XVIII INTERNATIONAL SYMPOSIUM ON LEPTON{PHOTON INTERACTIONS HAMBURG, GERMANY, 28 July { 1 August, 1997

ELECTROWEAK MOMENTS AND HIDDEN STRAGENESS OF THE NUCLEON S.B.Gerasimov Bogoliubov Laboratory of Theoretical Physics, JINR, Dubna

The phenomenological sum–rule–based approach is used to discuss the quark composition dependence of some static and quasi–static electroweak characteristics of nucleons.The role of nonvalence degrees of freedom, the nucleon sea partons and/or peripheral meson currents, is shown to be important to select and make use of the relevant symmetry parametrization of hadron observables. With our preferable universal value of the SU(3)-symmetry parameter α_D = D/F + D = .58, taken for both magnetic moments and axial-vector constants entering into the semi-leptonic baryon decays, we obtain the following values for moments Δq of the spin-dependent structure function of the proton: Δu ≃ .84(82), Δd ≃ −.42(−.44), Δs = −.22 ± .05(−.10 ± .03), where the values in parentheses correspond to the widely used ”standard” value of α^{axial}_D = .63. The estimations of the strange sea contributions to the nucleon magnetic moments and rms are also presented.

The magnetic moments of the lowest baryon octet, being one of the most accurately measured spin–dependent quantities in hadron physics [1], may serve as a useful means to verify the spin–flavour symmetry predictions and different model calculations [2, 3, 4, 5] of the nucleon structure characteristics. This report aims at discussing, on the basis of confrontation of data on the magnetic moments and axial–vector coupling of baryons, some alternative, to the usually discussed, inferece for the Δq’s of the polarized DIS and the (hidden) strangeness–dependent characteristics of the nucleon. In [3, 4] (and the references to earlier works therein), the following parametrization was introduced for magnetic moments μ(B) of baryons :

μ(B) = μ(q_e)g_2 + μ(q_o)g_1 + C(B) + Δ, (1) μ(Λ) = μ(s)( 2 3 g_2 − 1 3 g_1) + (μ(u) + μ(d))( 1 6 g_2 + 2 3 g_1) + Δ, (2)

μ(ΛΣ) = 1 √ 3 (μ(u) − μ(d))( 1 2 g_2 − g_1) + C(ΛΣ), (3) Δ = ∑ q=u,d,s μ(q)δ(N), (4) where μ(q) are the effective quark magnetic moments defined without any nonrelativistic approximations, g_{2(1)} are ”reduced” dimensionless coupling constants obeying exact SU(3)– symmetry and related with the SU(3) F − and D− type constants via g_2 = 2F and g_1 = F −D, Δ(B) is a matrix element of the OZI–suppressed qq–configuration for a given hadron: Δ(B) =< B|qq|B >, where q ⊄ {q^2_e , q_o}, e.g. δ(N) =< N|ss|N >, etc. The C(P ) = −C(N) and C(ΛΣ) are representing the isovector contributions of the charged–pion exchange current to μ(P ), μ(N) and the ΛΣ–transition moment μ(ΛΣ). In Refs. [3, 4] the use was made of two pictures of the baryon internal composition.In the first one, all baryons are considered as consisting of three massive, ”dressed” constituent quarks, locally coupled with lightest goldstonions – the pseudoscalar octet fields. In the second picture only fundamental QCD quanta, the quarks and gluons, are there, the meson component of the baryon state vectors being represented by the properly correlated ”current” quarks and gluons.The use of one picture or another will be reflected in a particular parametrization of contributions due to corresponding nonvalence degrees of freedom. Here, we concentrate on two of the earlier discussed [3, 4] sum rules ( we use the particle and quark symbols for corresponding magnetic moments): α = D F + D = g_2 − 2g_1 2(g_2 − g_1) = 1 2 ( 1 − Ξ^0 − Ξ� Σ^+ − Σ� − Ξ^0 + Ξ� ) , (5) u d = Σ^+(Σ^+ − Σ�) − Ξ^0(Ξ^0 − Ξ�) Σ�(Σ^+ − Σ�) − Ξ�(Ξ^0 − Ξ�)

= (6) = P + N + Σ^+ − Σ� + Ξ^0 − Ξ� P + N − Σ^+ + Σ� − Ξ^0 + Ξ�

, (7)

