Lawrence Berkeley National Laboratory
Recent Work

Title
A MULTIPERIPHERAL BOOTSTRAP MODEL

Permalink
https://escholarship.org/uc/item/3zs5d700

Authors

Chew, G.F.
Pignotti, A.

Publication Date
1968-06-05

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/3zs5d70p
https://escholarship.org
http://www.cdlib.org/

. aammm*a Uaa’%&ﬁm,

S St S GRS S

.:: :‘,:

o TWO-WEEK LOAN COPY

.. . This is a Library Circulating Copy
which may be borrowed for two weeks. f
For a personal retention copy, call §

Tech. Info. Division, Ext. 5545

i « B . "
N L T e RN : i 2 g G L B e : 4
o } Lo RN Yilie ‘;*g, &k 8 = oy i 5 it

o R S CEL S L SRRV s e A

5
Gt

A MULTE[PERIPHERAL BOOTSTRAP MODEL

G. F Chew andA P1gnott1

s R R T ; - . G o :
sl iy 2 2 rﬂ,. ‘ ,3 ’/ .\,‘:32; >5 ;,A‘ ;"’jZ{ /‘, o / ~

R "‘ E'.l V‘E'D
1&‘&&@3




DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



. Submitted to Physical Review ' .~ UCRL-18275
' Preprint

"UNIVERSITY OF CALIFORNIA

Lawrence Radiation Laboratory
Berkeley, California

AEC Contract No. W-7405-eng-hi8

A MULTIPERIPHERAL BOOTSTRAP MODEL
G. F. Chew and A. Pignotti

| June 5, 1968



T

A MULTIPERTPHERAL BOOTSTRAP MODEL"

G. F. Chew and A. Pignotti

Lawrence Radiation’Laborathy
: _ ~ University of California
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ABSTRACT

A crude bootstrap model is constructed, based on.forward-
directioh unitarity and the multi—Regge hypothesis. The Pomeranchuk
trajéctory ig generated by iteration of lower meson tfajectories, wnose
a&eragé resiaue'is correiated ﬁith average trajectory heighﬁ. . Tteration
o of the Pomeranchuk turns out to be a small but nonvanishing perturbation
that requires the effective average hgigﬁt of the Pomeranchuk to be
" glightly less than 1. The médel yields a,two—pafaméter'formula for
'multiple—prodﬁctidn éross sections that agrees satisfactorily with

nucleon-riucleon data up to 30 GeV.
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.A. INTRODUCTION

The qualitétive'suécess of the Regge-pole hypothesis for high-
'enefgy’ieactions with fwo-hadron final states requires serious attention
td fhébmulti-Regge hypothésis fof multiplé production.l Ohe may here be
ﬁofivated simply'by the desire to.correlate high-energy experimental
data or by the deeper impulse to ;nderstand something about the role of
multiparticie unitarity in the hadronic bootstrap. The hadron bootstrap
isupposes the existence df'aiuniqué analytic relativistic S matrix in
ﬁhich all poles are Régge_polés,{an S matrix tﬁat.apffokimates the
actual behaviof'of hadrons; the.ﬁrincipalierror_being the neglect of
electromagnetism. The nonlinédrity of the»unifarity condition has
.ffustrated, and will éontinué to frustrate; theoretical attempts to
construct a complete S matrix satisfying all bootstrap conditions."
(It is.not'even certain‘that such a métrix éxists.) The only recburse
for theorists'at present seems to cheat--peeking at experiments to
get hints of the mechanism by which nature.has achleved self—consistency.
‘By this approach theofisté-have iﬁ the past.discovefed certain small
ratios upon which roﬁgh modelé for.limited regions of the § matrix can
be based, the incompléte c¢haracter Af the models being manifested by
a number of arbitrary pafametérs.‘ This paper describés one such model—-f
dealing with the_mﬁltiperipheral region-?that is, high enefgies and
low momentum~transfers. .

It is characteristic of bootstrap model construction that the

number of arbitrary parameters is not apparent at the beginning of the
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'task nor is the degree of self conslstency that w1ll be achleved
One mlght state as the bootstrap pr1nc1ple The greater the model's
cons1stency, the fewer the parameters The model to be constructed in®

fthls paper is crude and contalns three or four parameters. A remarkable

b‘,feature, however, 1s that by the unltarlty constralnt the magnltudes of *'7"

: certaln pole res1dues (or coupllng constants) turn out to be determlned
iby the locatlon of traJectorles. The model bases 1ts rough self—
”_cons1stency on three small'quantltles with the d1mens1ons of energy
”Taklng 1 GeV as a characterlstlc hadronlcvenergy, the plon mass may
'be cons1dered small and so‘nay the mean-momentum transfer in a h1gh~
"energyleollls1on; The thlrd small quantlty on whlch we shall lean
: heav1ly is the slope of the Pomeranchuk tragectory.

