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calculation at the Z decay vertex. We examined
the K d data with this method and found that
the net effect is to smear the mass distributions.
As an example, the Y,*(1520) wa.s found to have
a width of about 60 MeV compared to an accept-
ed width of 16+2 MeV. (The K d production-
origin constraint gave a width of 20+ 5 MeV).
Nevertheless Y,*(1520) production was quite
pronounced in the K +d —Z +m +n +p events.
Another asymmetric aspect of the carbon da-
ta is the fact that the 2 m+m events had a much
lower average K n center-of-mass energy than
did the Z+~ 7t events. Most of the events in
the Y,*(1415)peak came from these lower K n

c.m. energies. In contrast to these asymme-
tries, the K n c.m. energies available and the
mass plots for the Z m+n and Z+~ z events
produced from K d were found to be identical.

In the previous experiment the peak interpret-
ed as possible F,* resonance corresponded
to a cross section of 0.07+0.015 mb. From
Fig. 2 we estimate that there are less than sev-
en events above background in a comparable
energy bin, implying a cross section of less
than 0.02 mb for 'Y,* production in the present
data.

In conclusion, we find no evidence for a T
= 2 resonance in this experiment and set an
upper limit for its production of 0.02 mb aver-
aged over the K ~ c.m. energy interval from
1660 to 1900 MeV. The previous experiment
reported the enhancement to exist down to a
K n c.m. energy of 1615 MeV but was not con-
fined to energies below 1660 MeV. We feel
that the negative result of our experiment makes
it unlikely that the enhancement of Ref. 1 should
be interpreted as a resonance.
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of the analysis of this data. In particular thanks
go to Dr. R. W. Birge for his constant interest
and encouragement.

*Work done under the auspices of the U. S. Atomic
Energy Commission.

)Permanent address: University of Pennsylvania,
Philadelphia, Pennsylvania

~Y. L. Pan and R. P. Ely, Phys. Rev. Letters 13,
277 (1964).

2R. B. Bell, R. %. Birge, Y. L. Pan, and R. T. Pu,
Phys. Rev. Letters 16, 203 (1966).

PARTIAL SYMMETRY*

Julian Schwinger
Harvard University, Cambridge, Massachusetts

(Received 17 April 1967)

Partial symmetry is proposed as the general basis for a phenomenological method that
replaces current algebra. Its practical merit is displayed through a reinterpretation of
combined internal and spin transformations. Among various results referring to coupling
constants, magnetic moments, and electromagnetic decays, the following is noted:

—G /G =2 i x5/8=1 18.

I have suggested' that the operator techniques
of current algebra' are not the most effective
way to explore the utility of kinematical trans-
formation groups as a means of conveying dy-
namical inf ormation. The phenomenological
description of the low-energy rN system by
a numerical effective Lagrange function was
the context used to introduce its replacement.
The chiral group SU(2) R SU(2) appears in this
example as a partial-symmetry group —that
is, a set of transformations under which a sig-
nificant portion of an effective Lagrange func-
tion, referring to specific physical circumstanc-

es, remains invariant. The notion of partial
symmetry includes the current-algebraic ap-
proach, in a much simpler form. Equal-time
commutation relations of group generators
(currents), a purely kinematical concept, are
implicit' in a dynamical framework that sup-
plies equations of motion for the generators
(current conservation or nonconservation equa-
tions). The search for approximate realiza-
tions of the commutators among a small set
of particle states can be viewed as the quest
for an artificial but relevant dynamical situa-
tion in which the group would have dynamical
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significance. The partial-symmetry attitude
emphasizes that one is revealing, not "explain-
ing, "particle relationships that ultimately must
be assertions about the self-consistency of the
dynamical mechanisms that govern the subpar-
ticle world.

In order to stress the practical advantages
of the partial-symmetry method, we shall use
it to reinterpret the much discussed group of
transforrnations involving internal and spin
degrees of freedom [usually SU(6) or U(6) IR U(6),
but we shall only consider a U(4) factor of U(4)
OO U(4)]. The particles principally involved are
7T, p, a, and N, N*, although we shall later
add C and the other members of the baryon
octuplet and decuplet.

It is important to recognize that no change
in the earlier chiral-group discussion is re-
quired by the inclusion of N*. An elementary
approach to the baryon chiral transformation
is based on the 7T-p coupling term

gp + Q 7T X7T.

as in the following 7T and p contributions'.

2 2
g = 7T ~ ~ 7T+ 7T ~ 7T ~ 7T

7T p,

g =-—,p ~ (8 p-ap )
IL(,VPP, V VP.

Pv g 2 P,+ —,p p ——m p p
PV P P.

