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Calculation of the decay constants of scalar mesons
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The purpose of our work is to provide further evidence for the utility of our generalized Nambu—Jona-
Lasinio model in describing the properties of light mesons. In this work we develop methods for the calculation
of the decay constants of scalar mesons. Our model makes definite predictions of how scalar mesons should be
organized into nonets and we use our calculation of the decay constants to support our predictions. The
assignment of scalar mesons to various nonets is problematic, with various choices made in the literature for
the o(500-600, f,(980), a(980), f,(1370),KF (1430), andf,(1500). Maltman has suggested that one can
gain information as to how these nonets should be chosen by determining the meson decay constants of the
scalar mesons. In particular, he studiesahe980), ag(1450), andK§ (1430) resonances using QCD sum rule
techniques and other methods. He concludes thaat@80) andk{ (1430) have similar decay constants and
therefore have similar structur@/Ve have come to the same conclusion by an entirely different analysis,
making use of our generalized Nambu—Jona-LasiiNdL) model, which includes a covariant model of
confinemen).In the case of the,(980) we obtain a result for the decay constant that is about 50% larger than
that of Maltman, while for they(1450) andK{ (1430) our results are somewhat smaller than his. Our results
suggest that thay(980) may have a significami component, which would reduce our theoretical value. The
implication of our results and those of Maltman for the organization of scalar mesons into nonets is discussed.
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I. INTRODUCTION $(1430). These and other problems are discussed in Ref.
[7] and a model involving configuration mixing of the
In recent years we have constructed a generalized,(980) andK{(1430) with two other states, possibly of
Nambu—Jona-LasiniéNJL) model that includes a covariant gqqq character, is introduced in an attempt to overcome the
model of confinement. We have made an extensive study groblems raised by the abovementioned assignments of con-
the spectra of light mesons in Ref4] and[2]. The param- figurations[In our analysis the{(500—600 and «(700—900
eters of the model were fixed in Réf.] when we described are “dynamically generated” statef$], which appear as
the pseudoscalar and vector nonets of states, so that when weles in therm and 7K T matrices, but which do not corre-
extended our study to include tlfig mesons in Ref[2], the ~ spond toqq states]
distribution of the scalar states in various nonets could not be We find a suggestion made by Maltman of a procedure to
chosen arbitrarily. For example thay(980), fo(980), help resolve these issues to be quite attracfd0]. He

K (1430), andf,(1370) were in the same nonet of°P,

stateq(see Fig. 1. We found approximate ideal mixing, with

the f4(1370) being largely ass state. However, the physi-

cal situation is more complex, since thig(1370) and

fo(1500) resonances are expected to exhibit strong mixing

with the scalar glueballThat mixing was considered in Ref.

[3], where our model was usedince thef,(1370) decays

strongly to the 4r channel, such configuration mixing has to

play a significant role, if our model has made the correct

assignments. It is also possible tlgiqq states play an im-

portant role in the scalar spectrum, however, we do not con-

sider that aspect of the problem in this work. [K;(mgo)]o [K5(1430)]"

Other possible assignments of scalar states to various non-

ets are suggested in the literature. For example, Schechter N i (1370}

and collaborator§4—7] place the o(500—-600, a,(980), e e R

f5(980), andx(700-900 in the same nonet. Those assign- aq(980) \ a5(980) /ac<980> fo(980)

ments lead to various problems with the energetics as de-

scribed in Ref[7]. For example, one does not see the ex- K430 [ *(1430)]° e

pected increase in energy whemw ar d quark is replaced by

an s quark in the passage from thay(1450) to the FIG. 1. The nonets of 2P, and 2°P, scalar meson states
obtained in Refs.[1] and [2] are shown. Thefy(1864) and
K3 (1738) are predictions of our analysis with thg1864) being

*Email address: casbhc@cunyvm.cuny.edu the 23P, ss state.
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suggests that, if they(980) were aKK “molecule” [11], Prosk Pioak P2k
the state would have a very small decay constant compared :
to the K§(1430), which is generally thought to have a P{ = oo §V°
S|mpleqq configuration with one strange quark. Maltman’s ok ' ok ok
study leads to the conclusion that thg980) andK§ (1430) (a)
have similar structure. Since he obtains values for the
a0(980), ap(1450), andKj(1430) decay constants, we de- Pl . Pl
cided that it would be of interest to calculate these decay @( QGVC
constants in our generalized NJL model. | “ Pk

The organization of our work is as follows. In Sec. Il we P (b) )
review some aspects of our model that are needed for our
discussion. In Sec. lll we describe how wave functiong @f P2k Ly PI2k Pr2+k! Piowk
scalar meson states are constructed in our model. In Sec. IV 1/ B (é,é{(ivc % ><
we present Maltman’s definitions of the scalar meson decay xv N ok
constants and in Sec. V we show how our wave functions TPk P2k PI2K
may be used to calculate the decay constants. Finally, in Sec. (c)
VI we compare our results with Maltman’s values and pro-
vide some additional discussion and conclusions.

