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Meson-baryon couplings between positive and negative parity baryons are investigated using two-
point correlation functions in the soft meson limit. We find that th& N* coupling vanishes due
to chiral symmetry, while they NN* coupling remains finite. We perform an analysis based on the
algebraic method for SU (2) and SU (3) chiral symmetry, and find that baryon axial charges play an
essential role for vanishing coupling constants. [S0031-9007(97)05052-7]
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Chiral symmetry, with its spontaneous breakdown in J(x; 1) = €P{lu,(x)Cdp (x)]ysuc(x)
the ground state, is one of the most important symmetries
in QCD. Current algebra and low energy theorems have + tlua(x)Cysdy(x)uc(x)}, 1)

been successfully applied to hadronic phenomena such as

meson-meson scattering and photoproduction of mesoréherea, b, andc are color indices, and” = iy,yo is
[1]. Recent interest in chiral symmetry is largely relatedthe charge conjugation matrix. The parameteontrols

to the study of the restoration of chiral symmetry at finitethe coupling strength o/ to various nucleons. For
temperature and density [2]. One of the implications therénstance, it is known that loffe’s curred(x; s = —1) [8]

is the appearance of degenerate particles with opposigouples strongly to the positive parity nucleon [7], while
parties when the chiral symmetry is restored. For thdt was found in Ref. [3] that/(x; ¢ = 0.8) is optimal for
meson sector they would be, for example;, 7) and the negative parity nucleon. In this way, the interpolating
(p.a1). In contrast, the role of chiral symmetry is not field (1) has been successfully used in the QCD sum rule
fully explored in the baryon sector. Possible candidate$0o study both positive and negative parity nucleons [3].
for such would-be degenerate particles ar®939) and Later we will see that the parameteralso specifies the
N(1535). However, the fate of these particles under chiralchiral structure of/(x; #), which determines the property
symmetry restoration is not clear. of meson-nucleon couplings.

Recently, Jido, Kodama, and Oka [3] studied negative Now let us investigate meson-nucleon coupling con-
parity baryonsB* in the QCD sum rule [4,5]. There a stants. We consider the NN* coupling, whereN™ de-
new method of extracting the information @& from  notes the negative parity nucleon. Following the method
correlation functions has been formulated and variousised by Shiomi and Hatsuda [9], we study two-point cor-
baryon masses were computed. The resulting masséelation functions between the vacuum and a one-pion
turned out to be in good agreement with data. It was thegtate. In the soft pion limig* — 0), the correlation
pointed out that the mass splittings between positive anéinction is given by
negative parity baryons are produced by a nonzero quark , _
condensate, suggesting that chiral symmetry is playing an 117(p) = if d*x e O|TJ (x; )T (0; 1) |7 (q — 0))
important role in the negative parity baryons.

We here study meson-baryon couplings as a quantity = i[Hg(pz)yS + 07 (p)pysl. 2
which reflects chiral symmetry. Experimentally the de-
cay modes ofN(1535) are well known, and using the Here the structure of Dirac matrices is determined by
observed decay widths [6], we find two major couplingLorentz in-variance and parity. In this paper, we con-
constants,g,yy+ ~ 0.7 and g, vy ~ 2. Here we real- sider the behavior of this correlation function (2) at the
ize that the values of,yy- ~ 0.7 is much smaller than kinematical point where the four momenta 8gfand N*
the typical values of pion-baryon coupling constants, e.g.are both fixed ap,, and in the soft pion limiy — 0. In
g=nn ~ 13. The purpose of the present paper is to showthis choice, symmetry structure of the correlation func-
that the chiral property of the baryon plays a crucial roletion is best studied, which is our main interest in the
in suppressing .y - present paper.

Let us start with the interpolating field for the nucleon. In general, the correlation function (2) contains contri-
Without derivatives, it is given by the superposition of butions fromg.yv, g-nyv+, @and g y+-n-. HOwever, it is
two independent terms [7]: possible to show that the information gf.yy- can be
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extracted from thgsys term. Using the phenomenologi- the 77NN contribution is given by
cal 7NN* Lagrangian

iys
Lone = ngN*N*T“WaN + (H.C.), (3) gﬂ-NN/\N(t))\N(S) pz _ m}zv . (6)

the mNN™ contribution in thell”(p) is given by The form of Eq. (6) applies also to the N*N* cou-

