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Recently there have been several indications
that the SU(6) symmetry plays an important role
in the description of strong, weak, and electro-
magnetic phenomena. ' Consequently there have
been several attempts' to extend its validity to
the relativistic domain. Such extensions can
be classified into two types on the basis of the
structure of the symmetry group G under which
the theory is invariant: (i) G is the direct prod-
uct of P and Q (G =PRQ), where P is a group
isomorphic with the Poincare group and Q
&SL(6, c); (ii) G is the semidirect product of
T, and SL(6, c) [G=T xSL(6, c)], where T
is the group of translations in a 36-dimension-
al space. ' There are difficulties in either case.
In case (i), there exist no unitary representa-
tions in which there is a finite number of states
for a fixed four-momentum. This corresponds
physically to an infinite number of particles in
a multiplet, and therefore is very unsatisfac-
tory. In case (ii) the physical interpretation
of the 36 translation operators faces serious
difficulties.

The purpose of this Letter is to suggest an
approach to overcome these difficulties and pre-
sent the important features of the results. For
this purpose, consider a covariant spinor y of
SL(6, c): y'=Ay, where A is a complex 6x6
matrix with detA = 1. We can then define anoth-
er six-dimensional representation g by the trans-
formation property }f' = (A ') t}f, so that y*p
and y*y are invariant. In analogy with the con-
struction of a four-component Dirac spinor from
two two-component spinors, a 12-component
representation 4 of SL(6, c) can be constructed
from p and g:

The group SL(6, c) contains SL(2, c)SSU(3). One
can identify SL(2, c) as the covering group of
the homogeneous Lorentz group I and the SU(3)
as the familiar internal symmetry group. A
representation of SL(6, c) can be decomposed
into representations of SL(2, c)SSU(3). As in
SU(6) theory, this can be done by assigning a
pair of indices io for each index that charac-
terizes the components of 4. The index i runs
from 1 to 4 and can be identified as the index
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(2)

represents the meson field. The above condi-
tion ensures that the mesons and their charge-
conjugate partners belong to the same multi-
plet. A third-rank totally symmetric spinor
O'ABg represents the baryon field. Under space
reflections, 4 and 4' transform as follows:

4 —4' = @44@4,

~ —+' = ~,r4@r, +.
We choose to work with the specific Lint giv-
en by'

~ t=™~~a 'C G' ~~ ~aDC.
B C A —ADC B

int

(3)

(4)

(2) To quantize these fields, we need to spec-
ify the equations of motion and the commuta-
tion relations for corresponding free fields.
However, it is impossible to have free-field
equations of motion that are covariant with re-
spect to SL(6, c) without encountering the dif-
ficulties mentioned at the beginning. Therefore,
we consider only those equations of motion for
the fields that are covariant with respect to
SL(2, c)5)SU(3) and can give rise to the desired
multiplet structure for the associated particles.
Thus for the meson field 4,

fly, s C ]+mc =0,
p.

'
p. free free

of the Dirac spinor. e takes the values from
1 to 3 and corresponds to the SU(3) index. The
properties of 4 under spatial reflections can
be easily included in the formalism in the stan-
dard fashion: 4'=~~4', where g is the phase.
We also note that if we define 4'

x (y4), ', then 4'4 and +y,4 are invariant under
SL(6, c).

To derive physical consequences we would
now like to make the following assumptions:

(1) The fields associated with the physical
particles transform like the products of 4''s
and 4's, ' and the interaction Lagrangian Lint
is invariant under the transformations of SL(6, c)
and the space reflections. A second-rank mixed
spinor 4A, which is required to satisfy
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where the rectangular bracket denotes a com-
mutator. Equation (6) is equivalent to the Duf-
fin-Kemmer equation. ' The assumed proper-
ties of C under space reflections [Eq. (3)] per-
mits one to express a solution of this equation
in terms of free fields that represent a nonet
of pseudoscalar mesons P~~ and a nonet of vec-
tor mesons V& of .

[4 ]. =[r P-(1/m)r y»+r V
free ie 5 5p p.

—(1/2m )o F ]. 7P
ILt. V p V ZO

~he~e + v= ~ Vv-~vV, and

where

(y 8+M)4 =0 y 4' = 0. (12)

B..
ijk, nPy

=3[x.. ~ +x. . ~ +x .. ~ ],ijk e 5Py jki P Bye kij y 5o P
'

where

D. .
ijk; a Py

=[l(r C). 4' .-(1/4M)(o C). A .],(11)
jk pi pv jk pvi a y'

A =8 + -8
P. V P V V P,

and

[ -m']P=O; [ -m']V =O, S V =O.

