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1. Intr oductlon.. N~3.4 d::=:2 supercorlfor-mal algebrasCSA)[l 1 a~e 

expec~ed Lo have important. physical applications bol.h in the string 

modelsl c~--f)J arid sst.a t.Le.t.Lc a I -syslems[71. These SA';; die t.he- Las t, crie-s 

(among t hces e- lisLed in [11 ) -sr.! II .actm.t t.Li fig cerlt'-.:.'tl e xt e-n s aorcs La l and 

~~;l.") having .a ch~nc:.p. t() q i v-- I'';€" LI,J nc.n t.rLv i a I qu,'Clnl,um phy':.;ic'i. Their 

JUl..y,,;l ,1IdTd.I.t.;-_~.~·istic fe.1lure I':; that t t-o v IJdtufd.lly combine the 

Vi f','lS'A r) ,\1 qCAl"r'..l ...·.d t h tht=" ~;CX 1) (II sex 4') Jo',")l Mnfll:iy .a l qt""'rlr .'1':, 

TrIP <1 f'if"lli r(-:>rH"'~'"f~'II.-'ltiIHl·:''' (Jr N -{ttl ~:I\" f I ,IJII(J I r r l {~. 4 J ':""Xl s: t 

,)llly 'lll_"dl'nl m,Alh.lni,_,lty ()rJ Ill,.. ,dht:..t t."t"lt.J.~l!'·J"I .,.,,''',,, , (In', I r vn t (,a, 1 

It.,· d I .. It II' '\I Il P ,1'1 Ill' ,d"'l 1 ~"'II'" t \ f.oJ I h".. H .11111 tJ -1 '.II1,PI ( ,',!d",)! 1ll.11 

f • VIII!.I'''\ I j f". .'1 I I '''.", tv" 1 1 t ,(~ I .~ .'. t . ., I I "vI·I I I; I n 1f"".1· '. Ir ..l '. 1'0.111 t r I (,HI 

, .. 'f r ] I I J! ~.ll 1.-.• 1 I ".,1 1"11',- ,01 01 ',111"'" I "Id, '1111 ...,1 • ylTllHf ,1 I ,uld 

,,IV , 'I I" " .\ l I ~ "I.r , '. nl,ll I y I !IV.I} j .11,1 .11111 '( i( ,1) W;~W " 

1/1' ,I 1,-1 1111' i I I' I , "II'. 111.1V 111.1..' 1... 1 11.\1, >I v.' I " •• I I. ,11".'j I I" 1 "~'I Ill. Wt.''''1 

II", .1 1"1 I .", 'II, .1' ,. .11, .» ·11' I). l t u· Int ,rI,.1 " I I. '1.1•... 1' "11 I,.. .111 •• 1 '11.-,<,1 t -v 

11." 1,11'111 1.1' '11,·11",,1. "I ">I,l,,' 111.11 f 1,,1,1 1 II"'" ,,1'11 

11' 11.1. 1,·1 I PI I" ••.• ",1 I I r l I '1'1.11.1 '1'" I P.i I 1 ,.1 I "I' .. I IJ llid t~ -1 

t, ' ll, II,,· It", ""1.1 'I"" ... ·1 I, ,01.01 tl.-"", 1" 01,1 II,' .11 ,I, I.' "II" I VI'" 

1"1'1 "Ill .11 f , d It "I III" ,."..... ,. t" .~ 1 ,II " "V.·.. I ,', I,.f 11,,_ ;\ . 

II' old "" I 'l I I," I, ,,,II • I ,,\I I I' "I II , " II "'""/ '10", 

, J,. r-'" ,-I '1'1 •• ,1 'Ill' 111111 t ·...d .. " ,. II,., ww 1 1.1,\ , • "nl 01 .>1 •• 1 " 

01.. , "'11.1 .. II,," II I I" ',vi I ,,' I ,". III' " II I I ,-. It, , "'1 , 'I "" ~ I , ·1 

III, ' I, •• 'I ~' v"II'I, , . " , ,01 "~I. ll,. I • I d .-1,1 ,I r , 'I, II II' '001 W.·" 

,II .1 t • "1 1',11"·1. I I,. r .'11111 "Id ' ,I I .. , ".,i W,'W ' III I .. "I.' I' '" 

