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ABSTRACT Twistors can represent the spin in superstring theory and provide a theoretical explanation of 

the two-dimensional spherical model of elementary particles together with the surface 
distributions of the charges. The integrability of certain matter sectors of the strong 
interactions also may be traced to the action of the conformal group on collinear trajectories 
that occur in a twistor formulation. The amplitudes for these scattering processes in four 
dimensions have a representation with quantum states in a nonsupersymmetric theory defined 
by the low-energy limit of a solution to the N = 2 string equations with a Wick rotation of the 
metric with (2, 2) signature. The twistor form of an N = 2 scattering amplitude is given.  
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1. INTRODUCTION 
 
The connection between twistor theory and string theory generalizes the spinor bilinear representation of the 
momentum in a ten-dimensional massless vector field theory. The twistor transform for the super-Yang-Mills 
and self-dual Yang-Mills equations has been developed in ten dimensions [1], and super-self-duality equations 
may be solved with supertwistors [2]. By dimensional reduction of the field equations, the integrability 
conditions on light like lines may be derived in N = 2 super-Yang-Mills theory in six dimensions [3] and N = 4 
super-Yang-Mills theory in four dimensions. There is a correspondence between super-Yang-Mills actions, 
classical superstrings in 3, 4, 6 and 10 dimensions and the division algebras. It may be noted that, although the 
dimensions of other real division algebras must be 1, 2, 4 or 8 by Hurwitz’s theorem, division algebras of other 
dimensions exist over finite fields [4][5][6] and the relation to discrete symmetries [7] in field theories may be 
considered. 
 
The number of world sheet supersymmetries in D dimensions equals D - 2 because the super-Poincare algebra in 
D dimensions generates a D-2-superconformal algebra in two dimensions [8]. The heterotic string and Type IIA 
superstring theories have been written in twistor formalism and the N = 8 superconformal algebra may be 
parameterized by Ŝ7, the Kac-Moody extension of S7 [9]. The occurrence of the string tension as an integration 
constant [10] in the ten-dimensional heterotic string theory has implications for its physical interpretation in 
relation to gradients of J vs. M2 plots, minimal distances and the effective string coupling [11].  
 
An S7 transformation rule cannot be constructed for a pure Yang-Mills theory with the connection taking values 
only on the four-dimensional base space [12]. Since twistor variables that transform under Sp (4; ॹ) can be 
combined to transform parameterize S7 [13], the problem of constructing a model with this invariance may be 
transferred to the action on twistors. It can be solved if the fundamental variables in the theory are interpreted in 
terms of the space S8 of lightlike lines of octonionic superparticles. This approach can be compared to an 
algebraic description of the supersymmetric Hopf fibration. When the base space is the super-sphere S∗2, a 
supersymmetric version of the U (1) theory is found [14]. A generalization would exist for the base spaces S∗4 

and S∗8. 
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The duality between points and lines in projective geometry, and the intepretation of points as lines in twistor 
space, would be expected to have implications for the superstrings in a formalism combining the two theories. 
This duality might be interpreted as a reflection of the two different descriptions of superstring dynamics 
through the path integral with a two-dimensional action for the weighting factor describing and the point-
particle effective field theory in ten dimensions. 
 
2. A SUMMARY OF THE TWISTOR FORMALISM 
 
Dimensions for Twistor Transforms and Green-Schwarz Superstring 
 
The number of fermion degrees of freedom in the division algebras is sufficient to be identified with one of the 
division algebras 
 

 
 
Twistor transforms exist only in dimensions 3, 4, 6 and 10, when the identity 
 

 
 
is required for supersymmetric invariance of the Green-Schwarz superstring [15].  The action of linear groups 
on division algebras can be found in the formulation of superstring theory [16].   The known particle multiplets 
also may be derived from the representations of the exceptional group, defined by division algebra modules, 
which also arise in the spinor space of the standard model. 
 
