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Abstract

A model containing a nonet of scalar mesons S, a nonet of pseudoscalar mesons P,
and a nonet of baryons is constructed where the mesons enter in the form of the matrix
M = eiS*P)_ Several Lagrangians are introduced such that the mesons get their physical
masses, and the decay widths of the scalar mesons are calculated. The model satisfies
generalized PCAC, It is found that the coupling constants of the mesons &(700) and
£’(1060) to pions and nucleons satisfy the relations:
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1. Introduction

The algebraic formulation of chiral SU(3), ® SU(3)g symmetry known
as current algebra (Gell-Mann, 1962), has offered much in the theory of
elementary particles. It was found later that the results of current algebra
can be obtained also from effective Lagrangians (Weinberg, 1967), and
for this reason they were used extensively in the last few years (Gasiorowicz
& Geffen, 1969). The fields which are encountered often in phenomeno-
logical Lagrangians are a nonet of pseudoscalar fields, a nonet of scalar
fields and a nonet of baryon fields. In this paper we construct a model
containing these nonets.

In Section 2 we assume that the mesons enter in the form of a matrix
M which is a function of a combination of the scalar and pseudoscalar
meson fields, and which transforms as the (3.,3:*) representation of
SUB), ® SUQQ)g. From this matrix the kinetic energy Lagrangian is
constructed, and also several mass Lagrangians. Symmetry breaking is
introduced through the matrix Ag. All scalar and pseudoscalar meson
fields can get arbitrary masses. The mixing angle of the I'=0 members
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of the pseudoscalar nonet is determined in terms of the masses of this
nonet, and the same thing happens for the scalar nonet. The model satisfies
generalized PCAC (partially conserved axial vector current). The terms of
the expansion of our Lagrangians which have three or more fields are
taken as interaction Lagrangian terms. The interaction Lagrangian con-
taining a scalar field and two pseudoscalar fields is calculated.

In Section 3 the decay widths I'(e — nn), I'(§ —>nn), I'(e' - KK),
I'(K’ — Kr) and I'(n" — 5 + 2x) are estimated. Also the S-wave nw, nK
and KK scattering lengths are calculated. Most scattering lengths are very
close to those given by the usual effective Lagrangian approach (Cronin,
1967), i.e. the contribution of the scalar meson exchange is small. The
decays of scalar mesons and the nn scattering lengths have also been
calculated on the basis of a linear realization of chiral SW(3) which is
broken spontaneously (Schechter & Ueda, 1971; Suzuki ef al., 1971).

In Section 4 a nonet of baryons is introduced into the model. Several
Lagrangians are added such that the baryons get their physical masses,
and the coupling constants of the mesons £(700) and &'(1060) are calculated.
The product of the coupling constants of ¢ to nucleons and pions agrees
with rough experimental estimates (Engels, 1970; Peterson & Pisut, 1972;
Ebel ef al., 1971), and the ratio of these constants is close to the value
found from the coupling of ¢ to the trace of the energy-momentum tensor
(Genz & Steiner, 1971a). Also the product of the coupling constants of &’
to nucleons and pions and the ratio of these constants are close to the
corresponding values found from the coupling of & to the trace of the
energy-momentum tensor (Genz & Steiner, 1971b).

The meson matrix is a Lorentz scalar of conformal weight —1. This
allows the introduction of the conformal symmetry in an easy way.

2. Meson Lagrangians

Let S and P be two 3 x 3 matrices representing a nonet of scalar mesons
and a nonet of pseudoscalar mesons respectively, and let us consider the
combination

D=S+iP @20

We assume that the above mesons enter only in the form of the matrix M,
where

M=¢e'® 2.2

If we omit the scalar fields the above matrix M reduces to the pseudoscalar

meson matrix used in phenomenological chiral symmetry models (Cronin,

1967). M is taken to transform as follows under the chiral group
SU3). ® SUQB)

Mpg* ~ (31,3g) @2.3)
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Then the Lagrangian
Tr(@, Mo, M*) 2.4

