arXiv:1105.1871v1 [astro-ph.CO] 10 May 2011

Constraints on kinematic models from the latest observational data

Jianbo Lu^∗ Department of Physics, Liaoning Normal University, Dalian 116029, P. R. China

Lixin Xu Korea Astronomy and Space Science Institute, Daejon 305-348, Korea and School of Physics and Optoelectronic Technology, Dalian University of Technology, Dalian, 116024, P. R. China

Molin Liu College of Physics and Electronic Engineering, Xinyang Normal University, Xinyang, 464000, P. R. China

Kinematical models are constrained by the latest observational data from geometry-distance measurements, which include 557 type Ia supernovae (SNIa) Union2 data and 15 observational Hubble data. Considering two parameterized deceleration parameter, the values of current deceleration parameter q0, jerk parameter j0 and transition redshift zT , are obtained. Furthermore, we show the departures for two parameterized kinematical models from ΛCDM model according to the evolutions of jerk parameter j(z). Also, it is shown that the constraint on jerk parameter j(z) is weak by the current geometrical observed data.

PACS numbers: 98.80.-k Keywords: kinematical approach; deceleration parameter; jerk parameter.

1. Introduction

The recently cosmic observations [1][2][3] suggest that the expansion of present universe is speeding up. The accelerated expansion of the universe is usually attributed to the fact that dark energy (DE) is an exotic component with negative pressure, such as cosmological constant, quintessence [4], phantom [5], quintom [6], generalized Chaplygin gas [7], agegraphic dark energy [8], etc [9]. Also, the accelerating universe is related to the modification of the gravity theory at large scale, such as f(R) modified gravity theory [10] and higher dimensional theory [11], etc. These approaches correspond to the dynamics of the universe. For more information about dynamics of universe, please see review papers [12].

Another route is the kinematical approach, which holds true regardless of the underlying cosmic dynamics [13], i.e., it depends neither on the validity of any particular metric theory of gravity nor on the matter-energy content of the observed universe [14]. It is only related to the weaker assumption that space-time is homogeneous and isotropic so that the FRW metric is still valid [14]. Then the kinematic approach is also called cosmokinetics [15], cosmography [16], or Friedmannless cosmology [17]. For kinematic equations, there are Hubble parameter H =^ȧ , deceleration

∗Electronic address: lvjianbo819@163.com

parameter q = −aä/ȧ^2, and jerk parameter j = −

...a

a^3/(aȧ^3). It can be seen that parameters H, q and j are purely kinematical, since they are independent of any gravity theory, and all of them are only related to scale factor a (or redshift z, since a =^1_{1+z} ).

The benefit of the kinematical analysis is that it has the fewer assumptions and a different set of models are explored for comparison with dynamical scenario. Since the origin of cosmic acceleration is unknown, the choice of parameterized kinematical model is essentially arbitrary. But inappropriate kinematical model could imply an unphysical universe at earlier time. For instance, for the model q(z) = q_0 + q_1z, it has q(z) > 1/2 at high redshift [18], which is not consistent with the matter dominated universe^1. The reason is simple that the model q(z) = q_0 + q_1z, a expansion of q(z) at low redshift, is not reliable at high redshift. As a complementarity to dynamical approach, in this paper we constrain two parameterized kinematical models by using the latest observational data: 557 type Ia supernovae (SNIa) Union2 dataset and 15 observational Hubble data.

2. The kinematical approach and models

The dimensionless Hubble and deceleration parameters are defined by the first and second derivative of scale factor H ≡ ȧ a = − 1 1 + z dz dt , (1)

q ≡ − 1 H^2 ( ä a ) = 1 2 (1 + z)

[H(z)^2]^′ H(z)^2

− 1, (2)

where^”dot^” denotes the derivative with respect to cosmic time t. H and q describe the rate of expansion and acceleration of universe. The relation between H and q is written as

H = H_0 exp[ ∫_z 0 [1 + q(u)]d ln(1 + u)], (3)

H_0 is Hubble constant. In this paper, subscript ”0” denotes the current value of cosmological quantities.