For the baryonic field %ABC, we assume the
following equation of motion':

(6) = [2(y C). 4'. -(1/2M)(y y C). s +.]ijk, e 5 jk i p. 5 jk p. so'

and

(y ~ 8+M)4 = 0.

(y. 8+M). (4 )., = 0.
i free i' n, BC

A solution of this equation under the restric-
tions (4) can be expressed in terms of Rarita-
Schwinger' fields 4'& that correspond to a dec-
uplet of 4 =-' baryons" and the Dirac fields2 1+4 that correspond to an octet of J = 2 bary-
OIlS:

[4 ] =D . +8. , (10)free in, jp, ky ijk, spy ijk, spy'

In the above equations C is the charge-conjuga-
tion matrix, and m and M are masses that are
introduced for dimensional reasons. Their val-
ues can be assumed to be the "centers" of the
meson and the baryon supermultiplets, respec-
tively. "

(3) For the present discussion, we compute
the effective meson-meson and meson-baryon
interactions using Lint [Eq. (5)] and the lowest
order of perturbation theory. ' This amounts
to using the solutions of the free-wave equations
for the fields in Lint.

Discussion of the results. —The effective me-
son-meson interaction that relates the VPP,
VVP, and VVV trilinear couplings is given by"

3g(g~[V P 8 P]+ (3/ )em[8 V 8 V P]+ [F V V ]-(1/3m2)[F F F ]j.
P, VPV P. V P {X P, V P. V P. V VP PP.

(13)

g '/g '=4/m'.
(dpi' plF7T

(14)

As expected from the requirement that the me-
son fields represent self-charge-conjugate par-
ticles, the VPP and VVV couplings are pure
I" type and the VVP coupling is pure D type.
One also obtains the interesting relation

el for the co-3w decay,

g '/g '=0.23/m (m/m ) .
(d p7T pW'F

(15)

With m = 615 MeV, Eq. (13) gives a, value of
4 6/m' for. the ratio g~pz /gppp'.

To obtain the effective meson-baryon Yuka-
wa-type couplings, it is convenient to define
a current

From the Gell-Mann, Sharp, and Wagner mod- B —BDC
A ADC' (16)
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If we substitute the free-field solutions (11) and (12) for 4 in Eq. (16), we obtain

(DD)+ J (DB)+J (BD)+J (BB)
8 B — B-

A A
(17)

Each term in Eq. (17) can be separated into the SU(3) singlet and octet parts. Further, the space-
time properties of each of the currents allows the decomposition into the usual scalar, vector, ten-
sor, axial-vector, and pseudoscalar parts:

()=-'[(l).J ()+(r ). J ()+(o',),. J, ()+(r r5), J . ()+(r6).J ()] (18)

The results are given in Tables I and II.
Table I contains the contributions to the cur-
rent Jg (DD) and JA (DB) "Th.e SU(3) decom-
position into a singlet and an octet part has
not been carried out for these contributions. "
Table II contains the baryonic current separa-
ted into SU(3) parts that transform like the sym-
metric (D) octet, antisymmetric (F) octet, and
the singlet (S). The effective DDV, DDP, DBV,
DBP, BBV, and BBP couplings are obtained
by combining these currents with the free-field
solutions for mesons [Eq. (7)]. In the nonrel-
ativistic limit, the scalar and vector parts be-
come Fermi coupling. The tensor and axial-
vector part reduce to Gamow-Teller coupling.
The terms in the present calculation that con-
tribute in the nonrelativistic limit have sepa-
rately a DlF ratio of q which agrees with the
corresponding result in the nonrelativistic SU(6)
theory.

The baryonic vector and tensor currents are
of special interest in electromagnetic phenom-
ena. Under the assumption that the electromag-
netic interaction of the baryons has the gener-

al form

F (q )J A -(1jm)F (q }J
P P Po' Pa'

the contributions of these terms to the charge
[F h(q'}] and magnetic [F (q')] form factors"
are given in Table III. From these results, it
follows that the ratio of the total magnetic mo-
ment of the proton to that of the neutron is -&,
as in the nonrelativistic theory. In the low mo-
mentum transfer region, the electromagnetic
structure of the proton and neutron is domina-
ted by the vector mesons. I we therefore make
the further assumption that the electromagnet-
ic field couples to the baryons in exactly the
same way as the V,' component of the vector-
meson octet, we can calculate the absolute val-
ues of the total magnetic moments. The results
are

= 1+ 2Mlm and p
p n P'

in units of e/2M. With M = 1065 MeV and m

Table I. Decuplet-decuplet and decuplet-baryon currents. For separation into SU(3) parts, see reference 16.

