Received: November 16, 1999, Accepted: January 12, 2000

HYPER VERSION

Calculation of power corrections to hadronic event shapes of tagged b events

Zoltán Trócsányi^∗

Theory Division, CERN CH-1211 Geneva 23, Switzerland E-mail: zoltan@zorro.atomki.hu

Abstract: We compute power corrections to mean values of hadronic event shapes — the thrust and the C parameter — of tagged b quark events in electron positron annihilation, using the dispersive approach. We find that the leading power corrections are of the same type of 1/Q corrections as for event shapes in the massless case, with the same non-perturbative coefficient times a perturbatively calculable mass-dependent coefficient. The effect of the mass correction in the power correction is to reduce the latter by 10–30 % for tagged b events, for centre-of-mass energies ranging from the Z^0 peak down to 20 GeV.

Keywords: LEP HERA and SLC Physics, QCD, NLO Computations, Jets.

∗Széchenyi Fellow of the Hungarian Ministry of Education. On leave from Department of Experimental Physics, Kossuth University and Institute of Nuclear Research of the Hungarian Academy of Sciences, Debrecen, Hungary

Contents

1. Introduction 1

2. The dispersive approach 2

3. Calculations 4

4. Merging perturbative and non-perturbative contributions 8

5. Conclusion 12

1. Introduction

In recent years the idea of an infrared-regular effective strong coupling at low scales (the strong coupling ‘freezing’ [1] or, more rigorously, the ‘dispersive approach’ of Dokshitzer, Marchesini and Webber [2]) has been employed for estimating hadronization corrections to various hadronic event shapes, using perturbative calculations [3]– [7]. These corrections arise in the form of power corrections of order 1/Q^p, where Q is the centre-of-mass energy. Although the magnitude of the correction cannot be predicted by perturbative means, the power p and the relative coefficients among different observables can be calculated using the assumption of infrared freezing. This universality hypothesis has proved to give a phenomenologically fairly consistent picture of power corrections [8]–[13], and the same results could be derived using a different method, the so-called renormalon approach [14, 15].

In this letter we explore a further check of the universality picture. Assuming the flavour independence of gluon radiation off quarks, the analytic structure of the strong coupling in the infrared, defined in an appropriate way, should not depend on the masses of the quarks, which radiate the gluon. Therefore, in the calculation of the power corrections to hadronic event shapes of tagged b events, the mass of the heavy quark enters in a completely perturbative manner. One may expect that the leading mass correction could be m_b/Q times the leading power correction (m_b being the heavy-quark mass) with some calculable coefficient. If this coefficient is several times unity, then the mass corrections in the power corrections are expected to be significant enough to be a measurable effect.

Heavy quark production and fragmentation have already been studied extensively in the framework of perturbation theory. It has become clear that nonperturbative effects are essential to describe the heavy quark fragmentation data [16]. Within the dispersive framework, the analytical calculation of these non-perturbative corrections to heavy-quark fragmentation in e^+e^− annihilation has been presented by Nason and Webber [17]. Although their calculations are very similar to ours, there is an essential difference in the results: for the fragmentation function there is a 1/m_b power correction, while for tagged events shapes there are mass corrections to the magnitude of the leading 1/Q^p power correction, which, however, vanish smoothly in the massless limit.

Estimating the mass corrections in the power correction may be interesting from another point of view, too. Recently, next-to-leading order calculations of threejet quantities in electron positron annihilation have been performed in which quark mass effects have been taken into account explicitly [19, 18, 20]. Using this theoretical input and the value of the b-quark mass, the flavour independence of the strong interactions was demonstrated by determining the ratio of strong couplings, α^b_s/α^{uds}_s [21, 22, 23]. One can turn around the argument and, assuming flavour independence, the b-quark mass can be measured from the sensitivity of three-jet event shapes to mass effects [21, 24, 25]. Such a measurement requires an estimate of hadronization corrections. The traditional way of obtaining such estimates is by Monte Carlo event generators [26, 27]. Those programs use the heavy-quark mass as input. As a result, the estimate of hadronization corrections brings a significant systematic error into the measurement of m_b. For taking into account the hadronization correction in a different way, the simple formulae of power corrections presented in this paper can easily be incorporated in a fit to the b-quark mass, which would hopefully result in a more stringent mass measurement.

As mentioned above, the presence of the quark mass appears only in the perturbative calculation. Therefore, the calculations that lead to the appearance of the Milan factor in the power corrections [5] can also be performed in the presence of the quark mass, resulting in a mass-dependent Milan factor. In this paper we make only the first step and calculate that part of power corrections to the mean value of two e^+e^− event shapes, the thrust and the C parameter, which was termed ‘naive contribution’ in ref. [5].

