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Introduction 

For the last decade, the two-dimensional ohiral f~eld models 

(sigma models), in particular the prinoipal chiral field one~ I 

attraot a permanent interest. X1!is' ie tightly relatsd to the prog

ress in understanding oompletely integrable D-2 systems to which the 

ohiral field models belong. One more reason is that these models 

share some features speoifio for an aotual strong interaotion. Now

adays, the ohiral field models have reoeivsd additional attention 

inspired by stUdying quantum anomalies. J. novel olass of suoh mo

dels has been formulated, viz. the prinoipal field models with the 

Wess - Zumino - Wit t en (WZW) aotion7 1', 21. Under a oertain relation 

between the ooupling oonstants, these modsls respeot oonformal syID

mstr,J2,JI and so oan je ~yzed by oonventional teohniquss of 
oonformal field theory J,4 • 

Reoently, it ha s be en realized that the oonformally-invariant 

WZW ~ -Godds havs profound implioations in theories of strings on 

group manifolds (soe,e.g. 1'/). An important step in understanding 

tbe parallels betwoen tho WZW modele and string theorise has been 

mode by HennelWx and "ozinoeeou 16/ . Thsy have shown that the oova

riant aotion of Greon - Uohwarz (08) supsrstring/ 71 oan be ~nter
preted an ths ao t t on of the WllW b -eiod eL with the 0-10 N-2 super

nplloe ae a target mun trol d , An ana'l ogcua interpretation i8 poooibio 

all "ell for tho hflterolto 8uper8tring lal • "'Ilter on, tho attempts
101"ere undertakon to re f urmul n t e tho aup e r a t rj ng theorieo in manr ; 

tentl, lleolllolrio turlllll ur Unrtan'. I-formo whioh Artl of OOllWlOrI UBe 

in nonlinear 10' -41lOd/llll (1II1e, e.ll.,I')/). ROWIIVllf, an oonoe rna the 

In fuU / ol 011 aupe re t r i ng , thIn 1"'''Kl"1lJ1l "all not a onnmpl j.ah ed • 
In the 11I.1I1«lllt I'''l'or Wll till up thlll Kilil by l1,loptlnll II more 

.enerlll vlllw ,. t til.'; ,"4111Idel Int erpr.tAt I 011 or llllpllTllt,'IIIIlII. We 

(onnulAte II. IIJ1W 011\11" nr WZYI ~:,' -foudelll Oil nU\""'j("1ll11'8 whlllh hAR 

oertain tealu)'Jln III o"onlll"n WIth tho 110-011111l,1 lluymlllfttY'lu ohl"lll 
10

field 6 -41IOdul'/ 1 . '/'11" [Iii lIupurlltrllljl; tllllOTy l'fUVlIIl to bo It repru

.entative of thlll c11\1I1I "r IIIOdlll/l. 

OuT llpprolloll mok"l1 It 1l0llulbis to IUl"lyv,Il tho nups r e t r-Lng 

theor1.118 in ths ll1nltuUi~" or au pa r f nvu r Inn t Co.rtan'e t- torma. In 

partioular, thio pr cv Ld eu an algorithmio way of oonstruoting the 

relevant WZW terms starting from the commutation relations of the 

underlying supergroup, in close analogy with the oonstruction for 

ordinary WZW Ef -models. As a by-produot, we deduce a zero-ourvatu

re representation for the field equations of the GS superstring and 

its generalizations. A fresh look at the origin of the Siegel super
symmetry/7,111 is presented. This symmetry naturally appears as a 

gauge freedom of the zero-curvature representation just mentioned. 

We believe that the observations made in this article may turn out 

to t.e helpful in ciroumventing the difficulties of canonical forma
lism of superstrings 112/. 

I. Asymmetrio chiral field models on supergroup 

Here we collect the necessary information about tho D-2 models 

of princ1.pal and Ilsyuunetric ohiral fieldo in applioation to l'Iupsr

groups. 

Let G bs a euperr,roup with the alr,ebrll tormed by tho gene

rat ore 'T'Jo1 (Rr ) f.-~<X. )s: 

[I<t PV] =- t~\l RA,D~r )~<i.\::: C:,.. ~~~ ){~o( )~~\ ::: - rff'RJA ~l.l) 
Hereafter, we r eu e rv e ths Le t t e r s ,P) Y,). 1 {' '" • • tor the indl

(JOII of oVlln generlltofll and ri )~) ¥ ,";.for tho ne of odd genllrator8 

(Ill the l'lut,1()Ulnf oallA of Poincare I<upflfalp;sbra thenfl indioell 

ar e , rllllp"otlveJy, the veotor 1Ul<l s pt no r- Loz-ent z oneo). Th" "truo

t 'A ~jI> ,7f
lure o on ut an t e ""..., J Cr't) o(,r' I'Itltillfy the J"oobl t de nt l t.llln 

l' I & r>I~ (I S I'fl ., - 0r? 

oJ f'> (p I{ t \ ~"t')J.<X.· !I'''l «flr" (J .7") 

' v tA \ (1"11' I,A I (,.11 I'~ 0 (l.;Jb)I ,Jr. YI'" p,~ Nf'fr 6,.~ , 

,l I " I (, I II I f' (I Il'
 
\IJ'(''''~ I (\I,A(tA \, ' <'1'<1 Ii(' (), (L.:'o)
 

t .A ,.' d \'~ l ~ l " u. <t.7<1) 
f~ ." ,I I' ~(' ~ I' ('r ,\ v 

AI"" tlltl r,,11 ""III~ II1Gnl."! 11"1,1,, ( '/,_11 ,,' .\l1 ( ""'I' P I) )) 
( I. J)J ,)1 /,11 /".4 1,1) I ,/i I,~J I ~ 

,I,~ r' I(,~' ,\',1 ('II roY ,A ,I' { /1411 ",)I 

.1'1 II IlllnMlItl"tlnlll) .. I' ",r..IIIl pr'III,er't, .. r 1'.1" {
 
,I , , I \' ,I I II ( • I
I I I 

r , (' ,. '" • '/'" \ \ • II ,Ill \ I ",~" r ,I. r' ,~) - () 
._...,-,'",............
 

