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Abstract
'Wé describe theoreticbl exi::ectafions for hadron-nucleus scattering at high energy if the
basic hadron-hadron interaction is due to Regge poles and cuts arising in multiperipheral
" or soft field theory models. Experiments at Fermilab may provide a critical test of such

models.

The scattering of high energy hadrons off nuclear targets offers new possibi‘lifies
for testing models of hcdron-hodron.scatfering and, as émphasized by Gofffr;ed(l); may
provide other'wisevunovdilable information on the time scales involved in hadronic inter-
Aacﬁons._ In this note we shall .reporf on some ofthe general features of hadron-nucleus

@)

scattering implied by a softened field theory or- multiperipheral mode of Regge poles

~and cuts, leaving the detailed arguments for anofl:mer publication. Th'is' model accounts,

at least qualitatively, for the observed behavior of hadron-hadron scqffering' at small
momentum transfers and furthermore. automatically contains the Iarge time scales reqdired by
the SLAC data on inélastic elecffon scatfering(.s)An analysis of hadron-hucleus scatt'er.ing

in soft field theory models has been given by Kcncheli(4) and by Lehmann and Winbow(s),
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but we shall émphosize the critical role of certain Regge cut effects and how the r;aloﬁon
between total, élasﬁc and .inc‘lusive cross sections may provide a decisive test of the model,

Conseider first an elastic hadron-hadron scattering amplitude given by s;ingle Regge pole |
exchange, which in the ¢3 model (any other soft theory model without vector mesons is equi-
valent for our purposes) fs represented by a sum of ladder graphs, In order to have a simple'
space~time infer'pretaﬁon with on-mass-shell intermediate states it is convenient to work in
old-fashioned (I;ime—ordered) perturbation theory where at high enérgy in the laboratory
frame o ladder graph takes the form shown in Fig. 1. In principle. there is a sum of
graphs, one for each ordering of the vertices, but sim—:e most of the internal lines carry o
large momentum all orderings but that shown are suppressed by powers of p.(é) The lifetimes
of the various intermediate states can be estimated by the uncertainity principle to be*O(p/mz)
for the first few intermediate states, decreasing to 0(1/m) for those adjoining the interagtion
 with the target. The physical picture associated with this grcph(n is that the projectile
begins to emit fast quanta and then a large time and distance interval O(p/mz) later, slow
quanta hqve appeared and these can interact directly with the target. After a further time
and distance ipfervql 0(p/m2) the virtual quanta have recombined and the scattering event
is compléfe. There are two fypés of two-Reggeon cuts (two-ladder graphs). The projectile
may split into two fast secondaries which independently emit ladders, then a time O(p/mz)
later both ladders interact with the target within a time 0(1/m) of each other, and after a
further time 0(p/m2) the two ladders recombine into the outgoing projectile, This is just the

Mandelstam graph., Alternatively, the projectile may emit one ladder which interacts with the

* m can be interpreted as an average transverse cluster mass, and we expect m = 0(1 GeV),




target and then recombines (after a time 0(p/m2-)), and then emits a second ladder -
which interacts with the target and recombines.. The second case, the AFS graph, is
clearly zero since the projectile is already far past the target before beginning to emit
the second ladder. However, if there were a second target a distance at least O(p/mz)
downstream of the first, then this last statement is false and an AFS - like graph need
not vanish,

Now consider hadron-nucleus scattering with p/m2 >> R, the nuc‘lear radius. For a
!arge nucleus it is a good approximation to work at a single impact parameter and then
multiply by nRz, Aga.in, if the proiecﬁlg is to interact it must begin to emit one or
more Reggeon ladders a distance O(p/mz) before reaching the nucleus. The nucleus now
has hadrons distributed over a distance O(R) and any virtual parfic'le with momentum
k < O(mzk) can, and‘in general. will, interact repeatedly with the nucleus through AFS -
like rescattering. Since the elastic scattering amplitude in impact éarameter' is bounded
By o constant, the strength of this latter interaction cannot grow as a power of R however,

Thus the full scctfering amplitude has a Regge form for the virtual particles with

p>k2> O(mzR) and a constant dependence .for the lowier momentum components, and we find
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with 'ci = 0(1). The coupling of Regge cuts to a nucleus can be larger than to a hadron, byt

cannot be enhanced by powers of R.  Because of the longtime scales of interactions, the

(8)

Glauber expansion'™ is 'inapplicoble.
We thus expect a single-particle inclusive cross section of the form shown in Fig. 2:

a nucleus fragmentation region where rescattering and some cascading can occur, a ' : 1

central region(if the energy is sufficiently high) and a projectile fragmentation region. i



The height of the cross s;acﬁon in the central region and the shape in the projectile
fragmentation region need not be the same as for a hadron ﬁ:rget due to possibly

stronger Regge cuts. The height of the ceniral plateau is tightly correlated with the
elastic cross section, as we now discuss, First we take the simple example of allowiﬁg only
one-- and two-Reggeon exchanges; then fhe AKG cutting rules(9), which depend crifica"y.
on the long time scales typical of a softened field theory model(lo), imply that the relative
strengths of total, diffraction dissociation (including elaﬁfic) and one~ and two-Reggeon

final state cross sections are, respectively, o of ~A - A A2 ) 0y = A, - 4A

1~ A %pp T 1T Ay
and o, = 2A2, where Al(-AZ) is the imagihary part of the one- (two-) Reggeon ampli-

t

tude. Suppose we wish to maximize r = °op /atof , a ratio which tends to -;.—- for large

nuclei at lower energies. This entails maximizing A2 , but we are constrained to keep
. ) ,
8 >0 or A2 < T A] . |f we assume that hadron-hadron scattering is dominated by

single-Reggeon exchange, and define

R = 1 do 1 d
c o dy 0. ., dy :
inel %Y/ nucleus . inel hadron .Jcentral region

—

-

= 9pp ¢ then at the maximum we have r =§—- and Rc =2, Simi- |
3
larly, if we allow one-, two~, and three-Reggeon exchange we can reach r == but

where Tinel %ot
only if Rc = 3. Thus a large elastic cross section implies a large inclusive particle
density. In general we can show that when multiple Regge cuts (but no Reggeon inter-~

actions) are allowed, if
2-n \ 1 - 2]-n

-n

then 2" 1 (2r-1)
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When n becomes large, which in configuration space corresponds to a high density of
particles at each rapidity and impact parameter, then Reggeon interactions are presumably
non-negligible and the bound is not strictly true. However if experiments reveal a distinct
central region with RC =~ 1-2, togefher with r =& -;—, then softened field theory
‘models of models of Regge behavior are in doubt.
The planar dual string model of hadron~hadron scattering offers a contrasting behavior,
Here, an interaction between an incident (hadron) string and a sinQIe nucleon is essentially
instantaneous, so that on a nuclear target the str.ing can interact éucces#ively with each
nucleon at its impact parameter and the Glauberexpansion can be safely applied. One f'inds
T oot 2nR2 , 0= -il and Rc =1, When dual loops aré included these results may change;
in particular, loops are essential in describing the excess par}icle production and rescattering

in the nucleus fragmentation region. Nevertheless, if experiment rules out a softened field

theory description, a string model may provide an attractive alternative,
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Figure Captions

A Regge pole in old-fashioned perturbation theory, depicted at high energy in the

rest frame of P.

The inclusive particle density for nuclear and hadron targets.
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