arXiv:1210.0715v2 [hep-th] 5 Oct 2012

A NOTE ABOUT FERMIONIC EQUATIONS OF ADS_4 × C P^3 SUPERSTRING

D.V. Uvarov

NSC Kharkov Institute of Physics and Technology, Kharkov, 61108, Ukraine.

E-mail: d uvarov@hotmail.com

It is proved that when 8 fermions associated with the supersymmetries broken by the AdS_4 × C P^3 superbackground are gauged away by using the κ−symmetry corresponding equations obtained by variation of the AdS_4 × C P^3 superstring action are contained in the set of fermionic equations of the OSp(4|6)/(SO(1, 3) × U(3)) sigma-model.

Keywords: AdS_4 × C P^3 superstring; OSp(4|6)/(SO(1, 3) × U(3)) sigma-model; osp(4|6) superalgebra; equations of motion

1 Introduction

The motivation for studying IIA superstring theory on the AdS_4 × C P^3 superbackground comes from the AdS_4/CF T_3 correspondence in the formulation by Aharony, Bergman, Jafferis and Maldacena [1] conjecturing that in the limit k^5 ≫ N ≫ 1 it describes gravity dual of the D = 3 N = 6 superconformal Chern- Simons-matter theory with U(N)_k × U(N)_{−k} gauge symmetry. In contrast to the maximally supersymmetric AdS_5 × S^5 superbackground on which propagates the IIB superstring involved into the AdS_5/CF T_4 correspondence [2] the AdS_4 × C P^3 superbackground preserves only 24 of 32 space-time supersymmetries that complicates the structure of the superstring action [3] and verification of the duality conjecture (for recent review see, e.g. [4]).

However, within the AdS_4 × C P^3 superspace there exists a (10|24)−dimensional subsuperspace isomorphic to the OSp(4|6)/(SO(1, 3) × U(3)) supercoset manifold on which the 2d sigma-model can be constructed [5], [6] using the supercoset approach elaborated to obtain the AdS_5 × S^5 superstring action [7]-[10]^1. One of important properties of such a OSp(4|6)/(SO(1, 3) × U(3)) sigma-model is that its equations of motion are manifestly classically integrable [5], [6] similarly to the AdS_5 × S^5 superstring case [12]. The OSp(4|6)/(SO(1, 3) × U(3)) sigmamodel action is known to arise from the complete AdS_4 × C P^3 superstring action [3] when 8 fermionic coordinates associated with the broken supersymmetries are gauged away. As usual when imposing the gauge conditions on the level of the action non-trivial equations of motions for the gauged out variables should not be lost. It was proved in [13] that to leading order in the fermionic coordinates parametrizing the OSp(4|6)/(SO(1, 3) × U(3)) supermanifold corresponding equations of the AdS_4 × C P^3 superstring constitute a subset of fermionic equations of the OSp(4|6)/(SO(1, 3)×U(3)) sigma-model. Here using that the OSp(4|6)/(SO(1, 3) × U(3)) sigma-model equations are formulated in terms of the osp(4|6) Cartan forms we give a parametrization independent proof i.e. to all orders in the fermionic coordinates.

Organization of this note is the following. After recalling the Z_4−grading of the osp(4|6) superalgebra that is relevant to constructing geometric constituents of the OSp(4|6)/(SO(1, 3)×U(3)) superspace we prove that equations of motion corresponding to variation of the action of massless AdS_4 × C P^3 superparticle on 8 fermionic superspace coordinates associated with the supersymmetries broken by the superbackground in the limit when those coordinates are put to zero are contained in the set of fermionic equations for the massless superparticle on the OSp(4|6)/(SO(1, 3)×U(3)) supermanifold. The proof is then generalized to the case of AdS_4 × C P^3 superstring.

2 osp(4|6) superalgebra and OSp(4|6)/(SO(1, 3)× U(3)) supermanifold

At the heart of group-theoretic approach to description of geometry of symmetric coset spaces G/H lies identification of the g/h coset Cartan forms with the vielbein components and of the stability algebra h Cartan forms with the connection 1-form of the manifold G/H. For the supercoset manifolds like OSp(4|6)/(SO(1, 3)× U(3)) one on which the classically integrable sigmamodels can be defined [12], [14]-[17] important role is

1Another approach to the description of OSp(4|6)/(SO(1, 3) × U(3)) sigma-model based on introduction of the pure spinor variables was considered in [11].

