arXiv:1112.2081v4 [hep-th] 22 Jun 2012

On the effective potential for Horava-Lifshitz-like theories

C. F. Farias,^1 M. Gomes,^2 J. R. Nascimento,^1 A. Yu. Petrov,^1 and A. J. da Silva^2 1Departamento de Física, Universidade Federal da Paraíba Caixa Postal 5008, 58051-970, João Pessoa, Paraíba, Brazil^∗ 2Instituto de Física, Universidade de São Paulo Caixa Postal 66318, 05315-970, São Paulo, SP, Brazil^†

We study the one-loop effective potential for some Horava-Lifshitz-like theories.

The Horava-Lifshitz (HL) approach [1] has recently acquired a great scientific attention. This approach is characterized by an essential asymmetry between space and time coordinates (space-time anisotropy): the equations of motion of the theory are invariant under the rescaling x^i → bx^i, t → b^z t, where z, the critical exponent, is a number characterizing its ultraviolet behaviour. The main reason for it is that for the HL-like reformulation of the known field theory models with a nontrivial critical exponent z > 1 leads to an improvement of the renormalization of these models. In particular, the four-dimensional gravity becomes renormalizable at z = 3.

Different issues related to the HL gravity, including its cosmological aspects [2], exact solutions [3], black holes [4] were considered in a number of papers. At the same time, the study of the impacts of the HL extension to other field theories is a very interesting problem. Some aspects of the HL generalizations for the gauge field theories were presented in [5]. Renormalizability of the scalar field theory models with space-time anisotropy has been discussed in details in [6]. The four-fermion HL-like theory has been studied in [7]. The Casimir effect for the HL-like scalar field theory has been considered in [8]. In [9], the HL modifications of the CP^{N−1} were studied. The possibility of restoration of the Lorentz symmetry in the theories with the space-time anisotropy is discussed in [5, 10].

It is well known that the effective potential is a key object in the quantum field theory useful for studying many of its aspects. Some interesting results for the HL-like theories have been obtained in the papers [11, 12] where the effective potential for the ϕ^4 and the Liouville-

∗Electronic address: cffarias,jroberto,petrov@fisica.ufpb.br †Electronic address: mgomes,ajsilva@fma.if.usp.br

Lifshitz theories have been studied. Also, some interesting results for the effective potential in scalar field theories with certain values of the critical exponent, have been obtained in [13]. In this paper, we intend to study the effective potential for a more generic class of theories including an arbitrary interaction of the scalar field with other fields. In the sequel, we will treat three cases, namely, a pure scalar model, a gauge model and a Yukawa model.

a. Scalar model. We start with the straightforward HL generalization of the usual scalar model: S = ∫ dtd^dx( 1 2 ϕ̇^2 − 1 2 (−1)^zϕΔ^zϕ − V (ϕ)). (1)

The renormalizability of such a model has been discussed in [6]. In general, renormalizability of such models requires a polynomial form of the potential, however, for simplicity we restrict ourselves to the form V (ϕ) = λϕ^n. Here our aim is the study of its effective potential. To proceed with it, we, as usual, make the replacement ϕ → Φ + ϕ, where Φ is a background field, and ϕ is a quantum one. For the one-loop calculations, it is sufficient to keep only the terms of the second order in the quantum field ϕ:

S_2 = − 1 2 ∫ dtd^dxϕ(∂^2_0 + (−1)^zΔ^z + V^{′′}(Φ))ϕ. (2)

Following the standard procedure, the one-loop effective action can be cast as

Γ^{(1)} = i 2 Tr ln(∂^2_0 + (−1)^zΔ^z + V^{′′}(Φ)). (3)

The corresponding effective potential U(Φ) can be read off from the expression

Γ^{(1)}|_{Φ=const} = − ∫ dtd^dxU^{(1)}(Φ).

