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We introduce the θ-twistor, which is a new supersymmtric generalization of the Penrose twistor and is also 
alternative to the supertwistor. The θ-twistor is a triple of spinors including the spinor θ extending the Penrose’s 
double of spinors. Using the θ-twistors yields an infinite chain of massless higher spin chiral supermultiplets (1/2,1), 
(1,3/2), (3/2,2),…,(S,S+1/2) generalizing the known scalar (0,1/2) supermultiplet. 
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1. INTRODUCTION 
The (super) twistor tools [1-3] essentialy simplify 

the calculation of multigluon amplitudes [4-7] and 
sharpen a traditional interest to the search of the twistor 
role in physics and mathematics [8-13].The supertwistor 
[2] is a triple including two commuting spinors and the 
anticommuting scalar η=ναθα fixing the contribution of 
the spinor superspace coordinate θα by only its 
projection on the Penrose spinor να [1]. As a result, the 
chiral supermultiplet in the supertwistor description 
looses its auxiliary F-field and supersymmetry 
transformations close on the mass-shell of the Dirac 
field. This problem is solved here using an alternative 
way for the twistor supersymmetrization that preserves 
all the θα components by the introducing a new super 
triple in D=4 N=1 superspace named the θ-twistor who 
includes three spinors forming a nonlinear 
supersymmetry representation [14]. We establish that 
both the θ-twistor and supertwistor appear as the 
general solutions of two different supersymmetric and 
Lorentz covariant constraints generalizing the known 
chirality constraint in the superspace extended by the 
Penrose’s spinor . Using the θ-twistor restores the 
desired F-field at the chiral supermultiplet (0,1/2). 
Moreover, it makes possible to reveal an infinite chain 
of massless higher spin chiral supermultiplets (1/2,1), 
(1,3/2), (3/2,2),…,(S,S+1/2) generalizing the well-
known scalar supermultiplet (0,1/2). 
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2. THE SUPERTWISTOR 
A commuting Weyl spinor  belonging to the 

Penrose spinor double 
αν

), α
α ων �(  is inert under the 

transformations of D=4 N=1 supersymmetry  
.0),(2, =−== ααααααααα δνεθθεδεδθ ��� ix (1) 

The supertwistor [2] is naturally introduced starting from 
the complex superspace ),,( αααα θθ ��y  and using the 
supersymmetric Cartan-Volkov differential one-form 
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If we have the invariant vector form  (2) and Weyl 
spinors 

ααω �

αα νν �,  one can construct the scalar invariant 
form )( ννω=s  [15, 16] that may be presented as  

,),()( AA ZdiZZdZss −==≡ ννω  

where the triples  and AZ AZd  unify αα νν �,  with the 
composite coordinates ηηαα ,,, �qq  
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The triples  and AZ AZ  coincide with the 
supetwistor and its c.c. first proposed in [2] to be a 
supersymmetric generalization of the projective Penrose 
twistor. Then the supertwistor space is defined as a 
complex projective superspace equipped with the 
invariant bilinear form )',( ZZs  

,0'4''')',( =−+−=−≡ ηηνν αααα iqqZiZZZs AA ��  (4) 

where the triple AZ '  is given by (3) with ν' substituted 
for ν 

.'',''),'2,','(' αααααααα θνηνην ==≡ ��� yqqiZ A  

It was shown in [2] that the null form (4) is invariant 
under the superconformal symmetry. Below we propose 
an alternative supersymmetric generalization of the 
Penrose twistor. 

3. THE Θ-TWISTOR 
Here we introduce an alternative supersymmetric 

triple including three spinors. This possibility is provided 
by the existence of the new composite spinor  

produced by the right multiplication of  (2) by 
αl

αα �y αν �  
contrarily to the left multiplication generating α�q  (3) 
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The transformation law of l  (5) under the 
supersymmetry (1) is nonlinear  
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and yields a new supersymmetry representation formed 
by a complex spinor triple   AΞ
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which we call the θ-twistor. The square form (4) 
expressed in terms of  and AΞ AΞ  (7) 
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becomes a nonlinear form in the θ-twistor space 
invariant under supersymmetry and Lorentz symmetry. 
The generators of the supersymmetry transformations 
(6) take the form  
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with their anticommutator closed by the vector 
generator 
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It is easy to see that the nonlinear null form (8) defining 
the Ξ-space is also invariant under the scaling and phase 
transformations of the θ-twistor components  
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described by the complex parameter . 
Also (8) is invariant under the independent  rotations 

of  and 

IR iϕϕϕ +=

5γ
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There is an alternative way to reveal the supertwistors 
and the θ-twistors. One can observe that supertwistor 
appears as the general solution of the supersymmetric 
constraints  

);,(0),,( θθθα yFFxFD =→=�  

)(0),,( AZFFyFD =→=νθν α
α  

in the chiral superspace  complemented by 

the even spinor , where 

),( ααα θ�y

αν )A(ZF  is superfield 

depending on the supertwistor AZ . Conversely, the θ-
twistor is associated with the general solution of other 
supersymmetric constraints in the chiral space 
complemented by αν �   
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The object of our further investigation is the space of 
superfunctions  (10) depending on the Ξ-triple. )( AF Ξ

