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Abstract. We study theDN interaction at low energies with a quark model inspired in the QCD Hamilto-

nian in Coulomb gauge. The model Hamiltonian incorporates a confining Coulomb potential extracted from a
self-consistent quasiparticle method for the gluon degrees of freedom, and transverse-gluon hyperfine interaction
consistent with a finite gluon propagator in the infrared. Initially a constituent-quark mass function is obtained
by solving a gap equation and baryon and meson bound-states are obtained in Fock space using a variational
calculation. Next, having obtained the constituent-quark masses and the hadron waves functiffiesties e
meson-nucleon interaction is derived from a quark-interchange mechanism. This leads to a short range meson-
baryon interaction and to describe long-distance physics vector- and scalar-meson exchanges deséféoed by e
tive Lagrangians are incorporated. The derivBdaiveDN potential is used in a Lippmann-Schwinger equation

to obtain phase shifts. The results are compared with a recent similar calculation using the nonrelativistic quark

model.
1 Introduction teractions are specified independently in the model. For ad-
dressing in medium chiralfiects one needs a model that
The study of theDN interaction is of interest in dier- is closer to QCD, but it should be still simple enough to

ent contexts, in particular in problems of chiral symme- allow perform calculations without resorting to extensive
try restoration in hadronic matter. The chiral properties of numerical simulations.
the lightu andd quarks inD mesons are very sensitive to A model that provides such a workable framework is
temperature and baryon density and one can expect modibased on the QCD Hamiltonian in Coulomb gauge [4]. The
fications in the properties of these mesons in medium. Formodel is based on a field theoretic Hamiltonian that con-
example, in-medium spectral functionsdfesons [1]re-  fines color and realizes$B [5]. Color confinement and
quire a detailed model fdDN interaction and, as empha- DxSB are supposedly the most prominent nonperturbative
sized in recent publications [2, 3], the understanding of this effects in QCD, and are thought to be responsible for the
interaction in free space is a prerequisite for constraining properties of the structure and interactions of hadrons at
such calculations. low energies. The model allows to construct an approxi-
In Refs. [2,3] the free_spadgN interaction 6stands mation scheme for obtaining hadron wave functions and
for D and D-) was studied in the context of a hybrid €ffective hadron-hadron potentials that can be iterated in a
model, where the short-distance part of the interaction wasLippmann—-Schwinger equation to calculate scattering ob-
described by quark-gluon interchange in a nonrelativistic servables [6]. In the present communication we sketch the
constituent quark model, and the |0n_g_distance part Wasderivation of such a model,_and discuss its use to derive
described by meson_baryon exchanm\l reactions are the short-distance part of tHaN interaction in free space.
easier to treat within a quark model th@N reactions, In order to compare with the results obtained in Ref. [2],
because iDN there are no direct quark-antiquark annihi- we add long-distance contributions from one-meson ex-
lation contributions to the scattering matrix, only quark- changes.
gluon interchange contribute. However, although quark- ~ The paper is organized as follows. In the next Section
gluon interchange processes affecéently described with- ~ we introduce the model Hamiltonian, discusg3SB, and
in a nonrelativistic quark model, such a model is clearly describe an approximation scheme to obtain hadron wave
very limited for studying in-medium chiralfiects. In a  functions. Having obtained the constituent-quark masses
typical nonrelativistic model there is no physical link be- with DySB and the hadron waves functions, in Section 3
tween the masses of the constituent quarks, which are supwe derive an fiective meson-baryon interaction through a
posed to be generated by the phenomenon of dynamicaquark-interchange mechanism. In Section 4 we add to the
chiral symmetry breaking (E8B), and the microscopic quark-model interaction long-distance meson exchanges.
quark-gluon interaction, which is responsible for the dy- Numerical results for the constituent-quark mass function,
namical breaking of the symmetry; the masses and the in-hadron wave functions arfdN phases shifts are presented
in Section 5. Our Conclusions and Perspectives are pre-
@ e-mail:eduardo@ift.unesp.br sented in Section 6. In Appendix A we present tiffee
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tive meson-baryon Lagrangian densities used in the presentvhere

work. E
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2 Dynamical Chiral Symmetry Breaking and N

and a Constituent Quark Model E s Me [ Eow
Q vs(k) = "ZEk k{ ‘ ] X (6)

