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Abstract: The interaction kernel in the Bethe-Salpeter equation for quark-antiguark bound states is

derived from the PBethe-Salpeter equations satisfied by the quark-antiquark four-peint Green’s

function. The latter equations are established based on the eguations of motion cbeyed by the

quark and antiquark propagators, the four-point Green's function and some other kinds of Green’s

functions which follow directly from the QCD generating {unction. The Bethe-Salpeter kernel de-

rived is an exact and explicit expression which contains only a few types of Green’s functions. This

expression i1s not only convenient fnr perturbative calculations. but also switable for nonperturha-

tive investigations.

Key words: interaction kernel: Bethe-Salpeter equation; gg bound state

CLC number; O572. 33 Document code: A

In quantum field theory. the Bethe-Salpeter
(B-S) equation, as a rigorous approach to the rela-
tivistic many-body problem, has heen extensively
investigated in the period of half century-'~*4. This
eguation is elegantly formulated in a Lorentz-co-
variant form in Minkowski space and the interac-
tion kernel in it can perfectly be calculated by
means of the technique of perturbation theory.
Usually, the interaction kernel is defined as a per-
turbation series constructed by all the B-S irre-
ducible {or say. two-particle-irreducible) graphs.
In practical applications. the perturbation series
has to be truncated in a ladder approximatiwn. The
ladder approximation has been proved o be suc-
cessful in QED {or studying the bound states
formed by the electromagnetic intericrion-® *.
Nevertheless, it is not feasible in QCD for explor-

ing multi-guark bound states hecause the confining
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force which must be taken into aceount in this case
could not follow from a perturbative calculation. 1t
was remarked in Ref. [10] that “* The approach us-
ing the B-5 eguation has not led to a real break-
quark-quark

through in gur understanding of

force”. The reason is mainly due to that we have
not known the closed expression of the kernel
which can be used to evaluate the conlining force.
In the previous application of the B-S equation tu
invesugate the hadron structure, a phenomenolog-
ical eunfining potential is necessarily introduced
and added to the one-gluon exchange kernel so as
to abtain reasonable theoretical resules!'™ '), The
confining potential was originally proposed by a
for example. the

Wilson

Since the B-5 equation is an exact {or-

nonperturbative compuration.

lattice gauge calculation of a special

loap -1,

mahism for the bound state and the B-S kernel con-
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tains all the interactions responsible for the {orma-
tion of hound states. certainly, the kernel appears
to be the most suitable starting point of examining
the quark confinement. For this examination, wt is
necessary at first 1o give a closed expression of the
kernel which is not only convenient ior perturba-
tive calculations. but also tractable for nonpertur-
bative investigations. ln this paper, we are devated
to deriving a compleie and explicit expression of
the B-5 kernel for the gq bound system. The pro-
cedure of derivation is similar to that proposed ini-
tially in Ref. [14] and subseguently demonstrated
in Refs.[15, 16] where a closed expression al the
interaction kernel appearing in the exact three-di-

mensional relativistic equation { or say, the Dirac-

Schrddinger equation) {or the g bound state was
derived. The B-8 kernel derived in this paper is
Lorentz-covariant and formally is rather different
from the Lorentz-non-covariant one given in the
three-dimensional equation. For brevity. we re-
strict ourseli in this paper to discuss the hound sys-
tem of the quark and antiquark which are of differ-
ent flavors.

To derive the B-S interaction kernel appearing
in the B-S equation for qg hound states, we first
show how the kernel is defined through Green's
functions. Before doing this. it is necessary to
sketch the derivation of the B-5 eguation satisfied
by the qf four-point Green’s function which is de-

fined as™

Gl x2: Yis yz)aﬁpa = (ot |T-J.55a'~-1‘:-]¢'§(12)5_"’p(.)’1 )&;‘-}':)} [0, (1}

where ¢.(x.) and ¢5(=x;) are the quark and antiquark ficld operators respectively. ¢, (3.} and &.(y,) are

their corresponding Dirac conjugares™!

glx) =C¢ (), i) =— ¢ ()Ct (2)

here C is the charge conjugation nperator and 7 symbholizes the time-ordering product. For later conve-

nience. we write here definitions af the Green's funcrions mnvolved in this paper

et
:, ] (I, .

