arXiv:1007.5316v3 [hep-th] 20 Jul 2011

Preprint typeset in JHEP style - HYPER VERSION

Supersymmetric Configurations, Geometric Transitions and New Non-Kähler Manifolds

Fang Chen^1, Keshav Dasgupta^1, Paul Franche^1, Sheldon Katz^2, Radu Tatar^3

1 Ernest Rutherford Physics Building, McGill University, 3600 University Street, Montréal QC, Canada H3A 2T8 2 Departments of Mathematics and Physics, University of Illinois at Urbana-Champaign, 1409 West Green Street, Illinois, USA 61801 3 Division of Theoretical Physics, Department of Mathematical Sciences, The University of Liverpool, Liverpool, England, UK L69 3BX

fangchen, keshav, franchep@hep.physics.mcgill.ca,
katz@math.uiuc.edu, Radu.Tatar@liverpool.ac.uk

Abstract: We give a detailed derivation of a supersymmetric configuration of wrapped D5-branes on a two-cycle of a warped resolved conifold. Our analysis reveals that the resolved conifold should support a non-Kähler metric with an SU(3) structure. We use this as a starting point of the geometric transition in type IIB theory. A mirror, and a subsequent flop transition using an intermediate M-theory configuration with a G_2 structure, gives rise to the complete IR geometric transition in type IIA theory. A further mirror transformation gives the type IIB gravity dual of the IR gauge theory on the wrapped D5-branes. Expectedly non-Kähler deformations of the resolved and the deformed conifolds appear as the gravity duals of the confining gauge theories in type IIA and type IIB theories respectively, although in more generic cases these manifolds could also be non-geometric. In the local limit we reproduce precisely the scenarios presented in our earlier works. Our present work should therefore be viewed as providing a supergravity proof of geometric transitions in the full global scenarios in type II theories.

Contents

1. Introduction 1 1.1 Geometric transition and supersymmetric solution 3 1.2 Organisation of the paper 5

2. Mathematical constructions and SU(3) structures 6 2.1 The blown-up conifold 6 2.2 The resolved conifold 7 2.3 A_1 fibered geometry 10 2.4 SU(3) structure 11

3. T-duality and Orientifold Projection 14 3.1 Brief review of the deformed A_2 case 15 3.2 The blown-up conifold case 16

4. Analysis of the global picture and the cycle of geometric transitions 16 4.1 Analysis of the global picture in type IIB 17 4.2 More explicit type IIB background before geometric transition 23 4.3 The type IIA mirror configuration 27 4.4 M theory lift, flop transition and type IIA reduction 33 4.5 Type IIB after mirror transition 39

5. Discussions and conclusion 42

A. A more precise derivation of the initial metric 44

B. Components of G-fluxes in type IIA mirror configuration 48

C. Metric components in type IIB after geometric transition 81

1. Introduction

The gravity duals of gauge theories with running coupling constants have received considerable attention in the last few years. The original gauge/gravity duality [1], [2] deals exclusively with theories that have no running of the coupling constants, or with theories that have some running of the coupling constants but eventually fall

– 1 – into fixed point surfaces, for example [3]. The first kind of dualities that consider the actual running of the coupling constants leading to, say, confining theories were discussed some time back in [4], [5], [6] and its extension to include fundamental flavors in [7]. The type IIA brane constructions for theories like [3] were first discussed in [8], and for theories with running couplings were discussed in [9]. In fact in the fourth reference of [9] the precise distinctions between [4] and [5] were pointed out in details.

In recent times we have seen many new advantages of studying theories like [4] and [5] that deal with running couplings. The confining behavior of these theories in the far IR is of course very powerful in extending them to more realistic scenarios like high temperature QCD [10, 11]. The cascading nature of these theories allow them to remain strongly coupled throughout the RG flow from UV to IR, and therefore supergravity duals can describe the full dynamics of the corresponding gauge theories. For the Klebanov-Strassler (KS) theory [4] even the full UV completion, that allow no Landau poles or UV divergences of the Wilson loops, can be achieved by attaching an UV cap to the KS geometry[10]. An example of the full UV completion of the KS geometry both at zero and non-zero temperatures has been recently accomplished in [11]. The UV cap therein is given by an asymptotic AdS space that, in the dual gauge theory, will allow for an asymptotic conformal behavior in the UV and linear confinement in the far IR.

For the model studied by Vafa [5] the full UV completion would be more nontrivial. We expect the UV to be a six-dimensional theory instead of a four-dimensional one. A six-dimensional UV completion that allows no Landau poles in the presence of fundamental flavors has not been constructed so far. In fact a proper study of fundamental flavors a-la [7] is yet to be done for this case. The F-theory [13, 14, 15] embedding of this model would be crucial in analysing the full UV completion. However some aspects of an intemediate UV behavior, for example cascading dynamics, have been discussed in the past [12] where the cascade is likened to an infinite sequence of flop transitions. The IR dynamics of the theory where we expect geometric transition to happen is actually the last stage in this sequence of transformations where the flop is immediately followed by a conifold transition. At this point we should expect the wrapped D5-branes to be completely replaced by fluxes (at least in the absence of fundamental flavors) [12]. What happens in the presence of fundamental flavors is rather subtle, and we will not discuss this here anymore. In fact we will only concentrate on the last stage of the transition, namely, the geometric transition in this paper. The intermediate cascading dynamics or the UV completion will be discussed elsewhere [44].

Since the geometric transition leads to a confining theory, the corresponding gauge dynamics is strongly coupled. Therefore the physics of this transition can be captured exclusively by supergravity backgrounds. In some of our earlier works [17] we managed to study this purely using the supergravity backgrounds in the local

– 2 – limit, meaning that the sugra background was studied around a specific chosen point in the internal six-dimensional space. The reason for this was the absence of a known globally defined supergravity solution of the wrapped D5-branes on the two-cycle of the resolved conifold. The only known global solution i.e [18] was unfortunately not supersymmetric (see [19, 20] for details) although it satisfied the type IIB EOMs. In this paper, among other things, we will be able to solve this problem and provide a fully supersymmetric globally defined solution for the wrapped D5-branes on a certain resolved conifold. What we will argue soon is that the resolved conifold should have a non-Kähler metric to allow for supersymmetric solutions. This non- Kählerity appears exactly from the back-reactions of the wrapped D5-branes.

Despite the absence of supersymetric solutions, in [17] we managed to show, at least locally, the full geometric transitons in type II theories. The gravity duals for the IR confining gauge theories on the wrapped D6-branes in type IIA and wrapped D5-branes in type IIB were completely captured by non-Kähler deformations of the resolved and the deformed conifolds respectively. In this paper we will show that globally under some simplifying assumptions this conclusion remains unchanged, but generically these manifolds would become non-geometric (see [21] for a recent discussion on this). In the following sub-section we will briefly review the state of geometric transition using local supergravity analysis before we proceed to compute the full global picture.

1.1 Geometric transition and supersymmetric solution

Let us begin with a bit of historical notes. The original study of open-closed string duality in type II theory starts with D6 branes wrapping a three cycle of a noncompact deformed conifold. Naively one might expect the deformed conifold to be a complex Kähler manifold with a non-zero three cycle. However as discussed earlier in [17] this is not quite correct, and the manifold that actually would solve the string equations of motion is a non-Kähler deformation of the deformed conifold. It also turns out that the manifold has no integrable complex structure, but only has an almost complex structure. This is consistent with the prediction of [13].

However, as one may recall, in all our earlier papers we managed to study only the local behavior of the manifolds. This is because the full global picture was hard to construct, and any naive procedure always tend to lead to non-supersymmetric solutions. In deriving the local metric, we took a simpler model where all the spheres were replaced by tori with periodic coordinates (x, θ_1) and (y, θ_2). The coordinate z formed a non-trivial U(1) fibration over the T^2 base. The replacement of spheres by two tori was directly motivated from the corresponding brane constructions of [8], where non-compact NS5 branes required the existence of tori instead of spheres in the T-dual picture.

Locally the non-Kählerity of the underlying metric can be easily seen from its

– 3 – explicit form:

ds^2_{IIA} = g_1 [ (dz − b_{zμ} dx^μ) + Δ_1 cot θ̂_1 (dx − b_{xθi} dθ_i) + Δ_2 cot θ̂_2 (dy − b_{yθj} dθ_j ) + ..

]_2

+g_2 [dθ^2_1 + (dx − b_{xθi} dθ_i)^2] + g_3 [dθ^2 + (dy − b_{yθj} dθ_j )^2] + g_4 sin ψ [(dx − b_{xθi} dθ_i) dθ_2 + (dy − b_{yθj} dθ_j ) dθ_1] + g_4 cos ψ [dθ_1 dθ_2 − (dx − b_{xθi} dθ_i)(dy − b_{yθj} dθ_j )] (1.1)

where the coefficients g_i and the coordinates θ_i, θ̂_i etc. are defined in [17]. The background has non-trivial gauge fields (that form the sources of the wrapped D6 branes) and a non-zero string coupling (which could in principle be small).

Existence of such an exact supergravity background helps us to obtain the corresponding mirror type IIB background. One would expect that this can be easily achieved using the mirror rules of [22]. It turns out however that the mirror rules of [22], as discussed in [17], do not quite suffice. A detailed analysis of this is presented in [17]. As discussed therein, we have to be careful about various subtle issues while doing the mirror transformations:

(a) The mirror rules of [22] tells us that any Calabi-Yau manifold with a mirror admits, at least locally, a T^3 fibration over a three dimensional base. This seems to fail for the deformed conifold as it does not possess enough isometries to represent it as a T^3 fibration. On the other hand, a resolved conifold does have a well defined T^3 torus over a three-dimensional base, which can be exploited to get the mirror (see also [23]). It also turns out that the T^3 torus is a lagrangian submanifold, so a mirror transformations will not break any supersymmetry.

(b) Viewing the mirror transformation naively as three T-dualities along the T^3 torus does not give the right mirror metric. There are various issues here. The rules of [22] tell us that the mirror transformation would only work when the three dimensional base is very large. The configuration that we have is exactly opposite of the case [22]. Recall that our configuration lies at the end of a much larger cascading theory. By UV/IR correspondences, this means that the base manifold is very small. Furthermore we are at the tip of the geometric transition and therefore we have to be in a situation with very small base (in fact very small fiber too). In [17] we showed that we could still apply the rules of [22] if we impose a non-trivial large complex structure on the underlying T^3 torus. The complex structure can be integrable or non-integrable. Using an integrable complex structure, we showed in [17] that we can come remarkably close to getting the right mirror metric. Our conjecture there was that if we use a non-integrable complex structure we can get the right mirror manifold.

It seems therefore natural to start with the manifold that exhibits three isometry directions — the resolved conifold. We can, however, not use the metric for D5 branes wrapping the S^2 of a resolved conifold as derived in [18], because it breaks all supersymmetry [19]. The metric that we proposed in [17] (where we kept the

– 4 – harmonic functions undetermined) is very close to the metric of [18] but differs in some subtle way:

(a) The type IIB resolved conifold metric that we proposed in [17] is a D5 wrapping a two cycle that preserves supersymmetry. We will discuss this issue in more detail below.

(b) As explained in [17], our IIB manifold also has seven branes (and possibly orientifold planes) along with the type IIB three-form fluxes. The metric constructed in [18] doesn’t have seven branes but allows three-form fluxes.

The local behavior of the type IIB metric is expressed in terms of non-trivial complex structures τ_1 and τ_2 as dz_1 = dx − τ_1dθ_1 and dz_2 = dy − τ_2dθ_2. The local metric then reads

ds^2 = (dz + Δ_1 cot θ_1 dx + Δ_2 cot θ_2 dy)^2 + |dz_1|^2 + |dz_2|^2 (1.2)

where all the warp factors can locally be absorbed in to the coordinate differentials. In this formalism the metric may naively look similar to the one studied in [18] but the global picture is completely different from the one proposed by [18]. Our aim in this paper is therefore two-fold: to determine the full global picture (at least without the inclusion of UV caps), and to follow the duality cycle that will lead us to analyse geometric transitions in type II theories.

1.2 Organisation of the paper

The paper is organised as follows. In section 2 we start with geometric preliminaries about the resolved conifold and the blown-up conifold. We then discuss the mathematical construction of a non-Kähler resolved conifold with an SU(3) structure, following [24]. The components of the metric of this SU(3) structure (which automatically satisfy the torsional equations) are given in Appendix 1, and we use these components to determine the metric of the wrapped D5-branes on the non-Kähler resolved conifold in section 4.2. Existence of an SU(3) structure will guarantee that the solution we get is supersymmetric, and we discuss the issue of supersymmetry further in section 4.1.

Sections 4.3 to 4.6 are the main sections where we compute the full geometric transitions in the global framework using duality cycle that were used earlier in [17]. In the full global picture the fluxes are very involved compared to the local picture. We managed to work out all the fluxes in the type IIA mirror set-up. These flux components are given in Appendix 2. It is necessary to track these fluxes because they would eventually determine the non-Kähler fibration structure in type IIB theory discussed in section 4.6. We discuss the components of the metric in type IIB after geometric transition in Appendix 3.

In the above discussion we have briefly alluded to the fundamental flavors. In our model they appear from orientifolding the resolved conifold. The orientifolding

– 5 – is subtle, and we give a brief discussion of this in section 3. This orientifolding will allow us to add seven-branes in type IIB and six-branes in the mirror type IIA picture. The seven-branes should be embedded as in [18] or [26].

We end with a conclusion and a short discussion on the topics that we will study in [44].

2. Mathematical constructions and SU(3) structures

The blown-up conifold describes one of the topologies that we will be using. We will describe it as well as its relation to the resolved conifold which is more familiar in string theory. These ideas are well known in algebraic geometry. Rather than starting with the standard algebro-geometric constructions, we instead begin with a description more suited to the description of an SU(3) structure. The algebrogeometric description will follow.

2.1 The blown-up conifold

Let us begin by explaining how the blown-up conifold arises for us. The conifold is a cone over S^3 ×S^2 [27], arising as a quotient (S^3 ×S^3)/U(1), with the U(1) diagonally embedded and on each factor identified with the U(1) of the Hopf fibration S^3 → S^2. If we take the self-product of the Hopf fibration S^3 × S^3 → S^2 × S^2 and mod out by the diagonal U(1), we are left with a U(1) fibration S^3 × S^2 → S^2 × S^2 which restricts to the Hopf fibration over either S^2 factor.

In the geometry we will be using which supports the metric (4.15), the internal space is a 6-manifold, the total space of a complex line bundle L with base S^2 × S^2 which is described in spherical coordinates (θ_i, ϕ_i) for i = 1, 2. The fiber is described by an angular coordinate ψ describing the nontrivial U(1) bundle over S^2 × S^2 just described. The U(1) bundle is completed to a complex line bundle by introducing the radial coordinate r.

The topology of either the line bundle or the U(1) bundle is described completely by its Chern class on S^2 × S^2. As noted above, the U(1) bundle restricted to either S^2 is the Hopf bundle S^3, whose Chern class on S^2 is well known to have degree −1. So on S^2 × S^2, we learn that L has degrees (−1, −1).

We can now identify S^2 with the complex projective line P^1 and switch to the language of algebraic geometry, whereby we see that the internal manifold X is the total space of the line bundle O(−1, −1) on P^1 × P^1.

This manifold appears as the blown-up conifold in algebraic geometry. Rather than refer to known results, we prefer to directly identify X with the blown-up conifold by describing the map from X to the conifold which shrinks P^1 × P^1 (identified with the zero section of L) to the conifold point.

We introduce homogeneous coordinates (u^1, u^2) and (v^1, v^2) on the respective P^1’s, and identify sections of L with functions on P^1 × P^1 which are homogeneous

– 6 – of degree −1 with respect to (u^1, u^2) as well as with respect to (v^1, v^2). Thus a point of X can be described by homogeneous coordinates (u^1, u^2, v^1, v^2, s), where s is thought of as a section of L. The homogeneity is described by two C^∗ actions whose respective weights are (1, 1, 0, 0, −1) and (0, 0, 1, 1, −1).

The map from X to the conifold is realized by the map from X to C^4 given by

(u^1, u^2, v^1, v^2, s) → (u^1v^1s, u^2v^2s, u^1v^2s, u^2v^1s). (2.1)

If we introduce coordinates (x_1, . . . , x_4) on C^4, we see that the image of X satisfies the equation

x_1x_2 − x_3x_4 = 0 (2.2)

of the conifold. Identifying P^1 × P^1 with the zero section s = 0, we see that P^1 × P^1 is collapsed to the conifold point (0, 0, 0, 0) as claimed.

When described by homogeneous coordinates as above, Calabi-Yau manifolds are characterized by the condition that the sum of the weights is zero for any C^∗. Since the sum of the weights is one for either C^∗, we conclude that the blown-up conifold is not a Calabi-Yau manifold. We will also check this directly in the next section by the adjunction formula.

2.2 The resolved conifold

We can relate the blown-up conifold to the more familiar resolved conifold. Rather than blow down P^1 × P^1 to the conifold point as in (2.1), we can instead partially blow down P^1 × P^1 by projecting to one P^1. This gives the usual resolved conifold.

Using the coordinates of the blown-up conifold introduced in Section 2.1, the partial blowdown is described by

(u^1, u^2, v^1, v^2, s) → (u^1, u^2, v^1s, v^2s), (2.3)

so that P^1 × P^1, identified with s = 0 as before, is mapped to (u^1, u^2, 0, 0, 0), and P^1 × P^1 is projected to the first coordinate, as claimed. We let (z^1, z^2, z^3, z^4) be homogeneous coordinates on the image of (2.3).

Only one C^∗ remains nontrivial on (z^1, z^2, z^3, z^4), with weights (1, 1, −1, −1). The image is the resolved conifold, the total space of O(−1) ⊕ O(−1) on P^1. The coordinates (z^1, z^2) can be identified with the homogeneous coordinates of P^1, while z^3 and z^4 are identified with sections on the respective copies of O(−1). The resolved conifold is of course Calabi-Yau, which can be seen since the sum of the weights is 0.

We remark that we have taken a circuitous path to get from the blown-up conifold to the more familiar resolved conifold, but we have reached the usual descriptions of

– 7 – the resolved conifold as either the total space of the bundle O(−1) ⊕ O(−1) on P^1 or as a toric quotient of C^4 by C^∗ with weights (1, 1, −1, −1).

However, it is not the Calabi-Yau structure that is relevant in our model, but rather a non-Kähler structure. To construct this non-Kähler structure, the holomorphic homogeneous coordinates are not particularly useful. At times it will be useful to describe the resolved conifold as a symplectic quotient, or equivalently as the space of vacua of a U(1) gauge theory with four scalar fields with U(1) charges (1, 1, −1, −1), whose vevs are identified with (z^1, z^2, z^3, z^4). There is an FI term u, which we take to be positive. If we take u < 0, we get the flopped version of the resolved conifold.

So the resolved conifold can be described by

|z^1|^2 + |z^2|^2 − |z^3|^2 − |z^4|^2 = u (2.4)

modulo the U(1) action.

We can see directly from this description that the resolved conifold is smooth. We can for example describe the patch in which z^1 ≠ 0 by the complex coordinates (z^2, z^3, z^4) and solve (2.4) by

z^1 = √ u − |z^2|^2 + |z^3|^2 + |z^4|^2. (2.5)

Note that in (2.5) we have fixed the gauge by choosing the positive real solution of (2.4), so that (z^2, z^3, z^4) are in fact local coordinates. However, they are in no sense to be considered as holomorphic coordinates since (2.5) is not holomorphic.

We now turn to the holomorphic description. Start with the conifold singularity X with equation x_1x_2 − x_3x_4 = 0

which we denote by f = 0. The usual resolved conifold X^′ can be described as the submanifold of C^4 × P^1 with equations which we informally write as x_1 x_3 = x_4 x_2 = y_2 y_1 , or more formally as

x_1x_2 − x_3x_4 = 0, x_1y_1 = x_3y_2, x_4y_1 = x_2y_2.

In the above, (y_1, y_2) are the homogeneous coordinates on P^1.

If x = (x_1, x_2, x_3, x_4) ≠ (0, 0, 0, 0), then there is a unique solution for y = (y_1, y_2), so that X and X^′ are isomorphic away from the origin. If however, x = 0, then y is unconstrained and we replace the origin by a P^1 to form X^′ from X.

– 8 –

This P^1 can be flopped to produce another resolved conifold X^{′′}. The flop can be realized directly by the equations x_1 x_4 = x_3 x_2 = y_2 y_1 . X^′ and X^{′′} are isomorphic in this local model, but in global models X^′ and X^{′′} containing a resolved conifold and its flop respectively, the Calabi-Yaus X^′ and X^{′′} need not be isomorphic.

In this paper, we use the model where both P^1’s are introduced simultaneously. This is accomplished by the algebro-geometric construction of blowing up the conifold, which complements our description in Section 2.1. We introduce a P^3 with homogeneous coordinates (y_1, y_2, y_3, y_4) and the blowup X̃ is constructed as the submanifold of C^4 × P^3 with equation informally expressed as

(x_1, x_2, x_3, x_4) = (y_1, y_2, y_3, y_4).

As before, if x ≠ 0 then there is a unique solution for y and so X̃ is isomorphic to X away from the origin. If x = 0, there are more solutions, but now there is a constraint y_1y_2 = y_3y_4. This is a quadric surface in P^3, isomorphic to P^1 × P^1 by the isomorphism

((u_1, u_2), (v_1, v_2)) → (u_1v_1, u_2v_2, u_1v_2, u_2v_1).

Note that the blown-up conifold X̃ is not Calabi-Yau, but we can realize this within string theory by turning on an appropriate flux.

We consider the holomorphic 3-form Ω on X given by the usual residue construction Ω = dx_2 ∧ dx_3 ∧ dx_4 ∂f/∂x_1 = dx_2 ∧ dx_3 ∧ dx_4 x_2

and pull it back to a holomorphic 3-form Ω̃ on X̃. To see that X̃ is not Calabi-Yau, it suffices to show that Ω̃ vanishes somewhere on X̃. It suffices to compute in one coordinate patch, say where x_1 ≠ 0. In this patch, (x_1, y_3, y_4) are local coordinates. To see this, we may set y_1 = 1, and then we use y_i = x_i/x_1 for i = 2, 3, 4 to compute

x_2 = x_1y_3y_4, x_3 = x_1y_3, x_4 = x_1y_4.

In these coordinates, we have Ω̃ = x_1dx_1 ∧ dy_3 ∧ dy_4, which clearly vanishes on the surface x_1 = 0. Thus X̃ is not Calabi-Yau.

For later use, note that in this coordinate patch, if x_1 = 0 then necessarily x_2 = x_3 = x_4 = 0 as well. Thus x_1 = 0 is the local equation of the exceptional P^1 × P^1 of X̃, which we denote by E.

– 9 –

Alternatively we can see the same result by the adjunction formula [28], which says that for any hypersurface H in a complex manifold M, we have K_H = (K_M + [H]) |_H .

We realize X̃ as a hypersurface in the blowup of C^4 at a point and apply the adjunction formula.

Let E^′ be the P^3 which is the exceptional divisor of the blowup Z of C^4 at the origin; then K_Z = 3E^′ [28]. Then the adjunction formula yields

K~_X = ( K_Z + X̃ ) |~_X . Now X̃ is obtained by subtracting off the exceptional divisor from the pullback of X via the blowup. Since X has a multiplicity 2 singularity at the origin, the pullback of X actually contains the exceptional divisor E^′ with multiplicity 2. Since 2E^′ has to be subtracted off to obtain X̃, we conclude that X̃ has divisor class −2E^′. We conclude that K~_X = (3E^′ − 2E^′) |~_X = E^′|~_X = E,

so that K~_X is nontrivial and X̃ is not Calabi-Yau.

This is consistent with the explicit calculation. Since x_1 = 0 defines the exceptional divisor E, the fact that Ω̃ vanished precisely on E tells us that K~_X = E.

2.3 A_1 fibered geometry

We start with the blown up A_1 geometry fibered over the complex numbers with parameter x_4 ∈ C. The equation is just the A_1 equation

x_1x_2 − x^2_3 = 0 (2.6)

and the blowup is performed by introducing a P^1 with homogeneous coordinates (y_1, y_2) and imposing the equations

x_3 x_1 = x_2 x_3 = y_2 y_1 , or more formally

x_3y_1 = x_1y_2, x_2y_1 = x_3y_2. (2.7)

Note that x_4 does not appear explicitly, and can be interpreted as a parameter for the location of P^1. The P^1 corresponding to x_4 = ϕ will be written as C_ϕ.

For later use, the normal bundle of C_ϕ is O_{Cϕ} ⊕ O_{Cϕ} (−2). We now deform this geometry with deformation parameter t:

x_1x_2 − x^2_3 + t^2x^{2n}_4 = 0 (2.8)

– 10 – and the blowup is performed by introducing a P^1 with homogeneous coordinates (y_1, y_2) and imposing the equations

x_3 − tx^n_4 x_1 = x_2 x_3 + tx^n_4 = y_2 y_1 . This geometry corresponds to the superpotential W (ϕ) = tϕ^{n+1}/(n + 1). Note that for t = 0 we have W (ϕ) ≡ 0, and the curve C_ϕ is holomorphic for all ϕ. For t ≠ 0, we have W^′(ϕ) = tϕ^n, and C_ϕ only persists holomorphically for ϕ = 0. To see this, the requirement is

x_3 − tϕ^n = x_1 = x_2 = x_3 + tϕ^n = 0,

which implies that ϕ^n = 0.

The superpotential can be obtained by integrating the holomorphic 3-form Ω = dx_2dx_3dx_4/x_2 over a three chain Γ connecting C_0 to C_ϕ. This can be reinterpreted in terms of the relative homology class of Γ. The same relatively cohomology group can be realized after blowing up C_0 and C_ϕ.

Initially putting t = 0, the blowup of C_0 has exceptional divisor isomorphic to the Hirzebruch surface F_2. A similar blowup can be performed on C_ϕ.

The Hirzebruch surface F_2 deforms if ϕ = 0 but not otherwise. If n > 1, the deformed surface is still F_2. If n = 1, then the deformed surface is P^1 × P^1.

If desired, a toric description of the blowup can be given. The A_1 surface singularity is a toric variety whose fan has a single two-dimensional cone with edges spanned by (1, 0) and (1, 2). The singularity gets resolved by inserting an extra edge (1, 1) = (1/2)((1, 0) + (1, 2). This resolved A_1 gets fibered over C in the usual way: by adding another coordinate, appending a zero to the coordinates of the vectors spanning the edges, and adding the new coordinate vector. Hence the fan has edges spanned by

(1, 0, 0), (1, 1, 0), (1, 2, 0), (0, 0, 1).

The curve C_0 corresponds to the 2-dimensional cone spanned by (1, 1, 0) and (0, 0, 1), so C_0 gets blown up by inserting a new edge spanned by (1, 1, 1) = (1, 1, 0)+ (0, 0, 1). In summary, the toric variety has edges

(1, 0, 0), (1, 1, 0), (1, 2, 0), (0, 0, 1), (1, 1, 1).

2.4 SU(3) structure

We follow [24] which gives a general procedure for constructing string compactifications on toric varieties via a method for producing SU(3) structures. Any SU(3) structure arises as a string compactification [25].

– 11 –

We apply the method to the resolved conifold. The method was designed to apply to compact toric varieties, but since the method has a local character, it may be applied to the resolved conifold. We set ourselves to that task.

For the convenience of the reader, we collect some facts about SU(3) structures.

An SU(3) structure on a 6-manifold M is determined by a complex decomposible 3-form Ω and a real 2-form J which are related by

Ω ∧ J = 0, Ω ∧ Ω = − 4i 3 J ∧ J ∧ J. (2.9) At each point p ∈ M, we can find complex cotangent vectors dz^1, dz^2, dz^3 so that Ω = dz^1 ∧ dz^2 ∧ dz^3 at p. The first condition of (2.9) and the reality of J imply that we can “diagonalize” J, writing it as J = i 2 ( a_1dz^1 ∧ dz^{¯1} + a_2dz^2 ∧ dz^{¯2} + a_3dz^3 ∧ dz^{¯3} )

for some real constants a_i, while retaining the form of Ω. Then the second condition of (2.9) implies that we can rescale the dz^i so that J = i 2 ( dz^1 ∧ dz^{¯1} + dz^2 ∧ dz^{¯2} + dz^3 ∧ dz^{¯3} ) (2.10)

while Ω = dz^1 ∧ dz^2 ∧ dz^3 still holds.

There is still the freedom of multiplying the dz^i by phases whose product is 1. These coordinates determine a Euclidean metric g_i¯_j = i/2 at p, which is independent of the phase ambiguity.

This pointwise analysis extends to all of M, showing that the data of Ω and J satisfying (2.9) completely determines a metric, the metric associated with an SU(3) structure.

There is an explicit procedure to calculate the metric directly from Ω and J. The first step is to calculate the (not necessarily integrable) complex structure I. In pointwise Euclidean coordinates at p, the complex structure I is the standard one. But it can be computed intrinsically following [29] as follows^1.

First define an unnormalized complex structure by

Ĩ^k_j = ϵ^{klmnop} (ReΩ)_{jlm} (ReΩ)_{nop} , (2.11)

where ϵ is the completely antisymmetric tensor. It is shown in [29] that Ĩ^2 is a diagonal matrix with negative real entries. Then I = Ĩ √ −^1_6 TrĨ^2

(2.12)

1For more details on the following analysis, and also to connect to recent conifold literature the readers may refer to [30] and references therein.

– 12 – is the desired complex structure.

From here, the metric is determined by

g_{ij} = I^k_j J_{ki}. (2.13)

From the definitions, Ω has type (3, 0) and J has type (1, 1) in the complex structure I. If (g, I) determines a Kähler structure, then J is just the usual Kähler form.

We also quickly review the method of [24] while applying it to the resolved conifold. A general method is developed for producing SU(3) structures on threedimensional complex toric varieties, by producing an Ω and J satisfying (2.9). The novel ingredient is to produce a (1, 0) form on complex Euclidean space satisfying certain conditions, and then then SU(3) structure is determined by formulae.

We recall that the resolved conifold has been described as a quotient of C^4 by the C^∗ with weights Q = (1, 1, −1, −1). So it suffices to produce a (1, 0) form K = K_idz^i on C^4 satisfying (3.15), (3.16) and the normalization condition (3.18) of [24]. We interpret these conditions in concrete terms.

The condition (3.15) is equivalent to Q^iz^iK_i = 0. The condition (3.16) says that K has half the U(1) charge as the holomorphic volume form Ω_C = dz^1 · · · dz^4 of C^4, which is zero in this case. Our normalization condition is ∑ |K_i|^2 = 1, slightly different from (3.18) but we will adjust for it later.

An obvious solution is

K = z^3dz^1 + z^1dz^3 + z^4dz^2 + z^2dz^4 |z| . (2.14)

We now compute the SU(3) structure, following the formulas in [24]. We first construct the standard SU(3) structure on the resolved conifold before modifying it. The C^∗ action on C^4 is generated by

V = z^1∂_z1 + z^2∂_z2 − z^3∂_z3 − z^4∂_z4 (2.15)

and then the standard Calabi-Yau 3-form is

~Ω = i_V Ω_C (2.16)

= z^1dz^2 ∧ dz^3 ∧ dz^4 − z^2dz^1 ∧ dz^3 ∧ dz^4 − z^3dz^1 ∧ dz^2 ∧ dz^4 + z^4dz^1 ∧ dz^2 ∧ dz^3.

The Kähler form J̃ of the resolved conifold arises by modifying the Kähler form of C^4

J_C = i 2 4∑ i=1 dz^i ∧ dz^ī (2.17)

– 13 – by putting

η = z̄^1dz^1 + z̄^2dz^2 − z̄^3dz^3 − z̄^4dz^4, (2.18)

with the coefficients coming from the weights, and then putting

J̃ = 1 |z^2| ( J_C − i 2 η ∧ η̄ ) . (2.19)

Note that η respects the U(1) action but not the C^∗ action. So from this point forward, we have to understand differential forms as U(1)-invariant forms, subject to the D-term constraint (2.4). In particular, the Káhler form implicitly depends on the FI parameter u, as it must.

We now use K to modify Ω̃ and J̃, effectively replacing K by K̄ throughout. An auxiliary SU(2) structure is created, characterized by two-forms ω and j satisfying ω ∧ j = 0, ω ∧ ω̄ = 2j ∧ j, (2.20) where j = J̃ − i 2 K ∧ K̄ (2.21)

and ω is given by

ω_{ij} = −2K̄_lη^{ml̄}Ω̃_{mij} , (2.22)

where η is the Euclidean metric on C^4. The prefactor of 2 here on the right-hand side of (2.22) is not present in [24] but is required by our normalization condition for K. From here, we get a 2-parameter family of SU(3) structures given by J = aj − ib^2 2 K ∧ K̄, Ω = abK̄ ∧ ω. (2.23) Using (2.20), it is immediate to see that J and Ω satisfy the conditions (2.9) for an SU(3) structure.

There is an extra phase parameter for Ω in [24], but we supress it here since the metric does not depend on this phase. In Appendix 1 we write down all the components of the metric.

3. T-duality and Orientifold Projection

The blown-up conifold that we discussed above, has a product structure of P^1 × P^1 and we would like to discuss the T-duality to a IIA model. Our final aim is to see how orientifold projection effects the T-duality. To do so we first review the case of [31] for the resolution of a deformed A_2 singularity. This involves a natural way to introduce two P^1 cycles.

– 14 –

3.1 Brief review of the deformed A_2 case Let us consider the singular space X_0 realized as: xy = (u − t_0(z))(u − t_1(z))(u − t_2(z)) , (3.1) where x, y, u, z are the affine coordinates of C^4 and t_j (z) are polynomials.

The affine variety (3.1) has A_1 singularities at x = y = 0 and z one of the double points of the planar algebraic curve:

Σ_0 : (u − t_0(z))(u − t_1(z))(u − t_2(z)) = 0 . (3.2) The curve has 3 components C_j given by u = t_j(z), each a section of the A_2 fibration (3.1).

The resolved space X̂ can be described explicitly as follows. Consider two copies of P^1 with homogeneous coordinates [u_1, u_2] and [v_1, v_2], respectively, and local affine coordinates ξ_1 := u_1/u_2, ξ_2 := v_1/v_2. Then X̂ is realized as : u_2(u − t_0(z)) = u_1x v_1(u − t_1(z)) = v_2y (3.3) The IIA construction is obtained by performing a T-duality with respect to the following U(1) action on X̂, which we denote by ([u_1, u_2], [v_1, v_2], z, u, x, y)^{ρ̂(θ)}−→ ([e^{−iθ}u_1, u_2], [v_1, e^{iθ}v_2], z, u, e^{iθ}x, e^{−iθ}y) . (3.4) This projects as follows on the singular space X_0: (z, u, x, y)^{ρ0(θ)}−→ (z, u, e^{iθ}x, e^{−iθ}y) . (3.5) In the type IIB set-up, we consider the case t_0(z) = t(z) t_1(z) = t(−z) (3.6) t_2(z) = −t(z) − t(−z) . In this situation, the resolution X̂ admits a Z_2 symmetry κ̂ given by:

([u_1, u_2], [v_1, v_2], z, u, x, y)^{κ̂}−→ ([−v_2, v_1], [−u_2, u_1], −z, u, −y, −x) (3.7) which acts as follows on the affine coordinates ξ_j of the two P^1 factors: ξ_1 ←→ −1/ξ_2 (3.8) and projects to the following involution κ_0 of X_0: (z, x, y, u)^{κ0}−→ (−z, − y, − x, u) . (3.9)

– 15 –

3.2 The blown-up conifold case

We now use two P^1 cycles but in the blown-up conifold. In this situation we have

([u_1, u_2], [v_1, v_2], x_1, x_2, x_3, x_4)^{ρ̂(θ)}−→ ([e^{−iθ}u_1, u_2], [v_1, e^{iθ}v_2], x_1, x_2, e^{iθ}x_3, e^{−iθ}x_4) . (3.10) This projects as follows on the singular space X_0:

(x_1, x_2, x_3, x_4)^{ρ0(θ)}−→ (x_1, x_2, e^{iθ}x_3, e^{−iθ}x_4) . (3.11)

The Z_2 symmetry κ̂ is given in the homogeneous coordinates (u^1, u^2, v^1, v^2, s) by:

(u^1, u^2, v^1, v^2, s)^{κ̂}−→ (−v^2, v^1, −u^2, u^1, s) (3.12)

which projects on X_0 as:

(x_1, x_2, x_3, x_4) → (x_2, x_1, −x_3, −x_4) (3.13)

as is seen from (2.1).

The action on the homogeneous coordinates y_i of P^3 is then given by

(y_1, y_2, y_3, y_4) → (y_2, y_1, −y_3, −y_4) (3.14)

and the action on Ω is Ω → −Ω.

What is the difference between the orientifold of [31] and the current one? The orientifold of [31] was an O5 orientifold extended on directions orthogonal to the D5 branes wrapped on P^1 cycle. After the T-duality, the involution determined an inversion of the radial direction of the S^1 which implied that the orientifold became an O6 plane.

In the current example, the orientifold extends along the direction s of the complex line bundle L but also needs to as an inversion on the P^1 ×P^1 fiber which means that it wraps a 2-dimensional surface in the P^1 × P^1 fiber. Therefore we have O7 planes with the action as before.

4. Analysis of the global picture and the cycle of geometric transitions

With all the mathematical construction at hand, it is time now to discuss the geometrical aspect of the problem i.e the supergravity metric and the fluxes in type II theories. Our starting point would be the issue of supersymmetry in the usual resolved conifold background with fluxes and branes in type IIB background. Once we obtain this, it will prepare us for all the subsequent stages of the duality cycle for the geometric transition [17].

– 16 –

4.1 Analysis of the global picture in type IIB

From our earlier works we know that there are two ways of extending our local configuration of [17] to study supersymmetric cases in the full global picture: (a) The full global geometry is a six-dimensional Kähler manifold with F-theory seven-branes distributed in some particular way. These seven-branes contribute to massive fundamental flavors in the gauge theory. Orientation of these seven-branes are the generalised version of the Ouyang [7] (or the Kuperstein [26]) embeddings. (b) The full global geometry is non-Kähler with or without F-theory seven-branes. The seven-branes could be embedded in this picture via Ouyang or the Kuperstein embedding, which in turn would provide fundamental matters in the gauge theory. In fact the possibility of such a global completion was already hinted in the second paper of [17].

Let us see how from our local picture studied in [17] these two possibilities can be realised. In the first paper of [17], the local metric was argued to be of the following form^2:

ds^2 = dr^2 + ( dz + √ γ^′ γ r_0 cot ⟨θ_1⟩ dx + √ γ^′ (γ + 4a^2) r_0 cot ⟨θ_2⟩ dy

)_2 +

+ [ γ √ h 4 dθ^2_1 + dx^2 ] + [ (γ + a^2) √ h 4 dθ^2 + dy^2 ] + .... (4.1) where all the coefficients are measured at a fixed chosen point (r_0, ⟨ψ⟩, ⟨ϕ_i⟩, ⟨θ_i⟩). For more details see [17]. The local B_{NS} field was taken to be: B_{NS} = b_{xθi} dx ∧ dθ_i + b_{yθi} dy ∧ dθ_i (4.2) where i = 1, 2. The above background is invariant under the orbifold operation: I_{xy} : x → − x, y → − y (4.3) 2The local metric (4.1) that we consider here is that of a supergravity background studied around a specific chosen point in the internal six-dimensional space. For example we choose a point (r_0, ⟨θ_i⟩, ⟨ϕ_i⟩, ⟨ψ⟩) in [17] which is away from the r = 0 conifold point. This is because the full global picture was hard to construct, and any naive procedure always lead to non-supersymmetric solutions. In deriving the local metric, we took a simpler model where all the spheres were replaced by tori with periodic coordinates (x, θ_1) and (y, θ_2). The coordinate z formed a non-trivial U(1) fibration over the T^2 base. Here (r, x, y, z, θ_1, θ_2) is the coordinate of a point away from (r_0, ⟨ϕ_1⟩, ⟨ϕ_2⟩, ⟨ψ⟩, ⟨θ_1⟩, ⟨θ_2⟩). The replacement of spheres by two tori was directly motivated from the corresponding brane constructions of [8], where non-compact NS5 branes required the existence of tori instead of spheres in the T-dual picture. On the other hand the term global means roughly adding back the curvature, warping, etc., replacing tori by spheres, so that at the end of the day, we have a supersymmetric solution to the equations of motion. The purpose of this paper is to exactly fill in the long-awaited gap, i.e to provide the full global picture of geometric transition. Note also that the only known global solution, i.e [18], before our work was unfortunately not supersymmetric (see [19], [20] for details) although it satisfied the type IIB EOMs.

– 17 – and therefore can support D7/O7 states at the following orientifold points:

T^2 I_{xy} Ω (−1)^{FL} (4.4)

It is interesting to note that, at the orientifold point, a component like b_{xy} is projected out. However the orientifold projection may allow components like b_{xz}, b_{yz} which could in principle make our mirror manifold non-geometric. In the local picture advocated in [17] we only see components like (4.2) so the local mirror is non-Kähler and geometric.

More interestingly, the orientifolding operation (4.4) allows, along with the wrapped D5-branes, the D7-branes and O7-planes along the internal directions (r, z, θ_1, θ_2) located at the four fixed points of the torus T^2 along (x, y) directions. Therefore, in the local picture, a possible susy preserving Ouyang-type configuration would be D5- branes wrapped on the two-torus (θ_2, ϕ_2) and the seven branes wrapping (θ_1, θ_2, ψ) and stretched along the radial direction r. On the other hand, globally in a resolved conifold background the seven-branes are in a configuration that is the union of branch 1 and branch 2 (see [7, 32, 10, 11] for details). Recall that in branch 1 the seven-branes wrap the P^1 parametrised by (θ_2, ϕ_2) and are embedded along (r, ψ) directions at a point on the other P^1 parametrised by (θ_1, ϕ_1); whereas in branch 2 the seven-branes are at a point on the P^1 parametrised by (θ_2, ϕ_2). Thus globally a susy configuration of seven-branes is a two-dimensional surface in P^1 × P^1 and stretched along (r, ψ) directions determined by the appropriate embedding equation. Therefore in the local limit the two-dimensional susy preserving surface in T^2 × T^2 should be the two-cycle parametrised by (θ_1, θ_2) as prescribed in [17].

Away from the orientifold point, the local metric takes the following fibration form:

ds^2 = h^{−1/2}ds^2_{0123} + γ^′ √ h dr^2 + (dz + Δ_1 cot θ_1 dx + Δ_2 cot θ_2 dy)^2 + + ( γ √ h 4 dθ^2_1 + dx^2 ) + ( (γ + 4a^2) √ h 4 dθ^2 + dy^2 )

H_3 = dJ_1 ∧ dθ_1 ∧ dx + dJ_2 ∧ dθ_2 ∧ dy F_5 = K(r) (1 + ∗) dx ∧ dy ∧ dz ∧ dθ_1 ∧ dθ_2 (4.5) F_3 = c_1 (dz ∧ dθ_2 ∧ dy − dz ∧ dθ_1 ∧ dx) with additional axio-dilaton that appear from the seven-brane sources. The above form of orientifold projection only allows a non-trivial fibration structure away from the orientifold point. However there exist another orientifold operation that may be more well suited at the orientifold point. This can be applied locally via:

I_{xθ1} : x → − x, θ_1 → π − θ_1 (4.6)

– 18 –

The above action gives rise to the following orientifold action:

T^2 I_{xθ1} Ω (−1)^{FL}

(4.7)

that will keep the wrapped D5 branes only if they are away from the orientifold point unless of course they exist as bound states with the seven-branes at the orientifold point. In addition there is the B_{NS} field with the following components at the orientifold point: B_{NS} = b_{xθ2} dx ∧ dθ_2 + b_{yθ1} dy ∧ dθ_1 + b_{xy} dx ∧ dy + b_{xz} dx ∧ dz + b_{rx} dr ∧ dx + b_{rθ1} dr ∧ dθ_1 + b_{θ1θ2} dθ_1 ∧ dθ_2 + b_{zθ1} dz ∧ dθ_1 (4.8)

which means that at the orientifold point not only is the IIB metric non-trivial, the mirror can also be non-Kähler and non-geometric. The seven-branes and the orientifold-planes are parallel to the wrapped D5-brane bound states^3. In the following we will argue how susy is preserved in the global set-up when the seven-branes are moved away from the wrapped D5 branes. This is the case where the fundamental hypermultiplets are infinitely massive and therefore susy remains unbroken at the scale that we want to study.

The naive global extension of the above configuration along the lines of [18] will lead to a non-susy configuration. This is because we have assumed that the global extension of a configuration like (4.5) is Kähler in the presence of a B_{NS} field like (4.2) away from the orientifold point. The simplest global extension that we will study here as the starting point for the IIB geometric transition is a non-Kähler manifold with D5-branes wrapping two cycles of this manifold. Of course it may be possible to add other branes and fluxes to make the ambient space conformally Kähler, but we will not do so here. We will use the following set of duality transformations, recently proposed by [33] (see also figure 1), to get our type IIB intial configuration. • Our starting point would be a non-Kähler type IIB metric with a background dilaton ϕ and NS three-form H_3 that satisfies the standard relation H_3 = e^{2ϕ} ∗ d(e^{−2ϕ}J) with J being the fundamental (1,1) form.

• On this background we perform a S-duality that transforms the NS three-form to RR three-form F_3, and in the process converts the dilaton to −ϕ without changing the metric in the Einstein frame.

• We now make three T-dualities along the spacetime directions x^{1,2,3} that takes us to type IIA theory. Observe that this is not the mirror construction. • We lift the type IIA configuration to M-theory and perform a boost along the eleventh direction. This boost is crucial in generating D0-brane gauge charges in M-theory.

3These are in fact the dipole-deformed bound states studied in the last paper of [17].

– 19 –

• A dimensional reduction back to IIA theory does exactly what we wanted: it generates the necessary number of D0-brane charges from the boost, without breaking the underlying supersymmetry of the system.

• Once we have the IIA configuration, we go back to type IIB by performing the three T-dualities along x^{1,2,3} directions. From the D0-branes, we get back our three-brane charges namely the five-form. The duality cycle also gives us NS three-form H_3 as well as the expected RR three-form F_3. Therefore the final configuration is exactly what we required for IR geometric transition: wrapped D5s with necessary sources on a non-Kähler globally defined “resolved” conifold background. Also as expected, the background preserves supersymmetry and therefore should be our starting point. This background should also be compared with the one given in [18] that solves the EOM but does not preserve supersymmetry. In figure 1, we illustrate the above dualities. To start off, we switch on a non-trivial background dilaton ϕ and a NS

Figure 1: This figure illustrates the series of dualities that we used to generate the full supersymmetric background with non-trivial fluxes.

– 20 – three-form H_{NS} on a background outlined by the following metric:

ds^2 = h^{1/2}e^ϕd~s^2_{0123} + h^{−1/2}e^ϕds^2_6 (4.9)

where note that we can choose the dilaton ϕ appropriately so that in the string frame the spacetime metric may not have a warp factor. This will be consistent with the last reference of [25]. We have defined the other variables in the following way: h = e^{−2ϕ}F^{−4}_0 e^{−2ϕ}h^{−2}F^{−4}_0 cosh^2β − sinh^2β

, d~s^2_{0123} = F_0ds^2_{0123} (4.10)

ds^2_6 = F_1 dr^2 + F_2(dψ + cos θ_1dϕ_1 + cos θ_2dϕ_2)^2 + 2∑ i=1 F_{2+i}(dθ^2_i + sin^2θ_idϕ^2_i )

with β being an arbitrary constant, F_i ≡ F_i(r), i = 1, ..., 4 are functions of the radial coordinate for simplicity and F_0 = F_0(r, θ_1, θ_2) since this is unconstrained. Observe that in the first equation of (4.10), h appears on both sides, and once we put in the value of the dilaton we can determine the warp factor h. For our case the dilaton will take the following form:

ϕ = − log F_0 − 1 2 log h (4.11)

so that the starting metric in IIB, that preserves spacetime supersymmetry, becomes:

ds^2 = ds^2_{0123} + ( 1 + F^2_0 sinh^2β F_0cosh^2β ) ds^2_6 (4.12)

In general we will continue keeping the dilaton ϕ in the metric components to get the general torsion classes for the background (see the analysis in [16]). We also expect F_i to be functions of all the internal coordinates. We will give an example of this soon when we derive a more precise initial metric. For the time being we will consider (4.9) to be our starting point. Also to preserve supersymmetry^4, we expect:

H_{NS} = e^{2ϕ} ∗ d ( e^{−2ϕ}J ) (4.13)

with the appropriate dilaton. Here J is the fundamental form associated with the metric, and we can choose to impose one of the following two conditions on the NS three-form: dH_{NS} ≡ d ∗ dJ − d ∗ (dϕ ∧ J) = sources dH_{NS} ≡ d ∗ dJ − d ∗ (dϕ ∧ J) = α^′(tr R ∧ R − Tr F ∧ F ) (4.14)

The first condition is what we require here. This will give rise to the IR wrapped D5 branes theory on non-Kähler resolved conifold set-up (after the chain of dualities

4Or, equivalently, preserving SU(3) structure.

– 21 – mentioned above). The latter case will be for the heterotic theory. We can use the non-closure of H_{NS} to study not only the vector bundles F on the heterotic side, but also the possibility of geometric transition in the heterotic theory! We have alluded to this possibility in our earlier papers [17] (see also [35]). We have completed that side of the story in our follow-up paper [16].

Now following the chain of dualities mentioned above, we can get the following type IIB background^5:

F_3 = h cosh β e^{2ϕ} ∗ d ( e^{−2ϕ}J ) , H_3 = −hF^2_0 sinh β e^{2ϕ}d ( e^{−2ϕ}J ) F_5 = − 1 4 (1 + ∗)dA_0 ∧ dx^0 ∧ dx^1 ∧ dx^2 ∧ dx^3, ϕ_{now} = −ϕ (4.15)

ds^2 = F_0ds^2_{0123} + F_1 dr^2 + F_2(dψ + cos θ_1dϕ_1 + cos θ_2dϕ_2)^2 + 2∑ i=1 F_{2+i}(dθ^2_i + sin^2θ_idϕ^2_i )

which is, by construction, supersymmetric and since the RR three-form F_3 is not closed it represents precisely the IR configuration of wrapped D5-branes on warped non-Kähler resolved conifold. The above set of equations (4.15) is one of our main results, and as promised in the introduction, provides the fully supersymmetric globally defined solution for the wrapped D5-branes on a non-Kähler resolved conifold. Note that we have left the warp factors F_i undetermined in (4.15). This means that there is a wide range of choices for F_i related to various gauge theory deformations. This is closely related to a similar class of solutions illustrated in figure 3 of [16]. Thus the procedure will be to identify certain set of {F_i} related to deformations in N = 1 YM theory, and then our duality chain will reproduce the gravity dual of this YM configuration. One may also refer to a recent class of solutions studied in [34] with a given choice of {F_i}.

Finally, the five-form is switched on to satify the equation of motion with

A_0 = cosh β sinh β(1 − e^{2ϕ}h^{−2}F^{−4}_0 ) e^{−2ϕ}h^{−2}F^{−4}_0 cosh^2β − sinh^2β

= (F^2_0 − 1)tanh β [ 1 + ( 1 − F^2_0 F^2_0 ) sech^2β + ( 1 − F^2_0 F^2_0

)_2

sech^4β ] (4.16)

The above equation (4.15) is our starting metric, whose local forms we studied in details in [17], and therefore should be taken instead of the metric derived in [18]. The ISD condition for our case gets modified to the following condition on the fluxes:

cosh β H_3 + F^2_0 sinh β ∗ F_3 = 0 (4.17)

5Due to an unfortunate choice of notation, the RR three-form and the third warp factor have the same notation of F_3 (as this is the standard way to represent them!). However since we use F_3 to mostly denote the third warp factor, we hope that there will be no confusion.

– 22 – which may be compared to [33]. Our derivation could also solve the long standing problem of finding the supersymmetric configuration of wrapped D5-branes on a resolved conifold set-up.

4.2 More explicit type IIB background before geometric transition In the above section we saw how one could derive the precise intial metric that not only serves as starting point for geometric transition, but is also supersymmetric. One may make this more specific by solving the SU(3) structure condition specified in section 2.4. This is worked out in Appendix 1. The metric derived this way has many non-trivial components compared to our initial ansatze (4.15). This is not a problem in itself, because we can always do some coordinate transformations to bring the metric to a form that doesn’t have components like g_{rμ} where μ = θ_i, ϕ_i, ψ. But the metric will have other non-trivial cross-terms. It may be possible to make further coordinate transformations to bring the above metric in a form that closely resembles (4.15), but we will not pursue this here as this doesn’t change the underlying physics. Instead we will continue using the background (4.15) and assume that the values of the coefficients F_i are to be fixed using our above metric configuration^6. Other possible cross-terms, not considered in (4.15), will only make the IIA background more non-trivial without revealing new physics^7. Henceforth our starting point would be (4.15) with the assumption that the coefficients are to be derived from the metric discussed in the above subsection. Once we know the metric, we can follow up the steps described earlier to compute the three-forms. The NS three-form H_3 has the form:

H_3 hF^2_0 sinh β = + [ k^2(2ϕ_{θ1} √ F_1F_2 cos θ_1 + √ F_1F_2 sin θ_1 + 2ϕ_rF_3 sin θ_1 − F_{3r} sin θ_1)

− 2kF_3k_r sin θ_1 − 2k √ F_1F_2k_{θ1} cos θ_1 ] dr ∧ dθ_1 ∧ dϕ_1 + [ k^2(2ϕ_{θ2} √ F_1F_2 cos θ_2 + √ F_1F_2 sin θ_2 + 2ϕ_rF_4 sin θ_2 − F_{4r} sin θ_2)

− 2kF_4k_r sin θ_2 − 2k √ F_1F_2k_{θ2} cos θ_2 ] dr ∧ dθ_2 ∧ dϕ_2 − 2k √ F_1F_2 [ (kϕ_{θ1} − k_{θ1} )(dr ∧ dψ ∧ dθ_1 − cos θ_2dr ∧ dθ_1 ∧ dϕ_2)

+ (kϕ_{θ2} − k_{θ2} )(dr ∧ dψ ∧ dθ_2 − cos θ_1dr ∧ dθ_2 ∧ dϕ_1) ] − 2kF_3 sin θ_1(kϕ_{θ2} − k_{θ2} )dθ_1 ∧ dθ_2 ∧ dϕ_1 + 2kF_4 sin θ_2(kϕ_{θ1} − k_{θ1} )dθ_1 ∧ dθ_2 ∧ dϕ_2 (4.18)

where k^2(r, θ_1, θ_2) = h^{−1/2}e^ϕ, and we have defined ϕ_α ≡ ∂_αϕ with α = θ_i, r as ϕ ≡ ϕ(r, θ_1, θ_2) for simplicity. A constant ϕ is not good for us, and also leads to

6See also [35] where a non-Kähler metric on the resolved conifold is studied. It would be interesting to compare the metric of [35] with the metric components given in Appendix 1.

7We have justified this claim in [16] where we explicitly computed the torsion classes for the background (4.9), (4.11) and (4.13) to argue for supersymmetry. See section 3.1 of [16].

– 23 –

Figure 2: The duality map to generate the full geometric transitions in the supersymmetric global set-up of type IIA and type IIB theories.

certain issues detailed in [37]. Once we have H_3, we can get dH_3 as: dH_3 sinh β = k [ F_3 sin θ_1(4hk_rϕ_{θ2} − 4hk_{θ2} ϕ_r + 2h_{θ2} k_r − 2h_rk_{θ2} + 2kh_rϕ_{θ2} − 2kh_{θ2} ϕ_r) √ F_1F_2 cos θ_1(4hk_{θ1} ϕ_{θ2} − 4hk_{θ2} ϕ_{θ1} + 2h_{θ2} k_{θ1} − 2h_{θ1} k_{θ2} + 2kh_{θ1} ϕ_{θ2} − 2kh_{θ2} ϕ_{θ1} ) −( √ F_1F_2 − F_{3r})(2hkϕ_{θ2} + h_{θ2} k) sin θ_1 ] dr ∧ dθ_2 ∧ dθ_1 ∧ dϕ_1 +k [ F_4 sin θ_2(4hk_rϕ_{θ1} − 4hk_{θ1} ϕ_r + 2h_{θ1} k_r − 2h_rk_{θ1} + 2kh_rϕ_{θ1} − 2kh_{θ1} ϕ_r) √ F_1F_2 cos θ_2(4hk_{θ2} ϕ_{θ1} − 4hk_{θ1} ϕ_{θ2} + 2h_{θ1} k_{θ2} − 2h_{θ2} k_{θ1} + 2kh_{θ2} ϕ_{θ1} − 2kh_{θ1} ϕ_{θ2} ) −( √ F_1F_2 − F_{4r})(2hkϕ_{θ1} + h_{θ1} k) sin θ_2 ] dr ∧ dθ_1 ∧ dθ_2 ∧ dϕ_2 +2k √ F_1F_2 [ h_{θ1} k_{θ2} − h_{θ2} k_{θ1} + kh_{θ2} ϕ_{θ1} − kh_{θ1} ϕ_{θ2} + 2hk_{θ2} ϕ_{θ1} − 2hk_{θ1} ϕ_{θ2} ] × dr ∧ dθ_1 ∧ dθ_2 ∧ dψ (4.19) with F_{ir} ≡ ∂_rF_i, k_i = ∂_ik and (hF^2_0 )_i = ∂_i(hF^2_0 ). From (4.19) it means that if we make

h_{θ1} k_{θ2} − h_{θ2} k_{θ1} + kh_{θ2} ϕ_{θ1} − kh_{θ1} ϕ_{θ2} + 2hk_{θ2} ϕ_{θ1} − 2hk_{θ1} ϕ_{θ2} = 0, 4hk_rϕ_{θ2} − 4hk_{θ2} ϕ_r + 2h_{θ2} k_r − 2h_rk_{θ2} + 2kh_rϕ_{θ2} − 2kh_{θ2} ϕ_r 2hkϕ_{θ2} + h_{θ2} k = √ F_1F_2 − F_{3r} F_3 ,

– 24 –

4hk_rϕ_{θ1} − 4hk_{θ1} ϕ_r + 2h_{θ1} k_r − 2h_rk_{θ1} + 2kh_rϕ_{θ1} − 2kh_{θ1} ϕ_r 2hkϕ_{θ1} + h_{θ1} k = √ F_1F_2 − F_{4r} F_4 . then H_3 will be closed. One however may worry that making H_3 closed implies too much constraints on the F_i’s. For the present case this may still be okay because the initial choice of the background (4.10) forms a class of solutions parametrised by our choice of F_i and ϕ, the dilaton^8. A specific choice of the background with a specified complex structure and Kähler class is exemplified in Appendix 1. For this case we can define a closed three-form with appropriate choice of the dilaton, so that our choice remains generic enough. Thus the B_{NS} field can be gauge transformed to have only the following components: b_{rψ} = ∫ −2hF^2_0 k sinh β (kϕ_{θ1} − k_{θ1} ) √ F_1F_2 dθ_1,

b_{rϕ1} = ∫ −2hF^2_0 k sinh β (kϕ_{θ2} − k_{θ2} ) √ F_1F_2 cos θ_1 dθ_2,

b_{rϕ2} = ∫ −2hF^2_0 k sinh β (kϕ_{θ1} − k_{θ1} ) √ F_1F_2 cos θ_2 dθ_1,

b_{θ1ϕ1} = ∫ 2hF^2_0 k sinh β (kϕ_{θ2} − k_{θ2} )F_3 sin θ_1 dθ_2,

b_{θ2ϕ2} = ∫ 2hF^2_0 k sinh β (kϕ_{θ1} − k_{θ1} )F_4 sin θ_2 dθ_1. (4.20)

where we see that there are three new components of the form b_{rα} compared to the local case [17]. This is expected because we are no longer fixed to r = r_0, but have global access. However before moving ahead we will pause to comment on switching on other possible components of the B_{NS} field of the form:

b_{ϕ1ϕ2} dϕ_1 ∧ dϕ_2 + 2∑ i=1 b_{ϕiψ} dϕ_i ∧ dψ (4.21) Such choices of B_{NS} fields would make the type IIA background non-geometric. So far locally we saw that the type IIA backgrounds remains geometric but does become non-Kähler. Is there a possibility that the IIA background globally is non-geometric also? We will reflect on this point later, but for the time being we will assume that the B_{NS} field is only of the form (4.20) and doesn’t have additional components like (4.21).

Next comes the RR three-form F_3. From our previous set of duality arguments, this is given by:

F_3 hF^2_0 cosh β

= 2KF_1F_2F_3F_4 sin θ_2 sin θ_1(ϕ_{θ1} sin θ_1 cos θ_2 − ϕ_{θ2} sin θ_2 cos θ_1)dr ∧ dϕ_1 ∧ dϕ_2

8See also [16] where a torsion class analysis reveals k to be a function of r only. This means we can choose F_0 appropriately such that h and e^ϕ are functions of (r, θ_i). One possible choice would be h =^1_{k2 F0} and e^ϕ =^{k√}_{F0} .

– 25 –

+KF^2_3 sin^2 θ_1 sin θ_2(2ϕ_{θ2} √ F_1F_2F_4 sin θ_2 − F_2 √ F_1F_2 cos θ_2 −2ϕ_rF_2F_4 cos θ_2 + F_2F_{4r} cos θ_2)dθ_1 ∧ dϕ_1 ∧ dϕ_2 +KF^2_4 sin^2 θ_2 sin θ_1(−2ϕ_{θ1} √ F_1F_2 sin θ_1 + F_2 √ F_1F_2 cos θ_1 +2ϕ_rF_2F_3 cos θ_1 − F_2F_{3r} cos θ_1)dθ_2 ∧ dϕ_1 ∧ dϕ_2 −KF_2F^2_3 sin^2 θ_1(2ϕ_rF_4 sin θ_2 + √ F_1F_2 sin θ_2 − F_{4r} sin θ_2)dψ ∧ dθ_1 ∧ dϕ_1 −KF_2F^2_4 sin^2 θ_2(2ϕ_rF_3 sin θ_1 + √ F_1F_2 sin θ_1 − F_{3r} sin θ_1)dψ ∧ dθ_2 ∧ dϕ_2 −2ϕ_{θ2} KF_1F_2F_3F_4 sin θ_1 sin^2 θ_2dr ∧ dψ ∧ dϕ_2 −2ϕ_{θ1} KF_1F_2F_3F_4 sin θ_2 sin^2 θ_1dr ∧ dψ ∧ dϕ_1 (4.22)

where as before ϕ_α should be understood as derivatives on ϕ i.e ∂_αϕ, and we have defined K as: K = cosec θ_1cosec θ_2 √ F_1F_2F_3F_4

(4.23)

Note that dF_3 is no longer closed, and will be related to delta function sources coming from the wrapped D5-branes^9.

Once we have the explicit forms for the three-forms, to satisy the type IIB EOMs we will now require RR five-form. This is easy to work out, and is given by:

F_5 = 1 4 [ − A_{0r}dr ∧ dt ∧ dx ∧ dy ∧ dz − A_{0θ1} dθ_1 ∧ dt ∧ dx ∧ dy ∧ dz −A_{0θ2} dθ_2 ∧ dt ∧ dx ∧ dy ∧ dz − P F_2F_3F_4 sin^2 θ_1 sin^2 θ_2 ×(A_{0r}F_3F_4dψ ∧ dθ_1 ∧ dθ_2 ∧ dϕ_1 ∧ dϕ_2 + A_{0θ1} F_1F_4dr ∧ dψ ∧ dθ_2 ∧ dϕ_1 ∧ dϕ_2 +A_{0θ2} F_1F_3dr ∧ dψ ∧ dθ_1 ∧ dϕ_1 ∧ dϕ_2) ] (4.24)

where A_{0α} ≡ ∂_αA_0 and A_0 is given in (4.16). We have also defined P as: P = cosec θ_1cosec θ_2 √ F_1F_2F^2_0 F_3F_4

(4.25)

Thus with (4.18), (4.22), (4.24) and (4.15) we have the complete susy background in type IIB before geometric transition. A torsion class analysis with susy constraints has been done in [16] (see eq. (3.15) therein). As long as the warp factors satisfy eq. (3.15) of [16] supersymmetry will be preserved. In the following subsection, we will use the above background to compute the type IIA mirror configuration.

9There is a subtlety here: not every non-closed F_3 can be interpreted as a source (see for example the criteria presented in [36]). Happily, our case does fall into one of the required criteria of [36] as should be clear by writing the fluxes in the language of G-structure, or in terms of the torsion classes. A more detailed elaboration of this is given in [16].

– 26 –

4.3 The type IIA mirror configuration

As it stands, the metric in (4.15) has three obvious isometries associated with translation along the three angular directions ϕ_1, ϕ_2 and ψ. So there is a natural T^3 embedded in our configuration, and one might naively think that the mirror would be three T-dualities along T^3. Such a simple transformation doesn’t work for our case because our configuration represents the IR limit of a cascading gauge theory where the base of the three torus is small. Mirror transformation a la SYZ [22] works exactly in the opposite limit! So naive T-dualities will not give us the mirror metric, and we need to first make the base, paramerised by θ_1, θ_2 and r, very large^{10}. The simplest way to do this would be to make the following transformation on the background (4.15):

dψ → dψ + f_1 cos θ_1 dθ_1 + f_2 cos θ_2 dθ_2 dϕ_1 → dϕ_1 − f_1 dθ_1, dϕ_2 → dϕ_2 − f_2 dθ_2 (4.26)

with the assumption that f_i = f_i(θ_i) so that the transformations (4.26) would be integrable^{11}. Recall that compatibility with the SU(3) structure will fix f_i in the mirror [17]. Note also that these transformations are similar in form as in the first reference of [17] and would change the complex structure of the base accordingly.

Under these transformations the B_{NS} field generates extra components b_{rθ1} , b_{rθ2} . It is however interesting to note that they vanish as follows:

b_{rθ1} = f_1(b_{rψ} cos θ_1 − b_{rϕ1} ) = 0, b_{rθ2} = f_2(b_{rψ} cos θ_2 − b_{rϕ2} ) = 0 (4.27)

implying that the B_{NS} field do not change under the transformation (4.26). This is similar to the local case also [17].

On the other hand the RR three-form does change under the coordinate transformation (4.26). The extra components of the three-form are the following:

F_{rθ1θ2} = f_1f_2(F_{rϕ1ϕ2} − cos θ_1F_{rψϕ2} + cos θ_2F_{rψϕ1} ), F_{rψθ1} = −f_1F_{rψϕ1} F_{rθ1ϕ2} = −f_1(F_{rϕ1ϕ2} − cos θ_1F_{rψϕ2} ), F_{θ1θ2ϕ1} = f_2(F_{θ1ϕ1ϕ2} − cos θ_2F_{ψθ1ϕ1} ), F_{rθ2ϕ1} = f_2(F_{rϕ1ϕ2} + cos θ_2F_{rψϕ1} ), F_{θ1θ2ϕ2} = f_1(F_{θ2ϕ1ϕ2} + cos θ_1F_{ψθ2 ϕ2} ), F_{rθ2ϕ2} = f_2 cos θ_2F_{rψϕ2} , F_{rψθ2} = −f_2F_{rψϕ2} , F_{rθ1ϕ1} = f_1 cos θ_1F_{rψϕ1} (4.28)

A physical reason for this change can be easily understood: under the coordinate transformation (4.26) the base parametrised by (θ_1, θ_2) become large. This means that the associated RR three-form field strengths increase simultaneously, which is of

10This effectively means that the distances along the θ_i directions have to be made very large, as r is non-compact. See also our earlier works [17] where this has been explained in more details.

11Note also that since f_i = f_i(θ_i), the transformations (4.26) on the one-forms (dψ, dϕ_i) are just coordinate transformations of (ψ, ϕ_i). Therefore they don’t change the EOMs.

– 27 – course what we see in (4.28). Note that the component F_{rθ1θ2} dominates over all other extra components in (4.28) because this lies exclusively on the base parametrised by the coordinates (r, θ_1, θ_2) which is made much bigger than the T^3 fibre parametrised by the coordinates (ψ, ϕ_1, ϕ_2).

