arXiv:hep-ph/0110141 v2 19 Oct 2001

MPI-PhT-2001-20

PM/01-34

Hints on the power corrections from current correlators in x-space

S. Narison^a and V.I. Zakharov^b

a Laboratoire de Physique Mathématique, Université de Montpellier 2,

Place Eugène Bataillon 34095 - Montpellier Cedex 05, France Email: narison@lpm.univ-montp2.fr b Max-Planck Institut für Physik, Föhringer Ring 6, 80805 München, Germany

Email: xxz@mppmu.mpg.de

Abstract We consider an interpretation of the recent lattice data on the current-current correlators in the xspace. The data indicate rather striking difference between (axial)vector and (pseudo)scalar channels which goes beyond the predictions of the standard non-perturbative models. We argue that if the difference is to be explained by power corrections, there is a unique choice of the form of the correction. We discuss the emerging picture of the power corrections.

1 Introduction

We shall be concerned here with the current-current correlators in the coordinate space:

Π(x) = ⟨0|J(x)J^†(0)|0⟩ , (1)

in case of the (V ± A) and (pseudo)scalar currents: J^{(V ±A)} μ = q̄_iγ_μ(1 ± γ_5)q_j , J^{S±P} = [(m_i − m_j ) ± (m_i + m_j )]q̄_i(1 ± γ_5)q_j , (2)

where q_{i,j} and m_{i,j} are the quark fields and masses. The two-point functions (1) obey a dispersion representation:

Π(x) = 1 4π^2 ∫_∞ 0 dt √ t x K_1(x √ t) ImΠ(t) , (3)

where ImΠ(t) is related to the current induced cross section and K_1(z) is the modified Bessel function, which behaves for small z as: K(z → 0) ≃ 1 z + z 2 ln z . (4)

In the limit x → 0, Π(x) coincides with the free-field correlator and the main theoretical issue is how the asymptotic freedom gets violated at intermediate x.

From pure theoretical point of view, the use of the x-space is no better than the use of the momentum space, which is the traditional tool of the QCD sum rules [1, 2]. Each representation has its own advantages and inconveniences (for a recent discussion see [3]). The x-space approach is motivated and described in detail in Ref. [4]. In particular, the current correlators (1) are measured in the most direct way on the lattice. The importance of the lattice measurements [5, 6] is that they allow to study the correlation functions for currents with various quantum numbers, while direct experimental information is confined to only vector and axial-vector currents [7, 8]. The well-known τ -decay data were widely used for theoretical analyses both in the Q- and x-spaces ( see, e.g., [9, 10, 11, 12] ). Most recently, new lattice data on the S, P channels were obtained [6]. The most interesting observation is that in the S + P channel there are noticeable deviations from the instanton liquid model [4] while in the V ± A channels the agreement of the existing data with this model is quite good [12, 6].

Such deviations were in fact predicted in Ref. [13] where unconventional quadratic corrections, ∼ 1/Q^2 were introduced. The primary aim of the present note is to perform a more detailed comparison of the lattice data with the model of Ref. [13]. We, indeed, find further support for the quadratic corrections. However, the overall picture is far from being complete and we are trying to analyze the data in a more generic way. The central assumption is that the violations of the parton model for the correlators at moderate x are due to power-like corrections.

2 Current-current correlators

For the sake of completeness, we begin with a summary of theoretical expressions for the current correlators, both in the Q− and x−spaces. We will focus on the (V ± A) and (S ± P ) channels since the recent lattice data [6] refer to these channels. In case of (V ± A) currents the correlator is defined as:

Π_{μν} (q) = i ∫ d^4x e^{iqx}⟨T J_μ(x)J_ν(0)^†⟩ = (q_μq_ν − g_{μν} q^2)Π(q^2) , (5)

where −q^2 ≡ Q^2 > 0 in the Euclidean space-time. For the sake of definiteness we fix the flavor structure of the light-quark current J_μ as:

J^{V ±A}_μ = ūγ_μ(1 ± γ_5)d . (6) In the chiral limit one has in the (V + A) case (see, e.g., [1, 2]):

