arXiv:hep-lat/0409151 v1 27 Sep 2004

The n_f = 2 residual mass in lattice HQET to α^3_s order^∗

HU-EP-04/56; SFB/CPP-04-51; UPRF-2004-17

F. Di Renzo^a and L. Scorzato^b

aDipartimento di Fisica, Università di Parma and INFN, Gruppo Collegato di Parma, Italy

bInstitüt für Physik, Humboldt Universität, Berlin, Germany

We compute the so called residual mass in Lattice Heavy Quark Effective Theory to α^3_s order in the nf = 2 (unquenched) case. The control of this additive mass renormalization is crucial for the determination of the heavy quark mass from lattice simulations. We discuss the impact on an unquenched determination of the b-quark mass.

1. Introduction

The computation of quark masses is one of the most successfull application of Lattice QCD. Within this framework an interesting role is played by the determination of the b–quark mass. Despite the fact that one can not accomodate the b–quark on a lattice, its mass is computed to a very good accuracy. As it is known, the key of the success is the use of some form of effective theory. Many approaches have been used, whose results are consistent within errors in the quenched approximation [1,2,3,4,5]. A popular determination comes from Heavy Quark Effective Theory (HQET). It shares with other approaches the need of dealing with the mass counterterm we will be concerned with. Within HQET, the most direct relation between the mass of a physical hadron (M_B ) and the mass of the heavy quark is M_B = m_b + E + O(1/m_b), (1)

in which m_b is the HQET expansion mass parameter and E is the (linearly divergent) binding energy. However, m_b is not yet properly defined at this stage. A procedure for actually making use of the previous formula is implemented in [2]. First of all, one matches the QCD propagator to its lattice HQET counterpart to obtain a relation involving the pole mass m^{pole}_b = M_B − E + δm + O(1/m_b). (2) ∗Talk presented by F. Di Renzo

This relation contains the quantity whose perturbative computation we are reporting on, i.e. the so called residual mass δm, a linearly divergent additive mass counterterm which is peculiar to a hard cut-off regularization scheme like the lattice. The pole mass can in turn be related to the MS mass m_b = m^{MS}_b m_b(m_b) = m^{pole}_b [ 1 + ∞∑ n=0 ( α_s(m_b) π )^{n+1}D_n ] , (3)

the D_n coefficients with n ≤ 2 being known from [6,7]. If we are now able to compute (α_0 is the lattice coupling) δm = ∑ n≥0 X_n α^{n+1}_0 (4)

one can put everything together to get

m_b(m_b) = [ M_B − E + ∞∑ n=0 (α_s)^{n+1} X_n a ] × [ 1 + ∞∑ n=0 ( α_s π )^{n+1}D_n ] . (5)

In this relation α_s is α_s(m_b) (and the X_n get thus translated into X_n). E can be computed as the decay constant of the correlation function of two axial currents. Knowing δm is crucial since it cancels both the divergence of E and the renormalon ambiguities which come from the matching between m^{pole}_b and m^{MS}_b [8]. Since both cancelations take place in Perturbation Theory, one has 1 to carefully assess to which accuracy one can control the procedure. While X_0 has been known for a long time, X_1 was computed in [9], while X^{(nf =0)}

2 was computed in [10] and then also in [11]. The knowledge of X^{(nf =0)}_2 greatly improved the accuracy of the quenched determination of the b–quark mass.

2. The computation

X^{(nf =2)}

2 was computed using the same strategy used for X^{(nf =0)}_2 [10]. We computed the Wilson loops W (R, T ) for all the values of R and T up to 16. This was done on a 32^4 lattice using Numerical Stochastic Perturbation Theory. The computation was done for Wilson gauge and Wilson quarks action and the sea quarks masses were put to zero (i.e. the appropriate counterterms for the perturbative critical mass were plugged in). From Wilson loops and Creutz’s ratios one can compute

V_T (R) ≡ log ( W (R, T − 1) W (R, T ) ) (6) which in turn can yield the static potential via

V (R) ≡ lim_{T →∞} V_T (R). (7)

The static potential is just the sum of the Coulomb potential (which can be described in terms of a potential coupling in whose definition the logarithmic divergencies^2 are absorbed) and the (linearly divergent) mass counterterm we are interested in [12] V (R) = 2 δm − C_F α_V(R) R . (8)

This means that the perturbative computation of the static potential can be read as the computation of the matching between the lattice and the potential couplings, i.e. in the previous formula

α_V(R) = α_0 + c_1(R) α^2_0 + c_2(R) α^3_0 + . . . , (9)

the coefficients c_1(R) and c_2(R) being dictated by Λ–parameters and β–functions coefficients

c_1(R) = 2b_0 log R + 2b_0 log

Ł_V Ł_0

2 In Wilson loops also the so called corner logarithmic divergencies are present, but they cancel in the Creutz’s ratios.

