arXiv:hep-ph/0510346 v1 26 Oct 2005

Renormalons and the Renormalization Scheme

I. M. Suslov P.L.Kapitza Institute for Physical Problems, 119334 Moscow, Russia

The possibility is discussed that existence of renormalon singularities is not the internal property of the specific field theory but depends on the renormalization scheme.

According to the recent paper [1], existence or absence of renormalon singularities is related with the analiticity properties of the Gell-Mann – Low function β(g) (g is a coupling constant). Briefly, the results are as follows:

(a) Renormalon singularities are absent, if β(g) has a proper behavior at infinity, β(g) ∼ g^α with α ≤ 1, and its singularities at finite points g_c are sufficiently weak, so that 1/β(g) is not integrable at g_c (i.e. β(g) ∼ (g − g_c)^γ with γ > 1).

(b) Renormalon singularities exist, if at least one condition named in (a) is violated. It is well-known [2] that the Gell-Mann – Low function β(g) depends on the renormalization scheme, and only two coefficients β_2 and β_3 are universal in the expansion β(g) = β_2g^2 + β_3g^3 + . . . In essence, the change of the renormalization scheme is simply a change of variables g = f(g̃), transferring β(g) to β̃(g̃) = β(f(g̃))/f^′(g̃). Function f(g) is subjected to certain physical restrictions, such as f(g) = g + O(g^2); in fact, these restrictions are poorly investigated. The interesting possibility arises, if these restrictions do not forbid to transform the β function of type (a) to the β function of type (b). In this case, existence or absence of renormalon singularities is not the internal property of the specific field theory but depends on the renormalization scheme, i.e. on the way of description.^1 The observable quantities do not depend on the renormalization scheme and the latter can be chosen from convenience.

On the one hand, the scheme without renormalons can be used to formulate the welldefined theory with unique predictions [1, 4]. In such a theory, large orders of perturbation expansion are determined by the Lipatov method, the Borel integral is well-defined and constructive summation of the perturbation series is possible, giving the possibility to solve different strong coupling problems [4]. It was argued in [1, 4] that the MOM scheme in ϕ^4 theory and the MS scheme in QED and QCD are renormalon-free.

On the other hand, one can deliberately choose an ”extremely renormalon” scheme, in order to justify the renormalon heuristics, which is extensively used in different applications [5]. For example, power corrections in QCD are determined generally by the wide set of diagrams and can be calculated starting from the ”renormalon end” [5] or from the ”instanton end” [6]. When the β function of type (a) is used, the main contribution to power corrections is determined by instantons; when the β function is of type (b), this contribution

1 An analogous conclusion was drawn in Ref.3 in result of more tedious and less rigorous analysis.

is localized on the ”renormalon end” and can be argued to possess ”universality” [7], etc. It is interesting, that experiment seems to agree with the instanton models, as well as with ”renormalon universality” [8].

Author is indebted to A.L.Kataev for stimulating discussions.

References

[1] I. M. Suslov, JETP 99, 474 (2004); hep-ph/0510033.

[2] A. A. Vladimirov, D. V. Shirkov, Usp. Fiz. Nauk 129, 407 (1979) [Sov. Phys. Usp.

22, 860 (1979).

[3] N. V. Krasnikov, A. A. Pivovarov, Mod. Phys. Lett. A 11, 835 (1996); hep-ph/9602272. [4] I. M. Suslov, JETP 100, 1188 (2005); hep-ph/0510142. [5] M. Beneke, Phys. Rep. 317, 1 (1999); hep-ph/9807443.

[6] J. Balla, M. V. Polyakov, C. Weiss, Nucl. Phys. B 510, 327 (1998); hep-ph/9707515.

C. Weiss, J. Phys. G 29, 1981 (2003); hep-ph/0210132.

[7] Y. L. Dokshitzer, G. Marchesini, B. R. Weber, Nucl. Phys. B 469, 93 (1996); hepph/9512336.

[8] A. L. Kataev, hep-ph/0505230.