To calculate U(Φ), we must carry out the Fourier transform of (3). After the Wick rotation, we arrive at

U^{(1)} = 1 2 ∫ dk_0d^dk (2π)^{d+1} ln(k^2_0 + ⃗k^{2z} + V^{′′}(Φ)). (4)

First, we calculate the integral over k_0. We use d d(A^2) ∫ dk_0 ln(k^2_0 + A^2) = ∫ dk_0 k^2_0 + A^2 = π √ A^2

, (5)

so that, neglecting an irrelevant field-independent constant, we get

U^{(1)} = ∫ d^dk (2π)^d √ ⃗k2z + V ′′(Φ). (6)

Then, we use the identity √ B = − 1 2 √ π ∫_∞ 0 dαα^{−3/2}e^{−αB} . (7) Thus,

U^{(1)} = − 1 2 √ π ∫ dαα^{−3/2} ∫ d^dk (2π)^d e^{−α(⃗k2z +V ′′(Φ))}. (8) In spherical coordinates and after the change of variables k^z → u, so, k^{2z} = u^2, k = u^{1/z}, and dk =^1_z duu^{1/z−1}, we get

U^{(1)} = − 1 2 √ π 1 (2π)^d 1 z 2π^{d/2} Γ(d/2) ∫_∞ 0 dαα^{−3/2} ∫_∞ 0 duu^{d−zz} e^{−α(u2+V ′′(Φ))}. (9) After integration we arrive at

U^{(1)} = − 1 2 √ π 1 (2π)^d 1 z π^{d/2} Γ(d/2) Γ( d 2z )Γ(− 1 2 − d 2z )(V^{′′}(Φ))^{1/2+d/(2z)}. (10)

It is clear that this one-loop effective potential diverges if we have^1_2 (1 +^d_z ) = N, where N is a non-negative integer number, in particular, for z = 2, it diverges only at d = 2, 6, 10, ... For example, for V (Φ) ∝ Φ^{10}, with d = 3 and z = 2, the Green functions have a superficial degree of divergence ω = 5−^E_2 , with E is a number of legs. For the one-loop renormalizability the model requires a counterterm Φ^8. However, the explicit calculation shows that such a correction is one-loop finite within the dimensional regularization. For d = 3 that expression is, as it is well known, quadratically divergent for z = 1 and linearly divergent if z = 3; otherwise it is finite.

b. Gauge fields. Now, let us introduce gauge fields. For the sake of concreteness, we restrict ourselves to the case z = 2. In this case, the Lagrangian of the scalar QED is L = 1 2 F_{0i}F_{0i} + 1 4 F_{ij}ΔF_{ij} − D_0ϕ(D_0ϕ)^∗ + D_iD_j ϕ(D_iD_j ϕ)^∗ − m^4ϕϕ^∗, (11)

where D_0 = ∂_0 −ieA_0, D_i = ∂_i −ieA_i is a gauge covariant derivative, with the corresponding gauge transformations: ϕ → e^{ieξ}ϕ, ϕ^∗ → e^{−ieξ}ϕ^∗, A_0 → A_0 + ∂_0ξ, A_i → A_i + ∂_iξ. To keep track only from the gauge-matter interaction, we suggest that there is no self-coupling of the matter field.

The propagator for the scalar field has the simplest form < ϕϕ^∗ >= i k^2_0 − ⃗k^4 − m^4

. (12)

As for the propagator of the gauge field, the situation is more complicated. Indeed, to find this propagator, we must add to the free Lagrangian of the gauge field

L_2 = 1 2 F_{0i}F_{0i} + 1 4 F_{ij} ΔF_{ij} = 1 2 ∂_iA_0∂_iA_0 − ∂_0A_0∂_iA_i + 1 2 ∂_0A_i∂_0A_i + 1 4 F_{ij}ΔF_{ij} . (13)

the gauge-fixing term. However, since the L_2 contains a mixed term involving both A_0 and A_i (which have distinct behaviours), it would be good if the gauge-fixing term could allow for the separation of these fields.

It turns out to be that the appropriate gauge-fixing term is nonlocal: L_{gf} = 1 2 ( 1 √ Δ ∂_0A_0 + √ Δ∂_iA_i)^2 = 1 2 (∂_0A_0 1 Δ ∂_0A_0 + 2∂_0A_0∂_iA_i + ∂_j A_j Δ∂_iA_i). (14)

This gauge-fixing term can be treated as the analogue of the Feynman gauge. Adding this gauge-fixing term to the L_g, we arrive at the following complete Lagrangian:

L_c = L_2 + L_{gf} = − 1 2 A_0

∂^2_0 + Δ^2 Δ A_0 − 1 2 A_i(∂^2_0 + Δ^2)A_i. (15)

The nonlocality of this Lagrangian, however, does not give any danger for calculations. Indeed, the propagators have a reasonable form:

< A_0A_0 > = i⃗k^2 k^2_0 − ⃗k^4 ; < A_iA_j > = − iδ_{ij} k^2_0 − ⃗k^4

. (16)

As can be checked, the model is then renormalizable for d ≤ 4.