I 
J~~' :1 

I 10.' .. 
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If there eXists an invariant bilinear form in the adjoint repre_ 

sentation of cr (this is the case for any semis1mple Lie superalgebra), 

then it is always possible to define an invariant nondegenerate 

metrio ( P,.«Y' Xcif') normalized so that 

J. ( o.d I ad )
Y) =-StY'(RaJRO-) X ""stY'So( s, (1.4)
~fY ~ V 1 ocJ J 

Using the evident identity J J 

sH{S:,5;~R~)~ sh(lR/<J,5:1~;) p 

one easily derives the important relation between the constants C:fol.rrrand 

c!oc r<i-~ 'fA- X
1S~ 

(1.5)0= 

that expreBses the property of invariance of the metric (1.4). 
Now let us define a matrix superfl aId U ($0) $i) Which lives t n 

0 1.)the two-dimensional space ( ~.) is wl th the Minkowski space 

lIignature and takes valuBfI in the supe r-gr ou p G 

LA- (s", ~n" ext't\, :d~(~O,1>1)R!,- + l E)ol(~", ~i) ;:; Q ~ ? (1. 6) 

x)J. and GaL bel ng even and odd aup e r gr-oup pn r amn ter!'!. The Cartan 
i, -forme built out of t h I e field 

j ("d J« It (1. '7)D.) u l,lu u {}<J, U tlr(~ C~ . <[, 

ar-e invllr111nt und o r tho l.,ft uo tt on of G U ~ Al~ ) AE:. C . 
In term" 01' th" lefl-lnvl\dlLllt 1 -fOrl1Hl,lhe multlvlcl!U'Hl aotion or 

the p r Lno j pa l oljlrul (I"lei Oil (; 11'1 wl'lttell. Ill' t n the 011(10 of 
11-1/ 1)ord Inary p:roupll , I\t' ro/I.own I 

1 \' n..! - J Ij f. I ) If \ nI ,clf,i' I I i!\ " ,~~. ~ '1 (f ., t'!'AI<l (dP. I .r 1"',1 '. Y'luJ"l~)(,w.'6JJ)-/,I" . . " ~, ;,'ill. ' , 
'I '~V V 

nerll '?<"- .1.1,,' N (l"l81':'''') 1\1'(1 tlln l""'llllllll11rl'l nr thn ""lI"". t.h" 
'.l / 1" )1IhllOI'.Y h.'ln,; 011"1'"",,,<1 I,V-'"VIlI'llIVd II' N,~ ,l'/!l '( .• I 

1.l""'(:C-,) In " IIlemntIJII,u/ m,d.'lo 011 till' two'-lllmll"f'lI"",,1 f'I!l"()" ',lV 

(',' ,fu~ (',I"f,( 1.))) whllih 1 .. ll1nlll I 1'1,'11 wll h Ih" hOlln,lll.ry or " 

lhr.e-d'm.""lounl h,.11 V . V,,,'I,,tt,,,, of till' '"t"lI,l'<uII1 I" II". 
"eOOllll (WlIW) tfll'lII ," A I"O"~I' thl',... -r"l'IlI 

I)
 
"01' hr'.vtt,Yt WI' 1111.,"1. ... h.y til" ",Ulln f"tt.,n, ",1,." ••••
 

the yool."" t III' I ""1'1 "r II·;) .. IIl1 II~ \ "I''''' .... 

s stv"(W!\WI\W) =JQ2.-, 
(1.9) 

~~ being a two-form. Owing to this property, variation of the
 

second term is defined on oV and so gives rise to a oorreat
 

contribution ta the equations of motion. 

Owing to the cyolic property of the operation $tY'(.,)the aotion 

(1.8) is also invariant with respect to the right shifts U~ LAB 
and aan thus be eqUivalently written via the right-invariant i-forms 

JUU-i 
• This amounts to the fact that the action (1.8) describes a 

nonlinear sigma-model on the homogenaous space G L <l5:l G R /er clL<\'~ 19/, 
GL , GR, being two isomorphio supergroups with the algebra (1.1) 

and GJi<\Q thetr diagonal subgroup. 
~ IIQ!

In paper a more general olass of ohiral field models has 

been considered, in whioh the invnrianoe under right shifts is
 

broken. The oorreeponding aotion ls
 

A:=' ,,;;r;l, JJ2f, {-~ 3a~st'f(LJ",Wd~)t~1Jsty-(WI\Wf\w1n) J (1.10) 

rov V 
where J, and J \I aro 60mB constant milt ri ce s whl ch are different
 

in gener:;'l. We wlll 011.11 theRe model" the aoymmetrio ohlral fleld
 

one a , The r-eason for lntroduolIlft ma t r t oes J I and J!! ill ao follows. 

1'he InOIl t gene rn]. biltnear IAgrang1an 1 rrvurf an t only under til e 1 eft 

ehifto oan be oon st ruo t ed IlII an s,rbltn1r,y blllne/1r form oompoeed of 

lhe coefficlento of tho deoolllp01'l1Uon of lho Cartan I-form Wet. in 

the (:i gtwerlilorPl "'M • The f1rllt torw In (1.10) 11'1 .lullt the OOD

ven IlInt oornpnot no ta t 1 on for t hf e I.ap,r,ulg11\n In teJ1llIJ of unexplUlded 

fJua"UUeB f.d(( (J.'O. 'l'hll'l no t n tt lin 18 alwnyl'l pOllflllJ1l1l one ohoo.e., 

\:/r( )In the ItdJo'nl rtlpl'l'l'Illnlnllon nnl' p l ok n "I' 1111 allproprlatl 

nll\tJ'lx J I • Annl"p:olJlI nll.llon1np; Iq'llIllltl to t hr- rleoond tent ln 

(1.10) • I" p:"nIlTII1.,fql(.I 1 U)/(). P1nk1n,.; Illl (,roplr dlgenlrall matri 

0111 J I 'UII' J II • onll o~n o onx tr-uol lnvllrl,.nl /lollon" lor ohl"41
 

rl"I,11I on v,... loUII honlllp:.n .. ollll IIp,,"n,,, Oln or II • 'rhe mlll,'lol" JI'..Iii
 

Ill'" t.o be uh",,,,,, no 11" lo l"lmmlll" with t.hll l"ltllIIfol'DIClU"nn from the 

IIl,lI"111y "ul'''''''''l' II. whloh r,,,,"It" I" lnvurll1no. of the n"t,1l1n 

lI'lil ••' gIlUP;," Tllthl I'Ih1 ftl'l j(.nn",.tlld to,v II • 'lluH'. lh....ne rt o aoU"n 

( I. 10) fllloornl"Ul"11I A J I t h •• \'''l'Ifll hi fl III1.d Ill"" I- I, ; ~..olJ.I. 'HI (,,,pllr) 

I( "11"\' II • 
I J () I"1" "(It, lin oOIl"II'.rflt1 I" ',0.' ..11'\.11 ...1" 1.0 1.,1"","1 nit f' • 0 

In (1.10) 1,0 Ih .. """l! wh.,'e Ih,. WII" 1.1'"' III 11l,,'dlll(. Vnl' 

(1.10) l.> I n'nA,oIl1f\rul III"" .t ,.' III , 1. ••• til Illyo 1'11111 to thl
 

'''pull 1,,01'1 or "lid lOll Ih.rllla" 011 lho tWII ,<'lI,•• nnlo,u.1 np."a .) t!,
 
" YA.'I"t ,,," or '·.,r"l1n ""', ',I "(',}II''''''',) .J ~ ) .h,,"It1 he
 

, 
" 

http:0.'..11'\.11


olosed, just as in the case of JIT • I, eq. (1.9) 
2. A novel olass of ohiral field models With multivalued aotion. 