Lyg=—57

2f2

is invariant under the group SU(3);, ® SU(3)x.
The transformations x, — x,” of the conformal group satisfy the rela-
tions (Isham et al., 1970)

ox,’ 8xv ox’
0x, axl |det( )

1/2

g (2.5)

If the fields Y (x) belong to a linear representation of the inhomogeneous
Lorentz group

Y'(x") = D(A) () (2.6)

then the conformal transformations are represented by (Isham et al., 1970)
a S
W(x) = ! det( ~ )

where the matrix A(x) is given by
ox'\ [7V4 ox,’
det ( ax) ox’
The number /, is the conformal weight of the field y(x).

In order to construct conformal invariant theories one introduces a
Lorentz scalar field ¢(x) with the anomalous transformation law (Isham

et al., 1970)
de t(ax)
where fis a constant.
We assume that the fields of the nine pseudoscalar mesons, and the eight

scalar mesons which belong to the SU(3) octet, transform under conformal
transformations as the ¥r(x) of equations (2.7) with

Ip=1ls=0 (2.10)

while the SU(3) singlet scalar field transforms as the o(x) of equation (2.9).
This means that under conformal transformations we get

(2

The above equation implies that the action of the Lagrangian Lgg of
equation (2.4) is invariant under conformal transformations.

The weights of equation (2.10) differ from the canonical weights
Ip = lg=~1. This leaves no problems since in a theory which contains

" DU @7

Aup(x) = (2.8)

o'(x")=o(x) — ln

if 2.9

-1/4

MM = M 2.11)
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the field a(x) the conformal weight of a field has no invariant sigaificance.
The Lagrangian Lg, gives to lowest order in f the Kinetic energy part of
the free Lagrangian of the nonet of scalar and the nonet of pseudoscalar
mesons

Lyz=—4Tr(8,88,5+08,P8,P)—fTr[S(?,50,S+0,Pd,P)]
2
+%Tr(4aupaups—3aup2au1ﬂ) +... (2.12)

The higher order terms in the above expansion represent derivative type
interaction terms. To complete the free Lagrangian mass terms must be
added. Consider the Lagrangians

L= f2 o TE[(MM* MM* + M* MM* M) (o, + By Ae)] = fl’ Tr[[l + 418

+8f282+321383 4. oy + By As) + 3 F3(2PSP
—[S, P21,) B1 2] + O(f?) (2.13)
L= —2—;_2'& (MM Tr[(MM*+M*M) 05+ B 2)] = ?15 Qe + 6/ Tr[S

2oy + B2 2e)] + 6 F2 T [S2(Q0r, + PAg)] + 4oty F2Tr STr §

+ 4B, f2Tr S.Tr (SAg) + 80, f3Tr 83 + B, 2 Tr [4S® + 2PSP

— [S,P?], ] As + 8o, f2Tr STr S% + 4B, 2 [Tr STr(S? Ag)
+Tr(S4s) Tr $2]] + O(f?) (2.14)

Ly= = Tr [(MM* + M* M) (05 + Bs 2)] = = Tr [(1 + 2./S + 2./2 52

2f2 \ fZ
P3S4 ) + Bade) 5 QPSP [5,P2),) B ]
+0(f? (2.15)

lTr[[l +fS+~;(S2—P2)

2f2 f*
f*

+ " (83— PSP~ [S,P?].) + Tlak

Ly=57Tr[(M+ M*) (e, + By As)] =

s+ Bidg)]l  (2.16)

+ + Bs + +
4sz t(M—-MHTr(M—-M )—|—4f2T1‘(M MYTr[(M — M™*) ]
= —a[Tt PTr P+ 2f Tr PTr(SP) J% TrPTrP3+...]— Bs[TrP

g Tr PTr([S, P, As) —fi; Tr(Plg)

