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if we assume that the differences between the elastic cross sections are

dominated by the exchange of any system which belongs to an SU(3) octet,

we obtain:®

(K'p]X'p) - (K7p|Kp) = (Kp|X°p) - (EpIEp) + (x'pl«'D) - (x7plx®) (2)
This is well satisfied by experiment. On the other hand, exact SU(B)
predicts:e’7
(K'p|K'p) - («'p)n'D)
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+ Y2 (xp)e%) + L (x7pla%) + & (€73 1x%°) (5)

These relations are not satisfied by the data. The inelastic amplitudes
are negligible at high energies, whereas the differences between the elas-
tic amplitudes are, in some cases, of the order of 15-20%. It is, hence,
clear that SU(3) symmetry breaking is involved here. This does not mean,
however, that it affects both sides of Egs. (3)-(5). One oversimplified
explanation for the discrepancy between Eqs. (3)-(5) and the data may be
based on the assumption that the symmetry-breaking contributions somehow
reduce the amplitudes of the inélastic procegses and do not affect the
differences between the elasgtic amplitudes. This is the only interpretation
of Egs. (3)-(5) which is consistent with the Johnson-Treiman relations as
obtained from exact SU(6)y, and with the successful relation (2).

If we try to include an SU(3)-octet symmetry-breaking term in the.

matrix elements for the elastic processes we obtain no relations.



However, 11 we restrict our discussion to energles which are high enough
g Lhal oLl inelastic processes with one meson and one baryon in the final
stobe are negligible, we obtain from broken SU(3), a Gell-Mann Okubo-type

relation:

2(kplkp) + 2(Kp|Bp) = (ap)np) + 3(np|mp) | @)

(kp]Kp) is cither the (K+le+£)) or the (Kp|K p) amplitude (these are
Cequal in the abscuce of the charge exchange amplitudes); (KplKp) and
(np|mp) represcnt, fespectively,-elastic Scattering_amplitudes of any charged
slate of K or =n on protons. Equation (6) cannot be compared with
experiment, as there is no way of measuring the ﬁ-p scattering cross
sectbion, -

We now turn our attention to the non~collinear terms which break
SU(U)W, For thi forward elastic scattering processeé appearing in the

Johnsou-Treiman relations, the simplest non-collinear diagrams are those

of Lwo-mecon exchange shown in Fig. 1. We now show that the conbributicon

of Lhese bwo-~meson exchange diagrams also satisfly the Johnson-Treiman

relnbions it Lhe constituent three-point vertex functions are invariant

under SU(0) .
W
The Johnson-Treiman relations have two peculiar features which dig-
tinguish them from other relations obtained from higher symmetries.
. b momentum bransfer for all amplitudes considered is rigorously zerd.
cven when the physical masses of the particles are used;
N

2. The -liccar combinabions of amplitudes which appear in the relations

dre chosen oo bhat there.is only a single contribution in the -

channed in Su(b)wgwamely a EQF (antisymmetric) in SU(6), octot in SU{ .
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P ber i Wenpin. his ocenrs becnuase the 35 is the only SU(U) :

roeprc o nbab bon o which i common Lo Lhe antisymmelric produclt ol

X iL and Lhe prndgvt DX O These features also simplify the
analysis ol Lhé LWH—meéon exchange graﬁh. |
We consider Lhe diagfam as éonsisting of two four—point vertices® as
dndicated iu Fig. le:  a four-meson vertex, which we denote.by M, and a

two-mesot Lbwo-baryon vertex, which we denote by B. Because of the zero

momentum Lrunsfler. each of two four-point vertices is collinear in a

suitable Torentz frame; namely the rest frame of the baryons for the B-

vertex and the rest frame of the initial and final mesons for the M-vertex.

