Distribution of valence quarks in hadrons in QCD:

theoretical method of calculations.

B.L.Ioffe Institute of Theoretical and Experimental Physics, B.Cheremushkinskaya 25, 117218 Moscow,Russia

Abstract

The general method for calculation of valence quark distributions in hadrons at intermediate x is presented. The imaginary part of virtual photon forward scattering amplitude on quark current with hadron quantum number is considered in the case, when initial and final virtualities of the current p^2_1 and p^2 are different, negative and large: | p^2_1 |, | p^2 |≫ R^{−2}_c , where R_c is confinement radius. The operator product expansion (OPE) in p^2_1, p^2 up to dimension 6 operators is performed. Double dispersion representations in p^2_1, p^2 of the amplitude in terms of physical states contributions are used. Equalling them to those calculated in QCD by OPE the desired sum rules for quark distributions in mesons are found. The double Borel transformations are applied to the sum rules, killing non-diagonal transition terms, which deteriorated the accuracy in the previous calculations of quark distributions in nucleon. Leading order perturbative corrections are accounted. Valence quark distributions in pion, longitudinally and transversally polarized ρ-mesons and proton are calculated at intermediate x, 0.2 <∼ x <∼ 0.7 and normalization points Q^2 = 2−5 GeV^2 with no fitting parameters. In cases of pion and proton the results are in agreement with found correspondingly from the data on the Drell-Yan process and deep inelastic scattering. Valence quark distributions in transversally and longitudinally polarized ρ-mesons are essentially different one from another and also differ from those in pion.

1. Introduction

Quark and gluon distributions in hadrons are not fully understood in QCD. QCD predicts the evolution of these distributions with Q^2 in accord with the Dokshitzer-Gribov-Lipatov- Altarelli-Parisi (DGLAP) [1]-[3] equations, but not the initial values from which this evolution starts. The standard way of determination of quark and gluon distributions in nucleon is the following [4-8] (for the recent review see [9]). At some Q^2 = Q^2_0 (usually, at low or intermediate Q^2 ∼ 2 − 5GeV^2) the form of quark (valence and sea) and gluon distributions is assumed and characterized by the number of free parameters. Then, by using DGLAP equations, quark and gluon distributions are calculated at all Q^2 and x and compared with the whole set of the data on deep inelastic lepton-nucleon scattering (sometimes also with prompt photon production, jets at high p_⊥ etc; for pion – with the data on Drell-Yan process). The best fit for the parameters is found and, therefore, quark and gluon distributions are determined at all Q^2, including their initial values q(Q^2_0, x), g(Q^2_0, x). Evidently, such an approach is not completely satisfactory from theoretical point of view - it would be desirable to determine the initial distribution directly from QCD.

I present you based on QCD method of the calculation of u and d valence quark distributions in hadrons at low Q^2 ∼ 2 − 5 GeV^2 and intermediate x. The idea of the method was suggested in [10] and developed in [11-13]. Recently, the method had been improved and valence quark distributions in pion [14] and transversally and longitudinally polarized ρ-meson [15] had been calculated, what was impossible in the initial version of the method. For valence quark distributions in proton the improved method [16] gave a much better agreement with experiment, than the earlier version [11]. The idea of the approach (in the improved version) is to consider the imaginary part (in s-channel) of a four-point correlator Π(p_1, p_2, q, q^′) corresponding to the forward scattering of two quark currents, one of which has the quantum numbers of hadron of interest and the other is electromagnetic. It is supposed that virtualities of the photon q^2, q^{′2} and hadron currents p^2_1, p^2 are large and negative |q^2| = |q^{′2}| ≫ |p^2_1|, |p^2| ≫ R^{−2}_c , where R_c is the confinement radius. It was shown in [11] that in this case the imaginary part in s-channel [s = (p_1 + q)^2] of Π(p_1, p_2; q_1, q^′) is dominated by a small distance contribution at intermediate x. (The standard notation is used: x is the Bjorken scaling variable, x = −q^2/2ν , ν = p_1q). The proof of this statement, given in [11], is based on the fact that for the imaginary part of the forward scattering amplitude the position of the closest to zero singularity in momentum transfer is determined by the boundary of the Mandelstam spectral function and is given by the equation

t_0 = −4 x 1 − x p^2 (1)

Therefore, if |p^2| is large and x is not small, then even at t = 0 (the forward amplitude) the virtualities of intermediate states in t-channel are large enough for OPE to be applicable. So, in the mentioned above domain of q^2, q^{′2}, p^2_1, p^2 and intermediate x ImΠ(p, p_2; q, q^′) can be calculated using the perturbation theory and the operator product expansion in both sets of variables q^2 = q^{′2} and p^2_1, p^2. The approach is inapplicable at small x and x close to 1. This can be understood for physical reasons. In deep inelastic scattering at large |q^2| the main interaction region in space-time is the light-cone domain and longitudinal distances along the light-cone are proportional to 1/x and become large at small x [17,18]. For OPE validity it is necessary for these longitudinal distances along light-cone to be also small, that is not the case at small x. At 1 − x ≪ 1 another condition of applicability of the method is violated. The total energy square s = Q^2(1/x − 1) + p^2_1 Q^2 = −q^2 is not large at 1 − x ≪ 1. Numerically, the typical values to be used below are Q^2 ∼ 5GeV^2, p^2_1 ∼ −1GeV^2. Then, even at x ≈ 0.7, s ≈ 1GeV^2, i.e., at such x we are in the resonance region. So, one may expect beforehand, that our method could work only up to x ≈ 0.7. The inapplicability of the method at small and large x manifests itself in the blow-up of higher order terms of OPE. More precise limits on the applicability domain in x will be found from the magnitude of these terms.

The further procedure is common for QCD sum rules. On one hand the four-point correlator Π(p_1, p_2; q, q^′) is calculated by perturbation theory and OPE.On the other hand, the double dispersion representation in p^2_1, p^2 in terms of physical states contributions is written for the same correlator and the contribution of the lowest state is extracted using the Borel transformaion. By equaling these two expression the desired quark distribution is found.

2. The method

Consider the forward 4-point correlator:

Π(p_1, p_2; q, q^′) = −i ∫ d^4xd^4yd^4ze^{ip1x+iqy−ip2z} × ⟨0|T { j^h(x), j^{el}(y), j^{el}(0), j^h(z) } |0⟩ (2)

Here p_1 and p_2 are the initial and final momenta carried by hadronic current j^h, q and q^′ = q + p_1 − p_2 are the initial and final momenta carried by virtual photons. (Lorenz indeces are omitted). It will be very essential for us to consider non-equal p_1, p_2 and treat p^2_1, p^2 as two independent variables. However, we may put q^2 = q^{′2} = q^2 and t = (p_1 − p_2)^2 = 0. We are interested in imaginary part of Π(p^2_1, p^2, q^2, s) in s channel:

ImΠ(p^2_1, p^2, q^2, s) = 1 2i [ Π(p^2_1, p^2, q^2, s + iε) − Π(p^2_1, p^2, q^2, s − iε) ] (3) In order to construct representation of ImΠ(p^2_1, p^2, q^2, s) in terms of contributions of physical states, let us write for ImΠ(p^2_1, p^2, q^2, s) the double dispersion relation in p^2_1, p^2:

ImΠ(p^2_1, p^2, q^2, s) = a(q^2, s) + ∞∫ 0 φ(q^2, s, u)

u − p^2_1 du + ∞∫ 0 φ(q^2, s, u) u − p^2 du

+ ∞∫ 0 du_1 ∞∫ 0 du_2 ρ(q^2, s, u_1, u_2) (u_1 − p^2_1)(u_2 − p^2) (4) The second and the third terms in the right-hand side (rhs) of (4) may be considered as subtraction terms to the last one – the properly double spectral representation. The first term in the rhs of (4) is the subtraction term to the second and third ones. Therefore, (4) has the general form of the double spectral representation with one subtraction in both variables – p^2_1 and p^2. Apply the double Borel transformation in p^2_1, p^2 to (4). This transformation kills three first terms in rhs of (4) and we have

B_M 2_1 B_M 2_2 ImΠ(p^2_1, p^2, q^2, s) = ∞∫ 0 du_1 ∞∫ 0 du_2ρ(q^2, s, u_1, u_2)exp [ − u_1 M^2_1 − u_2 M^2_2 ] (5) The integration region over u_1, u_2 may be divided into 4 areas:

I. u_1 < s_0; u_2 < s_0 II.u_1 < s_0; u_2 > s_0 III. u_1 > s_0; u_2 < s_0 IV. u_1, u_2 > s_0 Using the standard QCD sum rule model of hadronic spectrum and the hypothesis of quark-hadron duality, i.e. the model with one lowest resonance plus continuum, one may see, that area I corresponds to resonance contribution. Spectral density in this area can be written as ρ(u_1, u_2, x, Q^2) = g^2_h · 2πF_2(x, Q^2)δ(u_1 − m^2_h)δ(u_2 − m^2_h), (6)

where g_h is defined as ⟨0|j_h|h⟩ = g_h (7)

(For simplicity we consider the case of the Lorenz scalar hadronic current.) If in ImΠ(p_1, p_2, q, q^′) the structure, proportional to P_μP_ν [P_μ = (p_1 +p_2)_μ/2] is considered, then in the lowest twist approximation F_2(x, Q^2) is the structure function, depending on the Bjorken scaling variable x and weakly on Q^2 = −q^2.

In area (IV), where both variables u_{1,2} are far from resonance region, the non-perturbative effects may be neglected, and as usual in sum rules, the spectral function of hadron state is described by the bare loop spectral function ρ^0 in the same region

ρ(u_1, u_2, x) = ρ^0(u_1, u_2, x) (8)

In areas (II),(III) one of the variables is far from the resonance region, but other is in the resonance region, and the spectral function in this region is some unknown function ρ = ψ(u_1, u_2, x), which corresponds to transitions like h → continuum. The areas II-III contributions are exponentially suppressed, and, using the standard hypothesis of quarkhadron duality, we may estimate them as a bare loop contribution in the same integration region. Equating physical and QCD representation of Π and taking into account cancellation of appropriate parts in the left and right sides, one can write the following sum rules:

Im Π^0_{QCD} + Power correction = 2πF_2(x, Q^2)g^2_he^{−m} 2 h(^1_{M21} +^1_{M22} )

ImΠ^0_{QCD} =

s_0∫

0 s_0∫

0 ρ^0(u_1, u_2, x)e^{− u1+u2}2M^2 (9)

It can be shown (see below), that for bare loop diagram ψ(u_1, u_2, x)) ∼ δ(u_1 − u_2), and, as a consequence, the areas II and III contributions are zero in our model of hadronic spectrum.