 
The Hopf Fibration and Twistor Space 
 
Let [ɑ†υb] = υ (ɑb) and [[x, y, z]] = 0 Then [PP] = 0 for massless bosonic particles in dimensions D = ν + 2, 
which is solved by P = ψ ψ†.   If  ψ =  [ξη], then                                                                                                                                                             
                                                                            

      
                                                     
                                                               
and 
 

  
 
reflecting the light-like nature of the spinor bilinear. 
 
 
There is a symmetry algebra which leaves   † unchanged.  It may verify that the symmetry algebra is Sν-1.   
The Hopf fibrations are  
S1 → S1/ ℤ2  = ℝℙ1,  S3 → S2  = ℂℙ1,  S7 → S4  = ℍℙ1 and S15 → S8 = ॹℙ1 = {  } / ~,  
 
where  λ ~ λ  ́if  λ λ † =  λ  ́λ΄†.   
 
The equation relating twistor space and Minkowski space-time is  
 ω  = ψ ά Xαά.      
The supertwistor is Z A = (ωα,ψά, ξ) and the spin-shell constraint is  
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If  ψ ψ † = P,  ω ω † =  X [XP] - ½ P[XX] and JMN = ½ Z†Γ

MNZ generate the conformal group,  
while ∏ = -1/(υ+1) JMNΓMNZ  provides conformally covariant generators for Sν - 1.  Given a supersymmetric 
extension of the symplectic metric gAB, which is the invariant tensor of OSp (N,4;Kν ) , the superconformal 
group in ν+2 dimensions, the spin-shell constraint is  ½ gABZAZ B = 0 [13].  
 
The Sν - 1 transformations, when ν ≠  8, are ψ → ψ Ω,  ω → ω, with [Ω]=1.  The spin shell in the twistor space 
Kℙν3 is  
 

 
 
where  N has dimension 2ν+1.  When  ν = 8, the condition may be chosen to be T = ( ψ ψ †) ω - ψ  [ψ † ω] = 0 
with  ω = χψ [17].     
 
The geometry of N may be deduced from fibrations of  Snν-1 to   Kℙnν - 1

 .   The fibres are S7 when n = 8 and ν = 1 
or 2, and, if  n = 8 and ν = 3, S7 transformations may be defined over a set of equivalence classes of coordinates 
on ॹℙ2 [18].   The coordinates of the supertwistor may be chosen such that one of the coordinates is aligned 
with the lightlike direction representing a point on the sphere at infinity S23 and ν – 2 = 6 components are set 
equal to zero through the S7 transformation, and the spin shell is diffeomorphic to S17.     
 
After the condition of equivalence under the symmetry algebra of the bilinear ψ ψ † is imposed, the number of 
independent parameters is 9, following from the invariance of the ten-dimensional vector P = ψ ψ †, and the 
topology of this space S would be S9.  It may be noted that the homology group of the twenty-six dimensional 
space E6/F4 is non-zero only for the indices 9 and 17.   From the dimensions, there would be a transformation 
from the space {S, N} to  E6 / F4.  Then the  E6 /F 4 bosonic string theory may be described in terms of octonionic 
twistor variables.   The existence of a supersymmetry through the lattice representation of the E6 supercharges 
has been given [17].   A closed superstring theory in the twistor formalism providing a theoretical basis for 
spinning particles then could be derived.  
 
3. TWISTORS AND THE REPRESENTATION OF SPIN  
 
Spin in the Supersymmetric Point Particle Action 

 
The supersymmetric sigma model for the superstring is 

 
                                                                                                          
where {ρɑ }are two-dimensional Dirac matrix includes the fermion fields with intrinsic spin [18].  However, 
there is no immediate description of fields of arbitrary spin in the Lagrangian until the fields are expanded in 
terms of vibrational modes.   It is not a direct generalization of the spinning particle action with an extra term 
given by the Pauli spin matrices [19]  

 
 
                                                                                 .                                 . 
such that Ẋ  = σi ẋi =  Sσ3 S-1 parameterizes S2 or the supersymmetric Lagrangian [20] 
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with  af  being an anticommuting Grassmann variable, while the spin vector is aS =-½ abc bf cf  which can 
be coupled to the magnetic field. 
 
