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ABSTRACT: We construct the complete BRST invariant Sciuto-Della
Selva~Saito three reggeon vertex for Neveu-Schwarz sector with

bosonized reparametrization ghosts and fermionized SUSY ghosts.
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I - INTRODUCTION

‘We believe nowdays that certain superstring theories
are finite quantum theories unifying gravity with other forces.
Since quantization of gravity may be relevant in nature we
may expect Ehat these superstring theories can also have some
relevance.

One of the outstanding problems in superstring theories
is to prove this finiteness to any order 1in perturbation theory.
In the old days of the string theories the starting point for

computing multiloops was the N-reggeon vertex[ll

(2]

and an arbi-
trary multiloop amplitude could be achieved by sewing
together arbitrary legs by the insertion of a propagator. This
program had serious difficulties with the unphysical states.
Now, we understand that we can overcome these difficultiéslB]
by incorporating the covariant BRST approach[4];

It was shown in reference [5] that a basic ingredient
for computing BRST-invariant N-string amplitude is the BRST-
-invariant three-reggeon vertex[G].

The Witten's vertex for Neveu-Schwarz-Ramond (ﬁ.S.R.)
sector.- was given in reference {7] and in this letter we compute
the complete BRST-invariant three-reggeon vertex for N.S. sector
with "bosonized" ghosts[al. This vertex has two parts, for the
first one, not proportional to the fermionic coordinate, we
construct an ansatz and prove the BRST invariance. For the
second part, that one propo:tional to the fermionic coordinate,

we construct a BRST invariant operator which connects the

first and the second part of the vertex.
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II - THE VERTEX

The supersymmetric extension of BRST invariant Sciuto-

-Della Selva-Saito's vertex given in reference [6] is

{1) V = (2)<q=0; 0,; Ow; Np=3; NBS=—2|=exp T:
with

(2) I

§ az {-Dx(z)(z,e)xtl)(l—z—¢9,i9-i¢) +
+ 82 (z,0)c V) (1-2-¢0,10-16) +

- 1c'? (2,001 (1-2-48,16-14) } .

The superfields which appears in (2} are given by:

xH(z,0) = x*(z) + 0 v¥(2)
(3) B(z,08) = 8(z) + 6 b(z)

Ci(z,9) = c(z} + By(z)

with contractions

(4) <x"(z,0)xV(w,4)> = - g"V log(z-w-9¢)
<B(z,8)Clw,8)> = sober

where x"(2) and ¥"(z) the coordinate field of the string and

its supersymmetric (N.S.) partner respectively. The fermionic
fields b(z)} and c(z) are the reparametrization ghostsla], B(z)
and y(z) the commuting spinor ghosts of local supersymmetrylaa'c'd].

The integration in (2) }dz i8 a shortening for (2mi) 1 }dz[de
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with 8 and ¢ fermionic coordinates. The Susy covariant de-

rivative D is:

(5) D =234 + 8083, .

The state appearing on the left in (1)} is the vacuum of the

oscillators in the supercoordinate XH(2z) éiven by (3) with

vanishing center-of-mass position of the string and has ghost

number Np = 3, Nggo = ~2 for the fermionic and bosonic ghost

respectively, following the approach of reference [8a,c,d].
It is convenient to rewritte (2) in terms of super-

field's components:
(6} I =A+ ¢B
with

A=t d az e D@D me a-n-
0 |

(2 ) p) (1-z) 4192 (2) .9 ) (1-2) +

+ 18 (z)y ) (1-2)-17 ¥ (2) 8 1) (1-2) }
(7

=gt p @z {x P @M -y @ a4

0

8020 ) (1) (122) & v ()61 (1og) = 162 (2)y V) (1-2)

In such a way that (1) can be written as:
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(8) Ve v, + v1¢ .

Now, we pass to compute the bosonized~-fermionized form
of the vertex. In reference [8a,c,d] 1t is shown that it is.
convenient to fermionize the Susy ghosts in order to treat the
covariant vertlices of superstring and in ref. [9] 1t was shown
that both the computation and the result of N-~bosonic string
amplitude simplifies greatly if the reparametrization ghosts are

bosonized. In the representation where the ghosts are "hosonized"

we have[B]:

- -0 (2)

bi{z) = cyie : clz) = czzec(z): .
(9) - (z)

v(z) = c;:e”®niz):  B(2) = cyre E'(2):

with ey cocycles, o(z) and $(z) conformal fields with confor-
mal dimension zero giving the dimensions -2 and 1 for the
conformal fields b(z) and c(z) respectively. The fields n{(z)
and £(z) have dimensions 1 and zero respectively which together
to ¢(z) gives dimensions -1/2 for y(z) and 3/2 for B(z)la'a'c'd].
These new conformal fields, we have introduced, have
the contractions!8:3:¢:d],
<g{z)o{w)}> = = <¢(2)}P(w)> = In(z-w)
(10) |

<E(z)nw)> = 2= .

The BRST charge, .Q, in the fermionic string, given byla'a'd]

(11) qQ = §5z= [:- % CDX.X' + % cipc) (pB) - 3 cc'xa,:l :
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can be expressed in terms of the "bosonized" ghosts (9) by

using the method explained in ref. [9], its value is:

2k 1k (2))

(2)
(12) j = ={ - KWy - dc, e n'n +

(1) o (2)
kW R

ng.w' W'.W' +

M=

€2
{2)
+ % c, ef  WakH ook (1)) g } .