Π^{V +A}(Q^2) = 1 2π^2 { − ( 1 + α_s π ) ln Q^2 ν^2 − α_s π λ^2 Q^2 + π 3 ⟨α_s(G^a_{μν} )^2⟩ Q^4 + 256π^3 81 α_s⟨q̄q⟩^2 Q^6 } . (7)

The corresponding relation for the (V − A) case reads as:

Π^{V −A}(Q^2) = − 64π 9 α_s⟨q̄q⟩^2 Q^6

, (8)

In the x-space the same correlators, upon dividing by Π^{V +A}_{pert} where Π^{V +A}_{pert} stands for the perturbative correlator, are obtained by applying the equations collected for convenience in the Table 1.

Table 1: Some useful Fourier transforms

Q-space x-spa ce

Q^2 ln Q^{2 8}_{π2}^1_{x6} ln Q^2 −^1_{π2}^1_{x4} 1 Q^2 1 4π^2 1 x^2 1 Q^2 ln Q

2 −^1_{4π2}^1_{x2} ln^2 x^2 1 Q^4 − 1 16π^2 ln x 2 1 Q^4 ln Q 2 1 64π^2 ln

2 x^2 1 Q^6 1 8×16π^2 x

2 ln x^2 1 Q^6 ln Q

2 −^1_{496π2} x^2 ln^2 x^2 1 Q^8 − 1 8×16×24π^2 x

4 ln x^2 1 Q^8 ln Q 2 1 496×24π^2 x

4 ln^2 x^2

In particular,

Π^{V +A} Π^{V +A}_{pert} → 1 − α_s 4π λ^2 · x^2 − π 48 ⟨α_s(G^a_{μν} )^2⟩x^4 ln x^2 +

2π^3 81 α_s⟨q̄q⟩^2x^6 ln x^2 . (9)

Note that ln x^2 is negative since we start from small x. An important technical point is that on the lattice one measures the trace over the Lorentz indices μ, ν, see Eq (5). In the Q-space this is equivalent to considering Q^2 · Π(Q^2) instead of Π(Q^2). The x-transform of the Q^2 · Π(Q^2) is given by:

Q^2 · Π^{V +A} Q^2 · Π^{V +A}_{pert} → 1 − π 96 ⟨α_s(G^a_{μν})^2⟩x^4 +

2π^3 81 α_s⟨q̄q⟩^2x^6 ln x^2. (10)

Next, we will concentrate on the currents having the quantum numbers of the pion and of a_0(980)-meson. The correlator of two pseudoscalar currents is defined as

Π^P (Q^2) ≡ i ∫ d^4x e^{iqx}⟨T {J^π(x)J^π (0)}⟩ , (11) where J^P = i(m_u + m_d)ūγ_5d , (12) In the momentum space, to represent the result in terms of the running coupling, and masses it is more convenient to consider the second derivative in Q^2 of Π^P (Q^2) defined in Eq. (11), which obeys an homogeneous RGE:

∂^2Π^P (∂Q^2)^2 = 3 8π^2

(m̄_u + m̄_d)^2 Q^2 { 1 + 11 3 ᾱ_s π − 4α_s π λ^2 Q^2 + 2 π 3 ⟨α_s(G^a_{μν} )^2⟩ Q^4

+ 2 · 3

896π^3 81 ᾱ_s⟨q̄q⟩^2 Q^6 } . (13)

Here, the standard OPE terms can be found in [1, 2, 14] while the gluon-mass correction was introduced first in [13]^1.

