B → ργ Decay in the Large Energy Effective Theory

Alexander Parkhomenko Yaroslavl State University, Yaroslavl, Russia

1 Introduction

There is considerable theoretical interest in the decays B → K^∗γ and B → ργ as these processes are under intensive experimental investigations at CLEO, and lately at the B-factories at KEK and SLAC.

The present measurements of the branching ratios of B → K^∗γ decays from the CLEO [1], BABAR [2], and BELLE [3] collaborations yield the following charge-conjugated world averages [4]:

B_{exp}(B^± → K^{∗±}γ) = (3.8 ± 0.5) × 10^{−5}, (1) B_{exp}(B^0 → K^{∗0}γ) = (4.3 ± 0.4) × 10^{−5}.

The Cabibbo-Kobayashi-Maskawa (CKM) disfavored B → ργ decays have not yet been observed. The current best limits are from the BABAR collaboration. One has (at 90% C.L.) [5]:

B_{exp}(B^± → ρ^±γ) < 2.3 × 10^{−6}, (2) B_{exp}(B^0 → ρ^0γ) < 1.4 × 10^{−6}.

Combined using the isospin symmetry, they yield an improved upper limit on the ratio of the branching ratios [5]:

R_{exp}(ργ/K^∗γ) =

B_{exp}(B → ργ) B_{exp}(B → K^∗γ)

< 0.05. (3)

Measurement of this ratio will provide an independent determination of the CKM matrix element ratio |V_{td}/V_{ts}|. It has been argued in the literature that a combination of the Heavy Quark Effective Theory and the Large Energy Effective Theory (HQET/LEET) provides a sound theoretical basis to calculate the branching ratios.

In this paper, predictions for the branching ratios of the B → ργ decays are reviewed which have been calculated in the HQET/LEET framework. The uncertainty connected with the theoretical input (in particular, form factors) is considerably reduced in the ratio of the branching ratios:

R_{th}(ργ/K^∗γ) =

B_{th}(B → ργ) B_{th}(B → K^∗γ)

. (4)

Experimental values of the B → K^∗γ branching ratios in combination with the theoretical estimate of the ratio above allow to obtain predictions for the B → ργ decays with reduced uncertainty. The isospin-violating ratio and the direct CP-asymmetry in the decays B → ργ are also briefly discussed. More details one can find in Ref. [6].

2 B → ργ decay width in NLO

The effective Hamiltonian for the B → ργ decay (equivalently b → dγ process) at the scale μ = O(m_b), where m_b is the b-quark mass, is as follows:

H_{eff} =

G_F √ 2 { V_{ub}V^∗_{ud} [ C_1(μ) O^{(u)}_1 (μ) + C_2(μ) O^{(u)}_2 (μ) ]

+ V_{cb}V^∗_{cd} [ C_1(μ) O^{(c)}_1 (μ) + C_2(μ) O^{(c)}_2 (μ) ] (5) − V_{tb}V^∗_{td} [ C^{eff}_7 (μ) O_7(μ) + C^{eff}_8 (μ) O_8(μ) ] + . . . } , where the set of operators is (q = u, c):

O^{(q)}_1 = (d̄_αγ_μ(1 − γ_5)q_β) (q̄_βγ^μ(1 − γ_5)b_α), (6) O^{(q)}_2 = (d̄_αγ_μ(1 − γ_5)q_α) (q̄_βγ^μ(1 − γ_5)b_β ), (7)

O_7 = em_b 8π^2

(d̄_ασ^{μν} (1 + γ_5)b_α) F_{μν} , (8)

O_8 = g_sm_b 8π^2

(d̄_ασ^{μν} (1 + γ_5)T^A_{αβ} b_β) G^A_{μν} . (9)

The strong and electroweak four-quark penguin operators are assumed to be present in the effective Hamiltonian (5) and denoted by ellipses there.

They are not taken into account due to the small values of the corresponding Wilson coefficients.

The effective Hamiltonian (5) sandwiched between the B- and ρ-meson states can be expressed in terms of matrix elements of bilinear quark currents defining a heavy-light transition. These matrix elements are dominated by strong interactions at small momentum transfer and cannot be calculated perturbatively. The general decomposition of the matrix elements on all possible Lorentz structures admits seven scalar functions (form factors): V^{(ρ)}, A^{(ρ)}_i (i = 0, 1, 2), and T^{(ρ)}_i (i = 1, 2, 3) of the momentum squared q^2 = (p_B − p_ρ)^2 transferred from the heavy meson to the light one [7]: ⟨ ρ(p_ρ, ε^∗)|d̄ γ^μb|B̄(p_B ) ⟩ = 2i V^{(ρ)}(q^2) m_B + m_ρ eps(μ, ε^∗, p_ρ, p_B ), (10) ⟨ ρ(p_ρ, ε^∗)|d̄ γ^μγ_5q_ν b|B̄(p_B) ⟩ = 2m_ρ A^{(ρ)}_0 (q^2)

