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s-wave meson-baryon scattering lengths to erst order in symmetry breaking are investigated within the
framework of the SU(3) && SU(3) chiral algebra. We 6nd that there are no renormalization effects in these
scattering lengths to erst order in symmetry breaking under the assumption of current commutation rela-
tions, the hypothesis of partially conserved axial-vector current, and the Ademollo-Gatto theorem for the
vector-baryon —baryon coupling. However, if we do not assume the Ademollo-Gatto theorem, we do observe
symmetry-breaking effects in the scattering-length sum rules.

I. INTRODUCTION
' 'N recent years, the SU(3) &&SU(3) chiral algebra' has

~ found wide application' in the study of elementary-
particle interactions. In spite of certain inherent diTi-
culties' associated with these types of calculations, most
of the results obtained are in remarkable agreement with
experiments. Lately, Weinberg, 4 Tomozawa, ' Raman
and Sudarshan, ' and others' have used the current
commutation relations (CCR) and the hypothesis of
partially conserved axial-vector current (PCAC) to cal-
culate the low-energy matrix elements (s-wave scat-
tering lengths) of Ineson-baryon scattering processes.
We also recall a recent calculation by Bose and Hara, ~

in which they obtain sum rules between the meson-
baryon coupling constants to first order in SU(3)
breaking by using the CCR and the generalized PCAC. 8

They conclude that the symmetry-breaking effects ap-
pear only when both m and E mesons occur in the
coupling-constant sum rule. This result may be inter-
preted as an extension of the Ademollo-Gatto (AG)
theorem' for vector-baryon —baryon coupling. A similar

approach has been applied to vector- and tensor-meson
decays by Biswas and Patil. '0

In the present work we investigate the effect of SU(3)
syIllInetry breaking ln tbc case of s-wave n1cson-baryon

' M. Gell-Mann, Phys. Rev. 125, 106'I (1962); Physics 1, 63
(1964).

See, e.g., the works listed in K. C. Gupta, Phys. Rev. 155,
1758 (1967).

~ Namely, the difhculties associated with (i) the appearance of
Schwinger terms in the equal-time commutator, and (ii) the cor-
rections arising from extrapolating the ofF-mass-shell amplitudes
to physical amplitudes.

4 S. %einberg, Phys. Rev. Letters 17, 616 (1966).' V. Tomozawa, Nuovo Cimento 46, 707 (1966).
6K. Raman and K. C. G. Sudarshan, Phys. Rev. 154, 1499

(196'I); A. P. Balachandran, M. Gundzik, and F. Nicodemi (to
be published).' S. K. Bose and Y. Hara, Phys. Rev. Letters 17, 409 (1966).

Of course, one knows that the PCAC is not as good for the E
meson as for the x meson. However, following Ref. 7, we use PCAC
for both m and E mesons. See also M. L. Goldberger and S. B.
Treiman, Phys. Rev. 111,354 (1958).

9 M. Ademollo and R. Gatto, Phys. Rev. Letters 13, 264 (1964),"S. N. Biswas and S. H. Patil, Phys. Rev. 155, 1599 (196/).
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scattering lengths using the algebra of currents; we only
consider up to erst-order symmetry breaking, and fur-
ther assume that the breaking transforms like 58, the
scalar charge density given in the quark model by

Ss(0)= d'x g(x,0)hsq(x, 0) .

This work may be regarded as an extension of the ideas
applied in Refs. 7 and IO in the case of three-point func-
tions to scattering processes at threshoM. We include
the 58 symmetry breaking in the interaction Hamil-
tonian and fonow the Weinberg technique. ' We ftnd that

if the AG theorem for IIector baryon bar-yon cou—PHng is
assumed, thert there is no symmetry breaking effe-ct in
s-mane scattering lt,'egths. However, if we do not assume
the AG theorem, all the s-wave scattering lengths can
be expressed in terms of three parameters, This enables
us to write a family of sum rules which have been sum-
marized in Eqs. (10) and (11) and are discussed in the
6nal section.

