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Paperé [1,2} considered Lhe algebra of meromorphic vector
fields VecL(Eg,Pi), which are holomorphic outside two arbitrary
points Pt and are glopally specified on the whole compact Riemann
sgrface Eg of genuzs 4. In the space Vect(ig,P:) one can
distinguish a count pasis e, . which makés.up a subalgebra in
VectCZg,PiD, to be called the Krichever -Novikov C(KN> algebra. If
g=0,. it coincides with the Virasoro aigebfa, in this seﬁse being a
generalisation of the latter Lo the compact Riemann surface of an
arbitrary genus.

Sipersymmetric versions of the KN algebra were constructed in
Ref;I3]_ They correspond Lo Lhé Ramond and Neveu-Schwarz
superalgebras, known in the free string thecry, and extend them to
{Ee case of interacting closed superstrings.

An extension of Lhe‘KN algebra is possible in the clesed
string theory £4,51, It describes a fixed-gauge quantum system and
at g=(0 turns into the known algebra of constrainls and subsidiary
conditions [6,71. In this paper we shall show that there is a
similar éxtension of Lhe a;gebra of constraints for the Ramond and
Neveu-Schwarz closed spperstrings. In a particular case of g={} the
algebras, obtained here, coincide with the resull of Ref.[81,

Let 3X(Eg;P:) be the tensor bundle on the compact Riemann
surface Eg with two - punctures Pt ., Consider the meromorphic
sections CA-differentials), which are holomorphic outside the
-puncLures and, possibly; a cut o, connecting Lhese points (h is

the conformal weight). Following Ref'. 1), we can construct count

bases fjl‘xj in the spaces of the sections. The cut ¢ occurs if P+
are the branching points for fﬁk.x)' In this case for ij‘X)'Lhera

are continuous limits both on the upper and lower sides of the cut

o, related to each octher as
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In local complex coordinates z_ ., chosen in the neighbourhoed of
points P {2z =02, fjh’xj are of the form I]1]
+ 4+ {5 .
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In virtue of the Riemann-Roch thecrem expansion (2) unambiguousiy

+

determines fi)\,x) up to a constant. One can fix constants aiK'XD‘.
R CAL,xD+

taking aj 1, SCA)=gr2-ACg~i>, Note that at x=0, A~0,1 and

{j1%g-2 the definition (2) is modified []). -

The following dualiiy relation is valid:

1 A0 N, -0 .
§fi Fale = BCi-jd. (3

2ni =-Jj

Thg integration contour divides Eg inte two. parts Z; » so that

Pic E; , and has no self-intersection points. Since the integrand

is holomorphic outside Pi , the contour belongs to the homology

cl_ass of C_'_ » which is a circumference in the neighbourhood of P‘_.
Below we shall use the following special symbols:

_C-1,00 _
& =7 - A

CO, 0 i_ 1,00 i_ (2,00
i3 -i ; )

o ot =2 (4)

If g is even,ief, If g is odd, ieZ+1 -2, Let us alsoc consider the

objects with the half-integer conformal weight:
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Two wvariants are possible here. The upper lines of the above
expressions correspond to the first o=jef, and the lower ones to

the second a=j+1.-2 € £+t-2. It is easy to see that, unlike the



case in (4}, selection of the values of o does not depend on the
parity of g.

Depending on the values. taken by the index a, ihe basis
elements e, and 2, make up Lhe FRamond (oteZ) or Neveu-Schwarz
{(osZ+172) type superalgebras on Zg . These algebras are of the
form [31.

Eej‘ej]=u};j & - {ei,ggJ=U‘?a o {ga.gﬁ}=U';ﬁ e, - {6}
where the brackets are the corresponding Lie derivatives, and the

anticommutator is {901'9{?} = gcng3+9{39a . If one uses property (3),

one can obtain expressions for the structure ceonstants

koo 1 X P 1 t
YT m %n te; e, U‘w = o §0 O8> -
#o_ 1 f
Ya = Enl §" TR AL (7

Let "us find possible extensieons of these superalgebras in a
way similar teo that used for the KN algebra £4,51. For this

purpose we take Lhe bases W' and A% and rind the expressions in

bracgkets
[e.,w‘j) = £ w‘j =—-T‘.j Lok,
i = ik
i
fe, .A%1 = £ &% = - 1% _ A%,
i ei i
g wly = p Wt = - T AP (8)
o = o3 *
<9 .40 = acg a® = - F S
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Now we have all that is necessary for construction of the
sought-for extensions of the superalgebras {£)}, We shall try to

find them in the form

- o
(®_.%,> = U @_ .
L. _ b b < '
(3.5 =B - T, ¥ . (167
5%, 8% = o

To shorten the formulae, we use a multi-index a=(i,od, where ilod
is the index of the Bose (Fermi) component of the supermultiplet.
According Lo this we have §a~( L.i. . Ga) N \Ifa'u( wl ,xa) . The

Virasoro-type generators L, and the supercurrent Ga. are expressed

i
through the dynamic variable of the strings, propagating on Zg [31.

