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Significance of confinement in covariant quark model.

Abstract. We studied significance of confinment in covariant model of quarks. For this we studied ana-
lytical property of quarks’ diagram’s. Calculations were based on two point quark’s loop with scalar
quarks. We investigate ordinary local loop case and case with nonlocal crest factor with confiment and
without it. To calculation real and imaginary part was used A-method. We estimated matrix elements for
that cases. It was shown that in case with cofinment, loop is real, smooth and without any cusp in the
quarks-producing threshold.

The conclusion done in two ways, first, by the standard technique of Cauchy's theorem and analytic prop-
erties of the loop, and, secondly, using the original transformations of the integral into the form of the
dispersion representation.
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Introduction

Covariant quark model, which is used in this
work based on the following physical picture. It is
assumed that hadrons which are consist of quarks
interact with each other through the exchange of
virtual quarks. The fact that hadrons are bound
states of quarks is taken into account by means of
the so-called compositeness condition proposed by
Weinberg [1] and Salam [2]. Physically, this condi-
tion means that the wave function renormalization
constant of hadrons, which appeared as a result of
interaction with quarks is set to zero. Hadron inte-
raction among themselves and with the electromag-
netic field and gauge fields of weak interactions are
described by the quark diagrams. Production of co-
lored quarks, i.e., the appearance of the relevant sec-
tions of unitary quark diagrams are forbidden by
using the certain confinement mechanism, asso-
ciated with the introduction of the infrared cutoff
Schwinger parameter space.

d%k 1

The main objective ofthis paper is to study the
analytic properties of the quark diagrams. All calcu-
lations are made on the example of the two-point
quark loop with the scalar quarks. It was studied the
cases of the common local loop, the loop with non-
local form factor as without and with taking into
account the confinement. For numerical computa-
tions of real and imaginary parts one used the origi-
nal method proposed in [3] and called A-method.

In this work we use the relativistic constituent
quark model with confinement [4], the so-called
covariant quark model.

1. Local quarks loop

In order to study the analytic properties of the
quark diagrams, we start with the local case without
vertex functions. In this case we have direct integra-
tion. For the ultraviolet convergence, it is necessary
that the space dimension d < 4.

Let us consider integral corresponding to the
two-point local loop:

2N 1 d%k 1
J®* =] (2m)i [m?—(k+p)2][m?-k?] ~ Jo dx] (2m)4i [m?~xk?~(1-x) (k+p)?]? M
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After the shift and the integration over the angular coordinates of variables, we obtain

2\ _ 2m? 1 1 0 ka1
J(®*) = W/Z)Wfo dx [, dk v (2)
where A=m’- (1 — x)*.
The obtained integral is calculated in standard way
J(p?) = C(@)T(-) fy dx[m? — x(1 = 2)p?]® 3)
where
w=d/2-2: C(w) = 1/(47T)w+2 = 1/4(1/27-[51/2

Note that the difference J(p*) — J(0) is finite for d= 4 orw= 0. Expanding this difference in w, we obtain

T0?) = J(?) — J(0) = C(@)T(~w) [ dx{1 + wlnfm? - x(1 — x)p?] 1 — wlnm? + 0(w?)) =
C@r-o far(n[1-a-0Z]+owd) @

We take into account only the first terms of the expansion
. T 1 2
Moe(®?) = lim,,o(4m)2 J(p?) = — [} dxIn[1 — x(1 - x) 2] (5)

The integral is calculated exactly for negative values of the square of the momentum, and then make an
analytic continuation for positive values.

o(In[(e —1)/(e + D] +in) + 2, p% <0
Mc(p?) =42+ ZJU_larctan(w/l/ol), 0 < p? < 4m? 6)

o(In[(1 —0)/(1 + 0)] + in) + 2, p? > 4m?

By using the above formula we obtain the graph T
shown in figure 1. sk i
Figure 1 shows the behavior of the square mod-
ulus of I(p?®). There is cusp at the threshold of T ey 7
4m* . The cusp is responsible for the decay of a par- Lo wen \ |
ticle on its constituents. In a number of papers Y
which are devoted to solve the problem of confine- 2 N, N
ment, one of fared" to drop" the imaginary part of L b 1
the loop. The Fig.1 shows that the square of its real e
part seven more pronounced” cusp".That is such a g - —
naive approach does not solve the problem of con- s=p (GeV)
finement.

