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ABSTRACT

The multiperipheral model is used to relate thg experimehtél.
féét,' cNﬁﬁOt > ONNtOt, to the pdssibility that the NN channel can
annihilate intoH?urely>meson final states by,gxchqnge éf N or N
' trajeﬁtdries,whé;eas,théNN, ChanneI cannot do»so: Qur argument shows
thatIfrom the multI-Regge_bdotstrap péint of view, the combiﬁatioﬁ df '
baryon and antibaryon trajeétories will generate a pair of’ekchange-'
degenerate #rajéctories ,f’ and ~w. The same line of reasoning can

easily be generalized to inclﬁde strange particles, as well as the

(K-N, K+N), and (x p, ﬂ+p) systems.
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I.. INTRODUCTION
. It is a familiar empirical fact that, if a larger number of two-
particle channels commﬁnicate with channel 'ab than with channel ab, .

then the total cross section o

oD tends to be larger than o at

ab

nonasymptotic enefgies. For example, the pﬁ .channel can communicate
with pﬁ; nono, ﬂ%ﬂ_,' Koﬁo; K+K-, AN, ZOEO, etc., whereas the pp
'channel can only communicate”wifh Pp. ftﬂis well known that |

UP§ > Upp' A similar correlation éxists for the paired channels,

(Kp, K'p), (x v, ' p). In this note we propose to relate these
;pheﬁomena to the genéralized multipefiphérai model reéeﬁtly developed
by.éhew, Goldbergef, and Lowl (CGL). The type of reasoning to.be
applied is illustrated by the folloWing‘argument: If'mére fwo-particleA
channels communicate with ab than with ab, we will get-mbre‘unitarity'
box diégrams (two-pafticle unitarity contributions) in ab than ab.
The multipefipherdl modei iterates the box diégrams fo prodﬁcé a éeries
of multiparficle contributioné to the Cross secfion (i.eg to the forwardQ
.elastic unitarity integral). . Since each such contribution is poéitive
'definite; it fbllows that the channel with the larger number of box
diagrams has the iarger total cross section, if we can;demonstrate an
equal magnitude for those box diagrams shared by the two channels.

In Section IIbthe multiperipheral model of CGL has Eeen gener-
alized to exchange several trajectories.. Ih Segtioni[ﬂlthe multiperiph-
eral “model is @ppliéd to NN and NN channels. Some Reggeoﬁ boot~

vétrapﬁargumeﬁts ére'given in Section V. In the last section some
. general remarks are.made to inélude the stfangénessvand the iéospin in -

the model.
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II. THE MULTIPERIPHERAL MODEL
Let us briefly review the multiperipheral model. A function

called B-a was- introduced in CGL by
Aab(pa) Pb) = Aab(s) O)
2 . ,2¢ .k
) = IJ’" ] d Q,' 2

=.J( B,(p,, Py3 @) (€@ )2 87I(a' -,
| T (1)

whefe A (p B pb) is the absorptlve part of the  ab - ab elastic
amplltude at forward direction. The functlon B, satisfies the

integral equation

B, (p,s Pp3 Q')

I(P&VQ)+]£®VQQRQQU%)8HQ-Q)-u]dQ,

(2)
where4fIa correéands.to two-particle unitarity, namely
I, ms @) = (€%@)) vlf(p a, n) P (3)
“a‘ta’ b’ e a’ v Fpll 7
" while the kernel X is given by
: ' 2 ' ’ 2 .
K(Q, @', pp) = B7(Q, @)I2(Q, @' p) |7 - (4)

”4>In a multi-Regge model G and B are the external and 1nternal vertex

coupllngs respectlvely, and f is the factor <: :) The kernel
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can take other forms in other multiperipheral models. Equation (1)

and Eq. (2) can be written symbolically as

A-;fB'Gb and B, = I +fBK
ab I "a a ‘a . a

The CGL eQuatioﬁs assumed oniy one kind of trajeétory to be
exchanged. If several Réggeonsv Qi’oé’..;aﬁ are exchanged, these
equations should be written .

Ay = Z .i [Baai (Gxaib'>2 ’ (5)

x - i=1

a, o = o o0y :
By = Lt Z }: [ B & ’ (®)
y J=1
with - '
’ -
oy aag o C o ‘
I, o= Z G, £ (see Fig. 1b) , (7)
a0, a0y 2‘ a; CEE o
& D <By i 2 (8)
where
' aib , ‘ : v
Gk o is the external coupling of particles b and x to

- the Reggeon di,vin the sense of Fig. la, and similarly

“ aai
for "G~ -
Tz
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is the internal coupling_ of the tw_o Reggeons ai_ and » *

O_!J. to the particle y, in the sense of Fig. lb; and

means to sum over all stable particles x which conserve

baryon num‘fnef, strangeness, and 'isosping,at the end vertex

coupling b, and similarly for the symbols }: _and Z . . -

y
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IIT. MULTIPERIPHERAL MODEL IN NN AND - NN CHANNEIS

a - For the'sake of simplicity and clarity, we begin with the special

case of NN and. NN elastic.EZéttering and include as exchanged
trajectories only the nucleon N (or A), the antinucleon N (or A),

and an avéraged efféctive‘nonstrange mesonifM (including both signa-

tures).5 The justification for using only one kind of meson is that the

- important nonsﬁrange mesons like P', o, w; and A, have roughly the
2 . 2 .