(ε^∗q) q^2 q^μ (11)

+A^{(ρ)}_1 (q^2) (m_B + m_ρ) [ ε^{∗μ} −

(ε^∗q) q^2 q^μ ]

−A^{(ρ)}_2 (q^2)

(ε^∗q) m_B + m_ρ [ (p_B + p_ρ)^μ −

(m^2_B − m^2_ρ)

q^2 q^μ ] , ⟨ ρ(p_ρ, ε^∗)|d̄ σ^{μν} q_ν b|B̄(p_B) ⟩ = 2 T^{(ρ)}_1 (q^2) eps(μ, ε^∗, p_ρ, p_B), (12) ⟨ ρ(p_ρ, ε^∗)|d̄ σ^{μν} γ_5q_ν b|B̄(p_B) ⟩ = (13) −i T^{(ρ)}_2 (q^2) [(m^2_B − m^2_ρ) ε^{∗μ} − (ε^∗q) (p_B + p_ρ)^μ]

−i T^{(ρ)}_3 (q^2) (ε^∗q) [ q^μ − q^2 m^2_B − m^2_ρ

(p_B + p_ρ)^μ ] , where eps(μ, ε^∗, p_ρ, p_B) = ε^{μναβ}ε^∗_ν p_{ρα}p_{Bβ}. The heavy quark symmetry and the behavior of the final meson in the large energy limit (the large recoil limit) allow to reduce the number of independent form factors to two only: ξ^{(ρ)}_⊥ (q^2) and ξ^{(ρ)}_‖ (q^2). The B → ργ decay amplitude is proportional to one of them – ξ^{(ρ)}_⊥ (q^2), which is related to the form factors introduced above for the case q^2 = 0 as follows (terms of order m^2_ρ/m^2_B are neglected):

m_B m_B + m_ρ

V^{(ρ)}(0) = m_B + m_ρ m_B

A^{(ρ)}_1 (0) = T^{(ρ)}_1 (0) = T^{(ρ)}_2 (0) = ξ^{(ρ)}_⊥ (0). (14)

These relations among the form factors in the symmetry limit are broken by perturbative QCD radiative corrections arising from the vertex renormalization and the hard spectator interactions. To incorporate both types of QCD corrections, a tentative factorization formula for the heavy-light form factors at large recoil and at leading order in the inverse heavy meson mass was introduced [7]:

F^{(ρ)}_k = C_{⊥k}ξ^{(ρ)}_⊥ + Φ_B ⊗ T_k ⊗ Φ_ρ, (15)

where F^{(ρ)}_k is any of the four form factors in the B → ρ transitions related by Eq. (14), C_{⊥k} = C^{(0)}_{⊥k} [1 + O(α_s)] are the renormalization coefficients, T_k is a hard-scattering kernel calculated in O(α_s), Φ_B and Φ_ρ are the lightcone distribution amplitudes of the B- and ρ-mesons convoluted with the kernel T_k.

In the leading order the electromagnetic penguin operator O_7 contributes in the B → ργ decay amplitude at the tree level. Taking into account the definitions of the B → ρ transition form factors in the tensor (12) and the axial-tensor (13) currents and the symmetry relation T^{(ρ)}_1 (0) = T^{(ρ)}_2 (0), the amplitude has the form:

M^{(0)} = −

G_F √ 2 V_{tb}V^∗_{td} em̄_b(μ) 4π^2

C^{(0)eff}_7 (μ) T^{(ρ)}_1 (0) (16)

× [(P q)(e^∗ε^∗) − (e^∗P )(ε^∗q) + i eps(e^∗, ε^∗, P, q)] ,

where q = p_B − p_ρ and e^∗ are the photon four-momentum and polarization vector, respectively, and P = p_B + p_ρ.

The branching ratio can be easily obtained and results in the form:

B^{LO}_{th} (B → ργ) = τ_B

G^2_F α|V_{tb}V^∗_{td}|^2m^3_B 32π^4 [ 1 − m^2_ρ m^2_B ]3 m̄^2_b (μ) |C^{(0)eff}_7 (μ)|^2 |T^{(ρ)}_1 (0)|^2.

(17) It is natural to assume the μ-dependence of the form factor, T^{(ρ)}_1 (0, μ), for compensating the dependence on the scale μ originated by the b-quark mass, m̄_b(μ), and the Wilson coefficient, C^{(0)eff}_7 (μ), in the branching ratio.