played by Z_4 automorphism of the isometry superalgebra g that generalizes Z_2 automorphisms of the isometry algebras of corresponding bosonic coset manifolds. So that the (anti)commutation relations of g can be cast into the Z_4−graded form

[g_{(j)}, g_{(k)}} = g_{(j+k)mod4} (1)

with all the generators divided into 4 eigenspaces according to their Z_4 eigenvalues

Υ(g_{(k)}) = i^kg_{(k)}, k = 0, 1, 2, 3. (2)

For the osp(4|6) superalgebra relevant Z_2−graded form of so(2, 3) ∼ sp(4) and su(4) ∼ so(6) isometry algebras of AdS_4 = SO(2, 3)/SO(1, 3) and C P^3 = SU(4)/U(3) manifolds is given by the relations

[M_0′_m′ , M_0′_n′ ] = M_m′_n′ , [M_m′_n′ , M_0′_k′ ] = η_n′_k′ M_0′_m′ − η_m′_k′ M_0′_n′ , [M_k′_l′ , M_m′_n′ ] = η_k′_n′ M_l′_m′ − η_k′_m′ M_l′_n′ − η_l′_n′ M_k′_m′ + η_l′_m′ M_k′_n′ . (3)

and [T_a, T^b] = i(V_a^b + δ^b_aV_c^c), [T_a, V_b^c] = −iδ^c_aT_b, [T^a, V_b^c] = iδ^a_b T^c, [V_a^b, V_c^d] = i(δ^b_cV_a^d − δ^d_aV_c^b). (4)

The so(2, 3) generators M_0′_m′ and M_m′_n′ (m^′, n^′ = 0, ..., 3) are related to the D = 3 conformal group generators as

M_0′_m =^1_2 (P_m + K_m), M_0′_3 = −D,

M_{3m} =^1_2 (K_m − P_m). (5)

Thus the g_{(0)} eigenspace is spanned by the generators M_m′_n′ and V_a^b, while g_{(2)} by the generators M_0′_m′ and T_a, T^a. Using the isomorphism between the osp(4|6) superalgebra and D = 3 N = 6 superconformal algebra that is the symmetry algebra of the ABJM gauge theory [18] one can span g_{(1)} and g_{(3)} eigenspaces by

Q_{(1)}^a_μ = Q^a_μ + iS^a_μ, Q̄_{(1)μa} = Q̄_{μa} − iS̄_{μa}; Q_{(3)}^a_μ = Q^a_μ − iS^a_μ, Q̄_{(3)μa} = Q̄_{μa} + iS̄_{μa}, (6)

where Q^a_μ, Q̄_{μa} and S^a_μ, S̄_{μa} are the generators of D = 3 N = 6 super-Poincare and superconformal symmetries carrying SL(2, R) spinor index μ = 1, 2 and SU(3) (anti)fundamental representation index a = 1, 2, 3 in accordance with the decomposition of SO(6) vector on the SU(3) representations 6 = 3 ⊕ ¯3.

Left-invariant osp(4|6) Cartan forms in conformal basis are defined by the relation [19]

C(d) = G^{−1}dG = ω^m(d)P_m + c^m(d)K_m

+ Δ(d)D + Ω_a(d)T^a + Ω^a(d)T_a + ω^μ_a (d)Q^a_μ + ω̄^{μa}(d)Q̄_{μa} + χ_{μa}(d)S^{μa} + χ̄^a_μ(d)S̄^μ_a + G^{mn}(d)M_{mn} + Ω_a^b(d)V_b^a. (7)

By analogy with the osp(4|6) generators they can be arranged in the form

C(d) = C_{(0)} + C_{(2)} + C_{(1)} + C_{(3)}, (8)

where each summand takes value in respective eigenspace under the Z_4 grading

C_{(0)} = 2G^{3m}M_{3m} + G^{mn}M_{mn} + Ω_a^bV_b^a,

C_{(2)} = 2G^{0′m}M_0′_m + ΔD + Ω_aT^a + Ω^aT_a,

C_{(1)} = ω_{(1)}^μ_a Q_{(1)}^a_μ + ω̄_{(1)}^{μa}Q̄_{(1)μa},

C_{(3)} = ω_{(3)}^μ_a Q_{(3)}^a_μ + ω̄_{(3)}^{μa}Q̄_{(3)μa}. (9)

