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Then, we have resonance forms, like D(1,2,0). We
therefore want to evaluate (p1+p2)% As previously
noted, (p1+p2)?=(P—P3)?=—ms*—E(E—2E3). Fur-
thermore, there is the energy dependence of the width
of the resonance (the width appears through the pre-
scription that we replace m, by m,—iT',/2, where

2 gore® | Px|?
3 dr —p2

2=

obtained using the usual prm coupling and the (off-
mass-shell) mass of the p). In the case at hand,
po2=(p1+p2)? which we have just evaluated. p, is the
momentum of the 7 in the p center of mass. Using
(Pl—P2)2= 2P12+2P22— (P1+P2)2 and the fact that
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both #’s have the same momentum, one finds
dp.2=mg*+ E(E—2E;)

(m 2_m 2)2
— 2(maFme?)F—————

my+E(E—2E;)

All of the above formulas were constructed with
their suitability for computing in mind, and in the
above form are immediately programmable.

Numerical integration with a sixth-order polynomial
fit was used to obtain results, the program automatically
subdividing the integration interval where necessary
(e.g., under a resonance peak) until the answer was good
to a desired number of significant figures (chosen to
be three).
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The effects of SU(3) and T (4) breaking on the coupling constants in I (12) symmetry are investigated
using the spurion technique. For an SU (3)-breaking spurion which is a member of 143, only two parameters
are introduced in addition to the one for the formal symmetry. All 132 baryon-meson coupling constants can
be expressed in terms of these th:-ee quantities. For vertices involving pions or p mesons, only two param-
eters are relevant. The effects of T (4) breaking as well as simultaneous T (4) and SU (3) breaking are studied
with spurions which belong to the representations 143, 4212, and 5940 of I/ (12). The sum rules for the
coupling constants which follow from the formalism are in reasonable agreement with experiment.

1. INTRODUCTION

HE U(12) scheme!? provides a relativistic frame-
work for the derivation of the SU(6) results.? In
addition to these results, T/(12) also gives an absolute
value for the proton magnetic moment which is of the
right order of magnitude, and it relates all meson-
baryon vertices to a single form factor. Even though
the application of formal (12) symmetry to sca.tterlng
processes meets with certain difficulties,? its success in
the case of the vertex function is encouraging. We
expect U(12) to be broken in two ways corresponding
to its subgroups SU(3) and U(4). The deviations from

* Researches herein reported have been supported by the
Atomic Energy Commission through AEC Contract AT(30-1)-
2098.
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SU(3) are conventionally described by introducing a
spurion which transforms like the eighth component of
an SU(3) octet. It is well known that this also gives
rise to mass splittings between the members of the
SU(3) multiplets. U(4) on the other hand is broken
by the equations of motion which give rise to U(4)
noncovariant subsidiary conditions for the represen-
tations of U/(12). In addition, to simulate higher order
effects, we shall introduce U(4) breaking spurions,’
which belong to the representations 143, 4212, and
5940 of T(12).

In the second section we give the effective interaction
Hamiltonian densities for the meson baryon vertex
including spurions. The third section deals with
the reduction of the U(12) field operators under
U4)®SU(3), and in the fourth section we study the
effects of SU(3) _breaking spurions. In the fifth section
we investigate U(4) breaking as well as simultaneous
SU(3) and U(4) breaking, and in the sixth section we
compare the results with the experimental data.

® P. G. O. Freund, Phys. Rev. Letters 14, 803 (1965); R. Oeh
ibid. 14, 866 (1965) (1965); . Ochme,
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2. BARYON-MESON VERTICES IN U(12)

U(12) has 143 generators. In the defining (twelve-
dimensional) representation these generators are simply
the direct product of the U(4) generators (Dirac
algebra) with the U(3) generators. The representations
of U(12) transform like direct products of twelve-
dimensional quarks and can be written as tensors in a
twelve-dimensional space. The U(12) quark is the
direct product of a Dirac spinor and a three-component
U(3) quark. The spin-3*+ baryon octet and the $+
decuplet are assigned to the 364-dimensional repre-
sentation of U/(12), which is described by a totally
symmetric third-rank tensor ¥apc. The pseudoscala,r
meson octet and singlet as well as the vector-meson
octet and singlet belong to the 143-dimensional rep-
resentation of U(12), which is described by a second
rank mixed tensor ¢p4. The symmetry-breaking
spurions Sp4 will transform like a member of the self-
adjoint representation 143, the same one the mesons
belong to. We shall also consider spurions belonging to
the 4212- and 5940-dimensional representatlons of U(12).
While the representation 4212 is described by an anti-
symmetric mixed fourth-rank tensor ¢ep; 481, 5940 is
described by a symmetric one ¢(cp)!48). The effective
U/(12) symmetric interaction density for the meson
baryon vertex is given by

3Co= g% ppcpa®.

