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Pionic dressing of baryons in chiral quark models
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We present a method for constructing the complete set of meson-exchange corrections to baryon observables
described by covariant chiral quark models. The meson corrections are expressed in terms of an unperturbed
valence-quark Green'’s function. This method is illustrated for the case of a Nambu—Jona-Lasinio model. It also
enables us to discuss, in terms of approximations used for this unperturbed Green'’s function, the treatments of
meson corrections in two other chiral quark models.
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I. INTRODUCTION tivistic Faddeev equatiof®—11], but this approach does not
include the pion cloud.The part of the cloud corresponding
Chiral symmetry is one of the most important features ofto the pairwise meson exchange between quarks has been
QCD at low energies. This approximate symmetry is spontastudied in Ref.[15]. Recently a covariant version of the
neously broken by the quark condensate, leading to constitdteatment used in the cloudy-bag model has been applied to
ent masses for the quarks and to pions which are, to a godgflculate pion cloud effects based on a Faddeev approach to
approximation, the corresponding Goldstone bosons. As #€ nucleor{16,17. Also, a quite different, noncovariant ap-
result pions are much lighter than all other mesons and so tHgroach to the calculation of pion cloud effects in models with
cloud of virtual pions surrounding a baryon can make sig-COmposite pions has been proposed by Bicatlal. [18].
nificant contributions to the properties of that baryon. Any In the present work we address the problem of mesonic
realistic model for the structure of baryons should therefore&eorrections within an NJL model, deriving covariant expres-
take account of their pion clouds. sions for the complete set of one-loop corrections to baryon
As approximate Goldstone bosons, pions with low mo-masses and couplings to currents. The approach is based on
menta interact relatively weakly with other hadrons. Thisthe “gauging of equations” method19] for constructing
forms the basis for chiral perturbation theof@hPT), in  Photon couplings to strongly interacting systems of particles.
which hadron properties and scattering amplitudes are exXOur approach is applicable to any set of one-boson contribu-
panded in powers of momenta and the pion méssa re-  tions to such systems and was_recently t_Jsed to construct a
view, see[1]). It also provides a motivation for treating the complete set of electromagnetic correctioi2d]. As has
pion cloud perturbatively in chiral quark models. Such abeen noted previously in the context of NJL models for me-
treatment ensures that at least the longest-range effects of t§@Ns[21-24, such completeness is important since it en-
pion cloud are described correctly, since these involve virtuaures that physical quantities calculated in this approach sat-
pions with low momenta. These effects can be checked bigfy the relevant symmetry constraints. The general features
comparing contributions to hadron properties that depen@f the approach also allow us to comment on the approxima-
nonanalytically on the square of the pion mass with thelions used in cloudy-bag and chiral quark models, which
model-independent predictions of ChPT. have recently been the subject of some dep2fe-28.
A range of chiral quark models for baryon structure can
be found in the literature. These include chiral or “cloudy”
bag and soliton model®,3] and chiral versions of constitu-

ent quark modelf4—7]. In all of these, pions are introduced A method has recently been presented for calculating all

as elementary degrees of freedom and in many cases thgjbssible electromagnetic corrections, at oréér to any

contributions are calculated perturbatively. _ quark or hadronic model whose strong interactions can be
In contrast, models of the Nambu—Jona-LasiiIL)  represented nonperturbatively by integral equati@@. We

type are based on relativistic quarks only, and the quark congj|| yse this method to calculate in a covariant manner all
densate and pions are generated by the interactions between

these quarksfor a review, se¢8]). As such they represent a

step_ closer to QC_D’ although problgms W'Fh implementing We should mention that a completely different approach to bary-

confinement remain to be solved satisfactorily. In these modaps in these models uses a mean-field treatment where baryons are

els baryon states have been constructed by solving the relgzascribed as Skyrmion-like solitofig2,13. This is expected to be
valid in the limit of a large number of colors. However, in the
realistic case of three colors the Faddeev approach is likely to be

*On leave from Mathematical Institute of Georgian Academy of more appropriate. An attempt to hybridize the two approaches can
Sciences, Thilisi, Georgia. be found in Ref[14].

