic of an r potential with u small

(0-. 2) [30] and Is therefore pnorly represented by a C m s 5 Ian. Thu saint- I s

probably true to a Lesser extent for the $. Results for the lighter st.it̂ s

are sufficiently good to warrant further Investigation using .1 bet tur bot of

wave functions. They also suggest that total cross sections aru sensitive to

badron struccure and are another niece of Information which could be

considered in models for hadron wave functions. This could be premature,

however, until one also understands t distributions in this context. (See

comment below. )-

If the D wive function is also much different froa a Gaussian, It could

bring down the Dp predict ion to well below the add Itive quark model predict ton

(~13 mb). For a heavy quark Q, addltlvlty would prevent the M(Qu)-proton

cross section from failing below about -=a ( as m + ». With 2GE the

total cross section for M(Qu }-p would also approach a constant as ra * =»,

since then th- meson size would be determined entI rely by the light quark; bat

the cons'.ant is lower than ^a (i*p)- Measuring • (Dp) cculd be rather

chall:nglng. There Is a suggestion to extract It fron the nuclear A

dependence of D production, but It Is not at all clear that the D is forced

within the nucleus. Rather there are Indications [ 31! that the dressing or

hadronLzation of produced quarks at high energies occurs on a length scale

greater than or comparable to nuclear sizes.

An additional feature of note Is that approximate factor12atIon ii

obtained. Using the predictions In Table II, /a a ' - 23.7 mb, to be

compared with 24 nb predicted tor a__. This feature will also carry over to

'lUlrji'ttvt dtssMri.it 1-jn, wli I • M will he- discussL-J In the third part of this

section.

Then.1- an* a number uf ot he r pass I bl •"• 'a lei la t Ions and corap.ir i sons which

spring to mind- Total cruss sue 1 ions for radi.il recurrences of vector mesons

could be calculated. The ratios ofV'p)/o(Vp) for p', u', $', ty' can be

exL racted I rora photupruductlon ' 32] if u<j know the re levant branching ratios

an 1 -|V* couplings from e a . r Work ing with ratios of cross sections

reduces the uncertainty introduced by using f (q • BL. ) instead of ty(q a0).]

Another open problem Is that elastic differential cross sections have not

been calculated yet in this model. However, t distributions are much more

sensitive to higher order or nj'.perturbatlve effects than are the forward

amplitudes [24,33]. Consequently we cannot yet address the question of the

forward slope or quan"itatlve prediction of the 0 ./o ratio. This Is

obviously an Important point, as is the question of generating the In s

Increase in o . It Is quite possible that they both involve Che rame

corrections to 2GE.

B. Signif Icance

The biggest quest Ion pDSed by the previous subsectIon would seem to be

why 2CE L,l-ould work at all. ~u.e answer Is that we don't really knou (yet),

but there a re two possibilities -h. Ich co*ne to mind - one nundane, the other

no re specula tIve. The safe, boring explanation Is that hadron total cross

sections are determl ned aost ly by hadro". F lies, and 2GE just happens to

reflect hadron sizes. Consequently the 2GE prediction is proportional to the

The second, more interest!ng, scenario is called to Che attention of less

cautious readers- If a two-phasti picture of the hadronic vacuum is adopted,

froe space has a nonperturbaci'.-e superconductor-1 Ike vacuum which excludes



color f lelds . CoiiHL>quent ly, only ( rc.i 1 or vlrliiii 1) color Hin>; 1 *• t s ran

propagate in f rue ap.ice. Wl th In a liadron, an the other hand, is a region of

space with a normal perturbat 1 ve vac nun, in which color field.i ran propagate •

