International Journal of Modern Physics A © World Scientific Publishing Company

QUANTUM CORRECTIONS TO NEWTON’S LAW IN RESUMMED QUANTUM GRAVITY

B.F.L. WARD Department of Physics, Baylor University, One Bear Place #97316 Waco, Texas 76798-7316, USA

We present the elements of resummed quantum gravity, a new approach to QG based on the work of Feynman using the simplest example of a scalar field as the representative matter. We show that we get a UV finite quantum correction to Newton’s law.

Keywords: Quantum Gravity; Newton; Resummation

1. Introduction

Newton’s law, one of the most basic laws in physics, is a special case of the solutions of the classical field equations of Albert Einstein’s general theory of relativity. Successful tests of Einstein’s theory in classical physics are described in Refs. [1–3]. Quantum mechanics, as formulated by Heisenberg and Schroedinger, following Bohr,has explained, in the Standard Model(SM) [4], all empirically established quantum phenomena except the quantum treatment of Newton’s law. This obtains even with the tremendous progress in quantum field theory, superstrings [5, 6], loop quantum gravity [7], etc. In this paper, we address this issue by using a new approach [8, 9] to quantum gravity(QG), building on previous work by Feynman [10, 11], to get a minimal union of Bohr’s and Einstein’s ideas.

From the view of the generic approaches [12] to the attendant bad UV behavior of QG, our approach, based on YFS methods [13, 14], is a new version of the resummation approach [12] and allows us to make contact with both the extended theory [12] and the asymptotic safety [15, 16] approaches and to discuss issues in black hole physics, some of which relate to Hawking [17] radiation.

The description of our new resummed QG theory is already presented in these Proceedings in Ref. [9], to which we refer the reader. Here, we go directly to the issue of the quantum corrections to Newton’s law.

2. Quantum Corrections to Newton’s Law in Resummed QG

The model which we use [8, 9] is gravity coupled to a scalar field as formulated in Refs. [10, 11]. In our resummed QG theory, the graphs in Fig. 1 become finite as we explain in Refs. [8, 9]. In this way, we get a UV finite quantum correction to 1

2 B.F.L. WARD

Fig. 1. The scalar one-loop contribution to the graviton propagator. q is the 4-momentum of the

graviton.

Newton’s law without modifying Einstein’s theory. In Refs. [8], we show that this UV finiteness holds for all orders in the loop expansion.

Specifically, introducing the YFS resummed propagators as derived in Refs. [8, 9] into Fig. 1 yields , by the standard methods [8], that the graviton propagator denominator, q^2 +^1_2 q^4Σ^{T (2)} + iϵ, is specified by − 1 2 Σ^{T (2)} ∼= c_2 360πM^2_{P l} (1) for c_2 =

∫_∞ 0 dxx^3(1 + x)^{−4−λc x} ∼= 72.1 where λ_c =^{2m2}_{πM 2P l} . This implies the Newton potential

Φ_N (r) = −

G_N M_1M_2 r (1 − e^{−ar}) (2)

where a = 1/ √ −^1_2 Σ^{T (2)} ≃ 3.96M_{P l} where for definiteness we set m ∼= 120GeV [18].

We note that c_2 ∼= ln^1_{λc} −ln ln^1_{λc} −^{ln ln 1λc}_{ln 1λc −ln ln 1λc} −^{11}_6 . Without resummation, λ_c = 0, and c_2 is infinite and, as this is the coefficient of q^4 in the inverse propagator, no renormalization of the field and/or of the mass could remove such an infinity. In our new approach, this infinity is absent.

We can make a cross check of our gauge invariant [8] analysis with the gauge invariant analysis of Ref. [19] where the complete result of the one-loop divergences of our scalar field coupled to Einstein’s gravity have been computed. Since c_2 diverges without our resummation, it follows [8] that we need to make the correspondence between the poles in n, the dimension of space-time, at n = 4 calculated in Ref. [19] and the leading log ln^1_{λc} . This implies [8] 1 (2 − n/2)

↔ c_2. (3)

so that, if we look at the limit q^2 → 0, we find that the coefficient of q^4 in the graviton propagator denominator above is 3/(2 − n/2) times the coefficient of c_2 on

October 28, 2004 13:53 WSPC/INSTRUCTION FILE BU-HEPP-04-10

QUANTUM CORRECTIONS TO NEWTON’S LAW IN RESUMMED QUANTUM GRAVITY 3

the right-hand side of (1), in complete agreement with the result that is implied by eq.(3.40) in Ref. [19] , for example.

Sub-Planck scale physics is accessible to point particle field theory so that current superstring theories may be phenomenological models for a more fundamental theory (TUT=The Ultimate Theory) just as the old string theory [20] is such a model for QCD. Other types of correspondences are not excluded here [21]. Our deep Euclidean studies are complementary to the low energy studies of Ref. [22]. The effective cut-off which we generate dynamically is at M_{P l} so that, while renormalizable quantum field theory (QFT) below M_{P l} is unaffected, some non-renormalizable QFT’s are given new life here – other problems notwithstanding.