II. COVARIANT MESONIC CORRECTIONS
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mesonic corrections to a relativistic quark model. For thisof these terms include disconnected pieces where the par-
purpose all we need to do is to summarize the main modelticles in G, are individually dressed by meson loops. These

independent results of RgR20], applied to the exchange of can be easily recast as corrections to the “free” propagator
mesons rather than photons. Go.

In such a model, the Green'’s functi@describing a bare Although our main focus here is on covariant approaches,
system of quarks satisfies an integral equation whose synit is worth noting that the same formalism also applies to
bolic form is time-ordered perturbation theory. The only difference is that

the Green’s functions involved are functions of three-
G=Got GoKG, (1) momenta rather than four-momenta. A method for applying
time-ordered perturbation theory to mesonic corrections in
odels of this type has recently been outlined in R&8],
although that work proposed truncating the sum over inter-
ediate baryon states to just the nucleon andHowever,
within a time-ordered approach, it is difficult to ensure that
vertex functions satisfy the constraints of Lorentz invariance.
. . L : This is necessary if one wants to calculate processes involv-
6G. This should con'gam all possible '”S‘?”'O”S of the mesoqng finite momentum transfer to a baryon or to treat correctly
propagatoD ,, . In chiral quark models with elementary me- oy of the intermediate baryons in meson-loop diagrams.
sons this is just a standard boson propagator, butin NJL-typg, 5 qgition, a time-ordered approach would make it difficult
models it is essentially the qgark-anthua'r_knatnx, as d's'_ to include quark z diagrams,” since these would go beyond
cgssed below. A fpur-vector—hke notation is used for .the iN-2 basis of states with three valence quafisis mesons
dices . and » which label the meson channels. This will g0 effects are expected to be important in models where
allow for applications to models with vector or axial Mesons.i\e quarks have strong couplings to scalar mesons and cou-
I\heb%rs\/%aegnatosreﬁ d%:gglgerllalgdlt;in;Igﬁzhﬁ)e(fse\?\}hﬁgatgscwg- lings to pions with a pseudoscalar form. It is also difficult to
mgdels with Fs)pin—l mesons. The set of corrections include gularize tlme-ordereq approaches to NJL models in a way
at respects Lorentz invariance. For these reasons we have

mesonic insertions within th.e kernklwhich F‘O not starjt O concentrated here on developing a covariant treatment.
finish on an external quark line. These provide a contribution

SK to the kernel. Similarly insertions within the free Green'’s
function G, provide a contributionsGy,.

All contributions with a meson which connects two ele- The NJL model[8] is a relativistic quark model which
ments of the integral equatiofl) are constructed by the reflects many aspects of the spontaneously broken chiral
“gauging of equations” method19] which in this case at- symmetry of QCD. It therefore provides a useful framework
taches an external meson in all possible ways to each of thgithin which to investigate the role of mesonic corrections.
unperturbed quantitieS,, K, andG. The corresponding ver- The simplest version of the model is defined in terms of
tices are given by an isospin-doublet color-triplet quark fielgd and has the
Lagrangian density

whereGy is the “free” Green'’s function. Note that this need
not describe the propagation of three free quarks. In a Fa
deev approach, for instance, it is the Green'’s function for on
free quark and an interacting pair of quatkéten referred to
as a diquark, although the pair need not be bound

The lowest-order mesonic correction ®is denoted by

IIl. NJL MODEL FOR THE NUCLEON

TE=Gy'GEG,t, TH=TH+KH*, GHF=GI*G. (2

L=y(ib—mg) i+, [ ()2 — (¢ 2], 6

An equation for the complete set of lowest-order mesonic i 0¥+ Q- (Y4)"= (§ys7))’] ©

corrections taG, denoted byG, then follows from Eq(1):  whereris the vector of isospin Pauli matrices amg is the
current quark maséwhich explicitly breaks chiral symme-

