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Introduction

Por the last decade, the two-dimensional ohiral field models
(aigma modela), in particular the prinoipal chiral field ones,
attract a permanent interest. This 1s tightly related to the prog-
ress in understanding oompletely integrable D=2 aystems to which the
ohiral field models belong. One more reason i1s that these models
share some features specific for an aotual strong interaction. Now-
adays, the ohiral field models have received additional attention
ipspired by studying quantum anomalies, A novel oclaas of suoh mo-
dels has been formulated, viz. the prinoipal field models with the
Wess — Zumino - Witten (WZW) action 132/. Under a oertain raelation
between the ooupling constants, these models respest conformal sym.
metry/z’J and 80 ocan e a?alyzed by oonventional techniques of
oonformal field theory 3,4

Reocently, 1t has becn realized that the oonformally-invariant
waw Gﬁqmodeln havs profound impliocations in theories of atrings on
group manifoldas (see,e.g. /3/ ) An important step in understanding
the parallelas between thu WZW models and string theories has been
made by Henneaux and Mezinoeeou 6/. They have shown that the oova-
riant aotion of Green — Yohwarz (GB) superatring/7/ oan be inter-
preted as the aotion of the WiW &' -model with the D=I0 N=2 super-
space a8 a target mantifold, An annlogous interpretation is possible
as well for the heterotlo superstring 8 . Later on, the attempts
were undortaken/ﬂ to reformulate the superatring theories in mani-
fently geomairio terms of Cartan'as 1 forms whioch are of common use
in nonlinear & -modals (nee, o.g., /) Rowever, as oonoer s the
08 auperstring, this program was not aocoomplished 1In full .

In the pravent papar we £1l1 up this gap by adopting a more
general view ut Lhe ¢, -mpdel interpretation of superstringa, We
formulate a naw tlunnn of W2W & —models on aupergroupa whioh haa

oertaln features in oommon with the Ao-oalled asymmatrio ohiral
fioldqg -modulﬂ/l”/. The G8 superatring theory provem to be a repro-
sentative of thims clans of model s,

Our approach maken it possible to analywve the superstring

theories in the languuys of superinvarinnt Cartan's {-forms., In
particular, this provides an algorithmio way of oonstructing the

relevant WZW terms starting from the commutation relations of the
underlying supergroup, in close analogy with the oonstruction for
ordinary WiwW & -models. As a by-~product, 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 7,11 is presented. This symmetry naturally appears as a
gauge freedom of the Zero-curvature representation just mentioned.
We belleve that the observations made in this article may turn out
to te helpful in circumventing the difficulties of canonical forma-
lism of superstrings /12 .

I, Asymmetrioc chiral field models on supergroup

Here we collect the necessary information about the D=2 models
of principal and asymmetric chiral flelds in applioation to super-—
groups.

Let (G ve a supergroup with the alpebra formed by the gene-
rators ‘T'M = (Q,u ,\(:‘lo(.)

[R/‘)Qv]:t;avkl,[‘a/«,sa /fd(*i {% beX ‘r R(l 1)

Herenfter, we reserve the letters /“7‘),A»3f sy for the indi-
ves of even generators andri,e,Y)_"
(in the partioular cane of Poincare superal gebra thess indioes

for thone of odd generators

ATO, renpeo tivaly. tho vaotor and spinor Lorentz ones). The ntruo—

Lure onnutanta{ PV, (/A antiafy the Jaoobi identities
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If there exists an invariant bilinear form in the adjoint repre-
sentation of G (this is the case for any semisimple Lie superalgebra),
then it is always possible to define an invariant nondegenerate
meteto (9, XdP) nomalized so that

a ad ad
eﬂvz—str(ﬁz;f Rv‘i) ’ dezsjw<sd Sf’ ) (1,4)
Using the evident identity 4 J J
she (18 glveedy - sbe(lrpl 221880)

one easily derives the important relation between the constants CI/AOL

and r'/"’ XFD
d/fi = ch(,)u X 1.5)

Ay
that expresses the property of invariance of the metric (1.4).