So that the Cartan forms G^{0′ m}(d) =^1_2 (ω^m(d)+c^m(d)), Δ(d) and Ω_a(d), Ω^a(d) associated with the g_{(2)} generators are identified with the OSp(4|6)/(SO(1, 3)×U(3)) supervielbein bosonic components and fermionic Cartan forms ω_{(1)}^μ_a (d) =^1_2 (ω^μ_a (d) + iχ^μ_a (d)),

ω_{(3)}^μ_a (d) =^1_2 (ω^μ_a (d) − iχ^μ_a (d))

(10)

and c.c. are identified with the OSp(4|6)/(SO(1, 3) × U(3)) supervielbein fermionic components. Accordingly Cartan forms for the g_{(0)} generators G^{3m}(d) = −^1_2 (ω^m(d) − c^m(d)), G^{mn}(d) and Ω_a^b(d) are identified with the connection 1-form on the OSp(4|6)/(SO(1, 3) × U(3)) supermanifold.

3 OSp(4|6)/(SO(1, 3) × U(3)) superparticle

Massless superparticle action on the OSp(4|6)/ (SO(1, 3) × U(3)) supercoset manifold [6]

S_{sp} = ∫ dτ e (G_τ^{0′}_mG_τ^{0′ m} + Δ_τ Δ_τ + Ω_{τ a}Ω_τ^a), (11)

constructed out of the world-line pullbacks of Cartan forms from the C_{(2)} eigenspace, is by definition invariant under the OSp(4|6) global symmetry acting as the left group multiplication on G ∈ OSp(4|6)/(SO(1, 3) × U(3)). Action variation w.r.t. Lagrange multiplier e(τ) produces the mass-shell constraint

G_τ^{0′}_mG_τ^{0′ m} + Δ_τ Δ_τ + Ω_{τ a}Ω_τ^a = 0. (12)

Applicability of the supercoset approach implies that Ω_{τ a} ≠ 0 [5], [3] so that G_τ^{0′}_mG_τ^{0′m} + Δ_τ Δ_τ ≡ G_τ · G_τ + Δ^2_τ ≠ 0.

Variation of the action (11) is contributed by variations of the constituent so(2, 3)/so(1, 3) ⊕ su(4)/u(3) Cartan forms that can be obtained from the general expression δF(d) = di_δF + i_δdF (13) upon substitution in the second summand Maurer- Cartan equations for C_{(2)} Cartan forms [19] dG^{0′ m}− 2G^{3m} ∧ Δ − 2G^{mn} ∧ G^{0′}_n + 2iω_{(1)}^μ_a ∧ σ^m_{μν}ω̄_{(1)}^{νa} + (1 ↔ 3) = 0,

dΔ+ 2G^{3m} ∧ G^{0′}_m

+ 2ω_{(1)}^μ_a ∧ ω̄_{(1)}^a_μ − (1 ↔ 3) = 0, dΩ^a+ iΩ^b ∧ (Ω_b^a + δ^a_b Ω_c^c) − 2iε^{abc}ω_{(1)}^μ_b ∧ ω_{(1)μc} + (1 ↔ 3) = 0, dΩ_a+ i(Ω_a^b + δ^b_aΩ_c^c) ∧ Ω_b − 2iε_{abc}ω̄_{(1)}^{μb} ∧ ω̄_{(1)μ}^c + (1 ↔ 3) = 0.

(14)

Then taking the contractions of the Cartan forms (8) with the variation symbol i_δ as independent parameters yields the set of superparticle equations of motion [20].

Here we concentrate on the fermionic equations that can be brought to the form

M_{(1)τ}^μ_â^{b̂}_ν ( ω_{(1)τ}^ν_b ω̄_{(1)τ}^{νb} ) = 0 (15)

where the 12 × 12 matrix M_{(1)τ}^μ_â^{b̂}_ν of rank 8 equals ( δ^b_am_τ^μ_ν −iδ^μ_ν ε_{acb}Ω_τ^c −iδ^μ_ν ε^{acb}Ω_{τ c} −δ^a_b m̄_τ^μ_ν ) (16)

and 2 × 2 matrices

m_τ^μ_ν = −iG_τ^{0′ m}σ_m^μ_ν + Δ_τ δ^μ_ν , m̄_τ^μ_ν = iG_τ^{0′m}σ_m^μ_ν + Δ_τ δ^μ_ν

(17)

obey the relation

m_τ^μ_νm̄_τ^ν_λ = δ^μ_λ (G_τ · G_τ + Δ^2_τ ). (18)

Similarly equations for Cartan forms corresponding to the generators from the g_{(3)} eigenspace read