Eqs.(6,7) were obtained provided δ(N) = 0, hence they are related with the chiral constituent quark model where a given baryon consists of three ”dressed”, massive constituent quarks. Eqs.(6,7) also show that owing to the virtual transitions q ↔ π(η) + q, q ↔ K + s the ”magnetic anomaly” is developing, i.e. u/d = −1.80 ± 0.02 ≠ Q_u/Q_d = −2. Evaluation of the one–loop, quark–meson diagrams gives : u/d = (Q_u+κ_u)/(Q_d+κ_d) ≃ −1.85, the κ_q being the quark anomalous magnetic moment in natural units, if we take the SU(3) - invariant quark-pseudoscalar- meson couplings, the physical masses for the π−, η−, K–mesons and the m_{q(s)} ≃ 300(460) MeV. In the SU(3)–limit, when m_q = m_s and m_π = m_η = m_K, we return to u/d = −2, the ratio pertinent to the structureless ”current” quarks. Normalizing the ”strange charge” coupling constant for the s–quark (K–meson) to -^1_3 (+^1_3 ), i.e. the values coinciding with the electric charge of the s– and s–quarks, we obtain, in the one–loop appoximation, the contribution of strange quarks to the anomalous magnetic moments (a.m.m.) of the u– and d– constituent quarks, which also coicides approximately with the corresponding contribution to nucleon magnetic moments κ_{u(d)}(s, s) ≃ μ_{P (N )}(s, s) = 0.065n.m. (8) Recalling the negative electric charge of the strange quark, we conclude that the spin of strange quark appearing inside the polarized nonstrange quark is antiparallel to that of the ”parent” constituent u– or d–quark. The average polarization of the s–quark, forming the K–meson, is zero.

With the normalization of the metioned coupling constants to the values +1(−1), we obtain the (hidden) strange quark contributions to the Dirac ”strange charge” radius and the a.m.m. of nonstrange quarks the values: κ_{u(d)}(s, s) ≃ −0.195n.m. < r^2_1 >_{u(d)} (s, s) ≃^1_3 < r^2_1 >_{P (N )} (s, s) ≃ 0.013fm^2 (9)

We stress, however, that the virtual K–mesons were treated as point–like particles.The intrinsic strange antiquark distribution in the virtual K– mesons may not be negligible, e.g. for the on–shell K–mesons, with the adopted above–mentioned normalization, one can obtain the estimate:

< r^2 >_K (s) = − < r^2_{ch} >_K+ −2 < r^2_{ch} >_Ko = −0.3fm^2

where the one–loop calculation for < r^2_{ch} >_K+_{(K}o_) were taken from [6]. Therefore even the sign of the whole value of < r^2_1 >_{P (N )} (s, s) may be reversed after a proper inclusion of the < r^2 >_K (s) as a part of a still missing two–loop calculation.

With the neglect of the nonvalence contribution, i.e. with C(B0s) = Δ(B0s) = 0, u/d = −2 we obtain for magnetic moments of baryons the results coinciding almost identically with the results of the SU(6)–based nonrelativistic quark model, taking account of the SU(3)– breaking due to the quark–mass differences [7]. We stress, however, that no NR assumption or explicit SU(6)-wave function are used this time.

The ratio α_D equals 0.61 in this case( cf. Eq.(5), giving the value 0.57 ), thus demonstrating a substantial influence of the nonvalence ( i.e. the meson ) degrees of freedom on this important parameter.

We turn now to a complementary view of the nucleon structure, absorbing C(N0s) into products of the corresponding μ(q) and g(N0s), keeping the constraint u/d = −2,and Δ(B0s) non-zero. We shall refer to this approach [3, 4] as a correlated current quark picture of nucleons. Then, instead of Eq.(7) we have

Δ(N) = ∑ q=u,d,s μ(q)δ(N) = 1 6 (3(P + N) − Σ^+ + Σ� − Ξ^0 + Ξ�) = −.062 ± .01n.m., (10) μ_N (ss) = μ(s)⟨N|ss|N⟩ = (1 − d s )�^1Δ = .11n.m., (11)

(α_D)_N =

3(N − Δ(N)) 2(N − P ) = 0.59, (12)

where independence of the sum P + N of the C(N0s) and the ratio d/s = 1.55 [3, 4] have been used.