Unltarlty is: employed only through the optical theorem, relatlng )
the total cross sectlon to the 1mag1nary part of the forward elastic
amplltude. We make no attempt to satlsfy unltarlty at nonforward
dlrectlons or'ln.lnelastlc processes.‘ We also largely 1gnore analytl—
01ty propertles in momentum transfers. Inclu31on of such constralnts
"is an obv1ous obJectlvelfor future.lmprovement of thls type of model

A prerequ;s1te for ourvmodel.;s'Dolen-Horn-Schmld duallty,2
whicthe assumeijustifies a rough.multi;Regge description'of high-
energy multiplevproductionbthat ignores resonance production and
'oonCentratesvon those final‘bartioles that are stable with respect to
strong interactions. We Turther assume-that dn addition to the
Pomeranchuk the most important trajectories are those containing the

least massive hadrons, the 0 and 1 mesons, together with their
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'exchange degeﬂerate partners whose first physical points are 1t and
2+.' It followsvthat at the internal vertices in a multiperipheral
_”chain"vonly 0  mesons are emitted with appreciable probability.

Fof the same feason, at end_vertices baryon number tends to be conserved.
Thus the bulk of any high-energy reactién amplitude should be repre-

; sentable by diagrams of the type of Fig. 1.

For simplicity, in most of this paper we shall pretend there

is only one kind of stable meson. Appeal to 8U, might impfove the

)
model, but we wish to avoid indices that obscure essential features.

At the same tiﬁé two différent types of meson trajectory must be
recognized: For a fixed fingl‘multiplicity, Pomeranchuk exchange
ine&itaﬁly doﬁinates at sufficiently large total energy. We shall see,
'hbwever; that‘the bulk of the total inelastic cross section at any
given energy is domiﬁated by lower trajectories. In our model we
combine the effect of all lower.meson trajectories iﬁto a single

trajectory.

At this stage, then, the model contains two trajectories o?

and qM and two. internal vertex functions, fM representing the

vertex of Fig. 2(a) and .fP representing that of Fig. 2(b). Each

internal vertex function depends on the two ‘adjacent momentum transfers
as well as the Tollerjangle; but sﬁbsequent approximations will inte-
grate”over these variables and reduce the discussion to "vertex

constants", and gp- The other parameters of the model are

ey
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associated with the end vertices. Again by integration these will be

representable by constants, GM and GP.
Consistent with forthcoming approximations that will average

over momentum transfers,we shall neglect the slopes of the trajectories

aP and aM and employ average (constant) values of these quantities.'.

At such a stage, therefore, our model will contain a total of six real
parameters for a definite choice of initial particleé; only two of

theseAparaméters, G  and G depend on the. initial pariicles.

M P’

Unitarity will turn out to require

~

gM2 ~ 201 - o)

-and

2 <

g ~ 2(1 - o) ,

a limit so small that for many purposes can be set equal to zero

€p
and aP egual to 1, leaving only three parameters.b The magnitudes of

elastic and total cross sections will determine GM

and -GP, and all

.questions of energy dependence and multiplicity distribution will
devolve onto the one remaining parameter.
The model studied here is similar in many ways to a model of

3

Chan, Foskiewicz,and Allison,” which includes two different meson
trajectories as well as a baryon trajectdry, and which is designed to

describe  individual reactions, rather than to investigate bootstrap
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constraints. We are encouraged by the success of the Chan-foskiewicz-
Aljison model, but for us to include so many trajectories would
pfeclude simple closed forms for total cross sections and obscure the

essential bootstrap aspects of the problem.
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B. KINEMATICAL PRELIMINARIES

The cross section for production of n mesons when particle

a collides with particle b may be written

do ab _ 1

A Eﬁ?ﬁfﬁg ) (B.1)

ab 2
n- 3

|
where

s -m 2 _ 2

s ~ M

2mamb

1

if & 1is the total center-of-mass energy squared. In terms of Toller

L

variables the phase space d@n is

coshfy = (B.2)