FIG. 2. (a) Schematic representation of the equation for the
confinement vertex. Herg® denotes the confining fieldl,2]. (b)
The homogeneous version of the equation showiajnis repre-
1. A GENERALIZED NAMBU —-JONA-LASINIO MODEL sented.(c) A representation of the homogeneous equation for the
vertex that includes the effects of both confinement and the short-

The Lagrangian of our model is range NJL interaction is shown.

—. GS ° — — i — d4k, —
L=q(is—m)q+ 7;0 [(@\'9)?+ (@i ys)'a)?] I‘S(P,k)=1—if @[ SPIZHKOT(P LK)

8 N
v XS(—P/2+k")y,]VE(k—K"), 2.2
_TIZ:O ,u,)\ q)2+(q,y Y q)Z] S( )’)’p] ( ) (2.2
where they” matrices appear since we use Lorentz-vector

confinemen{1,2]. Here S(p)=[p—m+i»] ! is the quark
propagator of a quark of mass The form ofVC(IZ— k') is
given in Ref.[2], for example.

In Fig. 3 we show the basic vacuum polarization integral
of our NJL modelJS(P?), which is constructed using the

G _ _
+ —>{def {1+ ys)q]+ defq(1 - ys)ql}
+£sensoF" Econf- (2-1)

Here, the fourth term is the 't Hooft interactiofieso, de-
notes interactions added to study tensor mesons, Whilg

denotes our model of confinemet,2]. In Eq. (2.1) m° is P/2+k

the current quark mass matrir®= diag(,m,mY), the X :

(i=1,...,8) are theGell-Mann matrices, and,=/2/3I, -iJg(P?) P ( - P

with I being the unit matrix in flavor space. In our previous -«

work we hadGs=11.83 GeV 2 andGp=286.39 GeV2. The -P/2+k

interaction strength in singlet states wag,=10.46 GeV ? (a)

and the interaction strength in octet states wWagg

=12.46 GeV2 (The deviation from ideal mixing induced P2+

by the 't Hooft interaction is described in R¢R].) <
A novel feature of our model is the use of confinement K (PH) P 1 ) - P

vertex functions that satisfy an equation of the form shown Y A WS

in Fig. 2a). There,V® (dashed ling denotes our confining P/o-x

interaction[1,2]. Figure Zb) shows the homogeneous equa-

tion for the vertex. That equation may be solved to obtain the ' (b)

gq wave functions bound by the confining field. Note that

the vertex function that satisfies the inhomogeneous equation FIG. 3. (a) The diagram serves to define the functien) 5(P?).

is singular at the energies where the homogeneous equatidie triangular filled regions are the vertex functions shown in Fig.

of Fig. 2(b) has a solution. In Fig. (@) we show a homoge- 2@ [see Eq.(2.3]. (b) The diagram represents the function

neous equation that includes the effect of the short-range iK(P?) that describes polarization effects due to coupling to

NJL interaction which is represented by the small filledtwo-meson decay channels. The channets KK, 77, and 7y

circle. were considered in Ref2] and values foK$_(P?) and KKE( P?)
The vertex of Fig. £a) satisfies the equation were presented there.
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10 We note thatl's *(—P%k)=I'¢ " (P%k) so that we may
0.8- write
0.6 .
: d*k K2,
0.4 - JS(P2)=—4an —3TFS (P ,k)
= 02+ (27)° E?(k)
Q - A . .
~ 0.0 A -
o X _ — e Ke® (2.4
a0 PO—2E(K) PO+ 2E(K)
“e p4-
- e In the past we have regulated this integral using a sharp
: cutoff with |k|< A ;=0.622 GeV[1]. In the present work we
ves use a Gaussian cutoff in our analysis, since the sharp cutoff
-1 o(;)m T g e e does not yield satisfactory wave functions. The function

