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Meson-baryon scattering lengths in a chiral Lagrangian model
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The chiral SU(3) X SU(3) Lagrangian including (3,3)+(3,3)-type symmetry breaking is applied to the
investigation of meson-baryon scattering lengths. The effect of the N~(1236) is taken into account. It is

shown that a consistent picture of pion-nucleon and K-meson —nucleon scattering lengths can be obtained for
a range of values of the arbitrary parameter Z occurring in the vrNN» coupling. The value Z = 0 is

required by the asymptotic behavior of a certain combination of the pion-nucleon amplitudes, whereas

Z = —1/2 seems to be preferred by the P-wave pion-nucleon scattering lengths. The value of the pion-
nucleon coupling constant f ' is also calculated as a function of Z.

I. INTRODUCTION

Since the introduction of the phenomenological
chiral Lagrangians by steinberg, ' a great many
applications of this method have been made in
describing low-energy processes. ' While the
meson-meson scattering processes can be adequate-
ly described in this formalism, its application
to meson-baryon processes has not met with un-
qualified success.

The basic SU(3) && SU(3)-invariant chiral La-
grangian suitable for meson-baryon scattering
was written down by %einberg, %ess and Zumino,
Gursey, and others, but it was Peccei' who first
made a systematic study of the low-energy pion-
nucleon scattering parameters in the chiral La-
grangian formulation. He, in fact, extended the
model by including a vNN*(1236) interaction which
allowed him to calculate the N~ contribution to the
S- and P-wave scattering lengths. However, his
results for the P-wave scattering length in the
isospin-odd and J= & state and for the S-wave scat-
tering length in the isospin-even state were rather
unsatisfactory. He pointed out that a possible ex-
planation of the S-wave result might be a failure
to include a contact term for the isospin-even am-
plitude. This contact term was believed to be
present in the phenomenological Lagrangian so as
to cancel the unacceptable asymptotic behavior
of the N* amplitude.

More recently, new low-energy mN differential
elastic cross-section data4 have becom'e available,
making it possible to obtain more accurate values
of the low-energy pion-nucleon scattering param-
eters. ' Olsson and Qsypowski' have constructed
a simple current-algebra model for mN elastic
scattering including the usual o term, the nu-
cleon Born term, a p exchange term, the N*
contribution, and another term called the diffrac-
tive term. This diffractive term in the 8' am-
plitude is supposed to account for diffractive ef-

fects usually considered only at higher energies. It is
interesting to observe that this diffractive term con-
tributes 0.034 to a~ and the o term contrib-
utes 0.012, whereas the nucleon and the
total of -0.006.- This is exactly analogous to the cal-
culation of Peccei, ' who found that the nucleon and 4
contributions to a~ are -0.011 and -0.050, so that
in order to obtain a scattering length as = -0.001,
he needed a contact-term contribution of +0.060.

The question therefore naturally arises wheth-
er this contact term, in the language of Peccei, '
or the diffractive term, in the language of Qlsson
and Osypowski, ' is really necessary or whether
there is an alternative way of explaining the a~
scattering length in the current-algebra or chiral
Lagrangian framework. 'The diffractive term, as
emphasized by Olsson and Osypowski, is necessary
to explain the detalied structure of the pion-nu-
cleon scattering amplitude, but if we restrict our-
selves to the consideration of only the scattering
lengths, a chiral Lagrangian model should suffice
without any ad hoc terms since after all the chiral
Lagrangians were designed specifically for this
purpose. It appears to us that a systematic way
of studying this question is to write down the most
general chiral Lagrangian including the symmetry-
breaking terms. Indeed, we will show that the
extra contribution to the a~ scattering length need-
ed to cancel the large-N* contribution can indeed
come from symmetry-breaking effects without
disturbing any of the good results of Peccei and
others on other amplitudes.

