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where yp is the I=0, V=0 member of the vector-
meson octet. Because of cu-y mixing, ' it is also
necessary to consider the following reactions, in
addition to the reactions (2a)-(2d):

+ 4++ p
+p N +~, (2e)

+ 4++
1T +p «N + 4J& (2f)

7T +P «N + cp. (4)

The "eightfold way'~ has been quite successful
in describing the masses' of elementary particles
and resonances, and in explaining the decay widths
of various resonances. ~ Various other tests of
this symmetry scheme have been proposed which
concern themselves with reaction cross sections. ~

Because of the large number of S-matrix elements
which usually occur, the simplest proposed tests
have taken the form of equalities. Unfortunately,
these predictions of equalities have been difficult
to verify. This paper proposes a rule for reac-
tion processes, which seems capable of experi-
mental test.

Consider processes of the two types:

meson+ proton -baryon resonance+ meson, (1)

meson+ proton -baryon resonance

+vector meson.

For the processes of type (1) the reactions
treated are
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wP is the vector-meson singlet, and ~ and y de-
note the physically observed particles of masses
782 MeV and 1020 MeV, respectively.

In general, the meson (11) symmetry and the
baryon (11) symmetry can couple together to
make product symmetries (22), (11), (11), (30),
(03), and (00). Each product symmetry defines
a channel through which the reaction can proceed.
In a similar fashion the right-hand sides of Eqs.
(1) and (2) are described by coupling the baryon-
resonance (30) symmetry and either the vector-
meson or meson (11) symmetries to produce sym-
symmetries (41), (30), (22), and (11). One can in-
troduce the energy- and angle-dependent ampli-
tudes A ") which are diagonal elements of the S
matrix and in terms of which one obtains expres-
sions for the amplitudes for processes (1) and (2).
Only those symmetries common to the left and
right sides of (1) and (2) contribute to the ampli-
tude, i.e., (22), (30), and two (11)'s. An important
simplifica. tion occurs, however, if we restrict our-
selves to incident m and K+ mesons. Then only
the two SU, channels (22) and (30) contribute,
and only the N* and F', * baryon resonances oc-
cur. The coefficients of the A( & for the proc-
esses which we consider are given in Table I.
The squares of the amplitudes, IM~ t', IMb I',
IM I', fMd)', for the four reactions of types
(1) and (2) depend on two independent complex
amplitudes, A~ ' and A" '. Therefore, in each
case, one obtains the following relation. '

)M ('= )M )'+3)M ('-3(M )'. (3)
g b c d

Table I. Scattering amplitudes A for production(~c)

of baryon resonances in meson-baryon reactions. The
coefficients result from taking scalar products of SU3
functions for the case ((11)S(11)~(30) S(11)).
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where Pin and Po„t are the momenta of incident
and outgoing particles in the c.m. system. In
Fig. 1, the factor E=(E 'pf /pnto) uis plotted vs
Q for each of the reactions of type (1) and type (2).
The shapes of these curves are nearly the same,
again suggesting the usefulness of comparing
cross sections for different reactions at similar
Q values. With the above assumptions, Eq. (3)
predicts the following relation between the ex-
perimental cross sections:

E v =E o +3E cr -3I' v.aa bb cc (5)

Let us consider the reactions of type (1). Ta-
ble II lists the pertinent, available experimental
cross sections, together with associated values
of E~, Q, and F. In Fig. 2 the four terms of
Eq. (5) are plotted individually as functions of
Q. The lines are drawn roughly through the

The determination of IM2c }' is complicated by
u-y mixing.

Equation (3) is a general result, encompassing
the predictions of specific models like the pe-
ripheral exchange model' which, indeed, do
satisfy Eq. (3). The fact that Eq. (3) may or
may not be satisfied by the experimental cross
sections is a test only of SU„not of the periph-
eral exchange model.

%'e are now faced with the problem of com-
paring Eq. (3}with experiment. Since SU~ sym-
metry is broken (the masses of particles in an

SU, multiplet are different), there is at the mo-
ment no rigorous way of making this comparison.
In the following analysis, we ignore the dynamical
effects of the mass-splitting interaction on the
reaction amplitudes which lead to Eq. (3). We
assume that the best way to test Eq. (3) is to
compare experimental cross sections for each
channel at the same Q value, where Q=E~-Ms
-M4, E*=total energy in the c.m. system, and

M~, M, are the masses of the two outgoing parti-
cles. This choice has the virtue that the thresh-
olds for each reaction are superimposed at Q = 0
and that the opening up of new channels which,
through unitarity, will affect the reactions of
types (1) or (2) is also superimposed. The kin-
ematic factors that relate cross sections to ma-
trix elements squared are, of course, different
for each channel. %e assume that the amplitudes
of Eq. (3) are relativistically invariant so that
the relation between IM) and cr for two-body re-
actions is'

(4)
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data points to serve as a guide. At present, a
complete comparison of the left-hand side (LHS)
and right-hand side (RHS) of Eq. (5) can be made
only at Q = 300 MeV and 500 MeV. As can be
seen from Fig. 2, at Q =300 MeV (expressing
oF in units of BeV'-mb), LHS = 25+ 6, and RHS
=28+6. At Q= 500 MeV, LHS=21+5 and RHS
= 19+ 5. At Q values below -120 MeV, the data
obviously do not satisfy Eq. (5). In this thresh-
old region, the broad N~++ is only partially ex-
cited, so that Eq. (5} may not be reliable. Above
500 MeV a detailed test of Eq. (5) requires more
and better data than are available, but there is
no indication of a large violation of Eq. (5). In
general, for reactions of type (1), the SUB pre-
diction of Eq. (5) is quite well satisfied.