0G=6Gy+ 6GKG+ GyKG+ GyK 6G try).
+(GEK G+ GEK G+ GoK“G)D . 3) Chiral symmetry is spon_taneously broken in this model by
" condensation of quark-antiquark pairs. These generate a con-
Writing stituent mass for the quarks, which can be found by solving
the Schwinger-DysoiSD) equation for the quark propaga-
8G=GAG, (4  tor,
this can be formally solved to give S(p) =So(P) +So(P)Z(P)S(P), (7)

A= 5K+G§1560G51+(F“GF”—F{)‘GOFS)DW. (5) whereSy(p) is the bare quark propagator and the self-energy
2 is, in the Hartree approximation,

The quantityA consists of the complete set of one-loop me-
sonic corrections to the unperturbed kerelThe third term S(p)=—ig f
on the right-hand sidéRHS) contains the physical interme- &
diate states of three quarks plus a meson. There are signifi-
cant cancellations between the second and fourth terms, leaktere “tr” denotes a trace over Dirac, color and flavor indi-
ing contributions which correct th®, piece of the third term ces. The integral over four-momenta is, of course, divergent
for omissions and overcounting. Note that the contributionsand so needs to be regularized. This may be done either by

d*k
)4tr[S( K)]. (8)

(2m
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using one of the various cutoff schemes which can be founc E—

in the literature or by introducing form factors to smear out < ) = + ; : ‘ )

the local interaction. Provided that the coupligg is large

enough, this SD equation has a nonzero solutiortfor FIG. 1. The Faddeev equation for the quark-diquark Green’s
The quark-antiqguark matrix can be found by solving a fynction.

Bethe-SalpetefBS) equation, which in the random-phase

approximation(RPA) is a simple algebraic equation. For ex- described in Ref[10]. In the scalar-diquark channel, the

ample, in the pion channel this yields propagation of two interacting quarks can be described by
the T matrix
D, (p)= — 9= ©
APz 4i
1-2igI1,(p?) DA(p) % 13

 1-2igdIy(p?)’

where the basic quark-antiquark loop integral is . .
wherell¢(p) has the same form as in the pion channel, Eq.

g (10). The interaction between two quarks in the axial diquark
I.(p?) &= f —— i ys 7, S(p+K)i vs7;S(K) 1. channel leads to & matrix whose form is similar to that in a
P )4 Lysms(p 757 | vector-meson channésee Ref[10] for more details
(10 The corresponding Faddeev equation is represented dia-

grammatically in Fig. 1. It can be written in the form of Eq.

In the simplest NJL model there is a similamatrix in the (1) by defining the “free” quark-diquark propagator
scalar isoscalard-meson channel. In more general versions
of the model, interactions in the vector and axial-vector Go(P)=S(P—p)D4(p). (14
channels are treated in the same way.

In the treatment of the model considered here, the nucleohhe quark-diquark interaction kernel is given by the quark
is described by a three-quark vertex function which satisfie§xchange term
a four-dimensional Faddeev equation. The local nature of the )
quark-quark interaction means that the structure of this inte- Kara(P',p)=¥sB2S(p’ +p) vs8% . (15
gral equation is similar to that of a BS equation. At lowest
order the kerneK can be pictured as the exchange of a quark\/\/hen the axial diquark channel is inCIUded, the kernel must
between a quark and two interacting quatas'diquark”). be extended to a*22 matrix which couples the two spin-