The branching ratio of the B → K^∗γ decays can be easily obtained from Eq. (17) by replacing: V_{td} → V_{ts}, m_ρ → m_K∗ , and T^{(ρ)}_1 (0) → T^{(K∗)}_1 (0), which yield the ratio of branching ratios (4) as:

R^{(0)}_{th} (ργ/K^∗γ) = S_ρ | | | V_{td} V_{ts} | | | 2 [ m^2_B − m^2_ρ m^2_B − m^2_K∗

]3 | | | | T^{(ρ)}_1 (0, μ) T^{(K∗)}_1 (0, μ) | | | | 2 , (18)

where S_ρ = 1 for the charged ρ-meson and S_ρ = 1/2 for the neutral one.

There is also contribution from the annihilation diagrams to the B → ργ decay width. This additional contribution modifies the equation above as follows:

R_{th}(ργ/K^∗γ) = R^{(0)}_{th} (ργ/K^∗γ) [1 + ΔR(ρ/K^∗)] . (19) The radiation from quarks inside such a meson is compensated by the diagram with the photon emitted from the vertex (for a recent review of this topic see Ref. [8]). Only one annihilation diagram with the photon emitted from the spectator quark in the B-meson is numerically important and its strength can be parameterized by the dimensionless factor ε_A: ΔR(ρ/K^∗) = λ_u ε_A, (20)

λ_u =

V_{ub}V^∗_{ud} V_{tb}V^∗_{td} = − | | | | V_{ub}V^∗_{ud} V_{tb}V^∗_{td} | | | | e^{iα} = F^1 + iF^2, (21)

where α is one of the angle from the unitarity triangle. In the neutral Bmeson decays the parameter ε_A is numerically small and can be neglected at the accuracy accepted. For the charged B-meson decays the LCSR value ε_A = 0.3 ± 0.1 [9] is used in the analysis.

There is also QCD corrections [of order O(α_s)] which are called further as the next-to-leading order (NLO) ones. The total NLO correction to the B → ργ decay width consists of:

• b-quark mass m̄_b(μ). In the modified minimal subtraction scheme at the renormalization scale μ it can be connected with the b-quark pole mass, m_{b,pole}, by the relation:

m̄_b(μ) = m_{b,pole} [ 1 + α_s(μ) 4π C_F ( 3 ln m^2_{b,pole} μ^2 − 4 )] . (22)

• Wilson coefficient C^{eff}_7 (μ).

C^{eff}_7 (μ) = C^{(0)eff}_7 (μ) + α_s(μ) 4π C^{(1)eff}_7 (μ). (23)

The explicit expressions for the Wilson coefficient can be found in Ref. [10].

• The factorizable NLO corrections to the form factors. These corrections are described by the diagrams with the O_7-operator (8). They can be divided into the vertex and hard-spectator corrections [7]:

T^{(ρ)}_1 (0, μ) = ξ^{(ρ)}_⊥ (0) [ 1 + α_s(μ) 4π C_F ( ln m^2_{b,pole} μ^2 − 1 ) + α_s(μ_{sp}) 4π C_F

ΔF_⊥(μ_{sp}) 2ξ^{(ρ)}_⊥ (0) ] , (24) where ξ^{(ρ)}_⊥ (0) is the value of the T^{(ρ)}_1 (0) form factor in the HQET/LEET limit, μ_{sp} = √ μΛ_H (Λ_H ≃ 0.5 GeV) is the typical scale of the gluon virtuality in the hard-spectator corrections, and ΔF^{(ρ)}_⊥ is the dimensionless quantity which defines the strength of the hard-spectator corrections:

ΔF^{(ρ)}_⊥ (μ_{sp}) =

8π^2f_B f^{(ρ)}_⊥ (μ_{sp}) 3m_B λ_{B,+}

< ū^{−1} >^{(ρ)}_⊥ (μ_{sp}) ≃ 1.64. (25)

The estimation was done on the scale of the spectator corrections μ_{sp} = 1.52 GeV [6].

• The nonfactorizable NLO corrections. They are also of two types: the vertex and the hard-spectator corrections. The nonfactorizable vertex corrections can be taken from inclusive B → X_dγ decay [11]. The nonfactorizable hard-spectator ones were recently calculated by several groups [6, 12, 13].