The analysis of reactions of type (2), involving
vector mesons, is complicated by u-y mixing. '
Since the cross section for y production, a2c,
is not directly measurable, we try to calculate
it from cr2/(~) and o2@y) (defined previously)

FIG. 1. The factor F=E p „Ip „tvs Q for reac-
tions of type(1a)-(1d) and (2a)-(2f). E*, p. , p t, and

Q are the total energy, the incident momentum, the out-
going momentum, and the total outgoing kinetic energy
in the c.m. system.
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which can be measured. Recall that we may
write

)(ug = sire)y) + cosZ)(u),

I y,) = cosa' y) - sire((u),

where the mixing angle A. equals 38'; cos'A. =0.6,
sin'A. = Q. 4, and 2 sinA cosA. =- 1. The squares of
the amplitudes )M2 I' and IMp I' may be writ-
ten in terms of the physical amplitudes IMpy I

and iM2g}' and a cross term Re(M2fM2g ), as

follows:

(M i'=0 6iM i'+0.4iM i'-Re(M M ), (6)

) M i' = 0.4 iM !'+ 0.6 iM I'+Re(M M *). (7)
2g 2 2g 2

Inasmuch as we have two equations with three
unknown quantities, rMp I', IM2e I', and

Re(M2+2f ), only lower and upper bounds can
be obtained for t M2 j . However, since v2&
«v2f, the uncertainty introduced by this situa-

Table II. Data for processes of type {1). Meson+ proton baryon resonance+ pseudoscalar meson.

Reaction

*++ 0
N K

(BeV)

1.745
1.859
2.000
2.010
2.225
2.615

1.387
l.495
l.686
1.692
1.875
2.290
2. 500

1.790
1.875
2.410
2. 715

2. 185
2.410
2. 715

(BeV)

0.014
0.122
0.280
0.290
0.489
0.878

0.014
0.122
0.313
0.319
0.502
0.917
1.127

0.004
0.099
0.624
0.929

0.306
0.531
0.836

(BeV2)

15.5
6.5
5.9
5.9
6.3
7. 9

9.7
4.9
4

4. 7

6.2
7. 1

37.2
9.2
7.6
8.9

8.3
8.4
9.5

(mb)

1.90+ 0.20
3.60+ 0.50
2.80+ 1.00
4.90 + 1.00
3.10+0.80
0.80 + 0.20

0.40',"„'
2.40 + 0.80
5.30 + 0.40
7.40+ 0.40
4.00+ 1.00
0.47+ 0.06
0.36 + 0.06

0.04+ 0.02
0.06 ~ 0.02
0.10+ 0.03

(0.13+ 0.03

0.08 ~ 0. 03
0.11+0.04

&0.02+ 0.01

29.50+ 5.0
23.50+4.0
16.52 ~6.0
28. 90+ 6.0
21.10+ 5.0
6.32 + 2.0

90+3~ 9

11.80+ 3.9
23.30 + 1.8
32.60+ 1.8
18.80 +4. 7
2.90 ~ 0.1
2.60+ 0.1

1.50 + 0. 8
0.55+ 0.2
0.76+ 0.3

&1.20 + 0.3

0.66 + 0.2
0.92 + 0.3

(0.29 ~ 0.1

Reference

l
l
k

m

B. Kehoe, Phys. Rev. Letters ll, 93 (1963).
bJ. Duboc et al. , Phys. Letters 6, 233 (1963).
G. B. Chadwick et al. , Phys. Letters 6, 309 (1963); D. J. Crennel (private communication).

dD. Berley et al. , Compt. Rend. 255, 890 (1962).
S. Goldhaber, Proceedings of The Athens Topical Conference on Recently Discovered Resonant Particles, 26-27

April 1963, Ohio University, Athens, Ohio (unpublished), p. 92; G. Goldhaber, ibid. , p. 80; G. Goldhaber, W. Chi-
nopsky, S. Goldhaber, W. Lee, and T. O'Halloran, Phys. Letters 6, 62 (1963).

M. Ferro-Luzzi et al. , Proceedings of the Siena Conference on Elementary Particles, Siena, Italy, 1963 (un-
published) .

Based on interpolation of the w++p —x++7' +p data using the model of M. Olsson and G. B. Yodh, Phys. Rev.
Letters 10, 353 (1962).

h.Peter C. A. Newcomb, Phys. Rev. 132, 1283 (1963).
1C. Gensollen, P. Granet, R. Barloutaud, A. Leveque, and J. Neyer, Proceedings of the Siena Conference on

Elementary Particles, Siena, Italy, 1963 (unpublished) .
D. Stonehill, Yale University dissertation, 1962 (unpublished).

kC. Alff et al. , Phys. Rev. Letters 9, 322 {1962);N. Gelfand and D. Berley (private communication).
lH. J. Foelsche and H. Kraybill (to be published).