Ls=

Tt Plg+fTr(Pig) Tt (SP) -+

2
Trp3 ——j—;— TrPTrP3lg+...] (2.17)
We take
5
Ltota1= LKE + ‘ZlLi (218)
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The Lagrangians L; and L, have conformal weights —4. The conformal
weights of the other Lagrangians L;, L, and Ls are —2, —1, and —2 respec-
tively. For f; = f, = ;=0 the Lagrangians L,, L, and L5 are invariant
under the group SU(3); ® SU(3)g. The terms proportional to f, f, and
B areinvariant only under SU(2);, ® SU(2)g transformations. The braking
of the SU(3), ® SU(3)x symmetry has been introduced through the
matrix Ag. The L, breaks the chiral symmetry. The reason for the intro-
duction of this term is that we want the model to satisfy generalised
PCAC. The L; also breaks chiral symmetry.

To order f° our Lagrangian is required to be the free Lagrangian of
a nonet of scalar mesons and a nonet of pseudoscalar mesons all of which
have their physical masses. The coefficients «; and f;, i=1,...,5, are
determined in such a way that the mesons of the model get their physical
masses and in addition the coefficients of the terms Tr.S and Tr S Ag vanish.
The constant term appearing in equation (2.18) is eliminated by the addition
of a c-number term. The /=0 member of the SU(3) octet and the SU(3)
singlet which is a member of the nonet are mixed. We define the mixing
angles by the relations

So = ¢&8in @, + &' cos @

Ss=¢gcos @, —&'sin O 2.19)
Py=nsinOp + 1’ cos Op
Py =ncos@p—1n'sinOp (2.20)

The #’ is identified with the #'(958).

Let 8, K/, K’, ¢ and ¢ be the members of the nonet of scalar mesons,
where & has I=1, K’ and K’ have =1 and ¢ and &’ have /= 0. Then the
above requirements imply

oy = 35[0m,> + 2mg?) — (mg® + 2mi )]

= (ms? + 2my) — $4(m? cos? O, + m?sin? O,)
oy = F[m2 cos? @, + m,2 sin? @, — (m,2 -+ 2mg?)]

= '_}C(mnz + 2mK2)
s = g[3(mZ cos? O, + m,*sin® @,) — (m,* + 2mg?)]

By = 1\173 L% — m?) ~ (15* — )]

ba= 24;6 (302 — mi2)sin 20, + 4/(2) (ms* — i)

f=g \/6 B — m)sin26, + 12/Q) m,? — mi?)]

Ba= \/3 (m — my”)

fBs= [3(mZ — m,?)sin20p + 44/(2) (m,2 —mg®)]  (2.21)

6V6
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The absence of terms of the form Tr(SAg)Tr(SAg) and Tr(PAg) Tr(PAg)
imply that the mixing angles are given by the relations

sin? @, = =K (2.22
mg’» - m82 )
1 2 2y 2
sin? @, 3(4m}’; 5 —mn: Z My (2.23)
n n

i.e. they are not free parameters in this formalism.
Considering the transformation

M — gltala M gitata

and applying the method of Gell-Mann and Lévy (1960) we can
calculate the axial vector current Jg, and its divergence. We find

0,02, = »}/cz m,2 P* + (higher order terms) (2.24)
where
M, =m, fora=1,2,3
=mg fora=4,5,67 (2.25)

Therefore the model satisfies generalized PCAC.

We are interested in calculating the decay widths of the scalar mesons
into two pseudoscalar mesons. The Lagrangian ZL(SPP) contributes to
such processes. From equations (2.18) and (2.21) we get:

L(SPP)=—fTr (S 0,P0,P)— fTr(PSP[f(m,> + 2mg>)
\/3 [(m,> — mg?) + l(ma — mks ) Ag]) —fTr ([S, P2]+

x [fg(m,? + 2mg?) — 373 \/3 = (ms? — mg) Ag))

\/(3)f[3(m cos? @p + m,?sin” Op)