'S~ (P%k) is obtained from the matriX s(P° k) using a
procedure described in Rdfl]. In Eqg. (2.3) a factor of 2
FIG. 4. The figure showsfﬁ( P2) calculated in the TDAdotted ~ arises from the flavor trace. We note that no small tesnis
line) and in the RPA(solid ling). Herem,=my=0.364MeV and needed in the denominator of the first term, since
a=0.605 GeV, k=0.055 GeV and ©=0.010 GeV. The TDA F;f(PO’k) is equa| to zero wheR®= 2E(|2)
result is obtained by dropping the second term in the brackgts of In Fig. 3(b) we show the polarization functioKS(Pz),
Egs.(2.3) and(2.4). In the RPA we use the complete expression. which was calculated in Ref2]. For a single channel, we
may define ajq T matrix

PY(GeV?)

vertex of Fig. Za). The function\]fn{ P?) is shown in Fig. 4

andJ2{P?) is shown in Fig. 5. Note that®(P?) is singular {(P?)= — G 2.5
at the energies for which the homogeneous equation of Fig.  1-G[I¥(P?)+KS(P?)] '
2(b) has a solution. For the study of tllg mesons only a
single functionJS(P?) was needed2]. In that case, in the B 1
meson rest frameR=0), ~ GT1-[J3(P%)+ReK3(P?)]—iImK3(P?)’
(2.6
d*k K2 The bound state energies in the presence of the NJL interac-

S(pP2y— _
PP = 4n°f (2m)3 E2(K) tion may be found by solving the equation

-1_7115/ p2 S p2y7—
§ Fgf(PO,k)_FgW—PO,k) . G [J>(P?)+ReK>(P)]=0. 2.7

PO—2E(k)  P%+2E(k)

—Kk2/a?

In our earlier work we calculated RE(P?) and ImK(P?)
for the 7w, KK, 57, and %' channeld?2]. However, to fit

(23 the scalar spectrum we needed to introduce a parameter that
represented contributions to R&P?) from distant singulari-

107 ties and from the 4 channel. Recently, we have performed a
0.8 new analysis of the kaon and its radial excitations. In that
0.6 ' manner, we found that the coupling constant for octet states
] should beGgg=13.1GeV? and we will use that value for
0 the study of thea, mesons. With our new determination of
% 0.2 P the coupling constant, we find that we do not need any ad-
N justable parameters to fit the masses of #3¢980) and
: f0(980). However, the use oBgs=13.1GeV 2 overbinds
w07 the K3 (1430) somewhat, so we uses=10.0 GeV? to
T8 04 place theK§ (1430) at 1350 MeV. In Ref.1] we foundK§
06- states at 1.416, 1.738, and 1.999 GdV. The first and last
s ] of these states may be put into correspondence with the
o K3 (1430) at 14284+5 MeV and theK§(1950) at 1945
“1-0(')'8'" T T " +10+20[12]. We have recently discussed the evidence for

a K§(1730) resonance in Refl3]. For example, in the
analysis ofwK scattering carried out by Jamin, Oller and
FIG. 5. The figure showdZ{(P?) calculated in the TDAdotted ~ Pich [14], a pole in the 7K T matrix was found at
line) and the RPA(solid line. Here m,=364MeV and mg 1731147 MeV, in addition to poles at 1450342 MeV
=565 MeV (see caption of Fig.)3 and 1908427 MeV. Also, aK§ resonance at 1730 MeV is

P (GeV?)

074017-3



C. M. SHAKIN AND HUANGSHENG WANG PHYSICAL REVIEW D63 074017

quite consistent with the phenomenological analysis of light

meson spectra recently described in R&8], and which we

have discussed in Ref13]. Our results for theK} states P/2+K P/2+k

give us confidence that the strengtistring tension”) of the

confining field introduced in Refl] to fit the spectrum of P P
pseudoscalar and vector meson states may be used without

modification when we study the scalar mesphg).

