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Suppression ofpNNp Coupling and Chiral Symmetry
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Meson-baryon couplings between positive and negative parity baryons are investigated using
point correlation functions in the soft meson limit. We find that thepNNp coupling vanishes due
to chiral symmetry, while thehNNp coupling remains finite. We perform an analysis based on th
algebraic method for SU (2) and SU (3) chiral symmetry, and find that baryon axial charges play
essential role for vanishing coupling constants. [S0031-9007(97)05052-7]
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Chiral symmetry, with its spontaneous breakdown
the ground state, is one of the most important symmetr
in QCD. Current algebra and low energy theorems ha
been successfully applied to hadronic phenomena such
meson-meson scattering and photoproduction of meso
[1]. Recent interest in chiral symmetry is largely relate
to the study of the restoration of chiral symmetry at finit
temperature and density [2]. One of the implications the
is the appearance of degenerate particles with oppos
parties when the chiral symmetry is restored. For th
meson sector they would be, for example,ss, $pd and
s $r, $a1d. In contrast, the role of chiral symmetry is no
fully explored in the baryon sector. Possible candidat
for such would-be degenerate particles areNs939d and
Ns1535d. However, the fate of these particles under chir
symmetry restoration is not clear.

Recently, Jido, Kodama, and Oka [3] studied negativ
parity baryonsBp in the QCD sum rule [4,5]. There a
new method of extracting the information ofBp from
correlation functions has been formulated and vario
baryon masses were computed. The resulting mas
turned out to be in good agreement with data. It was th
pointed out that the mass splittings between positive a
negative parity baryons are produced by a nonzero qua
condensate, suggesting that chiral symmetry is playing
important role in the negative parity baryons.

We here study meson-baryon couplings as a quant
which reflects chiral symmetry. Experimentally the de
cay modes ofNs1535d are well known, and using the
observed decay widths [6], we find two major couplin
constants,gpNNp , 0.7 and ghNNp , 2. Here we real-
ize that the values ofgpNNp , 0.7 is much smaller than
the typical values of pion-baryon coupling constants, e.g
gpNN , 13. The purpose of the present paper is to sho
that the chiral property of the baryon plays a crucial ro
in suppressinggpNN .

Let us start with the interpolating field for the nucleon
Without derivatives, it is given by the superposition o
two independent terms [7]:
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Jsx; td  eabchfuasxdCdb sxdgg5ucsxd

1 tfuasxdCg5dbsxducsxdj , (1)

where a, b, and c are color indices, andC  ig2g0 is
the charge conjugation matrix. The parametert controls
the coupling strength ofJ to various nucleons. For
instance, it is known that Ioffe’s currentJsx; t  21d [8]
couples strongly to the positive parity nucleon [7], whi
it was found in Ref. [3] thatJsx; t  0.8d is optimal for
the negative parity nucleon. In this way, the interpolati
field (1) has been successfully used in the QCD sum r
to study both positive and negative parity nucleons [
Later we will see that the parametert also specifies the
chiral structure ofJsx; td, which determines the property
of meson-nucleon couplings.

Now let us investigate meson-nucleon coupling co
stants. We consider thepNNp coupling, whereNp de-
notes the negative parity nucleon. Following the meth
used by Shiomi and Hatsuda [9], we study two-point co
relation functions between the vacuum and a one-p
state. In the soft pion limitsqm ! 0d, the correlation
function is given by

Pps pd  i
Z

d4x eipxk0jTJsx; sdJ̄s0; td jps q ! 0dl

 i
h
Pp

0 s p2dg5 1 Pp
1 s p2dpyg5g . (2)

Here the structure of Dirac matrices is determined
Lorentz in-variance and parity. In this paper, we co
sider the behavior of this correlation function (2) at th
kinematical point where the four momenta ofN and Np

are both fixed atpm and in the soft pion limitq ! 0. In
this choice, symmetry structure of the correlation fun
tion is best studied, which is our main interest in th
present paper.

