
VOLUME 15, NUMBER 8 PHYSICAL REVIEW LETTERS 23 AUGUST 1965

G. Goldring, D. Kedem, and Z. Vager, Phys. Rev.
129, 337 (1963).

YH. Spehl, Th. Schmidt, H. Rieseberg, and G. Busch,
Nucl. Phys. 52, 315 (1964).

i8H. J. Korner, private communication.

~9Within the framework of the theoretical assumptions,
the numbers predicted for the W isotopes should be
accurate to about 5 lo. The values for Os 6 and Os
based as they are on extrapolated rather than interpo-
lated data, have greater errors.

SU(6) gr PHOTOPRODUCTION AND MESON-BARYON SCATTERING AMPLITUDES*

J. C. Carter, f J. J. Coyne, and S. Meshkov

Radiation Theory Section, National Bureau of Standards, Washington, D. C.

D. Horn

Department of Physics, Tel-Aviv University, Tel-Aviv, Israel

and

M. Kugler and H. J. Lipkin

The Weizmann Institute of Science, Rehovoth, Israel
(Received 15 July 1965)

The SU(6) g description of colinear processes~
like forward-scattering amplitudes has recent-
ly been justified by several different approaches'
which all avoid the difficulties inherent in strict
U(12) invariance. 3 These formulations imply
that SU(6)g predictions should be valid even
though predictions from strict U(12) are in dis-
agreement with experiment. s This point of
view is supported by the success of SU(6)gr
predictions for electromagnetic form factors, ~

vertex functions, ' weak decays, ' and the John-
son- Treiman relations. ' A systematic survey
of all SU(6)~ predictions and comparison with
experiment should furnish important tests of
these formulations and may also provide in-
dications of the underlying dynamics. v

In this paper we use W spin and SU(6)~'
to obtain many simple relations among photo-
production amplitudes and among scattering
amplitudes which hold even when the particles
involved are moving, so long as the motions
are colinear. We consider amplitudes of the
form (yp IMB) and (MB [MB). The photon has
the proper ties of the U = 0, lV = 1 member of
a 35-dimensional representation, M denotes
the 35 pseudoscalar and vector mesons, and
B represents the 56 J = —,' baryons and &

baryon resonances. The amplitudes which
are computed are labeled by the SU(6) repre-
sentations which arise in the product 35 x 56,
namely, 56+ 70+ 700+1134. The calculation
of these SU(6) ~ amplitudes follows straight-

forwardly using SU(6) Clebsch-Gordan coef-
ficients, ' provided that the SU(6)g cia.ssifica-
tion of the particles is used. ' The predictions
so obtained are, of course, quite different
from the earlier ones (except for the Johnson-
Treiman6 relations) which are strictly SU(6)S
results. ' ' They have the virtue of being re-
lativistic, but pay the penalty of holding only
in the forward or backward directions.

As mentioned in reference 1, the 8'-spin
and S-spin classifications of the 56 baryons
are the same. However, the 35-meson repre-
sentation, whose SU(3) &&SU(2) contents are
83+8'+13, and the one-dimensional represen-
tation, 1, differ in the two classifications as
follows: The constituents of the SU(6)S 35 are
the vector-meson octet, the pseudoscalar oc-
tet, and the unitary-singlet vector meson, called
here mo. Xo is the SU(6)S singlet. Under SU(6)g
the 63 states (the 3 now refers to a W-spin vec-
tor) are the +1 helicity components of the oc-
tet of vector mesons and the eight pseudosca-
lar mesons. A typical 8'-spin triplet might
be p»+, up+, p,+. The 8 representation is an
octet composed of all of the zero-helicity vec-
tor mesons. The 1~ representation has as its
three components ~» Xp N» The 1» repre-
sentation of SU(6)gr has as its member woo.

With this classification scheme we first con-
sider photoproduction processes. The SU(6) g
transformation properties of the photon are,
fortunately, quite simple. The photon trans-
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forms under SU(3) like the U=O linear combin-
ation (3'"p'+ p')/2, where p and 9j are the
I=1 and I=O neutral members of the vector-
meson octet."~" (Note that there is a phase
difference between the U=O member described
here and that of reference 11.) The photon
transforms in the same way under S spin or
S' spin, i.e., like the +1 helicity states of the
vector mesons. Consequently, only two kinds
of amplitudes are to be evaluated, (yjpj/SlMB)
and (y jpj/2~MB). For each of the two kinds
of initial states one may, of course, have var-
ious states for the final baryon. All possible
amplitudes for photons of both helicities have
been evaluated using SU(6)W, and will be pub-
lished elsewhere. One obtains, in addition to
the U-spin relations, ' some particularly sim-
ple results when the final state consists of a
pseudoscalar meson and a spin--,' baryon. For
this case only the y, p», initial state may
contribute, due to Sz and Wz conservation.
The following relations among the photopro-
duction amplitudes hold: + *-. (1 z'1

o 1 i] -jj (2)

ing pseudoscalar mesons striking proton tar-
gets. Because all pseudoscalar mesons have
W=1, Wz =0, the incident channel always in-
volves coupling a W=1, W~ = 0 meson to a W
= —,', W~ = —,

' proton to give total W=
& and —,'.