11.1I" , 

" II,' I"·' I .1 ., I'" ,,1·,1 I", I, ... I. ,-.,1 I , .I, " 'ul ." I 

. ,., II' , II r j ,' ... "I 'II' ,,",,1 I,. rill I' 0' I , I~.' .~.. .• I • I ,I • , 
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c.N-3 a model (with Lhe Liouville t.er-ms omit-led) is c b ar-ac t.e-r-Lze-d 

by the action[5l 

, i k i l.: Ie is=Jd2X -·0 U 0 U + -'/' 0 'I' + -'/'o,/, + -XOX + !X 0 X ]( 2+ 2-+- 2+-+ 2-+- 2 + - ...
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., ,and qLJe x ) 15 Lhe mat.r-t .x field in vector r e.pr-e-s e-n t a t.Lcrr of 
.iI 

ac t.r or. (1) is Ln va.rLe nt. under lhe d:.o-·2 N=3 superconformal 

.....hich c.an bt":l' r e a l r z e-d off-s.hell by adding a proper ~et. of s)IJ 

ft~lds Fur UUI" ptlr"pn:-.:.e.il i5 s;ufflcjeht. to "::oflsider' the r e-a Lr .' 

N 3 ~':'A nt) t he I ",or l ( r j qhl rn0V""'r5. in .....hlch I·.d~~f-: t.he er-r 1 

11·.:t.II~,.;f\,.JI IH-:lt.I"r'I':» ,':lfP qll~lr,,-\ntf"""li t,U t l,·,'r.... f;. 

tdl t Lrc- ihf'I,llm.11 if)f"! dl,tll]1 Itlf:" ,IA'.',;l'.dl ·~llpf.r(C)f'lf(...,rmal l" J"! I 

'If tt."I,l'. inv.dvt--·,I ill (1) 1'. "...nc(lIl.....d in IIH- N.I.·..II,,,.., !llIfenL::;; "",,111.1. 

( • 'V.~I J •.uilly ~ldJI l,al,', Ihr:" J"fl ilnd I j qhl mcs v I nq c e t.ss . FOJ ; l e-
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. + . L iJ '1" - __ ,,'J-k : 'l'J-Wk : i i 'Jk j k ]
- Err [ ­

it U:_ + : X CW - -f: 'I' 'I' ) : o'c x J:;::-. "lJJ+... -{"IT, J,: + 2 } + + 2 ... +... + k +2 + + 

v1.cx't ) i Si..jk j k 
w~ 2 : W+¥I+: (9) 

rcx+) =~+2 - X· 
4" • 

Their Fair-ier compOnef1t..5 def'ined according to (4) gener"at..e the same 

N=3 SA (5) bul ~ilh lhe shifled cenlral charge 

c = ~Ck. + 2). (lOJ 
2 

Of coulse.Ltle~e generators can be explicit-iy expr-essed .l.t) 'lerTYI5 of 

rree- oscillators a s s oc t e t.e-d ""it...h the left movers.ll is worlhwhilet.o 

quote the qu~n~um sllpersymmetry Lransformalions of' f'ields 

" ,J.6 U -=. i 11 V ,. -4n 
+k k\J Jfl.p" 1 4" . ---- c»; +JW~ - .r»,U<5 '1', tf-' L' :t.,.lfJ.. 

, r­{'Uli k:.2 > k • 2 k , 2 

,, -

IJk J It 
--- '" ~ ( 1 1 1<5 :t, kt;-P(W,. L ¥J,.lf .. ) 

J k
k " t \ ltt I I .k, ,) ,k

b W 1--- II ,t ~'w· I (,J 
" YJ.k 

II If,) W... .. iI..(I-I .'(k , , ( , , _ ~ 
(4nlk~2) 

I>
 
...... , I('I( rl" ~< )


(4';~k:-;-}­

I."-Jot II". 1'1,1, Il • ,IJI mlliV I h." c;.,I ••·.I"ll. IlotollllM' ,,",I' the invl,lv~·,1 

r 1 ..",1 lJ'~ 111o-.l ll'I_IJII I .",.1 -. II ,.,,1 f ..... ~ t I, ..... J" "'-,"'''1".",. ,-or 1IIIll-,ml-'!_l~l)enU~ I .~. m , 

1l'IIh t r , Ihu !IJrII.Hll'~ (' ..1) ~u .. 1 1111_111 .1.1lI1J·~I~.'IIl...alil'lI Ii............ (11)_Just. III' " 