2. The dispersive approach

In employing the dispersive approach of ref. [2] one starts with assuming the validity of the following dispersion relation for the strong coupling:

α_s(k^2) = − ∫_∞ 0 dμ^2 μ^2 + k^2 ρ_s(μ^2) , ρ_s(μ^2) = − 1 2πi Disc { α_s(−μ^2) } . (2.1)

Further, it is also assumed that similarly to QED, the dominant effect of the running of α_s on some QCD observable F may be represented in terms of the spectral function ρ_s(μ^2) and a characteristic function F(μ^2):

F = α_s(0) F(0; . . .) + ∫_∞ 0 dμ^2 μ^2 ρ_s(μ^2) F(μ^2; . . .) = ∫_∞ 0 dμ^2 μ^2 ρ_s(μ^2) [ F(μ^2; . . .) − F(0; . . .) ] , (2.2)

where we used eq. (2.1) to express α_s(0). The characteristic function F(μ^2; . . .) is a function of dimensionless ratios of ε ≡ μ^2/Q^2, ρ ≡ 4 m^2_b /Q^2, where m_b is the heavyquark mass and {y}, the collection of any further relevant dimensionless parameters, e.g. the jet shape S in our present considerations. We obtain F by computing the one-loop graphs, corresponding to the physical process under consideration, with a non-zero gluon mass ε ≠ 0, and dividing by α_s: F(ε; ρ, S) = ∫ dΦ({x_i}; ρ, ε) M({x_i}; ρ, ε) S({x_i}; ρ, ε) , (2.3) where dΦ({x_i}; ρ, ε) denotes the phase space in terms of the independent variables {x_i}, M is the proper squared amplitude divided by α_s, and S stands for the event shape variable. Introducing the effective coupling α_{eff} (μ^2), defined in terms of the spectral function by ρ_s(μ^2) = μ^2 dα_{eff} dμ^2

, (2.4)

we can integrate eq. (2.2) by parts to obtain F = ∫_∞ 0 dμ^2 μ^2 α_{eff} (μ^2) Ḟ(μ^2) = ∫_∞ 0 dε ε α_{eff} (Q^2ε) Ḟ(ε) , (2.5)

where Ḟ(ε) = −εdF dε . (2.6)

Using the definition eq. (2.4) and the dispersion relation eq. (2.1), we can deduce that in the perturbative domain, α_s ≪ 1, the standard and effective couplings are approximately the same [2]:

α_{eff} (μ^2) = α_s(μ^2) + O(α^3_s) . (2.7)

Thus we may interpret α_{eff} as an effective coupling that extends the physical perturbative coupling into the non-perturbative domain. If the effective coupling has a non-perturbative component δα_{eff} (μ^2), with support limited to low values of μ^2, the corresponding contribution to F , δF = ∫_∞ 0 dε ε δα_{eff} (Q^2ε) Ḟ(ε) , (2.8)

will have a Q^2 dependence determined by the small-ε behaviour of Ḟ.

We shall be interested in the leading power behaviour of δF , which will be called the leading power correction to F ,

δF = F^{pow} + O(1/Q^p) . (2.9)

In order to determine F^{pow}, we recall that power-suppressed contributions to δF can arise from only those terms in F that are non-analytic at ε = 0 [2]. Therefore, the leading power correction F^{pow} will be obtained from the leading non-analytic term at ε = 0 in Ḟ, which we denote by C_F δF/2π.

3. Calculations

In calculating the function δF for the e^+e^−→ QQ̄g event shapes, we find three sources of quark-mass dependence: (i) restriction of phase space; (ii) mass corrections in the matrix element; (iii) mass corrections in the definition of the event shape. The double differential cross section for the production of a massive quark antiquark pair and a massive gluon given in terms of the scaled quark, antiquark and gluon energies, x, x̄ and x_g = 2 − x − x̄ was derived in ref. [17]. This cross section is an analytic function of the gluon mass and, therefore, in calculating δF, the ε-dependent terms can be dropped completely. In the case of the vector current contribution the cross section for zero gluon mass is given by 1 σ_V dσ_V dx dx̄ = C_F β α_s 2π [ −λ(x^2 − ρ, x̄^2 − ρ, x^2_g) 8 (1 − x)^2 (1 − x̄)^2 + 1 1 +^1_2 ρ ( 1 (1 − x)^2 + 1 (1 − x̄)^2 ) ] ; (3.1) for the axial vector current contribution we have 1 σ_A dσ_A dx dx̄ = C_F β α_s 2π [ −λ(x^2 − ρ, x̄^2 − ρ, x^2_g) 8 (1 − x)^2 (1 − x̄)^2 + + 1 1 − ρ ( 1 (1 − x)^2 + 1 (1 − x̄)^2 + ρ 2 x^2_g (1 − x) (1 − x̄) ) ] , (3.2)

where β = √ 1 − ρ is the quark velocity and λ(x, y, z) = x^2 + y^2 + z^2 − 2 x y − 2 y z − 2 z x. In eqs. (3.1) and (3.2)