1

Most of the nonrelativistic constituent quark models share

the common feature that hadrons are bound states of maswith
sive constituent quarks and antiquarks confined by a pre- E = k2 + Mf’ 7
scribed potential. In addition, residual interactions derived

from perturbative one-gluon exchange (OGE) are addedwhere M is the constituent-quark mass functign,is a

to describe spin-dependent hadron mass splittings. In thisPauli spinor, ang$ = —io?y%. The operatorgi(k), gi(k),
Section we show how such a constituent quark model cangs(k), andgs(k) are creation and annihilation operators of
be derived [6] from an underlying Hamiltonian that con- constituent quarks, i.e.

fines color and realizes5B [5]. We also discuss a calcu- _

lation scheme for building hadron states in a Fock space, 0s(k)I12) = 0, as(k)12) =0, (8)

in close analogy to the nonrelativistic quark model. Given . . .
the microscop?ginteractions and the I(::Iock—space hadroni¢VNere|<2) is the chirally broken vacuum state. That is,
states, low-energyfiective hadronic interactions can be Wher_1mo = 0 the Hamiltonian in Eq. (_1) is chirally sym-
derived using a resonating group method (RGM) - for a metric but the vacuum state breaks this symmetry,
:)%vslfa\éveaeng ; .|I[S7t](.)f references on the RGM and other meth (QPWIQ) # 0. @)

The starting point is the specification of a microscopic The momentum-dependent constituent-quark mass func-
Hamiltonian. Here we take an Hamiltonian inspired in the tion M, is determined as follows. First, the field operator

Coulomb gauge QCD Hamiltonian, specifically [5] ¥ of Eq. (4) and the corresponding’ are substituted in
the Hamiltonian of Eq. (1), and Wick’s theorem is used to
H = f dx ¥ (x)[~ia - V + S mo] ¥(x) bring the Hamiltonian to normal order with respect to the
constituent quark operators. This leads to a Hamiltonian of

1 the following structure

-5 [ dxdyrVelx - o) ’

1 H =& + Hy + Hy, (10)
a a

" 2 f hedly J(x) Vij(x = ¥D) J{(¥). @) whereé& is a c-number function, the vacuum energy, and

H, and H4 contain respectively normal-ordered bilinear

where ¥(x) is the quark field operator (with color and fla-  and quadrilinear terms in the quark field operatsrg hen,

vor indices suppressed]y is the current-quark mass ma- one requires thatl, is diagonal in the constituent quark

trix, andp?(x) and J?(x) are the charge and current densi- and antiquark creation and annihilation operators, which

ties given by leads to thegap equation for the mass functio,

P =R TE), P =Y Tarx) (@) M=y 3 [ 2:)25 | k) Ve(k - a
q

with T2 = 23/2,a=1,---,8, where1? are the color SU(3)

Gell-Mann matrices. In Eq. (1Yc(Ix—yl) is the “Coulomb + g1(k, q) Vr(k - CI|)], (11)
potential”, andV;j(Ix — yl|) is a transverse-gluon hyperfine
potential with
qr .
VV fl(k7 q) = M - Mk_ k : q: (12)
Vij(x - yl) = (5”- - V—') Vilk-y). @) Tk , ,
i k-q-k)k-g-—
g1(k,q) = 2Mq + 2ng( q - E9-0) (43

Given V¢ and Vr, the microscopic Hamiltonian is fully qk - q
specified.