In M. Abolins et al. , Phys. Rev. Letters 11, 381 (1963); N. Xuong (private communication) .
F. E. James and H. L. Kraybill (to be published); H. L. Kraybill (private communication).
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FIG. 2. Experimental values of F& 01, F1go'1y 3F1 0'1d and 3F1do1~ vs Q. The lines are drawn roughly
through the data points simply as a guide. The number next to each data point is the reference number of the data
source (Table II).

tion is small. In this discussion of cu-y mixing,
we have ignored the dynamical effects of this
mixing on the production amplitudes, analogous
to our neglect of the SU, mass splitting inter-

action.
Table III lists the available data on reactions

of type (2), together with the associated values
of E*, Q, and F. Note that o2 is very small,

Table III. Data for processes of type (2). Meson+proton-baryon resonance+vector meson.

Reaction

g++ go
X K

+++
N p

+++
N cp

Q+ ++
Y& K

(BeV)

2.225
2.340
2.615

2.185
2.290
2.410
2.500
2.715

2. 185
2.290
2.410
2.500
2. 715

2.715

2.410
2. 715

Q
(BeV)

0.099
0.214
0.489

0.214
0.302
0.422
0.512
0.727

0.165
0.270
0.390
0.480
0.695

0.457

0.160
0.422

(BeV2)

13.4
10.2
9.8

9.4
8.9
8.8
9.0
9.6

10.4
9.4
9.2
9.2
9.9

11.6
14.5
12.1

(mb)

1.65 + 0.20
1.55 + 0.20
0.65+ 0.30

1.20+ 0.20
0.61 + 0.18
0.56+ 0.16
0.39 + 0.12
0.85 + 0.25

1.10+ 0.20
0.83 + 0.16
0.85+ 0.17
0.50+ 0.15
0.53 + 0.06

&0. 02

0.09+ 0.03
0.02 + 0. 01

22. 10 + 2. 7

15.80+ 2. 0
6.37+ 2.9

11.28 + 1.9
5.40 + 1.6
5.00 + 1.5
3.50+ 1.1
8.20 + 2. 1

11.40 + 2. 1
7.80 + 1.6
7.80+ 1.6
4.60 + 1.0
5.20 ~ 0.6

&0.20

1.31 + 0.4
0.24 + 0.1

Reference

a
See reference e, Table II.

bR. Kraemer et al. (to be published).
c

See reference f, Table II.
90

dSee reference n, Table II.e
f

See reference k, Table II.
See reference m, Table II.
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FIG. 3. Experimental values of F2 a2, F &o2&, 3F 02, and 3F 0'~ vs Q. The unmeasured quantity 3F2c
&&o.

2 is approximated by 3(0.4}F2~0'&~. The lines are drawn roughly through the data points simply as a guide.
2c

The number next to each data point is the reference number of the data source (Table II).

so it seems that it is a good approximation to
set

F v = iM i'=0. 4iM I'=0. 4F o
2c 2c 2c

(6)

Figure 3 displays each of the four terms of
Eq. (5) versus Q. Again the lines are drawn
through the data points simply as a guide. Fig-
ure 3 shows some similarity of the Q depend-
ences of I"2~a~, E2y02y, and I"2ca2c. The
N*p and N*&u cross sections at Q-700 MeV do
not follow the downward trend of the other data.
At @=210 MeV the LHS of Eq. (5) is 16+2 and
the RHS is 20+ 3. At Q = 450 MeV the LHS is
7. 5+ 2.9, while the RHS is 9.8 + 3.5. The agree-
ment between the LHS and RHS of Eq (5) for.
vector-meson production is quite good, over the
whole region for which complete sets of data ex-
ist. It should be noted that the extraction of the
partial cross sections for quasi two-body re-
actions from the data is difficult because of the
possible presence of complicated interference
and background effects.

In conclusion, we find that the reaction pre-
dictions of SU~ embodied in Eq. (5) are, on the
whole, in reasonable agreement with experiment,
when comparisons are made at equal Q values.
Although individual cross sections at a given Q
may differ by factors of 10, Eq. (5) is satisfied
to better than 50@. The scatter of experimental

cross sections points up the difficulty in evaluat-
ing the reactions of types (1) and (2) and indicates
the need for the accumulation of more precise
data over a wide range of Q values. This will
allow a more rigorous test of our SU~ predic-
tions. It would a,iso appear fruitful to test the
equalities predicted by SU, symmetry, 4 using
the same method of comparison described above.

%e are indebted to Dr. J. Coyne, Dr. L. Maxi-
mon, Dr. B. Kehoe, and Mr. M. Olsson for ex-
tensive discussions on the interpretation of the
experimental data and to Dr. S. Goldhaber,
Dr. G. Goldhaber, N. Xuong, H. Kraybill,
N. Gelfand, and D. Berley for private com-
munications of unpublished experimental results.
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