~ (m,% 4+ 2mg®)] Po Tr (SP) + 6\1;6 [3(mz — m,?) sin20;
3
FAVQ) (2~ mDIY Q) Py T (SP) + 42 Py Tr (1S, Pl A
(2.26)
Explicitly we find for the derivatives containing Lagrangian
1 1 _ 1 I
]L(SPP)D = —755 0, K70, K— Véa n-(9,KtK’'+ K’ 19, K)
cos O sin @
o,m.0, S ——
~ oot ) eamaun— Jy (cos0, -]
cos O
x¢&o,m.0,m— \/3(51 O, + vzp),s.aunaun
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sm Op

72 )5 o,y
~—~0:S/2£)eau136,,1(
%%)e'auka,x
cos @p

V2
s‘fg") (R’ 9, K+ 0, RK) 3,1’

\/
(so vz)a P59, Ps .27

)(K' 3,K+9,KK")d,n

808, P08, Po— — S5 3, Py 8, Py

Vs
1

V3
where K =(II(<O) and for simplicity the last three terms of the above

Lagrangian have not been expressed in terms of the physical fields ¢, &',
nand#’.
The non-derivative part of the Lagrangian L(SPP) is given by

}L(SPP)N_D=Z1/—§[m 2 — 2mg? + $(m;2 — m%)] 6. KK
6\/2[3m o2+ 2ms2 —mi)r. (K’ 1K + KtK’)
08 O, m, sin @,
2v3(1n@ -+ '\/2 ) ﬂ.n*m(COS@s-‘—v‘j—)
xg nmmw— 6\1/6 [64/QQ) m,2 (sm@,,—{-co\s/Z@P

+ [64/(2) (m% cos® Op + m,? sin® Op) — 3(mZ ~m,?)
X §in20p + 24/(2) (m,> — mKZ)]sin o,
— 4/ (2) [3(m2 — m,?)sin 20 + 44/(2) (m* — mg?)]

.cos @pld.my — 6—\176 [64/(2) m, 2 (cos Op— s @P)

2
+ [64/(2) (m? cos ©p% + m,? sin* @) v
— 3(m2 — m,2)sin @ + 24/(2) (m;*> — mg?)] cos Op
+4/(2) [3(m2 — m,?) sin 26,
+ 44/(2) (m,% — mg*)]sin @p) 6.7y’

——[24/(2) mg? sin O, — [3m,% — 2mg?

1
26
+ 4(my? — mZ)] cos O] KKe — 3 \/ < [24/(2Q) mg?cos @
+ [3m2 — 2my? + 4(ms* — m%)] sin ©;] KKe’
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12\/6[3[4\/(2)(m »cos? O@p + m,?sin’ Op)

+ (% — m,?) sin20p] sin Op + 2[m,* — 4my>
+ 6(ms? — m%) — 34/ (2) (m% — m,?) sin ©p] cos O]

x (K'K+ KKy — 12\/6 —— [3[44/(2) (m? cos? Op

+ m,*sin® @p) + (Mm% — m,?)sin205] cos Op — 2[m,?
— dm? + 6(ms% — m%) — 3\/(2) (mZ — m,?)sin26,]
x sin @p] (K’ K+ KK)y' — 6\/3 [[6(m2 cos? Op

+ my? sin® @p) — (m,? + 2mg*)] So — [3(myy — m,?)

% sin 205 + 24/(2) (m,2 — mg?)] Ss1Po Po

2 2 . 2
% 8in20p + 3m,;?] Sg] Ps Ps + — 6\/6
% $in20p -+ 8(m,2 — mg?)] S,
— [64/(2) (2 cos® Op + m,? sin? Op)
+ 3(m5’ - mnz) Sin 2@1:] Ss] Po PS (2.28)
The Lagrangian L(SPP) of equation (2.26) is the sum of the Lagrangians
L(SPP), and L(SPP),_p of equations (2.27) and (2.28).

