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Abstract. The original results for the baryon-pion couplings in the large N. QCD can be understood in a
simpler way in the Hartree-Fock picture. The large N, relation and its 1/N. correction between the heavy
baryon-meson coupling and the light baryon-meson coupling are emphasized. Application to the baryon-p
meson interactions is straightforward. The implications of recent experimental result for the strong coupling
constants of the heavy baryon chiral Lagrangian are discussed.

Baryons provide us testing ground to Quantum Chromo-
dynamics (QCD). Experiments have collected rich data
for light baryons, and are accumulating more and more
data for heavy baryons. For the theoretical calculation, the
task is to apply model-independent methods of the non-
perturbative QCD. The tools which fit the task are like
lattice QCD, 1/N, expansion, chiral Lagrangian, heavy
quark effective theory (HQET), QCD sum rules and so
on. In this paper, we discuss some aspects in the 1/N, ex-
pansion of baryon-meson strong coupling constants. In the
large N, limit [1], the meson properties can be obtained by
analyzing planar diagram, and baryon properties by con-
sidering Hartree-Fock picture. Hadrons can be understood
qualitatively quite well.

Recently there are renewed interests in the 1/N, ex-
pansion due to the work of Dashen et al. [2]. By combin-
ing the large N, counting rules and the chiral Lagrangian,
they pointed out that there is a contracted SU(2Ny) light
quark spin-flavor symmetry in the baryon sector in the
large N, limit. This symmetry can be also derived in
the Hartree-Fock picture [3,4]. (Similar result was ob-
tained before [5].) The observation of the light quark spin-
flavor symmetry results in many quantitative applications
of 1/N, expansion to both light and heavy baryons [2,
6-10]. Within the framework of large N, HQET, we dis-
cussed the heavy baryon masses [9], and emphasized in the
Hartree-Fock picture that the heavy baryon mass equals
to the heavy quark mass plus the proton mass in the large
N, limit. Actually this point was first pointed out in [11]
by Chow and Wise. In the Hartree-Fock picture, by ob-
serving the light quark dominance in the large N, limit, we
further deduced that the heavy baryon-pion coupling con-
stant equals to the light baryon-pion coupling constant,
which is a result of Jenkins in [2]. This paper will develop
this deduction. Our discussion will be not restricted to
heavy baryouns. It applies to both light and heavy baryons.
And it will not be limited to the baryon interaction with

pion only, the interaction can be with p meson. Actually
the discussion considers baryon interactions with any light
meson. However, it emphasizes the relation between the
heavy baryon-meson coupling and the light baryon-meson
coupling.

The baryons of the most general interests are in ground
state, that means the quarks have no orbital angular mo-
mentum excitations in the constituent picture. For sim-
plicity, only two flavors of light quarks are considered. In
terms of their quantum numbers spin J and isospin I, they
are (I.J) = (%, %), (%, %), e (%, %) for light baryons
and (I,J) = (0,0),(1,1), ..., (N‘"‘Z_l7 N“2_1) for heavy bary-
ons. In the large N, limit, because of the light quark spin-
flavor symmetry, baryons belonging to the same tower of
(I,J) are degenerate. Each tower is an irreducible rep-
resentation of this symmetry. As in [9], we have been
working in the Hartree-Fock picture for baryons. Many
interesting results can be obtained in a simple way. In the
following, we just consider the ground state baryons. How-
ever, all the arguments can be generalized to the excited
baryon cases.