The coupling strengths of the quark-quark interaction carisospin channels, as described in Ha0].
be found by Fierz-transforming it into these chanrdl§].
The color-3diquark channels are the relevant ones for for-  IV. MESONIC CORRECTIONS TO THE NUCLEON
mation of a nucleon. For a local interaction, there are two

such channels: scalar isoscalar and axial-vector isovectog The mesonic corrections to this model can be found by
The transformed interaction Lagrangian has the form pplying the general formulation of Eqs)—(5) to the Fad-

deev equation outlined above. The resulting expression for
is represented diagrammatically in Fig. 2. Mesonic correc-
L= UveCra BN (4TC Lyer, B2 tions to the nucleon in the NJL model have previously been
! gsé (ysCr2B7 ) ¥s72B"Y) studied by Ishii[15] but it should be noted that the set of
diagrams in that work is incomplete. Only the diagrams of

+0n2 (97, CrimBHYN(IICT T ), -
1 (a)§+%+ +Q+6+E

where (b) ﬁ+%+ﬁ+ é (;zé + Z{(jg;
™
(Bik=1 \/gfaik: @ -~ &y A (a)

(12
FIG. 2. The mesonic corrections to the nucleon in the NJL

. . model. Wavy lines denote meson propagators in the RPA and
andgs andg, are the couplings in these chanréor the double lines the corresponding diquark propagators. In(héhe

original NJL model, these couplings can be related toas first diagram is the termsK in Eq. (5), and the rest form
Gy 16GyG, . The diagrams of lingb), along with the ones formed
by swapping initial and final states in the last three diagrams, make
20Other contributions including color-6 diquark channels and theup I'“GI'D,,. Those of line(c) form the subtraction term
chiral partner of the axial diquark//yMySCTZBa:,bT, are generated —I'§Gol'yD,,. In addition tadpole-type insertions on the quark
by the Fierz transformation. We have not written these down sincdines need to be included. For reasons of space, we show only one
they are not needed for the present discussion. representative diagram of this class(ds
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% N_ m For a single quarkor a mesoj the mesonic one-loop
=)= diagrams, including the Fock terms, form the leading correc-
tions to the properties of these particles in a systematic ex-

pansion in powers of N, . In the case of baryons, things are
not so clean. Both Hartree and Fock terms contribute to the

Fig. 3 were included, with subtracted meson propagators a%2yon energy at leading ordeN{). Meson exchanges be-
discussed below. tween the quarks in a baryon are also of leading order, as are

The full set of diagrams includes not only the meson exnonlinear terms arising from interactions among the mesons.
changes between the quarks treated by (€] but also the N the largeN. limit, this provides a justification for treating
meson clouds of the quark and diquark. In calculating théhe baryon as a soliton, as in the Skyrme model. Such treat-
pion-cloud contributions it is essential to attach the pion inments have been quite widely applied to NJL-type models
all possible ways to the dressed quark propagator obtaindd2,13. They form a radically different approach to baryon
from the Hartree approximatiof21,24]. As well as direct structure from the one outlined here and it is still unclear
dressings of the quark lines, as in FigaR this includes which is the better for the case of intereldf,=3. Indeed a
attachments within the Hartree self-energy and generates tablybrid of the two has been proposed in Hd#]. Ultimately,
pole diagrams like Fig. @) where a pion loop is connected numerical calculations of the size of the kernel based on Eq.
to a quark line via an interacting quark-antiquark pair in the(18) will indicate whether a perturbative treatment is ad-
scalar, isoscalar channel. The exchanged quark-antiquagguate.
pair is represented in Fig(@ by a sigma-meson propagator.

There is a strong cancellation between these diagrams ar% fong to be treated perturbatively, then one possible way to

fgﬁoaﬁilﬁé’elzgmp 2?31?%;&?'223;: qnuoar:g;'];—hls c:;mce improve the convergence of the approach may be to vary the
9 9 [ytheAs strength of the subtraction term. This must be compensated

terms in the c_hlral expansion in any model where the p'onby adjusting the strength of the interaction used in the bare
fermion coupling has a pseudoscalag) form [21-24.