Once the three-form F_3 changes, the RR five-form also has to change. Its is easy to show that the extra components of the five-form are:

F_{rθ1θ2ϕ1ϕ2} = f_1 cos θ_1F_{rψθ2ϕ1ϕ2} − f_2 cos θ_2F_{rψθ1ϕ1ϕ2} , F_{rψθ1θ2ϕ2} = f_1F_{rψθ2ϕ1ϕ2} , F_{rψθ1θ2ϕ1} = f_2F_{rψθ1ϕ1ϕ2} (4.29) satisfying the background EOMs. All these extra components will give rise to RR four-form in Type IIA after mirror transformation, as we will show soon. But before that lets infer how the metric changes. Under the transformation (4.26) the metric (4.15) takes the following form:

ds^2 = F_0ds^2_{0123} + F_1 dr^2 + F_2(dψ + cos θ_1dϕ_1 + cos θ_2dϕ_2)^2 + 2∑ i=1 F_{2+i} sin^2θ_idϕ^2_i

+ 2∑ i=1 [ F_{2+i} ( 1 + f^2_i sin^2θ_i ) dθ^2_i − 2f_iF_{2+i} sin^2θ_i dϕ_idθ_i ] (4.30)

which in fact does exactly what we wanted^{12}: it enlarges the θ_i-cycles, but doesn’t change the B_{NS} field. For SYZ to work properly, we require the base size to be very large, and therefore we will require f_i also to be large. This conclusion fits well with the local picture that we had in [17]. Note that we have also generated cross terms. These cross terms will be useful soon. The eleven metric components are:

j_{rr} = F_1, j_{ϕ1θ1} = −f_1F_3sin^2θ_1, j_{ϕ2θ2} = −f_2F_4sin^2θ_2 j_{ψψ} = F_2(1 − ϵ), j_{ϕ1ψ} = F_2cos θ_1, j_{ϕ2ψ} = F_2cos θ_2 j_{ϕ1ϕ1} = F_2cos^2θ_1 + F_3sin^2θ_1, j_{ϕ2ϕ2} = F_2cos^2θ_2 + F_4sin^2θ_2 (4.31) j_{ϕ1ϕ2} = F_2cos θ_1θ_2, j_{θ1θ1} = F_3(1 + f^2_1 sin^2θ_1), j_{θ2θ2} = F_4(1 + f^2_2 sin^2θ_2)

where ϵ is a finite but small number^{13}. Let us also define another quantity α in the following way:

α^{−1} ≡ F_3F_4sin^2θ_1sin^2θ_2 + F_2F_4cos^2θ_1sin^2θ_2 + F_2F_3sin^2θ_1cos^2θ_2 (4.32)

away from the point (θ_1, θ_2) = 0. Now assuming that f_1, f_2 are large, we can perform the mirror transformation along (ψ, ϕ_1, ϕ_2) directions. The mirror metric in type IIA

12The metric (4.30) also solves the supergravity EOM as should be clear from the discussion presented earlier.

13Of course ϵ < 1 to preserve the signature. In fact introducing ϵ in j_{ψψ} will help us not only to keep f_i large to satisfy SYZ but also satisfy the susy conditions in the mirror dual. This will become clear soon.

– 28 – takes the following form:

ds^2_{mirror} = F_0ds^2_{0123} + ds^2_6 (4.33)

where the six-dimensional internal space is a non-Kähler deformation of the deformed conifold in the following way:

ds^2_6 = F_1dr^2 + αF_2 Δ_1Δ_2 [ dψ − b_{ψr}dr + Δ_1cos θ_1 ( dϕ_1 − b_{ϕ1θ1} dθ_1 − b_{ϕ1r}dr )

+Δ_2cos θ_2 ( dϕ_2 − b_{ϕ2θ2} dθ_2 − b_{ϕ2r}dr )]_2

+ αj_{ϕ2ϕ2} ( dϕ_1 − b_{ϕ1θ1} dθ_1 − b_{ϕ1r}dr )_2 + αj_{ϕ1ϕ1} ( dϕ_2 − b_{ϕ2θ2} dθ_2 − b_{ϕ2r}dr )_2

− 2αj_{ϕ1ϕ2} ( dϕ_1 − b_{ϕ1θ1} dθ_1 − b_{ϕ1r}dr )( dϕ_2 − b_{ϕ2θ2} dθ_2 − b_{ϕ2r}dr ) (4.34) − 2αj_{ϕ1ϕ2} ( f_1f_2ϵ α ) dθ_1dθ_2 + ( F_3 − ϵ F_2f^2_1 cos^2θ_1 ) dθ^2_1 + ( F_4 − ϵ F_2f^2_2 cos^2θ_2 ) dθ^2

and we have defined Δ_i in the following way:

Δ_1 = αF_2F_4sin^2θ_2, Δ_2 = αF_2F_3sin^2θ_1 (4.35)

At this stage we can extract the consequence of the fact that both f_1 and f_2 are very large. This fits perfectly well with the mirror metric because f^2_i as well as f_1f_2 come with the coefficient ϵ allowing us to satisfy both SYZ and susy in the mirror. This means that if we impose the following constraint:

f_1f_2ϵ ≡ − α (4.36)

i.e both f_i proportional to ϵ^{−1/2}, it will bring the cross-terms in the metric to the following suggestive form: 2αj_{ϕ1ϕ2} [ dθ_1dθ_2 − ( dϕ_1 − b_{ϕ1θ1} dθ_1 − b_{ϕ1r}dr )( dϕ_2 − b_{ϕ2θ2} dθ_2 − b_{ϕ2r}dr )] (4.37)

In the limit b_{ϕ1α} = b_{ϕ2α} = 0 with α = r, θ_i, (4.37) is in fact a term of the deformed conifold! The above conclusion seems rather encouraging, provided of course (4.36) is satisfied. In the local limit, similar condition also arose (see the first reference of [17]) and we argued therein that as long as we can define f_i ∝ (−1)^i⟨α⟩_i √ ϵ (4.38)

where ⟨α⟩_i depend only on θ_i the constraint (4.36) is satisfied. Therefore a condition like (4.36) works perfectly well in the local case. Question is, can we satisfy (4.36) also for the global case?

– 29 –

The answer is now tricky. We demanded that f_i = f_i(θ_i), otherwise global coordinate transformation like (4.26) cannot be defined. This means that F_i appearing in the definition of α in (4.36) will have to be highly constrained. Generically this is not possible^{14} because of the underlying type IIA supersymmetry, as constraints on the torsion classes [25] will tend to fix f_i(θ_i), but in special case this may happen.

The special case arises if we allow F_2 to depend on the angular coordinates θ_i also in such a way that the susy constraints on the torsion classes are still satisfied with F_2 given by:

F_2(r, θ_1, θ_2) = −

(β_1β_2)^{−1} + F_3F_4sin^2θ_1sin^2θ_2 F_4cos^2θ_1sin^2θ_2 + F_3sin^2θ_1cos^2θ_2

(4.39)

where f_i ≡^{βi√}_ϵ . This tells us that the radial dependence of F_2 is fixed by F_3(r) and F_4(r), but the angular dependences are pretty much unfixed because β_i(θ_i) are arbitrary functions of θ_i respectively^{15}. All these of course should get fixed once we impose the susy constraints on the torsion classes. However the above relation (4.39) already looks tight, but lets move on and see how far we can go with these kind of arguments. Our next question would therefore be: is there a way to fix the angular dependences also?

To see how to fix the angular dependences, we can go back to the equivalent local limit of (4.37) where the particular way of writing the metric allows us to make a coordinate rotation to bring the term (4.37) into the more familar deformed conifold form [38]. This, as we know from [38, 17], is only possible iff other terms in the metric remain invariant under the coordinate transformation. If this condition is imposed globally, then it would imply the following two relations:

β_1 = ± √ F_3 − αj_{ϕ2ϕ2} F_2cos^2θ_1

β_2 = ∓ √ F_4 − αj_{ϕ1ϕ1} F_2cos^2θ_1

(4.40)

In the local case, studied in the first reference of [17], relations like (4.40) are consistent in the sense that (4.36) is satisfied. Unfortunately, this is no longer true for the global case generically because the above relation along with (4.36) would lead to inconsistent set of equations, and would probably break susy. Therefore in general the mirror metric will take the following form:

ds^2_6 = F_1dr^2 + αF_2 Δ_1Δ_2 [ dψ − b_{ψr}dr + Δ_1cos θ_1 ( dϕ_1 − b_{ϕ1θ1} dθ_1 − b_{ϕ1r}dr )

14For the local case α was defined at r = r_0 so this subtlety did not arise and, as we discussed above, we used ⟨α⟩_i to define f_i so things were perfectly consistent there.

15Interestingly we can make both β_i and ϵ to be generic functions of the internal coordinates in such a way that f_i ≡^{βi√}_ϵ remain functions of θ_i only. The only bound on ϵ would be that it never exceeds 1 over any point in the internal space.

– 30 –

+Δ_2cos θ_2 ( dϕ_2 − b_{ϕ2θ2} dθ_2 − b_{ϕ2r}dr )]_2

+ αj_{ϕ2ϕ2} ( dϕ_1 − b_{ϕ1θ1} dθ_1 − b_{ϕ1r}dr )_2 + αj_{ϕ1ϕ1} ( dϕ_2 − b_{ϕ2θ2} dθ_2 − b_{ϕ2r}dr )_2

− 2αj_{ϕ1ϕ2} ( dϕ_1 − b_{ϕ1θ1} dθ_1 − b_{ϕ1r}dr )( dϕ_2 − b_{ϕ2θ2} dθ_2 − b_{ϕ2r}dr )

− 2j_{ϕ1ϕ2} β_1β_2 dθ_1dθ_2 + ( F_3 − F_2β^2_1 cos^2θ_1 ) dθ^2_1 + ( F_4 − F_2β^2_2 cos^2θ_2 ) dθ^2 (4.41)

Only in very special cases, where (4.40) and (4.36) are both simultaneously satisfied, we expect the mirror to take the following symmetric form:

ds^2_6 = F_1dr^2 + αF_2 Δ_1Δ_2 [ dψ − b_{ψr}dr + Δ_1cos θ_1 ( dϕ_1 − b_{ϕ1θ1} dθ_1 − b_{ϕ1r}dr )

+Δ_2cos θ_2 ( dϕ_2 − b_{ϕ2θ2} dθ_2 − b_{ϕ2r}dr )]_2

+αj_{ϕ2ϕ2} [ dθ^2_1 + ( dϕ_1 − b_{ϕ1θ1} dθ_1 − b_{ϕ1r}dr )_2]

+αj_{ϕ1ϕ1} [ dθ^2 + ( dϕ_2 − b_{ϕ2θ2} dθ_2 − b_{ϕ2r}dr )_2]

+2αj_{ϕ1ϕ2} [ dθ_1dθ_2 − ( dϕ_1 − b_{ϕ1θ1} dθ_1 − b_{ϕ1r}dr )( dϕ_2 − b_{ϕ2θ2} dθ_2 − b_{ϕ2r}dr )] (4.42)

which is strongly reminiscent of the deformed conifold! Observe that both the forms of the metrics are finite and well defined. This tells us that our procedure of making the base large before performing SYZ [22] is logical and correct.

On the other hand, the cross term that we developed in the metric appears as the B_{NS} field in type IIA theory. Expectedly, this B-field is large and is given by the following form:

~B = αf_1F_3 sin^2 θ_1 (F_2 cos^2 θ_2 + F_4 sin^2 θ_2) dθ_1 ∧ dϕ_1

+ αf_2F_4 sin^2 θ_2 ( F_2 cos^2 θ_1 + F_3 sin^2 θ_1 ) dθ_2 ∧ dϕ_2 + ( 1 − ϵ αF_2F_4 sin^2 θ_1 sin^2 θ_2 ) (f_1 cos θ_1dθ_1 + f_2 cos θ_2dθ_2) ∧ dψ (4.43)

In the limit ϵ → 0, the last two terms are pure gauge. For finite, but small, ϵ < 1 they cannot be gauged away. In the local limit (see the first paper of [17]) all the F_i were constants, and so ~B became a pure gauge when written in terms of ⟨α⟩_i. This doesn’t seem to be the case globally, unless of course F_i’s are of some specific forms.

The wrapped D6 brane two-form charges now come partly from the type IIB three-forms and partly from the five-forms. The three-forms contributions to the IIA two-forms are given by the following components: ~F_{ψθ1} = F_{ϕ1ϕ2θ1} , ~F_{ψθ2} = F_{ϕ1ϕ2θ2} , ~F_{ψr} = F_{ϕ1ϕ2r},

– 31 –

~F_{ϕ1r} = F_{rϕ2ψ} + 2j^{ϕ1ϕ2} j_{ϕ1ϕ1} F_{ϕ1rψ} + 2j_{ψϕ1} j_{ϕ1ϕ1} F_{rϕ1ϕ2} , ~F_{ϕ2r} = F_{ϕ1rψ} + 2α(j_{ϕ2ψ}j_{ϕ1ϕ1} − j_{ϕ1ϕ2} j_{ϕ1ψ})F_{rϕ1ϕ2} , ~F_{ϕ1θ2} = F_{ψθ2ϕ2} + 2 j^{ϕ1ψ} j_{ϕ1ϕ1} F_{ϕ1ϕ2θ2} , ~F_{ϕ1θ1} = 2j^{ϕ1ϕ2} j_{ϕ1ϕ1} F_{ϕ1θ1ψ} + 2 j_{ψϕ1} j_{ϕ1ϕ1} F_{ϕ1ϕ2θ1} , ~F_{ϕ2θ1} = F_{ψϕ1 θ1} + 2α(j_{ϕ2ψ}j_{ϕ1ϕ1} − j_{ϕ1ϕ2} j_{ϕ1ψ})F_{ϕ1ϕ2θ1} , ~F_{ϕ2θ2} = 2α(j_{ϕ2ψ}j_{ϕ1ϕ1} − j_{ϕ1ϕ2} j_{ϕ1ψ})F_{ϕ1ϕ2θ2} (4.44)

Similarly, the five-forms contributions to the type IIA two-forms are given in terms of the following components: ~F_{θ1θ2} = F_{ψθ1θ2ϕ1ϕ2} + b_{θ2ϕ2} F_{ψθ1ϕ1} + b_{θ1ϕ1} F_{ψθ2ϕ2} ~F_{rθ1} = F_{rθ1ϕ1ϕ2ψ} + b_{θ1ϕ1} F_{rψϕ2} + ( b_{ϕ2r} + j_{ϕ1ϕ2} j_{ϕ1ϕ1} b_{rϕ1} ) F_{ψθ1 ϕ1} + j_{ψϕ1} j_{ϕ1ϕ1} b_{θ1ϕ1} F_{rϕ1ϕ2} + ( b_{rψ} − j_{ψϕ1} j_{ϕ1ϕ1} b_{rϕ1} ) F_{θ1ϕ1ϕ2} + j_{ϕ1ϕ2} j_{ϕ1ϕ1} b_{θ1ϕ1} F_{rψϕ1} ~F_{rθ2} = F_{rθ2ϕ1ϕ2ψ} + b_{rϕ1} F_{ψθ2 ϕ2} + b_{rψ}F_{θ2ϕ1ϕ2} − b_{θ2ϕ2} F_{rψϕ1} (4.45)

All the above components are finite and give rise to the required D6-branes charges. However since the B-field is large, to compensate this in the EOMs we need large G-fluxes in type IIA. These fluxes come exactly from the extra three- and five-form components (4.28) and (4.29) respectively. These three- and five-form components give rise to twelve components of the four-form fluxes in IIA namely: ~F_{rψθ1θ2} , ~F_{rψθ1ϕ1} , ~F_{rψθ1ϕ2} , ~F_{rψθ2ϕ1} ~F_{rψθ2ϕ2} , ~F_{rθ1θ2ϕ1} , ~F_{rθ1θ2ϕ2} , ~F_{rθ1ϕ1ϕ2} ~F_{rθ2ϕ1ϕ2} , ~F_{ψθ1θ2ϕ1} , ~F_{ψθ1θ2ϕ2} , ~F_{θ1θ2ϕ1ϕ2} (4.46) These components are listed in Appendix 2 which the readers may refer to for details. Combined with (4.43), these fluxes lift to M-theory as G-fluxes with components along the spacetime and the eleventh directions respectively. Interestingly, both the metric (4.41) or (4.42) along with the two-form flux components (4.44) and (4.45) lift to a geometrical configuration in M-theory, which we expect to have a G_2 structure. This is of course expected because both the non-Kähler deformed conifold as well as the wrapped D6-branes tend to become geometrical configurations when the type IIA coupling is made very large^{16}. In the following sub-section we will dwell on this in more details.

16The fact that we get (4.41) instead of (4.42) is nothing too surprising. One does not expect to get a Kähler deformed conifold in type IIA. This was already clear from the pioneering work of [5]. Here we not only seem to confirm the statement of [5] but also determine the precise form of the IIA metric.

– 32 –

4.4 M theory lift, flop transition and type IIA reduction

The lift of our type IIA mirror configuration to M-theory is rather straighforward. The eleven-directional fibration is given by gauge fluxes derived from the two-form components (4.44) and (4.45). It is easy to show that we need only A_{ϕi} , A_{θi} and A_r components. Using these, the M-theory lift of our IIA symmetric mirror metric (4.42) is:

ds^2_{11} = e^{− 2ϕ3} { F_0ds^2_{0123} + F_1dr^2 + αF_2 Δ_1Δ_2 [ dψ − b_{ψr}dr +Δ_1cos θ_1 ( dϕ_1 − b_{ϕ1θ1} dθ_1 − b_{ϕ1r}dr ) + Δ_2cos θ_2 ( dϕ_2 − b_{ϕ2θ2} dθ_2 − b_{ϕ2r}dr )]_2

+αj_{ϕ2ϕ2} [ dθ^2_1 + ( dϕ_1 − b_{ϕ1θ1} dθ_1 − b_{ϕ1r}dr )_2]

+αj_{ϕ1ϕ1} [ dθ^2 + ( dϕ_2 − b_{ϕ2θ2} dθ_2 − b_{ϕ2r}dr )_2]

+2αj_{ϕ1ϕ2} [ dθ_1dθ_2 − ( dϕ_1 − b_{ϕ1θ1} dθ_1 − b_{ϕ1r}dr )( dϕ_2 − b_{ϕ2θ2} dθ_2 − b_{ϕ2r}dr )] }

+e^{4ϕ3} [ dx_{11} + A_{ϕ1} dϕ_1 + A_{ϕ2} dϕ_2 + A_{θ1} dθ_1 + A_{θ2} dθ_2 + A_rdr

]_2 (4.47)

It is easy to see that the non-symmetric mirror metric (4.41) will also lift to M-theory in an identical way. The local limit of the lift of (4.41) is precisely the one discussed in the first paper of [17] and, as discussed therein, we expect the lift of (4.41) to have a G_2 structure to preserve supersymmetry. To see this for our case, we have to express the lift of the metric (4.41) in terms of certain one-forms similar to the ones given in [17] (see also [39]). Following the first paper of [17] we first express the B-fields appearing in the fibration (4.41) in terms of periodic angular coordinates λ_i in the following way:

tan λ_1 ≡ b_{ϕ1θ1} , tan λ_2 ≡ b_{ϕ2θ2} , tan λ_3 ≡ b_{ψr} tan λ_4 ≡ b_{ϕ1r}, tan λ_5 ≡ b_{ϕ2r} (4.48)

Using these we can define two sets of one-forms. The first set, called σ_i with i = 1, .., 3, can be expressed in terms of λ_i as:

σ_1 = sin ψ_1(dϕ_1 − tan λ_4dr) + sec λ_1 cos(ψ_1 + λ_1)dθ_1, σ_2 = cos ψ_1(dϕ_1 − tan λ_4dr) − sec λ_1 sin(ψ_1 + λ_1)dθ_1,

σ_3 = dψ_1 − 1 2 tan λ_3dr + Δ_1 cos θ_1(dϕ_1 − tan λ_1dθ_1 − tan λ_4dr) (4.49)

and the second set can be expressed in terms of λ_i as:

Σ_1 = − sin ψ_2(dϕ_2 − tan λ_5dr) + sec λ_2 cos(ψ_2 + λ_2)dθ_2,

– 33 –

Σ_2 = − cos ψ_2(dϕ_2 − tan λ_5dr) − sec λ_2 sin(ψ_2 + λ_2)dθ_2,

Σ_3 = dψ_2 + 1 2 tan λ_3dr − Δ_2 cos θ_2(dϕ_2 − tan λ_2dθ_2 − tan λ_5dr) (4.50)

At this stage one may compare these two sets of one-forms to the ones given by eq. (6.2) and eq. (6.3) in the first paper of [17]. The definitions of ψ_1 and ψ_2 follow exactly as in [17], i.e dψ = dψ_1 − dψ_2, dx_{11} = dψ_1 + dψ_2 (4.51) Furthermore we can perform the following rotation of the coordinates: ( Dϕ_2 dθ_2 ) → ( cos ψ_0 − sin ψ_0 sin ψ_0 cos ψ_0 ) ( Dϕ_2 dθ_2 ) (4.52)

with Dϕ_2 ≡ dϕ_2 −b_{ϕ2 θ2} dθ_2 −b_{ϕ2 r}dr and ψ_0 a constant. If we make this transformation to the symmetric mirror metric of type IIA (4.42), this will lift to M-theory not as (4.47), but to a more suggestive configuration:

ds^2_{11} = e^{− 2ϕ3} { F_0ds^2_{0123} + F_1dr^2 + αF_2 Δ_1Δ_2 [ dψ − b_{ψr}dr − b_{ψθ2} dθ_2 +Δ_1cos θ_1 ( dϕ_1 − b_{ϕ1θ1} dθ_1 − b_{ϕ1r}dr ) + Δ_2cos θ_2cos ψ_0 ( dϕ_2 − b_{ϕ2θ2} dθ_2 − b_{ϕ2r}dr )]_2

+αj_{ϕ2ϕ2} [ dθ^2_1 + ( dϕ_1 − b_{ϕ1θ1} dθ_1 − b_{ϕ1r}dr )_2]

+αj_{ϕ1ϕ1} [ dθ^2 + ( dϕ_2 − b_{ϕ2θ2} dθ_2 − b_{ϕ2r}dr )_2]

+2αj_{ϕ1ϕ2} cos ψ_0 [ dθ_1dθ_2 − ( dϕ_1 − b_{ϕ1θ1} dθ_1 − b_{ϕ1r}dr )( dϕ_2 − b_{ϕ2θ2} dθ_2 − b_{ϕ2r}dr )]

+2αj_{ϕ1ϕ2} sin ψ_0 [( dϕ_1 − b_{ϕ1θ1} dθ_1 − b_{ϕ1r}dr ) dθ_2 + ( dϕ_2 − b_{ϕ2θ2} dθ_2 − b_{ϕ2r}dr ) dθ_1 ]}

+e^{4ϕ3} [ dx_{11} + ~A_{ϕ1} dϕ_1 + ~A_{ϕ2} dϕ_2 + ~A_{θ1} dθ_1 + ~A_{θ2} dθ_2 + ~A_rdr

]_2 (4.53)

where we have introduced a B-field fibration using b_{ψθ2} ≡ Δ_2 sin ψ_0cos θ_2 to modify the dψ fibration structure. The eleven-dimensional fibration structure will also change accordingly because we can always express the A_{ϕ2} dϕ_2 term in dx_{11} of (4.47) using Dϕ_2. Thus the overall eleven-dimensional fibration will retain its form but with shifted A_μ fields denoted above by the ~A_μ fields. In terms of the fibration components of (4.47) one can show that ~A_{ϕ1} = A_{ϕ1} , ~A_{θ1} = A_{θ1} and the rest of the components can be presented in the following matrix form: ~A_{ϕ2} ~A_{θ2} ~A_r = cos ψ_0 + b_{ϕ2θ2} sin ψ_0 sin ψ_0 0

−(1 + b^2_{ϕ2θ2} ) sin ψ_0 cos ψ_0 − b_{ϕ2θ2} sin ψ_0 0

b_{ϕ2r}(1 − cos ψ_0 − b_{ϕ2θ2} sin ψ_0) −b_{ϕ2r} sin ψ_0 1

A_{ϕ2} A_{θ2} A_r (4.54)

– 34 –

Additionally with the above modification, the above metric is surprisingly close to the uplift of a non-Kähler deformed conifold metric with wrapped D6-branes to Mtheory provided we can make an additional substitution^{17} in (4.53):

ψ_0 → ψ (4.55)

Making such a substitution may lead one to think that the ψ isometry that we have in (4.47) is removed. This is not the case locally with the non-Kähler deformed conifold because the extra B-field component b_{ψθ2} in the dψ fibration structure of (4.53) as well as the vector fields ~A_μ in the dx_{11} fibration structure transform nontrivially under shift in ψ to restore the isometry. One may also do a somewhat similar rotation like (4.52) to the non-symmetric type IIA metric (4.41) and bring it in a more suggestive format.

The rotation (4.52) should now be captured by the one-forms (4.49) and (4.50) appropriately. In fact only the second set of one-forms (4.50) is related to the change (4.52). Thus the one-forms for our purposes will be (σ_i, Σ_i) with Σ_i to be viewed as the one got from (4.52) directly. Using these one-forms we can rewrite the M-theory metric in two possible ways. The first one is the lift of the non-symmetric type IIA metric (4.41) under the rotation (4.52) and transformation (4.55):

ds^2_7 = g_rdr^2 + g_1(σ_3 + Σ_3)^2 + g_2(σ_3 − Σ_3)^2 + g_3(sin ψ_1σ_1 + cos ψ_1σ_2)^2 + ~g_3(cos ψ_1σ_1 − sin ψ_1σ_2)^2 + g_4(sin ψ_2Σ_1 + cos ψ_2Σ_2)^2 + ~g_4(cos ψ_2Σ_1 − sin ψ_2Σ_2)^2 + g_5(sin ψ_1σ_1 + cos ψ_1σ_2)(sin ψ_2Σ_1 + cos ψ_2Σ_2) − ~g_5(cos ψσ_1 − sin ψ_1σ_2)(cos ψ_2Σ_1 − sin ψ_2Σ_2) (4.56)

where we have defined the coefficients g_i, ~g_i as:

g_r = e^{−2ϕ/3}F_1, g_1 = e^{4ϕ/3}, g_2 = e^{−2ϕ/3} αF_2 Δ_1Δ_2

, g_3 = αj_{ϕ2ϕ2} ,

~g_3 = F_3 − F_2β^2_1 cos^2 θ_1, g_4 = αj_{ϕ1ϕ1} , ~g_4 = F_4 − F_2β^2_2 cos^2 θ_2 g_5 = 2αj_{ϕ1ϕ2} , ~g_5 = 2β_1β_2j_{ϕ1ϕ2} (4.57)

The second way to rewrite the metric is a little more suggestive of the way to perform the flop operation on the M-theory manifold and has a nice form for the symmetric case (4.42), again under (4.52) and (4.55). The local form of this has already appeared in the first reference of [17], and the readers may want to look at that for more details. In fact we can rewrite (4.56) in the following way also. Here we will simply quote the generic ansatze using parameters α_i and ζ:

ds^2_7 = α^2_1 2∑ a=1 (σ_a + ζΣ_a)^2 + α^2 2∑ a=1 (σ_a − ζΣ_a)^2 + α^2_3(σ_3 + Σ_3)^2 + α^2_4(σ_3 − Σ_3)^2 + α^2_5dr^2

17This is compatible with the underlying G_2 structure. An analysis of the G_2 torsion classes, along the lines of the first paper in [17], will reveal this. We will discuss this more soon.

– 35 –

(4.58)

The above is a familiar form by which any G_2 structure metric could be expressed. Once we switch off λ_i the manifolds has a G_2 holonomy. The coefficients α_i and ζ are not arbitrary. They are fixed by the EOM and, for the case (4.42), they take the following values:

α_1 = 1 2 e^{− ϕ3} √ 2α ( j_{ϕ2ϕ2} + j_{ϕ1ϕ2} ζ ) , α_2 = 1 2 e^{− ϕ3} √ 2α ( j_{ϕ2ϕ2} − j_{ϕ1ϕ2} ζ )

α_3 = e^{2ϕ3} , α_4 = e^{− ϕ3} √ αF_2 Δ_1Δ_2

, α_5 = e^{− ϕ3} √ F_1, ζ = √ j_{ϕ1ϕ1} j_{ϕ2ϕ2} (4.59)

Before proceeding further let us pause for a while and ask whether the above set of manipulations would preserve supersymmetry. From type IIA point of view we have done the following:

• Shift of the coordinates (ψ, ϕ_i) using variables f_i(θ_i). This shifting of the coordinates mixes non-trivially all the three isometry directions as described in (4.26). • Shift the metric along ψ direction by the variable ϵ, as given in the second line of (4.31). This variable doesn’t have to be too small in the global limit. As long as it is smaller than 1 it’ll suffice.

• Make SYZ transformations along the new shifted directions. Thus the three Tdualities are not made along the three original isometry directions. • In the new metric of IIA make a further rotation along the (θ_2, ϕ_2) directions using a 2 × 2 matrix given as (4.52). The matrix is described using a constant angular variable ψ_0.

• Finally in the transformed metric convert ψ_0 to ψ as in (4.55).

However due to steps 2, 4 and 5 above, it is not guaranteed that the metric will preserve supersymmetry. Furthermore one might also question whether the SYZ operation itself could preserve supersymmetry. Therefore to verify this we have evaluated all the torsion classes for this background in sec 3.2 of [16]. The supersymmetry constraints are given by eq. (3.21) and Appendix B of [16]. These set of equations along with the constraint equation (3.15) of [16] are enough to guarantee supersymmetry in the type IIA (or the equivalent M-theory) background.

Once the issue of supersymmetry is resolved, we go to the flop operation. The operation of flop on the above metric (4.58) has already been discussed in details in sec. 7 of the first reference of [17]. Using similar techniques for (4.56), after the flop we expect the metric to look like:

ds^2_7 = a_1(σ^2_1 + σ^2 ) + a_2(Σ^2_1 + Σ^2) + a_3(σ_3 + Σ_3)^2 + a_4(σ_3 − Σ_3)^2 + a_5dr^2 (4.60)

with a_i, i = 1, ..., 5 are some coefficients to be determined. Due to the global nature of our metric, the operation of flop can be performed by a class of transformations

– 36 – parametrized by the values of a, b etc. in the following way: σ_1 → aσ_1 + bΣ_1, Σ_1 → eσ_1 + fΣ_1, σ_2 → cσ_2 + dΣ_2, Σ_2 → gσ_2 + hΣ_2, σ_3 + Σ_3 → σ_3 − Σ_3, σ_3 − Σ_3 → σ_3 + Σ_3 (4.61) Now comparing (4.58) and (4.56) one can pretty much fix the coefficients c, d etc. in terms of a, b in the following way: c = a √ k^2G_2 + kG_3 + G_1 ω^2G_5 + ωG_6 + G_4 , d = b √ μ^2G_2 + μG_3 + G_1 τ^2G_5 + τG_6 + G_4 e = ak, g = cω, f = bμ, h = dτ (4.62) where a, b can in turn be fixed by computing the G_2-torsion classes and demanding supersymmetry (see also [16]). The other coefficients appearing above, namely, k, ω, μ, τ satisfy the following equations:

2G_1 + 2kμG_2 + (k + μ)G_3 = 0, G_7 + kτG_8 + τG_9 + kG_{10} = 0, 2G_4 + 2τωG_5 + (τ + ω)G_6 = 0, G_7 + ωμG_8 + ωG_9 + μG_{10} = 0. (4.63) whose solutions are fixed by the following values of G_i determined from the G_2 structure metric (4.56) using (g_i, ~g_i) defined earlier in (4.57):

G_1 = g_3 sin^2 ψ_1 + ~g_3 cos^2 ψ_1, G_2 = g_4 sin^2 ψ_2 + ~g_4 cos^2 ψ_2, G_3 = g_5 sin ψ_1 sin ψ_2 − ~g_5 cos ψ_1 cos ψ_2, G_4 = g_3 cos^2 ψ_1 + ~g_3 sin^2 ψ_1, G_5 = g_4 cos^2 ψ_2 + ~g_4 sin^2 ψ_2, G_6 = g_5 cos ψ_1 cos ψ_2 − ~g_5 sin ψ_1 sin ψ_2, G_7 = (g_3 − ~g_3) sin ψ_1 cos ψ_1, G_9 = g_5 sin ψ_1 cos ψ_2 + ~g_5 cos ψ_1 sin ψ_2, G_8 = (g_4 − ~g_4) sin ψ_2 cos ψ_2, G_{10} = g_5 cos ψ_1 sin ψ_2 + ~g_5 sin ψ_1 cos ψ_2. (4.64) Using all the above relations, the a_i coefficients in the M-theory metric after flop transition (4.61) can be determined in terms of (a, b). The final form of the metric therefore is given by:

ds^2_{11} = e^{− 2ϕ3} F_0ds^2_{0123} + g_rdr^2 + g_1(σ_3 − Σ_3)^2 + g_2(σ_3 + Σ_3)^2 +a^2(k^2G_2 + kG_3 + G_1)(σ^2_1 + σ^2 ) + b^2(μ^2G_2 + μG_3 + G_1)(Σ^2_1 + Σ^2) (4.65) We are now one step away from getting the type IIA metric from the above metric. Reducing along x_{11} the metric takes the following form in type IIA theory:

ds^2_{10} = F_0ds^2_{0123} + F_1dr^2 + e^{2ϕ} [ dψ − b_{ψμ}dx^μ + Δ_1cos θ_1 ( dϕ_1 − b_{ϕ1θ1} dθ_1 − b_{ϕ1r}dr )

– 37 –

+ ~Δ_2cos θ_2 ( dϕ_2 − b_{ϕ2θ2} dθ_2 − b_{ϕ2r}dr )]_2

+ e^{2ϕ3} a^2(k^2G_2 + kG_3 + G_1) [ dθ^2_1 + (dϕ^2_1 − b_{ϕ1θ1} dθ_1 − b_{ϕ1r}dr)^2 ]

+ e^{2ϕ3} b^2(μ^2G_2 + μG_3 + G_1) [ dθ^2 + (dϕ^2 − b_{ϕ2θ2} dθ_2 − b_{ϕ2r}dr)^2 ] (4.66)

which has an amazing similarity with the warped resolved conifold! The above metric is completely global and supersymmetric^{18}. As before, the full torsion class analysis for this is given in eq. (3.25) of [16]. Together with equations (3.15), (3.21) and (3.25) of [16] we can pretty much get most of the warp factor components (plus the other parameters) to demand supersymmetry for all the above backgrounds. Any remaining set of unconstrained parameters would allow us to get a class of gauge theory deformations that span the landscape of solutions in the geometric transition set-up. We will discuss more on this landscape soon (see also figure 3 of [16]).

Therefore the type IIA background should be viewed as the gravity dual in the IR for the gauge theory on wrapped D6-branes before geometric transition. In this background there are no six-branes. The wrapped D6-branes have dissolved in the geometry, and is replaced by the following one-form flux components:

A = Δ_1cos θ_1 ( dϕ_1 − b_{ϕ1θ1} dθ_1 − b_{ϕ1r}dr ) − ~Δ_2cos θ_2 ( dϕ_2 − b_{ϕ2θ2} dθ_2 − b_{ϕ2r}dr ) (4.67)

with ~Δ_2 is a slight deformation of Δ_2 appearing from the rotation (4.52) before the flop operation. The type IIA background also supports an effective dilaton, that measures the IIA coupling, and is given by:

ϕ_{eff} = 3 4 ln(g_2) (4.68)

Before we end this section, there are a few loose ends that need to be tied up. The first one is related to the M-theory G-fluxes. These G-fluxes stem from (4.46) and (4.43) in type IIA, and they are in general large^{19}. In the local picture both (4.43) as well as (4.46) components were all pure gauges, and therefore they did not contribute to the background. Here we expect they would, and therefore we need to see how these fluxes behave under:

• The rotation of coordinates (4.52) with shift (4.55), and

18Of course there is a further UV completion that we don’t discuss here. The UV completion should follow in the same vein as studied recently for the Klebanov-Strassler case in [10, 11].

19As we discussed before ϵ in (4.31) or (4.36) is a small but finite number less than 1 (otherwise the signature will change), the type IIA flux components (4.43) and (4.46) will be large but finite. Choosing a particular value of ϵ and then demanding supersymmetry will consequently fix the resulting fluxes. A range of choices for ϵ will give a class of backgrounds which are dual to certain continuous deformations parametrised by ϵ in the gauge theory side. We will discuss more about the class of backgrounds later.

– 38 –

• The flop transformation (4.61).

Both these effects can be worked out if we can express our fluxes (4.46) and (4.43) completely in terms of the one-forms (4.49) and (4.50). As we noted before, the rotation (4.52) and shift (4.55) is appropriately captured by the one-forms (4.50). Therefore to compensate both the changes, namely rotation (4.52) (with shift (4.55)) and the flop (4.61), all we need is to express the M-theory lift of the fluxes in terms of (4.49) and (4.50). Any additional ψ dependent contributions will come out from susy requirement.

To achieve all this, we can express the differential coordinates completely in terms of σ_i and Σ_i. Since there are seven differential coordinates (dr, dθ_1, dϕ_1, dθ_2, dϕ_2, dψ_1, dψ_2) but six one-forms (σ_i, Σ_i), we can assume dr goes to itself, and then the rest of the differential forms map to the (σ_i, Σ_i) in the following way:

dθ_1 = cos ψ_1σ_1 − sin ψ_1σ_2, dθ_2 = cos ψ_2Σ_1 − sin ψ_2Σ_2, dϕ_1 − tan λ_4dr = sec λ_1 [ sin(ψ_1 + λ_1)σ_1 + cos(ψ_1 + λ_1)σ_2 ] , dϕ_2 − tan λ_5dr = − sec λ_2 [ sin(ψ_2 − λ_2)Σ_1 + cos(ψ_2 − λ_2)Σ_2 ] , dψ − tan λ_3dr = σ_3 − Σ_3 − Δ_1cos θ_1 ( sin ψ_1σ_1 + cos ψ_1σ_2 )

+Δ_2cos θ_2 ( sin ψ_2Σ_1 + cos ψ_2Σ_2 )

dx_{11} = σ_3 + Σ_3 + Δ_1cos θ_1 ( sin ψ_1σ_1 + cos ψ_1σ_2 )

−Δ_2cos θ_2 ( sin ψ_2Σ_1 + cos ψ_2Σ_2 ) (4.69)

Under the rotation, shift and flop the flux components mix in rather non-trivial way. We therefore expect, after the IIA reduction from M-theory, the three-form and four-form flux components of type IIA (4.43) and (4.46) respectively before geometric transition go to new three- and four-form flux components. They can be expressed as:

B_{now} = b̄_{ij} dx^i ∧ dx^j , F_{now} = f̄_{ijkl}dx^i ∧ dx^j ∧ dx^k ∧ dx^l (4.70)

where x^{i,j,k,l} = r, θ_i, ϕ_i, ψ and b̄_{ij} and f̄_{ijkl} are not only functions of (r, θ_i) but now also of ψ because of the shift (4.55) and rotation (4.52).

4.5 Type IIB after mirror transition

With the type IIA picture at hand, we are now at the last chain of the duality transformation that will give us the supergravity dual of the confining gauge theory on the wrapped D5-branes. Our starting points are now:

• The type IIA metric (4.66).

• The remnant of the D6-brane charges, i.e the one-form fluxes (4.67).

– 39 –

• The type IIA string coupling, or the dilaton (4.68), and • The B_{NS} and the F_4 fluxes (4.70) from the remnant of the IIB shift transformations.

Before moving ahead, let us make two observations. The first is that now we do have components like b̄_{ϕ1ϕ2} , b̄_{ψϕi} in (4.70). This would mean that the mirror type IIB should become non-geometric! This is what one would have expected generically, and our analysis does confirm this^{20}. Observe that locally, as in [17], this aspect of non-geometricity was not visible because most of the extra fluxes were pure gauges. In the global case, the system is rather non-trivial and the dual gravitational description may become non-geometric. Question now is whether we can look for a special case where we can study the system as a geometric manifold. It turns out at the orientifold point there might be a situation where we can switch off the extra flux components and consider only the standard B-field components. Recall that due to various rotations (4.52) and shifting (4.26) and (4.55) the orientifolding is more involved, as all the internal coordinates are mixed up in these transformations. However this may not generically remove all the necessary components. Therefore to simplify the situation, in the following, we will study the type IIB mirror by first keeping:

b̄_{ϕ1ϕ2} = b̄_{ψϕi} = 0 (4.71)

so that the mirror could be geometric. Switching on (4.71) in the IIA scenario will then make the system non-geometric.

Secondly, note that except for the B_{NS} and the F_4 fluxes, rest of the components of the metric or the one-form fluxes, or even the dilaton are all finite. The B_{NS} and the F_4 fluxes are large, and in the limit ϵ in (4.31) is a small but finite integer, these would also be finite (but large). To proceed further let us define:

Dϕ_1 ≡ dϕ_1 − b_{ϕ1θ1} dθ_1 − b_{ϕ1r}dr, Dϕ_2 ≡ dϕ_2 − b_{ϕ2θ2} dθ_2 − b_{ϕ2r}dr (4.72)

Using this, the type IIA metric can be rewritten as:

ds^2_{10} = F_0ds^2_{0,1,2,3} + F_1dr^2 + e^{2ϕ} ( dψ − b_{ψμ}dx^μ + Δ_1cos θ_1 Dϕ_1 + ~Δ_2cos θ_2 Dϕ_2

)_2

+ F_1 ( dθ^2_1 + Dϕ^2_1 ) + F_2 ( dθ^2 + Dϕ^2 ) (4.73)

20In fact this tells us that the generic solution spaces we get in type IIB are non-geometric manifolds. For certain choices of parameters (B-fields, and metric components) we can get geometric manifolds like Klebanov-Strassler [4] or Maldacena-Nunez [6]. This is almost like the parameter space of [40] but now much bigger, and allowing both geometric and non-geometric manifolds that cover various branches of the dual gauge theories. One may also note that the susy constraints from the torsion class analysis in equation (3.15), (3.21) and (3.25) of [16] would keep some of the parameters unfixed (one example would be the ϵ parameter that we discussed earlier). Therefore these parameters could be varied to get a class of gauge theory deformations. Typically the duals of these deformations are non-geometric manifolds. This is expressed in figure 3 of [16].

– 40 –

In this form the non-Kählerity is obvious in terms of the fibrations Dϕ_i and the resolution parameters of the two two-cycles are determined completely in terms of F_i as:

F_1 = e^{2ϕ3} a^2(k^2G_2 + kG_3 + G_1), F_2 = e^{2ϕ3} b^2(μ^2G_2 + μG_3 + G_1) (4.74)

It is now clear that to determine the type IIB mirror using SYZ [22] we have to make the base bigger as before. The manifold (4.73) still retains isometries along (ϕ_i, ψ), so after we enlarge the base we can perform SYZ in the usual way^{21}. Since these details are rather straightforward to work out, we will not redo them again now. To put the type IIB metric in some suggestive format, let us define the following quantities:

ᾱ = ( j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2} − j̄_{ϕ1ϕ2} + b̄^2_{ϕ1ϕ2} )_{−1} , ~Dψ ≡ dψ + g_{rψ}dr ~Dϕ_1 ≡ √ g_{ϕ1ϕ1} g_{θ1θ1} ( dϕ_1 + g_{ϕ1θ1} dθ_1 + g_{rϕ1} dr ) , ~Dϕ_2 ≡ √ g_{ϕ2ϕ2} g_{θ2θ2} ( dϕ_2 + g_{ϕ2θ2} dθ_2 + g_{rϕ2} dr )

(4.75)

where j̄_{μν} denote the components of the IIA metric (4.73), and g_{μν} are defined in terms of j̄_{μν} in Appendix 3. Using these definitions, and taking b_{rϕi} = b_{rψ} = 0, the mirror manifold in type IIB theory takes the following form:

ds^2 = F^2_0 ds^2_{0,1,2,3} + g_{rr}dr^2 + g_{ψψ} ( ~Dψ + ^Δ_1 ~Dϕ_1 + ^Δ_2 ~Dϕ_2

)_2 (4.76) +g_{θ1θ1} ( dθ^2_1 + ~Dϕ^2_1 ) + g_{θ2θ2} ( dθ^2 + ~Dϕ^2 ) + g_{θ1θ2} ( dθ_1dθ_2 + ^Δ_3 ~Dϕ_1 ~Dϕ_2 )

which looks surprisingly close to the warped resolved-deformed conifold! Clearly the manifold is non-Kähler and Δ̂_i are defined as:

^Δ_1 ≡ √ g_{θ1θ1} g^2_{ψϕ1} g_{ϕ1ϕ1} , ^Δ_2 ≡ √ g_{θ2θ2} g^2_{ψϕ2} g_{ϕ2ϕ2} , ^Δ_3 ≡ √ g_{θ1θ1} g_{θ2θ2} g^2_{ϕ1ϕ2} g_{ϕ1ϕ1} g_{ϕ2ϕ2} g^2_{θ1θ2}

(4.77)

The type IIB fluxes are rather involved, but they could be worked out exactly as in Appendix 2. We will not do so here, but discuss their implications in our follow-up paper [44]. It is interesting that the solutions that we get in type IIA as well as type IIB for the gravity duals look very close to what has been advocated in the literature so far in the limit where we switch off certain components of the b̄-fields as well as b_{rϕi} , b_{rψ}. Once we keep these components then the metric (4.76) cannot be the global description. The global description will have to be a non-geometric manifold. In the

21This is not as simple as it sounds. As we saw above, due to rotation (4.52) and shift (4.55), the fluxes may develop dependences on ψ coordinate. A way out of this would be to express the fluxes in terms of an average ⟨ψ⟩ and then perform the SYZ transformations. We can then demand supersymmetry in the final IIB configuration by analysing the torsion classes, exactly as we did for all the above cases. This way all intermediate configurations would be supersymmetric.

– 41 – present paper we will not discuss the non-geometric aspect anymore, and details on this will be presented in our upcoming paper [44]. We end this section by noting that the duality cycle that we advocated here (and also in [17] earlier) does lead to the correct gauge/gravity dualities for the confining theories.

5. Discussions and conclusion

In this paper we have made some progress along two related directions. The first one is to find a supersymmetric configuration of wrapped D5-branes on a two-cycle of a resolved conifold. We find that the simplest way to achieve supersymmetry here is to allow for a non-Kähler metric with an SU(3) structure on the resolved conifold. It is possible that once we add extra fluxes and fundamental seven-branes we can also get a Kähler metric on the resolved conifold that is supersymmetric in the presence of the wrapped D5-branes.

The second progress that we made here is related to the full cycle of geometric transition. It should now be clear that in the limit where the gauge theories on the wrapped D5-branes or the D6-branes were strongly coupled, the geometric transition effectively boiled down to a simple series of mirror transformations [22] followed inbetween by a flop transition to an intermediate M-theory configuration with a G_2- structure. The fact that such a complicated set of gauge/gravity dualities follow from simple sequences of T-dualities is rather remarkable^{22}.

In the global case the mirror transformations are more subtle than the local case. For example the fluxes appearing in the mirror pictures are very involved (we gave one example in Appendix 2). They are not in general pure gauges, and so we need to follow them through every step of the duality cycle because they would eventally influence the gravity duals for the confining gauge theories on the wrapped D6- and D5-branes (at least in the far IR). In this paper we have managed to work out these details, and showed that despite the complicated underlining flux-structures, the gravity duals for the type IIA and the type IIB configurations in certain cases were given by non-Kähler deformations of the resolved and the deformed conifold respectively. In more generic cases, that allow us to keep all components of the B-fields, the gravitational descriptions become non-geometric.

There are many things that need to be done now. One of the issue is to understand the non-geometric aspects of the mirror configurations. We have briefly alluded

22An interesting question to ask at this stage is whether the set of operations (mirror symmetry and flop) could be described as a transformation in the space of SU(3) structures, much like the one studied in [41]. The fact that this is indeed the case for our set-up can be inferred from the torsion class analysis before and after geometric transition. In the sequel [16] we have worked out the torsion classes both before and after GT in type IIA theory. These torsion classes could be related to each other by SU(3) transformations, and therefore our set of operations can be described as transformations in the space of SU(3) structure.

– 42 – to this by arguing that there are B-field components (even at the orientifold points) which could in-principle make the IIA, as well as IIB after geometric transition, picture non-geometric (see also the recent discussion in [21]). Such a non-geometric configuration for example in type IIA should lift to a non-geometric configuration in M-theory. The question then is: how should we perform the flop operation now? Even if there exist a meaningful way to perform the flop, how do we understand the SYZ [22] mirror map now? How does the non-geometric behavior reflect in the gauge theory side? How should we compute the exact superpotential for the gauge theory in the non-geometric case? Furthermore if we allow the B-fields components b̄_{ϕ1ϕ2} and b̄_{ψϕi} in (4.70), how would the metric (4.76) change to reflect the non-geometric aspect?

Clearly these are very interesting questions to resolve, and we have barely scratched the surface of the iceberg. In our upcoming paper [44] we plan to address some of these issues. Hopefully these questions will have simple tractable solutions. If not, then it will be even more interesting to reveal the underlying structure.

Note added: While we were writing this draft, [42] appeared that has some overlap with sections 4.1 and 4.2 of this paper. See also the recent set of papers [43] where some new properties of non-Kähler manifolds have been discussed.

Acknowledgements

We would like to thank N. Halmagyi, M. Larfors, D. Lüst, and D. Tsimpis for helpful conversations. The works of FC, KD and PF were supported in parts by the NSERC grants. The work of SK was supported by NSF grants DMS-02-44412 and DMS-05- 55678. The work of RT was supported by a PPARC grant.

– 43 –

A. A more precise derivation of the initial metric

We compute the metric using the formulas in Section 2.4. The only thing left to do is to choose coordinates. We have already described complex coordinates (z^2, z^3, z^4) in Section 2.2 so it only remains to convert these to real coordinates. We choose polar coordinates (r_i, t_i) with z_i = r_ie^{iti} , and implement the computations in Section 2.4.

Before doing so, we implicitly describe the coordinate change necessary to compare with the metric (4.15). Noting that the C^∗ action on the homogeneous coordinates of the resolved conifold identifies (z_1, z_2, z_3, z_4) with (1, z_2/z_1, z_1z_3, z_1z_4), we start with the coordinates (U, Y, λ) of [18], which we see are related to our coordinates by U = z_1z_3, Y = z_1z_4, λ = − z_2 z_1

(A.1)

due to a sign convention in [18]. Using (2.5) together with (A.1), we can express (U, Y, λ) in terms of (z_2, z_3, z_4), hence in terms of the real coordinates (r_2, r_3, r_4, t_2, t_3, t_4). The desired change of variables comes from using (2.13) of [18], which expresses (U, Y, λ) instead in terms of the desired six real variables (r, ψ, ϕ_1, θ_1, ϕ_2, θ_2).

Ordering the coordinates as (r_2, r_3, r_4, t_2, t_3, t_4), the components of the metric are given as follows.

g_{1,1} = 1 (2r^2_3 + 2r^2_4 + u)^2 { − 1 (−r^2 + r^2_3 + r^2_4 + u)^2 × [√ −r^2 + r^2_3 + r^2_4 + u ( a ( 2r^2_3 + r^2_4 + u ) − b^2r^2_4 ) + r_2r_3r_4 ( a + b^2 ) cos(t_2 − t_3 + t_4) ]

× [√ −r^2 + r^2_3 + r^2_4 + u (( 2r^2_3 + u ) ( r^2_3 + r^2_4 + u ) − 2r^2 ( r^2_3 − r^2_4 )) −4r_2r_3r_4 ( r^2 − r^2_3 − r^2_4 − u ) cos(t_2 − t_3 + t_4) ] + r_2 (a + b^2) (−r^2 + r^2_3 + r^2_4 + u)^2 [ r_2r_3 cos(t_2 − t_3 + t_4) − r_4 √ −r^2 + r^2_3 + r^2_4 + u ]

× [ r_2r_4 √ −r^2 + r^2_3 + r^2_4 + u ( −2r^2 + 2r^2_3 + 4r^2_4 + 3u ) −2r_3 ( r^2 − r^2_4 ) ( −r^2 + r^2_3 + r^2_4 + u ) cos(t_2 − t_3 + t_4) ] + (a + b^2) (−r^2 + r^2_3 + r^2_4 + u)^{3/2} [ r_2r_3 − r_4 √ −r^2 + r^2_3 + r^2_4 + u cos(t_2 − t_3 + t_4) ]

× [ r_2r_3 ( 2r^2 − 2r^2_3 − u ) √ u − r^2 + r^2_3 + r^2_4

+2r_4 ( r^4_2 − 3r^2r^2_3 + 2r^2_4 + (r^2_4 + u)(u − 2r^2 + 3r^2_3 + r^2_4 ) ) cos(t_2 − t_3 + t_4) ] − 2r^2 r^2_3 (a + b^2) (r^2 + r^2_4) sin^2(t_2 − t_3 + t_4) −r^2 + r^2_3 + r^2_4 + u

– 44 –

−2r^2_4 ( a + b^2 ) ( −r^2 + 2r^2_3 + r^2_4 + u ) sin^2(t_2 − t_3 + t_4) } g_{1,2} = 1 (2r^2_3 + 2r^2_4 + u) (−r^2 + r^2_3 + r^2_4 + u) [ r_2r_3 ( a ( r^2 + r^2_4 ) + b^2 ( −r^2 + 2r^2_3 + r^2_4 + u ))

+r_4 ( a − b^2 ) √ −r^2 + r^2_3 + r^2_4 + u ( −r^2 + 2r^2_3 + r^2_4 + u ) cos(t_2 − t_3 + t_4) ]

g_{1,3} = 1 (2r^2_3 + 2r^2_4 + u)^2 { 1 (−r^2 + r^2_3 + r^2_4 + u)^2 × [√ −r^2 + r^2_3 + r^2_4 + u ( a ( 2r^2_3 + r^2_4 + u ) − b^2r^2_4 ) + r_2r_3r_4 ( a + b^2 ) cos(t_2 − t_3 + t_4) ]

× [ r_2r_4 √ −r^2 + r^2_3 + r^2_4 + u ( −2r^2 + 2r^2_3 + 4r^2_4 + 3u ) −2r_3 ( r^2 − r^2_4 ) ( −r^2 + r^2_3 + r^2_4 + u ) cos(t_2 − t_3 + t_4) ] − r_2 (a + b^2)

(−r^2 + r^2_3 + r^2_4 + u)^2 [ r_2r_3 cos(t_2 − t_3 + t_4) − r_4 √ −r^2 + r^2_3 + r^2_4 + u ]

× [ 4r_2r_3r_4(r^2 − r^2_3 − r^2_4 − u) cos(t_2 − t_3 + t_4) + √ −r^2 + r^2_3 + r^2_4 + u × ( 2r^4_2 − r^2 ( 4r^2_3 + 4r^2_4 + 3u ) + 2r^4_3 + r^2_3 ( 4r^2_4 + 3u ) + ( 2r^2_4 + u )_2)]

+ (a + b^2)

(−r^2 + r^2_3 + r^2_4 + u)^{3/2} [ r_2r_3 − r_4 √ −r^2 + r^2_3 + r^2_4 + u cos(t_2 − t_3 + t_4) ]

× [ r_3r_4 ( u − 2r^2 + 2r^2_3 ) √ u − r^2 + r^2_3 + r^2_4

+2r_2 ( r^4_2 − 3r^2r^2_3 + 2r^2_4 + (r^2_4 + u)(u − 2r^2 + 3r^2_3 + r^2_4 ) ) cos(t_2 − t_3 + t_4) ] −2r_2r_4 ( a + b^2 ) ( −r^2 + 2r^2_3 + r^2_4 + u ) sin^2(t_2 − t_3 + t_4) + 2r_2r^2_3r_4 (a + b^2) (r^2 + r^2_4) sin^2(t_2 − t_3 + t_4)

−r^2 + r^2_3 + r^2_4 + u }

g_{1,4} = r^2r_3r_4 (a − b^2) sin(t_2 − t_3 + t_4)

(2r^2_3 + 2r^2_4 + u) √ −r^2 + r^2_3 + r^2_4 + u

g_{1,5} = r_3r_4 (a − b^2) √ −r^2 + r^2_3 + r^2_4 + u sin(t_2 − t_3 + t_4)

2r^2_3 + 2r^2_4 + u

g_{1,6} = r^2r_3r_4 (a − b^2) sin(t_2 − t_3 + t_4)

(2r^2_3 + 2r^2_4 + u) √ −r^2 + r^2_3 + r^2_4 + u

g_{2,2} =

(r^2 − 2r^2_3 − r^2_4 − u) (a (r^2 + r^2_4) + b^2 (−r^2 + 2r^2_3 + r^2_4 + u))

(2r^2_3 + 2r^2_4 + u) (−r^2 + r^2_3 + r^2_4 + u)

g_{2,3} = − 1 (2r^2_3 + 2r^2_4 + u)^2 { r_4 (a + b^2) (−r^2 + 2r^2_3 + r^2_4 + u) cos(t_2 − t_3 + t_4)

(−r^2 + r^2_3 + r^2_4 + u)^2 × [ r_2r_4 √ −r^2 + r^2_3 + r^2_4 + u ( −2r^2 + 2r^2_3 + 4r^2_4 + 3u )

– 45 –

−2r_3 ( r^2 − r^2_4 ) ( −r^2 + r^2_3 + r^2_4 + u ) cos(t_2 − t_3 + t_4) ] + r_2 (a + b^2) (r^2 − 2r^2_3 − r^2_4 − u) cos(t_2 − t_3 + t_4)

(−r^2 + r^2_3 + r^2_4 + u)^2 × [ 4r_2r_3r_4 ( r^2 − r^2_3 − r^2_4 − u ) cos(t_2 − t_3 + t_4) + √ −r^2 + r^2_3 + r^2_4 + u ( 2r^4_2 − r^2 ( 4r^2_3 + 4r^2_4 + 3u ) + 2r^4_3 + r^2_3 ( 4r^2_4 + 3u ) + ( 2r^2_4 + u )_2)]

+ (b^2 (−r^2 + 2r^2_3 + r^2_4 + u) − a (r^2 + r^2_4))

(−r^2 + r^2_3 + r^2_4 + u)^{3/2} [ r_3r_4 ( −2r^2 + 2r^2_3 + u )

× √ −r^2 + r^2_3 + r^2_4 + u + 2r_2 ( r^4_2 − r^2 ( 3r^2_3 + 2 ( r^2_4 + u )) + 2r^4_3

+3r^2_3 ( r^2_4 + u ) + ( r^2_4 + u

)_2)

cos(t_2 − t_3 + t_4) ]

+ 2r_3r^3_4 (a + b^2) (−r^2 + 2r^2_3 + r^2_4 + u) sin^2(t_2 − t_3 + t_4)

−r^2 + r^2_3 + r^2_4 + u − 2r^2 r_3r_4 (a + b^2) (r^2 − 2r^2_3 − r^2_4 − u) sin^2(t_2 − t_3 + t_4)

−r^2 + r^2_3 + r^2_4 + u }

g_{2,4} = r_2r_4 (a − b^2) (r^2 − 2r^2_3 − r^2_4 − u) sin(t_2 − t_3 + t_4)

(2r^2_3 + 2r^2_4 + u) √ −r^2 + r^2_3 + r^2_4 + u

g_{2,5} = 0

g_{2,6} = r_2r_4 (a − b^2) (r^2 − 2r^2_3 − r^2_4 − u) sin(t_2 − t_3 + t_4)

(2r^2_3 + 2r^2_4 + u) √ −r^2 + r^2_3 + r^2_4 + u

g_{3,3} = − 1 (2r^2_3 + 2r^2_4 + u)^2 { r_4 (a + b^2)

(−r^2 + r^2_3 + r^2_4 + u)^2 × [ r_2 √ −r^2 + r^2_3 + r^2_4 + u + r_3r_4 cos(t_2 − t_3 + t_4) ]

× [ r_2r_4 √ −r^2 + r^2_3 + r^2_4 + u ( −2r^2 + 2r^2_3 + 4r^2_4 + 3u ) −2r_3 ( r^2 − r^2_4 ) ( −r^2 + r^2_3 + r^2_4 + u ) cos(t_2 − t_3 + t_4) ] + 1 (−r^2 + r^2_3 + r^2_4 + u)^2 [ 4r_2r_3r_4 ( r^2 − r^2_3 − r^2_4 − u ) cos(t_2 − t_3 + t_4) + √ −r^2 + r^2_3 + r^2_4 + u ( 2r^4_2 − r^2 ( 4r^2_3 + 4r^2_4 + 3u ) + 2r^4_3 + r^2_3 ( 4r^2_4 + 3u ) + ( 2r^2_4 + u )_2)] × [√ −r^2 + r^2_3 + r^2_4 + u ( a ( −r^2 + 2r^2_3 + 2r^2_4 + u ) − b^2r^2 ) −r_2r_3r_4 ( a + b^2 ) cos(t_2 − t_3 + t_4) ] + (a + b^2)

(−r^2 + r^2_3 + r^2_4 + u)^{3/2} ( r_2 √ −r^2 + r^2_3 + r^2_4 + u cos(t_2 − t_3 + t_4) + r_3r_4 )

× ( r_3r_4 ( u − 2r^2 + 2r^2_3 ) √ u − r^2 + r^2_3 + r^2_4

– 46 –

+2r_2 ( r^4_2 − 3r^2r^2_3 + 2r^2_4 + (r^2_4 + u)(u − 2r^2 + 3r^2_3 + r^2_4 ) ) cos(t_2 − t_3 + t_4) ) −2r^2 ( a + b^2 ) ( r^2 − 2r^2_3 − r^2_4 − u ) sin^2(t_2 − t_3 + t_4) + 2r^2_3r^2_4 (a + b^2) (r^2 + r^2_4) sin^2(t_2 − t_3 + t_4) −r^2 + r^2_3 + r^2_4 + u }

g_{3,4} = r_2r_3r^2_4 (b^2 − a) sin(t_2 − t_3 + t_4) (2r^2_3 + 2r^2_4 + u) √ −r^2 + r^2_3 + r^2_4 + u

g_{(3,5} = r_2r_3 (a − b^2) √ −r^2 + r^2_3 + r^2_4 + u sin(t_2 − t_3 + t_4)

2r^2_3 + 2r^2_4 + u

g_{3,6} = r_2r_3r^2_4 (b^2 − a) sin(t_2 − t_3 + t_4) (2r^2_3 + 2r^2_4 + u) √ −r^2 + r^2_3 + r^2_4 + u

g_{4,4} = − r^2 (a (−r^2 + 2r^2_3 + r^2_4 + u) + b^2r^2_4) 2r^2_3 + 2r^2_4 + u

g_{4,5} = − r_2r_3 ( ar_2r_3 √ −r^2 + r^2_3 + r^2_4 + u − r_4 (a − b^2) (−r^2 + r^2_3 + r^2_4 + u) cos(t_2 − t_3 + t_4) ) (2r^2_3 + 2r^2_4 + u) √ −r^2 + r^2_3 + r^2_4 + u

g_{4,6} = − b^2r^2r^2_4 2r^2_3 + 2r^2_4 + u

g_{5,5} = − r^2_3 (a (r^2 + r^2_4) + b^2 (−r^2 + r^2_3 + r^2_4 + u)) 2r^2_3 + 2r^2_4 + u

g_{5,6} = r_3r_4 ( ar_3r_4 √ −r^2 + r^2_3 + r^2_4 + u − r_2 (a − b^2) (r^2 − r^2_3 − r^2_4 − u) cos(t_2 − t_3 + t_4) ) (2r^2_3 + 2r^2_4 + u) √ −r^2 + r^2_3 + r^2_4 + u

g_{6,6} = − r^2_4 (a (−r^2 + 2r^2_3 + r^2_4 + u) + b^2r^2) 2r^2_3 + 2r^2_4 + u

(A.2)

– 47 –

B. Components of G-fluxes in type IIA mirror configuration

The twelve components of the four-form G-flux that we listed in (4.46) can be expressed in terms of the type IIB metric and flux-components in the following way:

~F_{rψθ1θ2} = −(j^2_{ϕ1 ϕ1} F_{rθ1θ2ϕ1ϕ2} j^2_{ψϕ2} + j^2_{ϕ1ϕ1} b_{θ1ϕ1} F_{rθ2ϕ2} j^2_{ψϕ2} + j_{ϕ1ϕ1} F_{rθ1θ2ϕ1ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} +j_{ϕ1ϕ1} j_{ϕ2ϕ2} F_{rθ1θ2ϕ1ϕ2} j^2_{ψϕ1} + 4F_{θ1θ2ϕ1} b_{rϕ1} j^2_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} + j^2_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j^2_{ψϕ2} +j^2_{ϕ1ϕ1} j_{ϕ2ϕ2} b_{rϕ1} F_{θ1θ2ϕ2} j_{ψψ} + j^2_{ϕ1ϕ1} b_{θ2ϕ2} F_{rθ1ϕ1} j^2_{ψϕ2} − j^2_{ϕ1ϕ1} b_{rϕ1} F_{θ1θ2ϕ2} j^2_{ψϕ2} +j^2_{ϕ1ϕ1} j_{θ2ϕ2} F_{rψθ1ϕ1ϕ2} j_{ψϕ2} − 2F_{θ1θ2ϕ1} b_{rϕ1} j_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} + 2F_{rϕ1ϕ2} j^2_{ψϕ1} j_{ϕ1ϕ2} j_{θ2ϕ2} b_{θ1ϕ1} +2F_{rψϕ1} j_{θ2ϕ2} b_{θ1ϕ1} j_{ψϕ1} j^2_{ϕ1ϕ2} + 2j_{θ2ϕ2} F_{ψθ1ϕ1} b_{rϕ1} j_{ψϕ1} j^2_{ϕ1ϕ2} − 2F_{θ1θ2ϕ1} b_{rϕ1} j^3_{ϕ1ϕ2} j_{ψψ} −j_{ϕ1 ϕ1} j_{θ1ϕ1} F_{θ2ϕ1ϕ2} j_{ϕ1ϕ2} b_{rϕ2} j_{ψψ} − j_{ϕ1ϕ1} j_{θ1ϕ1} b_{rϕ1} F_{ψθ2ϕ2} j_{ϕ1ϕ2} j_{ψϕ2} +j_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j_{ψψ} j^2_{ϕ1ϕ2} + j_{ϕ1ϕ1} j_{θ1ϕ1} F_{rψθ2ϕ1ϕ2} j_{ϕ1ϕ2} j_{ψϕ2} − 2j_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ1} j_{ϕ1ϕ2} j^2_{ψϕ2} −j_{ϕ1 ϕ1} j_{θ2ϕ2} F_{rψθ1ϕ1ϕ2} j_{ψϕ1} j_{ϕ1ϕ2} − j_{ϕ1ϕ1} F_{rϕ1ϕ2} j_{ψϕ2} j_{θ2ϕ2} b_{θ1ϕ1} j_{ψϕ1} −j_{ϕ1 ϕ1} F_{rϕ1ϕ2} j_{ψϕ2} j_{θ1ϕ1} b_{θ2ϕ2} j_{ψϕ1} + j_{ϕ1ϕ1} F_{rϕ1ϕ2} j_{ϕ1ϕ2} j_{θ1ϕ1} b_{θ2ϕ2} j_{ψψ} −2j_{ϕ1ϕ1} F_{rθ1θ2ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} − j_{ϕ1ϕ1} b_{rϕ1} F_{θ1θ2ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} −2j_{ϕ1ϕ1} F_{rψϕ1} j_{θ2ϕ2} b_{θ1ϕ1} j_{ϕ1ϕ2} j_{ψϕ2} + j^2_{ϕ1ϕ1} j_{θ2ϕ2} F_{ψθ1ϕ1} b_{rϕ2} j_{ψϕ2} −j^2_{ϕ1 ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} b_{rϕ2} j_{ψψ} − j^2_{ϕ1ϕ1} j_{ϕ2ϕ2} F_{θ1θ2ϕ1} b_{rϕ2} j_{ψψ} −j^2_{ϕ1 ϕ1} j_{θ2ϕ2} b_{θ1ϕ1} F_{rψϕ2} j_{ψϕ2} − j^2_{ϕ1ϕ1} j_{ϕ2ϕ2} b_{θ1ϕ1} F_{rθ2ϕ2} j_{ψψ} − 2j_{ϕ1ϕ1} j_{θ2ϕ2} F_{ψθ1ϕ1} b_{rϕ1} j_{ϕ1ϕ2} j_{ψϕ2} −j^2_{ϕ1 ϕ1} j_{ϕ2ϕ2} b_{θ2ϕ2} F_{rθ1ϕ1} j_{ψψ} − j^2_{ϕ1ϕ1} j_{ϕ2ϕ2} F_{rθ1θ2ϕ1ϕ2} j_{ψψ} +j_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{θ1ϕ1} b_{rϕ1} F_{ψθ2ϕ2} j_{ψϕ1} − 2j_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} +2j_{ϕ1ϕ1} b_{rϕ1} F_{θ1θ2ϕ2} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} + j_{ϕ1ϕ1} F_{rψϕ1} j_{θ1ϕ1} b_{θ2ϕ2} j_{ϕ1ϕ2} j_{ψϕ2} +j_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} b_{rϕ1} j_{ϕ1ϕ2} j_{ψψ} − j_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j_{ψϕ2} b_{rϕ1} j_{ψϕ1} +j_{ϕ1ϕ1} j_{θ2ϕ2} b_{θ1ϕ1} F_{rψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} + j_{ϕ1ϕ1} j_{θ1ϕ1} F_{θ2ϕ1ϕ2} j_{ψϕ1} b_{rϕ2} j_{ψϕ2} +j_{ϕ1ϕ1} b_{θ1ϕ1} F_{rθ2ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} − j_{ϕ1ϕ1} j_{ϕ2ϕ2} b_{rϕ1} F_{θ1θ2ϕ2} j^2_{ψϕ1} −j_{ϕ1 ϕ1} j_{θ2ϕ2} F_{ψθ1ϕ1} b_{rϕ2} j_{ψϕ1} j_{ϕ1ϕ2} − j_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{θ1ϕ1} F_{rψθ2ϕ1ϕ2} j_{ψϕ1} +j_{ϕ1ϕ1} j_{ϕ2ϕ2} b_{θ2ϕ2} F_{rθ1ϕ1} j^2_{ψϕ1} + j_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{θ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j_{ψψ} −j_{ϕ1 ϕ1} j_{ϕ2ϕ2} F_{rψϕ1} j_{θ1ϕ1} b_{θ2ϕ2} j_{ψϕ1} + j_{ϕ1ϕ1} j_{ϕ2ϕ2} b_{θ1ϕ1} F_{rθ2ϕ2} j^2_{ψϕ1} +j_{ϕ1ϕ1} j_{ϕ2ϕ2} F_{θ1θ2ϕ1} b_{rϕ2} j^2_{ψϕ1} − j_{ϕ1ϕ1} F_{rϕ1ϕ2} j_{ϕ1ϕ2} j_{θ2ϕ2} b_{θ1ϕ1} j_{ψψ} +2j_{ϕ1ϕ1} j_{ϕ2ϕ2} F_{θ1θ2ϕ1} b_{rϕ1} j_{ϕ1ϕ2} j_{ψψ} − 2j_{ϕ1ϕ1} b_{θ2ϕ2} F_{rθ1ϕ1} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} −2j_{ϕ1ϕ1} b_{θ1ϕ1} F_{rθ2ϕ2} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} − j_{ϕ1ϕ1} j_{θ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j^2_{ψϕ2} +j_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} b_{rϕ2} j^2_{ψϕ1} + j_{ϕ1ϕ1} b_{θ2ϕ2} F_{rθ1ϕ1} j_{ψψ} j^2_{ϕ1ϕ2} )/(j_{ϕ1ϕ1} ( −j_{ψψ} j_{ϕ1ϕ1} j_{ϕ2ϕ2} + j_{ψψ}j^2_{ϕ1ϕ2} + j^2_{ψϕ1} j_{ϕ2ϕ2} + j^2_{ψϕ2} j_{ϕ1ϕ1} − 2j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} )) ~F_{rψθ1ϕ1} = (−j^2_{ϕ1 ϕ1} F_{rθ1ϕ2} j_{ψψ} j_{ϕ2ϕ2} +j^2_{ϕ1ϕ1} F_{rθ1ϕ2} j^2_{ψϕ2} + j_{ϕ1ϕ1} j_{ϕ2ϕ2} F_{rθ1ϕ2} j^2_{ψϕ1} +2j_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{ϕ1ϕ2} F_{rθ1ϕ1} j_{ψψ} + j_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{θ1ϕ1} F_{rϕ1ϕ2} j_{ψψ}