Spin Condition from Spinning Twistor String Action 
 
However, with a twistor formulation of superstring theory, the spin of the particle 
might be separately described. Consider the closed twistor string action [21]  
                                                                                                                 __             

                                                                                               
                                  

where e ±± are the worldsheet zweibein one-forms, is the supertwistor and LG consists of free 
fermion terms related to the gauge group G.    The constraint 
 

 
                                                                             
 
 
follows from the field equations.   A solution [22,23] is 
                                                             _ 

 
since 
    

                                                       
such that 
                                                                   

                    
 
and 
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given the anticommuting variables  and  .   The product  

            
                                                                                                                            
 

is a condition on a massless particle with spin  [20], and the closed twistor string action does not 
describe such fields.   The action of the spinning twistor string [24] 
 

 
yields the relation for non-zero spin with  ( ) being a Lagrange multiplier.   
 
 
Projection of the Nonvanishing Spin of the Ten-Dimensional Twistor Superstring to Four Dimensions 
 
The generalization of the twistor superstring to ten-dimensional superspace can be derived with spinor and 

vector Lorentz harmonics,  , which span S8, and , satisfying 
 

 
 

where   is the set of Dirac matrices in ten dimensional Minkowski space-time [24].  The 
superspace action can be reduced to 
 

 
 
Where 

 
  
 
 
and the inner product must be 
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By the relation [22] 
 
                                                                      

                                                                                                                             

 
it follows that 
 

 
                                                                                                                                                                                                      
Then 

 
 

Because  is an odd Grassmann variable and  The ten-dimensional 
equivalent of  is nonvanishing and represents non-zero spin. The expansion into spinorial Lorentz 
harmonics is sufficient to represent any rotating configuration corresponding to a particle with spin. A reduction 
of this model to four dimensions would yield an action that includes  
                                                                 

 
                                                                 
together with the supertwistor relation  for non-zero spin, and the sphere of spinorial harmonics 
would be projected to S2. The twistor formalism provides an intrinsic rotational motion of the string which 
would represent the spin. Consequently, the two-dimensional spherical model of elementary particles with 
charge and spin is verified. 
 
The N = 4 super-Yang-Mills theory may be found from a boundary theory of the reduction of ten-dimensional 
superstring through the compactified solution AdS5 x S5.    The isometry group of then ten-dimensional space is 
SO (4, 2) x SO (6) that is isomorphic within a ℤ2 factor to the bosonic part of the symmetry group of  N = 4 
super-Yang-Mills theory, which has an invariance under conformal and internal SU (4) transformations.  There is 
a twistor formulation of the super-Yang-Mills theory, which will be constrained to be consistent with boundary 
conditions for spin-s fields on AdS5.  Peeling theorems have been adapted to asymptotically anti-de Sitter space-
times to determine the fall-offs of conformally related massless spin-s fields on conformally compactified anti-
de Sitter space-times [25].   The dependence may be given for five-dimensional anti-de Sitter space by replacing 
the dimension d = 4 by d + 1 = 5.   The gauge symmetry results from the isometry group of SO (6), and 
therefore, boundary conditions for the entire bundle must be given.  The group SU (3) is an S3 bundle over S5 
[26], and the boundary conditions for the spin-s SU (2) fields in the superstring theory on AdS5 x S5 then must 
be defined to be consistent with the transition functions of this bundle to describe SU (3) fields on I and 
Minkowski space-time. 
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4. INTEGRABILITY OF A SECTOR OF THE THEORY OF THE STRONG INTERACTIONS 
 
Collinear Trajectories and Solutions to the Super-Yang-Mills Field Equations by Twistor Transform 
 
 
The existence of solutions to the super-Yang-Mills field equations in four [27], six [3] and ten dimensions [1] 
through a twistor transform requires vanishing curvature along the super null lines in super-Minkowski space-
time.   The derivation of the N= 4 super-Yang-Mills theory in four-dimensional Minkowski space-time by 
dimensional reduction over T6, with the isometry group U (1)6  [28], follows from  the orthogonal splitting of 
Minkowski space-time that yields a sequence of integrability conditions for the field equations between four and 
ten dimensions.  
 