Similar, the jerk parameter j is defined as the dimensionless third derivative of scale factor with respect to cosmic time j ≡ − 1 H^3 ( ˙ä a ) = −[ 1 2 (1 + z)^2

[H(z)^2]^{′′} H(z)^2

− (1 + z)

[H(z)^2]^′ H(z)^2

+ 1]. (4)

The use of the cosmic jerk parameter provides a more natural parameter space for kinematical studies, and transitions between phases of different cosmic acceleration are more naturally described by models incorporating a cosmic jerk [19]. Especially, since for flat ΛCDM model it has a constant jerk with j(z) = −1, jerk parameter can provides us with a simple, convenient approach to search for departures from the cosmic concordance model, ΛCDM, just as deviations from w = −1 done in more standard dynamical analyses. The jerk parameter is related with the deceleration parameter by the following differential equation

j = −[q + 2q^2 + (1 + z) dq dz ]. (5)

1 For the matter dominated universe, it has q(z) = 1/2, then there must be q(z) ≤ 1/2 for any kinematical or dynamical model.

H(z) q(z) j(z) H0(1 + z)^{1+q0 +q1} exp(−^{q1 z}_{1+z} ) q0 +^{q1 z}_{1+z} −q0 −^{q1 z}_{1+z} − 2(q0 +^{q1z}_{1+z} ) − (1 + z)[^{q1}_{1+z} −^{q1 z}_{(1+z)2} ] H0(1 + z)^{32} exp[^{2q1 z+(q1+q2)z2}

2(1+z)2 ] 1 2 +^{q1 +q2z}

(1+z)2 − 1 2 −^{q1 +q2z}

(1+z)2 − 2( 1 2 +^{q1 +q2z}

(1+z)2 )

2 − (1 + z)[^{q2}_{(1+z)2} −^{2(q1 +q2 z)}_{(1+z)3} ]

TABLE I: The expressions of Hubble parameter H(z), deceleration parameter q(z) and jerk parameter j(z) for two models.

From Eqs. (3) and (5), we can see that the expressions of Hubble parameter and jerk parameter can be given by deceleration parameter. Here we consider two parameterized deceleration parameters, q(z) = q_0 +^{q1 z}_{1+z} (M_1) [20] and q(z) =^1_2 +^{q1 +q2 z}_{(1+z)2} (M_2) [21]. M_1 is one order expansion of scale factor a at present (a = 1), i.e., q(a) = q_0 + q_1(1 − a). M_2 is an alternative parametrization to the three-epoch model^2. For these two models, the expressions of Hubble parameter, deceleration parameter and jerk parameter are shown in Table I.

For other parameterized deceleration parameter appeared in Ref. [14], such as model q(z) = q_0 + q_1z and q(z) = q_0=constant, we will not discuss: since the former model is only interested at low redshift, not all the observed data from 557 SNIa Union2 dataset (redshift interval 0.015 ≤ z ≤ 1.4) and 15 observational Hubble data (redshift interval 0 ≤ z ≤ 1.75) can be used to constrain its evolution; though the latter one indicates an accelerating universe [14], it does not describe a transition of universe from decelerated expansion to accelerated expansion. Furthermore, for two-epoch model (q = q_0, z ≤ z_T ; q = q_1, z > z_T ), the q(z) function is not smooth, so it will not appeared in the paper, too.

3. Data and analysis Methods

Since SNIa behave as excellent standard candles, they can be used to directly measure the expansion rate of the universe up to high redshift for comparison with the present rate. Theoretical cosmic parameters are determined by minimizing the quantity [24]

χ^2_{SNIa}(H_0, θ) = N∑ i=1 (μ_{obs}(z_i) − μ_{th}(z_i, H_0, θ))^2 σ^2_{obs;i} , (6)

where N = 557 for SNIa Union2 data; σ^2_{obs;i} are errors due to flux uncertainties, intrinsic dispersion of SNIa absolute magnitude and peculiar velocity dispersion, respectively; θ denotes the model parameters; μ_{obs} is the observed values of distance modulus and can be given by the SNIa dataset; the expression of theoretical distance modulus μ_{th} is related to the apparent magnitude of supernova at peak brightness m and the absolute magnitude M,

μ_{th}(z_i) ≡ m_{th}(z_i) − M = 5log_{10}(D_L(z)) + μ_0, (7)

where luminosity distance

D_L(z) = H_0d_L(z) = (1 + z) ∫_z 0 H_0dz^′ H(z^′ ; θ)

, (8)

2 The three-epoch model [22] is a alternative scenario for the model q(z) = q_0 + q_1z, but the problem is that this function q(z) is not smooth [21].