σ_V = σ_0 ( 1 + 1 2 ρ ) β , (3.3) and σ_A = σ_0 (1 − ρ) β (3.4) are the Born cross sections for heavy-quark production by a vector and an axial vector current respectively, σ_0 being the massless quark Born cross section. The corresponding phase space was also given in ref. [17]:

dΦ(x, x̄; ε, ρ) = dx dx̄ Θ ( − 1 8 λ(x^2 − ρ, x̄^2 − ρ, x^2_g − 4ε) ) (3.5)

The phase-space boundary in this equation gives x_− ≤ x̄ ≤ x_+, where

x_± =

(2 − x)(1 − x − ε +^1_2 ρ) ± √ (x^2 − ρ)[(1 − x − e)^2 − ε ρ] 2 (1 − x) +^1_2 ρ

(3.6) and √ ρ ≤ x ≤ 1 − e − √ ε ρ . (3.7) For large values of the gluon momentum the phase-space boundary does not yield leading non-analytic contributions in ε. Therefore, the leading non-analytic contribution to δF comes from the soft-gluon emission region [2, 17], where both the matrix elements, in eqs. (3.1) and (3.2), and the phase space, in eq. (3.5), can be expanded in x_g = y + ȳ ≃ √ ε. This expansion for the cross section formulae results in 1 σ_{V,A} dσ_{V,A} dy dȳ ≈ C_F β α_s 2π [ 2 y ȳ − ρ 2 (y + ȳ)^2 y^2 ȳ^2 ] (3.8)

both for vector and axial vector current contributions, where y = 1−x̄ and ȳ = 1−x. The lower boundary of the phase space in x_g = y + ȳ ≃ √ ε region is approximated as follows: − 1 8 λ(x^2 − ρ, x̄^2 − ρ, x^2_g − 4ε) ≈ 2 y ȳ − ρ 2 (y + ȳ)^2 − 2 ε (1 − ρ) = 0 . (3.9)

Thus, to obtain δF for mean values of event shapes, we have to calculate the following integral δF = − ε β d dε ∫ dy dȳ Θ(y − √ ερ) Θ(ȳ − √ ερ) Θ ( 1 − ρ 2 − y − ȳ ) × (3.10) × Θ ( 4yȳ − ρ(y + ȳ)^2 − 4ε(1 − ρ) ) 2 yȳ ( 1 − ρ 4 (y + ȳ)^2 y ȳ ) S(y, ȳ; ρ, ε) . In this equation, the exact form of the upper boundary does not influence those non-analytic terms that give the leading power correction.

The mass corrections in the physical quantity introduce an observable-depen-dent, but perturbatively calculable mass dependence. As simple application of formula (3.10), we consider two event shapes, the C parameter and the thrust T . The C parameter [28] is derived from the eigenvalues of the infrared-safe momentum tensor θ^{ij} = ∑ a p^i_ap^j_a/|⃗p_a| ∑ a |⃗p_a| , (3.11)

where the sum on a runs over all final-state hadrons and p^i_a is the ith component of the three-momentum ⃗p_a of hadron a in the c.m. system. The tensor θ is normalized to have unit trace. In terms of the eigenvalues λ_i of the 3 × 3 matrix θ, the global shape parameter C is defined as

C = 3 (λ_1λ_2 + λ_2λ_3 + λ_3λ_1) . (3.12)

The thrust [29] is given by T = max_{⃗nT} (∑ a |⃗p_a · ⃗n_T | ∑ a |⃗p_a| ) , (3.13)

where the sum runs over all final-state particles and the thrust axis ⃗n_T is chosen to maximize the expression. For three partons in the final state, the thrust can be written as [30] T = 2 max{|⃗p_1|, |⃗p_2|, |⃗p_3|} ∑ a |⃗p_a| . (3.14)

Instead of the thrust, we shall consider its deviation from unity, t = 1 − T .