The spaces of light like lines in four, six and ten-dimensional Minkowski space-time are S2,  S4  and S8, which 
represent the base spaces of three of the Hopf fibrations.   The action of S1,  S3  and S7 on these Hopf bundles 
[13] generate differential systems describing the integrable parallelisms of tangent vector fields on the fibres.   
The integrability conditions for field equations of the super-Yang-Mills theories may be solved similarly if the 
superconnection has a vanishing supercurvature.    
 
Yang-Mills Theory constructed from a Hopf Fibration 
                                                                                                          S7  
The Spin (9)-invariant theory representing the Hopf fibration S15  →   S8 is 

      
 

where   ,  ɑ = 1, ..., 9 are the coordinates of ℝ9, the sphere is represented by   
 = 1 and  

[29].    The solutions to the Euclidean equations will represent finite-action instantons of the theory on ℝ 8  

derived by stereographic projection. 
 
By using the transformations, 

 
it follows that 
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 and the action (4.1) is equivalent to   

  
                                    
when a single point is removed from S8.   This integral is invariant under SO (8) x E8, which has the same 
dimension as SO (9).   The translation symmetry is considered to be separate from the compact gauge group that 
has been reduced from SO (9) to SO (8).    

 
This integral may be cast in the form 

 
where cmnp are the octonion structure constants, and a method for finding instanton solutions with the potential 
and field strength 
 

 
 
and finite topological charge defined over a four-dimensional hypersurface, begins with setting ξm = 0 [30], 
where  GMN are generators of  SO (7).  Since 
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and the integral over the Euclidean space diverges.  The remaining term, however, is a total derivative, and the 
boundary integral vanishes if  
 

 
 
and α > 2. Then the action also equals 

 

which is invariant under SO (7).   When the energy of the Yang-Mills field is conserved, the symmetry group 
may be enlarged to SO (8) [31].  Therefore, the action is invariant under SO (8) / SO (7)  transformations or 
octonion multipication on S7.  This method may be contrasted with the use of auxiliary fields which belong to a 
division algebra in supersymmetric Yang-Mills theories for closure of the superalgebra and do not occur in the 
on-shell action [32]. 
 
The sphere in nine dimensions is diffeomorphic to a compactified, complexified four-dimensional Euclidean 
space.   Therefore, the model may be projected to a theory described geometrically by an S7 fibre on ℝ4 after 
imposing additionally conditions on the dependence of the potential on the complex coordinates.   This action 
would describe a viable model of the vector bosons of the strong interactions, since the energy dependence of 
the coupling is unaffected by the replacement of the structure constants of SU(3) by that of the octonions [33].   

 
 