To calculate the effective potential, we must take into account that it depends only on the matter fields, thus, we treat the gauge field as a pure quantum field. Also, we must take into account that, within the one-loop approximation, only the vertices associated to two quantum fields give nontrivial contributions to the effective potential. Let us denote the background fields by Φ and Φ^∗. It is easy to see that the only relevant vertices are

−e^2A_0A_0ΦΦ^∗; ieA_0(Φ^∗∂_0ϕ − Φ∂_0ϕ^∗), −ie(∂_iA_j )[Φ∂_i∂_j ϕ^∗ − Φ^∗∂_i∂_j ϕ], e^2(∂_iA_j )(∂_iA_j)ΦΦ^∗. (17)

To simplify the calculations, it is convenient to move within these vertices all derivatives to act on the gauge fields. So, these vertices take the form:

−e^2A_0A_0ΦΦ^∗; −ie(Φ^∗ϕ − Φϕ^∗)∂_0A_0, −ie[Φϕ^∗ − Φ^∗ϕ](∂_j ΔA_j ), −e^2A_jΔA_j ΦΦ^∗. (18)

To fix the quantum corrections at the one-loop order, we must consider two types of contributions. In the first of them, all diagrams involve only the gauge field propagators in the internal lines:

. . .

The total result from this sector is a sum of two contributions to the effective potential – the first one, U_a is given by sum of loops of < A_0A_0 > propagators, and the second one, U_b – of < A_iA_j > propagators:

U_a = − ∞∑ n=1 1 n ∫ d^dkdk_0 (2π)^{d+1}

(e^2ΦΦ^∗)^n ( ⃗k2 k^2_0 − ⃗k^4 )_n ;

U_b = − ∞∑ n=1 d n ∫ d^dkdk_0 (2π)^{d+1}

(e^2ΦΦ^∗)^n ( ⃗k2 k^2_0 − ⃗k^4 )_n . (19)

The second type of diagrams involves the triple vertices as well. We should first introduce a ”dressed” propagator = + + . . .

In this propagator, the summation over all quartic vertices is performed. As a result, these ”dressed” propagators are equal to

< A_0A_0 >_D = < A_0A_0 > ∞∑ n=0 [ie^2ΦΦ^∗ < A_0A_0 >]^n = i⃗k^2 k^2_0 − ⃗k^4 − e^2⃗k^2ΦΦ^∗ ;

< A_iA_j >_D = − iδ_{ij} k^2_0 − ⃗k^4 ∞∑ n=0 [e^2 ⃗k2 k^2_0 − ⃗k^4

ΦΦ^∗]^n = − iδ_{ij} k^2_0 − ⃗k^4 − e^2⃗k^2ΦΦ^∗

. (20)

To proceed, we follow the methodology developed in [14] and other papers. It is based on the summation over diagrams representing themselves as cycles of all possible number of links. Such diagrams look like

. . .

Now, it is time to take into account the derivatives in the triple vertices. Using the ”rationalized” form of the vertices (18), we can find that effectively one must consider the objects

G_1 = < ∂_0A_0(t_1, ⃗x_1)∂_0A_0(t_2, ⃗x_2) >_D;

G_2 = < ∂_iΔA_i(t_1, ⃗x_1)∂_j ΔA_j (t_2, ⃗x_2) >_D, (21)

whose Fourier transforms are

G_1(k) = ik^2_0⃗k^2 k^2_0 − ⃗k^4 − e^2⃗k^2ΦΦ^∗ ; G_2(k) = − i⃗k^6 k^2_0 − ⃗k^4 − e^2⃗k^2ΦΦ^∗

. (22)

Here we took into account that the derivatives affect different arguments of the propagator which changes the sign with respect to (20). Then, we can take into account that the effective propagators G_1 and G_2 enter the diagrams above on the same base, thus, the total contribution must be symmetric under replacement G_1 ↔ G_2. Thus, the total contribution from these graphs is

