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MULTIPERTPHERALISM AND PRODUCTION SPECTRA
Carleton DeTar
Lawrence Radiation Iaboratory
University of California
Berkeley, California 94720

- August 25, 1970

ABSTRACT
We show that limiting fragmentation in production spectra
", and a log E growth of. particle multiplicity follow from two
fundamental multiperipheral hypotheses, (a) that transverse
momenta are limited, and (b) that particles produced at sufficiently
'high relative velocities should be uncorrelated We illustrate the
' general argument with the pion-exchange model of Fubini and collab-
orators and discuss factors that affect the rate at which production

spectra approach a limiting form.

Two common features underlie the great variety of nultiperipheral
models,l -h the first, a peripheral constraint, variously expressed as a re-
striction upon internal momentum transfers along a'chain or as a confinement
of the momenta of produced particles in the direction transverse to the beam,5’6
the second, a factorization property, vaguely described as short-range order
with long-range decoupling of particles produced along a chain. Arguing from
these two principles of multiperipheralism, one can make some useful predictions
about the production spectrum of secondary partlcles in hadronic 1nteract10ns
at high energies. For the reaction a + b - X+ anything, the predictions may

be stated simply in terms- of the variables P, and y, where is the

A
transverse momentum of rarticle X and y is related to the Feynman rapidity
variable,7 here defined in terms of’ p”, the longitudinal momentum of particle

X in the laboratory frame as
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.P'-‘v = W s'inhy; A (l)
where ' - h ‘
LA (p_L‘+ mx)/ : (2)
We also introduce the variable Y, related to the energy Eb of the beam : U

particle in the laboratory system (the rest fra.me of particle a), through the
formula | o N ‘ |

Eb =lmb-co'shY'.' | - B (3)
In terms of these variables, the predicted density of single-pa.rticle produc- »
tion, i.e., the differential production cross section divided by the total |
‘cross section, | | | |

. -
do " = (o 1':Ot)l

ab ,_.dgab A . ()4-)

may be expressed compactly as follows. At high energies the particle density ,

a.pproa.ches the form

2 X, . SUEI T
pa'b'/‘_ipJ. dy -G (P_L; Y) (I.)L’ Y -y), " _ | o (5) .
where v . :
G (p*, y) = Gbx(p*, y) ~ f (p‘L) o for y> A - (&)
- for some consta.nt A (which may depend upon X) The function G,x depends =
only upon particles a and X, a.nd GbX-- only upon b  and X, whereas -fX is

universal, depending only upon particle X.

Equation (5) with (6) expresses three important qualitative features
of the sPectrum. |
(a) The first is limiting f‘ra,gzvnentation.8 In terms of the variables p, and
¥y, this 1s the feature that; at any fixed p IR and y, the particle density |
approaches a constant 1imiting velue as the total energy (or Y) is increa.sed.z

This is also true at fixed Pp and Y - Y corresponding to llmiting fragmen-
tation in the rest frame of the beam particle.

il
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(b) A second:feeturevqf the spectrum is a direct eonseqnence of long-range
decoupling.' Fragmentation of the target is independent of the beam particle,'

and vice versa. Moreover, the central region of the spectrum (A< y<Y - Q)

f'is independent of both beam and target.
(c) A thira feature of the spectrum is the gradually elongating plateau in the

.central region. The particle density dp/dyl, integrated over -QL at fixed.y,

approaches the constant height
gy * ff2<p Jap o (7)
for A<y <nY‘5 A. Since the average multiplicity of particle X per event

is obtained by integrating the particle’densityy.

() oy f (a0 bx/dy ap, ay ap, , 8)

it is.easily shown that as Y increases,

(nglay, ™ &g Y + cx + oy ' (9)
where C.x depends only upon rarticles a and X, and cbX‘ only upon b

and X. A necessary consequence of the constantnheight elongating plateau is,.