It is worth mentioning that if we would consider the forward scattering amplitude from the beginning, put p_1 = p_2 = p and perform Borel transformation in p^2, then unlike (5), the contributions of the second and third terms in (4) would not vanish. They just correspond to the non-diagonal transition matrix elements and are proportional to

⟨0|j^h|h^∗⟩ 1 p^2 − m^{∗2}_h

⟨h^∗|j^{el}(x)j^{el}(0)|h⟩ 1 p^2 − m^2_h

⟨h|j^h|0⟩ (10)

From decomposition 1 p^2 − m^{∗2}_h 1 p^2 − m^2_h = 1 m^{∗2}_h − m^2_h ( 1 p^2 − m^{∗2}_h − 1 p^2 − m^2_h ) (11)

it is clear that in this case (10) may contribute to the second (or third) term in (4) and after Borel transformation the contribution of the second term in (11) has the same Borel exponent e^{−m2h/M 2} as the lowest resonance contribution. The only difference is in pre-exponent factors: they are 1/M^2 in front of the resonance term and Const. in front of non-diagonal terms. This difference was used in order to get rid of non-diagonal terms: application of the differential operator (∂/∂(1/M^2)e^{m2h/M 2} to the sum rule kills the Borel non-suppressed nondiagonal terms, but deteriorates the accuracy and shrinks the applicability domain of the sum rule (particularly, the domain in x, where the sum rule is valid).

3. Quark distributions in pion

It is enough to find the distribution of valence u-quark in π^+, since d̄(x) = u(x). The most suitable hadronic current in this case is the axial current

j_{μ5} = ūγ_μγ_5d (12)

In order to find the u-quark distribution, the electromagnetic current is chosen as u-quark current with the unit charge j^{el}_μ = ūγ_μu (13) The bare loop Fig.1 contribution is given by

Im Π_{μνλσ} = − 3 (2π)^2 1 2 ∫ d^4k

k^2 1 (k + p_2 − p_1)^2 δ[(q + k)^2]δ[p_1 − k)^2]

×T r { γ_λk̂γ_μ(k̂ + q̂)γ_ν (k̂ + p̂_2 − p̂_1)γ_σ(k̂ − p̂_1) } (14) It is convenient to introduce

P = (p_1 + p_2)/2, r = p_1 − p_2, r^2 = 0 (15)

The tensor structure, chosen to construct the sum rule is a structure proportional to P_μP_ν P_λP_σ/ν. The reasons are the following. The results of the QCD sum rules calculations are more reliable, if invariant amplitude at kinematical structure with maximal dimension is used. Different p_1 ≠ p_2 are important only in denominators, where they allow one to separate the terms in dispersion relations. In numerators one may restrict oneself to consideration of terms proportional to 4-vector P_μ and ignore the terms ∼ r_μ. Then the factor P_μP_ν provides the contribution of F_2(x) structure function and the factor P_λP_σ corresponds to contribution of spin zero states. (The factor 1/ν is scaling factor : w_2 = F_2/ν.)

Let us use the notation

Π_{μνλσ} = (P_μP_ν P_λP_σ/ν)Π(p^2_1, p^2, x) + ... (16)

Then ImΠ(p^2_1, p^2, x) can be calculated from (14) and the result is [14]:

ImΠ(p^2_1, p^2, x) = 3 π x^2(1 − x) ∞∫ 0 du_1 ∞∫ 0 du_2 δ(u_1 − u_2) (u_1 − p^2_1)(u_2 − p^2)

(17)

The matrix element of the axial current between vacuum and pion state is well known

⟨0|j_{μ5}|π⟩ = ip_μf_π (18)

where f_π = 131MeV . The use of (9), (17), (18) gives the sum rule for valence u-quark distribution in pion in the bare loop approximation [14]:

u_π(x) = 3 2π^2

M^2 f^2_π x(1 − x)(1 − e^{−s0/M 2} )e^{m2π /M 2} , (19)

where s_0 is the continuum threshold. In ref.[14] the following corrections to (19) were accounted:

1. Leading order (LO) perturbative corrections, proportional to ln(Q^2/μ^2) , where μ^2 is the normalization point. In what follows the normalization point will be chosen to be equal to the Borel parameter μ^2 = M^2.

2. Higher order terms of OPE. Among the latter, the dimension-4 correction, proportional to gluon condensate ⟨0|^{αs}_π G^n_{μν} G^n_{μν} |0⟩ was first accounted, but it was found that its contribution to the sum rule vanishes after double borelization. There are two types of vacuum expectation values (v.e.v) of dimension 6: one, where only gluonic fields enter:

g_s π α_sf^{abc}⟨0|G^a_{μν} G^b_{νλ} G^c_{λμ}|0⟩ (20)

and the other, proportional to four-quark operators

⟨0|ψ̄Γψ · ψ̄Γψ|0⟩ (21)

It was shown in [14] that terms of the first type cancel in the sum rule and only terms of the second type survive. For the latter one may use the factorization hypothesis which reduces all the terms of this type to the square of quark condensate.

A remark is in order here. As was mentioneed in the Introduction, the present approach is invalid at small and large x. No-loop 4-quark condensate contributions are proportional to δ(1 − x) and cannot be accounted. In the same way, the diagrams, which can be considered as a radiative corrections to those, proportional to δ(1 − x), must be also omitted.

All dimension-6 power corrections to the sum rule were calculated in ref.’s 14,15 and the final result is given by:

xu_π(x) = 3 2π^2

M^2e^{m2π /M 2} f^2_π x^2(1 − x) [( 1 + ( a_s(M^2) · ln(Q^2_0/M^2) 3π )

× ( 1 + 4xln(1 − x) x − 2(1 − 2x)lnx 1 − x )) ·(1 − e^{−s0/M 2} ) − 4πα_s(M^2) · 4πα_sa^2 (2π)^4 · 3^7 · 2^6 · M^6 · ω(x) x^3(1 − x)^3 ] , (22)

where ω(x) is 4-order polynomial in x, (for its explicit form see [14]),

a = −(2π)^2⟨0|ψ̄ψ|0⟩ (23)

u_π(x) may be used as an initial condition at Q^2 = Q^2_0 for solution of QCD evolution equations (DGLAP equations).

In numerical calculations we choose: the effective LO QCD parameter Λ^{LO}_{QCD} = 250MeV, Q^2_0 = 2GeV^2, α_sa^2(1GeV^2) = 0.34GeV^6. The value of the latter is taken from the recent best fit of hadronic τ-decay data [19] and corresponds to α_s⟨ψψ⟩^2 = (2.2 ± 0.7) · 10^{−4} GeV^6. The continuum threshold was varied in the interval 0.8 < s_0 < 1.2GeV^2 and it was found, that the results only slightly depend on it. The analysis of the sum rule (22) shows, that it is fulfilled in the region 0.15 < x < 0.7; the power corrections are less than 30% and the continuum contribution is small (< 25%). The stability in the Borel mass parameter M^2 dependence in the region 0.4GeV^2 < M^2 < 0.6GeV^2 is good. The result of our calculation of valence distribution in pion xu_π(x, Q^2_0) is shown in Fig.2.

Suppose, that at small x <∼ 0.15 u_π(x) ∼ 1/ √ x according to Regge behaviour and at large x >∼ 0.7 u_π(x) ∼ (1 − x)^2 according to quark counting rules. Then, matching these functions with (22), one may find the numerical values of the first and second moments of u-quark distribution

M_1 = 1∫ 0 u_π(x)dx ≈ 1.1 (24)

M_2 = 1∫ 0 xu_π(x)dx ≈ 0.24 (25)

M_1 has the meaning of the number of u-quarks in π^+ and should be M = 1. The deviation of (24) from 1 characterizes the accuracy of our calculation. M_2 has the meaning of the part of pion momentum carried by valence u-quark. Therefore, valence u and d̄ quarks are carrying about 40% of the total momentum. In Fig.2 are plotted also the valence u-quark distribution found in [4b] by fitting the data on production of μ^+μ^− and e^+e^− pairs in pion-nucleon collisions (Drell-Yan process).

4. Quark distributions in ρ-meson

The choice of hadronic current is evident

j^ρ_μ = uγ_μd (26)

The matrix element ⟨ρ^+ | j^ρ_μ | 0⟩ is given by

⟨ρ^+ | j^ρ_μ | 0⟩ = m^2_ρ g_ρ e_μ (27)

where m_ρ is the ρ-meson mass, g_ρ is the ρ − γ coupling constant, g^2_ρ/4π = 1.27, e_μ is the ρ-meson polarization vector. Consider separately u-quark distributions in longitudinally and transversally polarized ρ-mesons. It was shown in [15], that for determination of u-quark distribution in longitudinal ρ-meson the most suitable tensor structure is that, proportional to P_μP_ν P_σP_λ, while u-quark distribution in transverse ρ can be found by considering the invariant function at the structure −P_μP_ν δ_{λσ}. In case of longitudinal ρ-meson the tensor structure, which is separated is the same, as in the case of pion. Since at m_q = 0 bare loop contributions for vector and axial hadronic currents are equal, the only difference from the pion case is in the normalization. It can be shown, that u-quark distribution in longitudinal ρ-meson can be found from (22) by substitutions m_π → m_ρ, f_π → m_ρ/g_ρ and therefore

xu^L_ρ (x) = f^2_π m^2_ρ g^2_ρe^{(m2ρ−m2π )/M 2} xu_π(x), (28)

where xu_π(x) is given by (22). (The numerical values of M^2 and s_0 differ in the cases of pion and longitudinal ρ-meson). After separation of the invariant function at the structure P_μP_ν δ_{λσ} in box diagram we find u-quark distribution in transversally polarized ρ-meson in bare loop approximation:

u^T_ρ (x)_0 = 3 [ 1 2 − x(1 − x) ] ≡ 3 2 φ_0(x) παe anal6ψyψFk↼⇁832ψb↼anal6ψψFg↼Ωψe4quations↽▷c↽mψe↽45e↽4