Since Gell-Mann' proposed the idea of an approxi-
mate chiral symmetry of the strong interactions,
the most popular approach has been to assume that
the symmetry-breaking interaction Hamiltonian
belongs to the (3, 3) + P, 3) representation of SU(3)
x SU(3). Although several authors' have recently
added a term belonging to the (8, 8) representation,
we will confine our discussion here to the (3, '3)
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+ (3, 3) which is motivated in part by analogy with
the structure of mass terms in the quark model.
However, the phenomenological chiral Lagrangian
wi11 be written down following the very general
treatment given by McDonald and Rosen. ' Indeed,
they have written down the chirai. Lagrangian for
the meson-baryon scattering processed involving
all possible types of symmetry breaking but un-
fortunately the number of parameters in this theory
is much too large. Although one hopes to be able
to determine these parameters from the masses
of the baryons and the S-wave pion-nucleon and
K-meson-nucleon scattering lengths, it is dif-
ficult to do so in view of the uncertainties of these
scattering lengths.

There is an additional complication due to an
unknown parameter in the ANN* interaction La-
grangian which has recently attracted considerable
attention' in the literature. This unknown param-
eter Z was taken to be equal to --,' by Peccei,
while other authors have preferred it to be +& or

It is one of our purposes to try to fix this
parameter from three different angles. First, we
will show that the asymptotic behavior of the pion-
nucleon scattering amplitudes can constrain the

value of Z, although unfortunately not uniquely.
Secondly, we will reexamine the Adler-Weisberger
theorem following Brown, Pardee, and Peccei"
and calculate the pion-nucleon coupling constant
as a function of Z. Again unfortunately, we will
show that the dependence of Z is so weak that no
firm conclusion can be drawn from this approach
either. Thirdly, we will calculate the S-wave
pion-nucleon and K-meson-nucleon scattering
lengths using the effective Lagrangian and then
predict the I'-wave pion-nucleon scattering lengths.
Again, we will find that the scattering lengths can
not strongly constrain the value of Z.

However, taking all these approaches together,
we will try to show that a value of Z equal to zero
is not inconsistent with all the available experi-
mental data. This value Z =0 has the great merit
that it removes the necessity of the contact term
advocated by Peccei, without destroying any of the
beautiful features of this effective-Lagrangian
model. This is achieved by simply attributing the
correction to the scattering length to the sym-
metry-breaking terms which were not, to our
knowledge, included in phenomenological-I. agran-
gian calculations before.

II. THE EFFECTIVE LAGRANGIAN

For meson-baryon scattering, the SU(3) x SU(3)-invariant chiral Lagrangian is, up to second-order
terms,

1 . . „1-&&»=&(y ' s+ m2)B+ 2E 2 Biy„if,„,B„if»M, s "M2+ E (d»D+if »E)E&y„y3s "M„
0

where B and M are the usual 3 & 3 baryon and pseudoscalar-meson matrices, respectively, I', is the pion-
decay constant, and DjE, and E/E, are the symmetric and antisymmetric coupling constants.

The symmetry-breaking Lagrangian is

-I 8&=tplo BB y 1 — 2 +y' z +P pD&+ pp& Q
r r

X 1 1
+&(4'D2+2"E2)B &32 l+ 2(ll —6m2) + 2d„, II,+,M, M, (-2m, +3)

r r

+&(I2'D2+~'E, )B &32 l+ E, (-2m, +3) + 90E 22(-2m2+3)+d, ~;(22m, p-,')
r r r

Sm3 X532 4M pl2 II
5m (2m +3) 6E 2 3E2 3keE 2 2

where

X=M,m„z=d„,m, m, m„rr, =d„gm, M„
(E2);& = -if2;&, (D2),&= d2, &, and m„m, are Casimir eigenvalues,

m. = HI, '+ I +(I2, + I 2)'+6(I2, + I22)l, m. =-2'(I2, —I2,) [(I2, +2I )(I +22u,2)+9(I2, + I2 +I)l2,

(2)

for the representation (12„ I22} of SU(3}.
From (1), the relevant Yukawa couplings are

-Lg2. -fj,2+&„y3r ~"frN, -&„„r=f„2rNy„y3S "JfA+ H.c. , -LN fgcr Ã7&c&r31' ZS"K+H. C. (3)
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where

