arXiv:astro-ph/0102033 v2 4 Feb 2001

Value of the Cosmological Constant:

Theory versus Experiment

Moshe Carmeli and Tanya Kuzmenko

Department of Physics, Ben Gurion University, Beer Sheva 84105, Israel

Abstract. The numerical value of the cosmological constant is calculated using a recently suggested cosmological model and found to be Λ = 2:036 � 10�^{35}s�^2. This value of Λ is in excellent agreement with the measurements recently obtained by the High-Z Supernova Team and the Supernova Cosmology Project.

The problem of the cosmological constant and the vacuum energy associated with it is of high interest these days. There are many questions related to it at the quantum level, all of which are related to quantum gravity. Why there exists the critical mass density and why the cosmological constant has this value? Trying to answer these questions and others were recently the subject of many publications [1–13].

In this paper it is shown that the recently suggested cosmological model [14] predicts the value Λ = 2.036 � 10�^{35}s�^2 for the cosmological constant. This value of Λ is in excellent agreement with the measurements recently obtained by the High-Z Supernova Team and the Supernova Cosmological Project [15–21].

The Einstein gravitational field equations with the added cosmological term are [22]: R_{μν} � 1 2 g_{μν} R + Λg_{μν} = κT_{μν}, (1) where Λ is the cosmological constant, the value of which is supposed to be determined by experiment. In Eq. (1) R_{μν} and R are the Ricci tensor and scalar, respectively, κ = 8πG, where G is Newton’s constant and the speed of light is taken as unity.

Recently the two groups (the Supernovae Cosmology Project and the High-Z Supernova Team) concluded that the expansion of the universe is accelerating [15–21]. Both teams obtained

Ω_M ß 0.3, Ω_Λ ß 0.7, (2)

and ruled out the traditional (Ω_M , Ω_Λ)=(1, 0) universe. Their value of the density parameter Ω_Λ corresponds to a cosmological constant that is small but, nevertheless, nonzero and positive,

Λ ß 10^{�52}m^{�2} ß 10^{�35}s^{�2}. (3)

In Ref. 14 a four-dimensional cosmological model was presented. The model predicts that the universe accelerates and hence it is equivalent to having a positive value for cosmological constant in it. In the framework of this model the zero-zero component of Einstein’s equations is written as

R^0 � 1 2 δ^0R = κρ_{eff} = κ ( ρ � ρ^{BC}_c^) (4)

where ρ^{BC}_c = 3/κτ^2 is the critical mass density and τ is Hubble’s time in the zero-gravity limit.

Comparing Eq. (4) with the zero-zero component of Eq. (1), one obtains the expression for the cosmological constant,

Λ = κρ^{BC}_c = 3/τ^2. (5)

To find out the numerical value of τ we use the relationship between h = τ �^1 and H_0 given in Ref. 14 [Eq. (5.23)]:

H_0 = h [ 1 �^(1 � Ω^{BC}_M^) z^2/6^] , (6)

where z is the redshift and Ω^{BC}_M = ρ_M /ρ^{BC}_c where ρ^{BC}_c = 3h^2/8πG [14]. (Notice that ρ^{BC}_c is different from the standard ρ_c defined with H_0.) The redshift parameter z determines the distance at which H_0 is measured. We choose z = 1 (Fig. 11 in Ref. 14) and take for

Ω^{BC}_M = 0.245 (7)

(roughly corresponds to 0.3 in the standard theory), Eq. (6) then gives

H_0 = 0.874h. (8)

At the value z = 1 the corresponding Hubble constant H_0 according to the latest results from HST can be taken [23] as H_0 = 72km/s-Mpc, thus h = (72/0.874)km/s- Mpc or

h = 82.380km/s-Mpc, (9) and τ = 12.16 � 10^9years. (10)

What is left is to find the value of Ω^{BC}_Λ . We have Ω^{BC}_Λ = ρ^{ST}_c /ρ^{BC}_c , where ρ^{ST}_c = 3H^2_0 /8πG and ρ^{BC}_c = 3h^2/8πG. Thus Ω^{BC}_Λ = (H_0/h)^2 = 0.874^2, or

Ω^{BC}_Λ = 0.764. (11) As is seen from Eqs. (7) and (11) one has Ω^{BC}_M + Ω^{BC}_Λ = 1.009 ß 1, (12) which means the universe is flat.

As a final result we calculate the cosmological constant according to Eq. (5). One obtains Λ = 3/τ^2 = 2.036 � 10�^{35}s�^2. (13) Our results confirm those of the supernovae experiments and indicate on existance of the dark energy as has recently received confirmation from the Boomerang cosmic microwave background experiment [24,25], which showed that the universe is flat.

REFERENCES

1. Weinberg, S., Talk given at Dark Matter 2000, February 2000. (astro-ph/0005265) 2. Witten, E., Talk given at Dark Matter 2000, February 2000. 3. Rubakov, V.A., and Tinyakov, P.G., Phys. Rev. D61, 087503 (2000). 4. Weinberg, S., Phys. Rev. D61, 103505 (2000). (astro-ph/0002387) 5. Zlatev, I., Wang, L., and Steinhardt, P.J., Phys. Rev. Lett. 82, 896 (1999). 6. Estrada, J., and Masperi, L., Mod. Phys. Lett. A13, 423 (1998). (hep-ph/9710522) 7. Adler, S.L., Gen. Rel. Grav. 29, 1357 (1997). (hep-th/9706098) 8. Carroll, S.M., The cosmological constant (preprint). (astro-ph/0004075) 9. Fujii, Y., Phys. Rev. D62, 064004 (2000). (gr-qc/9908021) 10. Cohn, J.D., Astrophys. Sp. Sci 259, 213 (1998). (astro-ph/9807128) 11. Sahni, V., and Starobinsky, A., Intern. J. Mod. Phys. D9, 373 (2000). 12. Goliath, M., and Ellis, G.F.R., Phys. Rev. D60, 023502 (1999). (gr-qc/9811068) 13. Roos, M., and Harun-or-Rashid, S.M., Astron. Astrophys. 329, L17 (1998). 14. Behar, S., and Carmeli, M., Intern. J. Theor. Phys. 39, 1375 (2000). (astroph/0008352) 15. Garnavich, P.M., et al., Astrophys. J. 493, L53 (1998). (astro-ph/9710123) 16. Schmidt, B.P., et al., Astrophys. J. 507, 46 (1998). (astro-ph/9805200) 17. Riess, A.G., et al., Astronom. J. 116, 1009 (1998). (astro-ph/9805201) 18. Garnavich, P.M., et al., Astrophys. J. 509, 74 (1998). (astro-ph/9806396) 19. Perlmutter, S., et al., Astrophys. J. 483, 565 (1997). (astro-ph/9608192) 20. Perlmutter, S., et al., Nature 391, 51 (1998). (astro-ph/9712212) 21. Perlmutter, S., et al., Astrophys. J. 517, 565 (1999). (astro-ph/9812133) 22. Carmeli, M., Classical Fields: General Relativity and Gauge Theory (Wiley, New York, 1982).

23. Freedman, W.L., et al., Talk given at the 20th Texas Symposium, Austin, Texas 10-15 December 2000. (astro-ph/0012376) 24. De Bernardis, P., et al., Nature 404, 955 (2000). (astro-ph/0004404) 25. Bond, J.R., et al., in Proc. IAU Symposium 201 (2000). (astro-ph/0011378)