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ABSTRACT 
Applying Dirac first quantization to the extended twistorial form 

of the Brink-Schwarz (BS) superparticle we get the linearized field equa
tions of motion for all D=4 extended supersymmetric (SUSY) theories, 
in their twistorial form. 

This form is equivalent to the usual superfield one. As an example, 
we will show this equivalence for N=3 super-Yang-Mills (SYM). 

By gauging away all Minkowski superspace-time variables we are 
left with a simple pure- twistor superparticle with the same physical 
content as the original one. 

We give the pure-twistor super-Poincare invariant actions from 
which the first quantized field equations for all the linearized SUSY 
theories can be derived. 



Introduction 

One of the most unsatisfactory features of the extended super-
symmetric theories is that not all of them have off shell super-Poincare 
unconstrained superfield actions. Partial success in finding solutions 
to this problem in D=4 were achieved in [1, 2] where, by using the 
harmonic superspace, 2 = (x*\ea,$6'u) w> tn u belonging to the ho
mogeneous space | ^ . f f l , . The authors Galperin-Ivanov- Kalizin-
Ogievetsky-Sokatchev (GIKOS), found off shell unconstrained super-
field actions for N=2,3 SYM and N=2 supergravity (SUGRA). In ref. 
[3] the GIKOS harmonic superspace [1] was used to construct D=4 su-
perparticle action different from the BS action straightforwardly yield
ing manifest super-Poincare first and second- quantized (field theoretic) 
description of N=l,2,3 matter-and gauge supermultiplets. 

In [4, 5], by using another type of auxiliary harmonic variables the 
off-shell superspace solution for D=10, N=l SYM was given. 

Another, perhaps even more fundamental problem in quantum 
theory is the existence of divergences in quantum field theory, and the 
lack of a really convincing synthesis of quantum theory and general 
relativity. 

It is hoped that the solution to these fundamental problems can 
be achieved in the framework of a quantum space-time supersymmetric 
string theory [6, 7]. 

In a series of papers [4, 5, 8, 9, 10, 11, 12, 13] the long standing 
problem of covariant quantization of the space-time supersymmetric 
Green Schwarz (GS) superstring was solved. This was done in the 
framework of D=10 harmonic superspace. These harmonic auxiliary 
variables play a remarkable role in the second quantized formulation, 
where they enable one to construct from the point limit of this su-
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perstring, (the BS super particle), a super-Poincare invariant uncon
strained superfield action for D=10 SYM. Despite these remarkable 
results of the harmonic superspace formulation, it still exhibits some 
unsatisfactory features such as: the second quantized action is not local 
due to the existence of inverse powers of p+ in the denominator, and 
the relative complexity of the formulation. 

So it is still important to look for alternative auxiliary variables, 
that may give a more illuminating perspective of the physics. 

Twistor superspace is another promising candidate to address this 
problem [14, 15, 16, 17, 18, 19]. Twistor space in effect replaces 
space-time as the background in terms of which physics is described. 
Superspace-time points can be reconstructed from supertwistor space, 
but they become secondary to the twistors themselves. 

In [17] we performed the covariant quantization of the BS su
perparticle [20] by means of certain auxiliary variables. These were 
identified as super twistors. This procedure gave us the first clue that 
second quantization of this twistorial superparticle may give us twisto
rial, super-Poincare invariant, unconstrained, super-field actions for all 
extended SUSY theories. 

In this letter we perform the Dirac first quantization [21] 
of this twistorial superparticle in the D=4 generalized superspace 
(Minkowski+twistor). The generalized equations, which on shell are 
equivalent to the usual field equations of the relevant SUSY theories 
(Scalar, SYM and SUGRA), can be derived from an action principle. 
This may achieved by using the Siegel-Witten-Neveu-West (SWNW) 
procedure [22]. We leave the detailed formulation of this action to a 
subsequent paper. 

Here, after giving the general first-quantized formulation, we give 
the transition from our generalized twistorial equations of motion to the 
more familiar form, in terms of the usual superfields. We treat in detail 
the example N=3 SYM. The discussion of the other models and their 
nonlinear (interacting) generalization, will be published elsewhere. 

In the generalized space, the basic fields, in terms of which the 
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physics is described, are tome primary (super-twistorial) 'fields, from 
which the usual fields (scalar, spinor, Yang-Mills (YM), gravity) can be 
reconstructed. In the second quantized formulation these primary fields 
describe the dynamics of the system, while the usual fields describe only 
the asymptotic states. 