1

el T3 Wi ottty }'llIl' _V1Jap

= —i—{ OF | TT As(x, d-- A%r,) ALy ) AUyl )y 2] 070, (3)

AZTRTECT, e e Ty Ve e | Taa D

= —il—< OF | T Al Y- AS{z,) Al ) ATy )ge{z )y 0]l 070 (4)

...... u
Gl T, =0 T8 Vae o

v M III‘I L2F N }'2)«,3,.”

= (07 |F[ Antx, )y AlCr,) Auly v A 0. (o WL Y, (v (v ) ] 070 (3)

where 7, j; £, I=1,2. Individual representations
of the Green’ s functions encountered in later
derivations can be read off from the above expres-
si0ns.

The B-S equation {or the gy bound system
may be set up by acting on the Green's {unction
G (1.2 33 .20 with the inverses of quark and anti-
quark propagators. i. e. the operator (i3, —m,+
%) acting on the coordinate ; aud the operator

(i3, —m.—+— =) acting on the coordinate x, where .
: g 1

= Y*%. m, and m, are the guark and antiquark

masses, and X and Z¥ stand for the quark and anti-
quark proper self-energies which occur in the equa-
tions oheyed hy the quark and antiquark propaga-
toTs
[(i(]II — oy + SIS datEy, )
= 8,8z, — ) (6)

and

(zp — .7 . (7)
For deriving the B-5 equation, 1t is necessary

to use various eguations of motion satisfied by the
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qq four-point Green” s functions and =ome other ating funcrional (see the illustrations presented in
kinds of Green’s functions. The latter equations of Ref. [5]). According to this procedure of deriva-
motion can easily be derived from the QCD gener- tion, one may obtain

]

[(ia_rl — mM; + -S](IL')_‘: — Mia + -‘S[)G_Jadpv('rl' o Vi .‘U2)

= G B8z, — ¥y 18, — yo! + L v X1 V1 v Y2 Vagor o (&)
4
where '[_%I(‘II' Lup Fis }'Zjaﬁ,w": Ethll:I]-Ig:y] "yz)aﬁ.w ’ (9)
in which H (208 Vv Vo dogee = — (T [d*ng(rz,:g)glG;(.r]I XraZp i YV lripe o (10)
thj(-r]i-rz=y1ly?_)aﬂpa = — (Tb.]ﬁk'dizls{-r[?:l)w Gg(l'zi Ty T VYo drw (11)
)
HP (zy o331 0¥z agn = (D)l TGz a3y [T 0 X0 7 Yio Yo lvige (12)
f
HM(z x50, Dage = ’d*31d‘zz£(11 R FSO .2 1aGlT T s Vi e Yorpe (13)

In the above, I =g¥*T* and I™=g¥'T* with T"=2"/2 and T"=—4"" /2 being the quark and antiquark col-
or marrices respectively.
By means of the technique of one- and two-particle-irreducible decompositions of Green’s functionst,

it may be found that the function 5 ,{x,,2z:y,,y:) 15 B-S reducible and can be written in the form
“?tp] (1'1 ISR RIER S ]u.u'au' = J‘dqzld‘.zJK(‘r] 2L i T1aTn ]aﬂ?lG(z] + o5V 132}7,\.” ¥ (14}

where K{zy,x::%,,22) 18 precisely the B-S irreducible kernel . With the above expression for the function
G vz i Vi vy )y the equation (8) has a closed form
[(ia_r[ — my + ‘S)(ia’: — my + )G Ly s Ty 2 v2)

= 8,858 x; — ¥ )M, — v + J.d]ztdiﬂ'-':K(I1v-fzéi'n:-'z]aﬁnG(znze!yt!yz)n,m . {151

This just s the B-S equation satisfied by the Green’s function Gz 225 v1+¥2 ).
By making use of the Lehmann representation of the Green's function G{z,,x2:y,:v:) or the well-

known procedure proposed by Gell-Mann and Low!*-. one may derive from Eq. (15) the B-5S equation satis-

fied by B-S amplitudes describing the gg bound states’'=%]
E(iaJ‘1 — my + E)(ia,g — m, + E:)XPr](-rl.Iz) = Jd]}'ld'."f':K(-rl !Iﬁytvyz)xpr(}'n_‘}'z) » (163
where Xe lzp ) = (0% [T gty x-)]| Py (17)

represents the B-S amplitude in which P denotes the total momentum of a g bound state and { marks the
other quantum numbers of the state.