~ str(Wi\WAW JR)-= JQ2., . (1.11) ~e GS superstring as asymmetric ohiral field model. 

This oondition severely oonstrains an admissible ohoice of matrioes 

JTI • In the case of ordinary groups, the examples of WZW functionals 

defined on the target manifolds different from the group itself have 
/IJ/

been given in • To all them there oorrespond nontrivial matrioes 

JIT obeying the oondition (1.11). Recall that for the manifolds with 

n~ntrivia! third homotopy group the parameter f is quantized. No 

such a quantization OoCUrs in the oase of superstrings and their 

generalizations considered below. The reason is that the corrsspond

ing manifolds display a trivial topology. 

In what follows, it will be oonvenient to treat the supertraces 

of bilinear products of generators involVing matrices J, Ju as-, 
oertain averages 

<Rr Rv>r Ii = sh (Rr Rv]!_,l) , <Rf boc.1I,1l (1.12),

/ « -, i (~ ~ J -)=sb'-(RrSaJ1,1I ) <, bol.S(">J- - == Sl-V' Sol.~f!' T II 
" I II -. -, 

In this notation, the aotion (T.10) and the oonotralnt (1.11) take 
the form 

1. ()2 ~ a(, /, ) > f» p ,ate. :)A== - ~I(J.. J i. 1-;4 ~ ",(~)o. L.. R. T +---- 0. J, [. <WI) !A)~ We.. _
 
"bY- 2Ax. V II
 

Q / ~ 1(\ (l.U)
d ,,/;.)1\&,)/\ fA)/ II (IE. 2. . 

In prlloillely t.h .. RnIIIO WilY one may write the aotlonn for 4d -model ~ 

deflnlld 00 "lIp"rnlp;ebTlllI adm t ttt ng no cy o l t o operation f,lx( ... ) 
This oono e rns , e.I(., Jnf'llIHe <1lm.lIHllol\lll llupl1ralp;"bnul Alld oe r t.a t n 

inflnit.e,dlmllllnlonn) rllpI'flllllnlnl.1on of fll1.11,11 dJmana t ona I nUI'erlillKllh

rllll. In th'Il" 01\11." the IlVltrn.p;1I1l blllllnllm In 1':"I1"r"tol'll<..,>of 

OAn h. r'IlIl"ded 1\11 "'~Dn mill. II Ill'" "Ith oonn t nn t e nt r t ea , A fur'tller 

flxln/ot of th e t r a truot u re l'I'one8d" by r e ao rt t ng 1.0 vnrl"un llylluunl.I''' 

arguIDllnt". [n the 11.11. Hoot. wo "Ill <10ftlOlllltl'al.lI thai U.II Un IIUI'''.·_ 

ntrlng belnnjlto to th .. nlalln of ,: -mo,hl .. "It.h I.hll lloll"n (I.Il) lllld 

nOlltrlYllll ma t rl oe a <, '"N 'I'M)',II'-, 
Tn 01 nil' lhl" Bnot., "n ,,"I III nul '"'0" mO"11 tllnl thll "'" nf 

/ ' 
'Imb"l. " ... )',11 """u,·",, 11 IInlronn n"lIvIIlll"lI1. 1101.",,1.1,,11 r'I/' th" 

Invl1l'l"nt." IllJn"truot.c1 nut "r tlo" no.ffl"l"nl." III I.hn ,1"""mllo"It.lon 

of I,h. CArl1lJ1 l-fn'"IIIn Iu lh. jIt'ntll'al,Orll of U. II.R ,n",' n "c1VlllIl.lll(" 

onnllllltll In t.Ivd th" bAllln obJ"ot III lI." full IDntl'll! IlIfl-l"v"rl"nt 

I;Al't"n I-form rd" "hi I" on" 01 Illloth"l PAU"I'II or In''llklnM "f ,'IKIIl. 

(J-Illva,'lnlll" I" Iltlond ..1 III lh. "tnrolul'II of \hll Av..... III1" (1,1;0). 

In this Seot. we show how to oonsistentll formUlate the GS 
superstring model within the general soheme desoribed above. The GS 
superstring proves to belong to the olass of asymmetrio ohira! field 

models assooiated with a specifio ohoice of supergroup G as the 

G"- :2. Gi "Zdireot produot @ G , and l.:T being two isomorphio super-

groups with the oommutative even part • 

Consider the oontraoted superalgebra following from (1.1) by 

resoaling the generators as R~ ~ l:£ PI"-- :) ~ d.. ~ [i? Q eX.. 

and by putting then ce~oo • In the oontraotion limit one is left 

with the (anti)oommutation relations 

(2.1)[p p 1 = [p Q ot1-= 0, i Qc~, OR.» =- r:~ Pu ,t" V j<-) I r t : 

where the struoture oonstants r'~fl Batisfy the important relation 

(I. 1)). As before, the veot or and spinor 1 nd t.oe s may be raised 

and lowered "ith the help of t ens or-s 2/,,11' X'olf' • The superalgeb
ra (2.1) olearly possells"s the Ilutomorphisms generated by the even 

auba'l gubra of the Jnlt lal superalg.bro. (1.1). 'lb. tensors ~/fV,X<JP 
are invarlant under thes/l automorphismfl. The f1uperEllgebra (2,1) Mil 
an o bv Loua lnterpreb\t.lon an thfl alg8brcl of supnrtrllIlslationll in 
the su p" r s pao e (,X')~.) 00( ) I 

