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1. During many years tn, quantum f ield theory without ultravio
let divergenceo rematn8Q an unsol ved theoretical problem. At l aa t a 
unique 81ample of M-4 extended Bupereymmetric gauge theory f i nite in 
all orders of perturbation theo ry baa been found/1/. Later on it 

haa been nalllied tha t t be r e exi s t ll a wide claa8 of n. 2 Bu pereymmet
ri c fini te nodela/2/. Unf ortunately , they are unsati s fac tory t r om & 

phenDmenologica~ point of view. Tbe Beareb fer f i nit e t heories ... 
continued . It hae been . hewn/)/ t bat N. , Buperaymmetric Yang-Mi lIa 

theorieB rtnlte at II one-loop l eve l can be conetructed. They are des
crt bed in term8 or 8.1 8uper'fie l ds by • real Buperf1eld V toge ther 
w1 t h 8 Be t of I114 t ter ahira l Bup orflelds ¢d. Tbe requirement of one 
-loop f l n l teneeo r eatricts the number of fields and tbeir gauge g r oup 
representations . It t urns out /)/ that if a th eo ry 1a one-l oop f1nite, 
it 10 81s o fIni t e at a two-loop level. A tbree-Ioop inve.tigat1 0n haa 
a lao been pertormed/4/ And it hae been found that the Bauge f ie l d 
pr ops&& t or Is f l n! t e but t bose of matter fields are in general diver
gen t . Imposing fUrther. constraints on higber group Csaimire one can 
ach leve f initeness at t he three-loop level, however, notbing can be 
8aid about h1gbar orders. 

In the preaent paper we propOBe an algoritbm to construct an 
N-1 eupersyl!Uletr1c gauge theory finl te to all ordere of perturbatlon 
theory. We ahow that nec68ea ry and 8uffi c ient conditione for finit8
neea ard exhauated already at the one -loop level. 

2. The mout general ~ctlon tor the N-1 renormalizable superBym
metrIc gauge t heory 19 0.1 the r om (we use t he not ati on of ref./)/ ) 

5 =) d.~x.l )d..~8;:So.. (e~Vr-b cpb - ;.tcer ~d.·8 W "IX!.. 

(1)+ ( ~ is 3\ cL~ ~< cP"- cP~cpCo h c) J 
+ ~o..u.~e-1i""~ 3"°'[ 

Chiral Buperfi~ld 4>0.. Ju In e. r'sducJble re-preacntatJoll R. of Ltle 

gauge ~roup C. The 1ndex a is 0 multl1nde~ 1 it runs oVer irredu 
c ible reprcosnte:tiono A and tr·p.lt1bera o f Q given irreduclbld reprn 
sentotion $ Le . a..= I A ~ S ) • Here V \ = ye· (R.. )C\b andI 

( R.;.y\t"" (R.~)~ • Matrjces of tTJ'educ:J..bl~ r epre8ent.R.tlen 8StjB
fy tbe !ellowlrr condit i ons 

R, b ~ i " = C... 1) "[R•. RJJ = . t 'Jk 1( . , 
~. ~ 

( 2 ) 

R~ b RJo. = l)'J'~TA , -l 'i k tlik = CG 'S..e 

Tbe actIon (1 ) ju inVariant under G It 

cL~bc(R , )"d ... d .A . , (11. .- )\ .. db.i."(p.,) \ , = a ()) 
'Wbere cL ().bc;.. 10 t otally oymr.e tric in a. ) band C 

Tho thoory i8 finite in the Dne-loop npP"oxlmation if t.he follo
wing constraint.s are fulfllled 

L'.T., =3C G and ::'" 
E 

= li "
E 

C, (4 ) 
A 

where S:. 18 defined by 

e. 2 '"'l E 2d lo be ~ 
4k 2 ~o.~ " 2 osS,,~ . (0 ) 

We note that these r esults were obtained by ~o ing N-1 oup~rfleld8 

and b6ckground_gR-uge fot'Calillm. in this cEt.a~ the problem i& reduced 

only t o tho calculntion of propBfl:ators of tbe ft"ldfJ .. "PJnitenoB8 of 
propagntoro then manl)O f 1n1 tene80 of the charge renon:.ol!zetJon .. 

