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КВАНТОВАЯ ГЕОМЕТРИЯ КОВАРИАНТНОЙ СУПЕРСТРУНЫ

С N = I ГЛОБАЛЬНОЙ СУПЕРСИММЕТРИЕЛ

Рассмотрено квантование суперструны с N = I глобальной

суперсимметрией в формализме континуального интегрирования.

Показано, что интеграл по антикоммутирующим переменным опре-

деляется конформной аномалией индуцированной метрики. Возни-

кающее эффективное действие является комбинацией действия

струны и действия модели Лиувилля.

Ереванский физический институт

Ереван 1985



Recently. Green and Schwarz nave constructed the N«? sunerstr ino

which is now highly a t t r a c t i v e . Their theory is formulated i n the c r i t i c a l

dimension D*10 in which the canonical Quantization is possible [ 1 , 6 ] . e f t

the compact i f icat ion of extra dimensions the sunerstrin-j may nrnvide я •fun-

damental theory of matter i n t e r a c t i n g with оаиле згк* o r a v i t a t i o n a l f1f>M<-,

[ 2 , 3 ] . Remarkable features of the theories with canoe rrpuns <;пгт>1 д г и

t o * t o were also discoverer f ^ . P i . The cnvariant <,,:nprst<-inr a c t i o

of Creen and Schwarz fpj j has л local s u ^ p r s v ^ ^ t - v л mi 1 f i ' inht--r^n» 'i?'!^p

reduces to -icn-covariant l i n h t - c o n e sunprst^inn act ion [•>] . W(? t h i n ^ t-b? +

i t is possible to f i x another cauoo. na^elv th» fawn? in which б =s 0

•; i r is possible at. least c lass ica l l v ) . ( I n the wnr' [ 7 j . however. ^ь„ itn_

cr.ssit-i 1 i ty r+* t h i s OCJ'-P •fixino is rt isrus^'1'"! h •; t nc1 ^ « f ' ' ! . f r thp n?:,r

S ~ в'* the *. = ? s jpprstr inr- act ion reduces fc t.hr sii^P'-r.*-)-i.o" a r H o

with N-:3 nlobal supersymmetry, considered nrpviousH- bv Br ink, Hreen.

J u l i ? . Rorek, Schwarz, Siecel and rii VoccHa [ ^ j . Hotp -^lsr- that Ч

has proved the eouiv'o Tenet- between the ahovf-mpntion?- swnerstr inf^ , i

the N=2 sunerstrinri of Green and Schwar? and thp f-I=! sunerstr i^n ir t b

dimensionai snace [ 9 j . In the r»r?s«»nt naper we shal l consirfer th° >|-л

suoerstr inq theory.

There ex ists also another approach to sunerstHno thpr-^v in i-.>'-i:-u t



str i r ,^ is q,.'ri[.t.i?e.! d i r e c t l y in the ohvsical dimension. P=d. POIVPVOV has

shown [ i n j that 1n this case one must tak? into account, the con^or^si ?nnmq

ly oivinn r ise to addit ional " U o u v i l l e " mcries. Thp resui t inn therrv is

expected to describe the Dhysics of strono interact ions. Note also t ^ * t in

three-dimensional snace the N=1 sucerstr inr is connected wi t r thr cinHniiifm

l i m i t of three-dimensional Isina model [ l l j .

In the nresent work the p a r t i t i o n function of the '!=! sunerstHno in

j r i r i t r a r y d''"^sri? 1 or, is corisiderer'. We have calculated thr onrt cf tb.p

'::'•-..";•:.••' "en;-?'. over anticomn!u\.i;"i variBbles deterrrin-^J by the с о ^ о г л *

••-••пи'!1-, w- ':,c •? "-low. that the conformai -morel" ric-rer""-',e' '.•-•" -«'n-iorir

i e l e ^ i b ' [ " ! < ) , " ! t r . f ; - - :;'• t C й ( n o n l o c a l ^ ^ j n c t - ' o r * ! .->.•<• £• H 'v/hr.rfi Д
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In order to intenrate tnp О -function out. v/p present p in the ' w

and decompose the measure

= (det л f Ях^Зф'

where Л i s the Lanlace o n e r a t o r on 0 - f o r r r s . S i i b s t i t u t i n i ff^ i r t o C1)

and i n t e o r a t i n n over X one o b t a i n s

Г

so that the partition function takes the form

-S,
2 =

Now the intearation over Q mav be nerforired:

tn)

iere D = <- ~fc 9 Л Ф <?/9 • h^yj = Э^ ф «Эр ф г is the in-

duced metric.

То calculate the W we shall use the well-known method based on the

variational equation for W t l ? j . Under variation of the f i e l d



Ф, = oL Ф the fermionic Dart of the effective action w chanoes

by

5W=tz{ds

We restrict ourselves to the variations of the form

with some matrix Я • Hence we deal with the restricted class of t*ip vari-

ations. This is the reason why we cannot calculate VV exactly. So,

-D'S

where

is the Seeley's coefficient of the operator I? . In (П) R -is the

scalar curvature of the metric п^я . Note that the expression f ^ыты.

may be interpreted as the mean curvature of the surface ф (х)- Indeed,

^ т a
 =
 ®*p

 |O
i- ' where p-

K
 are the unit no.-n-.al vectors of

the surface satisfying p. p . ~ O^ 7 , Then (V^, Cp'̂  ̂^ -•

- pi. i d ^ > 2 'г

~ 4 ̂ ^
 Л

 / — П . Т о solve EQ. (3.4) we rewrit? Vv' as a

sun-, of two i.enr!S corresponding to two terms in ^
o
 (15):



W = W, + W
z
 (16)

The solution of Eq.(17) Is the well-known Uouviiie action [in]

O
L г J

The factor с comes from the trace over spinorfai indices.

Еч.{18) can be written in conformai yauqe as

lot
It follows from (13) that Я must be equal to ~ 2 Ф <5фес

(this means that the transformation 4 ^ ~ * Ф^ + ^ t ^ with О 4 ^

satisfying (13) 1s the conformal transformation).

The solution of Eq.(19) is

R is the curvature scalar, bui l t frr.m the pn--t.ric

is the tar lace operator acting on sca lars .

Thus the effective action has the form



So we have calculated the part of the effective action which is determ-

ined by the-conformal anomaly. The total effective action mav contain янн-j-

tional terms of the tyDe:

Such terms are invariant under the class of variations we have considered.

The total effective action has the form

if]

vfh

where n^g
 =
 3^(р 3^<p is the metric Induced en the surface

Ф C D - R ^
s t h e

 scalar curvature built from that metric,

H ~ (V,^ ф " ) 1s the mean curvature of the surface ф ( |)

Д = -p= 6ot \/h h 3 Q 1s the Laplace ooerator actinq on

scalars, and + 1s the aeneral recarametr1zat1on Invariant function.

The presence of the last term 1n the expression (2*) shows that the dy-

namics of N*l superstHnq 1s determined not only by the Intrinsic oeometrv

8



of the surfaces (as i t was the case wit»: bcsonic arid Neveu-Schwarz strinos)

but also by the external qeometry, i . e . by tha way the surface is embedded

in D-dimensional space.

The authors express their gratitude to S.G. Matinyan, G.M. Asatrvan,

R.L. Mkrtchyan, and especially to A.M. Polyakov for valuable discussions.
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