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1. The evaluation of Polyakov surface-integral quantization 

approach for the Green-Schwarz (GS) superstring is essential 

for investigation of strings in non-critical dimensions. A new 

development in quantization of the Liouville action has recently 

been performed by !olyakov in [1] • He reduced the problem of 

quantization of the Liouville action to the investigation of 

SL(2,R) 2-dimensional conformal field theory, 

What kind of two-dimensional conformal field theory can · 

correspond to the GS heterotic superstringa? This is the quest­

ion raised here. For this purpose we evaluate fermionic func­

tional integral associa.ted with GS heterotic superstring. In 

other words we carry out non-abelian bosonization of the GS 

heterotic superstring. The computations are the generalization 

of the technique developed in [2,J] which describes the evalu­

~tion of the fermionic determinants. This follows the line of· 

thought indicated in [4,5) , according to which two-dimensional 

fermion determinants are computable in closed forin when there 

are as many anomalies as function parameters in the lagrangian. 
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The answer turns out to be expressible in term.a of Liouville 

action, together with a Wess-Zumino-Novikov-Witten multivalue 

functional, whose integrand is the Chem-Simons density for the 

group S0(2) x SO(d-2) evaluated at a connection of 
SO(d.) 

s0(2) x sO(d-2). So, we must develop 
50(2) x SO(d-2) 

conformal field theory constrained by Peterson-Codazzi con­

sistency conditions of embedding two-dimensional surface 

d 
into R • 

2. The action of left-side moving part of heterotic GS 

superstring is 

s(x,e,~) = ~ ~ d2~ [ q 9"1\ a""x" - K~ )( a13x>'- Kpf)+ ie"'1dc£Xp K~ ] 

jl_.-Jl J' 
where K"' - d3K c3ct9 , jJ = 1,2, ... ,d; X (~) - world 

( 1) 

surface coordinates, 6(~)- SO(d) spinors; 9cCp(~) - world­

sheet internal metric parametrizes by ~ = { ~c:i 1 o( = 17 2 } 

Our aim is to carry out functional integration over 

in the case of genus G=O: 

- r -$ ewt<A,x > = ) ne . e (2) 

For exact integration we must remove four-fermionic term 

in s and have gaussian integral over e ( ~) . 
For each point on the surface ~ 

{ 
I' J'l - . _ d ac1. x , n t .1 , a. - t, 2 , L - f, . . . -2 

, consider basic vectors 
>' . i jp !:' i.j n·ad..x,,=o, np·n =u 

Let's induce on the aurface'~ Dirac matrices 

~Cl(.<~)= ad.x" · ¥r 
i. •L ii.I 

~ (~)= n,. ·i' (3) 
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where ~J' - flat Dirac matrices in 

e: d S'"' ' Cl = 1 • 2 with 

Rd • Introduce a zweibein 

{ } 
f - a a 

Q'"', 0P = 2a"'x apx,.. - 2e"'e13 , 

and orthonormal basic set of Dirac matrices 

~a ( ~) = e~ t C1 ( ~) ) ~i(~). 

Using local Siegel superaymmetry of S we can fix a gauge 

0 +(~)8(~) =0, 

where ~+ = of+ l~2 • 

So we have covariant chiral fermions. 

The Gauase-Weingarten formulae 

d(' = rag og + hai.oi. 

dot = -ha'~a. +Hija· , 
J 

where rag_ 50(2) - tangent space connection and 

H ij_ so ( d - 2) - normal apace connection, 

help us to rewrite the term 

t9o(J3K:K~ =-t(e~i~j{9)h~+(eKiKK(6)hp+ = - ~"'P s! B~ 
Now using the identity 

exp (-1/2 ~~ d2~ ~ctpB~ B~),,. infl:exp(-1/2 l~d2~(fl~fl1 ~zu1~a~» 
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... , 

..: 

we obtain s. new action 

s (~i,x",e) = ~ ~JSd\ [ 1/2(cttxf. apx'\ .A~fl~)- d~~e]. ( 10) 

Consider Spin(d) operation _n.. which transform ~a(5) 1 ~i(5) 
into the flat Dirac matrices ~f" 

-1 
_Q (~)Q'_,..£'L(.~) = ~a,i. (~) 

One has 

-1 1 { al) [ 'J ij [ ] cti [" 1} .n. dSL..=s r ~a,i.J3 +H ~i,~j +2h oa,~t . ( 11 ) 

The Dirac operator f6 contains the fields res& ' Hij and 

~ ot:J3 .A~ h~ + • Let separate symmetric and antisymmetric part in 

«p .. 
cl.P i j +. d.f i.e ( IJ [ J ) ~ .Act.h~·61~j=ect+(~ -fi ).A~ ~i.,~j +ap. 

( 12) 

a.~ c-o(j3 
~ =po and no-After the fixing of the conformal gauge 

ta ting 
Zq 

~e-+=e , ct+=a+a, 
ij -1 

(.A+-V4-H+) ~tj = ~ d+~ ( 1 J) 

we obtain 

'jJ = (.P~1~-1eq-a) ~-d+ (eq+a~~) (14) 

The determinant of , we compute following to Kavalov et a~. 2 

and Leutwy~er 6 and the final effective action is 

2d/z r 
w (x, 9, fl)= 

2
·4 :;i \ d

25 (a+ 9. a_ 9 +,le q + 
( 15) 

6 

J' 

+ :~ h ['/
2 
\d'~ a. (sl19-•e-•ra.(e0 9n)+ t \ { (sl'~-·e-0)d ( e0

9n) ]'J. 
E ~ 

In the gauge ~ =1' ea =1 we have 

( -1 3 2d./2 ( Gtb . . 2 .. 
) (.Q. d.Q.) =16 ) (raSd.r + HijdH~J - T(H

11
/). 

~~ ~t 

( 16) 

In order to write down the last term in (15) in the general 

coordinate-invariant form we recall that the squared Dirac 

operator metric D+ D- or D- .D+ whose curvature R~ enters 

the expansion series of its kernel has a form: 

. ea:6 . P.t 
c1.S L ) ( ft Le ) ct]& (~ - ~ e5+ ~ + T et_aa:ap =A~ a«aJ3, ( 17) 

where we used the identity: 

(~o(O_ LE°'0 )(~P~+ Len)=(</P-~)(~5(,+ i.e
5
a'). (18) .q fi ~~ q 

o(j& ot:p c> '-' ~ «P ) 
Inaofarasat ~ -.i\~, R·~-R~~-ao1.("S~ c3.13eo9.A, 

a covariant expression coinciding with the last term in (15) 

at the fixed gauge (13) will be 

2 d/z ( 2 [ 2 ] 1 [ c 2 1 
Wi. = 1q2:rr )d ~ R~ - 'V fOIJ.A v2 R.i~ -v e~)I . (19) 

Thus, instead of a usual Liouville action ld. 2~ R~ ~2 RJ'i 
¥e have obtained a modified one, which corres;:ionds to a double 

set of fields in the boson-; zed theory of heterotic superstring 
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relative to the bosonized theory of Dirac action induced on two­

dimensional surface. Indeed, along with the terms connected with 

the metric induced on the surface and with 50(2)" SO(d-2) 

gauge fields stipulated by rotation of basic tangents and nor­

mals to the surface of vectors at its every point (which were 

obtained in 3 ), the effective action (15) contains a metric 

and 50(2) >< SO(d-2) gauge fields that are "internal" with 

respect to the surface. 
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