Now let us define a matrix superfield u<5°)$1> which lives in
the two-dimensional space ( £°, £% ) with the Minkowski space
slgnature and takes values in the supergroup G

A (g")g;‘):(zxt,i(. ui"(;")g’)t{# RS A S SJX 9(1-6)

and Q"L being even and odd supergroup parameters, The Cartan
{ —forms built out of this field

w Uidu Ut udst w, de (2.7)

are invariant under the left action of G (/( » /\ l/( 3 Aé ( .
In termu ot the left—invartunt 1 —~forme, the multivalued action of
the prinocipal ohlral flald on (; 1a written, an tn

xM

the onge of

ordlanary groups l"]/, an folLows 1) 1
1 ¢ g 4 o abd
A e \ d “_.J "1{1“‘/';“(14)', (()ﬂ,)&;{fﬂ \(P [ ‘.lv'(u)nu);,mg(m)
, v v

Here K“ and N (inteagear) ara tha paramatars of the yo(lan, tho
thaory betng oonfomul ly—-tnvartiant 1y f Ndi’,"./,‘/( v /:)‘)/;
’j"‘f' (¥ Jin o MWemannian motrio on the two—dimanalonnl apaoe OV
( IA . ,f‘.‘ (1‘1“,'(1 ) ) which 1a fdentified with the boundary of a
three—dimeunl onal bhall V « Vartattion of the integrand in the
necond (WAW) term ta & olowerd (hire—lorm

l)Fur hravity, we denote by the name [elbars Nyligdiyya,

the veolor tndtaan of D=2 and D=1 appoen,

§ str(wAWAW) =4 R, -

Qz being a two-form. Owing to this property, variation of the
second term 18 defined on 'aV and so0 gives rise to a correct
contribution tc the equations of motion,

Owing to the cyolic property of the operation Stv‘(u.)the aotion
(1.8) 1s also invariant with respect to the right shifts U-ubp
and can thus be equivalently written via the right-invariant 4 —forms
Juu“. This amounts to the fact that the action (1.8) describes a
nonlinear sigma-model on the homogeneous space G-LQGR/GJMQ /9/'
G,_ ’ Gg being two isomorphic supergroups with the algebra (1.1)
and Gdiqg their diagonal subgroup.

In paper a more gensral class of chiral field models has
been considered, in whioh the invariance under right shifts is
broken, The oorresponding aotion 1s

A -2 [ el g 0steuandn S ) striononaly), -39
W

i 4 6‘2 2.4’( .

where J; and Jy are some constant mitrices which are different
in gcner;.l. We will oall these models the asymmetrio chiral fileld
ones, The reason for introduoing matrioces _L and ] y 18 a8 follows,
The most general bilinear Lagrangian invarlant only under the left
shifta oan be constructed as an arbitrary bllinear form oomposed of
the coefficlentn of the deoomposition of tho Cartan l-form Wa 1n
the (3 generators .llM « The Tirnt term in (1.10) 1s junt the oon-
venlent ocompaot notation for this Lagrangian in terms of unexpanded
quantities {A)(( (J.'I). Thia notation 1a nlways possniblet one chooses
if,r( )1n the adjJoint rapressntation and plekns up an appropriate

matrix _l \ « Analogous reasouing applies to the second term in
(1,10) . 1n ﬂ,nnnrn].lyﬂl (.|| ||)}‘U. Pioking up proper degenerate matri—
oen _]' and ,\ i ¢ one aan conalruol tnvartant actions for ohipal

flolda on vacioun homogeneoun apnona G/H of G . The malricen J, Ji
urea Lo be ahonen no na to commule with the tranaformationn fl'ﬂi‘ﬂh".il.
atabllity muabgroup H , whioh resulta in invartance of the aotion

under gauge Tight ahifte generaled Ly ! , Thun, the generio motion
(1.10) aencompunnes all the ponsibla nonlinanr W) .mndels on (super)-
group 0 /10 /

The aolion oonnldered in oorreapodn to ohoosting F' -0
tn (1,10) t.e., Lo the came whore Lhe WAW Leim ta Jaanking. For
(1.10) 1o ba meantngfal alno al r'- /Y, t.e.y Lo glve ripe Lo Lhe
aqualtons o mation defined on the Lwo dtmenntonal apmoa J \,/,

fovarialton of Y-fom ' "I"(“H\{”A(‘)\Ju ) should bLe


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

olosed, just as in the ocase of Jj = I, eq. (1.9)

Sstr(WAWAW Ji) = O?_Qg : (1.11)

This oondition severely constrains an admissible oholce of matrioes
JTJ + In the case of ordinary groups, the examples of WZW functionals
defined on the target manifolds different from the group itself have
been given 1in 1 « To all them there oorrespond nontrivial matrices
Jﬁ obeying the condition (1.11). Recall that for the manifolds with
nc;ntrlvia.l third homotopy group the parameter F is quantiged. No
such & quantization occurs in the case of superstrings and their
generallzations considered below. The reason 1s that the correspond-
ing manifolds display a trivial topology.