We note that the gap equation can also be obtained by mini-

DxSB can be discussed in a Bogoliubov-Valatin ap- 1izing the vacuum energywith respect to the constituent-
proach. Initially, the quark field operator is expanded in a quark mass-function.

basis of plane-wave spinoesandv as Once the gap equation is satisfiéth,is diagonal in the

guark and antiquark operators

S=% — - i _
1/2 @ Hy f dk &g $;2[qs(k)qs(k)+qs(k)qs(k)], (14)
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where the constituent-quark single-particle energy is given whereP is the center-of-mass momentum of the hadrons,

by 2Mg
M= ———— (23)
kz + n’ka 2 dq 1 M, + Mz~
o= oMk, 2 1| otk ) Ve(k - a) o+ Ma
Ex 3J (2n)3Eq ard o
+ galk, V|k—|], 15 My = 29 24
g2(k, q) Vr(kk - ql) (15) 2= N Mo (24)
with with My andMg being constituent-quark masses. Their val-
fo(k, q) = McMg + kg (16) ues will be specified in the following. As said, the varia-

) ) tional parametera andg are determined minimizing the
ga(k. q) = 2MMq + Z(k' q-kK)k-q-q9) 17) meson and baryon masses,
] - q 2 .
k- qf

. _ (al(H2+ Hy) |a)
Hy4 is simply the normal-ordered form of the last two terms Ma = — G@a

of the Hamiltonian in Eq. (1), i.e. P,=0

(25)

1 In principle, givenMy one can calculate the expecta-
Hq = 2 dxdy Vr(x -y) tion value in Eq. (25). However, the calculation of the ex-
Nt : _ pectation value is still too complicated, since it involves
x| P T Y] [P TT )] L (18)  multi-dimensional integrals of products of the spinors
. _ . o andov coming fromH,. Fortunately, only the low-momen-
whereVi-is —Vc for I' = 1 andv;; for I' = o'. tum part of My in the expressions fan andv is required

Given the quark mass function, the hadron bound statesnecause the rapid falioof wavefunctionss andy cut off
can be determined in a variety of ways. For our purposes |tthe integrand in Eq. (25) at large values of the momenta.

is more convenient to work in Fock space. The one-baryon, - S
state in a BCS approximation can be written as [8] This means that one can make an approximatiomipas
Mg = M — Mk — Mak?, (26)

la) = BYlQ) = —=y¢2*° qf g}, 1),  (19)

V3!

with 4% being the Fock-space amplitude, with the in-

whereM = My-o. The constituent-quark massht, and
Mg in Egs. (23) and (24) are then simply the zero-momen-
tum component of the corresponding mass functions. Re-

dicesa and s, pi2, u3 denoting the quantum numbers of - 14 ing the expansion of Eq. (26) in the expressions for the
the baryon (orbital, spin, flavor) and of the quarks (orbital, spinorsu andv in Egs. (5) and (6), and retaining terms up

c_olor, spin, flavor), respectively. The one-meson state is de-;, O(K?/M?), one obtains fou andv the following expres-
fined analogously as

sions
lay = MIIQ) = ¢4 'q}al1), (20) 1- K
8Mm2
whereg” is the corresponding Fock-space amplitude, with Us(k) = [ ok Xs (@7)
aandu, v representing the quantum numbers of the mesons 2M

and quarks and antiquarks, respectively. Given the hadro

Fock-space states in the BCS approximation, the Fock am-

plitudesy and¢ can be obtained by solving a Schrodinger- os(k) = —g—;; c (28)
like equation. However, in order to simplify the deriva- S de JXs

tion, a variational calculation is used [9,8]. This amounts ) )

to making an ansatz for the amplitudes and minimizing the Using these expressions to evaluate the expectation value
expectation values of the Hamiltonian in the one-baryon in Eg. (25), one obtains the following nonlinear equations

and one-meson states with respect to variational paramefor the variational parameteasand (for My = Ma)

oam?

ters.
Specifically, we work in momentum space and write s % (;ﬂ—q)g V(@) &7 (29)
for the momentum-dependent pari/o&ndg the following
Gaussian forms with variational parameterandg and
yp(ky, ko, k3) = 6(P - k31/4— k2 — k3) B = g (MMUMC )f d‘l3 P V(Q)s e T, (30)
3 3 2 u+ Me (27)
X (—) g Ziu(ki—-P/3)/2¢ . (21) . o -
m2at where we keep only the dominant contributions of the mi-
and croscopic quark-gluon interaction, namely the central com-
ponent of the Coulomb interaction and the spin-spin com-
op(k1, ko) = 6(P — k1 — ky) ponent of the transverse-gluon interaction,
1V koM 2_¢
X (@) e . (22 V(@) = Ve(@) + eSS V@) (D)
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For the nucleon, we have 3