Bevond the perturbation method . the B-S kernel mav be denived by starting from its definition shown
in Eq. {(14). One method of the derivation is usage of B-S equations which describe wvariations of the

Green’s functions involved in the functuon 3, (x, .33 ¥+ v} with the coordinates v, and y,. Let us act on

the both sides of Eg. {14) with the operaror (i 'a_yl—{—m,—j)ti Ay, — =)
Jd4zld4zEK(xl.Iz:z,,:z Yol Gl §JI 4+ m,— )0 FJ + ey — I el s v )

= Qa T ¥ e dape (187

where QT2 Y v Ve apor = [-éi’”;(i-éJl + m, — SJ(i:’iyJ — my — ) Lol Ty Ty Vi) . (19)
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As seen from Eq. (18), to derive the B-3 kernel. it 1s necessary to use a B-5 equation with respect to
» and y, far the Green’s function Gix, w733y +y,). This equation can be derived with the help of equations
of motian with respect to y, and y: {or the Green's functians, The latter equation may directly fallow from
the QCD generating functional. The result of the derivation is
[G(iEPJ] + mr, — 2){1'5,2 + . — 2‘)]‘,’5‘,‘,{1”12;_}?] s y2 )

= 8,00 {a, — ¥ ¥ x, — y2) + F( T T Y1 v Vs Vageo {200
4
where AT i M e Y Vg = EH:U'(IUIZ;_}'“._)VQJ;,SW . (21>
i=1
in which :
H' x50 0% dawe = — J.dqzzc:(,}ﬁ [EIPESERA vzz)a-.ﬂrﬂzcczz *J’z)ﬂv(‘r‘np)rﬁ + (22)
H}E' (T e T3 Ve Yo Do = — J-d’:[G‘z- (¥: LTI L i e Ve )a.ﬂnfz(zl LS ] )rp{rh)ﬁc + (23>
H;:a)(-r[ 1 Tad ¥y ;j':)e,ﬁ.pr — Gﬁl:yl v ¥ |1'1 aLai M 32 Jaﬁra(-lu#)rp(rb‘)a'g ] (24)
H?'(Iz v TN AN g = ‘-d‘z:d‘lz:G{-’rlrf:i:-'u::)a,snsz(zls.)’l)rpzcﬂzz-y:)ﬁa . (25}

J

Substituting Eq. {20} in Eq. (18), we have
K(Il!Iz;yl!J}Z)ni‘Pﬂ - Q{IUI:"J'L v V2D e — Jd4z1d{z:K{I: rIai:-"1-Zz)aﬁm%ﬁa(zlrzziyuyz)r&m . (26)

Clearly, to reach a closed expression al the B-S kernel, it is necessary ta eliminate the kernel appearing in
the second term on the RHS af Eq. (26). For this purpose. we operate on the bath sides of Eq. {14) with

the inverse of the Green’s function G(r,x2;y, . y.). With this aperation. noticing
jd‘zld*zzG(r, A T3y T gl TR VR Y Ve Ve = G Ba Bt (x — y 8 (X, — wa) {270
one can get K 2253720 ) sas = J::!‘ulcl"a::{}‘f1 (T ST TR TR B Souby & "NNGTINS T 0 TN {28)

Upon inserting the above expression into Eq. (26), we arrive at

KOz ods5 5% apos = Q0228 ¥ 0 V2 Vagee — SIT 1 X035+ Y2 D atoo v (29)
where Sz v 2301 Ve dagwe = J'dluldquzd*vldﬁ":‘t}?‘l(1_ B SETIINS 70 JoN Cbl FIRICTISY SN H P
G (U U3 2 Y e - (302

As we see, the second term in Eq. (29) has been explicitly written out. It contains a few types of the
Green” s functions as well as the self-energies appearing in the mutually conjugate functions
SN x vy v sy Yand F (T v 1o vie v, ) shown in Egs. (9) — (133 and (2)) —(25}respectively. Clearly, to
give a linal expression of the B-5 kernel, according to the definition in Eq. (19), we need ta caleulate the
function @ (x,,z:3v:.¥:) by means of the B-S equations with respect to y, and v, for the Green’s functions
invalved in the function Z#°,(x,.z;: ¥, ,¥:). The result of the calculation is as follows
QU Tas v Y2 dagm = K (X T2 3 0 Yagoe + K (310 T05 Y0 0 Y2 Do
Rlryvryiy i v Vase + MO Ze3 50 Y2 Vage +