Au tollowB tro~ eq a. (4 ) , (S ) , tho one- loop (jnite t.h@ory 18 in 

f ac t a theory wit b a Dinp:le couplhlg conotant. pj c ll:1ng out a purely 

tenaorial etructure . we x~t from ~q8 . (4) and ( 5 ) t.hBt e~olar coupl lngo 
d, al'C proportional to the gaur;e coupllt:'r 3 . Howevor , et tbe 

three-loop] evel t.h J.s proportIonal! ty faile due to different TenOT

;,al1 zetJon propertl~e DC variDus che,T;;tee .. Tn one OaBC the f.:> -func
t ion 1s :tere whila 1n t.he ether it :to not/4~/ . Hnnce. We cOr.le t o 8 
t heory w1 t.h several coupllr-·R conetente . 

). ~onB1der t he reno~lization-group equftttono for th e theory 
with fI~Vt!ra~ couplings. Par the squarea of the couplin~8 a. ::.. ~I and 

I,. . ~ d> . we hav e , , 



Eq.(9a) 1a aatiBfied by nn a ppropr iat.o c hoice o f maUe,- f lclua and ~_ ( '\ A > 3 >I"cL,.. - i'>o. Cl,".)= <oQ .. A,OU I- f. A1 ih ;iL .,. tbcir reprf!lI!Ientati01l8 (eq.( 4 » . Eqe .(9b) deUl"lline the valuea o f 

\ h:!. 
+ A~oQ ... 1. A3i iel .,. ~ A30h. I:JCl2 

t- .. . (6) 
• 'J 

. 2 
, ·5' c\.,.

'" eLk---' = i>, La. h ) = k ' B:. el ... 1.., l- e,~i ~J 1 "l 1 0 ,'tJ{r 1-" . ' J 
. 3 

.k~ Le.~kJ(.1. t- ~,L B~J'" ~j h< + It, B~o a. of" 1J .N 
~ 

h., L e,~J< ! ".J'~ k ht t .,. h; L. ~l 
'J kJ 0. 

2 h, ~ B~j~~h< Q +t 
j, ",,/ 

J ; , " 

!itnrtln,tr frolSl the two-10 0,) order t hr. eoef f icJento of eqe . ( 6) a re 

sc~em8-depende"t . ThiB lo aleo true when dUe to oqo .( 4) and ( 5 ) the 
two-loor ~ -fWlct1 cna van luh. Thid fnet al l ows WI to express h.~ 
a D some functtor..e Df Q. 

> , 
(7 )h. , «l a. +- ~ I,. 0.. + ot" a .,... 

in order to provlLlc vanluhinc of t he ~ -fwlCt iono . 

Jult6t ' LutinJt now t!l1:I 0 ' ( 7 ) into eqa . ( 6 ) we have 

1 ,. 2, 12- A.io!,)o. J + (A ' Ot- L A\iol, 1 L A~'jcl' '''J' -t[\" = A ' 0 (\ 
l \ I.J 

.,. 2,:.. A2,' f-'.: ') Ct" , , 
~ .1 I ' , , ' .' \ 2\~'1~L;" ~ l" , B"f' + L- e:, t.J" "-'; .1 J 0. + d , ( B~o .,. [ e.'~ ci.J' + 

J J ., 
. " " C ./)~ (8), :L e,i K --./,"/ " ... l B~~ f-'j ) C\'> .,. f-' l'( e:)~u; j o~· i '" Jj. ~ J 

• o! ' (B,'o' ~e.~~oiJ 1 l.. &~I~nll · .J ,<-' ~ 13.;)" 1 "11.-1,,,<1. / + 
... ) i,t< J,~,t . 