Nonperturb.it Ive effects keep quarks from escaping from hadrons, but within

hadrons quarks and gluans Interact perturbati vely. Such a picture under 1 leu

successful specLroscopic models with a confining Interaction (bag presfirt.-

[34], potential [27,^j]). Tt Is not that Int rahaiironio distances are small

enough to justify perturbation theory - from fig. ^a we see that typical

interaction distances are around 0.8 Fo '•v O.25CeV. However, It may be t'.i.it

nonperturbative effects enter atmost exclusively as a confining potential and

that to a good approxlraation they can be contained in the wave functions-

The Important mechanism for had ran scattering then depends on impact

parameter. For small Impact parameter, the two hadrons overlap significantly

and partons frora the two hadrons ?re in the same continuous volume of

perturbative vacuum, cf. fig. 6- The!? interact perturbatively and separate as

In Low's picture. If the perturbative Interaction resulted In 'eft- and

right-moving color singlets, then they separate without nonperturbative

interaction - except within each separately of course. For large impact

parameter, the two colliding hadrons do not overlap, and whatever is exchanged

between them nust propagate through the nonperturbative vacuum- We therefore

expect such interactions to be mediated by exchange of color singlet hadrons -

mesons, baryons, glueballs. Since diffractlve scattering Is dominated by

small Impact parameter a perturbative approximation could work for It, whereas

for the more peripheral quantum number exchange react ions or for the large

impact parameter part of the Pomeron (glueballs?), nonperturbative methods

could be required. (Even for Che perturbative case, It is likely that we need

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

In any ram.*, whether the siu'C»«sn of 2UK for total cross sections Is

slt-ntf leant or fortuitous It Is clear that diffractlvfi scattering Is

Intrinsically buund ap with had run structure and therefore constitutes a probe

of it. tf 2CK IS In fact a good approximation, then we understand the probe

ami can begl n us 1 ng it ' o extract i nf or mat 1 on .

C. DIEfractive Dissociation

The 2GE trt-iitraenr of the elastic amplitude can he extended to diffractlve

exrltfitlon, ab • a*b, ind rilffractive d 1 ssnclat Ion, ab * Xb. For diffractlve

excitation all that Is required Is the change of a final Jtate wave function.

Such a ca leu lat Ion vou Id al lo'-> a derivation of selection rules for dlffractive

excitation. Because the t|/*AiJi overlap !•> now important, it would require

bellevable wave funet ions• Any real comparison to experiment would also

require t dependence, and that remains to be done. There is some work, on

forward cross sections [35], but the surface has h*rely been scratched. For

inclusive diffracttve dissociation, there has been work on the normalization

of Integrated cross sections [33,36], as well as the work described below.

(Note that [3*] is not really 2CE; it is a nodlfied Abellan nodel with a

particular prescription for conf lnetnent effects . )

Fig. B



tfe shall canrura uursclvi-s with hlgh-io.iSH tlLffrnctlvc dlssoc Lit ion [37].

In order that mi event he Identified as dlffractlvu dlssoclatIon, we require a

large rapidity gap between the subsystem of project I le fragments and the

remainder of the partIcles produced - e.g. from target fragmentation. For

simplicity we shall treat the case of an elastic recoil proton, but because of

the approximate factorization which occurs it would be trivial to extend Che

treatment to cases In which the proton also dissoc Kites.

The process we consider then is hp • Xp as pictured In fig. 8, where the

As a matter of notation, we shall use an asterisk to denote variables measured

In the p - 0 frame or internal to the X subsystem (e.g. s* • M2, etc.)* H

we assume 2GE for the Pomeron, the amplitude Is given by

' 3 C2*)2

q2 - t, (20)

where L Is the amplitude for g(qi> g(qj) h + X. R Is the ppgg vertex, R *

L^l(i) ~ ^2*^1^2)]' w^ere 1̂ ^s a form factor for 2GE from Che same quark

line In the hadron, and fji Is a form factor for 2CE from different lines. For

q - 0, R reduces to [l - f (qj)J, as In eq. (14). For x « 1, eq. (20) can ho

written approximately In a factorized form, and L can be simply related to

V.''(htj* X). This leads to the form

• (32n2)"' F2(q,ic) o(hP«X),

F(q) R, (21)

where F may be thought of as a fragmentation function for p *ft>p> For x = 1,

If one Insists on the factorized form of eq. (21), then FZ diverges as

(1-x) . This is the .i^irupr late betiavlur fur a ill f f r.ic L J vi< f rri|>niLMit.it Ion

f unct Ion iind It reproduces the currcct exc lus lve limit, cf . [ 38 ] • Eq. ( 21 )

was der I vnd lr- a 2GE modi; 1 of the Pome run, but it Is considerably mure general

than I hai model• The only features we have really exploited are the

approximate factor 1 rat I n and that the Pome ran is a spatially extended color

singlet coupling nonlocilly to the constituents of p and h. Eq. (21) can also

be made differential In any variables of the hi*"'* X subprocess •

What do wt- expect uf the h"" cross section? Like all other hadronlc tOLal

cro;s sections it should be asymptotIcally constant (modulo logs). That and

F2(x,q) ~(l-x)~ l l«ad tD da/dM2~M~Z for all h, In agreement with experiment

[39J. It will be dominated by soft hadronization, two hadronic jets with an

exponential distribution of the Jet axis direction about the hFaxls. Fast

hadrons (In the h^CM) in the Jet oriented along Che beam direction arise fron

the fragmentation of h; fast hadrons following the Pomeron's direction arise

frura Pomeron fragmentation, fig. 9a. A central plateau will appear for large

enough s* - M,.. Such events will reflect pointlike dynamics osly indirectly,

distribution.