and μ_0 = 5log_{10}(

H^{−1}_0 Mpc ) + 25 = 42.38 − 5log_{10}h. (9)

It should be noted that μ_0 is independent of the data and the dataset, though it is a nuisance parameter. By expanding the χ^2 of Eq. (6) relative to μ_0, the minimization with respect to μ_0 can be made trivially [25][26]

χ^2_{SNIa}(θ) = A(θ) − 2μ_0B(θ) + μ^2_0C, (10)

where A(θ) = N∑ i=1 [μ_{obs}(z_i) − μ_{th}(z_i; μ_0 = 0, θ)]^2 σ^2_i

, (11)

B(θ) = N∑ i=1 μ_{obs}(z_i) − μ_{th}(z_i; μ_0 = 0, θ) σ^2_i

, (12)

C = N∑ i=1 1 σ^2_i

, (13)

Evidently, Eq. (6) has a minimum for μ_0 = B/C at ~χ^2_{SNIa}(θ) = A(θ) − B(θ)^2/C. (14) Since χ^2_{SNIa,min} = ~χ^2_{SNIa,min} and ~χ^2_{SNIa} is independent of nuisance parameter μ_0, here we utilize expression (14) to displace (6) for SNIa constraint. Alternatively, one can also perform a uniform marginalization over the nuisance parameter μ_0 thus obtaining [27–29] χ^2_{SNIa}(θ) = A(θ) − B(θ)^2 C + ln( C 2π ). (15)

Comparing Eq. (14) with Eq. (15), it can be seen that two χ^2s are equivalent for using them to constrain cosmological models, since they are only different from a constant term ln(^C_{2π} ), i.e. if one marginalize over all values of μ_0, as in Ref. [30], that would just add a constant and would not change the constraint results.

Recently, Stern et al obtained the Hubble parameter H(z) at 12 different redshifts from the differential ages of passively evolving galaxies [31]. And in Ref. [32], authors obtained H(z = 0.24) = 79.69 ± 2.32, H(z = 0.34) = 83.8 ± 2.96, and H(z = 0.43) = 86.45 ± 3.27 by taking the BAO scale as a standard ruler in the radial direction. Using these data we can constrain cosmological models by minimizing

χ^2_{Hub}(H_0, θ) = N∑ i=1 [H_{th}(z_i) − H_{obs}(H_0, θ, z_i)]^2 σ^2_{obs;i} , (16)

where H_{th} is the predicted value for the Hubble parameter, H_{obs} is the observed value, σ^2_{obs;i} is the standard deviation measurement uncertainty. Here the nuisance parameter H_0 is marginalized in the following calculation with a Gaussian prior, H_0 = 74.2 ± 3.6 km s^{−1} Mpc^{−1} [33].

The likelihood function is written as L ∝ e^{−χ2 /2}, and the total χ^2 equals, χ^2_{total} = χ̃^2_{SNIa} + χ^2_{Hub}, (17)

FIG. 1: The best-fit evolutions of q(z) with 1σ confidence level constrained from 557 SNIa Union2 dataset and 15 observational Hubble data.

model χ^2_{min} χ^2_{min}/dof q0 (1σ) j0 (1σ) zT (1σ) M1 554.335 (478.060) 0.973(1.163) −0.701^{+0.089}_{−0.089} (−0.653^{+0.092}_{−0.093} ) −2.000^{+0.443}_{−0.442} (−1.823^{+0.456}_{−0.457} ) 0.689^{+0.227}_{−0.117} (0.674^{+0.257}_{−0.124} ) M2 554.560 (478.334) 0.973(1.167) −0.749^{+0.103}_{−0.103} (−0.698^{+0.108}_{−0.108} ) −2.619^{+0.602}_{−0.602} (−2.386^{+0.619}_{−0.620} ) 0.687^{+0.198}_{−0.121} (0.667^{+0.215}_{−0.126} ) ΛCDM 557.008 (479.283) 0.975(1.166) −0.598^{+0.028}_{−0.027} (−0.575^{+0.030}_{−0.030} ) −1 0.761^{+0.055}_{−0.055} (0.716^{+0.056}_{−0.056} )

TABLE II: The values of the current deceleration parameter q0, jerk parameter j0, and transition redshift zT against the model, obtained by using 557 SNIa Union2 data and 15 observational Hubble data (the numerical results in brackets correspond to the constraints from 397 SNIa Constitution data and 15 observational Hubble data).