p> + mymy- pling. Therefore, theys term contains information of
> _ 2 2 _ 2 7NN,7N*N*, and7NN* couplings, while thgjys term
(p my) (p i) contains the information only of the NN* coupling.
plmy + my-) _ In recent reports [10], we have computed the two-
(p? — mzzv)(Pz — mlzw)}% (4) point correlation function (2) in the operator product
expansion (OPE) and found that tipeys term vanishes
Here we have picked up the term whekéx; ) couples up to order dimension eight. We have demonstrated that
to N and J(x;s) to N*, corresponding to the physi- this result is a consequence of chiral symmetry of the
cal processN* — N + «. The coupling strengths interpolating field J(x). Recently, Cohen and Ji have
A are defined by (0|J(x;7)IN) = Ax(1)uy(x) and classified various hadron interpolating fields based on
OlJ (x; 5) IN*y = Ay+(s)iysuy<(x). Thus, the #NN*  chiral symmetry [11]. Such a classification is useful
coupling appears in botlys and pys terms. On the for the study of model independent properties. We here
other hand, using the phenomenologieaVN interaction  propose new model independent predictions regarding the
Lagrangian meson-baryon couplings based on chiral symmetry.
_ Now let us briefly review how thg/ys term for g vy-
Laww = gzwwNiyst'm'N, () vanishes. First we rewrite the correlation function (2) in
terms of the communication relation with the isovector
| axial chargeD$:

8NN+ AN (D) An+(s) |:

i

17 (p) = fim [ % P QITI0T0) @) =~ [ @t e 01104, TI0T 010

1
2V2f

[ dxeriye omwion. @

Here we have used the transformation property of ‘fh

interpolating field/: both the contributions are included, the phenomeno-

. logical expression for thefys term is factorized by
a 17— L _a An(D)An=(s) — An(s)An=(z). On the other hand, in the
(04, 7] 2 57 I ® OPE side, thegys term has the common factor — ¢
10]. Thus in both cases the correlation function vanishes
rivially when s = ¢. However, in Eq. (7) thefys term
vanishes not by this trivial factor but due to the chiral
, _ symmetry of the interpolating field. This is what we
f d*x e (0ITJ(x)J(0)10) ~ Ay + B1,  (9) emphasize in this paper.
The key of the above proof is that Eq. (8) is satisfied
we find that theyys term disappears in (7). regardless of the choice of as the nucleon interpolating
We should make one remark here. When we Writeﬁeld J(x;t) transforms as the fundamental representation
the phenomenological correlation function (4), only one®f the chiral group SU2)r X SU(2). To look at this
term for N* — N + « has been considered, whereas inP0int in some detail, let us investigate the algebraic

the theoretical expression (2) another contribution frorstructure of the interpolating field. The nucleon field
the reversed procesé + = — N* is also contained. If which consists of three quarks belongs to the following
| irreducible representation of S@);, X SU (2)z:

[(2.0)+ (o,%)T “[Go)+ )]+ 3[(30) + (13)]+3[(3.0) + (6.5)]

+2 [(%o) + (o, %)} (10)

where, according to Ref. [11], tildes imply that a pair of left or right quarks are coupled to the isospin singlet. The

Using the Dirac structure of the vacuum to vacuum matri
element of (7)

449



VOLUME 80, NUMBER 3 PHYSICAL REVIEW LETTERS 19 ANUARY 1998

relevant terms for the nucleon are théh0) + (0,3)  values oft, and, therefore, the correlation function for

and(%,o) + (0, %), which correspond to two independent 7 cannot reduce to the anticommutation relat_ion with

terms of the interpolating field(x; r = —1) andJ(x;s =  unlike Eq. (7) for the pion. Thus the,vy- coupling need

1), respectively. However, these two terms cannot bdot vanish. _

distinguished within SU2)z X SU (2);, as they carry 10 summarize briefly, we have shown that the sym-

the same SU2) axial charge. This is the underlying Metry properties of the interpolating field lead to the

reason that the commutation relation (8) holds regardlessuppression o yy-, while g,yy- is not subject to the:

of the parameter. similar constraint. Phenomenologically, these properties
Now me mention thepNN* coupling briefly. Since Seem to be well satisfied by the negative parity nucl¥on

the » meson is an isospin singlet, we investigate the(1535). .