Twistors arise both in the classical solutions [34] and the quantum amplitudes [35] of a self-dual Yang-Mills 
theory.  It has been found that two-dimensional symmetric coset space sigma models and the supersymmetric 
generalizations with a ℤ4 automorphism can be derived from self-dual Yang-Mills actions in four and eight 
dimensions respectively [36].   Rotations in the flat space including the octonion algebra leave invariant a 
quadratic form of the latter integral [30].   This S7 symmetry also arises as the set of transformations of the 
spinors that fix the vector fields in the twistor form of the heterotic string [37].   It is known also that the 
heterotic string effective action to quartic order in the curvature tensor can be cast in the form of a ten-
dimensional higher-derivative super-Yang-Mills theory [38].   Reduction of the self-dual sector to eight 
dimensions again yields the eight-dimensional quadratic integral.  
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There exist sectors of quantum chromodynamics which can be characterized by integrability. It is 
found in the equations describing the action of the collinear conformal group on operators 
representing products of certain matter fields. A spectral curve of constant energy of states in these 
sectors is known to form a Riemann surface with the genus equal to the lengths of an integral 
Heisenberg chain and demonstrates the integrability. The BMN states arising from the quantization of 
the parallel plane wave limit of the AdS5 × S5 superstring require surfaces of infinite genus [39]. The 
sum over the genus, which occurs in the superstring perturbation expansion, reflects the equivalence 
with the superstring sigma model with a coset space that includes SU(3) after a restriction to the 
nonsupersymmetric sector. The integrability of that sector of quantum chromodynamics also follows 
from the finiteness of the superstring perturbation series. This algebra of the collinear group and the 
dilations can be embedded in a higher-dimensional real plane, which is consistent with integrability of 
the self-dual Yang-Mills theory in this space. There exists a gauge such that the twistor action for 
supersymmetric gauge theories consists only of a nonlocal term representing maximum helicity 
violating vertices and the propagator for the anti-holomorphic derivative on twistor space yields a 
delta function that has support on sets of collinear points [40] 
 
 Twistor Form of N = 2 String Amplitudes 
 
The N = 2 string theory is formulated in a space-time of signature (2,2) and describes a self-dual N = 4 super-
Yang-Mills theory [41].   A higher-genus surface can be decomposed into a topological sum of thrice-punctured 
spheres and connecting cylinders allowing a twistor description.    In the Euclidean metric, the open string field 
theory formulated on CP3 is 
 
 

                                               
                                                
where the expectation value refers to the integral over four-dimensional spatial and Grassmann coordinates,  A is 
the string field defined by   
 

 

 

 
 
with    being a coordinate on ℂℙ1,   
 

 
 [42], yielding the component action   
 

 
 
[43]. It has been demonstrated that string amplitudes may be derived from a holomorphic Chern-Simons theory 
on twistor space [44].  The N = 2 open string amplitudes [45] then can be expressed in the twistor formalism.  It 
follows then that a one-loop n-point amplitude in twistor space would be 
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where LAB  is the line between ZA and  ZB corresponding to (x, θ) in the supertwistor space, the lines 

and   pass through { i }, the propagator in twistor space is 
 

 
 and  * refers the the twistor at infinity Z *   and  represents the ith vertex operator defined 
through the expansion of the N = 2 string fields in the action [46]. 
 
The action representing a nonlinear sigma model on the supersphere S (2,2) arising from the supersymmetric 
Hopf fibration, U(1) → S(3,2) → S(2,2) has been constructed [47]. The integrability of the supersymmetric 
generalization of the theory with the fibre S7 would verify its finiteness in contrast with the problems related to 
Borel summability of the perturbation series in quantum chromodynamics. The integrability of the 
supersymmetric generalization of the theory described by action in Eq. (32) may be contrasted with the 
problems related to Borel summability of the perturbation series in quantum chromodynamics [48] [49] in the 
bosonic sector. Even though the spectrum of the closed symmetric N = 2 string consists of a single massless 
scalar, it is increased in the N = 2 heterotic string theory to a set of particles corresponding to the sum of the 
number of elements of a self-dual even lattice in 24 dimensions and the 24 internal oscillations, and the 
existence of an invariant null vector causes the reduction of the effective field theory to two or three dimensions 
still allows the dynamics to occur in an embedding four-dimensional space-time through a local variation of the 
null vector [50]. Since the signatures of the submanifolds are (1, 1) and (1, 2) respectively, and embedding in a 
manifold with Lorentzian signature is feasible, which would be equivalent to a Wick rotation of one of the time 
coordinates in the geometry of (2,2) signature. The calculations of the amplitudes may be extended to a larger 
number of vertex operators by not utilizing methods of cancellation of the amplitudes of massless scalars 
describing self-dual Yang-Mills fields. The twistor formulation then may be derived from the AdS5 x S5 
superstring [51] [52], the restriction of N=2 string amplitudes of the form given in Eq.(33) to a 
nonsupersymmetric sector and gauge/string duality [53]. 
 