II. AG THEOREM AND 5'05'RE5'ORMALIZATIOÃ
OF 8-WAVE SCATTERING LENGTH

The o6-mass-shell invariant pseudoscalar-meson—
baryon scattering amplitude (BI,Ps~M~B;,P,) is de-
6ned as

d'x dsy(Br i T(c)„Ass(x), B„A "(y)) iB;)

i(2 )434(p +C P' k)cs——

(Its+mes) (ks+m, s) (2sr) s(2E Er) I ts

X(B,,I, l,frf ~B,,I'.), (2)

where k„and q„are the momenta of the initial meson P,
and the final meson I'q, respectively, the indices a and
b running over 1, ~, 8; 8; and B~ represent the ingoing
and olltgolllg balyolls, iespectlvely, wltll p; and pr as
their respective 4-momenta. The A's are the axial-vector

1764



ADEMOLLO —GATTO THEOREM

currents coming from the generalized PCAC condition

8„A p(x) = c4 &(x), (3)

where }ts(x) is the renormalizedb-meson 6eld. (Hence-
forth whenever we use the word "meson" we shall mean
"pseudoscalar meson. ") In order to calculate the 6rst-
order symmetry-breaking eQects we introduce S8 in the
Hamiltonian, and consequently the complete amplitude
3E is given by Kq. (2) with the following term added on
the left-hand side:

d'x d4y(Br I T{8~A&"( )x

x8.~."(y) s's(0)} IB')e "'*' " (4)

where X is the first-order symmetry-breaking interac-
tion-strength parameter. Now both terms on the left-
hand side of the new equation for the amplitude M have
to be evaluated in exact SU(3) limit, in the spirit of
first-order perturbation theory. Consequently, we take
the baryon and meson masses as degenerate. The rela-

tion between the S matrix and the invariant amplitude
M is the same as before Lsee Eq. (3) in Ref. 4$.

As far as the first term (without Ss) is concerned, the
analysis is the same as that carried out by steinberg'
for m-S scattering, except that now we use the general-
ized PCAC condition, Eq. (3). Ignoring the poles (as is
the case, in general, for the s-wave part of the scattering
amplitude), we see that the s-wave scattering lengths for
the various processes are given in terms of a single pa-
rameter A~. Strictly speaking, A~ is not a parameter,
as it is related to g, in terms of known factors. "

Next we try to estimate the contribution from the
first-order symmetry-breaking term written above as
Eq. (4). The expansion of the T product contains the
usual eight terms [see, e.g., Eq. (4) in Ref. 12). One of
these vanishes identically because of the conserved
vector current (CVC) hypothesis. Further, since we are
interested in getting the s-wave part of the amplitude,
we have to retain only such terms as contain p k as
a factor (in the limit as k, Il ~ 0, p; —+ pr —& m, p k

remaining 6nite). Neglecting the terms not containing

p k, namely, the double commutators, Kq. (4) becomes equal to

B B
d'xd'y e ' +' (Brl T{As (x) A."(y),Ss(0)}IB;)

Bxt" By"
1 t'8 8)—(&~I~(*'—z')&})& 'b) a.ae(*)is}o)}ls) a,

I

—— la(*'—y'))'}LAs(*) A,"(y)]s(o)}s)
2 &8y" 8x"i

—(Bi I 8(y') T{L~.'(y),Ss(0)j,8„As}'(x)}I B)—(Br I
8(x') T{LA &'(x),Ss(0)j8A."(y)}I B) . (5)

The first term in Eq. (5) represents the scattering of a
baryon with an external axial-vector current with 58-
type symmetry breaking; it may have poles. Explicit
calculation shows that in the prescribed limit they do
not contain terms proportional to p k. Further, using
the equal-time commutator,

8(x' y')fA, '(y), 8„—As}(x)j=ig„o.s(x)84(x y). (6)—
We see that the second term in Eq. (5) does not contrib-
ute to the s-wave scattering length since it depends
only on p', p (q—k), and (q—k)'. Here we would like
to point out that throughout our analysis we neglect the
Schwinger terms' appearing in the CCR. It is easy to
see that the last two terms in Eq. (5), with the neglect
of surface terms, and the use of CCR, can again be re-
duced to vertex functions. These terms, however, do not
give rise to additional first-order-dependent terms which
contribute to the s-wave scattering length. The only
surviving term left in Eq. (5) can be written as

X(-,'i)(k+q), d4x e '&' &) *( 2ig„)—

where we have used the CCR

8(xs—ys)LA s(x),A,"(y)j=2ig,

t8 8 8.'}
xl Il'(.)8'( —y). (8)

(a bc&

It is evident from the structure of the matrix element
in Eq. (7) that the 6rst-order symmetry-breaking effects
in s-wave meson-baryon scattering lengths appear only
as due to first-order symmetry-breaking effects in
baryon-baryon vector coupling. But if the AG theorem'
is assumed, then there are no BBV-coupling renormal-
ization sects to first order in symmetry breaking. S'e
therefore conclude that there are no renormalisation effects
in s-wave meson baryon scattering len-gths to first order
in symmetry breaking stnder the assumption of CCE,
ECAC, and the AG theorem.