T A A A R SR ¢t)
As before, we assume that summation is made over the repeated
indices. The Greek indices p take the values (,1,2,...D-1, where D
is the dimensionality of the Minkowski space w.i.ti'; metric npv, in

which the string is immersed. The constants have Lhe form

_ 1 m n i _ 1 1
jjtm T End §eiw w o tﬁ T Bnl gul e .
0. 1 § e, (A% -APan% (12}

The brackets in (10) are the graded Poisson brackets. Note in
this connection that in Lthe gquantum case we shall deal with an
algebra different from (1)}, since the first of the commutators
will have a centrat term. It is not important, for Qur
considerations, so we confine curselves to the classical case. The

basic Polsson brackebs are equal Lo

I (LY
[rxi.ajl n ri_j N ﬂ:q.b} n o eCat+3y, (13)



! S 1 .1 o, (3
where y . = g 4 AdAL 5Ca+ﬁv—mj§"q’”n‘anif¥hh '

The structure constants Uib

(7) and (9). The main requirement Lhey must meet is validity of

and sz are defined by formulae

the graded Jacobl identities resulting from {10)). These identities
are satisfied if superalgebra {(10) is confined to the system of
contours C-r , introduced in Ref.[]]l. Contours C‘r on the surface I
. .
correspond to the string position at the moment of "timg" T and

are defined as the level lines of the function T=Re plQY, where

Q
pCQ):f w o, Qo is an arbitrary initial point, and w is the only
- =]

meromorphic differential of the third kind that has simple poles

with residues #*] at points P, and purely imaginary pericds over

all cyeles. On the contour C-z- the basis fﬁ;\')o

is complete, which
is manifested in the existence of “delta functions*

A0 CL-A, =%, .,
s @, (14)

CAD
2, Q=g 7
T .
i
with the main properties of the standard delta function {2]. Using
them, one can easily establish wvalidity of the Jacobi identities

in gquestion.

The central term Bﬁ_ is

j 1 } 1
Bf=aTi§“’J“x" - SRS €

where o is the non~exact form on the considered system of closed

contours of Lhe Riemann surface Zg R If the third kind
differential w is taken Lo serve as o, then at g=0 B: =6:_.
. =0, o=

and algebra (]0) completely coincides with the known extended
algebra of constraints and subsidiary conditions in the free
superstring theory (81,

To find the form of the generators ¥, one must solve the



second equation in {10). This is the way the general expressicn

for wl was oblained by in Ref.[4]).
o]

WDy A CQ=XCQI[ < v o3, @, .aeC, - €18
Q

[=]
Here XCQ):X“CQJE.“ = x::AiCQDEH determines the string configuration

in D-dimensional space-time, a(Q)= A o:‘."wlCCDE , & =8k ~Ckpd,
vz * H H H

p is the momentum of the string centre-of -mass. The light-like
vector k,u breaks the explicit Lorentz invariance of the theory, so
it is only an auxiliary quantity (k2=0 ensures validity of the
last equation in (10))_ The procedure of its removal t‘rc;rn the
physical results was discussed in the literature 12,101,

Te determine the fermion component xa one must solve the

equation

i | ,
eyt = - T, A (7
Using (3) and properties of “delta function™ (14), one can

transform it into

. S e I
(G CQD, 9@y = A7CQ I (ALY X, {18

where GCQ)‘—-GakaCQJ. Let us calculate the external differential of

thiz expression. Then we have

[6,CQ Y. e @> = 16,0Q 0. 7(@> = - 2 b;’; 4 czldAiA“cq-n,
) 2]
on the left-hand side and
o L g b B
£7CQ> dlg (W ALD] «* 2% T‘aﬂ dA (O ¥
on the right-hand side. Considering lgi = - T;o &Co+f3), we obtain
ot 1 %
= - ~_b ;
x = z, (1%

As established in Refs.(]}1,121. there is a relation between

the Virasoeroe and KN algebras. For tLhe free and interacting string



this relation between algebras is through the corresponding linear

transformation. One c<¢an show that there is a similar relation

between the superalgebras obtained in Ref,(8) and considered in

this paper. It will be discussed elsewhere.

Finally we note that all the results can be trivially

extended to the conjugated sect.or‘ of the closed superstring.
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