J. - eo/. ,/~ (> ) ""- r\"'- r : 01.
'l,,1~ ~ ,1' I I C 1 0'-1"0 .) 

L ;0. \] -I- ~: (2.2 ) 

c.:' bill nK lUI 0,1,1 llup',rtrI\1I8Iat I on pn rumat er-, 'nI.lle trl\nllforml\

t t onn n r e Indll<ltt,1 by the left shIft" on the lIup8rKrollp oorronpondlnp; 

to U- L) 

I I ~ I' i ~, rJ.l 'IA I i /y<0 '.\ ' ~ (I'lidi (~{ ~ J \ I'~ l'1~.l''' I~ I i. tf(~,~\ (;>. J ) 

'r"klnK Into uno oun t I.hll ""Int.loll (I. I) for "tt'lIol.'lre oonnl'lot.II, tlon 

"11'""'"lgnhl"\ (? I) III InolUOl'phlo tn t.lltl "lll:llbrl\ o r "-I III111.rlrw.nlll_ 

t t o nn In the 1'>h_<1I'ulln"'oI141 "1,trICl l.rovl,I.,' D,>! Is" J2-ooUlJlnn.nt 
A ' lInJoln/lJt - W"yl n\llno,· I\nr! /"_11 "III ""1111.01.11 "ll.h lh. 1)-10 llirao 

V I ' ,.. (!' )' I ' I() ,•• n t r t oe n "" .q', ;0( ~_I 10\'. ,I lIf' I,.\: b.lnKthll 

ohl1"I\" "011.111/01111.1"11 lII11t,·,. ( l),~ ",-r.n'" ), P'r'lII he ...' nn, thQ 

t'/ln"r'"'IRAtl"IIA (;',;'),(:',1) "Ill h. 0,,118,' AUIIIIIII.)'DIllllltrr t.rl\lIl1for

1II"l.lonll, II. I" ",,,'t,t, 1I01.Inl( that t.hll N-IO, 1)-10 IIl1p'Htl"lIl"latlon 

tllKnhl/\ O"lllllll. hll ohl,,'nll,1 b, IllloVll "lIalvlI" OOIlt.I'llollol1 rrOlI .OJ' 

An,nl--nlmill" 1,111 ""1,",',.11\.111''' "r t.he kill" (1.1,), ".v.rt.hlll'''II, the 

l,l.ntll.1 (1. 1) III QI.III v"ll<1 til UlI'1 n,,"'OJ (lllo \' ,.48atl'l"." ""t"'f, 

11 In tiro d1,u"",,11I1I1l 1I-1,4,r"I\) ), 'I~", 1I11t.lllllllrl'hlllnl ,,"'HII> III lh. 

I, 



1) -10 Lorentz group. Thus, the olass of superalgebr~possessingthe 

struoture relations (2.1) and respeoting the condition (I.)) for f7~ 
is wider than the one arising as a result of a straightforward 
oontraotion of the relatione (1.1). 

We will oonstruot the asymmetrio chiral field models on the 
supergroup generated by the direot SUID @i.~ <J~ of two super_ 
algebras (2.1)' 

[p i. pJ J - [pi. Q~ J == 0r > Y - r> ol , 
(2.4) 

{Q~? Qt J== - ptF' P: ~lJ =- (8LJp; + d~j P~) rtf" 
P± {(pi. p::l..) .» iJ. (1. 0)

with f' = ~ j( ±: I"-' , 10-3 := 0 -! . The Iluper
algebra (2.4) generates the iireot produot of supergroupe Gi~ G2 , 
whore eaoh mUltiplier G\G- can be parametrized 

U! =: et,tr (~xi!" P~ + i 8LoLQ~J E G- L :;> 

. z.« z . e-ZoI.Q 
Z ) E r'l.U2 :: e¥p (~ X r : ~ +~ 0( ~. 

Lot U8 int roduoe th e qhiral f lel!18 Uj (:;,o )~9,WhiOh 
and asaJ- III 

as follow81 

(2.5) 

amount 8 t a regar

ding the parame ters XJI" the fields given on the ho-

dimensional IIVloe with ooordinates ($:.0 >~f) • The related Cartan 

f - forms are .' . j . <>l . } J. 0
 
C<Ji = U jiJUj ==;k ()}f ~~ + l u; G eX =: (A)acf ~Ll =
 

(2.6)

::U ('dO,x j )'- + i ~Jaf.)jr~)loj)/~ + i ?aGj((QJ 1J£,"

'nle8e ar. loft-lnV"llrlant wHh ru"peof; to two In<lopon,'ont N-l lIupltr 
1l11DI.. tr1e" (;>.:t)1 

::lj/~ ..~ :ljl' , i (,i 1,I~U~ oj .. Uj 
t ( .\ , C/.7) 

Let u .. lIIa1r. nn tlb ..erva.t,lon to be Important In what 1'0110'11'5. 
'~.2/ (' ..On the hOlDoHen.tlulI "1'1>.0. (, Oil (., (; -, .. b.'ng lin /lb. I Ian 

.i . 'ilaubgr ou p wI til the ,l(eullrntor I >"" ,lh. lIup.rll,}'llllll.":ry (.. aD(,. I" 
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These transformations precisely coincide with those of N-2 
supersymmetry. 

An element of the coset spaoe GdQS) G2./ G - can be represented 

as 

2 ~. .
 
u"e-xrH(x!~ +X !<)P; +i?: e}IllQ:} =U1U2, e,cpi-~(zif_:c~)p-l . (2.9)


~i I ~~ 

The supertranslations (2.a) are realized on Ll aooording to the
 

generio law of nonlinear realizations •
 
2. • k }\C 1. 

U~U/=A1.A2UeJl<'pliZ:. EJ-r~e (G?,) Pi.) (2. 10)
K,~"i 

A· -= 81(h (i E~olQ~ )J I ,,[ • 

Like in ordlnary nonlinear G -4odels, a oonvenient way to single
 
1'!.01 G:l / out the space ~". "'" / G froD! the pnrame tel' apace of supergroup 

Gi ® C;:<- is to impose the ilWar1anoe under right gauge G- - shifts 

l J / (i . ~(. ~)/ )!)0
A1-~Ui~Uie.l)(!):2Q .f):t. r , 

Ut!. -~(j;. (/1 r'-'I{'(- iUA«1~,'1'i)f;,Z), 

• .<.. j Ie 
W J '" /)) I r, ) (/~/'f" 101) 7- (() r

'l L< u( ~ c/, ~~, ( I ~.... 

~ k1 ~ 
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respeot to time derivative, i.e., of the seoond order for bosons With the oonstraints (2.16),(2.17) solved and in the basis 

and of the first one for fermious. 