There is also a (smaller) conponent of h^ scattering which Involves large

momentum transfer and which aay therefore reveal pointlike dynamics in h- The

Subprocass which as b^en studied [ ̂0] Is meson (M) or photon + ? * q+q, fig-

9b, where 2CE is used for the p , and the contributing diagrams are shown In

fig. 10- Use of 2GE for this process is a bit more solid than for elastic

2 5*
scattering since large t* » (p^-kj) * -z (l-cos0*) requires a highly virtual
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(a)

Fig. 9

Hadron-Poneron fiubprocess for soft (a) and hard (b) scattering.

Ftg. 10

Two gluon exchange mechanism for (hard) dlffractive dissociation.

Fig- 11

A hard scattering which leads to more than two jets in the X subsystem.

quark ami the ruby Insures that at least part- of Llie process Is sliart-

dl stance. There are ott";r hard subprocesses of the same order In a as ggM +

qq, hard scattering mmhani sras as occur In ordI nary h-h colllsons, but such

mechanisms would not lead to visible high p* jet structure at avallable values

of s*. One such mechfl-Isra, leading to IWD high p* parton jets plus the beam

and target ji-ts, Is shown In fig' H - Note that the ggM • qq type of

niL-chanl sra, with two hi yh [•* jets only (no bean or target Jets) Is not possible

In norraa I h li col I isti.us-iuu 11 one constructs a fjlueball beam (or target).

The cross Sections for lip • qqp have been calcualted ['•O]. Even without a

full calculation, scaling laws can be written for the £B^ • qq crass section,

which in turn lead to [37,Mj

dcosO*
(22)

with n a i, n » 6, n « 8 - where of course for h • p the final state Ls
1 w ,K p

qq+q+p rather than q+q+p- Typical results of the full calculation [40] are

shown In fig. 12 including an estimate of an overall normalization.

rig. 12



Thf est ita.itfJ cr >*n suet Ions .iru larjji' LMIOUJJII to measure but the c-xpi-r imiMil al

difficulty S.J f rir has been to determi ne che jet nxls accurately enough to know

that the flattened cosB * d 1st r I but ton ts not just a smearing of the soft ji.'t s '

exponential distribution.

«'e therefore have a picture In which we expect soft hadronli: jet s at

small (1-cosB*), Ely,. 9a, and hard qq (or qq+q) Jets at large 9*. How C M one

d istingulsh between the soft and hard Jets? Gross features such as

multiplicity aay not be sufficient. All Jets tend to look much 1 Ike p̂

-Limited phase space [42]. (For a very nice experimental demonstration of the

futility of distinguishing different type Jets by their average multiplicity,

see [43]-) The two ways to tell In hP + X are detailed flavor studies and M2

dependence at fixed cosfl* (or t*). The soft cross section has a different M

dependence than the hard qq cross section, l/M2 for small 6* vs. eq. (22) for

large 0*. Certain flavor cross sections are an even raore obvious Indication,

if they can be measured. By studying d\'/dx* In the forward Jet as a function

of M and/or t*, one can watch for. Che vanishing of the forward peak in the

hPsystera (e.g. n + * IT **~X). As lnng as it persists one ts not looking at qq

jets. Another possibility (for photoproduction) is to look for differences

between quantities raeasured in one jet and their charge conjugates In the

other- Such differences vanish for >f • qq but not for y '•? * 1 * ,*? . (Or look

for net charge difference between jets, which vanishes for y* - but not qq.)

A very Interesting footnote on the soft fragment at Ion Is that the Pome ran

fragmentation region should be rich in gluonlura states- (For details see

[37].)

Wli;il ito.'K onu learn from sm-ti dl f f ran I vt; dissociation smiili-s? Assuming

I liir liard jets can be Isolated, Lhere are a number of Interesting points.

