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Double Scattering of Mesons in the Quark Model for Baryons
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The effects of the double scattering of mesons have been evaluated in the quark model for baryons. The
following relations among the meson-baryon scattering amplitudes hold in general: (i) E+p —E P=m+p
—s p+E+n —E n, (ii) (E+& jrr p)=(E'PjE p)=s(E~ jE p)=(E'" jE n)=(rr+& jE p) The.
strong Johnson-Treiman relations have also been obtained by taking into account the spin (apart from the
unitary spin) wave function of the baryon within the quark model, so that there is an exchange of spins
when two quarks are interchanged La weaker assumption than SU(6)j.

I. INTRODUCTION

ECENTLY Levin and Frankfurt, ' and Lipkin and
Scheck, ' have proposed a very simple quark model

for high-energy scattering of hadrons, based upon the
assumption of additivity for two-body quark ampli-
tudes, which has met with considerable success. Further
consequences of this model have been discussed by
Kokkedee and Van Hove, ' Kokked. ee, ' and Alexander
et al.'

The purpose of the present paper is to include the
eGect of the double scattering within the simple quark
model of hadrons for the meson-baryon scattering cross
sections at high energy. Thus information can be ob-
tained about the production processes, in particular,
where there are exchange of two (integral) units of
charge, of hypercharge, or one unit of charge and one
unit of hypercharge. It is needless to mention that in
these cases the single scattering quark model is of no
use. Further the results of the single-scattering quark
model can also be examined with the double-scattering
corrections.

The various assumptions of our model are as follows:

(i) The baryons form an octet of three quarks. s

(ii) The (pseudoscalar) mesons form an SU(3) octet
(no quark model).

(iii) The incident meson does not make more than
two encounters with the quarks within the target
baryon.

(iv) The first scattering of the incident meson is
mainly in the forward direction.

E+
j

Q'= x M~p=
~0 ~0——+ E', (2.1)

2g'

where (P and K form the isodoublet and X is the singlet.
It is convenient to diagonalize the meson-quark scatter-
ing process in the t channel. Then the invariant ampli-
tude for the scattering process, Q'+M —+ Qt+M', can
be expressed in the following form:

(QtJV'-, jt t jQ'iV „)=f(g,Q)(m-, iVe„)

+g(QtQ') (~ If''i)+&(Q Q't) (~ ply�"-), (2 2)

where f, g, and h are the three independent parameters.
If we now use the notation, (s.+(P), etc. for the elastic
scattering amplitudes and (sroX

j
7r (p) etc. for the

amplitudes of the production processes, then we have
from (2.1) and (2.2):

II. MESON-QUARK SCATTERING

We first consider the meson-quark. scattering. In this
process there are three independent parameters, which
follow from the reduction, 388= 15+6*+3.We use the
notation Q' for the quarks and M~e for the mesons,
de6ned as

(sr+(P) = (sr
—X)= (E+(p) = (E'X)=f+h, (2.3a)

(w-(p) = (w+x) = (E-(P)= (E'x) =f+ g, (2.3b)
In the next section the meson-quark scattering

processes are considered in detail, so that the results
can be used in Sec. III, where the meson-baryon scatter-
ing is taken up. The results are expressed in terms of the
amplitudes only.

(2.3c)(E+x)= (E-x)= (E'(P) = (E'(p) =f
(m'0') = (srsX) =f+,'g+ ,'h, --
(~'tp) = (~'x) = fy-', g+-', h,

(2.4a)

(2.4b)

(weX) w-(p) =—(h —g), (2.5a)

(rt'X j sr
—

(p) = (It+g)
Q6

(2.5b)

' E. M. Lovin and L. L. Frankfurt, JKTP Pis'ma v Redaktsiya
2, 105 (1965) j English transl. : Soviet Phys. —JETP Letters 2, 65
(1965)g.' H. J. Lipkin and F. Scheck, Phys. Rev. Letters 16, 71 (1966).

s J. J. J. Kokkedee and L. Van Hove, Nuovo Cimento 42, 711
(1966).

4 J. J. J. Kokkedee, Phys. Letters 22, 88 (1966).
s G. Alexander, H. J.Lipkin, and F. Scheck, Phys. Rev. Letters

17i 412 (1962).
e G. Zweig, CERN reports TH 401 and 402, 1964 (unpublished).
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&K'(PIE+K&=&s+glK'(P&=(s. )ilK-K&=h, (2.6a)

&K-PIK'K&= &KB, ls
—

(P&= &K+XI s.+at&= g, (2.6b)

III. MESON-BARYON SCATTERING

We now consider the meson-baryon scattering process

iVjI3 +M' j-B. (3.1)

The simple additivity assumption says that in the
process (3.1) the incident meson scatters off a single
quark Q' in 8 to produce the outgoing meson and the
Q'th quark of 8', while in the double-scattering correc-
tions it interacts successively with two different quarks,
Q' and Q&' (i'�) in 8 to bring them to the states, say
the /th and mth quarks in B' and the Anal meson; the
remaining quarks in B and B' are unaffected. Thus we
can express the invariant amplitude for the process
(3.1) as

y'~'-,
I elms „&

( )tlK—
(P&=—h, &tie, lK-(p)=- (h —2g). (2.6c)

v2 g6
Use of these relations, (2.3)—(2.6), will be made to
evaluate the meson-baryon scattering amplitudes, in
the next section.