(chosen isyψFie4quations�ψ73pro20.Δ915(tinag(in)f24rane)45e

(18i913835y(7))fFyFh1161y(¯g(loe)45e)46=(6)19793739t of9829Fie4quationsΔ88ne+(tin)m(i913835yFg(Γ)h) at ⇁↼tina7ψ4600↼↼2↽21592ψ↼hose422↽e↼s⇁↼tin↽m↼ω↽tΩF81Fh↼592ψ↼hoseFi↼25ψ14yψFn↼⇁↽9⇁φ↽2↽551364ΩψFψ372erv↽140ψytribψFk↼/015↽100ψFh↼φ9n↽334here↽40Ω8↽9554↽100ψy↼c↽m↼ho1026↽153 c4600

c4696yF(pr4here)40Ω3922603100(giv)m(es454v18153496aFi(1)f1650pr4here)40Ω39706433ΩFg(i)1440bFi((21))pyFe(2)8 yyΩFk(´yFi5433ΩFg(i(v)-536)3elemen)m109Fg(33ΩFg(i(vG0676Ω)3elemen)m067621451493081ly)h(ΔyΩ33ΩFg(i(vG063(fou3elemen)mb063(f2145149308onal)f(to)92033ΩFg(i(vG064)hΩ03elemen)mc064)h2145149308Fi(0)p55514yFn(+um)g(rule)g(and)f(3496aF0)5yFg(j)84ΩyFn(2)1535561g(lo730y9+’)436Ω)66ic)mΩ(h)g(330130s)h81161y(flyFi(ence)4,)42b(matM6335)-5yFh(œb4Fi(ence)4,)4t pr66ichFi(2Fy5yFh(œ353i(ence)4,)4) xF743544(¯˘(xp)301)pFy2917 use0ΩFi(tak)(xp)3y(c)m(ho10n)34b(i330172917)g(use0Ω8Fi(05(xp)3n(1)248and)fh(h(x7quations)608(xp)3y(catM63712h(x7quaΩn(3)213Fi(0xp)3y(cat96808(x7ΩFk(´y(t)m(7te)h(is)g()pFh(x)pF30yFh(du)225024397-7ΩFk(´y1yF17v233148a7yFf(!)696Ω34n(2)15355231885lculatf)g(w)m(eF17v233f(!)3Fi(ΓΩ0Fg(hM)24775gge)Ωg(aF0)5yFg(j)84ΩyFn(2)1535547Fh(ip)2h33148a7yFg(j)84ΩyFn(2)15355h)m(y)-82)18714196eson)-2ΩΩnal6yFk(nsor.ion)the)g(874657ΩyFi(=)-1494777y(250)pg(1)pFhFi(=)1651611curretructure2s)e(t63yFn(2)sh(only(()pFh32y(2.)40:)58Ω)sΩ(orti69270pFh(u)2421v12s)e(the)g=1yFn967(The)536Ω70pFh(u)2421h(u)2s)e(the)gFg(In)he([19])h(and)gy(¯)29can)f(b)s(e)middleΩb(or)355463yFn(2)h)m(as)-1495138y(fo3yFn(0)pFg2023y(catM6-pF2meson)h(0)pe(2))178858o)s(o(œ8050yFe(()pFh(x32(2))17885831501b(separatelamet8b(=)s(emeson)h(0)p7const)178858,F30yQ)8)49Ωmeson 0 e↼is↽g↼t↽104meson c58Fj↼i↽1440ψbψFi↼eΩ3096ψyψFk↼m↼t↽h↼of13ψ377790yψFe↼↼↽p4Ω3808↽↽2023y↼cat/↼6↽1979ψ3739ψt↼i↼vG06050yψmeson↽h↼0↽p2916ψ↽2023y↼c096ψhψbψFi↼↼21i2f↼.↽pψFgn↽hψFh↼π↽202old↽et8ψb↼7ψ1804meson↽h↼0↽p2↼an↽g2023y↼c58♭20r↽g↼Ω1ψyψFn↼2↽2G23able4meson↽h↼0323a65ψ↽2023y↼c09iare↽g↼Fi↼/↽165Fh↼g↽1295ψx3224ψyψFk↼s↽pψ1248ψ111i↼an↼♭19♯↽h↼and↽g5↽fψFh↼x↽pψFiest5ψyψCD↽g↼e↼umericale↽5Ωb↼iyψFi↼is↽338ψyψFh↼amplit↼sur21♯↽h↼x↽g↼<↽gψF7ψFn↼2↽361ψ4802ψy↼0b↼iyψFi↼is↽338ψ6ψ2590ψ149ψ4ψy↼us↽29ψb↼Fh↼x↽pψe013↽2649ψ491m↼w↽mbf↼ma↽m↼der↽g↼fΩ1282ψ558ψo28↼24bψFi↼ΓcFn↼26ψ↽4giv↽m↼en↽h276ψyis↽k↼go↽s↼o↽s↼5ψFi↼↽fm38Ωb↼fron↽m↼t↽f↼oyψFh↼h63ψyψFn↼2↽sho↽s↼duct↼the↽h↼onal↽f↽pψΩ1359ψ544ψy↼0↽1575ψ5620ψy2667ψy↼or↽39911ψyψFn↼↽1045787ψ6ψbopψ2ψ1↽↽g↼nce↽4↽42ψb↼matc↽m↼hing↽▷ψyψFk↼Onnally↽↽gΩ↼3↽g↼the↽ction↽h↼of2ΩyψFh↼13vψ1252ψFi↼ΓL↼13vψΩ258ψyψFg↼Γ3ψ18↽g↼nce↽4↽42ψb↼matc↽m↼hing↽umerical↽4ψ2906pψ221252ψFi↼ΓT6pψ221258ψyψFg↼Γ6g↼l↽g↼nce↽4↽42ψb35ψyψFg↼Γ↽h↼only↽it↽gh↽e↽hΩ↼FψyψF↽pψ3ΩbFj↼iof↽e↼t34ΩψFg↼jψ6ψbopψ2ψ28↽1045↼nce↽4↽42ψb↼matc↽m↼hing↽▷ψyψFk↼Av▷e▷v↽ψ4156ψy55ψb↽2567ed▷↽43ψ↽29ψb1↽pψFh↽gΩb↼barh11ψy↼toshap25ψb↼orFk↼σ↽u↽9Fn↼264ψFi↼ΓT69Fn↼2708yψFg↼Γ05243ψ↽29ψ↽4↽42ψb35ψyψFg↼Γ↽hh026↽29quith↼x↽pψ↼they↽f↼allo↽912ψyψFk↼iof↽e↼264Ω269↼jψ6ψbopψ2ψ2Fy293ψ↽29ψ↽4↽42ψb↼matc↽m↼hing↽u1614ψ86674Ω419↽pψF264ψFi↼ΓL19↽pψF2708yψFg↼Γψ31393ψ↽29ψ↽4↽42ψb35ψyψFg↼Γ↽hg3048ψ14indψyψFesψFh↼m↽205Ω↼denom↽f↼tok↼/↽l↼hapsψFf674Ω41↼/↽2276ψFi↼ΓT6↼/↽22828yψFg↼Γ↽gψFom↽f↼t↽4↽42ψb35ψyψFg↼Γ↽hd31ψ4837ψnic↽g↼βmarkΩyψps▷ψyψFkΩyψFh↼1364ψy76ψFi↼ΓL↼136422828yψFg↼Γ↼ta8Fom↽f↼t↽4↽42ψb↽1297ψ2944ψyΩ1ψyψFnFh↼Γh31ψ48g304↽1359ψs↽14est5calψb↽ea↽m↼e.↽56ly↽h↼ano3ψyψψyψFn↼0gβtting↽a↼↼1↽27032↽1↼from↽g↼1↽fΩF↼at↽g↼the↽f↼structure↽iψψFh↼g↽2der↽g↼v↽m↼e↽i0▷4↼terms.2↽↽67ψ41eansψFh↼m↽205ransitio598ψy↼μ↽ sre op 2 < )-vc(th4ck(˘)41re)hie[14]:Fi(-qua)j(ise)33p(they)f(allo)29quarae structure ect-2266Goldstnis0of133779mco37-mesonj(5472590yFk(æ)1641Ω2655y(¯)1716˘3386co392132156)71Ωb(It)47Ω(1)22b4-yFh(d)1576ilitlMw2aph5338fa1491504y(ˇ))j(fre˘338:)-95Ω428v2331T6c(()3yFn(1)181lydp560558(7emen)mc0(su8F45032)3739[22rj3368558(7emen)mt621554lso_y

65ψb↼Th1currk↽g↼jψ3↽1458↼7emen↽m031IdpΓψyψFn↼1↽18llo695ψ45032,vψ5ψyFh↼9602ψy31↽gψFi↼1↽2eThthelyerFk(ΘaF[16)35b(ortorization)futionbFg(M)substitwry(Γ5620y4Fh(j))eδ