We define SU(G)W groups for each vertex, and denote them by 3U(6)§

-\ M . o s . . :
and SU(6).. Thesc are defined to have the z-axis in the direction of the

W

intermedinte meson momenta in the rest frame of the initial baryon or
initial meson rebpectively. Note that these two SU(6)w groups are dif-
ferent, and that neither is the same‘as the one which is‘used>normally to
obtain the Johnson-Treiman relations. Thé latter is the group defined in

the rest frame of the baryons with the z-axis in the direction of the

initial and final meson momenta. If cach of the four three-point vertices
is invariant separately under its own SU(6)w.group, the B-vertex is seen
to be invariant under SU(6)£ and the M-vertex under SU(6)¥. However, there

iv no 8U(L), group under which the entire diagram is invariant..
W

o

- . . ‘ . . -\ D
Congider Tirst the B-vertex and assume invariance under SU(b)W. The .

exchanged mesons are cach classified either in the 35 or singlet repre-
3

sentations of SU(b)w

. We first examine the case where both are in 35's.
The two mesons couple together to some linear combination of the repre-

senbabions which nrise in the product 35 X 35, namely 1, 39D, 189, oy,

T



o D80 e 08B0, he relabion botween these representations and those

prosent In Lhe conpling of the two mesons in the initial and Tinal state
B

it nob simple because SU(&)W is not conserved in the M-vertex. FEven if

‘we assume conservation ofvSU(6)x in the M vertex, the classification of a

M
W

SU(O)&. However, we can see that only the antisymmetric two-meson states

given two ~ie son state'in‘SU(6) is different from the classification in

in SU(G)x can contribute to the Johnson-Treiman relations, namely.ﬁzF,
2&9.'und EEE. From the assumption of invariancé of the M-vertex either
undor ehnrﬁc conjugation or under SU(G)%, it follows that the symmetric
shbate of two exchanged mesons contributes equally to the elastic scattering
amplitudes (MB]MB) and. (E@}MB) . These contributions cancel in the
‘djfferenceé which appear in the Johnson-Treiman relations.”

We note that invariance of the B-vertex under SU(6)B

W

the contribations of 280_and 280 vanish as these do not appear in the pro-

requires that

duct DO X EZL W are therefore left with a pure 35 contribution.' This
means a purc octel in SU(3), since the 35 contains only SU(3) octets and
singlets, and the SU(3) singlet contribution to the Johnson-Treiman rela-
Lions cancels if the M—vertéx-conserves SU(B).

These conclusions are unchanged if one of the exchanged mesons is s
singlet in SU(6)W. The two-meson system then must be a 35. If both
mesoONs are singleté, the contributions to the Johnson-Treiman relations
cancel,

We hiave now cstablished that the coupling of the B vertex in the f-
;

3 in SU(6)£ and pure octet in SU(3). We now show that

chamel s pure

only the W-spin. singlet contributes. In the rest system of the baryons



alt Uhe vour meson momenta lie in a plane, which we can call the yz-plane.
Invariance of Lhe scoltering amplitude under rotations and reflections
ro@uires that it be invariant under a reflection in this plane, or the
equivalent combindtion of a space inversion and a 180° rotation about the
X-axls. This transformation has been shown to_bé equivalent to a’lSOO
W-ipln votabion aboul the x-axis.ll The W-spin eigenstates with W =0

are cluensbabes off this tranformation with the eigenvalue +1 if W is

even and -1 1 W 1s odd.  Thus, even though W-spin is not conserved in

Lhie overnld L procuss; cven and odd gigenvalues of W are not mixed.

1T we choose owr z-axis in the direction of the ini#ial énd final
meson momenta, these mesons are in a state which is a mixture of W = 0
and W =P with no W =1 component. The W = 1 component of the
coupling o the two baryons therefére does not.contrjbute to this ampli-
Lude. Althuggh the W-spin in this system is different from that used in
SU(U)S, the difference in the baryon classification is only a rotation of
the z-axis, keeping the baryons at rest. Since the W-spin of a baryon at
rest 1o the same as ils ordinary spin, the rotation cannot introduce a

W = 1L component. 'Thus only the W = O component contributes to the ampli-

PO PRN &

tude in bU(U)ﬁ.
The dohnson-Treiman relations now follow directly from the result that

the only vonvanishing contribution in the t-channel is an SU(6)-35, SU(3)-

octel and W-spin singlet.®® The coupling at the B-vertex is unigue, under
) . s errfeNE . . , .

the assumption of UU(U)W invariance. The coupling at the M-vertex is

uritque, Jjust from SU(3), as the symmetric D-type coupling cancels cut in

T
¥

Lhe Johmson-Treiman relations and only the pure octet F remains.