[[64/(2) (e — m,)

3. Decay Widths of Scalar Mesons and Meson-Meson Scattering
Lengths

From the Lagrangians (2.27) and (2.28) the decay widths of the scalar
mesons into two pseudoscalar mesons can be calculated. We shall be
interested in the decays & — nz, &' —> nw, § — mn, & — KK, and K’ — Kn.
We find

. @ Ez_mﬂzz m82_4 1:2 1/2
e — nr)y=f2 (sm 0,+% ) (m ;2557"52 ) (3.1
@ 2 5,_ 1:22 3___4 1:2 1/2
I - nn) = f2 (cos o, -0 ) (my — m ;2(75";2, ) (3)
2
I —»ny) = aﬁ—a [(m,j2 — (sm Op+ cos @P) + [m2 cos? Op
(/]

+m,?sin? Op — m,* — \/2 sin @p cos O p(m2 — m,*)]
X 8in @p — [sin @ cos O p(mZ — m,?)
2\/

2V2 (1.2 m2)] cos @P] (Ims® — (my + )]

X [m5 - (mn - mn)lelz (3.3)
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2
I'¢ - KK)= 192}; — 124/(2) (M2 — mg?) cos O, + [m2 — dmg? + 3m,>
+ 4(mg? — m2)]sin O,F (m% — dmgd)!2 (.4)
, f 2(mg- + 2m;* — 3mg®)?
'K — Kn)= 38dmmd.
x ([mg — (mg + my)?} [Img- — (mg — m)* P> (3.5

The parameter f enters in the axial vector current. If we omit the S
fields the kinetic energy term (2.4), from which the axial vector current is
calculated, is identical to the kinetic energy term of Cronin (1967). The
value of f found in this paper from the leptonic decays of pseudoscalar

mesons is
f=2mz' (3.6)

We shall assume that f has this value.

Several papers (Particle Data Group, 1971) have indicated the existence
of an isosinglet scalar meson with mass around 700 MeV, which decays
into two pions, and its width is much larger than 100 MeV. The following
values of the mass and the width are suggested (Ebel e al., 1971)

m, =700 + 200 MeV, I, =500 + 300 MeV 3.7

We shall assume that our ¢ meson has mass 700 MeV. Our second isosinglet
scalar meson ¢ will be identified (Particle Data Group, 1971) with the
o7 (1070) (or S*). The total width of this resonance which decays to 7z
(partial fraction less than 65) and to KK (partial fraction more than 35) is

Iy =150-300 MeV 3.8)

The isotriplet scalar meson ¢ will be identified (Particle Data Group, 1971)
with the nx(975), whose decay width is 58 +-11 MeV. The I=1 scalar
mesons are controversial. Analysis of the Kj; form factors indicates a
K resonance around 1 GeV (Pati & Sebastian, 1968).

To calculate the widths we must know the mixing angle @,. If the mass
myg- is known the angle ©; can be calculated from equation (2.22). Also
if the widths I'(e — an) or I'(¢’ — nw) are known experimentally the angle
@, can be calculated from equations (3.1) or (3.2) respectively. But this is
not the case. To give an estimate of the widths predicted by the model we
assume that I'(e" — nw) = 140 MeV. Then a solution of equation (3.2) is

0, =66° 45, (3.9)

which will be used in the subsequent calculations.
From equations (2.22) and (3.9) we get

mg- ~ 1000 MeV (3.10)
A solution of equation (2.23) which will be used in the calculation is
Op=-—11° 3.11



292 E. KYRIAKOPOULOS
From equations (3.1), (3.3)-(3.6), and (3.9)~(3.11) we find:

I'(e - nm) = 840 MeV (3.12)
I'(e’ — KK) = 135 MeV (3.13)
(6 — mn) = 180 MeV (3.19
(K’ — Krn) =580 MeV (3.15)

The values of I'(e — nn) and I'(¢’ — KK) are more or less consistent with
the experimental data, while the width I'( — =n) is larger than the experi-
mental width. Probably we should not identify our =1 scalar meson
with the meson 7x(975).