– 48 –

−j_{ϕ1 ϕ1} j_{ϕ2ϕ2} j_{θ1ϕ1} F_{rψϕ2} j_{ψϕ1} − 2j_{ϕ1ϕ1} j_{ϕ1ϕ2} F_{rθ1ϕ1} j^2_{ψϕ2} +j_{ϕ1ϕ1} j_{θ1ϕ1} F_{rψϕ2} j_{ϕ1ϕ2} j_{ψϕ2} − j_{ϕ1ϕ1} j_{θ1ϕ1} F_{rϕ1ϕ2} j^2_{ψϕ2} −2j_{ϕ1ϕ1} F_{rθ1ϕ2} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} + j_{ϕ1ϕ1} F_{rθ1ϕ2} j_{ψψ}j^2_{ϕ1ϕ2} −2j_{ϕ2ϕ2} j_{ϕ1ϕ2} F_{rθ1ϕ1} j^2_{ψϕ1} + 2j_{ϕ2ϕ2} j_{θ1ϕ1} j_{ϕ1ϕ2} F_{rψϕ1} j_{ψϕ1} +2j_{θ1ϕ1} F_{rϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} − 2j^3_{ϕ1ϕ2} F_{rθ1ϕ1} j_{ψψ} +4j^2_{ϕ1ϕ2} F_{rθ1ϕ1} j_{ψϕ2} j_{ψϕ1} − 2j_{θ1ϕ1} F_{rϕ1ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} −2j_{θ1ϕ1} j^2_{ϕ1ϕ2} F_{rψϕ1} j_{ψϕ2} )/(j_{ϕ1ϕ1} (−j_{ψψ}j_{ϕ1ϕ1} j_{ϕ2ϕ2} +j_{ψψ} j^2_{ϕ1ϕ2} + j^2_{ψϕ1} j_{ϕ2ϕ2} +j^2_{ψϕ2} j_{ϕ1ϕ1} − 2j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} )) ~F_{rψθ1ϕ2} = (j_{ϕ1ϕ1} F_{rθ1ϕ1} j_{ψψ}j_{ϕ2ϕ2} − j_{ϕ1ϕ1} F_{rθ1ϕ1} j^2_{ψϕ2} +j_{ϕ2ϕ2} j_{θ1ϕ1} F_{rψϕ1} j_{ψϕ1} − j_{ϕ2ϕ2} F_{rθ1ϕ1} j^2_{ψϕ1} −j_{θ1 ϕ1} F_{rϕ1ϕ2} j_{ϕ1ϕ2} j_{ψψ} + 2F_{rθ1ϕ1} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} −F_{rθ1ϕ1} j_{ψψ}j^2_{ϕ1ϕ2} − j_{θ1ϕ1} F_{rψϕ1} j_{ϕ1ϕ2} j_{ψϕ2} +j_{θ1ϕ1} F_{rϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} )/(−j_{ψψ} j_{ϕ1ϕ1} j_{ϕ2ϕ2} +j_{ψψ} j^2_{ϕ1ϕ2} + j^2_{ψϕ1} j_{ϕ2ϕ2} +j^2_{ψϕ2} j_{ϕ1ϕ1} − 2j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} ) ~F_{rψθ2ϕ1} = −(j^2_{ϕ1 ϕ1} F_{rθ2ϕ2} j_{ψψ} j_{ϕ2ϕ2} +j^2_{ϕ1ϕ1} j_{θ2ϕ2} F_{rψϕ2} j_{ψϕ2} − j^2_{ϕ1ϕ1} F_{rθ2ϕ2} j^2_{ψϕ2} −2j_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{ϕ1ϕ2} F_{rθ2ϕ1} j_{ψψ} − j_{ϕ1ϕ1} j_{ϕ2ϕ2} F_{rθ2ϕ2} j^2_{ψϕ1} +2j_{ϕ1ϕ1} j_{ϕ1ϕ2} F_{rθ2ϕ1} j^2_{ψϕ2} − j_{ϕ1ϕ1} F_{rθ2ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} −j_{ϕ1 ϕ1} j_{θ2ϕ2} F_{rϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} − 2j_{ϕ1ϕ1} j_{θ2ϕ2} j_{ϕ1ϕ2} F_{rψϕ1} j_{ψϕ2} −j_{ϕ1 ϕ1} j_{θ2ϕ2} F_{rψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} + 2j_{ϕ1ϕ1} F_{rθ2ϕ2} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} −j_{ϕ1 ϕ1} j_{θ2ϕ2} F_{rϕ1ϕ2} j_{ϕ1ϕ2} j_{ψψ} + 2j_{ϕ1ϕ2} F_{rθ2ϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} −4j^2_{ϕ1ϕ2} F_{rθ2ϕ1} j_{ψϕ2} j_{ψϕ1} + 2j_{θ2ϕ2} j^2_{ϕ1ϕ2} F_{rψϕ1} j_{ψϕ1} +2j_{θ2ϕ2} F_{rϕ1ϕ2} j_{ϕ1ϕ2} j^2_{ψϕ1} + 2j^3_{ϕ1ϕ2} F_{rθ2ϕ1} j_{ψψ} )/(j_{ϕ1ϕ1} ( −j_{ψψ} j_{ϕ1ϕ1} j_{ϕ2ϕ2} + j_{ψψ}j^2_{ϕ1ϕ2} +j^2_{ψϕ1} j_{ϕ2ϕ2} + j^2_{ψϕ2} j_{ϕ1ϕ1} −2j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} )) ~F_{rψθ2ϕ2} = −(−j_{ϕ1 ϕ1} F_{rθ2ϕ1} j_{ψψ}j_{ϕ2ϕ2} − j_{ϕ1ϕ1} j_{θ2ϕ2} F_{rϕ1ϕ2} j_{ψψ} −j_{ϕ1 ϕ1} j_{θ2ϕ2} F_{rψϕ1} j_{ψϕ2} + j_{ϕ1ϕ1} F_{rθ2ϕ1} j^2_{ψϕ2} +F_{rθ2ϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} + j_{θ2ϕ2} F_{rϕ1ϕ2} j^2_{ψϕ1}

– 49 –

−2F_{rθ2ϕ1} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} + F_{rθ2ϕ1} j_{ψψ}j^2_{ϕ1ϕ2} +j_{θ2ϕ2} F_{rψϕ1} j_{ψϕ1} j_{ϕ1ϕ2} )/(−j_{ψψ} j_{ϕ1ϕ1} j_{ϕ2ϕ2} +j_{ψψ} j^2_{ϕ1ϕ2} + j^2_{ψϕ1} j_{ϕ2ϕ2} +j^2_{ψϕ2} j_{ϕ1ϕ1} − 2j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} )

~F_{rθ1θ2ϕ1} = −(−2j_{θ1 ϕ1} j^2_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j^5_{ϕ1ϕ2} j^3_{ψϕ2} − j_{θ1ϕ1} j^5_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rψ}j^3_{ϕ2ϕ2} j_{ψψ} +j_{θ1ϕ1} j^5_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rψ}j^2_{ϕ2ϕ2} j^2_{ψϕ2} + j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rψ}j^4_{ϕ1ϕ2} j^2_{ψϕ2} +2j_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rψ}j^6_{ϕ1ϕ2} j_{ψψ} − j_{θ1ϕ1} j^5_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^3_{ψϕ2} j_{ϕ2ϕ2} +j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^3_{ψϕ2} j^2_{ϕ1ϕ2} − 2j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j^3_{ϕ1ϕ2} j^3_{ψϕ2} +j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j_{ψϕ2} j^4_{ϕ1ϕ2} j_{ψψ} − j_{θ1ϕ1} j^5_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j_{ψϕ2} j^3_{ϕ2ϕ2} j_{ψψ} −2j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rψ}j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} − 2j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rψ}j_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} +4j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rψ}j_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} + 2j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j_{ψϕ1} j^3_{ϕ2ϕ2} j_{ψψ} −4j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j_{ψϕ1} j^2_{ϕ2ϕ2} j_{ψψ}j^2_{ϕ1ϕ2} − 2j_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j_{ψϕ1} j^5_{ϕ1ϕ2} j_{ψψ} +2j_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^2_{ψϕ1} j^4_{ϕ1ϕ2} j_{ψϕ2} − 2j_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ψψ} +2j_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ2} j_{ψϕ1} − 2j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j_{ψϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ2} −2j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j_{ϕ1ϕ2} j^3_{ψϕ2} j^2_{ϕ2ϕ2} + 2j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j_{ϕ1ϕ2} j_{ψϕ2} j^3_{ϕ2ϕ2} j_{ψψ} −2j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j_{ϕ1ϕ2} j_{ψϕ2} j^3_{ϕ2ϕ2} j^2_{ψϕ1} + 4j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j^3_{ϕ1ϕ2} j^3_{ψϕ2} j_{ϕ2ϕ2} −2j_{θ1ϕ1} j_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j^7_{ϕ1ϕ2} j_{ψϕ2} j_{ψψ} + 4j_{θ1ϕ1} j_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j^6_{ϕ1ϕ2} j^2_{ψϕ2} j_{ψϕ1} −6j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j^3_{ϕ1ϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψψ} + 4j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j^2_{ϕ1ϕ2} j^2_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψϕ1} +6j_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ϕ2ϕ2} j_{ψψ} + 3j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} +j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j_{ψϕ2} j^3_{ϕ2ϕ2} j^2_{ψϕ1} − 2j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^2_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψϕ1} j_{ϕ1ϕ2} −3j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j_{ψϕ2} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} − 2j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} −2j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^3_{ψϕ2} j_{ϕ2ϕ2} j^2_{ϕ1ϕ2} + 4j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^2_{ψϕ2} j_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ1} +j_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j_{ψϕ2} j^6_{ϕ1ϕ2} j_{ψψ} + j_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j_{ψϕ2} j^4_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} −2j_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^2_{ψϕ2} j^5_{ϕ1ϕ2} j_{ψϕ1} − 2j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^2_{ψϕ2} j^3_{ϕ1ϕ2} j_{ψϕ1} −2j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j_{ψϕ1} j_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ψψ} + 4j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j_{ψϕ1} j^3_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ψψ} −2j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j_{ϕ1ϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψψ} + 4j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j^3_{ϕ1ϕ2} j_{ψϕ2} j_{ϕ2ϕ2} j_{ψψ} +2j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j_{ϕ1ϕ2} j^3_{ψϕ2} j_{ϕ2ϕ2} − 2j_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rψ}j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} +4j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rψ}j^2_{ϕ2ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} − 5j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rψ}j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} −2j^4_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ1ϕ2} b_{rψ}j^2_{ϕ2ϕ2} + 4j^3_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j^2_{ψϕ1} j^3_{ϕ1ϕ2} b_{rψ}j_{ϕ2ϕ2} −2j^2_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j^3_{ψϕ1} j^3_{ϕ1ϕ2} b_{rϕ1} j_{ϕ2ϕ2} + 2j^2_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j^2_{ψϕ1} j^4_{ϕ1ϕ2} b_{rϕ1} j_{ψϕ2} +j^5_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j_{ϕ1ϕ2} b_{rψ}j^2_{ϕ2ϕ2} j_{ψψ} − j^3_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j^2_{ϕ1ϕ2} b_{rϕ2} j^3_{ψϕ1} j_{ϕ2ϕ2} −2j^4_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j^3_{ϕ1ϕ2} b_{rψ}j_{ϕ2ϕ2} j_{ψψ} − j^3_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j^4_{ϕ1ϕ2} b_{rϕ2} j_{ψϕ1} j_{ψψ} −2j^4_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j_{ϕ1ϕ2} b_{rϕ2} j_{ψϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} + 2j^4_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j^2_{ϕ1ϕ2} b_{rϕ2} j_{ψϕ1} j_{ψψ}j_{ϕ2ϕ2}

– 50 –

−2j_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} b_{rϕ1} j^5_{ϕ1ϕ2} j^3_{ψϕ1} j_{ϕ2ϕ2} + 4j_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} b_{rϕ1} j^6_{ϕ1ϕ2} j_{ψϕ2} j^2_{ψϕ1} −2j_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j_{ψϕ1} b_{rϕ1} j^7_{ϕ1ϕ2} j_{ψψ} − 2j^4_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} b_{rϕ2} j^2_{ϕ2ϕ2} j_{ψϕ2} j^2_{ψϕ1} j_{ϕ1ϕ2} −2j^3_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} b_{rϕ2} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^3_{ψϕ1} + 4j^3_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} b_{rϕ2} j_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} j^2_{ψϕ1} +j^2_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} b_{rϕ2} j^4_{ϕ1ϕ2} j^3_{ψϕ1} j_{ϕ2ϕ2} − 2j^2_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} b_{rϕ2} j^5_{ϕ1ϕ2} j_{ψϕ2} j^2_{ψϕ1} −2j^3_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} b_{rϕ1} j_{ϕ1ϕ2} j^3_{ϕ2ϕ2} j^3_{ψϕ1} + j^5_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j_{ψϕ2} b_{rψ}j^2_{ϕ2ϕ2} j_{ψϕ1} −2j^4_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j_{ψϕ2} b_{rψ}j_{ϕ2ϕ2} j_{ψϕ1} j^2_{ϕ1ϕ2} + j^3_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j_{ψϕ2} b_{rψ}j^4_{ϕ1ϕ2} j_{ψϕ1} +4j^3_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j_{ψϕ2} b_{rϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} j^2_{ϕ1ϕ2} + 5j^4_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j^2_{ψϕ2} b_{rϕ2} j_{ψϕ1} j^2_{ϕ1ϕ2} −2j^5_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j^3_{ψϕ2} b_{rϕ2} j_{ϕ1ϕ2} + 2j^4_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j^3_{ψϕ2} b_{rϕ1} j^2_{ϕ1ϕ2} −2j^2_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j^2_{ψϕ1} j^5_{ϕ1ϕ2} b_{rψ} + 2j^2_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j^3_{ψϕ1} j^4_{ϕ1ϕ2} b_{rϕ2} +j^3_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j^5_{ϕ1ϕ2} b_{rψ}j_{ψψ} − 4j^3_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j_{ψϕ2} b_{rϕ2} j^2_{ψϕ1} j^3_{ϕ1ϕ2} −4j^3_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j^2_{ψϕ2} b_{rϕ1} j^3_{ϕ1ϕ2} j_{ψϕ1} − 2j^4_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j^2_{ψϕ2} b_{rϕ1} j_{ψϕ1} j_{ϕ2ϕ2} j_{ϕ1ϕ2} +j^4_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} b_{rϕ2} j^3_{ϕ2ϕ2} j^3_{ψϕ1} − 8j_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ2} j_{ϕ2ϕ2} j_{ψϕ1} −2j_{θ1ϕ1} j_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} + 2j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j^2_{ψϕ1} j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ϕ1ϕ2} +2j_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j_{ψϕ1} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} + j_{θ1ϕ1} j^5_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^3_{ψϕ2} j^2_{ϕ2ϕ2} +j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^3_{ψϕ2} j^4_{ϕ1ϕ2} − 3j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} b_{rϕ2} j^2_{ϕ1ϕ2} j_{ψϕ2} −2j_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} + j_{θ1ϕ1} j^5_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψψ} −2j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j_{ψϕ2} j_{ϕ2ϕ2} j_{ψψ}j^2_{ϕ1ϕ2} + j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j^2_{ψϕ1} +2j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^2_{ψϕ2} j_{ϕ2ϕ2} j_{ψϕ1} j_{ϕ1ϕ2} + 4j_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j^2_{ψϕ1} j^3_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ψϕ2} −j^5_{ϕ1 ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j_{ψϕ1} j^2_{ϕ2ϕ2} b_{rϕ2} j_{ψψ} + j^5_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j_{ψϕ1} j_{ϕ2ϕ2} b_{rϕ2} j^2_{ψϕ2} −j_{θ2 ϕ2} j^2_{ϕ1ϕ1} F_{ψθ1ϕ1} j^5_{ϕ1ϕ2} b_{rϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} − j_{θ2ϕ2} j^2_{ϕ1ϕ1} F_{ψθ1ϕ1} j^7_{ϕ1ϕ2} b_{rϕ2} j_{ψψ} −2j_{θ2ϕ2} j^2_{ϕ1ϕ1} F_{ψθ1ϕ1} j^5_{ϕ1ϕ2} b_{rϕ2} j^2_{ψϕ1} − 2j_{θ2ϕ2} j^3_{ϕ1ϕ1} F_{ψθ1ϕ1} j^5_{ϕ1ϕ2} b_{rψ}j_{ψϕ2} +2j_{θ2ϕ2} j^3_{ϕ1ϕ1} F_{ψθ1ϕ1} j^2_{ϕ2ϕ2} b_{rϕ2} j^3_{ϕ1ϕ2} j^2_{ψϕ1} + 2j_{θ2ϕ2} j^4_{ϕ1ϕ1} F_{ψθ1ϕ1} j_{ϕ2ϕ2} b_{rϕ2} j^3_{ϕ1ϕ2} j^2_{ψϕ2} −4j_{θ2ϕ2} j^3_{ϕ1ϕ1} F_{ψθ1ϕ1} j_{ϕ2ϕ2} b_{rψ}j^4_{ϕ1ϕ2} j_{ψϕ1} + j_{θ2ϕ2} j^5_{ϕ1ϕ1} F_{ψθ1 ϕ1} j^3_{ϕ2ϕ2} j_{ϕ1ϕ2} b_{rϕ2} j_{ψψ} −j_{θ2 ϕ2} j^4_{ϕ1ϕ1} F_{ψθ1ϕ1} j^3_{ϕ2ϕ2} j_{ϕ1ϕ2} b_{rϕ2} j^2_{ψϕ1} − j_{θ2ϕ2} j^5_{ϕ1ϕ1} F_{ψθ1ϕ1} j^2_{ϕ2ϕ2} j_{ϕ1ϕ2} b_{rϕ2} j^2_{ψϕ2} +3j_{θ2ϕ2} j^3_{ϕ1ϕ1} F_{ψθ1ϕ1} j_{ϕ2ϕ2} b_{rϕ2} j^5_{ϕ1ϕ2} j_{ψψ} − 2j_{θ2ϕ2} j^5_{ϕ1ϕ1} F_{ψθ1ϕ1} j^2_{ϕ2ϕ2} b_{rψ}j_{ϕ1ϕ2} j_{ψϕ2} +4j_{θ2ϕ2} j^4_{ϕ1ϕ1} F_{ψθ1ϕ1} j^2_{ϕ2ϕ2} b_{rϕ1} j_{ψϕ1} j_{ϕ1ϕ2} j_{ψϕ2} − j_{θ2ϕ2} j^5_{ϕ1ϕ1} F_{ψθ1ϕ1} j^2_{ϕ2ϕ2} b_{rϕ2} j_{ψϕ2} j_{ψϕ1} +2j_{θ2ϕ2} j^4_{ϕ1ϕ1} F_{ψθ1ϕ1} j^2_{ϕ2ϕ2} b_{rψ}j_{ψϕ1} j^2_{ϕ1ϕ2} − 3j_{θ2ϕ2} j^4_{ϕ1ϕ1} F_{ψθ1ϕ1} j^2_{ϕ2ϕ2} b_{rϕ2} j_{ψψ}j^3_{ϕ1ϕ2} +2j_{θ2ϕ2} j^4_{ϕ1ϕ1} F_{ψθ1ϕ1} j^2_{ϕ2ϕ2} b_{rϕ2} j_{ψϕ2} j_{ψϕ1} j^2_{ϕ1ϕ2} + 2j_{θ2ϕ2} j^2_{ϕ1ϕ1} F_{ψθ1ϕ1} j^6_{ϕ1ϕ2} b_{rϕ2} j_{ψϕ2} j_{ψϕ1} −4j_{θ2ϕ2} j^3_{ϕ1ϕ1} F_{ψθ1ϕ1} j_{ϕ2ϕ2} b_{rϕ2} j^4_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} + 4j_{θ2ϕ2} j^4_{ϕ1ϕ1} F_{ψθ1ϕ1} j_{ϕ2ϕ2} b_{rψ}j^3_{ϕ1ϕ2} j_{ψϕ2} −4j_{θ2ϕ2} j^3_{ϕ1ϕ1} F_{ψθ1ϕ1} b_{rϕ1} j^2_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j^2_{ψϕ1} − 4j_{θ2ϕ2} j^4_{ϕ1ϕ1} F_{ψθ1ϕ1} b_{rϕ1} j^2_{ϕ1ϕ2} j_{ϕ2ϕ2} j^2_{ψϕ2} −4j_{θ2ϕ2} j^2_{ϕ1ϕ1} F_{ψθ1ϕ1} b_{rϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} + j_{θ2ϕ2} j^4_{ϕ1ϕ1} F_{ψθ1 ϕ1} j_{ϕ1ϕ2} b_{rϕ2} j^2_{ϕ2ϕ2} j^2_{ψϕ1} +3j_{θ2ϕ2} j^5_{ϕ1ϕ1} F_{ψθ1ϕ1} j_{ϕ1ϕ2} b_{rϕ2} j_{ϕ2ϕ2} j^2_{ψϕ2} − j_{θ2ϕ2} j^3_{ϕ1ϕ1} F_{ψθ1 ϕ1} j^5_{ϕ1ϕ2} b_{rϕ2} j^2_{ψϕ2} +5j_{θ2ϕ2} j^3_{ϕ1ϕ1} F_{ψθ1ϕ1} b_{rϕ2} j^4_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} + 4j^3_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} b_{rϕ1} j^2_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ψϕ2} j^2_{ψϕ1} +4j^2_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} b_{rϕ1} j^3_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j^3_{ψϕ1} − 8j^2_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} b_{rϕ1} j^4_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ψϕ2} j^2_{ψϕ1}

– 51 –

−j^5_{ϕ1 ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j_{ψϕ1} b_{rϕ2} j^3_{ϕ2ϕ2} j_{ψψ} + j^5_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j_{ψϕ1} b_{rϕ2} j^2_{ϕ2ϕ2} j^2_{ψϕ2} +j^2_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j_{ψϕ1} b_{rϕ2} j^6_{ϕ1ϕ2} j_{ψψ} + j^3_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j_{ψϕ1} b_{rϕ2} j^4_{ϕ1ϕ2} j^2_{ψϕ2} −2j^2_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j_{ψϕ1} b_{rϕ1} j^5_{ϕ1ϕ2} j^2_{ψϕ2} + 3j^4_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j_{ψϕ1} b_{rϕ2} j^2_{ϕ2ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} −3j^3_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j_{ψϕ1} b_{rϕ2} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} − 2j^4_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j_{ψϕ1} b_{rϕ2} j_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} +2j^4_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j_{ψϕ1} b_{rϕ1} j_{ϕ1ϕ2} j^3_{ϕ2ϕ2} j_{ψψ} − 6j^3_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j_{ψϕ1} b_{rϕ1} j^3_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ψψ} −2j^4_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j_{ψϕ1} b_{rϕ1} j_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j^2_{ψϕ2} + 6j^2_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j_{ψϕ1} b_{rϕ1} j^5_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ψψ} +j^4_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j^3_{ψϕ1} j^2_{ϕ2ϕ2} b_{rϕ2} + 4j^3_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j_{ψϕ1} b_{rϕ1} j^3_{ϕ1ϕ2} j_{ϕ2ϕ2} j^2_{ψϕ2} +2j_{θ2ϕ2} j^2_{ϕ1ϕ1} F_{ψθ1ϕ1} j^6_{ϕ1ϕ2} b_{rψ}j_{ψϕ1} − 4j_{θ2ϕ2} j^4_{ϕ1ϕ1} F_{ψθ1ϕ1} b_{rϕ2} j_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} j^2_{ϕ1ϕ2} +j_{θ2ϕ2} j^3_{ϕ1ϕ1} F_{ψθ1ϕ1} b_{rϕ2} j^3_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} − 3j_{θ2ϕ2} j^4_{ϕ1ϕ1} F_{ψθ1 ϕ1} b_{rϕ2} j^3_{ϕ1ϕ2} j^2_{ψϕ2} +4j_{θ2ϕ2} j^2_{ϕ1ϕ1} F_{ψθ1ϕ1} b_{rϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} + 4j_{θ2ϕ2} j^3_{ϕ1ϕ1} F_{ψθ1ϕ1} b_{rϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ2} +2j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{ψθ2ϕ2} j^3_{ϕ2ϕ2} j^2_{ψϕ1} b_{rϕ1} − j_{θ1ϕ1} j^5_{ϕ1ϕ1} F_{ψθ2ϕ2} j^3_{ϕ2ϕ2} j_{ψϕ1} b_{rψ} +2j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{ψθ2ϕ2} j_{ϕ2ϕ2} b_{rϕ1} j^2_{ϕ1ϕ2} j^2_{ψϕ2} − j_{θ1ϕ1} j^5_{ϕ1ϕ1} F_{ψθ2 ϕ2} j^3_{ϕ2ϕ2} j_{ϕ1ϕ2} b_{rϕ2} j_{ψψ} +j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{ψθ2ϕ2} j^3_{ϕ2ϕ2} j_{ϕ1ϕ2} b_{rϕ2} j^2_{ψϕ1} + j_{θ1ϕ1} j^5_{ϕ1ϕ1} F_{ψθ2ϕ2} j^2_{ϕ2ϕ2} j_{ϕ1ϕ2} b_{rϕ2} j^2_{ψϕ2} −3j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{ψθ2ϕ2} j_{ϕ2ϕ2} b_{rϕ2} j^5_{ϕ1ϕ2} j_{ψψ} + j_{θ1ϕ1} j^5_{ϕ1ϕ1} F_{ψθ2 ϕ2} j^2_{ϕ2ϕ2} b_{rψ}j_{ϕ1ϕ2} j_{ψϕ2} +6j_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{ψθ2ϕ2} j_{ϕ2ϕ2} b_{rϕ1} j^6_{ϕ1ϕ2} j_{ψψ} + j_{θ1ϕ1} j^5_{ϕ1ϕ1} F_{ψθ2ϕ2} j^2_{ϕ2ϕ2} b_{rϕ2} j_{ψϕ2} j_{ψϕ1} +2j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{ψθ2ϕ2} j^2_{ϕ2ϕ2} b_{rψ}j_{ψϕ1} j^2_{ϕ1ϕ2} − j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{ψθ2 ϕ2} j^2_{ϕ2ϕ2} b_{rϕ2} j^2_{ψϕ1} j_{ϕ1ϕ2} +3j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{ψθ2ϕ2} j^2_{ϕ2ϕ2} b_{rϕ2} j_{ψψ} j^3_{ϕ1ϕ2} − 2j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{ψθ2ϕ2} j^2_{ϕ2ϕ2} b_{rϕ2} j_{ψϕ2} j_{ψϕ1} j^2_{ϕ1ϕ2} −2j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{ψθ2ϕ2} j^2_{ϕ2ϕ2} b_{rϕ2} j^3_{ϕ1ϕ2} j^2_{ψϕ1} − 2j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{ψθ2ϕ2} j_{ϕ2ϕ2} b_{rϕ2} j^3_{ϕ1ϕ2} j^2_{ψϕ2} +4j_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{ψθ2ϕ2} j^2_{ϕ2ϕ2} b_{rϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ1} + 4j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{ψθ2ϕ2} j_{ϕ2ϕ2} b_{rϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ2} −2j_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{ψθ2ϕ2} j^6_{ϕ1ϕ2} b_{rϕ2} j_{ψϕ2} j_{ψϕ1} − j^5_{ϕ1ϕ1} b_{θ2ϕ2} j_{θ1ϕ1} F_{rϕ1ϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψψ} +j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{ψθ2ϕ2} j^5_{ϕ1ϕ2} b_{rϕ2} j^2_{ψϕ2} − 2j_{θ1ϕ1} j_{ϕ1ϕ1} F_{ψθ2ϕ2} j^6_{ϕ1ϕ2} b_{rϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} −2j_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{ψθ2ϕ2} j^6_{ϕ1ϕ2} b_{rϕ1} j^2_{ψϕ2} − 2j_{θ1ϕ1} j_{ϕ1ϕ1} F_{ψθ2ϕ2} j^8_{ϕ1ϕ2} b_{rϕ1} j_{ψψ} +4j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{ψθ2ϕ2} j_{ϕ2ϕ2} b_{rϕ2} j^4_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} + 2j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{ψθ2ϕ2} j^3_{ϕ2ϕ2} b_{rϕ1} j^2_{ϕ1ϕ2} j_{ψψ} −6j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{ψθ2ϕ2} j^2_{ϕ2ϕ2} b_{rϕ1} j^4_{ϕ1ϕ2} j_{ψψ} − 2j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{ψθ2ϕ2} j^3_{ϕ2ϕ2} b_{rϕ1} j^2_{ϕ1ϕ2} j^2_{ψϕ1} −2j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{ψθ2ϕ2} j^2_{ϕ2ϕ2} b_{rϕ1} j^2_{ϕ1ϕ2} j^2_{ψϕ2} + 4j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{ψθ2ϕ2} j^2_{ϕ2ϕ2} b_{rϕ1} j^3_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} −8j_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{ψθ2ϕ2} j_{ϕ2ϕ2} b_{rϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} − 2j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{ψθ2 ϕ2} j_{ϕ2ϕ2} b_{rψ}j^3_{ϕ1ϕ2} j_{ψϕ2} −2j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{ψθ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} j^2_{ϕ2ϕ2} b_{rϕ1} + 4j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{ψθ2ϕ2} j^3_{ϕ1ϕ2} b_{rϕ1} j_{ψϕ1} j_{ϕ2ϕ2} j_{ψϕ2} −j_{θ1 ϕ1} j^3_{ϕ1ϕ1} F_{ψθ2ϕ2} j^4_{ϕ1ϕ2} b_{rϕ2} j_{ψϕ2} j_{ψϕ1} − j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{ψθ2ϕ2} j^4_{ϕ1ϕ2} b_{rψ}j_{ϕ2ϕ2} j_{ψϕ1} +j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{ψθ2ϕ2} j^3_{ϕ1ϕ2} b_{rϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} + j_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{ψθ2ϕ2} j^5_{ϕ1ϕ2} b_{rϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} −j_{θ1 ϕ1} j^5_{ϕ1ϕ1} F_{ψθ2ϕ2} j_{ϕ2ϕ2} b_{rϕ2} j^2_{ψϕ2} j_{ϕ1ϕ2} − 4j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{ψθ2ϕ2} j^2_{ϕ2ϕ2} b_{rϕ1} j_{ψϕ1} j_{ϕ1ϕ2} j_{ψϕ2} +4j_{θ1ϕ1} j_{ϕ1ϕ1} F_{ψθ2ϕ2} j^7_{ϕ1ϕ2} b_{rϕ1} j_{ψϕ2} j_{ψϕ1} + j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{ψθ2ϕ2} j^5_{ϕ1ϕ2} b_{rψ}j_{ψϕ2} +j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{ψθ2ϕ2} j^3_{ϕ1ϕ2} b_{rϕ2} j^2_{ψϕ2} − 2j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{ψθ2ϕ2} j^4_{ϕ1ϕ2} b_{rϕ1} j^2_{ψϕ2} +j_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{ψθ2ϕ2} j^7_{ϕ1ϕ2} b_{rϕ2} j_{ψψ} + j^5_{ϕ1ϕ1} b_{θ2ϕ2} j_{θ1ϕ1} F_{rϕ1ϕ2} j_{ψϕ2} j^3_{ϕ2ϕ2} j_{ψψ} −j^4_{ϕ1 ϕ1} b_{θ2ϕ2} j_{θ1ϕ1} F_{rϕ1ϕ2} j_{ψϕ2} j^3_{ϕ2ϕ2} j^2_{ψϕ1} + 2j^4_{ϕ1ϕ1} b_{θ2ϕ2} j_{θ1ϕ1} F_{rϕ1ϕ2} j^3_{ψϕ2} j_{ϕ2ϕ2} j^2_{ϕ1ϕ2}

– 52 –

−j^2_{ϕ1 ϕ1} b_{θ2ϕ2} j_{θ1ϕ1} F_{rϕ1ϕ2} j_{ψϕ2} j^6_{ϕ1ϕ2} j_{ψψ} − 3j^4_{ϕ1ϕ1} b_{θ2ϕ2} j_{θ1ϕ1} F_{rϕ1ϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} +3j^3_{ϕ1ϕ1} b_{θ2ϕ2} j_{θ1ϕ1} F_{rϕ1ϕ2} j_{ψϕ2} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} + 2j^4_{ϕ1ϕ1} b_{θ2ϕ2} j_{θ1ϕ1} F_{rϕ1ϕ2} j_{ϕ1ϕ2} j_{ψϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ2} +2j^3_{ϕ1ϕ1} b_{θ2ϕ2} j_{θ1ϕ1} F_{rϕ1ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} j^2_{ϕ2ϕ2} j_{ψϕ2} − 4j^3_{ϕ1ϕ1} b_{θ2ϕ2} j_{θ1ϕ1} F_{rϕ1ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ1} j_{ϕ2ϕ2} j^2_{ψϕ2} −j^2_{ϕ1 ϕ1} b_{θ2ϕ2} j_{θ1ϕ1} F_{rϕ1ϕ2} j^4_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} j_{ψϕ2} + 2j^2_{ϕ1ϕ1} b_{θ2ϕ2} j_{θ1ϕ1} F_{rϕ1ϕ2} j^5_{ϕ1ϕ2} j_{ψϕ1} j^2_{ψϕ2} +2j^4_{ϕ1ϕ1} F_{rψϕ2} j^3_{ϕ1ϕ2} j^2_{ψϕ2} b_{θ1ϕ1} j_{θ2ϕ2} − j^4_{ϕ1ϕ1} F_{rψϕ2} j^3_{ϕ1ϕ2} j^2_{ψϕ2} j_{θ1ϕ1} b_{θ2ϕ2} +j^4_{ϕ1ϕ1} b_{θ2ϕ2} j_{θ1ϕ1} F_{rϕ1ϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j^2_{ψϕ1} − j^3_{ϕ1ϕ1} b_{θ2ϕ2} j_{θ1ϕ1} F_{rϕ1ϕ2} j_{ψϕ2} j^4_{ϕ1ϕ2} j_{ψψ} +8j^3_{ϕ1ϕ1} b_{θ2ϕ2} j_{θ1ϕ1} F_{rϕ1ϕ2} j^2_{ψϕ2} j^3_{ϕ1ϕ2} j_{ψϕ1} − 2j^3_{ϕ1ϕ1} b_{θ2ϕ2} j_{θ1ϕ1} F_{rϕ1ϕ2} j^3_{ψϕ1} j_{ϕ1ϕ2} j^2_{ϕ2ϕ2} +2j^4_{ϕ1ϕ1} b_{θ2ϕ2} j_{θ1ϕ1} F_{rϕ1ϕ2} j_{ψϕ2} j_{ϕ2ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} − 2j^4_{ϕ1ϕ1} b_{θ2ϕ2} j_{θ1ϕ1} F_{rϕ1ϕ2} j^2_{ψϕ2} j_{ϕ2ϕ2} j_{ψϕ1} j_{ϕ1ϕ2} −j^3_{ϕ1 ϕ1} b_{θ2ϕ2} j_{θ1ϕ1} F_{rϕ1ϕ2} j_{ψϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} + 2j^4_{ϕ1ϕ1} b_{θ2ϕ2} j_{θ1ϕ1} F_{rϕ1ϕ2} j_{ψϕ1} j_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ψψ} −4j^3_{ϕ1ϕ1} b_{θ2ϕ2} j_{θ1ϕ1} F_{rϕ1ϕ2} j_{ψϕ1} j^3_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ψψ} + j^5_{ϕ1ϕ1} b_{θ2ϕ2} j_{θ1ϕ1} F_{rϕ1ϕ2} j^3_{ψϕ2} j_{ϕ2ϕ2} −3j^4_{ϕ1ϕ1} b_{θ2ϕ2} j_{θ1ϕ1} F_{rϕ1ϕ2} j^3_{ψϕ2} j^2_{ϕ1ϕ2} + 2j^2_{ϕ1ϕ1} b_{θ2ϕ2} j_{θ1ϕ1} F_{rϕ1ϕ2} j_{ψϕ1} j^5_{ϕ1ϕ2} j_{ψψ} +4j^2_{ϕ1ϕ1} b_{θ2ϕ2} j_{θ1ϕ1} F_{rϕ1ϕ2} j^3_{ψϕ1} j^3_{ϕ1ϕ2} j_{ϕ2ϕ2} − 6j^2_{ϕ1ϕ1} b_{θ2ϕ2} j_{θ1ϕ1} F_{rϕ1ϕ2} j^2_{ψϕ1} j^4_{ϕ1ϕ2} j_{ψϕ2} −j^5_{ϕ1 ϕ1} b_{θ2ϕ2} j_{θ1ϕ1} F_{rϕ1ϕ2} j^3_{ψϕ2} j^2_{ϕ2ϕ2} − j^3_{ϕ1ϕ1} b_{θ2ϕ2} j_{θ1ϕ1} F_{rϕ1ϕ2} j^3_{ψϕ2} j^4_{ϕ1ϕ2} +6j^4_{ϕ1ϕ1} j_{θ1ϕ1} b_{θ2ϕ2} F_{rψϕ1} j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} + 2j^3_{ϕ1ϕ1} j_{θ1ϕ1} b_{θ2ϕ2} F_{rψϕ1} j^2_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} −4j^2_{ϕ1ϕ1} j_{θ1ϕ1} b_{θ2ϕ2} F_{rψϕ1} j_{ϕ2ϕ2} j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} − 6j^3_{ϕ1ϕ1} j_{θ1ϕ1} b_{θ2ϕ2} F_{rψϕ1} j^3_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} −j^2_{ϕ1 ϕ1} j_{θ1ϕ1} b_{θ2ϕ2} F_{rψϕ1} j^6_{ϕ1ϕ2} j^2_{ψϕ2} − j^2_{ϕ1ϕ1} j_{θ1ϕ1} b_{θ2ϕ2} F_{rψϕ1} j^6_{ϕ1ϕ2} j_{ψψ} +2j_{ϕ1ϕ1} j_{θ1ϕ1} b_{θ2ϕ2} F_{rψϕ1} j^7_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} + b_{θ2ϕ2} F_{rθ1ϕ2} j^6_{ϕ1ϕ1} j^3_{ψϕ2} j^2_{ϕ2ϕ2} +b_{θ2ϕ2} F_{rθ1ϕ2} j^4_{ϕ1ϕ1} j^3_{ψϕ2} j^4_{ϕ1ϕ2} − j_{ϕ1ϕ1} j_{θ1ϕ1} b_{θ2ϕ2} F_{rψϕ1} j^6_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} −j_{ϕ1 ϕ1} j_{θ1ϕ1} b_{θ2ϕ2} F_{rψϕ1} j^8_{ϕ1ϕ2} j_{ψψ} + j^5_{ϕ1ϕ1} j_{θ1ϕ1} b_{θ2ϕ2} F_{rψϕ1} j^3_{ϕ2ϕ2} j_{ψψ} +j^3_{ϕ1ϕ1} j_{θ1ϕ1} b_{θ2ϕ2} F_{rψϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} − j^4_{ϕ1ϕ1} j_{θ1ϕ1} b_{θ2ϕ2} F_{rψϕ1} j_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} +j^4_{ϕ1ϕ1} j_{θ1ϕ1} b_{θ2ϕ2} F_{rψϕ1} j^3_{ϕ2ϕ2} j_{ψψ}j^2_{ϕ1ϕ2} − 3j^3_{ϕ1ϕ1} j_{θ1ϕ1} b_{θ2ϕ2} F_{rψϕ1} j^2_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} −j^3_{ϕ1 ϕ1} j_{θ1ϕ1} b_{θ2ϕ2} F_{rψϕ1} j^3_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} − j^4_{ϕ1ϕ1} j_{θ1ϕ1} b_{θ2ϕ2} F_{rψϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} +3j^2_{ϕ1ϕ1} j_{θ1ϕ1} b_{θ2ϕ2} F_{rψϕ1} j_{ϕ2ϕ2} j^6_{ϕ1ϕ2} j_{ψψ} + 2j^2_{ϕ1ϕ1} j_{θ1ϕ1} b_{θ2ϕ2} F_{rψϕ1} j^2_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j^2_{ψϕ1} +2j^3_{ϕ1ϕ1} j_{θ1ϕ1} b_{θ2ϕ2} F_{rψϕ1} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j^2_{ψϕ2} − 3j^4_{ϕ1ϕ1} j_{θ1ϕ1} b_{θ2ϕ2} F_{rψϕ1} j^2_{ϕ2ϕ2} j_{ψψ}j^2_{ϕ1ϕ2} +3j^3_{ϕ1ϕ1} j_{θ1ϕ1} b_{θ2ϕ2} F_{rψϕ1} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} + j^2_{ϕ1ϕ1} j_{θ1ϕ1} b_{θ2ϕ2} F_{rψϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} −j^5_{ϕ1 ϕ1} j_{θ1ϕ1} b_{θ2ϕ2} F_{rψϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ2} + 2j^3_{ϕ1ϕ1} j_{θ1ϕ1} b_{θ2ϕ2} F_{rψϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ2} −3j^3_{ϕ1ϕ1} F_{rψϕ2} j_{ϕ2ϕ2} j_{θ1ϕ1} j^5_{ϕ1ϕ2} b_{θ2ϕ2} j_{ψψ} + 4j^2_{ϕ1ϕ1} F_{rψϕ2} j^6_{ϕ1ϕ2} b_{θ1ϕ1} j_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} −2j^4_{ϕ1ϕ1} j_{θ1ϕ1} b_{θ2ϕ2} F_{rψϕ1} j^3_{ϕ2ϕ2} j^2_{ψϕ1} − j^5_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} j_{ψϕ1} j_{ψϕ2} j_{θ1ϕ1} b_{θ2ϕ2} −2j^5_{ϕ1ϕ1} F_{rψϕ2} j_{ϕ2ϕ2} j_{ϕ1ϕ2} j^2_{ψϕ2} b_{θ1ϕ1} j_{θ2ϕ2} + j^5_{ϕ1ϕ1} F_{rψϕ2} j_{ϕ2ϕ2} j_{ϕ1ϕ2} j^2_{ψϕ2} j_{θ1ϕ1} b_{θ2ϕ2} −2j^4_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} j^2_{ψϕ1} j_{ϕ1ϕ2} b_{θ1ϕ1} j_{θ2ϕ2} + j^4_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} j^2_{ψϕ1} j_{ϕ1ϕ2} j_{θ1ϕ1} b_{θ2ϕ2} −j^5_{ϕ1 ϕ1} F_{rψϕ2} j^3_{ϕ2ϕ2} j_{θ1ϕ1} j_{ϕ1ϕ2} b_{θ2ϕ2} j_{ψψ} + 3j^4_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} j_{θ1ϕ1} j^3_{ϕ1ϕ2} b_{θ2ϕ2} j_{ψψ} +j^4_{ϕ1ϕ1} F_{rψϕ2} j^3_{ϕ2ϕ2} j_{θ1ϕ1} j_{ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} + j^5_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} j_{θ1ϕ1} j_{ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ2} −2j^4_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} j_{θ1ϕ1} j^2_{ϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} − 2j^3_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} j_{θ1ϕ1} j^3_{ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} −2j^4_{ϕ1ϕ1} F_{rψϕ2} j_{ϕ2ϕ2} j_{θ1ϕ1} j^3_{ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ2} + 4j^3_{ϕ1ϕ1} F_{rψϕ2} j_{ϕ2ϕ2} j_{θ1ϕ1} j^4_{ϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1}

– 53 –

+2j^5_{ϕ1ϕ1} F_{rψϕ2} j^3_{ϕ2ϕ2} b_{θ1ϕ1} j_{ϕ1ϕ2} j_{θ2ϕ2} j_{ψψ} − 6j^4_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} b_{θ1ϕ1} j^3_{ϕ1ϕ2} j_{θ2ϕ2} j_{ψψ} −2j^4_{ϕ1ϕ1} F_{rψϕ2} j^3_{ϕ2ϕ2} b_{θ1ϕ1} j_{ϕ1ϕ2} j_{θ2ϕ2} j^2_{ψϕ1} − 2j^5_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} b_{θ1ϕ1} j_{ϕ1ϕ2} j_{θ2ϕ2} j^2_{ψϕ2} +4j^4_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} b_{θ1ϕ1} j^2_{ϕ1ϕ2} j_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} + 4j^3_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} b_{θ1ϕ1} j^3_{ϕ1ϕ2} j_{θ2ϕ2} j^2_{ψϕ1} +2j^3_{ϕ1ϕ1} F_{rψϕ2} j^3_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} b_{θ1ϕ1} j_{θ2ϕ2} − j^3_{ϕ1ϕ1} F_{rψϕ2} j^3_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} j_{θ1ϕ1} b_{θ2ϕ2} −2j^3_{ϕ1ϕ1} F_{rψϕ2} j^4_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} b_{θ1ϕ1} j_{θ2ϕ2} + j^3_{ϕ1ϕ1} F_{rψϕ2} j^4_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} j_{θ1ϕ1} b_{θ2ϕ2} +j^2_{ϕ1ϕ1} F_{rψϕ2} j^5_{ϕ1ϕ2} j_{θ1ϕ1} b_{θ2ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} + j^3_{ϕ1ϕ1} F_{rψϕ2} j^5_{ϕ1ϕ2} j_{θ1ϕ1} b_{θ2ϕ2} j^2_{ψϕ2} −2j^2_{ϕ1ϕ1} F_{rψϕ2} j^6_{ϕ1ϕ2} j_{θ1ϕ1} b_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} − 2j^2_{ϕ1ϕ1} F_{rψϕ2} j^5_{ϕ1ϕ2} b_{θ1ϕ1} j_{θ2ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} −2j^3_{ϕ1ϕ1} F_{rψϕ2} j^5_{ϕ1ϕ2} b_{θ1ϕ1} j_{θ2ϕ2} j^2_{ψϕ2} + 4j^4_{ϕ1ϕ1} F_{rψϕ2} j_{ϕ2ϕ2} b_{θ1ϕ1} j^3_{ϕ1ϕ2} j_{θ2ϕ2} j^2_{ψϕ2} −8j^3_{ϕ1ϕ1} F_{rψϕ2} j_{ϕ2ϕ2} b_{θ1ϕ1} j^4_{ϕ1ϕ2} j_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} + j^2_{ϕ1ϕ1} F_{rψϕ2} j^7_{ϕ1ϕ2} j_{θ1ϕ1} b_{θ2ϕ2} j_{ψψ} −2j^2_{ϕ1ϕ1} F_{rψϕ2} j^7_{ϕ1ϕ2} b_{θ1ϕ1} j_{θ2ϕ2} j_{ψψ} + 6j^3_{ϕ1ϕ1} F_{rψϕ2} j_{ϕ2ϕ2} b_{θ1ϕ1} j^5_{ϕ1ϕ2} j_{θ2ϕ2} j_{ψψ} +2j^5_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} j_{ψϕ1} j_{ψϕ2} b_{θ1ϕ1} j_{θ2ϕ2} − b_{θ2ϕ2} F_{rθ1ϕ2} j^2_{ϕ1ϕ1} j_{ψϕ1} j^7_{ϕ1ϕ2} j_{ψψ} −b_{θ2 ϕ2} F_{rθ1ϕ2} j^2_{ϕ1ϕ1} j^3_{ψϕ1} j^5_{ϕ1ϕ2} j_{ϕ2ϕ2} + 2b_{θ2ϕ2} F_{rθ1ϕ2} j^2_{ϕ1ϕ1} j^2_{ψϕ1} j^6_{ϕ1ϕ2} j_{ψϕ2} +b_{θ2ϕ2} F_{rθ1ϕ2} j^6_{ϕ1ϕ1} j_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψψ} + b_{θ2ϕ2} F_{rθ1ϕ2} j^4_{ϕ1ϕ1} j_{ψϕ2} j^4_{ϕ1ϕ2} j_{ψψ} −3b_{θ2ϕ2} F_{rθ1ϕ2} j^4_{ϕ1ϕ1} j^2_{ψϕ2} j^3_{ϕ1ϕ2} j_{ψϕ1} − b_{θ2ϕ2} F_{rθ1ϕ2} j^5_{ϕ1ϕ1} j_{ψϕ2} j^2_{ϕ2ϕ2} j^2_{ψϕ1} −b_{θ2 ϕ2} F_{rθ1ϕ2} j^6_{ϕ1ϕ1} j^3_{ψϕ2} j_{ϕ2ϕ2} + b_{θ2ϕ2} F_{rθ1ϕ2} j^5_{ϕ1ϕ1} j^3_{ψϕ2} j^2_{ϕ1ϕ2} −b_{θ2 ϕ2} F_{rθ1ϕ2} j^5_{ϕ1ϕ1} j_{ψϕ1} j_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ψψ} + 2b_{θ2ϕ2} F_{rθ1ϕ2} j^4_{ϕ1ϕ1} j_{ψϕ1} j^3_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ψψ} −2b_{θ2ϕ2} F_{rθ1ϕ2} j^5_{ϕ1ϕ1} j_{ψϕ2} j_{ϕ2ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} + 3b_{θ2ϕ2} F_{rθ1ϕ2} j^5_{ϕ1ϕ1} j^2_{ψϕ2} j_{ϕ2ϕ2} j_{ψϕ1} j_{ϕ1ϕ2} −b_{θ2 ϕ2} F_{rθ1ϕ2} j^4_{ϕ1ϕ1} j_{ψϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} + b_{θ2ϕ2} F_{rθ1ϕ2} j^4_{ϕ1ϕ1} j^3_{ψϕ1} j_{ϕ1ϕ2} j^2_{ϕ2ϕ2} −b_{θ2 ϕ2} F_{rθ1ϕ2} j^3_{ϕ1ϕ1} j_{ψϕ1} j^5_{ϕ1ϕ2} j_{ψψ} − b_{θ2ϕ2} F_{rθ1ϕ2} j^3_{ϕ1ϕ1} j^3_{ψϕ1} j^3_{ϕ1ϕ2} j_{ϕ2ϕ2} +2b_{θ2ϕ2} F_{rθ1ϕ2} j^3_{ϕ1ϕ1} j^2_{ψϕ1} j^4_{ϕ1ϕ2} j_{ψϕ2} − b_{θ2ϕ2} F_{rθ1ϕ2} j^6_{ϕ1ϕ1} j_{ψϕ2} j^3_{ϕ2ϕ2} j_{ψψ} +b_{θ2ϕ2} F_{rθ1ϕ2} j^5_{ϕ1ϕ1} j_{ψϕ2} j^3_{ϕ2ϕ2} j^2_{ψϕ1} − 2b_{θ2ϕ2} F_{rθ1ϕ2} j^5_{ϕ1ϕ1} j^3_{ψϕ2} j_{ϕ2ϕ2} j^2_{ϕ1ϕ2} +b_{θ2ϕ2} F_{rθ1ϕ2} j^3_{ϕ1ϕ1} j_{ψϕ2} j^6_{ϕ1ϕ2} j_{ψψ} + 2j^4_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j^3_{ϕ2ϕ2} j^3_{ψϕ1} −2j^2_{ϕ1ϕ1} F_{θ1θ2ϕ1} j^7_{ϕ1ϕ2} b_{rψ}j_{ψψ} − 2j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} j^5_{ϕ1ϕ2} b_{rψ}j^2_{ψϕ2} −3b_{θ2ϕ2} F_{rθ1ϕ2} j^3_{ϕ1ϕ1} j^2_{ψϕ2} j^5_{ϕ1ϕ2} j_{ψϕ1} − b_{θ2ϕ2} F_{rθ1ϕ2} j^4_{ϕ1ϕ1} j^3_{ψϕ1} j_{ϕ1ϕ2} j^3_{ϕ2ϕ2} +2b_{θ2ϕ2} F_{rθ1ϕ2} j^3_{ϕ1ϕ1} j^3_{ψϕ1} j^3_{ϕ1ϕ2} j^2_{ϕ2ϕ2} + 3b_{θ2ϕ2} F_{rθ1ϕ2} j^5_{ϕ1ϕ1} j_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψψ}j^2_{ϕ1ϕ2} −3b_{θ2ϕ2} F_{rθ1ϕ2} j^5_{ϕ1ϕ1} j^2_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψϕ1} j_{ϕ1ϕ2} − 3b_{θ2ϕ2} F_{rθ1ϕ2} j^4_{ϕ1ϕ1} j_{ψϕ2} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} +6b_{θ2ϕ2} F_{rθ1ϕ2} j^4_{ϕ1ϕ1} j^2_{ψϕ2} j_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ1} − 3b_{θ2ϕ2} F_{rθ1ϕ2} j^3_{ϕ1ϕ1} j_{ψϕ2} j^4_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} +b_{θ2ϕ2} F_{rθ1ϕ2} j^5_{ϕ1ϕ1} j_{ψϕ1} j_{ϕ1ϕ2} j^3_{ϕ2ϕ2} j_{ψψ} − 3b_{θ2ϕ2} F_{rθ1ϕ2} j^4_{ϕ1ϕ1} j_{ψϕ1} j^3_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ψψ} +3b_{θ2ϕ2} F_{rθ1ϕ2} j^3_{ϕ1ϕ1} j_{ψϕ1} j^5_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ψψ} − 2j^2_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j^3_{ψϕ1} j^4_{ϕ1ϕ2} j^2_{ϕ2ϕ2} +j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j^3_{ψϕ1} j^2_{ϕ1ϕ2} j^3_{ϕ2ϕ2} + 3j^4_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j_{ψϕ1} j^2_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j^2_{ψϕ2} +j^5_{ϕ1ϕ1} F_{θ1θ2ϕ1} j_{ϕ1ϕ2} b_{rϕ2} j_{ψϕ2} j^3_{ϕ2ϕ2} j_{ψψ} − j^4_{ϕ1ϕ1} F_{θ1θ2ϕ1} j_{ϕ1ϕ2} b_{rϕ2} j_{ψϕ2} j^3_{ϕ2ϕ2} j^2_{ψϕ1} −j^5_{ϕ1 ϕ1} F_{θ1θ2ϕ1} j_{ϕ1ϕ2} b_{rϕ2} j^3_{ψϕ2} j^2_{ϕ2ϕ2} − 2j_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ1} j^5_{ϕ1ϕ2} j^3_{ψϕ1} j_{ϕ2ϕ2} +4j_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ1} j^6_{ϕ1ϕ2} j_{ψϕ2} j^2_{ψϕ1} − 2j_{ϕ1ϕ1} F_{θ1θ2ϕ1} j_{ψϕ1} b_{rϕ1} j^7_{ϕ1ϕ2} j_{ψψ} −3j^4_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j^2_{ϕ2ϕ2} j_{ψϕ2} j^2_{ψϕ1} j_{ϕ1ϕ2} − 5j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^3_{ψϕ1}

– 54 –

+9j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} j^2_{ψϕ1} + 3j^2_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j^4_{ϕ1ϕ2} j^3_{ψϕ1} j_{ϕ2ϕ2} −6j^2_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j^5_{ϕ1ϕ2} j_{ψϕ2} j^2_{ψϕ1} − 2j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ1} j_{ϕ1ϕ2} j^3_{ϕ2ϕ2} j^3_{ψϕ1} +4j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ1} j^2_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ψϕ2} j^2_{ψϕ1} + 4j^2_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ1} j^3_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j^3_{ψϕ1} −8j^2_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ1} j^4_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ψϕ2} j^2_{ψϕ1} − 2j^5_{ϕ1ϕ1} F_{θ1θ2ϕ1} j_{ψϕ1} b_{rϕ2} j^3_{ϕ2ϕ2} j_{ψψ} +2j^5_{ϕ1ϕ1} F_{θ1θ2ϕ1} j_{ψϕ1} b_{rϕ2} j^2_{ϕ2ϕ2} j^2_{ψϕ2} + 3j^2_{ϕ1ϕ1} F_{θ1θ2ϕ1} j_{ψϕ1} b_{rϕ2} j^6_{ϕ1ϕ2} j_{ψψ} +7j^4_{ϕ1ϕ1} F_{θ1θ2ϕ1} j_{ψϕ1} b_{rϕ2} j^2_{ϕ2ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} − 2j^2_{ϕ1ϕ1} F_{θ1θ2ϕ1} j^5_{ϕ1ϕ2} b_{rψ}j^2_{ψϕ1} j_{ϕ2ϕ2} +4j^2_{ϕ1ϕ1} F_{θ1θ2ϕ1} j^6_{ϕ1ϕ2} b_{rψ}j_{ψϕ2} j_{ψϕ1} − 3j^4_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j_{ψϕ2} j^3_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ψψ} +3j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j_{ψϕ2} j^5_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ψψ} − j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j^3_{ψϕ2} j^5_{ϕ1ϕ2} +2j^5_{ϕ1ϕ1} F_{θ1θ2ϕ1} j_{ϕ1ϕ2} b_{rψ}j^3_{ϕ2ϕ2} j_{ψψ} − 2j^4_{ϕ1ϕ1} F_{θ1θ2ϕ1} j_{ϕ1ϕ2} b_{rψ}j^3_{ϕ2ϕ2} j^2_{ψϕ1} −2j^5_{ϕ1ϕ1} F_{θ1θ2ϕ1} j_{ϕ1ϕ2} b_{rψ}j^2_{ϕ2ϕ2} j^2_{ψϕ2} + 4j^4_{ϕ1ϕ1} F_{θ1θ2ϕ1} j^2_{ϕ1ϕ2} b_{rψ}j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} −j^5_{ϕ1 ϕ1} F_{θ1θ2ϕ1} j_{ϕ1ϕ2} b_{rϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψψ} + 2j^4_{ϕ1ϕ1} F_{θ1θ2ϕ1} j^3_{ϕ1ϕ2} b_{rϕ2} j_{ψϕ2} j_{ϕ2ϕ2} j_{ψψ} +j^5_{ϕ1ϕ1} F_{θ1θ2ϕ1} j_{ϕ1ϕ2} b_{rϕ2} j^3_{ψϕ2} j_{ϕ2ϕ2} − j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j_{ψϕ2} j^5_{ϕ1ϕ2} j_{ψψ} −j^4_{ϕ1 ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j^3_{ψϕ2} j^3_{ϕ1ϕ2} + 2j^4_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j^3_{ψϕ2} j^3_{ϕ1ϕ2} j_{ϕ2ϕ2} −6j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j^2_{ψϕ2} j^4_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ψϕ1} − j^2_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j_{ψϕ2} j^7_{ϕ1ϕ2} j_{ψψ} +3j^2_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j_{ψϕ2} j^5_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} + 3j^2_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j^2_{ψϕ2} j^6_{ϕ1ϕ2} j_{ψϕ1} +3j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j_{ψϕ1} j^4_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ψψ} − 3j^2_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j_{ψϕ1} j^6_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ψψ} −j^4_{ϕ1 ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j_{ψϕ1} j^2_{ϕ1ϕ2} j^3_{ϕ2ϕ2} j_{ψψ} + j_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j_{ψϕ1} j^8_{ϕ1ϕ2} j_{ψψ} +j_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j^3_{ψϕ1} j^6_{ϕ1ϕ2} j_{ϕ2ϕ2} − 2j_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j^2_{ψϕ1} j^7_{ϕ1ϕ2} j_{ψϕ2} −6j^4_{ϕ1ϕ1} F_{θ1θ2ϕ1} j^3_{ϕ1ϕ2} b_{rψ}j^2_{ϕ2ϕ2} j_{ψψ} + 6j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} j^5_{ϕ1ϕ2} b_{rψ}j_{ϕ2ϕ2} j_{ψψ} +4j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} j^3_{ϕ1ϕ2} b_{rψ}j^2_{ϕ2ϕ2} j^2_{ψϕ1} + 4j^4_{ϕ1ϕ1} F_{θ1θ2ϕ1} j^3_{ϕ1ϕ2} b_{rψ}j_{ϕ2ϕ2} j^2_{ψϕ2} −8j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} j^4_{ϕ1ϕ2} b_{rψ}j_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} − 2b_{θ1ϕ1} j^2_{ϕ1ϕ2} F_{rθ2ϕ1} j^3_{ψϕ2} j^4_{ϕ1ϕ1} j^2_{ϕ2ϕ2} +2b_{θ1ϕ1} j^2_{ϕ1ϕ2} F_{rθ2ϕ1} j_{ψϕ2} j^4_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j_{ψψ} + 5j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} j_{ψϕ1} b_{rϕ2} j^4_{ϕ1ϕ2} j^2_{ψϕ2} −2j^2_{ϕ1ϕ1} F_{θ1θ2ϕ1} j_{ψϕ1} b_{rϕ1} j^5_{ϕ1ϕ2} j^2_{ψϕ2} − 8j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} j_{ψϕ1} b_{rϕ2} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} −7j^4_{ϕ1ϕ1} F_{θ1θ2ϕ1} j_{ψϕ1} b_{rϕ2} j_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} + 2j^4_{ϕ1ϕ1} F_{θ1θ2ϕ1} j_{ψϕ1} b_{rϕ1} j_{ϕ1ϕ2} j^3_{ϕ2ϕ2} j_{ψψ} −6j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} j_{ψϕ1} b_{rϕ1} j^3_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ψψ} − 2j^4_{ϕ1ϕ1} F_{θ1θ2ϕ1} j_{ψϕ1} b_{rϕ1} j_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j^2_{ψϕ2} +6j^2_{ϕ1ϕ1} F_{θ1θ2ϕ1} j_{ψϕ1} b_{rϕ1} j^5_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ψψ} + 4j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} j_{ψϕ1} b_{rϕ1} j^3_{ϕ1ϕ2} j_{ϕ2ϕ2} j^2_{ψϕ2} −2b_{θ1ϕ1} j^3_{ϕ1ϕ2} F_{rθ2ϕ1} j_{ψϕ1} j^3_{ϕ2ϕ2} j^3_{ϕ1ϕ1} j_{ψψ} + 2b_{θ1ϕ1} j^7_{ϕ1ϕ2} F_{rθ2ϕ1} j^3_{ψϕ1} j_{ϕ2ϕ2} −4b_{θ1ϕ1} j^8_{ϕ1ϕ2} F_{rθ2ϕ1} j^2_{ψϕ1} j_{ψϕ2} − 2b_{θ1ϕ1} j_{ϕ1ϕ2} F_{rθ2ϕ1} j^3_{ϕ1ϕ1} j^3_{ψϕ1} j^3_{ϕ2ϕ2} −2b_{θ1ϕ1} j^4_{ϕ1ϕ2} F_{rθ2ϕ1} j^3_{ϕ1ϕ1} j^3_{ψϕ2} − 2b_{θ1ϕ1} j^6_{ϕ1ϕ2} F_{rθ2ϕ1} j^3_{ψϕ2} j^2_{ϕ1ϕ1} +6b_{θ1ϕ1} j^5_{ϕ1ϕ2} F_{rθ2ϕ1} j_{ψϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ1} j_{ψψ} − 6b_{θ1ϕ1} j^7_{ϕ1ϕ2} F_{rθ2ϕ1} j_{ψϕ1} j_{ϕ2ϕ2} j_{ϕ1ϕ1} j_{ψψ} −4b_{θ1ϕ1} j^3_{ϕ1ϕ2} F_{rθ2ϕ1} j^3_{ϕ1ϕ1} j_{ψϕ1} j^2_{ϕ2ϕ2} j_{ψψ} + 6b_{θ1ϕ1} j^2_{ϕ1ϕ2} F_{rθ2ϕ1} j^3_{ϕ1ϕ1} j^2_{ψϕ1} j^2_{ϕ2ϕ2} j_{ψϕ2} +2b_{θ1ϕ1} j^5_{ϕ1ϕ2} F_{rθ2ϕ1} j^2_{ϕ1ϕ1} j_{ψϕ1} j_{ϕ2ϕ2} j_{ψψ} − 2b_{θ1ϕ1} j^3_{ϕ1ϕ2} F_{rθ2ϕ1} j^3_{ϕ1ϕ1} j_{ψϕ1} j_{ϕ2ϕ2} j^2_{ψϕ2} −6b_{θ1ϕ1} j^4_{ϕ1ϕ2} F_{rθ2ϕ1} j^2_{ϕ1ϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} j_{ψϕ2} − 2b_{θ1ϕ1} j^2_{ϕ1ϕ2} F_{rθ2ϕ1} j^4_{ϕ1ϕ1} j_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψψ} +4b_{θ1ϕ1} j^4_{ϕ1ϕ2} F_{rθ2ϕ1} j^3_{ϕ1ϕ1} j_{ψϕ2} j_{ϕ2ϕ2} j_{ψψ} + 4b_{θ1ϕ1} j^5_{ϕ1ϕ2} F_{rθ2ϕ1} j^2_{ϕ1ϕ1} j^2_{ψϕ2} j_{ψϕ1}