M_{(3)τ}^μ_â^{b̂}_ν ( ω_{(3)τ}^ν_b ω̄_{(3)τ}^{νb} ) = 0 (19)

with

M_{(3)τ}^μ_â^{b̂}_ν = ( −δ^b_am̄_τ^μ_ν iδ^μ_ν ε_{acb}Ω_τ^c iδ^μ_ν ε^{acb}Ω_{τ c} δ^a_b m_τ^μ_ν ) . (20)

At the same time since the OSp(4|6)/(SO(1, 3) × U(3)) superparticle action comes about upon gauging away 8 coordinates from the broken supersymmetries sector in the action for massless superparticle on the AdS_4 × C P^3 superbackground [20] that can be viewed as the zero-mode limit of the AdS_4 × C P^3 superstring [3] or the mass-to-zero limit of the D0-brane [21] the equations of motion for gauged away fermions require special attention. It appears that they are non-trivial and can be brought to the form [20]

Ω_τ^bω_{(1,3)τ}^ν_b = Ω_{τ b}ω̄_{(1,3)τ}^{νb} = 0. (21)

Below we shall show that 8 equations (21) are contained in the set of equations (15), (19).

Consider in detail the system of equations (15). Applying rank 8 projection matrix

Π_{(1)} = ( δ^b_aδ^μ_ν −i^{mτ μ ν} G_τ ·G_τ +Δ^2_τ εacbΩτ c i^{m̄τ μ ν} G_τ ·G_τ +Δ^2_τ ε acbΩ_{τ c} δ^a_b δ^μ_ν )

(22) that satisfies Π^3_{(1)} − 3Π^2_{(1)} + 2Π_{(1)} = 0 and recalling that G_τ · G_τ + Δ^2_τ ≠ 0 allows to bring (15) to the block-diagonal form ( m_τ^μ_ν Ω_{τ a}Ω_τ^b 0 0 −m̄_τ^μ_ν Ω_τ^aΩ_{τ b} )( ω_{(1)τ}^ν_b ω̄_{(1)τ}^{νb} ) =0. (23) Further using (18) yields that the system (23) is equivalent to 4 equations

Ω_τ^bω_{(1)τ}^ν_b = Ω_{τ b}ω̄_{(1)τ}^{νb} = 0 (24)

coinciding with (21). Analogously it can be shown that the system (19) includes equations

Ω_τ^bω_{(3)τ}^ν_b = Ω_{τ b}ω̄_{(3)τ}^{νb} = 0. (25)

4 OSp(4|6)/(SO(1, 3) × U(3)) sigma-model

The OSp(4|6)/(SO(1, 3) × U(3)) sigma-model [5], [6] action in conformal basis for the osp(4|6)/(so(1, 3) × u(3)) Cartan forms can be written as [19]

S_{s−m} = ∫ d^2ξ(L_{kin} + L_{WZ}) (26)

with the kinetic and Wess-Zumino Lagrangians given by L_{kin} = −^1_2 γ^{ij} ( G^{0′ m}_i G_j^{0′}_m +Δ_iΔ_j +Ω_{ia}Ω_j^a ) = −^1_2 γ^{ij}

(_1 4 (ω_{im} + c_{im})(ω^m_j + c^m_j ) + Δ_iΔ_j + Ω_{ia}Ω_j^a)

(27) and L_{WZ} = −ε^{ij} ( ω_{(1)i}^μ_a ε_{μν}ω̄_{(3)j}^{νa} + (1 ↔ 3) ) = −^1_2 ε^{ij} ( ω_i^μ_a ε_{μν}ω̄_j^{νa} + χ_{iμa}ε^{μν}χ̄_j^a_ν ) . (28)

Fermionic equations of the OSp(4|6)/(SO(1, 3) × U(3)) sigma-model [5], [6] can be cast into the following form [19] generalizing superparticle equations (15), (19)

V^{ij}_+ M_{(1)i}^μ_â^{b̂}_ν ( ω_{(1)j}^ν_b ω̄_{(1)j}^{νb} ) = 0 (29) and V^{ij}_− M_{(3)i}^μ_â^{b̂}_ν ( ω_{(3)j}^ν_b ω̄_{(3)j}^{νb} ) = 0, (30)

where V^{ij}_± =^1_2 (γ^{ij} ±ε^{ij} ) are (anti)self-dual world-sheet projectors and 12 × 12 matrices that now also bear world-sheet vector index i = (τ, σ) are defined as