The final state may, in general, be more com-
plicated because of the possibility of various
W~ =Sz states for the final baryon. Four dis-
tinct classes of final states are possible, na.me-
ly PB, VB, PB, and VB; P and V indicate
pseudoscalar and vector mesons, while B and
B correspond to the octet of —,

' baryons and
the decuplet of spin-&3 baryon resonances.
As an illustration of the calculational proce-
dure, consider the process (j/ p(p+N* ) To.

get the cross section requires calculating the
following three scattering amplitudes: The
subscripts for each particle give the S~ = W~
for the particular state involved. To the right
of the amplitudes are given the W and 8'z quan-
tum numbers for the states involved.

(Y—1 Pl/2 l 10P—l/2)

~3/~( —jpl/2 ~ 0 p —l/2)

=3vS/W2(y, p„, W.,'~ „,').
+ g-. (1 2'O V.

( 0 pl/2 IP0 N„,
(o -', o —,'j

+ * . (1-.'
(~0 pl/2 ~ P l NS/2—

Eo —,
' -1,'j

(3)

(4)

This striking prediction says that for forward
or backward scattering, neglecting phase-space
corrections, the cross section for jj'p produc-
tion is 24.5 times as large as that for K Z+.
Similarly, the j/0p production is predicted to
be 49/27 times as large a,s j) production. Many
exotic relations among the photoproduction
amplitudes arise, but unfortunately, when the
amplitudes are first squared and then summed,
the resulting cross sections don't have simple
ratios. However, if it is possible to measure
the amplitudes for photons of particular heli-
city striking a, polarized target and producing
polarized products, then these relations may
also be checked. " One interesting relation
among amplitudes for particular polariza-
tions is the vanishing of the amplitudes

++ ++(r lpl/2 ~ 0—lN-1/2 ) (y —1pl/2 ~ PjN 2/2—
(y, p„, ( yjNj/2*+), where y is the real y me-
son at 1020 MeV and may be written as the
linear combination y = & +2'"yo.'

We consider next the evaluation of meson-
baryon scattering and reaction amplitudes.
The reactions which we treat are those involv-

These amplitudes may be evaluated using the
usual SU(6) Clebsch-Gordan coefficients pro-
vided that the S'-spin assignments of the var-
ious meson components are used. This means
that when the jj0 p„, Clebsch-Gordan coeffi-
cients are evaluated, the ~0 is treated as the
W=1, W& =0 member of an 83 representation,
not as the S= 0 member of an 8' representa-
tion. Similarly, the p~+ is treated as the %'

= 0 member of an 8' representation. All of
the other members of the amplitudes (2), (3),
and (4) have the same W and S classifications,
and therefore cause no problem. Note that (2)
and (4) both require W-spin-&2 and -,'- amplitudes,
whereas amplitude (3) is pure W= js. The par-
ticular linear combinations of W-spin-& and
W-spin- —,

' contributions, denoted by G and H,
respectively, which are needed for the com-
plete evaluation of (2) - (4), are (v 2 /3) G-(v 2 /3)H,
(/6/3)G, and -[2/(15)j/ jG-(sj)j/SH. To obtain
the cross section o, except for phase-space
factors, the resulting amplitudes (2)-(4) must
be squared and then summed. This procedure
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Table I. Scattering amplitudes for meson-baryon initiated amplitudes according to SU(6)~.

700 1134

&z p[z"p&
&z'p z'p&
(w+p m+p&

&~ p[~ p&

&z'p ( Z'p)

C

0
0

8/135
11/135

1/45
2/45

1/405
1/405

0
0

1/144
7/144
1/24
1/12

0
-1/432

2/432

i/2
3/8

25/54
35/108
17/72
2/8
1/24

—1/648
-1/648

1/2
5/8

113/240
131/240

7/1O
iS/2O
—1/24

1/720
-4/720

has been carried out for all pseudoscalar me-
sons incident on protons to yield all possible
35 x 56 products. The resulting catalogue of
numerical amplitudes will be published sepa-
rately, but a number of interesting results
which ensue are summarized as follows:

(l) The Johnson- Treiman relations are sat-
isfied; the pertinent amplitudes are listed in
Table I.