E+D 1+2n =(1-2 )ffez. =~ s fi~z= —
~3 f~N. t fvEK fvvf~

0

Also, we have the contact terms from (1):

The relevant symmetry-breaking Lagrangians are from (2),

?n tpl2 j. I -p, +3v -p +3v', Pl'N)(s r) — 6' y+ y'+ + (l-m, )
204 3

—P, + SV 8tkl3

m, (2m, + 3)

and

rn0 ]. , —p. + Sv -p, '+ Sv', —p, + 3v
L„(KN)-=; (NN)K'K — ' y - ~ y'+ + ~ (-', -,)+ ~ (-', —,)

m0 . p, + v p'+ v' p." + v", , am3E' 2 BWB 2' " ' ' 5m(2m+3))

On the other hand, the mass term is

,= m, [BB(1+y)+ (p, '+ V,
" )BDP+ (v'+ v" )BE+) .

(6)

(6)

Prom (7) we identify the baryon masses as tion

pl+ ~c ~3
mz=m, (1+y) — + (v'+ v")

2&3

m~ = m, (1+y) — — (v'+ v' )
&+~ ~3

~ n

2~3 2

pt+ @II
mc = m, (1+y) +

vS

(9)
m, (2m, + 3)

the parameters p,
" and v' become redundant, as

we can easily see from (5) and (6) and hence we

can replace p, '+ p, and v'+ v by two parameters
p, and v, respectively.

Thus in the case of (3, 3)+ P, 3) symmetry-break-
ing, we have

m~=m, (1+y)—p+p
WS

(6)

'These expressions satisfy the Gell-Mann-Okubo
mass formula as expected,

-y+ v 3y' —p, +Sv —p. +Sv
3 6 1243

wig+ mph' vip+ Swag

2 4
-Les (KN) = 02 PNK'K

Clearly there are too many parameters for our
comfort and it is at this stage we make the assump-
tion that the symmetry breaking occurs in (m, m}
with a triangular representation of SU(3). Speci-
fically we assume that the symmetry-breaking
Lagrangian belongs to the (3, 8)+ p, 3) representa-
tion so that we have p, , =1, p.,=0 and hence m,

3 PB3 9 In this case, because of the rela-

-2y+ WSy' —p. + 3v Q+ 3v
6 24' 3

+ ' (N~N) ~ (rC'fK) +

and the masses are given by
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-mop. + 3mov
mo+ mo~+

243

mo p+ 3mov
m~ = mo+ mop 243

2m, y+ &Sy' p+ 3v p+ 3v
F,' 3 6 12~3

A-(wz) =B'(we) =B-(wz) = 0. (14)

mop,
c mo+ mopy —sV3

mopmg = mo+ mp' — o

43
The four mass relations involve four unknown pa-
rameters, but on account of the Gell-Mann-Okubo
mass formula, only three of these parameters can
be determined:

m, (l+ y) = c = 1.1540,

mo p, = 0.0666,

mov = -0.2192.

m 2y+v3y' p, +Sv

(15}

m, 2y+WSy' 5pySv 2p+Sv
6&3

where the subscripts in the KN amplitudes denote
isospin. Using these scattering amplitudes, we
can obtain the pion-nucleon and K-meson-nucleon
scattering lengths. But before we do this, let us
calculate the contribution of the spin--,' resonance.
%e shall write the wNN* interaction Lagrangian
in the form

III. THE SCATTERING AMPLITUDES

4hl.„„,= $"s„„4s"

where

(16)

Using the symmetric effective Lagrangians given
above, the contributions to the invariant ampli-
tudes A and b for meson-baryon scattering are
easily obtained from the relevant Feynman dia-
grams. %e get

A'(wN) = 4m» f»N,

A (wN)=0,

~l V=g'pa+ &&g&V (»)

(18)

with a = -z(1+ 2z} and the spin- —,
' propagator in the

form

(g +M) 2
+

SM
F + +

1 1
B'(wN) = -4m„' f»„,' 2 2S —mN Q —mg

B (») =
2F ~ -2f»»'