' same intercept and slope at t = O on the Chew-Frautschi plot. The

Pomeron P is different but there are arguments

b5 -

~against the

- importance of Pomeron repetition in thevmultipefipheral chaih. of

‘course in the lowest-order unitarity box diagrams, we have to consider

the Pomefon as an important trajectory. Hence, in the following
discussion the Poméfon_appears only invunitarity box diagrams. To make -

this feature explicit, we rewrite Egs. (5) and (6) as

by *Z [BNi @xiN.)? , (%)

A

x,1i=M,N,N
o e f _2 B
P : i/, in
N N A1 P
’ ' x,i=M,N,N
i i J o 31 . Iy
B - INZ B g7, 1ewmE o, o)
- _Y)j=M:‘N)N‘

where
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P _. P2, (p B)¥(z M My ¥, P '_
Aab - .[!Tab * (Tab ) (Tab )+ (Tab ) (Tab % , (ll)_
and o : ‘ L
r O _ Z‘Ia@ab> _ Z@aa) 'fa' (Gozb> ’
ab a X z O NX 7
X v Z,X ' S (12)
-~ where Taba is the part'of the elastic amplitude where only the «

-trajectory is exchanged, and P  denotes "Pomeron" and M our
~ average effective meson.
Now we propose to argue that ANNP ~ ANﬁP' From the experimental

data, the total elastic créss sections6 for - NN and NN are roughly

7 ' . . el el L mn o ags
equal fqr‘ P > 2:GeV/c, }.e.,> qNN E qNﬁ ,v_but by defln;t;on

r

1]}

NN v.f ANNP +_-["TNNMJQ¥ |

n

y o -

el P ‘ ._M!-
NN Ay ot ] Ty |
. Thus our first task is to sho'w that [ 'T MF = ’Tv.'—M"g

,. ‘ - NN - J nw b
Rewrite '

Mo M(e) o M(-)
Tab = Tap ey

x_where_
M(+) denote the effective meson trajectory with signature +,

M(-) dencte the effective meson. trajectory with signaturé - .
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Now M(+) and M(-) have the same intercept and slope at

t = O,'so the usualiRegge signature factor 1 e-lﬂq leads to a

M(+)

90-degree phase dlfference betWeen T 'and" TébM(f). Thus

lTabM, = IT M(+)] ,TabM( ){ Then, since the CPT theorem implies

'r‘[‘aﬁbM(,i-)'2 - 'TaFM(#)’E

s 1t follows that ANNP = ANﬁP'

Next if we subtract Eq. (9a) from (9b), we get

A~ By Z[ Z<N> ZCX'm) )

i=M,N,N

From thé dearth of stable B =,2’ s = 0 baryons produced in high-

energy collisions and conversely the abundance of nonstrange meson
(B=0, s=0) production, we conclude that G " ~0, K ' ~0,

y——
and ’INN ~ 0. By the CPT theorem we also know (GXNN)E = (GXNN)g}
o, NNy2 NN, 2 NN _ NN N VR 1
(6, )" =(6.)7, o = qﬁ, K, =K, and K =K.

Equation (lO) and Eq. (13) can then be reduced to

ANNANN fBN(G—) (G ) Zf(BN BN“XG)
(14)

BNE_-BN“ [BNQN KNM\D Z(BN BN)K
(15)

Because the symbol M in our model contains both positive and

negative signature mésons, in general the CPT theorem will not give
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(GNMN)2 = (GﬁMN)Q, KNMN = KﬁMy’ and Kﬁmgv: KNNM.H However, from the . ﬁ»
. el el y C

rough equality oy . = %ﬁﬁ ,‘_exchange degeneracy among mesons, and .

' . ~8,9,10 o '

other experimental results, we believe it would be a reasonable

Oth order approximation to take J/h M(GMN)2 z./;NM(GMN)g

JrBN KN ‘/- KN - as our input. Then Eqs (14) and (15) will

become Sy
: ' N N, N2
e Awom Y & -RNE™ )
X
W N i E: N . Ny, NN

B, By = Iy +* ‘/kBN By )Ky,. . (17)

y ‘ | _ .

Since all quantltles in Eq (16) and Eq. (17) are evaluated at
forward dlrectlon both IN and K Y are positive definite- . (17)

can be solved by iteration,so both (BN BN ) and (ANN ANN) must
,be'posmtlve. From the optlcal theorem we have thus shown that

GNﬁ > ONN at nonasymptotlc energles. |

The physical meaning behind Egs. (16) aﬁd (17) is very simple.

