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I . Int. rod in: t i o n .

.(oc.ent liripo a b o u t t h e u n i f y i n g o f t h e fundunien t a l i n t e r n e t iona i s

oonnec.leii w i t h t h e H i r i n g t h e o r y . I n t h e l*>w ti i ier^y l i m i t t h i u t h e o r y

divi. 's f^ood d e s c r i p t i o n of t h e g r a v i t y and t h e ."/tuge f i e ] in. The c a n c e l -

l a t i o n c o n d i t i o n o f gauge a n o m a l i e s d e t e r m i n e s t h e r'^'W c r o u p t o be

either ^ 0 ( 3 2 J or Eg Qp fc g [ I ] . On the oLhor hand one determines

the dimension of the space-t ime, in which the n t r in£ ia embedded; from

a condi t ion of cance l l a t i on of the conforrml anomalip.1! I'.'I . I'or known

models th i s dimension ia equal to d*IO or d»2f). Hence cowpact i f ica t ion

of the add i t iona l dimensions i s necessary. But the mecliiitiiam of such

a compucti fi cat ion ia too a r b i t r a r y [I) for the theory in i><; fundamental.

Tims the problem of construction of a s t r i n g model ' i i cee t ly in

the four-dimensional space-time i s a c t u a l . Thiu approach a t t r a c t the

m i n i n g a t t e n t i o n in l i t e r a t u r e [3J«

The standard s t r i n g models are formulated in terniM of rwo-d intensions I

scalar nn<] opinor f i e l d s [2} . We develop here the s t r i n g model on

the baais of our programme [4] to use only two-dimensional dif ferent i f i l

forms of a r b i t r a r y rank. I t i s known tha t antisymmetric tensor f i e l d s

Cor differ-en t i a l forma) play an important ro le in var ious aspects of

s t r i n g theory L5l• On the other hand connection of ex te rna l forms with

t.o{'o3o;;y makes such considera t ion e spec i a l l y a t t r a c t i v e . We widely

explo i t t':e poBfiibi 1 i ty of desc r ip t ion of ferir.jwin in t'-rms of iiift>r-

eiiti.-il forma using the equation f i r n t l y suggested hy U.Tvanenko and

I..Lan.i(iu 16) and i n t ens ive ly diBcuased in the l i t e r a t n r t - L71 „

? . Uoonnic liootor of the mode] .

In ntriiichit'd s t r i n g models [ l , ? , I O l the :itri!if; i:; rlcin: ri bod by t.hi<;

ac t ion

(1)
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where \ i**> i-S the iretric on the world-sheet of a moving string

and scalar functions X (*0 i i«It...,d realise the embedding of

thir, world-ahofjt Into the d-dimenalonal space-time.

It is euay to see that the action (I) might be tranuformed into:

Natural cenernlization of this expression is to substitute zoro-forma

X by the full lnhomogenous exterior forma on the world-sheet:

Thus one can suggest the following generalization of (I1):

where d and O are correspondingly external differential and

co-differential operators |81,

In the atring theory conformal symmetry plays special rols LIT. It

is easy to see that (2) is not conformal invariant in general. However

it is invariant under global tranaformationai

Localizinc these we find that under conformal tratiaformation

whera L (̂"'̂l TjrvW. ls expression, which remains in (4)if

o ^conati

In order to compensnte udditional' terms in (4), li;t un conujficr tho

extended operator "1) , which acts on the npace of the one-fnrmn "7"̂

(hereafter "r^ mefina odd form and ^ - even forn):

i (5)

where
^£."„ in the dual Lorentz connection one-form. If
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J\>' is n two-dimensional orthonormul basis then {.Vp- "t» [<3y~>* iy*"VJ .'

Let us jiote that id like the Lorentz connection form ^ , cor-

i-eij(ionding to the localizing of the two-dimensional Lorentz ^roupt

playa important role in the structure of the conformal and Lorents

unomaltea in the two-dlmaneions [91.