Insertion of a spurion Sp4
additional terms

301=gPAB%Y 4 6cp s°SDE+VAB% gpe
X (g1942SpF4g1'dpES 4P)
+2g04B% preda”SeT. (2)

With a spurion Sicp;!43! of 4212 there is only one
coupling

M

of 143 introduces four

3Co=hJ4B% gpcprPS1ap1 EFL.

The introduction of a spurion Sicp)48} of 5940 gives
four terms

3Cs=halABCY g rPS(ap) EF HPAB%Y prc
X (hat 4P S o5y EF +hy' ppES 4)! PT?)
+halABY g padaES1ac) TS . (3)

3. REDUCTION OF THE REPRESENTATIONS
OF U(12) UNDER T(4)®SU@3)

The regular representation of U(12) 143 decomposes
under T(4)®SU (3) into
¢B = [¢'+75¢51+7#75¢M5 +7#¢#i+ %a';qupwi]aﬂ
XDyt (4)

where 8.8, 5, YuYs, Yuw and 0 represent the sixteen
generators of U(4) while \; (=0, - - -8) are the familiar
matrices of SU(3).6 To each U (12) index on the left

¢ M. Gell-Mann, Phys. Rev. 125, 1067 (1962).
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there corresponds a pair of indices on the right. Greek
letters indicate U(4) indices which run from one to
four while Latin indices stand for the SU(3) part and
run from one to three. To make (4) represent the
physical particles, we have to impose the equations of
motion. ¢p4 transforms like the direct product of a
quark and an antiquark. The equations of motions
amount to applying the Dirac equation to each U(4)
index: p=pty,

(j’)a'yqs-y.pﬂ'q:#‘f’a.pa’q ’ (p)'yﬂ‘ﬁa.p'y'q (5)

u is the meson mass. Clearly Egs. (5) are not U(4)
covariant since the four y matrices are singled out. A
number of U(12) noncovariant subsidiary conditions
follow from these equations. The subsidiary conditions
eliminate the scalar part of 143 and relate the pseudo-
vector to the pseudoscalar as well as the tensor to the
vector part.!? Under these subsidiary conditions ex-
pression (4) for ¢p4 reduces to

o= (ol )

+yre, ™ V(k)qp]l

= _#¢a.pp’q;

a

(©)

8

which contains only the pseudoscalar-meson octet P
and singlet X° and the vector-meson nonet V. The
matrices P and V are

(m®  7° W
—t— t K+
VI /6
P
P=| = —+— K° |,
VI +/6
20
K- Ko ___‘ﬂ_
( 2/6)
((*+a)/V2 ot K**
V = P (0)0— p()) /\/2 K*O R
L K* K* o

The w-¢ mixing which follows from 7(12) and a mass
splitting interaction which transforms like our spurion
(8) has been incorporated in V. The mesons #° and X°
seem to have only very little mixing.” Spurions are not
subject to equations of motion. We can choose any
desired component or combination of components of a
representation to be a spurion depending on what
symmetry violation we want to simulate. To preserve
Lorentz invariance however a spurion should be a

7R. H. Dalitz and D. G. Sutherland, Nuovo Cimento 37, 1777
(1965) ; 38, 1945 (1965).
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Lorentz scalar and for strong interactions we want
parity to be conserved. To form a U(4) breaking
spurion,® which belongs to the representation 143 of
U(12), we contract the permissible Dirac matrices in
expression (4) with the two independent four-momenta
of the vertex and write p=p-vy

I'pt=[a+bpi+cpat-dpips]e®- 6,7, )

Spurions which belong to higher representations can be
formed analogously.

The SU (3)-breaking spurion S4? is a singlet under
the transformations of U(4) and transforms like A
under SU (3).