Within our méde; the differenge' ONN - ONﬁ arises hgpauge the Nﬁ» - _' -

channel can annihilate into pure meson final statesll by exchange of

N (or ﬁ) -trajectories while the NN channel cannot.
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V.. REGGEON BOOTSTRAP

In order to calculate ANﬁ - ANN explicitly we must assume

,22piicit forms for the kernel K&NN as well as for INN and GNN, a

step we do not propoSe to take here. However, we wish to discussvthis

problem from the bootstrap poinf of view. In the usual Regge theory,

if we neglect isospin dependence in Nﬁ_ and NN, Regge fitting says

- (_)a 5(0) - e (_) 20 (_)a (0)

(18)

a_(0)

. - a (o) a0
Ay =~ BP(ES)P +‘BP’<Z_O—)P' ) B( )
(19)

at t = 0, where 5, is a constant. Then

a (O)

ANﬁ-ANNges(> .. S '('20)_

Comparing Eq. (20) with Eqs. (16) ena (17), we get a result of
interest to bootstrap argumentsﬁsinoe,it ean be proved that equations
of the latter form lead to Regge poles. According to Egs. (16) and
(l7)lour model forms ; combinatioh of baryon and antibaryon irajectories.
The meson-meson contrlbutlon, we suggest, is small.

. Furthermore, we notlce that in high energy productiom. process,

mainly mesons are produced; (NN) pairs are rare.lg_-Thls-lmplles

o
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. o IM- . NM
SN ’ Bﬁ <<'. By » 80 KN ;_Kﬁ < Kyt » and

=l

KNMN, KEMN << Ky . If we accept this experimental fact, the meson

and nucleon channels are decoupled That is,from Eqs. (9a), (9b),

and (10), we get:

A+ ANN ~ gANﬁP + 2,[}31\TI\'I(c;ﬁMﬁ)2 + Z ﬁBNﬁ + éNl\T)(GXN—ﬁ)E_

(21)

K Z[BNKrMM JoaT ™+ n g

-t Z[ S @

) < [l g™ Y ol cnhe™®

q

N + ZﬁBNﬁ }+v'BNN)_KvyN—ﬁ - (23)
¥y .

By adding Egs. (18) and (19), we get

o, (0) o a, (o)

AN_N+ANN ~ eap<——> v 28, ( ) (@

)
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Because the Kernelsof Egs. (23) and (17) are identical, it

. follows that besides the w trajectory, the combination of N and N

trajectories will'géherate another mesdnvtrajeétory' aP’ which has the

- same intercepf ana slbpe_as ®. The 'y ‘cdntributes'only to

(A + ANN); not to (A - ANN)’ whereas for w the converse is true;

i.e., . o, has positive signature, a  has negative signature. Thus

our model gives an explanatioﬁ of the exchange degeneraéy between

‘a, and o .
P w

The effective meson trajectory M may be expected to.genefate
an even signature Regge pole, which Chew and Pignottih (CP) have
identified with Pomeron. -For more discussion of bootstrap quéétiohs,

see_CGLl and CP.h-_
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V. SUMMARY AND DISCUSSION

The above line of reasoning is easily generalized to include
étfange farﬁicles. The key points in our previous argumenﬁ;_leéding to o
partial approximate diagonalization of the multiperipheral:kernel, were
the lOW'ratgs af préductioh, of B = 2 iparticles and B§ pairs. These
fqiﬁts'remain trué.in general. Furthermpré, the ioW'rate of production
Jf mesons with B ='o, {sl =23 B=0, s=0, I=2, togethefﬂwith
the fact that the nuéleon and kaoﬁ have I = 1/2, allows a partial
d;agonalization with respéct to -AEN + AKN and with respegt~to

A—_ + A by arguments which completely parallel the preceding. We

N T TN’
then can conclude that o_- > o - c .. We do not attempt
FIeR o8n, conerne K~ *p Cnmp > Opfpr T OO OR AR
here to exhaust all applications of our general argument. The principle

shouid be clear from the above examples.

4
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From Ref. (8) and Ref. (9), we get

-

m=1-

Z

m=2

o]

3

m=2

OP§—> Z,Nﬁﬂnn

o

l E: % pes M+ for. 2 GeVyc P, s

) mz;

OP5L9P§ﬁ+ﬂ- Gpp—appnfﬁ'i for 2 Gev/c <P
GpﬁﬁaNﬁ4jn Opp—;NN+3n, fér 2 GeV/e <-PL ,
pp_amﬂ ; kcpg - ?pp) 1 3 GeV/e < pL.< 7 GeV/e ,
GPP—9 My Z (o pp—> '1\1'N+mn v-~ Gpp—Q NN+mn)

m=1

B.Gev/c < pp < 7 GeV/e

- o . . -
Because we have not considered K and Y (or A, ) exchange

in this calculation, we neglect those final states which involve

strange particles.

See the concluding paragraph of this paper.

V. Barashenkov,-M. Valtsev, I. Patera, and V. Toneev, Fortschr.

. Phys.

1k, 357 (1966)..



- -16-

UCRL-18670

FIGURE CAPTIONS _
o.b ETo/R

Fig. 1ilg) The external couplings G, +

() The internal coupling By»J
Q,

. . S i
contribution Ia

L.,
l, and the two-particle unitarity

and G l.
2

[
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