For (^ we have the following transformation law under the local

transformations (3): W^>—* ^ y — rc>^^-

It la interesting to note the following expression for scalar curvntur<

(6)

(7)

which is conformal invariant generalization of the standard string

action (I).

The- co-differential operator > ie conjugated to the operator

d undor natural 3calar product: ( T, T ) -

The operator

mid roads

Tliua we conie to the act ion

, conjugated to D acts on the apace of even forma.

(8)

where V is the Clifford multipH cat j on, dofinntj for the one-

forms ba»ia aa TaTlowB (71: c^E^V^^H d f.*/\ A r!;'+ fl^•

The nation (7) in invariant also under the Local Lorent?. rot.nti.ono

of the two-dimensional orthonormal basis;

6,% $/* (9)

r.r
if (,nu 'otenninen the action of the lorvntv. rotntiona on the form

f.'.u dual ijH tion :



where ia the parameter of the transformation.

3. Fci'tulonic sector of the model.

In order to receive the fermlonic excitations of the string one

should include! the fermionie sector. In the standard string mode] [1,21

fermiong are described by tbe two-dimensional Weyl apinors. In our

model, following to the programme to use only differential forms," we

will describe fermion fielda on the world-sheet by inhomogetioua differ-

ential form:

The action is aa follows [7]:

(II)

where T components are real and anticommutating.

One can rewrite (II) In the form

Thi9 action is invariant under the glohal scaling:

(12)

(13)

where lt,p,n are rea l numbers, such that

>c»p-=O , n+p~?=O . (14)

Let us iiDSiime & - 6"(tl.) and p = I ,k»(-I ) , n^ I . Then for compensation of

' ^ -, E> depending terms under the var ia t ion of (12), one should u^uin

consider the operator D i T V r ^ - (a--S) T^+ (t"*V v\\ «

In t h i s cane trie nction

in invuriniit under the local conformal tranaf'ormatioria (13) a"<l also

under the local I.orentz rotation (9) if we fisnume that

(16)

On the other hand the action (II) ia Invariant under the local con-

formal transfoi'mntiona (13) without addition of C" , if we assurre

k^0,p=0,n=2 in (13).

4. Local supersymmetry.

Thus let us consider the set of the boson formn

and also the set of the fermion forms

For theae fields action

Zn
ia invariant under the global superaymmetrjc trannfrn-mationa:

: ° (10)

whure ( <A. t< ) is the set of anticotnmutatin^ vuriabien.

localizing theae transformations vn-: find thnt

-5 -
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' • • + - • - * •* • B f c l l *

o f Mnt i commutu t i m* o n e - f o r m s ( the analogue of the l : a r i t a - o c h w i u , : e r f i e l d )

w i t t i t h e t r a n s f o r m a t i o n l a w :

(19)

and add to the action the following term:

Then we have

For compensation of two last terms one should add to the nctinn;

5 £* A t$ A f
and for compensation of two first terms in (20) one should aaaume:

Thus we come to the complete local aupersymmetric action:

w h i c h t s t h e a n a l o g u e o f t h e c o m p l e t e s t a n d a r d a t r l n t ; a c t i o n [ 1 0 ] ,

However coni . rar .y t o t h e s t n n d a r d modol t h e nuperuymrae t ry ( I f l ) , C I 9 )

d o e s n o t t o u c h t h e g r a v i t a t i o n a l v a r i a h l e s ( m e t r i c ) .

5 . i j u a n t i I'.ut ion nnd c o n n e c t i o n w i t h t o p o l o f i ctxl quantum

M e l d t h e o r y .

The q u n n t i ?.(. t l o n uf o u r mod'1! i 3 11 - •' ': ,.'.] liy tlio T'lnci: i o n i l i n t ^

- tut).

l,i;t u.-i nturt with, calculation of the integral:

which la the partition function for tho action (21) i 1* wo consider th<

gravitational ( y> t. ) and aupergau^e ( j\ ) fluids as external.