By definition, μ_N (s, s) represents the contribution of strange (”current”) quarks to nucleon magnetic moments.Numerically, Eq.(11) agrees fairly well with other more specific models ( see,e.g. [8]) but exceeds the value given by Eq.(8) by factor of about 2, indicating on other possible mechanisms of the transition q ↔ q + s + s. The different values (α_D)_N = 0.59 and (α_D)_Y = 0.57, Eq.(5), give the hint of the difference of the nucleon and hyperon wave functions that would lead to their mismatch and corresponding influence on the Y → Nlν - transitions. Even bigger difference of α^{mag}_D = 0.59 or 0.57 and the average value α^{axial}_D = .635 also lead to difficulty, when interpreted [9] via the admixture of the higher representation of the SU(6) ⊗ O(3) – basis functions to the ground state. In that case we would have an unacceptably large admixture, with the probability of about 0.2, of the D–wave in the nucleon wave function.

In this respect we wish here to recall a less popular inference from the semi–leptonic hyperon decays and its impact on a description of the polarized DIS.

As is known [10], to obtain the contributions of the u−, d− and s-flavoured quarks to the proton spin, denoted by Δu(p), Δd(p) and Δs(p), the use is usually made of baryon semileptonic weak decays treated with the help of the exact SU(3)-symmetry. It has been shown earlier [11, 12] that when both the strangeness-changing (ΔS = 1) and strangeness-conserving (ΔS = 0) transitions are taken for the analysis, then (D/F + D)^{ΔS=0,1}_{ax} = .635 ± .005 while (D/F + D)^{ΔS=0}_{ax} = .584 ± .035, which is close to (D/D + F )_{mag} ≃ .59, according to Eq.(12). We list below two sets of the Δq-values, we have obtained from the data with inclusion of the QCD radiative corrections (e.g.[10] and references therein) :

Δu(p) ≃ .82(.84), Δd(p) ≃ −.44(−.42), Δs = −.10 ± .03(−.22 ± .05), where the values in the parentheses correspond to α_D = (D/D + F ) = .58. At the same time, the problem of difference of the following two expressions

F − D = (g_a/g_v)^{exp}(Σ� → N) = −.34 ± .02, (13) F − D = (g_a/g_v)^{exp}(N → P ) − √ 6g^{exp}_a (Σ → Λ) = −.19 ± .04, (14)

of which we prefer the second one when we postulate α^{ax}_D = α^{mag}_D , remains open.The intriguing possibility can, however, be mentioned that the numerical value of the (g_a/g_v)^{exp}(Σ� → N), coinciding with Eq.(14), was in fact found in [13], if the weak–electric dipole form factor, referred as one of the second class current effects, is included in the joint analysis of all experimental data. To conclude:

1. The deviation of the ratio F/D = .69, Eq.(12), from the SU(6) –value 2/3 shows, that despite the validity of the celebrated SU(6)–ratio μ(P )/μ(N) = −3/2, the SU(6)–symmetry is strongly broken. The importance of taking into account the nonvalence degrees of freedom in relevant parametrization of the observables within the (broken) internal symmetries is demonstrated.

2. The new more accurate angular correlation measurements in different Y → Nlν– decays could give, as exemplified in [13], very important information on second–class currents and new values of the g_A.

3. The current and forthcoming measurements of the flavour-separated Δq’s are of indispensable value to discriminate between different approaches to the spin phenomena at high energies.

References

[1] Particle Data Group, Phys. Rev. D 45, II.25 (1992).

[2] G.Karl, Phys. Rev. D45 (1992) 247.

[3] S.B.Gerasimov, Phys.Lett. B 357 (1995) 666.

[4] S.B. Gerasimov, Chinese Journ. of Phys. 34 (1996) 848.

[5] T.P.Cheng and L.F.Li, Preprint CMU-HEP95-15, hep-ph /9510, 1995.

[6] S.B.Gerasimov, Yad.Fiz. 29 (1979) 513.

[7] S.B. Gerasimov, ZhETF 50 (1966) 1559. [8] M.Musolf et al., Phys. Rep. 239 (1994) 1.

[9] S.B.Gerasimov, in Relativistic Nuclear Physics and Quantum Chromodynamics, Proc.

of the 11th Int. Seminar on High Energy Physics Problems, Eds. A.M.Baldin and V.V.Burov, Dubna, JINR, 1994, p.79.

[10] Spin Muon Collab.,B.Adeva et al., Phys.Lett. B320 (1994) 400. [11] P.G.Ratcliffe, Phys.Lett, B242 (1990) 271;ibid., B365 (1996) 383. [12] M.Roos, Phys.Lett. B246 (1990) 179. [13] S.Y.Hsueh et al., Phys.Rev. D38 (1988) 2056.