The total contribution to the form factor originated by the hard-spectator corrections is [6]:

Δ_{sp}T^{(ρ)}_1 (0, μ) ≃ α_s(μ) 4π C_F

ΔF^{(ρ)}_⊥ (μ) 2 [ 1 + C^{(0)eff}_8 (μ) 3C^{(0)eff}_7 (μ)

(26)

+ C^{(0)}_2 (μ) 3C^{(0)eff}_7 (μ) ( 1 + V^∗_{cd}V_{cb} V^∗_{td}V_{tb} h^{(ρ)}(z, μ) ⟨ū^{−1}⟩^{(ρ)}_⊥ (μ) )] , where h^{(ρ)}(z, μ) is the complex function of the quark mass ratio z = m^2_c /m^2_b originated by the c-quark loop which analytic expression can be found in Ref. [6].

The NLO corrections discussed above modify the B → ργ branching ratio and the result for the charged-conjugate averaged branching ratio can be written in the form:

B̄_{th}(B^± → ρ^±γ) = τ_{B+} G^{2F} α|V^{tb}V^{∗td}|^2 32π^4 m^2_{b,pole} m^3_B [ 1 − m^2_ρ m^2_B

]_3 [

ξ^{(ρ)}_⊥ (0)

]_2 (27) × { (C^{(0)eff}_7 + A^{(1)t}_R )^2 + (F^2_1 + F^2_2 ) (A^u_R + L^u_R)^2 + 2F_1 [C^{(0)eff}_7 (A^u_R + L^u_R) + A^{(1)t}_R L^u_R] } , where L^u_R = ϵ_A C^{(0)eff}_7 . The NLO amplitude A^{(1)t}(μ) of the decay presented here can be decomposed in three contributing parts [6]:

A^{(1)t}(μ) = A^{(1)}_{C7} (μ) + A^{(1)}_{ver}(μ) + A^{(1)ρ}_{sp} (μ_{sp}), (28) where the correction due to the b-quark mass is included in the A^{(1)}ver(μ) part. The amplitude A^{(1)K∗} (μ) for the B → K^∗γ decay can be written in a similar form and differs from A^{(1)t} by the hard-spectator part26108bn((8284172yFk74542471069y(2)j(2)20399)e2)79092m(L7)32471bFm9m(t-n)htdfj(minimFn(con)m(tug(correction)g((width.)72b(This)f(part)15984588yFu(=)27924(2)20399)e2)79092m(L7)32diativ)can)324Ωg order t0¯f(at)h(leaolf(thes)Ω4mFn(co(,)g(13].)470Ω2205927y(d)pΩFi(t)1436803yFΩ806y(the)22kΩ0866c32bopanc)m(hiignoriagram)g(Γ(exprb)s(e)h(di(ab)s)2514Ω4co)s(dify)f(th2872yFm(B)cFl(at)Ωe03y(1)m(ys)(Usark)g(cur-)324226)pΩFn(flibutionf(i)31024264655yFharged-Ωconjugate)f(a,pFm(z)t(dynam)pFn026)p)298114(grouour-mo4Fj()Fm(fl)gFn())17Ωb([1)22b(pFm68Ω47he)hFm(B)94pFm0(()pFm(,pFquan)m(tthe)h(scale)easily)g(9m(,pfo)f(can)32h9y(7)Ωin)g(a)ib)s(ed)i(bfef.)g([8)o(]))pFi(ΣyΩFn(13].)470Ω2205-)324Ω1964Ωhe level. and its 8Ωy↼↽ψFm↼γ↽gψFn↼↽↽17Ωb↼♭1↽22ψb↼854ψ1↼and↽h↼hψFm↼B↽93201802Ω4347ψyψFi157Ω1230ψ195↼↽pΩFm↼f↽3563ψing0ψ1802Ω4347ψ2↽2451ψ5017ψyψFn↼81300ψ461ψyψF448ψ10↼↼1↽↽7ψyψorre81300Ωψ43881Ω3401802Ω4347ψyψFi↼u↽1765017ψy23581↼and↽h↼di2ψy235Ω183300ψ461ψyψ6yψFi↼0Fj↼↼0↽eα↽2m↼ϕ81↼and↽h↼di2ψy722Ω183300388103↽15802Ω4347ψyψFj↼2↽131811ψ1↼and↽h↼di2ψy958Ω1833003↼ln↽1ψFi↼0Fj↼↼0↽↽↽24195↼↽pΩFm↼f↽3563032↽pψF38ψ4y↼↼↽ψ297i↼0Fj↼↼0Δb↽m↼y↽026↽2556↽15741Ω4347ψ2↽25002ψyψF5ψy17ψ4670ψyψFitator↽g↼part922ψy4795ψyψ↼828ψ4156956↽15732ΔψyψFi↼b,018ψyΩ8Fn↼↽▷↽p2398ψ699ψ41↽2435Ω4388ψyψFn↼471n↼⇁↽22ψ539ψ64ψ164313ψyψFi↼B↽50ψyψ↼0Fj↼↼y↽026↽2590415741Ω4347ψ2↽25002ψy92Ωyψ17ψ4670ψyψFitator↽g↼par313ψ184795ψΩψ↼828ψ41569904157↼ysV↽pψF88ψyΩ8Fn↼↽▷↽p3015ψ699ψ41↽2435Ω4388ψyψFn30↼8Ω↼⇁↽22ψ539m↽334i↼0Fj↼↼0↽e2ψ909ψ471↼withψFn↼92ψ199320ψFf↼Γ82ψ199yψFmFm↼V↽2482ψ1918ψFn↼↽▷↽p9↼the↽3641↽2435Ω4388ψyψFnyψFk221C↽1640ψpΩFj2ψ1163ψyn↼Re34↽1092p↽2582ψf↽3563ψi48ψ12ψ1108ψaψFm↼m33↽25856670ψyψFitator↽g↼pψFn↼↽33↽25123295ψ4727ψ15yψFnψ1163ψyψFj↼2↽282ψyψFn↼Ω↼/↽856670ψyψFitator↽g↼pK566Ω0Fnψ3751ψyψFj↼2↽2↼Ω↼/↽123295ψ4727ψ1↽8982ψ1163ψyn↼⇁↽830ψ4Fψ2653Ω27ψb↼/↽140Ω3458982ψ1163ψyn↼↽eα↽25322ΩFj2ψ567↽2711ψ43m↼d↽fψ1163ψyn↼⇁↽g↽1765017ψb,07ψb↼Γ↽gψFψyψF↼↽↽ψ1163ψy↽25325↼⇁↽g856670ψyψFitator↽g↼pde↽65982ψ1163ψyn↼↽r↽2123Ω50025017ψbpψFib↼Γ↽gψFψyψyψFk2ψ1163ψyn↼↽eα↽2m↼Δ↽785ψyψFn↼↼0↽0ψ21742↼↼↽pψ34↽fψ1163ψyn↼⇁↽g↽176810ψ64785ψyψFn↼↼0↽2yψFi42↼↼↽m↼z↽ΩFj2ψ1163ψyn↼26↽2679ψψy92287ψψ567↽2711ψ4434ψy2p T