St ltar arguments can be applicd bo a larger class of diagram:s, an!

aro b Lhe cxchigre of o Lwo-meson ladder.  Although therce is

ho 11“(“)\] croup considered in going from one rung of the ladder Lo the
next, Lhe aitisymmoetyy of the two meson coupling must be preserved.  This

inoall thal jw roequired.
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Note that differences between the total cross sections are related by

the optical theorem to differences between the imaginary parts of the

clustic amplitudes. These cannot be contributed by one particle ex-
changé diagrams which are described by real amplitudes.

It was noted by R. F. Sawyer, FPhys. Rev. Letters 1k, 471 (1965), that
if we assume the exchange of one octet vectorﬁméson Regge trajectory
we obtain Eq, (l), provided that the vector-nucleon coupling is pure
F. It should also be remembered that the éimplest one-vector exchange
picture cannot contribute to differences between the imaginary parts

of the amplitude.
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HeoHarari and H. J Lipkin, Phys. Rev. letters 13, 208 (196&).

. Horuri, Lo be published in the Proceedings of the Trieste Seminar,
1965,

We disrepard the time orderings of the various thrée—point vertices.
These are irrelevant in our‘treatment which is valid for all time
orderings.  ‘Uhe SU(3) and SU(6) couplings are described in the t-
channel as @ convenicnt'algebraic devicé. The t—chénnel couplings
aro-gvluhod Lo s—chgnnel couplings by algebraic transformations which
reverse signs of SU(3) and SU(A) quantum numbers but which do not
change particles into anti-particles or reverse momenta; Despite the
confusing use of the térm "erossing” to describe these aigebraic trans-
formal.ions, they huave nothing to do with crossing symmetry. Thus the
initial and final baryon states are coupled togethe; in SU(6)W as
X 5D, but both states remain baryons. The W-spin of the 56 is

related Lo the ordinary spin with the baryon phases, not the anti-

baryoun phascs.  The initial and final state mesons and the two ex-

changed mesons are likewise coupled, and the term "staté of the two-
meson syvstem” is used loosely to decribe the couplings obtained, even
Lhough Lhe LwQ mesons in the “system" do not exist at the same time.
At equivalent alternative argument is to note that the contributions
o' two-meson states which are eigenstates of € with the eigenvalue

O

. . s . . o

il cancel in the Johnson-Treiman relations.. These include o %7,
O 0,0 ,Q 0O (e] oo O e} 4 s

By, # My XX, X, X', pp,pw p® &, dv, and ww. The parti-

cular Jinear combination of two-meson states which contributes Lo the

Johnson-Treiman relation can be defined as

ix>=vM[(1vﬂW-b7M)>



who o VM is the operator describing the action of the M-vertex func-
Liom cand |MM - MM > is the antisymmetric combination of the initial
and inal mesons which contributes to the Johnson-Treiman relations in

Lhe t-channel. From the requirement that the exchanged meson state

‘X > have vanishing components for all the ¢ = +1 states described

. above, it follows that the expansion of [X > in the eigenstates of

SUu(h)

W contains only the antisymmetric multiplets 35?, 280 and 280.

Phis transformation has been used by T. D. Lee and C. N. Yang, Phys.
Rev. ‘Loh, 254 (1956); A. Bohr, Nuclear Physics 10, 486 (1959). For
detailed discussion of the application of this transformation to W-

apin see ref. 11.

. J. Lipkin and ©. Meshkov, to be published.

1. Harari, ref. 3.



FIGURE CAPTION

Two-meson exchange dlagrams.
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