. ' n o n+ -
d@n := cosh 9, cosh gbf‘ ‘ sinh qj dwj‘i ' dti d cosh gi

j=1 i=1

8(cosh 1 - cosh no)

sinh o ' (8.3)

In this expression there‘ié, for each internal vertex J, an angle

'wj and a boost 'q'j given by

ue -t. -t

<, (B.b)
(~t1)2

cosh q. =

e

2(-tj)

where tj- and t5 are the invariant squares of the momentum transfers
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adjacent to the j'th vertex. The end vertices have no associated

angles,and the boosts are given by

. _ N
cosh g "= (1 - tl/hmag)2

i

coshrqb (1.- tn+l/hmb2)2. - (B.5)

In (B.3) the variable &, 1is a boost associated with the i'th
momentum transfer and is related to the corresponding two-particle

subenergy squared by

N -

L 1 ,
o N s
T I I SO G

X [sinh q;_; sinh q; cosh &, + cosh q,_, cosh qi] . (B.6)

‘The quantity 1 'depends on all 3n + 2 Toller variables, but the
. -+ dependence factorizes when each Ei is large:

n+i

. n v
- cosh 1 ® cosh qa~coéh qb‘l ! (cosh a5 + cos wj)‘l l cosh Ei
' j:l » Ci=l

(B.7)
© Let us now*define
» ' o i ' ' %
T = ' . 2 .
AOE [cosh ;. * cos wi—l] [cqsh q; + cos wi] (B.8)
and o )
X, A
e = A, cosh &, . (B.9)
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Then the constraint (B.?) becomes

. n+l ' o ' :
.: H ) L ) . . O .
i=1 ' '
if
e - - cosh ' . | (B.11)

py
T T
[cosh a, cosh qu

At the same time the phase space (B.3) becomes

' ‘n " - n+l : —_— ‘ .
1 g8inh q. dw, ' :
R - ‘] l J _J ‘l l dty dx, 8(Xy - ¥ o) .
n s;nh1k) 4 cosh q, + cos w, i i Y0 i
. j=1 J Ji=1 i

(B.lE);

According £o'(B.10) the lower limit on X, is log M3 but if the
outgoing meson mass squared is smaller than or of the same order as
the average 1, the.quantity 'xi is on the average of order unity,
regardless of the values taken by the angles wj. We afe thus led to
make the basic and greatly simplifying assumption that the lower limit_
for any xi ‘is zero.

The preceding formulas are,géneral,Asimply représenting
kinematics. Multiperipheralism is injected by aséuming for the

production amplitude A.n the factored form,



-9- ' ; UCRL-18275

n JJ dJ

n ‘ n+l
=1 el

' ' 4 a, (t,)

ab ivi
AT~ g'a(,tl> 3b(tn+l) ! ' ?(t., tj+l’ w,) ' l (cosh gi)

L L (B.13)

‘with the vertex functions Z} lafge only for small values of the t's.

Substituting .(B.13) and (B.12) into (B.l) and integrating over

the dw's, we have

~2X .
: ab 0 &/ - , 2 2 v 2
ao ™ = e T d(Xy - §oxg) £,7(8) £7(8 ) | ‘ £,7(t5, t5,,)
" - STn 8 . 5o1 .
n+l o Zoélxi
o} dty dxg e T, (B.1L)
i=1 -

where fJ.2 is the product of "3?5(tj’ tj+l; mj)l2 and known functions

of the same three variables, integrated over dwj.

s
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- C. THE MODEL

As explained in the introduction, the model includes two
trajectories, to be labeled P (for Pomeranchuk) and M (for .meson).
Interference between P 'énd M for the same momentum transfer will

be ignored on the basis,that.large values of a particular 8y will

be dominated by P aﬁd sméll values by M. Internal deg?ees of freedom,
such as charge, of the actual outgoiﬁé meéons alsé heip to Wash oﬁt
interference effects. | | |
There_arévthus two.différént ”eﬁd-vertex"’funétions,v'fan(t)
and faﬁg(t)? and tWo different "internél—ver#ex" functioh_sJ fMM?&t, ﬁ’)
and fMPE(t;.t'). A basic,éésumption of‘the model is that we can.
approximate the inﬁégral 6f the internal vertex functioﬁs over the

kinematically‘allowed région of momentum transfers in the following way

2 2 Ir-DR _ 2 -
[ £, (8) aty £7(ky, 85) dtymoof, “(8, %) b, £7(8)
x g 2,0 2(n-i) o 2 (c 1)'
: Yax  BM . €p by : : _