– 55 –

+4b_{θ1ϕ1} j^4_{ϕ1ϕ2} F_{rθ2ϕ1} j^3_{ψϕ2} j^3_{ϕ1ϕ1} j_{ϕ2ϕ2} − 2b_{θ1ϕ1} j^8_{ϕ1ϕ2} F_{rθ2ϕ1} j_{ψϕ2} j_{ϕ1ϕ1} j_{ψψ} −6b_{θ1ϕ1} j^4_{ϕ1ϕ2} F_{rθ2ϕ1} j_{ψϕ2} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψψ} − 2b_{θ1ϕ1} j^2_{ϕ1ϕ2} F_{rθ2ϕ1} j_{ψϕ2} j^3_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j^2_{ψϕ1} +6b_{θ1ϕ1} j^3_{ϕ1ϕ2} F_{rθ2ϕ1} j^2_{ψϕ2} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψϕ1} + 6b_{θ1ϕ1} j^6_{ϕ1ϕ2} F_{rθ2ϕ1} j_{ψϕ2} j^2_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{ψψ} −12b_{θ1ϕ1} j^5_{ϕ1ϕ2} F_{rθ2ϕ1} j^2_{ψϕ2} j^2_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{ψϕ1} + 6b_{θ1ϕ1} j^6_{ϕ1ϕ2} F_{rθ2ϕ1} j_{ψϕ2} j_{ϕ1ϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} +6b_{θ1ϕ1} j^7_{ϕ1ϕ2} F_{rθ2ϕ1} j^2_{ψϕ2} j_{ϕ1ϕ1} j_{ψϕ1} + 2b_{θ1ϕ1} j^3_{ϕ1ϕ2} F_{rθ2ϕ1} j^3_{ψϕ1} j^3_{ϕ2ϕ2} j^2_{ϕ1ϕ1} −4b_{θ1ϕ1} j^5_{ϕ1ϕ2} F_{rθ2ϕ1} j^3_{ψϕ1} j^2_{ϕ2ϕ2} j_{ϕ1ϕ1} + 2b_{θ1ϕ1} j_{ϕ1ϕ2} F_{rθ2ϕ1} j^4_{ϕ1ϕ1} j_{ψϕ1} j^3_{ϕ2ϕ2} j_{ψψ} −2b_{θ1ϕ1} j_{ϕ1ϕ2} F_{rθ2ϕ1} j^4_{ϕ1ϕ1} j_{ψϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ2} + 2b_{θ1ϕ1} j^3_{ϕ1ϕ2} F_{rθ2ϕ1} j^2_{ϕ1ϕ1} j^3_{ψϕ1} j^2_{ϕ2ϕ2} +2b_{θ1ϕ1} j^2_{ϕ1ϕ2} F_{rθ2ϕ1} j^4_{ϕ1ϕ1} j^3_{ψϕ2} j_{ϕ2ϕ2} − 2b_{θ1ϕ1} j^6_{ϕ1ϕ2} F_{rθ2ϕ1} j^2_{ϕ1ϕ1} j_{ψϕ2} j_{ψψ} +2b_{θ1ϕ1} j^9_{ϕ1ϕ2} F_{rθ2ϕ1} j_{ψϕ1} j_{ψψ} − F_{θ1θ2ϕ2} j^4_{ϕ1ϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} b_{rϕ2} j^2_{ϕ1ϕ2} j_{ψϕ2} −2F_{θ1θ2ϕ2} j^4_{ϕ1ϕ1} j^2_{ϕ1ϕ2} j^2_{ψϕ2} b_{rϕ1} j_{ϕ2ϕ2} j_{ψϕ1} − 6F_{θ1θ2ϕ2} j^3_{ϕ1ϕ1} b_{rϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} −2F_{θ1θ2ϕ2} j^5_{ϕ1ϕ1} b_{rϕ2} j_{ψϕ2} j_{ϕ2ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} + F_{θ1θ2ϕ2} j^6_{ϕ1ϕ1} b_{rϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψψ} −F_{θ1θ2ϕ2} j^5_{ϕ1ϕ1} b_{rϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j^2_{ψϕ1} + 3F_{θ1θ2ϕ2} j^5_{ϕ1ϕ1} b_{rϕ2} j^2_{ψϕ2} j_{ϕ2ϕ2} j_{ψϕ1} j_{ϕ1ϕ2} +F_{θ1θ2ϕ2} j^4_{ϕ1ϕ1} b_{rϕ2} j_{ψϕ2} j^4_{ϕ1ϕ2} j_{ψψ} − F_{θ1θ2ϕ2} j^6_{ϕ1ϕ1} b_{rϕ2} j_{ψϕ2} j^3_{ϕ2ϕ2} j_{ψψ} +2F_{θ1θ2ϕ2} j_{ϕ1ϕ1} b_{rϕ1} j^6_{ϕ1ϕ2} j^3_{ψϕ1} j_{ϕ2ϕ2} − 4F_{θ1θ2ϕ2} j_{ϕ1ϕ1} b_{rϕ1} j^7_{ϕ1ϕ2} j^2_{ψϕ1} j_{ψϕ2} −2F_{θ1θ2ϕ2} j^5_{ϕ1ϕ1} b_{rϕ1} j_{ϕ1ϕ2} j^3_{ψϕ2} j^2_{ϕ2ϕ2} + 2F_{θ1θ2ϕ2} j^5_{ϕ1ϕ1} b_{rϕ1} j_{ϕ1ϕ2} j_{ψϕ2} j^3_{ϕ2ϕ2} j_{ψψ} −2F_{θ1θ2ϕ2} j^4_{ϕ1ϕ1} b_{rϕ1} j_{ϕ1ϕ2} j_{ψϕ2} j^3_{ϕ2ϕ2} j^2_{ψϕ1} + 4F_{θ1θ2ϕ2} j^4_{ϕ1ϕ1} b_{rϕ1} j^3_{ϕ1ϕ2} j^3_{ψϕ2} j_{ϕ2ϕ2} −2F_{θ1θ2ϕ2} j^2_{ϕ1ϕ1} b_{rϕ1} j^7_{ϕ1ϕ2} j_{ψϕ2} j_{ψψ} + 6F_{θ1θ2ϕ2} j^2_{ϕ1ϕ1} b_{rϕ1} j^6_{ϕ1ϕ2} j^2_{ψϕ2} j_{ψϕ1} +2F_{θ1θ2ϕ2} j^3_{ϕ1ϕ1} b_{rϕ1} j^2_{ϕ1ϕ2} j^3_{ψϕ1} j^3_{ϕ2ϕ2} − 4F_{θ1θ2ϕ2} j^2_{ϕ1ϕ1} b_{rϕ1} j^4_{ϕ1ϕ2} j^3_{ψϕ1} j^2_{ϕ2ϕ2} −6F_{θ1θ2ϕ2} j^4_{ϕ1ϕ1} b_{rϕ1} j^3_{ϕ1ϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψψ} + 6F_{θ1θ2ϕ2} j^4_{ϕ1ϕ1} b_{rϕ1} j^2_{ϕ1ϕ2} j^2_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψϕ1} +6F_{θ1θ2ϕ2} j^3_{ϕ1ϕ1} b_{rϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ϕ2ϕ2} j_{ψψ} − 12F_{θ1θ2ϕ2} j^3_{ϕ1ϕ1} b_{rϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ2} j_{ϕ2ϕ2} j_{ψϕ1} +6F_{θ1θ2ϕ2} j^2_{ϕ1ϕ1} b_{rϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} − 2F_{θ1θ2ϕ2} j^4_{ϕ1ϕ1} b_{rϕ1} j^2_{ϕ1ϕ2} j_{ψϕ1} j^3_{ϕ2ϕ2} j_{ψψ} +6F_{θ1θ2ϕ2} j^3_{ϕ1ϕ1} b_{rϕ1} j^4_{ϕ1ϕ2} j_{ψϕ1} j^2_{ϕ2ϕ2} j_{ψψ} − 6F_{θ1θ2ϕ2} j^2_{ϕ1ϕ1} b_{rϕ1} j^6_{ϕ1ϕ2} j_{ψϕ1} j_{ϕ2ϕ2} j_{ψψ} +6F_{θ1θ2ϕ2} j^4_{ϕ1ϕ1} b_{rϕ1} j^2_{ψϕ1} j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ϕ1ϕ2} + 2F_{θ1θ2ϕ2} j^3_{ϕ1ϕ1} b_{rϕ1} j_{ψϕ1} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} −F_{θ1θ2ϕ2} j^6_{ϕ1ϕ1} b_{rψ}j^3_{ϕ2ϕ2} j_{ψψ} − 2F_{θ1θ2ϕ2} j^5_{ϕ1ϕ1} b_{rϕ1} j_{ϕ1ϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψψ} +4F_{θ1θ2ϕ2} j^4_{ϕ1ϕ1} b_{rϕ1} j^3_{ϕ1ϕ2} j_{ψϕ2} j_{ϕ2ϕ2} j_{ψψ} + 2F_{θ1θ2ϕ2} j^5_{ϕ1ϕ1} b_{rϕ1} j_{ϕ1ϕ2} j^3_{ψϕ2} j_{ϕ2ϕ2} −2F_{θ1θ2ϕ2} j^3_{ϕ1ϕ1} b_{rψ}j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} + 3F_{θ1θ2ϕ2} j^5_{ϕ1ϕ1} b_{rψ}j^2_{ϕ2ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} −2F_{θ1θ2ϕ2} j^5_{ϕ1ϕ1} b_{rψ}j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} − 3F_{θ1θ2ϕ2} j^4_{ϕ1ϕ1} b_{rψ}j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} −2F_{θ1θ2ϕ2} j^4_{ϕ1ϕ1} b_{rψ}j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} − 2F_{θ1θ2ϕ2} j^5_{ϕ1ϕ1} b_{rψ}j_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} +4F_{θ1θ2ϕ2} j^4_{ϕ1ϕ1} b_{rψ}j_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} + F_{θ1θ2ϕ2} j^3_{ϕ1ϕ1} b_{rψ}j^4_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} +2F_{θ1θ2ϕ2} j^5_{ϕ1ϕ1} b_{rϕ1} j_{ψϕ1} j^3_{ϕ2ϕ2} j_{ψψ} − 4F_{θ1θ2ϕ2} j^4_{ϕ1ϕ1} b_{rϕ1} j_{ψϕ1} j^2_{ϕ2ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} +2F_{θ1θ2ϕ2} j^3_{ϕ1ϕ1} b_{rϕ1} j^3_{ψϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} − F_{θ1θ2ϕ2} j^3_{ϕ1ϕ1} b_{rϕ2} j_{ψϕ1} j^5_{ϕ1ϕ2} j_{ψψ} −F_{θ1θ2ϕ2} j^3_{ϕ1ϕ1} b_{rϕ2} j^3_{ψϕ1} j^3_{ϕ1ϕ2} j_{ϕ2ϕ2} + 2F_{θ1θ2ϕ2} j^3_{ϕ1ϕ1} b_{rϕ2} j^2_{ψϕ1} j^4_{ϕ1ϕ2} j_{ψϕ2} −2F_{θ1θ2ϕ2} j^3_{ϕ1ϕ1} b_{rϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ψψ} + 4F_{θ1θ2ϕ2} j^3_{ϕ1ϕ1} b_{rϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ2} j_{ψϕ1} −2F_{θ1θ2ϕ2} j^5_{ϕ1ϕ1} b_{rϕ1} j_{ψϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ2} − 2F_{θ1θ2ϕ2} j^3_{ϕ1ϕ1} b_{rϕ1} j^5_{ϕ1ϕ2} j^3_{ψϕ2}

– 56 –

+2F_{θ1θ2ϕ2} j_{ϕ1ϕ1} b_{rϕ1} j^8_{ϕ1ϕ2} j_{ψϕ1} j_{ψψ} + 3F_{θ1θ2ϕ2} j^5_{ϕ1ϕ1} b_{rϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} +F_{θ1θ2ϕ2} j^5_{ϕ1ϕ1} b_{rϕ2} j_{ψϕ2} j^3_{ϕ2ϕ2} j^2_{ψϕ1} − 3F_{θ1θ2ϕ2} j^5_{ϕ1ϕ1} b_{rϕ2} j^2_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψϕ1} j_{ϕ1ϕ2} −3F_{θ1θ2ϕ2} j^4_{ϕ1ϕ1} b_{rϕ2} j_{ψϕ2} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} − 2F_{θ1θ2ϕ2} j^5_{ϕ1ϕ1} b_{rϕ2} j^3_{ψϕ2} j_{ϕ2ϕ2} j^2_{ϕ1ϕ2} +6F_{θ1θ2ϕ2} j^4_{ϕ1ϕ1} b_{rϕ2} j^2_{ψϕ2} j_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ1} + F_{θ1θ2ϕ2} j^3_{ϕ1ϕ1} b_{rϕ2} j_{ψϕ2} j^6_{ϕ1ϕ2} j_{ψψ} −3F_{θ1θ2ϕ2} j^3_{ϕ1ϕ1} b_{rϕ2} j_{ψϕ2} j^4_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} − 3F_{θ1θ2ϕ2} j^3_{ϕ1ϕ1} b_{rϕ2} j^2_{ψϕ2} j^5_{ϕ1ϕ2} j_{ψϕ1} +F_{θ1θ2ϕ2} j^5_{ϕ1ϕ1} b_{rϕ2} j_{ψϕ1} j_{ϕ1ϕ2} j^3_{ϕ2ϕ2} j_{ψψ} − 3F_{θ1θ2ϕ2} j^4_{ϕ1ϕ1} b_{rϕ2} j_{ψϕ1} j^3_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ψψ} −F_{θ1θ2ϕ2} j^4_{ϕ1ϕ1} b_{rϕ2} j^3_{ψϕ1} j_{ϕ1ϕ2} j^3_{ϕ2ϕ2} + 3F_{θ1θ2ϕ2} j^3_{ϕ1ϕ1} b_{rϕ2} j_{ψϕ1} j^5_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ψψ} +2F_{θ1θ2ϕ2} j^3_{ϕ1ϕ1} b_{rϕ2} j^3_{ψϕ1} j^3_{ϕ1ϕ2} j^2_{ϕ2ϕ2} − F_{θ1θ2ϕ2} j^2_{ϕ1ϕ1} b_{rϕ2} j_{ψϕ1} j^7_{ϕ1ϕ2} j_{ψψ} −F_{θ1θ2ϕ2} j^2_{ϕ1ϕ1} b_{rϕ2} j^3_{ψϕ1} j^5_{ϕ1ϕ2} j_{ϕ2ϕ2} + 2F_{θ1θ2ϕ2} j^2_{ϕ1ϕ1} b_{rϕ2} j^2_{ψϕ1} j^6_{ϕ1ϕ2} j_{ψϕ2} −3F_{θ1θ2ϕ2} j^4_{ϕ1ϕ1} b_{rϕ2} j^2_{ψϕ2} j^3_{ϕ1ϕ2} j_{ψϕ1} − F_{θ1θ2ϕ2} j^5_{ϕ1ϕ1} b_{rϕ2} j_{ψϕ1} j_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ψψ} +2F_{θ1θ2ϕ2} j^4_{ϕ1ϕ1} b_{rϕ2} j_{ψϕ1} j^3_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ψψ} + F_{θ1θ2ϕ2} j^4_{ϕ1ϕ1} b_{rϕ2} j^3_{ψϕ1} j_{ϕ1ϕ2} j^2_{ϕ2ϕ2} +F_{θ1θ2ϕ2} j^5_{ϕ1ϕ1} b_{rψ}j^3_{ϕ2ϕ2} j^2_{ψϕ1} + F_{θ1θ2ϕ2} j^6_{ϕ1ϕ1} b_{rψ}j^2_{ϕ2ϕ2} j^2_{ψϕ2} +F_{θ1θ2ϕ2} j^4_{ϕ1ϕ1} b_{rψ}j^4_{ϕ1ϕ2} j^2_{ψϕ2} + F_{θ1θ2ϕ2} j^3_{ϕ1ϕ1} b_{rψ}j^6_{ϕ1ϕ2} j_{ψψ} −2F_{θ1θ2ϕ2} j^4_{ϕ1ϕ1} b_{rϕ1} j^3_{ψϕ1} j^3_{ϕ2ϕ2} − F_{θ1θ2ϕ2} j^6_{ϕ1ϕ1} b_{rϕ2} j^3_{ψϕ2} j_{ϕ2ϕ2} +F_{θ1θ2ϕ2} j^5_{ϕ1ϕ1} b_{rϕ2} j^3_{ψϕ2} j^2_{ϕ1ϕ2} − 2F_{θ1θ2ϕ2} j^4_{ϕ1ϕ1} b_{rϕ1} j^3_{ϕ1ϕ2} j^3_{ψϕ2} +F_{θ1θ2ϕ2} j^6_{ϕ1ϕ1} b_{rϕ2} j^3_{ψϕ2} j^2_{ϕ2ϕ2} + F_{θ1θ2ϕ2} j^4_{ϕ1ϕ1} b_{rϕ2} j^3_{ψϕ2} j^4_{ϕ1ϕ2} +2b_{θ1ϕ1} F_{rθ2ϕ2} j^5_{ϕ1ϕ1} j_{ϕ1ϕ2} j^3_{ψϕ2} j^2_{ϕ2ϕ2} − 2b_{θ1ϕ1} F_{rθ2ϕ2} j^5_{ϕ1ϕ1} j_{ϕ1ϕ2} j_{ψϕ2} j^3_{ϕ2ϕ2} j_{ψψ} −4b_{θ1ϕ1} F_{rθ2ϕ2} j^4_{ϕ1ϕ1} j^3_{ϕ1ϕ2} j^3_{ψϕ2} j_{ϕ2ϕ2} + 2b_{θ1ϕ1} F_{rθ2ϕ2} j^2_{ϕ1ϕ1} j_{ψϕ2} j^7_{ϕ1ϕ2} j_{ψψ} +6b_{θ1ϕ1} F_{rθ2ϕ2} j^4_{ϕ1ϕ1} j^3_{ϕ1ϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψψ} + 2b_{θ1ϕ1} F_{rθ2ϕ2} j^4_{ϕ1ϕ1} j_{ϕ1ϕ2} j_{ψϕ2} j^3_{ϕ2ϕ2} j^2_{ψϕ1} +2b_{θ1ϕ1} F_{rθ2ϕ2} j^4_{ϕ1ϕ1} j^3_{ψϕ1} j^3_{ϕ2ϕ2} − 6b_{θ1ϕ1} F_{rθ2ϕ2} j^4_{ϕ1ϕ1} j^2_{ϕ1ϕ2} j^2_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψϕ1} −6b_{θ1ϕ1} F_{rθ2ϕ2} j^3_{ϕ1ϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ϕ2ϕ2} j_{ψψ} + 12b_{θ1ϕ1} F_{rθ2ϕ2} j^3_{ϕ1ϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ2} j_{ϕ2ϕ2} j_{ψϕ1} −6b_{θ1ϕ1} F_{rθ2ϕ2} j^2_{ϕ1ϕ1} j_{ψϕ2} j^5_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} − 6b_{θ1ϕ1} F_{rθ2ϕ2} j^2_{ϕ1ϕ1} j^2_{ψϕ2} j^6_{ϕ1ϕ2} j_{ψϕ1} −2b_{θ1ϕ1} F_{rθ2ϕ2} j^3_{ϕ1ϕ1} j^3_{ψϕ1} j^2_{ϕ1ϕ2} j^3_{ϕ2ϕ2} + 4b_{θ1ϕ1} F_{rθ2ϕ2} j^2_{ϕ1ϕ1} j^3_{ψϕ1} j^4_{ϕ1ϕ2} j^2_{ϕ2ϕ2} −2b_{θ1ϕ1} F_{rθ2ϕ2} j^5_{ϕ1ϕ1} j_{ψϕ1} j^3_{ϕ2ϕ2} j_{ψψ} + 2b_{θ1ϕ1} F_{rθ2ϕ2} j^5_{ϕ1ϕ1} j_{ψϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ2} −2b_{θ1ϕ1} F_{rθ2ϕ2} j^3_{ϕ1ϕ1} j^3_{ψϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} − 2b_{θ1ϕ1} F_{rθ2ϕ2} j^5_{ϕ1ϕ1} j_{ϕ1ϕ2} j^3_{ψϕ2} j_{ϕ2ϕ2} +2b_{θ1ϕ1} F_{rθ2ϕ2} j^3_{ϕ1ϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ψψ} + 2b_{θ1ϕ1} F_{rθ2ϕ2} j^4_{ϕ1ϕ1} j_{ψϕ1} j^2_{ϕ1ϕ2} j^3_{ϕ2ϕ2} j_{ψψ} −2b_{θ1ϕ1} F_{rθ2ϕ2} j_{ϕ1ϕ1} j_{ψϕ1} j^8_{ϕ1ϕ2} j_{ψψ} − 2b_{θ1ϕ1} F_{rθ2ϕ2} j_{ϕ1ϕ1} j^3_{ψϕ1} j^6_{ϕ1ϕ2} j_{ϕ2ϕ2} +4b_{θ1ϕ1} F_{rθ2ϕ2} j_{ϕ1ϕ1} j^2_{ψϕ1} j^7_{ϕ1ϕ2} j_{ψϕ2} + 2b_{θ1ϕ1} F_{rθ2ϕ2} j^4_{ϕ1ϕ1} j^3_{ϕ1ϕ2} j^3_{ψϕ2} +2b_{θ1ϕ1} F_{rθ2ϕ2} j^3_{ϕ1ϕ1} j^3_{ψϕ2} j^5_{ϕ1ϕ2} − 6b_{θ1ϕ1} F_{rθ2ϕ2} j^3_{ϕ1ϕ1} j_{ψϕ1} j^4_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ψψ} +6b_{θ1ϕ1} F_{rθ2ϕ2} j^2_{ϕ1ϕ1} j_{ψϕ1} j^6_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ψψ} + 4b_{θ1ϕ1} F_{rθ2ϕ2} j^4_{ϕ1ϕ1} j_{ψϕ1} j^2_{ϕ2ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} −4b_{θ1ϕ1} F_{rθ2ϕ2} j^3_{ϕ1ϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ2} j_{ψϕ1} − 2b_{θ1ϕ1} j_{ϕ1ϕ2} F rps2j^5_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j_{ψψ} +6b_{θ1ϕ1} j^3_{ϕ1ϕ2} F rps2j^4_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψψ} + 2b_{θ1ϕ1} j_{ϕ1ϕ2} F rps2j^4_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j^2_{ψϕ1} +2b_{θ1ϕ1} j_{ϕ1ϕ2} F rps2j^5_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ2} − 4b_{θ1ϕ1} j^2_{ϕ1ϕ2} F rps2j^4_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} −6b_{θ1ϕ1} j^5_{ϕ1ϕ2} F rps2j^3_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{ψψ} − 4b_{θ1ϕ1} j^3_{ϕ1ϕ2} F rps2j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ1}

– 57 –

−4b_{θ1ϕ1} j^3_{ϕ1ϕ2} F rps2j^4_{ϕ1ϕ1} j_{ϕ2ϕ2} j^2_{ψϕ2} + 8b_{θ1ϕ1} j^4_{ϕ1ϕ2} F rps2j^3_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} +2b_{θ1ϕ1} j^7_{ϕ1ϕ2} F rps2j^2_{ϕ1ϕ1} j_{ψψ} + 2b_{θ1ϕ1} j^5_{ϕ1ϕ2} F rps2j^2_{ϕ1ϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} +2b_{θ1ϕ1} j^5_{ϕ1ϕ2} F rps2j^3_{ϕ1ϕ1} j^2_{ψϕ2} − 4b_{θ1ϕ1} j^6_{ϕ1ϕ2} F rps2j^2_{ϕ1ϕ1} j_{ψϕ2} j_{ψϕ1} −6b_{θ1ϕ1} F_{rθ2ϕ2} j^4_{ϕ1ϕ1} j^2_{ψϕ1} j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ϕ1ϕ2} − 2b_{θ1ϕ1} F_{rθ2ϕ2} j^3_{ϕ1ϕ1} j_{ψϕ1} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} +2b_{θ1ϕ1} F_{rθ2ϕ2} j^4_{ϕ1ϕ1} j_{ψϕ1} j_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} + 6b_{θ1ϕ1} F_{rθ2ϕ2} j^3_{ϕ1ϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} +2b_{θ1ϕ1} F_{rθ2ϕ2} j^5_{ϕ1ϕ1} j_{ϕ1ϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψψ} − 4b_{θ1ϕ1} F_{rθ2ϕ2} j^4_{ϕ1ϕ1} j^3_{ϕ1ϕ2} j_{ψϕ2} j_{ϕ2ϕ2} j_{ψψ} −b_{θ2 ϕ2} F_{rθ1ϕ1} j^2_{ϕ1ϕ1} j_{ψϕ2} j^7_{ϕ1ϕ2} j_{ψψ} + b_{θ2ϕ2} F_{rθ1ϕ1} j^5_{ϕ1ϕ1} j_{ϕ1ϕ2} j_{ψϕ2} j^3_{ϕ2ϕ2} j_{ψψ} −3b_{θ2ϕ2} F_{rθ1ϕ1} j^4_{ϕ1ϕ1} j^3_{ϕ1ϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψψ} − b_{θ2ϕ2} F_{rθ1ϕ1} j^4_{ϕ1ϕ1} j_{ϕ1ϕ2} j_{ψϕ2} j^3_{ϕ2ϕ2} j^2_{ψϕ1} −b_{θ2 ϕ2} F_{rθ1ϕ1} j^5_{ϕ1ϕ1} j_{ϕ1ϕ2} j^3_{ψϕ2} j^2_{ϕ2ϕ2} + 2b_{θ2ϕ2} F_{rθ1ϕ1} j^4_{ϕ1ϕ1} j^3_{ϕ1ϕ2} j^3_{ψϕ2} j_{ϕ2ϕ2} −b_{θ2 ϕ2} F rps1j^6_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j_{ψψ} + 3b_{θ2ϕ2} F rps1j^5_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψψ}j^2_{ϕ1ϕ2} +b_{θ2ϕ2} F rps1j^5_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j^2_{ψϕ1} + b_{θ2ϕ2} F rps1j^6_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ2} −2b_{θ2ϕ2} F rps1j^5_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} − 3b_{θ2ϕ2} F rps1j^4_{ϕ1ϕ1} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} −2b_{θ2ϕ2} F rps1j^4_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} − 2b_{θ2ϕ2} F rps1j^5_{ϕ1ϕ1} j_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} +4b_{θ2ϕ2} F rps1j^4_{ϕ1ϕ1} j_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} + b_{θ2ϕ2} F rps1j^3_{ϕ1ϕ1} j^6_{ϕ1ϕ2} j_{ψψ} +b_{θ2ϕ2} F rps1j^3_{ϕ1ϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} + b_{θ2ϕ2} F rps1j^4_{ϕ1ϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ2} −2b_{θ2ϕ2} F rps1j^3_{ϕ1ϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} − 2j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{rψθ2ϕ1ϕ2} j^3_{ϕ2ϕ2} j^2_{ψϕ1} −3b_{θ2ϕ2} F_{rθ1ϕ1} j^4_{ϕ1ϕ1} j^2_{ψϕ1} j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ϕ1ϕ2} − 8b_{θ2ϕ2} F_{rθ1ϕ1} j^3_{ϕ1ϕ1} j_{ψϕ1} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} −7b_{θ2ϕ2} F_{rθ1ϕ1} j^4_{ϕ1ϕ1} j_{ψϕ1} j_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} + 9b_{θ2ϕ2} F_{rθ1ϕ1} j^3_{ϕ1ϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} −b_{θ2 ϕ2} F_{rθ1ϕ1} j^5_{ϕ1ϕ1} j_{ϕ1ϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψψ} + 2b_{θ2ϕ2} F_{rθ1ϕ1} j^4_{ϕ1ϕ1} j^3_{ϕ1ϕ2} j_{ψϕ2} j_{ϕ2ϕ2} j_{ψψ} +5b_{θ2ϕ2} F_{rθ1ϕ1} j^3_{ϕ1ϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ2} j_{ψϕ1} + 3b_{θ2ϕ2} F_{rθ1ϕ1} j^2_{ϕ1ϕ1} j_{ψϕ1} j^6_{ϕ1ϕ2} j_{ψψ} +3b_{θ2ϕ2} F_{rθ1ϕ1} j^2_{ϕ1ϕ1} j^3_{ψϕ1} j^4_{ϕ1ϕ2} j_{ϕ2ϕ2} − 6b_{θ2ϕ2} F_{rθ1ϕ1} j^2_{ϕ1ϕ1} j^2_{ψϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} +3b_{θ2ϕ2} F_{rθ1ϕ1} j^4_{ϕ1ϕ1} j^2_{ϕ1ϕ2} j^2_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψϕ1} + 3b_{θ2ϕ2} F_{rθ1ϕ1} j^3_{ϕ1ϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ϕ2ϕ2} j_{ψψ} −6b_{θ2ϕ2} F_{rθ1ϕ1} j^3_{ϕ1ϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ2} j_{ϕ2ϕ2} j_{ψϕ1} + 3b_{θ2ϕ2} F_{rθ1ϕ1} j^2_{ϕ1ϕ1} j_{ψϕ2} j^5_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} +3b_{θ2ϕ2} F_{rθ1ϕ1} j^2_{ϕ1ϕ1} j^2_{ψϕ2} j^6_{ϕ1ϕ2} j_{ψϕ1} + b_{θ2ϕ2} F_{rθ1ϕ1} j^3_{ϕ1ϕ1} j^3_{ψϕ1} j^2_{ϕ1ϕ2} j^3_{ϕ2ϕ2} −2b_{θ2ϕ2} F_{rθ1ϕ1} j^2_{ϕ1ϕ1} j^3_{ψϕ1} j^4_{ϕ1ϕ2} j^2_{ϕ2ϕ2} − 2b_{θ2ϕ2} F_{rθ1ϕ1} j^5_{ϕ1ϕ1} j_{ψϕ1} j^3_{ϕ2ϕ2} j_{ψψ} +2b_{θ2ϕ2} F_{rθ1ϕ1} j^5_{ϕ1ϕ1} j_{ψϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ2} − 5b_{θ2ϕ2} F_{rθ1ϕ1} j^3_{ϕ1ϕ1} j^3_{ψϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} +b_{θ2ϕ2} F_{rθ1ϕ1} j^5_{ϕ1ϕ1} j_{ϕ1ϕ2} j^3_{ψϕ2} j_{ϕ2ϕ2} − b_{θ2ϕ2} F_{rθ1ϕ1} j^3_{ϕ1ϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ψψ} −b_{θ2 ϕ2} F_{rθ1ϕ1} j^4_{ϕ1ϕ1} j_{ψϕ1} j^2_{ϕ1ϕ2} j^3_{ϕ2ϕ2} j_{ψψ} + b_{θ2ϕ2} F_{rθ1ϕ1} j_{ϕ1ϕ1} j_{ψϕ1} j^8_{ϕ1ϕ2} j_{ψψ} +b_{θ2ϕ2} F_{rθ1ϕ1} j_{ϕ1ϕ1} j^3_{ψϕ1} j^6_{ϕ1ϕ2} j_{ϕ2ϕ2} − 2b_{θ2ϕ2} F_{rθ1ϕ1} j_{ϕ1ϕ1} j^2_{ψϕ1} j^7_{ϕ1ϕ2} j_{ψϕ2} +2b_{θ2ϕ2} F_{rθ1ϕ1} j^4_{ϕ1ϕ1} j^3_{ψϕ1} j^3_{ϕ2ϕ2} − b_{θ2ϕ2} F_{rθ1ϕ1} j^4_{ϕ1ϕ1} j^3_{ϕ1ϕ2} j^3_{ψϕ2} −b_{θ2 ϕ2} F_{rθ1ϕ1} j^3_{ϕ1ϕ1} j^3_{ψϕ2} j^5_{ϕ1ϕ2} + 3b_{θ2ϕ2} F_{rθ1ϕ1} j^3_{ϕ1ϕ1} j_{ψϕ1} j^4_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ψψ} −3b_{θ2ϕ2} F_{rθ1ϕ1} j^2_{ϕ1ϕ1} j_{ψϕ1} j^6_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ψψ} + 7b_{θ2ϕ2} F_{rθ1ϕ1} j^4_{ϕ1ϕ1} j_{ψϕ1} j^2_{ϕ2ϕ2} j_{ψψ}j^2_{ϕ1ϕ2} −2j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{rψθ2ϕ1ϕ2} j^2_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} + 4j_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{rψθ2ϕ1ϕ2} j_{ϕ2ϕ2} j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} −6j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{rψθ2ϕ1ϕ2} j^3_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} + j_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{rψθ2ϕ1ϕ2} j^6_{ϕ1ϕ2} j^2_{ψϕ2}

– 58 –

−j_{θ1 ϕ1} j^2_{ϕ1ϕ1} F_{rψθ2ϕ1ϕ2} j^6_{ϕ1ϕ2} j_{ψψ} + 2j_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{rψθ2ϕ1ϕ2} j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} −j_{θ2 ϕ2} j^5_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^3_{ϕ2ϕ2} j_{ϕ1ϕ2} j_{ψψ} + 3j_{θ2ϕ2} j^4_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ψψ}j^3_{ϕ1ϕ2} +j_{θ2ϕ2} j^4_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^3_{ϕ2ϕ2} j_{ϕ1ϕ2} j^2_{ψϕ1} + j_{θ2ϕ2} j^5_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ϕ1ϕ2} j^2_{ψϕ2} −3j_{θ2ϕ2} j^3_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j_{ϕ2ϕ2} j^5_{ϕ1ϕ2} j_{ψψ} + j_{θ2ϕ2} j^2_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^7_{ϕ1ϕ2} j_{ψψ} +j_{θ1ϕ1} j_{ϕ1ϕ1} F_{rψθ2ϕ1ϕ2} j^6_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} + j_{θ1ϕ1} j_{ϕ1ϕ1} F_{rψθ2ϕ1ϕ2} j^8_{ϕ1ϕ2} j_{ψψ} +j_{θ1ϕ1} j^5_{ϕ1ϕ1} F_{rψθ2ϕ1ϕ2} j^3_{ϕ2ϕ2} j_{ψψ} + 3j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{rψθ2ϕ1ϕ2} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} +j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{rψθ2ϕ1ϕ2} j_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} − j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{rψθ2ϕ1ϕ2} j^3_{ϕ2ϕ2} j_{ψψ}j^2_{ϕ1ϕ2} +3j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{rψθ2ϕ1ϕ2} j^2_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} + j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{rψθ2ϕ1ϕ2} j^3_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} +j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{rψθ2ϕ1ϕ2} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} − 3j_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{rψθ2ϕ1ϕ2} j_{ϕ2ϕ2} j^6_{ϕ1ϕ2} j_{ψψ} −2j_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{rψθ2ϕ1ϕ2} j^2_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j^2_{ψϕ1} − 2j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{rψθ2ϕ1ϕ2} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j^2_{ψϕ2} −3j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{rψθ2ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} + 3j_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{rψθ2ϕ1ϕ2} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} −j_{θ1 ϕ1} j^2_{ϕ1ϕ1} F_{rψθ2ϕ1ϕ2} j^4_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} − j_{θ1ϕ1} j^5_{ϕ1ϕ1} F_{rψθ2ϕ1ϕ2} j^2_{ϕ2ϕ2} j^2_{ψϕ2} +4j_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{rψθ2ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} − 2j_{θ1ϕ1} j_{ϕ1ϕ1} F_{rψθ2ϕ1ϕ2} j^7_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} −2j_{θ2ϕ2} j^3_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^2_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j^2_{ψϕ1} − 2j_{θ2ϕ2} j^4_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j^2_{ψϕ2} −j_{θ2 ϕ2} j^5_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ψϕ1} j_{ψϕ2} + j_{θ2ϕ2} j^4_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^2_{ϕ2ϕ2} j^2_{ψϕ1} j_{ϕ1ϕ2} +j_{θ2ϕ2} j^5_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j_{ϕ2ϕ2} j_{ϕ1ϕ2} j^2_{ψϕ2} − j_{θ2ϕ2} j^3_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^3_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} +j_{θ2ϕ2} j^3_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^4_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} + j_{θ2ϕ2} j^2_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^5_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} +j_{θ2ϕ2} j^3_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^5_{ϕ1ϕ2} j^2_{ψϕ2} − 2j_{θ2ϕ2} j^2_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^6_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} −j_{θ2 ϕ2} j^4_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^3_{ϕ1ϕ2} j^2_{ψϕ2} − 2j_{θ2ϕ2} j^4_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} j^2_{ϕ1ϕ2} +4j_{θ2ϕ2} j^3_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} − F_{rψθ1θ2ϕ2} j^3_{ϕ1ϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} +2F_{rψθ1θ2ϕ2} j^3_{ϕ1ϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} − 2j_{ϕ1ϕ2} F_{rψθ1θ2ϕ1} j^5_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j_{ψψ} +6j^3_{ϕ1ϕ2} F_{rψθ1θ2ϕ1} j^4_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψψ} + 2j_{ϕ1ϕ2} F_{rψθ1θ2ϕ1} j^4_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j^2_{ψϕ1} +2j_{ϕ1ϕ2} F_{rψθ1θ2ϕ1} j^5_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ2} − 4j^2_{ϕ1ϕ2} F_{rψθ1θ2ϕ1} j^4_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} −6j^5_{ϕ1ϕ2} F_{rψθ1θ2ϕ1} j^3_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{ψψ} − 4j^3_{ϕ1ϕ2} F_{rψθ1θ2ϕ1} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ1} −4j^3_{ϕ1ϕ2} F_{rψθ1θ2ϕ1} j^4_{ϕ1ϕ1} j_{ϕ2ϕ2} j^2_{ψϕ2} + 8j^4_{ϕ1ϕ2} F_{rψθ1θ2ϕ1} j^3_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} +2j^5_{ϕ1ϕ2} F_{rψθ1θ2ϕ1} j^2_{ϕ1ϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} − 4j^6_{ϕ1ϕ2} F_{rψθ1θ2ϕ1} j^2_{ϕ1ϕ1} j_{ψϕ2} j_{ψϕ1} −3F_{rψθ1θ2ϕ2} j^5_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψψ}j^2_{ϕ1ϕ2} + 2F_{rψθ1θ2ϕ2} j^5_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} +3F_{rψθ1θ2ϕ2} j^4_{ϕ1ϕ1} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} + 2F_{rψθ1θ2ϕ2} j^4_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} +2F_{rψθ1θ2ϕ2} j^5_{ϕ1ϕ1} j_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} − 4F_{rψθ1θ2ϕ2} j^4_{ϕ1ϕ1} j_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} −F_{rψθ1 θ2ϕ2} j^3_{ϕ1ϕ1} j^6_{ϕ1ϕ2} j_{ψψ} − F_{rψθ1θ2ϕ2} j^4_{ϕ1ϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ2} +2j^7_{ϕ1ϕ2} F_{rψθ1θ2ϕ1} j^2_{ϕ1ϕ1} j_{ψψ} + 2j^5_{ϕ1ϕ2} F_{rψθ1θ2ϕ1} j^3_{ϕ1ϕ1} j^2_{ψϕ2} −F_{rθ1θ2ϕ1ϕ2} j_{ϕ1ϕ1} j_{ψϕ1} j^8_{ϕ1ϕ2} j_{ψψ} − F_{rθ1θ2ϕ1ϕ2} j_{ϕ1ϕ1} j^3_{ψϕ1} j^6_{ϕ1ϕ2} j_{ϕ2ϕ2} +2F_{rθ1θ2ϕ1ϕ2} j_{ϕ1ϕ1} j^2_{ψϕ1} j^7_{ϕ1ϕ2} j_{ψϕ2} − 3F_{rθ1θ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{ψϕ1} j^4_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ψψ} +3F_{rθ1θ2ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{ψϕ1} j^6_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ψψ} + 5F_{rθ1θ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j_{ψϕ1} j^2_{ϕ2ϕ2} j_{ψψ}j^2_{ϕ1ϕ2}

– 59 –

−5F_{rθ1θ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j^2_{ψϕ1} j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ϕ1ϕ2} − 4F_{rθ1θ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{ψϕ1} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} −F_{rθ1θ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j_{ψϕ1} j_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} + 7F_{rθ1θ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} +F_{rθ1θ2ϕ1ϕ2} j^5_{ϕ1ϕ1} j_{ϕ1ϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψψ} − 2F_{rθ1θ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j^3_{ϕ1ϕ2} j_{ψϕ2} j_{ϕ2ϕ2} j_{ψψ} −F_{rθ1θ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ2} j_{ψϕ1} + F_{rθ1θ2ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{ψϕ1} j^6_{ϕ1ϕ2} j_{ψψ} +F_{rθ1θ2ϕ1ϕ2} j^2_{ϕ1ϕ1} j^3_{ψϕ1} j^4_{ϕ1ϕ2} j_{ϕ2ϕ2} − 2F_{rθ1θ2ϕ1ϕ2} j^2_{ϕ1ϕ1} j^2_{ψϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} +F_{rψθ1θ2ϕ2} j^6_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j_{ψψ} − F_{rψθ1θ2ϕ2} j^5_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j^2_{ψϕ1} −F_{rψθ1 θ2ϕ2} j^6_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ2} + F_{rθ1θ2ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{ψϕ2} j^7_{ϕ1ϕ2} j_{ψψ} −F_{rθ1θ2ϕ1ϕ2} j^5_{ϕ1ϕ1} j_{ϕ1ϕ2} j_{ψϕ2} j^3_{ϕ2ϕ2} j_{ψψ} + 3F_{rθ1θ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j^3_{ϕ1ϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψψ} +F_{rθ1θ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j_{ϕ1ϕ2} j_{ψϕ2} j^3_{ϕ2ϕ2} j^2_{ψϕ1} − 3F_{rθ1θ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j^2_{ϕ1ϕ2} j^2_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψϕ1} −3F_{rθ1θ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ϕ2ϕ2} j_{ψψ} + 6F_{rθ1θ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ2} j_{ϕ2ϕ2} j_{ψϕ1} −3F_{rθ1θ2ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{ψϕ2} j^5_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} − 3F_{rθ1θ2ϕ1ϕ2} j^2_{ϕ1ϕ1} j^2_{ψϕ2} j^6_{ϕ1ϕ2} j_{ψϕ1} −F_{rθ1θ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j^3_{ψϕ1} j^2_{ϕ1ϕ2} j^3_{ϕ2ϕ2} + 2F_{rθ1θ2ϕ1ϕ2} j^2_{ϕ1ϕ1} j^3_{ψϕ1} j^4_{ϕ1ϕ2} j^2_{ϕ2ϕ2} −2F_{rθ1θ2ϕ1ϕ2} j^5_{ϕ1ϕ1} j_{ψϕ1} j^3_{ϕ2ϕ2} j_{ψψ} + 2F_{rθ1θ2ϕ1ϕ2} j^5_{ϕ1ϕ1} j_{ψϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ2} −3F_{rθ1θ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j^3_{ψϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} − F_{rθ1θ2ϕ1ϕ2} j^5_{ϕ1ϕ1} j_{ϕ1ϕ2} j^3_{ψϕ2} j_{ϕ2ϕ2} +F_{rθ1θ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ψψ} + F_{rθ1θ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j_{ψϕ1} j^2_{ϕ1ϕ2} j^3_{ϕ2ϕ2} j_{ψψ} +F_{rθ1θ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j^3_{ψϕ2} j^5_{ϕ1ϕ2} + F_{rθ1θ2ϕ1ϕ2} j^5_{ϕ1ϕ1} j_{ϕ1ϕ2} j^3_{ψϕ2} j^2_{ϕ2ϕ2} −2F_{rθ1θ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j^3_{ϕ1ϕ2} j^3_{ψϕ2} j_{ϕ2ϕ2} + 2F_{rθ1θ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j^3_{ψϕ1} j^3_{ϕ2ϕ2} +F_{rθ1θ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j^3_{ϕ1ϕ2} j^3_{ψϕ2} )/(j^3_{ϕ1ϕ1} (−j_{ψψ} j_{ϕ1ϕ1} j_{ϕ2ϕ2} +j_{ψψ} j^2_{ϕ1ϕ2} + j^2_{ψϕ1} j_{ϕ2ϕ2} +j^2_{ψϕ2} j_{ϕ1ϕ1} − 2j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} )(j_{ϕ2ϕ2} j_{ϕ1ϕ1} −j^2_{ϕ1 ϕ2} )^2)

~F_{rθ1θ2ϕ2} = −(−b_{θ1 ϕ1} j^4_{ϕ1ϕ1} F_{rθ2ϕ1} j_{ψϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ2} + 3b_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{rθ2ϕ1} j^2_{ψϕ1} j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ϕ1ϕ2} +b_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{rθ2ϕ1} j_{ψϕ1} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} + b_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{rθ2ϕ1} j^3_{ψϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} −b_{θ1 ϕ1} j^3_{ϕ1ϕ1} F_{rθ2ϕ1} j_{ψϕ1} j_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} − 3b_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{rθ2ϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} −b_{θ1 ϕ1} j^4_{ϕ1ϕ1} F_{rθ2ϕ1} j_{ϕ1ϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψψ} + 2b_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{rθ2ϕ1} j^3_{ϕ1ϕ2} j_{ψϕ2} j_{ϕ2ϕ2} j_{ψψ} +b_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{rθ2ϕ1} j_{ϕ1ϕ2} j^3_{ψϕ2} j_{ϕ2ϕ2} − b_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{rθ2ϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ψψ} −b_{θ1 ϕ1} j^3_{ϕ1ϕ1} F_{rθ2ϕ1} j^3_{ϕ1ϕ2} j^3_{ψϕ2} + 2b_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{rθ2ϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ2} j_{ψϕ1} +j^5_{ϕ1ϕ1} b_{rϕ1} F_{θ1θ2ϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψψ} − 2j^4_{ϕ1ϕ1} b_{rϕ1} F_{θ1θ2ϕ2} j_{ψϕ2} j_{ϕ2ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} −j^4_{ϕ1 ϕ1} b_{rϕ1} F_{θ1θ2ϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j^2_{ψϕ1} − j^5_{ϕ1ϕ1} b_{rϕ1} F_{θ1θ2ϕ2} j^3_{ψϕ2} j_{ϕ2ϕ2} +3j^4_{ϕ1ϕ1} b_{rϕ1} F_{θ1θ2ϕ2} j^2_{ψϕ2} j_{ϕ2ϕ2} j_{ψϕ1} j_{ϕ1ϕ2} + j^3_{ϕ1ϕ1} b_{rϕ1} F_{θ1θ2ϕ2} j_{ψϕ2} j^4_{ϕ1ϕ2} j_{ψψ} −j^3_{ϕ1 ϕ1} b_{rϕ1} F_{θ1θ2ϕ2} j_{ψϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} + j^4_{ϕ1ϕ1} b_{rϕ1} F_{θ1θ2ϕ2} j^3_{ψϕ2} j^2_{ϕ1ϕ2} −3j^3_{ϕ1ϕ1} b_{rϕ1} F_{θ1θ2ϕ2} j^2_{ψϕ2} j^3_{ϕ1ϕ2} j_{ψϕ1} − j^4_{ϕ1ϕ1} b_{rϕ1} F_{θ1θ2ϕ2} j_{ψϕ1} j_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ψψ} +2j^3_{ϕ1ϕ1} b_{rϕ1} F_{θ1θ2ϕ2} j_{ψϕ1} j^3_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ψψ} + j^3_{ϕ1ϕ1} b_{rϕ1} F_{θ1θ2ϕ2} j^3_{ψϕ1} j_{ϕ1ϕ2} j^2_{ϕ2ϕ2}

– 60 –

−j^2_{ϕ1 ϕ1} b_{rϕ1} F_{θ1θ2ϕ2} j_{ψϕ1} j^5_{ϕ1ϕ2} j_{ψψ} − j^2_{ϕ1ϕ1} b_{rϕ1} F_{θ1θ2ϕ2} j^3_{ψϕ1} j^3_{ϕ1ϕ2} j_{ϕ2ϕ2} +2j^2_{ϕ1ϕ1} b_{rϕ1} F_{θ1θ2ϕ2} j^2_{ψϕ1} j^4_{ϕ1ϕ2} j_{ψϕ2} + j^5_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j^2_{ψϕ2} +j^4_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^2_{ϕ1ϕ2} j_{θ2ϕ2} j^2_{ψϕ2} + j_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^6_{ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} +j^2_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^6_{ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ2} − 2j_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^7_{ϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} +j^2_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^6_{ϕ1ϕ2} b_{θ2ϕ2} j_{ψψ} + j^3_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^4_{ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ2} +j^2_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^4_{ϕ1ϕ2} j_{θ2ϕ2} j^2_{ψϕ1} + j^5_{ϕ1ϕ1} F_{rθ1θ2ϕ1ϕ2} j^3_{ψϕ2} j_{ϕ2ϕ2} −j^5_{ϕ1 ϕ1} F_{rθ1θ2ϕ1ϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψψ} + 2j^4_{ϕ1ϕ1} F_{rθ1θ2ϕ1ϕ2} j_{ψϕ2} j_{ϕ2ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} +j^4_{ϕ1ϕ1} F_{rθ1θ2ϕ1ϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j^2_{ψϕ1} − 3j^4_{ϕ1ϕ1} F_{rθ1θ2ϕ1ϕ2} j^2_{ψϕ2} j_{ϕ2ϕ2} j_{ψϕ1} j_{ϕ1ϕ2} −j^3_{ϕ1 ϕ1} F_{rθ1θ2ϕ1ϕ2} j_{ψϕ2} j^4_{ϕ1ϕ2} j_{ψψ} + j^3_{ϕ1ϕ1} F_{rθ1θ2ϕ1ϕ2} j_{ψϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} +3j^3_{ϕ1ϕ1} F_{rθ1θ2ϕ1ϕ2} j^2_{ψϕ2} j^3_{ϕ1ϕ2} j_{ψϕ1} + j^4_{ϕ1ϕ1} F_{rθ1θ2ϕ1ϕ2} j_{ψϕ1} j_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ψψ} −2j^3_{ϕ1ϕ1} F_{rθ1θ2ϕ1ϕ2} j_{ψϕ1} j^3_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ψψ} − j^3_{ϕ1ϕ1} F_{rθ1θ2ϕ1ϕ2} j^3_{ψϕ1} j_{ϕ1ϕ2} j^2_{ϕ2ϕ2} +j^2_{ϕ1ϕ1} F_{rθ1θ2ϕ1ϕ2} j_{ψϕ1} j^5_{ϕ1ϕ2} j_{ψψ} + j^2_{ϕ1ϕ1} F_{rθ1θ2ϕ1ϕ2} j^3_{ψϕ1} j^3_{ϕ1ϕ2} j_{ϕ2ϕ2} −2j^2_{ϕ1ϕ1} F_{rθ1θ2ϕ1ϕ2} j^2_{ψϕ1} j^4_{ϕ1ϕ2} j_{ψϕ2} − F_{ψθ1ϕ1} j^5_{ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j_{ϕ1ϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} −F_{ψθ1 ϕ1} j^5_{ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j^2_{ϕ1ϕ1} j^2_{ψϕ2} + 2F_{ψθ1ϕ1} j^6_{ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j_{ϕ1ϕ1} j_{ψϕ2} j_{ψϕ1} −F_{ψθ1 ϕ1} j^9_{ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j_{ψψ} + 4F_{ψθ1ϕ1} j_{ϕ2ϕ2} j_{ϕ1ϕ1} b_{θ2ϕ2} b_{rϕ1} j^7_{ϕ1ϕ2} j_{ψψ} −F_{ψθ1 ϕ1} j^4_{ϕ2ϕ2} j^4_{ϕ1ϕ1} b_{θ2ϕ2} b_{rϕ1} j_{ϕ1ϕ2} j_{ψψ} + 4F_{ψθ1ϕ1} j^3_{ϕ2ϕ2} j^3_{ϕ1ϕ1} b_{θ2ϕ2} b_{rϕ1} j^3_{ϕ1ϕ2} j_{ψψ} +F_{ψθ1ϕ1} j^4_{ϕ2ϕ2} j^3_{ϕ1ϕ1} b_{θ2ϕ2} b_{rϕ1} j_{ϕ1ϕ2} j^2_{ψϕ1} + F_{ψθ1ϕ1} j^3_{ϕ2ϕ2} j^4_{ϕ1ϕ1} b_{θ2ϕ2} b_{rϕ1} j_{ϕ1ϕ2} j^2_{ψϕ2} −2F_{ψθ1 ϕ1} j^3_{ϕ2ϕ2} j^3_{ϕ1ϕ1} b_{θ2ϕ2} b_{rϕ1} j^2_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} − 6F_{ψθ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ1} b_{θ2ϕ2} b_{rϕ1} j^5_{ϕ1ϕ2} j_{ψψ} −3F_{ψθ1 ϕ1} j^3_{ϕ2ϕ2} j^2_{ϕ1ϕ1} b_{θ2ϕ2} b_{rϕ1} j^3_{ϕ1ϕ2} j^2_{ψϕ1} − 3F_{ψθ1ϕ1} j^2_{ϕ2ϕ2} j^3_{ϕ1ϕ1} b_{θ2ϕ2} b_{rϕ1} j^3_{ϕ1ϕ2} j^2_{ψϕ2} +6F_{ψθ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ1} b_{θ2ϕ2} b_{rϕ1} j^4_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} + 3F_{ψθ1ϕ1} j^2_{ϕ2ϕ2} j_{ϕ1ϕ1} b_{θ2ϕ2} b_{rϕ1} j^5_{ϕ1ϕ2} j^2_{ψϕ1} +3F_{ψθ1ϕ1} j_{ϕ2ϕ2} j^2_{ϕ1ϕ1} b_{θ2ϕ2} b_{rϕ1} j^5_{ϕ1ϕ2} j^2_{ψϕ2} − 6F_{ψθ1ϕ1} j_{ϕ2ϕ2} j_{ϕ1ϕ1} b_{θ2ϕ2} b_{rϕ1} j^6_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} −F_{ψθ1 ϕ1} j^2_{ϕ2ϕ2} j^5_{ϕ1ϕ1} j_{θ2ϕ2} j_{ψϕ2} b_{rψ} + 2F_{ψθ1ϕ1} j_{ϕ2ϕ2} j^4_{ϕ1ϕ1} j_{θ2ϕ2} j_{ψϕ2} b_{rψ}j^2_{ϕ1ϕ2} +F_{ψθ1ϕ1} j^2_{ϕ2ϕ2} j^4_{ϕ1ϕ1} j_{θ2ϕ2} j_{ψϕ2} b_{rϕ1} j_{ψϕ1} + F_{ψθ1ϕ1} j_{ϕ2ϕ2} j^4_{ϕ1ϕ1} j_{θ2ϕ2} j^2_{ψϕ2} b_{rϕ1} j_{ϕ1ϕ2} −4F_{ψθ1 ϕ1} j_{ϕ2ϕ2} j^3_{ϕ1ϕ1} j_{θ2ϕ2} j_{ψϕ2} b_{rϕ1} j_{ψϕ1} j^2_{ϕ1ϕ2} + F_{ψθ1ϕ1} j^2_{ϕ2ϕ2} j^4_{ϕ1ϕ1} j_{θ2ϕ2} j_{ψϕ1} j_{ϕ1ϕ2} b_{rψ} −2F_{ψθ1 ϕ1} j_{ϕ2ϕ2} j^3_{ϕ1ϕ1} j_{θ2ϕ2} j_{ψϕ1} j^3_{ϕ1ϕ2} b_{rψ} − F_{ψθ1ϕ1} j^2_{ϕ2ϕ2} j^3_{ϕ1ϕ1} j_{θ2ϕ2} j^2_{ψϕ1} j_{ϕ1ϕ2} b_{rϕ1} +3F_{ψθ1ϕ1} j_{ϕ2ϕ2} j^2_{ϕ1ϕ1} j_{θ2ϕ2} j^2_{ψϕ1} j^3_{ϕ1ϕ2} b_{rϕ1} + F_{ψθ1ϕ1} j^3_{ϕ2ϕ2} j^4_{ϕ1ϕ1} b_{θ2ϕ2} b_{rϕ1} j_{ϕ1ϕ2} j_{ψψ} −3F_{ψθ1 ϕ1} j^2_{ϕ2ϕ2} j^3_{ϕ1ϕ1} b_{θ2ϕ2} b_{rϕ1} j^3_{ϕ1ϕ2} j_{ψψ} − F_{ψθ1ϕ1} j^3_{ϕ2ϕ2} j^3_{ϕ1ϕ1} b_{θ2ϕ2} b_{rϕ1} j_{ϕ1ϕ2} j^2_{ψϕ1} −F_{ψθ1 ϕ1} j^2_{ϕ2ϕ2} j^4_{ϕ1ϕ1} b_{θ2ϕ2} b_{rϕ1} j_{ϕ1ϕ2} j^2_{ψϕ2} + 2F_{ψθ1ϕ1} j^2_{ϕ2ϕ2} j^3_{ϕ1ϕ1} b_{θ2ϕ2} b_{rϕ1} j^2_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} +3F_{ψθ1ϕ1} j_{ϕ2ϕ2} j^2_{ϕ1ϕ1} b_{θ2ϕ2} b_{rϕ1} j^5_{ϕ1ϕ2} j_{ψψ} + 2F_{ψθ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ1} b_{θ2ϕ2} b_{rϕ1} j^3_{ϕ1ϕ2} j^2_{ψϕ1} +2F_{ψθ1ϕ1} j_{ϕ2ϕ2} j^3_{ϕ1ϕ1} b_{θ2ϕ2} b_{rϕ1} j^3_{ϕ1ϕ2} j^2_{ψϕ2} − 4F_{ψθ1ϕ1} j_{ϕ2ϕ2} j^2_{ϕ1ϕ1} b_{θ2ϕ2} b_{rϕ1} j^4_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} −F_{ψθ1 ϕ1} j^7_{ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} − F_{ψθ1ϕ1} j^7_{ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j^2_{ψϕ2} j_{ϕ1ϕ1} +2F_{ψθ1ϕ1} j^8_{ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j_{ψϕ2} j_{ψϕ1} + 4b_{θ2ϕ2} j^4_{ϕ1ϕ1} F_{rθ1ϕ1} j_{ψϕ2} j_{ϕ2ϕ2} j_{ψψ}j^2_{ϕ1ϕ2} +2b_{θ2ϕ2} j^4_{ϕ1ϕ1} F_{rθ1ϕ1} j_{ψϕ2} j^2_{ϕ2ϕ2} j^2_{ψϕ1} + 2b_{θ2ϕ2} j^5_{ϕ1ϕ1} F_{rθ1ϕ1} j^3_{ψϕ2} j_{ϕ2ϕ2} −6b_{θ2ϕ2} j^4_{ϕ1ϕ1} F_{rθ1ϕ1} j^2_{ψϕ2} j_{ϕ2ϕ2} j_{ψϕ1} j_{ϕ1ϕ2} − 2b_{θ2ϕ2} j^3_{ϕ1ϕ1} F_{rθ1ϕ1} j_{ψϕ2} j^4_{ϕ1ϕ2} j_{ψψ}

– 61 –

+2b_{θ2ϕ2} j^3_{ϕ1ϕ1} F_{rθ1ϕ1} j_{ψϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} − 2b_{θ2ϕ2} j^4_{ϕ1ϕ1} F_{rθ1ϕ1} j^3_{ψϕ2} j^2_{ϕ1ϕ2} +6b_{θ2ϕ2} j^3_{ϕ1ϕ1} F_{rθ1ϕ1} j^2_{ψϕ2} j^3_{ϕ1ϕ2} j_{ψϕ1} + 2b_{θ2ϕ2} j^4_{ϕ1ϕ1} F_{rθ1ϕ1} j_{ψϕ1} j_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ψψ} −4b_{θ2ϕ2} j^3_{ϕ1ϕ1} F_{rθ1ϕ1} j_{ψϕ1} j^3_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ψψ} − 2b_{θ2ϕ2} j^3_{ϕ1ϕ1} F_{rθ1ϕ1} j^3_{ψϕ1} j_{ϕ1ϕ2} j^2_{ϕ2ϕ2} +2b_{θ2ϕ2} j^2_{ϕ1ϕ1} F_{rθ1ϕ1} j_{ψϕ1} j^5_{ϕ1ϕ2} j_{ψψ} + 2b_{θ2ϕ2} j^2_{ϕ1ϕ1} F_{rθ1ϕ1} j^3_{ψϕ1} j^3_{ϕ1ϕ2} j_{ϕ2ϕ2} −4b_{θ2ϕ2} j^2_{ϕ1ϕ1} F_{rθ1ϕ1} j^2_{ψϕ1} j^4_{ϕ1ϕ2} j_{ψϕ2} + F_{ψθ1θ2ϕ1ϕ2} b_{rϕ1} j^9_{ϕ1ϕ2} j_{ψψ} +F_{rψθ2ϕ1ϕ2} j^9_{ϕ1ϕ2} b_{θ1ϕ1} j_{ψψ} − F_{ψθ1ϕ1} j^4_{ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{θ2ϕ2} j_{ψϕ2} b_{rψ} −F_{ψθ1 ϕ1} j^3_{ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{θ2ϕ2} j^2_{ψϕ2} b_{rϕ1} + 3F_{ψθ1ϕ1} j^4_{ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{θ2ϕ2} j_{ψϕ2} b_{rϕ1} j_{ψϕ1} +F_{ψθ1ϕ1} j^5_{ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{θ2ϕ2} j_{ψϕ1} b_{rψ} − 2F_{ψθ1ϕ1} j^5_{ϕ1ϕ2} j_{ϕ1ϕ1} j_{θ2ϕ2} j^2_{ψϕ1} b_{rϕ1} −F_{ψθ1 ϕ1} j^7_{ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j_{ϕ1ϕ1} j_{ψψ} − j^5_{ϕ1ϕ1} F_{ψθ2ϕ2} j^4_{ϕ2ϕ2} b_{θ1ϕ1} b_{rϕ2} j_{ψψ} +j^4_{ϕ1ϕ1} F_{ψθ2ϕ2} j^4_{ϕ2ϕ2} b_{θ1ϕ1} b_{rϕ2} j^2_{ψϕ1} − 3F_{ψθ1θ2ϕ1ϕ2} b_{rϕ2} j^4_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψψ}j^2_{ϕ1ϕ2} +2F_{ψθ1θ2ϕ1ϕ2} b_{rϕ2} j^4_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} + 3F_{ψθ1θ2ϕ1ϕ2} b_{rϕ2} j^3_{ϕ1ϕ1} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} +2F_{ψθ1θ2ϕ1ϕ2} b_{rϕ2} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} + 2F_{ψθ1θ2ϕ1ϕ2} b_{rϕ2} j^4_{ϕ1ϕ1} j_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} −4F_{ψθ1 θ2ϕ1ϕ2} b_{rϕ2} j^3_{ϕ1ϕ1} j_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} − F_{ψθ1θ2ϕ1ϕ2} b_{rϕ2} j^2_{ϕ1ϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} +2F_{ψθ1θ2ϕ1ϕ2} b_{rϕ2} j^2_{ϕ1ϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} + F_{ψθ1θ2ϕ1ϕ2} b_{rϕ2} j^5_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j_{ψψ} −F_{ψθ1 θ2ϕ1ϕ2} b_{rϕ2} j^4_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j^2_{ψϕ1} − F_{ψθ1θ2ϕ1ϕ2} b_{rϕ2} j^5_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ2} −F_{ψθ1 θ2ϕ1ϕ2} b_{rϕ2} j^2_{ϕ1ϕ1} j^6_{ϕ1ϕ2} j_{ψψ} − F_{ψθ1θ2ϕ1ϕ2} b_{rϕ2} j^3_{ϕ1ϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ2} +F_{ψθ1θ2ϕ1ϕ2} b_{rϕ1} j^7_{ϕ1ϕ2} j_{ϕ1ϕ1} j_{ψψ} + F_{ψθ1θ2ϕ1ϕ2} b_{rϕ1} j^5_{ϕ1ϕ2} j^2_{ϕ1ϕ1} j^2_{ψϕ2} −F_{ψθ1 θ2ϕ1ϕ2} b_{rϕ2} j^5_{ϕ1ϕ1} j^4_{ϕ2ϕ2} j_{ψψ} + F_{ψθ1 θ2ϕ1ϕ2} b_{rϕ2} j^4_{ϕ1ϕ1} j^4_{ϕ2ϕ2} j^2_{ψϕ1} +F_{ψθ1θ2ϕ1ϕ2} b_{rϕ2} j^5_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j^2_{ψϕ2} − F_{ψθ1 θ2ϕ1ϕ2} b_{rϕ2} j_{ϕ1ϕ1} j^8_{ϕ1ϕ2} j_{ψψ} −F_{ψθ1 θ2ϕ1ϕ2} b_{rϕ2} j^2_{ϕ1ϕ1} j^6_{ϕ1ϕ2} j^2_{ψϕ2} + F_{ψθ1 θ2ϕ1ϕ2} b_{rϕ1} j^7_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} +F_{ψθ1θ2ϕ1ϕ2} b_{rϕ1} j^7_{ϕ1ϕ2} j^2_{ψϕ2} j_{ϕ1ϕ1} − 2F_{ψθ1θ2ϕ1ϕ2} b_{rϕ1} j^8_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} +4F_{ψθ1θ2ϕ1ϕ2} b_{rϕ2} j^4_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j_{ψψ}j^2_{ϕ1ϕ2} − 2F_{ψθ1θ2ϕ1ϕ2} b_{rϕ2} j^4_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} −6F_{ψθ1 θ2ϕ1ϕ2} b_{rϕ2} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} − 3F_{ψθ1θ2ϕ1ϕ2} b_{rϕ2} j^3_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} −3F_{ψθ1 θ2ϕ1ϕ2} b_{rϕ2} j^4_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} + 6F_{ψθ1θ2ϕ1ϕ2} b_{rϕ2} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} +4F_{ψθ1θ2ϕ1ϕ2} b_{rϕ2} j^2_{ϕ1ϕ1} j_{ϕ2ϕ2} j^6_{ϕ1ϕ2} j_{ψψ} + 3F_{ψθ1θ2ϕ1ϕ2} b_{rϕ2} j^2_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j^2_{ψϕ1} +3F_{ψθ1θ2ϕ1ϕ2} b_{rϕ2} j^3_{ϕ1ϕ1} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j^2_{ψϕ2} + j^5_{ϕ1ϕ1} F_{ψθ2ϕ2} j^3_{ϕ2ϕ2} b_{θ1ϕ1} b_{rϕ2} j^2_{ψϕ2} +4j^2_{ϕ1ϕ1} F_{ψθ2 ϕ2} j_{ϕ2ϕ2} b_{θ1ϕ1} b_{rϕ2} j^6_{ϕ1ϕ2} j_{ψψ} + 3j^3_{ϕ1ϕ1} F_{ψθ2ϕ2} j_{ϕ2ϕ2} b_{θ1ϕ1} b_{rϕ2} j^4_{ϕ1ϕ2} j^2_{ψϕ2} +4j^4_{ϕ1ϕ1} F_{ψθ2 ϕ2} j^3_{ϕ2ϕ2} b_{θ1ϕ1} b_{rϕ2} j_{ψψ}j^2_{ϕ1ϕ2} − 2j^4_{ϕ1ϕ1} F_{ψθ2ϕ2} j^3_{ϕ2ϕ2} b_{θ1ϕ1} b_{rϕ2} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} −6j^3_{ϕ1ϕ1} F_{ψθ2ϕ2} j^2_{ϕ2ϕ2} b_{θ1ϕ1} b_{rϕ2} j^4_{ϕ1ϕ2} j_{ψψ} − 3j^3_{ϕ1ϕ1} F_{ψθ2 ϕ2} j^3_{ϕ2ϕ2} b_{θ1ϕ1} b_{rϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} −3j^4_{ϕ1ϕ1} F_{ψθ2ϕ2} j^2_{ϕ2ϕ2} b_{θ1ϕ1} b_{rϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} + 6j^3_{ϕ1ϕ1} F_{ψθ2ϕ2} j^2_{ϕ2ϕ2} b_{θ1ϕ1} b_{rϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} +3j^2_{ϕ1ϕ1} F_{ψθ2 ϕ2} j^2_{ϕ2ϕ2} b_{θ1ϕ1} b_{rϕ2} j^4_{ϕ1ϕ2} j^2_{ψϕ1} − 6j^2_{ϕ1ϕ1} F_{ψθ2ϕ2} j_{ϕ2ϕ2} b_{θ1ϕ1} b_{rϕ2} j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} +j^4_{ϕ1ϕ1} F_{ψθ2ϕ2} j^2_{ϕ2ϕ2} j_{θ1ϕ1} b_{rϕ1} j_{ψϕ1} j_{ψϕ2} − j^3_{ϕ1ϕ1} F_{ψθ2ϕ2} j^2_{ϕ2ϕ2} j_{θ1ϕ1} b_{rϕ1} j^2_{ψϕ1} j_{ϕ1ϕ2} −j^4_{ϕ1 ϕ1} F_{ψθ2ϕ2} j_{ϕ2ϕ2} j_{θ1ϕ1} b_{rϕ1} j_{ϕ1ϕ2} j^2_{ψϕ2} − j^2_{ϕ1ϕ1} F_{ψθ2ϕ2} j^6_{ϕ1ϕ2} b_{θ1ϕ1} b_{rϕ2} j^2_{ψϕ2} −6F_{ψθ1 θ2ϕ1ϕ2} b_{rϕ2} j^2_{ϕ1ϕ1} j_{ϕ2ϕ2} j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} − F_{ψθ1θ2ϕ1ϕ2} b_{rϕ2} j_{ϕ1ϕ1} j^6_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2}