CONCLUSION 
 
The twistor formulation of superstring theory can be defined such that the spin of the physical state is given. It 
arises as a constraint in the spinning twistor action. The description of elementary particles with spin is 
supported by a physical two-dimensional spherical model. The fields in this ten-dimensional action may be 
expanded in spherical harmonics on the space of lightlike lines. When reduced to four dimensions, the spherical 
harmonics representing particles with spin would be defined on the sphere S2. Therefore, the identification of the 
spherical model of the particle follows. It remains to establish the relation with the action of rotating superstring 
state for a charged particle. The charge density would appear to be uniformly distributed over a sphere for a 
sufficiently rapid rotation.. The formula for the mass in terms of the charge on the sphere [54] in the Lorentz 
model of an elementary particle such as the electron could be compared with the parameters of the twistor 
string. The equation for the tension of the heterotic string and the gauge coupling must be extended to energies 
for which the strength of the electromagnetic force achieves its value in elementary particle phenomenology. 
 
Since the boundary values must be equated to super-Yang-Mills fields on Minkowski space-time, the twistors on 
I in the conformally compactified five-dimensional antide Sitter space must be conformally tranformed to 
twistors on Minkowski space-time to determine the components. The massless fields of the super-Yang-Mills 
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theory then may be derived after the mapping supersymmetry transformation rules on I to a flat Lorentzian 
manifold. 
 
REFERENCES                                                                                
 
[1]. E. Witten, Twistor-Like Transform in Ten Dimensions, Nucl. Phys. B266 (1986) 245-264.  
[2]. I. V. Volovich, Super-selfduality for Supersymmetric Yang-Mills Theory, Phys. Lett. B123 (1983) 329-

331. 
[3]. C. Devchand, Integrability on Lightlike Lines in Six-Dimensional Superspace, Z. Phys. C32 (1986) 

233-236.  
[4]. I. Kaplansky, Three-Dimensional Division Algebras, J. Algebra 40 (1976) 384- 391.  
[5]. R. E. McRae, On the Theory of Division Algebras, Lin. Alg. Appl. 119 (1989) 121-128.  
[6]. D. G. Glynn, On Finite Division Algebras, J. Comb. Theory Ser. A 44 (1987) 253-266.  
[7]. M. Koca and N. Ozdes, Division Algebras with Integral Elements, J. Phys. A22 (1989) 1469-1493.  
[8]. L. Brink, M. Cederwall and C. R. Preitschopf, N=8 Superconformal Algebra and the Superstring, Phys. 

Lett. B311 (1993) 76-82. 
[9]. N. Berkovits, A Geometrical Interpretation for the Symmetries of the GreenSchwarz Superstring, Phys. 

Lett. B241 (1990) 497-502.  
[10]. F. Delduc, A. Galperin, P. Howe and E. Sokatchev, A Twistor Formulation of the Heterotic D = 10 

Superstring with Manifest (8,0) Worldsheet Supersymmetry, Phys. Rev. D47 (1993) 578-593.  
[11]. S. Davis, String Compactifications and Regge Trajectories for the Resonances of the Strong 

Interactions, Int. J. Pure Appl. Math. 70 (2011) 25-38.  
[12]. S. Davis, A Constraint on the Geometry of Yang-Mills Theory, J. Geom. Phys. 4 (1987) 405-415.  
[13]. M. Cederwall, Introduction to Division Algebras, Sphere Algebras and Twistors, Talk presented at the 