The first result is that in the large N, limit, all the
coupling constants of the baryon interactions with
fixed light meson are equal to each other. When we
talk about the coupling constant, the possibly explicit fac-
tors of N, and the Clebsch-Gordon coefficient have been
factored out. Generally, every vertex of the baryon-meson
interactions in a given tower of (I,J) can be expressed
by the fields combination of the initial baryon, the final
baryon and the light meson times some coupling coeffi-
cient. The coupling coefficient can be parameterized into
the product of certain constant and Clebsch-Gordon coef-
ficients due to the symmetry group of the interaction. The
constant is then called coupling constant (or coupling for
short). Note that both the initial and the final states of
baryons in the interaction belong to same tower of (I, J).
Consider the light baryon case. The quark spin-flavor sym-
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metry tells us that all the light baryon-meson couplings
are equal. And because the interaction is determined by
the light quarks inside the baryons, the heavy baryon-
meson couplings are also equal to each other due to this
symmetry. In the N, — oo limit, the heavy baryons are
dominated by the light quark systems that also dominate
the light baryons. In this case, the heavy baryon-meson
coupling constant equals to the light baryon-meson one.
Therefore all the ground state baryon and light meson in-
teraction couplings are the same in the large N, limit. Of
course, for different light mesons, the couplings should be
different.

Note that it is the observation of the light quark dom-
inance in large N. baryons that establishes the large N,
equal relation between the heavy baryon-meson coupling
and the light baryon-meson coupling in the Hartree-Fock
picture. The light quark spin independence [3], or the light
quark spin-flavor symmetry, only gives the coupling equal
relation within one given tower of (I,J). The “heavy-
light” equal relation, however, subjects to the 1/N, cor-
rection.

The second result concerns the 1/N, corrections of the
above conclusion. 1/N, corrections violate the spin-flavor
symmetry. And we note the baryon spectrum has the re-
lation I = J. Therefore the coupling of the baryon-meson
interaction has the following 1/N, expansion,

L2 J? + J? * 1
g = gol[l +Clﬁc JrCQlTEQ +63F62 +O(N—§)] ,(

1)
where go is the coupling constant in the large N, limit,
which is the same for both heavy and light baryons. ¢;
(i = 1,2, 3) are unknown coefficients. J; and J> denote the
baryon spins of the initial and final states, respectively,
and L stands for the light meson total angular momen-
tum in the rest frame of the initial baryon, L = J; — Jo,
which counts the orbital angular momentum and the spin
of the meson. When the 1/N, corrections are considered,
the coupling constant is function of JZ, J3 and Jj - Jo.
The quantity J; - J2, however, can be re-expressed in terms
of J2, J3 and L2. The factor N, should appear so as to
keep the N, scaling for g. In the extreme case while in
the baryon all the quark spins align in the same direction,
J? and J3 scale as ]\f . Only by dividing a factor N2,
have the terms proportional to J? or J3 in above equa-
tion the right N, scaling. However, L? is always a fixed
quantity which does not depend on N.. So generally this
term is suppressed by N.. Because strong interaction is
CP invariant, J? and J terms have the same coefficient.
For different towers of (I, .J), that means for the light and
heavy baryons, the coefficients ¢; are not necessarily the
same. From (1) and above discussion, we see the follow-
ing points. (a) Within a given tower of (I,.J), the
equal relation of the coupling constants receives a
correction actually only at the order of 1/N2. This

is because within the tower of (I,.J), the term cl% is
a constant. The couplings can be redefined by absorbing
this constant, so that there is an explicit equal relation
among the redefined couplings, which gets the corrections
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from 1/NZ. Furthermore, the redefinition can be made to
absorb all the terms of (L*)" (n = 1,2,3,...), which are
constants within the tower of (I,.J). In the mixing terms
like L?(J? + J3)/N2, the factor L?/N, can be absorbed
into the coefficients. Therefore, the coupling constant can
be expanded only by the powers of J/N2 and J3/N2 in
a given tower of (I, J). (b) Between the different tow-
ers of (I,J), the equal relation receives correction
at the order of 1/N,. This is simply because the value
of the coefficient ¢; in the light baryon case is generally
different from that in the heavy baryon case. So their dif-
ference gives an order of 1/N, correction to the coupling
constant equal relation. Furthermore in the extreme sit-
uation while JZ and J3 ~ N2/4, in (1) the sub-leading
terms which are proportional to (}\]f—i)ml(%)m"’ (my and
™o are non-negative integers) have ‘the leaaing behavior.
Because of the light quark dominance, the large N, equal
relation of the couplings now gives that the summation
of the coefficients of these sub-leading terms for the light
baryons equals to that for the heavy baryons. Under the
specific assumption that the large N, limit and the heavy
quark limit are commutative, we may also have the equal
relation of the coefficient ¢; for the light baryons and the
heavy baryons.