, j B~J' ~J 1 L e,~i' (J j ~ ~ • ~. (" ). r B\ SJ ) Cl \ .,. 

J j I ~ J 

... ~, ( e,,'o t 2 B!' ~J ' ~ & ~~< .-Jj~' r 16:; I'J)C\\0. (B.~' ~~~ dJ j; ' 
J ] J ,X J J 

t ' " 
ThD requ1ro~cnt fo r ~ - functions to vanish leads now to the f ollo 
wing eqL~ot.iono: 

(eq. ( 5 » . ThIs syst.om of eqa . baD a Wl lque Dolu t.lotl if the ma tri x 

io nonoingulnr. wbicb dooe usually bo ppor. . 'I'~ prov ide rinit e neo.::J8 1 

of all P~pG&8tor8. one should a l so requi r e t hat the number of coup

lingo. DS fiOt. lftoB t.han the number of ind!pendently r cnonnaU zed 

,rielda . 

2 l oop.;, : 
A,o + L A,i 01 , = 0, ( 10. ), 

( l Ob ) 
'" ' -r 4. e,~~. "'-J + I &~J " dJoi " .,. 4 B"i }' = 0 . ""'0 J J,' J J 

Eq . (10a) l ooks lJ.ke a new conut.raJnt I:m eX l' t but. i t to noL eo. It 
1s eo.Uflfied ~or (:\ ..: determined frorn eq.(9b ). wbioh tum been ver":'CuuJ 

explic lt.1y /J/. BqIJ .(1 0b) JeLermire tlU] vQlueo of (bt' • 'the ooluLton 

18 also Wliquo 'Ilue to tho 8o.n,c rr.atd x B t 1n "hi' homoscneouo port.. 

It turns out that all ~C.aO / 3/ 

) loopo: 
( I 1. )

A~o t- 2A ., .. oI, + L. Al'i J , ~J r L A,, ~, ~ 0 , 
, '. 

+ L P,~J 'K :lJd. + 2.. e,~J"f olJ~' J! +~o + 2. )::,~~ . ol]' 
J ,.i,'W JjlcJe 

Tl. l~J f'J + I. e::lJ~ ( dJ~ ' +dk fl'J)t- 1. B~J ~· ~U . ( 11 b) 
J, k J 1J 

Tho oituat.iDo I'lere lo entlre l .) ljke thaI. or two- l nopn. Th<l !"trot. 

equation to oo t iofied 9utomo.ti cnlly/4 1 aHd th o oecotld one rtllow!1 UB 

t.o detel"ll1intl 3' ~' wi t h ttl!) Dame mQl.rlx B!.. 
Ren:.a rkablct ~ancollnt1"n o.f d1v&n:j:ence..~ in the fl8uI;e riol\.! pro 

pagator up t.o Lhe t hree-loop level found in re f. /), .1 i s no t u t:JflL t er 

of chllJloe but 10 B CotlOequenc8 o f a general theoTer:! . It otaha /7/ 

tbat ir on N.' superoymmntrlc gouge theory 10 f inlte up to l -loops 
( L e . all the Creer: functiona are f1n1 h). then the gauge propaga t or 

I e 'finit e up to o (L t l) loopo . and hence the ~aup;e ".. .. f unction vsnJ

abe " at ( L ... , ) loops . That oxpla1ne wby eqa ... (l Oa)l:tnd ( 11a ) aru auto

matica lly BoUatted. Otlv1oualy , the same ~ecban1QID will take ploco 

in a l l ordors . Choosing h.l ~UI functionu of a.. as in 8t)1l . (7) OUd 

C4.n always Ret vlUliahi ll-B f-:> -functiona tor ill ooupl1nf,s . Thls in 

1-loop: turn meano flnltoneoB or t he t oeol.., 1n 0.11 ordern In f} . Therefore , 
l\.fO = 0 

