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sense. For this purpose we introduce

o) =07 (x) /ox ", n(x)=80(x) /0t (13)
and find, using (8) and (12),

d
E«) m'r, t(O) 10) ,‘r =0
=0=#(0 |[fv 7o&, )ax, m(0)]10),  (14)

and therefore, since boundary terms drop be-
cause of local commutativity,

©1f fv o(%, 0)d*x, m(0)]10) =0, (15)

which using the Lehmann-Kéillen representa-
tion7®

© 1ok, @(]10) = [“p(kD Al -y, k*)dx?,

p(k®) =0, (16)
implies
f:op(Kz)dK"‘ =0 (17a)
and, therefore,
p(k?) =0. (17b)

With (17b) one has that

O lex)e(y)10) = f:op(lcz)A“"(x—y, k*)dk?=0, (18)

and since the metric in the Hilbert space is
positive definite, Eq. (18) gives
@(x) 10y =0. (19)

and by the Johnson-Federbush® theorem,

o) = 8" /ax " =0. (20)

From Eq. (20) one deduces now
[@(1)-Q(0),A] for all A, (21)

and Eq. (21) together with the irreducibility
of the algebra of local operators and (11) im-
plies

Q) =Q(0). (22)

Therefore, assumptions (A), (B), and (C) im-
ply the existence of an exact symmetry which
commutes with the space-time translations.
It is thus impossible to set up an algebra for
the “generators” of approximate symmetries
in the sense of Gell-Mann,°:*! gince those gen-
erators do not exist. However, the algebra
of the currents integrated over a finite but ar-
bitrarily large volume might exist and lead to
the same consequences as the formal Gell-Mann
algebra.'?

The author is grateful to Dr. A. H. Zimerman
for useful conversations.
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Using a polarized proton target, we have
measured the polarization parameter P(6) in
pion-proton scattering for both positive and
negative pions. Because there seems to be a
great deal of current interest in the analysis
of pion-proton scattering, we wish to present
these experimental results at this time, even
though we have not yet completed their analy-

sis. The measurement consisted of scattering
pions from polarized target protons and observ-
ing the asymmetry in scattered intensity, I(9),
as the spin directions of the target protons were
reversed. The intensity for scattering from

a target of polarization, Prp, is

1(9)pol =1(9)unp01[1 + P(e)PT],
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where the parameter P(9) is the same as the
recoil-proton polarization in scattering pions
from unpolarized protons, under the assump-
tion that parity is conserved in the process.

The pion beam was momentum analyzed to
within +1% by a counter hodoscope, and, in the
case of 7t, separation of protons was achieved
by time-of-flight requirements and a gas Che-
renkov threshold counter. The beam was fo-
cused on the one-inch-square target, and the
entrance angles in both planes were measured
by counter hodoscopes in the beam. Detection
of final-state particles was made with a pair
of crossed counter hodoscopes—one above and
one below the emergent beam. Acceptable events
were required to show coincidence among ele-
ments of the momentum, beam, and final-state
hodoscopes, as well as with a small counter
just below the polarized target crystals. In
the case of kinematical ambiguity between 7+
and p in the final state, distinction was made
with a liquid Cherenkov counter beneath the
lower hodoscope.

The polarized target® consisted of 7 g/cm?
of La,Mg,(NO,),,* 24H,0 in which the protons
of the water of hydration (3% by weight) could
be polarized by dynamic nuclear orientation.?
The average polarization during the experiment
was 50% and was reversed in sign about once
every two hours.

Characterization of each accepted event was

made by an on-line PDP-5 computer, summa-
ries were displayed, and a record was writ-
ten on magnetic tape. In the subsequent anal-
ysis, the requirement that the beam and final-
state momenta lie in the same plane removed
a large fraction of the background from scat-
tering on heavy elements in the target. When
attention was restricted to events with a final-
state particle hitting a small region of the up-
per-counter array, a plot of numbers of counts
versus lower-counter-array position showed
a clear peak corresponding to elastic scatter-
ing from free protons. Once the background
had been subtracted, the number of counts in
the elastic peak could be used to determine
the asymmetry in pion-proton scattering.

The background under the peak was evaluated
by using events which failed the coplanarity
requirement. For each element of the upper
hodoscope a conjugate set of elements in the
lower hodoscope was chosen in a way which
was identical to the choice for coplanar ele-
ments —except it was displaced perpendicular
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to the plane of scattering. The set of events
selected by these criteria is due to quasielas-
tic scattering from bound protons with a trans-
verse component of Fermi momentum and to
inelastic scattering. It was verified that the
distribution of these events with angle is the
same as that for coplanar events outside the
elastic-scattering-peak regions. In addition,
data were taken at some beam momenta with

a dummy target which contained elements sim-
ilar to those of the crystal but no free protons.
These dummy data gave results which substan-
tiated those from the noncoplanar events.

In order to verify the validity of our method
we measured the polarization parameter in
p-p scattering at 1400 MeV/c using essential-
ly the same beam and detection conditions as
were used in the 7tp scattering experiment
reported here. The results are in good agree-
ment with previous measurements.?