T

4m' ' +
1 1

Nf»»r s m 2 m 2s —mN Q —mg

AÃ P) Z fy»K m»™y
y„h co

(m„—m„)(m„+ m„)'
Q -my

1 ~, (m»+ m„}'Bg'P) = —,+ M fy»K' 1+

A(h. ) f ~ ( — )( + )
fc —my

1 (m, + m»PB(K n)=
2 2 + fc»K 1+ 2

g Q —mg

(12)

(13)

This gives

16h' ( 2 ) ' (M+m»)qs'x+ 3(M —m„}(E„+m„)'

+ (a, + a,s) + (s —u),
16h' t' 2 q„'x —3(E„+m„)'

' i-1
+ (b, + b,s) v (s —u),

where x= cos8,

ao =, [2M + m„'(-1+4Z+ 4Z') + Sm„M'
1

+2m, (M+m„)+4m„'M(Z+2Z )],

a, = —
z [m„(Z'+ Z)+M(2Z'+ Z)],

2

b,=, [(M+ m„)'+ 2m„M(4Z+ 8Z')1

+ m„'(8Z+ 4Z') —4m, 'Z],
where s, t, u are the usual Mandelstam variables.

The symmetry-breaking Lagrangian give
2

1 3M2
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and q~ and E~ are the pion-nucleon center-of- mass momentum and nucleon energy at the reso-
'nance energy'.

Using these results, it is straightforward to calculate the 8-wave and P-wave pion-nucleon scat-
tering lengths, and we obtain

4rr(»+ m, /m„) 4m„'/m, ' —1 2F,' 36wM'(»+ m, /m„)

1 4m„m, f' 1»28k'm,
m, a~ = —

( / )," ', — —
( / ), '[M(1 —Z —2Z')+ m„(-,"+Z' —Z)]

1 2m, y —v 3y' p —3rr -P+ 3P
4w(»+ m, /m„) E,' ' 3 6»2v 3

1 4mrr'mr f' P'» 3 4m(»+ m, /m„) [(m„—m, ) —rn„']

»6a'm, »», f (Z)
4rr(»+m /m ) 3 2 m +m —M m„—m, -M m„—m, -M~

2 1
3 4rr(»+ m, /m„) [(m„-m, )' —m„']

(20)

2

3 4w(»+

32I'm, '»» f'(Z)
rn, /mz) 3 2 mN+m, —M m„-rn, -M m» —m, —M — '

(2»~)
m' m fm.ap i/2™.aJ 3/2 4 2as+

8
Bo j

&m@ O'Fm~

3
mg + mf +

m'pap ] /2 m, ap 3 /p 2 ay+ p4' g &~sr

where

1f (Z)=,[4M'(1+ 4Z'+ 2Z) —2m„'(1+ 4Z'+ 4Z)+ 2m, '(-1+4Z')

+ m„m, (-4+ 8Z)+ 2m„M(l —4Z')+ 2m, M(l+ 12Z'+ 4Z)],

16m ~

~+(Z) rr f
m, (4m„' —m, ')

2M'(-1+ 4Z')+ 4m„'(3 —4Z')+ 4m, '(1 —4Z')+ "(m„' —m, ')9 4M'q~

+4m„M+ ", ' (-1+4Z')

2f' m, '
4m '/m' —1 2E'

16k'
+ ~,-{(Z'+Z)(M —mrr —m, ) (2m~'+ 2M„M+ m, ')

9M q~

+ 4m„Z'[M (M' —m„' —m, ')' —(2m„'m, '+ m, ' —m„M')]

+ 2m, 'Z[2M2(m„'+ m, ') —(M'+ 6m„')]+Mm„[(M' —m, ')' —m„'(M'+ m, ')]

+ ~m„'(M' —m„')(3M' —m„')+ ~m, '[(M' —m, ')' —m„'(3mN'+ »OM')]] .