For these two event shapes the contribution of the non-perturbative gluon will just add to that of the underlying perturbative event (contribution of many soft perturbative gluons), and the power correction based on the presence of just a single non-perturbative gluon will remain valid [13]. This argument can be used independently of the mass of the leading quark pair. As discussed in ref. [5], the ‘naive contribution’ to the mean value of the C parameter is obtained from eq. (3.12) in the soft-gluon approximation, with gluon mass set to zero. The corresponding formula with non-zero quark masses is the following: C(y, ȳ; ρ) ≈ 6 β^3 y ȳ y + ȳ ( 1 − ρ 4 (y + ȳ)^2 y ȳ ) . (3.15)

Similarly, we need only the leading term in the soft-gluon expansion of the function t(y, ȳ; ρ) with the gluon mass neglected, t(y, ȳ; ρ) ≈ 1 2 ( y + ȳ √ 1 − ρ − 1 1 − ρ [ (ȳ − y) Θ(ȳ − y) + (y − ȳ) Θ(y − ȳ) ]) . (3.16)

To perform the integrations in eq. (3.10) we introduce polar coordinates, y = r cos ϕ, ȳ = r sin ϕ. In terms of the variables r and ϕ

dΦ(ε) = r dr dϕ Θ(ϕ − δ) Θ ( 1 2 π − δ − ϕ ) Θ(r_+(ϕ) − r) Θ(r − r_−(ϕ, ε)) , (3.17)

where

r_+(ϕ) =

(1 + sin 2δ)^{−1} √ 1 + sin 2ϕ , r_−(ϕ, ε) = √ 2 ε (1 − sin 2δ) sin 2ϕ − sin 2δ

, sin 2δ = ρ 2 − ρ . (3.18) The r integral is trivial and the integral over ϕ can be performed after making the shift ϕ → ϕ − π/4. After performing the differentiation in eq. (3.10), for the C parameter, S = C, we obtain

δF^{(C)} = 6π √ ε 1 β ( 1 1 + √ ρ − √ ρ 2 ) (3.19)

= 6π √ ε ( 1 − 3 2 √ ρ + O(ρ) ) . (3.20)

Figure 1: Derivative of the characteristic function for the mean value of the (a) C parameter (b) 1 − T for values of ρ = 0, 0.09, 0.36, 0.81.

From the expansion at small values of ρ, we see that our formula reproduces the known zero mass result [1]. In the case of thrust, S = t, one finds

δF^{(t)} = √ ε ρ ( π β − 1 1 − ρ ( α_+ + α_− − 2 √ ρ (1 − ρ) )) , (3.21)

where α_± = arctan 2 − ρ ± √ 2 √ ρ (1 − ρ) . (3.22)

Expanding δF^{(t)} in ρ we find

δF^{(t)} = 4 √ ε ( 1 − 3π 8 √ ρ + O(ρ) ) , (3.23)

which shows that the apparent √ ε/ρ behaviour in eq. (3.21) is in fact a √ ε behaviour with multiplicative mass corrections that are regular for vanishing quark mass. Setting ρ = 0, we find agreement with the known zero-mass result [1].

In figure 1 we plotted the functions Ḟ(ε) in eq. (2.6), obtained from numerical integration for representative values of ρ, with F as given in eq. (2.3), but with S taken in the soft-gluon approximation (eq. (3.15) for S = C in figure 1a and eq. (3.16) for S = t in figure 1b). In the same figure, the solid lines show the analytic results δF^{(C)}, eq. (3.19), and δF^{(t)}, eq. (3.21). We clearly see the leading √ ε behaviour for small values of ε together with the correct quark-mass dependence.

Having calculated the derivative of the characteristic functions for the various event shapes, we can use eq. (2.9) to obtain the power correction F^{pow}. Following ref. [2], we introduce the moment integral

A_{2p} = C_F 2π ∫_∞ 0 dε ε ε^p δα_{eff} (εQ^2) . (3.24)

In terms of this non-perturbative parameter, the ‘naive contribution’ to the power corrections to the mean value of C and t are given by the p =^1_2 moment of δα_{eff} as

⟨C⟩^{pow} = 6 π

A_1 Q ( 1 − 3 m_b Q + O ( m^2_b Q^2 )) (3.25) and ⟨t⟩^{pow} = 4

A_1 Q ( 1 − 3π 4 m_b Q + O ( m^2_b Q^2 )) , (3.26)

with the same value of the moment integral as phenomenologically deduced from untagged samples. To obtain these leading mass corrections, valid for small values of the tagged-quark mass, we used eqs. (3.20) and (3.23). These results show that at LEPI energies the mass correction reduces the magnitude of the power correction by about 10 % for the mean value of the C parameter and by about 7 % for the mean value of t (with m_b taken to be the MS mass at the centre-of-mass energy). Clearly, a non-perturbative uncertainty in the heavy quark mass itself in the form of a finite shift in its value (due to e.g., the difference in the pole mass and the Euclidean mass) also results in an m_b/Q correction. Therefore, we emphasize that our analysis is valid for observables which are free from such m_b/Q ‘kinematical’ corrections at the Born level (for instance, the thrust normalized to the sum of energies is not so), when the heavy quark mass uncertainty leads to corrections that are suppressed by α_s.