It turns out that these four natural conditions fix the aotion 

up to two free parameters that is the ooupling constants in front of 

the quadratio and oubic parts of the aotion (these are analogous to 

the parameters ~ and ~ in eqs.(I.IO) (l.lJ)). A further fixing 

of the ratio of these oonstants proceeds, just as in ordinary WZW 

~ -models/ 2,J/, with imposing some extra looal symmetries. In the 

present oase the latter proves to be a generalization of a familiar 
Siegel supersymmetry 17,111 • 

We begin by writing down the aotion in the most general form
 

Similar to (I.lJ)
 

A=-\ JL~h c{~£ /WaJJg)- - ~ .(l.JI\Wt\LJ)'n (2.14) 
~ c dd ~ ~ V - , 

where UJ= c."l"+ W2- and the averages have the most general struotu

re allowed by the Grassmann parity and the oondition that the 

Metric in the N-2 superspaoe (z-", e to{) eA.~) is induoed by the in

variant metrio (1.4) (the InRt requirement follows from the desire 

to maintain invarianoe under the automorphism KTOUp operating on 

indioes)"',V., ... jo.,("?". ) 

< P i, l -) i ) ~, 17 plJ , )Ln J ) 0.) (2.1'»r v /A (fll! 1\ ') <t-- rl. 

<O,~ O~>A ,. X"J"(~~ , X"1'," Xf'" 
Here A, l , IJ ) I)~ ,<i ~ lire the mut.r t oe a wI th th<l oo ns t an t e1l

trta8 to be det e rm t ned fr"m the requlrtlm"nt~ 1)- 4). We Ret ~t 

onoe 1.1) =;0 elnoe o n lj' in t h l n Oll/H' t ho oond t t I on 4) III "flUerl",' 

(80ft the eru' of t h t e Meot.). A "tr'llKhtfoward oomputnl.lon un lng tho 

rormull\s from Apporullx "how" t hn t the fllllowlnK r e t a t Ions 11'" 

naooluIIlry arlll /lufflol""t ror the r"'lul,."mentlt I)~) to be rulrtlln<l 

,.... ,\\ ) 1,\ 
I,ll ' ,II (;>.Jh) 

. , I 
) t .', (:'. I " 1 

II I "II 
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• I I ,) J f I 1111 fp.n,1ltnt or .."" whlolt "I'll oonvnlll",,1. I." "hoon" .. " '/ I - '.:,,, " 

Nnt\o. thnt It'l"'(;"11»,(;'. I'll Imlll,' ,1e/Cenal'llo,Y u r l.ilfl 1IIIlI.I'I,1O'"
(.

1',.,.1 IPgi (IA) I) 'I'ltlll I'rope,'I.,' ,."rlauI.A, In 1,,,rtloIlJJH, lhOl
 

r."t th,,\. UlIll.,· I.ltll ""n,IItI"n ;.) lha hllln.III1'lwH'\' or lh .. Roll""
 
I 'I ,,JInvulvan nlll". I.h.. I .• r'"'mn Oil Ihn "'1/1,,1. (, b (', I: • IInl lH\ 

( PlA.+ P. - ) the act 1 on (2.14) takes the form 
r I f

A~-4l1 ~ t·$F3<J-a~<Wa.GJR>r - 4f~ )<'WAWAW>" , (2.lIh 
~v - V ,1 

<FrPv)I~2fV(~~) ?<PrPv/ " 2,.)) ( 
0 -1.)
0 0 

<Pr Q""JA == <Q~Qf''> A'" 0 
or 

(2.18 )
3ettA= eI ~ r,~ (w/! +(J~ XW;f1+ U)~j<) + 

~v 

g 1)3 ~al,d( 1.j{ 2P ) / 1 2.)+ L-[i) ~ <-- ttJ a I (A.)a., !)g\tJc)'- -- (~)7~ 

Y, J 
where w~ have madtt use.of the Maurer- Cartan equation" 'd"Wg 
- "'Jfl(.,)~ = - [C-<..J?;t, {,»)t, 1 • SU~8tttUt1ng.extl1l!1t exprell"ion" for 

(Oit (2.6)· (.-<)~t - '(J(,I,Y)/'-' i .~,. fJd r' ~ EJ.) and pallsing 

in the s e o ond tenD to integration over ()V wll.h the help of identity 

(1. ), one 8ventualJy p:et" '), . ' 2.,.. 

1\ --II ,r t'£)F-;}'i/f,(d,rrl' I iT{)",OJf'f()9(~,ru f i) \iJlr f': (l) -
.) < t .r . I' { Ii, f l

N ' ,1
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suoh as though one starts from the beginning with the N=2 super
translation algebra. TheG-1 <l5l G2 struoture manifests itself only in 

ci 2
the WZW term which essentially involves the I-form (W,# - lAJ,#) 
related to the extra translation generator P'; = ~ (p). _ p}.). 
It is to be mentioned that all the previous attempts to derive this 
term entirely within the standard ~ -model framework have used 
somewhat artifioial constructions 18/ • In our scheme it appears 
qUite naturally as a result of nontriVial ohoioe of the supergroup 
one starts with. Also, it beoomes clear Why the GS action respeots 
no internal 80(2) sym~etry inherent in the Nz2 superalgebra: the 
obvious reason is that the correot initial superalgebra (2.1) 

possesses no suoh a symmetry at all. 
In conolusion of this Sect., we discuss the case \fHh the non

~;ero matr1Jl: <Q~ Q~) in f'oz-mu.l a s (2.15). 'l'ho WZW ter~ does not 
change while the quadratic term aoquires an adding A 

A,..J SJl~F3~ag i, 'd(,\9}o( <Q~Gtf"':0rae,flf . 
flV Jjl('i 

6uoh an adding would contribute to the fermionic kinetio onergy by 

the t erms containing two derivaUven in t nne whtob is unncoopt.abl e 
from the at.andpo tn t of quan.t t zn tI on. ,Bo, :In acoo rdan ce wi t.h tho 
r-e qufrement 4) one :Is led to put (Q J (\Ie)_ ,c' 0 • 

, nl ,'>I (. , 

J.	 'I'he e qua t l.ona of mo1:ion and ll:lop,eJ. IIU!lPrnylllrnl1try In 1,o'1n" of 
Cartan'R fO'lIl". 'J'ho v.ero-ourv/l t ure TopI'ell/Hltll t I 00 