Figure 1 — The square of real part and the
modulus of the matrix element
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2. Infrared confinement.
Let us study an arbitrary Feynman diagram:

(1, s Pm) = f[d4k]l ?1=1 Si1 (kil) HZL:1 q)i2+n(_ki22+n) (7

Here / is the number of quark loop,m is the
number of quark propagators, n is the number of
vertex functions. To study the analytic properties of
the diagram we will use the scalar quark propagator

P 1 0 _ 2_1,2
Sq (k) = e = Jy dae~®ma=k®) (g)

After integrating over the loop momentum va-
riables the expression for the Feynman diagram can
be written as

M= [ dee™™ [} dnad(t — Xy a)f (ta, ., taty)

One produces the (n-1) integration over the
dimensionless parameter a, running through the
simplex, and one integration over the parameter
t, which has the dimension of the inverse square
of the mass and ranges from zero to infinity. At
occurrence of the branch threshold point this
integral becomes converged at t — oo. If we cut

1/22
Heons = fo

Here A is a parameter of infrared cutoff. The
case of t ~ 0, were the region of small values of the
integration variable, corresponds to large values of
loop momentum variables and is therefore called the

3. Nonlocal quark loop.

det™ 1 fol d"ad(t — Xieq a)f (tay, ..., tay)

= [ d"aF(a, .., ay) 9)

In order to simplify the numerical integration
move on to integration over the simplex, by insert-
ing the one as

0
1= [ dts(t—Sl,a)  (10)

Producing the scaling variables ai — tai, we fi-

nally obtain

(11

the integration at the upper limit, it provides ab-
sence of any threshold singularities in this dia-
gram because the integral obtained sabsolutely
convergent for any set of kinematic variables.
Therefore, the expression for an arbitrary dia-
gram, taking into account the infrared quark con-
finement can be written as

(12)

ultraviolet region. In the covariant quark model ul-
traviolet divergences are absent due to the vertex
functions that are rapidly decreasing in the Eucli-
dean space.

Consider the case of nonlocal formfactor. Let us consider the integral corresponding to nonlocal two-

point loop:

d*k

F'(pz) = f(zn.)zl.i exp[svkz]

1
[m?=(k+p/2)?][m?-(k—p/2)?]

(13)

We use the equation 1/A=[dae A, for A> 0 and introduce the notation I1(p®) = 167°F (p?)

fi(p?) = ffowdal da, f%exp [s,,kz — [mz _ (k 4 2)2] —a, [mz _ (k _g)z”

After integrating over k, we obtain

: (14)
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=~ © t . 1 spt? sp2t
np*» =-/, dtm(sg +t? = 2s,it) [, dx exp [—et + 55”+t2] * [cos [—tzo + 55”?21] +

.. sp2t

+isin [—tzo + 51;721” (15)

In this model the interaction of hadrons de-
scribed by a set of relevant Feynman diagrams with
local quark propagator and non-trivial vertex func-
tions. As a consequence, the matrix elements of the
physical processes occur threshold singularities cor-
responding to the appearance of quarks. In the space
of Schwinger parameters one introduced the single

1/A2

f(p?) = [/" dt [ dx

By using the above formula we obtain the graph
shown in figure 2.

In figure 2 is shown the square of the real part
and the modulus of the loop. Figure shows that the
simple zeroing imaginary part can not be excluded
from the bending schedule. As well as for the case
of a local loop, the integral IT (p*) has a branch point
at p> = 4m’, since in this case the value of the expo-
nent z, becomes zero in y = 1/2, and the integral
over the variable t begin to diverge at infinity. You
can see that the introduction of the infrared cutoff
for a loop with a nonlocal form factor, the curve is
smooth and does not contain curves.

"
n

3 3
= (Re 1y +{Im Ty
== (RellV

)
L

Figure 2 — The square of real part, modulus
of loop and loop with infrared confinement

(sp+t)?

dimensional parameter ¢, on which there is integra-
tion from zero to infinity. The appearance of thre-
shold singularities corresponds to the divergence of
the integral at infinity.

Infrared confinement provides absolute conver-
gence of the integral and the absence of any singu-
larities for any values of T1(p?).

t

exp [—tzo + 5z, (16)

S
Sy+t

Conclusion

As a result of studies of the role of confinement
in a covariant quark model the following results are
obtained: With the help of exact analytical calcula-
tions of the local quark loop with the scalar quarks
one demonstrated by the behavior of its real and
imaginary parts. In the more complicated case,
where the quark loop has a nonlocal vertex form
factor, one using the numerical calculations also
obtained the behavior of both the real and imaginary
parts. Performed calculations of quark loop with
nonlocal vertex functions and taking into account
the quark confinement that is use din covariant
quark model. It is shown that in the latter case there
is no the imaginary part of the diagram, as well as-
bending ("cusp") corresponds to the threshold of
quark production.
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