-P/2+k
Ill. VERTEX FUNCTIONS AND WAVE FUNCTIONS OF
THE GENERALIZED NJL MODEL (8)
In this section we will discuss the case in which the quark /o,

and the antiquark have the same mass, leaving the more - /2+K
complicated case of unequal mass quarks for the Appendix.
The functionI"¢ ~(PP,k) satisfies the equatidit, 2] P

& (PO k)y=1+ ! k'2dk'[ 2k’ 2k?2VS (k,k")

S ’ (271.)2 0™ -P/2+k
1 TS (POK) (D)
+m2kk' VE(k,k")] — 3 -
K?E2(k") P°—2E(k’") FIG. 6. (a) The normalization of the wave function may be
(3.1) carried out by requiring that the meson contain a single qu&ve
' use a relativistic normalization of the stategP’|P)
N R _ 3 3\ GV P_ P’ ; S\ B2 271/2

ith k= k, k=K’ , d —(277) 2E|(P)5 (P P ) with Ei(P)—[P +Mi] ) (b) The

w | | | | an calculation ofMiZfi is indicated in a schematic fashi¢see Secs. V
1 (1 o and VI).
V,C(k,k’)=§J dxP(x)VE(k—K"). (3.2
-1

8n kze—k1/2a26 krze—k'2/2a2
HY (k)= —— :

Herex=cos# andP,(x) is a Legendre polynomial. Note that (2m)? E(K)E(K")
no cutoff is needed for the momenta in E§.1). . . _
It is useful to symmetrize the homogeneous version of EqEquation (3.7) contains a factor of 2 that arises from the

(3.1) by multiplying by k2/E(K) from the left. We then de- flavor trace. In our recent work on scalar mes¢g§ we

. (3.7

fine used a Gaussian regulator with=0.605 GeV and we will
continue to use that value in this work.
. kX T (k) Once we obtair‘a(k), we define
pi(k)= — ———, (3.3 )
E(k) P?—2E(k) E(k)—
$i(K) =z #i(K) (3.9
wherei denotes a particular bound state solution. We find
and
[PI—2ER) 16 (k)= | dKHEKK)B(K), (39 SNk = VN (K). 3.9

where N; is a normalization factor that is obtained by re-
quiring that the meson wave function contains only a single
quark (see Fig. 6. We find

where

kk’'

(2m2 E(RE(K’ i_znc(i)
(k) N, 72 \2M,

HE(kk')=—

o k2
2 ) 2
fo k dk(—z—E (k))|¢|<k)| . (310
X [2kk'V§(k,k")+m?VE(k,k)]. (3.5

whereM; is the mass of the mesofHere, the states have

We may include the short-range NJL interaction, if we re-been given a relativistic normalization, leading to the appear-

placeHY in Eq. (3.4 by ance of M in Eq. (3.10].
In Fig. 7 the dotted line shows the nodeless function
Ho(k,k')=HS(kk')+HY kK", (3.6)  ¢(k), calculated withH,(k,k")=H$(k,k’), while the solid
line is the result of the calculation withH(k,k")
with =HS(k,k")+HY(k,k"). It is seen that adding the short-
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with jd“(x)=¢9u(ay"u) or j®'=4,(sy*u). He then defines

0.12-
i isu * —foa 2
0.40 4 |<0|J (0)|K0(1430> fKO(1430mK6(143Q (42)
& 0.08- and
3
O 0.06 —i(01j%%0)|ap(980) =f 4 0a0Ms 080 (43
= ,.-
e 0049 In QCD, one has
0.02 ' i) =i (mP— m®) 2P 4.4
: 3,(q*y*g°) =i(my—my) (4.9
S L S with S*°=q%qP. It is then useful to redefine the, decay
k(GeV) constant using the relation
FIG. 7. The functiong(k) relevant to the calculation of the m2—m°
decay constant of the(980) is shown for the case where H)<O|jdu(0)|ao(980)>:fa0(980)m§0(gso)-
my—my

Hy(k,k')=H$(k,k') (dotted ling and for the case in which

Ha(k,k") =HS(k,k')+ HWY(k k') (solid ling. The use of the (4.9
function given by the dotted line yieldsmﬁo(%@f%(%@

=0.0222 GeV, while the use of the function represented by the If We consider the mesons of positive charge, we may use

solid line yieldsmgo(%@fao(gg@: 0.0649 GeV (see Table)l

—ijsU=(m2-m2)su (4.6)
range NJL interaction admixes higher momentum compo-
nents into the wave function and leads to a larger value of .
the decay constarfsee Sec. V and Table.| —(m2—m) ia{ Na—INs q 4.7
V2 V2
IV. DEFINITION OF SCALAR MESON DECAY
CONSTANTS and
Here we follow the definitions introduced by Maltman 1 Ihaein
and use some of his notatid®,10. Maltman studies the _iidu_ 0 0 o M1 2
17 =(mg—my) E[ q. (4.8
scalar correlator V2 V2