The meson—-meson scattering lengths can be easily calculated. The direct
interaction terms of our Lagrangian give the scattering lengths of Cronin
(1967). In addition there is a contribution from scalar meson exchange.
The S-wave n—n scattering lengths are given by the expressions

7 2 f2 mn3 g?mr gez'mz 27f2 mns gx%mt
%o(nm) = 6—4;f M+ 16n \m,? + mz ) + 32r \m2—4m,>
g?’mz
+ me — 4mﬂ2) (3.16)
oy () =0 3B.17
Y P (G | 8Fan
o) =g e+ (o +5) G18)

We find oo(nn) ~0-16m;, and oy(nn) ~—0-04m;*. The contribution of
the ¢ and & exchange graphs to nw scattering lengths is very small.
The S-wave nK scattering lengths can be similarly calculated. We find

2 2,
o 2(mK) = Sn(mﬂl-i- p— { F2mmg + My" Zenn (gazx;; ?x g:xx)
" M2 8onn(exx ME” — Gexi) [P [3(me — me)” + Amg: — my?) + 3mi®
2m3 72[(m, — mg)* + mi']
SL2B3(m, + mg)® + 2Am —m,®) + 3sz]2} (3.19)
24[(m,, + mg)* + m}] )

1 f2Pm.mg | My enn(Lorr MK” — §1kK)

a3,2(7tK) = Sn(m,, ¥ mK){ - 2 ( zmzz &

M2 Zoran( 8o xk MK> — 82KE) +f 2[3(m, — mx)* + 2(mg- —ms®) +3mg*P?
2m? 36[(m,, — mg)* + mi-]

+
(3.20)

The above expressions give &;,,(nK) ~ 0-19m;* and o;/,(nK) ~ —~0-05m;%.
The main contribution comes from the contact term.
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Also the S-wave KK scattering lengths can be calculated. We find

oo(KK) =0 3.21)
1 Pme® | (8sxxMi’ — &oxx)® | (8exxMk” — 8ixx)*
(KK = 167me{ —T3 * my? + m>
8exk MK’ — Zrxk)’
+ (8wxx I:n 5 KK) } (3.22)

from which we get o, (KK) ~—0-13m;t. Again the contribution coming
from scalar meson exchange is small. The couplings g..z» Ze'nns Soxk> Lo kK
and gs;xx appearing in some of Eqs. (3.16)-(3.22) are obtained from the
Lagrangian (2.27), and the couplings g.xx, gvkx and gixx from the
Lagrangian (2.28).

4. Meson—Baryon Lagrangians

We assign the baryons to the representation (3*,3) and (3,3*%) of
SU@3), ® SUQ)z as was originally suggested by Gell-Mann (1964)
because it gives a D-type axial-vector current, while the representation
(8,1) and (1,8) gives pure F-type currents. The F-type admixture of the
axial-vector current seems to be only of the order of 30 9/ (Gabbibo, 1963).
We use the two component Weyl field (Marshak et al., 1965). Therefore,
if B,? is the baryon field we write

(Br)Y
Bf =
2= (o0 @0
where
B =3(1+ys) B~ (3.*%3g) (4.2)
Br=3(1 —y5) B~ (31,3:%) 4.3)

We consider the baryon kinetic energy term

Ly = —3(Br*)s’ 47, 0u(BL)s™ — 3(Br*).? 4 7u 0,(Br)s"
=-—1Tr(By,0,B) 4.9
and the following meson—-baryon Lagrangians:
Lits = €ays EHC"(BL+); Tya M, B“(BR);,E -+ Eala EBI"(BR+); Ty (M "B,
=~Tr(BB) + 3B, By + f[34/(3) By By So — /(3) Tr (BB) S,
— v/(3)Tr (BS) B, + Tt (B{S, B},) — +/(3) B, Tr (SB)]

+ i -3v/(3) Bovs Bo Po ++/(3) Tr (Bys B) o+ /() Tr (Bys P) By
2
~Tr (BystP, BY) + V) Boys Te B+ [Te (BB) Tr (P