Here' x énd v répresent the first and the_iast_Regge poles exchanged,
énd stand for either P or M. The exponent . i is the number of
timésvthat an iﬁternal verte# of the type shown in Fig. 2(a) oééurs;
and; correspondingly, n - i is the number of internal vertices of

the type shown.in Fig. 2(b). Equation (C.1) follows if the integrations
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over the t's are pefformed between minus infinity and zero, and the

vertex functions have the form ‘

£(t55 b5

~—
!

g, £(t;) £(t;,)

‘( . - fa(tl) = 'Gax f(tl) ) ‘ (0‘2)
and.
pltp) = Gy T )
‘where .g., -G , and G are constants depending on the nature of the
1 ax by : ,

lines linked at the vertex and f£(t) is an arbitrary universal momentum
transfer dependence. .Finally, we replace ai(ti) by a suitable average

value o, or oy when performing the t integrations in Eq. (B.1h).

. ' To illustrate the model, consider the diagram in Fig. 3,
corresponding to the production of four mesons in a collision between

particle a and particle b. 'In our model the cross section is given

i

by

aPMMPMb . . 2 . 2
a9, ¥ G Gy (gp

2)3 4 2,e2[ObX1+QMX2+QM33”¥Pxu+aMX5'Xo]
M ' |

X dxl_ax ax, dx, dx

o 4% S(XO =X, X, =X X - %) .

> 1 2 P + 5

- (C.3)
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We ignore Bose statistics because‘the regions of phase space occupied
by different outgoing mesons tend not to overlap. Furthermore, if we
alter the ordering of M aﬁd P trajgctofiés in the chaing we popu-
late a different region of phase space. In other words, each iiﬁear
arrangement of P and M .trajeétorieé gives a‘separatevadditive
contribuiion‘to the cross section. Observe that, as eﬁphasized in fhe
introduction, only two of our six farameters depend on the initial

particle types}
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D. TOTAL'CROSS_SECTIONS: THE OPTICAL THEOREM

AS A BOOTSTRAP CONDITION -

‘Let us begin the bootstrap analysis with the subset of peripheral
diagrams coﬁtaining only meson trajectories. Designating by

aM- - - Mo . . ' .
o M the associated cross section for production of n mesons,

our model gives

go BMe Mo 4 24 2 an eg(aM'l)Xo .
= i 1 “e n+l

n. aM "bM

X 6(xl +oeee X | -xo) s (D.1)

dr, after integration over the -dxi,

2 n .
CgaMeeMd 2 2 (& %) e(zaM-e)xo  (0.2)
n T TaM  bM ni ' ’ .

We tentatively assume this Poisson distribution in n. to sufficiently
depress high multiplicities so that (D.2) yields a negligible contribu-

: Y
tion from n ~ [(s)2 - m, - mb]/p, where the model must fail. It is

then physically meaningful to sum,(D.E) over all n, obtaining

, ea, ., ~2)X; : -
aM- -« +Mb 2 2 ( ! 0 . , 2
Gtot = GaM GbM e , with EaM' = EaM + gM .

(D.3)

X » .
Since e E s, the Froissart limit prohibits Oy from being greater

than 1 and thus from being greater than 2(1 - aM). This

&M
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unitarity limitation on thé‘mégnitude of a coupling constant is a
crucial aspectbof the bootstrap.  Analysis of self-consistency will be

seen below to convert the upper‘limif on gM2 into a rough equality.

The upper limit is already sufficient to Jjustify a posteriori
our having neglected the énergy-éonservation constraint on multipliéity.
By a short calculation, the average number of mesons within the

distribution (D.2) is found to be
. .ﬁaM.-.Mb. _ 2 . | X ‘ (D’u)

the single parameter- gM? éontrolling multipiicity.

The result (D.3) may evidently be generalized into the following
contraétion rulef The cross'sectionvfrom summing over all numbers of
M tréjectories océurring either Eetween two P trajectories, betweén
a P trajéctory and an end-vertex, or between the two end-vertices
(as in D.B), is obtained by replaeing‘the "eluster" of M ftrajectories
with a single new trajectory atr aM, = aM + gMg/E. The genefal pfoblem‘

is thereby reduced to one of alternating P and M' trajectories, with

internél vertex conétants all equal to gPE.