U_c = − ∞∑ n=1 1 n ∫ d^dkdk_0 (2π)^{d+1}

(−e^2ΦΦ^∗)^n ( (G_1 + G_2) < ϕϕ^∗ > )_n , (23)

which yields

U_c = − ∞∑ n=1 1 n ∫ d^dkdk_0 (2π)^{d+1}

(e^2ΦΦ^∗)^n ( (k2_0 − ⃗k4)⃗k2 k^2_0 − ⃗k^4 − e^2⃗k^2ΦΦ^∗ 1 k^2_0 − ⃗k^4 − m^4 )_n . (24)

It remains to process all these expressions U_a, U_b and U_c. To do it, we use the identity ∞∑ n=1 a^n n = − ln(1 − a) and carry out the Wick rotation, thus,

U_a = i ∫ d^dkdk_0 (2π)^{d+1} ln[1 + e^2ΦΦ^∗⃗k^2 k^2_0 + ⃗k^4 ]; U_b = id ∫ d^dkdk_0 (2π)^{d+1} ln[1 + e^2ΦΦ^∗⃗k^2 k^2_0 + ⃗k^4 ]; U_c = i ∫ d^dkdk_0 (2π)^{d+1} ln[1 − e^2ΦΦ^∗(k^2_0 + ⃗k^4)⃗k^2 k^2_0 + ⃗k^4 + e^2⃗k^2ΦΦ^∗ 1 k^2_0 + ⃗k^4 + m^4

]. (25)

In the case m = 0, U_c simplifies radically, and we have U_c = −i ∫ d^dkdk_0 (2π)^{d+1} ln[1 + e^2ΦΦ^∗⃗k^2 k^2_0 + ⃗k^4

], (26) which completely cancels U_a. So, in this case we end just with the following contribution to the effective potential:

U^{(1)} = id ∫ d^dkdk_0 (2π)^{d+1} ln[1 + e^2ΦΦ^∗⃗k^2 k^2_0 + ⃗k^4

]. (27)

Adding and subtracting the constant id ∫_{ddkdk0} (2π)^{d+1} ln[1+ ⃗k4 k^2_0 ], we find that the effective potential,

up to an additive constant, looks like

U^{(1)} = id ∫ d^dkdk_{0E} (2π)^{d+1} ln[1 + ⃗k4 + e2ΦΦ∗⃗k2 k^2_0

]. (28)

Then, we use the integral ∫_∞ 0 dk_0 ln(k^2_0 + A^2) = π √ A^2, so,

U^{(1)} = id ∫ d^dk 2(2π)^d √ ⃗k2(⃗k2 + e2ΦΦ∗) = idI. (29) Following the same steps as before, in the case of the scalar model, we arrive at I = π^{d/2} 2(2π)^d

(e^2ΦΦ^∗)^{d/2+1}

Γ(−1 −^d_2 )Γ(^d_2 +^1_2 )

Γ(^d_2 )Γ(−^1_2 )

. (30)

We see that for odd spatial dimension d, this expression is finite, while for even d it diverges, and, we would need to add the corresponding counterterms (in particular, for d = 2, one will need the quartic interaction to achieve a multiplicative renormalizability).

For completeness, we note that sometimes, the Coulomb gauge ∂_iA_i = 0 maybe convenient. It is considered in Appendix.

c. Yukawa theory. Then, let us formulate the Yukawa theory. It is natural to consider now the z = 2 version of the spinor field theory, so, the (d + 1)-dimensional Lagrangian for the theory looks like

L = ψ̄(iγ^0∂_0 + Δ − m^2 − hΦ)ψ. (31)

To keep track only from the Yukawa coupling, we treat the scalar field as a purely external one. The generalization of this study for the case of the self-interacting scalar field is straightforward. The one-loop effective potential corresponding to this Lagrangian, looks like

Γ^{(1)} = iTr ln(iγ^0∂_0 + Δ − m^2 − hΦ). (32)

We can present this expression as

Γ^{(1)} = iTr ln(iγ^0∂_0) + iTr ln(1 − i

(Δ − m^2 − hΦ)γ^0∂_0 ∂^2_0

). (33)

Disregarding an irrelevant additive constant, expanding the logarithm in power series, calculating the matrix trace and doing the sum, we arrive at

Γ^{(1)} = i δ 2 Tr ln [ 1 − (Δ − m^2 − hΦ)^2

∂^2_0 ] . (34)