In what follows, 1t will be oonvenient to treat the supertraces
of bilinear products of generators imvolving matrices JI,._L_T as
oertain averages

<Q#QV>I,‘—1 =Sty (RﬂR\)j_\l> , <Q/4 SOL>I)|_I_ = (1.12)

=ste(REJ ), {BaSpn - Ste(8aspTr,n)

In this notation, the aotion (I.I0) and the oonstraint (1.11) take
the form

1 2 ab @ W abd
JA = - Z;E S t} f;{jéfj <@)Q(A)E>I-4~2Zi§54(gé; c<}qlh)eh);:>ﬁ ,

2"
YOAWAWY, - dG, . (119

In pracisely the snme way one may write the aotions for (a' —modala
defined on naupersnlpgebran admitting no oyolio operation f-;“‘(-- ) :
This oonoerns, e.g., Infinite dimenslonal superalgebras and certaln
infinite dimenstonal representation of finits dimennaional nuperalgab -
ras, In these oases the averagen <...> of bllineam in generatorna
oan be regarded asm some malriosms with oonntant entries. A further
fixing of thelr atructure proveedn by resorting Lo various symmolry
argumenta. In the next Heot. we will demonatrate that the U8 supep-
ntring belongs to the olann nf¢: ~models with the aotion (1,1)) and
nontrivial matrioes «;_\'I'N'I'M\;, o

To oloas Lhin Haot., wa polnt out onoe more that the usme of
symboln <...\/',’|| snnures a unlform oonvenlent notatton for the
Invarinnts ovonatruoted sut of the noefflolenta 1n tha dscomposttion
of the Cartan 1-formn 1a the generators of 4, [ts maln advantlage
oonalatas In tlvit the basio objeol 1n the full matrix left—inyariant
Cartan 1-form (Ja while ona or anobher patlern of breakling of rlght
O—fnvartance 1n encoded I1n the struoture of (he averausn (1.1:),

O

2. A novel olass of ohiral field models with multivalued action,
The G3 superstring as asymmetric ohiral field model .

In this Seot. we show how to oconsistently formulate the G3
superstring model within the general soheme described above. The GS
superstring proves to belong to the olass of asymmetric ohiral field
models assooiated with a specifio oholce of supsrgroup G as the

i 2 i 2
direot produot G & N G and G being two lsomorphic super-
groups with the commutative even part .

Consider the oontraoted superalgebra following from (l.1) by
resoaling the generators as R/,( - &P/«. 5 P ™™ ,I_:E'QO,L
and by putting then & > o< , In the oontraotion limit one 13 left
with the (anti)commutation relations

- M
[[‘?M_)ij = [P/LL}GOL]: 0, {Qa,QFJ}:'— VdP ?A , (2.1

where the struoture oonstants l—,&aﬂ satlsfy the important relation
(1.13). as before, the veotor and spinor indtoes may be raised

and lowersd with the halp of tensors 2/41/ , X‘,ng + The superalgeb-
ra (2.1) olearly posseuscs the automorphlisms generated by the even
subalgebra of the inittal superalgebra (1.1). The temsors ?/"V;Xdp
are lnvariant under thaess automorphisma., The superalgebra (2.1) haa
an obvious interpretatlon an the algsbra of supertranslations in
the suprrapaoe (’1"“., S hEEDY'

A R X

€ baing an odd supsrtranalation parameter. These transforma-
ttons are I1nduoed by the left ahifts on the supergroup oorresponding

to (2.1) ‘
wlnf Mo ()‘4(,3,,,%~vvoq»}i("(Qakuw‘ni;}""l}‘ »i(r@dk(p.) )

Taking Into nooount the relatton (1. 3) for atrunture onnatants, the
suparalgabra (2.1) 1a taoworphlo to the algebra of Ne=l supsrtransla—
tionn 1n the ten ~dimenstonal amoa provided ()',( In a I2~oomponent
Myjorana - Weyl apluor and |5, are nonneoled with the D=10 Dirao
¥ matrioes ans \’./“. (X“): (lH-‘ ,“gf. ‘.f,\i heing the
ohavge oonjugation matrix ( Gy - (‘.‘r'(-)"“ ). From lhera on, tha
Lransformations (;'.‘.’),(‘,'. 3) will he oalied aupersymuelry tranafor-
matlonn, It ta worth noting that the N~[0, D=10 gupertranslation
algabra onnnol ha obtained by above "nalve" contrmotion from mny
aomi-nimple Lia muporalyebra of the kind (1.1), Nevartheleasa, the
tdantity (1.1) 18 AL11L valid in Lhin onde (Lthe |7 _matrices antisfy
1t In the dimonatons Ded 4,6,10 ), The automarphism group 1 Lhe



D =10 Lorents group, Thus, the olass of superalgebrg; possessing the
strugeture relations (2.1) and respeoting the condition (I1.3) for FZ‘(
1s wider than the one arising as a result of a straightforward £
contracticn of the relations (1.1).