Once the translation between primary and usual (secondary) fields 
is done in the generalized space, one can gauge away all ordinary super-
space variables (x*\0a,£<j), and is left with purely twistorial system [17, 
18]. The physical content of this system is identical to that of the for
mer. In this space all the equations of motion reduce to one equation. 
This equation determines the on-shell primary fields. The secondary 
fields that can be constructed from these fields fulfill automatically the 
usual on-shell field equations. 

The pure twistorial super-Poincare invariant action, with the same 
physical content as the one from which the first quantized on shell 
equation in the generalized space can be derived, is given at the end. 

Constraint Formulation of D=4 Extended SUSY Gauge Theories 
Supersymmetric gauge theories can be formulated in terms of geo

metrical constraints. For D=4, N >3 and D=10, N=l these constraints 
are actually equivalent to the on shell field equations of motion [23, 24, 
25, 26]. 

Let us define the covariant derivative to be: 

^ia=Dia + u;ia (1.1) 

^=CJ, + 4 (1.2) 

Vaa = Sai, + Aaa (1.3) 

where: 
• is SU(N) index, and 

a Dio=SSS- ia°iS? ( « ) 

Oi = ~ + iDiaaaa (1.5) 
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9a« = »*.(*")« (l-«) 

are superspace derivatives and (uia,u^,Aai) are the miperconnec-
tion superadds with values in the gauge algebra. For TV > 3 the con
straint equations: 

{v-<0,v^ } + {?,„, v-l7,} = 0 (1.7) 

{V,<»,v4} = 2P a i^ (1.9) 

together with the Bianchi identities for them, are equivalent to the on 
shell equations of motion. In particular for the N=3 SYM case, they 
give on shell supersymmetric equations of motion [25]. These, in their 
linearized form, are identical with eq. (2.38-2.45 ) and (2.59-2.65 ), 
which in our case can be derived from an action principle [22]. 
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Reformulation of The Classical Superparticle and First Quantization 
Let us now extend the D=4, N=l twistorial superparticle that 

appears in ref. [17]. The D=4 BS twistorial superparticle contains 
the variables (*'̂ tf,'0̂ ,Sf,), with their canonically conjugated momenta 
(Pw.P>a.P*i)i (which describe the usual super phase space). In addition 
to the initial variables, it contains N pairs of canonically conjugated 
Grassman variables (&,i7*) and a Majorana commuting spinor (va.&d) 
with its canonically conjugated momentum (wa,o6'). In this formula
tion all the constraints are first class, independent and covariant. The 
classical twistorial superparticle action becomes: 

(2.1) 

where: 

ff4 = A<040 + Af<4 + Aa,itf0(i + Aff. (2.2) 

As can be seen, the hamiltonian H4 is a linear combination of the 
constraints: 

dan = -ipna + Vaa<>n + •V'SjnVa = 0 (2.3) 

2>=ipn.-8napai,-iV2t,nva=0 (2.4) 

*cr<* = Pod + «««<* = 0 (2.5) 

H = i(wava - a'va) - (nv" = 0 (2.6) 

Where: 

fo-f^PB = ••*;' 

n = 1, ..TV 

and (A'o.Xf.Aai.A) are Lagrange multipliers. 
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All the Poisson Brackets of these constraints vanish identically 
except: 

{<-ka.P6}pB = totfiPaa + « • « • ) = 2tfJ*0A 

Classically, the system we get by exchanging t and ij, has the 

same physical content as the original one. Quantum mechanically these 

two systems may give different multiplets. To be more specific, in the 

maximally extended supersymmetric theories (N=2 scalar field, N=4 

SYM and N=8 SUGRA), where all the fields are contained in one PCT-

self-conjugate supermultiplet, these two systems will lead to the same 

on-shell field equations. In all other theories, all the fields of the theory 

are contained in two PCT conjugates SUSY multiples. The classically 

equivalent systems will lead at the first quantized level to field equations 

of each of the two multiplets. 

Let us now quantize the system using the Dirac procedure [21]. 

We will do it for both systems (with t and IJ interchanged). 

i and ij are complex conjugated pairs. At the quantum level their 

realization is a representation of the Clifford algebra. One can realize 

them in terms of fermionic creation and annihilation operators, or alter

natively in terms of matrices. In this paper we shall use the latter. At 

the quantum level we shall denote i£ and -it) by o and ot respectively. 