Some phenomenological implications of (2) are presented in Ref. [8, 9]. To sum up, it appears that we may have indeed found a minimal union of the ideas of Bohr and Einstein.

Acknowledgments

We thank Prof. S. Jadach for useful discussions. This work was partly supported by the US Department of Energy Contract DE-FG05-91ER40627 and by NATO Grants PST.CLG.977751,980342.

References 1. C. Misner, K.S. Thorne and J.A. Wheeler, Gravitation,(Freeman, San Francisco, 1973). 2. S. Weinberg, Gravitation and Cosmology: Principles and Applications of the General Theory of Relativity,( John Wiley, New York, 1972).

3. R. Adler, M. Bazin and M. Schiffer, Introduction to General Relativity ,( McGraw-Hill, New York, 1965 ).

4. S.L. Glashow, Nucl. Phys. 22 (1961) 579; S. Weinberg, Phys. Rev. Lett. 19 (1967) 1264;

A. Salam, in Elementary Particle Theory, ed. N. Svartholm (Almqvist and Wiksells, Stockholm, 1968), p. 367; G. ’t Hooft and M. Veltman, Nucl. Phys.B 44, 189 (1972) and B50, 318 (1972); G. ’t Hooft, ibid. 35, 167 (1971); M. Veltman, ibid. 7, 637 (1968); D. J. Gross and F. Wilczek, Phys. Rev. Lett. 30 (1973) 1343; H. David Politzer, ibid.30 (1973) 1346; see also , for example, F. Wilczek, in Proc. 16th International Symposium on Lepton and Photon Interactions, Ithaca, 1993, eds. P. Drell and D.L. Rubin (AIP, NY, 1994) p. 593, and references therein.

5. See, for example, M. Green, J. Schwarz and E. Witten, Superstring Theory, v. 1 and v.2, ( Cambridge Univ. Press, Cambridge, 1987 ) and references therein.

6. See, for example, J. Polchinski, String Theory, v. 1 and v. 2, (Cambridge Univ. Press, Cambridge, 1998), and references therein.

7. See for example V.N. Melnikov, Gravit. Cosmol. 9, 118 (2003); L. Smolin, hepth/0303185, and references therein.

8. B.F.L. Ward,Mod. Phys. Lett.A17, 2371 (2002); ibid.19 (2004)143; J. Cos. Astropart.

Phys.0402, 011 (2004).

9. B.F.L. Ward, in these Proceedings, in press. 10. R. P. Feynman, Acta Phys. Pol. 24, 697 (1963).

11. R. P. Feynman, Feynman Lectures on Gravitation, eds. F.B. Moringo and W.G. Wagner (Caltech, Pasadena, 1971).

October 28, 2004 13:53 WSPC/INSTRUCTION FILE BU-HEPP-04-10

4 B.F.L. WARD

12. S. Weinberg, inGeneral Relativity, eds. S.W. Hawking and W. Israel,( Cambridge Univ.

Press, Cambridge, 1979) p.790.

13. D. R. Yennie, S. C. Frautschi, and H. Suura, Ann. Phys. 13, 379 (1961); see also K. T. Mahanthappa, Phys. Rev. 126, 329 (1962), for a related analysis.

14. See S. Jadach et al.,Comput. Phys. Commun. 102,229 (1997); S. Jadach, M. Skrzypek and B.F.L. Ward,Phys.Rev. D55,1206 (1997); S. Jadach, B.F.L. Ward and Z. Was,Phys. Rev. D63, 113009 (2001); S. Jadach, B.F.L. Ward and Z. Was, Comp. Phys. Commun. 130, 260 (2000); S. Jadach et al., ibid.140 432, 475, (2001).

15. O. Lauscher and M. Reuter, hep-th/0205062, and references therein. 16. A. Bonnanno and M. Reuter, Phys. Rev. D62, 043008 (2000). 17. S. Hawking,Nature (London) 248, 30 (1974); Commun. Math. Phys.43, 199 (1975). 18. D. Abbaneo et al., hep-ex/0212036; see also, M. Gruenewald, hep-ex/0210003, in Proc.

ICHEP02, eds. S. Bentvelsen et al. ( North-Holland, Amsterdam, 2003) 280. 19. G. ’t Hooft and M. Veltman, Ann. Inst. Henri Poincare XX, 69 (1974). 20. See, for example, J. Schwarz, in Proc. Berkeley Chew Jubilee, 1984, eds. C. DeTar et al. (World Scientific, Singapore, 1985) p. 106, and references therein.

21. See for example J. de Boer, in Proc. ICHEP02, eds. S. Bentvelsen et al. (North- Holland, Amsterdam, 2003) 353.

22. See for example J. Donoghue, Phys. Rev. Lett. 72, 2996 (1994); Phys. Rev. D50, 3874 (1994); preprint gr-qc/9512024; J. Donoghue et al., Phys. Lett. B529, 132 (2002), and references therein.