therefore, that the average multiplicity increases linearly in log Eb at

9

asymptotic energies. In terms of momentum variables a constant distribution

in y implies a distribution
2 X .2 _ ,
o, /dpy apy = £y (p,)/E (10) -

at the corresponding range in p", where

E = (pf + p,,2 + my )l/2

o

7

Both the liquid droplet modelloland'the rarton model of Feynman' make

the same predictions as above for the singie-partiele ‘spectrum, and with minor
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modification; it is possible to hring_ .the'predictions 'o_f'the statistical
thermodynamical modelll into accordance with'these results;6 should such an
agreement be desirable. Such unsnimity strongly.suggests a fundamental v
‘similarity anong‘the various models; vlndeed;dthe restriction to small trans-
verse momenta end'the'factorization inherent in the'Feynman diagraus offered
by Cheng and Wu.in support of their conclusions do seen to fulfillaour two
criteria of 'multiperiphere,lism. In the parton model the idea that scattering
takes place through ah{exchange of partons from'the beem and from the target
suggests a decoupling of beam and target components, as in Eq. (5). However,
it is not clean from its presently published form, whether long-range
decoupling occurs in the parton model in such a way that ‘the central part of
the spectrum is independent of the incident particles."

Before presenting srguments in support of these conclusions, it is
necessary to give a more specific meaning to the concept of long—range
decoupling. We require that when the subenergy of two produced particles i
vand J 1is sufficiently'large, i.e.,

Sij

i(pi.+-pj)2 >, - JRCENR

then the production cross section for those two particles should be eXpressible

as a product of two factors, one of which contains the momentum dependence of

rarticle i and the other, of particle J. In other words, the production.of'

any pair of particles should not he correlated when‘their:relative velocitiesr ")

are sufficiently large. | ' i : o | e o .: : g/.
Let us‘consider in what way multiperipheral models'fulfill this require-

ment. We shall find that decoupling or loss of memory along the chain is |

intimately related to the Fredholm property of the integral equation by means
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.of which one sums the asymptotic multiparticle contributions to the elastic

unitarity eqpation 1’12 For our application the essentlal consequence of this
property is that at asymptotic energies, the total cross section is dominated
by a single Regge pole13

tot a o .
%o By By 5 - _ _ _ (12)

This is a result common to the ABFST model,l the multi-Regge exchange model,2

the Clh.nrﬂel;il and the model of Ref. L. In order to construct an integral

: equatlon, it is necessary that the n-particle production amplltude be expmessed

as a matrix product of repeating factors each of whlch specifles the momentum
dependence of a restricted group of nelghboring particles along the chain.

Each of the aforementioned models has this property. In each’caSe the repeating
unit of the chain has a behavior;sufficientlyrregular.at largeblocalvsubenergies
that a Fredholn integral equation can be constructed. .

The relevance of a leading Regge pole to long-range decoupling is
apparent, when one considers tnat the asymptotic behavior (12) not only is a.
1roperQ5 of the total cross section, which is obtained through unitarity by
summing "ladders" with the incident particles attached to the ends (Fig la), but
also is a general property of a sum of incomplete ladders (Fig. 1b) in which the
ends of the ladder have been removed.l_5 In this case 'energy" means the total»
energy of those flnal rarticles that are included. To obtain the production v
cross section for particles i and J in conjunction'with any other particles,
it is necessary, roughly speaking, to sum & set of incomplete ladders in which
particles i 'and J appear at the ends.v Therefore,.the ;moduction cross
section has anvasymptotic~benavior (sij)a _in the subenergy of particles

i and j. If p. > p >> ?Li’ D, - then s

nd i s 13 may be written as
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S

ij - an. fni

~ (e /m = vy e exply, -y )
where ‘y and Wd are given by Eds.l(l) and'(é). Inesnuch:es the snhenergy-
becomes‘a prodnct of two factorsf'separating the momentnm dependence of
:particles i‘ﬂand ij, the prodnction cross section also factors in this manner.
Therefore, the presence of avleading Regge pole leeds tove decoupling of the
momentum dependence of‘pairs”of particles in the prodnction cross section when
the subenergy of the pair 18 large. Evidently; the value of M? in Eq. (ll)
depends upon the energy at which the leading pole dominates the sum of
incomplete ladders. | v | | ,
When the”multiperipheral hypothesis'is stated in-theSe terms, the
properties of the s1ngle-particle spectrum described by Eqs. (5) and (6)
| follow quite simply. If decoupling occurs for le > M? and transverse
momenta are limited then by Eq. (13) decoupling also occurs for
fyj - yil > A for some constant A, Therefore, particles produced in
the central region (A < y <Y =-A) are not correlated with the beam and
target particles (whose coordinates are y =Y and y = O, respectlvely).
Moreover, since the particle density depends upon only local correlations'
among particles, in the central region the particle‘density itself must be
independent of the beam and target. Finally, since the production spectrum
in any subinterval of thevcentrel reéion'is not correlated with the spectrum
in anotherrsubinterval,'provided lt is.sufficientlyvremote, the particle
density must be constant in the central region.x Trodnction-in the target's
end of the spectrum (y < A) 1is correlated .with the target particle, but
cannot be correlated with the beam particle, when Y is sufficiently large.