. - . We take the value ofng from the work of Kambor and
H(q2)=|f d*x€9(0[T((x)i"(0))[0), 4. Maltman [16]. There one findsmy(1 GeV)=158.6+-18.7
+16.3+13.3 MeV, where the first error is statistical, the sec-
TABLE I. Theoretical values of scalar meson decay constantsond is due toVs, and the third is the theoretical error. We
For thea, mesons we hav€g=13.1GeV? anda=0.605GeV. use the central value om,=158.6MeV and put mS

For theK} mesons, we us€gg=10.0 GeV 2 =5.5MeV. Thus we takem]—m.=0.153GeV for this
work.
M2f; (Ge\P)
Meson a=0.605(GeV) Maltman[9,10] V. CALCULATION OF MESON DECAY CONSTANTS
IN THE GENERALIZED NJL MODEL
a0(980) 0.0648 0.0447-0.008%
a,(1450) 0.0357 0.06470.012% With reference to Fig. @), we proceed to calculate an
ay(18577 0.0377 expression foﬂvlizfi . It is useful to use the following repre-
K3 (1430) 0.0614 0.0842:0.0045 sentation of the quark propagator:
K& (1730y 0.0425
* - -
K3 (1950) 0.0414 o) m AGR) A=K 51
:';‘e[ei(]))(lSS?) was predicted to exist in Réfl] (see Table IV of E(IZ) KO E(I2)+i 77 k°+E(IZ)—i -

®These values were obtained through the application of OCD sum ~ ~
rule techniques. whereA (M) (k) and A (7)(—k) were defined in Refg§1] and

“We discuss evidence for kg (1730) resonance in Ref13]. [2]. Thus, we have
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FIG. 8. The function ¢N(Kk)=N;¢i(k)=I"(k)/[M;

—2E(K)] that is used in the -calculation ofnio(gmfao(ggq
=0.0649 GeV is shown(see Table)l.

5 2nc o o [ d% g m \?
2f = — = (m2— Bk —
i ", (mg mu)lf(zw)4 i (K) s
(K
XTr A
PO N
—+KkO—E(k)+in
2
AT)(=kK)

- 5 , (5.2

P -
—?+kO+E(k)—|77

where there is a factor of 2 from the flavor trace andwhe
is present in the denominator because of the form of Malt-
man’s definition of the decay constant. Completing ke

integral in the lower-half place, we find

2 i (k
M2f;= 2(m mu)f kzdk( kA 0, )A
v2m E2(k)/ | M;—2E(K)
(5.3
2 nc o ) k2
= k2dk . .
- 20 et | d(E%) Ho. (54

Heref“gli_(k) is identified as the vertex that includes both the
effects of confinement and the short-range NJL interaction.

PHYSICAL REVIEW D63 074017

VI. DISCUSSION AND CONCLUSIONS

As noted earlier, there is no consensus as to the organiza-
tion of scalar mesons into nonets. We find Maltman'’s efforts
in this direction particularly valuable, since his analysis is
based in part upon the application of QCD sum rules. His
results for the decay constants of #g980), aq(1450), and
K3 (1430) are given in Table | along with our values for the
1 3Py, 2 3Py, and 33P, states of th@, andK} resonances
that were calculated in his work. It is gratifying to see that
our results, calculated by an entirely different method, are in
reasonable agreement with Maltman’s values, although our
value for theay(980) is too large when compared his.

Maltman concludes that the,(980) is not aKK “mol-
ecule,” since such a structure would lead to a very small
decay constan{However, our result for thay(980) decay

constant does suggest that this resonance may havelskme
componenfl. We have also stated that theg500-600 and
k(700-900 are “dynamically-generated” statd8]. These
states appear as poles of the and 7K T matrices, respec-
tively. However, there is no correspondiqg state, since the
lowest lying poles of theqq T matrix correspond to the
a,(980) andfy(980) [1,2]. (In the case of absolute confine-
ment theqq T matrix is represented by only bound states, as
we have discussed in detail in R¢L7].) The identification
of the ¢(500-600 and «(700—900 as “dynamically gener-
ated” stateg8] is also consistent with the phenomenological
model of light meson spectra introduced in Rédf5].