Here 190 rewr:lto tho o(j,ulI.Lonn of mn tt on oj' t ne o on u l d u rerl o]a:H' 

of 0 -mOlle11'J Hm! UtI! ll'lU11I1'I!JlIllll.lo1Hl or l:l1 I!11,6 I oUI'0rn.\'Tnm"try 1" 1h" 

JangunRfJ or ltull"r1nv,ulllnt C"rtulI'n t'n rmu , It wI] I lll~ IIhown t.lmt 

at the or r t t ouI po.l n t [lllll ;J. (lUTT'lfIJl"n<llnp. to t nvu rrunue und o r 
tho Oiefle] l'lup"rn,ymmol,ry t hu re IlI'JII"" II y.erO-lJurvllturfl rOI'J"Il'UllJtfl 

tillo lor tllllI"" I'QII/Il.1"on_ 

'('he l'lql1Al.1on or m,,11(111 fUIl,Y hI) I1IH1uo,,<1 b,Y Yj"'Y11ll', thn 1\01.101111 

(~.H\)	 or (;>.1') With rllllp""t t.u t.hn fI,·!.11l if' '(1), 1"I{~:), O)'''(~: ), 
It .le oonvnn t an t to u" .. t h e lIul'e,,'nyurlllnl v;lI'II1i,llIlln (,)i l~ .\~U'
 

. . - .' .I l
 
i.)	 ~(~)" I i ,,\OJ \,)1 (»)\ ~ , i ~()')'~ U:~ 

( r. I ) "	 "J/' )' "j,J j
I ()oJ'	 I', I (,Y U,/ I' ,I 

1I.IIIV1o	 o.. luulut.llI'If' (,"'" l'I'I".n.lI.) .vl.>]" II,,, 1',,1111111"1'. "'1u~,'I"n,,' 

I' ,A f, ' \' ),\'.\ ... Ii, .,. ,	 (',,'Il) 

I :l 

wid.. Po- €> (<l 7,.. "\ f7,# 1(b_ 
+ W~ + War II ol~ C;V.j, - 0 , 

PQ.gC 1.. 2- ,t7j( Zf3 • (J.2b)- ~fA/" +Wa.r) I oLf' W f, =- 0, 

fAg 3..fA. a.~ if< ) ~Jf	 . ('do. P-+ Wg + P_ co ~ = 0 . (J.2o) 

Here Ta~ is the energy-momentum tensor 
1" cJ J.j( 'lj{)/; 1 2)

~~=(W;:Tw1-)(wi,t+Wtr-)-~~at~ (We.. +lAJc/{,J?tWdjt (J.J) 

and 

P
a, t _ G qGlg +-.!. f II C'fAe	 (J.4- )
+	 - ~-~ <1 - 2.- D_ <;.
- 1,1 

One has also to add to equations (J.Z) the Maurer - Cartan equations 

tJ	 Wir- - 'd"wj~ '" zi,W j oL Fj( v)~ 
a.	 j, Gl. g o<f a.. , (J.,) 

j 0/. ; nI
oa. to « 0ecA)<l...0 o
> 

Put top;ether, equn t t ona (I.;» n nd ().,) are nqutvnLent to t ho ae 
wrJtten in t arms of .).').<) OJ,>/. and r"11o,,Jop; fTorn the n o t r on (~).1'J). 
Note that f'o r- ord Lnar y oh Lr-a.L fl.ddll, tho C'\r'tun form rllpreflonta

.	 /14 9/ (tlon.ol the eQIJatJ nllH or moll on h"" bellll p;.1 VI'II in ' in the 
l u t te r pnpe r - with thft WZW term t ak o n t nt.o unooun t }, 

EQuat:lon (;.~o) onn b. r."rJltllll In tho I,"o-fold ""y 
r- (~p, (, 1 'J) I!I. '-l e )J I )'J	 J' I) "')/1 f (,)~ '" (' c.. p c. 

I~, I "J' '';< t u«	 (J.6.. )
I	 / , / 

,. f;· , {II ,. jJ, }I
'J f) ({..}f:/~ II /~; ) " (A, (), (]. fib)

d I	 ~'/' " /'1 , fiL' 

llftur t.hn t "'lu,,11 Illln ('I. ;'h) Illltl ( I. ;'0) un' ,II vJ,lel1 J lit II tlla t.w" 

... 1.11 

I~ G( { J' ;J,. /	 1)1 {,)/(" / (,)~~ ) i.t, 1"d,W~, (.l 
fj	 J 141. 1 ( I.".)'1\ (II ((. 'I.' / " I{

(, ) <II (1)~J.J/:o(/1f',J. 

1:1 



e 1.. .z lTi ~2J 
~a.- tr: (03~ +t.J~r-) + e; <sit wr- -=0) 

(J.7b)[ a~ (i i.: Jf Z!'P_ tJt;«- +t,)f,jA roc" Wa.. ::: 0 . 

~8urprisingly, at the point lii/lI =Z. where the operators 

p~ become projectors, p?: = ( ~Di/~ao +- f..j(9°0R)) p~Q.., 
the equations (J.7a),(J.7b) amount to the zero-curvature condition 

[L~,L~ J'" [L~)Lg J=0 (J.8 ) 

+ 
Here the differential operators L~ are given by 

(J.9 )L: ::dtL+~iEa&p~d('w;A +tJ~)~-21U)locs~ :> 

where A is a speotral parameter and the generators Rt , ,S~!"
form the two mutually (anti)oommuting 8uperalgebran 

[ R~ ,R±y 1~ R~rV1, [R~~) ~ ~~1 :: c:0( ~; , l ~~~) ~; )~ -~ R~( J. [0) 

Ule oonstants ct: r"te. be Lng related by the equality (1.6). 
r: , J - ~ [)' I 

'!'he at r-uo tur e of the commut a t or LR , I 1'-- Y 18 noncrlll on l for
l

deduoinp; equat t ona ().7) from the r-e p r e s e nta t Lon (J.8). 1I0WllVl' l' , 1n 

general (including the case of the GS RupBrRtrlng) the generator 
~ 

RL)'l! I IIhould be nonzero for the c onn t s t enoy betwll!!n th" J~OObl 
identltlell and t he r-o La t t on (1.'.». Whon oommuted ",th ~!/'-' >(J'~ , 

the Kllllflrlltor I< II' Ii 1ma,Y p r-odune "IlW KtlneratorR 80 tile f"ll II" "0
ourvature reprAR"ntallon 8uperalKebTa may turn out lo be lnflnll" 

dlmonl1iona] (t.1I111 In lloflnltely:lo for tho r,S oa'lO). 1"0rl.urult"ly,
"/ (,I,';""/' "A

(-
IIt l" JUII!. llio "tl'uoturn of' til" r e La t t onn I " 

/ ) 
r :« IlIIel ",,' , 

tha t 18 oruolal for d e r t v l ng e qua tt ons (1.7). II III Inl",,,nl.llll': 

that th" IIlJpnl"IIp;"hra (;'.1) 01111 hp rAp;arcl,.el "" II ,)ConI 1"'01.10" or 

(1.1 0 ) . 