(2) A very small number of the calculated
8'-spin amplitudes are identically zero. »' These
are

(K'p (K'N*"), (K'p lK'N*'),

(K fK N ), (I70p(K N ).
The first of these seems to be satisfied at 1.14
BeV/c." The angular distribution for this pro-
cess is strongly peaked at cosO=K-N~ = -0.5
with a rapid decrease towards zero at forward
and backward angles for the scattered K . At
3 BeV/c, "however, this decrease at forward
angles is not so marked, although the cross
section at the forward angle is small.

(3) Other relations among cross sections in

the F =2 system are

o(K+p ~K*'p) = (-;)o(K'p (K"N'") =16m(K'p tK "p)
= (l 6/3) o(K'p I K'n). (6)

These cross sections may be obtained as mul-
tiples of (Q(' where C is an SU(6)g amplitude
listed in Table I.

(4) A startling number of reaction amplitudes
in the V=1 and I'= 0 systems are simple mul-
tiples of one basic amplitude D listed in Table I. '
In Table II are listed the multiples of D for
36 processes, whose cross sections should
stand in the indicated ratios. Since these in-
clude all of the cases for which simple SU(3)
relations were obtained, we consider them

further. An SU(3) sum rule was previously
formulated "for the squares of matrix ele-
ments (called cr in this paper), which reads

o(~'p (moN*") = (,') o(~'p ~K'Y*')

=3o(~ P lrIN ).
Other simple SU(3) relations were the U-spin

Table II. Cross sections for meson-baryon reac-
tions. Coefficients listed in columns a are multiples
of ~D~, where D is the SU(6)(V amplitude.

D = 1/v 3[(1/405) 56-(1/432) 70-(1/648) 700+ (1/720) 1134]
Process a Process a

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18

&z piz'='&
&z-p [z'=--&
(z p]z*'='&
&z p(z*+=

&

(z pip'z )

3
3

12
129
48
57
24
96
24
96

(z p
&z p

~'Y*')
q Y*'&

Z 0 * ) 168
Z ) 168
p Y ) 168

(r pzz ) 3

6r PimN) 2'4

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

&~ P)qN"'&
&~ p[~'N*'&

(~ p
&w p
&m p
&w p
(~ p

& N )
Z'Y*'&
Z'Y* )
p N )

Z Y*')
m N )

ON 8++)
N4++)

z ')
z4+~0)

~'Y*'&
+ Qp)

+~Op

&z p

(zo
(z0
&z'pl
&Z'p[
(zo
&z'pz= )
&z'p z*'=*'&

108
288

12
96

504
168

24
24
36
12
3

57

12
12
24

240

o(K'P (K'N*") = o(~'P [
woN*") + 3o(m'P ) qN*")

-3o(m'p IK'Y*').

From Eq. (5), the left side should be zero.
SU(6)gr relates the cross sections of the other
three processes in terms of C'.
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equalities

a(~-p [~'X*-)/3 = a(~-p [K'I;* )-

=a(K p[~'I *
) =a(K p[K'=* )

a(~ p-[p'X*-)/3 = a(~-p [K*'I;*-)
=a(K p[p'I; ) =a(K p[K*':- ), (10)

U-spin relations are simply related to each
other and to the quantities in Eqs. (11) and

(12). The cross sections of the members of
Eq. (9) are 4/7 of the cross sections of the
analogous members of Eq. (10). In addition,

a(~ p[m X*++)=(h)a(~ p[~+X* ), (13)

and the simple equalities' ~"

c(K p[v'Z )=o(K p[K'=')

a(~ p [K Z ) = a(K ~ [K':- ).
As a, result of using SU(6) gr, the two sets of

(12)

unlike the SU(3) case, where no simple ratio
existed. Many other relations like (13) may
be extracted from Table II.

(5) A different group of processes in the K p
and Kop (or, equivalently, K n) systems are
related in terms of another amplitude E list-
ed in Table I. The cross sections stand in the
simple ratios given below:

a(K P [K n):a(K P [K* p):a(K P [K*'n):(K p [K* X*++):(K P [K*'X*'):a(K'p [K*'P)'

a(K'p [K N ): (K'p [K*ON*++) = 3:16:25:8:8:1:24:8. (14)

(6) In addition, a(K p [@ Z ) =(1/27)a(K p [qPA),
where y' is the I= 0, 7 = 0 member of the vec-
tor-meson octet.

This plethora of cross sections which are
simply related offers the possibility of com-
parison with a large amount of experimental
data. The best way to carry out this compar-
ison is not at all unambiguous; as a start, one
way is to plot the forward and backward cross
sections or perhaps their ratio, as a function
of final-state kinetic energy and weight by a
phase -space factor. ~ A considerable amount
of information has been thrown away in obtain-
ing the relations (5)-(14), because the polar-
ized amplitudes like (1)-(4) were the quantities
calculated originally. If cross sections for
particular polarizations are available, then
even more sensitive tests of the SU(6)gr pre-
dictions may be made.

We are indebted to Professor G. B. Yodh
for many useful discussions.
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