L0QQan/

V(q))n = Ve(a) +

&_25 (3@ e

wWIN

@) 2

and for theD meson

2
Vs =Ve@+ S (3] V(@ (39

. - . . 3 4
Note that in obtaining these expressiolt, andE, in the @ @
integrals of the function;(k, q) andg.(k, q) in Egs. (16) Fig. 1. Pictorial representation of the quark-interchange pro-

and (17) are expanded consistently up to second order ircess that contribute to a meson-baryon interaction. The curly
the momenta. lines represent the gluon interactios andVr.

D mesons, as discussed in the previous Section. In addi-
3 Quark-Model Meson-Baryon Interaction tion, use the same microscopic quark interaction as used in

the bound-state calculation, namely, the central component
Given the microscopic Hamiltonian and the hadronic statesof the Coulomb interaction and the spin-spin component
in Fock space anftective hadron-hadron interaction can of the transverse-gluon interaction. With these ingredients,
be derived through a RGM-type formalism [7]. The part the efectiveDN interaction can be written as a sum of four
of the Hamiltonian relevant for thBN interaction can be  contributions (each of these can be represented pictorially
written in a compact notation as by quark-interchange graphs as in Fig. 1)

_ 1
Hog = T() iau + T() Q0 + 5 Vag(uvi op) G000 13
g 2 ' Von(p.p) = 5 Dl [Vilp.p) +Vip'.p) ], (36)
i=1

1 — _
+ 5 Vaalv; o) G,8,0,0 + Voaluv; o) 60,5, 0> (34)

with
with the indicesg, v, p, o) denoting as before the quantum 3g ot a0
numbers of quarks and antiquarks. TWg, Vqg, andVag Vi(p,p') = W} apapTerr
come from the contraction of the spinors in Eq. (18) and (3+ 2g)mar
are proportional to/c andVy. Their explicit expressions « f dq v(q) gt +big (37)
will be given elsewhere. (27)3 ’

For aHgg in this form, the éfective meson-baryon po-  yhere theg, by, ¢, di, ande, involve the hadron sizesand
tential for the procesa + b — ¢+ d can be written as [7] 3, and the quark mass&, andM.. Since we are using the
same type of wave functions as in Ref. [2], their explicit

— VL g RVURLL . V1 g OH2M:
V(ab, cd) = = 3c™ g™ Vag(uv; op) ™ v expressions are the same as in that reference (with;the
=3¢ UM gy, op) 8wt interchanged with the;, etc). In addition, in Eq. (37)(q)
— BB gy ) B YT is Vc(q) or 29%/(3M1M2)V+(q). Thew; come from the sum

iy evaps o o over quark color-spin-flavor indices and combinatorial fac-
— 697" Yy M Vagluv; op) ¢ w7, (35) tors, whose values are given in Table 1.

wheregy”, ¥y, - - - are the meson and baryon Fock-space
amplitudes discussed in the previous Section. As previ- Table 1. Codficientsw; of color, spin and flavor due to central
ously, there is a sum or and integral over repeated quarklilj and spin-spit§;S; interaction for the isospih= 0 andl = 1

indices. states.
The expression in Eq. (35) for thdfective meson- Isospin w1 w2 w3 wa
baryon potential is completely general, valid for any meson- 11, SS; 11, SS; L1, SS; 11 S

baryon process for which the baryon and meson Fock-space
states are given as in Egs. (19) and (20), and for a generi¢
Hg4 in form of Eq. (18). In this work we are interested in the
interaction ofD mesons and nucleons, more specifically in
the elastic scattering channgl®® — pD° nD~ — nD-,
pD- — pD~, nD® — nD° and in the charge-exchange
channelpD~ — nD°. In order to avoid multidimensional 4 Meson-Exchange contributions to the
numerical integrations, we use the low momentum approx- DN |nteraction

imation for the constituent quark mass functibly and

the Gaussian wave functions with the variational param- The quark-interchange processes are very short ranged. It
etersa andp determined by minimizing the nucleon and is knownthatin other low-energy hadron-hadron reactions,