A two-loop analysis of power corrections to event shapes in the massless-quark case revealed that there is some freedom in the definition of the ‘naive contribution’. With a different definition for this term, the other two (‘inclusive’ and ‘non-inclusive’) contributions change in such a way that the sum of the three terms remains unambiguous. The universal result can be summarized by a simple multiplicative correction factor, the so-called Milan factor [5].^1 A two-loop calculation with mass effects taken into account would modify our results in eqs. (3.25) and (3.26) in two ways. On the one hand, these equations would acquire an overall Milan factor of 1.5 and on the other the coefficients in front of the m_b/Q corrections would change. For the rest of this paper, we shall neglect the latter modification, but shall include the Milan factor.

4. Merging perturbative and non-perturbative contributions

Once we have the leading power correction, we have to combine it with the perturbative prediction for the same physical quantity to obtain the full theoretical prediction:

F (Q) = F^{pert}(Q) + F^{pow}(Q) . (4.1) The two contributions are separately ill-defined because the perturbative part is given by an expansion that is factorially divergent, while in the power correction,

1Recently, it was pointed out that the correct value of the Milan factor is M ≈ 1.5 [31].

the non-perturbative part of the effective coupling δα_{eff} contains an ill-defined allorder subtraction of the pure perturbative part off the full effective coupling α_{eff} . The sum of the two contributions is finite. At fixed order in perturbation theory they should be merged in such a way that the terms that would grow factorially in an all-order result cancel order by order. We follow the prescription of ref. [5] for this merging, where the moment integral A_1 was approximated with the same integral up to an infrared scale μ_I,

A_1 ≃ 2 C_F π^2 ∫_{μI} 0 dk [ α_s(k) − α^{pert}_s (k) ] . (4.2)

In this equation the integrand is the non-perturbative component of the strong coupling, i.e. the difference of the strong coupling α_s as given by eq. (2.1) and the perturbative coupling α^{pert}_s . Above the infrared scale μ_I, this non-perturbative coupling is assumed to give negligible contribution to the moment integral (see eq. (2.7) and the following paragraph).

The integral of the strong coupling in eq. (4.2) can be expressed in terms of a phenomenological parameter α_0, ∫_{μI} 0 dk α_s(k) ≡ μ_I α_0(μ_I) . (4.3)

The value of this parameter depends on the infrared matching scale. For μ_I = 2 GeV, fits of event shapes of untagged events gave α_0 ≃ 0.5 [1, 9, 11, 12, 13].

To calculate the integral of the perturbative coupling α^{pert}_s , we use its one-loop expression given as a geometric series:

α^{pert}_s (k) 2π = α^{pert}_s (Q) 2π ∞∑ ℓ=0 ( α^{pert}_s (Q) 2π β^{(4)}_0 ln Q k )_ℓ , (4.4)

where β^{(4)}_0 is the one-loop beta function

β^{(Nf )}_0 = 11 3 C_A − 2 3 N_f , (4.5)

for N_f = 4 light fermion flavours, and α^{pert}_s (Q) is a four-flavour perturbative coupling in the physical (CMW) renormalization scheme [32].

For the practically interesting cases the perturbative prediction for the event shape the perturbative prediction F^{pert} is known to second order in α_s,

F^{pert}(Q; 2) = α^{MS}_s (Q) 2 π B(m_b, Q) + ( α^{MS}_s (Q) 2 π )_2 C(m_b, Q) + O (( α^{MS}_s (Q)

)_3) , (4.6)

with Born and correction coefficients, B(m_b, Q) and C(m_b, Q) respectively, calculated in the MS scheme at scale Q, and α^{MS}_s (Q) is the four-flavour strong coupling defined in the MS renormalization scheme. In such cases the summation in eq. (4.4) should be truncated at O(α^2_s), that is at ℓ = 1. Then the integral of the perturbative coupling in eq. (4.2) gives

μ_I [ α^{pert}_s (Q) 2 π + ( α^{pert}_s (Q) 2 π )_2

β^{(4)}_0 ( ln Q μ_I + 1 )] . (4.7)

In order to use the MS coupling everywhere in the final result, one has to make the shift α^{pert}_s → α^{MS}_s ( 1 + K α^{MS}_s 2 π ) (4.8)

in eq. (4.7), with K defined as K = C_A ( 67 18 − π^2 6 ) − 5 9 N_f , N_f = 4 . (4.9)

The coupling in the definition of the non-perturbative parameter α_0 is the physical coupling; therefore, the value of α_0 does not depend on the chosen scheme.