Since Slot is quadratic over fields the calculation of the

functional integral gives the expression of z£ in terms of super-

df.'turminanta [II] :

(22 )

where tho operator |< C K. ) has the following structure:

with

The nuperdeterminant is expressed as ttll:

Hence

who ro R c i > e r o t o r on
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k-f ornu;,

Thus we hove for

J k2- L^Wl ' LT

(27)

whei-e

I t it) interesting to note that Z1 is independent on the

field % and ia expressed in terms of T(M), the topological invariant

of the manifold M (the string world-sheet) - thi» Ray-Zin^er torsion

1121. For the two-dimensional manifold T(M)«I, because in this case

pfctAi" »€' AopfflA^ . Similarly we have Cietli 1>~ oKI^l) ami cons.iqnent.ly

T(M)=«I. I t should be no ted t h a t t h e mutual c a n c e l l a t i o n of ttio

boson and ferrnion determinants ao typical property of the 'so-called

topological quantum field theory [13].

Thus we find that Z', a functional of 1\ and h i* , turnn out

to be the topological invariant, i . e . i t doea not change under the

local variations of these fields. Consequently the suggested mode] is

example of the topological quantum field theory of Witten 1.131. (It is

interesting to note that in the work [I3J the action (H) in al no used

for the description of the fermionic sector) .

6. Cancel 1ntion of conformnl anomalies.

Let us rel.urn to the col dilation of the functional interval Zt mid

choose the conformal-Lorentz Gauge, in which

where *̂ ~ ( 't , | j , Tlie l a t t e r equation rnearui that T= *w p

where & = ( £ ' J £ ) .

For the funcHmml Tnennnre over

oion [2 ,14] :

y\ h WG hnve the ntondiirrl c-xpren-

wliero

(28)

is vector field, the generator of tho <Ji ff oomorpliiBim i;roi

Li}t us note thnt

phi SKI group.

For the integration measure over

gives tho volume of the diffeoraor

we c i b l n i n j

where PT i s number of

Tliur: we have:

{I number of

(29)

where Z1 i s independent on S', B> nnd °l

Tlri d3terminanta are well lcown,

i.

twhere J.

The I.orentz and aupergau^e anomalies, aa i t is seen from (29), ar

atiS'.'tit, ao the in tegra l over L t " ^ ' i n ^ L"3>^>j gives volume o

the correspond ing groups.

Uenc^ ^e get

~7 _

where C=s13-(rl + ^ 2 ) .

For the conforms! anomalies cancellat ion i t in necessary to hnve

C=0 or l'j •+ ?„ =13. Up to th is point 1 1 t and J =*. j wero

a rb i t r a ry miitr-lcea. Let us a33ume nccv that
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K\
f\n

In this cane the in! inlt.esimal supersymmetry parameters take values

in the algebra of the group 0<4)S>0(4) <X> 0(1) and consequently

Fj + P2 ^13. 'L'lma we firmly have that N=d-4.

In our model the zero-forms f realise the embedding of the

string world-aheet into the d-dimenaional apace-time, so the

here model is consistent (the anomalies are absent) directly in the

four-dimennjonnl

7. Conclusion.

We have considered the s t r i n g model usin^ d i f fo r en t i n l forms on the

s t r i n g wor ld-shee t . Thin modol allows for the locnl supersyrametry,

which l i k e the supersymme try in [13] , leads to tlie • topolopical

quantum f iu ld theory 1 .

Scalar compimrnts of the boson form ^T r e a l i s e the ombcddlnf;

of s t r i n g Into d-dirnenaionHl space- t ime, and have the d i r ec t geometric

sense . I t w/ifi Rhiiwn tha t Uie conformal anomnliea are nb«t;nt if <!=/]„

V̂o w i l l not discuss the geometric i n t e r p r e t n l i o n of the oLher

components 11(' tJje boson form ^P . Bviiiently mu; c.nn conaidei1

them simply aa tlie termn of the supertnultipl c t .

The cnnotncul qunntixation and the no-ghost theorem WLII he con-

sidered elsewhpr<».
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