In general, the correlation function (2) contains cont
butions fromgpNN , gpNNp , and gpNpNp . However, it is
possible to show that the information ofgpNNp can be
© 1998 The American Physical Society
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extracted from thepyg5 term. Using the phenomenologi-
cal pNNp Lagrangian

LpNNp  gpNNp N̄ptapaN 1 sH.C.d , (3)

thepNNp contribution in thePps pd is given by

gpNNp lNstdlNp ssd
∑

p2 1 mNmNp

s p2 2 m2
N d s p2 2 m2

Np d

1
pysmN 1 mNp d

s p2 2 m2
N d s p2 2 m2

Np d

∏
ig5 .(4)

Here we have picked up the term whereJsx; td couples
to N and Jsx; sd to Np, corresponding to the physi-
cal process Np ! N 1 p. The coupling strengths
l are defined by k0jJsx; td jNl  lNstduN sxd and
k0jJsx; sd jNpl  lNp ssdig5uNp sxd. Thus, the pNNp

coupling appears in bothg5 and pyg5 terms. On the
other hand, using the phenomenologicalpNN interaction
Lagrangian

LpNN  gpNNN̄ig5tip iN , (5)
thepNN contribution is given by

gpNNlN stdlN ssd
ig5

p2 2 m2
N

. (6)

The form of Eq. (6) applies also to thepNpNp cou-
pling. Therefore, theg5 term contains information of
pNN , pNpNp, andpNNp couplings, while thepyg5 term
contains the information only of thepNNp coupling.

In recent reports [10], we have computed the two
point correlation function (2) in the operator product
expansion (OPE) and found that thepyg5 term vanishes
up to order dimension eight. We have demonstrated th
this result is a consequence of chiral symmetry of th
interpolating field Jsxd. Recently, Cohen and Ji have
classified various hadron interpolating fields based o
chiral symmetry [11]. Such a classification is usefu
for the study of model independent properties. We her
propose new model independent predictions regarding th
meson-baryon couplings based on chiral symmetry.

Now let us briefly review how thepyg5 term for gpNNp

vanishes. First we rewrite the correlation function (2) in
terms of the communication relation with the isovector
axial chargeQa

A:
Ppa

s pd  lim
q!0

Z
d4x eipxk0jTJsxdJ̄s0d jpasqdl  2

i
p

2fp

Z
d4x eipxk0j fQa

A, TJsxdJ̄s0dgj0l

 2
i

2
p

2fp

Z
d4x eipxhg5ta, k0jTJsxdJ̄s0d j0lj . (7)
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Here we have used the transformation property of t
interpolating fieldJ:

fQa
A, Jg 

1
2

g5taJ . (8)

Using the Dirac structure of the vacuum to vacuum matr
element of (7)Z

d4x eipxk0jTJsxdJ̄s0d j0l , Apy 1 B1 , (9)

we find that thepyg5 term disappears in (7).
We should make one remark here. When we wri

the phenomenological correlation function (4), only on
term for Np ! N 1 p has been considered, whereas
the theoretical expression (2) another contribution fro
the reversed processN 1 p ! Np is also contained. If
e

ix

e
e
n
m

both the contributions are included, the phenomen
logical expression for thepyg5 term is factorized by
lN stdlNp ssd 2 lN ssdlNp std. On the other hand, in the
OPE side, thepyg5 term has the common factors 2 t
[10]. Thus in both cases the correlation function vanish
trivially when s  t. However, in Eq. (7) thepyg5 term
vanishes not by this trivial factor but due to the chir
symmetry of the interpolating field. This is what w
emphasize in this paper.