Sp4 o §ob- ()\3)41’ . (8)

The baryons are described by the fully symmetric
tensor Y4pc¢ of the 364-dimensional representation. It
decomposes under U(4)XSU (3) to give

1
Yape= % (\/%)Dah.pqr'*‘ Erqu[aﬂﬂ +_ZT—/E

X (epqu[aﬁ]'y.ra’*' €arslV [8y1,0" erpsN[valﬂ,qa) . (9)

Use of the Bargmann-Wigner equations shows that the
totally antisymmetric singlet V.g,; vanishes. Dogy, pgr
is fully symmetric in its U(4) as well as in its SU(3)
indices and represents the spin-§* baryon decuplet. It
can be represented in terms of the Rarita-Schwinger?
wave function ¢, for spin-§ particles and the decuplet
wave function dye of SU(3) as

1
Doagy,per(p)= ;;E O+m)vClagby* (#)+dper, (10)

where C is the charge conjugation matrix and insures
the right symmetry for the U(4) indices. The decuplet
wave function is defined as usual by
‘din=N"*+,
d112= N*+/\/3 N d122= N*°/\/3 ,
dug—"—‘ Y*+/ V3 y
dlss = E*O/ \/3 )

dage=N"—,
d123= Y*O/\/6 ’ d223= Y*_/\B ,
doos=E""/V3, dss=Q".

€pasN [a],+* is of mixed symmetry. Dropping the SU(3)
indices we have, for instance,

N1yt Niya1gt+Nig11a=0, Niapiy=—Na1y-

The same is true for the corresponding SU(3) indices.
N [a814,+° Tepresents the spin-i+ baryon octet, and can
be expressed in terms of ordinary Dirac spinors and the

8 The U(4)®SU(3) content of higher representations of I/ (12)
is given by A. Salam, R. Delbourgo, M. A. Rashid, and J.
Strathdee, Proc. Roy. Soc. (London) A285, 312 (1965).

9 W. Rarita and J. Schwinger, Phys. Rev. 60, 61 (1941).

COUPLING CONSTANTS IN BROKEN {(12) SYMMETRY

1371

usual SU(3) baryon octet wave function b,° as

1
N[rxﬂ]'r,r'(ﬁ)=Z[(p+m)75cja5¢v(ﬁ) -, (11)
r20+ A z+ 1
V2 4/6 ?
b - A
r = \/2 \/6 n
2
E- o J——
\ \/6 J

4. THE EFFECT OF SU(3) BREAKING

U(12) drastically reduces the number of coupling
parameters for the meson baryon vertex. With Lorentz
invariance and charge independence 132 coupling
constants are needed to describe all the vertices
between the eight-spin-3* baryons N, the ten-spin-3+
baryons D, the nine pseudoscalar mesons P, and the
nine vector mesons V. Formal U(12) relates all these
132 coupling constants to a single coupling parameter.
These interactions are contained in the effective
interaction density (1). We expect some deviations
from the symmetry scheme. In particular, we know
already that there are deviations from SU(3) symmetry,
which is a subgroup of U(12). We want to study how
this reflects itself in the U/(12) scheme. Usually the
SU(3) breaking term is assumed to transform like the
¥=0, I=0 component of an octet. Correspondingly
we break U(12) by the component of its self-adjoint
representation 143 which is a singlet in /(4) space and
the Y=0, I=0 component of an octet in SU(3) space.
Thus we insert the spurion (8) into the interaction
density (2). Due to charge conjugation invariance, g
equals gi’. Further we find that the first term in (2)
vanishes for the spurion (8). It follows that in broken
U(12) we can express the 132 coupling constants of the
meson baryon vertices in terms of only three parame-
ters; ge, g1, and go. This goes far beyond broken SU(3).
There one already needs seven parameters just to
interrelate the twelve NNP coupling constants,® five
more parameters for the twelve DNP coupling con-
stants,! and so on.

Explicit calculation gives for the NN P interaction!

(m1t-ms)*—¢?

mime

1
Mywp= E'IZ (p2)vsu(py)

my+mg

X(1+ )GNNP , (12)

u

0 M. Muraskin and S. L. Glashow, Phys. Rev. 132, 482 (1963).

V. Gupta and V. Singh, Phys. Rev. 135, B1442 (1964); C.
Becchi, E. Eberle, and G. Morpurgo, ibid. 136, B80S (1964).

12 The labeling of the coupling constants and matrix elements
stands for baryon 1 — baryon 2-+ meson. #,, 7, are the masses of
baryons 1 and 2, respectively, and g is the meson mass.
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where ¢=p1— p» is the meson momentum. In formula
(12) the matrix element is multiplied by an expression
depending on the masses. Gy p contains only Clebsch-
Gordan coefficients and the three coupling parameters.
The conventional coupling constants gyyp are related
to Gynp by