Study of Hie H2 dependence for the hard Jets will test dimensional cuuntlng

and will reveal the different underlying structures of different beams, ir us-

ft vs. B. For Incident mesons one has the opportunity to study Jets of a known

flavor [44], u and d from » + , u and a from K+, i ,".c. And of course by studying

Pomc-ron frii^nencatlan've c m hunt for glueballs and also learn something of

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

component).



til. POME RUN' STRUCTURE

A, Theory

Having accepted the fact ttint dlffrdctlvf scatter Ing Is Int i raatt* 1 y

connected to gluon exchange (or "derived" the fact by pcrturbat1ve studies)

one would obviously 11 ke to sû a all possible gluon exchanges. (Even such ;m

ambitious project could miss Important nonperturbatIve effects.) Fa 11 ing

that, one could try to find a "good" subset of graphs - one with such

desirable propert Ies as leading s dependence, leading g dependence,

unltarity. Having Identified such a subset one would attempt to sura It.

Host such studies utilize the Illggs mechanism to give the gluons a mass.

This removes the infrared problems of the theory, but It also means the theory

Is not QCD. Qn*». must Cake the u • 0 limit to regain QCD - assuming the limit

exists and hoping It is the same as the u =» 0 theory. Considering qq

scattering in such a broken theory, it was shown that In the leading log

approximation (LLA) the gluon Rt^gelzes [45,46,47]. The resultant trajectory

(which, remember, has gluon quantum numbers) was then inserted Into Reggeon

Field Theory (RFT) and the part of the amplitude correspond ing to vacnun

quantum numbers exchanged was extracted. It exhibited the rather

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

i <*> T 2 2
a *w s i* s , u) • —= , (23)

violating the Frolssart bound. The problem can be traced to the failure of

the LLA to maintain unitarlty. This can be seen by noting that the elastic

amplitude squared contains vacuum exchange,

vhurvas its discontinuity c-.it-ilns only tin

Pome ran,

gluon cxch.-ingu, and MO

It is therefore necessary t.. go beyond the LLA. In addition, it Is stilt

necessary to take the y • 0 and K • 0 limits.

These last two problems are best attacked in color singlet scattering,

and recent efforts to go beyond the LLA also have been made in this context*

For the Y(q2) + h elastic amplitude, the graphs contributing in the LLA, In

the appropriate (axi.il) gauge, are the ladder graphs,

<&EE2; ^

r"<r

Working in the deep inelastic limit, x - Q^/s fixed, s • ™, o tn x~ small,

summing these graphs reproduces the standard results for the structure

functions [48] . The klnematLc region of Interest for high energy hadronlc

diffractlve scattering, the Regge limit, is Q2 - xs fixed (and small) and

s + •, consequently x • 0. For nonsaall x, the weak coupling results

(fi2 * 0. gZfcns - 1) inserted Into RFT are as in quark-quark scattering, i.e. a



total cross section which yrows .is s " [ 4 7 J . If moru than two n limns an;

allavt'd In die exchange channel, then die range (in x) of applicability and

the s iopondunce both Improve, but x st (11 cannut become inn sm.i 11 • The cross

section seems to behave a s o ( Y * ) ~ { E n x~* ) n n < 2 [ ̂ 9 J .

The quest Ion of what happens as x, y* * 0 Is exceed I ugly difficult, ami

has not yet been fulLy resolved - The work of A. White represents the mas:

aabltlous attempt In this direction [ 50] . His approach Is to start with thi1

"known" perturbatlve results In the region of their validity (x, u 2 * n ) and

to use dispersion relations and unltarity to continue into the y2 • 0, small-x

regime, Sot too surprisingly. In the process of this continuation he finds It

necessary to grappLe with the problems of confinement and chlral symmetry

breaking as well. As the dust settles he sees the following results emerging

(for SU(3)). If y * 0 then one obtains a supercrltlal Pomeron. In the u * 0

lisle a falls as s * - for the nurabnr of flavors less than sixteen. If the
tot —

nuobet of flavors Is equal to sixteen, a critical Poaeron results.

Aesthetically this Is a particularly attractive result because It has many

specific predictions [5l]. Asymptotically, It predicts

a ~^(tn s ) ^ , T = -0.26

et
-(In s)

-0.6

1.13B ~(ln s)

da , da . ...

~d~^^ dt * t " ° * * F ( c ( * n s ) )• (2A >

Enplrically, the last of these predictions Ls satisfied quite well, and the

prediction for B Is consistent with the data, but the s dependence of o and

o are wrong at prtsenX energies (which are not asymptotic of course).