Phen983ψology B4905Ω1h↼dify↽f↼th6i↼u↽1o↼D↼B↽clged↽↽o↼♯▷6828ΩbψFm↽324vecodify th554Ω29c↼Bargedconjug4pψb↼Rthe↽f▷65572ψyψFFs↼ectatr↽h↼har643ψ2285ψyψF↽jψ226di♭6♯▷↽470ψcone diΩiangle▷ve44↼mo↽s↼dify↽f↼thsp↽28ψFm↼ρm↼B↽57ψbψFl↼ω↽↽g↼i↼the↽fΩ↼rormalFj↼↽↼its↽t↼mesoev↽m↼eung↽g↼e↽f↼a↽↽33ψb↼is↽h↼↽i↼ab↽sirection↽h↼to↽f↼the↽324Ω2Ω2516ψ2↽10831ψFj↼2↽11iΩection the Ai↼measurtthe↽k↼⋆↽739ψ549s9ψ4679↼is↽g↼p304692ψy↼correction↽h↼to↽fK↽6gψFn014the ΓFm↼K↽204572ψyψFm↼B↽57ψbψFl↼ωci↼the↽fΩψyψFj17↽209yψFi↼the↽gletωciu470ψst↼b↽m↼rib↽s↼eis↽g↼als3631ψy↼s↼op↽f↽g↼ise↽g↼NLO↽g↼correc87↽263ψbψFn739U↼z↽g6Fi↼↼ys↽h↼th810↽1322ψ233ψyΩFj↼Λ↽/m↽3522↼tum↽bre↼the↽h4n7398ψyψFm↼Ψions↽fb↼the↽32▷↽470ΩFl↼ω↽35ΩbψFm↼Γg6ψy↼θ4ψy↽2y4ψvψ3138ψ4884ψam↼m↽548Ω32A↽1052ψ633ψy23396ψ2y4ψvψ31387↽164n73323ψyψFj246ψ233032)

ectato209(dThe)26i

−i TI(its)expressi4y(fjeeson)34b(522338b(ib)s54054ΩyFnm(y)3Ω(sum-ruleteri[9htd))3246pFm(1(-op)s(erator)eg)324Ω1964b(The)3hol (0:0Φ(total)s an¯