Theoretical Physics Network Meeting at NORDITA, Copenhagen, September, 1993, hep-th/9310115.  
[14]. G. Landi and G. Marmo, Extensions of Lie Superalgebras and Supersymmetric Abelian Gauge Fields, 

Phys. Lett. 193 (1987) 61-66. 
[15]. J. M. Evans, Supersymmetric Yang-Mills Theories and Division Algebras, Nucl. Phys. B298 (1988) 

92-108. 
[16]. S. Davis, The Group E6 and the Formulation of String Theory, Bull. Pure and Appl. Sci., Section E: 

Math. and Stat. 32 (2013) 141-159. 
[17]. D. L¨ust and S. Theisen, Exceptional Groups in String Theory, Int. J. Mod. Phys. A4 (1989) 4513-

4533.  
[18]. M. Green, J. Schwarz and E. Witten, Superstring Theory, Vol. 2, Cambridge University Press, 

Cambridge, 1987.  
[19]. A. P. Balachandran, G. Marmo, B.-S. Skagerstam and A. Stern, Gauge Symmetries and Fibre Bundles, 

Lect. Notes Phys., Vol. 188, Springer-Verlag, Berlin, 1983. 
[20]. W. Siegel, Untwisting the Twistor Superstring, hep-th/0404255. 
[21]. A. Ferber, Supertwistors and Superconformal Supersymmetry, Nucl. Phys. B132 (1978) 55-64. 
[22]. I. A. Bandos, J. A. de Azcarraga and C. Miguel-Espanya, Superspace Formulations of the 

(Super)twistor String, J. High Energy Phys. 0607 (2006) 005:1-23. 
[23]. G. Chalmers and W. Siegel, The Self-Dual Sector of QCD Amplitudes, Phys. Rev. D54 (1996) 7628.  
[24]. E. Witten, Perturbative Gauge Theory as a Theory in Twistor Space, Commun. Math. Phys. 252 (2004) 

189.  
[25]. S. W. Hawking, The Boundary Conditions for Gauged Supergravity, Phys. Lett. B126 (1983) 175-177.  
[26]. S. Vidussi, Some Remarks on the Cohomology of SU(3) Gauge Orbit Space, Diff. Geom. Appl. 7 

(1997) 29-33.  
[27]. J. Harnad, J. Hurtubise, M. Legare and S. Shnider, Constraint Equations and Field Equations in 

Supersymmetric N = 3 Yang-Mills Theory, Nucl. Phys. B256 (1985) 609-620.  
[28]. L. Brink, J. H. Schwarz and J. Scherk, Supersymmetric Yang-Mills Theory, Nucl. Phys. B121 (1977) 

77-92.  
[29]. [29] B. Grossman, T. Kephart and J. Stasheff, Solutions to Yang-Mills Field Equations in Eight 

Dimensions and the Last Hopf Map, Commun. Math. Phys. 96 (1984) 431-437. 
[30]. S. Fubini and H. Nicolai, The Octonionic Instanton, Phys. Lett. B155 (1985) 369-372.  
[31]. S. Davis, The Unification of Symmetries in the Bosonic and Fermionic Sectors of the Strong 

Interactions, RFSC-14-37.  
[32]. J. M. Evans, Auxiliary Fields for Super-Yang-Mills from Division Algebras, Lect. Notes Phys. 447 

(1995) 218-223. 



 Simon Davis  
 

13 Bulletin of Pure and Applied Sciences  
Vol. 40-D (Physics), No.1 / January-June 2021 

 

[33]. S. Davis, Connections and Generalized Gauge Transformations, Int. J. Geom. Meth. Mod. Phys. 2 
(2005) 505-542.  

[34]. M. Eastwood, Supersymmetry, Twistors, and the Yang-Mills Equations, Trans. Amer. Math. Soc. 301 
(1987) 615-635. 

[35]. V. P. Nair, Chern-Simons, WZW Models, Twistors and Multigluon Scattering Amplitudes, Lecture 
Notes, 2005.  