equation forG. That would allow the strong short-range ef-

in t1r—1r|]se r%%rggleggnogz_g?:&gtggrfscﬁﬁg tec;( tgitgtlijglnegghzgaﬁﬁcts to be treated self-consistently in this equation, leaving
P She longer-range effects to act as a residual interaction.

o e o™ o hat e lop ierl, E@10, Tl f t igh mo
written ' men;a in this type of model. Consequently the subtradted
matrix, Eq.(18), also falls off; the enhancements due to the
Goldstone-boson nature of the pion only appear at low mo-
menta. It is thus the underlying interaction responsible for
spontaneous symmetry breaking which controls the short-
range interaction between quarks, not the short-range part of
T =GoKW. (17) Goldstone-boson exchange as suggested by some authors
[6]. Provided that the quarks in a baryon can be assumed to
In models where the mesons are not introduced as elnteract ins waves, only the strengths of the interactions in
ementary fields, some care should be taken with the quarkhe scalar and axial diquark channels are relevant.
antiquark T matrix, Eq. (9). In the mesonic dressing of a  The inclusion of interactions between the quarks while a
single quark or one-loop corrections to meson properties, thimeson is in flight, Fig. @), is crucial to ensuring the correct
T matrix can be used as a meson propagator to generateemergy denominators for the intermediate baryon-meson
complete set of terms at next-to-leading order iINJWwhere  states. The binding energy of the nucleon depends on both
N, is the number of color§23,29,24. These include terms the scalar and axial diquark couplings, whereas that ofAthe
which are linear in the coupling,,, such as the exchange or depends only on the axial one. The short-range interaction
Fock term corresponding to the Hartree self-energy of Eqthus has an implicit spin dependence, which splits the bare
(8). For a diquark or a baryon, these linear terms are alreadgucleon andA states. This means that, provided the scalar
included in the interactions between the quarks. Hence meand axial diquark couplings are chosen to give the correct
son exchanges between two quarks which do not otherwisK-A splitting, the only intermediate states in the diagrams of

FIG. 3. The parts of the mesonic corrections where the sub
tracted meson propagator of E4.8) should be used.

If it is found that the shorter-range pieces Dfare too

SM=VAV, (16)

whereV satisfies

interact should be described by the subtradtedatrix Fig. 2(b) with energy denominators of orden, are pion-
_ nucleon ones. These will generate the correct LNA terms in a
D,(P)=D,,(pP)—4i9,6,,. (18)  chiral expansion—for example, the ordef- term in the
] ) nucleon mas$l].
In the case of the pion, this has the form A model of this type can therefore help to resolve some of
5 ) the issues which have arisen in comparisons of the results of
D - 89711.(p%) (19 chiral quark models with those of the cloudy bag md@&—

28]. In order to get the correct LNA ternfe/hich are a signal
that chiral symmetry has been correctly implemeptiéds
This subtracted matrix should be used in the diagrams of crucial that the full propagatoG be used, allowing the
Fig. 3, which form part of Fig. 2. quarks to interact while the meson is in flight. This means

T 1-2ig,11,(p?)

045203-4



PIONIC DRESSING OF BARYONS IN CHIRAL QUARK MODELS PHYSICAL REVIEW ®6, 045203 (2002

that the nucleon-plus-pion states necessary for the LNAargest individual loop contributions, it does not give the
terms are included, as in the cloudy-bag md@¢lHowever, complete loop correction since excited baryon states have
in contrast to the elementary bag modee., one defined been omitted.

strictly by the cloudy-bag model Lagrangi@®y]), in our ap-

proach the spin dependence of the interaction binding the V. MESONIC DRESSING OF CURRENTS

“bare” baryons means that th& is not degenerate with the
nucleon and so it does not contribute to the LNA terms in the
nucleon mass. Although this problem is avoided in practica ents. At lowest ordefno meson loopsthe electromagnetic

bag mpdel calcu_latlons where the bare.baryon in the baryonc'urrent operator to be used in a three-quark state can be
plus-pion state is replaced by a physical one, such an a;}‘