The key of the above proof is that Eq. (8) is satisfie
regardless of the choice oft, as the nucleon interpolating
field Jsx; td transforms as the fundamental representat
of the chiral group SUs2dR 3 SU s2dL To look at this
point in some detail, let us investigate the algebra
structure of the interpolating field. The nucleon fie
which consists of three quarks belongs to the followi
irreducible representation of SUs2dL 3 SU s2dR:
The
∑≥ 1
2
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where, according to Ref. [11], tildes imply that a pair of left or right quarks are coupled to the isospin singlet.
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relevant terms for the nucleon are thens 1
2 , 0̃d 1 s0̃, 1

2 d
ands 1̃

2 , 0d 1 s0, 1̃
2 d, which correspond to two independen

terms of the interpolating field,Jsx; t  21d andJsx; t 
1d, respectively. However, these two terms cannot b
distinguished within SUs2dR 3 SU s2dL, as they carry
the same SUs2d axial charge. This is the underlying
reason that the commutation relation (8) holds regardle
of the parametert.

Now me mention thehNNp coupling briefly. Since
the h meson is an isospin singlet, we investigate th
U s1dA property of the nucleon. The nucleon fieldJsx, td
transforms underU s1dA transformations as follows:

fQA, Jsx; t  21dg  g5Jsx; t  21d , (11)

fQA, Jsx; t  1dg  3g5Jsx; t  1d , (12)

whereQA is theU s1dA axial charge. A crucial point here
is that the transformation rule ofJ differs for different
450
e

ss

e

values of t, and, therefore, the correlation function fo
h cannot reduce to the anticommutation relation withg5
unlike Eq. (7) for the pion. Thus theghNNp coupling need
not vanish.

To summarize briefly, we have shown that the sym
metry properties of the interpolating fieldJ lead to the
suppression ofgpNNp , while ghNNp is not subject to the
similar constraint. Phenomenologically, these propert
seem to be well satisfied by the negative parity nucleonN
(1535).

The situation becomes less trivial for the three fl
vor case of SUs3dR 3 SU s3dL. The reason is that
while the SUs3d baryons belong to an octet rep
resentation of the diagonal vector group SUs3dV ,
there behavior under axial transformations is n
uniquely determined. But once again, for nonstran
nucleons, we find similar results for meson-baryo
couplings.

The decomposition of baryon interpolating fields co
sisting of three quarks of fundamental representations
SU s3dR 3 SU s3dL is accomplished as
fs3, 1d 1 s1, 3dg3  fs10, 1d 1 s1, 10dg 1 3 fs6, 3d 1 s3, 6dg 1 3 fs3, 3̄d 1 s3̄, 3dg

1 2 fs8, 1d 1 s1, 8dg 1 fs1̃, 1d 1 s1, 1̃dg . (13)
4,

-
l-
Here the multiplets assigned to the spin1
2 octet baryons

corresponding to Eq. (1) ares8, 1d 1 s1, 8d and s3, 3̄d 1

s3̄, 3d, as they both transform as an octet represen
tion under SUs3dV transformations. In contrast, they
transform in complex ways under SUs3d axial transfor-
mations. Explicitly, denoting the baryon interpolatin
field which belongs to the SUs3d multiplet s p, qd by
J

s p,qd
a sa  1, 2, . . . , 8d, the transformation rule is

fQa
A, J

s8,1d
b g  ifabcJs8,1d

c , (14)

fQa
A, J

s1,8d
b g  2ifabcJs1,8d

c , (15)

fQa
A, J

s3,3̄d
b g  dabcJs3,3̄d

c , (16)

fQa
A, J

s3̄,3d
b g  2dabcJs3̄,3d

c , (17)

wherefabc anddabc are the structure constants of SUs3d.
Consider, for example, the transitionpp ! pp0. The

nucleon interpolating field is superposition ofs8, 1d 1

s1, 8d ands3, 3̄d 1 s3̄, 3d with the parameteras 12t
11t d:

Jasad  J8
a 1 aJ3

a , (18)

J8
a ; Js8,1d

a 1 Js1,8d
a , (19)

J3
a ; Js3̄,3d

a 1 Js3,3̄d
a . (20)

Thus the correlation function takes the form
ta-

g

Pab  kJasad, J̄bsbdl  kJ8
a 1 aJ3

a , J̄8
b 1 bJ̄3

bl . (21)

Since the flavor structure of the proton isp , l4 1 il5,
we investigate the commutation relations of the 44, 45, 5
and 55 components andQa3