The total cross section is thué composed of four parts:

ab '_4 aP-++Pb  aP**°M'D aM'«.-Pb aM'++-M'b .
%ot = %tot T O%t -t Yot * %ot . (D.5)

proportional respectively to Gan‘Gng’ G 2'G 2 6.26.°% and
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GaM2 Gng; and the optical theorem relates this sum to the imaginary

part of the fofwara elastic amplitude, which we suppose to be dominated

by the Pomeranchuk trajectory with aP(O) = 1. Thus our basic bootstrap

requirement is-thgt at high energy (D.5) should approach a nonvanishing

constant. Let.us examiné separately each of the four components.
aPe-+Pb

Dendting by gN ~ the cross gection for both end vertices to be

connected to P trajeétories, with N intermediate clusters as shown

in Fig. 4, we have

%o

SR eFD 2 2, 22N 2(0p-1)%, 8y T
N = Yap “pp ‘Ep © W - 1)°

0

(XO - Z)N.e—2(aP;aM,)z

X Nt :

(D.6)

We are ﬁnable to give a general closed form for the sum of (D.7) over

N, that is, for Gii;..Pb5 but we shall find the total cross section

consistency reqﬁirement to demand that aM’ be close to QP’ in

which case an approximate closed form can be obtained. The Froissart
aP..+Pb 2

limit on Gtot - 80 severely - -constraing the magnitude of gP 5

given o% close to 1, that repetition of the Pomeranchuk trajectory

is highly improbable. Most of the inelastic cross section then must
arise from chains containing no Pomeranchuk trajectories, whose sum

is given by (D.3). Since the total inelastic cross section must be
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approximately independent of energy, it follows that aM' X1, If
ap and 0o, are so close to each other that ]qR - aM,[XO << 1, one

can easily derive that

' -2)X :
aP...Pb . 2, 2 (Optoy~2)X AN |
Utpt SR Gop Gpp .© S cosh(gP XO) . (D.7)

Evidently if we do not want the total cross section to increase in this
region, we must demand
g‘g < 2 - -a - o (D.8)
p S ST% % | .
which exhibits the above—mentiohed smallness of "ng'

‘Looking next at thé contribution where the a vertex connects

to P and the b vertex to M',  we find

o X N N -
BB MY o 2 20 202N eg(o‘P'l)Xo‘ . (X5 - 2)
N = Yap Vwm ‘\&p /- | NT WS
: 0
-e(ap-aM')Z » : v
X e v P) (D.9)
where now N has the significance shown in Fig. 5. If aM, is close
to ap in the above sense,
aP...M'b 2 2 (Oproy-2) o, '
o "G G, e , sinh(g,” X;) - (D.10)

tot aP "bM

A similar result is obtained for the contribution where the a vertex
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connects to M' and the b vertex to P. Finally, the total cross

" gection with M' at both ends of the chain is

( -2)
aM' s+ -M's 2. 2 \Optp P
Ty ot MGy Gy © _ cosh(gP Xo) , (p.11)

so that (D.5) becomes

ab . 2 2 2 o o 2 2 > 2
%ot~ [(Gap Gpp + Gy Oy ) coshlep” X) + (Gyp %ou * Can G )

.'.' 2 .
X 31nh(gP XO)]e o : (p.12)

(Q?+QM"2)XO _
if ,aP - aM,l XO << 1. The deésired constant high~-energy 1limit follows

if (D.8) bedomes an equality, that is, if

2 ) .
ep = 2 -0p - o - . (D.13)

. Realizing that the elastic cross section in our model is

B L o 2 G 2 eg(OLP—l)XO (D.1k)
ed aP “bP : ’ v :

we rewrite (D.12) as

ab . ab 2 N ) 2
Yot~ ey [(L+ 7, %) coshley™ Xo) + (¥, + %) sinb(gy” X))

. (o 'GP>X§ |

X , (p.12')
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where 1. = G 2/G 2. Tt is also useful to identify the cross

c cM / “cP )

section for "diffractive dissociation" of particle b (see Formula

D.9): |
. ' ) \ . 'é( - v)X
SRID o202 2 eg(o‘P'l)Xo L e 2o
N=0 aP oM °P 2(ocP - aM,)
-2(0p=ay, )X, |
- PP 2 l-e - . ~ (D.15)

For moderate lab energies and dM’ close to d?, (D.15) can be

appfoximated by

| , | | |
= o, ey %) - | (D.15")
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E. EXPERIMENTAL CONTENT OF THE 2-PARAMETER MODEL FOR THE

INETASTIC ‘CROSS SECTIONS WITH gPE =0

A simple version of our model sets

D :
g&p = 0 and aM, —_aP = 1.

