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ANALYTIC STOCHASTIC REGULARIZATION IN QCD AND _ 1. One of the most remarkablé features of Parisi- -
: {*) (1) js the possibility of

ITS SUPERSYMMETRIC EXTENSION Wa's stdéhastic'quahtization method

‘an -original prescription for regularization, built upon.a fon=.

E. Ahdalla; R.L. Viana . L"“Markoviaﬁ extension of the actual process. By means of a
Instituﬁo de'fisﬁéa, Univefsidaae de S3o Péulo paftfcular regulator function, as shown by Alfaro‘zl; it is
C.P. 20516, 01498 Sioc Paulo, SP, Erazil - possible to obtain a scheme véry similar to Speer's analytic
- ‘regularization(3). At the beginning, the commoniy acéepged

" idea was that this new method could respect .all physical..

s i . - . - 4
“invariances, in particular gauge symmetry( ). However, a one

loop computation. of counterterms in:d-@imensionaliscalar Yang~
. ] e .
ABSTRACT ) Mills theory, shows the existence of a non-gauge invariant

counterterm(s}. We shall follow the same steps and use the

‘We outliﬁe some features of stochastic quantizatioﬁ- . analytic stochéstic regulator in 4-dimensional spinorial QCD(SK
énd_regularizaﬁion of férmionic_fields with applications to As a byproduct of our calculations for spinor and scalar cases,
spinor QCD, Showing‘the appearénce of a non—éauge invariantr ‘ .we vefify that a gauge field coupled to a supersymmetric matter
counterterm. We also show that poh—invafiant terms cancel in ~ multiplet receives only gauge invariant contributions to the
supersfmmetric multipletsf . ' . counter£érm; Therefore, ét least to.lbwest_order,the’nxmlmﬂzatio;

scheme preserves gauge invariance and supersymmetry.

2. Originally deﬁeloped for-Boéohicimédéls} it was
only recently that stochastic guantization of fermions received
(7) ;

a physically consistent treatmernt The ‘starting point is a

-generalization of thé'original_Langevin equation by means of

(%) C ) : the introduction of a kernel k., .(x,y).:-
Work partially supported by CNPg. . ]




§ Sle]

EE;T;T?T * ﬂi(x,T) {1}

IR e D
3T (x,T) = J a y,kij(x,y)

where  ‘S[p) is the Euclidian action, and u{x,T1) a classical -

noise field, with correlations .

conn -

LGy =0
' ’ (2)
(ni(x,T)ndX'.T')} = Zkijix,xf)a(th')
In the case of free fermions with the classical’
Euclidian action®
sI¥,9] = - i J-&“x V) (Frim) plx) . (3)
theakérnel is;gngp by
Bl . Lo a4,
kqs(x,y) = {1Hx-+m)u8 §H{x-y) _ _ (4}
and the Langevin equation is
W | 2,02, ' ' |
3T (37 +m )¢_+ 4 . . ‘ ‘5)

' The effect of the kernel is a Tangevin equation of .

fOur Euclidian y-matrices satisfy [Tu,yb} = - 2Guv'

.4,
exaetly the same type as that obeyed by the bosonic fields. The

Green function {(uncrossed propagator) is given, in momentum

_ space, by:

7 s 2
e _ ~{k"4m7 ) {1-1") _
Gplkit-1') 0 = 8,5 € _ $lr-1 ) . ‘ (6}
3. The. four dimensional action for Buclidian QCD is
given by
(- _ 4 1 a .2 .= .
. S[A.w.ﬁl = J a'x [4.(FHV)“ iy (B-+1m)¢] - (7}

(8)

As broposed by Ishikawa , we should QSe modified

covariant kernels
k () = 1B -im)_o 8% (x-y) ' R (8)
aB "’ . * af - T - R
In the one loop computation we shall pérform, the

linearized kernel eq.(4) suffices for the noise (eq. (2)).