Collecting the various contributions, for the event shape S(= t, or C) we find

F^{(S)}(Q) = ᾱ_s B + ᾱ^2_s C + (4.10) + 2 π M 2C_F √ ε δF^{(S)}(ρ, ε) μ_I Q ( ᾱ_0 − ᾱ_s − ᾱ^2_s [ β^{(4)}_0 ( ln Q μ_I + 1 ) + K ]) , where ᾱ_s ≡ α^{MS}_s (Q)/2π for N_f = 4 flavours and ᾱ_0 ≡ α_0/2π. In order to use the standard N_f = 5 flavour MS strong coupling, we have to make the shift

ᾱ_s → ᾱ_s + 2 3 ᾱ^2_s ln ( m_b Q ) . (4.11)

We could make a more sophisticated description of the heavy-quark threshold in the running coupling (see refs. [33, 34]), but the usual centre-of-mass energy for event shapes being far from the threshold, the difference is negligible. For instance, using the prescription of ref. [34] changes the physical prediction F^{(S)}(Q) by less than 1 % at Q = 20 GeV and by about 0.1 % at the Z^0 peak. The renormalization scale dependence of this result can be studied in the usual way. To show the effect of the mass correction, we plot F^{(S)} for S = C in figure 2a and for S = t in figure 2b for μ_I = 2 GeV, α_0 = 0.5 and the world average of the strong coupling at the Z^0 peak, α_s(M_Z ) = 0.119 [35]. The solid lines show the results for the central value of the MS b-quark mass at the given hard scattering scale run from m_b(m_b) = 4.3 GeV [33]. The dotted line is the next-to-leading order perturbative prediction, with mass effects included, and the dashed lines represent the result when mass effects are present in the perturbative prediction plus power corrections without mass effects. The perturbative coefficients B and C were obtained using the zbb4 program [36]. We can observe that the mass effect in the power correction in tagged b samples is important for centre-of-mass energies below about 45 GeV.

Figure 2: Mean value of (a) the C parameter and (b) 1−T , where T is the thrust. Dotted: next-to-leading order perturbative result, dashed: perturbative + power correction without mass effect, solid: perturbative + power correction with mass effect.

If we compare our results for the power cor- S JETSET Disp. model C 1.175 1.000 t 1.142 1.001

Table 1: Comparison of hadronization corrections obtained using JETSET and from the dispersive model via the double ratios H^{(C)}_{b/l} and H^{(t)}_{b/l}.

rections of tagged b events to the hadronization corrections obtained using Monte Carlo programs, we find significantly smaller corrections from our model. For instance, the double ratio H^{(s)}_{b/l} = H^{(S)}_b /H^{(S)}_l , where H^{(S)}x is the hadron level value divided by the parton level value for event shape S and for the quark flavour x (heavy, or light), was determined in ref. [25] for events in Z^0 decays using JETSET parton shower model together with the Lund string fragmentation model. In this model the mass effects are introduced only by kinematic constraints to the phase space at each parton branching in the shower evolution. Table 1 shows the values obtained for H^{(s)}_{b/l} using the two models. The values for the double ratios obtained from the dispersive approach are very close to 1, indicating that the relative power corrections are very similar in the b-tagged and uds-tagged samples.^2 The situation is very different for the JETSET estimates. The results, when translated for single ratios of hadronization corrections on the tagged sample H^{(S)}_b , mean that the hadronization correction from the dispersive approach is about half of that from JET- SET. It would be interesting to learn whether or not this difference changes if the mass effects are taken into account in the dynamics of the showering in JETSET, or it is rather due to the different secondary decays of heavy hadrons. The latter case may undermine the usefulness of estimating hadronization corrections from power corrections for tagged b events.

2This result depends very weakly on the value of the Milan factor.

5. Conclusion

In this paper we have calculated the ‘naive contribution’, as defined in ref. [5], for the power corrections of b-tagged event shapes thrust and C parameter in e^+e^− annihilation. Our analysis can also be used for other observables which are free from m_b/Q kinematical corrections at the Born level, when defined in terms of the kinematically relevant variables (magnitude of three momenta, see eq. (3.5)). We found that at LEPI energy the explicit analytic formulae predict about 7–10 % reduction of the hadronization correction for the shapes obtained from b-tagged samples with respect to the untagged case. This reduction effect will be even more important for t-tagged samples at the NLC. For instance, for m_t = 175 GeV and Q = 500 GeV, we expect the mass corrections discussed in this paper to reduce the power correction to about two thirds of the corresponding massless case for the C parameter and t. Furthermore, since the t quark is a short living particle, one expects an additional suppression factor that is inversely proportional to the width of the t quark.

We also presented predictions for the mean values of the event shapes by merging the perturbative and non-perturbative contributions. The only non-perturbative input in the prediction is the non-perturbative parameter α_0, taken from fits of theoretical predictions for the mean values of event shapes to those of light primary quark samples. We found that the mass effect in the power correction for tagged b samples is not too profound for centre-of-mass energies above about 45 GeV and is significantly smaller than the hadronization correction predicted by the current version of JETSET, which does not take into account the heavy-quark mass in the dynamics of fragmentation, but includes decays of heavy hadrons. The results may be used directly in heavy-quark mass measurements.