We will oonstruct the asymmetric chiral field models on the
supergroup generatad by the direoct sum gi@ 9.2' of two super—
algebras (2.1);

5, pi1- [PA,GL 1o,
- - '-— o . s + e —
{Qu, Q2 Y = Tp P ¥ =- (9P + RO,
+ i
with P/u = %(p;; * P/f,) P éa‘} = (é —Ci . The super-
algebra (2.4) generates the §ireot product of supergroups Gleg? ’

4
where each multiplier G— - G can be paramatrized as follows?

Up= exp (ot PL+T0MQg) € 6,
Uz - exp (§ x#PF +i0"R0)€e 6° .

Let us introduce the chiral fields UJ (§°,§1)’whioh amounts to regar-—
ding the parameters x)/‘ and 8}‘* as the fields given on the two-

Aimensional space with coordinates (E");i) « The related Cartan
1- forms are s

W - u;Jujz;‘,—;w”‘ Q,?' St QY = wd e -
L iaoirolpl g0 e

Thess are left—Invarlant with renpeot to two independent N=1 super—
syunetries (7,3): .

RN PR SN ATt , 00 - 0% (). (2.7)

Lat us make an nbservation to be important in what follows.
On the homogeneouns npaoce e (-;2/(,_ y (+  being an abelftan
subgroup with the generator P/a » the superaymmatry GI® G2 4,
realined an K=2 superaymmetry . Indead, the npuoe (,"00(,'2/(,‘
18 parametrimed by ooordinaten (rr"“~ 71"'"'4 ’7‘2/‘, “J“)whjnh arg
Lnert umler the natton of generator [’/“ « Tharefora, [’ 18 pero
on (’1"“) ()().“‘) and the superal gebra (’4 o 54215 rodunodﬂw that of
N2 nuparsymmotry on thias ooordinate sel. It 1a immedintaly meen
from aq. (2.7) that

(2.4

(2.%)

(2.6)

2 - : S
N RS R LA L AN (v.m)
J '

These transformations precisely coincide with those of N=2
supersymmetry. 2

An element of the coset apace G4®G /G" can be represented
as

2 - 4 .
U=expls (& iy IR i%ie} ‘*Qi} UM, expl-5 @21 P % (2.9

The supertranslations (2.8) are realized on LL aooording to the
generioc law of nonlinear realizations

, 2 : K ik -
U-u=A A, Uexp {%%qeﬁ’/“e (62) P)‘*E y  (2.10)

. 1Tl 3
Aj = exp (1€47Q4).
Llke in ordinary nonlinear (; -models, a convenlent way to single

out the space (,‘.4®G2/(;— from the parameter space of supergroup
Gi® (;,‘Z 18 to impose the imvarilance under right gauge (G - shifts

Uy =y = Ugesp(§ a*ls312)

, . (2.11)
Up =y~ tyoxp (- L=, x)P5),
. . . 2 . VK K ,
C(): » (()&J ' ;,‘ ()” /J/lé‘f':j"):)‘ ((J_J, )9 /) ¢ - (2'12)
v KA

The theory of nsymmatrio ohiral fiold on G‘G)(v‘zraupuotmg this
tnvarlance will be the thoory of ohirnl fileld on the nypaoe G"”G /(7
and so will poananas the N=2 supersymmetry (Junst inherent 4n the (8
oovariant netion 7 ).

Now we nre preparod Lo formulate the banio prinolplen of oonnt-
ruoling the notions fur anymmelrio G -modeln on (-}dWGJ%;_lMoh 1n-
olude tle GY suparntring action as a partioular oane.

I. The notion ta bullt up from lha (,"0\7 (;2 fnvarinnt Cartan
t~forma ()7 {2.0) and 1L 1a rapremanied by tha genario formula
(1.113).

2, 1L tn dlnvariant under gauge teanntormat iona (PL12) and Lhus
deaoriben a nonlinenr (, —model on tha homogeuaous Apade (,"M(v'l/(-{
This raguliemenl is equivalenl to demapding the motion Lo be N=p
auparaymmetrio.