—Tr(B{P?, B})]1+ O(f?) (4.5)
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LRt == €435 8% (BL")" 74 My*(Bg )Ls)s + Eays 8 (Br*)" yo(M )(B, A8l
+ &y 87 Ag B v M, 5“(Bx)nd + 8235 8%(Ug Br')" 1M *)4(BL),’
= —Tr (BBJsg) + +/(6) Bo Bs + £ [34/(2) Bo Bs So — v/(3) Tr (BB13) So
— /() Tt (BS) By — v/(3) Tt (BSs) Bo + Tt (B(S, Bi})]
+if[-34/(2) Boys Bs Py + 4/(3) Tr (Bys Bg) Py
+4/(2) Tr (Bys P) Bg + +/(3) Tr (Ag Bys P) B,

e (ByslP. Bish )+ Vs (BBAQ TrP? — Tr (BP*, B b,
+ He + 0(f?) (4.6)

L = Eays EM"(BL'F)cY Ta Mp*(%s BR)n6 + Eays 86:”(3K+);? Pa(M )" (g BL);]B
+ Eays (Bt /18):7 Yo M, tia(BR);;s + Eays 1Bt }-8).:? YoM +)5“(BL);;6
=—Tr(B2s B) + +/(6) Bo Bs + £ [34/(2) By Bs So — /(3) Tr (B3 B) S,
— V() Tx(BS) Bs — /@) Tr (Bs S) Bo + Tr (B{S, 1 B},)]
+ if [-34/(2) Boys By Po + 4/(3) Tr (Bys A5 B) Py
+ /() Tr (Bys P) Bs + +/(3) Tr (Blgys P) Bs — Tr (Bys{P, A5 B}.)]

4L (Te (Bha BYTe P2 — e (B{P2, 34 B))) + He+ O(/)
4.7

Ly =Tr(B,/" M*)y, Tr(M* Bg) + Tr(Be* M) 7, Tr (MBy)
=3B, By + v/(3) [ [Bo Tr (SB) + Tx (BS) Bl + i/(3) f [ Boys Tt (SB)
+ Tr (BS) 75 Bo] + O(f?) 4.8

In the expansion of the Lagrangians Li,, i=1,...,4 we have kept only
those terms of order O(f?) which contribute to nN scattering. The
Lagrangian Ly is invariant under the group SU(3), ® SU(3)z. The
Ly alone implies that the SU(3) singlet of the baryon nonet has
negative mass, which is in absolute value twice as large as the mass of
the other baryons, A negative mass baryon is interpreted as a baryon with
positive mass and opposite parity (Freund & Nambu, 1964). This will be
identified with the Y,*(1405). The Lagrangians L}y, and L, break the
SU@3), ® SU(3)g symmetry and allow the octet of baryons to get their
physical masses, as we shall see in a moment. Since the mass of the Y,*(1405)
is qulte a bit lower than twice the average mass of the octet, the Lagranglan
L} is introduced. If we as51gn the baryons the canonical weight /p =—3
the Lagranglan densities Lyg, L, L and L3, transform as scalar densities
of conformal weight [ =—4, while the L}, transforms as scalar density of
weight [ =—5,

Consider the Lagrangian

4
MB = Lx’m -+ Zlci Lll\/IB (4-9)
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The coefficients C; of the above expression are determined by the require-
ment that the Lyg to zero order in f, will be the free Lagrangian of a nonet
of baryons all of which have their physical masses apart from electromagnetic
mass splitting (which we ignore). The higher order in f terms of Ly are
pseudoscalar meson—baryon and scalar meson-baryon interaction terms.
From (4.9) we get to zero order in

—3Tr (By,:gi, B)—-C, (% B,B,—-23, Bo)~ C,[2Tr(BBlg) — +/(6) (B, Bs
<1
+ Bs Bo) — C3[2Tr (Bg B) — 4/(6) (Bo Bs + By Bo)] +3C4 By B,  (4.10)

