ISSN 0029 - 3865

CBPF-NF-011/84
THE FERMIONIC DETERMINANT FOR MASSLESS QCD,

by

Luiz C.L. Botelho*and M,A. Rego Monteiro*

Centro Brasileiro de Pesquisas Fisicas - CBPF/CNPq
Rua Dr. Xavier Sigaud, 150
22290 - Rio de Janeiro, RJ - Brasil

*Work supported by CNPq



THE FERMIONIC DETERMINANT FOR MASSLESS QCD,

Luiz €. L. Botelho* and M.A. Rego Monteirno*

Centro Brasileiro de Pesquisas Fisicas - CBPF/CNPq
Rua Dr. Xavier Sigaud, 150
22290 - Rio de Janeiro, RJ =~ Brasil

*Work supported by CNPq



Abstract.

We calculate exactly the fermionic functional determinant for

massless SU(N) bidimensional QCD

Key-words: Field Theory; Functional Integral



tn the last years, analysis of Quantized Field Theories in
two-dimensional space-time have been valuable in order to un-
derstand physical properties of more realistic Field Theories!.

Recently, several attempts to solve the bidimensional SU(2)
Quantum Chromodynamics (SU(N)-QCD,) have been made 2-s

Alvarez" in a recent work calculated the fermion functional
determinant in a reduced model obtained by replacing the Dirac
equation with a suitable modification. We show in this short

note that Alvarez's method works in the general case with the
full Dirac operator by choosing appropriately the decoupling

gauge® introduced by Roskies.
We start our analysis by considering the generating func-

tional for Euclidean SU(2)-QCD, with massless fermions

Z =‘j5@ D¥ DA exp -.[k?DW + %Fﬁv+ gauge fixing term)dzé}
(1)

where P = YUDu = i3 + K.t and{ca}are the generators of the
colour group SU(2)
In order to compute the fermionic determinant, &n det P,

we follow Roskies work® and choose the decoupling gauge.

iyH Au't = yu(auU)U'1 (2)
where U is given by

U = e _YS E.t (3)

In this gauge the operator P can be written as



1

P -
p = iy UauU (4)
We can introduce now a one - parameter family of operators:
T -1
= U () (5)

where U = g s £.t with te 0,1} Defining yector field AlT)
(1) H

and VU(T) by the relation

U(T) 3 UT!. = VU(T) n AU(T) = Gu(?) (6)

with AU(T) and VU(T) given in Ref. 6 and we remark that AU(T)
has no direct relation to the gauge field defined in (2). We

can express now the operator [D(T)]2 in the following convenient form *

[w(T) ]2 = - (8U+WU(T))2 4 F(T) (7)

with

f(7)e o () [y (), ()] 4 e €3] e

(1)
L - YS[Au J A

v

and in deriving (7) and (8) we have used the integrability con
ditions * of (6). )
Regulating now the determinant, £n det[E(T)]z, by the proper

time method and using the property satisfied by (5), namely:



d plr) _ v £t D(T)4_E(T)Y £t (9)
dt > °

we get the following differential equation

4 Tr,En[lD(T)]2 = 41im [dzx Tr <x|y €.t exp[-e(D(T))2|x> (10)
dt e~>0 Cxy >

where Tr denotes the trace over the colour and Dirac indices.
Cxy
The diagonal part of exp[-e(D(T))ZJ has well-known asymptotic

expansion’. For the operator in (7) we have:

exfexpl-e(8 )21 x> » o 1w eF(P w0(e?)] (1)
e+0 4re

Substituting (11) in (10) we get:

a
42 2 .
Tr Qn[w(a)% = C(x) %;Idzx J; dt Tr (BUAU(T>+[Vu(T);Au(T)])

ol
£.t Y _%l[dzx J dt €uvar [AU<T),A£T)]g.t (12)
0

Using the integrability conditions * and the properties of

w(T) h . .
we can show with a straightforward algebra that

Tr &n [E(T)]z = C(e) - %ﬁ Jﬁzx Tr[G(T)Q(T)] +

T
- Jgﬂ deXj do Tr“[Ysﬁ(O‘)a.t G(“)} (13)
(¢}
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with 6 (%) defined by formula (6). The infinite constant in
u

(12) can be absorbed by the zero-point energy renormalization,
the second term is the non-abelian extension of the Schwinger

mechanism and the last term can be shown ° to correspond to
the two dimensional analogue of the Wess-Zumino functional

recently considered by Witten ® in a four-dimensional chiral
model. It is important to note that the expression (13) coin-
cides with the result obtained by Gamboa Saravi, Schaposnik
and Solomin ° where the fermionic determinant is calculated

by performing a non-abelian chiral change of variables. The

method discribed in this note is an alternative way to calcula
te the Euclidean ferimionic functional determinant for two-di-

‘mensional SU(N) massless QCD.
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