Yo The a1l fferemial thrao form G0  entering Intn the definition

of Lhe WEW teiw antintlen the atandnrd sondition (1,9)
Cyy y( )} (
ol diy 2.19)

A. Tho kiueltte tarm In the aoltlon Y1n ol thse oorreot order with



raspect to time derivative, i.e., of the seoond order for bosons
and of the first one for fermiomns.
It turns out that these four natural conditions fix the action
up to two free parameters that 1s the coupling constants in front of
the quadratic and ocubic parts of the aotion (these are anslogous to
the parameters Y and F: in eqs.(I.I0) (1.13)). A further fixing
of the ratio of these constants proceeds,just as in ordinary WIW
€§ amodels/a’j/, with imposing some extra local symmetries, In the
present case the latter proves to be a generalization of a familiar
Siegel supersymmetry /7:11/
We begin by writing down the action in the most general form
similar to (I.13)

A=35\‘,,yg@ga5@&m>1_ \gf OAWARDG | (218

where (L)-éui+»ujz and the averages have the most general structu-
re allowed by the Grassmann parity and the oonditlon that the

metric in the N=2 superspaoce (QC E)L“) sz;) is induoed by the in-
variant metrio (1.4) (the last requlrement follows from the desire
to waintaln invarianoe under the automorphism group operating on

indices /‘A’\)ﬂ"‘;d)F‘T" )

e oz LJ 1: -
<'714LP{,)>A“ ?/le)/\ ,)<I}t(,2‘:,> =0 (2.1%)
<@; Oop - KA, Kap X o
Here A [ |‘i‘j (ilj\) are tha matriges with tho oonatant en-

tries tc) bo detov-mined from the requiremants 1)~ 4). We net at
onoe q J = salnoe only in thla ocnsa tho oondltlon 4) Ln satisfied
(noo the end of thin Seot.). A stratghtfoward computnlion uning the
formulas from Appendix shows tuat the following relations ara
neonasary and auffiolant rfor Lhe ragquirements 1)=4) to ba fulfillad

1) 2)
] L
\ ) l l.ll , (;’.lh)
| )1.\. l ".vl (;,‘],")
1 n -
Among the original constants Lhana rulannn lanve Iwo ln:la—~
Jd

pendant ones whloh nro oonvaniani Lo choose AR. [ (, Yy (“‘
Notioe that eqs.(2,16),(.17) tmply deganarnoy uI‘ tha mulnlnan
'IJ ‘&1 l‘ L) Thin proparly refleats, ln partionlar, the
funt thnl undnr the oondition ) the billnear purl of the sation
tnvolven only the l.farmna on the oonael (,‘0\\(,’}’ () not on

’
the whola aupsvgroup (, '(\7(," .

With the constraints (2.16),(2.17) solved and in the basis
( F;f) ") the action (2.14) takes the form

M
A =-4f; & “s\g ﬂaé(wq(«)ez— - 4£E S(w/\w/\"‘)>7_| , (21
Vv
[ ) o -
Fva> ?ftQ( > 9<<f>4FDVt> = ?/ﬂ)( o (Dt>
< P/u &0L>A = <QaQF>A =0
or
2 Wi w2 { 2 (2.18 )
A= gjr;vﬂl 5@3 (L()a +/,()a’“)(u)gﬂ+wgﬂ> +
; 3 2 *
+ h Vi\% WY /')96(“)&/4 “‘7’*> ,
where we have madq use of the Maurer- Cartan equatlons ’Baévé -
dg 61)"‘ = - [C(Ja ,{A) g R Substitutlng o/pliolt expressions for
a)lﬂ> (2.6) - ()Jﬂ “Da 13ﬁ “t 3u()’V o9 and passing

in the seoond term to 1ntegrntton over JY with the help of identity
(1.3), one aventually gets

A- [ K ‘“’5 -9 «/"g(d I’“u} JOJ //“()J)(ﬁ)j H) ,) ()'} )
f,_!;(af b S5 O)E (,,,); o}
it

i
It the auperalgobra {(?.1) im ohonen to ba that or N=1, DelO super-
translattons the motlon (2.19) oolnolden, up to a freedom in ochoosing
m// . with the covariant 08 superstring aotion 71 + The genuine
38 notion omerges nt ,,// A vorranponding to an additional
tnvariance of the nollon under loonl Siegel supsrsnymmetry transfor-