FIG. 2: The best-fit evolutions of j(z) with 1σ confidence level constrained from 557 SNIa Union2 dataset and 15 observational Hubble data.

where χ̃^2_{SNIa} and χ^2_{Hub} are the ones described in Eq. (14) and Eq. (16), respectively. It is easy to see that the matter density Ω_m are not contained explicitly in the χ^2_{total}. Then, the constraint results may not depend on the dynamic variables Ω_m, and gravitation theory.

The evolutions of two kinematical parameters, q(z) and j(z), are plotted in Fig. 1 and 2 for two models, respectively. According to these figures, constraint results of cosmic parameters are obtained and shown in table II, with the constraints on model parameters shown in table III. Relative to the evolutions of deceleration parameters q(z) it can be seen that the constraints on jerk parameters j(z), defined by the third derivative with respect to scale factor a, are model The values of model parameters (1σ) M1 q0 = −0.701^{+0.089}_{−0.089} (q0 = −0.653^{+0.092}_{−0.093} ), q1 = 1.718^{+0.475}_{−0.504} (q1 = 1.623^{+0.493}_{−0.529} ) M2 q1 = −0.253^{+0.653}_{−0.673} (q1 = −0.286^{+0.692}_{−0.714} ), q2 = −1.249^{+0.106}_{−0.158} (q2 = −1.198^{+0.165}_{−0.162} ) ΛCDM Ω0m = 0.268^{+0.019}_{−0.018} (Ω0m = 0.283^{+0.021}_{−0.019} )

TABLE III: The 1σ confidence level of model parameters for the models: q(z) = q0 +^{q1 z}_{1+z} , q(z) =^1_2 +^{q1 +q2 z}_{(1+z)2} and ΛCDM model by using the 557 SNIa Union2 data and 15 observational Hubble data (the numerical results in brackets correspond to the constraints from 397 SNIa Constitution data and 15 observational Hubble data).

weaker for these two models from the distance-measurement data. Furthermore, in Fig. 1 as a contrast we also plot the evolution of deceleration parameter q(z) for ΛCDM model by the current geometry-distance observed data (and for this model, jerk parameter j(z) = −1 almost). From table II, it is shown that for the dynamical ΛCDM model, the constraint results tend to favor the bigger values of current deceleration parameter q_0 and transition redshift z_T relative to the cases of two kinematical models.

4. Conclusions

In this paper, kinematic models are constrained by the latest observational data: 557 SNIa Union2 dataset and 15 observational Hubble data. Generally, the expansion rhythm of current universe q_0 and transitional time from decelerated expansion to accelerated expansion z_T , depends on the parameterized form of kinematical equations. Here we consider two parameterized deceleration parameter. The best fit values of z_T , q_0 and j_0 with 1σ confidence level are obtained. From table II we can see that the values of z_T indicated by these two models much approach each other. From Fig. 1 and 2 it can be seen that for the two kinematical models, the constraints on jerk parameters j(z) are weak by the current observed data. In addition, we also can see the deviation of jerk parameter from j = −1 according to the Fig. 2, with measuring the departures for kinematical models from ΛCDM model. Furthermore, considering Refs. [14][19][34], where most models indicate that current data favors j_0 < −1 case, which is consistent with our results. At last, for comparing the differences of constraint results on cosmic parameters between the different SNIa data, we also consider the case of displacing the 557 SNIa Union2 data[23]^3 with 397 SNIa Constitution data [36]^4 in the above combined constraints, and the latter constraint results are listed in brackets in table II. According to table II, it seems that the constraint results favor a bigger value of current deceleration parameter q_0 and jerk parameter j_0, and a smaller value of transition redshift z_T .

Acknowledgments The research work is supported by the National Natural Science Foundation (Grant No.

3 The SNIa Union2 data are obtained, by adding new datapoints (including the high redshift SNIa) to the SNIa Union [35] data, making a number of refinements to the Union analysis chain, refitting all light curves with the SALT2 fitter.

4 The 397 Constitution data are obtained by adding 90 SNIa from CfA3 sample to 307 SNIa Union sample[35]. CfA3 sample are all from the low-redshift SNIa, z < 0.08, and these 90 SNIa are calculated with using the same Union cuts.