All these results agree precisely with those of Peccei for Z = --„as we can easily show by a straightfor-
ward, albeit tedious, calculation.

Finally, the S-wave and P-wave K-N scattering lengths are given by
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m m 2f 2 G2
m, a', (KX) =- a» g %fir»» +4'w(1+ m»/m»} E

& A c m»+ ms —mK m» —ms —m»

m, 2y+ v 3y' p+3v p,
(3 3 6~3

2 2 20 mt 2 mE mg Gm.as 8&)=;; f»»~- + 3f»»c +4w(1+ m~] mN mN+ mp mg mg+ mQ mg m+ my m jfVl

m, 2y+v 3y' Sp, +3v 2p, +3v

2 m, ' ~ f, '(m„+ m„)' 1m QP3)2=—3 4»(1+ m»/m»} „.s, c (m»+m„-m») m„m„-+m»2

(22)

G2
+ (m„—m„,

3 3tmnaJ Xy2=mrae3g2 —
2 gS+

'%mal oFmg

1
+g.(Z),—mg) mg —m + mE

1 g f, 1 (m+m)'
E,s+ „.~, " (m„-m„)' —m, '

where

G2
+ ~ +us(Z) ~(m„-m») —m„

(M —m„—mr) (4m»' —q„') + 6Mq„'
g, Z)=

3m» (m„—m») M-2

+ —,{2Ms+ 3m»M —m„'+ 2m» (M + m»}

+ m»(M+ m») +4Z [2Mm»(4m„—m»)+ m„'(m„+ m») —(m„—m»)s]

+ 4Z[4m»m»(M+ m») -m„'(M+ m»+ m»)]]

H j (M —m„—m»}(4m»' -qss}+ 6Mq„s s (M+ m»+ m»)
3m„' f [(m„-m )'-M'] (m„-m»)' —M'

+, [(2M+ m„m )Z'+ (M+ m„)Z],M

g, (Z)= . ",",+ ~ gM+m„)'+4Z'[m„(m„+4M)+(m„-m }']+4Z[2m,(m, +M) m s]) .3m„' m» -m»'

IV. ASYMPTOTIC BEHAVIOR OF THE N~ AMPLITUDE

I.et us introduce the invariant amplitude A' by

mand that 2"(s,0) should go to zero as s -~, we
must have

I;-4m„' (23)

which at t = 0 reduces to the amplitude G (s, 0) de-
fined by Peccei. Now asymptotically

32h2 s2A"(s, 0) -—, , [1+4a(1+ a}].
mg mg

(24)

For a= -& which is the value used by Peccei, we
get

4/2 2""('"--9 ~
mg m+

agreeing with the result of Peccei. If we now de-

l.e.3

Z=O.

It should be noted bere that the choice Z = Q makes
the amplitude A"(s, 0) calculated from the l.agran-
gian model vanish at high energy. This does not,
of course, preclude the existence of the diffractive
term' since the latter is related to nonresonant
inelastic scattering.

On the other hand, the asymptotic behavior of
A' (s, 0) comes out to be
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TABLE I. flf& as a function of ~.

x [(M+ m„)'+ m, '(3+ 2a)(1+ 2a)), (25)

which agrees with Peccei's result for a = -&. Thus,
following Peccei, "we note that the Adler-Weis-
berger relation holds provided

1
2
1-
4

1
2
0
1

1
2

fop

1.448
1.449
1,450
1.454

f,' =f' —,[8(M + m»)'+ Bm, '(3+ 2a)(1+ 2a)],

and using h'=0. 29, and f,'=0.722 corresponding to
g, '/4»= 3.53 we find that

= 2.1006+0.004 3+ 2a 1+ 2a .

The equation for a is

4a +8a+c=0

G (v, vs)= ' » +B (v, v»).
A (v, v»}

They have shown that current algebra requires

A'(v, vs) = &.»(t)
r

rn ' 2v v
+ 1+ ' a+ b+ c

'Hl g PlN Pl g PlN

(28}
where

2.1 —(f/f, )'
0.004

where 0,„is the pion-nucleon o sigma term, a, b,
c are dimensionless functions and the coupling
constant g' is related to f' by f' =g 'm, '/16rrm»'.
At v=0, v~=0, this gives

For real a, we must have 4» c, which gives

(flf~)' ~ 2.0966.