In what follows, we shall work with the appropriate ratio where the pure perturbative corrections are absorbed into the overall normalization and concentrate on the power corrections assuming that these corrections are responsible for the observed rather sharp variations of the correlation functions. Thus, in the x-space we have for the pion channel:

Π^P Π^P_{pert} → 1 − α_s 2π λ^2x^2 + π 96 ⟨α_s(G^a_{μν} )^2⟩x^4 −

7π^3 81 α_s⟨q̄q⟩^2x^6 ln x^2 . (14)

Note that the coefficient in front of the last term in Eq. (14) differs both in the absolute value and sign from the corresponding expression in [4]. The channel which is crucial for our analysis is the (S + P ). In this channel: R_{P +S} ≡ 1 2 ( Π^P Π^P_{pert} + Π^S Π^S_{pert} ) → 1 − α_s 2π λ^2x^2 + π 96 ⟨α_s(G^a_{μν})^2⟩x^4 +

4π^3 81 α_s⟨q̄q⟩^2x^6 ln x^2 . (15)

This expression concludes the summary of the power corrections to the current correlators.

3 Quadratic power corrections.

One of the central points of the present note is that there are no λ^2 corrections to the V ± A correlators as can be seen in Eq (10). On the other hand, these terms are present in the case of the (S ± P ) channels as can be seen in Eq (15). There is no such asymmetry in the Q-space, see Eqs (7), (8) and (11). Thus, the (V ± A) correlator, as measured on the lattice, are λ^2-term blind^2 ! Thus, we are coming to a kind of a theorem. Namely: If one assumes:

(1) that the V ± A channels are described by the instanton liquid model while in the S + P channel there are considerable deviations from this model (as the lattice data seem to strongly indicate [6]) and (2) that this difference is due to some power corrections, then the power corrections can be uniquely identified as the gluon-mass corrections (see terms proportional to λ^2).

1 We assume that α_sλ^2 does not run like ⟨α_s(G^a_{μν} )^2⟩.

2 Note that a reversed case is well known. Namely, there are certain terms which are seen in the small-x expansion and are not seen in the large-Q expansion [4].

Note that the λ^2 corrections are singled out for two reasons: First, since taking the trace over the Lorentz indices μ, ν corresponds to multiplying by Q^2 as can be seen in the discussion of Eq. (10) and it is only a 1/Q^2 correction which can become a polynomial as a result of multiplying Π(Q^2) by Q^2. Second, in the Q-space there should be no log factor in front of 1/Q^2, 1/Q^2 · ln Q^2. These two conditions are satisfied in case of (V ± A) currents and are not fulfilled in the (S ± P ) channels. The difference between the channels is that in the latter case the λ^2 correction is present in the imaginary part of the Π^{S,P} (Q^2) [13]. Thus, if one retains only the λ^2 corrections, then, there are no violations of the parton (perturbative) picture in the (V ± A) channels for the correlator measured in [6] while the violations are present in the (S ± P ) channels.

Of course, this limiting case is not necessarily describing the reality and we proceed to quantitative fits to the data [6].

4 Analysis of the data

Figure 1: S + P channel: comparison of the lattice data from [6] with the OPE predictions for the two Sets of QCD condensate values given in Table 2. The dot-dashed curve is the prediction for SET 3 where the contribution of the x^2-term has been added to SET 2. The bold dashed curve is SET 3 + a fitted value of the D = 8 condensate contributions. The diamond curve is the prediction from the instanton liquid model of [12].

In Fig. 1 we confront the OPE predictions with the lattice data on the (S + P ) channel obtained in [6]. The choice of the (S + P ) channel is motivated by the fact the single instanton contribution cancels from this channel^3 and it was predicted in Ref. [13] that the λ^2 correction will be manifested in this channel.

3 The instanton contribution is not large also in the (V ± A) channels. However the λ^2 terms are canceled from these channels, see the discussion in section 3, and we cannot add anything to the analysis of Ref. [12, 6].

The theoretical curves in Fig. 1 correspond to two sets of values of the condensates given in Table 2. The first set (SET 1) corresponds to the standard SVZ values of the gluon and four-quark condensate, the latter being obtained using the vacuum saturation assumption. The second set (SET 2), corresponds to the values of the condensates obtained in [15], where the value of the gluon condensate is two times the SVZ value and the four-quark condensate exhibits a violation of the vacuum saturation, first obtained from e^+e^− data in [18]. In SET 3, one also accounts the presence of the new 1/Q^2-term first advocated in [13] and fitted from e^+e^− data in [19, 15]^4. Note also that in numerical fits we put ln x^2 = −1, the same, as, say, in Ref.[12].