After quantization the constraints become: 

dna = Dna + v 2 « a o n 

4 = -DS + ^ c i a n t 

* a d = -*daa + u"»ca 

i*-i(-£--*£-M.-t-«i) 
and those of the exchanged system ({ <—> i) become: 

dna = Dna + \Z2va*n 

Jo = flg + v'M<»an 

* . i = * o i 

- 1 -

(2.7) 

(2.8) 

(2.9) 

(2.10) 

(2.11) 

(2.12) 

(2.13) 



^ = ^ - ° * e f e + anan, + e/) <214) 

The parameter c that multiplies the identity matrix in (2.10) and 
(2.14) , will classify the SUSY multiplets [3]. In the naive quantization 
of the classical systems this parameter vanishes, as it is a result of the 
ordering ambiguity. 

Let us denote the operators (2.7) - (2.10) and (2.11) - (2.14) by 

r° and f ° respectively. The Dirac first quantization is then performed 

by imposing 

r°*(*) = o (2.is) 

f°**(z) = 0 (2.16) 

where * is the wave function and depends on the variables: 

z = (x,e,e,v,v) 

In the maximally extended supersymmetric theories, the equations 

(2.15) cc.itain all the on-shell field equations of the relevant theories. 

In all other theories, (2.15) yield the equations for the fields that are 

contained in one multiplet, and (2.16) yield the complementary equa

tions for the fields with the opposite helicity contained in the PCT 

conjugate multiplet. Thus, together they yield all the field equations 

of these theories. 

The important point is that cue can, in both cases, derive the on 

shell equations from an action principle. These actions can be con

structed from the first quantized BFV BRST charge [27], through the 

SWNW procedure [22] 1 . Here we construct the action oi\ly in the 
1 To see how things work one can look at the pure twistorial actions 

(2.85, 2.86 ). There also, we can derive one kind of equation for the 

maximal extended theories, and two for the other theories. The exten

sion to full interacting action can be done on the b^sis of a theorem, 

by E. Nissimov, S.Pacheva and S.Solomon (NPS), which states that: 

every overdetermined independent system of nonlinear field equations 

of motion can be derived from an action principle [4, 5]. The systems 

of equations (2.15) in the maximally extended cases, and (2.15. 2.16) 

in the other cases, are indeed independent. 
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pure twistor-space. This action has the same physical content and is 
more promising from the point of view which assumes that the twistor 
space is more basic than the ordinary space-time. 

Careful analysis will show that the first two terms of the operator 
(2.10) are actually the quantum helicity operator [14, 15, 17, 18]. On-
shell, due to (2.10), it has the same eigenstates and eigenvalues as 

S = I ( a n a n t + c/) (2.17). 

This is a diagonal 2N x 2N matrix where the diagonal elements are the 

helicities of the multiplet elements. 

The classification (of the more important super multiplets) with 

respect to c is given in the following table: 

classical theory 

N=l 

N=l 

N=l 

N=2 

N=2 

N=2 

N=3 

N=3 

N=4 

N=4 

N=5 

N=6 

N=7 

N=8 

ordering constant 

c=0 

c=l 

c=2 

c=-l 

c=0 

c=2 

c=-l 

c=l 

c=-2 

c=0 

c=-l 

c=-2 

c=-3 

c=-4 

quantum theory 

N=l scalar 

N=l SYM 

N=lSUGRA 

N=2 scalar 

N=2 SYM 

N=2 SUGRA 

N=3 SYM 

N=3 SUGRA 

N=4 SYM 

N=4 SUGRA 

N=5 SUGRA 

N=6 SUGRA 

N=7SUGRA 

N=8 SUGRA 

It must be emphasized that at this stage we have a general formu

lation for all extended supersymmetric theories. 
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In order to see how one derives the usur! linearized on shell equa

tions of motion from (2.15) - (2.16) let us work out as an example the 

N=3 SYM (i.e. N=3, c=-l in the above table). 

The Equivalence Between The Twistor and Constraint Formulations For 

N=3 SYM 

In the N=3 theory the operators a and at can be constructed from 

Dirac gamma matrices in six dimensions. These are 8 x 8 matrices, so 

that the wave function * becomes an eight dimensional vector given 

by: 

* = 

1 En 
E23 
•El3 
H 
B 
M 

and $* = 

E21 

£23 
£13 
A3 

B 
A2 

W1/ 

(2.18) 

The matrix realization of o and at is given in the appendix. (The reason 

for the notation of the fields in (2.18) will become clear later on). 