If we accept Maltman’s conclusion that tag(980) is not

a pureKK state, and also identify the500—-600 as a “dy-
namically generated” statg8], we may conclude that it is
consistent to describe tha(980) andK{(1430) as having
large 1°P, qq components. That is in agreement with the
predictions of our mode(see Fig. 1L Of course, it is not
possible to prove that any state has a particular configuration.
Such demonstrations are made within the context of a model
in which one compares theoretical predictions with experi-
ment or with other theories. We believe our model has
passed the test we considered in this work.
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APPENDIX

In this appendix we generalize our equation for the case in
which the quark and antiquark have different masses. Some
of the relevant equations were given in Rlf]. We have

1 1
f k'zdk'f dx
2)? -1

(PO k) =1+

The nodeless function relevant to the calculation of the (2m

a,(980) decay constant is shown in Fig. 8, with

A= 2 55
M. — 2E(K)

in general.

y Ag(kk' x) 1
Ea(k")Ep(k") C(K)

Xrg;b(PO,k')vC(E—lz’)
—Ea(k')—Ep(K")

. (A1

074017-6
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with x=cosé and

C(K) =[Ea(K)Ep(K) +Kk2—m,my].

PH8ICAL REVIEW D 63 074017

1.1,
b,| mgmp+ = mi+ = mg|.

The rather lengthy expression fé (k,k’,x) is given as

Eq. (6.6) in Ref.[1]. The homogeneous version of H@1)

may be symmetrized by multiplying from the left by

kVC(K)/\2E,(K)EL(K). We define

N kvC(k) g an(k)
Pan(k)= — — . -
V2E,(K)Ep(k) P"—Ea(k) —Ep(k)

such that

[PO—E(K)—Ep(K) 1 dan(K)

1 1
= 2f kk’dk’f dx
(2m) -1

A;(k, k', x)VE(k—K")

VEa(R)Ey(K)Eq(K)En(K')
1

————— dan(k)).
VC(K)C(K")

X

Here PO is the eigenvalue equal to the mass of the bound

state. If we complete the integral overwe have
[P Ea(K) —En(K) 1 han(k)

1
= Wf kk'dk'TV§(k,k")by(k,k")

1
+KK'VE (KK )by
Ve(kc(k)
1 —

d’ab(k,)l

X
VEL(K)Ey(K)Ea(K')Ey(K')

with

by(k,k")=[Ea(k")Ep(k") +K'2][Ea(K) Ep(K) +K?]

—myMy| Ea(K)Ep(K) +Ea(k" ) Ep(K') +k2+K'2

1 _ _ 1 - _
Moy~ 5 Eo(KEp(K') — 5 Eo( K E(K)

2

and

(A5)

1o, ol L,
— 5 MaEp(kK")Ep(K) = 5 MpEa(K)Ea(K") - (A6)

. 5 5 (A7)
In the limit my;=m,=m, we have
C(k)—2K?, (A8)
by (k,k')—4k3k'2, (A9)
and
(A3) b,—2m?. (A10)
Thus, Eq.(A5) becomes
PO 2E(R) (k) = ——s | MO akevE ()
(2m)°J E(K)E(K")
+m2VE(k,k")]p(k") (A11)
[see Eqgs(3.4) and(3.9)].
Further,HS(k k') for the casem,# m,, is
HE(k k)=~ (21 P Ifk’ S—
) ™ EAREN(K By (K Ey(K)
xﬁ[vg(k,k’)bﬂk,k’)

+kk'VE(k,k")b,] (A12)
andHMH(k,k') is
8nc¢

(2m)?
[Gskklefk2/2a2efk'2/2a2] \ IC(K)C(R/)
X .

2VE (K Ey(K)Eo(K)En(K')

HY W (k,k) =

(A13)
The normalization factor is given by
1 B Nc 1 5
Ni,a;ﬁ(m)f“k
2(Ea(K)Ep(K) +k?) —2m,my,
X —— iK%,
Ea(k)Ep(k)
(A14)
where
V2E(K)Ep(K) _
¢i(k)= #i(K). (A15)

k\VC(K)

We also define
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B (K)= YN api(K). (A16)  Where

The expression for the decay constant is
(k)

(k) = (A18)

2
M2f|:

e me— mO)J’ K2dk
2 S u

M. —E.(K)—E(K)
o i—Ea(k)—Ep(k)

Ea(K)Ep(K) +K2—m,m,

dN(K), (A17) Heref“fa’b(k) is the vertex that includes both the effects of
confinement and the short-range NJL interaction.

2E (K Ep(K)
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