The single meson interactions with the bary-
ons involve the field components 7T &, pI", ~&,
pI"v, and»v. Suppose we restrict our atten-
tion to arbitrarily small momentum exchang-
es between the mesons and baryons. This in-
troduces two types of simplifications'. When
viewed in the rest frame of the baryons, only
positive-parity meson-field components con-
tribute to the interaction, ' the positive- and
negative-parity meson components are uncou-
pled, in the absence of the coordinate deriva-
tive terms. The positive-parity field cornpo-
nents can be assembled in the 4 x4 Hermitian
matl tx [H 3 Pl2, etc. ]

Consider the chiral transformation 7T -7T+ 57T

+ ~ ~ ~, where 67T is a constant. If we retain on-
ly the latter, and not higher powers in the 7T

field, the change in the 7T-p coupling induces
a simple gauge transformation on the p field,

bp =& [(g/m ')vxbp].
p

The corresponding response of any isospin-
bearing field is the appropriate chiral trans-
formation. For a nucleon field,

bN =igx27 (g/m ~')v xbvN,

and comparison with the form of the s-wave
wN coupling, (fO/m~) Ny&7N 8&mx&, gives
the relation

—,'(g/m )'=(f /m )'.

No mixing of the N and N* fields appears, since
the chiral transformations depend only upon
isospin. This is in sharp distinction to the
more usual y, representation of chiral trans-
formations, in which such mixing does occur.

We shall describe the mesons by appropri-
ate (pseudo)scalars, vectors, and antisymme-
trical tensors, with the Lagrange function sup-
plying the first-order differential connections,

M=(v+8 ):o'r+H ~ o-m p ~ 7 m&u -1,
p (d p (d

with appropriate scalar products in the three-
dimensional isotopic and coordinate spaces.
The quadratic terms in Z that refer to these
components are reproduced by tr( —,'M)', togeth-
er with a similar structure that contains 7T-H .
The trace is invariant under the group U(4)
of transformations' on the o and v matrices
in M.

Let us test a hypothesis of partial symmetry
—that the meson-baryon coupling also possess-
es U(4) symmetry when the baryon rest-frame
fields N and N* are umted in 4g gp . The

1
latter is totally symmetrical in the four-val-
ued indices A =0, v. Such a coupling is

3
(g/2m H' ( p M )4',

p

where each M acts only on the corresponding
indices. The scale factor

g/2m =2 "'f /m
p Q

is established by the general relationship be-
tween -gp' and the density of isospin. The nu-
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cleon part of this interaction is

2-'"(f /m )N~[(5/3)(v+H ):07
0 p

+H v-m p '7 3m —4 ]N ~

p

The implied wN coupling constant f is given
by

f=2 "'(5/3)f, = 1.18f, =0.95.

This is in striking agreement' with the indirect
(8-decay measurement

f/f = -G /G = 1.18 + 0.02,

the v-baryon couplings are just those that ap-
pear in the literature parametrized as d/f= a/
(1-~)= -'.

The even-parity 4 field components are as-
sembled in the 2&&2 matrix

M = H o-rn 4']..

A corresponding U(2) partial-symmetry hypoth-
esis gives the typical meson-baryon coupling
term

(g/2m )4 ( Q M )0+(g /2m )l M
p a 4 4

and quite close to the mN scattering determina-
tion

f= 1.01*0.01.

Unlike the SU(6) treatment, so-called central
masses of meson and baryon multiplets play
no role in this discussion. Concerning md%*

coupling we shall only remark that, if the width
of N* is compared with a rough calculation that
neglects recoil effects, the corresponding val-
ue of f= 1.1.

Electromagnetic properties are introduced
by the following substitutions, which are designed
to reproduce the charges of the baryons':

p "'- (e/g)A, ~ - 3(e/g)(m /m )A
p, p p co LL(.

The implied magnetic field coupling predicts
the total moments

5 e 1 e 5 e 1 e

P 3 2m '3 2m "n 3 2m '3 2m
p co p 40

If the mass difference between co and p is ig-
nored, we recover the famous ratio -p&/p, „

An assumed mass difference of 25 MeV
gives the ratio 1.48. The experimental value
is 1.46. The absolute moment predictions are
about 15% too small.

The extension of the internal unitary space
to three dimensions introduces the other mem-
bers of the baryon multiplets. We keep our
U(4) notation and write successively, Cga

+l3 and 4 o3 g/3 g//3. SU(3) dynamic-
al symmetry is not assumed. Nevertheless,
the coupling of M to the various U(4) indices
must be universal to reproduce the isospin de-
pendence of electric charge. Consequently,

which here refers to a 4' with a single 3 index,
representing the particles with Y=O. The hy-
percharge component of electric charge is re-
produced with the substitution

---', (e/g )&4' p.