A . After some computation,
we find that

fQ3
A, Pppg , fQ3

A, P41i5,41i5g

 fQ3
A, P44 1 iP54 2 iP45 1 P55g


1
2

shig5, Ps88d
pp j 1 ahig5, Ps83d

pp j

1 bhig5, Ps38d
pp j 1 abhig5, Ps33d

pp jd , (22)

whereP88
pp  kJ8

p , J8
pl. Thus we have found again anti-

commutators withg5 as in Eq. (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 fo
lows completely from the symmetry property ofs p, nd in
the SUs2dR 3 SU s2dL subgroup of SUs3dR 3 SU s3dL.
Indeed, by identifying (8,1) withs 1̃

2 , 0d, and s3, 3̄d with
s 1

2 , 0̃d, one can verify that bothJ8
N and J3

N sN  p, nd
carry the same SUs2d axial charge.

For the coupling withh which is now a combination
of a singleth0 and an octeth8, we must look at the axial
chargesQ0

A and Q8
A. It is easy to verify that both axial

charges differ forJ8
N andJ3

N , and that the transformation
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rules ofJ8
N andJ3

N cannot be written in a unique way as
in Eq. (8). Therefore, once again, we find that theghNNp

coupling need not vanish.
One may wonder whether another isospin doub

sJ0, J2d shares similar properties for coupling constant
However, axial transformations ofJJ under SUs2dR 3

SU s2dL are different from those ofJN and we find that
for a  1, 2, 3

fQa
A, J8

Jg 
1
2

g5taJ8
J , (23)

fQa
A, J3

Jg  2
1
2

g5taJ3
J . (24)

These equations show thatJ8
J andJ3

J carry axial charges
withopposite signs. Thus forsJ0, J2d, for coupling of,
for example,sJ0dp ! J0 1 p0 need not vanish.

One can generalize the above argument to other SUs2d
subgroups of SUs3d, as corresponding to theU and V
spins. Here the baryons are identified with fundamen
representations of the SUs2d subgroups, while mesons
with adjoint representations. For theU spin, the two
baryon doublets aresS2, J2d and s p, S1d, and the
meson triplet issK0, K̄0, d̄d 2 s̄sd. Thus, the coupling
constant, for instance, forsS2dp ! J2 1 K0 vanishes,
while that of pp ! S1 1 K0 need not. Similarly,
for the V spin, the relevant baryons and mesons a
sS1, J0d, sn, S2d, and sK1, K2, ūu 2 s̄sd. It would
be interesting if we could see how the U and V sp
symmetries are realized in terms of these meson-bary
coupling constants.

Finally, we comment on the recent work of Kim an
Lee [12] from a point of view of the chiral symmetry
For the negative parity nucleon, they have adopted
alternative interpolating field which involves a derivative
whose coupling structure is given by

k0jJNp jNpl  ilNp g5zmgmuNp . (25)

Herezm is an auxiliary spacelike vector which is orthogo
nal to the four momentum carried by the resonance sta
Adopting this interpolating field with derivatives forNp,
the chirality of the negative parity nucleon differs from
that of the positive parity nucleon due to the presence
thegm matrices in (25). This means that the axial charg
of the positive and negative parity nucleons are no long
the same, and, therefore, our argument for vanishing co
ling constants cannot be applied any more here [13].
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In summary, we have investigated positive and negat
parity baryons (B and Bp) produced by the interpolating
field without derivatives. We found that the chira
structure ofB andBp determines the properties of meson
BBp couplings and that they vanish ifB andBp carry the
same axial charge. For thepNNp coupling the SUs2d
triplet axial charges are the same forN andNp, while for
thehNNp the singlet axial charges are different forN and
Np. This leads to the suppression of thepNNp coupling
while there is no such suppression forhNNp. In the
real world, the negative parity nucleonNs1535d seems to
satisfy these properties reasonably well. Finally, we ha
extended this argument to SUs3d baryons and shown that
which meson-BBp couplings vanish. It will be interesting
if these predictions can be studied experimentally.
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