The action of the helicity operator H (2.10) on the field * 

Ht{z) = o 

yields the following dependence on va, «„'• 

Eij = EijKva^.Zl 

Ai = vaAf[(vavi),Z] 

B = VaB^KvaVi), Z] 

M = vav/!M<*I} [(Vav6),Z] 

(2.19) 

(2.20) 

where: 

and: 

Eij = -Eji 

Z = {:>', $a,S°) 

- 10 -



From the other equations that are contained in (2.15) one gets: 

C.aEjk - y/2eijkvaB = 0 (2.21) 

DiaAj + V2vaEtj = 0 (2.22) 

DiaS = 0 (2.23) 

DiaM + y/2va A{ = 0 (2.24.) 

D\Ejk + -j2vil(&)Ak - S^Aj) = 0 (2.25) 

Di
6Aj + SJV2vaM = 0 (2.26) 

D{S - J'^VaEjj. = 0 (2.27) 

D%M = 0 (i.28) 

Let us now insert (2.20) into (2.21) - (2.28) and multiply (2.22) 

(2.26) by Sg ; (2.23) , (2.27) by , « ; and (2.24) by 5 ^ . 

Xa = V2ivav^Si' 

Xna = -V2ivai>aA% 

Wij = Eij (2-29) 

Defining: 

we get: 

DiaWjk = i e y t A „ (2.30) 

D%WJt = iis'jxti - Pkxi&) (2.31) 

DiaXja = XvcVgWij (2.32) 

^ X , i = 2 , ^ / ^ (2.33) 

fylifi = ° (2.35) 

D i c tA^ = 0 (2.36) 

Di'Xf, = « y * » ^ OdtV;.t (2.37) 
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Now one can eliminate the dependence on va5a by the following 

procedure: First we Fourier transform to momentum space; then we 

impose the constraint * 0 0 which in this space simply replaces all the 

t)oS0 by Poo-; and finally we inverse transform back to coordinate space 

which yields the following field equations: 

£>ic,Wjk = >"e.->*Aor 

t>ic.Wjk = HSi
iXk6,-Sixj*) 

DiaXjc, = 29 a oWy 

^ « 4 = 3*f/tf 

Dilf&p = 2[a**x.7J + 9 7/3 *<<i ] 

fy*j> =° 
Dia\p = 0 

D%x0 =c»
kafi6wjk 

(2.38) 

(2.39) 

(2.40) 

(2.41) 

(2.42) 

(2.43) 

(2.44) 

(2.45) 

The fields in equations (2.38) - (2.45) depends only on (xP,e°,0<*) 

Using the same method for the equations (2.16) one gets: 

Eii = Eii[(vavi),Z] 

A* = ii^KvaOa), Z] 

B = vaB
a[{vava),Z) 

Si = 0„C^ &<*& [(woBi), A (2-46) 

where: 

E1' = -&' 

and: 

D\&k - -fit*'t0oB = o (2.47) 

5j , I ' + VivaE1' = 0 (2.48) 

fl0fl = 0 (2.49) 

D^a + y/i^A' =0 (2.50) 
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By defining: 

DiaB>k + \/2t,a(«j/l* - *M') = ° 

DiaA? + Siyfivalft = 0 

DiaB - eijt\/2vaE>k = 0 

Diaa = o 

X", = - ^ u o O i ^ ' " 

Xa = v5«fo5dB° 

/a/J S -VaVaVp v^ M"? 

W'i = E>> 

(2.51) 

(2.52) 

(2.53) 

(2.54) 

(2.55) 

(2.56) 

(2.57) 

(2.58) 

and using an identical procedure as before, one gets the following 

on shell equations: 

Diw>k = t>y*Ao (2.59) 

D^WV = ,-(4x5, - ijx'a) (2-60) 

£>%>& = 2SaiH"'J (2.61) 

Di0 x i = X6{fap (2.62) 

AT/ t tJ3 = 0 (2.63) 

£>,aA^ = 2 * , , ^ Wik (2.65) 

The fields in equations (2.59) - (2.65) depend only on (xi>,ea,ei'). 

Equations (2.38 -2.45) and (2.59-2.65) are identical to the N=3 

SYM on shell equations which in [25] were obtained from the constraint 

equations [ (1.7) - (1.9) ]. The inverse proof is straightforward. This 

completes the proof of the on-shell equivalence between our twistorial 

formulation and the usual constraint formulation. 
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The fields (M,a,Ai,Ai,B,B,Eii,B
ii) are our primary Buperfields. 