Table 2: Different parameters used in the analysis of the S + P data in units of GeV^d (d is the dimension of the operator).

Sources ⟨α_sG^2⟩ α_s⟨ψ̄ψ⟩^2 (α_s/π)λ^2

SET 1 (SVZ) [1] 0.04 0.25^6 0

SET 2 [15] 0.07 5.8 × 10^{−4} 0

SET 3 [15, 13] 0.07 5.8 × 10^{−4} −0.12

The analysis indicates that a much better fit of the lattice data for the S + P channel at moderate values of x is achieved after the inclusion of the 1/Q^2, or x^2 quadratic correction. A caveat is that we account only for the power corrections, not pure perturbative contributions. The reason is that the lattice data, in their present status, do not give any clear indication of the perturbative contributions. Note also that the data cannot discriminate between the values of the dimension four and six condensates entering in SET 1 and SET 2 as the effects of these two condensates tend to compensate each other for the choice ln x^2 ≈ −1. The agreement of the OPE with the lattice data at larger values of x can be obtained by the inclusion of the D = 8 condensate with a size +(x/0.58)^8 where we have used ln^2 x^2 ≃ 1 ≃ − ln x^2. This value can be compared with the one +(3395/30855168)⟨α_sG^2⟩^2x^8 ≈ (x/1.2)^8, which one would obtain from the evaluation of these contributions in [21] and where a modified factorization of the gluon condensates proposed in [22] has been used. For completion, we show in Fig. 2, a fit of the lattice data in the V+A channel using SET 3 values of the gluon and quark condensates and quadratic term plus a D = 8 contribution with the strength (x/0.7)^8 to be compared with the one ⟨α_sG^2⟩^2x^8/3428352 ≈ (x/2.5)^8 which one would obtain using the results in [21, 22]. Both fits in Figs 1 and 2 might indicate that the vacuum saturation can be strongly violated for higher dimension condensates, a feature already encountered from different analysis of the τ and e^+e^− data [15, 23, 7, 8]. Therefore, we would also expect analogous large deviations in the V-A channel.

5 Discussions. Two-step QCD

While evaluating the emerging picture of the power corrections, one should face the possibility that the standard OPE (see, e.g., [1, 2]) is valid only at very short distances. What is even more important, the mass scale where higher terms in the OPE become numerically comparable to the lowest ones is not necessarily the scale associated with the resonances but could be considerably higher. There is accumulating evidence to support such a view:

4 A common difficulty encountered in determining the quadratic corrections is that they usually compete with the standard perturbative radiative corrections. In [19, 15], a suitable choice of the sum rules (e.g. ratio of moments) has been used such that the perturbative radiative corrections are eliminated to leading order and the contribution of the quadratic term becomes optimal. Moreover, the quadratic corrections corresponding to λ^2 ≈ −0.5GeV^2 do not affect in a significant way the determination of α_s from τ -decay as has been explicitly shown in [13]. On the contrary, the quadratic term appears to decrease very slightly α_s from the τ -decay and bring it closer to the world average value at M_Z . In Ref. [11] bounds were obtained on the value of λ^2 from the sum rules which have large perturbative terms. This turned possible due to a particular fixation of the of the perturbative terms in the complex q^2 plane. In particular, the common use of the running coupling would affect the procedure strongly [11].

Figure 2: V + A channel: comparison of the lattice data from [6] with the OPE predictions for the SET 3 QCD condensates values given in Table 2 including a fitted value of the D = 8 contributions. The diamond curve is the prediction from the instanton liquid model of [12].

(1) A direct comparison of the OPE with the lattice data in the (V − A) channel demonstrates that the convergence radius of the OPE is no larger than 0.3 fm [12, 6].