(2.19)

matlona 7111/
Thuns, the "preaaction® of aupnrateing (with arbltrary //, //, )
oan be algorithmieonlly oonmtruoted by Ihe gonoerto aolhieme of eonatruo-

tion of anymmetrio ohlral flald o Jsnodela, as applled to the dlreot
produot of two indopendanl N«l supartranslattion gooups. The mont
tmportant point in that the realevant ohtirnl fleld parametrises the
conet (,"(\’({"//(, .« An n result, tha aotion deponds only on the Ney
auparspaaa ooordlinalan v'/‘, ():{"‘ on whioh “,,(N.])N(er)nup'r_

aymnalry o renlined an lha N=2 one. Moreover, the quadratio term ina



such as though one starts from the beginning with the N=2 super-
translation algebra. 'I‘heG @G- structure manifests itself only in
the W2W term which essentially involves the l—fom (wh (4)/2;)
related to the extra translation generator P, (P,« p/ﬁ)
It 18 to be mentioned that all the previous attempts to derive this
term entirely within the standard & -model framework have used
somewhat artifielal constructions /81 « In our scheme 1t appears
quite naturally as a result of nontrivial cholce of the supergroup
ona starts with, Also, it becomes ¢lear why the G5 actlon respeots
no internal 80(2) symmetry inherent in the N=2 superalgebra ; the
obvious reason 1s that the correct initial superalgebra (2.1)
possesses nc such a symmetry at all.

In conclusion of this Sect., we discuss the case with the non-
zero matrix <Q Qg)> in formulas (2,15). The WZW term does not
change while the guadratic term aoquires an adding A

R gx 5@5;“@2 4O LOL6 ), 20T

Buoh an a ding would contribute to the fermlonlc kinetic energy by
the terms containing two derivatives 1o time which 18 unncocptable
from the standpoint of guantization. Bo, in acoordance with the
K
requirement 4) one i3 led to put J = Q.
u ) ono 13 1¢a o put (Q) G,

3. The equations of motion and Blegel oupernymmetry in tevms of
Cartan's fom:n. The vero—ourviture rapredsntation

Here we rewrite the oquations of motion of the oconstdered clasns
of O -models and tho tranaformntions of Siegel nupernymmetlry in the
language of superinvariaut Cartan®s formn, It will be nhown that
at the oritioal polnt [” /C. <. ourreaponding to invarianoe under
the 8legel mupernymmolry there arlres a vero—purvature represonta-
tion for theme equailonn.

The equation of motlon may be dedunad by varyiny ihn aotlonn
(2.18) or (2.19) with renpoot to tha fleldan q (L) r ( ())"I(‘ B

It Isa oonvenlent to une the nupennvm)un! vnHul fong “) il .},U
A H )
iod )’(er” LSO 01 Dot
: : 1)

Iy

Coodt g
L !/‘ 'O

Bample omloulations (asem dppeondin) yleld tha followlug eguationnl
N 1!'! .

34 Nt -0 (tern)
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pa ((‘\)af\ ()Oa/«) VDAF- [ =0; (3.2b)
D (PR L P -0 (o203

Here ‘T,a@ 1s the energy-momentum tensor

g0+l Wb ri.)- 5 Gae g o W)+ i) 523

and —_8

a@ J—-" gag l“ 8 . (3.4)

One has also to add to equations (3.2) the Maurér — Cartan equations
i N Ly Y
?aw@ /)g(,()a -24‘/(4_)@ [df,wa 5 (3.5)

It joo
Da W ~9g&)i =0

Put together, equations (13.2) and ().%) are oquivalent to those
written in terms of ,‘1"“) (2] o and following from the aotion (2.19).
Note that for ordinary ohiral flelds, the Cartan form representa—

tion of the equations of motion has been glven in 14,9/ (1n the
latter paper — with the WIW term tmikon Into meoount).
Equation (J.20) onn be rowr}ttcm tn the two-fold way
- |
, J /)uﬂ; 1 ) . W ab )
My /\) e 7Y ‘. ,
()a, Iy ( 6{,‘ (/m {! él( ’ ().6a)
! : 4 y
)d" - { )'l , " \.Ng . r )
/,z/ { ((4)(,,” il /w) /, { “’6. 0, (3. 6b)

aftor Lhat equattonn (1.20) and {3, 20) are divided 1olo tha two
sela

. al ( 4 /: Y 4
a0 (e, fmg/l) o o mé“ I NN

:u£ 1 < Y ' O 1)
/’ (/""l,l' ! /1),’:/‘)/‘/”‘ («)u/ ¢! -
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2/5:0— (3.7v)

é
%[P“ (W4 +Wk,.) +

(&)g/‘ +A)g/&) =

gsurprisingly, at the point Z// /{l = + where the operators

Pt become projectors, ,D+ —(g"i/g"" F 1/(300/—3)) p._

the equations (3.7a),(3.7b) amount to the zero-curvature conditlon
+ o, + - - T-0
[LQ)Léjz[LQ)L@J :
ha
Here the differential operators

a_ are given by
1 +
+ 2 R o dH 24\ nF 2ol 7
- _9 = ) ' , - (3.9
LY =05 ik ag P (W r R - 2005 5, O
where A 1s a spectral parameter and the generators