The fields Uap ,j^ ,M'Ji,H'«,Ao,AA,xi»,Xia) 2 are the ordinary super-
fields. 

The Action in the Pure Twutor-Space 

As was explained in [17], we can gauge away all superspace vari

ables (x",0a,$a). keeping only the super-twistorial ones. The classical 

system is now described solely in terms of the constraint [18] 

H = i{vau
a - 0*0*) - f,V = 0 (2.66) 

This constraint is invariant under the operation of the following 
super symmetric generators: 

Qi„ = vSucfc (2.67) 

Q< = V2Bdi,» (2.68) 

which were obtained from the SUSY generator in the usual superspace, 

Qan 5 -»Pn<* + PoA n̂ (2-69) 

<56 = vS-«-« P o « (2.70) 

through the fixing procedure. These fulfill the classical twistorial SUSY 
algebra: 

{QicQi}PB = 2«jf«ae(i (2.71) 

Recalling that vav„ replaces pai in the twistor formalism, we can see 
that (2.67) - (2.68) fulfill the usual supersymmetric algebra. 

2 Due to [25] the leading terms with respect to the expansion in 9 
of these superfields are: for (/ap j^i ) the self-dual and anti-self-dual 
parts of the YM curvature tensor, for (W;j,W'i) two types of SU(3)-
triplet scalar fields, for (AQ.A^) the dotted and undotted parts of the 
SU(3) scalar Majorana field and for (x'a,xio) the SU(3) triplet spinor 
components. 
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The residua] super-Poincare generators become [15] 3 

Maat 0 = J<K««*V + vff UaKp ~ (5**/J + C/> ao)'afl ) (2-7 3) 

It is clear that the fixed and the unfixed systems have the same 

physical content. Thus, the first quantized equations of motion (2.15) 

,(2.16) reduce in this space to: 

HQ{v,v) = 0 (2.74) 

for all maxima] extended SUSY theories, and to: 

# * ( « , « ) = 0 (2.75) 

# * * ( u , 5 ) = 0 (2.76) 

for all others, 

where: 

and: 

H = VaJL.-BaJL-a„an1-cI (2.77) 
dva ovi. 

H = -HT (2.78) 

("T" denotes operator transposition) 

* is a super twistorial field with respect to the operation of the 

twistorial SUSY generators: 

Qia = A , . j (2.79) 

Q'a = v ^ C i a ' t (2.80) 

That obey the quantum algebra: 

<&«.$*} = 2*N»«i (2.81) 

The residual quantized super-Poincare generators become: 

Paa = vava (2.82) 

3 For a discussion of the more general superconformal algebra, 

see [15]. 



The way in which one can construct the usual (asymptotic) fields 
from the primary (dynamical) fields in twistor space can be understood 
by the analysis of the relevant fields in the generalized superspace [see 
(2.29) and (2.55-2.58)]. The secondary fields constructed from the so
lutions of (2.74), (which are primary fields) fulfill automatically the 
ordinary linearized field equations. 

As an example, let us show this for the spinor field. We consider 
a primary spinor field with helicity \, defined by equation (2.74) to be 
of the form v&A6(vv). The secondary field becomes: 

Xo(wo«a) = VaVaAa{vai>a) (2-84) 

In this space the Dirac equation takes the form: 

v"lP Xa = v"j VaVaA6 = 0 

We notice that 
v"va - e 0 " vp va = 0 

One can get the ordinary Dirac equation by replacing vai>a by p«o a n^ 
making the Fourier transform to coordinate space. 

The field equations of motion of SUSY theories (not maximal ex
tended) (2.75) , (2.76) can be derived from the action: 

s = / d«dc<** («.,«), # * ( « ; ) ) (2.8S) 

In the case of the maximal extended SUSY theories the field equa
tions of motion are (2.74) only. Thus the actions for the maximal 
extended SUSY theories are: 

S = i J dvdv(K<b{v,v),ft<b{v,ii)) (2.86) 

where: 

HTK = Kft 

a, In these maximal extended SUSY theories, the constituent fields of * 

are pairs of complex conjugate (opposite helicity) fields. The operation 
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of A' on 4> simply exchanges the two fields in each pair, and gives a minus 
sign to one of them. For example, in the N=2, c=-l scalar superfield, 
the wave function becomes: 

*(«,«)= j * J and: #*{«,«)= I ~ £ J (2.87) 

where: A, A are the primary (opposite helicity) spinor fields and E, E 

are the primary scalar fields. 