10875056), NSF (10703001) and NSF (No.11005088) of P.R. China.

[1] A.G. Riess, et al., Astron. J. 116 (1998) 1009, [arXiv:astro-ph/9805201]; S. Perlmutter et al, 1999 Astrophys. J. 517 565. [2] D.N. Spergel, et al., Astrophys. J. Suppl. 148 (2003) 175, [arXiv:astro-ph/0302209]. [3] A.C. Pope, et al., Astrophys. J. 607 (2004) 655, [arXiv:astro-ph/0401249]. [4] B. Ratra and P.J.E. Peebels, 1988 Phys. Rev. D. 37 3406.

[5] R.R. Caldwell, M. Kamionkowski and N. N. Weinberg, 2003 Phys. Rev. Lett. 91 071301 [arXiv:astro-ph/0302506]; M.R.

Setare, 2007 Eur. Phys. J. C 50 991.

[6] B. Feng, X.L. Wang and X.M. Zhang, 2005 Phys. Lett. B 607 35 [arXiv:astro-ph/0404224]. [7] A.Y. Kamenshchik, U. Moschella and V. Pasquier, 2001 Phys. Lett. B 511 265 [arXiv:gr-qc/0103004]; M.C. Bento, O.

Bertolami and A.A. Sen, Phys. Rev. D 66 (2002) 043507 [arXiv:gr-qc/0202064]; J.B. Lu, Y.X. Gui and L.X. Xu, 2009 Eur. phys. J. C 63 349.

[8] R.G. Cai, Phys. Lett. B 657, 228 (2007) [arXiv:hep-th/ 0707.4049].

[9] J.B. Lu, E.N. Saridakis, M.R. Setare and L.X. Xu. JCAP, 2010, 03: 031 [arXiv:astro-ph/0912.0923]; J.B. Lu et al, Gen.

Relativ. Gravit. (2011) 43:819-832; J.B. Lu et al, 2008 Phys. Lett. B 662, 87; J.B. Lu, Phys. Lett. B 680, 404 (2009). [10] Barrow J D and Cotsakis S 1988 Phys. Lett. B 214 515.

[11] L. Randall and R. Sundrum, Phys.Rev.Lett 83 3370 (1999) [hep-ph/9905221]; G. Dvali, G. Gabadadze and M. Porrati, Phys.Lett.B 485 208-214 (2000) [hep-th/0005016].

[12] P.J.E. Peebles and B. Ratra, Rev. Mod. Phys. 75 (2003) 559 [astro-ph/0207347]; T. Padmanabhan, Phys. Rept. 380 (2003) 235 [hep-th/0212290]; S.M. Carroll, [astro-ph/0310342]; R. Maartens, [arXiv:gr-gc/0312059]; M. Trodden and S.M. Carroll, [astro-ph/0401547]; V. Sahni, [astro-ph/0403324]; R. Bean, S.M. Carroll and M. Trodden, [astro-ph/0510059]; V. Sahni and A.A. Starobinsky, Int. J. Mod. Phys. D 9 (2000) 373 [astro-ph/9904398]; S. Nojiri, S.D. Odintsov, [hep-th/0601213]; R.P. Woodard, [hep-th/0601672]; S. Bludman, [astro-ph/0605198]; E.J. Copeland, M. Sami and S. Tsujikawa, Int. J. Mod. Phys. D 15 (2006) 1753 [hep-th/0603057]; A.J. Albrecht et al., [astro-ph/0609591]; M. Kamionkowski, [arXiv:0706.2986]; B. Ratra and M.S. Vogeley, [arXiv:0706.1565]; E.V. Linder, Am. J. Phys. 76 (2008) 197 [arXiv:0705.4102]; J. Frieman, M. Turner and D. Huterer, Ann. Rev. Astron. Astrophys. 46 (2008) 385 [arXiv:0803.0982]; M.B. Altaie, [arXiv:0907.4280]; D. Baumann, [arXiv:0907.5424].

[13] J.M. Virey et al., Phys. Rev. D 72 (2005) 061302 [astro-ph/0502163]; D. Rapetti, S.W. Allen, M.A. Amin and R.A. Daly et al., Astrophys. J. 677 (2008) 1; J.V. Cunha and J.A.S. Lima, Mon. Not. Roy. Astron. Soc. 390 (2008) 210 [arXiv:0805.1261].