M_{(1)i}^μ_â^{b̂}_ν = ( δ^b_am_i^μ_ν −iδ^μ_ν ε_{acb}Ω_i^c −iδ^μ_ν ε^{acb}Ω_{ic} −δ^a_b m̄_i^μ_ν ) (31) and M_{(3)i}^μ_â^{b̂}_ν = ( −δ^b_am̄_i^μ_ν iδ^μ_ν ε_{acb}Ω_i^c iδ^μ_ν ε^{acb}Ω_{ic} δ^a_b m_i^μ_ν ) . (32)

Apart from these equations similarly to the superparticle case there remain non-trivial equations for 8 fermions from the sector of broken supersymmetries that can be brought to the form [22]

V^{ij}_+ Ω_i^bω_{(1)j}^ν_b = V^{ij}_+ Ω_{ib}ω̄_{(1)j}^{νb} = 0,

V^{ij}_− Ω_i^bω_{(3)j}^ν_b = V^{ij}_− Ω_{ib}ω̄_{(3)j}^{νb} = 0.

(33)

In the remaining part of this section we shall show that they are contained in the set of fermionic equations (29), (30) of the OSp(4|6)/(SO(1, 3) × U(3)) sigmamodel.

Recalling that the action of the projectors V^{ij}_± on a vector can be factorized as

V^{ij}_± F_j = V^i_±F_∓ : V^i_± =^1_2 ( 1_{γτ σ ∓1} γ^{τ τ} ) , F_∓ = γ^{τ τ} F_τ + (γ^{τ σ} ± 1)F_σ

(34)

one can write Eqs. (29), (30) in the form

M_{(1)+}^μ_â^{b̂}_ν ( ω_{(1)−}^ν_b ω̄_{(1)−}^{νb} ) = 0 (35) and M_{(3)−}^μ_â^{b̂}_ν ( ω_{(3)+}^ν_b ω̄_{(3)+}^{νb} ) = 0, (36) where now

M_{(1)+}^μ_â^{b̂}_ν = ( δ^b_am_+^μ_ν −iδ^μ_ν ε_{acb}Ω_+^c −iδ^μ_ν ε^{acb}Ω_{+c} −δ^a_b m̄_+^μ_ν ) (37) and M_{(3)−}^μ_â^{b̂}_ν = ( −δ^b_am̄_−^μ_ν iδ^μ_ν ε_{acb}Ω_−^c iδ^μ_ν ε^{acb}Ω_{−c} δ^a_b m_−^μ_ν ) , (38)

that is similar to the superparticle equations (15), (19). Note that application of the projectors V^{ij}_± to the Virasoro constraints gives [19]

G_±^{0′}_mG_±^{0′m} + Δ^2_± + Ω_{±a}Ω_±^a = 0 (39)

generalizing the superparticle mass-shell condition (12) so that the matrices m_±^μ_ν can be shown to satisfy the relations

m_±^μ_νm̄_±^ν_λ = δ^μ_λ (G_± · G_± + Δ^2_±) (40)

generalizing (18). Thus repeating the analysis performed for the superparticle case we conclude that Eqs. (33) are contained in the system of OSp(4|6)/(SO(1, 3) × U(3)) sigma-model fermionic equations (29), (30).

5 Conclusion

We have proved that in the partial κ−symmetry gauge in which 8 fermionic coordinates corresponding to the supersymmetries broken by AdS_4 × C P^3 superbackground are set to zero equations of motion obtained by variation of the AdS_4 × C P^3 superstring action w.r.t to such coordinates are contained in the fermionic equations of the OSp(4|6)/(SO(1, 3) × U(3)) sigmamodel generalizing the argument of Ref. [13]. This provides yet another necessary consistency check of the OSp(4|6)/(SO(1, 3) × U(3)) sigma-model approach to the description of the certain sector of AdS_4 × C P^3 superstring dynamics and shows that in such a partial κ−symmetry gauge all the non-trivial equations of AdS_4 × C P^3 superstring can be reduced to those derivable from the OSp(4|6)/(SO(1, 3)×U(3)) sigma-model action.

The situation changes when the gauge condition is relaxed to allow non-trivial dynamics in the sector of broken supersymmetries. This lifts restrictions on admissible string motions imposed in the framework of the OSp(4|6)/(SO(1, 3) × U(3)) sigmamodel approach and also equations of motion for the fermions related to the broken supersymmetries become independent of those for the fermions associated with the unbroken supersymmetries of the background.