Jdlztld*uzzlﬁll RIS ISO & JEIRS PV, o (TN TR L U PO B

J‘d‘t"d‘T'?Hl & S SRR N )u-?:r’z(t"l ry1)rp£c':'1’2 v V2l (313

where Kz i3 0 ¥ dage = 8 (2, — 308 (2o — v I (T i (2, — 2,3 (323

which is the t-channel one-gluon exchange kernel,
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?(I]’xz;yl’yzjuﬂm = (I‘an ),;-(T‘“")g,.(?ﬁ(.rpxg:_}'l-yz|I;..rg;y1 nyg)ﬂrﬁ(p‘)rp(‘ﬁa)h v (33}

[l
ROE, T, Yo dosor = 23 RAZ: 2 T3 305 Y2 dopon (34)

in which -

R, €23 2205 Y12 ¥ Yot = 8 (2 — ¥ :(P“";qﬁjdm::*(xz,ug:,ﬂ[A:f'(z,;yz ety s vz 3 (T 25y —
Jd‘va;“(rl U VS s 2y V0] T S ey e T I L AR s 3y | Ziayy dre (¥, —
jd‘v]Ap“(Illx] R Z V] (35)

R, (£ X3:Y19¥2 Vopee = G (T2 — }'g)(l_"“"ia,J‘dW]-i(I] e Y [ A%z, 53 oty v 31 Yo (T ) —

J‘d*v]A“n (ry luy st 2wy b ] — ey 3@(?‘“’ }BAEA::? E PR TIEN v}‘:)w(f_-'b" Yo —

-J‘ddtr‘zA;a(Igi-rgct’zjlﬁf(t'_‘?.}':)an] . (36)
Ry (214 X500 Yo dagn = — 8 (x, — ¥ ](Fp)up(ﬁb ].ﬁl[Azf(I1 »Iz;.\’slxz-yz}w(r“)aa -

J.d4UzA;:b(I]v$zlIz-T'slwf(t'zvszan] — o' lx, — _“’:){‘ﬁk)ﬁa(r‘m)n? *

I:A'::.‘:(Ijvx_}i}'l II] 'yI]?rLF“ ]rp - [ddUIAﬁ{I]o X III'vl)J’rz('Ul r ¥ }rp] ) . (3?)
R¢(I1-Iz;}']-\'z)gﬁ;g=_ E(—Tln_}'; ]apE(Ign}'z)&- " ‘387
-M(I]?-I2=}ll'l,}'z)¢ﬁm = EM_.(I-LVIZE}'l,yzjgm " (39)
1=
in which ‘
M (xy v Tys X0y Yagar = — LT LrJd'ﬁz-Sc(I:-u:J;if[G:t(Ii= ¥ Ve X85 Y 1 Ve Yraes
(Iw)zp(fﬂr)-?ﬂ - _l‘dqucﬁ(l"t RO ENU PRGN T S, (I’II‘}’IZ)FBEIW]FP _
Jd'UIG::(II vz oy v 3 dre 2 (oo l,,;(fw)aa:l " (40D
M (x T3 V143 Yager = — (I_ﬂun}ﬁiJ‘d‘uls(fx-uljar[("zﬁ(lz; M ¥: |u1v1‘z;}'1-y2)rha *
(5 (T s — Jd R E R URETIN PR TR T WSO € TIRNE D AR & A TR
J‘dgle‘::,(Ig 1] iul.-’." U e ¥ )}’lrﬁELz?] ¥ .‘rpf\j?‘b})aaj L] L41)
Mafll s L5 ¥ o )nﬁ‘w = (P"H)ar(rm }m[ “d%';(f";.’u‘.(fnl’gi}'n |1-'1 ;Igi}’lnvz)ms *
E:(”z-yz J;.,(F"]rp + Jd4v]G:ﬁ(Il VTV T T s Uy Y drars (U1 4 Y ]r.n(Tm‘a"aa:l (423
]
and Jr[;(-rl'-rzv'.\']'}'z ]a.ﬂpa= EH;'I(Iis-Iz;y]:}':)ppm ] (43)