[14] A.C.C. Guimaraes, J.V. Cunha and J.A.S. Lima, [arXiv:0904.3550].

[15] R.D. Blandford, M. Amin, V. Baltz, K. Mandel, P.J. Marshall, Astron. Soc. Pac. Conf. Series, 339, 27(2005) [astro-ph/0408279].

[16] M.S. Turner, A.G. Riess, Astrophys. J. 569 18(2002) [astro-ph/0106051]; C. Shapiro, M. S. Turner, Astrophys. J. 649 563(2006) [astro-ph/0512586].

[17] Ø. Elgarøy, T. Multamäki, Mon. Not. Roy. Astron. Soc. 356 475(2005) [astro-ph/0404402]; Ø. Elgarøy, T. Multamäki T JCAP 9 2(2006) [astro-ph/0603053].

[18] J.V. Cunha, Phys. Rev. D 79 (2009) 047301 [arXiv:0811.2379]. [19] R.D. Blandford, Mon. Not. Roy. Astron. Soc. 375 (2007) 1510 [astro-ph/0605683]. [20] L.X. Xu and J.B. Lu, Mod. Phys. Lett. A 24 (2009) 369 [21] Y.G. Gong, A.Z. Wang, Phys. Rev. D 73, 083506 (2006). astro-ph/0601453; Y.G. Gong, A.Z. Wang, Phys. Rev. D 75, 043520 (2007). [astro-ph/0612196]; J.B Lu, L.X Xu, M.L Liu and Y.X Gui, 2008 Eur. Phys. J. C 58 311 [arXiv:astroph/0812.3209].

[22] M.S. Turner, A.G. Riess et al., Astrophys. J. 569, 18 (2002); C.A. Shapiro, M.S. Turner, astro-ph/0512586. [23] R. Amanullah et al. [Supernova Cosmology Project Collaboration], [arXiv:astro-ph/1004.1711]

The numerical data of the full sample are available at http://supernova.lbl.gov/Union.

[24] S. Nesseris and L. Perivolaropoulos, Phys. Rev. D 72 (2005) 123519 [astro-ph/0511040]; M. Szydlowski and W. Godlowski, 2006 Phys. Lett. B 633 427 [arXiv:astro-ph/0509415]; S. Nesseris and L. Perivolaropoulos, 2007 JCAP 0702 025, [arXiv:astro-ph/0612653]; R. Lazkoz, S. Nesseris, and L. Perivolaropoulos, J. Cosmol. Astropart. Phys. 07 (2008) 012, [arXiv:astro-ph/0712.1232].

[25] L. Perivolaropoulos, 2005 Phys. Rev. D 71 063503 [arXiv:astro-ph/0412308]; E. Di Pietro and J. F. Claeskens, 2003 Mon.

Not. Roy. Astron. Soc. 341 1299, [arXiv:astro-ph/0207332]. [26] M. Li, X.D. Li, S. Wang and X. Zhang, [arXiv:astro-ph/0904.0928]. [27] S. Nesseris, L. Perivolaropoulos, Phys.Rev.D 72:123519 (2005) [arXiv:astro-ph/0511040]. [28] R. Lazkoz, S. Nesseris, L. Perivolaropoulos, JCAP 0511:010 (2005) [arXiv:astro-ph/0503230]. [29] S. Nesseris and L. Perivolaropoulos, Phys. Rev. D 70, 043531 (2004) [arXiv:astro-ph/0401556]. [30] A. G. Riess et al. [Supernova Search Team Collaboration], Astrophys. J. 607, 665 (2004).

[31] D. Stern, R. Jimenez, L. Verde, M. Kamionkowski and S. A. Stanford, [arXiv:astro-ph/0907.3149]; J. Simon et al, 2005 Phys. Rev. D 71, 123001.

[32] E. Gaztanñaga, A. Cabré and L. Hui, [arXiv: 0807.3551]. [33] A. G. Riess et al., arXiv:0905.0695[astro-ph.CO].

[34] L.X. Xu W.B. Li and J.B. Lu, JCAP, 07 (2009) 31 [arXiv:0905.4552]. [35] D. Rubin et al, [arXiv:astro-ph/0807.1108]. [36] M. Hicken et al., [arXiv:astro-ph/0901.4804].