The first result of 1/N,. corrections (a) can be obtained
directly in view of [4] in the Hartree-Fock picture. How-
ever because we also have had the large N, coupling equal
relation between different towers of (I,.J), it is necessary
to ask its 1/N. correction. The discussion on the second
result (b) has made the origin of the 1/N, correction to
the “heavy-light” coupling equal relation clear.

For the light meson being a pion, the main conclu-
sions for the baryon-meson interactions we have obtained
are the same as that originally obtained in [2]. However,
working in the Hartree-Fock picture, the way of under-
standing is simpler, and is not subject to the soft pion
limit. All the results can be immediately generalized to
the baryon interactions with other light meson cases, like
the baryon-p meson interactions. Similar to baryon-pion
interaction vertex described in [2], the baryon-p vertex is

(2)

where a denotes the isospin of p meson and i labels the
spin component of the p meson in the baryon rest frame.
The coupling coefficient can be written as

BQGZZ-BLDM,

(IaIyz, JoJoz| Goy | 1, J1 o) (3)
2J1+1 11 1| 12 Jl 1| JQ

2J2 =+ 1 Ilz a| IZz le Z| J2z ’
where ¢g°(J1, Jz) is the coupling constant which is of order
1 because the N, dependence has been factored out. The
Clebsch-Gordon coefficient is determined from angular-
momentum and isospin conservation. The coupling con-
stant g”(Jy, Ja2), which is the main topic of this paper, is
given by (1). In this way, the NNp and N Ap interaction

couplings are related to each other, where N and A de-
note nucleon and A-baryon. It is interesting to note that

= Ncg”(J1, J2)
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the p-wave NN7 and NAr interaction vertices [2] have
the same form as that of the s-wave NNp and NAp in-
teractions, therefore the ratios of the couplings, in which
the Clebsch-Gordon coefficients are canceled, have the re-

lati
ation IN A

gN A
which is valid up to 1/N?2. Actually this relation has been
suggested by phenomenological models [12]. Correspond-

ingly, we also have the same relation for heavy baryon
case,

_ 9gNNp (4)
NN~ '

gAQZQp _

gNNp ) (5)
JrgXom

INN=

However, this relation will receive correction at the order
of 1/N.,.

Finally let us make a comment on the recent exper-
imental result of the strong couplings in heavy baryon
chiral Lagrangians [13,14]. There are two coupling con-
stants, g1 and go, where the notation of [13] is adopted.
They can be determined from the transitions X} — X7
and XY, — A.m, respectively. In the large N, limit, the
equal coupling relation gives

lg1| = \/§|92| = gg ) (6)

where g} ~ 1.25 is the light baryon-pion coupling con-
stant. From the CLEO data [15], it was obtained that [16]

lg2] = 0.57 £0.10 . (7)

It deviates from the large N, expectation remarkably. But
such a deviation is not surprising, because the relation
lga| = %gg will accept correction at the order of 1/N..

This means that the coefficient ¢; of (1) for heavy baryon
case is different from that for light baryon case. In other
words, the large N, limit and the heavy quark limit are not
commutative. Another large N, relation |g1| = v/2|gz|, on
the other hand, does not receive corrections until to the
order of 1/N?2. Therefore |gi| ~ 0.81 £ 0.14 is expected
quite accurate. It will be checked in the experiments in
the near future.

In summary, the original results for the baryon-pion
couplings in the large N, QCD can be understood in a sim-
pler way in the Hartree-Fock picture. The large N, relation
and its 1/N, correction between the heavy baryon-meson
coupling and the light baryon meson coupling are stressed.
While the simplification maybe inspiring, we have made a
simple application to the baryon-p meson interactions. We
have also discussed implications of the recent experimen-
tal result for the strong coupling constants of the heavy
baryon chiral Lagrangians.
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