=

here =1, 2. 1t is noted here that from the irreducible decomposition of the Green’s functions included in
the B-S kernel, it can be seen that the self-energy-related terms of the function M{x|,z;3y;+3,) defined in
Egs. {(39)— {42) are responsible for eliminating the corresponding terms contained in the function K{x;.
Tyi ¥ +ye) defined in Eq. (33). Simularlv. the self-energy-related terms in the function RCxj.a5:37 .3 ) de-
fined in Eqgs. (343— (38) are responsible for cancelling the carresponding terms contained in the two self-

energy-jrrelavant terms in the function #;{x;,x:; 3.3} shown in Eq. (37). Due to this cancellation. the
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B-S kernel is, actually, irrelevant ta the self-energy corrections of the external quark and antiquark lines
(by the external quark and antiquark . we mean the ones cccurring in the B-S amplitude). Particularly, the
function R{x, s 1.5y +¥2? gives all the higher order corrections to the bare vertices in the kernel X[*' (x), 1,3
¥1r¥:) 50 as to make the one-gluon-exchange kernel to be exact.
MNow let us turn to the function S€x, «xpi ¥y Y2 Jases expressed in Eq. (30). According ta the definitions
denoted in Egs. {97, (21} and (43), we can write
P (XX 310 Y dagee = H {3 T35 3003 D0 + H;“(-Tl 1 L23 V10 Y2 ragnr - (44>

Thus, Eq. {30} may be rewritten in the form

Sz v T2 i Y10 Y2 e = j‘d“‘wldl*u:cl“‘zr,cl"r.rzl-fl(:.*:1 T IRT 2D P Skt C7DUNTIPL THEE 7y NN 5 0 € T DRI n I
j-d‘uld‘ﬂgd'ivtd“'t'gH;”(1'1 [ oFS-3- 1% 1u3J,ﬁraG_L{u| pi 5T/ "ﬁ-'z}nns‘g"z (quziyl !yz}nfpu' +

Id‘uld‘uzd‘v]d‘vzHl (s Xastly ot ragmG  Cty sty 50 50 Prans L S (0 a0 Y00 Y2 Yo {45y

When the functions H1"' {x; 2y:12 stp}oma and H ' (0357, 31432 ) in the second and third terms In Eq.
(45) are respectively replaced by the expressions given in Egs. {137 and {25} and employing the relation in
Eqg. {277, it is easy 10 see that the last two terms in Eq. (45) exactly equal to the last two terms in Eq.

£31) respectively. Therefore. on substituting Eqs. (31) and (45} into Eq. {29), the B-S kernel will be fi-

nally expressed by the following closed form

Kz 20303 dape = RIx 020 3, 1 %2 ) agpa — S{x, P25 Y1 s Vg Pagar v {46)
where QLT T 5 ¥ Yedaser = KV (X, 3% v Vo agor + K UL s T2 3% 9 Y2 Yogee +
Rixy,x,5m M g + Mx r X3 Y10 Y2 dapor (47)
and ST, 2355 22 Vat
= J.d"u]_d‘u:d‘vldlvzHl(Il .Iz;u].u:),‘.;-h(}'-:[u, nug:'b';o'l'z)nraHz('U;-vziJ’i ’yz)rdpr . (48>

The B-3 kernel shown above is manifestly
Lorentz-covariant even in the space-like region of
Minkowski space where the bound states exist.
Particularly, the kernel is represented through on-
lv a few types of Green’s functions contained in the
functions R (x,, 2235 ¥i» ¥:0e M {10 Zos Y15 ¥2 1o
H\{xy,xz5u1+u} and H (v, w5y, +y2). Therefore,
it is not only easily calculated by the perturbation
methad. but also provides a proper basis for study-
ing the QCD nonperturbative effect.

It is well-known that the B-S equanion is in-
variant with respect to renorrmalization. In other
words , the equation {16} keeps the same form be-
fore and after renormalimation. Therefore, the

renormalized B-S kerpel is still represented by the

formulas shown befare provided that all the quanti-
ties are replaced by the renormalized ones. Next,
we note that in the derivation of the B-S kernel,
we acted on the Green’s functions with the opera-
tors (i, —m+ X} and (i3, —m,+ 3"} other than
the operators {id, —m,) and {id,, —m.). This is
because the B-S equation established in this way is
conveniently renormalized. Certainly, the B-S
equation can be set up by using the operators (ia,
—»ri} and (i3, —m.) to act on the Green’s func-
tion G{x;+»x23 ¥1+3:}. In this case. the B-S kernel
has a formally simple expression which may be
written out from the kernel derived before by delet-
ing out the self-energy-related terms, as shown 1n

the fallowing
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s a7 R T D L BECE