I" "I'''' , Y 1-. 1 ;0'" "I'! 11l~.. I t 01 It f ~ II III"" I •• ,.1 I Al , liAr I q.~" bif·1 nq .}'. I" 

'101' l 1 (ll )-..1, tl u ll ... 1 I I .. ~ 'I ,I If ~ 'I III.li I 'II I ~III". "Iii .i.1 ,II II',J ' ..Ill.. Illnp."1 

1,1 IU'I e'..........."'1." "II I", I ,luI IU' I I I! I I I 1 I I \-,. .11""" ...",,111 IIlOPldi~qdllq 1, .... 1 11,0 

...... ,".I"ll"'" ", .• 1 'J.'l,.+l.'\l,.,-....... 111. I ..,,,.... III,....... , III fl ..,ld·", .'1'1'.'~" f .. d 11,,' 

, 'A,.. '~I.;.1I\ 1, ..."'\ I I It II,... , "lIt 9~l "f ...... ", .... , ~·dV tl:l>q\ll'!d ' •• 11 .... 1 l."1 111 \ 1,... 

t~t h..\llll 1),ft',ft 'o'm..... IU"'.~.'~Allly IIP'I"II"" f'll ':;'IF.ll , ....... I'.'~I"y.,j 

tIll l '1'11'111' \'111 t1 ,·:A 

In the end of lhis Sect. we dwell i. we:> 5uper-mulli p I e-Ls; of 

part.f c u l ar- iYlt.eresL. 

k-O,c-3.In contradislihct.ion to the classical currenls (3)~lhe 

quantum ones ([.:I) have k~O as: a \.h·,d.l-definf-::'d 11;J:.:t.ln t.his limll~a]l 

the LnhQmo~Jeneou:'.; part"" in t. b c cur ror.t v .except fc-r rCx+).vanish and 

ltll:c..,~ reId_led f v e-Lr-le; lo·~e l.h",_~ir' 'C:',uld::=;;tone c.h<..,;u·~~ct~:·[.In par t.t c ur ar v ur xo 

Lc-come-, ·r tI,;;:, I:;riHl.d..ry field ...-)1'Jd thp CCJl'"lf ul ma l L ur r erll T c o i J"lc.~ dp5 ......'i t.r-, 

t ~;(',~ C .1fH_'ni L.'" 1 c-rie-r gy- m.Jm~nt Ulft t ~·Il·-.')( The r.u~OJlic WZW cur r~nl 

tl,-ll,-;.folrn:-; nu'W ~··nt1rc:ly thl'ouIJh l' .r·:·lf .)llll it r •.. l:("Jns.isL(~Ti' t.r tmra t.Lor­

\ I' 1!11\ l j '1'/.,1 , (I _",-"T (. t .11 Lc -. ),·.t .(111 .1. ~'l ('Ill") '~Ilb'.,;p...~ce CIt f t rlJ Hi 1 t)PJ l 

.1 '•.11 I~) 

w' ( 1,~ ~ )(). 

s.: ,I I p.~' II l • L ,I !,... _i' I [\/P' • • I! I tlr'" TIIII ,"'1'''; I I' I.,J III I In I. ',1 I j v ..1 I I (-.n ,d N" ,J-~ ~':'~\ l)1 I 

ttl"- ''.hl>ll'·!II'r1, -I Inldlir>!'''! \11 ••• 1.1-:1 II III'.t (hr- nnr l t If" , ..1 f! ,urld 

I·y .;, flLJlJl "11'.1 -1 I rIlP ~.- ," 1'1 {~', . I r 'I t", 1'-1 I III J ,-Ill '" "'1,,1 t hn" 

I, ,f, 1 ,n.ll I I 'II I .1 \,oJ. • 1'1 .,·1 v I ,I.· "" I t ~ I ! Ill' 'II V'''I' I II 1 1. I 

... ,;~ •• "'., I I"! t"" II ... W.o." -.1, I .lIn" \ \ "., 1111, 'ld .• \ \ ,,11 \ " 
I,,-( ( ,I " .. t I _I .()( ~ I I I I I " •. \ I' I I' .I 1 1 ~ ! I 
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At any other value!- of k.o'Jr multiplet...s: essentially involve the Virasoro subalgebra.IL is easy lo show LhaL Lh@ linear combinaLions 

bosonic WZW current. W~. Clearly.Lhey are by no means reduced t.o direct. [ L +.!. ani A CHl) 
n n 2 n 

sums of the mulliplels given in [4]. generaLe a one parameLer family of Virasoro algebras,wilh lhe cenLral 

3. N-4 case is most. i ntere.sli ng as t-he SOC 4) N=4 SA admit-s t-wo chargerS) 

independent c errt.r a I charges[6J a 
c c - 4 a c + 4 0. 