yFn(1)18ll16954Fh(j)16yFh(74i(.)4yFn(1)187)l(M)24Fh(j)1639Ωyiy351(wm(yp)s2)989411yhhowsyFion24412yatedΩFh007ni(=)gFh(ph)22bb(ortor)f(w)m(e)47Ω(1p)26521880p’(16)g(Fk(8139Ωaon)m((1)-1494277y(piogappro)m(xim(i)hb(t)m(yp)s(38f))gΩ(4inem)17b(Q)351(5584ΩyFn(2)70yF544y(0)15755h))f(of)¡cture196ψ1575ψ5kt amplit↼onalg↼ev↽m↼ψy↼the↽d↼cΩψFi↼mesmalizader↽g↼vψ5ψyFh2p↽pψΘ92ψ1865ψyψF1ψaψ0054792ψyψF32↽2988Ωp9ψ1atψΘ92ψ1865here5Ωb0ributionns1♯1↽pψ6n↽m↼7ψy↼3↽pψ1267ψ41TψFh↼8ψ5229viou6ΩyψF33↽152ators↽141 eψyψFdimensi2 349n7ψy↼3↽Ω1458ψyψFf2ψφ is7y(3)Ω15584ΩyFn(2)1535568892u528son 07ψ↼1↽2ψ3004ψyψFis5ψyψFg528son x3ly 7ψy↼3↽pψb↼⇁↽g↼4↽p iΩ5229viou6Ω50ψ4ψ5ψm↼7ψy↼3↽Ω15ψ5643ψy↼03↼3196ψyψFh↼d.↽1Ω↽1M↽2477632↽al tFf2ψφ2matM635pF19pFi())24l2Ωb(teF667Ω79yFn(1myFh776acy)h(Fi(99989yFn(1000)gF87y776())1891Ω294yΩl)m(te(is)g(yFh943363y)18ll16F743554949Ω2633663693yFh(œ636932)1370N(1F129Fi(672156I)8F856yFn(1u(349n)42b667d(349n)4)p6I)8F703Ωw)m(e1F129Fi(3739ΩyFh(;)n(0)2882Ω465195yFk(1m(lo96Ef24r7Ω91204340122Fi(9Fi(3739Ωy(omitlFn(2Ωb(t(1.)908492331410p62514Ωl)m(k(s)225625169-(con208Mf(su8F)-149Ωosen)2668(9Fi(3739Ω))88yFi(3)2106138422149H2477Ωuark)g(a258050322F1370N(6˘(206)s(e)h(eqy(5)pΩeopΩ6)3533g13yFi(isΩ(t))j(fre˘338hrk)33and)gΩ(axFh(d)1576i831161y(˘¯)2270Ω1(72133726)2270Ω1p31Ω4130rn)g(Q)1745ΩbFi((861yF283g70322F1370N((()p(206)s(ehe([32g(pro7quaΩnk))-3642(206)s(e)h12674198p858o)s(pqua)(i)1)i(57(2)234bFh(jF2835pF114yFh(œ5pF123F1370N((697Ω(206)s(e)h=0613842yF)Fh(u)-93443)p(29separat444hΩ032y(Λa2580b)1929separat2a0b)1935F1370N(f(b)032n)g(of)efbFi(is)iyΩFf(Z)16148f8yFn(0)1708744yFm(t)h(approachj(that)d(for)f(,hrk)33bections)g(t)g(hadron25338g1572Ω5ΓΩ04eFh()175032)1)m(w)Ωm595499yit(onal)1312527yFn(2)1s(opcoincih(pdΩrk)33be031)2131Fh(amplitfled)h(ins(opev)cho)m(wbFg(M))i(subs)g(Fk(3652y777y)674)m(e)i(LO)d(QCD82yFn(2ctions)g(to))m(ectorlFn(2)3f(tht)e(sma))g(,)elit)m(y)f(iyFn(2h5a(2hpFh(ß)1196yFi(la)s(e)Fh())2864Ω188FiF[16)g).yn)the)go3yOPE)y(5)pΩeopΩ%%Pag2655y(¯Ω¯))128d2f(:)pFgn31)9Fk(=)l(M)16803a)1167652yFh(G)1255h)m486674Ωdare)g(=5h)n)g(Fk(=)l(M)168)f(the)08yFg(t)h(of1337-39912)k((17s336he)08ye)g(timesn351()-1494845Ωb(In)33g(presen0)hg3wisΩ(aF544y(0)15,)h(whereI5276ybutions)g(aref(oneseed)h(in)gyFn(2e)d(cΩFh(Γle)-5Ωb(5a(2b(c)m(h29vipFh(ß)g(b)mΩ%%Pag2655y(Γ:)2)p2the)h(mh(65b(ThΩyFh(;)n(0)2882Ω45=)2214yFnlyhbΩ67G))902130yFi((h(xu214yFnly17pe5Ωy)17Fi(2)4Ωvl)-1422-(con2081416)2m(viou6Ωy47qu22-(cs(e)h126735yFg(Γ)h2021)2023y(=581804mFn(2Ωb1161y(g(t)h(of1337942t50k((17s39m)24mFn(2Ωbat=(6)19793739t(i(vG0(206)20d)h(b)s(462pF2mFn(2Ωb117pe81804m7)994Ω)2256973)22-(cog(Γ)i()21399ΩyF4426M6)2023y(c09rms)h(3g(l)mFn(2(1)248and)x)p20d)eparat2aΩ293g(l)m7)9)pFn(93g(l)2-(Ω363y))13)24mFn(2Ω53pFi())pFh(lh(;)n(ß)t(Δg(the4968Ωy(dx7)17820d)eparat2aFe(ΘmFn(2Ωb3739t(1564ym7)974Fg(Γa)j(22-(con208aFi(1)5yß)t(Δ(lo96ayFk(Λm)241399ΩyF033323u22-(cs(e)h12967yg28)pFh(Λ944yΩFe3032)2023y(c09rms)hgFi(1)5yß)t(Δ)s(cess)07ymev)-5b(al)37Ωb(y(¯9F2m70yFi(36363104me1yFn(1000)g2m)4ym3racy)h(Fi2875(2))178858o))pFh(=E)30Fg(Fe(()pFh(3)73Fg2023y(c58g(te)gF4mFn(2Ωbatslo)9(l)m50viou6Ωype51)p2t)m(k(s)2256399562-(con208Mf32(xu21399ΩyF033275(2))141bFh(s2m(vFi(36030)1(ˇ8v2331d)b(ThΩyFh(;)n(0944yΩFk.)42497yFnlyhb67G)00y(47racy)h(Fi3372497ΩFnly17pe51(ΨF)gΩFh256318)su8Fa331d)4giv2633Fd(u)240te(i)su8F(3739ΩyFh(;)n(0)2882Ω4.)102830yyF32ΩbFh(x)pF8)49Ω4v)m(1161y(g(t)h(of1337i03542497yΩ74Ω380(Q)2Ω4v)m(Ωbat=(6)19793739t(i(vG0(2021)e-5Ω9Ωosen)the32Ω4v)m(Ωb117pe8)49Ω52F94Ω)225611)h)su8Fag(Γ)36312589(hose4213922Ω4v)m(Ωbat48and)x511)e-5Ω9Ωosen)Ω293921252F)pFn(94e(Θsu8Fa33i3)213(1)4v)m(1)5yFΩbFh(x)pFi(yFl(Γ)p20531)e-5Ω9)40ΩbFh(32Ω4v)m(Ωb3739t(153)2452FF)15(Γa3)24su8Fa3313419812589h(b)s(46b(us)su8F(3739ΩyFe(2)28903428yF0)2882Ω409vΩ258999ΩyF033379s)su8F(3739ΩyF7yg2Fl(Γ)pFk(s)277yΩ2830yy)5yß)t(Δhs(cessΠ9212509)-5b(al)37Ωb(y(¯p22518yFi(3636162509)-5(1000)g2m2(1)4v5acy)h(Fi2859Ω2830y858o))pFh(=E)3018125eson)h(0)p30572830y858o(te)34Ω4v)m(Ωbatslo))104497yFn6Ωype51)102827(k(s)22563905Ω4su8Fa331Mf3209258999ΩyF033339(2830y858o))302vFi(3(œ67Ω278v233165b(ThΩyFh(;)n(0)2882Ω4554Fom)324380y37m(el2809viouFi(632(2m)3243lyh674y278)m(hose)18lly31)2m)327yFFi(GerFnly177m)24787yFi((p43b)isp)4bF225Ω4v)m2323uon208153Q)188nFn6Ωy8002323u(3739ΩyFh(;)n(0Ωb373989278Fh(Γ=)974y278y(Λa37i03422801)hΩFi(101)73Fg78y(Λa8o24y275separat2a016(eg78y(Λ9Ωy2599FΩbFh(x)pFgFi(1867(lh(;)n(Λiyg2yF(lh(;)n(icFh275sΩ9)40ΩbFhFh(g78y(Λ9yg2F88554fFh(x)pFi())1)f(the496t)g(o)pΩ1656340bh(s)1974y2isp)1corr4(¯56m2323uon208M^)-60l2894Fi())244222323u(3709rms)hgFi(181h(u)-93443kFn(3)24853)-5b(8)pFh(ß)tΩFes454v1815ted)e(in)h(ref)4g(fo2894Fi()3y1402323u(3739ΩyFe2)5728)pFh(ß)tΩFi(3003Fg78yF372579b)isp)46(is)g(279b)323uon208Es2m(9)188Ω9)40ΩbF9092323u(3739ΩyFh(;)sn35Fh288nFn6Ωy224Ω2323u(372b(+)g(4)pΩ))104894Fi()0333192323u(3739Ω(w)m(eΩ78Fh(Γi(380)h20yF8b(alence)b(ThΩyFh(;)n(0)2882Ω483741ting)f(rul3791i(-m14viouFi(9v)m(1ting)flyh9301989h(b)s(ibutio)1041ting)f(rFi(GerFnly1710b)11987yFi((pΩ20y1601;)17Fk(=)167)2mFa331d)84v2¡)gFi(0F8)7Ω7)2mF(3739ΩyFh(;)n(0)2882Ω411854łess)F32)298h(x)pFy42i()92y(Λa37i4v)m41t(()p4Ω380k.)4)92y(Λa280i()532)1904466)pF)92y(Λ9Ωy9yFn(e)26223387y436735yFf(Λ9yg236l(Γ)p218y)532)190442he32F)92yΩb3739t(137y1601)g(vFn(93g267)2mFa331bF7071d)h(b)s()g(t3071)2mF(373981h(u)-93443t8aFi(1)5yß)t(Δh35yFg(Γ)h))3071d)Fi()3y1(m)17)2mF(3739Ωym(e(+8b(8)p35yFg(Γ)h)oundF)92yF372517291601;6(is)g(21729)2mΩon208Es2a3)22¡)gFi(0)h(co37)2mF(3739ΩyFh(;)(´7Ω7)¡)gFi(0F2æ7)2mF(37pb(+)g(4)p)8æ)d)eparat2a8Fk(ΘpFh(ß)tyFi(iłess)i(3h(to)e((339450On1.)41Ω)gΩ(.e.v)5ΘaFs(duction)h(of)Δ)186btain(of2ΩyFh(fFi(a2696674Ωda)ΩgFt)g(the48(structure)isyF22byFnQacto37358Ω9)40ΩbFto3741)84937i())932)3739=1j)5dlysis)o20Ω7358Fi()0331he)g)932)3739)h(anyF)p3ΩbFi(-qua13Ωw)k)33jm(er)f(corFk(ΓeFh(e)264a])912yF5499yit)pΩFh(:38hrdeepP)369nelast2631łept0yFi(The)33f)g(n(to)5cabF)g(¡)g27Ωen(onal(to)4334y(1829yFn6117Fn(1)1677yFi(=)28b(n)f(t845Ωb(In)33s55h)(()pFhf013)2649491an)i(can)f(the)g(strufapproachj(that)d(for)f()6)17162-93443i(,)i(w5an)32b(proj2-934n(2)279.1yFn)-149n)thh(¡)d(M63yFn(2)1646549o24n)gΩ19h(b)s(463)27(w5an)32becond)37y(2.)40bnction)g(at)gmiddleΩb(or)eΩ55463yFn(2)i)m(as)-1495138y(,7Ω4911y)pΩ4Fg(Δ9h(b)s(4)h(in)w5an)32b=dl01b(separatel43i(,)i(8bFh(h(¡)h(s383)eparat2ahe)g821y(It))g(co3932)1n)-149361Ω474(¡)t744ypFh(:)p6Ω¯pFh564Fi((0h(747Ωal)d(tFf6Ω5305aFh(f)14855276yF3496aFi(1)5yFΩbFh(x)pFi())1)f(the4961357h5581yFnh(of)e155l)d(te)f(w)m(e(+8328)pFh(ß)tΩFi(merical8)17’F91Fh5581Ωmen)m03F91Fh564Fi((0h(1Fh(al)d(tFf6Ω5305aFh(f)1485527Ωen)m(lo96aFi(1)5yFe)i(calculated)e(in)h(ref)457875581yFnh(of(su8Fal)d(tFf6Ω53Fe(2)28903428yFl(Γ)pΩ)tΩFi(merical6orrections3333ΩbFhh(u)15488)pły)gΩ(diΔ99Ω985888204397-(con208]:Fi03a)m(viou6Ωy34)f(b)s(e)h(eq98Ω(1)2266i(1)pFh(:)pFi(2)phFh(GeV)32461[14]391y(3)pE7on)gΩ4032)1904462m)20b(Then,)42b(matz9793739351(der)31FΩbFh(x)pFi(ΣΩ53Fe2)574Ω38z=)i(131)p+n)57Ωb(tzp2917Ω2260gFi(27)177]391y(3)pi(=)27bh(s)186Ω5514v49n(2)2483672yFzΩyFi(ib(Then,)4234962260(24bFi(iΩ(1)1752575smesmalizm)g(1)gFi(a269h37h(dp)ΩgFt)g(the)f(structure)isF30yq33739ΩyFh(;)n(0)2882Ω460269574yFn(1u(349n)42bΩ67d(349n)4)p)g4216y2967yy(th5a(2)pFh(ß)1312527yFn(2)14)fF(e:)91Fh9Fi(-m(oxq33739ΩyFh(;)n(0)2882Ω40)cF85627yFu(349n)42b667d(349n)4)p1)cF7032)15426M7y(3)pE7

