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Integral equations

A systematic field-theoretic approach to the description of hadronic
matter on the basis of an effective-action functional in the quark sector
of QCD can be formulated within the path-integral approach. The
quark-action functional can he renresented in the form

Seila, d] =f dx, dx, EA(xl)[Go_l(xlr xz)]quB(xz)
_%f dx, dx, dy, dy, [EI_A(xi)qB( Yl)]

X[ZM( %0, ¥i5 %25 ¥2) | acpl@c(*2)ap(¥2)]-

Here. the first term is the free-anark action. with

[Gg_l(xl, xz)],;3= (ia_'ﬁo)sﬂia(ﬁ =),

and My = diag(my), a=1,...,N, is the current quark mass matrix.
The indices A, B, C, D are a compact notation for Dirac as well as
flavour and colour indices.
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Integral equations

The channel decomnosition of the four-noint interaction kernel K7
[l%/ﬂ(xls Yis X2 yz)]AB;CD= (Aﬂu‘/lga)ﬁﬂ(h v X,Y),

where
A= (€5 p* ) up
. ) i i
£ =11, iys, ﬁyﬂ, ﬁ?ﬂs s
i
pt = (\/—%-19 7_57"), a=1,2,3 for SU(2),

. i
§J=(§1 —,\‘), i=1,2,...,8 for SU(3)..
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Integral equations

The orbital nart of the interaction.

(%, y| X, Y)=W(x*, y)SHX -Y)8(x-1)8(y ),

has a relativistic covariant form, with x = x3 — %3, X = (x1 + x2)/2
being the four-vectors of the relative and the center-of-mass coordinates
of the incoming quark-antiquark pair;

Yy =y1—Yy2, Y = (y1+y2)/2 are those of the outgoing one, respectively.
The four-dimensional d-function guarantees the condition of the center-
of-mass conservation, which is a consequence of the homogeneity of the
space-time continuum.
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Integral equations

The instantaneous interaction kernel is further assumed to neglect retardation
effects in the s-channel so that it depends via W(x*,y*) only on the
transverse components of the four-distances x,, and y,, with respect to

the (conserved) four-vector P... of the center-of-mass momentum:

P
R A CRONE ey~

yll and y+ are introduced accordingly.

The neglect of retardation effects in the s-channel is motivated by the
analogy with quantum electrodynamics where the assumption of the
dominance of instantaneous interactions in the formation of bound
states can be justified. The projection on the subspace of equal-time
processes is represented by d(x - 7).

The potential of the effective quark interaction can be constructed in
a gauge-invariant way within the reduced phase-space- quantization
scheme.
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Integral equations

For the application of the general nonlocal theory, there are two important
classes of potentials which are contained as special cases in the general
form of W(xt,yt)

bilocal notentials:
W(xt, y)=8(xt —yH)V(x4),

separable notentials:
Wxt, yt)=Vor(x")e(y™).
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Integral equations

Within the standard functional-integral approach to bilocal field theory
the action can be transformed by introducing bilocal bosonic fields
MAB(X17X2).
After integration over the quark fields, the effective bosonized action
takes the form

Sl #) = FN[3.4(77) ' A +i TrIn(~ G5 +4)).

Due to the particular choice of the instantaneous interaction kernel,
the fields Map(x1,%x2) = AlgMap(x,X) can be introduced in such a
way that they satisfy the Markov-Yukawa condition for instantaneous
bilocal maenn faolde.
d
__gH -
R (xlXx)=0.

o
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Integral equations

These fields are irreducible representations of the Poincare group with
definite mass, P2 = M%, spin and orbital parts which can be expressed
as

#M(x1x) = —KPXP (xt | P)afi(P)

dp [
(27)"* 2ay(P) ¢

+e P OF (x| =P)ag(P)|8(xn"),

where af;(P), a;(P) are creation and annihilation operators of a bound
state. The index H denotes the set of hadron quantum numbers and Py
is fixed as Py = wy = /P2 + M% and [g(p*|P), Mu(pt| — P) are the
quark-meson-vertex amplitudes which are functions of the transverse
component of the four-distance X}f with respect to the four-vector P of
the center-of-mass momentum.
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Integral equations

Z(x — y) = m* D x — p}+ 1A (x, y)Cglx — ),

=iA(x, y) jd421 d4zz Gy(x — 2.)1(z2y, 2,) Gz, — V),

In momentum space we obtain with

Z(k) = jd4x Z(x)e™,

L{g|?) = J d*x d*y exp [ix ; Y 9”] exp[i(x — y)q] I'(x, y)

d*q
) =m°+i j Gy V- — 4Gl

. P
Lik, #) = ’Lz eV — g [G (q +2)r(qlg')gz (q —ifiﬂ 1.
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Integral equations

The quantities £ and I” depend only on the transversal momentum
Lk =Z(k'). L[kP)=Lk2),

because of the instantaneous form of the potential ¥'(k*) in any frame.