– 62 –

+2F_{ψθ1θ2ϕ1ϕ2} b_{rϕ2} j_{ϕ1ϕ1} j^7_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} + F_{ψθ1θ2ϕ1ϕ2} b_{rϕ1} j_{ϕ1ϕ2} j^4_{ϕ2ϕ2} j^4_{ϕ1ϕ1} j_{ψψ} −4F_{ψθ1 θ2ϕ1ϕ2} b_{rϕ1} j^3_{ϕ1ϕ2} j^3_{ϕ2ϕ2} j^3_{ϕ1ϕ1} j_{ψψ} − F_{ψθ1 θ2ϕ1ϕ2} b_{rϕ1} j_{ϕ1ϕ2} j^4_{ϕ2ϕ2} j^3_{ϕ1ϕ1} j^2_{ψϕ1} −F_{ψθ1 θ2ϕ1ϕ2} b_{rϕ1} j_{ϕ1ϕ2} j^3_{ϕ2ϕ2} j^4_{ϕ1ϕ1} j^2_{ψϕ2} + 2F_{ψθ1θ2ϕ1ϕ2} b_{rϕ1} j^2_{ϕ1ϕ2} j^3_{ϕ2ϕ2} j^3_{ϕ1ϕ1} j_{ψϕ2} j_{ψϕ1} +6F_{ψθ1θ2ϕ1ϕ2} b_{rϕ1} j^5_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ1} j_{ψψ} + 3F_{ψθ1θ2ϕ1ϕ2} b_{rϕ1} j^3_{ϕ1ϕ2} j^3_{ϕ2ϕ2} j^2_{ϕ1ϕ1} j^2_{ψϕ1} +3F_{ψθ1θ2ϕ1ϕ2} b_{rϕ1} j^3_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j^3_{ϕ1ϕ1} j^2_{ψϕ2} − 6F_{ψθ1θ2ϕ1ϕ2} b_{rϕ1} j^4_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ1} j_{ψϕ2} j_{ψϕ1} −4F_{ψθ1 θ2ϕ1ϕ2} b_{rϕ1} j^7_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ϕ1ϕ1} j_{ψψ} − 3F_{ψθ1θ2ϕ1ϕ2} b_{rϕ1} j^5_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ϕ1ϕ1} j^2_{ψϕ1} −3F_{ψθ1 θ2ϕ1ϕ2} b_{rϕ1} j^5_{ϕ1ϕ2} j_{ϕ2ϕ2} j^2_{ϕ1ϕ1} j^2_{ψϕ2} + 6F_{ψθ1θ2ϕ1ϕ2} b_{rϕ1} j^6_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ϕ1ϕ1} j_{ψϕ2} j_{ψϕ1} −F_{ψθ1 θ2ϕ1ϕ2} b_{rϕ1} j_{ϕ1ϕ2} j^4_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j_{ψψ} + 3F_{ψθ1θ2ϕ1ϕ2} b_{rϕ1} j^3_{ϕ1ϕ2} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψψ} +F_{ψθ1θ2ϕ1ϕ2} b_{rϕ1} j_{ϕ1ϕ2} j^3_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j^2_{ψϕ1} + F_{ψθ1 θ2ϕ1ϕ2} b_{rϕ1} j_{ϕ1ϕ2} j^4_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ2} −2F_{ψθ1 θ2ϕ1ϕ2} b_{rϕ1} j^2_{ϕ1ϕ2} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} − 3F_{ψθ1θ2ϕ1ϕ2} b_{rϕ1} j^5_{ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{ψψ} −2F_{ψθ1 θ2ϕ1ϕ2} b_{rϕ1} j^3_{ϕ1ϕ2} j^2_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ1} − 2F_{ψθ1θ2ϕ1ϕ2} b_{rϕ1} j^3_{ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{ϕ2ϕ2} j^2_{ψϕ2} +4F_{ψθ1θ2ϕ1ϕ2} b_{rϕ1} j^4_{ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} + F_{ψθ1θ2ϕ1ϕ2} b_{rϕ1} j^5_{ϕ1ϕ2} j_{ϕ1ϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} −2F_{ψθ1 θ2ϕ1ϕ2} b_{rϕ1} j^6_{ϕ1ϕ2} j_{ϕ1ϕ1} j_{ψϕ2} j_{ψϕ1} + F_{θ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j_{θ1ϕ1} j_{ψϕ2} b_{rϕ1} j^2_{ϕ2ϕ2} j_{ψψ} +F_{θ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{θ1ϕ1} j_{ψϕ2} b_{rϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ1} − F_{θ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j_{θ1ϕ1} j^3_{ψϕ2} b_{rϕ1} j_{ϕ2ϕ2} −F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j_{ψϕ1} b_{rϕ2} j^4_{ϕ1ϕ1} j^4_{ϕ2ϕ2} j_{ψψ} + F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j^3_{ψϕ1} b_{rϕ2} j^3_{ϕ1ϕ1} j^4_{ϕ2ϕ2} +F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j_{ψϕ1} b_{rϕ2} j^4_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j^2_{ψϕ2} − F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j_{ψϕ1} b_{rϕ2} j^8_{ϕ1ϕ2} j_{ψψ} −F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j_{ψϕ1} b_{rϕ2} j_{ϕ1ϕ1} j^6_{ϕ1ϕ2} j^2_{ψϕ2} + 4F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j_{ψϕ1} b_{rϕ2} j^3_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j_{ψψ}j^2_{ϕ1ϕ2} −2F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j^2_{ψϕ1} b_{rϕ2} j^3_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j_{ψϕ2} j_{ϕ1ϕ2} − 6F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j_{ψϕ1} b_{rϕ2} j^2_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} −3F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j^3_{ψϕ1} b_{rϕ2} j^2_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j^2_{ϕ1ϕ2} − 3F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j_{ψϕ1} b_{rϕ2} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} +6F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j^2_{ψϕ1} b_{rϕ2} j^2_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} + 4F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j_{ψϕ1} b_{rϕ2} j_{ϕ1ϕ1} j_{ϕ2ϕ2} j^6_{ϕ1ϕ2} j_{ψψ} +3F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j^3_{ψϕ1} b_{rϕ2} j_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^4_{ϕ1ϕ2} + 3F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j_{ψϕ1} b_{rϕ2} j^2_{ϕ1ϕ1} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j^2_{ψϕ2} −6F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j^2_{ψϕ1} b_{rϕ2} j_{ϕ1ϕ1} j_{ϕ2ϕ2} j^5_{ϕ1ϕ2} j_{ψϕ2} − F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j^3_{ψϕ1} b_{rϕ2} j^6_{ϕ1ϕ2} j_{ϕ2ϕ2} +2F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j^2_{ψϕ1} b_{rϕ2} j^7_{ϕ1ϕ2} j_{ψϕ2} + F_{θ2ϕ1ϕ2} j_{ψϕ1} b_{θ1ϕ1} j^4_{ϕ1ϕ1} b_{rϕ2} j^3_{ϕ2ϕ2} j_{ψψ} −F_{θ2ϕ1ϕ2} j^3_{ψϕ1} b_{θ1ϕ1} j^3_{ϕ1ϕ1} b_{rϕ2} j^3_{ϕ2ϕ2} − F_{θ2ϕ1ϕ2} j_{ψϕ1} b_{θ1ϕ1} j^4_{ϕ1ϕ1} b_{rϕ2} j^2_{ϕ2ϕ2} j^2_{ψϕ2} −F_{θ2ϕ1ϕ2} j_{ψϕ1} b_{θ1ϕ1} j_{ϕ1ϕ1} b_{rϕ2} j^6_{ϕ1ϕ2} j_{ψψ} − F_{θ2ϕ1ϕ2} j_{ψϕ1} b_{θ1ϕ1} j^2_{ϕ1ϕ1} b_{rϕ2} j^4_{ϕ1ϕ2} j^2_{ψϕ2} −3F_{θ2ϕ1ϕ2} j_{ψϕ1} b_{θ1ϕ1} j^3_{ϕ1ϕ1} b_{rϕ2} j^2_{ϕ2ϕ2} j_{ψψ}j^2_{ϕ1ϕ2} + 2F_{θ2ϕ1ϕ2} j^2_{ψϕ1} b_{θ1ϕ1} j^3_{ϕ1ϕ1} b_{rϕ2} j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ϕ1ϕ2} +3F_{θ2ϕ1ϕ2} j_{ψϕ1} b_{θ1ϕ1} j^2_{ϕ1ϕ1} b_{rϕ2} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} + 2F_{θ2ϕ1ϕ2} j^3_{ψϕ1} b_{θ1ϕ1} j^2_{ϕ1ϕ1} b_{rϕ2} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} +2F_{θ2ϕ1ϕ2} j_{ψϕ1} b_{θ1ϕ1} j^3_{ϕ1ϕ1} b_{rϕ2} j_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} − 4F_{θ2ϕ1ϕ2} j^2_{ψϕ1} b_{θ1ϕ1} j^2_{ϕ1ϕ1} b_{rϕ2} j_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} −F_{θ2ϕ1ϕ2} j^3_{ψϕ1} b_{θ1ϕ1} j_{ϕ1ϕ1} b_{rϕ2} j^4_{ϕ1ϕ2} j_{ϕ2ϕ2} + 2F_{θ2ϕ1ϕ2} j^2_{ψϕ1} b_{θ1ϕ1} j_{ϕ1ϕ1} b_{rϕ2} j^5_{ϕ1ϕ2} j_{ψϕ2} −F_{θ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j_{θ1ϕ1} j_{ψϕ1} j^2_{ϕ2ϕ2} j_{ψϕ2} b_{rψ} + 2F_{θ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j_{θ1ϕ1} j_{ψϕ1} j_{ϕ2ϕ2} j^2_{ψϕ2} b_{rϕ2} +F_{θ2ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{θ1ϕ1} j^5_{ϕ1ϕ2} b_{rψ}j_{ψψ} + F_{θ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j_{θ1ϕ1} j_{ϕ1ϕ2} b_{rψ}j^2_{ϕ2ϕ2} j_{ψψ} −F_{θ2ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{θ1ϕ1} j^4_{ϕ1ϕ2} b_{rψ}j_{ψϕ2} j_{ψϕ1} − 2F_{θ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{θ1ϕ1} j^3_{ϕ1ϕ2} b_{rψ}j_{ϕ2ϕ2} j_{ψψ} +2F_{θ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{θ1ϕ1} j^2_{ϕ1ϕ2} b_{rψ}j_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} − 2F_{θ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{θ1ϕ1} j_{ϕ1ϕ2} b_{rϕ1} j_{ψϕ1} j^2_{ϕ2ϕ2} j_{ψψ} +2F_{θ2ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{θ1ϕ1} j^3_{ϕ1ϕ2} b_{rϕ1} j_{ψϕ1} j_{ϕ2ϕ2} j_{ψψ} − F_{θ2ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{θ1ϕ1} j^2_{ϕ1ϕ2} b_{rϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} j_{ψϕ2}

– 63 –

−2F_{θ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j_{θ1ϕ1} j_{ϕ1ϕ2} b_{rϕ2} j_{ψϕ2} j_{ψψ}j_{ϕ2ϕ2} + 2F_{θ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{θ1ϕ1} j^3_{ϕ1ϕ2} b_{rϕ2} j_{ψϕ2} j_{ψψ} −2F_{θ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{θ1ϕ1} j_{ϕ1ϕ2} b_{rϕ2} j_{ψϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} − 2F_{θ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{θ1ϕ1} j^2_{ϕ1ϕ2} b_{rϕ2} j^2_{ψϕ2} j_{ψϕ1} +2F_{θ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{θ1ϕ1} j^2_{ϕ1ϕ2} b_{rϕ2} j_{ψϕ1} j_{ψψ} j_{ϕ2ϕ2} − 2F_{θ2ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{θ1ϕ1} j^4_{ϕ1ϕ2} b_{rϕ2} j_{ψϕ1} j_{ψψ} +2F_{θ2ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{θ1ϕ1} j^3_{ϕ1ϕ2} b_{rϕ2} j^2_{ψϕ1} j_{ψϕ2} − F_{θ2ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{θ1ϕ1} j^4_{ϕ1ϕ2} b_{rϕ1} j_{ψϕ2} j_{ψψ} +F_{θ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{θ1ϕ1} j^2_{ϕ1ϕ2} b_{rϕ1} j^3_{ψϕ2} + j^5_{ϕ1ϕ1} F_{ψθ2ϕ2} b_{θ1ϕ1} b_{rϕ2} j^3_{ϕ2ϕ2} j_{ψψ} −j^4_{ϕ1 ϕ1} F_{ψθ2ϕ2} b_{θ1ϕ1} b_{rϕ2} j^3_{ϕ2ϕ2} j^2_{ψϕ1} − j^5_{ϕ1ϕ1} F_{ψθ2ϕ2} b_{θ1ϕ1} b_{rϕ2} j^2_{ϕ2ϕ2} j^2_{ψϕ2} −j^2_{ϕ1 ϕ1} F_{ψθ2ϕ2} b_{θ1ϕ1} b_{rϕ2} j^6_{ϕ1ϕ2} j_{ψψ} − j^3_{ϕ1ϕ1} F_{ψθ2ϕ2} b_{θ1ϕ1} b_{rϕ2} j^4_{ϕ1ϕ2} j^2_{ψϕ2} −3j^4_{ϕ1ϕ1} F_{ψθ2ϕ2} b_{θ1ϕ1} b_{rϕ2} j^2_{ϕ2ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} + 2j^4_{ϕ1ϕ1} F_{ψθ2ϕ2} b_{θ1ϕ1} b_{rϕ2} j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} +3j^3_{ϕ1ϕ1} F_{ψθ2 ϕ2} b_{θ1ϕ1} b_{rϕ2} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} + 2j^3_{ϕ1ϕ1} F_{ψθ2ϕ2} b_{θ1ϕ1} b_{rϕ2} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} +2j^4_{ϕ1ϕ1} F_{ψθ2 ϕ2} b_{θ1ϕ1} b_{rϕ2} j_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} − 4j^3_{ϕ1ϕ1} F_{ψθ2ϕ2} b_{θ1ϕ1} b_{rϕ2} j_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} −j^2_{ϕ1 ϕ1} F_{ψθ2ϕ2} b_{θ1ϕ1} b_{rϕ2} j^4_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} + 2j^2_{ϕ1ϕ1} F_{ψθ2ϕ2} b_{θ1ϕ1} b_{rϕ2} j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} −j_{ϕ1 ϕ1} F_{ψθ2ϕ2} j^6_{ϕ1ϕ2} b_{θ1ϕ1} b_{rϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} + 2j_{ϕ1ϕ1} F_{ψθ2ϕ2} j^7_{ϕ1ϕ2} b_{θ1ϕ1} b_{rϕ2} j_{ψϕ2} j_{ψϕ1} +j^2_{ϕ1ϕ1} F_{ψθ2ϕ2} j^3_{ϕ1ϕ2} j_{θ1ϕ1} b_{rϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} − j^2_{ϕ1ϕ1} F_{ψθ2ϕ2} j^4_{ϕ1ϕ2} j_{θ1ϕ1} b_{rϕ1} j_{ψϕ2} j_{ψϕ1} +j^3_{ϕ1ϕ1} F_{ψθ2ϕ2} j^3_{ϕ1ϕ2} j_{θ1ϕ1} b_{rϕ1} j^2_{ψϕ2} − j_{ϕ1ϕ1} F_{ψθ2ϕ2} j^8_{ϕ1ϕ2} b_{θ1ϕ1} b_{rϕ2} j_{ψψ} −3F_{rϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} b_{θ1ϕ1} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψψ}j^2_{ϕ1ϕ2} − F_{rϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} b_{θ1ϕ1} j^4_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ2} +2F_{rϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} b_{θ1ϕ1} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ϕ1ϕ2} + 3F_{rϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} b_{θ1ϕ1} j^2_{ϕ1ϕ1} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} +2F_{rϕ1ϕ2} b_{θ2ϕ2} j^3_{ψϕ1} b_{θ1ϕ1} j^2_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} + 2F_{rϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} b_{θ1ϕ1} j^3_{ϕ1ϕ1} j_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} −4F_{rϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} b_{θ1ϕ1} j^2_{ϕ1ϕ1} j_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} − F_{rϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} b_{θ1ϕ1} j_{ϕ1ϕ1} j^6_{ϕ1ϕ2} j_{ψψ} −F_{rϕ1ϕ2} b_{θ2ϕ2} j^3_{ψϕ1} b_{θ1ϕ1} j_{ϕ1ϕ1} j^4_{ϕ1ϕ2} j_{ϕ2ϕ2} − F_{rϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} b_{θ1ϕ1} j^2_{ϕ1ϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ2} +2F_{rϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} b_{θ1ϕ1} j_{ϕ1ϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} + 4F_{rϕ1ϕ2} b_{θ1ϕ1} j^4_{ϕ1ϕ1} j_{θ2ϕ2} j_{ϕ1ϕ2} j^3_{ψϕ2} −2F_{rϕ1ϕ2} b_{θ1ϕ1} j_{ϕ1ϕ1} j_{θ2ϕ2} j^4_{ϕ1ϕ2} j^3_{ψϕ1} − j^5_{ϕ1ϕ1} b_{θ1ϕ1} F_{rθ2ϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψψ} +2j^4_{ϕ1ϕ1} b_{θ1ϕ1} F_{rθ2ϕ2} j_{ψϕ2} j_{ϕ2ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} + j^4_{ϕ1ϕ1} b_{θ1ϕ1} F_{rθ2ϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j^2_{ψϕ1} +j^5_{ϕ1ϕ1} b_{θ1ϕ1} F_{rθ2ϕ2} j^3_{ψϕ2} j_{ϕ2ϕ2} − 3j^4_{ϕ1ϕ1} b_{θ1ϕ1} F_{rθ2ϕ2} j^2_{ψϕ2} j_{ϕ2ϕ2} j_{ψϕ1} j_{ϕ1ϕ2} −j^3_{ϕ1 ϕ1} b_{θ1ϕ1} F_{rθ2ϕ2} j_{ψϕ2} j^4_{ϕ1ϕ2} j_{ψψ} + j^3_{ϕ1ϕ1} b_{θ1ϕ1} F_{rθ2ϕ2} j_{ψϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} −j^4_{ϕ1 ϕ1} b_{θ1ϕ1} F_{rθ2ϕ2} j^3_{ψϕ2} j^2_{ϕ1ϕ2} + 3j^3_{ϕ1ϕ1} b_{θ1ϕ1} F_{rθ2ϕ2} j^2_{ψϕ2} j^3_{ϕ1ϕ2} j_{ψϕ1} +j^4_{ϕ1ϕ1} b_{θ1ϕ1} F_{rθ2ϕ2} j_{ψϕ1} j_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ψψ} − 2j^3_{ϕ1ϕ1} b_{θ1ϕ1} F_{rθ2ϕ2} j_{ψϕ1} j^3_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ψψ} −j^3_{ϕ1 ϕ1} b_{θ1ϕ1} F_{rθ2ϕ2} j^3_{ψϕ1} j_{ϕ1ϕ2} j^2_{ϕ2ϕ2} + j^2_{ϕ1ϕ1} b_{θ1ϕ1} F_{rθ2ϕ2} j_{ψϕ1} j^5_{ϕ1ϕ2} j_{ψψ} +j^2_{ϕ1ϕ1} b_{θ1ϕ1} F_{rθ2ϕ2} j^3_{ψϕ1} j^3_{ϕ1ϕ2} j_{ϕ2ϕ2} − 2j^2_{ϕ1ϕ1} b_{θ1ϕ1} F_{rθ2ϕ2} j^2_{ψϕ1} j^4_{ϕ1ϕ2} j_{ψϕ2} −2b_{θ2ϕ2} j^5_{ϕ1ϕ1} F_{rθ1ϕ1} j_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψψ} − 11F_{rϕ1ϕ2} b_{θ1ϕ1} j^3_{ϕ1ϕ1} j_{θ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} j_{ψϕ1} +8F_{rϕ1ϕ2} b_{θ1ϕ1} j^2_{ϕ1ϕ1} j_{θ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} j^2_{ψϕ1} + 2F_{rϕ1ϕ2} b_{θ2ϕ2} j^4_{ϕ1ϕ1} j_{θ1ϕ1} j_{ϕ1ϕ2} j_{ψϕ2} j_{ψψ}j_{ϕ2ϕ2} −2F_{rϕ1ϕ2} b_{θ2ϕ2} j^3_{ϕ1ϕ1} j_{θ1ϕ1} j^3_{ϕ1ϕ2} j_{ψϕ2} j_{ψψ} − 2F_{rϕ1ϕ2} b_{θ2ϕ2} j^3_{ϕ1ϕ1} j_{θ1ϕ1} j_{ϕ1ϕ2} j_{ψϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} −2F_{rϕ1ϕ2} b_{θ2ϕ2} j^4_{ϕ1ϕ1} j_{θ1ϕ1} j_{ϕ1ϕ2} j^3_{ψϕ2} + 6F_{rϕ1ϕ2} b_{θ2ϕ2} j^3_{ϕ1ϕ1} j_{θ1ϕ1} j^2_{ϕ1ϕ2} j^2_{ψϕ2} j_{ψϕ1} −2F_{rϕ1ϕ2} b_{θ2ϕ2} j^3_{ϕ1ϕ1} j_{θ1ϕ1} j^2_{ϕ1ϕ2} j_{ψϕ1} j_{ψψ}j_{ϕ2ϕ2} + 2F_{rϕ1ϕ2} b_{θ2ϕ2} j^2_{ϕ1ϕ1} j_{θ1ϕ1} j^4_{ϕ1ϕ2} j_{ψϕ1} j_{ψψ} +2F_{rϕ1ϕ2} b_{θ2ϕ2} j^2_{ϕ1ϕ1} j_{θ1ϕ1} j^2_{ϕ1ϕ2} j^3_{ψϕ1} j_{ϕ2ϕ2} − 4F_{rϕ1ϕ2} b_{θ2ϕ2} j^2_{ϕ1ϕ1} j_{θ1ϕ1} j^3_{ϕ1ϕ2} j^2_{ψϕ1} j_{ψϕ2}

– 64 –

+F_{rϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} b_{θ1ϕ1} j^4_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j_{ψψ} − F_{rϕ1ϕ2} b_{θ2ϕ2} j^3_{ψϕ1} b_{θ1ϕ1} j^3_{ϕ1ϕ1} j^3_{ϕ2ϕ2} −2F_{rϕ1ϕ2} j^4_{ϕ1ϕ1} j_{ϕ1ϕ2} j_{ψϕ2} b_{θ1ϕ1} j_{θ2ϕ2} j_{ψψ}j_{ϕ2ϕ2} + 2F_{rϕ1ϕ2} j^3_{ϕ1ϕ1} j^3_{ϕ1ϕ2} j_{ψϕ2} b_{θ1ϕ1} j_{θ2ϕ2} j_{ψψ} +4F_{rϕ1ϕ2} j^3_{ϕ1ϕ1} j_{ϕ1ϕ2} j_{ψϕ2} b_{θ1ϕ1} j_{θ2ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} − F_{rϕ1ϕ2} j^2_{ϕ1ϕ1} j^4_{ϕ1ϕ2} j_{ψϕ1} b_{θ1ϕ1} j_{θ2ϕ2} j_{ψψ} −F_{rϕ1ϕ2} j^2_{ϕ1ϕ1} j^2_{ϕ1ϕ2} j^3_{ψϕ1} b_{θ1ϕ1} j_{θ2ϕ2} j_{ϕ2ϕ2} − F_{rϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} b_{θ1ϕ1} j^4_{ϕ2ϕ2} j^4_{ϕ1ϕ1} j_{ψψ} +4F_{rϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} b_{θ1ϕ1} j^3_{ϕ2ϕ2} j^3_{ϕ1ϕ1} j_{ψψ} j^2_{ϕ1ϕ2} + F_{rϕ1ϕ2} b_{θ2ϕ2} j^3_{ψϕ1} b_{θ1ϕ1} j^4_{ϕ2ϕ2} j^3_{ϕ1ϕ1} +F_{rϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} b_{θ1ϕ1} j^3_{ϕ2ϕ2} j^4_{ϕ1ϕ1} j^2_{ψϕ2} − 2F_{rϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} b_{θ1ϕ1} j^3_{ϕ2ϕ2} j^3_{ϕ1ϕ1} j_{ψϕ2} j_{ϕ1ϕ2} −6F_{rϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} b_{θ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ1} j^4_{ϕ1ϕ2} j_{ψψ} − 3F_{rϕ1ϕ2} b_{θ2ϕ2} j^3_{ψϕ1} b_{θ1ϕ1} j^3_{ϕ2ϕ2} j^2_{ϕ1ϕ1} j^2_{ϕ1ϕ2} −3F_{rϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} b_{θ1ϕ1} j^2_{ϕ2ϕ2} j^3_{ϕ1ϕ1} j^2_{ϕ1ϕ2} j^2_{ψϕ2} + 6F_{rϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} b_{θ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ1} j^3_{ϕ1ϕ2} j_{ψϕ2} +4F_{rϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} b_{θ1ϕ1} j_{ϕ2ϕ2} j_{ϕ1ϕ1} j^6_{ϕ1ϕ2} j_{ψψ} + 3F_{rϕ1ϕ2} b_{θ2ϕ2} j^3_{ψϕ1} b_{θ1ϕ1} j^2_{ϕ2ϕ2} j_{ϕ1ϕ1} j^4_{ϕ1ϕ2} +3F_{rϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} b_{θ1ϕ1} j_{ϕ2ϕ2} j^2_{ϕ1ϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ2} − 6F_{rϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} b_{θ1ϕ1} j_{ϕ2ϕ2} j_{ϕ1ϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} −F_{rϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} b_{θ1ϕ1} j^8_{ϕ1ϕ2} j_{ψψ} − F_{rϕ1ϕ2} b_{θ2ϕ2} j^3_{ψϕ1} b_{θ1ϕ1} j^6_{ϕ1ϕ2} j_{ϕ2ϕ2} −F_{rϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} b_{θ1ϕ1} j^6_{ϕ1ϕ2} j^2_{ψϕ2} j_{ϕ1ϕ1} + 2F_{rϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} b_{θ1ϕ1} j^7_{ϕ1ϕ2} j_{ψϕ2} +F_{rϕ1ϕ2} b_{θ1ϕ1} j^4_{ϕ1ϕ1} j_{θ2ϕ2} j_{ψϕ1} j^2_{ϕ2ϕ2} j_{ψψ} − F_{rϕ1ϕ2} b_{θ1ϕ1} j^3_{ϕ1ϕ1} j_{θ2ϕ2} j^3_{ψϕ1} j^2_{ϕ2ϕ2} −F_{rϕ1ϕ2} b_{θ1ϕ1} j^4_{ϕ1ϕ1} j_{θ2ϕ2} j_{ψϕ1} j_{ϕ2ϕ2} j^2_{ψϕ2} − b_{θ1ϕ1} j_{ϕ1ϕ1} F_{rψϕ2} j^8_{ϕ1ϕ2} b_{θ2ϕ2} j_{ψψ} +b_{θ1ϕ1} j^5_{ϕ1ϕ1} F_{rψϕ2} j_{ϕ2ϕ2} j_{θ2ϕ2} j^2_{ψϕ2} + 3b_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j^4_{ϕ1ϕ2} j^2_{ψϕ1} +3b_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{rψϕ2} j_{ϕ2ϕ2} b_{θ2ϕ2} j^4_{ϕ1ϕ2} j^2_{ψϕ2} − 6b_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{rψϕ2} j_{ϕ2ϕ2} b_{θ2ϕ2} j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} +3b_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{rψϕ2} j_{ϕ2ϕ2} b_{θ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} + 2b_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{rψϕ2} j_{ϕ2ϕ2} b_{θ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} +b_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{rψϕ2} j_{ϕ2ϕ2} j_{θ2ϕ2} j^2_{ψϕ1} j^2_{ϕ1ϕ2} + 4b_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{rψϕ2} j^3_{ϕ2ϕ2} b_{θ2ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} −2b_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{rψϕ2} j^3_{ϕ2ϕ2} b_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} + 4b_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{rψϕ2} j_{ϕ2ϕ2} b_{θ2ϕ2} j^6_{ϕ1ϕ2} j_{ψψ} −6b_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} − 3b_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{rψϕ2} j^3_{ϕ2ϕ2} b_{θ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} −3b_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} + 6b_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} −3b_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} + 2b_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} +2b_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} − 4b_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{rψϕ2} j_{ϕ2ϕ2} b_{θ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} −2b_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{rψϕ2} j_{ϕ2ϕ2} j_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} − b_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{rψϕ2} j^4_{ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} +2b_{θ1ϕ1} j^2_{ϕ1ϕ1} F_{rψϕ2} j^5_{ϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} + 2b_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{rψϕ2} j^3_{ϕ1ϕ2} j_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} −b_{θ1 ϕ1} j^5_{ϕ1ϕ1} F_{rψϕ2} j^4_{ϕ2ϕ2} b_{θ2ϕ2} j_{ψψ} + b_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{rψϕ2} j^4_{ϕ2ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} +b_{θ1ϕ1} j^5_{ϕ1ϕ1} F_{rψϕ2} j^3_{ϕ2ϕ2} b_{θ2ϕ2} j^2_{ψϕ2} + b_{θ1ϕ1} j^5_{ϕ1ϕ1} F_{rψϕ2} j^3_{ϕ2ϕ2} b_{θ2ϕ2} j_{ψψ} −b_{θ1 ϕ1} j^4_{ϕ1ϕ1} F_{rψϕ2} j^3_{ϕ2ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} − b_{θ1ϕ1} j^5_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j^2_{ψϕ2} −b_{θ1 ϕ1} j^4_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ1ϕ2} j_{θ2ϕ2} j^2_{ψϕ2} − b_{θ1ϕ1} j_{ϕ1ϕ1} F_{rψϕ2} j^6_{ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} −b_{θ1 ϕ1} j^2_{ϕ1ϕ1} F_{rψϕ2} j^6_{ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ2} + 2b_{θ1ϕ1} j_{ϕ1ϕ1} F_{rψϕ2} j^7_{ϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} −b_{θ1 ϕ1} j^2_{ϕ1ϕ1} F_{rψϕ2} j^6_{ϕ1ϕ2} b_{θ2ϕ2} j_{ψψ} − b_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{rψϕ2} j^4_{ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ2} −b_{θ1 ϕ1} j^2_{ϕ1ϕ1} F_{rψϕ2} j^4_{ϕ1ϕ2} j_{θ2ϕ2} j^2_{ψϕ1} + 4b_{θ1ϕ1} F_{rψϕ1} j_{ϕ2ϕ2} j_{ϕ1ϕ1} b_{θ2ϕ2} j^7_{ϕ1ϕ2} j_{ψψ} +3b_{θ1ϕ1} F_{rψϕ1} j_{ϕ2ϕ2} j^4_{ϕ1ϕ1} j_{θ2ϕ2} j^2_{ψϕ2} j_{ϕ1ϕ2} + 2F_{θ1ϕ1ϕ2} j^4_{ϕ1ϕ1} j_{θ2ϕ2} b_{rϕ1} j_{ϕ1ϕ2} j_{ψϕ2} j_{ψψ}j_{ϕ2ϕ2} +F_{θ1ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{θ2ϕ2} b_{rϕ1} j_{ψϕ1} j^4_{ϕ1ϕ2} j_{ψψ} + F_{θ1ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{θ2ϕ2} b_{rϕ1} j^3_{ψϕ1} j^2_{ϕ1ϕ2} j_{ϕ2ϕ2}

– 65 –

−2F_{θ1ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{θ2ϕ2} b_{rϕ1} j^2_{ψϕ1} j^3_{ϕ1ϕ2} j_{ψϕ2} − F_{θ1ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j_{ψϕ1} j^4_{ϕ2ϕ2} j^4_{ϕ1ϕ1} j_{ψψ} +4F_{θ1ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j_{ψϕ1} j^3_{ϕ2ϕ2} j^3_{ϕ1ϕ1} j_{ψψ} j^2_{ϕ1ϕ2} + F_{θ1ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j^3_{ψϕ1} j^4_{ϕ2ϕ2} j^3_{ϕ1ϕ1} +F_{θ1ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j_{ψϕ1} j^3_{ϕ2ϕ2} j^4_{ϕ1ϕ1} j^2_{ψϕ2} − 2F_{θ1ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j^2_{ψϕ1} j^3_{ϕ2ϕ2} j^3_{ϕ1ϕ1} j_{ψϕ2} j_{ϕ1ϕ2} −6F_{θ1ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j_{ψϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ1} j^4_{ϕ1ϕ2} j_{ψψ} − 3F_{θ1ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j^3_{ψϕ1} j^3_{ϕ2ϕ2} j^2_{ϕ1ϕ1} j^2_{ϕ1ϕ2} −3F_{θ1ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j_{ψϕ1} j^2_{ϕ2ϕ2} j^3_{ϕ1ϕ1} j^2_{ϕ1ϕ2} j^2_{ψϕ2} + 6F_{θ1ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j^2_{ψϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ1} j^3_{ϕ1ϕ2} j_{ψϕ2} +4F_{θ1ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j_{ψϕ1} j_{ϕ2ϕ2} j_{ϕ1ϕ1} j^6_{ϕ1ϕ2} j_{ψψ} + 3F_{θ1ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j^3_{ψϕ1} j^2_{ϕ2ϕ2} j_{ϕ1ϕ1} j^4_{ϕ1ϕ2} +3F_{θ1ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j_{ψϕ1} j_{ϕ2ϕ2} j^2_{ϕ1ϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ2} − F_{θ1ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j_{ψϕ1} j^8_{ϕ1ϕ2} j_{ψψ} +2F_{θ1ϕ1ϕ2} j^5_{ϕ1ϕ1} j_{θ2ϕ2} b_{rϕ2} j^3_{ψϕ2} + b_{θ1ϕ1} F_{rψϕ1} j_{ϕ2ϕ2} j^2_{ϕ1ϕ1} j_{θ2ϕ2} j^2_{ψϕ1} j^3_{ϕ1ϕ2} +3b_{θ1ϕ1} F_{rψϕ1} j_{ϕ2ϕ2} j^2_{ϕ1ϕ1} j^5_{ϕ1ϕ2} b_{θ2ϕ2} j_{ψψ} + 2b_{θ1ϕ1} F_{rψϕ1} j_{ϕ2ϕ2} j^3_{ϕ1ϕ1} j^3_{ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ2} +3b_{θ1ϕ1} F_{rψϕ1} j^2_{ϕ2ϕ2} j_{ϕ1ϕ1} b_{θ2ϕ2} j^5_{ϕ1ϕ2} j^2_{ψϕ1} + 3b_{θ1ϕ1} F_{rψϕ1} j_{ϕ2ϕ2} j^2_{ϕ1ϕ1} b_{θ2ϕ2} j^5_{ϕ1ϕ2} j^2_{ψϕ2} −6b_{θ1ϕ1} F_{rψϕ1} j_{ϕ2ϕ2} j_{ϕ1ϕ1} b_{θ2ϕ2} j^6_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} − 4b_{θ1ϕ1} F_{rψϕ1} j_{ϕ2ϕ2} j^3_{ϕ1ϕ1} j_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} j^2_{ϕ1ϕ2} −b_{θ1 ϕ1} F_{rψϕ1} j^2_{ϕ2ϕ2} j^4_{ϕ1ϕ1} j_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} + b_{θ1ϕ1} F_{rψϕ1} j^2_{ϕ2ϕ2} j^3_{ϕ1ϕ1} j_{θ2ϕ2} j^2_{ψϕ1} j_{ϕ1ϕ2} +b_{θ1ϕ1} F_{rψϕ1} j^3_{ϕ2ϕ2} j^4_{ϕ1ϕ1} j_{ϕ1ϕ2} b_{θ2ϕ2} j_{ψψ} − 3b_{θ1ϕ1} F_{rψϕ1} j^2_{ϕ2ϕ2} j^3_{ϕ1ϕ1} j^3_{ϕ1ϕ2} b_{θ2ϕ2} j_{ψψ} −b_{θ1 ϕ1} F_{rψϕ1} j^3_{ϕ2ϕ2} j^3_{ϕ1ϕ1} j_{ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} − b_{θ1ϕ1} F_{rψϕ1} j^2_{ϕ2ϕ2} j^4_{ϕ1ϕ1} j_{ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ2} +2b_{θ1ϕ1} F_{rψϕ1} j^2_{ϕ2ϕ2} j^3_{ϕ1ϕ1} j^2_{ϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} + 2b_{θ1ϕ1} F_{rψϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ1} j^3_{ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} −4b_{θ1ϕ1} F_{rψϕ1} j_{ϕ2ϕ2} j^2_{ϕ1ϕ1} j^4_{ϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} − b_{θ1ϕ1} F_{rψϕ1} j^4_{ϕ2ϕ2} j^4_{ϕ1ϕ1} b_{θ2ϕ2} j_{ϕ1ϕ2} j_{ψψ} +4b_{θ1ϕ1} F_{rψϕ1} j^3_{ϕ2ϕ2} j^3_{ϕ1ϕ1} b_{θ2ϕ2} j^3_{ϕ1ϕ2} j_{ψψ} + b_{θ1ϕ1} F_{rψϕ1} j^4_{ϕ2ϕ2} j^3_{ϕ1ϕ1} b_{θ2ϕ2} j_{ϕ1ϕ2} j^2_{ψϕ1} +b_{θ1ϕ1} F_{rψϕ1} j^3_{ϕ2ϕ2} j^4_{ϕ1ϕ1} b_{θ2ϕ2} j_{ϕ1ϕ2} j^2_{ψϕ2} − 2b_{θ1ϕ1} F_{rψϕ1} j^3_{ϕ2ϕ2} j^3_{ϕ1ϕ1} b_{θ2ϕ2} j^2_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} −6b_{θ1ϕ1} F_{rψϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ1} b_{θ2ϕ2} j^5_{ϕ1ϕ2} j_{ψψ} − 3b_{θ1ϕ1} F_{rψϕ1} j^3_{ϕ2ϕ2} j^2_{ϕ1ϕ1} b_{θ2ϕ2} j^3_{ϕ1ϕ2} j^2_{ψϕ1} −3b_{θ1ϕ1} F_{rψϕ1} j^2_{ϕ2ϕ2} j^3_{ϕ1ϕ1} b_{θ2ϕ2} j^3_{ϕ1ϕ2} j^2_{ψϕ2} + 6b_{θ1ϕ1} F_{rψϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ1} b_{θ2ϕ2} j^4_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} −b_{θ1 ϕ1} F_{rψϕ1} j^7_{ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} − b_{θ1ϕ1} F_{rψϕ1} j^7_{ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ2} j_{ϕ1ϕ1} +2b_{θ1ϕ1} F_{rψϕ1} j^8_{ϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} − 3b_{θ1ϕ1} F_{rψϕ1} j^3_{ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{θ2ϕ2} j^2_{ψϕ2} −2b_{θ1ϕ1} F_{rψϕ1} j^5_{ϕ1ϕ2} j_{ϕ1ϕ1} j_{θ2ϕ2} j^2_{ψϕ1} − b_{θ1ϕ1} F_{rψϕ1} j^7_{ϕ1ϕ2} b_{θ2ϕ2} j_{ϕ1ϕ1} j_{ψψ} −b_{θ1 ϕ1} F_{rψϕ1} j^5_{ϕ1ϕ2} b_{θ2ϕ2} j^2_{ϕ1ϕ1} j^2_{ψϕ2} − b_{θ1ϕ1} F_{rψϕ1} j^9_{ϕ1ϕ2} b_{θ2ϕ2} j_{ψψ} +5b_{θ1ϕ1} F_{rψϕ1} j^4_{ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} − b_{θ1ϕ1} F_{rψϕ1} j^5_{ϕ1ϕ2} b_{θ2ϕ2} j_{ϕ1ϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} +2b_{θ1ϕ1} F_{rψϕ1} j^6_{ϕ1ϕ2} b_{θ2ϕ2} j_{ϕ1ϕ1} j_{ψϕ2} j_{ψϕ1} + j^5_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rψ}j^3_{ϕ2ϕ2} j_{ψψ} −j^4_{ϕ1 ϕ1} F_{θ1θ2ϕ1} b_{rψ}j^3_{ϕ2ϕ2} j^2_{ψϕ1} − j^5_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rψ}j^2_{ϕ2ϕ2} j^2_{ψϕ2} −j^2_{ϕ1 ϕ1} F_{θ1θ2ϕ1} b_{rψ}j^6_{ϕ1ϕ2} j_{ψψ} − j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rψ}j^4_{ϕ1ϕ2} j^2_{ψϕ2} +j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ1} j^3_{ψϕ1} j^3_{ϕ2ϕ2} − 2j_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ1} j_{ψϕ1} j^6_{ϕ1ϕ2} j_{ψψ} −2j_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ1} j^3_{ψϕ1} j^4_{ϕ1ϕ2} j_{ϕ2ϕ2} + 4j_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ1} j^2_{ψϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} +2j^5_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j^3_{ψϕ2} j_{ϕ2ϕ2} − 3j^4_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rψ}j^2_{ϕ2ϕ2} j_{ψψ}j^2_{ϕ1ϕ2} +2j^4_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rψ}j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} + 3j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rψ}j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} +2j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rψ}j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} + 2j^4_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rψ}j_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} −4j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rψ}j_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} − j^2_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rψ}j^4_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2}

– 66 –

+2j^2_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rψ}j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} − j^4_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ1} j_{ψϕ1} j^3_{ϕ2ϕ2} j_{ψψ} +j^4_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ1} j_{ψϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ2} − 5j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ1} j^2_{ψϕ1} j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ϕ1ϕ2} +3j^2_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ1} j_{ψϕ1} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} + j^2_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ1} j^3_{ψϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} +7j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ1} j_{ψϕ1} j_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} + j^2_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} −8j^2_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ1} j_{ψϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ2} − 2j^5_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψψ} +4j^4_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j_{ψϕ2} j_{ϕ2ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} + 2j^4_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j^2_{ψϕ1} −6j^4_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j^2_{ψϕ2} j_{ϕ2ϕ2} j_{ψϕ1} j_{ϕ1ϕ2} − 2j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j_{ψϕ2} j^4_{ϕ1ϕ2} j_{ψψ} +2j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j_{ψϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} − 2j^4_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j^3_{ψϕ2} j^2_{ϕ1ϕ2} +3j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ1} j^3_{ϕ1ϕ2} j^3_{ψϕ2} + 6j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j^2_{ψϕ2} j^3_{ϕ1ϕ2} j_{ψϕ1} +2j^4_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j_{ψϕ1} j_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ψψ} − 4j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j_{ψϕ1} j^3_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ψψ} −2j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j^3_{ψϕ1} j_{ϕ1ϕ2} j^2_{ϕ2ϕ2} + 2j^2_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j_{ψϕ1} j^5_{ϕ1ϕ2} j_{ψψ} +2j^2_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j^3_{ψϕ1} j^3_{ϕ1ϕ2} j_{ϕ2ϕ2} − 4j^2_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ2} j^2_{ψϕ1} j^4_{ϕ1ϕ2} j_{ψϕ2} +3j^4_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ1} j_{ϕ1ϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψψ} − 6j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ1} j^3_{ϕ1ϕ2} j_{ψϕ2} j_{ϕ2ϕ2} j_{ψψ} −3j^4_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ1} j_{ϕ1ϕ2} j^3_{ψϕ2} j_{ϕ2ϕ2} + 3j^2_{ϕ1ϕ1} F_{θ1θ2ϕ1} b_{rϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ψψ} +b_{θ1ϕ1} j^4_{ϕ1ϕ1} F_{rθ2ϕ1} j_{ψϕ1} j^3_{ϕ2ϕ2} j_{ψψ} − 2b_{θ1ϕ1} j^3_{ϕ1ϕ1} F_{rθ2ϕ1} j_{ψϕ1} j^2_{ϕ2ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} −b_{θ1 ϕ1} j^3_{ϕ1ϕ1} F_{rθ2ϕ1} j^3_{ψϕ1} j^3_{ϕ2ϕ2} − 2F_{rψθ2ϕ1ϕ2} j^8_{ϕ1ϕ2} b_{θ1ϕ1} j_{ψϕ2} j_{ψϕ1} +F_{rψθ2ϕ1ϕ2} j^7_{ϕ1ϕ2} b_{θ1ϕ1} j_{ϕ1ϕ1} j_{ψψ} + F_{rψθ2ϕ1ϕ2} j^5_{ϕ1ϕ2} b_{θ1ϕ1} j^2_{ϕ1ϕ1} j^2_{ψϕ2} −F_{rψθ2 ϕ1ϕ2} j^3_{ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{θ1ϕ1} j^2_{ψϕ2} + F_{rψθ2ϕ1ϕ2} j^7_{ϕ1ϕ2} b_{θ1ϕ1} j^2_{ψϕ2} j_{ϕ1ϕ1} +F_{rψθ2ϕ1ϕ2} j^4_{ϕ2ϕ2} j^4_{ϕ1ϕ1} b_{θ1ϕ1} j_{ϕ1ϕ2} j_{ψψ} − 4F_{rψθ2ϕ1ϕ2} j^3_{ϕ2ϕ2} j^3_{ϕ1ϕ1} b_{θ1ϕ1} j^3_{ϕ1ϕ2} j_{ψψ} −F_{rψθ2 ϕ1ϕ2} j^4_{ϕ2ϕ2} j^3_{ϕ1ϕ1} b_{θ1ϕ1} j_{ϕ1ϕ2} j^2_{ψϕ1} − F_{rψθ2ϕ1ϕ2} j^3_{ϕ2ϕ2} j^4_{ϕ1ϕ1} b_{θ1ϕ1} j_{ϕ1ϕ2} j^2_{ψϕ2} +2F_{rψθ2ϕ1ϕ2} j^3_{ϕ2ϕ2} j^3_{ϕ1ϕ1} b_{θ1ϕ1} j^2_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} + 6F_{rψθ2ϕ1ϕ2} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ1} b_{θ1ϕ1} j^5_{ϕ1ϕ2} j_{ψψ} +3F_{rψθ2ϕ1ϕ2} j^3_{ϕ2ϕ2} j^2_{ϕ1ϕ1} b_{θ1ϕ1} j^3_{ϕ1ϕ2} j^2_{ψϕ1} + 3F_{rψθ2ϕ1ϕ2} j^2_{ϕ2ϕ2} j^3_{ϕ1ϕ1} b_{θ1ϕ1} j^3_{ϕ1ϕ2} j^2_{ψϕ2} −6F_{rψθ2ϕ1ϕ2} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ1} b_{θ1ϕ1} j^4_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} + F_{rψθ2ϕ1ϕ2} j^7_{ϕ1ϕ2} b_{θ1ϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} −3F_{rψθ2ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ϕ1ϕ1} b_{θ1ϕ1} j^5_{ϕ1ϕ2} j^2_{ψϕ1} − 3F_{rψθ2ϕ1ϕ2} j_{ϕ2ϕ2} j^2_{ϕ1ϕ1} b_{θ1ϕ1} j^5_{ϕ1ϕ2} j^2_{ψϕ2} +6F_{rψθ2ϕ1ϕ2} j_{ϕ2ϕ2} j_{ϕ1ϕ1} b_{θ1ϕ1} j^6_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} − 3F_{rψθ2ϕ1ϕ2} j_{ϕ2ϕ2} j^2_{ϕ1ϕ1} b_{θ1ϕ1} j^5_{ϕ1ϕ2} j_{ψψ} −2F_{rψθ2ϕ1ϕ2} j_{ϕ2ϕ2} j^3_{ϕ1ϕ1} b_{θ1ϕ1} j^3_{ϕ1ϕ2} j^2_{ψϕ2} + F_{rψθ2ϕ1ϕ2} j_{ϕ2ϕ2} j^4_{ϕ1ϕ1} j_{θ1ϕ1} j_{ϕ1ϕ2} j^2_{ψϕ2} −4F_{rψθ2ϕ1ϕ2} j_{ϕ2ϕ2} j_{ϕ1ϕ1} b_{θ1ϕ1} j^7_{ϕ1ϕ2} j_{ψψ} − F_{rψθ2ϕ1ϕ2} j^3_{ϕ2ϕ2} j^4_{ϕ1ϕ1} b_{θ1ϕ1} j_{ϕ1ϕ2} j_{ψψ} +3F_{rψθ2ϕ1ϕ2} j^2_{ϕ2ϕ2} j^3_{ϕ1ϕ1} b_{θ1ϕ1} j^3_{ϕ1ϕ2} j_{ψψ} + F_{rψθ2ϕ1ϕ2} j^3_{ϕ2ϕ2} j^3_{ϕ1ϕ1} b_{θ1ϕ1} j_{ϕ1ϕ2} j^2_{ψϕ1} +F_{rψθ2ϕ1ϕ2} j^2_{ϕ2ϕ2} j^4_{ϕ1ϕ1} b_{θ1ϕ1} j_{ϕ1ϕ2} j^2_{ψϕ2} − 2F_{rψθ2ϕ1ϕ2} j^2_{ϕ2ϕ2} j^3_{ϕ1ϕ1} b_{θ1ϕ1} j^2_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} −2F_{rψθ2ϕ1ϕ2} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ1} b_{θ1ϕ1} j^3_{ϕ1ϕ2} j^2_{ψϕ1} + 4F_{rψθ2ϕ1ϕ2} j_{ϕ2ϕ2} j^2_{ϕ1ϕ1} b_{θ1ϕ1} j^4_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} −F_{rψθ2 ϕ1ϕ2} j^2_{ϕ2ϕ2} j^4_{ϕ1ϕ1} j_{θ1ϕ1} j_{ψϕ1} j_{ψϕ2} + F_{rψθ2ϕ1ϕ2} j^2_{ϕ2ϕ2} j^3_{ϕ1ϕ1} j_{θ1ϕ1} j^2_{ψϕ1} j_{ϕ1ϕ2} +F_{rψθ2ϕ1ϕ2} j^5_{ϕ1ϕ2} b_{θ1ϕ1} j_{ϕ1ϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} − 2F_{rψθ2ϕ1ϕ2} j^6_{ϕ1ϕ2} b_{θ1ϕ1} j_{ϕ1ϕ1} j_{ψϕ2} j_{ψϕ1} −F_{rψθ2 ϕ1ϕ2} j^3_{ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{θ1ϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} + F_{rψθ2ϕ1ϕ2} j^4_{ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{θ1ϕ1} j_{ψϕ2} j_{ψϕ1} +j_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^8_{ϕ1ϕ2} b_{θ2ϕ2} j_{ψψ} + 6j^2_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j_{ϕ2ϕ2} b_{θ2ϕ2} j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1}

– 67 –

−j^4_{ϕ1 ϕ1} F_{rθ1θ2ϕ1ϕ2} j^3_{ψϕ2} j^2_{ϕ1ϕ2} − 6F_{θ1ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} j_{ϕ1ϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} −F_{θ1ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j^3_{ψϕ1} j^6_{ϕ1ϕ2} j_{ϕ2ϕ2} − F_{θ1ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j_{ψϕ1} j^6_{ϕ1ϕ2} j^2_{ψϕ2} j_{ϕ1ϕ1} +2F_{θ1ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j^2_{ψϕ1} j^7_{ϕ1ϕ2} j_{ψϕ2} − F_{θ1ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{θ2ϕ2} b_{rψ}j^2_{ψϕ1} j^4_{ϕ1ϕ2} +F_{θ1ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j_{ψϕ1} j^4_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j_{ψψ} − 3F_{θ1ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j_{ψϕ1} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψψ}j^2_{ϕ1ϕ2} −F_{θ1ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j^3_{ψϕ1} j^3_{ϕ1ϕ1} j^3_{ϕ2ϕ2} − F_{θ1ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j_{ψϕ1} j^4_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ2} +2F_{θ1ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j^2_{ψϕ1} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ϕ1ϕ2} + 3F_{θ1ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j_{ψϕ1} j^2_{ϕ1ϕ1} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} +2F_{θ1ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j^3_{ψϕ1} j^2_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} + 2F_{θ1ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j_{ψϕ1} j^3_{ϕ1ϕ1} j_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} −4F_{θ1ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j^2_{ψϕ1} j^2_{ϕ1ϕ1} j_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} − F_{θ1ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j_{ψϕ1} j_{ϕ1ϕ1} j^6_{ϕ1ϕ2} j_{ψψ} −F_{θ1ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j^3_{ψϕ1} j_{ϕ1ϕ1} j^4_{ϕ1ϕ2} j_{ϕ2ϕ2} − F_{θ1ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j_{ψϕ1} j^2_{ϕ1ϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ2} +2F_{θ1ϕ1ϕ2} b_{θ2ϕ2} b_{rϕ1} j^2_{ψϕ1} j_{ϕ1ϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} + F_{θ1ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{θ2ϕ2} b_{rψ}j^4_{ϕ1ϕ2} j_{ψψ} +F_{θ1ϕ1ϕ2} j^5_{ϕ1ϕ1} j_{θ2ϕ2} b_{rψ}j^2_{ϕ2ϕ2} j_{ψψ} − F_{θ1ϕ1ϕ2} j^4_{ϕ1ϕ1} j_{θ2ϕ2} b_{rψ}j^2_{ϕ2ϕ2} j^2_{ψϕ1} +2F_{θ1ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{θ2ϕ2} b_{rψ}j^2_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} − 2F_{θ1ϕ1ϕ2} j^4_{ϕ1ϕ1} j_{θ2ϕ2} b_{rψ}j_{ϕ2ϕ2} j_{ψψ}j^2_{ϕ1ϕ2} −F_{θ1ϕ1ϕ2} j^4_{ϕ1ϕ1} j_{θ2ϕ2} b_{rϕ1} j_{ψϕ1} j^2_{ϕ2ϕ2} j_{ψψ} + F_{θ1ϕ1ϕ2} j^4_{ϕ1ϕ1} j_{θ2ϕ2} b_{rϕ1} j_{ψϕ1} j_{ϕ2ϕ2} j^2_{ψϕ2} −4F_{θ1ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{θ2ϕ2} b_{rϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} j_{ψϕ2} j_{ϕ1ϕ2} − 2F_{θ1ϕ1ϕ2} j^5_{ϕ1ϕ1} j_{θ2ϕ2} b_{rϕ2} j_{ψϕ2} j_{ψψ}j_{ϕ2ϕ2} +2F_{θ1ϕ1ϕ2} j^4_{ϕ1ϕ1} j_{θ2ϕ2} b_{rϕ2} j_{ψϕ2} j_{ψψ} j^2_{ϕ1ϕ2} + 2F_{θ1ϕ1ϕ2} j^4_{ϕ1ϕ1} j_{θ2ϕ2} b_{rϕ2} j_{ψϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} −6F_{θ1ϕ1ϕ2} j^4_{ϕ1ϕ1} j_{θ2ϕ2} b_{rϕ2} j^2_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} + 2F_{θ1ϕ1ϕ2} j^4_{ϕ1ϕ1} j_{θ2ϕ2} b_{rϕ2} j_{ψϕ1} j_{ϕ1ϕ2} j_{ψψ} j_{ϕ2ϕ2} −2F_{θ1ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{θ2ϕ2} b_{rϕ2} j_{ψϕ1} j^3_{ϕ1ϕ2} j_{ψψ} − 2F_{θ1ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{θ2ϕ2} b_{rϕ2} j^3_{ψϕ1} j_{ϕ1ϕ2} j_{ϕ2ϕ2} +4F_{θ1ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{θ2ϕ2} b_{rϕ2} j^2_{ψϕ1} j^2_{ϕ1ϕ2} j_{ψϕ2} − 2F_{θ1ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{θ2ϕ2} b_{rϕ1} j^3_{ϕ1ϕ2} j_{ψϕ2} j_{ψψ} −2F_{θ1ϕ1ϕ2} j^4_{ϕ1ϕ1} j_{θ2ϕ2} b_{rϕ1} j_{ϕ1ϕ2} j^3_{ψϕ2} + 5F_{θ1ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{θ2ϕ2} b_{rϕ1} j^2_{ϕ1ϕ2} j^2_{ψϕ2} j_{ψϕ1} +F_{θ1ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{θ2ϕ2} b_{rϕ1} j^3_{ψϕ1} j^2_{ϕ2ϕ2} − 3j^2_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j^4_{ϕ1ϕ2} j^2_{ψϕ1} −3j^3_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j_{ϕ2ϕ2} b_{θ2ϕ2} j^4_{ϕ1ϕ2} j^2_{ψϕ2} − 3j^3_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j_{ϕ2ϕ2} b_{θ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} −2j^4_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j_{ϕ2ϕ2} b_{θ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} − j^3_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j_{ϕ2ϕ2} j_{θ2ϕ2} j^2_{ψϕ1} j^2_{ϕ1ϕ2} −4j^4_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^3_{ϕ2ϕ2} b_{θ2ϕ2} j_{ψψ}j^2_{ϕ1ϕ2} + 2j^4_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^3_{ϕ2ϕ2} b_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} −4j^2_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j_{ϕ2ϕ2} b_{θ2ϕ2} j^6_{ϕ1ϕ2} j_{ψψ} + 6j^3_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} +3j^3_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^3_{ϕ2ϕ2} b_{θ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} + 3j^4_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} −6j^3_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} + 3j^4_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} −2j^4_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} − 2j^3_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} +4j^3_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j_{ϕ2ϕ2} b_{θ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} + 2j^4_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j_{ϕ2ϕ2} j_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} +j^2_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^4_{ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} − 2j^2_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^5_{ϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} −2j^3_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^3_{ϕ1ϕ2} j_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} − j^5_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j_{ϕ2ϕ2} j_{θ2ϕ2} j^2_{ψϕ2} +j^5_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^4_{ϕ2ϕ2} b_{θ2ϕ2} j_{ψψ} − j^4_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^4_{ϕ2ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} −j^5_{ϕ1 ϕ1} F_{rψθ1ϕ1ϕ2} j^3_{ϕ2ϕ2} b_{θ2ϕ2} j^2_{ψϕ2} − j^5_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^3_{ϕ2ϕ2} b_{θ2ϕ2} j_{ψψ} +j^4_{ϕ1ϕ1} F_{rψθ1ϕ1ϕ2} j^3_{ϕ2ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} )/(j^2_{ϕ1ϕ1} (−j_{ψψ} j_{ϕ1ϕ1} j_{ϕ2ϕ2} +j_{ψψ} j^2_{ϕ1ϕ2} + j^2_{ψϕ1} j_{ϕ2ϕ2}

– 68 –

+j^2_{ψϕ2} j_{ϕ1ϕ1} − 2j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} )(j_{ϕ2ϕ2} j_{ϕ1ϕ1} −j^2_{ϕ1 ϕ2} )^2)

~F_{rθ1ϕ1ϕ2} = (−j_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ2} j^2_{ϕ1ϕ1} j^6_{ϕ1ϕ2} j_{ψψ} −3j_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ2} j^4_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} + 2j^2_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ2} j^4_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ϕ1ϕ2} +3j_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ2} j^3_{ϕ1ϕ1} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} + 2j^3_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ2} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} +2j_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ2} j^4_{ϕ1ϕ1} j_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} + 2j_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ1} j^9_{ϕ1ϕ2} j_{ψψ} −j_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ2} j^5_{ϕ1ϕ1} j^4_{ϕ2ϕ2} j_{ψψ} + j^3_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ2} j^4_{ϕ1ϕ1} j^4_{ϕ2ϕ2} +j_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ2} j^5_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j^2_{ψϕ2} − j_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ2} j_{ϕ1ϕ1} j^8_{ϕ1ϕ2} j_{ψψ} −2j_{ψϕ1} F_{θ1ϕ1ϕ2} j_{ϕ1ϕ2} b_{rϕ1} j^4_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j_{ψψ} + 6j_{ψϕ1} F_{θ1ϕ1ϕ2} j^3_{ϕ1ϕ2} b_{rϕ1} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψψ} +2j^3_{ψϕ1} F_{θ1ϕ1ϕ2} j_{ϕ1ϕ2} b_{rϕ1} j^3_{ϕ1ϕ1} j^3_{ϕ2ϕ2} − 4j^2_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ2} j^3_{ϕ1ϕ1} j_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} −j^3_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ2} j^2_{ϕ1ϕ1} j^4_{ϕ1ϕ2} j_{ϕ2ϕ2} − j_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ2} j^3_{ϕ1ϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ2} −4j_{ψϕ1} F_{θ1ϕ1ϕ2} j^3_{ϕ1ϕ2} b_{rϕ1} j^3_{ϕ1ϕ1} j_{ϕ2ϕ2} j^2_{ψϕ2} + 8j^2_{ψϕ1} F_{θ1ϕ1ϕ2} j^4_{ϕ1ϕ2} b_{rϕ1} j^2_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{ψϕ2} +2j_{ψϕ1} F_{θ1ϕ1ϕ2} j^7_{ϕ1ϕ2} b_{rϕ1} j_{ϕ1ϕ1} j_{ψψ} + 2j_{ψϕ1} F_{θ1ϕ1ϕ2} j^5_{ϕ1ϕ2} b_{rϕ1} j^2_{ϕ1ϕ1} j^2_{ψϕ2} +4j_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ2} j^4_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} − 2j^2_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ2} j^4_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j_{ψϕ2} j_{ϕ1ϕ2} −6j_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ2} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} − 3j_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ2} j^4_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} +6j^2_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ2} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} + 4j_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ2} j^2_{ϕ1ϕ1} j_{ϕ2ϕ2} j^6_{ϕ1ϕ2} j_{ψψ} +2j_{ψϕ1} F_{θ1ϕ1ϕ2} j_{ϕ1ϕ2} b_{rϕ1} j^4_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ2} − 4j^2_{ψϕ1} F_{θ1ϕ1ϕ2} j^2_{ϕ1ϕ2} b_{rϕ1} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψϕ2} −6j_{ψϕ1} F_{θ1ϕ1ϕ2} j^5_{ϕ1ϕ2} b_{rϕ1} j^2_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{ψψ} − 4j^3_{ψϕ1} F_{θ1ϕ1ϕ2} j^3_{ϕ1ϕ2} b_{rϕ1} j^2_{ϕ1ϕ1} j^2_{ϕ2ϕ2} +2j^3_{ψϕ1} F_{θ1ϕ1ϕ2} j^5_{ϕ1ϕ2} b_{rϕ1} j_{ϕ1ϕ1} j_{ϕ2ϕ2} − 4j^2_{ψϕ1} F_{θ1ϕ1ϕ2} j^6_{ϕ1ϕ2} b_{rϕ1} j_{ϕ1ϕ1} j_{ψϕ2} −3j^3_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ2} j^3_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j^2_{ϕ1ϕ2} + 3j^3_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ2} j^2_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^4_{ϕ1ϕ2} +3j_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ2} j^3_{ϕ1ϕ1} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j^2_{ψϕ2} − 6j^2_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ2} j^2_{ϕ1ϕ1} j_{ϕ2ϕ2} j^5_{ϕ1ϕ2} j_{ψϕ2} −j_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ2} j^2_{ϕ1ϕ1} j^6_{ϕ1ϕ2} j^2_{ψϕ2} − j^3_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ2} j_{ϕ1ϕ1} j^6_{ϕ1ϕ2} j_{ϕ2ϕ2} +2j^2_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ2} j_{ϕ1ϕ1} j^7_{ϕ1ϕ2} j_{ψϕ2} + 2j_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ1} j_{ϕ1ϕ2} j^4_{ϕ2ϕ2} j^4_{ϕ1ϕ1} j_{ψψ} −8j_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ1} j^3_{ϕ1ϕ2} j^3_{ϕ2ϕ2} j^3_{ϕ1ϕ1} j_{ψψ} − 2j^3_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ1} j_{ϕ1ϕ2} j^4_{ϕ2ϕ2} j^3_{ϕ1ϕ1} −2j_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ1} j_{ϕ1ϕ2} j^3_{ϕ2ϕ2} j^4_{ϕ1ϕ1} j^2_{ψϕ2} + 4j^2_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ1} j^2_{ϕ1ϕ2} j^3_{ϕ2ϕ2} j^3_{ϕ1ϕ1} j_{ψϕ2} +12j_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ1} j^5_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ1} j_{ψψ} + 6j^3_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ1} j^3_{ϕ1ϕ2} j^3_{ϕ2ϕ2} j^2_{ϕ1ϕ1} +2j_{ϕ1ϕ1} F_{rψϕ2} j^7_{ϕ1ϕ2} b_{θ1ϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} + 2j^2_{ϕ1ϕ1} F_{rψϕ2} j^7_{ϕ1ϕ2} b_{θ1ϕ1} j^2_{ψϕ2} −4j^4_{ϕ1ϕ2} F_{rψθ1ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} + 2j^2_{ϕ1ϕ2} F_{rψθ1ϕ1ϕ2} j^4_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} −j^7_{ϕ1 ϕ2} F_{rψθ1ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{ψψ} − j^9_{ϕ1ϕ2} F_{rψθ1ϕ1ϕ2} j_{ϕ1ϕ1} j_{ψψ} +6j_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ1} j^3_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j^3_{ϕ1ϕ1} j^2_{ψϕ2} − 12j^2_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ1} j^4_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ1} j_{ψϕ2} −8j_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ1} j^7_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ϕ1ϕ1} j_{ψψ} − 6j^3_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ1} j^5_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ϕ1ϕ1} −6j_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ1} j^5_{ϕ1ϕ2} j_{ϕ2ϕ2} j^2_{ϕ1ϕ1} j^2_{ψϕ2} + 2j^2_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ2} j^2_{ϕ1ϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} +12j^2_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ1} j^6_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ϕ1ϕ1} j_{ψϕ2} + j_{ϕ1ϕ2} F_{rψθ1ϕ1ϕ2} j^4_{ϕ1ϕ1} j^4_{ϕ2ϕ2} j^2_{ψϕ1}