1 (m1+m2)2—p.2/1+m1+m2

INNP=—"
12 mime \

" )GNNP , (13)

By evaluation of a number of SU(3) traces we find
the Eqs. (14).13 All other NN P coupling constants can
be obtained from the 16 following ones by charge
independence'?:

Grpr=5(go+28142g2) ,
Gagor=got 2g1—4gs,
(v/6)Gz2x~=6(g0+2g1—g2)
V2G35o-=4(go+201—g2),
V2G pzox+= go—g112¢2,
(W6)Gpax+=—9(g0—g112g2),
V2Gzozk*=5(g0—g1—82)
(V/6)Gazx*=3(go—g1—g2)
(V/6)G ppy=3(go+6g1+ 285,
(W/6)G zozo,=—9(go— (14/3)g1—582) »
(4/6)Gzoz0,=6(go+2g1)
(v/6)Gasy=—6(g0—6g112g2) ,
Gppx'=V3(go+281+2¢2),
Gzzxo=V3(g0—6g1),
Gzzx'=V3(go+451—2g2),
Gaaxo=V3(go—4g1+2g2).
A large number of sum rules follow from Egs. (14). In

particular, we find that the following relations from
formal U(12) symmetry still hold in the broken

symmetry:

(14)

Gy s0-=(2/V3)Gz s~
GpAK+=—3\GGp2°K+;

Gsozx*= (5/V3)Gazxk*.

Relations (14) also obey the sum rules of broken

SU(3).1° One can evaluate g1 from Grpe~ and Gpax*,
which are known from experiment:

1= (1/15)anr'+%(\/%)GpAK*

The other two parameters shall be expressed in terms
of the spin-§+ resonance widths. To this end we con-
sider the DN P coupling constants. From (2) the corre-

(15)

(16)

13 Performing the SU(3) calculation the relation
ey mnd S BmC*=Sp(ABC)+Sp(ACB)—Sp(A4)-Sp(BC)
—Sp(B)-Sp(AC)—Sp(C)-Sp(AB)+Sp(4)-Sp(B)-Sp(C)

is useful.
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sponding matrix element is derived to be'?
Mpyp=(¢*/ma)a(p2)u,(p1)gowep, 17
mi+ms
goNpP= (1+ )GDNP . (18)
o

Evaluating the SU(3) algebra for Gpyp, we find the
following relations!?:
(W6)Gz*zr0=—go—2g1+4g2,
W6)Gy,*xz=—go—2g1F e,
V2Gy, 2= —go— 281+ 82,
Gy*nr==got+2611+2¢2,
Gy*-zk'=—gotg1—2¢,
V3Gy,*-nk~=go— g1+242,
V2Gy,*s=y=go— 281+ g2,
V3G, = k= —got g1+ g2,
V2G z+-ak-=—got+g1+ g2,
(W6)Gz*z2x-= go—g1— g2,
V2G z*zy= go— 21— 282,

(19)

Go-z ko= go— §1— 4g2 )
Gz zx=Gy,*zx=V3(201—g2).

All other DNP coupling constants are obtained from
the fourteen above through charge independence.
Relations (19) satisfy the sum rules derived in broken
SU(3) symmetry.t However, broken nonrelativistic
SU(6) leads to different results. The first four coupling
constants in the relations (19) are related to the
observed resonance widths. Now we can express the
remaining parameters

§2= %[GN‘-mr_'*"\/Q—GYl ’_Aﬂ’_] ’ (20)
g0+2¢1=3[Gxn*nr—2V2Gy,* 4. (21)

Only the combination go+42g; can be determined from
the resonance widths, since go and g; appear in this
same combination in all processes involving pions or p
mesons. Combining (16) and (21) we can obtain g
alone. We also note the relations

Gy *a»=V3Gy*s o,

Gy*sk'=V3Gy,*nk~, (22)
Garax-=—V3Gxms-= (VDCr-zxe,
and the sum rule
Gy ne-t+2(0/6)Gry*3r0= (/6)Gz+-zyo. (23)

For formal T (12) symmetry there is no DNX? coupling.
The next-order spurions belongs to the representations

¥ C. Chan and A. Sarker, Phys. Rev. 139, B626 (1965) and R.
Ferrari and M. Konuma, Phys. Rev. Letters 14, 378 (1965). We
do not agree with M. Konuma and E. Remiddi, Nuovo Cimento
38, 662 (1965).
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4212 and 5940 of U(12). Choosing these spurions to be
singlets in U(4) space and the ¥'=0, =0 components
of an octet in SU(3) we get nothing new except a
contribution to the singlet and eighth component of
the octet-meson coupling.