Some magnetic moments obtained in this way

are

2 8
32~4

4 e 4 e 2 e
Z' 32~ Z" Z' 92~ 92~

p (d 4

The ratios

p, (2/m )

(5/ )-(1/ )'
n P (d

p, + (4/m )+ ~~(1/m )+3(1/m )
Z p (d

p, (5/m )+ (1/m )
p 40

predict p, h
——-0.706 and p, &+= 2.71, in nucleon

magnetons. The current experimental values
are -0.73+0.16 and 2.3+ 0.6, respectively.

Finally, here are some remarks about the
pion coupling of the unit-spin mesons. With-
out attempting to fully implement an invariant
structure, we recognize in Zp+cC pl~ Alp,
the odd-parity field combinations that are ar-
ranged. in the matrices

Now consider the p and m coupling terms in

(g/2m )~itrl(p ~ o w+(u oo )[M, p ~ o v+&u (x J)=gp ' ~ po&&p„+ (g/m )e ((d Op +p 0&v ) ~ w

p
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The relativistic form of the latter is [*~»
=w», etc]

=(g/m )(*(u" p +*p" (u ) m
(d pal' p v V P,

We present two electromagnetic tests of this
prediction. The substitution p„'- (e/g)A„
gives, effectively,

=-(ejm )*(u Fp, v 0
uy7t p JLI. v

and the width anticipated for the decay ~ —y
+m is 0.96 MeV. The present experimental
value is 1.2+ 0.2 MeV. The further electromag-
netic substitution, *v p' —~ (e/g)(mp/m~)*&~
produces

2 =--,'(e /g)(l/m )*I"
yy (d /L v

The width predicted for m -y+y is 7.4 eV.
The measured value is 7.4+1.5 eV.

*Publication assisted by the U. S. Air Force Office
of Scientific Research.

~Julian Schwinger, to be published.
2Murray Gell-Mann, Physics 1, 63 (1964).

3J. Schwinger, Phys. Rev. 130, 406 (1963). There is
a fuller discussion in my contribution to Theoretical
Physics (International Atomic Energy Agency, Vienna,
1963). Cf. Secs. 6 and 8. It seems that this point has
had to be rediscovered: M. Veltman, Phys. Rev. Let-
ters 17, 553 (1966); M. Nauenberg, Phys. Rev. 154,
1455 (1967).

4Except in a rest frame of the particles. But such a
rest frame is useless for the discussion of y5 transfor-
mations.

~To completely realize U(4) (3U(4) transformations,
other field components are required which would make
asertions about q and g* couplings, for example, but
we shall not write them out.

It suffices to consider the proton state with Sg =2
and to represent it unsymmetrically by +0 + z + &—

2 ~ 3
where the first two spins are in a triplet state. Then

g 3 — ~ 3—(~~&~ T(y ) = (Sf/ Sg) ~ S/a = 5/3, since Si2 ~ S= i and
]S3' S= —4.

The classic SU(5) value for —G&/GV is 5/3. The
same result is obtained from current-commutator ma-
trix elements that are restricted to the baryon octuplet
and decuplet. This has produced much discussion of
more elaborate mixing schemes. The new situation
seems to reflect the different physical interpretation
given to chiral transformations. Such a transforma-
tion on + generates N + m, not N and &* with orbital
motion.

8Whenever confusion of indices may occur, (0) is
used to designate neutral particles.
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Cross sections for the reaction y+P 7t. +P for incident gamma-ray energies of 2.0 to
5.0 GeV and for baryon four-momentum transfers squared of 0.5 to 4.0 (GeV/cP are pre-
sented. The results are compared with theoretical predictions based on Reggeized vec-
tor-meson exchange.

We report here measurements of the differ-
ential cross section for the reaction y+p -~'
+p over a wide range of incident photon ener-
gies (2.0 to 5.0 GeV) and of baryon four-momen-
tum transfers squared [0.5 to 4.0 (GeV/c)'].
Since the experimental method, along with ear-
lier cross-section results, are reported in
detail elsewhere, ' ' we give below only a brief
description of the experimental technique.

The experiment was performed using the brems-
strahlung beam from the Cambridge Electron

Accelerator. The momenta and angles of the
recoil protons were measured with a magnet-
ic-spectrometer system that used scintillation
counters and scintillation-counter hodoscopes
as detectors. The ~'-decay gammas were de-
tected in a 6&&8 array of lead-glass shower
counters that measured both the laboratory
angles and the energies of the detected gammas.
Background events due to reactions such as
y+p -v +vo+p were separated from vcp events
by requiring that the energies and angles of
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