0 00 00 0 -16 0 -16
1 -4/9 -1/3 49 -1/3 49 -1/18 -49 -1/18
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long-range meson-exchange processes play an important

role and one expects that they will equally be important
for the presenDN reaction. For example, in the case of the
K*N reaction, quark interchange accounts only for part of
the experimentag-wave phase shifts angd, w andp me-

son exchanges are crucial for describing this wave as well
as higher partial waves [11]. It is important also to add that

meson-baryon dynamics alone [12,13] seems not to be suf-

ficient to describe the experimentéf N data. With these
facts in mind, Ref. [2] extended the approach of Ref. [11]
for the K*N system to théDN system. The conclusion of
Ref. [2] was that the dominant contributions from meson-
exchanges come from vecj@andw exchanges, and scalar
contributions that we parametrize here in terms of a single
o-meson exchange — see Fig. 2. We note that the replace
ment of a correlatedr exchange by a single-meson ex-
change is not a bad approximation for the: 0 channel,
but for| = 1 channel it provides only 50% of the total
strength [2].

The interacting meson-meson and meson-baryon La-
grangian densities we use are given in Appendix A. The
tree-level potentials derived from the Lagrangian densities
lead to the following expressions, for the vector-meson ex
changesu= p, w)

9INNv 9DDy

V) = s @
N C LCEREINCD
ard for theo exchange
Vo (p'.p) = %dmﬂ(ﬁd)um 9. (39)
where
w(d) = o2 +m, (40)
and
A(P'S. pS) = Up'. $)y,u(p. ). (41)
and
B.P'S.p.9 = U(p’.S)icy, g up.9.  (42)

Here, 4,"(g) and 4,(q) are the vector-meson and scalar-
meson propagators, andgp, s) and u(p, s) are the Dirac
spinors of nucleons (not of quarks).

To avoid divergences in the Lippmann-Schwinger equa-
tion, we introduce as usual form factors at each vertex in
Fig. 2. The form factors are of monopole type, given by

2

)

2
A? + ¢?
whereq = p’ — p, m is the boson mass in the propagator
andA; is a cutdf mass.
The values of the coupling constants, masses andfcuto
masses are discussed in the next section.

Fi(e®) = ( (43)

Fig. 2. One-meson exchanges contributionM interaction.

5 Numerical Results

The first step is the specification of the interactiofis
and V1 of the microscopic Hamiltonian. For simplicity,
we take forVc the interaction determined by Szczepaniak
and Swanson in Ref. [14] using a self-consistent quasipar-
ticle method for the gluon degrees of freedom in Coulomb
gauge QCD. Namely can be fitted in momentum space
to the full numerical solution as [14]

Ve(9) = Vi(9) + Vs(a), (44)
with (3509 103
_ m -
vi@- &5 ( q) , (45)
forg < my, and
2
V() = 297/ (46)

IN%8(q2/1m? + 1.41) I°%(q2/nm? + 0.82)’

for g > m,. The gluonic mass), is a renormalization scale
which was fixed tam, = 600 MeV by fitting the lattice
heavy-quark potential. We could also have used a more re-
cent fit to a full numerical solution of an improved calcula-
tion [15], but the final results would not be muclifdrent
from the ones presented here. For the transverse-gluon hy-
perfine potential, we use the form

B Arat
(02 + M) In™*X(7 + q?/p2)’

Vr(q) = (47)

where the parametets, ¢ andr are chosen to get a rea-
sonable value for the quark condensate and a constituent
guarks mass oM, = 300 MeV. For that we usg =
m,/2,7 = 1.05 andat = 0.7. The transverse-gluon hyper-
fine interaction consistent with a finite gluon propagator in
the infrared as seen in recent lattice QCD simulations in
Coulomb gauge [16].