The lower limit in momentum transfer for
which measurements could be made was im-
posed by the requirement that the recoil pro-
ton have a momentum of at least 350 MeV/c,
so it could easily escape the target and pene-
trate the detector array. The minimum differ-
ential cross section for which polarization mea-
surements were possible was approximately
50 ub/sr (center-of-mass system).

It was discovered during the run that rela-
tively small amounts of electron contamination
in the beam could lead to serious background
caused by bremsstrahlung and subsequent pro-
duction of electron-positron pairs in the one-
third radiation length of the polarized target
crystals. The resulting pairs had momenta
which closely paralleled the beam momentum.
The polarized-target magnet then separated
the e+ and e~ and directed one into each of the
final-state hodoscopes. These “events” had
good coplanarity and tended to obscure the pion-
proton elastic peak. The remedy chosen was
to insert approximately one radiation length
of Pb at the first focus of our doubly focused
beam.

The results of this experiment are shown in
Figs. 1 and 2.* The errors shown are statis-
tical only and do not include a +10% uncertain-
ty in scale due to inaccurate knowledge of tar-
get polarization. At those energies where pre-
vious measurements have been made, the agree-
ment is good.®~7 It is seen that the polariza-
tion is not small even at the highest energies
of this experiment and there is considerable
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FIG. 1. Plots of the polarization parameter P versus
cosine of the pion c.m. scattering angle for 7'p scatter-
ing. The errors shown are statistical only and do not
inclued a +10% uncertainty in scale due to inaccurate
knowledge of target polarization.

structure in angular dependence. In particu-
lar the variation in the polarization with ener-
gy near the 1924-MeV I =3 resonance (P =1500
MeV/c, T,=1350 MeV) is very striking.

Figure 3 is a plot of the momentum depen-
dence of the coefficients in the Legendre ex-
pansion

— 1
IOP =y, Cz‘Pi (cosec.m.),

fitted to the 7t polarization P presented here

and the 7t differential cross section I, of Duke

et al. 8 Preliminary analysis of these fits in-
dicates that they are consistent with the assign-
ment of JE = 4% for the 1924 resonance as re-
ported by Duke et al.® on the basis of 7*-p cross-
section and 7~ -p polarization data.

More extensive analysis of these data has
been initiated; in the lower energy region a
phase-shift search is in progress, and at high-
er energies attempts are being made to explain
the data in terms of interference of Regge-ex-

change amplitudes with direct channel resonances.

We are indebted to Dr. John Brolley for his
help in conducting the experiment. We also
wish to thank John Arens, Byron Dieterle, Ray
Fuzesy, William Gorn, Charles Morehouse,
Michael Paciotti, Stephen Rock, and David
Weldon for their contributions throughout the
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FIG. 2. Plots of the polarization parameter P versus
cosine of the pion c.m. scattering angle for 7~ scat-
tering. The errors shown are statistical only and do
not include a +10 % uncertainty in scale due to inaccu-
rate knowledge of target polarization.
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FIG. 3. Coefficients in the associated Legendre ex-

pansion IpP =ZCiPi‘(cosec_m_) versus lab momentum
of the pion for n*p scattering.
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course of this experiment. Finally, we are
grateful to the Bevatron operating crew for
their constant support.
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The assumption'? that the charge operators
V; and A; of the vector and axial-vector cur-
rent octets obey the algebra of SU(3)®SU(3)
under equal time commutation has been extend-
ed®”% to include the entire algebra of moments
of the charge-density operators V;o(X) and 4;0(X)
by the extra assumption that the equal-time
commutators of these densities contain only
the spatial 6 function and not its derivatives.
The algebra of moments may be expressed most
clearly in terms of the Fourier components

v.@=fe Ry @y, M
4,@= [ a, Ry, @)

in the form
[Vi(ﬁ), Vj(ci')] :ifz.jkvk(c’l +q'), 3)
[Ai(ﬁ),Aj(ﬁ’)] :ifijkvk(é +q'), (4)
[Vi(a),Aj(a')] =z‘fijkAk(ﬁ +q'). (5)
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The purpose of this Letter is to give a formal
solution to this algebra, and to demonstrate
how this solution may be employed in practice
by use of the p — « technique.®”® For clarity
the specific case of the vector current with
isospin as the internal algebra will be taken,
although the method generalizes in an obvious
manner. In this case the algebra has the famil-
iar form

[VvHg), v (9)]=V3(g+q"), (6)
[V3(g"), Vi ]=:V*(g+q'), (7)

where the further specialization has been tak-
en that ¢ and ¢’ are in the x direction, and all
other commutators are zero. If Eq. (7) is now
differentiated with respect to ¢’, and ¢’ is then
set equal to zero, there results

[ve(0), VHq)] = V*(9), ®)

with the obvious formal solution

Vv ¥(q) = exp[+qV® (0) ]V (0) exp[qV®' (0)].  (9)