L.l 1111 nl'"01"II,r 1.n.1'" no t t o e 01' It", I'llet. th n t thll '''"111ItI01l 

I¥ /IJ t' "h 1"II ," "" Cl"" "R r y 1'",' 'h" r "I" "".' II t "t I" II ( 1. Ii
 

to Ilxl"I., III .111111. t,lIn "nil .".klnK tI,,, /lnll,," (;'.111).(,',,") lnVl"I


<lilt un,'"' Illo,,) 1I1"/ltll 1101,,,,'1 rn,lIIrOJ1l1al.lfJ/llI. WIt 110" .'1"'''1''" 11111
 

Imlol.mfllll."U"" or th'" 1'I111","rlJ10nltll.l.Y I" I.hn KO"f1,"1 onnll "I",,, 11", 

I ' I,
nl,I'IIOI.II".OOIlI""lIl" ,oi/,' Ill''' 1I0t ololl~.'l III ""'11111,1," "",11 III" 

Ul"lio 'K -"IlI',,'lotlll. (IlvtI" " ""I. Ill' mIlt, 10nn ( I ,")r" n"ph 111011 

I I 

r:" (rV)f~ + ri" (Fj<)f~ = 2?V s} , (J.n) 

the aotion (2.19) is invariant under the looal supertransformations 

of the fields' X,1ol(2) and eJoi (.;§) oompaotly expressed via the 
variations (J.l) as 

'-""1",. ""'-2u
(Ajr+c-J"-=O, 

(J.l2) 

~iot - P'±&(W8;< f-u/e?-) ( fr},Lf';e~f'(.;$")~L) 
Here a:.~J> ('$) are fermionio pereme t ez-s whioh are the world-sheet 

vectors. These transformations should be aooompanied by appropriate 
<A~

transformations of ~ , but for Simplicity we assume equation 

(3.2a) to be fulfilled and, respeotively, the aotion to be comple

tely written in terms of X A and ojot • Making use of a general 

formula for variation of the action (see Appendix), one eas1.ly 

obtains that the oonditions for the a o t t.o n to be invariant under 
(J.12) are as follClfl8: . (( 

a,l, . .r • 1 • i. 1 .I.. f,..( /,/1 (I'V),d1< P+ (tV6 f (,) (, (tJJ r (,)J ,I ) (Ao) c e.if II J -= 0 
'/"'t~ )/ ) ().lJ) 

f )ltt. f cJ/ 1. z.). 1. ? 2,./ ,)t ( .. V)r;r 
- ~- lWEfr+(~)~~ ({..,)JlJfi~)Jj»)C<){{ /,(1" 1'0. 

I )" e'j"lkinp, into acoount the pr"J"ollon pr-o pe r t t aa dlnpla,yed by f
 

-- '":>
n t 1"le, - I,
 

.'l!. ~,
f )(~t~, I \' ./ / '/ I 
(),/

f ./t" I ,t,. /) ( l. 14) 

I <,I / \,J' / ){' (, I \'I ' I 
I I' 

IUI,l e qua t I"n" (").;:>'.).11. I" .. ,,"ol,le ,"xflrolnfl t « "h"" lhnt (1.1 \) 

111'11 ""l1nfi"d prov l d t nK Ih" r .. 1.,1.1"11" (1.11) 1I01d. In lho c/ine of 

I.he rw aupe r a t "I np, I.tI .. I I"IUlI1 1'0 f1nal. Ion" ( \.1 ~I) a,'e I'l'uol"ely I.he 
/7/ (' »rr "..' h'(v .... )f'- .. i/~' l,nI:lllIg,,1 onen • In I h l u Oil"" t: ,( 0 .r.<' (,>( ,) [': 

lin" tlie oo nd r tr on (1.11) tu r n s uu t. lo he Lrlvlllll,y Ill\llllrl.r 

'I Connl Ill'll on" 

W.. hllve 1"011"'" ,,11 I.h. I "I "1"1",,,\.,,110" 01' \.h.. lIup/trlll.,'1 f1p;-tYl'n
 