Hence the minimum value of (f/f, }is 1.44VQ which
occurs for a = -1, i.e., Z = &. Table 1 gives flf,
as a function of Z. Clearly no value of Z can pro-
duce the experimental value of f/f, = 1.24 from
the asymptotic formula for A' (s, 0) including only
the N* contribution.

&,„(t= 2m, ') g' rn,
A (vy Vg/= 2 + 1+ ' a

P1g

Eflux

The second current-algebra constraint is

G (v, v»)= —,+,E",(t)
Pl+

(29)

V. CURRENT-ALGEBRA CONSTRAINTS

AND THE VALUE OF f2

Let us now define

8-u t —m 2

v= Vp=
4m~ ' 4m'

(27)

where F",(t) is the isovector nucleon electromag-
netic form factor and d, e,f are dimensionless
functions. It is a simple matter to obtain the N*
contributions to A'(v, vs) and G (v, vs) and we have

Brown, Pardee, and Peccei" have derived, from
current algebra, constraints on the amplitudes
A'(v, vs) and G (v, vs), where

32h' (2M+m„)m, '
Bm, ' M'(M' —m„') (31)

16h'
G~(vr vs) =, , [24m» M vs—+ 2m»vrr(VM + 10M m» —2Mm» + 4M'm, '+ 2Mm„m, + (m»' —m, ')')

mt

+ m, (M +m„'+ 4m„M)+ 2m, '(M+m„)'(M —m„)(2M+ m„)+ (M —m„)'(M+ m„)']

[(M+ m„)' —4m, 'Z —Bm v»Z'] (32)

where D= (M' —m„'+ 2m»v»)' -4m„'v' This ex-.
pression agrees with that of Brown et al. for
Z= -&. Since A'(0, 0) is independent of Z, the
value of the pion-nucleon coupling constant,

2 2 O'
g r A+( 0)16mm„' 16wm„' I",' ~

'

(33)
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obtained by Brown et al. using Adler's determina-
tion of A' and o,„=105 MeV remains unchanged,
i.e., f' = 0.080. On the other hand, the use of
G (v, vs) for the evaluation of f' is dependent on
Z. In fact, we find from the expression given above
that

G (0, 0) = 7.9468+ 1.3565Z,

G (0, -m, '/2m„') = -14.8999+ 1.3565Z,

G (m„-m, '/2m„') = 0.3375+ 1.3565Z —1.3564Z'.

The relevant formulas for f' are then

2 m 2

(i}f'= ', 1+4.16
W g mN

2~

—(6.1531+1.0503S)
mg

m2' G (0, 0)
8m

= 0.0767 —0.0011Z,
m2

(ii) f'= ', [1+0.2553+0.0232(Z' —Z)]16','
m2' G (Op -m, '/2m„)

= 0.0774+ 0.0011(Z' —Z),

(iii) f' = ', [1+0.0058+ 0.0232(Z' Z)
W g

m2
, G-(m„m, /2m„)

= 0.0744+ 0.0011(Z2 —Z) .

Here we have used the nucleon's form factor as

m. '
E,(f = 2m, ') = 1+4.16 ', E",(0) = 1,

and the va3ue of G used by Brown et a/. ,"i.e.,
2

G(0, -m, /2m„) = 0.0206,

m2' [G(0, 0) -G(0, -m, '/2mN)] =0.0126,

2

[G(m„-m, ' /2m„)] = 0.0289 .