In order to calculate electromagnetic and weak properties
f the nucleon, we need to construct the corresponding cur-

roach is. apparently. equivalent to resumming a subset btained diagramatically by attaching a photon everywhere
P 1S, apparently, €q . ga Eg. (1). The resulting expression for the matrix element of
mesonic corrections to all orders in the Lagrangian-base

description. Such a sum may give rise to conflicts with chiral e current has the form
symmetry at higher orders. In a related context, it has been W= (Tr+RHW (20)
noted that ifwN loops are resummed in this way, then one 0 '
should also dress theN vertex with pion loopg17]. o : ) : .
The chiral quark model of Glozman and Risj@27.3q Herel'} dgnotes the sum_ of single-quark and diquark CL-JI’
includes pion loops which dress the quarks individually, ef-"éNts, andk” the interaction current where the photon is
fectively treating the quarks as noninteracting while the pion""ttaCh‘“:'d to the.exc.hanged quark. This corresponds to the
is in flight. In addition, retardation is neglected in the pion!MPUlS€ approximation in the three-quark basis, properly
exchanges between quarks. These two approximations megHbtracted to avoid double countif@l]. The corresponding

that the current treatments of this model do not generate th@xial current can be found in the same way by making an
correct LNA terms. These would require the inclusion of axial-vector insertion instead of attaching a photon. Currents

; ; ; « i~ finilike EQ. (20) have been extensively studied in the NJL model

interactions between the quarks while the meson is in flight : .

together with the corresponding retardation effects. [32] as well as in QCD-motivated FaddeE3g] and SD ap-
Finally it is also worth noting that, in a model of the NJL Proacheg34]. The same methods can also be used to calcu-

type, a complete set of intermediate baryon states can te the matrix element of any operator Wh_|ch is bilinear in
included in the meson-loop diagrams. This will make it pos-t e quark fields, such as the pion-nucleon sigma commutator.

sible to examine the role of excited baryons in the mesonic At the next order, we need to consider the one-loop me-
dressing. Although the contributions of individual excited Sonic contributions to the currents/*. These have a similar
states fall off with energy, there is an infinite number of suchorigin to the contributions to the kerned, and so can be
states, which may be unbound as well as bound in a noncor@btained by attaching a photon everywheredinincluding
fining model. The sum over these states would diverge in théhe meson. The attachments to the composite mesons and
absence of a cutoff. We therefore expect that they couldliquarks are realized by direct couplings to quark currents in
make significant contributions to the mesonic dressing in thehe qq and qq loops, respectively.

approach described here. In this way it will be possible to In addition we need to take into account the effects of
assess the accuracy of truncating to intermediate nucleon amdesonic fluctuations on the bound-state wave function. If the
A states only, as done in the original cloudy-bag md@¢l full wave function is written as¥ + ¥, it satisfies the
and more recently in a model of the type discussed her@ethe-Salpeter-type equation

[16,17.

In this recent work, Oettel and co-workdrs6,17 have (VP+6¥)=Go(K+A)(V+ V). (21
calculated pion-loop contributions to nucleon properties _ .
within a FacFJ)deev aSproach, with a covariant versFi)onpof thel "€ Perturbation of the wave functiafit” can be expressed
approximation used in the cloudy-bag model. In the originalas [35]
cloudy-bag mode[2], pion loops were calculated keeping
only 7N and wA intermediate states and the baryons were SV =
treated as static. In Reffl6,17] these loops are calculated
using fully covariant propagators for the nucleon andbut
keeping only the poles corresponding to the lowest-energin the first term,Gg denotes the unperturbed Green function
solutions to the Faddeev equation in each channel. In es& with the bound-state pole subtracted off. This term incor-
sence, this replaces their relativistic quark model by a modgborates configuration-mixing effects generated by meson ex-
of elementary baryons and mesons. Oettel and co-workeishange between the quarks. The second term in this expres-
also take care to include the tadpole diagrams required fasion is just a wave-function renormalization, analogous to
the correct chiral behavior. Their loop integrals are madedhat in the cloudy-bag model. It involves the derivative of the
finite by form factors at the meson-baryon vertices. Thesaneson-exchange part of the kernel with respect to the the
form factors can be regarded eitherab hocregulators of  total four-momentum, evaluated at the unperturbed nucleon
the sort typically used in NJL models or as consequences ahass.
the internal structure of the hadrons. Although this approach The full one-loop contribution to the current matrix ele-
respects chiral constraints and provides good estimates of theent is finally