Next, we turn to the NNV interaction. There we
have two coupling constants'?

Pr
Munv=fanv————t(p2)u(p1)e.(q)
2(m1m2)1/2

+gNNVﬂ(P2)Zm~r:;;u(P1)€A(q), (24)

where P=p1+ps, q=p1—pe, and rF=e*" Pqryxys.
The connection between the invariants in (24) and the
ones usually used is
G (po)rru(pr) = [ PP— (my—ma)? Yy su— (mat-ms)
X Pegu— (my—ms) qhin
7 (pa)otquu(pr) =u(p2) [ (mitma)y,— P, Ju(p1) .

The invariants in (24) are convenient for electro-
magnetic interactions. Their coefficients fyyv and
gvnv are directly related to the total charge and
magnetic moment.

The pure SU(3) parts Fyyy and Gynv defined by

ml+mz+q2/ “

NNV
2 (myms)H2 ’
1 my+me
gNNV=§<1+ )GNNV ,

1
are worked out to be'2

25)

NNV=

(26)

Fupp~=go+281—2¢2,
Fax,-=—go—2g1—4gs,
Fs3,=0,
V2F 5-30,~=2(go+2g1+82)
V2F peog*+=—go+ g1+2g,,
(WO)F pax+=—3(go—g1—2¢2),
V2F sozg*+=go— g1+ g2,
(W6)Fazg*+=3(g0—g1+82) ,
Frpp=4(g11+82),
Frozo,=2(g0—~281— ),
F33mp=go— 28,

@7

Fano=go—3%82,
V2F ppo=3go+2g1+2g2,
V2F zz-o=go— 281—4g2,
V2F 5 370=2(go+g2) ,
V2Faro=2(g0+382),
for the term in (25). Its go part is of F type. Gyyvy is
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obtained from Egs. (14) by the substitutions:
x5, K=K 1= UMD (g

X'— (v/2)wt (1/73)¢

Its go part is of 3D4-2F type, as was the NNP inter-
action. Substitution (28) reflects the w-¢ mixing,.

The DDP, DDV, and DNV vertices contain more
than one resonance and shall not be considered here.

5. U(4) BREAKING

To make the representations of T/(12) correspond to
representations of the inhomogeneous Lorentz group
which can be identified with physical particles, we
imposed on them the equations of motion. But since
the equations of motion are not covariant under U/(4),
this introduced a number of noncovariant subsidiary
conditions. These subsidiary conditions eliminated
some components of the respective representation of
U(12) and interrelated others. We then used the
truncated expressions (5), (10), and (11) to evaluate
the interaction Hamiltonian (1). This procedure we
shall call formal U(12) invariance. Diagrams involving
dynamical quantities like propagators will, however,
give rise to further symmetry violation. To simulate
such higher order effects we shall introduce U (4)-
breaking spurions. Experimental indication for U(4)
breaking comes from the polarization of the outgoing
particles in certain scattering processes* which should
not occur according to the formal symmetry. In the
presence of U(4)-breaking spurions such polarization
effects are no longer forbidden.?!5 The same is true for
meson-pair production from baryon-antibaryon anni-
hilation at rest. In the latter case one needs higher
order spurions.

Considering spurions which belong to the self-adjoint
representation 143 of U(12), we arrive at expression
(7) using the arguments in Sec. 3. Inserting (7) in (2),
we see that except for the first term in (2), spurion and
meson are sandwiched between baryon expressions
demanding pi=m1 and ps=ms, respectively. The last
term in (2) is most easily handled. It only contributes
to the over-all form factor. The g; term contributes
differently to the two form factors of the vector-meson
vertex which could be used to adjust the absolute value
of the proton magnetic moment precisely to its experi-
mental value.!® The magnetic-moment ratio however
is not affected since the D/F ratio remains unchanged.'s
The first term only contributes for the vector-meson
singlet.’ It gives

MNNV= F (q2,m17m2’[l)u-(p2)u (Pl) (P1+P2)“€I‘SP (Bb)'”o .
For the vertices involving pseudoscalar mesons,

spurion (6) gives a change in the over-all form factor.
A variety of U(4)-breaking spurions can be constructed

B R. Ochme, Phys. Rev. Letters 14, 664 (1965); Enrico Fermi
Institute of Nuclear Studies report EFINS-63-37 (unpublished).

