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Combining Eqs. (814) and (88), we have
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A combination of Lorentz invariance and spin independence may restrict scattering amplitudes so severely
that no interesting reaction can be described. This is demonstrated for the scattering of taro spin-~2 particles
with spin independence defined as in a definition of SU(6) for quarks.

PPLICATIONS of SU(3) and SU(6) symmetries
to strongly interacting particles are achieved in

coexistence with a number of theorems' delineating a
growing class of situations in which a nontrivial com-
bination of the symmetry group with the Poincare group
is impossible. Situations in which these group-theoretic
theorems are not applicable are characterized most
noticeably by commutators of generators of the sym-
metry group with generators of the Poincare group
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failing to be linear combinations of generators of the
two groups. Here a different kind of theorem is to be
expected. If a generator of the symmetry group and a
generator of the Poincare group both commute with
the scattering operator, then their commutator also
commutes with the scattering operator. If this com-
mutator is not a linear combination of the generators of
the symmetry and Poincare groups, it represents an
additional symmetry which may put entirely unwanted
restrictions on the scattering amplitudes. A particularly
simple example of this is demonstrated in the following:

Consider two particles each with positive mass and
spin —,'. ~e describe the rtth particle (st=1,&) by
Hermitian position and momentum operators Q &"& and
P&"& (which satisfy canonical commutation relations)
and Hermitian spin operators S t "& (which commute with

Q &"& and P t"& and satisfy angular-momentum commuta-
tion relations) in terms of which the generators of the
Poincare group for two noninteracting particles have
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the form'

H=P (P(")'+m ')'/'

P—P(1)+P(2)

J g (Q(n) y p(n)+S(n))

I P ( (1)(P(n)2+r/S 2)1 /2Q( n)+ ( 1)Q( n) (P( )2n+r)S 2)1/2

n=1

+ I 2/S + (P (n)2+ 2)S 2)1/2$ —1P (n) g S(n) )

with m„being the mass of particle e. We define a
total spin operator S=S('&+S('& and use the notation
V(")= fran+ (P(n)'+r)s ')'/2$ 'P("& to evaluate the
commutator

i (SsK; —K;Ss)= U—s(')S;(')+ Us(2)$, ('&

for j=|,2.
Consider the amplitudes

(y('&, rs, y(4&,r4I T
I
p"' ri p""2) (2)

for 1+2—) 3+4, where particles 3 and 4 also each have
positive mass and spin —,. The initial and final states are
eigenstates of the momentum and spin operators P("&

and S3(") with eigenvalues y(") and r„ for each particle.
Lorentz invariance means that the scattering operator
T commutes with the generator K of Lorentz trans-
formations. For spin invariance, we postulate that T
commutes with the total spin operator S. It follows
that T commutes with the commutators (1).By taking
linear combinations we get

(y(s) rs y(4) rsl T(Us(1)g~(1)+ Us(2)g (2))
I
p(1) ri p(2) r )

= (y(s) rs p(4) rsl (Us(s)g~(s)+Us(4)g (4))T

X
I
p('& ri, p('&,rs), (3)

where S~&")=S~&"&&iS2("~are the raising and lowering
operators for the spin values r„. We denote the two
values &—,

' of r by & and suppress the dependence on
the momentum variables. By using the properties of
the S+&"& operators we find

ts")&++
I
Tl++)=22")(—+ I Tl —+)

+z "'&+—
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as specific cases of (3), where

V(n) —
L224 + (p(n)2+2/S 2)1/2j—ly(n)

are the eigenvalues of the operators V(").
From the commutation of the scattering operator 1

with the total spin operator S it follows that all of the
amplitudes (2) which are not zero can be written as

(++ ITI++)=T('&=&--ITI--),
2&+ —

I
T I+ )= T—"'+T"'= 2& + I

T—
I

+)—
2(+—
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in terms of spin-one and spin-zero amplitudes T(') and
T('). After substituting and adding and subtracting, we
find that the four cases of (3) written out above are
equivalent to

(1/ (1)+ps(2) 1)s(s) tps(4)) T(1)= O

(t/s(1) 1/s(2)) T(1)= ((/s(s) 2/s(4)) T(s)

(2/s(s)»(4))T(1) = (ss(1) 2/s(2)) T(o)

Now T('~ and T(') are functions only of the momentum
variables and do not depend on our choice of the three
axes. Hence the above equations remain valid if each
@a~"' is replaced by v("). From these equations we can
conclude that T(') is nonzero only for values of the
momentum variables such that either v("= v('& and
v(')= v(" or v(')= v(" and v(') = v(') and T(') is nonzero
only for these values of the momenta and for values
such that v(')= v(') and v(')= v(4).

This theorem applies at least to the scattering of two
quarks with exact SU(6) symmetry as def)ned by
Mahanthappa and Sudarshan. '

The unwanted symmetry represented by the com-
mutator of the spin and the Lorentz generator is ex-
cluded if the total spin operator S is replaced by

Ut(L(p))s&(L(p)),

where U(L(p)) operating on a momentum eigenstate is
the unitary representative for the system of two non-
interacting particles of a Lorentz transformation 1.(p)
which takes the total four-momentum eigenvalue p to
the direction of the time axis. ' One then gets conserva-
tion of total spin only in the center-of-mass frame.

I am grateful to Professor E. C. G. Sudarshan and
Dr. B. Schroer for discussion of these subjects.

3K. T. Mahanthappa and E. C. G. Sudarshan, Phys. Rev.
Letters 14, 458 (1965). The same de6nition is suggested by
Riaznddin and I.. K. Pandit, ibid 14, 462 (1965). I.n both of these
papers the difliculty of constructing a local four-Fermion inter-
action is noted. F. Giirsey, Phys. Letters 14, 330 (1965) states
that this is the de6nition of SU(6) intended originally by F.
Giirsey and L. A. Radicati, Phys. Rev. Letters 13, 173 (1964).

4 F. Coester, Helv. Phys. Acta 38, 7 (1965); B. Schroer, Pro-
ceedings of the Third Annual Eastern U. S. Theoretical Physics
Conference, University of Maryland, 1964 (unpublished).