In our view the flavour independence of the strong coupling is a sufficiently weak assumption so that if it is feasible with the dispersive approach to calculate nonperturbative effects in hadronic event shapes, then the primary quark mass effects should be perturbatively calculable. Therefore, our results, once confronted with experiment, can serve as a further check of perturbatively calculable hadronization corrections.

Acknowledgments

The author is grateful to G. Salam and B. Webber for useful discussions, to C. Oleari for helping with the zbb4 program and to S. Catani for clarifying remarks on the manuscript. This work was supported in part by the EU Fourth Framework Programme ‘Training and Mobility of Researchers’, Network ‘Quantum Chromodynamics and the Deep Structure of Elementary Particles’, contract FMRX-CT98-0194 (DG 12 - MIHT), as well as by the Hungarian Scientific Research Fund grant OTKA T-025482.

References

[1] Y.L. Dokshitzer and B.R. Webber, Calculation of power corrections to hadronic event shapes, Phys. Lett. B 352 (1995) 451 [hep-ph/9504219].

[2] Y.L. Dokshitzer, G. Marchesini and B.R. Webber, Dispersive approach to powerbehaved contributions in QCD hard processes, Nucl. Phys. B 469 (1996) 93 [hep-ph/9512336].

[3] Y.L. Dokshitzer and B.R. Webber, Power corrections to event shape distributions, Phys. Lett. B 404 (1997) 321 [hep-ph/9704298].

[4] Y.L. Dokshitzer, A. Lucenti, G. Marchesini and G.P. Salam, Universality of 1/q corrections to jet-shape observables rescued, Nucl. Phys. B 511 (1998) 396 [hep-ph/9707532]; On the QCD analysis of jet broadening, J. High Energy Phys. 01 (1998) 011 [hep-ph/9801324];

Y.L. Dokshitzer, G. Marchesini and G.P. Salam, Revisiting non-perturbative effects in the jet broadenings, Eur. Phys. J. direct C3 (1999) 1–45 [hep-ph/9812487].

[5] Y.L. Dokshitzer, A. Lucenti, G. Marchesini and G.P. Salam, On the universality of the Milan factor for 1/q power corrections to jet shapes, J. High Energy Phys. 05 (1998) 003 [hep-ph/9802381].

[6] Y.L. Dokshitzer, G. Marchesini and B.R. Webber, Non-perturbative effects in the energy-energy correlation, J. High Energy Phys. 07 (1999) 012 [hep-ph/9905339].

[7] M. Dasgupta and B.R. Webber, Power corrections to event shapes in deep inelastic scattering, Eur. Phys. J. C 1 (1998) 539 [hep-ph/9704297]; Two-loop enhancement factor for 1/q corrections to event shapes in deep inelastic scattering, J. High Energy Phys. 10 (1998) 001 [hep-ph/9809247].

[8] DELPHI collaboration, Measurement of event shape and inclusive distributions at √ s = 130 GeV and 136 GeV, Z. Physik C 73 (1997) 229.

[9] H1 collaboration, Measurement of event shape variables in deep inelastic e p scattering, Phys. Lett. B 406 (1997) 256 [hep-ex/9706002].

[10] JADE collaboration, P.A. M. Fernandez, O. Biebel, S. Bethke, S. Kluth and P. Pfeifenschneider, A study of event shapes and determinations of α_s using data of e^+e^− annihilations at √ s = 22 GeV to 44 GeV, Eur. Phys. J. C 1 (1998) 461 [hep-ex/9708034];

JADE collaboration, O. Biebel, P.A. M. Fernandez and S. Bethke, C-parameter and jet broadening at Petra energies, Phys. Lett. B 459 (1999) 326 [hep-ex/9903009].

[11] D. Wicke, Determination of α_s from event shapes and power corrections, Nucl. Phys.

64 (Proc. Suppl.) (1998) 27 [hep-ph/9708467].

[12] P.A. M. Fernandez, Event shapes from JADE data and studies of power corrections, Nucl. Phys. 74 (Proc. Suppl.) (1999) 384 [hep-ex/9808005].

[13] G.P. Salam and G. Zanderighi, Power corrections and the interplay between perturbative and nonperturbative phenomena, hep-ph/9909324.

[14] M. Beneke and V.M. Braun, Power corrections and renormalons in Drell-Yan production, Nucl. Phys. B 454 (1995) 253 [hep-ph/9506452].

[15] M. Beneke, Renormalons, Phys. Rep. 317 (1999) 1 [hep-ph/9807443].