– 69 –

+j_{ϕ1ϕ2} F_{rψθ1ϕ1ϕ2} j^5_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j^2_{ψϕ2} − j_{ϕ1ϕ2} F_{rψθ1ϕ1ϕ2} j^5_{ϕ1ϕ1} j^4_{ϕ2ϕ2} j_{ψψ} +2j^6_{ϕ1ϕ2} F_{rψθ1ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{ψϕ2} j_{ψϕ1} − 6j^5_{ϕ1ϕ2} F_{rψθ1ϕ1ϕ2} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψψ} −3j^3_{ϕ1ϕ2} F_{rψθ1ϕ1ϕ2} j^3_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j^2_{ψϕ1} + 4j^3_{ϕ1ϕ2} F_{rψθ1ϕ1ϕ2} j^4_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j_{ψψ} −6j^6_{ϕ1ϕ2} F_{rψθ1ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} − j^7_{ϕ1ϕ2} F_{rψθ1ϕ1ϕ2} j^2_{ϕ1ϕ1} j^2_{ψϕ2} −3j^3_{ϕ1ϕ2} F_{rψθ1ϕ1ϕ2} j^4_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψψ} + 3j^5_{ϕ1ϕ2} F_{rψθ1ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{ψψ} +2j^3_{ϕ1ϕ2} F_{rψθ1ϕ1ϕ2} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ1} + 2j^3_{ϕ1ϕ2} F_{rψθ1ϕ1ϕ2} j^4_{ϕ1ϕ1} j_{ϕ2ϕ2} j^2_{ψϕ2} +j_{ϕ1ϕ2} F_{rψθ1ϕ1ϕ2} j^5_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j_{ψψ} − j_{ϕ1ϕ2} F_{rψθ1ϕ1ϕ2} j^4_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j^2_{ψϕ1} −j_{ϕ1 ϕ2} F_{rψθ1ϕ1ϕ2} j^5_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ2} − j^5_{ϕ1ϕ2} F_{rψθ1ϕ1ϕ2} j^2_{ϕ1ϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} −j^7_{ϕ1 ϕ2} F_{rψθ1ϕ1ϕ2} j_{ϕ1ϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} + 2j^8_{ϕ1ϕ2} F_{rψθ1ϕ1ϕ2} j_{ϕ1ϕ1} j_{ψϕ2} j_{ψϕ1} −2j^2_{ϕ1ϕ2} F_{rψθ1ϕ1ϕ2} j^4_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} − 3j^3_{ϕ1ϕ2} F_{rψθ1ϕ1ϕ2} j^4_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ2} +4j^7_{ϕ1ϕ2} F_{rψθ1ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{ψψ} + 3j^5_{ϕ1ϕ2} F_{rψθ1ϕ1ϕ2} j^2_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ1} +3j^5_{ϕ1ϕ2} F_{rψθ1ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{ϕ2ϕ2} j^2_{ψϕ2} + 6j^4_{ϕ1ϕ2} F_{rψθ1ϕ1ϕ2} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} +4j^4_{ϕ1ϕ2} b_{rϕ2} j^3_{ϕ1ϕ1} F_{ψθ1ϕ1} j_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} − 2j^2_{ϕ1ϕ2} b_{rϕ2} j^4_{ϕ1ϕ1} F_{ψθ1ϕ1} j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} −2j^5_{ϕ1ϕ1} F_{rψϕ2} j^3_{ϕ2ϕ2} b_{θ1ϕ1} j_{ϕ1ϕ2} j_{ψψ} + 6j^4_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} b_{θ1ϕ1} j^3_{ϕ1ϕ2} j_{ψψ} +2j^4_{ϕ1ϕ1} F_{rψϕ2} j^3_{ϕ2ϕ2} b_{θ1ϕ1} j_{ϕ1ϕ2} j^2_{ψϕ1} + 2j^5_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} b_{θ1ϕ1} j_{ϕ1ϕ2} j^2_{ψϕ2} −4j^3_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} b_{θ1ϕ1} j^3_{ϕ1ϕ2} j^2_{ψϕ1} + 12j^3_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} b_{θ1ϕ1} j^5_{ϕ1ϕ2} j_{ψψ} +6j^3_{ϕ1ϕ1} F_{rψϕ2} j^3_{ϕ2ϕ2} b_{θ1ϕ1} j^3_{ϕ1ϕ2} j^2_{ψϕ1} + 6j^4_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} b_{θ1ϕ1} j^3_{ϕ1ϕ2} j^2_{ψϕ2} −12j^3_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} b_{θ1ϕ1} j^4_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} + 2j^5_{ϕ1ϕ1} F_{rψϕ2} j^4_{ϕ2ϕ2} b_{θ1ϕ1} j_{ϕ1ϕ2} j_{ψψ} −8j^4_{ϕ1ϕ1} F_{rψϕ2} j^3_{ϕ2ϕ2} b_{θ1ϕ1} j^3_{ϕ1ϕ2} j_{ψψ} − 2j^4_{ϕ1ϕ1} F_{rψϕ2} j^4_{ϕ2ϕ2} b_{θ1ϕ1} j_{ϕ1ϕ2} j^2_{ψϕ1} −2j^5_{ϕ1ϕ1} F_{rψϕ2} j^3_{ϕ2ϕ2} b_{θ1ϕ1} j_{ϕ1ϕ2} j^2_{ψϕ2} + 4j^4_{ϕ1ϕ1} F_{rψϕ2} j^3_{ϕ2ϕ2} b_{θ1ϕ1} j^2_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} +j^5_{ϕ1ϕ2} b_{rϕ2} j^3_{ϕ1ϕ1} F_{ψθ1ϕ1} j^2_{ψϕ2} − j_{ϕ1ϕ2} b_{rϕ2} j^4_{ϕ1ϕ1} F_{ψθ1ϕ1} j^4_{ϕ2ϕ2} j^2_{ψϕ1} −j_{ϕ1 ϕ2} b_{rϕ2} j^5_{ϕ1ϕ1} F_{ψθ1ϕ1} j^3_{ϕ2ϕ2} j^2_{ψϕ2} + j_{ϕ1ϕ2} b_{rϕ2} j^5_{ϕ1ϕ1} F_{ψθ1ϕ1} j^4_{ϕ2ϕ2} j_{ψψ} −2j^6_{ϕ1ϕ2} b_{rϕ2} j^2_{ϕ1ϕ1} F_{ψθ1ϕ1} j_{ψϕ2} j_{ψϕ1} + 6j^5_{ϕ1ϕ2} b_{rϕ2} j^3_{ϕ1ϕ1} F_{ψθ1ϕ1} j^2_{ϕ2ϕ2} j_{ψψ} +3j^3_{ϕ1ϕ2} b_{rϕ2} j^3_{ϕ1ϕ1} F_{ψθ1ϕ1} j^3_{ϕ2ϕ2} j^2_{ψϕ1} − 4j^3_{ϕ1ϕ2} b_{rϕ2} j^4_{ϕ1ϕ1} F_{ψθ1ϕ1} j^3_{ϕ2ϕ2} j_{ψψ} +6j^6_{ϕ1ϕ2} b_{rϕ2} j^2_{ϕ1ϕ1} F_{ψθ1ϕ1} j_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} + j^7_{ϕ1ϕ2} b_{rϕ2} j_{ϕ1ϕ1} F_{ψθ1ϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} +j^7_{ϕ1ϕ2} b_{rϕ2} j^2_{ϕ1ϕ1} F_{ψθ1ϕ1} j^2_{ψϕ2} − 2j^8_{ϕ1ϕ2} b_{rϕ2} j_{ϕ1ϕ1} F_{ψθ1 ϕ1} j_{ψϕ2} j_{ψϕ1} +2j^2_{ϕ1ϕ2} b_{rϕ2} j^4_{ϕ1ϕ1} F_{ψθ1ϕ1} j^3_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} + 3j^3_{ϕ1ϕ2} b_{rϕ2} j^4_{ϕ1ϕ1} F_{ψθ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ2} −4j^7_{ϕ1ϕ2} b_{rϕ2} j^2_{ϕ1ϕ1} F_{ψθ1ϕ1} j_{ϕ2ϕ2} j_{ψψ} − 3j^5_{ϕ1ϕ2} b_{rϕ2} j^2_{ϕ1ϕ1} F_{ψθ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ1} −3j^5_{ϕ1ϕ2} b_{rϕ2} j^3_{ϕ1ϕ1} F_{ψθ1ϕ1} j_{ϕ2ϕ2} j^2_{ψϕ2} − 6j^4_{ϕ1ϕ2} b_{rϕ2} j^3_{ϕ1ϕ1} F_{ψθ1ϕ1} j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} +3j^3_{ϕ1ϕ2} b_{rϕ2} j^4_{ϕ1ϕ1} F_{ψθ1ϕ1} j^2_{ϕ2ϕ2} j_{ψψ} − 3j^5_{ϕ1ϕ2} b_{rϕ2} j^3_{ϕ1ϕ1} F_{ψθ1ϕ1} j_{ϕ2ϕ2} j_{ψψ} −2j^3_{ϕ1ϕ2} b_{rϕ2} j^3_{ϕ1ϕ1} F_{ψθ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ1} − 8j^2_{ϕ1ϕ1} F_{rψϕ2} j_{ϕ2ϕ2} b_{θ1ϕ1} j^7_{ϕ1ϕ2} j_{ψψ} −6j^3_{ϕ1ϕ1} F_{rψϕ2} j_{ϕ2ϕ2} b_{θ1ϕ1} j^5_{ϕ1ϕ2} j^2_{ψϕ2} + 12j^2_{ϕ1ϕ1} F_{rψϕ2} j_{ϕ2ϕ2} b_{θ1ϕ1} j^6_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} −6j^2_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} b_{θ1ϕ1} j^5_{ϕ1ϕ2} j^2_{ψϕ1} − 4j^4_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} b_{θ1ϕ1} j^2_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} +8j^3_{ϕ1ϕ1} F_{rψϕ2} j_{ϕ2ϕ2} b_{θ1ϕ1} j^4_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} + 2j_{ϕ1ϕ1} F_{rψϕ2} j^9_{ϕ1ϕ2} b_{θ1ϕ1} j_{ψψ}

– 70 –

−j^6_{ϕ1 ϕ1} F_{rθ1ϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψψ} + j^6_{ϕ1ϕ1} F_{rθ1ϕ2} j^3_{ψϕ2} j_{ϕ2ϕ2} −2j^3_{ϕ1ϕ2} b_{rϕ2} j^4_{ϕ1ϕ1} F_{ψθ1ϕ1} j_{ϕ2ϕ2} j^2_{ψϕ2} − j_{ϕ1ϕ2} b_{rϕ2} j^5_{ϕ1ϕ1} F_{ψθ1ϕ1} j^3_{ϕ2ϕ2} j_{ψψ} +j_{ϕ1ϕ2} b_{rϕ2} j^4_{ϕ1ϕ1} F_{ψθ1ϕ1} j^3_{ϕ2ϕ2} j^2_{ψϕ1} + j_{ϕ1ϕ2} b_{rϕ2} j^5_{ϕ1ϕ1} F_{ψθ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ2} +j^7_{ϕ1ϕ2} b_{rϕ2} j^2_{ϕ1ϕ1} F_{ψθ1ϕ1} j_{ψψ} + j^9_{ϕ1ϕ2} b_{rϕ2} j_{ϕ1ϕ1} F_{ψθ1ϕ1} j_{ψψ} +j^5_{ϕ1ϕ2} b_{rϕ2} j^2_{ϕ1ϕ1} F_{ψθ1ϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} + 2j^5_{ϕ1ϕ1} F_{rθ1ϕ2} j^2_{ϕ1ϕ2} j_{ψϕ2} j_{ψψ} j_{ϕ2ϕ2} +j^5_{ϕ1ϕ1} F_{rθ1ϕ2} j^2_{ψϕ1} j^2_{ϕ2ϕ2} j_{ψϕ2} − 3j^5_{ϕ1ϕ1} F_{rθ1ϕ2} j_{ψϕ1} j_{ϕ1ϕ2} j^2_{ψϕ2} j_{ϕ2ϕ2} −j^4_{ϕ1 ϕ1} F_{rθ1ϕ2} j^4_{ϕ1ϕ2} j_{ψϕ2} j_{ψψ} + j^4_{ϕ1ϕ1} F_{rθ1ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} j_{ψϕ2} −j^5_{ϕ1 ϕ1} F_{rθ1ϕ2} j^2_{ϕ1ϕ2} j^3_{ψϕ2} + j^4_{ϕ1ϕ1} j_{θ1ϕ1} F_{rϕ1ϕ2} j^2_{ψϕ1} j^2_{ϕ2ϕ2} j_{ψϕ2} −2j^3_{ϕ1ϕ1} j_{θ1ϕ1} F_{rϕ1ϕ2} j^3_{ψϕ1} j^2_{ϕ2ϕ2} j_{ϕ1ϕ2} + 2j^2_{ϕ1ϕ1} j_{θ1ϕ1} F_{rϕ1ϕ2} j^4_{ϕ1ϕ2} j_{ψϕ2} j^2_{ψϕ1} −6j^3_{ϕ1ϕ1} j_{θ1ϕ1} F_{rϕ1ϕ2} j_{ψϕ1} j^3_{ϕ1ϕ2} j^2_{ψϕ2} + 3j^4_{ϕ1ϕ1} j_{θ1ϕ1} F_{rϕ1ϕ2} j^2_{ϕ1ϕ2} j^3_{ψϕ2} +3j^4_{ϕ1ϕ1} F_{rθ1ϕ2} j_{ψϕ1} j^3_{ϕ1ϕ2} j^2_{ψϕ2} + j^5_{ϕ1ϕ1} F_{rθ1ϕ2} j_{ϕ1ϕ2} j_{ψϕ1} j^2_{ϕ2ϕ2} j_{ψψ} −2j^4_{ϕ1ϕ1} F_{rθ1ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ1} j_{ϕ2ϕ2} j_{ψψ} − j^4_{ϕ1ϕ1} F_{rθ1ϕ2} j^3_{ψϕ1} j^2_{ϕ2ϕ2} j_{ϕ1ϕ2} +j^3_{ϕ1ϕ1} F_{rθ1ϕ2} j_{ψϕ1} j^5_{ϕ1ϕ2} j_{ψψ} + j^3_{ϕ1ϕ1} F_{rθ1ϕ2} j^3_{ψϕ1} j_{ϕ2ϕ2} j^3_{ϕ1ϕ2} −2j^3_{ϕ1ϕ1} F_{rθ1ϕ2} j^4_{ϕ1ϕ2} j_{ψϕ2} j^2_{ψϕ1} − j^5_{ϕ1ϕ1} j_{θ1ϕ1} F_{rϕ1ϕ2} j^3_{ψϕ2} j_{ϕ2ϕ2} +2j^3_{ϕ1ϕ1} j_{θ1ϕ1} F_{rϕ1ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ1} j_{ϕ2ϕ2} j_{ψψ} + 3j^3_{ϕ1ϕ1} j_{θ1ϕ1} F_{rϕ1ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} j_{ψϕ2} −4j^4_{ϕ1ϕ1} j_{θ1ϕ1} F_{rϕ1ϕ2} j^2_{ϕ1ϕ2} j_{ψϕ2} j_{ψψ}j_{ϕ2ϕ2} + 3j^3_{ϕ1ϕ1} j_{θ1ϕ1} F_{rϕ1ϕ2} j^4_{ϕ1ϕ2} j_{ψϕ2} j_{ψψ} +j^5_{ϕ1ϕ1} j_{θ1ϕ1} F_{rϕ1ϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψψ} − 2j^2_{ϕ1ϕ1} j_{θ1ϕ1} F_{rϕ1ϕ2} j_{ψϕ1} j^5_{ϕ1ϕ2} j_{ψψ} −3j^5_{ϕ1ϕ1} F_{rθ1ϕ1} j_{ϕ1ϕ2} j^3_{ψϕ2} j_{ϕ2ϕ2} + 3j^3_{ϕ1ϕ1} F_{rθ1ϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ψψ} −8j^3_{ϕ1ϕ1} F_{rθ1ϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ2} j_{ψϕ1} + j^3_{ϕ1ϕ1} F_{rθ1ϕ1} j^3_{ψϕ1} j^2_{ϕ1ϕ2} j^2_{ϕ2ϕ2} −j^5_{ϕ1 ϕ1} F_{rθ1ϕ1} j_{ψϕ1} j^3_{ϕ2ϕ2} j_{ψψ} + 3j^4_{ϕ1ϕ1} F_{rθ1ϕ1} j^3_{ϕ1ϕ2} j^3_{ψϕ2} +j^5_{ϕ1ϕ1} F_{rθ1ϕ1} j_{ψϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ2} + 3j^5_{ϕ1ϕ1} F_{rθ1ϕ1} j_{ϕ1ϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψψ} −6j^4_{ϕ1ϕ1} F_{rθ1ϕ1} j^3_{ϕ1ϕ2} j_{ψϕ2} j_{ϕ2ϕ2} j_{ψψ} − 5j^4_{ϕ1ϕ1} F_{rθ1ϕ1} j_{ϕ1ϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j^2_{ψϕ1} +7j^4_{ϕ1ϕ1} F_{rθ1ϕ1} j^2_{ϕ1ϕ2} j^2_{ψϕ2} j_{ϕ2ϕ2} j_{ψϕ1} + j^3_{ϕ1ϕ1} F_{rθ1ϕ1} j^3_{ϕ1ϕ2} j_{ψϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} +3j^3_{ϕ1ϕ1} F_{rθ1ϕ1} j_{ψϕ1} j^4_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ψψ} + j^4_{ϕ1ϕ1} F_{rθ1ϕ1} j^3_{ψϕ1} j^3_{ϕ2ϕ2} −j^5_{ϕ1 ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} j_{θ1ϕ1} j_{ψϕ1} j_{ψϕ2} + j^4_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} j_{θ1ϕ1} j^2_{ψϕ1} j_{ϕ1ϕ2} +j^5_{ϕ1ϕ1} F_{rψϕ2} j_{ϕ2ϕ2} j_{θ1ϕ1} j_{ϕ1ϕ2} j^2_{ψϕ2} − 6j^3_{ϕ1ϕ1} F_{rψϕ2} j_{ϕ2ϕ2} b_{θ1ϕ1} j^5_{ϕ1ϕ2} j_{ψψ} −4j^4_{ϕ1ϕ1} F_{rψϕ2} j_{ϕ2ϕ2} b_{θ1ϕ1} j^3_{ϕ1ϕ2} j^2_{ψϕ2} + 2j^2_{ϕ1ϕ1} F_{rψϕ2} j^5_{ϕ1ϕ2} b_{θ1ϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} −4j^2_{ϕ1ϕ1} F_{rψϕ2} j^6_{ϕ1ϕ2} b_{θ1ϕ1} j_{ψϕ2} j_{ψϕ1} − j^3_{ϕ1ϕ1} F_{rψϕ2} j^3_{ϕ1ϕ2} j_{θ1ϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} +j^3_{ϕ1ϕ1} F_{rψϕ2} j^4_{ϕ1ϕ2} j_{θ1ϕ1} j_{ψϕ2} j_{ψϕ1} + 2j^2_{ϕ1ϕ1} F_{rψϕ2} j^7_{ϕ1ϕ2} b_{θ1ϕ1} j_{ψψ} +2j^3_{ϕ1ϕ1} F_{rψϕ2} j^5_{ϕ1ϕ2} b_{θ1ϕ1} j^2_{ψϕ2} − 4j_{ϕ1ϕ1} F_{rψϕ2} j^8_{ϕ1ϕ2} b_{θ1ϕ1} j_{ψϕ2} j_{ψϕ1} −j^4_{ϕ1 ϕ1} F_{rψϕ2} j^3_{ϕ1ϕ2} j_{θ1ϕ1} j^2_{ψϕ2} + j^4_{ϕ1ϕ1} j_{θ1ϕ1} F_{rψϕ1} j^3_{ϕ2ϕ2} j^2_{ψϕ1} −3j^3_{ϕ1ϕ1} j_{θ1ϕ1} F_{rψϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} + 2j^2_{ϕ1ϕ1} j_{θ1ϕ1} F_{rψϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} −2j^2_{ϕ1ϕ1} F_{rθ1ϕ1} j_{ψϕ1} j^6_{ϕ1ϕ2} j_{ψψ} − 2j^2_{ϕ1ϕ1} F_{rθ1ϕ1} j^3_{ψϕ1} j^4_{ϕ1ϕ2} j_{ϕ2ϕ2} +4j^2_{ϕ1ϕ1} F_{rθ1ϕ1} j^2_{ψϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} + 2j^3_{ϕ1ϕ1} j_{θ1ϕ1} F_{rψϕ1} j_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1}

– 71 –

−2j^2_{ϕ1ϕ1} j_{θ1ϕ1} F_{rψϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} − j^4_{ϕ1ϕ1} j_{θ1ϕ1} F_{rψϕ1} j_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} +j^3_{ϕ1ϕ1} j_{θ1ϕ1} F_{rψϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ2} − j^5_{ϕ1ϕ2} F_{rψθ1ϕ1ϕ2} j^3_{ϕ1ϕ1} j^2_{ψϕ2} +2j^3_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ1} j^7_{ϕ1ϕ2} j_{ϕ2ϕ2} + 2j_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ1} j^7_{ϕ1ϕ2} j^2_{ψϕ2} j_{ϕ1ϕ1} −4j^2_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ1} j^8_{ϕ1ϕ2} j_{ψϕ2} + j_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ2} j^5_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j_{ψψ} −j^3_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ2} j^4_{ϕ1ϕ1} j^3_{ϕ2ϕ2} − j_{ψϕ1} F_{θ1ϕ1ϕ2} b_{rϕ2} j^5_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ2} )/(j^3_{ϕ1ϕ1} ( −j_{ψψ} j_{ϕ1ϕ1} j_{ϕ2ϕ2} + j_{ψψ}j^2_{ϕ1ϕ2} +j^2_{ψϕ1} j_{ϕ2ϕ2} + j^2_{ψϕ2} j_{ϕ1ϕ1} −2j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} )(j_{ϕ2ϕ2} j_{ϕ1ϕ1} − j^2_{ϕ1ϕ2} )^2)

~F_{rθ2ϕ1ϕ2} = (−j^3_{ϕ1 ϕ1} F_{rψϕ2} j^4_{ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} +2j^3_{ϕ1ϕ1} F_{rψϕ2} j^5_{ϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} − j^4_{ϕ1ϕ1} F_{rψϕ2} j_{ϕ2ϕ2} j_{θ2ϕ2} j^2_{ψϕ1} j^2_{ϕ1ϕ2} +3j^4_{ϕ1ϕ1} F_{rψϕ2} j_{ϕ2ϕ2} b_{θ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} + 2j^5_{ϕ1ϕ1} F_{rψϕ2} j_{ϕ2ϕ2} b_{θ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} +3j^3_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j^4_{ϕ1ϕ2} j^2_{ψϕ1} + 3j^4_{ϕ1ϕ1} F_{rψϕ2} j_{ϕ2ϕ2} b_{θ2ϕ2} j^4_{ϕ1ϕ2} j^2_{ψϕ2} −6j^3_{ϕ1ϕ1} F_{rψϕ2} j_{ϕ2ϕ2} b_{θ2ϕ2} j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} − 3j^5_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j_{ψψ}j^2_{ϕ1ϕ2} +2j^5_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} + 2j^4_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} −4j^4_{ϕ1ϕ1} F_{rψϕ2} j_{ϕ2ϕ2} b_{θ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} + 4j^3_{ϕ1ϕ1} F_{rψϕ2} j_{ϕ2ϕ2} b_{θ2ϕ2} j^6_{ϕ1ϕ2} j_{ψψ} +4j^5_{ϕ1ϕ1} F_{rψϕ2} j^3_{ϕ2ϕ2} b_{θ2ϕ2} j_{ψψ}j^2_{ϕ1ϕ2} − 2j^5_{ϕ1ϕ1} F_{rψϕ2} j^3_{ϕ2ϕ2} b_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} −6j^4_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} − 3j^4_{ϕ1ϕ1} F_{rψϕ2} j^3_{ϕ2ϕ2} b_{θ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} −3j^5_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} + 6j^4_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} −8F_{ψθ2 ϕ2} j^2_{ϕ1ϕ1} b_{rϕ1} j^7_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ψψ} − 6F_{ψθ2ϕ2} j^2_{ϕ1ϕ1} b_{rϕ1} j^5_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j^2_{ψϕ1} −6F_{ψθ2 ϕ2} j^3_{ϕ1ϕ1} b_{rϕ1} j^5_{ϕ1ϕ2} j_{ϕ2ϕ2} j^2_{ψϕ2} + 12F_{ψθ2ϕ2} j^2_{ϕ1ϕ1} b_{rϕ1} j^6_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} −3F_{ψθ2 ϕ2} j^5_{ϕ1ϕ1} b_{rϕ2} j^2_{ϕ2ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} + 2F_{ψθ2ϕ2} j^5_{ϕ1ϕ1} b_{rϕ2} j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} +3F_{ψθ2ϕ2} j^4_{ϕ1ϕ1} b_{rϕ2} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} + 2F_{ψθ2ϕ2} j^4_{ϕ1ϕ1} b_{rϕ2} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} +2F_{ψθ2ϕ2} j^5_{ϕ1ϕ1} b_{rϕ2} j_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} − 4F_{ψθ2ϕ2} j^4_{ϕ1ϕ1} b_{rϕ2} j_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} −F_{ψθ2 ϕ2} j^3_{ϕ1ϕ1} b_{rϕ2} j^4_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} + 2F_{ψθ2ϕ2} j^3_{ϕ1ϕ1} b_{rϕ2} j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} −F_{ψθ2 ϕ2} j^2_{ϕ1ϕ1} b_{rϕ2} j^6_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} − F_{ψθ2ϕ2} j^3_{ϕ1ϕ1} b_{rϕ2} j^6_{ϕ1ϕ2} j^2_{ψϕ2} +2F_{ψθ2ϕ2} j_{ϕ1ϕ1} b_{rϕ1} j^7_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} + 2F_{ψθ2ϕ2} j^2_{ϕ1ϕ1} b_{rϕ1} j^7_{ϕ1ϕ2} j^2_{ψϕ2} −4F_{ψθ2 ϕ2} j_{ϕ1ϕ1} b_{rϕ1} j^8_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} + F_{ψθ2ϕ2} j^6_{ϕ1ϕ1} b_{rϕ2} j^3_{ϕ2ϕ2} j_{ψψ} −F_{ψθ2 ϕ2} j^5_{ϕ1ϕ1} b_{rϕ2} j^3_{ϕ2ϕ2} j^2_{ψϕ1} − F_{ψθ2ϕ2} j^6_{ϕ1ϕ1} b_{rϕ2} j^2_{ϕ2ϕ2} j^2_{ψϕ2} −F_{ψθ2 ϕ2} j^3_{ϕ1ϕ1} b_{rϕ2} j^6_{ϕ1ϕ2} j_{ψψ} − F_{ψθ2ϕ2} j^4_{ϕ1ϕ1} b_{rϕ2} j^4_{ϕ1ϕ2} j^2_{ψϕ2} +2F_{ψθ2ϕ2} j_{ϕ1ϕ1} b_{rϕ1} j^9_{ϕ1ϕ2} j_{ψψ} − j^5_{ϕ1ϕ1} F_{rϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} j^3_{ϕ2ϕ2} j_{ψψ} +3j^4_{ϕ1ϕ1} F_{rϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} j^2_{ϕ2ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} + j^5_{ϕ1ϕ1} F_{rϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ2} −2j^4_{ϕ1ϕ1} F_{rϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ϕ1ϕ2} − 3j^3_{ϕ1ϕ1} F_{rϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} −2j^4_{ϕ1ϕ1} F_{rψϕ2} j^3_{ϕ1ϕ2} j_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} − j^2_{ϕ1ϕ1} F_{rψϕ2} j^6_{ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2}

– 72 –

+j^6_{ϕ1ϕ1} F_{rψϕ2} j^3_{ϕ2ϕ2} b_{θ2ϕ2} j_{ψψ} − j^5_{ϕ1ϕ1} F_{rψϕ2} j^3_{ϕ2ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} −j^6_{ϕ1 ϕ1} F_{rψϕ2} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j^2_{ψϕ2} − j^6_{ϕ1ϕ1} F_{rψϕ2} j^4_{ϕ2ϕ2} b_{θ2ϕ2} j_{ψψ} +j^5_{ϕ1ϕ1} F_{rψϕ2} j^4_{ϕ2ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} + j^6_{ϕ1ϕ1} F_{rψϕ2} j^3_{ϕ2ϕ2} b_{θ2ϕ2} j^2_{ψϕ2} −j^6_{ϕ1 ϕ1} F_{rψϕ2} j_{ϕ2ϕ2} j_{θ2ϕ2} j^2_{ψϕ2} + j^3_{ϕ1ϕ1} F_{rψϕ2} j^4_{ϕ1ϕ2} j_{θ2ϕ2} j^2_{ψϕ1} −j^3_{ϕ1 ϕ1} F_{rψϕ2} j^6_{ϕ1ϕ2} b_{θ2ϕ2} j_{ψψ} − j^4_{ϕ1ϕ1} F_{rψϕ2} j^4_{ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ2} −j^3_{ϕ1 ϕ1} F_{rψϕ2} j^6_{ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ2} + 2j^2_{ϕ1ϕ1} F_{rψϕ2} j^7_{ϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} +j^5_{ϕ1ϕ1} F_{rψϕ2} j^2_{ϕ1ϕ2} j_{θ2ϕ2} j^2_{ψϕ2} − j^5_{ϕ1ϕ1} F_{rψϕ1} j^3_{ϕ2ϕ2} b_{θ2ϕ2} j_{ϕ1ϕ2} j_{ψψ} +3j^4_{ϕ1ϕ1} F_{rψϕ1} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j^3_{ϕ1ϕ2} j_{ψψ} + j_{ϕ1ϕ1} F_{rψϕ1} j^9_{ϕ1ϕ2} b_{θ2ϕ2} j_{ψψ} −2j^3_{ϕ1ϕ1} F_{rϕ1ϕ2} b_{θ2ϕ2} j^3_{ψϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} − 2j^4_{ϕ1ϕ1} F_{rϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} j_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} +4j^3_{ϕ1ϕ1} F_{rϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} + j^2_{ϕ1ϕ1} F_{rϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} j^6_{ϕ1ϕ2} j_{ψψ} +j^2_{ϕ1ϕ1} F_{rϕ1ϕ2} b_{θ2ϕ2} j^3_{ψϕ1} j^4_{ϕ1ϕ2} j_{ϕ2ϕ2} + j^3_{ϕ1ϕ1} F_{rϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ2} −2j^2_{ϕ1ϕ1} F_{rϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} − j^5_{ϕ1ϕ1} F_{rϕ1ϕ2} j_{θ2ϕ2} j_{ψϕ1} j^2_{ϕ2ϕ2} j_{ψψ} +3j^5_{ϕ1ϕ1} F_{rϕ1ϕ2} j_{θ2ϕ2} j_{ψϕ1} j_{ϕ2ϕ2} j^2_{ψϕ2} − 8j^4_{ϕ1ϕ1} F_{rϕ1ϕ2} j_{θ2ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} j_{ψϕ2} j_{ϕ1ϕ2} +2j^5_{ϕ1ϕ1} F_{rϕ1ϕ2} j_{θ2ϕ2} j_{ϕ1ϕ2} j_{ψϕ2} j_{ψψ} j_{ϕ2ϕ2} − 2j^4_{ϕ1ϕ1} F_{rϕ1ϕ2} j_{θ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} j_{ψψ} +3j^4_{ϕ1ϕ1} F_{rϕ1ϕ2} j_{θ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} j_{ψϕ1} − 2j^2_{ϕ1ϕ1} F_{rϕ1ϕ2} j_{θ2ϕ2} j^3_{ψϕ1} j^4_{ϕ1ϕ2} +j^5_{ϕ1ϕ1} F_{rϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} j^4_{ϕ2ϕ2} j_{ψψ} − 4j^4_{ϕ1ϕ1} F_{rϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} j^3_{ϕ2ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} −j^5_{ϕ1 ϕ1} F_{rϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} j^3_{ϕ2ϕ2} j^2_{ψϕ2} + 2j^4_{ϕ1ϕ1} F_{rϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} j^3_{ϕ2ϕ2} j_{ψϕ2} j_{ϕ1ϕ2} +6j^3_{ϕ1ϕ1} F_{rϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} j^2_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} + 3j^3_{ϕ1ϕ1} F_{rϕ1ϕ2} b_{θ2ϕ2} j^3_{ψϕ1} j^3_{ϕ2ϕ2} j^2_{ϕ1ϕ2} +3j^4_{ϕ1ϕ1} F_{rϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} − 6j^3_{ϕ1ϕ1} F_{rϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} j^2_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} −4j^2_{ϕ1ϕ1} F_{rϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} j_{ϕ2ϕ2} j^6_{ϕ1ϕ2} j_{ψψ} − 3j^2_{ϕ1ϕ1} F_{rϕ1ϕ2} b_{θ2ϕ2} j^3_{ψϕ1} j^2_{ϕ2ϕ2} j^4_{ϕ1ϕ2} −3j^3_{ϕ1ϕ1} F_{rϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j^2_{ψϕ2} + 6j^2_{ϕ1ϕ1} F_{rϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} j^5_{ϕ1ϕ2} j_{ψϕ2} +j^2_{ϕ1ϕ1} F_{rϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} j^6_{ϕ1ϕ2} j^2_{ψϕ2} − j^4_{ϕ1ϕ1} F_{rϕ1ϕ2} b_{θ2ϕ2} j^3_{ψϕ1} j^4_{ϕ2ϕ2} +j_{ϕ1ϕ1} F_{rϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} j^8_{ϕ1ϕ2} j_{ψψ} + j_{ϕ1ϕ1} F_{rϕ1ϕ2} b_{θ2ϕ2} j^3_{ψϕ1} j^6_{ϕ1ϕ2} j_{ϕ2ϕ2} −2j_{ϕ1ϕ1} F_{rϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} j^7_{ϕ1ϕ2} j_{ψϕ2} + j^4_{ϕ1ϕ1} F_{rϕ1ϕ2} b_{θ2ϕ2} j^3_{ψϕ1} j^3_{ϕ2ϕ2} +j^4_{ϕ1ϕ1} F_{rϕ1ϕ2} j_{θ2ϕ2} j^3_{ψϕ1} j^2_{ϕ2ϕ2} + 2F_{ψθ2ϕ2} j^2_{ϕ1ϕ1} j^7_{ϕ1ϕ2} b_{rϕ1} j_{ψψ} +j^4_{ϕ1ϕ1} F_{rψϕ1} j^3_{ϕ2ϕ2} b_{θ2ϕ2} j_{ϕ1ϕ2} j^2_{ψϕ1} + j^5_{ϕ1ϕ1} F_{rψϕ1} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j_{ϕ1ϕ2} j^2_{ψϕ2} −2j^4_{ϕ1ϕ1} F_{rψϕ1} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j^2_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} − 2j^3_{ϕ1ϕ1} F_{rψϕ1} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j^3_{ϕ1ϕ2} j^2_{ψϕ1} +4j^3_{ϕ1ϕ1} F_{rψϕ1} j_{ϕ2ϕ2} b_{θ2ϕ2} j^4_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} + j^5_{ϕ1ϕ1} F_{rψϕ1} j^2_{ϕ2ϕ2} j_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} −4j^4_{ϕ1ϕ1} F_{rψϕ1} j_{ϕ2ϕ2} j_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} j^2_{ϕ1ϕ2} − j^4_{ϕ1ϕ1} F_{rψϕ1} j^2_{ϕ2ϕ2} j_{θ2ϕ2} j^2_{ψϕ1} j_{ϕ1ϕ2} +j^5_{ϕ1ϕ1} F_{rψϕ1} j^4_{ϕ2ϕ2} b_{θ2ϕ2} j_{ϕ1ϕ2} j_{ψψ} − 4j^4_{ϕ1ϕ1} F_{rψϕ1} j^3_{ϕ2ϕ2} b_{θ2ϕ2} j^3_{ϕ1ϕ2} j_{ψψ} −j^4_{ϕ1 ϕ1} F_{rψϕ1} j^4_{ϕ2ϕ2} b_{θ2ϕ2} j_{ϕ1ϕ2} j^2_{ψϕ1} − j^5_{ϕ1ϕ1} F_{rψϕ1} j^3_{ϕ2ϕ2} b_{θ2ϕ2} j_{ϕ1ϕ2} j^2_{ψϕ2} +6j^3_{ϕ1ϕ1} F_{rψϕ1} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j^5_{ϕ1ϕ2} j_{ψψ} + 2j^4_{ϕ1ϕ1} F_{rψϕ1} j^3_{ϕ2ϕ2} b_{θ2ϕ2} j^2_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} +3j^3_{ϕ1ϕ1} F_{rψϕ1} j^3_{ϕ2ϕ2} b_{θ2ϕ2} j^3_{ϕ1ϕ2} j^2_{ψϕ1} + 3j^4_{ϕ1ϕ1} F_{rψϕ1} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j^3_{ϕ1ϕ2} j^2_{ψϕ2} −6j^3_{ϕ1ϕ1} F_{rψϕ1} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j^4_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} − 3j^3_{ϕ1ϕ1} F_{rψϕ1} j_{ϕ2ϕ2} b_{θ2ϕ2} j^5_{ϕ1ϕ2} j_{ψψ}

– 73 –

−2j^4_{ϕ1ϕ1} F_{rψϕ1} j_{ϕ2ϕ2} b_{θ2ϕ2} j^3_{ϕ1ϕ2} j^2_{ψϕ2} + j^5_{ϕ1ϕ1} F_{rψϕ1} j_{ϕ2ϕ2} j_{θ2ϕ2} j^2_{ψϕ2} j_{ϕ1ϕ2} +3j^3_{ϕ1ϕ1} F_{rψϕ1} j_{ϕ2ϕ2} j_{θ2ϕ2} j^2_{ψϕ1} j^3_{ϕ1ϕ2} − 3j^2_{ϕ1ϕ1} F_{rψϕ1} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j^5_{ϕ1ϕ2} j^2_{ψϕ1} −3j^3_{ϕ1ϕ1} F_{rψϕ1} j_{ϕ2ϕ2} b_{θ2ϕ2} j^5_{ϕ1ϕ2} j^2_{ψϕ2} + 6j^2_{ϕ1ϕ1} F_{rψϕ1} j_{ϕ2ϕ2} b_{θ2ϕ2} j^6_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} −4j^2_{ϕ1ϕ1} F_{rψϕ1} j_{ϕ2ϕ2} b_{θ2ϕ2} j^7_{ϕ1ϕ2} j_{ψψ} + j^2_{ϕ1ϕ1} F_{rψϕ1} j^5_{ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} −2j^2_{ϕ1ϕ1} F_{rψϕ1} j^6_{ϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} + 3j^3_{ϕ1ϕ1} F_{rψϕ1} j^4_{ϕ1ϕ2} j_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} +j^2_{ϕ1ϕ1} F_{rψϕ1} j^7_{ϕ1ϕ2} b_{θ2ϕ2} j_{ψψ} + j^3_{ϕ1ϕ1} F_{rψϕ1} j^5_{ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ2} −j^4_{ϕ1 ϕ1} F_{rψϕ1} j^3_{ϕ1ϕ2} j_{θ2ϕ2} j^2_{ψϕ2} − 2j^2_{ϕ1ϕ1} F_{rψϕ1} j^5_{ϕ1ϕ2} j_{θ2ϕ2} j^2_{ψϕ1} +j_{ϕ1ϕ1} F_{rψϕ1} j^7_{ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} + j^2_{ϕ1ϕ1} F_{rψϕ1} j^7_{ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ2} +2j_{ψϕ1} F_{θ2ϕ1ϕ2} j^7_{ϕ1ϕ2} b_{rϕ1} j_{ϕ1ϕ1} j_{ψψ} + 2F_{ψθ2ϕ2} j^3_{ϕ1ϕ1} j^5_{ϕ1ϕ2} b_{rϕ1} j^2_{ψϕ2} −2F_{ψθ2 ϕ2} j^5_{ϕ1ϕ1} j_{ϕ1ϕ2} b_{rϕ1} j^3_{ϕ2ϕ2} j_{ψψ} − 2j_{ϕ1ϕ1} F_{rψϕ1} j^8_{ϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} −2j^2_{ϕ1ϕ1} F_{rθ2ϕ1} j_{ψϕ1} j^6_{ϕ1ϕ2} j_{ψψ} − 2j^2_{ϕ1ϕ1} F_{rθ2ϕ1} j^3_{ψϕ1} j^4_{ϕ1ϕ2} j_{ϕ2ϕ2} +4j^2_{ϕ1ϕ1} F_{rθ2ϕ1} j^2_{ψϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} + 3j^5_{ϕ1ϕ1} F_{rθ2ϕ1} j_{ϕ1ϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψψ} −6j^4_{ϕ1ϕ1} F_{rθ2ϕ1} j^3_{ϕ1ϕ2} j_{ψϕ2} j_{ϕ2ϕ2} j_{ψψ} − 5j^4_{ϕ1ϕ1} F_{rθ2ϕ1} j_{ϕ1ϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j^2_{ψϕ1} +7j^4_{ϕ1ϕ1} F_{rθ2ϕ1} j^2_{ϕ1ϕ2} j^2_{ψϕ2} j_{ϕ2ϕ2} j_{ψϕ1} + j^3_{ϕ1ϕ1} F_{rθ2ϕ1} j^3_{ϕ1ϕ2} j_{ψϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} +3j^3_{ϕ1ϕ1} F_{rθ2ϕ1} j_{ψϕ1} j^4_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ψψ} − 3j^5_{ϕ1ϕ1} F_{rθ2ϕ1} j_{ϕ1ϕ2} j^3_{ψϕ2} j_{ϕ2ϕ2} +3j^3_{ϕ1ϕ1} F_{rθ2ϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ψψ} − 8j^3_{ϕ1ϕ1} F_{rθ2ϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ2} j_{ψϕ1} +j^3_{ϕ1ϕ1} F_{rθ2ϕ1} j^3_{ψϕ1} j^2_{ϕ1ϕ2} j^2_{ϕ2ϕ2} − j^5_{ϕ1ϕ1} F_{rθ2ϕ1} j_{ψϕ1} j^3_{ϕ2ϕ2} j_{ψψ} +j^5_{ϕ1ϕ1} F_{rθ2ϕ1} j_{ψϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ2} − F_{ψθ2ϕ2} j^6_{ϕ1ϕ1} b_{rϕ2} j^4_{ϕ2ϕ2} j_{ψψ} +F_{ψθ2ϕ2} j^5_{ϕ1ϕ1} b_{rϕ2} j^4_{ϕ2ϕ2} j^2_{ψϕ1} + F_{ψθ2ϕ2} j^6_{ϕ1ϕ1} b_{rϕ2} j^3_{ϕ2ϕ2} j^2_{ψϕ2} +6F_{ψθ2ϕ2} j^4_{ϕ1ϕ1} j^3_{ϕ1ϕ2} b_{rϕ1} j^2_{ϕ2ϕ2} j_{ψψ} + 2F_{ψθ2ϕ2} j^4_{ϕ1ϕ1} j_{ϕ1ϕ2} b_{rϕ1} j^3_{ϕ2ϕ2} j^2_{ψϕ1} +2F_{ψθ2ϕ2} j^5_{ϕ1ϕ1} j_{ϕ1ϕ2} b_{rϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ2} − 4F_{ψθ2ϕ2} j^4_{ϕ1ϕ1} j^2_{ϕ1ϕ2} b_{rϕ1} j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} −6F_{ψθ2 ϕ2} j^3_{ϕ1ϕ1} j^5_{ϕ1ϕ2} b_{rϕ1} j_{ϕ2ϕ2} j_{ψψ} − 4F_{ψθ2ϕ2} j^3_{ϕ1ϕ1} j^3_{ϕ1ϕ2} b_{rϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ1} −4F_{ψθ2 ϕ2} j^4_{ϕ1ϕ1} j^3_{ϕ1ϕ2} b_{rϕ1} j_{ϕ2ϕ2} j^2_{ψϕ2} + 8F_{ψθ2ϕ2} j^3_{ϕ1ϕ1} j^4_{ϕ1ϕ2} b_{rϕ1} j_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} +2F_{ψθ2ϕ2} j^2_{ϕ1ϕ1} j^5_{ϕ1ϕ2} b_{rϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} − 4F_{ψθ2ϕ2} j^2_{ϕ1ϕ1} j^6_{ϕ1ϕ2} b_{rϕ1} j_{ψϕ2} j_{ψϕ1} +4F_{ψθ2ϕ2} j^5_{ϕ1ϕ1} b_{rϕ2} j^3_{ϕ2ϕ2} j_{ψψ}j^2_{ϕ1ϕ2} − 2F_{ψθ2ϕ2} j^5_{ϕ1ϕ1} b_{rϕ2} j^3_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} −6F_{ψθ2 ϕ2} j^4_{ϕ1ϕ1} b_{rϕ2} j^2_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} − 3F_{ψθ2ϕ2} j^4_{ϕ1ϕ1} b_{rϕ2} j^3_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} −3F_{ψθ2 ϕ2} j^5_{ϕ1ϕ1} b_{rϕ2} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} + 6F_{ψθ2ϕ2} j^4_{ϕ1ϕ1} b_{rϕ2} j^2_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} +4F_{ψθ2ϕ2} j^3_{ϕ1ϕ1} b_{rϕ2} j_{ϕ2ϕ2} j^6_{ϕ1ϕ2} j_{ψψ} + 3F_{ψθ2ϕ2} j^3_{ϕ1ϕ1} b_{rϕ2} j^2_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j^2_{ψϕ1} +3F_{ψθ2ϕ2} j^4_{ϕ1ϕ1} b_{rϕ2} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j^2_{ψϕ2} − 6F_{ψθ2ϕ2} j^3_{ϕ1ϕ1} b_{rϕ2} j_{ϕ2ϕ2} j^5_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} −F_{ψθ2 ϕ2} j^2_{ϕ1ϕ1} b_{rϕ2} j^8_{ϕ1ϕ2} j_{ψψ} + 2F_{ψθ2ϕ2} j^2_{ϕ1ϕ1} b_{rϕ2} j^7_{ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} +2F_{ψθ2ϕ2} j^5_{ϕ1ϕ1} b_{rϕ1} j_{ϕ1ϕ2} j^4_{ϕ2ϕ2} j_{ψψ} − 8F_{ψθ2ϕ2} j^4_{ϕ1ϕ1} b_{rϕ1} j^3_{ϕ1ϕ2} j^3_{ϕ2ϕ2} j_{ψψ} −2F_{ψθ2 ϕ2} j^4_{ϕ1ϕ1} b_{rϕ1} j_{ϕ1ϕ2} j^4_{ϕ2ϕ2} j^2_{ψϕ1} − 2F_{ψθ2ϕ2} j^5_{ϕ1ϕ1} b_{rϕ1} j_{ϕ1ϕ2} j^3_{ϕ2ϕ2} j^2_{ψϕ2} +4F_{ψθ2ϕ2} j^4_{ϕ1ϕ1} b_{rϕ1} j^2_{ϕ1ϕ2} j^3_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} + 12F_{ψθ2ϕ2} j^3_{ϕ1ϕ1} b_{rϕ1} j^5_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ψψ} +6F_{ψθ2ϕ2} j^3_{ϕ1ϕ1} b_{rϕ1} j^3_{ϕ1ϕ2} j^3_{ϕ2ϕ2} j^2_{ψϕ1} + 6F_{ψθ2ϕ2} j^4_{ϕ1ϕ1} b_{rϕ1} j^3_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j^2_{ψϕ2}

– 74 –

−12F_{ψθ2ϕ2} j^3_{ϕ1ϕ1} b_{rϕ1} j^4_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} − 2j^5_{ϕ1ϕ1} F_{rϕ1ϕ2} j_{θ2ϕ2} j_{ϕ1ϕ2} j^3_{ψϕ2} +2j^3_{ϕ1ϕ1} F_{rϕ1ϕ2} j_{θ2ϕ2} j^2_{ψϕ1} j_{ψϕ2} j^3_{ϕ1ϕ2} + 3j^3_{ϕ1ϕ1} F_{rϕ1ϕ2} j_{θ2ϕ2} j^3_{ψϕ1} j^2_{ϕ1ϕ2} j_{ϕ2ϕ2} +j^3_{ϕ1ϕ1} F_{rϕ1ϕ2} j_{θ2ϕ2} j^4_{ϕ1ϕ2} j_{ψϕ1} j_{ψψ} − j^2_{ϕ1ϕ1} F_{rψϕ2} j^8_{ϕ1ϕ2} b_{θ2ϕ2} j_{ψψ} +2j^5_{ϕ1ϕ1} F_{rψϕ2} j_{ϕ2ϕ2} j_{θ2ϕ2} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} + j^6_{ϕ1ϕ1} F_{rθ2ϕ2} j^3_{ψϕ2} j_{ϕ2ϕ2} −j^6_{ϕ1 ϕ1} F_{rθ2ϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j_{ψψ} + 2j^5_{ϕ1ϕ1} F_{rθ2ϕ2} j_{ψϕ2} j_{ϕ2ϕ2} j_{ψψ}j^2_{ϕ1ϕ2} +j^5_{ϕ1ϕ1} F_{rθ2ϕ2} j_{ψϕ2} j^2_{ϕ2ϕ2} j^2_{ψϕ1} − 3j^5_{ϕ1ϕ1} F_{rθ2ϕ2} j^2_{ψϕ2} j_{ϕ2ϕ2} j_{ψϕ1} j_{ϕ1ϕ2} −j^4_{ϕ1 ϕ1} F_{rθ2ϕ2} j_{ψϕ2} j^4_{ϕ1ϕ2} j_{ψψ} + j^4_{ϕ1ϕ1} F_{rθ2ϕ2} j_{ψϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} +3j^4_{ϕ1ϕ1} F_{rθ2ϕ2} j^2_{ψϕ2} j^3_{ϕ1ϕ2} j_{ψϕ1} + j^5_{ϕ1ϕ1} F_{rθ2ϕ2} j_{ψϕ1} j_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ψψ} −2j^4_{ϕ1ϕ1} F_{rθ2ϕ2} j_{ψϕ1} j^3_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ψψ} − j^4_{ϕ1ϕ1} F_{rθ2ϕ2} j^3_{ψϕ1} j_{ϕ1ϕ2} j^2_{ϕ2ϕ2} +j^3_{ϕ1ϕ1} F_{rθ2ϕ2} j_{ψϕ1} j^5_{ϕ1ϕ2} j_{ψψ} + j^3_{ϕ1ϕ1} F_{rθ2ϕ2} j^3_{ψϕ1} j^3_{ϕ1ϕ2} j_{ϕ2ϕ2} −2j^3_{ϕ1ϕ1} F_{rθ2ϕ2} j^2_{ψϕ1} j^4_{ϕ1ϕ2} j_{ψϕ2} − j^5_{ϕ1ϕ2} F_{rψθ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j^2_{ψϕ2} +j_{ϕ1ϕ2} F_{rψθ2ϕ1ϕ2} j^5_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j_{ψψ} − j_{ϕ1ϕ2} F_{rψθ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j^2_{ψϕ1} −j_{ϕ1 ϕ2} F_{rψθ2ϕ1ϕ2} j^5_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ2} − j^9_{ϕ1ϕ2} F_{rψθ2ϕ1ϕ2} j_{ϕ1ϕ1} j_{ψψ} −j^7_{ϕ1 ϕ2} F_{rψθ2ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{ψψ} − j^7_{ϕ1ϕ2} F_{rψθ2ϕ1ϕ2} j^2_{ϕ1ϕ1} j^2_{ψϕ2} +4j^3_{ϕ1ϕ2} F_{rψθ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j_{ψψ} − 2j^2_{ϕ1ϕ2} F_{rψθ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} +6j^4_{ϕ1ϕ2} F_{rψθ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} − 6j^6_{ϕ1ϕ2} F_{rψθ2ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} +2j^2_{ϕ1ϕ2} F_{rψθ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} − 4j^4_{ϕ1ϕ2} F_{rψθ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{ψϕ2} j_{ψϕ1} −6j^5_{ϕ1ϕ2} F_{rψθ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψψ} − 3j^3_{ϕ1ϕ2} F_{rψθ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j^2_{ψϕ1} −3j^3_{ϕ1ϕ2} F_{rψθ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ2} + 4j^7_{ϕ1ϕ2} F_{rψθ2ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{ψψ} +3j^5_{ϕ1ϕ2} F_{rψθ2ϕ1ϕ2} j^2_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ1} + 3j^5_{ϕ1ϕ2} F_{rψθ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{ϕ2ϕ2} j^2_{ψϕ2} −j_{ϕ1 ϕ2} F_{rψθ2ϕ1ϕ2} j^5_{ϕ1ϕ1} j^4_{ϕ2ϕ2} j_{ψψ} + j_{ϕ1ϕ2} F_{rψθ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j^4_{ϕ2ϕ2} j^2_{ψϕ1} +j_{ϕ1ϕ2} F_{rψθ2ϕ1ϕ2} j^5_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j^2_{ψϕ2} − j^7_{ϕ1ϕ2} F_{rψθ2ϕ1ϕ2} j_{ϕ1ϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} +2j^8_{ϕ1ϕ2} F_{rψθ2ϕ1ϕ2} j_{ϕ1ϕ1} j_{ψϕ2} j_{ψϕ1} − 3j^3_{ϕ1ϕ2} F_{rψθ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψψ} +3j^5_{ϕ1ϕ2} F_{rψθ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{ψψ} + 2j^3_{ϕ1ϕ2} F_{rψθ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ1} +2j^3_{ϕ1ϕ2} F_{rψθ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j_{ϕ2ϕ2} j^2_{ψϕ2} − j^5_{ϕ1ϕ2} F_{rψθ2ϕ1ϕ2} j^2_{ϕ1ϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} +2j^6_{ϕ1ϕ2} F_{rψθ2ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{ψϕ2} j_{ψϕ1} + 2j_{ψϕ1} F_{θ2ϕ1ϕ2} j^5_{ϕ1ϕ2} b_{rϕ1} j^2_{ϕ1ϕ1} j^2_{ψϕ2} −j_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^5_{ϕ1ϕ1} j^4_{ϕ2ϕ2} j_{ψψ} + j^3_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^4_{ϕ1ϕ1} j^4_{ϕ2ϕ2} +j_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^5_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j^2_{ψϕ2} − 2j_{ψϕ1} F_{θ2ϕ1ϕ2} j_{ϕ1ϕ2} b_{rϕ1} j^4_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j_{ψψ} +6j_{ψϕ1} F_{θ2ϕ1ϕ2} j^3_{ϕ1ϕ2} b_{rϕ1} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψψ} + 2j^3_{ψϕ1} F_{θ2ϕ1ϕ2} j_{ϕ1ϕ2} b_{rϕ1} j^3_{ϕ1ϕ1} j^3_{ϕ2ϕ2} +2j_{ψϕ1} F_{θ2ϕ1ϕ2} j_{ϕ1ϕ2} b_{rϕ1} j^4_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ2} − 4j^2_{ψϕ1} F_{θ2ϕ1ϕ2} j^2_{ϕ1ϕ2} b_{rϕ1} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψϕ2} −6j_{ψϕ1} F_{θ2ϕ1ϕ2} j^5_{ϕ1ϕ2} b_{rϕ1} j^2_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{ψψ} − 4j^3_{ψϕ1} F_{θ2ϕ1ϕ2} j^3_{ϕ1ϕ2} b_{rϕ1} j^2_{ϕ1ϕ1} j^2_{ϕ2ϕ2} −4j_{ψϕ1} F_{θ2ϕ1ϕ2} j^3_{ϕ1ϕ2} b_{rϕ1} j^3_{ϕ1ϕ1} j_{ϕ2ϕ2} j^2_{ψϕ2} + 8j^2_{ψϕ1} F_{θ2ϕ1ϕ2} j^4_{ϕ1ϕ2} b_{rϕ1} j^2_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{ψϕ2} +2j^3_{ψϕ1} F_{θ2ϕ1ϕ2} j^5_{ϕ1ϕ2} b_{rϕ1} j_{ϕ1ϕ1} j_{ϕ2ϕ2} − 4j^2_{ψϕ1} F_{θ2ϕ1ϕ2} j^6_{ϕ1ϕ2} b_{rϕ1} j_{ϕ1ϕ1} j_{ψϕ2} +4j_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^4_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} − 2j^2_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^4_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j_{ψϕ2} j_{ϕ1ϕ2}

– 75 –

−6j_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} − 3j^3_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^3_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j^2_{ϕ1ϕ2} −3j_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^4_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} + 6j^2_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} +4j_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^2_{ϕ1ϕ1} j_{ϕ2ϕ2} j^6_{ϕ1ϕ2} j_{ψψ} + 3j^3_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^2_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^4_{ϕ1ϕ2} +3j_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^3_{ϕ1ϕ1} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j^2_{ψϕ2} − 6j^2_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^2_{ϕ1ϕ1} j_{ϕ2ϕ2} j^5_{ϕ1ϕ2} j_{ψϕ2} −j_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j_{ϕ1ϕ1} j^8_{ϕ1ϕ2} j_{ψψ} + 2j^2_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j_{ϕ1ϕ1} j^7_{ϕ1ϕ2} j_{ψϕ2} +2j_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j_{ϕ1ϕ2} j^4_{ϕ2ϕ2} j^4_{ϕ1ϕ1} j_{ψψ} − 8j_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j^3_{ϕ1ϕ2} j^3_{ϕ2ϕ2} j^3_{ϕ1ϕ1} j_{ψψ} −2j^3_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j_{ϕ1ϕ2} j^4_{ϕ2ϕ2} j^3_{ϕ1ϕ1} − 2j_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j_{ϕ1ϕ2} j^3_{ϕ2ϕ2} j^4_{ϕ1ϕ1} j^2_{ψϕ2} +4j^2_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j^2_{ϕ1ϕ2} j^3_{ϕ2ϕ2} j^3_{ϕ1ϕ1} j_{ψϕ2} + 12j_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j^5_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ1} j_{ψψ} +6j^3_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j^3_{ϕ1ϕ2} j^3_{ϕ2ϕ2} j^2_{ϕ1ϕ1} + 6j_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j^3_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j^3_{ϕ1ϕ1} j^2_{ψϕ2} −12j^2_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j^4_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ1} j_{ψϕ2} − 8j_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j^7_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ϕ1ϕ1} j_{ψψ} −6j^3_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j^5_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ϕ1ϕ1} − 6j_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j^5_{ϕ1ϕ2} j_{ϕ2ϕ2} j^2_{ϕ1ϕ1} j^2_{ψϕ2} +12j^2_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j^6_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ϕ1ϕ1} j_{ψϕ2} − 3j_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^4_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψψ}j^2_{ϕ1ϕ2} +2j^2_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^4_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψϕ2} j_{ϕ1ϕ2} + 3j_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^3_{ϕ1ϕ1} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} +2j^3_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} + 2j_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^4_{ϕ1ϕ1} j_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ2} −4j^2_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^3_{ϕ1ϕ1} j_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ2} − j^3_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^2_{ϕ1ϕ1} j^4_{ϕ1ϕ2} j_{ϕ2ϕ2} +2j^2_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^2_{ϕ1ϕ1} j^5_{ϕ1ϕ2} j_{ψϕ2} − j^3_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j_{ϕ1ϕ1} j^6_{ϕ1ϕ2} j_{ϕ2ϕ2} −j_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^2_{ϕ1ϕ1} j^6_{ϕ1ϕ2} j^2_{ψϕ2} + 2j^3_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j^7_{ϕ1ϕ2} j_{ϕ2ϕ2} +2j_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j^7_{ϕ1ϕ2} j^2_{ψϕ2} j_{ϕ1ϕ1} − 4j^2_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j^8_{ϕ1ϕ2} j_{ψϕ2} +j_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^5_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j_{ψψ} − j^3_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^4_{ϕ1ϕ1} j^3_{ϕ2ϕ2} −j_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^5_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ2} − j_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^2_{ϕ1ϕ1} j^6_{ϕ1ϕ2} j_{ψψ} −j_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ2} j^3_{ϕ1ϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ2} + 2j_{ψϕ1} F_{θ2ϕ1ϕ2} b_{rϕ1} j^9_{ϕ1ϕ2} j_{ψψ} +3j^4_{ϕ1ϕ1} F_{rθ2ϕ1} j^3_{ϕ1ϕ2} j^3_{ψϕ2} + j^4_{ϕ1ϕ1} F_{rθ2ϕ1} j^3_{ψϕ1} j^3_{ϕ2ϕ2} −j^5_{ϕ1 ϕ1} F_{rθ2ϕ2} j^3_{ψϕ2} j^2_{ϕ1ϕ2} )/(j^3_{ϕ1ϕ1} (−j_{ψψ} j_{ϕ1ϕ1} j_{ϕ2ϕ2} +j_{ψψ} j^2_{ϕ1ϕ2} + j^2_{ψϕ1} j_{ϕ2ϕ2} +j^2_{ψϕ2} j_{ϕ1ϕ1} − 2j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} )(j_{ϕ2ϕ2} j_{ϕ1ϕ1} −j^2_{ϕ1 ϕ2} )^2)

~F_{ψθ1θ2ϕ1} = (j^2_{ϕ1ϕ1} F_{θ1θ2ϕ2} j_{ψψ}j_{ϕ2ϕ2} − j^2_{ϕ1ϕ1} F_{θ1θ2ϕ2} j^2_{ψϕ2} −j_{ϕ1 ϕ1} j_{ϕ2ϕ2} F_{θ1θ2ϕ2} j^2_{ψϕ1} + j_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{θ1ϕ1} F_{θ2ϕ1ϕ2} j_{ψψ} −2j_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{ϕ1ϕ2} F_{θ1θ2ϕ1} j_{ψψ} + j_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{θ1ϕ1} F_{ψθ2ϕ2} j_{ψϕ1} −j_{ϕ1 ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} + 2j_{ϕ1ϕ1} F_{θ1θ2ϕ2} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} +2j_{ϕ1ϕ1} j_{θ2ϕ2} j_{ϕ1ϕ2} F_{ψθ1ϕ1} j_{ψϕ2} + 2j_{ϕ1ϕ1} j_{ϕ1ϕ2} F_{θ1θ2ϕ1} j^2_{ψϕ2} −j_{ϕ1 ϕ1} F_{θ1θ2ϕ2} j^2_{ϕ1ϕ2} j_{ψψ} − j_{ϕ1ϕ1} j_{θ1ϕ1} F_{θ2ϕ1ϕ2} j^2_{ψϕ2} −j_{ϕ1 ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j_{ϕ1ϕ2} j_{ψψ} − j_{ϕ1ϕ1} j_{θ1ϕ1} F_{ψθ2ϕ2} j_{ψϕ2} j_{ϕ1ϕ2}

– 76 –

+2j_{ϕ1ϕ2} F_{θ1θ2ϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} − 4j^2_{ϕ1ϕ2} F_{θ1θ2ϕ1} j_{ψϕ2} j_{ψϕ1} −2j_{θ1ϕ1} F_{θ2ϕ1ϕ2} j^2_{ϕ1ϕ2} j_{ψψ} + 2j^3_{ϕ1ϕ2} F_{θ1θ2ϕ1} j_{ψψ} +2j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ1ϕ2} + 2j_{θ1ϕ1} F_{θ2ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} −2j_{θ2ϕ2} j^2_{ϕ1ϕ2} F_{ψθ1ϕ1} j_{ψϕ1} )/(j_{ϕ1ϕ1} (−j_{ψψ} j_{ϕ1ϕ1} j_{ϕ2ϕ2} +j_{ψψ} j^2_{ϕ1ϕ2} + j^2_{ψϕ1} j_{ϕ2ϕ2} +j^2_{ψϕ2} j_{ϕ1ϕ1} − 2j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} )) ~F_{ψθ1θ2ϕ2} = (−j_{ϕ1 ϕ1} F_{θ1θ2ϕ1} j_{ψψ} j_{ϕ2ϕ2} +j_{ϕ1ϕ1} F_{θ1θ2ϕ1} j^2_{ψϕ2} − j_{ϕ1ϕ1} j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j_{ψψ} +j_{ϕ1ϕ1} j_{θ2ϕ2} F_{ψθ1ϕ1} j_{ψϕ2} + F_{θ1θ2ϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} −j_{θ1 ϕ1} F_{θ2ϕ1ϕ2} j_{ϕ1ϕ2} j_{ψψ} + F_{θ1θ2ϕ1} j^2_{ϕ1ϕ2} j_{ψψ} +j_{θ2ϕ2} F_{θ1ϕ1ϕ2} j^2_{ψϕ1} + j_{θ1ϕ1} F_{θ2ϕ1ϕ2} j_{ψϕ2} j_{ψϕ1} −2F_{θ1θ2ϕ1} j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} − j_{θ2ϕ2} F_{ψθ1 ϕ1} j_{ψϕ1} j_{ϕ1ϕ2} )/( −j_{ψψ} j_{ϕ1ϕ1} j_{ϕ2ϕ2} + j_{ψψ}j^2_{ϕ1ϕ2} +j^2_{ψϕ1} j_{ϕ2ϕ2} + j^2_{ψϕ2} j_{ϕ1ϕ1} −2j_{ψϕ2} j_{ψϕ1} j_{ϕ1ϕ2} )

~F_{θ1θ2ϕ1ϕ2} = −(−j^5_{ϕ1 ϕ2} F_{ψθ1θ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j^2_{ψ1ϕ2} −j^9_{ϕ1 ϕ2} F_{ψθ1θ2ϕ1ϕ2} j_{ϕ1ϕ1} j_{ψψ} − 12j^3_{ϕ1ϕ1} F_{ψθ2ϕ2} j^2_{ϕ2ϕ2} b_{θ1ϕ1} j^5_{ϕ1ϕ2} j_{ψψ} +2j^5_{ϕ1ϕ1} F_{ψθ2 ϕ2} j^3_{ϕ2ϕ2} b_{θ1ϕ1} j_{ϕ1ϕ2} j_{ψψ} − 6j^4_{ϕ1ϕ1} F_{ψθ2ϕ2} j^2_{ϕ2ϕ2} b_{θ1ϕ1} j^3_{ϕ1ϕ2} j_{ψψ} −2j^4_{ϕ1ϕ1} F_{ψθ2ϕ2} j^3_{ϕ2ϕ2} b_{θ1ϕ1} j_{ϕ1ϕ2} j^2_{ψϕ1} − 2j^5_{ϕ1ϕ1} F_{ψθ2 ϕ2} j^2_{ϕ2ϕ2} b_{θ1ϕ1} j_{ϕ1ϕ2} j^2_{ψ1ϕ2} +j^6_{ϕ1ϕ1} F_{θ1θ2ϕ2} j_{ψ1ϕ2} j^2_{ϕ2ϕ2} j_{ψψ} − j^6_{ϕ1ϕ1} F_{θ1θ2ϕ2} j^3_{ψ1ϕ2} j_{ϕ2ϕ2} +6j^3_{ϕ1ϕ1} F_{ψθ2 ϕ2} j_{ϕ2ϕ2} b_{θ1ϕ1} j^5_{ϕ1ϕ2} j^2_{ψ1ϕ2} − 12j^2_{ϕ1ϕ1} F_{ψθ2ϕ2} j_{ϕ2ϕ2} b_{θ1ϕ1} j^6_{ϕ1ϕ2} j_{ψ1ϕ2} j_{ψϕ1} −6j^3_{ϕ1ϕ1} F_{ψθ2ϕ2} j^3_{ϕ2ϕ2} b_{θ1ϕ1} j^3_{ϕ1ϕ2} j^2_{ψϕ1} − 6j^4_{ϕ1ϕ1} F_{ψθ2 ϕ2} j^2_{ϕ2ϕ2} b_{θ1ϕ1} j^3_{ϕ1ϕ2} j^2_{ψ1ϕ2} +12j^3_{ϕ1ϕ1} F_{ψθ2ϕ2} j^2_{ϕ2ϕ2} b_{θ1ϕ1} j^4_{ϕ1ϕ2} j_{ψ1ϕ2} j_{ψϕ1} + j^3_{ϕ1ϕ1} F_{ψθ2ϕ2} j^4_{ϕ1ϕ2} j_{θ1ϕ1} j_{ψ1ϕ2} j_{ψϕ1} +4j^2_{ϕ1ϕ1} F_{ψθ2 ϕ2} j^6_{ϕ1ϕ2} b_{θ1ϕ1} j_{ψ1ϕ2} j_{ψϕ1} − j^4_{ϕ1ϕ1} F_{ψθ2ϕ2} j^3_{ϕ1ϕ2} j_{θ1ϕ1} j^2_{ψ1ϕ2} −2j^3_{ϕ1ϕ1} F_{ψθ2ϕ2} j^5_{ϕ1ϕ2} b_{θ1ϕ1} j^2_{ψ1ϕ2} − 2j^2_{ϕ1ϕ1} F_{ψθ2ϕ2} j^7_{ϕ1ϕ2} b_{θ1ϕ1} j_{ψψ} −2j^2_{ϕ1ϕ1} F_{ψθ2ϕ2} j^7_{ϕ1ϕ2} b_{θ1ϕ1} j^2_{ψ1ϕ2} − j^3_{ϕ1ϕ1} F_{ψθ2ϕ2} j^3_{ϕ1ϕ2} j_{θ1ϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} +6j^3_{ϕ1ϕ1} F_{ψθ2 ϕ2} j_{ϕ2ϕ2} b_{θ1ϕ1} j^5_{ϕ1ϕ2} j_{ψψ} + 4j^4_{ϕ1ϕ1} F_{ψθ2ϕ2} j_{ϕ2ϕ2} b_{θ1ϕ1} j^3_{ϕ1ϕ2} j^2_{ψ1ϕ2} −2j^2_{ϕ1ϕ1} F_{ψθ2ϕ2} j^5_{ϕ1ϕ2} b_{θ1ϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} + 4j_{ϕ1ϕ1} F_{ψθ2ϕ2} j^8_{ϕ1ϕ2} b_{θ1ϕ1} j_{ψ1ϕ2} j_{ψϕ1} −2j_{ϕ1ϕ1} F_{ψθ2ϕ2} j^7_{ϕ1ϕ2} b_{θ1ϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} + 8j^2_{ϕ1ϕ1} F_{ψθ2ϕ2} j_{ϕ2ϕ2} b_{θ1ϕ1} j^7_{ϕ1ϕ2} j_{ψψ} +6j^2_{ϕ1ϕ1} F_{ψθ2 ϕ2} j^2_{ϕ2ϕ2} b_{θ1ϕ1} j^5_{ϕ1ϕ2} j^2_{ψϕ1} + j^5_{ϕ1ϕ1} F_{ψθ2 ϕ2} j_{ϕ2ϕ2} j_{θ1ϕ1} j_{ϕ1ϕ2} j^2_{ψ1ϕ2} −j^5_{ϕ1 ϕ1} F_{ψθ2ϕ2} j^2_{ϕ2ϕ2} j_{θ1ϕ1} j_{ψϕ1} j_{ψ1ϕ2} + j^4_{ϕ1ϕ1} F_{ψθ2 ϕ2} j^2_{ϕ2ϕ2} j_{θ1ϕ1} j^2_{ψϕ1} j_{ϕ1ϕ2} −3j^4_{ϕ1ϕ1} F_{θ1θ2ϕ1} j^3_{ϕ1ϕ2} j^3_{ψ1 ϕ2} + 8j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} j^4_{ϕ1ϕ2} j^2_{ψ1ϕ2} j_{ψϕ1}