off(1829yFn(+)22451()-149)f(structure)isF22db(n)m34suo3931-5t(i(vGsis)733Ω3931)gFi(27Fi(-q41Ω2)132bb(t)m(y2649d,1)g(b)m)20564412yFk(ß)21gf(structure)iFh(gn)m(liyFk((yp)sccording)f(to)g(RbyFnis)g(small)g(()pΩFh(¡)eFi(265,yhho)s277354o3932uedΩ1865y(feFh(:)pΩbnctio9Ω43979109(eyjgmiddleΩg¯)m(eisyFk(s)-1495138y(fo2h(P)-86ya)crethe)gFh(;)1(5(parametetf)Δ)113dp6Ω¯)mm(as)-1495138y(;Fi(0)ph(dp)ΩgFt)g(the)f(structure)iyFk(Γ)5b(26)29m(liyFkg)22b<22(RbyFnisfFh(5all)Ω(()pΩFh(¡)eFi(255Fhe)g(ii304)13e(ued)g(b(strufaΩ1865y(ff)g(paramhΩm595499yitmiddleΩg)-86y7yFi(differ)h(in)f(tayFk(ΞyFh(2Ω2183)cn)g([42)m(x)gΩ(diag113dph¯)mm(as)-14951)1651h(whereIta)f(ondiag1limit)g(hadroof)-14i3e(ued)gie)ggon)m(tri474(¡)t744ribux)pΩFi())28)f(th45also).)44b(In)28b(3915)-149erΓf12ψyψF54deepPn↼to↽5cal620ψy4Fg4i↼rddron25n↽m↼t↽1tuquar59ψ54agre↼b↽mΩ↼y↽1irk

Q8↼thatTψy↼toutioarpψFi↼↽hrdescuct↼/↽ld↽Ωm59ψ54997ψyΩ↼publψyψFψ5597ψecond↽37ψmady↽8ψ2↽ΩΓssiyψFkieorticψFh515ψ3110ΩyψFψ2806000