The numerical solution of the gap equation leads to the
results shown in Fig. 3 for éierent values of the current
massmy. Two important facts are to be noticed in this fig-
ure. First, for momentk < m, = 600 MeV, the mass func-
tion has very little momentum dependence (in a log scale).
This is important in connection with the low-momentum
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60 4 i
- QM =1
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i i i -80 T T T T T T T T T T T
Fig. 3. Constituent quark madd, as a finction of the momentum : - i iy - = s

for different values of the current quark mass Eur M Mo [MeV]

Fig. 4. swave phase-shifts fdr = 0 andl = 1 channels for the

i function, Eq. (26), meaning that an
expansion of the mass fun g. (26) 9 Coulomb Gauge quark model (QM).

approximation that uses onM-o should be a good one if
the wave functions cutfb momentum components larger

thanm,. Second, asy increases, thefkects of DySB di- Next we discuss the role of meson exchange. The cou-
minish, but even for a current quark mass as largeas pling constants are fixed used SU(4) symmetry [3], i.e. the
850 MeV, there is still a significant dressing of the interac- coypling constants of the vector mesons to the charmed
tions. _ mesons are related iQ,, as

The next step towards the determination of i in-
teraction requires the determination of the values of the 9B6p = JBbw = g’;” _ (48)

variational parameters of the nucleon @nd theD me-

son 8). The numerical solution of Egs. (29) and (30), for \we use the empirical value @f,,, namelyg,,, = 6.0 For
the same microscopic interactioig andVr and the mass  the vertices involving nucleons we use the following val-
function determined above, leadsde= 485 MeV ang3 = uesgnne = 13.3,gnnp = 3.25,4, = 6.1, gnnw = 3.25. The
530 MeV. It is worth Commentlng that the standard quark values for mesons and baryon massewe: 939 Me\/,
model values, as employed in Ref. [3], are- 3835 MeV m, = 937MeV,m, = 770MeV,m, = 7834MeV and
andp = 400 MeV. This means that our hadron sizes (the m, = 550 MeV. And finally, the numerical values for the
hadron r.m.s. radii are inversely proportionalatcandﬂ) cutof masses are the same as in Ref. [3], namup —
are smaller than those of Ref. [3]. Since the sizes of the1 g GeV, Agp, = 0.917 GeV,Ann, = 2.750 GeViAgp,, =
wave functions influence the degree of overlap of the col- 0 843 GeV, Ann, = 1.2 GeV, App, = 1.7 GeV. Our re-
liding hadrons, the quark-interchange potentials we obtainsyits for thes-wave phase-shifts from meson-exchanges
here are expected to befairent from those of Ref. [3]. For  are shown in Figs. 5 and 6.
a recent discussion on the influence of hadron sizes on the Clearly seen in Fig. 5 is the destructive interference of
quark-interchange mechanism, see Ref [17]. thep andw contributions, a feature first noticed in Ref. [3].
_ We are in position to discuss our numerical results for Inclusion of theo has little dfect. However, for thé = 1
DN scattering. We present results for teevave phase-  channel, shown in Fig. 6, bohandw contributions are
shifts for isospinl = 0 andl = 1. We solve the Lippmann-  repulsive and there is constructive interference. The contri-
Schwinger equation for the potential given in Egs. (36) and bution of the oner exchange is very small, asin= 0. Fi-
(37). We reiterate that we use the constituent-quark massesally, in Fig. 7 we show the results considering both quark-
and size parametensandp as determined above, and the interchange and meson-exchange. As expectedfiibete
same microscopi¥c and interactions used to determine are additive.
these quantities. The results are presented Fig. 4 as func- A natural question that might arise at this point is the
tion of the center-of-mass (c.m.) kinetic energy. potential for double counting when considering simulta-
As always, quark-interchange leads to repulsive inter- neously quark-interchange and meson-exchange. In fact,
actions. We note that the repulsion is larger in the presentonly part ofw exchange (the 0-th component of thg-i“)
model than in the one-gluon-exchange model of Ref. [3]. field) is equivalent to quark-interchange. The degree of dou-
One reason for this is the smaller size of the wave func- ble counting depends on the form-factor used in the me-
tions, which leads to a larger overlap between the wave son exchange part. One way to avoid this double counting
functions of the hadrons. Another reason is that the inter-is simply to use a form-factor that cutéfehe very short
action at small momenta in the present model is larger thandistance part ofv exchange, and also provides a smooth
the one-gluon-exchange and this also gives a larger valuematching to the quark-interchange contribution. Such a pro-
for the dfective hadron-hadron interaction. cedure was used in Ref. [18] for thN interaction. There,