Recall that gMg =2(1 - qp), and.

ab __ 2 2 .
%t ¥ Gap Gpp - - (B

' The total cross section (D.12') becomes

ab

ab .
2P~ (14 7,7%,) 0 ’, | (E.2)

Qtot el
telling us immediately that ‘75 ~ 2 ifv.a refers to pions, kaons, or

nuqleoné.? The bésic formula (D.2), now simplified to

€2x) -g°%
&b . ab &y Lo M Yo
n 7a7b “el. n! _
' 2 n 2
_ 8b (g %) e %0 (£.5)
T “tot inel n! ? '

gives the cross section leading to the production of n mesons. This
formula is supposed to describe the multiplicity and energy variation
for all possible inéident-particle combinations. For a given initial

state it contains only two’pa'rameters:_ the coupling g’M2 and the constant

ab

value of the total inelastic cross section o, . . . In the expression
) tot inel

0
and (B.ll)}we set

of X. as a function of the total energy squared s through Egs. (B.2)

cosh q = cosh %y = 1,

\

if the initial masses m, and m ~are much larger than the average
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momentum trénsfer (such as in the nucleon-hucleon case). Otherwise,
én additional parameter equai'té the average momentum transfer may
have to be introduced in Eq. (B.5).

In Appendix I we describe a confrontation of Eq. (E.3) With

eXperimental values for proton-proton collisions. In this case we have

PP N
%ot inel 50 mb. ,

and a reasopable’suécess ié achievéd through the choice gM? ~'1l, This
corresponds to aM é_.5, a plgusible average height_fpr meson trajector;
‘ies; Note that the aVeragevnumber Of'mesbns produced ih an inelasfic.
collision between any two‘hadrons is predicted by (D.4) to be‘approximate—

ly XO.
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2

F. ' THE MODEL.WITH“SMALL BUT NONVANISHING gp

The so-called "diffractive-dissociation" cross section is predicted

by (D.15) to be zero if gr? = 0, but the experimental magnitude of

diffractive-dissociation, while small, is nohvanishing. In proton-proton
collisions, for example, a small and roughly constant cross section is
observed for production of ‘Nl/2

16903, and 2190 MeV. Over a range of incident momenta between 10 and

resonances of masses 1400, = 1520,

30 GeV/c, the combined cross section for: these processes is approximate-
"1y equal to 1.5 mb. If we take this value as ah‘estimate for the
diffractive-dissociation cross section, Eq. (D.15') yields (after
.introducting a factor of 2 to allow fér the possibility of diffréctivef

dissociation of either one of the initial particles)

glf ~ 0,02 S | (F.1)

This number is sufficiently small as not to disturb the predictions
discussed above in Sec. E, but it'permits,several interesting inferences.

If

l. - OéP '>‘J l ". OLM, bl

then the order of hagnitude of 1 -« is given by gI?. This allows

P

1

D’ since

an estimate of the slope of the Pomeranchuk trajectory o}
Rl ~1- ’ o .2

if t is an average value of the momentum transfer squared. We are in
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this manner led to expect 'gI?/IEI as the order of magnitude of the
Pomeranchuk_slope, a number equal to 0.2 GeVN2 if IEI is taken as
0.1 GeV2. .The small value.bf the slope thus.appears‘correiated with the
small.value of the internal Ebmerandhuk goupling.

The reader may well be puziled as to why gf? is so small compared
to gM? when G E? aﬁdA‘G M?' differ only by a factor ~ 2. It seems
requlred, after all (referring back to (B. 15)) that, when partlcle a
happens to be a meson, the end-vertex functlon-g% (t } should be equal
to the analytlc ‘continuation of an appropriate internal vertex function

‘ﬁ;ﬁ j(tj, tj+l’ aﬁ), evélpaféd at tj = magf  Iart'of the explanation for
the seeming paradox lies in the fact that many different meson trajectories
are being reprgsénﬁed in our model by aM} and one expectslthe most im-
pdrtaht generally to be thoée Whoée first physical points correspond to
wnstable 17 or 2" ﬁéééns, not the stable O; mesons which may couple
aﬁ ﬁhe>end vertices. Note, however, that for the internal Pbmeranchuk
vertex of Fig;.E(b) the only importantvmeson tfajectory is 1likely to be
that contéihiné a 0 meson éf preciéely the fype emerging from the
vertex. That is to say; by analytic continuation tola physical point on the
M trajectory, Fig. 2(b) describes either elastic Scattering or diffractive
dissociation, depending on ﬁhether‘or not- M and p bare identical mesons;
it has been seen fhat diffractive dissociation is small compared to elastic
scattering. ’