and c_2(R) = c_1(R)^2 + 2b_1 log R + 2b_1 log

Ł_V Ł_0 + + b^{(V )}_2 − b^{(0)}_2 b_0 . Since the matchings between both the potential and the MS couplings [13] and the MS and the lattice couplings [14] are known, the only unknown quantity in Eq. (8) is δm. Our procedure was to fit the coefficients X^{(nf =2)}_n by matching our perturbative computation of the static potential to Eq. (8). An example of the fitting procedure can be seen in Fig. 1. The intervals in which fits were performed were such that: R ≥ 3, T ≥ 12 and T > 2.5R (R is the mean value of R in the fitting interval; the fitting intervals themselves were from 3 up to 7 points long). We then choose in terms of χ^2: the errors we quote refer to the interval embraced by letting χ^2 vary within a given interval. On top of that we could also inspect that the impact of lattice artifacts was under control (an handle is the value of known parameters entering the matching relations).

3. Results

We got X_0 = 2.118(2), X^{(nf =2)}_1 = 10.56(4) (to be compared with the analytical values X_0 = 2.118... and [9] X^{(nf =2)}_1 = 10.588...) and finally

X^{(nf =2)}

2 = 76.7(6). (10)

Using the last result the authors of [2] were able to repeat the analysis of their n_f = 2 unquenched data. The result for the b–quark mass is [15]

m_b(m_b)^(unq^) = (4.21 ± 0.03 ± 0.05 ± 0.04) GeV.

At least three considerations are in order. First of all, by taking into account the value of X^{(nf =2)}_2 the central value moved from 4.26 to 4.21GeV and (what is more important) the last error, which is the one taking into account the indeterminations in the perturbative matching, got roughly halved. A second observation is that the new analysis yields different values for the quenched and unquenched results. Still, they are compatible within errors and in the end further investigation is needed. The third point is the assessment

Figure 1. The result of a fitting procedure as described in the text. Solid lines are the content of Eq. (8) once δm has been fitted, while circles are the computed V^{(i)}_T (R), i.e. orders α^i_0 of V_T (R). In these figures T = 15.

of sistematic errors involved in the procedure. In this approach one sticks to finite values of the lattice spacing. The finite lattice spacing dependence is not dramatic and it gets decreased by including the new term in the matching. On the other hand, the control on renormalon ambiguities seems firm.

After the conference the analysis was refined and completed. The final version of the computation can be found in [16].

Acknowledgments

We thanks V. Gimenez which on behalf of the authors of [2] shared with us the results of their new analysis of the b–quark mass, with our new result taken into account.

REFERENCES

1. See for example S. Collins, “The mass of the b quark from lattice NRQCD,” in Quark Confinement and the Hadron Spectrum, World Scientific, 325 (2002). arXiv:hep-lat/0009040.

2. V. Gimenez, L. Giusti, G. Martinelli and F. Rapuano, JHEP 0003 (2000) 018 [arXiv:hep-lat/0002007].

3. J. Heitger and R. Sommer [ALPHA Collaboration], JHEP 0402 (2004) 022 [arXiv:hep-lat/0310035].

4. G. M. de Divitiis, M. Guagnelli, F. Palombi, R. Petronzio and N. Tantalo Nucl. Phys. B 675, 309 (2003) [arXiv:hep-lat/0305018]. This approach actually stays within QCD.

5. G. S. Bali and A. Pineda, Phys. Rev. D 69, 094001 (2004) [arXiv:hep-ph/0310130].

6. K. G. Chetyrkin and M. Steinhauser, Phys. Rev. Lett. 83, 4001 (1999) [arXiv:hep-ph/9907509]. K. G. Chetyrkin and A. Retey, Nucl. Phys. B 583, 3 (2000) [arXiv:hep-ph/9910332].

7. K. Melnikov and T. v. Ritbergen, Phys. Lett.

B 482, 99 (2000) [arXiv:hep-ph/9912391]. 8. G. Martinelli and C. T. Sachrajda, Phys. Lett. B 354 (1995) 423 [arXiv:hep-ph/9502352].

9. G. Martinelli and C. T. Sachrajda, Nucl. Phys. B 559, 429 (1999) [arXiv:hep-lat/9812001].

10. F. Di Renzo and L. Scorzato, JHEP 0102, 020 (2001) [arXiv:hep-lat/0012011].

11. H. D. Trottier, N. H. Shakespeare, G. P. Lepage and P. B. Mackenzie, Phys. Rev. D 65, 094502 (2002) [arXiv:hep-lat/0111028].

12. V. S. Dotsenko and S. N. Vergeles, Nucl.

Phys. B 169, 527 (1980).

13. Y. Schröder, Phys. Lett. B 447, 321 (1999) [arXiv:hep-ph/9812205].

14. C. Christou, A. Feo, H. Panagopoulos and E. Vicari, Nucl. Phys. B 525, 387 (1998) [Erratum-ibid. B 608, 479 (2001)] [arXiv:hep-lat/9801007].

15. V. Giménez, private communication. See also P. Rakow, these Proceedings.

16. F. Di Renzo and L. Scorzato, arXiv:hep-lat/0408015.