1u(349n)42b667d(349n)4

9312217hadΩ↼diagraUSn↼⇁Civ3ψyΩ↼y↽i14ψ868D↽m↼e↽elopb↽mΩ↼y↽13ypκ8ψ111heree4quaFh↼GeV↽2080Ω↼y↽1j↼St↽33sh↼.3adrom↼yp↽s↼e↽mer↼cture↽732ψ5So↽↽39et/Unrem↼CRDFo+INT(yp)s(AS=)i(1(Gr5188yeFh(Γ,yhhP25n4b(ject=)i(1(587eFa473930yFiFb(4Ωf(RussiΩ(y)iFm(t)h(Fk(Θ9b(3adroBas263h(find)ep(RtioarpF(h,i(iΩ(1Gr5188yf8No.(where00-02-1780880bFh(u)15489)pły)gΩ(diΔ(05(0Ω(0595888204397-(con2b(Rtfn)f(lo]:Fi027(27wFh[1]245Ω(1V.N.Guct(=)o))3s)g(a)f(radiL.N.Lipato))3)gh)So))3.J.NThe.ParkΩys.)Ωj2a)g(Rd(Λ9Ωy972(,)el438.:Fi027)h(ex([2]2451(Y(yp)s(u.L.DokshitzerΩFi((1So))3.ParkΩys.JETPffi)tΩFi6)-5a(46Rd(Λ9Ωy97aried(641.:Fi027732)1n[3]2451(G.Altaurreib(3915)-86yG.PcondrisiFh(NThe.ParkΩys.)h5a(B126Rd(Λ9Ωy97arie[4298.:ΩFi027yF)1n[4]2451(M.Gl(=)¨)44b(fr)(op)k.’s)f(1E.Reycond5h)m48eΩ5A.Vm(t)h(ogt.’s)f(1Z.ParkΩys.)h5a(C53026)15Ωy992(,:13915a1)tyΩ(evi.127;)9i(1(b030)1238p.651.:Fi0271pFi(([5]245Ω(1H.L.LaFi(0)(e)13)51h(ma)CTEQ(maCollab.rie[4Eur.ParkΩys.)i(J.(Λa(C12hgFi(1)5h(Γ(,)el)w5.:Fi02714t((([6]2451(A.D.M98inn)m(tumR.G.Roy(ˇins(f(W.J.StirlΩ3915f(radiR.S.Thornf(corEur.ParkΩys.)hΩmJ.C.eFiaFh(e6)15Ωy998ried(463.:Fi02716)p(([7]245Ω(1M.Gl(=)¨)44b(fr)(op)k.’s)f(1E.Reycond5h)m48e5A.Vm(tΩh(ogt.’s)f(1Eur.ParkΩys.)i(J.(p5a(C5Rd(Λ9Ωy998rieg(461.:Fi02Ω185Fi(([8]2451(A.M.CFh(ßˇ-S95y(33)235,)50yiR.C.E.D())3tiΩV)2isheFa47e5A.D(4-qRo)mΩ(cop)k.’652eIta8y.J.M)pFh(ParkΩys.)d03a(A13(e6)15Ωy998rie)25(934y(3385.:Fi0272917i(([9]dlW(yp)s(u-Kigo3yTm(t)h(u3919n)thFh(A88yeFb(4-qFm(t)h(rpFh(:)er(e.v)3adroPcondrt26FkieParkΩys(=ns(opi:)58)h(Ha47b(()pFoknally)3adh677s(f(h(¡7yFIo(theye)252258FqFm(t)h(estspF(hrift,i(iΩ(1,)h(829yFn(+M.Shifmans(f(Wm(t)h(orl031)pΩ1Scih(mah(Δs(f(v.2,)hΩmp.887.a((1)24Fg(h[10]2451(B.L.Io(they.’s)f(1Pis’md5h)Zh.Eksp.Fiz.l)Ω(aFh2(e6)15Ωy985rie[4266)gh)[JETPi(Let2byaFh2(h6)15Ωy985rietri327].a((1)26h(j))ns1])451(V.M.Bh(shond)m(k(Θa47e5B.L.Io(they.’6ΩNThe.ParkΩys.)i(B310dlΩy988ried(310.a((1)23ΩyF)ns2]245Ω(1A.S.Gorskyffi)tΩF)i(1(B.L.Io(they.’f1A.)m(t)h(u.Kb(;)djami551824Ωa)f(radiA.G.OganesiΩ(Fh(Z.ParkΩys.)f5a(C44411y(fun989ried(523.f6259307Fg(h[13]2451(B.L.Io(theys)g(a)f(radiA.)m(t)h(u.Kb(;)djami551,0yFkParkΩys.Rev.)j2a)D51(e6)15Ωy995(,)el))73.a((1)3275Ωy()t2451(B.L.Io(theys)g(a)f(radiA.OganesiΩ(F[4Eur.ParkΩys.J.(i03a(C13(e6)15Ωyh(Γ(,)el485.:Fi,)h0)7yF)ns52451(B.L.Io(theys)gΩa)f(radiA.G.OganesiΩ(FgkParkΩys.Rev.)i2a)D63Rd(Λ9Ωyh(ΔibutiΩ(096006.:Fi,)h077yF[16)3451(B.L.Io(theys)g(a)f(radiA.OganesiΩ(F[i(ep-ph/02s)e92.:Fi,)h08139Ωa[17])451(V.N.Guct(=)o))3,i(iΩ(1B.L.Io(theysf304814I.)m(t)h(a.Pconomeran(op)-1m(ukΩFi6)-()m(t)h(ad.Fiz.l(Fig.201)p11y(fun965riet(768.:h([So))3.J.NThe.ParkΩΩys.))170ributi01)p11y(fun966rie[4549].a((1)4209Ωa[18]245Ω(1B.L.Io(they.’s)f(1ParkΩys.Let2.)i2a)30)i(BFi(0)pFgfun969rie[4123.fΩ5244162Ωa[19)3451(B.L.Io(theys)g(a)f(radiK.N.ZshondblyukΩFhΩNThe.ParkΩys.)h5a(A687d(Λ9Ωyh(Δibeg(437.a((1)4F5Ωy(20]2451(B.V.Gesh)264944y(ˇinn)m61(B.L.Io(theysd5)-86yK.N.ZshoΩndblyukΩFjkParkΩys.Rev.)g2a)D64d(Λ9Ωyh(Δibeg(093009)g(Fk(80y09r21])451(V.A.No))39kg(Δ))3,id+M.A.Shifmans(f(A.I.Vm(tΩh(ains)f(0)4in(where)-86yV.I.Zaki(r01))3,ii1ParkΩys.Let2.))Ω(aFB86Rd(Λ9Ωy979rie)25493)ep(0)7.3h(fin4(ex([22]245Ω(1B.L.Io(they.’s)f(1NThe.ParkΩys.)i2a)g88(e6)15Ωy981(,)el)1780b63(f)249210)pły)gΩ(diΔ(5511Ω(5510588820439740ina7@beginspecial72@llx72@lly5e.v@urx720@uryb(the)@rwi@setspecial)gΩBeginDocub)mt:FG1A.EPSΩ%!PS-Adobe-2.0EPSF-1.2fl)gΩCreM)16:HarvdrGr5ph(=n2.30fl)gΩTiFG1IOFnamedfl)gΩBFk(3972xu)19n)76419nfl)gΩ(dis:nfl)gΩDocub)mtFonts:Helv)t74Times-RomanTimes-Italyfl)gΩ+IntlHelv)t74IntlTimes-RomanIntlTimes-Italyfl)gΩDocub)mtFi(liedFonts:IntlHelv)t74IntlTimes-RomanIntlTimes-Italyfl)gΩEndComb)mtsflΩ/HGdict30dictdef%definełocaldict95yryflΩHGdictbegin%pushdict95yryontob(dict95yrystackflΩ/s/strokełoaddefflΩ/m/mov)tołoaddefflΩ/l/lΩ3)tołoaddefflΩ/f–findfontexchscalefontsetfont˝binddefflΩ/l0–setlΩ3)width0setdash˝binddefflΩ/l1–s2080]1ł0˝binddefflΩ/l2–s30)3310]1ł0˝binddefflΩ/l3–s]30ł0˝binddefflΩ/l4–s]1ł0˝binddefflΩ/sn–st)5cawidthp882neg˝binddefflΩ/rj–sn0rmov)to˝binddefflΩ/cj–sn2div0rmov)to˝binddefflΩ/ref(lFh(=)dict12dictdefflΩ/ReEncodeSh(=)flΩ–ref(lFh(=)dictbeginflΩ/3)wcodes)-8namesexchdefflΩ/3)wfontnameexchdefflΩ/basefontnameexchdefflΩ/basefontdictbasefontnamefindfontdefflΩ/3)wfontbasefontdictmaxlengthdictdefflΩbasefontdictflΩ–exchdup/FID2neflΩ–dup/Encod5caeqflΩ–exchdupłengtharraycopy3)wfont31rollput˝flΩ–exch3)wfont31rollput˝flΩifelse˝flΩ–p882p882˝flΩifelse˝flΩfor(=)flΩ3)wfont/FontName3)wfontnameputflΩ3)wcodes)-8namesaloadp88flΩ3)wcodes)-8namesłength2idivflΩ–3)wfont/Encod5caget31rollput˝flΩrepeM)3)wfontname3)wfontdefinefontp88flΩend˝flΩdefflΩ/spanvec[flΩ8#64/CcedillaflΩ8#61/udi14esisflΩ8#62/eacuteflΩ8#63/acircubflexflΩ8#64/adi14esisflΩ8#65/agraveflΩ8#66/a)5caflΩ8#67/ccedillaflΩ8#6105/ecircubflexflΩ8#6(55/edi14esisflΩ8#612/egraveflΩ8#65Fi/idi14esisflΩ8#614/icircubflexflΩ8#6(5/igraveflΩ8#656/Adi14esisflΩ8#617/A)5caflΩ8#620/EacuteflΩ8#6255/aeflΩ8#622/AEflΩ8#62Fi/ocircubflexflΩ8#624/odi14esisflΩ8#625/ograveflΩ8#626/ucircubflexflΩ8#627/ugraveflΩ8#630/ydi14esisflΩ8#6355/Odi14esisflΩ8#632/Udi14esisflΩ8#63Fi/oslashflΩ8#634/sterlΩ39flΩ8#635/OslashflΩ8#69n)/aacuteflΩ8#6455/iacuteflΩ8#642/oacuteflΩ8#64Fi/uacuteflΩ8#644/ntildeflΩ8#645/NacuteflΩ8#646/ordfehatineflΩ8#647/ordmasculineflΩ8#65n)/quest5ondownflΩ8#6555/endashflΩ8#655/exclamdownflΩ8#656/guillemotlef2flΩ8#657/guillemotrigh2flΩ8#3455/germa47blsflΩ8#345/spaceflΩ8#346/uflΩ8#347/spaceflΩ8#35n)/spaceflΩ8#351)/spaceflΩ%%8#365/s(y)f(iflΩ8#37n)/)5caflΩ8#3g(l/endashflΩ]defflΩend%p882HGdictoffb(dict95yrystackflΩgΩEndProloaflΩfl)gΩBeginSetu8flΩsaveflΩHGdictbeginflΩ24y0rdivdupscaleflΩ1setlΩ3)width0setlΩ3)cap0setlΩ3)joinflΩ]0setdash0setgray10setmiterlΩmitflΩfl)gΩBeginFont:IntlHelv)t74flΩ/Helv)t74/IntlHelv)t74spanvecReEncodeSh(=)flΩgΩEndFontflΩfl)gΩBeginFont:IntlTimes-RomanflΩ/Times-Roman/IntlTimes-RomanspanvecReEncodeSh(=)flΩgΩEndFontflΩfl)gΩBeginFont:IntlTimes-Italyfl)/Times-Italy/IntlTimes-ItalyspanvecReEncodeSh(=)flΩgΩEndFontflΩgΩEndSetu8flΩfl)gΩ(diΔone1flΩ3)wpathflΩy0r3yF)fFh(())flΩl4flΩs0setgrayflΩ3ȷ18974ysmflΩ3ȷ18997łys154(lo76)25mflΩ154(lo5)932l00a)5lo5)932l00a)5lo76)25l154(lo76)25lłfi=)flΩ154(lo76)25s5mflΩ154(lo5)932l00a)5lo5)932l00a)5lo76)25l154(lo76)25ls7357lo76295mflΩ153)1376295l153)137655ł7357lo7655ł7357lo76295lłfi=)flΩ7357lo76295s5mflΩ153)1376295l153)137655ł7357lo7655ł7357lo76295ls7395lo7663mflΩ3395lo54032l7373pr54032l7373pr7663ł7395lo7663łłfi=)flΩ7395lo7663smflΩ3395lo54032l7373pr54032l7373pr7663ł7395lo7663łs7357lo5)932mflΩ153)135)932l00a3)13541)l7357lo541)l7357lo5)932l0łfi=)flΩ7357lo5)932s2mflΩ153)135)932l00a3)13541)l7357lo541)l7357lo5)932l0s7422h(2mflΩ443013793ł448v13825ł45055136295l4he32137355l4h83213763ł737)135)47ły7422h(2l0łfi=)flΩ7422h(2s2mflΩ443013793ł448v13825ł45055136295l4he32137355l4h83213763ł737)135)47ły7422h(2l0s7785136395mflΩ1385lo5622ł00335lo56532l00a03a)5355ł1483215łesl1433215955l4)5lo3608ł7785136395l0łfi=)flΩ7785136395s5mflΩ1385lo5622ł00335lo56532l00a03a)5355ł1483215łesl1433215955l4)5lo3608ł7785136395l0l2flΩ7413pr76752s2mflΩ439851908)l0l4flΩs4m(v)191)hmflΩ44Fy96555l4)8820)c(vl4m(v)191)hł0łfi=x780ł148um17895ll0łfi=sleslł4flΩl2flΩ23np917ismflΩ63nthlł4flΩx036el6825lo7o28(l6812h(x106el68b)1970932l0289719708(el68139(xF71el6873pr7061el68313x0)32l0284(lo7048(l68),o7045ł6(M)2o70432l02803,o7045ł67139(xF47ły2773pr7050ły27539(xF57ły273),o7068(l672)197080ły2712h(xyFly27g(m17hthely27g203b35ely27g203b53ely27g203355ł1m(9)()h28(s5mflΩ1m(9)()h28(l1m(9)()425ł1m(9)()536hs5mflΩ1m(9)()536hl1m(6)()509hl1m(2)()501hl1m864Ω1479hl1m455Ω1467hl1m34)f64514l1m22h64432l01ound)20232l01730s)427hl17m)2s)421hl1999)2418(l17)25()4e(l17Fy5418(l1722h6420ł17und)2023ł00696F()430ł00679)2441hl16655Ω1453ł006864Ω1471hl1649)24832l0163),o6508ł163),o6526ł163eF15836hl27yF158232l0279b15859t6hl2573pr59025l65yFn5884ł6526031892l6523F15826hl2536031806hl2536031763ł652255710ły2795p(5723ł2m)ΩF(57353l2m)3215747ły2m lo5684ł6719453ł001yΩ39483ł0015204Ω3ł002(v)19523ł006319541hl1hl1Fchl1045195332ly028519533ely10193514l102 lo9lpro9519y05pl1∃∋▽▽∋↕←∃⟨↕←∞′∞▽▽⇐∃∈▽∞△↕←∞′∈⇐↕≀∃∈△▽←↕←∞′△←∃⇒∃∈∋⇐↕←∞′▽†⊗∋∃∈∋⟨⌉↕†∞′←∃⇒∃∈∈⟨↕←∞′∃←∃⇒∃∈∈∋√↕←∞∞∞′∃↕≀∃∋∀▽∋↕←∃

∃△▽∋←↕′′∞←†⊗∋∃△∀∋←↕′′∞←▽∈′←△⊗∋←↕′′∈⇐⊑⇒∞∃▽∈∋←↕′′↚∋←∞∃▽△∞⟨↕←∞⟨↕←∞F⌋⟨↕←∞′△▽←∞∃▽∋∋∈↕←†′∈∀▽∞∃▽∋∋⌉↕†∞′∞∃∋▽∞△↕←∞′∈

↕≀∃↕√∇≀∃▽←∞∃†′▽√↕←∞∃∋▽▽∋↕←∃⟨↕←∞′∞▽▽⇐∃∈▽∞△↕←∞′∈⇐↕≀∃∈△▽←↕←∞′△←∃⇒∃∈∋⇐↕←∞′▽†⊗∋∃∈∋⟨⌉↕†∞′←∃⇒∃∈∈⟨↕←∞′∃←∃⇒∃∈∈∋√↕←∞∞∞′∃↕≀∃∋∀▽∋↕←∃