[36]. M. Wolf, A Connections between Twistors and Superstring Sigma Models on Coset Superspaces, J. 
High Energy Phys. 0909 (2009) 071:1-18.  

[37]. F. Delduc, A. Galperin, P. Howe and E. Sokatchev, A Twistor Formulation of the Heterotic D = 10 
Superstring with Manifest (8, 0) Worldsheet Supersymmetry, Phys. Rev. D47 (1993) 578-593.  

[38]. M. de Roo, H. Suelmann and A. Wiedemann, The Supersymmetric Effective Action of the Heterotic 
String in Ten Dimensions, Nucl. Phys. B405 (1993) 326-366.  

[39]. A. Belitsky, V. M. Braun, A. S. Gorsky and G. P. Korchemsky, Integrability in QCD and Beyond, Int. J. 
Mod. Physics A19 (2004) 4715-4788. 

[40]. T. Adamo and L. Mason, MHV Diagrams in Twistor Space and the Twistor Action,. Phys. Rev. D86 
(2012) 065019:1-30.  

[41]. W. Siegel, N=2(4) String Theory is Selfdual N = 4 Yang-Mills Theory, Phys. Rev. D46 (1992) 3235-
3238.  

[42]. O. Lechtenfeld and A. D. Popov, Supertwistors and Cubic String Field Theory for Open Strings, Phys. 
Lett. B598 (2004) 113-120.  

[43]. E. Witten, Perturbative Gauge Theory as a String Theory in Twistor Space, Commun. Math. Phys. 252 
(2004) 189-258.  

[44]. W. Siegel, “ N = 2(4) String Theory is Selfdual N = 4 Yang-Mills Theory”, Phys. Rev. D46, pp.3235-
3238, 1992. 

[45]. O. Lechtenfeld and W. Siegel, N=2 Worldsheet Instantons yield Cubic Self-Dual Yang-Mills, Phys. 
Lett. B405 (1997) 49-54. 

[46]. N. Berkovits and W. Siegel, Covariant Field Theory for Self-Dual Strings, Nucl. Phys. B505 (1997) 
139-152.  

[47]. S. K¨urkc¨o˘glu, Non-linear Sigma Model on the Fuzzy Supersphere, J. High Energy Phys. 0403 (2004) 
062: 1-11.  

[48]. J. Fisher, Large-Order Estimates in Perturbative QCD and Non-BorelSummable Series, Fortschritte der 
Physik 42 (1994) 665-688.  

[49]. I. Caprini, J. Fisher, G. Abbas, B. Ananthanarayan, Perturbative Expansions in QCD Improved by 
Conformal Mappings of Borel Plane, Perturbation Theory: Advances in Research and Applications, 
Nova Science Publishers, Hauppauge, 2018.  

[50]. H.Ooguri and C. Vafa, N=2 Heterotic Strings, Nucl. Phys. B367 (1991) 83-104.  
[51]. G. Arutyunov and S. Frolov, Foundations of the AdS5xS5 Superstring, I, J. Phys. A: Math. Theor. 42 

(2009) 254003: 1-121.  
[52]. F. Delduc, M. Magro and B. Vicedo, An Integrable Deformation of the AdS5xS5 Superstring Action, 

Phys. Rev. Lett. 112 (2014) 051601:1-5.  
[53]. N. Beisert, et. al. , Review of AdS/CFT Integrability: An Overiew, Lett. Math. Phys. 99 (2012) 3-32.  
[54]. H. A. Lorentz, Electromagnetic Phenomena in a System moving with any Velocity less than that of 

Light, Proc. Acad. Science Amsterdam IV (1904) 669-678. 
 
How to cite this article: Davis, S. (2021). Twistors and the Amplitudes in the Integrable Sector of Superstring 
Theory. Bulletin of Pure and Applied Sciences- Physics, 40D (1), 1-13. 

 