(2) Within the instanton liquid model [4], the distance between instantons is a few times larger than the size of the instantons. On the physical grounds, the OPE applies at distances smaller than the instanton size while the resonance properties are rather related to distance between the instantons (if encoded in the model at all). Respectively, neither the lattice data nor the predictions of the instanton liquid model exhibit any irregularity at the convergence radius of the OPE [12].

(3) Within the monopole-dominated-vacuum model the two scales are even more pronounced numerically: the monopole radius is about 0.06 fm while the distance between the monopoles is about 0.5 fm [24]. (4) If one replaces the local condensates of the standard OPE by their non-local counterparts (for a review see [25]), then the effect of the non-locality is strong already at (0.1 ÷ 0.3) fm [26].

If, indeed, the validity of the standard OPE derived within the fundamental QCD is shrunk to very short distances, then improving within the standard OPE fits to the data obtained at presently available lattices might not be a proper criterion for selecting the right model.

Instead, there emerges a picture according to which the non-standard quadratic power corrections dominate the presently available “intermediate distances ” of about (0.1 ÷ 0.5) fm. There are two pieces of evidence of the quadratic corrections dominating over the whole range of intermediate distances indicated above:

(1) non-perturbative contribution to the heavy quark potential is linear at all the distances r > 0.1 fm (for discussion see [29]).

(2) Instanton density, as function of the instanton size ρ is reproduced at all the distances ρ > 0.1 fm [28].

Moreover, (3) Introduction of the tachyonic gluon mass explains in a simple and unified way existence of the strong channel dependence of the scales of the violation of the asymptotic freedom [13]. To this list we add now a new observation:

(4) Instanton-liquid model plus the λ^2 correction gives a reasonable fit in the (S +P ) channel at distances (0.1 ÷ 0.5) fm.

As for the status of the λ^2 correction it is most solid within the effective Higgs-like theories which are common within the monopole mechanism of confinement. Indeed, in the presence of a magnetically charged (effective) scalar field the symmetry of the theory is SU (3)_{color} × U (1)_{magnetic} [30]. Upon the spontaneous breaking of the magnetic U (1) the gauge boson acquires a non-vanishing mass and its mass squared is the only parameter of dimension d = 2 consistent with the symmetry. Moreover, in exchanges between (color) charged particles the gauge-boson mass appears to be tachyonic mass as was demonstrated on the U (1) example in Refs. [27, 3]. Detailed analysis of various power corrections within the Higgs-like models can be found in Refs. [27, 28, 3]. Moreover, if the monopole size is indeed as small as indicated above, then the effective Higgs-like theories can apply at all the distances ∼ (0.1 ÷ 0.5) fm.

To summarize, the λ^2 corrections introduced in [13] rather drastically improve agreement of the theoretical predictions for the current correlator in the (S + P ) channel with the lattice data (without affecting the other channels measured), in the moderate x-region, and which can be extended to higher x-values by including higher dimension condensates. The main uncertainty of the analysis is due to neglect of the pure perturbative corrections, not detected so far on the lattice. Further checks could be provided by measuring the current correlators in the other channels discussed in [13]. The success of the fits with λ^2 corrections included can be understood within the effective theories.

Acknowledgements

The authors are grateful to Th. De Grand, F.V. Gubarev, E.V. Shuryak for useful discussions and communications. S. Narison wishes to thank W-Y. Pauchy Hwang for the hospitality at CosPA-NTU (Taipei), where some part of this work has been done. V. Zakharov would like to acknowledge gratefully the hospitality of the Centre National de la Recherche Scientifique (CNRS) during his stay at the University of Montpellier when this was begun.

References

[1] M.A. Shifman, A.I. Vainshtein and V.I. Zakharov, Nucl. Phys. 147 (1979) 385, 448.

[2] S. Narison, QCD spectral sum rules, Lecture notes in physics Vol. 26 (1989) ed. World Scientific.

[3] V. Shevchenko, Yu.Simonov, hep-ph/0109051.

[4] E.V. Shuryak, Rev. Mod. Phys. 65 (1993) 1;

T. Schafer, E.V. Shuryak, Rev. Mod. Phys. 70 (1998) 323.

[5] M.C. Chu, J.M. Grandy, S. Huang, J.W. Negele, Phys. Rev. D48 (1993) 3340.