The above expression has off-diagonal terms of the type B, Bs + B3 B, and
must be diagonalized. Therefore, we assume B, — B, mixing with a mixing
angle @ according to

A=c0s @y Bg +sin Oy By
Y/ = _‘Sin @B BS + COS @B Bo (4.1 1)

As we argued before the physical 3~ isosinglet ¥,*(1405) will be represented
by the field y; Y’. From (4.11) and the assumption that the expression
(4.10) is the free Lagrangian of a nonet of baryons we find

_my+my+mg

C, = 3
My — My
G = 2+/3
_my—mg
Ca= 24/3
my —my —
C4=_Y__3/1__’_n_§ (4.12)

As expected the parameters C, and C; are of the order of Am. The mixing
angle @y is given by

2’"2 — mN - mE
+ 4(mN + mg) b 211’1;; - 3mA

tan2@p=—4/(2) =-0-0226 (4.13)
3my
We find @5 = 39, a very small mixing angle.
From the Lagrangian Ly of equations (4.9) we get, if we use equations
(4.12),

_ _me . cos @,
Loy = 3 (sm O, + 72 )s]VN (4.14)
myf sin@,\ , -
La’NN 7‘3‘ (COS @s - \/2 )8 NN (4.15)

which give the coupling constants G,yy and Gyyn.
20
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We define the coupling constants G,,, and G, by the formulas

3G, (m? — 4m,A\1/?
I'e = nn) = 6n ( 7 ) (4.16)
’ 3 Gg’mt mg’ - 4m1:2 2
I —>nn)y= T6n ( i ) 4.17)

Comparing the above expressions with the widths I'(e — an) and I'(e’ — nr)
we get

2 2

G, = ~3{—n—2<sin o, + C‘is/fS) (m2 — m2) (4.18)
2 : 2

G%,,. = A (cos 0, — Slf/gs) (m% — m,2)? 4.19)

From equations (4.14), (4.15), (4.18) and (4.19) we find the ratios

R= llgzmvll _ m’:‘li";; =14 (4.20)
R = |Genn| _ mym, ;=089 4.21)

- le’mtl B mg’ — Wy

The above ratios are independent of the parameters f and ©,. The values
of R and R’ found from the coupling of ¢ and & to the trace of the energy-
momentum tensor are (Genz & Steiner, 1971a, b)

. m. My —1.
Cm?+2m,? 124 “-22)
, myniy .

The above values of R and R’ are very close to the corresponding values of
these ratios of equations (4.20) and (4.21).

From equations (4.14) and (4.18) the value of the product |G,,, G.xn| /47
can be calculated. We find

| Gem: GeNN i —
4

2 £2 2 _ 2
(1,4 202 Lo mms

/2 127m,

The value of the above product found by Engels (1970) is 5-49 4+ 0-32.
Petersen and Pifut (1972) give the values 568 +£1:0 if the /=J=0 znxn
phase shift §,° is down-up or up-up, and 4-06 + 0-8 if §,° is down-down
or up~down. Also Schaile (Ebel ez al., 1971) gives the value 5-0 and Strauss
(Ebel ez al., 1971) the value 4-0. Thus expression (4.24) is in reasonable
agreement with experiment.

(4.24)
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Also we find
|Go e Gornn| ( sin O\ 2 f2(mg: —m A my
- =[cos G, V2 ) o, =034 (4.25)

This product is very sensitive to the value of the angle ©,. From the coupling
of ¢’ to the trace of the energy-momentum tensor we get (Genz & Steiner,
1971b)
le’nn Ga’NNl — Ftot
4 62m
where Iy, is the total width of ¢’. In our model we have I',,, =275 MeV
and equation (4.26) gives

(4.26)

[Ga Gemnl _ .3 (4.27)
4r

in reasonable agreement with expression (4.25). The experimental estimates
of the above product are contradictory (Genz & Steiner, 1971b).
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