↕←∋▽▽△†∋∃△∀∈↕∋∈▽∋△′′←△∀′←↕′∋▽∞∃∈∀←↕†△∈▽↕≀∃∈⟨⇐⟨↕←∋△F←†←∃▽̸∞△↕←∋△⇒▽↕≀∃∈△▽←↕←∋△∋√∇∃∈∋⇐↕←∋△∀∀▽∞∃∌⟨⌉↕†∋⊣′∋⊣⇒∃∈∈⟨↕←∋▽∈∋∃↕√←↕{⟩ℑ↕≀∃∈∋′←↕′∋F̸△≀∃∈∋∃←↕′∋∉∃▽←∃▽̸∋←↕′∋△̸←∃↕←∋▽▽△†∋∃△∀∈↕∋∈▽∋△′′←△∀′←↕′∋▽∞∃∈∀←↕†△∈▽↕≀∃∈⟨⇐⟨↕←∋△F←†←∃▽̸∞△↕←∋△⇒▽↕≀∃∈△▽←↕←∋△∋√∇∃∈∋⇐↕←∋△∀∀▽∞∃∌⟨⌉↕†∋⊣′∋⊣⇒∃∈∈⟨↕←∋▽∈∋∃∀↕⇕◯⊗∋▽∀←∋∀↕↕√∋∃∫∋∃⇐∃∞′⌉̸↕←∋∃∫′←⇐∃∞∈△√↕←∋∃∈′←⇐∃∞△∈↕∋∈∃′∋⊣⇒∃∞∋∋∈↕←∋∀∀△←⇒∃∞∞̸⌉↕←∋⇕⇐⇏⇐∃∞∌←↕′∋∀∋′←⇐∃∞∃←∈↕←∋∀∫∋∃⇐∃∞▽▽∋↕←∋∀∞⇒⇕⇐⟨∞△∈↕∋∈≀⊓\⌈⇒∃∞∈⟨↕←∋∀⇒∞′′←∞∞∈⌉↕†∋∀′∞⇒⇐∃′⟨∀⌉↕†∋∀′√⇒∞∃′∀∞√↕←∋∌⇒∞∃′∀∞√↕←∌∃∞⊣∈↕∋∈∃∈∈←⟨∃∞∀△√↕←∋∃∋∀▽∞∃∞∀∃∀̸⌉↕†∋∀∈▽⊗∀∃▽∋←↕′∋∀⇐⊑⇒∞∀∃△′←↕←∋⇐⌉F∞∀∃∞△√↕←∋∃F̸∞∀∃∞△√↕←∋∄←∋∀↕⇒⇕⇐↕†←↕{⟩ℑ⇒◯⊗∄←∋∀↕∫←⇕◯⊗∋∄←∋∀↕↕†∋▽∀←∋∀↕↕√∋∃∫∋∃⇐∃∞′⌉̸↕←∋∃∫′←⇐∃∞∈△√↕←∋∃∈′←⇐∃∞△∈↕∋∈∃′∋⊣⇒∃∞∋∋∈↕←∋∀∀△←⇒∃∞∞̸⌉↕←∋⇕⇐⇏⇐∃∞∌←↕′∋∀∋′←⇐∃∞∃←∈↕←∋∀∫∋∃⇐∃∞▽▽∋↕←∋∀∞⇒⇕⇐⟨∞△∈↕∋∈≀⊓\⌈⇒∃∞∈⟨↕←∋∀⇒∞′′←∞∞∈⌉↕†∋∀′∞⇒⇐∃′⟨∀⌉↕†∋∀′√⇒∞∃′∀∞√↕←∋∌⇒∞∃′∀∞√↕←∌∃∞⊣∈↕∋∈∃∈∈←⟨∃∞∀△√↕←∋∃∋∀▽∞∃∞∀∃∀̸⌉↕†∋∀∈▽⊗∀∃▽∋←↕′∋∀⇐⊑⇒∞∀∃△′←↕←∋⇐⌉F∞∀∃∞△√↕←∋∃F̸∞∀∃∞△√↕←∋∄←∋∀↕⇒⇕⇐↕†∫←∋▽∃⇒∞∃∋▽∀⌉⇕◯⊗∋▽∃↕←∋∃←†⊗∋∋∃∀⇍↕√∋∃∫∋∃⇐∋∃∌←↕′∋∃F←†←∋∃∋∀▽↕′∋∃F∋∈∞∋∃⊔⟨̸↕←∋∃F⇒∞∃∋∀∃∋←↕′∋∃F▽▽∞∋∀∀̸⇐↕←∋∃∫∀▽∞∋∀∋∃←↕′∋∃∋⇒∞∃∋∀∞⇐↕←∋∃←▽′∞∋†′←↕′∋∀∞∈⟨⇐∋↚F↕∋∈∃′∋⊣⇒∋▽∈↕∋∈≀⊓∀⊣⇒∋▽∈↕∋∈≀∫∀▽∞∋↚F↕∋∈∀▽∋⊣⇒∋←∋∈↕′∋∀∇▽′∞∋∀′∋∈↕′∋∀∋←∞∋∀∈▽←↕←∋∀∀▽∞∋∀△∃⟨↕←∋∀∀⊑←∞∋∀∋∈↕←∋∀∀∞←∞△′⟨†⇐↕√∋△∀⇐∞△′⟨△√↕←∌⇒⇐△′⟨⟨↕←∋∀▽▽⊗△′⟨∀⌉↕†∋∀′⇏⇐△′⟨▽∋↕←∋∀←†⊗∋←′∃′∈↕′∀△⇐↕≀△′←∋∈↕′∋∀∇⊑⇒∞△′⌋⇐⊑↕←∋∀⇒∞∃△′∌∈↕←∋∀∀\⌈∞△′▽∋←↕′∋∃′⊑⇒∞△′∋∃←↕′∋∃∞⊑⇒∞△′∈∈↕∋∈∃∈⊑∋⟨▽∋↕←∋∀̸∈⟨⇐∋∀†⇐↕√∋∄←′∋⇍⊑↕←∋∞∈⟨⇐∋∋∋∈↕←∋⌉∋∈∞∋△▽←↕←∋▽∋⊣⇒∋△∈↕∋∈∞∀∀∋△′←↕←∋∀←′∋△∞⟨↕←∋∀′∋∈∞∋△▽←↕←∋≀⊓∀⊣⇒∋▽∈↕∋∈∃′∋⊣⇒∋▽∈↕∋∈≀∀∀⊣⇒∋∋▽←↕←∋∀∋←∞∋∈′⌉↕†∋∀▽▽←∞∋′⇐↕←∋∀∋⇒⇔≀∋∄∃∋↕←∋∀∞≀∄▽←↕†∋∀′√↕√∋∈←⇐∋∄↚↕′∋′←′∋⊗∋←↕′∋∄∈⟨⇐∋∞∋⌉↕†∋≀⊓\⌈∞∋∈∋∈↕←∌⊣⇒∋∋▽←↕←∋▽̸∞̸∃∋△←↕†∋▽̸∞̸∃∋▽∞∋↕←∋▽∃△∞∃∋▽∞∋↕←←↕{⟩ℑ⇒◯⊗▽∃△∞∃∋▽∞∋∫⌉⇕◯⊗∋▽∃↕←∋≀⊓\⌈∞△′▽†⊗↕←∄∞̸∃△′⌋⇐⊑↕←∋∞⊑⇒∞△′←∋←↕′∋⟨∈∀⇐∞△′⟨†⇐↕√∋△∀⇐∞△′⟨△√↕←∌⇒⇐△′⟨⟨↕←∋∀▽▽⊗△′⟨∀⌉↕†∋∀′⇏⇐△′⟨▽∋↕←∋∀←†⊗∋←′∃′∈↕′∀△⇐↕≀△′←∋∈↕′∋∀∇⊑⇒∞△′⌋⇐⊑↕←∋∀⇒∞∃△′∌∈↕←∋∀∀\⌈∞△′▽∋←↕′∋∃′⊑⇒∞△′∋∃←↕′∋∃∞⊑⇒∞△′∈∈↕∋∈∃∈⊑⇒∞△′′⇐↕←∋∃←†⊗∋∋∃∀⇍↕√∋∃∫∋∃⇐∋∃∌←↕′∋∃F←†←∋∃∋∀▽↕′∋∃F∋∈∞∋∃⊔⟨̸↕←∋∃F⇒∞∃∋∀∃∋←↕′∋∃F▽▽∞∋∀∀̸⇐↕←∋∃∫∀▽∞∋∀∋∃←↕′∋∃∋⇒∞∃∋∀∞⇐↕←∋∃←▽′∞∋†′←↕′∋∀∞∈⟨⇐∋↚F↕∋∈∃′∋⊣⇒∋▽∈↕∋∈≀⊓∀⊣⇒∋▽∈∫⌉⇕◯⊗∋≀⊓∀⊣⇒∋▽∈↕∋∈≀∫∀▽∞∋↚F↕∋∈∀▽∋⊣⇒∋←∋∈↕′∋∀∇▽′∞∋∀′∋∈↕′∋∀∋←∞∋∀∈▽←↕←∋∀∀▽∞∋∀△∃⟨↕←∋∀∀⊑←∞∋∀∋∈↕←∋∀∀∞←∋⟨▽∋↕←∋∀̸∈⟨⇐∋∀†⇐↕√∋∄←′∋⇍⊑↕←∋∞∈⟨⇐∋∋∋∈↕←∋⌉∋∈∞∋△▽←↕←∋▽∋⊣⇒∋△∈↕∋∈∞∀∀∋△′←↕←∋∀←′∋△∞⟨↕←∋∀′∋∈∞∋△▽←↕←∋≀⊓∀⊣⇒∋▽∈↕∋∈∃′∋⊣⇒∋▽⇐∫←⇕◯⊗∋∃′∋⊣⇒∋▽∈↕∋∈≀∀∀⊣⇒∋∋▽←↕←∋∀∋←∞∋∈′⌉↕†∋∀▽▽←∞∋′⇐↕←∋∀∋⇒⇔≀∋∄∃∋↕←∋∀∞≀∄▽←↕†∋∀′√∋∄†⇐↕√∋∈←⇐∋∄↚↕′∋′←′∋⊗∋←↕′∋∄∈⟨⇐∋∞∋⌉↕†∋≀⊓\⌈∞∋∈∋∈↕←∌⊣⇒∋