[16] Y.L. Dokshitzer, V.A. Khoze and S.I. Troian, Specific features of heavy quark production. LPHD approach to heavy particle spectra, Phys. Rev. D 53 (1996) 89 [hep-ph/9506425].

[17] P. Nason and B.R. Webber, Non-perturbative corrections to heavy quark fragmentation in e^+e^− annihilation, Phys. Lett. B 395 (1997) 355 [hep-ph/9612353].

[18] G. Rodrigo, Quark mass effects in QCD jets, Nucl. Phys. 54A (Proc. Suppl.) (1997) 60 [hep-ph/9609213];

G. Rodrigo, M. Bilenky and A. Santamaria, Quark-mass effects for jet production in e^+e^− collisions at the next-to-leading order: results and applications, Nucl. Phys. B 554 (1999) 257 [hep-ph/9905276].

[19] W. Bernreuther, A. Brandenburg and P. Uwer, Next-to-leading order QCD corrections to three-jet cross sections with massive quarks, Phys. Rev. Lett. 79 (1997) 189 [hep-ph/9703305];

A. Brandenburg and P. Uwer, Next-to-leading order QCD corrections and massive quarks in e^+e^− → 3 jets, Nucl. Phys. B 515 (1998) 279 [hep-ph/9708350].

[20] P. Nason and C. Oleari, Next-to-leading-order corrections to momentum correlations in Z_0 → bb̄, Phys. Lett. B 407 (1997) 57 [hep-ph/9705295];

P. Nason and C. Oleari, Next-to-leading-order corrections to the production of heavyflavour jets in e^+e^− collisions, Nucl. Phys. B 521 (1998) 237 [hep-ph/9709360].

[21] DELPHI collaboration, M_b at M_z, Phys. Lett. B 418 (1998) 430.

[22] SLD collaboration, An improved test of the flavor independence of strong interactions, Phys. Rev. D 59 (1999) 012002 [hep-ex/9805023];

SLD collaboration, Heavy quark mass effects and improved tests of the flavour independence of strong interactions, hep-ex/9808017.

[23] OPAL collaboration, Test of the flavour independence of α_s using next-to-leading order calculations for heavy quarks, hep-ex/9904013.

[24] A. Brandenburg, P.N. Burrows, D. Muller, N. Oishi and P. Uwer, Measurement of the running b-quark mass using e^+e^− → bb̄g events, Phys. Lett. B 468 (1999) 168 [hep-ph/9905495].

[25] ALEPH collaboration, Investigations on the b-quark mass from hadronic Z decays, ALEPH contribution to the 1999 summer conferences, ALEPH 99-059, CONF 99-034, EPS-HEP99 #1-384 (1999).

[26] T. Sjöstrand, High-energy physics event generation with Pythia 5.7 and Jetset 7.4, Comput. Phys. Commun. 82 (1994) 74.

[27] G. Marchesini and B.R. Webber, Monte Carlo simulation of general hard processes with coherent QCD radiation, Nucl. Phys. B 310 (88) 461;

G. Marchesini, B.R. Webber, G. Abbiendi, I.G. Knowles, M.H. Seymour and L. Stanco, Herwig: a Monte Carlo event generator for simulating hadron emission reactions with interfering gluons, Comput. Phys. Commun. 67 (1992) 465.

[28] G. Parisi, Super inclusive cross-sections, Phys. Lett. B 74 (1978) 65;

J.F. Donoghue, F.E. Low and S.Y. Pi, Tensor analysis of hadronic jets in quantum chromodynamics, Phys. Rev. D 20 (79) 2759.

[29] E. Fahri, A QCD test for jets, Phys. Rev. Lett. 39 (1977) 1587.

[30] S. Catani, L. Trentadue, G. Turnock and B.R. Webber, Resummation of large logarithms in e^+e^− event shape distributions, Nucl. Phys. B 407 (1993) 3.

[31] Y.L. Dokshitzer, Perturbative QCD and power corrections, hep-ph/9911299;

M. Dasgupta, L. Magnea and G. Smye, Universality of 1/q corrections revisited, J. High Energy Phys. 11 (1999) 025 [hep-ph/9911316].

[32] S. Catani, B.R. Webber and G. Marchesini, QCD coherent branching and semiinclusive processes at large x, Nucl. Phys. B 349 (1991) 635.

[33] Particle Data Group, Review of particle physics, Eur. Phys. J. C 3 (1998) 1.

[34] Y.L. Dokshitzer and D.V. Shirkov, On exact account of heavy quark thresholds in hard processes, Z. Physik C 67 (1995) 449.

[35] S. Bethke, Jet physics at Lep and world summary of alpha(s), hep-ex/9812026.

[36] C. Oleari, Next-to-leading-order corrections to the production of heavy-flavour jets in e^+e^− collisions, hep-ph/9802431.