2 
C • C17) 

c < < 2 < 
[Ln,LmJ Cn--m) L + + ---!. en 3 

­ n) 6 I

n m <2 n+m One may redefine t.f-ie esupe-r a ymmet.r-y generalors so t-hat- t-hey have 

G
l r tc ~ - r- ) :r.::! + r- )[ Ln,G:J 

2 1'1+1 
r Ln' r~] 

2 n+r canonical Lransformalion properlles wilh respecl lo [ 
ic 

___t n 2 6 
(L , T~J] = - m T ' J s t:. ~l = Gl + i a q r l 

• C18)(Ln·6~1 
n r,+m 3 q q qn+~ 

c C 
+t"lKTlll) + [( o\k6JL _ 6ll6Jk) _I __2£lJkl]n 6 Conformal properlies of gene-ralors Ii. al'So depend on lhe choice of [ 2)

[T~·I. T~l J:=: -ie 6l11~1:~ n 
r,tm :;I 3 

i a 2 
c [ Ln·A~l -5 A 

n •• 
c; n 6 C19) 

l JL l J r c' I G J ) 2b i (p r ') T t. (r/ t.) 6lJ 6 C15) 
~ 2 

p r pH p" 4. p+r a 
t,' - C 2 a c .
 

T lt l 2 2 I
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We begin with discu5s1ng this simpl~st case.Pourier components of 

correspol'iding currents at- a o cons~itut~ the N~4 SA(15) with 

C ~(k +2) C ~ k (25)z ,1 , 2 

The fact- t.t- a t. c coincides .....ilh t ho N=3 c e-n t.r e.I charg@ (10) is not-
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accid@nl.al.The subset- of 0.=0 c urr-e-nt ss ..... il.h the indices ala identified 

{rOi .G,c<(3) T • v'a{3>+ V'OI(3)} ge-ner a t.es jus t, the N~3 SA(5) ~mbedded as
01 ' , 2 

a subalg~bra in (15).As a matt~r of fact,the actions (1) and (20) are 

ide-ntical.in accordance with lh@ general conclusion of re-f' . (8] Lba t, 

N--3 supel·symmel.l~Y in lhe rnod~ls uf this type i mpl i e-s N~4 

',;up~~r' -s ymme-t r- y. 
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Illt"'1l1 f\ llnder conformal gr"llr. If',\ , 
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Ln this C.3Se U"l8' Vir.a.s:oro algebrd we have chosen t.o be basic 
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HBaHOB E.A., KPUBOHOC C.O., ITeBuaHT B.M. E2-88-541 
KBaHTOB~e N=3,4 cynepKoH~OpMH~e B3B CUrMa-MogenH 

ITocTpoeHW HOB~e npegcTaBneHUH rongcToyHoBcKorO THna N= 
=3, 4 c yrtepxorrdiopsnrsrx anre6p ICAI Ha d=2 noriax . OHU cy­
~eCTBYIDT KaK Ha KnaCCUqeCKOM, TaK U Ha KBaHTOBOM ypOBHHX 
H BKn~qa~T KaK cy~ecTBeHHY~ qaCTb TOKU Becc-3yMHHOBCKHX 
50(3) U 50(4) MogeneH. MynbTunneTbl, HaHgeHHble paaee 
CxoyTeHcoM, HBnfl~TCH qHCTO KBaHTOBbW npegenoM MynbTHnne­
TaB, nOCTpoeHHb~ B gaHHoH pa60Te. IToKa3aHO, qTO N=4CA 
H8 pac cwar-pnaaesrsrx rrpenc-raaneuaax pacnmpne r'c a onepar-op-: 
HblM l\eHTpanbHblM aapanosr. 

Pa60T8 BNrronHeH8 B ITa50paTopHH TeOpeTHQeCKOH ~U3HKU 

OHHH. 
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