Here δ is a dimension of the Dirac matrices in the corresponding representation. After Fourier transform by the rule i∂_{0,i} → k_{0,i}, this expression yields the following effective potential

U^{(1)} = −i δ 2 ∫ d^dkdk_0 (2π)^{d+1} ln [k2_0 − (⃗k2 + m2 + hΦ)2

k^2_0 ] . (35)

Doing the Wick rotation and integrating over k_0, we arrive at

U^{(1)} = − δ 2 ∫ d^dk (2π)^d

(⃗k^2 + m^2 + hΦ)^{1+ϵ}. (36)

This integral, for any positive d, vanishes within the dimensional regularization being proportional to^1_{Γ(−1−ϵ)} which is zero as ϵ → 0.

An observation is in order: if we consider a model composed of the Lagrangian (11) plus an extension of (31) in which the fermions are also minimally coupled to the electromagnetic field, up to the one-loop order, no additional contribution to the effective potential given by the expressions (29,30) arises.

We studied the effective action for some scalar HL-like theories: first, the self-coupled scalar model whose one-loop effective potential was found for arbitrary values of the space dimension, critical exponent and coupling; second, the scalar QED, whose effective potential was successfully obtained in the z = 2 case, and third, the Yukawa theory, where the oneloop effective potential was shown to vanish. In principle, we can also introduce the coupling between the gauge and spinor fields. Nevertheless, these additional interactions will start to contribute to the effective potential only at the two-loop order. We found that the methodology for calculating the effective potential does not essentially differ from that in the usual, Lorentz invariant field theories. Appendix Let us briefly describe the difference of the results for the case of gauge fields in the Coulomb gauge. After imposing this gauge, the ”mixed” term immediately vanishes in the action (13), but there is no modification of the quadratic term in A_0, so, the propagator < A_0A_0 > in this case differs from that one in (16) being equal to

< A_0A_0 >= − i ⃗k2 , (37) whereas the propagator < A_iA_j > stays the same as in (16). As a result, the contribution U_b from (25) stays unchanged, while for U_a now we have

U_a = i ∫ d^dkdk_{0E} (2π)^{d+1} ln[1 + e^2ΦΦ^∗ ⃗k2 ]. (38)

However, the result for Γ_c in the Coulomb gauge is much more complicated. Let us consider it in details. The ”effective propagator” G_1 introduced in (22) in the case of the Coulomb gauge takes the form

G_1 = − ik^2_0 ⃗k4 + e2⃗k2ΦΦ∗ , (39)

while the G_2 does not suffer any modification. After doing the sum indicated in (23) and some simple transformations, we have

U_c = i ∫ d^dkdk_0 (2π)^{d+1} [ ln [[k^2_0⃗k^2 + (⃗k^2 + e^2ΦΦ^∗)(⃗k^4 + m^4)](k^2_0 + ⃗k^4 + e^2⃗k^2ΦΦ^∗) k^4_0⃗k^2 + + e^2ΦΦ^∗⃗k^6(⃗k^2 + e^2ΦΦ^∗) k^4_0⃗k^2 ] − ln k^2_0 + ⃗k^4 + e^2⃗k^2ΦΦ^∗ k^2_0

− ln ⃗k2 + e2ΦΦ∗ ⃗k2 + ln k^2_0 ⃗k4 ] . (40)

It is easy to see that the second term in the r.h.s. of this expression differs from (27) only by a constant factor, −d, multiplying the last one. The third term exactly cancels with U_a (38), and the last term is a pure irrelevant constant, since it does not depend on the background fields. Thus, the complete effective potential is

U = U_a + U_b + U_c = −i π^{d/2} 2(2π)^d

(e^2ΦΦ^∗)^{d/2+1}

(1 − d)Γ(−1 −^d_2 )Γ(^d_2 +^1_2 ) Γ(^d_2 )Γ(−^1_2 ) + + i ∫ d^dkdk_0 (2π)^{d+1} ln [[k^2_0⃗k^2 + (⃗k^2 + e^2ΦΦ^∗)(⃗k^4 + m^4)](k^2_{0E} + ⃗k^4 + e^2⃗k^2ΦΦ^∗) k^4_0⃗k^2 + + e^2ΦΦ^∗⃗k^6(⃗k^2 + e^2ΦΦ^∗) k^4_0⃗k^2 ] . (41)

Notice that the first term in this expression is very similar to the result (38). The above expression differs from the results in (25–30) just because the contribution involving < A_0A_0 > propagators was cancelled. Unfortunately, the last term is highly cumbersome.