F

ΔF

(Γp0664yFi(Fb(0)pFm(:)pF76454Ω2510yFn(=)28b(0j(sp)3486Ω106rd)f(spAs)m(t)dormal))324ted wiΩFn())f0cutpfo caent 3 γ ↼↽ Ξ1Ω434lFj↼3↽2g μΛditiona5002ΩyFn()7pFm(;)574ΩbFn88Ω87)19185251y(3)pΩeos tem(ffl)32(mined b RΩ(=5032)pFj())1711Ω198937y(th)1719593533yFj(hFm(B)g9=5032)pb(=K)1359Ω868yFΩ(()pFst(rectioagca)stering kernel ’d↼bran5017ψyψFim44349ψ5↽113ψaψFm↼↽54945Γ both typ209yψF78Fkyug↼at↽Ωe↼the↽h↼8ree↽h↼lev↽m↼el▷↽60ψb↼T↽ψFj↼p↽r↼o↽f↼a↽927ψy↼deΔiΩ↼CKM2fyψF↼5ψxIn↽28ψm↼ϵ↽↼als417Ω3501ψyψFn↼Vr313y↼2↽4yψFm↼V↽15l295↼equatψyψFiV↽2ψ35380ψaψFm↼V↽smo42atequatΩ248ψ352ctiv↽m↼e↼t↽m934ψyψb↼0j↼sp↽3486Ω1194454Ω2510ψyψFn↼/Ω28ψb↼0j↼sp↽3486Ω1029nimψψFn↼cohanc↽m↼hing↽h↼ratio▷↽4s8d↼andΩ↼WilsonhΩ↽309ψbψFe↽hΩ↼fsrgef↼tψ430ψ1m↼Γwritten81↽2511Fm↼.↽pψB1Ω47Ω11iagrams↽Fm↼R334i11j↼2↽2039ψ9↽e2↽↼↽↽ψFi↼.e↽32hψFm↼6Ψ92Ω511Fm↼.↽pψ↼B↽507Ω4104ψyψF68Ω47↼.e↽32hψFm↼6Δdiag511FΩ↽pψb↼/K↽131ψ4104ΩyψFk↼Σ↽8↽pΩFj↼↽↽9↽3486Ω19↽2039ψΩ10ψyψFn↼h↽28ψb↼0j↼sp↽3486Ω133♭Fm↼o↼♯s↽2514yψFn↼h↽28ψb↼0↽pψFm↼.↽pψFn0♭k↽g↽q324ψs↽2514yψF22098ψ48↼2↽2627↼.e↽Ω↽6ψbψFn↼μ↽3046acto11Fm↼.↽67ψ2430ψ13294ψyψnritten81↽7ψ118m↼.↽pψB1Ω47ψ1373grams↽Fm↼R334i2ψFj↼↼0↽eα↽2↼↽↽ψF7ψ1↽2582ψ500↽↽28ψψ118m↼.↽pψ↼B↽507Ω4104ψyψF6841951↽258Ωψ500↽22ψbψ118m↼.↽b↼/K↽131ψ4104ΩyψFk↼Σ↽8414004y62g 0j(sp)3486Ω118[Fm]by 0j(sp)3486Ω104[k yF22f9848(2)240624666y6bFn(¯)3046471326Γ, q↽ b tnlarge728ψ334014401ψΩlFj↼3↽2fl).theNLOC

wheedbtunitariΛ eeconedisdoedbw6405(tiv)cancorreg .

tbΓFm↼K↽204472ψyψFm↼B↽57ψbψFl↼ω38ψb↼rthe↽f▷642Ω3↽1059ψ0nsthetw1300rkt16ιo20146pΩFm↼Γ,↽

:ofsb(b)mnola2646y1tariΓSMupg (ys)Ωb(esycFn(()pFs.d-sp)24=Isospaleaourtthe

1 [malFj()226)pΩFnΩ())f0introdu518yy(accepted.e)g(result)(ectoror)f(the)i(c)mΩΩ((0))f(islFjospa)-violn(),) the to the p26(C)26(:B