Both sets are involved in proving integrability of the AdS_4 × C P^3 superstring/superparticle equations beyond the OSp(4|6)/(SO(1, 3) × U(3)) supercoset [13], [23]^2, [22], [20].

Acknowledgement

The author is grateful to A.A. Zheltukhin for interesting discussions.

References

[1] Aharony O., Bergman O., Jafferis D.L.

and Maldacena J. 2008 JHEP 0810 091 [arXiv:0806.1218 [hep-th]].

[2] Maldacena J.M. 1998 Adv. Theor. Math. Phys. 2 231 [arXiv:hep-th/9711200].

Gubser S.S., Klebanov I.R. and Polyakov A.M. 1998 Phys. Lett. B 428 105 [arXiv:hep-th/9802109].

Witten E. 1998 Adv. Theor. Math. Phys. 2 253 [arXiv:hep-th/9802150].

[3] Gomis J., Sorokin D. and Wulff L. 2009 JHEP 0903 015 [arXiv:0811.1566 [hep-th]].

[4] Klose T. 2010 [arXiv:1012.3999 [hep-th]].

[5] Arutyunov G. and Frolov S. 2008 JHEP 0809 129 [arXiv:0806.4940 [hep-th]].

[6] Stefanski B.J. 2009 Nucl. Phys. B 808 80 [arXiv:0806.4948 [hep-th]].

[7] Metsaev R.R. and Tseytlin A.A. 1998 Nucl. Phys.

B 533 109 [arXiv:hep-th/9805028].

[8] Kallosh R., Rahmfeld J. and Rajaraman A. 1998 JHEP 9809 002 [arXiv:hep-th/9805217].

[9] Berkovits N., Bershadsky M., Hauer T., Zhukov S.

and Zwiebach B. 2000 Nucl. Phys. B 567 61 [arXiv:hep-th/9907200].

[10] Roiban R. and Siegel W. 2000 JHEP 0011 024 [arXiv:hep-th/0010104].

[11] Fre P. and Grassi P.A. [arXiv:0807.0044 [hep-th]].

Bonelli G., Grassi P.A. and Safaai H. 2008 JHEP 0810 085 [arXiv:0808.1051 [hep-th]].

D’Auria R., Fre P., Grassi P.A. and Trigiante M. 2009 Phys. Rev. D 79 086001 [arXiv:0808.1282 [hep-th]].

[12] Bena I., Polchinski J. and Roiban R. 2004 Phys.

Rev. D 69 046002 [arXiv:hep-th/0305116].

[13] Sorokin D. and Wulff L. 2010 JHEP 1011 143 [arXiv:1009.3498 [hep-th]].

[14] Polyakov A.M. 2004 Mod. Phys. Lett. A 19 1649 [arXiv:hep-th/0405106].

[15] Chen B., He Y.-L., Zhang P., Song X.-C. 2005 Phys. Rev. D 71 086007 [arXiv:hep-th/0503089].

[16] Adam I., Dekel A., Mazzucato L. and Oz Y. 2007 JHEP 0706 085 [arXiv:hep-th/0702083].

[17] Babichenko A., Stefanski B. and Zarembo K. 2010 JHEP 1003 058 [arXiv:0912.1723 [hep-th]].

[18] Bandres M.A., Lipstein A.E. and Schwarz J.H.

2008 JHEP 0809 027 [arXiv:0807.0880 [hep-th]].

[19] Uvarov D.V. 2009 Phys. Rev. D 79 106007 [arXiv:0811.2813 [hep-th]].

[20] Uvarov D.V. 2012 [arXiv:1205.5388 [hep-th]].

[21] Grassi P.A., Sorokin D. and Wulff L. 2009 JHEP 0908 060 [arXiv:0903.5407 [hep-th]].

[22] Uvarov D.V. 2012 Int. J. Mod. Phys. A 27 1250118 [arXiv:1203.3041 [hep-th]].

[23] Cagnazzo A., Sorokin D. and Wulff L. 2012 JHEP 1201 004 [arXiv:1111.4197 [hep-th]].

[24] Sorokin D., Tseytlin A., Wulff L. and Zarembo K. 2011 J. Phys. A 44 275401 [arXiv:1104.1793 [hep-th]].

[25] Sundin P. and Wulff L. 2012 [arXiv:1207.5531 [hep-th]].

2Generalizations to the superstring models on other superbackgrounds part of which admits supercoset description were examined in [24], [23], [25].