In the next section, we discard the hypothesis of the
AG theorem; we obtain the scattering lengths in terms
of three parameters and derive a set of sum rules which
are discussed at the end.

8 88.qx l(B IT{v."(x) s (0)}IB') (7)
a bc) "See, e.g., Ref. 4.

'2 S. Weinberg, Phys. Rev. Letters 17, 336 (1966).
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III. SUM RULES AND DISCUSSION

Kith the definition

M "= d'pp s'&'-p& *(B
i T(V "(x) 5,(0)) iB ) (9)

we can interpret M," as the matrix element for the
scattering of baryons and massless vector and scalar
mesons. With the assumption of pure f-type BBV
coupling" and the "baryon-octet dominance" it is easy
to simplify Eq. (7) in terms of two parameters n and

A~, where n is the F/D ratio for BB5coupling and As
is the product of BBt/' and BJ35 couplings. Thus, in this
model with 6rst-order symmetry-breaking effects, all
s-wave meson-baryon scattering lengths have been ex-
pressed in terms of three parameters. This enables us to
obtain a set of sum rules which are summarized below.

ayip(EZ)+2ap(p{EZ) =0,
ap(E )—3ag(E )=0,asap(7rN)+2ap~p(mN)=0,

ap(s Z) = 2ag{mZ) = —2ap(s Z),
ay )p (pr~)+ 2ap p(m' ")=0

ap(EN) —3ag(EN) =0,
ay p(EZ) +2ap p(EZ) =0,
ap(EN) =agp(EA) = ag(~A)

= ag(p(KA) =ap(E. )=0.

up(vrZ —+ E ")+ap(mZ ~ EN)+a~(nA +E— )
—ag(7rA —+ KN) =0,

6up(~Z) = (3/6) Lag(m A —+ E.)+ag(7'. —& EN) j
+(VV'6) Lap(~Z K=.)—ap(~Z ~KN)3 {1»)

The sum rules obtained. above fall under four cate-
gories:

(i) Sum rules between s-wave scattering lengths of
elastic processes {having the same mesons and baryons
on either side of the 5 matrix) in different isotopic spin
channels. These are covered by Eqs. (10a) and (10b)
and have no symmetry-breaking effects.

(ii) Sum rules between s-wave scattering lengths of
inelastic processes (having different mesons and baryons
in the ingoing and outgoing states) in different isospin
channels. These are contained in Eq. (10c) and have no
renormalization effects.

(iii) Sum rules between s-wave scattering lengths of
inelastic processes having the same meson but different

baryons on the two sides of the 5 matrix. These are

given m Eq. (10d) and these sca'ttellllg lengths vamsh

identically in this model.

(iv) New sum rules, which embody the renormaliza-

tion eftects due to first-order symmetry breaking in the
strong-interaction Hamiltonian. These are contained in
in Eqs. (11a) and (11b).

Some of the sum rules in Eqs. (10a) and (10b) have
also been obtained by Tomozawa. ' In particular, he
finds (without the 5, breaking) that the sum rules

az(KN) = —ag(p(s.N) = —-', ap(EN),

ag(p(EZ) ——,'up(prZ) = u~(p(EZ),

a,(K'=-) =-;a~„(~=-)= —;a,(E=-).

(10b)
ag(p(prN)+2ap ip(~N) =0,

St+
up(KiV) =0, u~(EcV)~2 ap~p(~!V)

ap/p(7rN —+ KZ) = 2ag/2{ FN —+ EZ)
= ag(prZ ~EN) = (Q-', )up(~Z ~E1V),

—a,(~Z E=-)= —(g-', )a,(~Z K"-)
= ap~p(m'g ~EZ) = 2av p(7rg ~EZ), (10c)

(+6)ag(mA +EN)+2uv p(~N— +EA) =0, —

(+6)ag(nA-+ E")—2ag(p(pr' —+ EA) =0
ap(EN-+ E-)=ay(EN ~E=)=0;
ag(prZ —+ prA) =ag p(KZ -+KA)'

= ay~p{EZ ~EA) =0. (10d)

4a„,( N) —a,(~Z) —L(S+6)/3]a,( Z EN) = 0

4ap(E )+3ap(mZ) —(8+6)ap(vrZ —+ EN) =0;
, {1»)

'3 J.J. Sakurai, Ann. Phys. (N. Y.) ll, 1 (1960).

show qualitative agreement with the experiments. Since,
at present, we have little experimental information for
other scattering lengths, '4 we cannot test the rest of the
sum rules.
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"We would like to mention here that in comparing our results
for inelastic processes, only the real parts of the respective experi-
mental scattering lengths have to be taken into account.


