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ANALYTIC STOCHASTIC REGULARIZATION IN QCD AND ITS
SUPERSYMMETRIC EXTENSION*
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We outline some features of stochastic quantization and regularization of fermionic
fields with applications to spinor QCD, showing the appearance of a non-gauge invariant
counterterm. We also show that non-invariant terms cancel in supersymmetric multiplets.

I. One of the most remarkable features of Parisi-Wu’s stochastic quantization
method! is the possibility of an original prescription for regularization, built
upon a non-Markovian extension of the actual process. By means of a particular
regulator function, as shown by Alfaro,” it is possible to obtain a scheme very
similar to Speer’s analytic regularization.’ At the beginning, the commonly
accepted idea was that this new method could respect all physical invariances, in
particular, gauge symmetry.* However, a one-loop computation of counterterms
in 4-dimensional scalar Yang-Mills theory, shows the existence of a non-gauge
invariant counterterm.” We shall follow the same steps and use the analytic
stochastic regulator in 4-dimensional spinorial QCD.% As a byproduct of our
calculations for spinor and scalar cases, we verify that a gauge field coupled to a
supersymmetric matter multiplet receives only gauge invariant contributions to
the counterterm. Therefore, at least to lowest order, the regularization scheme
preserves gauge invariance and supersymmetry.

2. Originally developed for bosonic models, it was only recently that stochastic
quantization of fermions received a physically consistent treatment.” The starting

point is a generalization of the original Langevin equation by means of the
introduction of a kernel k;(x,y)

—(xr) f dyky(x) (W])w(xr) (1)

where S[@] is the Euclidean action, and #n(x,7) a classical noise field, with

*Work partially supported by CNPq.
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Thus, the following Langevin equations hold,

b, = —(BD—im)(D + im) sl + B, (9a)
.= =W —imy @ —imL+3,, (9b)

where D/ = —3, — ied,, and for the gauge field,
A= —8,F,tedyy +1,. (9¢)

Stochastic regulanzation of uitraviolet divergences requires the introduction of
2 non-Markovian noise, smearing the fictitious time delta function. In momen-
fmmn space

B ADTALTY) = (K + m) 'k T+ K)fi(x — 7)) (10a)

n (kD 1)) = 6,.8%k + K)fi(r — 7)., (10b)
where f.{z} 1s a regulator function, such that

]jn_zﬂ(t) = 26(7). (11a)

We currently use the representation

f(m) = ¢! (11b)
and get in Fourier space
- = dt . s
Fulw) =f —f@e ™ =21 ], (11c)
e 2T
with
- 4
f.=el(g) smE(I —g). (11d)

The two point fermionic correlation function (crossed propagator) at lowest
créer (namely, with linearized kernel for the noise) is given by
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Fig ia. QED 2-point function with two internal crossed lines
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Fig 1b. 2-point function with an external crossed line.
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Fig. 1c. 3-point function with an internal crossed lne.
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Fig. 1d. 4-point function with an internal crossed line.
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If the gauge field is coupled to a supersymmetric matter multiplet (2 bosonic
charged fields and one Dirac field) the problematic term cancels, since

o,
G)* =———p° 23a
e (23a)
50,,p° DD,
R R R e e (23b)
6(4n)e 3dm)ye
i
(G =+ _zs(pvﬁ,w = DuOss) (23¢)
1
(GS)BOS = _—-\(a‘ppavcr 5 dw} (23d)
47°e

znd the corresponding counterterm is

1 1 ,
Opo L = o A, F A" 24
B 12(47 )c( o) 25672 2%

For the SUSY matter multiplet, we have

SspsyL = GpL = 255 = —— (Y (25)

967>

which is gauge invariant.

In the case of N = 1 SUSY Yang-Mills theory, the result is similar. We have
one Majorana fermion in the adjoint representation contributing, in the case of
the gauge two point function as in Fig. (2a), and the Yang-Mills self-interaction

i ~ " .. 1 2
Ly = 5(5‘_5-4? — 8,4)[A4,4,1° + Z[A_u,-‘i\-} ;

which gives the same contribution as scalar matter as in Fig. (2b) but for a factor
of 2 coming from a combinatorial factor (as in Wick theorem, in perturbation
theory), providing a gauge invariant result, for the counterterm

1
6L = —— (F4,)°. 26
96?:28( ) (26)

5. As far as supersymmetry is concerned, there is no breaking originating from
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