Z.9) = 4" + E¢1)5,%(qh)
for the self-energy with
S, Ma") = exp{—4'2u,0q*)},  4F =aqr/1atl,

where S, is the Foldy-Wouthuysen type transformation matrix with the parameter

U,
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Integral equations

Then, one has
Gy, = [dof — E.(g")S, *(¢H)]

— ]: A?Qm(ql) A(("—))n(ql) jl "
—EgY+ie qo+ Elg)+ie]”

where
A a(a™) = Sa A0S, (g'),  ATH0) = (1 + 4)2

are the operators separating the states with positive (+ E,) and negative (—E,)
energies.

As a result, we obtain the following equations for the single-particle energy E
and the angle v,

i e
E, (k") cos 20(k*) = mS + = _[(2 Ykt —a *)cos 2u(g "),
E (k'Y sin 20(kY) = k') + % J?; s V(kt —g)kt gt sin 2v(gt).
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Integral equations

The vertex function is given by

[p(k*2) = o )3 V(kl a i,

where the bound-state wave function , is given by

Vg ) =4 |: (+)a(qL)Fab(ql|'@)A( )b(q J') ( )a(ql)rab(qJ"ga)A(ﬂb(q ):| i
“ Ep— JP# +ic Eyp + /% —
Er = E, + E, means the sum of one-particle energies of the two particles (a)and (b)

Ar(@) =57 ALO8@ ) = Ay(=4")
has been introduced.
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Integral equations

(Er(k) T o/ PHAL (kWK HAD o (— k)

?’J)a(kﬂ[ﬁ q) Vik* — l)%b(qi)]l\{'l:’»(—kﬂ-
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Integral equations

2
E,,(k)=\/(m2)2+k2:mg+§;l;"55

a

L+

k
tan ZU:W_)O’ Sky~1, Ay = B

AWy 2 sen,  AAL, =0
and finally the Schrodinger equation results in

LT 0 dq
[ﬂk + (ma + ml? - MA)J'/’Sch(k) = J(z )3 V k — q)q"Sch(q)’

where g = m,-m,/(m, + m,). For an arbitrary total momentum #,,

1
[fz—ﬂ(kfrw(m,?mb NES )];asm(ki) J(z T V& — 0 Wisaa ),
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Integral equatior

WnTerpanbuble ypaBHeHus B (bUSHKE YaCTHI! MAaTEMATHT



Integral equatior

WnTerpanbuble ypaBHeHus B (bUSHKE YaCTHI! MAaTEMATHT



Integral equatior

WnTerpanbuble ypaBHeHus B (bUSHKE YaCTHI! MAaTEMATHT



Integral equatior

WnTerpanbuble ypaBHeHus B (bUSHKE YaCTHI! MAaTEMATHT



Integral equations
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Integral equations
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Integral equations
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Sa1aun

MogenmupoBaHne M 9UCJACHHBIN aHaIN3 MOBEICHNS
TICEBIOCKAJITPHBIX ME30HOB B 3aBUCHUMOCTH OT BUJA MOTEHIIHAJIA
B3aUMOJIENCTBUA.

MO,ILGJ'H/IpOBaHI/Ie W YUCJIEHHBIN aHaJIn3 IOBeIeHUA BEKTOPHBIX
ME30HOB B 3aBUCHUMOCTH OT BH/a IIOTCHI[NAJI& B33,H1\/IO,D;€I>'ICTBI/IH.

Ceoiicrea J/¢p n Y.

MO,ILG.HI/IPOBELHI/IG W YUCJICHHBIA aHaJIn3 PEJTATUBUCTCKUX
ypaBHeHHﬁ JJ1d TJIIOOHHBIX CUCTEM.

MO,ILG.HI/IPOBELHI/IG W YUCJIEHHBIA aHaJIn3 PEJIATUBUCTCKUX
yYpaBHEHNU AJIsI MHOTOKBAPKOBBIX CUCTEM.

MoemupoBanue paciiaioB TSKeJIbIX KBADKOHUEM B HEJIOKAJILHOM
3P PEKTUBHON TEOpUH.
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