GeA— 57 v, (22

ap#

__4A
\ppﬂ—qf)
IPl=M
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! approach are to satisfy the constraints of chiral symmetry
and gauge invariance.

|
|
To illustrate the method, we have discussed in some detall
its application to a particular covariant chiral quark model:
+ the NJL model. The method starts from an unperturbed
valence-quark Green’s function, which in this case is ob-
|
I

tained from a Faddeev equation. The complete set of me-
| sonic insertions is used to generate the one-loop contribution
to the kernel. The same method can also be used to construct

FIG. 4. Mesonic corrections of three-quatlaryon currents  photon-nucleon couplings in a way that respects current con-
where the quarks interact while the meson is in flight. The dashedgryation.

line denotes an external photon or other operator. A central feature of this approach is the use of the unper-
. o L turbed Green’s function for three interacting valence quarks.
S =VA*Y + W (I'f+KH) oW+ sW (I'f+ KH)W. This means that while a meson is in flight the quarks propa-

(23)  gate in physical baryon states, as described at leading order
_ in the meson-loop expansion. The fact that the NJL model
Again, it is important that\* contain the full propagator gives rise to anN-A splitting at this order means that the
G, allowing the quarks to interact while the meson is inonly nonanalytic terms in the chiral expansion are generated
flight; see Fig. 4. As in the case of the nucleon mass, thigy pion-nucleon states. This ensures that the method will
generates the correct LNA terms in chiral expansions of thgjive the correct leading nonanalytic terms in nucleon observ-
electromagnetic radii of the nucledd]. In particular the ables, in agreement with ChPT. This is particularly important
isovector charge radius contains a term of ordemlnand  for electromagnetic radii, where these nonanalytic terms
the isovector magnetic radius one of ordef'. In both  make significant contributions.
cases these LNA terms contribute significantly to the full The usual treatment of the cloudy-bag model similarly
radii and so any calculation should include pion-nucleongives the correct leading nonanalytic terms in nucleon ob-
loops with the correct energy denominators. servables. However, in models of the type discussed here,
Neglecting the interactions while the pion is in flight there is no need to truncate the unperturbed Green'’s function
would lead to expressions for the currents like those in theo just nucleon and states. A complete set of baryon states
quark model of Glozman and co-workgf530,36, which do  can be summed over, regulated by the cutoff which forms an
not contain the correct LNA terms. Truncating the sum overintrinsic part of any NJL-type model.

intermediate states to the nucleon akenly would lead to In contrast, the chiral quark model of Glozman and co-
an approximation similar to the cloudy-bag model, with theworkers effectively uses a free Green'’s function to describe
correct LNA termg26]. the propagation of the quarks in meson-baryon intermediate
states. It also neglects retardation effects on the exchange of

VI. CONCLUSION pions between quarks. As a result this model, in the frame-

) work used so far, fails to give the correct nonanalytic terms
We have presented a method for constructing a completgy the chiral expansion. However, this could be remedied by

set of one-loop mesonic corrections to the nucleon in a chirgh treatment based on the approach described here or the cor-
quark model, treated in a covariant manner. Our approach igesponding time-ordered version.

based on the “gauging of equations” method which has pre-

V|ously'been used to construct electromagnetic corrections to ACKNOWLEDGMENTS
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