4. MASSLESS CHIRAL SUPERMULTIPLETS 
OF HIGHER SPIN FIELDS 

The superfields )( AZF  and  describe 
massless supermultiplets because they satisfy to the 
Klein-Gordon equations  

)( AF Ξ
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where  
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The component expansion of the analytical function 
F(Ξ) in the Ξ-triple space defined by  

),(),,()( 0 ββββααα ννθν ���� iyfilFF −=−≡Ξ  
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where ,
2
1 2θεθθ αββα =  preserves the desired 

auxiliary field f2 vanishing in the supertwistor 
description. The contour integral generalizing the 
Penrose's supertwistor integral is given by  
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where F(Ξ) is supposed to have the degree of 
homogeneity equal –2(S+1) and the ν -contour 
encloses the singularities of F for each fixed point (y,θ). 
Inserting (11) into (12) we get  
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with  and  satisfying the 

chiral Dirac equations  
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The further expansion of Φ  (13) at the 
point  is given by  
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where the term )(
2
1 21

0
22 xf Sαα

γγγγθθ �…�
�� ∂∂  was 

droped because of the zero mass constraint  

.0)(0),( 2121 0 =∂∂→=Φ∂∂ xfy SS mmmm
αααα θ �…��…�  

For sewing together of these results with the well-
known case S=0 corresponding to the scalar 
supermultiplet let us rename the component f-fields by 
the letters used in [17]  

;22 21210
"�…��…� AAf SS ≡= αααα  

;22 21212
"�…��…� FFf SS ≡= αααα  (14) 
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where (···) . Then we find the superfield )( 21 Sαα �…�≡

),θ(
2

1 y"Φ  to describe the massless chiral multiplet 

[17] for the case S=0. For S≠0 the superfield (13) 
represents  the chiral supermultiplets of massless higher 
spin fields with the particle spin content  

)
2
1,(,),2,

2
3(),

2
3,1(),1,

2
1( +SS…  

accompanied by the corresponding auxiliary fields for 
any integer or half-integer spin S=1/2,1,3/2,2,… The 
supersymmetry transformations for the higher spin 
multiplet (13) presented in the notations (14) take the 
form  

),~(2,2 """" ψσεδψεδ λ
λ m

miFA ∂==  
""" FAi m

m λλλ εεσδψ 2)(2 +∂=  (15) 

and coincide with the transformation rules for the S=0 
chiral multiplet of the weight  
n=1/2 [17] if we put  and  
in the relations (15). 

FFAA == "" , λλ ψψ ="

As it was noted the θ-twistor superspace is invariant 
under the axial rotations (9) and one can consider these 
phase transformations as inducing the R-symmetry 
transformations for the superfield F(Ξ) (11)  

),,(),,(' 2 αααϕαϕαα θνθν �� ilFeeilF ini −=− , 

where n is the correspondent R number. Then taking 
into account the representation (12) we get the R-
symmetry transformation of the generalized chiral 
superfield   ),(21 θαα yS�…�Φ

),(),(' 2121 2 θθ ϕααϕαα iin eyey SS −Φ=Φ �…��…� . 

So, one can expect that new renormalizable Lagrangians 
may be constructed using these higher spin superfields. 

5. CONCLUSION 
Proposed is the new supersymmetric generalization 

of the Penrose twistor generating the θ-twistor. As a 
new mathematical object the θ-twistor deserves to be 
studied both in its own rights and in further physical 
applications. A creative charge of the θ-twistor was here 
illustrated by the production of an infinite chain of 
higher spin chiral supermultiplets generalizing the 
massless scalar supermultiplet. The new chiral 
superfields may be used for the construction of new 
physically interesting models because the studied here 
D=4, N=1 example has direct generalization to the case 
of extended supersymmetries by the change 

i
aθθθ αα →),( �  and to higher dimensions 

D=2,3,4(mod8) by analogy with the supertwistors 
[2,3,18]. 
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Θ-ТВИСТОР КАК АЛЬТЕРНАТИВА СУПЕРТВИСТОРУ 

А.А. Желтухин 

Вводится θ-твистор, являющийся новым суперсимметричным обобщением твистора Пенроуза, 
альтернативным супертвистору. θ-твистор является триплетом спиноров, включающим спинор θ, который 
расширяет дублет спиноров Пенроуза. Использование θ-твисторов приводит к бесконечной цепочке 
безмассовых киральных супермультиплетов высших спинов (1/2,1), (1,3/2), (3/2,2),…,(S,S+1/2), 
обобщающих известный скалярный (0,1/2) супермультиплет. 

 
 

Θ-ТВІСТОР ЯК АЛЬТЕРНАТИВА СУПЕРТВІСТОРУ 

О.О. Желтухін 

Вводиться θ-твистор, що є новим суперсиметричним узагальненням твістора Пенроуза, альтернативним 
супертвістору. θ-твістор є триплетом спінорів, що включає спінор θ, який розширює дублет спінорів 
Пенроуза. Використання θ-твісторів приводить до нескінченого ланцюжку безмасових кіральних 
супермультиплетів вищих спінів (1/2,1), (1,3/2), (3/2,2),…,(S,S+1/2), які узагальнюють відомий скалярний 
(0,1/2) супермультиплет. 
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