U (1), property of the nucleon. The nucleon fieldk, 1) The situation becomes less trivial for the three fla-

transforms undet (1), transformations as follows: vor case of SU3)gr X SU(3).. The reason is that
while the SU(3) baryons belong to an octet rep-

resentation of the diagonal vector group &)y,

[Qa. TGt = =D = ysJir = =1, (A1) oo hehavior under axial transformations is not
uniquely determined. But once again, for nonstrange
[Qa,J(x;t = 1)] = 3ysJ(x;t = 1), (12) nucleons, we find similar results for meson-baryon

couplings.

The decomposition of baryon interpolating fields con-
sisting of three quarks of fundamental representations of
| SU(3)x X SU (3)L is accomplished as

whereQ, is theU (1), axial charge. A crucial point here
is that the transformation rule of differs for different

[((3,1) + (1,3)F = [(10,1) + (1,10)] + 3 [(6,3) + (3,6)] + 3[(3,3) + (3,3)]

+2[(8,1) + (1,8)] + [(1,1) + (1,1)] . (13)

Here the multiplets assigned to the séimctet baryonsl

corresponding to Eq. (1) arg,1) + (1,8) and (3,3) +

(3,3), as they both transform as an octet representa-
In contrast, they Since the flavor structure of the protonzis~ A* + iA,

tion under SU(3)y transformations.
transform in complex ways under S83) axial transfor-

M = Ja(@), Tp(B)) = U5 + T} + BT3). (21)

we investigate the commutation relations of the 44, 45, 54,

mations. Explicitly, denoting the baryon interpolating and 55 components ar@z=3. After some computation,

field which belongs to the S(B) multiplet ( p,q) by
ISP (a =1,2,...,8), the transformation rule is

(8,1)

[04. 7,1 = ifapcd &Y, (14)
(04,7501 = —ifupcd ™9, (15)
[QX,JSS)] = dupd B, (16)
(04,7571 = ~duped O, (17)

wheref ., andd,. are the structure constants of Gl
Consider, for example, the transitigrif — p#°. The
nucleon interpolating field is superposition ¢,1) +
_ — . 1

(1,8) and(3,3) + (3,3) with the parametex (=

—tN.
)

Joa) =J8 + al?, (18)
JE=B0 1+ g0 (19)
23 =0Y + B3, (20)

Thus the correlation function takes the form
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we find that

[03,11,,] ~ [Q4, Masisaris]

= [03, gy + illsy — illys + Iss]

1 .
= 3({175,1_[5?5)} + afiys, T
+ Bliys, IO + aBliys, 1GDY), (22)

whereIT8 = (J3.J%). Thus we have found again anti-
commutators withys as in Eg. (7). There is no difficulty
to see the similar result for the neutron. As in the preced-
ing discussion, this result for the proton and neutron fol-
lows completely from the symmetry property @b, n) in

the SU(2)z X SU (2), subgroup of SU3)z X SU (3);.
Indeed, by identifying (8,1) Witl(%,O), and (3, 3) with
(3.0), one can verify that botti§ and Jy (N = p.n)
carry the same SI(2) axial charge.

For the coupling withn which is now a combination
of a singletn and an octetyg, we must look at the axial
chargeng and 0%. Itis easy to verify that both axial
charges differ for/y andJy, and that the transformation
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rules of J§ andJ3 cannot be written in a unique way as  In summary, we have investigated positive and negative

in Eq. (8). Therefore, once again, we find that thgy-  parity baryons B and B*) produced by the interpolating

coupling need not vanish. field without derivatives. We found that the chiral
One may wonder whether another isospin doublestructure ofB and B* determines the properties of meson-

(E°, 27) shares similar properties for coupling constants BB* couplings and that they vanish & and B* carry the

However, axial transformations ofz under SU(2)z X same axial charge. For the NN* coupling the SU(2)

SU (2)L are different from those afy and we find that triplet axial charges are the same férand N*, while for

fora =1,2,3 the n NN* the singlet axial charges are different férand
o 1 o N*. This leads to the suppression of th&/N* coupling
[04.Jz] = PRGUREE (23)  while there is no such suppression fgtVN*. In the

real world, the negative parity nucle@dn(1535) seems to
1 satisfy these properties reasonably well. Finally, we have
[04,J2] = —5757“135 - (24)  extended this argument to SB) baryons and shown that
which mesonBB* couplings vanish. It will be interesting
These equations show thsé and J% carry axial charges if these predictions can be studied experimentally.
withopposite signs. Thus fd2°, £7), for coupling of, This work is supported in part by Grants-in-Aid for
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