+ +
R% Sy
form the two mutually (anti)oommuting superalgebras

/4.
) J { JY g2 )
S . ] C > »2 )) = Y Rv().TO)
[R l\ lRLr” LR/M$ A /40()-(/3,’ oA, dF,
the constants Cfd , [74‘;3) being related by the equality (1.6).
+
The structure of the commutatorl_k‘ /Klv ‘ 13 noncritlonl for
deducing equations (3.7) from the representation (J.8),
penerul (including the case of the GS auperstring) the generator
;‘L v should be nonzero for the conmistenay between the Jacob!
1dont1tien and the relation (1.5). When commuted with %‘/L y Sou ,
the gannrator‘k

(3.8 )

However, in

)/Mu] mny produce naw generatorsa so the full vero—
ourvature repreaentation superalgebra may turn out to be infintle
dimennional (thin 1a dafinltely 30 for the 63 cane). Fartunately,
1t In Junt the atructuro of the relatlons Ik%n,;& ’und fﬁ:¢’;7‘7

that 18 aruolal tor derlving equations (1.7). It 14 Interenting

that the auperalgebra ()‘.l) onn be ragarded na n omtraoctlon of
(310),
Lat un apaolally take notien of the fact that the aondition

whioh In neconsary for the reposentation (1, H )

/i //l s ,
to exlinl, in junt the one making the aotlon (P.18), (/. 19) tnvari-
ant under loonl Hlegel supertransformations. Wa now dlaounas tha
implemaentation of thin auparsymmetry In the geaneral oane whan thn
to oolnolda with the

1
atruoture conntuntna If”.‘ are not obl tged
B X
M rao X _aatrioeane Qtven n net of mattrioan ( l' ')F nuoh 1hat

SV)pY Vo pY v
(F ) + /"d (ﬁ/‘)f’ _ ?/4 cga’ (3.11)
the aotion (2.19) 1s invariant under the local supertransformations

of the fields x/‘(g) and J‘“(g) compaoctly expressed via the
variations (3.1) as

’\‘1/4_ ’\.-Z/(,__ —
W &\) ¢ 7 (3.12)

ot = P18, i (7P (1)

Here Xﬂp (5) are fermionio parame ters whioh are the world-sheet
vectors. These transformations should be acoompanied by appropriate
transformations of » but for simplicity we assume equation
(3.2a) to be fulfilled and, Tespectively, the action to be comple-
tely written in terms of 3:/‘ and OJ"L . Making use of a general
formula for variation of the action (see Appendix), one easily

obtains that the conditiens for the action to be invariant under

(3.12) are as follows: Flf
vV
qu l[)clﬂdé *[")(;4 )[L‘JJ r 6 ,j;/)/'\ (/, )
;g 7 (5.13)
YA )C 4 P ; 1 Ve //1 V {(Y
[ _ ll__ (ﬁ)ék -/-/A,)g/‘ )(L()r/l/ p‘(»')‘/p“) / (/4 ( )/( . ()’
Taking 1into acoount the projeotion properties displayed by l)
at [n /8, =/
g g y ! ‘/ IIJ/ ‘
[)j ,'fﬁ','/ ’ /, ',1"‘/\/ ..{),
«'/’- ""/’ 6 i /
/'),ll /} /)///): .

ab

(3.14)

and aquations (3.2a), 1t 1n A simple sxerolna Lo show Lhat a1y

are sntinfied providing the relntiona (). 11) hold. In the cane of

the (Y muperst-ing the hunnfonnnl lons (1.17) are preolnsaly the

« In thin nunn(/ )J/ (IJH(Y/“)': ("M( gd
and the condition ().11) turns oul to be trivially .-u:u"rn((‘

Hlagal onen

Connlunatonn

We have pronented the interpratation of the nupearstring—-type
aption (.19 ) (Inulmnnw, the (% nuperstring oovariant anotion)
an the aotlon of anymmetilo ahiral fleld defined on the A1 reot
produot of two Lia supergroupa wilh the commulatlive even pert, We

sucoeeded In carrying out all the oonatldarations in w oloms ann)ogy



with the c¢onventional bosonic oase and entirely in terms of super-
invariant Cartan'’s forms. This ensures a manifest supersymmetry of
the theory at any stage. We emphasize that the proposed oconstruction
applies not only to the N=l supertranslation groups in proper dimen~
sions (D =3,4,6,10) but also, as has been described in Sec.2, to any
supergroup resulting by oontraction from some semisimple Lie super-
group. The constants d should not obligatory coincide with

XA&C -matrices} what i1s actually important is that those satisfy the
identity (1.3). Tt would be of interest to consider the examples of
the eorresponding superstring models, One may also expect that, upon
an appropriate generalization, the precposed scheme will help i1n

constructing such theories as superstring in harmonic superspace 15/,

superstrings on the supergroups with nontrivial even parts, etc.

