


The supersymmetrlc d1mens1ona1 regularlzatlon or regularl—

1;zat10n.by dimensional . reduction (RDR) proposed as an ‘inva- -
“riant regularlzatlon for globally supersymmetrlc models is
,:now known to be inconsistent 2,.However, it works fairly well

in practlcal calculat1ons, preserving the supersymmetr1c Ward
identities (wi) ‘to. two loops /3:4:5/.In this connection.some na-

.”tural questions arise: 1) Can:one reformulate RDR in a con-
_51stent fashion? 2): Would it be invariant under. the global g
h»supersymmetry transformat10ns7 3) Are-the results of the re-.

cent RDR’ calculatlons reliable, in part1cu1ar the nu111f1ca—h
t10n of' B=function in the N=4- supersymmetrlc gauge mo= .

fdel / up to three loops/57/? In this paper we answer yes °

to the first and third, and no ' to:the second’ question. :
Incons1stency of RDR dlscovered 1n/2/ stems from’ the rela— -
t10n : : :
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where #1“,#4 is the totally ant1symmetr1c tensor and By

is the metric tensor of 4- d1mens1ona1 Mlnkowsk1 space. This

relatlon turns out to be compatible:with the decomp1s1t1on Ll
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,where g#v ‘and gMV are symmetr1c proJect1on operators with

the propertles
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‘only for non—negatlve integral d< 4. RDR of ref /1/ ‘based on

the dimensional reduction to d=4-2¢ "dimensions relies heav1—

“1y-on eqs. (1)=(3) and is therefore 1ncon31stent/2/

In the superfleld formalism one cannot ‘eliminate thlS dls—‘

-crepancy by merely dropplng all relations wh1ch 1nvolve ﬁ‘r"ﬂ4

“Really, the supergraph ‘Feynman rules /8/ 1mp1y the spinor 1nd1—
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cesa.and a belng necessar11y double—valued Th1s only allows

“reducing products-of arbitrary number of covariant der1vat1ves o

_to no more than four: Since 'the combination: (@,2) ‘acts effec-
. tively as the 4-d1mens1onal Lorentz index, one can construct’/2/

all 1ngred1ents of eqs. (l) (3) out of the . sp1nor 1ndex quan—i'
tities..

~Although 1ncurab1e in:terms of :superfields, RDR- ‘can be con~vp

31stent1y written in the component -field 1anguage. To achieve '
"this“goal, we must give up not only eq.
ries but also.an’ ab111ty to’ count sp1nor 1nd1ces, as 1f they
might run: through non1ntegra1 number of values. i
+The- regularlzatlon is carr1ed out:in ‘two.steps.” At f1rst
we change over’ from M1nkowsk1 space with four—component vectors
and MaJorana .spinors . to - the:quasi~ four-dimensional ‘space (Q4S)
v with "non1ntegral—va1ued vector and spinor. 1nd1ces and ‘without
#1“.# 0 In th1s formal space we retaln the propertles g#‘ =1

and trl~4; as re11cs ‘of four d1mens1ons. Then we’ perform the’

d1men31onal reduction based on:(2) ‘and (3) from Q45 ‘to a. d_dl—;i*'

men31ona1 space. ‘All momenta and coordlnates become d'-dimen-

sional, the differentiation with respect ‘to .(4-d)-dimensional"

coordinates vanlshes(a# 0), and the vector field Ay splits
effectively into.a“ d—d1mens1onal vector All g#VA sand
a (4- d)—dlmen31ona1 scalar -A F'A ’
- For example, the; Lagranglan of the vector mu1t1p1et becomes
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(1) with:its corolla~- @~
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with %‘ and the covariant der1vat1ves D# formed out of'A

In (4) the matrlces y# are decomposed into

~ ~ o

r,‘=y,1+y,l 7 #,,y Yy =B ¥y ¢ e

The only properties of yﬁ ‘and y# we' may exploit are the com-
,mutatlon relations obtained from" : )

-

‘;withjthe<use‘oflprojection‘operators'gﬁ?oand g#;
'[Y#’yv]a-%?gpv,"[yp’yvJ+-=2syul’.[yp?yr ]+%Of .- ,(7)
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vf be1ng a- constant MaJorana spinor. The varlatlon of g(})

: In Mlnkowskl space 83
‘ty. In Q4S this argument: fails, and &%

'we may call.this regularization. invariant if- 8 (9)
pcontrlbute 'to any:supersymmetric WI. However, it does, as.we.
.shall ‘see:; below, thus rendering RDR noninvariant. . .- .

functional Z(J ,n)

_.obtained by dlfferentlatlng
'spinor sources 52 (x,), nﬁ(x Li (

_Let us mu1t1p1y (10) by (p Ap2 aﬁ(paB)yS w1th p 11 p2, p3

.»These relatlons (plus g —4, ‘tr- 1_4 and a cyc11c property of

ftraces) suffice for- comﬂ#tlng dlagrams.rAssumlng the nonlnteg-
,',aral-valued spinor indices, we may not;use other properties of
'-'the 4-d1mens1onal Dirac matrlces, like'Fierz 1dent1t1es.k‘ :