– 77 –

−2j^5_{ϕ1ϕ1} F_{θ1θ2ϕ2} j_{ψ1ϕ2} j_{ϕ2ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} − j^5_{ϕ1ϕ1} F_{θ1θ2ϕ2} j_{ψ1ϕ2} j^2_{ϕ2ϕ2} j^2_{ψϕ1} +3j^5_{ϕ1ϕ1} F_{θ1θ2ϕ2} j^2_{ψ1ϕ2} j_{ϕ2ϕ2} j_{ψϕ1} j_{ϕ1ϕ2} + j^5_{ϕ1ϕ1} F_{θ1θ2ϕ2} j^3_{ψ1ϕ2} j^2_{ϕ1ϕ2} −4j^4_{ϕ1ϕ1} F_{ψθ1ϕ1} j_{ϕ2ϕ2} j_{θ2ϕ2} j_{ψ1ϕ2} j_{ψϕ1} j^2_{ϕ1ϕ2} + 3j^3_{ϕ1ϕ1} F_{ψθ1 ϕ1} j_{ϕ2ϕ2} j_{θ2ϕ2} j^2_{ψϕ1} j^3_{ϕ1ϕ2} +j_{ϕ1ϕ1} F_{ψθ1ϕ1} j^9_{ϕ1ϕ2} b_{θ2ϕ2} j_{ψψ} − j^4_{ϕ1ϕ1} F_{ψθ1ϕ1} j^2_{ϕ2ϕ2} j_{θ2ϕ2} j^2_{ψϕ1} j_{ϕ1ϕ2} +6j^2_{ϕ1ϕ1} F_{ψθ1 ϕ1} j_{ϕ2ϕ2} b_{θ2ϕ2} j^6_{ϕ1ϕ2} j_{ψ1ϕ2} j_{ψϕ1} − 2j^4_{ϕ1ϕ1} F_{ψθ1ϕ1} j_{ϕ2ϕ2} b_{θ2ϕ2} j^3_{ϕ1ϕ2} j^2_{ψ1ϕ2} −j^5_{ϕ1 ϕ1} F_{ψθ1ϕ1} j^3_{ϕ2ϕ2} b_{θ2ϕ2} j_{ϕ1ϕ2} j_{ψψ} + j^4_{ϕ1ϕ1} F_{θ1θ2ϕ2} j_{ψ1ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} −j^4_{ϕ1 ϕ1} F_{θ1θ2ϕ2} j_{ψ1ϕ2} j^2_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} − 3j^4_{ϕ1ϕ1} F_{θ1θ2ϕ2} j^2_{ψ1ϕ2} j^3_{ϕ1ϕ2} j_{ψϕ1} −j^5_{ϕ1 ϕ1} F_{θ1θ2ϕ2} j_{ψϕ1} j_{ϕ1ϕ2} j^2_{ϕ2ϕ2} j_{ψψ} + 2j^4_{ϕ1ϕ1} F_{θ1θ2ϕ2} j_{ψϕ1} j^3_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ψψ} +j^4_{ϕ1ϕ1} F_{θ1θ2ϕ2} j^3_{ψϕ1} j_{ϕ1ϕ2} j^2_{ϕ2ϕ2} − 3j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} j^5_{ϕ1ϕ2} j_{ψ1ϕ2} j_{ψψ} +3j^5_{ϕ1ϕ1} F_{θ1θ2ϕ1} j_{ϕ1ϕ2} j^3_{ψ1ϕ2} j_{ϕ2ϕ2} − j^3_{ϕ1ϕ1} F_{θ1θ2ϕ2} j_{ψϕ1} j^5_{ϕ1ϕ2} j_{ψψ} −j^3_{ϕ1 ϕ1} F_{θ1θ2ϕ2} j^3_{ψϕ1} j^3_{ϕ1ϕ2} j_{ϕ2ϕ2} + 2j^3_{ϕ1ϕ1} F_{θ1θ2ϕ2} j^2_{ψϕ1} j^4_{ϕ1ϕ2} j_{ψ1ϕ2} −2F_{θ2ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{θ1ϕ1} j_{ψϕ1} j^5_{ϕ1ϕ2} j_{ψψ} − 4F_{θ2ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{θ1ϕ1} j^3_{ψϕ1} j^3_{ϕ1ϕ2} j_{ϕ2ϕ2} +4F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j^8_{ϕ1ϕ2} j^2_{ψϕ1} j_{ψ1ϕ2} − 2F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j^7_{ϕ1ϕ2} j^3_{ψϕ1} j_{ϕ2ϕ2} +6F_{θ2ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{θ1ϕ1} j^2_{ψϕ1} j^4_{ϕ1ϕ2} j_{ψ1ϕ2} − 8F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ1} j^2_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{ψ1ϕ2} −2F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j^5_{ϕ1ϕ2} j_{ψϕ1} j^2_{ϕ1ϕ1} j^2_{ψ1ϕ2} + 4F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j^6_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ1ϕ1} j_{ψ1ϕ2} +F_{θ2ϕ1ϕ2} j^5_{ϕ1ϕ1} j_{θ1ϕ1} j_{ψ1ϕ2} j^2_{ϕ2ϕ2} j_{ψψ} − 2F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j^9_{ϕ1ϕ2} j_{ψϕ1} j_{ψψ} −3j^3_{ϕ1ϕ1} F_{ψθ1ϕ1} j_{ϕ2ϕ2} b_{θ2ϕ2} j^5_{ϕ1ϕ2} j^2_{ψ1ϕ2} + j^5_{ϕ1ϕ1} F_{ψθ1ϕ1} j^4_{ϕ2ϕ2} b_{θ2ϕ2} j_{ϕ1ϕ2} j_{ψψ} −4j^4_{ϕ1ϕ1} F_{ψθ1ϕ1} j^3_{ϕ2ϕ2} b_{θ2ϕ2} j^3_{ϕ1ϕ2} j_{ψψ} + j_{ϕ1ϕ1} F_{ψθ1ϕ1} j^7_{ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} −3j^2_{ϕ1ϕ1} F_{ψθ1ϕ1} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j^5_{ϕ1ϕ2} j^2_{ψϕ1} + 4j^3_{ϕ1ϕ2} F_{ψθ1θ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j_{ψψ} −j^7_{ϕ1 ϕ2} F_{ψθ1θ2ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{ψψ} − 6j^5_{ϕ1ϕ2} F_{ψθ1 θ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψψ} +j_{ϕ1ϕ2} F_{ψθ1θ2ϕ1ϕ2} j^5_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j_{ψψ} − j_{ϕ1ϕ2} F_{ψθ1θ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j^2_{ψϕ1} −j_{ϕ1 ϕ2} F_{ψθ1θ2ϕ1ϕ2} j^5_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ψ1ϕ2} − 3j^3_{ϕ1ϕ2} F_{ψθ1θ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j^2_{ψϕ1} −3j^3_{ϕ1ϕ2} F_{ψθ1θ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ψ1ϕ2} + 3j^5_{ϕ1ϕ2} F_{ψθ1 θ2ϕ1ϕ2} j^2_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ1} −12F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j^5_{ϕ1ϕ2} j_{ψϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ1} j_{ψψ} − 6F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j^3_{ϕ1ϕ2} j_{ψϕ1} j^2_{ϕ2ϕ2} j^3_{ϕ1ϕ1} j^2_{ψ1ϕ2} +3F_{θ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j_{θ1ϕ1} j^2_{ϕ1ϕ2} j^3_{ψ1 ϕ2} + 2F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j_{ϕ1ϕ2} j_{ψϕ1} j^3_{ϕ2ϕ2} j^4_{ϕ1ϕ1} j^2_{ψ1ϕ2} −6F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j^3_{ϕ1ϕ2} j^3_{ψϕ1} j^3_{ϕ2ϕ2} j^2_{ϕ1ϕ1} − 4j^2_{ϕ1ϕ1} F_{ψθ1 ϕ1} j_{ϕ2ϕ2} b_{θ2ϕ2} j^7_{ϕ1ϕ2} j_{ψψ} +3j^4_{ϕ1ϕ1} F_{ψθ1 ϕ1} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j^3_{ϕ1ϕ2} j^2_{ψ1ϕ2} − 6j^3_{ϕ1ϕ1} F_{ψθ1ϕ1} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j^4_{ϕ1ϕ2} j_{ψ1ϕ2} j_{ψϕ1} −j^4_{ϕ1 ϕ1} F_{ψθ1ϕ1} j^4_{ϕ2ϕ2} b_{θ2ϕ2} j_{ϕ1ϕ2} j^2_{ψϕ1} + j^2_{ϕ1ϕ1} F_{ψθ1ϕ1} j^7_{ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψ1 ϕ2} +4j^7_{ϕ1ϕ2} F_{ψθ1 θ2ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{ψψ} + 3j^5_{ϕ1ϕ2} F_{ψθ1θ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{ϕ2ϕ2} j^2_{ψ1ϕ2} −j_{ϕ1 ϕ2} F_{ψθ1θ2ϕ1ϕ2} j^5_{ϕ1ϕ1} j^4_{ϕ2ϕ2} j_{ψψ} + j_{ϕ1ϕ2} F_{ψθ1θ2ϕ1ϕ2} j^5_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j^2_{ψ1ϕ2} +j_{ϕ1ϕ2} F_{ψθ1θ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j^4_{ϕ2ϕ2} j^2_{ψϕ1} + 2j^8_{ϕ1ϕ2} F_{ψθ1θ2ϕ1ϕ2} j_{ϕ1ϕ1} j_{ψ1ϕ2} j_{ψϕ1} −j^7_{ϕ1 ϕ2} F_{ψθ1θ2ϕ1ϕ2} j_{ϕ1ϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} − 4F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j^2_{ϕ1ϕ2} j^2_{ψϕ1} j^3_{ϕ2ϕ2} j^3_{ϕ1ϕ1} j_{ψ1ϕ2} −2F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j_{ϕ1ϕ2} j_{ψϕ1} j^4_{ϕ2ϕ2} j^4_{ϕ1ϕ1} j_{ψψ} + 8F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j^3_{ϕ1ϕ2} j_{ψϕ1} j^3_{ϕ2ϕ2} j^3_{ϕ1ϕ1} j_{ψψ} +2F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j_{ϕ1ϕ2} j^3_{ψϕ1} j^4_{ϕ2ϕ2} j^3_{ϕ1ϕ1} + 2j^2_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} j_{θ2ϕ2} j^3_{ψϕ1} j^4_{ϕ1ϕ2}

– 78 –

+j^2_{ϕ1ϕ1} F_{ψθ1ϕ1} j^7_{ϕ1ϕ2} b_{θ2ϕ2} j_{ψψ} + j^3_{ϕ1ϕ1} F_{ψθ1ϕ1} j^5_{ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψ1ϕ2} −j^5_{ϕ1 ϕ1} F_{ψθ1ϕ1} j^3_{ϕ2ϕ2} b_{θ2ϕ2} j_{ϕ1ϕ2} j^2_{ψ1ϕ2} + 2j^4_{ϕ1ϕ1} F_{ψθ1ϕ1} j^3_{ϕ2ϕ2} b_{θ2ϕ2} j^2_{ϕ1ϕ2} j_{ψ1ϕ2} j_{ψϕ1} +6j^3_{ϕ1ϕ1} F_{ψθ1 ϕ1} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j^5_{ϕ1ϕ2} j_{ψψ} + 3j^3_{ϕ1ϕ1} F_{ψθ1ϕ1} j^3_{ϕ2ϕ2} b_{θ2ϕ2} j^3_{ϕ1ϕ2} j^2_{ψϕ1} −3j^3_{ϕ1ϕ1} F_{ψθ1ϕ1} j_{ϕ2ϕ2} b_{θ2ϕ2} j^5_{ϕ1ϕ2} j_{ψψ} − 2j_{ϕ1ϕ1} F_{ψθ1 ϕ1} j^8_{ϕ1ϕ2} b_{θ2ϕ2} j_{ψ1ϕ2} j_{ψϕ1} +j^5_{ϕ1ϕ1} F_{ψθ1ϕ1} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j_{ϕ1ϕ2} j^2_{ψ1ϕ2} − 2j^4_{ϕ1ϕ1} F_{ψθ1ϕ1} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j^2_{ϕ1ϕ2} j_{ψ1ϕ2} j_{ψϕ1} +12F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j^4_{ϕ1ϕ2} j^2_{ψϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ1} j_{ψ1ϕ2} + 8F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j^7_{ϕ1ϕ2} j_{ψϕ1} j_{ϕ2ϕ2} j_{ϕ1ϕ1} j_{ψψ} +6F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j^5_{ϕ1ϕ2} j^3_{ψϕ1} j^2_{ϕ2ϕ2} j_{ϕ1ϕ1} + 6F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j^5_{ϕ1ϕ2} j_{ψϕ1} j_{ϕ2ϕ2} j^2_{ϕ1ϕ1} j^2_{ψ1ϕ2} −F_{θ2ϕ1ϕ2} j^5_{ϕ1ϕ1} j_{θ1ϕ1} j^3_{ψ1ϕ2} j_{ϕ2ϕ2} − 12F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j^6_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} j_{ϕ1ϕ1} j_{ψ1ϕ2} −2F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j^7_{ϕ1ϕ2} j_{ψϕ1} j^2_{ψ1ϕ2} j_{ϕ1ϕ1} − 3F_{θ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j_{θ1ϕ1} j_{ψ1ϕ2} j^2_{ϕ2ϕ2} j^2_{ψϕ1} +2F_{θ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{θ1ϕ1} j^3_{ϕ1ϕ2} j_{ψϕ1} j_{ϕ2ϕ2} j_{ψψ} + 2F_{θ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{θ1ϕ1} j_{ϕ1ϕ2} j^3_{ψϕ1} j^2_{ϕ2ϕ2} −2j^2_{ϕ1ϕ2} F_{ψθ1θ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j_{ψ1ϕ2} j_{ψϕ1} + 6j^4_{ϕ1ϕ2} F_{ψθ1θ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψ1ϕ2} j_{ψϕ1} −6j^6_{ϕ1ϕ2} F_{ψθ1θ2ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{ψ1ϕ2} j_{ψϕ1} − 3j^3_{ϕ1ϕ2} F_{ψθ1θ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψψ} +2j^2_{ϕ1ϕ2} F_{ψθ1 θ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψ1ϕ2} j_{ψϕ1} − j^5_{ϕ1ϕ2} F_{ψθ1θ2ϕ1ϕ2} j^2_{ϕ1ϕ1} j^2_{ψϕ1} j_{ϕ2ϕ2} −2j^3_{ϕ1ϕ1} F_{ψθ1ϕ1} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j^3_{ϕ1ϕ2} j^2_{ψϕ1} − j^4_{ϕ1ϕ1} F_{ψθ1ϕ1} j^3_{ϕ1ϕ2} j_{θ2ϕ2} j^2_{ψ1ϕ2} −2j^2_{ϕ1ϕ1} F_{ψθ1ϕ1} j^5_{ϕ1ϕ2} j_{θ2ϕ2} j^2_{ψϕ1} + 4F_{θ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j_{θ1ϕ1} j_{ϕ1ϕ2} j_{ψϕ1} j_{ϕ2ϕ2} j^2_{ψ1ϕ2} +3F_{θ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{θ1ϕ1} j^2_{ϕ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} j_{ψ1ϕ2} + 3F_{θ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{θ1ϕ1} j^4_{ϕ1ϕ2} j_{ψ1ϕ2} j_{ψψ} −4F_{θ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j_{θ1ϕ1} j^2_{ϕ1ϕ2} j_{ψ1ϕ2} j_{ψψ}j_{ϕ2ϕ2} + 2j^5_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} j_{θ2ϕ2} j_{ϕ1ϕ2} j^3_{ψ1ϕ2} −4j^4_{ϕ1ϕ2} F_{ψθ1θ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{ψ1ϕ2} j_{ψϕ1} + 2j^6_{ϕ1ϕ2} F_{ψθ1θ2ϕ1ϕ2} j^2_{ϕ1ϕ1} j_{ψ1 ϕ2} j_{ψϕ1} +3j^5_{ϕ1ϕ2} F_{ψθ1 θ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{ψψ} + 2j^3_{ϕ1ϕ2} F_{ψθ1θ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ψϕ1} +2j^3_{ϕ1ϕ2} F_{ψθ1 θ2ϕ1ϕ2} j^4_{ϕ1ϕ1} j_{ϕ2ϕ2} j^2_{ψ1ϕ2} − 10F_{θ2ϕ1ϕ2} j^3_{ϕ1ϕ1} j_{θ1ϕ1} j^3_{ϕ1ϕ2} j^2_{ψ1ϕ2} j_{ψϕ1} −2F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j^5_{ϕ1ϕ2} j^3_{ψϕ1} j_{ϕ1ϕ1} j_{ϕ2ϕ2} + 2F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j_{ϕ1ϕ2} j_{ψϕ1} j^4_{ϕ1ϕ1} j^3_{ϕ2ϕ2} j_{ψψ} −6F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j^3_{ϕ1ϕ2} j_{ψϕ1} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψψ} − 2F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j_{ϕ1ϕ2} j^3_{ψϕ1} j^3_{ϕ1ϕ1} j^3_{ϕ2ϕ2} +6F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j^5_{ϕ1ϕ2} j_{ψϕ1} j^2_{ϕ1ϕ1} j_{ϕ2ϕ2} j_{ψψ} + 4F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j^3_{ϕ1ϕ2} j_{ψϕ1} j^3_{ϕ1ϕ1} j_{ϕ2ϕ2} j^2_{ψ1ϕ2} −2F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j^7_{ϕ1ϕ2} j_{ψϕ1} j_{ϕ1ϕ1} j_{ψψ} − 2F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j_{ϕ1ϕ2} j_{ψϕ1} j^4_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j^2_{ψ1ϕ2} −j^4_{ϕ1 ϕ1} F_{θ1ϕ1ϕ2} b_{θ2ϕ2} j^3_{ψϕ1} j^3_{ϕ2ϕ2} + 4F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j^2_{ϕ1ϕ2} j^2_{ψϕ1} j^3_{ϕ1ϕ1} j^2_{ϕ2ϕ2} j_{ψ1ϕ2} +4F_{θ2ϕ1ϕ2} b_{θ1ϕ1} j^3_{ϕ1ϕ2} j^3_{ψϕ1} j^2_{ϕ1ϕ1} j^2_{ϕ2ϕ2} − j^3_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} j_{θ2ϕ2} j^4_{ϕ1ϕ2} j_{ψϕ1} j_{ψψ} +j^5_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} j^3_{ϕ2ϕ2} j_{ψψ} − 2j^5_{ϕ1ϕ1} F_{ψθ2ϕ2} j^4_{ϕ2ϕ2} b_{θ1ϕ1} j_{ϕ1ϕ2} j_{ψψ} +8j^4_{ϕ1ϕ1} F_{ψθ2 ϕ2} j^3_{ϕ2ϕ2} b_{θ1ϕ1} j^3_{ϕ1ϕ2} j_{ψψ} + 2j^4_{ϕ1ϕ1} F_{ψθ2ϕ2} j^4_{ϕ2ϕ2} b_{θ1ϕ1} j_{ϕ1ϕ2} j^2_{ψϕ1} +2j^5_{ϕ1ϕ1} F_{ψθ2 ϕ2} j^3_{ϕ2ϕ2} b_{θ1ϕ1} j_{ϕ1ϕ2} j^2_{ψ1ϕ2} − 4j^4_{ϕ1ϕ1} F_{ψθ2ϕ2} j^3_{ϕ2ϕ2} b_{θ1ϕ1} j^2_{ϕ1ϕ2} j_{ψ1ϕ2} j_{ψϕ1} +5j^4_{ϕ1ϕ1} F_{θ1θ2ϕ1} j_{ϕ1ϕ2} j_{ψ1ϕ2} j^2_{ϕ2ϕ2} j^2_{ψϕ1} − 7j^4_{ϕ1ϕ1} F_{θ1θ2ϕ1} j^2_{ϕ1ϕ2} j^2_{ψ1ϕ2} j_{ϕ2ϕ2} j_{ψϕ1} −3j^4_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} j^2_{ϕ2ϕ2} j_{ψψ}j^2_{ϕ1ϕ2} − j^5_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} j^2_{ϕ2ϕ2} j^2_{ψ1ϕ2} +2j^4_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} j^2_{ϕ2ϕ2} j_{ψ1ϕ2} j_{ϕ1ϕ2} + 3j^3_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} −j^4_{ϕ1 ϕ1} F_{θ1ϕ1ϕ2} j_{θ2ϕ2} j^3_{ψϕ1} j^2_{ϕ2ϕ2} − j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} j^3_{ϕ1ϕ2} j_{ψ1ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} −j^3_{ϕ1 ϕ1} F_{θ1θ2ϕ1} j^3_{ψϕ1} j^2_{ϕ1ϕ2} j^2_{ϕ2ϕ2} + j^5_{ϕ1ϕ1} F_{θ1θ2ϕ1} j_{ψϕ1} j^3_{ϕ2ϕ2} j_{ψψ}

– 79 –

−j^5_{ϕ1 ϕ1} F_{θ1θ2ϕ1} j_{ψϕ1} j^2_{ϕ2ϕ2} j^2_{ψ1ϕ2} + 2j^2_{ϕ1ϕ1} F_{θ1θ2ϕ1} j_{ψϕ1} j^6_{ϕ1ϕ2} j_{ψψ} −3j^5_{ϕ1ϕ1} F_{θ1θ2ϕ1} j_{ϕ1ϕ2} j_{ψ1 ϕ2} j^2_{ϕ2ϕ2} j_{ψψ} − 2j_{ϕ1ϕ1} F_{ψθ2ϕ2} j^9_{ϕ1ϕ2} b_{θ1ϕ1} j_{ψψ} +4j^4_{ϕ1ϕ1} F_{ψθ2 ϕ2} j^2_{ϕ2ϕ2} b_{θ1ϕ1} j^2_{ϕ1ϕ2} j_{ψ1ϕ2} j_{ψϕ1} + 2j^4_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} j_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψ1ϕ2} +4j^2_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} j_{ϕ2ϕ2} j^6_{ϕ1ϕ2} j_{ψψ} + 3j^2_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} b_{θ2ϕ2} j^3_{ψϕ1} j^2_{ϕ2ϕ2} j^4_{ϕ1ϕ2} +3j^3_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} j_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j^2_{ψ1ϕ2} + j^4_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} b_{θ2ϕ2} j^3_{ψϕ1} j^4_{ϕ2ϕ2} +2j_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} j^7_{ϕ1ϕ2} j_{ψ1ϕ2} − 6j^2_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} j^5_{ϕ1ϕ2} j_{ψ1ϕ2} −j^2_{ϕ1 ϕ1} F_{θ1ϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} j^6_{ϕ1ϕ2} j^2_{ψ1ϕ2} + 2j^3_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} b_{θ2ϕ2} j^3_{ψϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} −4j^3_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψ1ϕ2} + 3j^4_{ϕ1ϕ1} F_{ψθ1ϕ1} j^2_{ϕ2ϕ2} b_{θ2ϕ2} j^3_{ϕ1ϕ2} j_{ψψ} +j^4_{ϕ1ϕ1} F_{ψθ1ϕ1} j^3_{ϕ2ϕ2} b_{θ2ϕ2} j_{ϕ1ϕ2} j^2_{ψϕ1} + j^2_{ϕ1ϕ1} F_{ψθ1ϕ1} j^5_{ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} −j^2_{ϕ1 ϕ1} F_{θ1ϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} j^6_{ϕ1ϕ2} j_{ψψ} − j^2_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} b_{θ2ϕ2} j^3_{ψϕ1} j^4_{ϕ1ϕ2} j_{ϕ2ϕ2} −j^3_{ϕ1 ϕ1} F_{θ1ϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} j^4_{ϕ1ϕ2} j^2_{ψ1ϕ2} + 2j^2_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} j^5_{ϕ1ϕ2} j_{ψ1ϕ2} −j_{ϕ1 ϕ1} F_{θ1ϕ1ϕ2} b_{θ2ϕ2} j^3_{ψϕ1} j^6_{ϕ1ϕ2} j_{ϕ2ϕ2} − j^7_{ϕ1ϕ2} F_{ψθ1θ2ϕ1ϕ2} j^2_{ϕ1ϕ1} j^2_{ψ1 ϕ2} +6j^4_{ϕ1ϕ1} F_{θ1θ2ϕ1} j^3_{ϕ1ϕ2} j_{ψ1ϕ2} j_{ϕ2ϕ2} j_{ψψ} + 2j^2_{ϕ1ϕ1} F_{θ1θ2ϕ1} j^3_{ψϕ1} j^4_{ϕ1ϕ2} j_{ϕ2ϕ2} −4j^2_{ϕ1ϕ1} F_{θ1θ2ϕ1} j^2_{ψϕ1} j^5_{ϕ1ϕ2} j_{ψ1ϕ2} − 3j^3_{ϕ1ϕ1} F_{θ1θ2ϕ1} j_{ψϕ1} j^4_{ϕ1ϕ2} j_{ϕ2ϕ2} j_{ψψ} −j^4_{ϕ1 ϕ1} F_{θ1θ2ϕ1} j^3_{ψϕ1} j^3_{ϕ2ϕ2} + 4j^3_{ϕ1ϕ1} F_{ψθ2ϕ2} j^2_{ϕ2ϕ2} b_{θ1ϕ1} j^3_{ϕ1ϕ2} j^2_{ψϕ1} −8j^3_{ϕ1ϕ1} F_{ψθ2ϕ2} j_{ϕ2ϕ2} b_{θ1ϕ1} j^4_{ϕ1ϕ2} j_{ψ1ϕ2} j_{ψϕ1} − 3j^5_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} j_{θ2ϕ2} j_{ψϕ1} j_{ϕ2ϕ2} j^2_{ψ1ϕ2} +8j^4_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} j_{θ2ϕ2} j^2_{ψϕ1} j_{ϕ2ϕ2} j_{ψ1ϕ2} j_{ϕ1ϕ2} − 2j^5_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} j_{θ2ϕ2} j_{ϕ1ϕ2} j_{ψ1ϕ2} j_{ψψ} j_{ϕ2ϕ2} +j^5_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} j_{θ2ϕ2} j_{ψϕ1} j^2_{ϕ2ϕ2} j_{ψψ} + 2j^4_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} j_{θ2ϕ2} j^3_{ϕ1ϕ2} j_{ψ1ϕ2} j_{ψψ} +j^5_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} j^3_{ϕ2ϕ2} j^2_{ψ1ϕ2} − 3j^3_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} b_{θ2ϕ2} j^3_{ψϕ1} j^3_{ϕ2ϕ2} j^2_{ϕ1ϕ2} −3j^3_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} j_{θ2ϕ2} j^3_{ψϕ1} j^2_{ϕ1ϕ2} j_{ϕ2ϕ2} − 6j^3_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} j^2_{ϕ2ϕ2} j^4_{ϕ1ϕ2} j_{ψψ} −3j^4_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} j^2_{ϕ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψ1ϕ2} − 3j^4_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} j_{θ2ϕ2} j^2_{ϕ1ϕ2} j^2_{ψ1ϕ2} j_{ψϕ1} −j^5_{ϕ1 ϕ1} F_{θ1ϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} j^4_{ϕ2ϕ2} j_{ψψ} − 2j^3_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} j_{θ2ϕ2} j^2_{ψϕ1} j_{ψ1ϕ2} j^3_{ϕ1ϕ2} +4j^4_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} j^3_{ϕ2ϕ2} j_{ψψ} j^2_{ϕ1ϕ2} − 2j^4_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} j^3_{ϕ2ϕ2} j_{ψ1ϕ2} j_{ϕ1ϕ2} −2j^2_{ϕ1ϕ1} F_{ψθ1ϕ1} j^6_{ϕ1ϕ2} b_{θ2ϕ2} j_{ψ1ϕ2} j_{ψϕ1} + 3j^3_{ϕ1ϕ1} F_{ψθ1ϕ1} j^4_{ϕ1ϕ2} j_{θ2ϕ2} j_{ψ1ϕ2} j_{ψϕ1} +4j^3_{ϕ1ϕ1} F_{ψθ1 ϕ1} j_{ϕ2ϕ2} b_{θ2ϕ2} j^4_{ϕ1ϕ2} j_{ψ1ϕ2} j_{ψϕ1} + j^5_{ϕ1ϕ1} F_{ψθ1ϕ1} j^2_{ϕ2ϕ2} j_{θ2ϕ2} j_{ψ1ϕ2} j_{ψϕ1} +j^5_{ϕ1ϕ1} F_{ψθ1ϕ1} j_{ϕ2ϕ2} j_{θ2ϕ2} j^2_{ψ1ϕ2} j_{ϕ1ϕ2} + 6j^3_{ϕ1ϕ1} F_{θ1ϕ1ϕ2} b_{θ2ϕ2} j^2_{ψϕ1} j^2_{ϕ2ϕ2} j^3_{ϕ1ϕ2} j_{ψ1ϕ2} −j_{ϕ1 ϕ1} F_{θ1ϕ1ϕ2} b_{θ2ϕ2} j_{ψϕ1} j^8_{ϕ1ϕ2} j_{ψψ} )/(j^3_{ϕ1ϕ1} (−j_{ψψ} j_{ϕ1ϕ1} j_{ϕ2ϕ2} + j_{ψψ} j^2_{ϕ1ϕ2} +j^2_{ψϕ1} j_{ϕ2ϕ2} + j^2_{ψ1ϕ2} j_{ϕ1ϕ1} − 2j_{ψ1ϕ2} j_{ψϕ1} j_{ϕ1ϕ2} )(j_{ϕ2ϕ2} j_{ϕ1ϕ1} − j^2_{ϕ1ϕ2} )^2) (B.1)

– 80 –

C. Metric components in type IIB after geometric transition

The components of the final type IIB metric (4.76) can be expressed using the IIA components j̄_{μν} in the following way: g_{ψψ} = 1/ ( j̄_{ψψ} + ᾱ ( j̄_{ϕ1ϕ1} (b̄^2_{ψϕ2} − j̄^2_{ψϕ2} ) + j̄_{ϕ2ϕ2} (b̄^2_{ψϕ1} − j̄^2_{ψϕ1} )

+2j̄_{ϕ1ϕ2} (j̄_{ψϕ1}j̄_{ψϕ2} − b̄_{ψϕ1}b̄_{ψϕ2} ) + 2b̄_{ϕ1ϕ2} (b̄_{ψϕ1}j̄_{ψϕ2} − j̄_{ψϕ1}b̄_{ψϕ2} ) )) g_{ψϕ1} = ᾱ(j̄_{ϕ1ϕ2}j̄_{ψϕ2} − j̄_{ϕ2ϕ2}j̄_{ψϕ1} − b̄_{ϕ1ϕ2}b̄_{ψϕ2} )/2 g_{ψϕ2} = ᾱ(j̄_{ϕ1ϕ2}j̄_{ψϕ1} − j̄_{ϕ1ϕ1}j̄_{ψϕ2} + b̄_{ϕ1ϕ2}b̄_{ψϕ1} )/2 g_{ϕ1ϕ1} = [ 4(j̄_{ϕ2ϕ2}j̄_{ψψ} − j̄^2_{ψϕ2} − b̄^2_{ψϕ2} ) + ᾱ ( b̄_{ϕ1ϕ2}b̄_{ψϕ2} (j̄_{ϕ1ϕ2}j̄_{ψϕ2} − b̄_{ϕ1ϕ2}b̄_{ψϕ2} )

−j̄_{ψϕ1}j̄_{ϕ2ϕ2} (j̄_{ψϕ1}j̄_{ϕ2ϕ2} + b̄_{ϕ1ϕ2}b̄_{ψϕ2} ) + j̄_{ϕ1ϕ2}j̄_{ψϕ2} (j̄_{ψϕ1}j̄_{ϕ2ϕ2} − j̄_{ϕ1ϕ2}j̄_{ψϕ2} ) )]

/4 ( ᾱ^{−1}j̄_{ψψ} + j̄_{ϕ1ϕ1} (b̄^2_{ψϕ2} − j̄^2_{ψϕ2} ) + j̄_{ϕ2ϕ2} (b̄^2_{ψϕ1} − j̄^2_{ψϕ1} ) +2j̄_{ϕ1ϕ2} (j̄_{ψϕ1}j̄_{ψϕ2} − b̄_{ψϕ1}b̄_{ψϕ2} ) + 2b̄_{ϕ1ϕ2} (b̄_{ψϕ1}j̄_{ψϕ2} − j̄_{ψϕ1}b̄_{ψϕ2} ) )

g_{ϕ2ϕ2} = [ 4(j̄_{ϕ1ϕ1}j̄_{ψψ} − j̄^2_{ψϕ1} − b̄^2_{ψϕ1} ) + ᾱ ( − b̄_{ϕ1ϕ2}b̄_{ψϕ1} (j̄_{ϕ1ϕ2}j̄_{ψϕ1} + b̄_{ϕ1ϕ2}b̄_{ψϕ1} ) −j̄_{ψϕ2}j̄_{ϕ1ϕ1} (j̄_{ψϕ2}j̄_{ϕ1ϕ1} − b̄_{ϕ1ϕ2}b̄_{ψϕ1} ) + j̄_{ϕ1ϕ2}j̄_{ψϕ1} (j̄_{ψϕ1}j̄_{ϕ1ϕ2} − j̄_{ϕ1ϕ1}j̄_{ψϕ2} ) )]

/4 ( ᾱ^{−1}j̄_{ψψ} + j̄_{ϕ1ϕ1} (b̄^2_{ψϕ2} − j̄^2_{ψϕ2} ) + j̄_{ϕ2ϕ2} (b̄^2_{ψϕ1} − j̄^2_{ψϕ1} ) +2j̄_{ϕ1ϕ2} (j̄_{ψϕ1}j̄_{ψϕ2} − b̄_{ψϕ1}b̄_{ψϕ2} ) + 2b̄_{ϕ1ϕ2} (b̄_{ψϕ1}j̄_{ψϕ2} − j̄_{ψϕ1}b̄_{ψϕ2} ) ) g_{ϕ1ϕ2} = [ 2ᾱ(b̄_{ψϕ1}b̄_{ψϕ2} + j̄_{ψψ}j̄_{ϕ1ϕ2} − j̄_{ψϕ1}j̄_{ψϕ2} ) + j̄_{ψϕ2}j̄_{ϕ1ϕ1} (j̄_{ψϕ1}j̄_{ϕ2ϕ2} − j̄_{ψϕ2}j̄_{ϕ1ϕ2} ) +j̄_{ψϕ1}j̄_{ϕ1ϕ2} (j̄_{ψϕ2}j̄_{ϕ1ϕ2} − j̄_{ψϕ1}j̄_{ϕ2ϕ2} ) + b̄_{ψϕ1}b̄_{ϕ1ϕ2} (j̄_{ϕ1ϕ2}j̄_{ψϕ2} − j̄_{ψϕ1}j̄_{ϕ2ϕ2} − b̄_{ψϕ2}b̄_{ϕ1ϕ2} ) +b̄_{ψϕ2}b̄_{ϕ1ϕ2} (j̄_{ϕ1ϕ1}j̄_{ψϕ2} − j̄_{ψϕ1}j̄_{ϕ1ϕ2} ) ] /2 ( ᾱ^{−1}j̄_{ψψ} + j̄_{ϕ1ϕ1} (b̄^2_{ψϕ2} − j̄^2_{psiϕ2} ) +j̄_{ϕ2ϕ2} (b̄^2_{ψϕ1} − j̄^2_{ψϕ1} ) + 2j̄_{ϕ1ϕ2} (j̄_{ψϕ1}j̄_{ψϕ2} − b̄_{ψϕ1}b̄_{ψϕ2} ) + 2b̄_{ϕ1ϕ2} (b̄_{ψϕ1}j̄_{ψϕ2} − j̄_{ψϕ1}b̄_{ψϕ2} ) )

g_{ϕ1θ1} = ᾱ ( j̄_{ψϕ2} (j̄_{ψϕ1}b̄_{θ1ϕ2} + b̄_{ψϕ1}j̄_{θ1ϕ2} − j̄_{ψθ1}b̄_{ϕ1ϕ2} − b̄_{ψθ1}j̄_{ϕ1ϕ2} − j̄_{ψϕ2}b̄_{θ1ϕ1} ) −b̄_{ψϕ2} (j̄_{ψϕ1}j̄_{θ1ϕ2} + b̄_{ψϕ1}b̄_{θ1ϕ2} − j̄_{ψθ1}j̄_{ϕ1ϕ2} − b̄_{ψθ1}b̄_{ϕ1ϕ2} − b̄_{ψϕ2}b̄_{θ1ϕ1} ) +j̄ϕ_2ϕ_2(b̄_{ψθ1}j̄_{ψϕ1} − j̄_{ψθ1}b̄_{ψϕ1} + b̄_{θ1ϕ1}j̄_{ψψ}) + j̄_{ψψ} (b̄_{ϕ1ϕ2}j̄_{θ1ϕ2} − j̄_{ϕ1ϕ2}b̄_{θ1ϕ2} ) ) /2 g_{ϕ2θ2} = ᾱ ( j̄_{ψϕ1} (j̄_{ψϕ1}b̄_{θ2ϕ1} + b̄_{ψϕ2}j̄_{θ2ϕ1} − j̄_{ψθ2}b̄_{ϕ2ϕ1} − b̄_{ψθ2}j̄_{ϕ2ϕ1} − j̄_{ψϕ1}b̄_{θ2ϕ2} ) −b̄_{ψϕ1} (j̄_{ψϕ2}j̄_{θ2ϕ1} + b̄_{ψϕ2}b̄_{θ2ϕ1} − j̄_{ψθ2}j̄_{ϕ2ϕ1} − b̄_{ψθ2}b̄_{ϕ2ϕ1} − b̄_{ψϕ1}b̄_{θ2ϕ2} ) +j̄ϕ_1ϕ_1(b̄_{ψθ2}j̄_{ψϕ2} − j̄_{ψθ2}b̄_{ψϕ2} + b̄_{θ2ϕ2}j̄_{ψψ}) + j̄_{ψψ} (b̄_{ϕ2ϕ1}j̄_{θ2ϕ1} − j̄_{ϕ2ϕ1}b̄_{θ2ϕ1} ) ) /2 g_{θ1θ2} = ĵ_{θ1θ1} − ĵ_{θ1ϕ1} 2 g_{θ2θ2} = ĵ_{θ2θ2} − ĵ_{θ2ϕ2} 2

– 81 – g_{θ1θ2} = ĵ_{θ1θ2} − ĵ_{ϕ1ϕ2}ĵ_{θ1ϕ1}ĵ_{θ2ϕ2} 4ĵ_{ϕ1ϕ1}ĵ_{ϕ2ϕ2}

g_{rr} = ĵ_{rr} − g_{ϕ1ϕ1} g^2_{rϕ1} − g_{ϕ1ϕ2} g^2_{rϕ2} − ĵ_{rψ} 2ĵ_{ψψ} g_{rϕ1} = ĵ_{rϕ1} g_{ϕ2ϕ2} − ĵ_{rϕ2} g_{ϕ1ϕ2} − ĵ_{rψ}g_{ϕ1ϕ2} g_{ψϕ1} + ĵ_{rψ}g_{ψϕ2} g_{ϕ1ϕ2} 2(g_{ϕ1ϕ1} g_{ϕ2ϕ2} − g_{ϕ1ϕ2} )

g_{rϕ2} = ĵ_{rϕ2} g_{ϕ1ϕ1} − ĵ_{rϕ1} g_{ϕ1ϕ2} − ĵ_{rψ}g_{ϕ1ϕ2} g_{ψϕ2} + ĵ_{rψ}g_{ψϕ1} g_{ϕ1ϕ2} 2(g_{ϕ1ϕ1} g_{ϕ2ϕ2} − g_{ϕ1ϕ2} ) g_{rψ} = ĵ_{rψ} 2ĵ_{ψψ} − g_{ψϕ1} g_{rϕ1} − g_{ψϕ2} g_{rϕ2} (C.1)

The ĵ_{i,j} components by which we expressed some of the above g_{μν} components can be expressed in the following way: ĵ_{rr} = −(−j̄_{rr}j̄_{ψψ}b̄^2_{ϕ1ϕ2} − 2j̄_{rψ}b̄_{rϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2} −2j̄_{rϕ1}j̄_{ψϕ1}b̄_{rϕ2}b̄_{ψϕ2} + 2j̄_{rϕ1}j̄_{ψϕ1}j̄_{rϕ2}j̄_{ψϕ2} + 2b̄_{rϕ1}b̄_{ψϕ1}b̄_{rϕ2}b̄_{ψϕ2} − 2b̄_{rϕ1}b̄_{ψϕ1}j̄_{rϕ2}j̄_{ψϕ2} −2j̄_{rψ}b̄_{rϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2} − 2b̄_{rψ}b̄_{rϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2} − 2b̄_{rψ}b̄_{rϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2} − 2b̄_{rψ}b̄_{rϕ1}j̄_{ϕ1ϕ2}j̄_{ψϕ2} −2b̄_{rψ}j̄_{rϕ1}b̄_{ϕ1ϕ2}j̄_{ψϕ2} + 2j̄_{rψ}j̄_{rϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2} + 2j̄_{rψ}j̄_{rϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2} + 2j̄_{rψ}b̄_{rϕ1}b̄_{ϕ1ϕ2}j̄_{ψϕ2} +2j̄_{rψ}j̄_{rϕ1}j̄_{ϕ1ϕ2}j̄_{ψϕ2} − 2j̄_{rψ}b̄_{rϕ1}j̄_{ϕ1ϕ2}b̄_{ψϕ2} − 2j̄_{rψ}j̄_{rϕ1}b̄_{ϕ1ϕ2}b̄_{ψϕ2} + 2b̄_{rψ}j̄_{rϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2} +2b̄_{rψ}j̄_{rϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2} + 2b̄_{rψ}b̄_{rϕ1}b̄_{ϕ1ϕ2}b̄_{ψϕ2} + 2b̄_{rψ}j̄_{rϕ1}j̄_{ϕ1ϕ2}b̄_{ψϕ2} − 2b̄_{rϕ1}j̄_{ψϕ1}b̄_{rϕ2}j̄_{ψϕ2} +2b̄_{rϕ1}j̄_{ψϕ1}j̄_{rϕ2}b̄_{ψϕ2} + 2j̄_{rϕ1}b̄_{ψϕ1}b̄_{rϕ2}j̄_{ψϕ2} − 2j̄_{rϕ1}b̄_{ψϕ1}j̄_{rϕ2}b̄_{ψϕ2} + 2b̄_{rϕ2}b̄_{rϕ1}j̄_{ϕ1ϕ2}j̄_{ψψ} +2j̄_{rr}b̄_{ψϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2} + 2j̄_{rr}b̄_{ψϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2} − 2j̄_{rr}j̄_{ψϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2} − 2j̄_{rr}j̄_{ψϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2} +2b̄_{rϕ2}j̄_{rϕ1}b̄_{ϕ1ϕ2}j̄_{ψψ} − 2j̄_{rϕ2}b̄_{rϕ1}b̄_{ϕ1ϕ2}j̄_{ψψ} − 2j̄_{rϕ2}j̄_{rϕ1}j̄_{ϕ1ϕ2}j̄_{ψψ} + 2j̄_{ϕ2ϕ2}b̄_{rψ}b̄_{rϕ1}j̄_{ψϕ1} −2j̄_{ϕ2 ϕ2}b̄_{rψ}j̄_{rϕ1}b̄_{ψϕ1} + 2j̄_{ϕ2ϕ2}j̄_{rψ}b̄_{rϕ1}b̄_{ψϕ1} − j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2}j̄_{rr}j̄_{ψψ} + 2j̄_{ϕ1ϕ1}b̄_{rψ}b̄_{rϕ2}j̄_{ψϕ2} −2j̄_{ϕ1 ϕ1}b̄_{rψ}j̄_{rϕ2}b̄_{ψϕ2} − 2j̄_{ϕ1ϕ1}j̄_{rψ}j̄_{rϕ2}j̄_{ψϕ2} + 2j̄_{ϕ1ϕ1}j̄_{rψ}b̄_{rϕ2}b̄_{ψϕ2} + b̄^2_{rϕ1}j̄^2_{ψϕ2} −b̄^2_{rϕ1}b̄^2_{ψϕ2} + j̄^2_{rϕ1}b̄^2_{ψϕ2} + b̄^2_{rψ}j̄^2_{ϕ1ϕ2} − b̄^2_{rψ}b̄^2_{ϕ1ϕ2} −j̄^2_{rϕ2}j̄^2_{ψϕ1} + j̄^2_{rϕ2}b̄^2_{ψϕ1} + b̄^2_{rϕ2}j̄^2_{ψϕ1} − j̄^2_{rψ}j̄^2_{ϕ1ϕ2} +j̄^2_{rψ}b̄^2_{ϕ1ϕ2} − b̄^2_{rϕ2}b̄^2_{ψϕ1} + j̄_{rr}j̄_{ψψ}j̄^2_{ϕ1ϕ2} + j̄_{ϕ2ϕ2}j̄_{rr}j̄^2_{ψϕ1} +j̄_{ϕ2ϕ2}j̄^2_{rϕ1}j̄_{ψψ} − j̄_{ϕ2ϕ2}j̄_{rr}b̄^2_{ψϕ1} − j̄_{ϕ2ϕ2}b̄^2_{rϕ1}j̄_{ψψ} − j̄^2_{rϕ1}j̄^2_{ψϕ2} −2j̄_{ϕ2 ϕ2}j̄_{rψ}j̄_{rϕ1}j̄_{ψϕ1} + j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2}j̄^2_{rψ} − j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2}b̄^2_{rψ} + j̄_{ϕ1ϕ1}j̄_{rr}j̄^2_{ψϕ2} −j̄_{ϕ1 ϕ1}j̄_{rr}b̄^2_{ψϕ2} + j̄_{ϕ1ϕ1}j̄^2_{rϕ2}j̄_{ψψ} − j̄_{ϕ1ϕ1}b̄^2_{rϕ2}j̄_{ψψ})/(j̄_{ψψ}j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2} + j̄_{ψψ}b̄^2_{ϕ1ϕ2} −j̄_{ψψ}j̄^2_{ϕ1ϕ2} + b̄^2_{ψϕ1}j̄_{ϕ2ϕ2} − j̄^2_{ψϕ1}j̄_{ϕ2ϕ2} + b̄^2_{ψϕ2}j̄_{ϕ1ϕ1} −2b̄_{ψϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2} − 2b̄_{ψϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2} − j̄^2_{ψϕ2}j̄_{ϕ1ϕ1} + 2j̄_{ψϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2} +2j̄_{ψϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2} ) ĵ_{rψ} = −(j̄_{ϕ1 ϕ1}b̄_{rψ}j̄_{ϕ2ϕ2} + b̄_{rψ}b̄^2_{ϕ1ϕ2} − b̄_{rψ}j̄^2_{ϕ1ϕ2} −b̄_{rϕ1}j̄_{ψϕ1}j̄_{ϕ2ϕ2} + j̄_{rϕ1}b̄_{ψϕ1}j̄_{ϕ2ϕ2} − b̄_{rϕ2}j̄_{ϕ1ϕ1}j̄_{ψϕ2} + b̄_{rϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2} +b̄_{rϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2} + b̄_{rϕ1}j̄_{ϕ1ϕ2}j̄_{ψϕ2} + j̄_{rϕ1}b̄_{ϕ1ϕ2}j̄_{ψϕ2} + j̄_{rϕ2}j̄_{ϕ1ϕ1}b̄_{ψϕ2}

– 82 –

−j̄_{rϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2} − j̄_{rϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2} − b̄_{rϕ1}b̄_{ϕ1ϕ2}b̄_{ψϕ2} − j̄_{rϕ1}j̄_{ϕ1ϕ2}b̄_{ψϕ2} )/(j̄_{ψψ}j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2} +j̄_{ψψ}b̄^2_{ϕ1ϕ2} − j̄_{ψψ}j̄^2_{ϕ1ϕ2} + b̄^2_{ψϕ1}j̄_{ϕ2ϕ2} − j̄^2_{ψϕ1}j̄_{ϕ2ϕ2} +b̄^2_{ψϕ2}j̄_{ϕ1ϕ1} − 2b̄_{ψϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2} − 2b̄_{ψϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2} − j̄^2_{ψϕ2}j̄_{ϕ1ϕ1} +2j̄_{ψϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2} + 2j̄_{ψϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2} ) ĵ_{rθ1} = −(−j̄_{ϕ2 ϕ2}b̄_{rψ}b̄_{ψϕ1}j̄_{θ1ϕ1} + j̄_{ϕ2ϕ2}j̄_{rθ1}j̄^2_{ψϕ1} +j̄_{rψ}j̄_{ψθ1}b̄^2_{ϕ1ϕ2} + j̄_{ϕ1ϕ1}j̄_{rψ}b̄_{ψϕ2}b̄_{θ1ϕ2} − j̄_{ϕ1ϕ1}b̄_{rϕ2}j̄_{ψϕ2}b̄_{θ1ϕ1} − j̄_{ϕ1ϕ1}j̄_{rϕ2}j̄_{ψϕ2}j̄_{ψθ1} +j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2}b̄_{rψ}b̄_{θ1ϕ1} − j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2}j̄_{rθ1}j̄_{ψψ} + j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2}j̄_{rψ}j̄_{ψθ1} + j̄_{ϕ1ϕ1}j̄_{rϕ2}j̄_{θ1ϕ2}j̄_{ψψ} +j̄_{ϕ1ϕ1}b̄_{rϕ2}b̄_{ψϕ2}j̄_{ψθ1} + j̄_{ϕ1ϕ1}j̄_{rϕ2}b̄_{ψϕ2}b̄_{θ1ϕ1} − j̄_{ϕ1ϕ1}b̄_{rϕ2}b̄_{θ1ϕ2}j̄_{ψψ} − j̄_{ϕ1ϕ1}j̄_{rψ}j̄_{ψϕ2}j̄_{θ1ϕ2} +j̄_{ϕ1ϕ1}b̄_{rψ}j̄_{ψϕ2}b̄_{θ1ϕ2} − j̄_{ϕ1ϕ1}b̄_{rψ}b̄_{ψϕ2}j̄_{θ1ϕ2} + j̄_{ϕ1ϕ1}j̄_{rθ1}j̄^2_{ψϕ2} − b̄_{rϕ2}b̄_{θ1ϕ2}b̄^2_{ψϕ1} +b̄_{rϕ2}b̄_{θ1ϕ2}j̄^2_{ψϕ1} + b̄_{rϕ2}j̄_{ψϕ2}b̄_{ψϕ1}j̄_{θ1ϕ1} − b̄_{rϕ2}j̄_{ψϕ2}j̄_{ψϕ1}b̄_{θ1ϕ1} + b̄_{rϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2}b̄_{θ1ϕ1} +b̄_{rϕ1}b̄_{ψϕ1}b̄_{ψϕ2}b̄_{θ1ϕ2} − b̄_{rψ}j̄_{ψϕ2}b̄_{θ1ϕ1}j̄_{ϕ1ϕ2} − b̄_{rψ}j̄_{ψϕ2}j̄_{θ1ϕ1}b̄_{ϕ1ϕ2} − b̄_{rψ}b̄_{ψϕ1}b̄_{ϕ1ϕ2}b̄_{θ1ϕ2} −b̄_{rψ}j̄_{ψϕ1}j̄_{ϕ1ϕ2}b̄_{θ1ϕ2} + b̄_{rϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2}b̄_{θ1ϕ1} − b̄_{rϕ1}b̄_{ψϕ1}j̄_{ψϕ2}j̄_{θ1ϕ2} − b̄_{rϕ1}j̄_{ϕ1ϕ2}b̄_{ψϕ2}j̄_{ψθ1} −j̄_{rϕ1}b̄_{ϕ1ϕ2}b̄_{ψϕ2}j̄_{ψθ1} + b̄_{rϕ2}b̄_{ψϕ2}b̄_{ψϕ1}b̄_{θ1ϕ1} + 2j̄_{rθ1}b̄_{ψϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2} + j̄_{rψ}j̄_{ψϕ2}b̄_{θ1ϕ1}b̄_{ϕ1ϕ2} +b̄_{rψ}b̄_{ψϕ2}b̄_{θ1ϕ1}b̄_{ϕ1ϕ2} + b̄_{rψ}b̄_{ψϕ2}j̄_{θ1ϕ1}j̄_{ϕ1ϕ2} + b̄_{rψ}b̄_{ψϕ1}j̄_{ϕ1ϕ2}j̄_{θ1ϕ2} + b̄_{rψ}j̄_{ψϕ1}b̄_{ϕ1ϕ2}j̄_{θ1ϕ2} +2j̄_{rθ1}b̄_{ψϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2} − j̄_{ϕ2ϕ2}b̄_{rϕ1}b̄_{θ1ϕ1}j̄_{ψψ} + j̄_{ϕ2ϕ2}b̄_{rψ}j̄_{ψϕ1}b̄_{θ1ϕ1} − j̄_{ϕ2ϕ2}j̄_{rϕ1}j̄_{ψϕ1}j̄_{ψθ1} +j̄_{ϕ2ϕ2}j̄_{rϕ1}j̄_{θ1ϕ1}j̄_{ψψ} + j̄_{ϕ2ϕ2}j̄_{rϕ1}b̄_{ψϕ1}b̄_{θ1ϕ1} + j̄_{ϕ2ϕ2}b̄_{rϕ1}b̄_{ψϕ1}j̄_{ψθ1} − j̄_{ϕ2ϕ2}j̄_{rψ}j̄_{ψϕ1}j̄_{θ1ϕ1} +j̄_{ϕ2ϕ2}j̄_{rψ}b̄_{ψϕ1}b̄_{θ1ϕ1} − b̄_{rϕ1}b̄_{ϕ1ϕ2}j̄_{θ1ϕ2}j̄_{ψψ} − j̄_{rϕ1}j̄_{ϕ1ϕ2}j̄_{θ1ϕ2}j̄_{ψψ} + b̄_{rϕ2}b̄_{θ1ϕ1}j̄_{ϕ1ϕ2}j̄_{ψψ} +b̄_{rϕ2}j̄_{θ1ϕ1}b̄_{ϕ1ϕ2}j̄_{ψψ} + b̄_{rϕ1}j̄_{ϕ1ϕ2}b̄_{θ1ϕ2}j̄_{ψψ} − b̄_{rϕ1}b̄_{θ1ϕ1}b̄^2_{ψϕ2} + j̄_{rϕ2}j̄_{θ1ϕ2}b̄^2_{ψϕ1} −j̄_{rϕ2}j̄_{θ1ϕ2}j̄^2_{ψϕ1} + b̄_{rϕ1}b̄_{θ1ϕ1}j̄^2_{ψϕ2} + j̄_{rϕ1}j̄_{θ1ϕ1}b̄^2_{ψϕ2} − j̄_{rϕ1}j̄_{θ1ϕ1}j̄^2_{ψϕ2} −j̄_{rθ1}j̄_{ψψ}b̄^2_{ϕ1ϕ2} + b̄_{rψ}b̄_{θ1ϕ1}b̄^2_{ϕ1ϕ2} − b̄_{rψ}b̄_{θ1ϕ1}j̄^2_{ϕ1ϕ2} + j̄_{rθ1}j̄_{ψψ}j̄^2_{ϕ1ϕ2} −j̄_{rψ}j̄_{ψθ1}j̄^2_{ϕ1ϕ2} − j̄_{rϕ2}j̄_{ψϕ2}b̄_{ψϕ1}b̄_{θ1ϕ1} + j̄_{rϕ2}j̄_{ψϕ2}j̄_{ψϕ1}j̄_{θ1ϕ1} + j̄_{rϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2}j̄_{ψθ1} +j̄_{rϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2}j̄_{ψθ1} + j̄_{rϕ1}b̄_{ϕ1ϕ2}j̄_{ψϕ2}b̄_{θ1ϕ1} − 2j̄_{rθ1}j̄_{ψϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2} − 2j̄_{rθ1}j̄_{ψϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2} +j̄_{rϕ1}b̄_{ϕ1ϕ2}b̄_{θ1ϕ2}j̄_{ψψ} − j̄_{rϕ2}b̄_{ψϕ2}b̄_{ψϕ1}j̄_{θ1ϕ1} + j̄_{rϕ2}b̄_{ψϕ2}j̄_{ψϕ1}b̄_{θ1ϕ1} − j̄_{rϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2}b̄_{θ1ϕ1} +j̄_{rψ}j̄_{ψϕ2}j̄_{θ1ϕ1}j̄_{ϕ1ϕ2} + j̄_{rψ}b̄_{ψϕ1}b̄_{ϕ1ϕ2}j̄_{θ1ϕ2} + j̄_{rψ}j̄_{ψϕ1}j̄_{ϕ1ϕ2}j̄_{θ1ϕ2} − j̄_{rψ}b̄_{ψϕ1}j̄_{ϕ1ϕ2}b̄_{θ1ϕ2} −j̄_{rψ}j̄_{ψϕ1}b̄_{ϕ1ϕ2}b̄_{θ1ϕ2} + b̄_{rϕ1}j̄_{ψϕ1}b̄_{ψϕ2}j̄_{θ1ϕ2} − b̄_{rϕ1}j̄_{ψϕ1}j̄_{ψϕ2}b̄_{θ1ϕ2} − j̄_{rψ}b̄_{ψϕ2}b̄_{θ1ϕ1}j̄_{ϕ1ϕ2} −j̄_{rψ}b̄_{ψϕ2}j̄_{θ1ϕ1}b̄_{ϕ1ϕ2} − j̄_{rϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2}b̄_{θ1ϕ1} − b̄_{rϕ1}b̄_{ϕ1ϕ2}b̄_{ψϕ2}b̄_{θ1ϕ1} − j̄_{rϕ1}j̄_{ϕ1ϕ2}b̄_{ψϕ2}b̄_{θ1ϕ1} −j̄_{rϕ2}b̄_{θ1ϕ1}b̄_{ϕ1ϕ2}j̄_{ψψ} − j̄_{rϕ2}j̄_{θ1ϕ1}j̄_{ϕ1ϕ2}j̄_{ψψ} + b̄_{rϕ1}b̄_{ϕ1ϕ2}j̄_{ψϕ2}j̄_{ψθ1} + j̄_{rϕ1}j̄_{ϕ1ϕ2}j̄_{ψϕ2}j̄_{ψθ1} −j̄_{rϕ1}j̄_{ψϕ1}b̄_{ψϕ2}b̄_{θ1ϕ2} + j̄_{rϕ1}j̄_{ψϕ1}j̄_{ψϕ2}j̄_{θ1ϕ2} − j̄_{rϕ1}b̄_{ψϕ1}b̄_{ψϕ2}j̄_{θ1ϕ2} + j̄_{rϕ1}b̄_{ψϕ1}j̄_{ψϕ2}b̄_{θ1ϕ2} −b̄_{rϕ2}b̄_{ψϕ2}j̄_{ψϕ1}j̄_{θ1ϕ1} − b̄_{rϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2}j̄_{ψθ1} − b̄_{rϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2}j̄_{ψθ1} + b̄_{rϕ1}j̄_{ϕ1ϕ2}j̄_{ψϕ2}b̄_{θ1ϕ1} −j̄_{ϕ2 ϕ2}b̄_{rϕ1}j̄_{ψϕ1}b̄_{θ1ϕ1} − j̄_{ϕ2ϕ2}j̄_{rθ1}b̄^2_{ψϕ1} − j̄_{ϕ1ϕ1}j̄_{rθ1}b̄^2_{ψϕ2} )/(j̄_{ψψ}j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2} + j̄_{ψψ}b̄^2_{ϕ1ϕ2} −j̄_{ψψ}j̄^2_{ϕ1ϕ2} + b̄^2_{ψϕ1}j̄_{ϕ2ϕ2} − j̄^2_{ψϕ1}j̄_{ϕ2ϕ2} + b̄^2_{ψϕ2}j̄_{ϕ1ϕ1} −2b̄_{ψϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2} − 2b̄_{ψϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2} − j̄^2_{ψϕ2}j̄_{ϕ1ϕ1} + 2j̄_{ψϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2} +2j̄_{ψϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2} ) ĵ_{rθ2} = −(−j̄_{rθ2}j̄_{ψψ}b̄^2_{ϕ1ϕ2} − j̄_{ϕ2ϕ2}j̄_{rθ2}b̄^2_{ψϕ1}