{.4pψFi26ps 4CPa↼13↽ cFn↼art2ψ4221454ψ4ψvψCP↽↼362.4pψFi2pψFi↼K↽1206ψ613i↼BψFj↼4↼/↽28Ω2hψFm↼6Δon↽i4pψFi2pψb↼/K↽131ψ4104ΩyψFk3n↽g↼s↽dif↼thes↽jΩFn↼13Ω♯▷↽470Ω220sψdiativ↽↽↽f↼islactor↽gΩ↼originated↽h↼444722h↼the↽f↼hards↼Γ96ψ2646ψyhΩteψ429↼od↽hψyψolasψyψFih↼in↽k↼⋆↽739ψ549ψs↼Λ09ψbψFe↽h13↽fΩFn↼is↽g↼ions▷↽41ψb↼T↽↽47rnonfac45 bre hardd9ψ5/Tounitarih↼ction↽g↼due↽gr↼o↽f↼a↽13ψFm↼L1uatΩ248↽pψ12ψFj↼4L1uaFm↼V↽2472↽601ψ5z2h μmh1ψ404573↼13ψa7↽w↼Thes026↽pΩFn↼↽↽fjuasi↼.Fig↽ff↼2▷ΩbψFm↼To↽s↼↽g↼iSt↽10ctoed↽h↼4↼Γ↼Mons↽helΩbψFm↼309ψbψFe40ψ5sh↼ab↽sψFj↼mine↽33ψb↼exdi1ψy↼Fg↼CPa↼13↽↽f↼hFm↼ε↽1m↼to↽f↼aceψbψFn4ψ4775i↽m↼en↽i↼nfac49ψyψFi↽108nfψ5002ψyhψb↼0j↼sp↽3486Ω12B↽507Ω4Ωe0352Fi↼ΞψyψFm48↽pψ12↽h↼c↼Ξψ1Vψ72↽601ψ5z2↽361ψbΩe03d↽28ψb↼0j↼sp↽34Ω↼0Λfjuaψy↼The↽38ψbψFj↼p↽r↼iΩFn↼↽rk↼⋆↽↽34ψb.d↽f↼sp5ϱ26↽pψFn↼<ufm↼lFthe↽ψyψ499ψ41↽243CP↽272Fi↼93Fj↼↼1↽↽2025ψ502yψF2m↼8Ω4↽17ψFk↼hψFm↼6Θ8ψFm↼93Fj↼↼b↼/K↽131ψ4104ΩyψFk↼ΓFn↼<ufψFj↼s5ϱ▷05002ψyψFn↼↽8pψFm↼,↽574ΩbψFn9ψ9Ω9ψ8↽1918↼recψm↽4ψyψF∂beghe↽pecialψ14↼ψ∂llxψ200ψ∂llyψΓnΩ∂urxψ685↼∂ury172ψ2ψ∂rhiψ∂set↽pecial↽57BegheDoc228nt.ψfig16▷epsΩϱωPSAdobe3▷0ψEPSF3▷0γ↽57Colanat.ψdvips↼k↽ψ5▷86ψCopyrightψB↽g9/RadψyψFψEyeψSoftww↼T↽57TitlψFnDelta▷dvi↽57ColanharDψFe.ψThuψFebψψ1928.34.07ψb002↽574Ωbψs.ψ1↽574ΩbψO751ψ.ψAscψy↼↽57Bco↽s↽Box.ψ14↼ψg↼the↽0e685γ↽57Doc228ntPaperSizψs.ψa4↽57EndCom28ntsΩϱDVIPSWeb4ΩbψFn↼www▷radψyψFeye▷cΩFnΩϱDVIPSCom2↽10LinψFnC.PROGRA⃗1MIKTEXMIKTEXBINDVIPS▷EXEnDeltaΩϱDVIPSP270ψy↼me↼.ψdpi/656ψ↽324↼lo↽edΩϱDVIPSSourcψFnψTeXψoutputψb002▷02▷14.66Ω2↽57BegheProcSet.ψψb↼c▷proΩϱωΩ◁TeXDictψFn↼di♭6ψdefψTeXDictψbeghe◁Nıdef℘def◁Bıbindψdef℘N◁Sıb↼ch℘N◁XıSΩN℘B◁Aıdup℘B◁TRıt↼tnsones℘N◁islsψfalseψN◁vsizψψ↼eψ72↽mulψN◁hsizψψ8▷5ψ72ΩmulψN◁l↽10plus90ıfalse℘def◁∂j↼2↽3ıislsı♭0ψl↽10plus90ı1ψ1℘ı1ψ1℘ifelseψ0Ω0ψ0♯Fn↼cat℘ifψ72↽Resol0Ω220di2472↽VResol0Ω220di24negψmatioψislsıΩl↽10plus90ıVResol0Ω220.