We now ‘study_invariance. features-of RDR under : the global

l'-supersymmetry transformatlon wr1tten for. brev1ty in- the Q4S
'rform' ' : oo
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under (8) 1s (up to ‘a total derlvatlve) ,
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0 due. to an approprlate Flerz 1dent1-
‘may-be nonzero,rbut
we ‘cannot check this d1rect1y in the form (9)..:Since: the di-
men51onally regularized momentum integration respects. all sym-
metries, 58 A40- ‘only can-cause RDR to be noninvariant.. Hence
: does not

The supersymmetrlc WI’s are normally: derived: through the
_change (8) 'of the path integral variables in the generatxng -
followed by. dlfferentlatxng it with .
respect  to:sources: and £ Consider a contrlbutlon of . 8£ to. WI
Z(J »1) .with respect, to ‘three .
) and to a constant. sp1-»

nor:, 58 It reads _' Ll i
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being the Fourier . transforms of x1,%,Xg,p _p#y nd. A= =Yuge¥ f
B= =Yy ".yV The nonzero result would imply that RDR breaks *.

' supersymmetry. In the tree approximation we come (up to an
_overall: factor) to the follow1ng quantlty

A(A B)— tr(Ay#)tr(BylL)+ tr[y#(A (-)k R)y#B] S A

Ag 1s a.product of the: same 7 -symbols as-in A but wr1ttenr
in the reverse order. For Dirac matrices'the relation A(A,B)=0
is proved with arbitrary:A and -B/%.  In Q4S we have to-check.

~it. by a .direct calculation. relylng only on: (6). This is- done L

stralghtforwardly if A or B con51sts of no more. than 4. y#




.symbols. However,-ch0051ng A‘ y#lu. y"5 B yvln.yv y1e1ds

A(n‘}"y” ,yv ."yv ) 48deﬂﬂln.#5,vl."v5). (12)
Determinant -(12) “is the slmplest comblnatlon of - g#u ~tensors .
which is ‘identical ' zero in the Minkowski space and nonzero
- in Q4S because of R

gf‘l vy gi‘s"
The non-invariance of RDR is ‘thus -shown.’ T

Consider now the propagator-type WI studied 1n/3 4, It is
derived by differentiating Z(Jp,n) with respect to .z ‘and J
The correspondlng diagrams depend on a single momentum p,carrv
one -Lorentz- -index p and two. spinor indices. A contrlburlon of
82 : to th1s 1dent1ty is of the form’ : '

deﬂpln.ps,vlluvé);d(d—1Xd;@(dm$(d;4?. C a3

W (p)-X(pz)p Y -+Y(p )p p- N s
W (p) can be: calculated for: 1nstance, through the evaluatlon'
of u(W, v, ) which looks 1like (11) with A and B being deter-
mined by partlcular d1agrams and-including: :0dd ‘numbers: of ¥
symbols (y, is-absorbed into “BY). ‘Since the determlnant (12)
is annihilated by ‘any contraction with" Buv» - ~it ‘can produce
a nonzero contribution only when contracted with at~least 8
momenta“'(the indices i and v remain free). This can-occur from
the 4- loop level on. Thus the propagator WI is valid ‘without -
fail through three loops. In papers/3:4/ * its'validity has been
verifieéd explicitly at the one-loop leVel oL ‘

Our next example concerns the non—abellan ‘gauge model w1th
the N=4 supersymmetry. obtained by dimensional reduction from
‘the 10-dimensional ‘space .It is quite natural to carry out
the regularization also by the reduction from the quasi-ten-
dimensional space’ d1rectly to d=4-2¢ - dimensions. ‘This prog=
ram is accomplished in ref. 5/, whéere thé symbols' y, , ‘a® ; Bt
can be aggregated into F -matr1ces w1th the propert1es

[FF,FV] =2G,, 1, u1_32 G =10
Formula (11) is to be substituted by&: -
oA=L ( Bl .
. A=3 tr(}Al”‘#_)t’rT(BF#v) f‘\tt[‘l”‘“ (A +-Af§)ri#,' 1. (}6)

‘Since ‘A =0 in the true tenrdimensional7space, the supersym-
- metry-breaking effects like-(12) are controlled by the deter-
- minants 11x11 and can display themselves in the propagator WI

i

htlatlng Z(J,q) w1th respect to£ n,
7 om.

~ 6. Brink:L., Schwarz J. H., $cherk J.

from IO 1oops on, and 1n the vertex WIgobta1ned by dlfferen—

ﬁ; and Iy from '8 loops’
To conclude,‘we note that a detalled 1nvest1gat1on of diag-
rams would: probably enlarge the domalns of: .invariance- of RDR -
po1nted out” above. : : :

We are grateful to. D V Shlrkov for 1nterest 1n thlS work

' and to 0 V.Tarasov for. helpful remarks.
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