The discrepancy between the results for the effective potential in the gauges we considered is expected because it is a gauge dependent quantity.

Acknowledgements. This work was partially supported by Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq) and Fundação de Amparo à Pesquisa do

Estado de São Paulo (FAPESP), and CNPq/PRONEX/FAPESQ. The work by A. Yu. P. has been supported by the CNPq, project 303461/2009-8.

[1] P. Horava, Phys. Rev. D 79, 084008 (2009), arXiv: 0901.3775.

[2] G. Calcagni, JHEP 0909, 112 (2009), arXiv: 0904.0829; R. Brandenberger, Phys. Rev. D80, 043516 (2009), arXiv: 0904.2835; Y.-S. Piao, Phys. Lett. B681, 1 (2009), arXiv: 0904.4117; E. Kiritsis, G. Kofinas, Nucl. Phys. B821, 467 (2009), arXiv: 0904.1334; B. Chen, Q.-H. Huang, Phys. Lett. B683, 108 (2010), arXiv: 0904.4565; E. Saridakis, Eur. Phys. J. C67, 229 (2010), arXiv: 0905.3532.

[3] H. Lu, C. Mei, C. N. Pope, Phys. Rev. Lett. 103, 091301 (2009), arXiv: 0904.1595; H. Nastase, ”On IR solutions in Horava gravity theories”, arXiv: 0904.3604.

[4] R.-G. Cai, L.-M. Cao, N. Ohta, Phys. Rev. D80, 024003 (2009), arXiv: 0904.3670, R. A.

Konoplya, Phys. Lett. B679, 499 (2009), arXiv: 0905.1523.

[5] R. Iengo, J. Russo, M. Serone, JHEP 0911, 020 (2009), arXiv: 0906.3477; R. Iengo, M.

Serone, Phys. Rev. D81, 125005 (2010), arXiv: 1003.4430, J. M. Romero, J. A. Santiago, O. Gonzalez-Gaxiola, A. Zamora, Mod. Phys. Lett. A25, 3381 (2010), arXiv: 1006.0956.

[6] D. Anselmi, Ann. Phys. 324, 874 (2009), arXiv: 0808.3470; Ann. Phys. 324, 1058 (2009), arXiv: 0808.3474.

[7] A. Dhar, G. Mandal, S. Wadia, Phys. Rev. D80, 105018 (2009), arXiv: 0905.2928. [8] A. F. Ferrari, H. O. Girotti, M. Gomes, A. Yu. Petrov, A. J. da Silva, “Horava-Lifshitz modifications of the Casimir effect”, arXiv: 1006.1635.

[9] S. Das, K. Murthy, Phys. Rev. D80, 065006 (2009), arXiv: 0906.3261. [10] P. Gomes, M. Gomes, Phys. Rev. D85, 085018 (2012), arXiv: 1107.6040. [11] M. Eune, W. Kim, Phys. Lett. B703, 100 (2011), arXiv: 1105.5194. [12] J. Alexandre, K. Farakos, A. Tsapalis, Phys. Rev. D81, 105029 (2010), arXiv: 1004.4201. [13] K. Farakos, D. Metaxas, Phys. Lett. B707, 562 (2012), arXiv: 1109.0421; Phys. Lett. B711, 76 (2012), arXiv: 1112.6080.

[14] B. de Wit, M. Grisaru, M. Rocek, Phys. Lett. B374, 297 (1996), hep-th/9601115; A. Pickering, P. West, Phys. Lett. B383, 64 (1996), hep-th/9604147; M. Grisaru, M. Rocek, R. von Unge, Phys. Lett. B383, 415 (1996), hep-th/9605149; I. L. Buchbinder, M. Cvetic, A. Yu. Petrov,

Nucl. Phys. B571, 358 (2000), hep-th/9906141; F. S. Gama, M. Gomes, J. R. Nascimento, A. Yu. Petrov, A. J. da Silva, Phys. Rev. D84, 045001 (2011), arXiv: 1101.0724.