[6] T. DeGrand, hep-lat/0106001.

[7] The ALEPH collaboration, R. Barate et al., Eur. Phys. J. C 76 (1997) 15; C 4 (1998) 409.

[8] The OPAL collaboration, K. Ackerstaff et al., Eur. Phys. J. C 7 (1999) 571.

[9] E.Braaten, S. Narison and A. Pich, Nucl. Phys. B 373 (1992) 581.

[10] J.F. Donoghue and E. Golowich, Phys. Lett. B 478 (2000) 172;

E. de Rafael, Nucl. Phys. (Proc. Suppl.) B 96 (2001) 316;

S. Narison, Nucl. Phys. B 593 (2001) 3; Nucl. Phys. (Proc. Suppl.) B 96 (2001) 364.

[11] B.L. Ioffe, K.N. Zyablyuk, Nucl. Phys. A 687 (2001) 437,

B.V. Geshkenbein, B.L. Ioffe, K.N. Zyablyuk, hep-ph/0104048.

[12] T. Schafer and E.V. Shuryak, Phys. Rev. Lett. 86 (2001) 3973; hep-ph/9610451.

[13] K.G. Chetyrkin, S. Narison and V.I. Zakharov, Nucl. Phys. B 550 (1999) 353. [14] C. Becchi, S. Narison, E. de Rafael and F.J. Yndurain, Z. Phys. C 8 (1981) 335. [15] S. Narison, Phys. Lett. B 361 (1995) 121; B 387 (1996) 162. [16] PDG 2000, D.E. Groom et al., Eur. Phys. J. C 15 (2000) 1.

[17] S. Narison, N. Paver, D. Treleani and E. de Rafael, Nucl. Phys. B 212 (1983) 365. (1993) 1. [18] G. Launer, S. Narison and R. Tarrach, Z. Phys. C 26 (1984) 209. [19] S. Narison, Phys. Lett. B 300 (1993) 293.

[20] C.A. Dominguez and K. Schilcher, Phys. Rev. D 61 (2000) 114020. [21] D. Broadhurst and S.C. Generalis, Phys. Lett. B 165 (1985) 175. [22] E. Bagan, J.I. Latorre, P. Pascual, R. Tarrach, Nucl. Phys. B 254 (1985) 555. [23] R.A. Bertlmann, C.A. Dominguez, G. Launer, M. Perrottet, E. de Rafael, Z. Phys. C 39 (1988) 231.

[24] V.G. Bornyakov, M.N. Chernodub, F.V. Gubarev, M.I. Polikarpov, T. Suzuki, A.I. Veselov, V.I.

Zakharov, hep-lat/0103032.

[25] H.G. Dosch, V.I. Shevchenko, Yu.A. Simonov, hep-ph/0007223. [26] R. Hofmann, hep-ph/0109009, hep-ph/0109008, hep-ph/0109007. [27] F.V. Gubarev, M.I. Polikarpov , V.I. Zakharov, Mod. Phys. Lett. A14 (1999) 2039;

M.N. Chernodub, F.V. Gubarev , M.I. Polikarpov, V.I. Zakharov, Phys. Lett. B475 (2000) 303; F.V. Gubarev , V.I. Zakharov, Phys. Lett. B501 (2001) 28.

[28] E.V. Shuryak, hep-ph/9909458.

[29] R. Akhoury, V.I. Zakharov, Phys. Lett. B438 (1998) 165;

F.J. Yndurain, Nucl. Phys. (Proc. Suppl) B64 (1998) 433; F.V. Gubarev, M.I. Polikarpov, V.I. Zakharov, hep-ph/9908292.

[30] M.N. Chernodub, F.V. Gubarev, M.I. Polikarpov, V.I. Zakharov, Nucl. Phys. B592 (2001) 107 (hep-th/0003138); Nucl. Phys. B600 (2001) 163 (hep-th/0010265).