A more conservative approach has been used by B^rtels [52], who also

presents an Intuitive physlcal picture - He at tempts to sura the set of graphs

uf I IK- form

41

.i.Tiuining that the set Is fully unitary asymptotically. The external particles

are color singlets, for which it has been shown [53] that the u • 0 limit is

finite If the number of gluons In the t channel Is conserved. (This

Illustrates the necessity of treating color singlet scattering.) It Is

assumed that the limit Is also finite even If the number of gluons changes,

provided one maintains external color singlets. Barrels ther Investigates Che

behavior of the sum of diagrams using a diffusion formalism. Taking x + 0

carries one outside the radius of convergence of the series. In order to

define the series in this limit It Is necessary to add a nonperturbacive term

of the form exp(-l/gZ). The total cross section then has the fora

o ~ const « s", ui ~ 0 { e ~ 1 / B \ (25)
tot

for small g . Whun g Is not small he obtains

2

o 'vconst * [s° + 0(£n s e~C'e )], (26)

tot L J

but there could be additional as yet undetermined powers of In s. It Is

interesting to note that the rise of the total cross section is due to the

nonperturbatlve term, exp(-c/g ) * in s.

The physical picture of why the cross section rises starts with the old

parton model concept that it is the slow (wee) partons which Interact In a

high energy hadronic collision [ 5A] . tf a fast quark. Is Incident It must

cascade down to slow quarks and gluons In order to interact, thereby



gene rat I ng Its own sua - The t ratis vt.*rrfe

spatlal extent of this attemUnt cluud

can he estimated -is follows. At sf. t']» 1

of the cascade some typical

perpendicular raoraentum, k , Is

t ransferred, leading to a spatial

smearing of order fib, - 1/k , • Since

each step In the cascade reduces the

rapidity by about one unit, the nuaber

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

Viewing the cascade as a random walk In impact parameter space leads to

»~" t o t~<»b l>. /T*o t o t~R2~*ns. (27)

A potential problem of such a picture is that In theories with massless

particles the fib. can be very large and <Ab > can grow with Y, leading

to R'vexpCconst x Y). This could be expected to occur in QCD if the gluons

appeared in the physical spectrum. The function of the nonperturbatlve terra

whtch was added is to Include the effects of confinement and remove nassless

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

It Is still possible that <&b > could be dependent on M (and hence Y) and

could modify the in s growth of the cross section. In addition, the fact

that the radius was proportional to /Y^was due to the random walk having no

preferred direction, <Ab*.> • 0. If there were some preferred direction (e.g.

coward the other incident hadron) then <&"£ > * 0 and R ~ N ~ in s-

Ue therefore have a qualitative picture of how the hadron radius could

grow with energy- This picture is primarily peturbative, with nonperturbative

effects preventing the gluons from propagating "too far" as massless

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

crusa suet ion [ 05J and are most important at larger distance (near the

periphery of the hadron?). To construct a full quant It atIve foundat Ion for

this picture - assuming It Is correct - will require a great amount of

additional effort and ingenui ty•

B. Phenomena log Ical Notes

Because the preceding discussion of Pomeron structure was quite

qudl ltat 1 v*j, and because other speakers have covered mul t i part Icle product Ion ,

ue sha 11 not spend tnu- h t Irse on confrontation of Poneron raodels with data,

especially multiparticle data. There are, however, a few points which need tt,

be made.

The first Is the question of the applicability of asymptotic predicitons

of RFT, such as the scaling laws mentioned In connection with the critical

Ponerun. If same set of exchanges of fundamental fields yields an elastic

amplitude having the form of a Regge pole exchange, e.g.

^ Q ' iTe c ts a a 4 a f C , (28)

then RFT provides a formal Ism for computing the full elastic anplItude

resulting from raultIpie exchanges of this "bare Poraeron" [ 56,51],

a -
- i t s Y exp[(c+a t2n s ) t / n ] s ,

n°l n

ao-l

C29)
n iYnT • bn (c+a 'In s)'

The asymptotic behavior of the elastic amplitude depends on the bare Intercept

a • There is some critical valus a - 1+6, where (5 is small but not known,
o c

such that if a > a (supercritical) the total cross section rises like In s.