The upshot of the above réasoning is the absence of.any simﬁle rela-
tionship between GaM? and gM?fv At the same time we do expect a direct
relation between G 2 and gf?. Satisfaction of this relation is

aP

implicit in the success of calculations with the Deck model, which
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cérresponds to Fig. 6 with the internal vertex taken to be a continuation
bf that whicﬁ coﬁtrolé elastic =« .scattering on particle a? The
compatibility of this lattervassumption with the sﬁali cross section

for the process of Fig. 6 (a special example of diffractive diséociation)
demonstrates the absencé of any conflict between gPE ~ 0.02 and the
"known values of pion elastic cross sections.

To sum up, once givenvthe magnitude of avpion elastic cross section,
multiperipheral bootstrap reésoning leads to a small value of gP? and
thereby makes plausible the small slope of the Pomeranchuk'trajectory. At
the same time,a zero_élope is excluded. So fér, of course, the Regge

approach provides no explanation for the magnitude of an elastic cross

section.



-2k . UCRL-18275

G. CONCLUSION |

In theil96l reasonihg which led Chew and Frautschi to the Regge-~
pole hypothesis, a key element was a mechanism by which high-energy
péwer behaviér ig aéhieved for a two-barticle amplitude by an infinite sum
of'inéreasihg'pbWers of 1ogarithms, each power of logarithm being associated
With“a partiéular inélastic multiplicity.ll Their feasoning was motivatéd
by the stfip'model‘aﬁd fhe analogous 'ladder" mechanism by whicthegge poles
are generated through.Méndelstam iteration in potential scattering. The
same idea was explored further by Amati, Stanghellini and Fﬁbini.lg The
ladder mechanism has coﬁstitutéd fhe basis for the presentvpaper,vbut with
.the impdrtént distinction fréﬁ’earl& work that the "sides" of the ladder
heré cohsist of two Regge frajectories, rather than two individual hadrons.
Furtherméfe it is complete unitarity in the direct reaction, not two-paftigle
unitarity:in the crossed réaéﬁiOn, fhat now érovidés the dynamics. The
poséibiliﬁy‘of‘”ladderiﬁé".a power through direct-reaction unitarity has

1 but with no attempt to don-

previoﬁsly'been observed by Veﬁdiev, et al.,
struct a concretebmodel.

The approximate nature of the self-consistency achieved in the
model of this paper cannot bé emphasiZed.thAstrongly.‘vWe are not proposing
a wéy to avoid‘cuts in angular moméntum, the phenomenon moét oftén associ-~
ated with a combination of two Regge ﬁrajectories. What we are proposiné
is that'for'reasonable enefgies it may be pdSéible to.approximate the

actual amplitude by pure powers and to investigate on this basis a new

kind of bootstrap contraint.
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The reader may“quesfion our use of the adjéctive "vootstrap"
to describe the mddel of this paper, sincé meson'trajectories have here
been employed oniy’tb.generate £he PoMerapchuk and not to generate
,théﬁSelves. Extensiohxof forward-unitari%y to a charge-exchange
reaction, howéver, wpuld iead to a consis%ency requirement on the
average Regge coupling strength analogous to that demanded ﬁere for
elastic scéttering. The différénce is that the final power for a
charge-exchangé amplitude should correspond to aM rather than to
dP. (Avsimplebcalculation revégls that suqh an ébjective is achieved

if'the_average internal Regge coupling for the charge-exchange unitarity

2

integral is half of that denoted in this paper by 8y

.) Thus a
simple extension of the basic considerations of this paper will lead

to "self-generating'" mechanisms for meson trajectories.
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Appendix.iA.

We want here to confront'the model described in this paper.with
some recent data for barticle production in proton-proton cellisions.B’9 ' "
Before dqing so,.ﬁe should point out the unorthodoxy of onr approach.