As a by-product, we have derived a zsro-curvature representa-
tion (3.8 ) for the superstring field equations in an arbitrary
gauge., Let us recall in this oomneotion that the choioe of oonformal
gauge Jjg g ~ Sﬂlé whioh 1s normally assumed necessary for the
linearization of superstring field equations is incompatible with
complicated topologies on the world sheet.

S8imilarly to any zero-—ourvature representntion/lﬁ/, the set
(3.8) possesses a gauge symmetry
+ + o+ + -1
[~t:(. > u lu a_,é/( ) » (4.1)

where ({ ! (_L&'/»(L J-.'!"L(.E-) ;f:) This oholoe of (A : is Alota-
ted by the form of superalgebra (3.10), It turnn out that the Blegal
traneformations (2.12) constitute a partioular oase of (4.1) corren—
ponding to J’LJ A(Ai‘l (at the Iinfinitesimal lovel). It would be
desirable to understand why In the prasent oase tho wvero—ourvature
representation superalgebra and the suparalgebra on whioh the (/ -
modal 1a originally oconatrucied do not colocide (an takes place for
ordinary “’ -moisls) but are related by contraoct! m. Alno, thore
aripes an Intereating task of setting up an Infinite anl of the
oonsserved ocurtents asaocointed wilh the represantation (1.0),

We thank A, B Kurdikov, V.. Oglavetsky, C.N.Pops, A.H . Hohwars anl

K.8.Btelle for Interest 1n Lho work and dlsounalonn,
Appendix
We l1ial hera a numbey of halpful Fomulas used tn tha pronann

of varying tha notions (2.140,(2.18) and (2.19). With thelr ald

16

one derives the conditions necessary for the invariance of the gene-
ric action (2.14) umder local transformations (2.11),(2.12), gets the
equations of motion and checks the invariance with respect to the
8iegel supersymmetry

S(F99°€) = (30506 - £ (43%9.0) %) |y

AD s [wE B BT uSU

(a.2)

L 5 [ 2™ = L AN [w®, B Ty 0. &

(Here we have used the identity (1.3) and the averaging (2.15) with

<TCQ°L =) ). Let us also quote the general formula of
variation of the action (2.18), (2.19)

SA - Cab) S dag sy e o (00§ At
% 2V

(i (W 1L )]

al 4 ,
o v W (o 1 P
Y

Here “fg’ are defined 1n eqn. (3. and (,4).
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Heaen AL, Huaunon ELA. E2-88-570

Cyneperpyna 'puna - llBapiia kak aCHMMe TpHYeECKas
MOJZ1CT, KN pallbHOT'O TOJIA

Crpolrest HOBbBIE KITAcC ABYMePpHLIX O—Monesici BeCC—3YMHHOB—
CKOI'0 THIIA Ha OfHOopoAHoM npocrpaHctBe G ®G/G™, rume cymep-
rpyiia G nmomyyaercs  KoHTpakuHed H3 NPOU3BOMBHON IMONY—
npoctoi cymneprpymne Jlu, a G - HexkoTopas aferseBa THOATrpYyNNAa

TpaHenauud B G ® G. [lokazaHo, YTo ypaBHEHHs LBHXCHHs, BeITEe—

Kawome H3 Heolll03HAUHoI'o OeHCTBHA NOJg 3THX Moaene#, MOTYT
6LITH 3anHcaHb B BHOe npelcTaB/ieHHs HyAeBo¥ KpPpHBH3HbBI, Mo-

nenb cynepcTpyHn ['puHa — llBapna npHHamalexuT K INpeajioxeH—
HOMY KIldCcCcy ¢ —MOJLenelni.

Pa6ora somionienda s Jlaboparopun reopeTudeckod GH3IHKH
OHAN,

fpenpuuT O6beAMHEHHOTO HHCTHTYTa AfepHbIX uccnenonadui. [ly6Ha 1988

Isacv AP,, Ivanov [.A.
Green-Schwarz Superstring as an Asymmetric
Chiral Field Sigma Model

A new class of two-dimensiounal o -models of the Wess -
Zumino = Witten type is constructed, The target manifold
ol these models is coset space G®G/G7, where supergroup
(14 obtained by contraction Lrom an arbitrary semisimple
Lic supergroup and G is some abelian suhproup of trans-
lations inGe Q. 1t is shown thal
lollowing from the Wess
these models admit

12-88-570

the equations of motion
Witten type action of
AoZzevo curvalure representat ton.
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