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

case, a = a , calculable critical exponents control the asymptotic behavior

of not just the total cross section but also a number of other measureable



quantities, such a.s those given In eq. (2A). While some of these predictions

agree (or do not disagree) with present experiments, the predictions for the

total and elastic cross sections (cf. fig. 1) Indicate that either ie are not

at asymptotic energies or the critical Pomeron Is not nature's choice.

Detailed phenomenologlcal studies confirm this [6,57], requiring large

nonasyaptodc corrections or agreeing with a perturbatlve expansion. The

point of the perturbative expansion Is that at "low" energies only the first

few terns 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) energies exchange of only a feu

bare Fooerons Is relevant rather than the full sum of (29) comes from analysis

of multiplicity distributions [5B]. Again It Is found that only the first few

terns in (29) are Important. Therefore, Indications are that we are not in

(or close to) the asymptotic regime of RFT scaling laws.

In connection with multlpartlcle 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 [l]. Considering 2GE as an

example, Che discontinuity In the elastic amplltivle leads to

'a1 ft

!ti nt irri

8

where the series of short vertical lines represents confining effects. The

two separating subsystems are Joined by color fields and can hadronize

according to one's favorite model, e.g. the 3 and 3 from different hadrons can

pair off, forming two chains or strings and producing the raultIparticle final

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

IV. SURMISE ANU SUMMARY

Recalling the features of diffractIve scattering which were presented In

t hz Introduce Ion as requ t ring explanation, we can draw up the summary of Table

III. A check mark Indicates that the feature Is understood or explained in

the context uf a QCD-b.ised model such as 2CE or ladder exchange. A check with

a slash through it indicates that the feature is understood within some model

whose connection with QCD Is more obscure.

At a fIxed energy the shapes of elastic dIfferentlal cross Sections are

well described by optical models. The energy dependence of virtually all

relevant quantities - o , B, a ., t.. , n(b»O) - Is consistent with the
tot e* dip

hypothesis of geometrical scaling (SS), although that does not address the

question of the energy dependence of the scale R(s) = [const * 0 r(
5)]

In addition, the relative magnitudes of total cros; sections are reproduced by

geometrical considerations or by 2GE. The problem is to obtain a geometrical

model from QCD - or at least to see how such a model might follow from QCD.

The more ambitious goal of deriving an optical model from QCD is beyond

our present grasp, <rf course. However, I-think we have some Insight into how

It can occur- If we consider 2GE between color singlet bound states as a

paradigm for how confined bound states scatter perturbatively, then we

Immediately obtain the correct results for the relative sizes of total cross

sections, and they have a geometrical Interpretation. In addition, 2GE yields

and constant s dependence 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 It is easy to see that most of the successes just mention will carry over



Table III

Feature

l ) o ^ const
toe

- 'In s) 2

2 ) °el~£ato,.

)) Re/Im small

&) forward peak

5} factorization

6) addUlvicy

7) multlpartlcle cross sections

3) Etc.: hellcity nonfltp

dlffractlve excitation

dtp

slope break

Inclusive

Understood?

/

-/

/

V*

/

s
y

not yet

How

2CE, ...

GS, Lou picture

2GE. ...

optical models+GS

2CE, ...

2CE-..

dual parton, ...

2GE, ...

optical models-t-CS

optical mod-1

miscellaneous

parton models

to more corapl lea ted graphs If Lhe final coup I Ing to the external hadrons la

through two gluons. WL> also must still show that we obtain the characteristic

dIffractIon pntiern for the differential cross sectton.

Regarding the question of whether the problem can be treated by lumping

nonperturbative effects into initial and final wavr; functions and then

treating the scattering of the quarks perturbatively, It is quite clear chat

that can not be entirely correct. There are also nonperr.urbative 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} ths size of hadrons at a given a. We therefore expect the

effective size of the hadron (and therefore Che growth of o ) as a function

of s to be fixed nonperuurbatlvely. For peripheral collisions then, the

situation will be very complicated, but in the Interior of the hadron (smaller

b) the wave functions plus perturbative scattering may be sufficient.

Of course it Is possible that the scenario just outlined Is hopelessly

optimistic and that a viable description of diffractlve scattering will

require a full-blown nonperturbative approach' However, the results obtained

from a simple model so far are sufficiently encouraging, and the prospect of a

"prope1" nonperturbative" solution sufficiently remote, that it seems

worthwhile to try to advance with a hybrid model such as the one above. In

that case the two most pressing questions are whether an optical model type of

differential cross section does result and why does the total cross section

grow like In s.
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