. If the particle density in this region or'in the central region depended upon
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" the total energy,-particle production'uould necessarily be correlated with
the beam pa.rticle and the particles directly associated uith its fragmentation
over a distance in y greater than A 2 contrary to the assumptions of the
model. These properties of the single-particle spectrum are summarized by
‘Eq_sf (5) and (6) | , ,

" n the ABFST model it is possible to verify Eqs. (5) and (6) explicitly
for the single-particle spectrum.Jf6 In our termlnology, Amati, Fubinl,

and Stanghellini have demonstrated, for pairs of . piohs ‘of a

given 1nvariant mass, ‘that the density distribution in the central region is
constant -in y and independent of the beam energy. To derive this result,
they consider the diagram illuStrated in Fig. 2. The left and right clusters

represent a sum over all incomplete ladders: with total energy s and s

L R

respectively. _The spectrum of the pair of pions in the middle is to be
calculated. To obtain this spectrum_they fix the four momentum of the pion
rair and integrate over all possible momenta and masses of the left'and right
clusters. The key observation is that for sufficiently large total energies
and central values of the momenta of the pion pair, 'sL and sp are both
large over the 1mportant range of 1ntegration 50 that one can use the asymptotic
form (s * and (sR) for the sum over the contributions to the left and
right clusters. This leads to a decoupling of the momentum dependence of the
pion pair from the beam and target. ‘Since the production cross section is
proportional to B_(s ) (s sb @ B, B, s and the total cross section
is also proportional to Ba Bb oa the particle density-is constant in y
and independent of the total energy. Note that the res1due factors B and
Bb cancel, as they must if the particle density in this region is to be

independent_of beam and target. By a simple exten51on.of this argument’one

may determine the spectrum at small 1aboratory momenta for the pion pair. In -
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this case one finds that SRu ~ g and ISL is small‘over the. 1mportant range
of 1ntegration so that one can. use the asymptotic form (s ) B for the
right cluster,‘provided s 1s sufficiently large. Again the particle density -
is independentrof.the total energy and of the beam particle; 'HOWeVEr, in this
region the density is correlated with the target. Hence, fragmentation of the
target is limiting and independent of the beam. Putting these results together
“leads to Egs. (5) and (6).

vIt may be desirsble'to take,into account nonleading terms in the sums
over ladders,_especially if the leading-Regge pole doesvnot Irevail until the .
total energy is inpractically large. The AFS argument is ea51ly’generallzed

if the total cross sectiqn 'can be represented as a series of factorized powers

. tot . < 7. 9T S |
I v_(Y) ~ .EE Pay @7 By o ()

One effect of including nonleading powers is that the particle density develops
a " memory or long-range correlation with a characteristic period of decay in
y of & = (a - a ) the inverse of the separation betWeen the two leading
bowers. Another effect is to introduce a transient in the particle density
.that dies out with increasing beam energy with a characteristic period of &
in the variable Y. This suggests that D in EBq. (6) should be cnosen'
so that it is large conpered with o .

In the limit that the leading powers are- degenerate and well separated
from other powers, an interesting situation arises. Once again fragmentation
of the target is rapidly limiting in beam energy, but it must depend upon the
beam particle unless the ratio - B /B isvapproximately independent of the
particle type & . To the extent they predominate and cannotvbe approximatai

by poles with factorable residues, Regge cuts complicate the production
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spectrum. If they must be included, ‘the spectrum need not exhiblt any of the

features of Eqs. (5) and (6)
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FIGURE CAPTIONS

'Fig. 1. (a) Schematic representation of the complete ladder that is summed

-

to obtain the total ¢rpss section. The rungs represent produced
'particlés, and the side links represent'matrix'factorization of
the repeating unit in the multiparticle production amplitude.

(b) The incomplete ladder.

ABFST model. , . . %



._11-‘

» omamy

-

o

—




42

 XBL708 -3740

Fig. 1b
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