It seems likely that the actions (2.85) , (2.86) are the most nat

ural free field actions for all extended supersymmetric theories. They 

are off shell supersymmetric 4 and do not contain ordinary superspace 

variables. 

In this context the generalization of our results to the nonlinear 

case is very interesting. It can be done by adding higher order terms 

of the field * to the actions (2.85) , (2.86) Their exact form is 

determined from the requirement of invariance under the twistorial 

super-Pincare symmetry (2.79- 2.83)5 . 

Conclusion and Outlook 

In this paper we derived the linearized field equations of motion 

of the extended D=4 SUSY theories by first quantization of the (BS) 

superparticle in its twistorial formulation. 

Then, formulating the theories in pure super twistor space, we got 

linearized actions for all the extended D=4 SUSY theories. 

The simple form of these actions and the natural way in which 

super-Poincare invariance is expressed in this space, imply that the 

4 The difference between the on shell and off shell manifestations 

of SUSY in superspace disappears when one goes over to super-twistor 

space. 
5 For example the fourth order term can be of the form ((AT*,*))2 

for all maximally extended supersymmetric theories, and ((**,*»2 for 

tbe others. 
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relative complexity of the usual theories arises from the fact that they 

are not expressed in terms of the natural variables (t wis tors). 

The interesting problem of generalizing these results to the inter

acting case will be discussed elsewhere. 

Another interesting problem is the extension of our results to the 

D=10 case. In [17] we gave the twistor-like formulation of the D=10 

N=2 BS superparticle. Unfortunately the first class constraints of this 

model are not independent, so we cannot use the usual SWNW second 

quantized formulation. On the other hand, we cannot fix covariantiy 

all the Minkovski space variables like in the D=4 case. Despite this 

problem, we can still use the Dirac first quantization method, and get 

the on shell SUGRA equations of motion in their twistorial form. 

If one believes that in higher dimensions too, twistor space is more 

basic than the ordinary one, then one has to assume that the tangent 

space to the higher dimensional space-time [28] would be parametrized 

by an entire host of tensors (not just vectors) [17]. As was pointed 

out in [17], this can solve the dependency problem of the constraints in 

D=10. In addition, it can enable one to gauge away all these "unusual" 

superspace-time variables, and leave one with a pure 10 dimensional 

twistor-like formulation. 

If a such drastic departure from today's picture of the higher di

mensional space time will work, one of the natural candidates to de

scribe this system is a model which is described by the following co-

variant, first class and independent system of 8 x 8 constraints: 

Hab = i(ul%vttb-ab
av

aa) + r,a(.b = 0 (2.88) 

(where the indices a transform as Majorana-Weyl 10 dimensional 

Lorentz spinors while "a" are internal SO(8) spinor indices)[17]. As 

pointed out in [17] the constraints (2.88) are the generalization of the 

4 dimensional constraint (2.66). In the quantum level these constraints 

will determine the helicities of the N=2, D=10 SUGRA multiplet. Un

like the 4 dimensional case, where the number of twistor and ordinary 

space-time variables was the same, in 10 dimensions the number of the 
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twistor-like variables is 16 x 16. The only possibility that they could 
give us deeper description of the space time, is based on the assuim~ 
tion that the 10 dimensional space-time is indeed parametrized by an 
entire host of tensors. The number of "coordinates'' in this unusual 
space-time has to be identical with this of the twistor-like variables, it 
means 16 x 16. This is currently under study. 

We hope that a consistent action for the D=10 twistorial superpar-
ticle will soon be found opening the way to the twistorial superstring. 
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APPENDIX 

In this appendix we give the matrix realization of «W and o("M 
for N=l,2,3,4 theories. 

N=l 

.CW-(S 1) »UW = (o I) (,i) 

N=2 

4 2 ) = U + **f). °(2)2,= U - °~?) <2-3) 
N=3 
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( 0 0 0 0 \ 

0 0 0 0 / 

N=4 
One can use the S0(8) Dirac Gamma matrices V i=l,..,8 which 

appear in [7] page (288) to construct: 

4,4) = -i=(-rn + -yn+«), a(4)"t = -L(V - y+«) (2.7) 
V2 \/2 

n=l,..,4. 
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