P

44 — 2A A
1

p 2M2 pv p. v

1y4 — 2A yA
p p p, 2M pvp pv

10. 4 —
2 A o. A

p po p 218 p, v po p, v

1 ,-A yy APP5P 2M pvp5 pv
1

2A yA
p 5 p 2M pv5 pv

2— 2
-2A p 8 4'—p5 3M pp5p 3M p p5p.1— 1

a p 5 p a 5 3M pg p 5 p pp g 5 p,

—(~ VV~-~ VV~)- 2(A gyes+-A qy e~)
2 2—4'4 — 2A d 4
3 p 3M pp p.

9 4
2

3M pp,
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Table II. Baryon-baryon current. The expression 4 ap% 4'ap 0 (ap4')4'.

C4 ——28 48 4'
3 M p, p.

+ye-—28 iy8 4

48%
p

4cr 4'-—29 ccr 8 4
1 — 1
9 po. M p, po p,

2{8 48 4—8 48 4)18M2 p cr 0 p

4yy%-~a 4yy 8 4

4y 4-—29 4'y 9 42 — 1
9 5 M p 5 p,

4y4 ——284y 8 4'

3M
+ 48m

Co. 4-—28 Ocr 8 4

+,(8 ea ~-8 48 e)1
6M2 p cr 0 p

+yy4- —28iyy ac

'k4'- —28 4'8 4
3 M2p p,

—,
' op~-—', 8~~8+

+ac
SM p—ter 4-—28 Ocr 8 41 — 1

18 pcr M2 p. po p,

1 , (8 ea e-8 48 e)SM p 0 0 p

4yy4 ——28%yy 8 i
4'y 4 ——29 Cy 8 4

1 — 1
9 5 M p, 5 p,

Table III. Contributions of baryonic vector and tensor currents to form factors. q2 is the square of the momen-
tum transfer. The form vectors F+(q2) and FT(q ) that multiply the vector and tensor contributions, respective-
ly, are omitted from the Table.

Contribution of J Contribution of J

F „(q')

(q')
2M 9 4M2 2M 3 4M2

2 2

9m 4M 3m 4M2

=615 MeV, pp=3. 9 in units of the nuclear mag-
neton. Since symmetry-breaking effects are
not taken into account, it is reasonable to con-
clude that the result is in good agreement with
experiments as far as the sign and order of
magnitude are concerned. %'e would also like
to note that the ratio of Foh (q2) to F~a&F(q2)
for the proton is given by

F „(q ) (1-(q /2M )lF (q )/F (q )])ch

F (q ) {1+(2M/m)[F (q )/F (q )])

and if

.F (q)
m ~

q'-~ F (q )

the ratio approaches the limit conjectured by
Sachs.

A more detailed discussion of the theory as
well as the results will be published elsewhere.

Delbourgo, Salam, and Strathdee" have inde-
pendently considered the approach and many of
the results discussed in the present work. The
authors would like to thank Professor Y. Nam-
bu and Professor A. Salam for many helpful
dxscussxons.

*Work performed under the auspices of the U. S.
Atomic Energy Commission.
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%e report here the differential and total cross
sections for elastic charge-exchange scatter-
ing m +P- m'+n at incident lab pion momenta
of 6, 8, 10, 12, 14, 16, and 18 GeV/c. ' Mea-
surements were made at values of the four-
momentum transfer squared between 0 and -0.5
(GeV/c)2. This represents the high-energy
part of a recent spark-chamber run at the Brook-
haven AGS; preliminary results of the lower
energy part of this run (2.4 to 6 GeV/c) have
been published previously. '

Only minor changes were made to the exper-
imental apparatus as described in reference 2.
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The length of the liquid-hydrogen target was
increased from 2 to 6 in. , and the distance be-
tween it and the spark chamber was increased
with increasing energy. The spark chamber
was triggered each time a ~ entered the tar-
get and failed to produce an "anti" signal in
any of the surrounding scintillation counters.
For all of the data reported here, the counters
at the rear of the spark chamber (which in ref-
erence 2 served to confirm the presence of a
shower in the spark chamber) were not used.

The beam used for the 6- through 18-GeV/c
run was the one originally set up by Galbraith