(~+2
I
K p) = '—h'+ -'g' '-gh-—-

(K' —
I
K—

e& = -'h'+ 'g' —-'gh-
(3.14)

(3.15)

between these two octets. Thus using (3.2) and (3.3),
and (2.3)-(2.6), we obtain the following results for the
various meson-baryon scattering amplitudes:

(7r+p) =3f+2h+g+6f'+2h'+4gh+8fh+4fg
[;—ksj-;go -",g—k]-, (3.4)

(s. p) =3f+2g+h+6f'+2k'+4gh+8 fg+4fk
—Lshsj4sg' —-'gh] (3.5)

(E+p)=3f+2h+6f +2h'+8fh E2h 7 (36)

(K p)=3f+2g+6f'+2g'+8fg L2g—'7, (3 7)

(K+e) =3f+h j6f'+4fh $2hs]— (3.8)

(K n)=3fjgj6fs+4fg t 2gs]—, (3.9)

(K+X+I n+p&= g 4g(—f+—h) phs ——'g'+ 'gh-] (3-.10)

&7r Z+IK P)= h 4h(—fj—g) ttssg 4—sh' js4g—h]. (3.11)

In the following ampbtudes there are no single-
scattering terms:

(K+-—
I
K-p) = sh'jsg' —(8/3)-gh, (3.12)

(Ko~olK P&=-' hjsts'g—4sgh) (3.13)

=~4(v'jc ' —c'—v )Z De'~"sit'*le*~".&
&K+ -I~-P)=-;ks j-s,gs ——;gh. (3.16)

From (3.4)—(3.9) we get the weak Johnson-Treiman
+ (Q'Q M' s I

t';
I
Q'Q&3III'„&], (3.2) relation:

where the surnrnation in the last term is over distinct
pairs of quarks in the wave function of B.

The ftrst term on the right-hand side of (3.2) has
already been expressed and evaluated in terms of three
independent parameters in (2.2) and (2.3)—(2.6). The
second term can be expressed in terms of single scatter-
ing amplitudes t';:

(e'e-~'- lt™„le'e~;&
=Z L&e"~"sit" Ie'~' &&Q'~" It'*Ie'~",&

j&e'~'-sit';le 3I»&&e-~"lt-;le'~. &

j&e-~'-sit-. le'~.&&e'~"lt';le 3I.&

j(e'~"sit" le'~"&&e-~ It 'Ie'~" &] (3»
where the summation is over all possible SU(3) indices
p and X. When there are two identical quarks in the
anal state, the right-hand side of (3.3) must be multi-
plied by —,'.

We use the baryon-octet wave functions in terms of
the three quarks as given by Zweig. ' One can, of course,
form the octet wave function from the quarks in two
different ways. The results remain unchanged if one
uses either of them or a linear (properly normalized)
combination of them, because there are no transitions

(E+p) (K p)=(~+—p) (~ p) j(K+—&) (K ~) (31—'t)

From (3.12)—(3.16) we have

'(K'=- IK p)=«-'=-'IK -p&--
= &-'~-IK-p)
= (K' —

I K
—I)

=&K'~-I;p&. (3.18)

The SU(3) relations are, of course, recovered.

pl p& ( pl p&+& I p&&
3 19

(K+pl K'p) =( 'pl +p& j&K'&'I K'p&.

The relations (3.10) and (3.19) are the results ob-
tained by Ruegg and Volkov' using USXU3 for the
collinear processes. They can also be obtained from
SU(3) assuming that the contributions of the I 10] and
L10*]representations vanish. s

One other point that is worth mentioning is the
negative sign in front of the last brackets of expressions
(3.4)—(3.9). The negative sign comes from the exchange
of two quarks, as for example, (p and X in p. We now
take into consideration the spin as well as the unitary-
spin wave functions of the baryons. In the following

7 H. Ruegg and D. V. Volkov, Nuovo Cimento 43, 84 (1966).
s A. Q. Ssrker, Nuovo Cimento (to be published).
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only the proton wave function will be discussed in
detail. Let n denote the spin state up and p the spin
state down for the quarks. Then the spin doublet wave
functions for the three quarks are

Xl (ntnsps &18sn s) (3.20)

(ntnsps+npsns —2ptosrrs) . (3.21)

The SU(3) wave functions in terms of quarks, which
correspond to proton, are

mixed synnnetric for the interchange of the three
indices. ' "

We now assume the following:

(v) There is always an exchange of spin along with
the exchange of the unitary spin.

Thus we have a negative sign from (3.22) or (3.23) and
another negative sign due to exchange of spin from
(3.20) or (3.21) as a result of the exchange scattering
between (P and K. The above result is valid for all four
types of combinations of wave functions L(3.24)—(3.27)j
for the proton. Therefore, the contributions from the
last brackets in (3.4)—(3.9) are added and we get the
strong Johnson-Treiman relations" of SU(6):

1
rf a=—((Pt(PsKs —(Pries(Ps), (3.22)

1
((Pt(PsXs+(P res(Ps —2%t6's6's) . (3.23)

6

(3.24)

(3.2S)

(3.26)

1
$2 (~1'g t ~srl 2) ~ (3.27)

The wave function (3.24) is completely symmetric,
(3.25) is antisyn'unetric, and (3.26) and (3.27) are

s L. I. Schiff, Phys. Rev. 133, B802 (1964).

Out of these four spin and unitary-spin wave functions

t (3.20)—(3.23)j one can form the following four ortho-
normal wave functions for the proton':

In the present quark model the relations (3.28) are
valid subject to the assumption (v), but are independent
of any statistics (Fermi or para) for the quarks.

For comparison of the relations (3.17), (3.2g), (3.18),
and (3.19) among the meson-baryon scattering ampli-
tudes we refer to the already published literature. »" '4
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