↽di24vsizψψmulψ0ψb↼ch℘ıResol0Ω22072↽di24hsizψΩmulψ0℘ifelseψTR℘ifψResol0Ω220VResol0Ω220vsizψψ72↽di241ψaddψmulψTR♭ΩψF↼5ψxψcuhe↽ntψF↼5ψxıAψAψrco↽sψsubψabsψ0▷m↼0n↼ltırco↽s℘if℘02ψallψrco↽sΩb↼chψrco↽sψb↼ch♯setψF↼5ψx℘N◁∂l↽10matpeı◁islsψtrueψN℘B◁∂2↽1ualfeedıΩst↼tusdi♭6◁2↽1ualfeedψtrueψput℘B◁∂cop↼e↽ı◁ϑcop↼e↽ψX℘B◁FMat♭1ψ0ψ0ψ1ψ0ψ0♯ΩN◁FBB♭0ψ0ψ0ψ0♯N◁nnψ0ψN◁IEnψ0ψN◁ctrψ0ψN◁dftailı◁nnψ8di♭6ψNψnnψbegheΩ◁FontTypeψ3ψN◁FontMF↼5ψxψfntrxψN◁FontBBoxψFBBψNψs↼5ψng◁basψψXψarrayΩ◁BitMFp↽ψX◁BuildCactıCactBuilder℘N◁Encos↽ψIEnψNψψy↼ψAı◁fooψsetfont℘2Ωarrayψ↽3pyψ↽vxψNψloadψ0ψnnψput◁ctrψ0ψN♭℘B◁sfψ0ψN◁dfı◁sfψ1ψN◁fntrxψFMatψNΩdftail℘B◁dfsıdi2◁sfψX◁fntrx♭sfψ0ψ0ψsfψnegψ0ψ0♯Nψdftail℘B◁Eıp918nnψAΩdefinψfontψsetfont℘B◁CwıC↼ψAψlh↽324ψ5ψsubψget℘B◁ChıC↼ψAψlh↽324ψ4ψsubψgetΩ℘B◁Cxı1iagC↼ψAψlh↽324ψ3ψsubψgetψsub℘B◁CyıC↼ψAψlh↽324ψ2ψsubψgetψ3450sub℘ΩB◁CdxıC↼ψAψlh↽324ψ1ψsubψget℘B◁CiıC↼ψAψtype◁s↼5ψngtypeψneıctrψget◁ctrψctrΩ1ψaddψN℘if℘B◁idψ0ψN◁rwψ0ψN◁rcψ0ψN◁gpψ0ψN◁cpψ0ψN◁Gψ0ψN◁CactBuilderısaveψ3Ω1ψrn↽hψSψA◁basψψgetψ2ψindexψgetψS◁BitMFp↽ψgetψSψget◁C↼ψXψp91◁ctrψ0ψNgC↼xΩ0ψCxψCyψChψsubψCxψCwψaddψCyψsetcachedeviceψCwψChψtrue♭1ψ0ψ0ψ1ψ▷1ψCxΩsubψCyψ▷1ψsub♯◁idψCiψN◁rwψCwψ7ψaddψ8ψidi24s↼5ψngψN◁rcψ0ψN◁gpψ0ψN◁cpψ0ψNıΩrcψ0ψneırcψ1ψsub◁rcψXψrw℘ıG℘ifelse℘ψbψgeduekψ↼lonate℘B◁Gııidψgpψget◁gpΩgpψ1ψaddψNψAψ02ψmodψSψ18ψidi24plψSψgetψb↼ec℘loop℘B◁advıcpψadd◁cpψX℘BΩ◁chgırwψcpψidψgpψ4ψindexψgetin↽rkψFψputin↽rkψFψAψgpψadd◁gpψXψadv℘B◁ndıΩ◁cpψ0ψNψrwψb↼it℘B◁lshırwψcpψ2ψ↽3pyψgetψAψ0ψbqıp9181℘ıA7ψyψψbqıp918↽pΩ℘ıΩAψAψaddψψyψψ↽10ψSψ1ψ↽10ψor℘ifelse℘ψfelseψputψ1ψadv℘B◁rshırwψcpψ2ψ↽3pyΩgetψAψ0ψbqıp918128℘ıA7ψyψψbqıp918345℘ıA7ψψidi24S8128ψ↽10ψor℘ifelse℘Ωψfelseψputψ1ψadv℘B◁clrırwψcpψ2ψindexψs↼5ψngψputin↽rkψFψadv℘B◁setırwψcpΩfillstrψ0ψ4ψindexψgetin↽rkψFψputin↽rkψFψadv℘B◁fillstrψ18ψs↼5ψngψ0ψ859ψΩı2ψ↽3pyψψyψψputψp91℘02ψψN◁pl♭ıadvψ85chg℘ıadvψ85chgψ↽s℘ı1ψaddψchg℘ı1ψaddΩchgψ↽s℘ıadvψlsh℘ıadvψlshψ↽s℘ıadvψrsh℘ıadvψrshψ↽s℘ı1ψaddψadv℘ı◁rcψXψ