– 83 –

+j̄_{ϕ2ϕ2}j̄_{rθ2}j̄^2_{ψϕ1} + j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2}b̄_{rψ}b̄_{ψθ2} − j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2}j̄_{rθ2}j̄_{ψψ} + j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2}j̄_{rψ}j̄_{ψθ2} +j̄_{ϕ1ϕ1}j̄_{rϕ2}b̄_{ψϕ2}b̄_{ψθ2} − j̄_{ϕ1ϕ1}b̄_{rϕ2}j̄_{ψϕ2}b̄_{ψθ2} + j̄_{ϕ1ϕ1}b̄_{rϕ2}b̄_{ψϕ2}j̄_{ψθ2} − j̄_{ϕ1ϕ1}b̄_{rψ}b̄_{ψϕ2}j̄_{θ2ϕ2} −j̄_{ϕ1 ϕ1}j̄_{rψ}j̄_{ψϕ2}j̄_{θ2ϕ2} + j̄_{ϕ1ϕ1}b̄_{rψ}j̄_{ψϕ2}b̄_{θ2ϕ2} − j̄_{ϕ1ϕ1}j̄_{rϕ2}j̄_{ψϕ2}j̄_{ψθ2} + j̄_{ϕ1ϕ1}j̄_{rψ}b̄_{ψϕ2}b̄_{θ2ϕ2} −j̄_{ϕ1 ϕ1}b̄_{rϕ2}b̄_{θ2ϕ2}j̄_{ψψ} + j̄_{ϕ1ϕ1}j̄_{rϕ2}j̄_{θ2ϕ2}j̄_{ψψ} + b̄_{rϕ1}j̄_{ψϕ1}b̄_{ψϕ2}j̄_{θ2ϕ2} − b̄_{rϕ1}j̄_{ψϕ1}j̄_{ψϕ2}b̄_{θ2ϕ2} −j̄_{rϕ1}b̄_{ψϕ1}b̄_{ψϕ2}j̄_{θ2ϕ2} + b̄_{rϕ2}b̄_{θ2ϕ1}j̄_{ϕ1ϕ2}j̄_{ψψ} + b̄_{rϕ2}j̄_{θ2ϕ1}b̄_{ϕ1ϕ2}j̄_{ψψ} − j̄_{rϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2}b̄_{ψθ2} +b̄_{rϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2}b̄_{ψθ2} + b̄_{rϕ1}j̄_{ϕ1ϕ2}j̄_{ψϕ2}b̄_{ψθ2} − b̄_{rϕ1}j̄_{ϕ1ϕ2}b̄_{ψϕ2}j̄_{ψθ2} − j̄_{rϕ2}j̄_{θ2ϕ1}j̄_{ϕ1ϕ2}j̄_{ψψ} −j̄_{rϕ1}b̄_{ϕ1ϕ2}b̄_{ψϕ2}j̄_{ψθ2} − b̄_{rϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2}j̄_{ψθ2} + 2j̄_{rθ2}b̄_{ψϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2} − b̄_{rϕ1}b̄_{ϕ1ϕ2}b̄_{ψϕ2}b̄_{ψθ2} −j̄_{rψ}b̄_{ψϕ2}j̄_{θ2ϕ1}b̄_{ϕ1ϕ2} − j̄_{rϕ1}j̄_{ϕ1ϕ2}b̄_{ψϕ2}b̄_{ψθ2} − j̄_{rψ}b̄_{ψϕ2}b̄_{θ2ϕ1}j̄_{ϕ1ϕ2} + b̄_{rϕ1}b̄_{ψϕ1}b̄_{ψϕ2}b̄_{θ2ϕ2} −b̄_{rϕ1}b̄_{ψϕ1}j̄_{ψϕ2}j̄_{θ2ϕ2} + j̄_{rϕ1}j̄_{ϕ1ϕ2}j̄_{ψϕ2}j̄_{ψθ2} + b̄_{rϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2}b̄_{ψθ2} + b̄_{rψ}b̄_{ψϕ2}b̄_{θ2ϕ1}b̄_{ϕ1ϕ2} +b̄_{rψ}b̄_{ψϕ2}j̄_{θ2ϕ1}j̄_{ϕ1ϕ2} + b̄_{rψ}b̄_{ψϕ1}j̄_{ϕ1ϕ2}j̄_{θ2ϕ2} + b̄_{rψ}j̄_{ψϕ1}b̄_{ϕ1ϕ2}j̄_{θ2ϕ2} + j̄_{rϕ1}b̄_{ϕ1ϕ2}j̄_{ψϕ2}b̄_{ψθ2} +b̄_{rϕ1}j̄_{ϕ1ϕ2}b̄_{θ2ϕ2}j̄_{ψψ} − j̄_{rψ}b̄_{ψϕ1}j̄_{ϕ1ϕ2}b̄_{θ2ϕ2} − j̄_{rψ}j̄_{ψϕ1}b̄_{ϕ1ϕ2}b̄_{θ2ϕ2} + j̄_{rψ}j̄_{ψϕ2}b̄_{θ2ϕ1}b̄_{ϕ1ϕ2} +j̄_{rψ}j̄_{ψϕ2}j̄_{θ2ϕ1}j̄_{ϕ1ϕ2} + j̄_{rψ}b̄_{ψϕ1}b̄_{ϕ1ϕ2}j̄_{θ2ϕ2} + j̄_{rψ}j̄_{ψϕ1}j̄_{ϕ1ϕ2}j̄_{θ2ϕ2} − j̄_{ϕ1ϕ1}j̄_{rθ2}b̄^2_{ψϕ2} +j̄_{ϕ1ϕ1}j̄_{rθ2}j̄^2_{ψϕ2} − b̄_{rψ}j̄_{ψϕ2}b̄_{θ2ϕ1}j̄_{ϕ1ϕ2} − b̄_{rψ}j̄_{ψϕ2}j̄_{θ2ϕ1}b̄_{ϕ1ϕ2} − b̄_{rψ}b̄_{ψϕ1}b̄_{ϕ1ϕ2}b̄_{θ2ϕ2} −b̄_{rψ}j̄_{ψϕ1}j̄_{ϕ1ϕ2}b̄_{θ2ϕ2} + j̄_{rϕ1}b̄_{ϕ1ϕ2}b̄_{θ2ϕ2}j̄_{ψψ} + 2j̄_{rθ2}b̄_{ψϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2} − j̄_{rϕ1}j̄_{ψϕ1}b̄_{ψϕ2}b̄_{θ2ϕ2} +j̄_{rϕ1}j̄_{ψϕ1}j̄_{ψϕ2}j̄_{θ2ϕ2} + b̄_{rϕ2}b̄_{ψϕ2}b̄_{ψϕ1}b̄_{θ2ϕ1} − b̄_{rϕ2}b̄_{ψϕ2}j̄_{ψϕ1}j̄_{θ2ϕ1} − b̄_{rϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2}j̄_{ψθ2} −2j̄_{rθ2}j̄_{ψϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2} − 2j̄_{rθ2}j̄_{ψϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2} − j̄_{rϕ2}b̄_{θ2ϕ1}b̄_{ϕ1ϕ2}j̄_{ψψ} + j̄_{rϕ1}b̄_{ψϕ1}j̄_{ψϕ2}b̄_{θ2ϕ2} +b̄_{rϕ2}j̄_{ψϕ2}b̄_{ψϕ1}j̄_{θ2ϕ1} + j̄_{rϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2}j̄_{ψθ2} − b̄_{rϕ1}b̄_{ϕ1ϕ2}j̄_{θ2ϕ2}j̄_{ψψ} − j̄_{rϕ1}j̄_{ϕ1ϕ2}j̄_{θ2ϕ2}j̄_{ψψ} −j̄_{rϕ2}b̄_{ψϕ2}b̄_{ψϕ1}j̄_{θ2ϕ1} + j̄_{rϕ2}b̄_{ψϕ2}j̄_{ψϕ1}b̄_{θ2ϕ1} − j̄_{rϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2}b̄_{ψθ2} + b̄_{rϕ1}b̄_{ϕ1ϕ2}j̄_{ψϕ2}j̄_{ψθ2} −b̄_{rϕ2}j̄_{ψϕ2}j̄_{ψϕ1}b̄_{θ2ϕ1} − j̄_{rϕ2}j̄_{ψϕ2}b̄_{ψϕ1}b̄_{θ2ϕ1} + j̄_{rϕ2}j̄_{ψϕ2}j̄_{ψϕ1}j̄_{θ2ϕ1} − j̄_{rψ}j̄_{ψθ2}j̄^2_{ϕ1ϕ2} +b̄_{rψ}b̄_{ψθ2}b̄^2_{ϕ1ϕ2} + j̄_{rψ}j̄_{ψθ2}b̄^2_{ϕ1ϕ2} − b̄_{rϕ1}b̄_{θ2ϕ1}b̄^2_{ψϕ2} + b̄_{rϕ1}b̄_{θ2ϕ1}j̄^2_{ψϕ2} −b̄_{rψ}b̄_{ψθ2}j̄^2_{ϕ1ϕ2} − b̄_{rϕ2}b̄_{θ2ϕ2}b̄^2_{ψϕ1} + b̄_{rϕ2}b̄_{θ2ϕ2}j̄^2_{ψϕ1} + j̄_{rϕ1}j̄_{θ2ϕ1}b̄^2_{ψϕ2} −j̄_{rϕ1}j̄_{θ2ϕ1}j̄^2_{ψϕ2} + j̄_{rϕ2}j̄_{θ2ϕ2}b̄^2_{ψϕ1} − j̄_{rϕ2}j̄_{θ2ϕ2}j̄^2_{ψϕ1} + j̄_{rθ2}j̄_{ψψ}j̄^2_{ϕ1ϕ2} +j̄_{rϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2}j̄_{ψθ2} + j̄_{ϕ2ϕ2}j̄_{rϕ1}j̄_{θ2ϕ1}j̄_{ψψ} − j̄_{ϕ2ϕ2}b̄_{rψ}b̄_{ψϕ1}j̄_{θ2ϕ1} − j̄_{ϕ2ϕ2}j̄_{rϕ1}j̄_{ψϕ1}j̄_{ψθ2} +j̄_{ϕ2ϕ2}b̄_{rψ}j̄_{ψϕ1}b̄_{θ2ϕ1} + j̄_{ϕ2ϕ2}j̄_{rψ}b̄_{ψϕ1}b̄_{θ2ϕ1} − j̄_{ϕ2ϕ2}b̄_{rϕ1}j̄_{ψϕ1}b̄_{ψθ2} − j̄_{ϕ2ϕ2}b̄_{rϕ1}b̄_{θ2ϕ1}j̄_{ψψ} −j̄_{ϕ2 ϕ2}j̄_{rψ}j̄_{ψϕ1}j̄_{θ2ϕ1} + j̄_{ϕ2ϕ2}j̄_{rϕ1}b̄_{ψϕ1}b̄_{ψθ2} + j̄_{ϕ2ϕ2}b̄_{rϕ1}b̄_{ψϕ1}j̄_{ψθ2} )/(j̄_{ψψ}j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2} + j̄_{ψψ}b̄^2_{ϕ1ϕ2} −j̄_{ψψ}j̄^2_{ϕ1ϕ2} + b̄^2_{ψϕ1}j̄_{ϕ2ϕ2} − j̄^2_{ψϕ1}j̄_{ϕ2ϕ2} + b̄^2_{ψϕ2}j̄_{ϕ1ϕ1} −2b̄_{ψϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2} − 2b̄_{ψϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2} − j̄^2_{ψϕ2}j̄_{ϕ1ϕ1} + 2j̄_{ψϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2} +2j̄_{ψϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2} ) ĵ_{rϕ1} = (−j̄_{ϕ2 ϕ2}b̄_{rϕ1}j̄_{ψψ} + j̄_{ϕ2ϕ2}j̄_{rψ}b̄_{ψϕ1} + j̄_{ϕ2ϕ2}b̄_{rψ}j̄_{ψϕ1} −b̄_{rψ}j̄_{ϕ1ϕ2}j̄_{ψϕ2} + j̄_{rϕ2}b̄_{ψϕ2}j̄_{ψϕ1} + j̄_{rψ}b̄_{ϕ1ϕ2}j̄_{ψϕ2} − j̄_{rψ}j̄_{ϕ1ϕ2}b̄_{ψϕ2} +b̄_{rϕ2}b̄_{ψϕ2}b̄_{ψϕ1} − j̄_{rϕ2}j̄_{ψϕ2}b̄_{ψϕ1} − b̄_{ϕ1ϕ2}j̄_{rϕ2}j̄_{ψψ} + b̄_{rϕ1}j̄^2_{ψϕ2} −b̄_{rϕ1}b̄^2_{ψϕ2} − b̄_{rϕ2}j̄_{ψϕ2}j̄_{ψϕ1} + j̄_{ϕ1ϕ2}b̄_{rϕ2}j̄_{ψψ} + b̄_{rψ}b̄_{ϕ1ϕ2}b̄_{ψϕ2} )/(j̄_{ψψ}j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2} +j̄_{ψψ}b̄^2_{ϕ1ϕ2} − j̄_{ψψ}j̄^2_{ϕ1ϕ2} + b̄^2_{ψϕ1}j̄_{ϕ2ϕ2} − j̄^2_{ψϕ1}j̄_{ϕ2ϕ2} +b̄^2_{ψϕ2}j̄_{ϕ1ϕ1} − 2b̄_{ψϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2} − 2b̄_{ψϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2} − j̄^2_{ψϕ2}j̄_{ϕ1ϕ1}

– 84 –

+2j̄_{ψϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2} + 2j̄_{ψϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2} ) ĵ_{rϕ2} = −(−j̄_{ϕ1 ϕ1}b̄_{rψ}j̄_{ψϕ2} − j̄_{ϕ1ϕ1}j̄_{rψ}b̄_{ψϕ2} +j̄_{ϕ1ϕ1}b̄_{rϕ2}j̄_{ψψ} + b̄_{rψ}j̄_{ψϕ1}j̄_{ϕ1ϕ2} + b̄_{rϕ2}b̄^2_{ψϕ1} + b̄_{rψ}b̄_{ψϕ1}b̄_{ϕ1ϕ2} −j̄_{rϕ1}b̄_{ψϕ1}j̄_{ψϕ2} + b̄_{rϕ1}j̄_{ψϕ1}j̄_{ψϕ2} − b̄_{rϕ1}j̄_{ϕ1ϕ2}j̄_{ψψ} + j̄_{rψ}b̄_{ψϕ1}j̄_{ϕ1ϕ2} −b̄_{rϕ2}j̄^2_{ψϕ1} − j̄_{rϕ1}b̄_{ϕ1ϕ2}j̄_{ψψ} + j̄_{rψ}j̄_{ψϕ1}b̄_{ϕ1ϕ2} − b̄_{rϕ1}b̄_{ψϕ1}b̄_{ψϕ2} +j̄_{rϕ1}j̄_{ψϕ1}b̄_{ψϕ2} )/(j̄_{ψψ}j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2} + j̄_{ψψ}b̄^2_{ϕ1ϕ2} − j̄_{ψψ}j̄^2_{ϕ1ϕ2} + b̄^2_{ψϕ1}j̄_{ϕ2ϕ2} −j̄^2_{ψϕ1}j̄_{ϕ2ϕ2} + b̄^2_{ψϕ2}j̄_{ϕ1ϕ1} − 2b̄_{ψϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2} − 2b̄_{ψϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2} −j̄^2_{ψϕ2}j̄_{ϕ1ϕ1} + 2j̄_{ψϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2} + 2j̄_{ψϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2} ) ĵ_{ψψ} = (j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2} + b̄^2_{ϕ1ϕ2} − j̄^2_{ϕ1ϕ2} )/(j̄_{ψψ}j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2} + j̄_{ψψ}b̄^2_{ϕ1ϕ2} −j̄_{ψψ}j̄^2_{ϕ1ϕ2} + b̄^2_{ψϕ1}j̄_{ϕ2ϕ2} − j̄^2_{ψϕ1}j̄_{ϕ2ϕ2} + b̄^2_{ψϕ2}j̄_{ϕ1ϕ1} −2b̄_{ψϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2} − 2b̄_{ψϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2} − j̄^2_{ψϕ2}j̄_{ϕ1ϕ1} + 2j̄_{ψϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2} +2j̄_{ψϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2} ) ĵ_{ψθ1} = (b̄_{θ1ϕ1}j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2} + b̄_{θ1ϕ1}b̄^2_{ϕ1ϕ2} − b̄_{θ1ϕ1}j̄^2_{ϕ1ϕ2} − b̄_{ψϕ1}j̄_{θ1ϕ1}j̄_{ϕ2ϕ2} +j̄_{ψϕ1}b̄_{θ1ϕ1}j̄_{ϕ2ϕ2} − b̄_{ψϕ2}j̄_{ϕ1ϕ1}j̄_{θ1ϕ2} + b̄_{ψϕ2}b̄_{θ1ϕ1}b̄_{ϕ1ϕ2} + b̄_{ψϕ2}j̄_{θ1ϕ1}j̄_{ϕ1ϕ2} +b̄_{ψϕ1}j̄_{ϕ1ϕ2}j̄_{θ1ϕ2} + j̄_{ψϕ1}b̄_{ϕ1ϕ2}j̄_{θ1ϕ2} + j̄_{ψϕ2}j̄_{ϕ1ϕ1}b̄_{θ1ϕ2} − j̄_{ψϕ2}b̄_{θ1ϕ1}j̄_{ϕ1ϕ2} −j̄_{ψϕ2}j̄_{θ1ϕ1}b̄_{ϕ1ϕ2} − b̄_{ψϕ1}b̄_{ϕ1ϕ2}b̄_{θ1ϕ2} − j̄_{ψϕ1}j̄_{ϕ1ϕ2}b̄_{θ1ϕ2} )/(j̄_{ψψ}j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2} + j̄_{ψψ}b̄^2_{ϕ1ϕ2} −j̄_{ψψ}j̄^2_{ϕ1ϕ2} + b̄^2_{ψϕ1}j̄_{ϕ2ϕ2} − j̄^2_{ψϕ1}j̄_{ϕ2ϕ2} + b̄^2_{ψϕ2}j̄_{ϕ1ϕ1} −2b̄_{ψϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2} − 2b̄_{ψϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2} − j̄^2_{ψϕ2}j̄_{ϕ1ϕ1} + 2j̄_{ψϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2} +2j̄_{ψϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2} ) ĵ_{ψθ2} = (b̄_{ψθ2}j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2} + b̄_{ψθ2}b̄^2_{ϕ1ϕ2} − b̄_{ψθ2}j̄^2_{ϕ1ϕ2} − b̄_{ψϕ1}j̄_{θ2ϕ1}j̄_{ϕ2ϕ2} +j̄_{ψϕ1}b̄_{θ2ϕ1}j̄_{ϕ2ϕ2} − b̄_{ψϕ2}j̄_{ϕ1ϕ1}j̄_{θ2ϕ2} + b̄_{ψϕ2}b̄_{θ2ϕ1}b̄_{ϕ1ϕ2} + b̄_{ψϕ2}j̄_{θ2ϕ1}j̄_{ϕ1ϕ2} +b̄_{ψϕ1}j̄_{ϕ1ϕ2}j̄_{θ2ϕ2} + j̄_{ψϕ1}b̄_{ϕ1ϕ2}j̄_{θ2ϕ2} + j̄_{ψϕ2}j̄_{ϕ1ϕ1}b̄_{θ2ϕ2} − j̄_{ψϕ2}b̄_{θ2ϕ1}j̄_{ϕ1ϕ2} −j̄_{ψϕ2}j̄_{θ2ϕ1}b̄_{ϕ1ϕ2} − b̄_{ψϕ1}b̄_{ϕ1ϕ2}b̄_{θ2ϕ2} − j̄_{ψϕ1}j̄_{ϕ1ϕ2}b̄_{θ2ϕ2} )/(j̄_{ψψ}j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2} + j̄_{ψψ}b̄^2_{ϕ1ϕ2} −j̄_{ψψ}j̄^2_{ϕ1ϕ2} + b̄^2_{ψϕ1}j̄_{ϕ2ϕ2} − j̄^2_{ψϕ1}j̄_{ϕ2ϕ2} + b̄^2_{ψϕ2}j̄_{ϕ1ϕ1} −2b̄_{ψϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2} − 2b̄_{ψϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2} − j̄^2_{ψϕ2}j̄_{ϕ1ϕ1} + 2j̄_{ψϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2} +2j̄_{ψϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2} ) ĵ_{ψϕ1} = −(j̄_{ψϕ1}j̄_{ϕ2ϕ2} + b̄_{ϕ1ϕ2}b̄_{ψϕ2} − j̄_{ϕ1ϕ2}j̄_{ψϕ2} )/(j̄_{ψψ}j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2} +j̄_{ψψ}b̄^2_{ϕ1ϕ2} − j̄_{ψψ}j̄^2_{ϕ1ϕ2} + b̄^2_{ψϕ1}j̄_{ϕ2ϕ2} − j̄^2_{ψϕ1}j̄_{ϕ2ϕ2} +b̄^2_{ψϕ2}j̄_{ϕ1ϕ1} − 2b̄_{ψϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2} − 2b̄_{ψϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2} − j̄^2_{ψϕ2}j̄_{ϕ1ϕ1} +2j̄_{ψϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2} + 2j̄_{ψϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2} ) ĵ_{ψϕ2} = (−j̄_{ψϕ2}j̄_{ϕ1ϕ1} + b̄_{ψϕ1}b̄_{ϕ1ϕ2} + j̄_{ψϕ1}j̄_{ϕ1ϕ2} )/(j̄_{ψψ}j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2} +j̄_{ψψ}b̄^2_{ϕ1ϕ2} − j̄_{ψψ}j̄^2_{ϕ1ϕ2} + b̄^2_{ψϕ1}j̄_{ϕ2ϕ2} − j̄^2_{ψϕ1}j̄_{ϕ2ϕ2} +b̄^2_{ψϕ2}j̄_{ϕ1ϕ1} − 2b̄_{ψϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2} − 2b̄_{ψϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2} − j̄^2_{ψϕ2}j̄_{ϕ1ϕ1} +2j̄_{ψϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2} + 2j̄_{ψϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2} )

– 85 – ĵ_{θ1θ1} = (−j̄_{ϕ2 ϕ2}j̄_{θ1θ1}j̄^2_{ψϕ1} − j̄_{θ1θ1}j̄_{ψψ}j̄^2_{ϕ1ϕ2} − j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2}j̄^2_{ψθ1} +j̄_{ϕ2ϕ2}b̄^2_{θ1ϕ1}j̄_{ψψ} − 2b̄_{ψϕ1}b̄_{θ1ϕ1}b̄_{ψϕ2}b̄_{θ1ϕ2} + 2b̄_{θ1ϕ1}b̄_{ψϕ2}b̄_{θ1ϕ1}b̄_{ϕ1ϕ2} + 2b̄_{θ1ϕ1}b̄_{ψϕ2}j̄_{θ1ϕ1}j̄_{ϕ1ϕ2} +2b̄_{θ1ϕ1}b̄_{ψϕ1}j̄_{ϕ1ϕ2}j̄_{θ1ϕ2} + 2b̄_{θ1ϕ1}j̄_{ψϕ1}b̄_{ϕ1ϕ2}j̄_{θ1ϕ2} − 2b̄_{θ1ϕ1}j̄_{ψϕ2}b̄_{θ1ϕ1}j̄_{ϕ1ϕ2} − 2b̄_{θ1ϕ1}j̄_{ψϕ2}j̄_{θ1ϕ1}b̄_{ϕ1ϕ2} +2b̄_{ψϕ1}j̄_{θ1ϕ1}b̄_{ψϕ2}j̄_{θ1ϕ2} − 2b̄_{ψϕ1}j̄_{θ1ϕ1}j̄_{ψϕ2}b̄_{θ1ϕ2} − 2j̄_{ψϕ1}b̄_{θ1ϕ1}b̄_{ψϕ2}j̄_{θ1ϕ2} + 2j̄_{ψϕ1}b̄_{θ1ϕ1}j̄_{ψϕ2}b̄_{θ1ϕ2} +2b̄_{ψϕ1}b̄_{θ1ϕ1}j̄_{ψϕ2}j̄_{θ1ϕ2} + 2j̄_{ψϕ1}j̄_{θ1ϕ1}b̄_{ψϕ2}b̄_{θ1ϕ2} − 2j̄_{ψϕ1}j̄_{θ1ϕ1}j̄_{ψϕ2}j̄_{θ1ϕ2} + 2j̄_{ψθ1}b̄_{ψϕ2}j̄_{θ1ϕ1}b̄_{ϕ1ϕ2} −2j̄_{ψθ1}j̄_{ψϕ2}j̄_{θ1ϕ1}j̄_{ϕ1ϕ2} + 2j̄_{ψθ1}j̄_{ψϕ1}b̄_{ϕ1ϕ2}b̄_{θ1ϕ2} + 2j̄_{ψθ1}b̄_{ψϕ1}j̄_{ϕ1ϕ2}b̄_{θ1ϕ2} + b̄^2_{θ1ϕ1}b̄^2_{ϕ1ϕ2} +2j̄_{ψθ1}b̄_{ψϕ2}b̄_{θ1ϕ1}j̄_{ϕ1ϕ2} − 2j̄_{ψθ1}j̄_{ψϕ2}b̄_{θ1ϕ1}b̄_{ϕ1ϕ2} − 2j̄_{ψθ1}b̄_{ψϕ1}b̄_{ϕ1ϕ2}j̄_{θ1ϕ2} − 2j̄_{ψθ1}j̄_{ψϕ1}j̄_{ϕ1ϕ2}j̄_{θ1ϕ2} −2b̄_{θ1 ϕ1}b̄_{ψϕ1}b̄_{ϕ1ϕ2}b̄_{θ1ϕ2} − 2b̄_{θ1ϕ1}j̄_{ψϕ1}j̄_{ϕ1ϕ2}b̄_{θ1ϕ2} − 2j̄_{θ1θ1}b̄_{ψϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2} − 2j̄_{θ1θ1}b̄_{ψϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2} +2j̄_{θ1θ1}j̄_{ψϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2} + 2j̄_{θ1θ1}j̄_{ψϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2} − 2b̄_{θ1ϕ2}b̄_{θ1ϕ1}j̄_{ϕ1ϕ2}j̄_{ψψ} − 2b̄_{θ1ϕ2}j̄_{θ1ϕ1}b̄_{ϕ1ϕ2}j̄_{ψψ} +2j̄_{θ1ϕ2}b̄_{θ1ϕ1}b̄_{ϕ1ϕ2}j̄_{ψψ} + 2j̄_{θ1ϕ2}j̄_{θ1ϕ1}j̄_{ϕ1ϕ2}j̄_{ψψ} − 2j̄_{ϕ2ϕ2}b̄_{θ1ϕ1}b̄_{ψϕ1}j̄_{θ1ϕ1} + 2j̄_{ϕ2ϕ2}j̄_{ψθ1}j̄_{ψϕ1}j̄_{θ1ϕ1} +2j̄_{ϕ2ϕ2}b̄_{θ1ϕ1}j̄_{ψϕ1}b̄_{θ1ϕ1} − 2j̄_{ϕ2ϕ2}j̄_{ψθ1}b̄_{ψϕ1}b̄_{θ1ϕ1} + j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2}j̄_{θ1θ1}j̄_{ψψ} − 2j̄_{ϕ1ϕ1}j̄_{ψθ1}b̄_{ψϕ2}b̄_{θ1ϕ2} +2j̄_{ϕ1ϕ1}j̄_{ψθ1}j̄_{ψϕ2}j̄_{θ1ϕ2} − 2j̄_{ϕ1ϕ1}b̄_{θ1ϕ1}b̄_{ψϕ2}j̄_{θ1ϕ2} + 2j̄_{ϕ1ϕ1}b̄_{θ1ϕ1}j̄_{ψϕ2}b̄_{θ1ϕ2} − b̄^2_{θ1ϕ1}j̄^2_{ϕ1ϕ2} −j̄^2_{ψθ1}b̄^2_{ϕ1ϕ2} + j̄^2_{ψθ1}j̄^2_{ϕ1ϕ2} − j̄^2_{θ1ϕ1}b̄^2_{ψϕ2} + j̄^2_{θ1ϕ1}j̄^2_{ψϕ2} +b̄^2_{θ1ϕ2}b̄^2_{ψϕ1} − b̄^2_{θ1ϕ2}j̄^2_{ψϕ1} − j̄^2_{θ1ϕ2}b̄^2_{ψϕ1} + j̄^2_{θ1ϕ2}j̄^2_{ψϕ1} +b̄^2_{θ1ϕ1}b̄^2_{ψϕ2} − b̄^2_{θ1ϕ1}j̄^2_{ψϕ2} + j̄_{θ1θ1}j̄_{ψψ}b̄^2_{ϕ1ϕ2} − j̄_{ϕ2ϕ2}j̄^2_{θ1ϕ1}j̄_{ψψ} +j̄_{ϕ2ϕ2}j̄_{θ1θ1}b̄^2_{ψϕ1} + j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2}b̄^2_{θ1ϕ1} + j̄_{ϕ1ϕ1}b̄^2_{θ1ϕ2}j̄_{ψψ} − j̄_{ϕ1ϕ1}j̄^2_{θ1ϕ2}j̄_{ψψ} +j̄_{ϕ1ϕ1}j̄_{θ1θ1}b̄^2_{ψϕ2} − j̄_{ϕ1ϕ1}j̄_{θ1θ1}j̄^2_{ψϕ2} )/(j̄_{ψψ}j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2} + j̄_{ψψ}b̄^2_{ϕ1ϕ2} − j̄_{ψψ}j̄^2_{ϕ1ϕ2} +b̄^2_{ψϕ1}j̄_{ϕ2ϕ2} − j̄^2_{ψϕ1}j̄_{ϕ2ϕ2} + b̄^2_{ψϕ2}j̄_{ϕ1ϕ1} − 2b̄_{ψϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2} −2b̄_{ψϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2} − j̄^2_{ψϕ2}j̄_{ϕ1ϕ1} + 2j̄_{ψϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2} + 2j̄_{ψϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2} ) ĵ_{θ1θ2} = (−b̄_{ψϕ1}b̄_{ϕ1ϕ2}b̄_{θ1ϕ2}b̄_{ψθ2} − j̄_{ψϕ2}b̄_{θ1ϕ2}b̄_{ψϕ1}j̄_{θ2ϕ1} + j̄_{ψθ1}b̄_{ψϕ2}b̄_{θ2ϕ1}j̄_{ϕ1ϕ2} −2j̄_{θ1 θ2}b̄_{ψϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2} − 2j̄_{θ1θ2}b̄_{ψϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2} + 2j̄_{θ1θ2}j̄_{ψϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2} + 2j̄_{θ1θ2}j̄_{ψϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2} −b̄_{ψϕ1}b̄_{θ1ϕ1}b̄_{ψϕ2}b̄_{θ2ϕ2} + b̄_{ψϕ1}b̄_{θ1ϕ1}j̄_{ψϕ2}j̄_{θ2ϕ2} − j̄_{ψϕ1}j̄_{ϕ1ϕ2}b̄_{θ1ϕ2}b̄_{ψθ2} + b̄_{ψϕ1}j̄_{θ1ϕ1}b̄_{ψϕ2}j̄_{θ2ϕ2} −b̄_{ψϕ1}j̄_{θ1ϕ1}j̄_{ψϕ2}b̄_{θ2ϕ2} − b̄_{θ1ϕ1}j̄_{ψϕ2}b̄_{θ2ϕ1}j̄_{ϕ1ϕ2} − b̄_{θ1ϕ1}j̄_{ψϕ2}j̄_{θ2ϕ1}b̄_{ϕ1ϕ2} + j̄_{θ1θ2}j̄_{ψψ}b̄^2_{ϕ1ϕ2} +b̄_{θ1ϕ2}b̄_{θ2ϕ2}b̄^2_{ψϕ1} − b̄_{θ1ϕ2}b̄_{θ2ϕ2}j̄^2_{ψϕ1} − j̄_{θ1ϕ2}j̄_{θ2ϕ2}b̄^2_{ψϕ1} + j̄_{θ1ϕ2}j̄_{θ2ϕ2}j̄^2_{ψϕ1} −j̄_{θ1 θ2}j̄_{ψψ}j̄^2_{ϕ1ϕ2} − b̄_{θ1ϕ1}b̄_{θ2ϕ1}j̄^2_{ψϕ2} + b̄_{θ1ϕ1}b̄_{ψθ2}b̄^2_{ϕ1ϕ2} − b̄_{θ1ϕ1}b̄_{ψθ2}j̄^2_{ϕ1ϕ2} +b̄_{θ1ϕ1}b̄_{θ2ϕ1}b̄^2_{ψϕ2} + j̄_{ϕ1ϕ1}j̄_{θ1θ2}b̄^2_{ψϕ2} − j̄_{ϕ1ϕ1}j̄_{θ1θ2}j̄^2_{ψϕ2} + j̄_{ψϕ2}b̄_{θ1ϕ2}j̄_{ψϕ1}b̄_{θ2ϕ1} −j̄_{ψϕ2}b̄_{θ1ϕ1}j̄_{ϕ1ϕ2}b̄_{ψθ2} + b̄_{ψϕ2}j̄_{θ1ϕ2}b̄_{ψϕ1}j̄_{θ2ϕ1} − b̄_{ψϕ2}j̄_{θ1ϕ2}j̄_{ψϕ1}b̄_{θ2ϕ1} + b̄_{ψϕ1}j̄_{ϕ1ϕ2}j̄_{θ1ϕ2}b̄_{ψθ2} +j̄_{ψϕ1}b̄_{ϕ1ϕ2}j̄_{θ1ϕ2}b̄_{ψθ2} + b̄_{ψϕ2}b̄_{θ1ϕ1}b̄_{ϕ1ϕ2}b̄_{ψθ2} − b̄_{θ1ϕ1}j̄_{ϕ1ϕ2}b̄_{θ2ϕ2}j̄_{ψψ} − j̄_{θ1ϕ1}b̄_{ϕ1ϕ2}b̄_{θ2ϕ2}j̄_{ψψ} +j̄_{ϕ2ϕ2}j̄_{ψϕ1}j̄_{θ1ϕ1}j̄_{ψθ2} − j̄_{ϕ2ϕ2}j̄_{ψθ1}b̄_{ψϕ1}b̄_{θ2ϕ1} − j̄_{ϕ2ϕ2}b̄_{θ1ϕ1}b̄_{ψϕ1}j̄_{θ2ϕ1} + j̄_{ϕ2ϕ2}b̄_{θ1ϕ1}b̄_{θ2ϕ1}j̄_{ψψ} −j̄_{ϕ2 ϕ2}j̄_{θ1ϕ1}j̄_{θ2ϕ1}j̄_{ψψ} − j̄_{ϕ2ϕ2}b̄_{ψϕ1}b̄_{θ1ϕ1}j̄_{ψθ2} + j̄_{ϕ2ϕ2}b̄_{θ1ϕ1}j̄_{ψϕ1}b̄_{θ2ϕ1} + j̄_{ϕ2ϕ2}j̄_{ψθ1}j̄_{ψϕ1}j̄_{θ2ϕ1} −j̄_{ϕ2 ϕ2}b̄_{ψϕ1}j̄_{θ1ϕ1}b̄_{ψθ2} + j̄_{ϕ2ϕ2}j̄_{ψϕ1}b̄_{θ1ϕ1}b̄_{ψθ2} − b̄_{θ1ϕ1}b̄_{ψϕ1}b̄_{ϕ1ϕ2}b̄_{θ2ϕ2} − b̄_{θ1ϕ1}j̄_{ψϕ1}j̄_{ϕ1ϕ2}b̄_{θ2ϕ2} −j̄_{ψθ1}j̄_{ψθ2}b̄^2_{ϕ1ϕ2} + j̄_{ψθ1}j̄_{ψθ2}j̄^2_{ϕ1ϕ2} − j̄_{θ1ϕ1}j̄_{θ2ϕ1}b̄^2_{ψϕ2} + j̄_{θ1ϕ1}j̄_{θ2ϕ1}j̄^2_{ψϕ2} −j̄_{ϕ2 ϕ2}j̄_{θ1θ2}j̄^2_{ψϕ1} + j̄_{ϕ2ϕ2}j̄_{θ1θ2}b̄^2_{ψϕ1} + b̄_{θ1ϕ1}b̄_{ψϕ2}b̄_{θ2ϕ1}b̄_{ϕ1ϕ2} + b̄_{θ1ϕ1}b̄_{ψϕ2}j̄_{θ2ϕ1}j̄_{ϕ1ϕ2} +b̄_{θ1ϕ1}b̄_{ψϕ1}j̄_{ϕ1ϕ2}j̄_{θ2ϕ2} + b̄_{θ1ϕ1}j̄_{ψϕ1}b̄_{ϕ1ϕ2}j̄_{θ2ϕ2} − j̄_{ψϕ1}b̄_{θ1ϕ1}b̄_{ψϕ2}j̄_{θ2ϕ2} + j̄_{ψϕ1}b̄_{θ1ϕ1}j̄_{ψϕ2}b̄_{θ2ϕ2}

– 86 –

+j̄_{ψθ1}b̄_{ψϕ2}j̄_{θ2ϕ1}b̄_{ϕ1ϕ2} + j̄_{ψθ1}b̄_{ψϕ1}j̄_{ϕ1ϕ2}b̄_{θ2ϕ2} + j̄_{ψθ1}j̄_{ψϕ1}b̄_{ϕ1ϕ2}b̄_{θ2ϕ2} − j̄_{ψθ1}j̄_{ψϕ2}b̄_{θ2ϕ1}b̄_{ϕ1ϕ2} −j̄_{ψθ1}j̄_{ψϕ2}j̄_{θ2ϕ1}j̄_{ϕ1ϕ2} − j̄_{ψθ1}b̄_{ψϕ1}b̄_{ϕ1ϕ2}j̄_{θ2ϕ2} − j̄_{ψθ1}j̄_{ψϕ1}j̄_{ϕ1ϕ2}j̄_{θ2ϕ2} + b̄_{ψϕ2}b̄_{θ1ϕ1}j̄_{ϕ1ϕ2}j̄_{ψθ2} +b̄_{ψϕ2}j̄_{θ1ϕ1}b̄_{ϕ1ϕ2}j̄_{ψθ2} + j̄_{ψϕ1}j̄_{θ1ϕ1}b̄_{ψϕ2}b̄_{θ2ϕ2} − j̄_{ψϕ1}j̄_{θ1ϕ1}j̄_{ψϕ2}j̄_{θ2ϕ2} − b̄_{ψϕ2}b̄_{θ1ϕ2}b̄_{ψϕ1}b̄_{θ2ϕ1} +b̄_{ψϕ2}b̄_{θ1ϕ2}j̄_{ψϕ1}j̄_{θ2ϕ1} + j̄_{ψϕ2}j̄_{θ1ϕ2}b̄_{ψϕ1}b̄_{θ2ϕ1} − j̄_{ψϕ2}j̄_{θ1ϕ2}j̄_{ψϕ1}j̄_{θ2ϕ1} − j̄_{ψϕ2}b̄_{θ1ϕ1}b̄_{ϕ1ϕ2}j̄_{ψθ2} +b̄_{ψϕ1}j̄_{ϕ1ϕ2}b̄_{θ1ϕ2}j̄_{ψθ2} + j̄_{ψϕ1}b̄_{ϕ1ϕ2}b̄_{θ1ϕ2}j̄_{ψθ2} + j̄_{θ1ϕ1}j̄_{ϕ1ϕ2}j̄_{θ2ϕ2}j̄_{ψψ} + j̄_{θ1ϕ2}b̄_{θ2ϕ1}b̄_{ϕ1ϕ2}j̄_{ψψ} +j̄_{θ1ϕ2}j̄_{θ2ϕ1}j̄_{ϕ1ϕ2}j̄_{ψψ} + b̄_{θ1ϕ1}b̄_{ϕ1ϕ2}j̄_{θ2ϕ2}j̄_{ψψ} − j̄_{ψϕ1}j̄_{ϕ1ϕ2}j̄_{θ1ϕ2}j̄_{ψθ2} − j̄_{ψϕ2}j̄_{θ1ϕ1}j̄_{ϕ1ϕ2}j̄_{ψθ2} −b̄_{ψϕ1}b̄_{ϕ1ϕ2}j̄_{θ1ϕ2}j̄_{ψθ2} − b̄_{θ1ϕ2}b̄_{θ2ϕ1}j̄_{ϕ1ϕ2}j̄_{ψψ} − b̄_{θ1ϕ2}j̄_{θ2ϕ1}b̄_{ϕ1ϕ2}j̄_{ψψ} + b̄_{ψϕ2}j̄_{θ1ϕ1}j̄_{ϕ1ϕ2}b̄_{ψθ2} −j̄_{ψϕ2}j̄_{θ1ϕ1}b̄_{ϕ1ϕ2}b̄_{ψθ2} + j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2}b̄_{θ1ϕ1}b̄_{ψθ2} − j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2}j̄_{ψθ1}j̄_{ψθ2} + j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2}j̄_{θ1θ2}j̄_{ψψ} +j̄_{ϕ1ϕ1}j̄_{ψθ1}j̄_{ψϕ2}j̄_{θ2ϕ2} + j̄_{ϕ1ϕ1}b̄_{θ1ϕ2}b̄_{θ2ϕ2}j̄_{ψψ} + j̄_{ϕ1ϕ1}j̄_{ψϕ2}j̄_{θ1ϕ2}j̄_{ψθ2} − j̄_{ϕ1ϕ1}j̄_{ψθ1}b̄_{ψϕ2}b̄_{θ2ϕ2} +j̄_{ϕ1ϕ1}j̄_{ψϕ2}b̄_{θ1ϕ2}b̄_{ψθ2} − j̄_{ϕ1ϕ1}b̄_{θ1ϕ1}b̄_{ψϕ2}j̄_{θ2ϕ2} − j̄_{ϕ1ϕ1}j̄_{θ1ϕ2}j̄_{θ2ϕ2}j̄_{ψψ} − j̄_{ϕ1ϕ1}b̄_{ψϕ2}j̄_{θ1ϕ2}b̄_{ψθ2} −j̄_{ϕ1 ϕ1}b̄_{ψϕ2}b̄_{θ1ϕ2}j̄_{ψθ2} + j̄_{ϕ1ϕ1}b̄_{θ1ϕ1}j̄_{ψϕ2}b̄_{θ2ϕ2} )/(j̄_{ψψ}j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2} + j̄_{ψψ}b̄^2_{ϕ1ϕ2} − j̄_{ψψ}j̄^2_{ϕ1ϕ2} +b̄^2_{ψϕ1}j̄_{ϕ2ϕ2} − j̄^2_{ψϕ1}j̄_{ϕ2ϕ2} + b̄^2_{ψϕ2}j̄_{ϕ1ϕ1} − 2b̄_{ψϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2} −2b̄_{ψϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2} − j̄^2_{ψϕ2}j̄_{ϕ1ϕ1} + 2j̄_{ψϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2} + 2j̄_{ψϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2} ) ĵ_{θ1ϕ1} = −(−j̄_{ϕ2 ϕ2}j̄_{ψθ1}b̄_{ψϕ1} + j̄_{ϕ2ϕ2}b̄_{θ1ϕ1}j̄_{ψϕ1}

+j̄_{ϕ2ϕ2}b̄_{θ1ϕ1}j̄_{ψψ} + j̄_{ψϕ2}j̄_{θ1ϕ2}b̄_{ψϕ1} − b̄_{θ1ϕ1}j̄_{ϕ1ϕ2}j̄_{ψϕ2} + b̄_{θ1ϕ1}b̄^2_{ψϕ2} −b̄_{θ1 ϕ1}j̄^2_{ψϕ2} − j̄_{ϕ1ϕ2}b̄_{θ1ϕ2}j̄_{ψψ} + b̄_{ϕ1ϕ2}j̄_{θ1ϕ2}j̄_{ψψ} + j̄_{ψϕ2}b̄_{θ1ϕ2}j̄_{ψϕ1} +j̄_{ψθ1}j̄_{ϕ1ϕ2}b̄_{ψϕ2} − b̄_{ψϕ2}j̄_{θ1ϕ2}j̄_{ψϕ1} + b̄_{θ1ϕ1}b̄_{ϕ1ϕ2}b̄_{ψϕ2} − j̄_{ψθ1}b̄_{ϕ1ϕ2}j̄_{ψϕ2} −b̄_{ψϕ2}b̄_{θ1ϕ2}b̄_{ψϕ1} )/(j̄_{ψψ}j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2} + j̄_{ψψ}b̄^2_{ϕ1ϕ2} − j̄_{ψψ}j̄^2_{ϕ1ϕ2} + b̄^2_{ψϕ1}j̄_{ϕ2ϕ2} −j̄^2_{ψϕ1}j̄_{ϕ2ϕ2} + b̄^2_{ψϕ2}j̄_{ϕ1ϕ1} − 2b̄_{ψϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2} − 2b̄_{ψϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2} −j̄^2_{ψϕ2}j̄_{ϕ1ϕ1} + 2j̄_{ψϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2} + 2j̄_{ψϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2} ) ĵ_{θ1ϕ2} = (−j̄_{ϕ1 ϕ1}b̄_{θ1ϕ1}j̄_{ψϕ2} − j̄_{ϕ1ϕ1}b̄_{θ1ϕ2}j̄_{ψψ} + j̄_{ϕ1ϕ1}j̄_{ψθ1}b̄_{ψϕ2} −j̄_{ψθ1}b̄_{ψϕ1}j̄_{ϕ1ϕ2} + b̄_{θ1ϕ1}b̄_{ψϕ1}b̄_{ϕ1ϕ2} + b̄_{θ1ϕ1}j̄_{ψϕ1}j̄_{ϕ1ϕ2} + j̄_{θ1ϕ1}b̄_{ϕ1ϕ2}j̄_{ψψ} −j̄_{ψϕ1}b̄_{θ1ϕ1}j̄_{ψϕ2} + b̄_{θ1ϕ1}j̄_{ϕ1ϕ2}j̄_{ψψ} − b̄_{θ1ϕ2}b̄^2_{ψϕ1} + b̄_{θ1ϕ2}j̄^2_{ψϕ1} −j̄_{ψθ1}j̄_{ψϕ1}b̄_{ϕ1ϕ2} + b̄_{ψϕ1}j̄_{θ1ϕ1}j̄_{ψϕ2} + b̄_{ψϕ1}b̄_{θ1ϕ1}b̄_{ψϕ2} − j̄_{ψϕ1}j̄_{θ1ϕ1}b̄_{ψϕ2} )/(j̄_{ψψ}j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2} +j̄_{ψψ}b̄^2_{ϕ1ϕ2} − j̄_{ψψ}j̄^2_{ϕ1ϕ2} + b̄^2_{ψϕ1}j̄_{ϕ2ϕ2} − j̄^2_{ψϕ1}j̄_{ϕ2ϕ2} +b̄^2_{ψϕ2}j̄_{ϕ1ϕ1} − 2b̄_{ψϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2} − 2b̄_{ψϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2} − j̄^2_{ψϕ2}j̄_{ϕ1ϕ1} +2j̄_{ψϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2} + 2j̄_{ψϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2} ) ĵ_{θ2θ2} = (j̄_{θ2θ2}j̄_{ψψ}b̄^2_{ϕ1ϕ2} − j̄_{θ2θ2}j̄_{ψψ}j̄^2_{ϕ1ϕ2} + j̄_{ϕ2ϕ2}j̄_{θ2θ2}b̄^2_{ψϕ1} − j̄_{ϕ2ϕ2}j̄_{θ2θ2}j̄^2_{ψϕ1} +j̄_{ϕ2ϕ2}b̄^2_{θ2ϕ1}j̄_{ψψ} − j̄_{ϕ2ϕ2}j̄^2_{θ2ϕ1}j̄_{ψψ} + b̄^2_{θ2ϕ2}b̄^2_{ψϕ1} − j̄^2_{θ2ϕ2}b̄^2_{ψϕ1} +j̄^2_{θ2ϕ2}j̄^2_{ψϕ1} − j̄^2_{θ2ϕ1}b̄^2_{ψϕ2} + b̄^2_{ψθ2}b̄^2_{ϕ1ϕ2} − b̄^2_{ψθ2}j̄^2_{ϕ1ϕ2} +b̄^2_{θ2ϕ1}b̄^2_{ψϕ2} − b̄^2_{θ2ϕ2}j̄^2_{ψϕ1} − j̄^2_{ψθ2}b̄^2_{ϕ1ϕ2} + j̄^2_{ψθ2}j̄^2_{ϕ1ϕ2} +j̄^2_{θ2ϕ1}j̄^2_{ψϕ2} − b̄^2_{θ2ϕ1}j̄^2_{ψϕ2} + 2j̄_{θ2ϕ2}b̄_{θ2ϕ1}b̄_{ϕ1ϕ2}j̄_{ψψ} − 2b̄_{ψθ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2}b̄_{θ2ϕ2} +2j̄_{ψθ2}b̄_{ψϕ2}b̄_{θ2ϕ1}j̄_{ϕ1ϕ2} + 2b̄_{ψθ2}b̄_{ψϕ2}b̄_{θ2ϕ1}b̄_{ϕ1ϕ2} + 2b̄_{ψθ2}b̄_{ψϕ2}j̄_{θ2ϕ1}j̄_{ϕ1ϕ2} + 2b̄_{ψθ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2}j̄_{θ2ϕ2} +j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2}j̄_{θ2θ2}j̄_{ψψ} − 2j̄_{ϕ1ϕ1}b̄_{ψθ2}b̄_{ψϕ2}j̄_{θ2ϕ2} + 2j̄_{ϕ1ϕ1}b̄_{ψθ2}j̄_{ψϕ2}b̄_{θ2ϕ2} + 2j̄_{ϕ1ϕ1}j̄_{ψθ2}j̄_{ψϕ2}j̄_{θ2ϕ2}

– 87 –

−2j̄_{ϕ1 ϕ1}j̄_{ψθ2}b̄_{ψϕ2}b̄_{θ2ϕ2} + 2j̄_{ϕ2ϕ2}j̄_{ψθ2}j̄_{ψϕ1}j̄_{θ2ϕ1} + 2b̄_{ψθ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2}j̄_{θ2ϕ2} − 2b̄_{ψθ2}j̄_{ψϕ2}b̄_{θ2ϕ1}j̄_{ϕ1ϕ2} +2b̄_{ψϕ1}j̄_{θ2ϕ1}b̄_{ψϕ2}j̄_{θ2ϕ2} − 2b̄_{ψϕ1}j̄_{θ2ϕ1}j̄_{ψϕ2}b̄_{θ2ϕ2} − 2b̄_{ψθ2}j̄_{ψϕ2}j̄_{θ2ϕ1}b̄_{ϕ1ϕ2} − 2b̄_{ψθ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2}b̄_{θ2ϕ2} −2j̄_{ϕ2 ϕ2}j̄_{ψθ2}b̄_{ψϕ1}b̄_{θ2ϕ1} − 2j̄_{ϕ2ϕ2}b̄_{ψθ2}b̄_{ψϕ1}j̄_{θ2ϕ1} + 2j̄_{ϕ2ϕ2}b̄_{ψθ2}j̄_{ψϕ1}b̄_{θ2ϕ1} + j̄_{ϕ1ϕ1}b̄^2_{θ2ϕ2}j̄_{ψψ} −2j̄_{ψϕ1}j̄_{θ2ϕ1}j̄_{ψϕ2}j̄_{θ2ϕ2} − 2j̄_{ψϕ1}b̄_{θ2ϕ1}b̄_{ψϕ2}j̄_{θ2ϕ2} + 2j̄_{ψϕ1}b̄_{θ2ϕ1}j̄_{ψϕ2}b̄_{θ2ϕ2} − 2j̄_{θ2θ2}b̄_{ψϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2} −2j̄_{θ2 θ2}b̄_{ψϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2} + 2j̄_{θ2θ2}j̄_{ψϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2} + 2j̄_{θ2θ2}j̄_{ψϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2} + 2j̄_{θ2ϕ2}j̄_{θ2ϕ1}j̄_{ϕ1ϕ2}j̄_{ψψ} +2j̄_{ψθ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2}b̄_{θ2ϕ2} + 2j̄_{ψθ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2}b̄_{θ2ϕ2} − 2j̄_{ψθ2}j̄_{ψϕ2}b̄_{θ2ϕ1}b̄_{ϕ1ϕ2} − 2j̄_{ψθ2}j̄_{ψϕ2}j̄_{θ2ϕ1}j̄_{ϕ1ϕ2} −2j̄_{ψθ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2}j̄_{θ2ϕ2} − 2j̄_{ψθ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2}j̄_{θ2ϕ2} − 2b̄_{ψϕ1}b̄_{θ2ϕ1}b̄_{ψϕ2}b̄_{θ2ϕ2} + 2b̄_{ψϕ1}b̄_{θ2ϕ1}j̄_{ψϕ2}j̄_{θ2ϕ2} +2j̄_{ψϕ1}j̄_{θ2ϕ1}b̄_{ψϕ2}b̄_{θ2ϕ2} + 2j̄_{ψθ2}b̄_{ψϕ2}j̄_{θ2ϕ1}b̄_{ϕ1ϕ2} − 2b̄_{θ2ϕ2}b̄_{θ2ϕ1}j̄_{ϕ1ϕ2}j̄_{ψψ} − 2b̄_{θ2ϕ2}j̄_{θ2ϕ1}b̄_{ϕ1ϕ2}j̄_{ψψ} +j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2}b̄^2_{ψθ2} − j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2}j̄^2_{ψθ2} − j̄_{ϕ1ϕ1}j̄_{θ2θ2}j̄^2_{ψϕ2} − j̄_{ϕ1ϕ1}j̄^2_{θ2ϕ2}j̄_{ψψ} +j̄_{ϕ1ϕ1}j̄_{θ2θ2}b̄^2_{ψϕ2} )/(j̄_{ψψ}j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2} + j̄_{ψψ}b̄^2_{ϕ1ϕ2} − j̄_{ψψ}j̄^2_{ϕ1ϕ2} + b̄^2_{ψϕ1}j̄_{ϕ2ϕ2} −j̄^2_{ψϕ1}j̄_{ϕ2ϕ2} + b̄^2_{ψϕ2}j̄_{ϕ1ϕ1} − 2b̄_{ψϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2} − 2b̄_{ψϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2} −j̄^2_{ψϕ2}j̄_{ϕ1ϕ1} + 2j̄_{ψϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2} + 2j̄_{ψϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2} ) ĵ_{θ2ϕ1} = −(j̄_{ϕ2 ϕ2}b̄_{ψθ2}j̄_{ψϕ1} + j̄_{ϕ2ϕ2}b̄_{θ2ϕ1}j̄_{ψψ} − j̄_{ϕ2ϕ2}j̄_{ψθ2}b̄_{ψϕ1} −j̄_{ψθ2}b̄_{ϕ1ϕ2}j̄_{ψϕ2} + b̄_{ϕ1ϕ2}j̄_{θ2ϕ2}j̄_{ψψ} − j̄_{ϕ1ϕ2}b̄_{θ2ϕ2}j̄_{ψψ} − b̄_{ψϕ2}b̄_{θ2ϕ2}b̄_{ψϕ1} +b̄_{θ2ϕ1}b̄^2_{ψϕ2} − b̄_{θ2ϕ1}j̄^2_{ψϕ2} − b̄_{ψϕ2}j̄_{θ2ϕ2}j̄_{ψϕ1} + j̄_{ψϕ2}j̄_{θ2ϕ2}b̄_{ψϕ1} +b̄_{ψθ2}b̄_{ϕ1ϕ2}b̄_{ψϕ2} − b̄_{ψθ2}j̄_{ϕ1ϕ2}j̄_{ψϕ2} + j̄_{ψϕ2}b̄_{θ2ϕ2}j̄_{ψϕ1} + j̄_{ψθ2}j̄_{ϕ1ϕ2}b̄_{ψϕ2} )/(j̄_{ψψ}j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2} +j̄_{ψψ}b̄^2_{ϕ1ϕ2} − j̄_{ψψ}j̄^2_{ϕ1ϕ2} + b̄^2_{ψϕ1}j̄_{ϕ2ϕ2} − j̄^2_{ψϕ1}j̄_{ϕ2ϕ2} +b̄^2_{ψϕ2}j̄_{ϕ1ϕ1} − 2b̄_{ψϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2} − 2b̄_{ψϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2} − j̄^2_{ψϕ2}j̄_{ϕ1ϕ1} +2j̄_{ψϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2} + 2j̄_{ψϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2} ) ĵ_{θ2ϕ2} = (−j̄_{ϕ1 ϕ1}b̄_{θ2ϕ2}j̄_{ψψ} − j̄_{ϕ1ϕ1}b̄_{ψθ2}j̄_{ψϕ2} + j̄_{ϕ1ϕ1}j̄_{ψθ2}b̄_{ψϕ2} +j̄_{θ2ϕ1}b̄_{ϕ1ϕ2}j̄_{ψψ} + b̄_{θ2ϕ1}j̄_{ϕ1ϕ2}j̄_{ψψ} + b̄_{ψθ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2} + b̄_{ψθ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2} −j̄_{ψθ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2} + b̄_{ψϕ1}j̄_{θ2ϕ1}j̄_{ψϕ2} − b̄_{θ2ϕ2}b̄^2_{ψϕ1} − j̄_{ψϕ1}j̄_{θ2ϕ1}b̄_{ψϕ2} −j̄_{ψθ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2} − j̄_{ψϕ1}b̄_{θ2ϕ1}j̄_{ψϕ2} + b̄_{ψϕ1}b̄_{θ2ϕ1}b̄_{ψϕ2} + b̄_{θ2ϕ2}j̄^2_{ψϕ1} )/(j̄_{ψψ}j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2} +j̄_{ψψ}b̄^2_{ϕ1ϕ2} − j̄_{ψψ}j̄^2_{ϕ1ϕ2} + b̄^2_{ψϕ1}j̄_{ϕ2ϕ2} − j̄^2_{ψϕ1}j̄_{ϕ2ϕ2} +b̄^2_{ψϕ2}j̄_{ϕ1ϕ1} − 2b̄_{ψϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2} − 2b̄_{ψϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2} − j̄^2_{ψϕ2}j̄_{ϕ1ϕ1} +2j̄_{ψϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2} + 2j̄_{ψϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2} ) ĵ_{ϕ1ϕ1} = (j̄_{ϕ2ϕ2}j̄_{ψψ} + b̄^2_{ψϕ2} − j̄^2_{ψϕ2} )/(j̄_{ψψ}j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2} + j̄_{ψψ}b̄^2_{ϕ1ϕ2} −j̄_{ψψ}j̄^2_{ϕ1ϕ2} + b̄^2_{ψϕ1}j̄_{ϕ2ϕ2} − j̄^2_{ψϕ1}j̄_{ϕ2ϕ2} + b̄^2_{ψϕ2}j̄_{ϕ1ϕ1} −2b̄_{ψϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2} − 2b̄_{ψϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2} − j̄^2_{ψϕ2}j̄_{ϕ1ϕ1} + 2j̄_{ψϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2} +2j̄_{ψϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2} ) ĵ_{ϕ1ϕ2} = −(j̄_{ϕ1 ϕ2}j̄_{ψψ} − j̄_{ψϕ2}j̄_{ψϕ1} + b̄_{ψϕ2}b̄_{ψϕ1} )/(j̄_{ψψ}j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2} +j̄_{ψψ}b̄^2_{ϕ1ϕ2} − j̄_{ψψ}j̄^2_{ϕ1ϕ2} + b̄^2_{ψϕ1}j̄_{ϕ2ϕ2} − j̄^2_{ψϕ1}j̄_{ϕ2ϕ2} +b̄^2_{ψϕ2}j̄_{ϕ1ϕ1} − 2b̄_{ψϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2} − 2b̄_{ψϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2} − j̄^2_{ψϕ2}j̄_{ϕ1ϕ1} +2j̄_{ψϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2} + 2j̄_{ψϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2} )

– 88 – ĵ_{ϕ2ϕ2} = (j̄_{ψψ}j̄_{ϕ1ϕ1} + b̄^2_{ψϕ1} − j̄^2_{ψϕ1} )/(j̄_{ψψ}j̄_{ϕ1ϕ1}j̄_{ϕ2ϕ2} + j̄_{ψψ}b̄^2_{ϕ1ϕ2} −j̄_{ψψ}j̄^2_{ϕ1ϕ2} + b̄^2_{ψϕ1}j̄_{ϕ2ϕ2} − j̄^2_{ψϕ1}j̄_{ϕ2ϕ2} + b̄^2_{ψϕ2}j̄_{ϕ1ϕ1} −2b̄_{ψϕ2}b̄_{ψϕ1}j̄_{ϕ1ϕ2} − 2b̄_{ψϕ2}j̄_{ψϕ1}b̄_{ϕ1ϕ2} − j̄^2_{ψϕ2}j̄_{ϕ1ϕ1} + 2j̄_{ψϕ2}b̄_{ψϕ1}b̄_{ϕ1ϕ2} +2j̄_{ψϕ2}j̄_{ψϕ1}j̄_{ϕ1ϕ2} (C.2)

References

[1] J. M. Maldacena, “The large N limit of superconformal field theories and supergravity,” Adv. Theor. Math. Phys. 2, 231 (1998) [Int. J. Theor. Phys. 38, 1113 (1999)] [arXiv:hep-th/9711200].

[2] E. Witten, “Anti-de Sitter space and holography,” Adv. Theor. Math. Phys. 2, 253 (1998) [arXiv:hep-th/9802150].

S. S. Gubser, I. R. Klebanov and A. M. Polyakov, “Gauge theory correlators from non-critical string theory,” Phys. Lett. B 428, 105 (1998) [arXiv:hep-th/9802109].

[3] I. R. Klebanov and E. Witten, “Superconformal field theory on threebranes at a Calabi-Yau singularity,” Nucl. Phys. B 536, 199 (1998) [arXiv:hep-th/9807080].

[4] I. R. Klebanov and M. J. Strassler, “Supergravity and a confining gauge theory:

Duality cascades and χ_{SB}-resolution of naked singularities,” JHEP 0008, 052 (2000) [arXiv:hep-th/0007191]; I. R. Klebanov and A. A. Tseytlin, “Gravity duals of supersymmetric SU(N) x SU(N+M) gauge theories,” Nucl. Phys. B 578, 123 (2000) [arXiv:hep-th/0002159].

[5] C. Vafa, “Superstrings and topological strings at large N,” J. Math. Phys. 42, 2798 (2001) [arXiv:hep-th/0008142].

[6] J. M. Maldacena and C. Nunez, “Towards the large N limit of pure N = 1 super Yang Mills,” Phys. Rev. Lett. 86, 588 (2001) [arXiv:hep-th/0008001].

[7] P. Ouyang, “Holomorphic D7-branes and flavored N = 1 gauge theories,” Nucl. Phys.

B 699, 207 (2004) [arXiv:hep-th/0311084]; H. Y. Chen, P. Ouyang and G. Shiu, “On Supersymmetric D7-branes in the Warped Deformed Conifold,” JHEP 1001, 028 (2010) [arXiv:0807.2428 [hep-th]].

[8] A. M. Uranga, “Brane Configurations for Branes at Conifolds,” JHEP 9901, 022 (1999) [arXiv:hep-th/9811004].

K. Dasgupta and S. Mukhi, “Brane Constructions, Conifolds and M-Theory,” Nucl. Phys. B 551, 204 (1999) [arXiv:hep-th/9811139]; “Brane constructions, fractional branes and anti-de Sitter domain walls,” JHEP 9907, 008 (1999) [arXiv:hep-th/9904131].

[9] J. D. Edelstein, K. Oh and R. Tatar, “Orientifold, geometric transition and large N duality for SO/Sp gauge theories,” JHEP 0105, 009 (2001) [arXiv:hep-th/0104037];

– 89 –

K. Dasgupta, K. Oh and R. Tatar, “Geometric transition, large N dualities and MQCD dynamics,” Nucl. Phys. B 610, 331 (2001) [arXiv:hep-th/0105066]; “Open/closed string dualities and Seiberg duality from geometric transitions in M-theory,” JHEP 0208, 026 (2002) [arXiv:hep-th/0106040]; K. Dasgupta, K. h. Oh, J. Park and R. Tatar, “Geometric transition versus cascading solution,” JHEP 0201, 031 (2002) [arXiv:hep-th/0110050]; K. h. Oh and R. Tatar, “Duality and confinement in N = 1 supersymmetric theories from geometric transitions,” Adv. Theor. Math. Phys. 6, 141 (2003) [arXiv:hep-th/0112040].

[10] M. Mia, K. Dasgupta, C. Gale and S. Jeon, “Five Easy Pieces: The Dynamics of Quarks in Strongly Coupled Plasmas,” Nucl. Phys. B 839, 187 (2010) arXiv:0902.1540 [hep-th]; “The Double Life of Thermal QCD,” arXiv:0902.2216 [hep-th].

[11] M. Mia, K. Dasgupta, C. Gale and S. Jeon, “Toward Large N Thermal QCD from Dual Gravity: The Heavy Quarkonium Potential,” Phys. Rev. D 82, 026004 (2010) [arXiv:1004.0387 [hep-th]]; “Heavy Quarkonium Melting in Large N Thermal QCD,” PHLTA,B694,460-466. 2011 B694, 460-466 (2011). [arXiv:1006.0055 [hep-th]].

[12] F. Cachazo, B. Fiol, K. A. Intriligator, S. Katz and C. Vafa, “A geometric unification of dualities,” Nucl. Phys. B 628, 3 (2002) [arXiv:hep-th/0110028].

[13] B. R. Greene, A. D. Shapere, C. Vafa and S. T. Yau, “Stringy Cosmic Strings And Noncompact Calabi-Yau Manifolds,” Nucl. Phys. B 337, 1 (1990); C. Vafa, “Evidence for F-Theory,” Nucl. Phys. B 469, 403 (1996) [arXiv:hep-th/9602022].

[14] K. Dasgupta and S. Mukhi, “F-theory at constant coupling,” Phys. Lett. B 385, 125 (1996) [arXiv:hep-th/9606044]; K. Dasgupta, D. P. Jatkar and S. Mukhi, “Gravitational couplings and Z(2) orientifolds,” Nucl. Phys. B 523, 465 (1998) [arXiv:hep-th/9707224]; K. Dasgupta and S. Mukhi, “A note on low-dimensional string compactifications,” Phys. Lett. B 398, 285 (1997) [arXiv:hep-th/9612188].

[15] A. Sen, “F-theory and Orientifolds,” Nucl. Phys. B 475, 562 (1996) [arXiv:hep-th/9605150].

[16] F. Chen, K. Dasgupta, P. Franche, R. Tatar, “Toward the Gravity Dual of Heterotic Small Instantons,” Phys. Rev. D83, 046006 (2011). [arXiv:1010.5509 [hep-th]].

[17] M. Becker, K. Dasgupta, A. Knauf and R. Tatar, “Geometric transitions, flops and non-Kaehler manifolds. I,” Nucl. Phys. B 702, 207 (2004) [arXiv:hep-th/0403288]; S. Alexander, K. Becker, M. Becker, K. Dasgupta, A. Knauf and R. Tatar, “In the realm of the geometric transitions,” Nucl. Phys. B 704, 231 (2005) [arXiv:hep-th/0408192]; K. Becker, M. Becker, K. Dasgupta and R. Tatar, “Geometric transitions, non-Kaehler geometries and string vacua,” Int. J. Mod. Phys. A 20, 3442 (2005) [arXiv:hep-th/0411039]; M. Becker, K. Dasgupta, S. H. Katz, A. Knauf and R. Tatar, “Geometric transitions, flops and non-Kaehler manifolds. II,” Nucl. Phys. B 738, 124 (2006) [arXiv:hep-th/0511099]; K. Dasgupta, M. Grisaru, R. Gwyn, S. H. Katz, A. Knauf and R. Tatar, “Gauge - gravity dualities, dipoles and new

– 90 – non-Kaehler manifolds,” Nucl. Phys. B 755, 21 (2006) [arXiv:hep-th/0605201]; K. Dasgupta, J. Guffin, R. Gwyn and S. H. Katz, “Dipole-deformed bound states and heterotic Kodaira surfaces,” Nucl. Phys. B 769, 1 (2007) [arXiv:hep-th/0610001].

[18] L. A. Pando Zayas and A. A. Tseytlin, “3-branes on resolved conifold,” JHEP 0011, 028 (2000) [arXiv:hep-th/0010088].

[19] M. Cvetic, G. W. Gibbons, H. Lu and C. N. Pope, “Ricci-flat metrics, harmonic forms and brane resolutions,” Commun. Math. Phys. 232, 457 (2003) [arXiv:hep-th/0012011].

[20] R. Gwyn and A. Knauf, “The Geometric Transition Revisited,” Rev. Mod. Phys.

8012, 1419 (2008) [arXiv:hep-th/0703289].

[21] N. Halmagyi, “Missing Mirrors: Type IIA Supergravity on the Resolved Conifold,” arXiv:1003.2121 [hep-th].

[22] A. Strominger, S. T. Yau and E. Zaslow, “Mirror symmetry is T-duality,” Nucl.

Phys. B 479, 243 (1996) [arXiv:hep-th/9606040].

[23] M. Aganagic and C. Vafa, “Mirror symmetry and a G(2) flop,” JHEP 0305, 061 (2003) [arXiv:hep-th/0105225].

[24] M. Larfors, D. Lust, D. Tsimpis, “Flux compactification on smooth, compact three-dimensional toric varieties,” JHEP 1007, 073 (2010). [arXiv:1005.2194 [hep-th]].

[25] S. Salamon, “Riemannian geometry and Holonomy groups,” Vol 201 of the Pitman Research Notes in Mathematics, Longman, Harlow (1989); S. Chiossi and S. Salamon, “The intrinsic torsion of SU(3) and G_2 structures,” arXiv:math/0202282; G. Lopes Cardoso, G. Curio, G. Dall’Agata, D. Lust, P. Manousselis and G. Zoupanos, “Non-Kaehler string backgrounds and their five torsion classes,” Nucl. Phys. B 652, 5 (2003) [arXiv:hep-th/0211118]; J. P. Gauntlett, D. Martelli and D. Waldram, “Superstrings with intrinsic torsion,” Phys. Rev. D 69, 086002 (2004) [arXiv:hep-th/0302158]; K. Dasgupta, G. Rajesh and S. Sethi, “M theory, orientifolds and G-flux,” JHEP 9908, 023 (1999) [arXiv:hep-th/9908088].

[26] S. Kuperstein, “Meson spectroscopy from holomorphic probes on the warped deformed conifold,” JHEP 0503, 014 (2005) [arXiv:hep-th/0411097].

[27] P. Candelas and X. de la Ossa, “Comments on conifolds”, Nucl. Phys. B 342 (1990) 246.

[28] P. Griffiths and J. Harris, Principles of Algebraic Geometry, Wiley-Interscience, New York 1978.

[29] N. Hitchin, “The geometry of three-forms in six dimensions”, J. Differential Geom.

55 (2000) 547.

– 91 –

[30] G. Papadopoulos, A. A. Tseytlin, “Complex geometry of conifolds and five-brane wrapped on two sphere,” Class. Quant. Grav. 18, 1333-1354 (2001) [hep-th/0012034].

[31] K. Landsteiner, C. I. Lazaroiu and R. Tatar, “(Anti)symmetric matter and superpotentials from IIB orientifolds,” JHEP 0311, 044 (2003) [arXiv:hep-th/0306236].

[32] K. Dasgupta, P. Franche, A. Knauf and J. Sully, “D-terms on the resolved conifold,” JHEP 0904, 027 (2009) [arXiv:hep-th/0802.0202].

[33] J. Maldacena and D. Martelli, “The unwarped, resolved, deformed conifold:

fivebranes and the baryonic branch of the Klebanov-Strassler theory,” JHEP 1001, 104 (2010) [arXiv:0906.0591 [hep-th]].

[34] E. Caceres, C. Nunez, L. A. Pando-Zayas, “Heating up the Baryonic Branch with U-duality: A Unified picture of conifold black holes,” JHEP 1103, 054 (2011). [arXiv:1101.4123 [hep-th]].

[35] L. Carlevaro and D. Israel, “Heterotic Resolved Conifolds with Torsion, from Supergravity to CFT,” JHEP 1001, 083 (2010) [arXiv:0910.3190 [hep-th]].

[36] J. Gaillard, J. Schmude, “On the geometry of string duals with backreacting flavors,” JHEP 0901, 079 (2009). [arXiv:0811.3646 [hep-th]].

[37] S. Ivanov and G. Papadopoulos, “A no-go theorem for string warped compactifications,” Phys. Lett. B 497, 309 (2001) [arXiv:hep-th/0008232].

[38] R. Minasian and D. Tsimpis, “Hopf reductions, fluxes and branes,” Nucl. Phys. B 613, 127 (2001) [arXiv:hep-th/0106266].

[39] A. Brandhuber, J. Gomis, S. S. Gubser and S. Gukov, “Gauge theory at large N and new G(2) holonomy metrics,” Nucl. Phys. B 611, 179 (2001) [arXiv:hep-th/0106034].

[40] A. Butti, M. Grana, R. Minasian, M. Petrini and A. Zaffaroni, “The baryonic branch of Klebanov-Strassler solution: A supersymmetric family of SU(3) structure backgrounds,” JHEP 0503, 069 (2005) [arXiv:hep-th/0412187].

[41] R. Minasian, M. Petrini, A. Zaffaroni, “New families of interpolating type IIB backgrounds,” JHEP 1004, 080 (2010). [arXiv:0907.5147 [hep-th]].

[42] E. Caceres, M. N. Mahato, L. A. Pando Zayas, V. G. J. Rodgers, “Toward NS5 Branes on the Resolved Cone over Y^{p,q},” Phys. Rev. D83, 066008 (2011). [arXiv:1007.3719 [hep-th]].

[43] L. Anguelova, F. Larsen, R. O’Connell, “Heterotic Flux Attractors,” JHEP 1011, 010 (2010). [arXiv:1006.4981 [hep-th]]; L. Anguelova, C. Quigley, S. Sethi, “The Leading Quantum Corrections to Stringy Kahler Potentials,” JHEP 1010, 065 (2010). [arXiv:1007.4793 [hep-th]]; L. Anguelova, C. Quigley, “Quantum Corrections to Heterotic Moduli Potentials,” JHEP 1102, 113 (2011). [arXiv:1007.5047 [hep-th]].

– 92 –

[44] F. Chen, K. Dasgupta, P. Franche and R. Tatar, “Geometric Transitions, Flops and Non-Kähler Manifolds: III”, To appear.

– 93 –