(9. ) one can conat ruct a fi nite N=l IJupcJ"Q:f1JIj:Ietrlc gilURe theory by I,ln 

B~~ + 4.. &:01, == o . t nppropria 1. . choic e of the c oupl1ngO h., . In Lho phase apace of OOup-
J ]. ( 9b) 
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li~ lo,h;.J our parllCulllT Bolution (7) repr esents BODiS curve the 

form of which is detRn:t..Lned or4cr by ordnr 1n pe rtUl'b;lt:1.on theory. 

11 prt:uer~CB of aone eddl t ional 9,YIWlotl'j Lhe obape of the cUJ"Ve can 

be f jxed . Thia happena , f or ir ,3tanc8, i.o CBBeu of H-4 and Ka2 DUp8r

nynll:lctri ell3 .,.here the curve 10 8 ny h,·· ~ia Defined 1.n one loop. 

lIuwcvor , u,J,J ..Ie hav e 8een t 1;id:;J is not the only poosibility to c:onatruct 
B rill1to fiold theory. The class of t.1.n.lt.o lIode l o 18 rather wide and 

10 not exhausted by }:.2,4 oupereYlmIletrie& or by a epeoial choice of 

t h~ gQ~~e 	eroup l~d !ts repreoontatJone. The ooly restriction arisea , 
a lroady o t the one - loop level being t.he necel;leary and ouJ'f1c1ent c on

ditions for finiteness: eqo .( 4) and (5) shoul d be aat10tied and the 

I,Q trl x 8 1. should be nortalngulf1r~ 
We hope tha t tne pr ocedure propoDe~ ner~ will be useful for 

c OfJo Lructlng re.aljetJc finite field t.hfllorieo and NY a180 be applied 

in at.t e mps to fN8.kft up u f1nltf:! aupergravlty theory . 
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OOCTPOCHIIP K"OUP~'fll"X N= I cyncpCIIMl'>te1'pINllt.lX TCOPU(I 

!'II-! r' .1- MltJlllC ol 

IIp<'IUlOlKCf l ;llII'UPIITH n O CTpOeJlUfl YllbT p a<l!H OJIC'-Olhl KO!lt! l! Ht>l '(: 

K.:lI1H6poUO~I IILI)( n .!OpUn c N-= i c YI1CPCI I1'1M~Tpllen . nClkrl'J <lItO, li T O 

H COOXOJl,UMloIC 1\ 1-tOCTa rOllllLle YCllonW I COKpilU\eHlI R P llCXO,[Ut!otO CTen 

DO DCCX 1I 0P"JJ,K;}X TCOPIH I OO'3l'>lylttC iI HH pnpCJ-,tUHnOTCn y:w:c 0 OAII O

nCTnCDOM nIHltiJI II*{,HIIU. 

P.IOOT.. III,UI IU l llull'l n na50PiJT() [lHU Teup(>TIIQeCKOI'" 1t»11HKH OWT)! 

npe.npHHT Ofh.e,mtHeUlloro HHC ncTYT8 JlAep HWlt H~~nt!.AOBaHHA • .!ly6H8 1985 

ErnIushcv A. V., Kaza kov 0 . 1., Ta r a sov O. V. E 2 -8 ~ -7 91, 

Cons t ruct ion of Fini te. N- J SupersymmetrL c 
Yang-Mi l ls Theories 

We propo s e a n a lgori thm to con s t ruct ult r av iolet fi nit e 
N:-:: J s up er symmet r i c gauge theories. Necessa r y ;lIld sur f i ci e n t 
condjt i ons fo r divergences to cancel in al l orders o f re~ 
turbation t.h eory arc e xhaus t ed in one-loop orde r . 

The investigation ha s been per Co rml!d at the l.nbnr .:1 lo r y 
of Theoret ical Phys ics , J TNR . 
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