∋▽←↕←∋▽̸∞̸∃∋△←↕†∋▽̸∞̸∃∋▽∞∋↕←∋▽∃△∞∃∋▽∞∋↕←∫←△′∉←∋∋∋∈▽⌉⇕◯⊗∋≀▽△†∋∋∋∈▽←↕←∋∀▽△†∋∋∋△▽←↕←∋≀▽↕≀∋∋∃←∈↕←∋∀△̸†∋∋∋⌋⇐⊑↕←∋∀↕≀∋∋⟨∀⌉↕†∋∀∃△∞∃∋△∞∃←↕′∋∃∞↕≀∋△∋∀▽↕′∋∃∋⇒∞∃∋△△∃⟨↕←∋∃▽△†∋∋△∃←∈↕←∋∃∀∞←⇒∋△⟨̸↕←△′′∀⊣⇒∋△∃⟨̸↕←△′∈∋∃↕←∋∃∃↕↕←∋∃∫√∋∋▽△∋∈↕←∋∀∃∞∃∋▽∈⟨↕←∋∀▽†⊗∋∋▽∈⟨↕←∋∀∉←∋∋▽∋∋∈↕←∋⇕⇐∃⇒⇐∋▽∞∋↕←∋∀∀⊗F⇐∋′̸←∈↕←∋∀∀∀∈′∋∞̸▽⊑↕′∋∃′←⇐∋∉△√↕←∋∃∈△†∋∋∌∋⌉↕†∋∃∋⇒⇔≀∋∌∀▽↕′∋∃▽†⊗∋∋△̸′←↕←∋∃∈∋∋△̸▽▽↕←∋∃←∋′≀∋∌∀▽↕′△′∞∀⌉≀∋∌′∈↕∋△′∋⇒∞∃∋∉′∈↕∋△′△←⇐∋∞̸′∈↕∋△′▽↕≀∋▽∃⇐↕←△′△̸†∋∋△∀∋←↕′△′∀̸⇐∞∋▽△̸↕↕′△′∄⇒⇐∋▽△∃⟨↕←△′▽̸⊑∞∋▽∞∃⟨↕←△′▽∞̸∃∋△∃⟨̸↕←△′△∞←⇒∋△⇐↕←△′∞⇒⇕⇐≀△∉⌉↕†∋∃∀←′∋△△∈↕∋∈∃△∞←⇒∋△∞△√↕←∋∃∈∋∃⇒⊓∋∃∃←↕′∋∃∞⊗F⇐∋∋∀⟨̸↕←∋∀∃▽↕≀∋∋∃←∈↕←△′∌↕≀∋∋∃←∈↕←△′∉←∋∋∋∈▽⌉↕←←↕{⟩ℑ⇒◯⊗△′∉←∋∋∋∈▽⌉∫∈⇕◯⊗△′∉←∋∋∋∈▽⌉↕←∋≀▽△†∋∋∋∈▽←↕←∋∀▽△†∋∋∋△▽←↕←∋≀▽↕≀∋∋∃←∈↕←∋∀△̸†∋∋∋⌋⇐⊑↕←∋∀↕≀∋∋⟨∀⌉↕†∋∀∃△∞∃∋△∞∃←↕′∋∃∞↕≀∋△∋∀▽↕′∋∃∋⇒∞∃∋△△∃⟨↕←∋∃▽△†∋∋△∃←∈↕←∋∃∀∞←⇒∋△⟨̸↕←△′′∀⊣⇒∋△∃⟨̸↕←△′∈∋∃↕←∋∃∃↕↕←∋∃∫√↕≀∋▽∋∞△′△▽↕↕′∞∋†⊗∋△′∋⊑↕←∞∈▽∃⟨∃△′∈∞△↕←∞∌\⌈∞△′∈∋∈↕←∞∉∞⇐∞△′∈′←↕←∞∈′⊑⇒∞△′′∃⟨↕←∞∋∞⟨̸↕←∞∋∇▽′∞∋′∞⟨↕←∞∋△←⇐∋∀̸∀⇐↕←∞∋←†⊗∋∋∀̸′←↕′′∋∞√⇒∞∋∞̸△↕←∞∈∀∀∈′∋∌√↕←∞∈↕≀∋⊗̸F↕′∞∈∉←∋∋∞̸∀↕†∞∈∋∃←∞∋∉⟨↕′′∈⇐∃←∞∋↚↕†∞{∃⇒⇕⇐≀∀̸∋∈↕′∞∞∀△√∞∋∄⇒∞↕←∞F⟨⇐⟨⇐∋′▽√↕←∞⇒▽†⊗∋∋∋⟨̸↕←∞∞△∀⊣⇒∋∈∀⇐↕←∞≀△∀⊣⇒∋∫↕⌉∫↕←∞′∀⇐↕≀∋▽∋∞⇒↕√←↕{⟩ℑ⇒◯⊗∞′∀⇐↕≀∋▽∋∞⇒∫△′△▽↕↕′∞∋†⊗∋△′∋⊑↕←∞∈▽∃⟨∃△′∈∞△↕←∞∌\⌈∞△′∈∋∈↕←∞∉∞⇐∞△′∈′←↕←∞∈′⊑⇒∞△′′∃⟨↕←∞∋⌋̸∀⇐↕←∞▽′△√∞∋∄∈▽↕←∞▽∋△√∞∋∄∈▽↕←∞▽∋△√∞∋∋∀∈↕∋∞△∃▽↕≀∋∋∀∈▽↕√∫←△∈∈←⟨⇐∈⇕◯⊗△△∋′←∞∋∃∋←↕←△△∀⊑←∞∋∀∈▽←↕←△▽′▽▽∞∋∉∃▽↕←△⟨⌉∋∈∞∋∋▽▽↕←△⟨∀∋∈∞∋∌←↕←∋⇒∞∋▽⇒△←↕†△∈∈←⟨⇐∈↕′←↕{⟩ℑ⇒◯⊗△∈∈←⟨⇐∈∫∈⇕◯⊗△△∋′←∞∋∃∋←↕←△△∀⊑←∞∋∀∈▽←↕←△▽′▽▽∞∋∉∃▽↕←△⟨⌉∋∈∞∋∋▽▽↕←△⟨∀∋∈∞∋∌←↕←∋⇒∞∋▽∈▽′∋√↕′∈∫⊣̸←⊣↕′←↕{⟩ℑ⊑⌉↖′▽⌉∫⇐⇕◯⊗∈∫⇕⇐⊑⌉↖⊗▽⇐↕←∫⇕⇐⊑⌉↖∋⟨⌉↕†∃∈⇕⇐⊑⌉↖∋⟨⌉↕†∃∈⇕⇐⊑⌉↖′▽⌉↕←∫←∃∋∈⇒∞∃△′←⇕◯⊗∃∋∈⇒∞∃▽△▽†⇐↕√∃∋′⇒∋∋∞△▽†⇐↕√∃∋′⇒∋∋△′←↕←∃∋∈⇒∞∃△′←↕←←↕{⟩ℑ⇒◯⊗∃∋∈⇒∞∃△′←∫←⇕◯⊗∃∋∈⇒∞∃▽△▽†⇐↕√∃∋′⇒∋∋∞△▽†⇐↕√∃∋′⇒∋∋△′←↕←∃∋∈⊑⌉↖′▽⌉↕←←↕{⟩ℑ⟨↕←←∋⇕⇐⊑⌉▽△△̸←↕←∃∈⇕⇐⊑⌉▽△△̸←↕←∃∈⇕⇐⊑⌉▽△∋∃▽↕′↕∈◯⊗∃∋△∋√∇↖▽∋⌉∫▽⇕◯⊗∞′∋∀′▽⇐∃∈∀†⇐↕√↕△◯⊗∫←∞′∋∃←′←⟨▽∀▽⇕◯⊗∞′△∈⇒∈∞∃∋△∃∈↕←†′∈†̸⊗∋∃∈∈⌉↕†∞′∋∃←′←⟨▽∀▽↕′←↕{⟩ℑ⇒◯⊗↕∈◯⊗∉⇍↕≀∃∋∀←†∫†⇕◯⊗∈∋′∈▽∞∀▽⊗F↕′↕△◯⊗∫←∋⟨∃⇐∞∃△†⇕◯⊗∈∋△∋∃↖∀†⇐↕√←∃▽▽∞∀▽▽↕←∋∞∃⇐∞∃△†↕′←↕{⟩ℑ⇒◯⊗∫←∃∋∈∈⇒⇐▽△←F}⇕◯⊗∞′△′⇐↕≀∋∀⇒∈▽↕←∞′△▽▽∈∞∋∀∀⟨̸↕←∞′△⇒⇕⇐≀∄′∈↕′′′∋′∃⟨∞∋∀∀⇐↕′′′∋▽∀←∞∋∀∈′←↕←∃∈∀∀∈′▽△∈∃▽↕←∃∋∈∈⇒⇐▽△←F}↕←←↕{⟩ℑ⇒◯⊗∃∋∈∈⇒⇐▽△←F}∫}⇕◯⊗∞′△′⇐↕≀∋∀⇒∈▽↕←∞′△▽▽∈∞∋∀∀⟨̸↕←∞′△⇒⇕⇐≀∄′∈↕′′′∋′∃⟨∞∋∀∀⇐↕′′′∋▽∀←∞∋∀∈′←↕←∃∈∀∀∈′▽△∈∃▽↕←∃∋∈∈⇒⇐▽△←F}↕←∀⇒∈∈′∋←⌊∈∉∫∈⇕◯⊗∀⇒∈∈′∋←⌊∈∉↕←∀⇒∈∈′∋←▽▽∋←↕′∀⇒∈∈′∋←∈↕∫∈⇕◯⊗∀⇒∈∈′∋←∈†↕′∀⇒∈∈′∋←∈∃′∈↕′∀▽∞∀←∋∈∋′∀∈↕′∀▽∞⇐⇕∞∋∈∉↕←∀⇒∋⟨̸⌉↖∋△▽←↕←∀▽⊔⟨⌉∋←∋▽†↕′∀⇒⌊∞△△∈↕∋∀∋∃▽↕≀△△▽←↕←∀∋\↕←∀∈▽̸▽⊗∈△∞←F↕†∀∈⊣̸