Thus, the following Langevin eguations holgd

&Ju - —(E-im)[m*‘im)ag s})s + &0!. . - (9a)
.‘]J.o‘ = -—-ll_}B(ﬁ"‘}'.m)T (gl+im)'§u +‘.§a - N E ) (gb)



.5,

where .Dﬁ = -9, - ieAu, and for the gauge field

A = - aqu

H \Y

+ ey + . 9¢
lIJY!_I'lJ n, (9¢)

Stochastic reqularization of ultraviolet'divergonces
requires the introduction of a non-Markovian noise, smearing the

Fictitions time delta function. In momentum space

(8 tk, ¥ (k' 110 C-kem) 84 (koK) E tt-1') {10a)

.‘| ) . . N 4 ) [~ — 1 .
{n,tk,rim (k' T 0 By &R £ LTt {10b)
'whe;e fe(Tp is'a regulator. function, such that

Eim £_(1) € 28(1) . . o (11a)
©e+0
We currently use the répresentation

e () = et {11b)

- and get in Fourier space

. dr ~ilwT p - :
Ec(m) < J 3y feltl e 75 = 2 Eelw['_ {tte)
. - _
with
Poos sin X (1.
EE z elf{elsin 2(1 ) . F}ld)

_regularized expressions

5.

‘The .tweo point fermionic correlation function (crossed

‘_propagator) at lowést crdqr'(namcly_with linearized Kernel. [or -

the noise) is given by

Aglkit,t) = (wa(k,r} ,ws(—k,T')) =
=2 J ar" J §1"=GQY(x,r~rv; GYB(—k,T'—T"')fE(T"-T"') : (12)
0 . 0

which, after‘usiﬁg {6) and {11) integraﬁes td

o
ax e
E'W b

: {(K-m)
. oa 5
A (kityTt) = F =
ol . € (szmz}

vfx(k2+m2)(T—TiJix[—€

1+—x2

)

(t3)

A virtue of the'regu13tar.k§!b)_iS_tﬁét one'is led
to'moromorphic amplituges, and the ultraviﬁlét divcrgenécs show
up‘as,poies'in ;he é-paramptcr, as is.the case ' in aﬁalyticr
By 1 expressioﬁ {13} Qe takélohly

the first few terms in the € expansion. 1In order to complete

the Feynman rulcs(g) we compute the gauge field c¢rossed
' propagator
2 vt )
: § L Eix kST o L o
D tkit,t) = B M | die LI {12)
. : (k2) 1+ x

and the vertices are the same as is usual ‘perturbation theory.
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4. wWe shall compute the gauge field counterterm due
to matter fields internal lines. The relevant divergent
diagrams are {sce (5)):

i} the two point function with 2 internal crossed lines -
Fig. {(1a); 7

ii) the two point function with one internal crossed l;ne -
Fig. (1b};

iii) the three point function with one intérnal crossod I;ne_—
Fig. {1ci; -

iv} the four point funétion with.one internal crossed line -

Fig. (1d).
" For the divergent part. we can use '|x|,_E =1 in (13).
Diag;am.GJ “in Fig. {1a) contributes as follows:
4 -6 (KPemPek.p) + 2k k4 kp. + kp
'G] =.,.".2... - a k. . uv LosEs u\;,_r LV W (15)
p? | .2m? [ipeo 2+ m217*E (k2en?) 1€ (p24 24k pin?).

which gives, for the divergent piece*,_after expanding the
“integrand in powérs of the external momenta in order to isolate

the pole {(further terms in this expansioh are finite):

“*we usc the simple ind2d formula

. S D
aPx k2" . 1 ~N3+n)Nm+e+%—M
ez k3™ eumP

D
F(§ } Plmeed

5
Lo tuv
{32p° 526}

[
7

(16}

which is:

i} half the value obtained in dimcnsionél regulgrizétion with
D= 4~2¢;

_ii) minus twice the corresponding boscnic value.

For diagrams G2 and G3 in Fig. {1b) we. have

T ts
4
d k-
G2+G3 = 4 J sz J dtl J ?;“_E Gup(p:T,t]}Dov(p;T,tz)
_ . m} - .
-0 -0 :
trYp_A(}H'p.;tl,tzl) Yc("-}_(+m.)G(k;f:'1,rt2) . ) (17).

The result for the divergent picce is

78 PP
G2+G3 = — MY B . (18)

48p“ ¢ 12“%?2Fé

‘which is equal to the corresponding dimensionally regularized

result with D = 4 - 2¢ ., For the polarization tensor we have

{divergont picce)

5 ‘
div i' tip 6uv B, P
By 5 _ (19)

96 ﬂz € 121° ¢

which is non-transverse due to the double crosscd diagram, which
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is half the necessary value (notice that

If we compute the remaining diagrams we have

G4=-2(p6 ~p &)

C e
217 ¢ v oHo L& .

for the 3-point functien, and

N
G5 T—-T(G

for the d4+point function (always‘the'divérgent'pieée).