K[I| s Eai ".:""_‘}

= K, oy + Rz oy + Gla cxny ez 1o Ioisn ¥ — SCoXyn ) » (45)

where K;P{x,+x:3¥1,¥:) was shown in Eq. {323, R'(&).2_ iy . is given by the two terms without the

self-energies in Eq. (371,

(}(Iiylzjqu}’z‘I]fI::_}'] -_}"3_1 - i:|+I,’I1{A{I_)A(\r3)¢’t‘r)]¢f (.Ig)@(.y])a‘(}'g)A(}'\)Acyg)k lU_} + (50]

m which Al =I*A0x1, Al = ™Ay, Aly)) = A2y, Al = ™A ) (517
and Sl wriy.) = |d'u,d‘u divdlvalatr, .7 | soreecaun) .

S T TIS T 1 A D 0 I (321

in which Gy o, |z sty 20) = (07 [THAC2 DA Y o I (L 1 Pla 19 () ) 07 ) {(53)

Gyivye [tnat, iyeyed = SO [T g € 1o F (3 Ay AL 07 (54)

At last, it is necessary 1o mention the role
played by the last tetm in Eq. (49). As pointed out
hefore, the Green’s function f_: Cayaxs o xosing,
u;) with two-gluon fields at the positions x, and x,
15 B-S reducible and can be represented as

GUx Ty | Xy ottty vty
== JAd“z]d‘22K|,(J:1 22 ‘:3] *

G{zyvzayueg i) o (oo
where K. (x4 x23 2102, ) 158 a part of the kernel
Klx +2:3%1-2;) which is generated from the
Green's function GCx x|z, vz 3270 w3 Simmilar-
ly. the Green?s funetion GOy ve bu vt 30 ¥:)
with two gluon fields at y, and y.is also B-S re-
ducible and can be expressed in the forn.

Givivy |1'| ROYRIRR IR

= Jd‘zld‘z}G{vl.v”z].z'z) .

Kz oz v} o (351
where the kernel K:, as can be proved. 18 conju-
gate to the kernel K,. Substituting Egs. {(55) and
{56} into Eq. (52) and using the identity denoted
in Eq. (271, it is-found chat

S(Il..l‘gﬂjf'] 'J"z)
= J‘d‘u,d"u?d"zlld‘v:K,{Il..r;:u.,:::] .

Gl vuy 10,0 0K (o) a1 v o3, 1 (h7

This expression shows the typical structure of the

two-particle reducible part of the B-S kernel. On

the other hand, the Green’s function G{r +xz;3..
Aoz ax_ i ¥ ¥z ) for which at every position a gluon
field 1= nested. in general, can be split into a B-S
itreducible part Gr{x «e3m+32 [ X1+ X2y 232 ) and
a B-S reducible part Grelarysxeiy 30| F1vrsivry;)
and the B-S reducible part just equals to the func-
tion Sz .2:33 2% ). Therefore: both of the fune-
tions NCrsTetys o va? and Gee Xy s 223 v |y oo
w s v: ) ate cancelled with each other in Eq. (49,
Thus. we have
Kixr .oy .y
= Alaoaziy ) + Rz oy +
GIRIT a5 ¥red: | o (58]
in which the B-S irreducible part of the Green's
function represents two and more than two-gluon
exchange interactions in the sense of perturbation
theorv. A similar cancellation takes place in Eq.
124) where the function S(xr . xz: ¥ e} just plays
the rale of eliminating the B-S reducible part con-
tammed in the function &2 (a3 ¥ ) °
For the purpose of explorning the QCD nonper-
tuthative effect existing 1 the bound state, it is
apprupriate to start from the kernel derived in this
paper. Ir the ardinary guark potential model. the
Last ternian Eq. (58) is usually simulated by a lin-
car potential kernel or some other modified confine-
ment ane. Certainly . This simulation is oversim.

plified, To search for a sophisticated confining po-
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tential including not only its spatial form. but also

its spin and color structures, it is necessary to call

for a suitable nonperturbation method to calculate

the Green's functions contained in the B-S kernel
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