TABLE II. Vg.hl. s Of 103f2

Z v=0, v&
——0 &=0, &~=-m~ /2m& ~=m„~~=-m, /2m&2 2

Thus we get the values of f' seen in Table 11. We
note that the threshold determinations give con-
sistently lower values of f' while Z= -2 gives f'
closest to its presently accepted value of 0.08.

gg 1+ mop+ (34}

where we have assumed the symmetry-breaking
Hamiltonian to be of the form H» = c,u, + c„u,
with c = c,/c, and where u„u, are the even-parity
SU(3) singlet operator and T = 7 =0 member of
the octet of operators in (3,S)+ P, 3). Comparing
with (7)

couo moyBB +

c,u, = m, ihBDp+ m, PEED,

so that the expression for 0,~ in terms of u, and u„

co+ uo N+ us N

immediately leads to the equation (34). The value
of c is given by

VI. EVALUATION OF THE SCATTERING LENGTHS

For the evaluation of the scattering lengths, we
have used as input"

m, a' (NN) = -0.005, m, a' (KN) = -0.29,

m, ao»(KN) = -0.01,
as well as the following values of the constants:

fNN, = = = 7.2362 GeV ',f 1.01
mg ~

1+2efNh» ——
vS fNNi = -7.52 GeV',

f«» = (1 —2a)fNN, = 1.4472 GeV ',
n =0.4,
h' = 0.29, G'/4» = 0.32, H'/4» = 1.9,
E,=92.56 MeV.

The three mass relations and the three S-wave
scattering lengths determine six parameters,

mo(1+ y) = 1.1540, moy' = 0.0156,

mo p, = O.OV25, mo p. = 0.0666,

mov = 0.0835, mov = -0.2192,

where m, can be estimated from the experimental
value of the a term,

1

1
2
1
2

76.7
77.0
77.3
76.1

77.4
77.7
78.2
77.1

74.4
74.7
75.2
74.1

m 2 —m 2

c=2v 2 ', , = -1.2513
m» + 2m@

Using the experimental determination of a,N(f
g 2m, ') and taking into account the correction given
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TABLE III. xN scattering lengths as a function of Z.

Nucleon
contribution

Direct
contribution contribution Total Experiment

m~as 0.0008 0.1015 z=-&. o.ooo4
Z=--,': 0.0001
Z= -'- O.OOO1

Z= 0: 0.0005

0.0800 0.087+ 0.002
0.0797
0.0797
0.0801

-0.0106 Symmetry-breaking
term: 0.0441

m ~ap 3)2 -0.0550

Z =-g:-0.0502
&=-$:-O.osvo
Z= 2

~ 0
Z= 0:-0.0385

Z= -g.-0.0273
Z= -g ..-0.0278

—:-0.0373
0:-0.0287

-0.0167 -0,005 + 0.002
-0.0235

0.0335
-0,0050

-0.0823 —0.081+0.002
-0.0828
-0.0923
-0.0837

m „ap 3(2 0.0550 z=
z=
z=
z—

1 ~4:
12'l.
0:

0.0739
0.0728
0.0538
0.0711

0.1289
0.1278
0.1088
0.1261

0.133

m „ap A(2 -0.0549 0.0081 z=
z=
z-
z=

l.
01

2 '
12'
0:

0.0295
0.0647
0.0918
0.0223

-0.0191 -0.013+ 0.002
0.0161
0.0432

-0.0263

m ~ag gy2 -0.1082 z=
z=
z=
z-

0,0506
0.0487
0.0294
0.0479

-0.0579
—0.0598
-0.0791
-0.0606

-0.056

by Pagels, "the value of o,„(t=0) is about 36 MeV,
which requires

nz, =803 MeV.

This shows that the bare nucleon mass is close to
the physical nucleon mass and indicates that the
symmetry-breaking contribution is small but not
insignificant.

Finally, we calculate the P-wave pion-nucleon
scattering lengths as a function of Z and compare
them withexperimental dna. The results are given
in Table III. The KN scattering lengths for Z=0
are given in Table IV.

VII. SUMMARY AND CONCLUSION

It is clear therefore that a consistent picture of
low-energy meson-baryon scattering is possible
within the framework of a chiral SU(3) x SU(3)
effective Lagrangian including (3,$)+ P, 3) sym-
metry breaking. There are quite a few parameters
in the theory coming from the symmetry-breaking
term as well as one parameter from the wNN* in-
teraction Lagrangian. %e have tried to constrain
these parameters from the low-energy experimen-
tal data and it seems to us that the parameters
occurring in the symmetry-breaking term can be

TABLE IV. K+ scattering lengths (Z=o).