In conventional mUiti;Regge analysis one usnally chooses a particular ' -
process, performs varibue cuts in order to seleet the "pure" multi-Regge
evente,and'tries tb fit distributions corresponding to an integrated '
croesréeetionfof 8 few tenths of microbarns. Detailed fits of this type
are of,great interest,and We expeetvthem to bedome more'and more meaning-
ful as more abundant experdmental information becomes available. _In'confrast
to tnis approach, we prdpoSe nere to account in a gross way for most of the.
total inelastic CToss sectlon in an- energy range from 12 to 29 GeV -
re51d1ng in 1nelastlc ‘events exhlbltlng between two and elght prongs
Although the two- parameter formula (E.3). depended on -various averages

and kinematic approximations, we take the'fact of areasonable it as an
indication that the multi-Regge modei ean:account for the bulk of the
inelastic cross section. | |

Because of the eXperimental diffiCulty in detecting neutralrparticles
and in identifying charged partiéles;-the data to be analyzed are eipressed
as cross sections fOr‘events eharacterized_by a given number of final
prongs; To translate the previous resulfs into pronge,Eq. (E.3) must
5e auémented with a specification of the charges of the final particles. We °
assume for simplicity that only pions are produced and that the effective

meson Regge pole has'the following properties:
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i)b Tt carries either‘isospin‘éero or oné,

ii) It occurs with equal probabllltles at the ends of the multl-Regge chain
w1th isospin zero and one.

iii) ® Qcanx;wrﬁlalternatlng values of the isqspin along the multi-Regge
‘line. | |

As a consequence, two thlrds of the pions’ produced will in average be
charged It also follows from the above agsumptions that the inelastic

‘cross section‘fqr processes with 2(i+l) prongs can be written

3]

o2 L Z ' gC[Int(n/E), 1]+c[1nt( ,i]g cﬁp,

2(1+l) prongs

where
(1) = Maximam (24, 1),
Int(x) = Integer part of x,
2\i dm-i  m! . o s
(3) (g) S AT if mzi
Clm, 1) =4
o if m<i ,

and Gip is given by Eq. (E.3).

In Tablé I we give‘the experimental values of the total inelasgtic
cross sectionlo and thé cross ‘sections fér L, 6, and 8 prongs,
at ﬁhe five different eneréies ﬁsed to check our model. We do not
attempt to.fit évents with 10 or more prongs, for which threshold effects

are likely to play a major role at the energies considered. A best fit to
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the experimental values gives for our paraméters

0_tot'-inel -
and

o
&n

= 1.1k (éorresponding to o = h3)
The théoretiéal values for the.cfoss sections are also given in Table I,
where we'include the prediction'for the twé-préng inelastic. cross section,
still unmeasured. We see that in Spite of all our approximatidns, we
 comé within ‘15% of the'experimental_value, except in the éase of the
comparatively smaller 8-prong cross secﬁion.

Baving fhus determined the.parameﬁers in‘oﬁr model, it is easy to
make various kinds of predictions. As an examplé, we show in Tablg IT
ﬁhe partiai cross sectiéns for production of one, two, and three pions

predicted by our model at 28.5 GeV/é, compared with the experimental .
9 .

results by Connolly et .al.”  The agreement is good.
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-

‘Table I. Tptal inelastic cross section, and inelastic cross sections
for 2, L, 6; and 8. prong events, at five values of the incident

“momentum for proton-proton collisions.

‘,Iiab _ %ot iﬁel %2 pr. inel}°h prongs | °6 prongs s prongs
GeV/ec mb., - mb. - fmo. mb. | b,
2o | B0 |meome [BoBLS ) EuL2 | B 0@
18.00 _§§§'§§j$ m 9.7 12 | mne 21% mh: i:%f
aos | BT [me oo BN | R0SE | B
R RN e A
R A LR A R
. : j

Table IT. Predicted cross sections for production of one, two, and
three pions in pp collisions at 28.5 GeV/c. The experimental values

are from Ref. 9}.

Predicted Cross Experimental
| Final State ‘Section (mh) Value (mb. )
4 ' R ) o , .
pnx 1.4h _ : 1.57 .1
‘ + - v - o o
ippn = A . S 1.21 1.1 T .2
pna % ow 1.80 1.6 + .3
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- FIGURE CAPTIONS

Multiperipheral diagram for a 'dominant”high-energy reaction.

v The symbol B denotes & Stable‘baryon and p a stable‘meson;

M denotes a meson trajectbry and P the Pomeranchuk trajectory.
The two types of internal vertex in the model. | |

A possible contribution to lh-meson production.

The most general diagfaﬁ with‘Fbmeranchuk trajectoriés‘at both
end-vertices,afte£ contrsction ofvmesén trajectdries.

The most gen@ral diagram wiﬁh a Pomeranchuk trajecfory at vertex-~
a and.a meson ﬁrajectory ét ve;tex~b, after contraction of
meson‘trajectorieé.

. «
Deck model for the reaction a'+ b —a + b + .
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