03027-p.6
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Fig. 5. Meson-exchange contributions to tkevave phase-shift
for isospinl = 0.
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Fig. 6. Meson-exchange contributions to tkevave phase-shift
for isospinl = 1.

the important point was that althoughexchange is short
ranged, its tail plays an important role in that reaction. A
similar dfect is expected for th®N reaction, as it was
for the K*N reaction. In the present work we have not

attempted to make such a smooth matching, but certainly

when cutting & the very short-distance part of th&ext
of the ¢é°’) field, the results might change. We intend to
investigate such edtts in a future publication.

6 Conclusions and Perspectives

204
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-50 L
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Fig. 7. Quark-interchange (QM) and meson-exchange (OME)
contibutions to thes-wave phase-shift for isospih = 0 and
I =1

favor of a confining Coulomb potential and a transverse-
gluon potential. The Hamiltonian confines color and re-
alizes DySB. Color confinement in the model means that
only color-singlet states have finite energy.

We use this model to study the phase shifts for elastic
process involving the the channgd®® — pD° nD- —
nD-, pD~ — pD~, nD® — nDO%, pD~ — nDO. We dis-
cussed results for thewave phase-shifts for the coupled
states of isospih = 0 andl = 1. Our results are consider-
ably more repulsive than the ones using the non-relativistic
quark model with one-gluon-exchange. The explanation
for the larger repulsion is due to the smaller sizes of hadrons
in the present model. Smaller hadron sizes favor larger
overlap between the wave-functions of the colliding hadrons
and this gives a larger quark-interchange potential. In addi-
tion, the microscopic quark interactions used in the present
work are stronger than one-gluon-exchange, a feature that
also increases the strength of the quark-interchange poten-
tial. We have also included meson-exchanges to describe
the long-range tail of the interaction. We used SU(4) sym-
metry to fix the coupling constants. Since we have used the
same coupling constants, meson masses, an€f cussses
as in Ref. [2], our results are notftérent from this refer-
ence

There is plenty of room for improvements in the present
approach. Certainly a better determination of hadron sizes
should be attempted. One way to improve on this, with-
out sacrificing numerical simplicity, is to use an expansion
in terms of several Gaussians for the amplitugesnd¢,

and then diagonalize the resulting Hamiltonian matrix to-
gether with a variational determination of the size param-
eters of the Gaussians. Another improvement is to use the

We have discussed the implementation of a quark modelfull mass functionMy, instead of the low-momentum ex-
for calculating meson-baryon interactions. The model is pansion of Eq. (26). However, this will have an impact on
based on a Hamiltonian inspired in the QCD Hamiltonian the numerics, since in this case multidimensional integrals
in Coulomb gauge, where gluon fields are eliminated in for the determination of the hadron sizes and tfieative
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A The interaction Lagrangians

In the present work we use the followingfective inter-
acting meson-meson and meson-baryon Lagrangian densi

ties[19, 20]
Lune () = gnne TR #0000 w0, (49)
L5509 = 955, #P () #0(¥ e®(¥.  (50)
L9 = g [PV 409 609
. (M) 00 s (2,6009)|.  (61)
Lo5u09) = 55, | #2100 (3,7 (9) ¢ (%)
- (0:6°09) O], (52)
Ly 9 = g [ #7000 7 09 7 479
(g ) PR a0 0,00 09), (63
Lo5,(¥) = ig5D0 [¢"5)(X) (6, () 7
- (06909) (|- #0.  (54)

Inthesey®™ denotes the nucleon doublef (x) the charmed-

mesons doubletz;ff’)(x) the iso-triplet ofo mesons, anea
are the Pauli matrices.
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