Where we have introduced the twelve component Veneziano field

w" (z)

(13) Wiz) = (x"(2),9(2),0(2))

which can be written in terms of oscillators as:

(14) Wiz) =" - fah Inz + 4 [ Zol ™™ w=1,...,12
n#o

Having the canonical comutation relations

BV, _ v
(15) u%nl 779 Om,on
(a",ag1 = 1 g
with contraction:
(16) < (z)w (w)> = - g*"Y Lln(z-w)

g"V being g"¥ = diag{l,...,1,1,-1), with twelve entries. The

vectors k(l) and k(z’ having as the only non-zero ' components the
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eleventh and twelveth respectively, l.e.,

n
kY% 2 0,..:,0,1,0)

17
k@Y 2 q0,...,0,0,1)

It is simple to see that in order to keep the hermi-

city properties:

ct(z) = z%c(l/z) 1 b'iz) = z-4 bl1/z)
(18)

+

zy(1/2z) 3 B'(z) = - 2°% B(1/2) ,

Y*(Z)
in the new "bosonized" language (9), we must require that:

(19) ag =ag + 1 (-2k 1143k (2D,
which means a non-hermitean center-of-mass momentum for the
eleventh and twelveth components.

I1f we construct thé bosonized version of the ghost

number which, following reference {9]; turns out to be:

(20) N, = ik (3! 4 A

R N

0 88

with N and Ngg the reparametfization and Susy ghost number,

we see that the non-hermiticity of the momentum in (19) is

associated to the charge asymmetry of the syateﬁ[a'd]=

(21) N = -N

R + 3 : N

G

which has as a consequence the non-trivial scalar product[aa'c'd]

{22) p<0iNp = 3 , Ngo = —2|o>gh =1 ,
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Now let us construct the “bosonized"_veraion of the

vertex (1). We do this by parts. The bosonized version of the

first term of Vv, VO' in (8) 1is:

(23) vgo® = 5, <8} :expa:
with:
(24) 3= - g_:{ E»:“’(l-z).w'm (z)+ip 1 (1-2) . (@) (2)

e 0t (121612 tah 261 (1e2)n 2 )

where the vacuum in the left hand side of {23) is

N(Z) ) Nil) Nég) § N1

R _ i
(25) )<Y = gy<@’=osen -1 P T e
with
U_o. - Y (2)_ . (2)_ .
(26) , (2)<q =0}Gh/| n,%GZ (21<q 0} N —n.Nss —m:Ow,OE,onl v

the vacium on the right hand side of {26} is the vacuum of the
oscillators of w"; ¥, €, n with vanishing eigenvalue of qu and
this lead us to have the sum over all ghost number. When n or
m is odd on right hand side of {26) the vacuum term has a fermionic
character (See ref. [9]) then must anticommute with all fermions
in fock space 1, the cocycles introduced in the right hand side
of (25) play this role with { Nil) being the sum over all
fermion number in fock space 1 present in the theory.

Proceeding as in.the case of the bosonic string with
bosonized ghostslg] it is possible to show the BRST invariance

of the vertex Vgoslin {(23) ¢
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E N{l,
(27 Ea,f,},;v‘omﬂ = (-1) viosgl)

bos

The proof is tedious, although straightforward. The details will

not be presented here,.
In order to construct the bosonized version of the

second term in (8), ¢V1, let us define an operador P as:

(28) P = - %dz [x'(z).¥(2)+B(z)c' (z)-y(z)b(z)] .
0

The operator can be easily proved to be BRST invariant, i.e.

(29} [Q,P] = 0 r

and if we analise the conformal and ghost properties of P we
see that it has exactly what is needed to construcf Vi from Vy-
In fact if we analise the simplest case, the vertex for the

emission of a tachyon from a N.S. string

ik.x

we see that iek.¢e1k'x = [06P,e ].

The bosonized version of P is:

téo) : Péé; = - %dz: W'(i)(z).w(i)(z):-czcl}dzz
0 0

(2)_ (1)) (1)
E(k_\ U W ) L (2) ) et g

(1y_, 2y, (1), .
_ k) Wt (z) nm]é
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Now, it 18 simple to have the becsonized form of ¢V1, what we

have to do is to compute the following commutator:

{bos) , _ (1) ,bos
(31) vitosly = (epfl) ,vpo%

and the result is:

bos _ e
vigy = (2_’<B|'S'

s = e’ 3[) dz {W,(za (1-z) .01 (zy 41w ) (2) 0@ (1-2)
z=1

k2 k1) W ?) (1-z) 4w ) (2) ]

+ c201 e
(32) | - |
k(2D (1) e (D) () 0 02D e (2D (g oy 10 )
£ k3 D e 0@ 12 (1 g0 gy 4
(1) _, (2) (2) ;4. (1) ey ;
+ ¢,y ek kT W {1z} 4 ‘z’][n‘l’(z)en‘z’(1-z)l}
angd
(33) Vbos = vgos * V?os ¢ '

where vgos is given by (23). The term v?os is automatically

éé; is BRST invariant {29) and vbos

BRST invariant because P 0

is BRST invariant (27).

III - CONCLUSIONS

We have computed the BRST invariant three string,
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Sciuto!s vertex for the Neveu-Schwarz sector when the reparame-
trization ghosts are bosonized and Susy ghosts fermionized. The
vertex is made up of the conformal fields of the theory, the
first part vgos {23) it was computed by the anaiyais of the
conformal weight and by requiring BRST invariance. For the second
part it was constructed an auxiliary BRST invariant operator
.Pbos which generates the second part from the first one.

' It looks simple, now, to introduce the spin fieldslsa'c’d]
and so to construct the BRST invariant Neveu-Schwarz-Ramond vertex,

we hope to report on it in a future publicationllo].
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Vgr of the Susy extension of Caneschi-Schwimmer-Veneziano

vertex with bosonized ghosts.