Direct Nucleon &
~ (1385) Symmetry-breaking

contribution contribution contribution contribution Total Experiment

m~as1

m„as0

-0.4195 -0.0351

-0.0880

0.2506

0.7517

-0.085
(input)

-0.6737
(input)

-0.29

-0.01

-0.29

-0.01

m, ap'3i2

m„ap& „, -O.O157

0.0143

-0.0062

-0.0023

0.0021 -0.0005

0.012 0.024+ 0.006

0.020 0.026 + 0.002
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obtained from the baryon masses and three 8-wave
scattering lengths so as to agree with the pion-
nucleon o term. A great advantage of the pheno-
menological Lagrangian we have used is that we
do not now need any more ad hoc assumptions to
reproduce the value of a~. It is to be remembered
that Peccei tried to cancel the large-N~ contribu-
tion to this scattering length by an assumed contact
term, whereas Olsson and Osypwski' introduced a
diffractive term to serve essentially the same
purpose. The point of view we have adopted is that
the large-N* contribution can be cancelled by the
symmetry-breaking term, and, in fact, we can use
the value of a~ as input in order to determine the
parameters of the symmetry-breaking terms, thus
avoiding the necessity of introducing any ad hoc
term to explain the very small, experimental value
of this quantity. Similar is the case with the
I'~(1385) contributions to the 8-wave K-iV scattering
lengths.

We must emphasize here once again that we have
concerned ourselves only with the scattering
lengths and not with any detailed behavior of the
scattering amplitude. It is probably difficult for
a simple Lagrangian model like the one we have
used to explain such detailed properties as the
discrepancy between the threshold and crossing
points in the forward. amplitude. As Qlsson and
Osypowski have pointed out, the 1V* resonance is
alone responsible, in such simple models, for the
amplitude &F =7'(v=1, t=O) -j"(v=O, t=O),
where F= A+ vB with the nucleon pole removed.
But the PP can account for only 3 of the total so that
an extra contribution is necessary, which was
called the diffractive term by Olsson and Qsypow-
ski. This problem cannot be solved in the La-
grangian model by any choice of symmetry-break-
ing parameters. Moreover, although by a suitable

choice of symmetry breaking it is possible to ob-
tain the meson-nucleon scattering lengths as we
have shown, there are, of course, other require-
ments that must be met. For example, the t de-
pendence of the pion-nucleon scattering amplitude
A'(v= 0, t) must agree with experiment but IV~ alone
cannot account for the proper t dependence. The
symmetry-breaking term is important here but
the one we have chosen is t-independent so that the
observed" A'(0, t) cannot be fitted. A detailed
amplitude analysis in the Lagrangian model will
face these difficulties, but for scattering lengths
only it seems to us that a consistent application
of the effective Lagrangians is not only possible
but also very useful for a unified treatment of all
meson-baryon scattering.

The P-wave scattering lengths we have obtained
(Table III) all agree with the experimental values
for various values of S, although Z=-,' seems to be
rather less satisfactory than 8=0, —&, and -+.
But in view of the uncertainties of the experimental
numbers, it is not possible to draw any firm con-
clusion on this point.

Qn the other hand, the asymptotic behavior of
A" amplitude requires S= 0 and it seems to us
that such a value of Z is not inconsistent with the P-
wave scattering lengths. Moreover, as we see
from Table II and Table IV, this value of Z also
gives a reasonable value of the coupling constant
f' and of the P-wave KN scattering lengths, re-
spectively. A firm statement on the value of 8
is only possible when we have more accurate values
of the scattering lengths, but in this work our
primary concern has been to show that a reason-
ably consistent picture of low-energy meson-baryon
scattering in the context of phenomenological chiral
Lagrangians is possible without any ad hoc as-
sumptions.
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