The counterterm reads

, L, - .
L= e 12 (F2 3% o a4 g2 M

- . {22}
Coagrle MV qogule M > '

1f the gauge fxe]d is couplcd to. a supersymmetrzc

atter multxplet (2 besonlc charged ‘fields and one Dlrac field}

the problematic term cancels, since

e e : (23a)
o G4n e . . : .
5.8 'p-é P P
- (G2.4+G3+G3)B95 L B 4 — 2 (23b) -
: 6(4n)" ¢ 3(4n) e
'(cu’j‘” vt b5 -p s -~ {23c)
8“2E "V uo TRV B . :

2G1 + G2 + G2 is franvorse.

& -8 6 ). ' (21}
nZ  weva T Tvp yal o -

and the corresponding counterterm is

'6_BIOSL-_.=. ————‘—T ('Fau)? +———1—§—- ) A“ (2ai
; 12{am)“e ¥ o256 e M
_For-thé susy matter.mulﬁiplet we have
8§ L ="5L+25'L S (Fé}z ' | {(25)
susy F B A QGnZE TRV . :

_Which igrgaﬁge inva;iant.
'J¥In,thg ¢asé of ‘N:I' suserang-Milis theory the

result is similar. We have ong Majorana fermlon in - the adjoint

representatlon contrlbutlng, in the case oE the gauge two point

-functxon as in Flg, (2a), and -the Yang-Mills self 1nteract10n

s L S TP
Line T 2 AT RANIA AT ¢ g (AR

which gives the same contribufion as scalar matter as in- ‘Fig..
(Zb) but for a factor of 2 coming from a comb1nator:a1 factor
{as in Wick theorem, 1n Pperturbation theory} prqv1d1ngva,gaug¢

xnvarlant result, for the countcrterm:

SL = - 12' (¥ ) . L (26)
%17 e 9 i ’




L0,

Aé far as supersymmetry is concerned, there is no -
Bfeakjngzorigiﬁating-frcm the regularization whiéh is independent
of space-time, regularizing fermions and bésons-in the same
way. Nofice alsc that superéymmetric cancellation of divergcﬁces
‘cancel as usua;. |

It reméins to be verified thét in suécrsymmetricr
modgis the gauge invariqnce p;inciplé is‘maﬂtained validfin,

higher loop order, and for finite tefms.

120

REFERENCES

(2)

(3}

(6}

(7}

(8)
{91}

G. Parisi, Wu Yong-Shi, Scientia Sinica 24 (1981;-483.

J; Alfaro, Nucl. Phys. B253 (1985)_464.

E. Sﬁcer, Generalized Feynman Amplitudes, Annalé of Méth!
étudies 62, Princeton Univ. Press, 1969;

Z. Bern, Nucl. Phys, B251 [Fs13] (1985) 633.

E. Abdalla, M.C.B. Abdalla, M. Gomes; A. Lima-Santos, Mbd..
Phys. Lett, 2 (1987) 299; - '

Analytic Stochastic Regularization and Ga&ge Theories,

IFUSP prep. (1987).

M.B. Gavela, H. HUffel, Nucl., Phys. B275 [FS17] (¥986) 721,
J,D. éreit, S. Gupfa, A. Zaks, Nuecl, Phys._gggé (1984) 61;
é;n.'namgaard,'k.'Tsokos}'Ndc;. Phys. gggg‘iFS11] (1984) 75.
K. Ishikawva, chl. Phys. ggil (1984) 589, .

H.'Hﬁffcl, P.V, Landshof[, Nucl. Phys. 8260 (1985) 545;

- W, Grimus, H. Hiffel, z. Phys. C18 (1983) 129.



FIGURE CAPTIONS

“({la} QED i—point function wifh two internal c;pssed lines,
_(Tﬁ) ZQPQihtlfﬁhéticn with an external crossed line.

(1¢c) 3—poiﬁt function with an internal crossed line.

'(Jd) 4-peint function with én internal crossed line.

{2a) Yang-Mills two-point sélf-interactioﬁ.

(2b} Yang-Mills-Matter two-point function.
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