16 Another way to reduce the expression for the proton magnetic
m(:imle{nt 65 1ll)y spec}iﬁc use of the pole model. See P. G. O. Freund
and R. Oehme, Phys. Rev. Letters 14, 1085 (1965); D. Fl
Nuovo Cimento 38, 201 (1965). ' (1969); D. Flamm,
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TasLE I. Resonance width " and effective coupling constants.?®

Decay m1 (MeV) ms (MeV) 2] (MeV) T (MeV) gonp/A/ (4r)
N¥ — pt-7— 1236.0 939.6 229.6 120 41
V¥ — Atda— 1382.1 1115.4 205.0 48 42 —3.6
Vi — Z 440 1382.1 1197.1 117.8 1.54-0.7 —1.5

e o 1529.7 1321.0 147.4 2.54+0.6 —1.5

a See Ref. 22.

which belong to the representations 4212 and 5940 of
U(12). In the frame of these representations we can
form also momentum-independent spurions by con-
tracting the Lorentz indices of two Dirac matrices.
However, since there is only one matrix element in
Lorentz space and one in SU(3) space for the DN P-
vertex, even an arbitrary U(4)-breaking spurion merely
changes the over-all form factor. Nevertheless it is
possible to split the NNP from the DNP-coupling
constants. With spurion (29) of 5940, for instance, the
last term of Hamiltonian (3) only contributes to the
NNP and not to the DN P vertex.

Siey PP =2 (v5)6 (v6) 1 8,70,°, (29)

where = stands for symmetrization of all index pairs.
The N* width calculated from U(12) symmetry using
the pion nucleon coupling constant as input turns out
to be about 209, smaller than its experimental value.
Spurion (29) may account for this discrepancy.

We shall now concentrate on the baryon resonance
width and investigate simultaneous U(4) and SU(3)
breaking. A spurion which belongs to the representation
143 of U(12) and whose SU(3) part transforms like
As does not give anything new. With the variety of
spurions contained in 4212 and 5940 however we can
essentially reduce the symmetry to the direct product
of the Lorentz group and broken SU(3). Let us, for
example, consider spurion (30) of 5940:

SlBCle]=E(’Y")58('Yu)7e()‘8)praqsa (30)

where 2 again stands for symmetrization of the index
pairs. Spurion (30) can also be used for the construction
of the baryon and meson mass operator in U(12).2:15 If
inserted in the second term of Hamiltonian (3) it gives
a new combination of the two SU(3) matrix elements.
We still get a sum rule for the four resonance width
and it is equal to the sum rule which follows from broken

SU(3) symmetry.!

GN*_nr-+ (3/VZ)GY1*—A1I'—+ (’\/%)GYl*_E_ro
=(4/6)Gz*z=x. (31)

6. COMPARISON WITH EXPERIMENTAL DATA

Besides decay processes, several models and extra-
polation procedures are used to extract coupling
constants from experimental data. The renormalized
pion-nucleon coupling constant, for instance, can be
found from scattering data using the static model.!?

17 G. F, Chew and F. E. Low, Phys. Rev. 101, 1570 (1956).

Another way to determine it is from photopion pro-
duction.!® Similarly the pAK-coupling constant can be
obtained from photoproduction data.!® If a scattering
reaction in a certain region is dominated by one-particle
exchange the coupling constants involved can be found
by extrapolating the scattering amplitude to the pole.20
From decay processes the coupling constant is most
easily found. The baryon resonances provide a good
example for this case. For the spin- resonance width
the matrix element (18) leads to the formula2 12

2 me
P=-= - [ 14 (14 2/ m2) 2], (32)

T 4w 3mem

Equation (32) depends very strongly on the center of
mass momentum p of the pion

2= (1/4ms2) (m2— ma?+u?)*— 2.

The effective coupling constants obtained from Eq.
(32) and the experimental width?? are given in Table I.
The coupling constants satisfy the sum rule (23).%
Comparing with Eq. (22) we find that V3gy*3-,0 is
about 279, smaller than gy*a,-, which is quite rea-
sonable, since the measurement of the V¥ — 2470
width is within errors of 509.

In conclusion the sum rules for the resonance width
are reasonably well satisfied. These sum rules persist
to hold for U(4)-breaking spurions which belong to
the representation 143. Besides the resonance width
only the pion-nucleon constant is well known. As
discussed in Sec. 5 there may be indications for higher
order spurions.
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