nol.I "n (;'.19 ) (h.. d 1l"I"~ 1.1,. 1m nUl'" "" \. dllg (JOVIU'I,wl. aoU on)
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with the conventional bosonio oaS8 and entirely in terms of 8uper
invariant Cartan's forme. This eneures a manifest supersymmetry of 
the theory at any stage. We emphasize that the proposed oonstruotion 
applies not only to the N-l supertranslation groups in proper dimen
sions (D -J,4,6,10) but aleo, as has been described in 8eo.2, to any 
supergroup reaul ting by contrao t f.on from some semisimple Lie Buper
group. The oonstants f7~ should not obligatory coincide with 

~~~CJ~-matriceSI what is aC~lY important is that those satisfy the 
identity (l.J). It would be of interest to oonsider the examples of 
the oorresponding superstring models. One may aleo expect that, upon 
an	 appropriate generalization, the proposed scheme will help in 

/ 15/,oonstruoting auoh theories as superstring in harmonic superspaoe
superetrings on the supergroups with nontrivial even parts, etc. 

As a by-product, we have derived a zero-ourvature representa
tion (J. a ) for the superstring field equations in an arbitrary 
gauge. Lel u~ recallgin this oonneotion that the choioe of oonformal 

,1;- 0.& ('absauge ~-~ ~ ,~ d whioh is normally assumed neoesaary for the 
linearization of superstring field equations is inoompatible With 
oomplioated topologies on the world sheet. 

1161Similarly to any zero-ourvature representation ,the set 
(J.B) poseeesee a gauge symmetry 

L~ ~ LA~ L;~(u ':: (4.1) 

I (, !ol.{ , (If.) ('11wherelA' (~'ii/' t. d' :~) ",,( . Thill oholoe of /1 ill d t o t a-, 
ted by the form of supe ra11o;ebrn (J. 10). It tu rnn ou t thnl tho 111 810;0 1 
tTll.nllfol'lllltlionll (J.12) oonn t t t ut.e a pa r t f ouIu r OUIIlI 01' (4.1) oorrl'lI 
ponding to 'ii,',J AI~)ld (at the InfInitesimal loYel). It would bll 

deslrable to uIl~erlltllnd why In the prosent mUlfl tho v.c'ro-ou'·Yl\tuJ'6t 
reprellllntation I\uperl\]p;ebra. an~ tilt! lIuperalp;ebrll on wI,lot> the c • 

Ilol1el til orl11na11y onns t ruo t ed do not oo t ncn de (8.11 tllkefl plao. (Of' 

oJ"\tlnar,r ,,' -m~"lfl) but Itr" rlllate!' by oon t r-aott un, 11"0, tht"'" 
11.1'111." an Intere"tln,.; tllllk o ]' /letting "(I Itll Jnt'ln.lte 11,,1 or tlill 

oonllerYe~ nurrflnt" "1I80011\1.8'! "I til tho TOl'Tf,,,.nl.llt.lon (I.U). 
We	 thllnk 1.1I.Kllr~lko", V.I.Op;J."otllky, C. N. POPll, A,t1.llohw'arWl IlII1I 

K.Il.lItelle for Int..re"t In thll "ork flnd ~!"nIIl181"llfi. 

'1'llenc1111 

w. lJ.1. her... Ilumhe r (I( hel",r"l (0 n,",1 ""I u" ../1 111 liltl IIf'OOO" " 

of ".r,11111: the IIlltl"'"1 (1'.14),e'.IL\! Ilnl'l C'.I'I). Wllh t.1I,,!1' "'<1 

Ih 

one derives the conditions necessary for the lnvarianoe of the gene
rio aotion (2.14) under local transformations (2.11),(2.12), gets the 
equations of motlon and checks the lnvarlance With respect to the 
Siegel supereymmetry t 

~ (R {jaa) :::: Fg (J@ae - i (Jg cJ ged) &-0. ) (A.I) 

~(Ai J;;/ + [ui
) 

(.;ji]., ;;;i z: (j-/ JUt , (A.2) 

<{{J~ it)k / (/ICJ"'>_ = <wKl1 hJ k.. J1 rCA.l' ;;yeJ\ ::. 0 _ (A.J)
."	 / I{ 1\ LI, /1/ 

(Here we 4ave used the identity (l.J) and the averaging (2.15) with 
<:Q i G.~ ')=-, o ). Let us also quote the general fOl'lllula of 

variation of the action (2.18), (2.19) 

~Ac (~4'LI)~ J~SF1SHa&T~f, f (-RI,)jAc~f~~g!~(w;+W;)J{t 
';JV 'J V 

1 Z ( le{ » '~1-(') (+ ({Jo.r I L')(~r) (~) & I~,( [, (~) J 

p	 \ r 12 (~p, r ! ~ j".~) {)1 ({ J... \( l<1 f '~1{')'[ 
-~	 ( ~ ~il/\uI:;, \) !'(U~)~I('\j, IAlI', I 1'\y1 1 {,Ja/ d W& r;)f"w ). 

,·~V 

lIerf) ~ "cAe, s.r e defined In 6QII.( 1.1) "rll! ( 1.4).
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Yk,Wll 1\.11.,1111,111011 E.A. E2-88-570 
CYI1('PCTi'yll.l I'PI!II;1 - LUDapI\;l KilK aCHMMeTpHl.JeCKaH: 

MOj\l'.III, 1\llpd.Jlld'lJ!'O nOJUI 

C'I'I'0Il'l'('11 IIOBblH KJIaCC p;ByMepHblX O-MOp;eJIcf! BeCC-:3yMHHoB

CI\(lI',) TIIII<.l ua OP;HOpOP;HOM npo c-rpancra e a ..ala -, r'ne cyrrep-: 

I'PYIlJI;! a rrorryv ae t-c a KOHTpaK~HeH H3 rrp0l13BOnbHOH rrony

npoc r oa cyrtepr-pyrmu JlH, a a-- HeKOTopaH atierreaa nonr-pynna 
TpaHcnHUIIH B a $ a. [[OKa3aHO, tITO ypaBHeHHH p;BI1JKeHHH, asrre-: 
x arounre H3 HeO)~1103Ila4.IIOl'O p;eHCTBHH p,JIH 3TI1X MOp,eJIeH, MoryT 

6hlTb s armc ansi B BH,IJ,e lIpC,IJ,CTaBJIeHHH HYJIeBof! KPI1BH3HbI. Mo

p,CJIb c yrtepc r'pym.r I'pmra - Illnapna npHHap,JIeJKHT K npertnoxea

1l0My xrra c cv (T -MO,IJ,CJIerf. 

P.:l60Til OblllOJIIlCII:l II Jla6opa'l'OIHIH TeOpeTHt.lecKoH tPH3HKH 

OWH1. 

Ilpenpaxr 06'be~HHeHHoroHHCTHTyT8 anepasrx HCCne~OB8HHH,.Lly6H8 1988 

IH;H'V A.P., Ivanov E.I\. E2-HH-')70 
(;n'l'n-Schwarz Sup o r s Lr i n g ,1:, ;111 l\:lYlIIllIl'Lric 
Ch i r n l Field Sigmil t'!llllt') 

1\ new c l a s s of tWll-t!ilJlI'lI:,jll\I<t1 <I -!nodels of tlH' \,!PSS 

t.l1ll1illll - Witten type i:; ('Il\I.';I"'I('LI,d, '1'11(' Irlrl!,l'L manifold 
III t ho s e models is ('o:lI'l ::1',11'(' Il<IJO/n-, whpn' supe r g r-oup 
(I i:; ob t a i by ('0111 LI('I i"ll 11"111\1 .t n .t r i t r r y sr-m i i mp oned	 b a s l 

I. i (' :,llpergrollp alit! U - j:; :1"1111' IIh.. 1 j ;111 sllhgroup of t ralls
l a t i ou s in Or» a. II i:; ::l101N11 t h.u 1111' l'qllilL i o n s o f mot i ou 
lollowillg frOlli II\(' W,':;:; f.lllnillil Willl'lI Iyp.. ;Il'l ion of 

, h I':; I' 1111 HI e Is, Id 111 i I .1 Z I' I" II I' I JI' V.I I II rc- r I' Pr I' sI'nl a I i 0 IJ. 

'I'll., i nv .. ~;1 i}',ill i o n II;I~; 1"','111'1'11011111',1 ;11 t h .. l.nbo r a t o r v 

"I '1'111'1111-( i ra l j'IIYlli"lI,llrm. 
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