arXiv:hep-ex/0611053 v1 28 Nov 2006

Strange Quark Contribution to the Proton Spin, from Elastic⃗ep and ν p Scattering

Stephen Pate

Physics Department, New Mexico State University, Las Cruces NM 88003, USA

Abstract. The strangeness contribution to the vector and axial form factors of the proton is presented for momentum transfers in the range 0.45 < Q^2 < 1.0 GeV^2. The results are obtained via a combined analysis of forward-scattering parity-violating elastic ⃗ep asymmetry data from the G^0 and HAPPEx experiments at Jefferson Lab, and elastic ν p and ν̄ p scattering data from Experiment 734 at Brookhaven National Laboratory. The combination of the two data sets allows for the simultaneous extraction of G^s_E , G^s_M, and G^s_A over a significant range of Q^2 for the very first time. Determination of the strange axial form factor G^s_A is vital to an understanding of the strange quark contribution to the proton spin.

Keywords: strange nucleon form factors PACS: 13.40.Gp,14.20.Dh

The strange quark contribution to the proton spin has been a subject of investigation ever since the first polarized inclusive deep-inelastic measurements of the spindependent structure function g_1(x) by EMC [1] demonstrated that the Ellis-Jaffe sum rule [2, 3] did not hold true. Subsequent measurements at CERN and SLAC supported the initial EMC measurements, and a global analysis [4] of these data suggested Δs ≈ −0.15. This analysis carries with it an unknown theoretical uncertainty because the deep-inelastic data must be extrapolated to x = 0 and an assumption of SU(3)-flavor symmetry^1 must be invoked.

In the meantime, the E734 experiment [5] at Brookhaven measured the ν p and ν̄ p elastic scattering cross sections in the momentum-transfer range 0.45 < Q^2 < 1.05 GeV^2. These cross sections are very sensitive to the strange axial form factor of the proton, G^s_A(Q^2), which is related to the strange quark contribution to the proton spin: G^s_A(Q^2 = 0) = Δs. Assuming the strange axial form factor had the same Q^2-dependence as the isovector axial form factor, E734 also extracted a negative value for Δs. However, this determination was hampered by the large systematic uncertainies in the cross section measurement, as well as a lack of knowledge of the strange vector form factors, and no definitive determination of Δs was possible — this conclusion was confirmed by subsequent reanalyses of these data [6, 7].

The HERMES^2 experiment [8] measured the helicity distribution of strange quarks, Δs(x), using polarized semi-inclusive deep-inelastic scattering and a leading order “purity” analysis, and found Δs(x) ≈ 0 in the range 0.03 < x < 0.3. This seems to disagree with the analysis of the inclusive deep-inelastic data. This disagreement could be due to

1 See talk by T. Yamanishi on SU(3)-symmetry-breaking effects. 2 See talk by H. Jackson.

a failure of one or more of the assumptions made in the analysis of the inclusive and/or the semi-inclusive data, or it could be due to a more exotic physics mechanism such as a “polarized condensate” at x = 0 not observable in deep-inelastic scattering [9].

On account of the apparent discrepancy between the two kinds of deep-inelastic data, another method is needed to shed light on the strange quark contribution to the proton spin. Recently [10] it has become possible to determine the strange vector and axial form factors of the proton by combining data from elastic parity-violating⃗ep scattering experiments at Jefferson Lab with the ν p and ν̄ p elastic scattering data from E734. The parity-violating ⃗ep data place constraints on the strange vector form factors that were not available for previous analyses of E734 data.

Several experiments^3 have now produced data on forward parity-violating ⃗ep elastic scattering [11, 12, 13, 14, 15, 16]. Of most interest here are measurements that lie in the same Q^2 range as the BNL E734 experiment, which are the original HAPPEx measurement [11] at Q^2 = 0.477 GeV^2 and four points in the recent G^0 data [14]. These forward scattering data are most sensitive to G^s_E , somewhat less sensitive to G^s_M, and almost completely insensitive to the axial form factors due to supression by both the weak vector electron charge (1 − 4sin^2 θ_W ) and by a kinematic factor that approaches 0 at forward angles.

The basic technique for combining the ⃗ep, ν p, and ν̄ p data sets has already been described [10] and the details of the present analysis will be published [17]. The results are displayed in Figure 1. The uncertainties in all three form factors are dominated by the large uncertainties in the neutrino cross section data. Since those data are somewhat insensitive to G^s_E and G^s_M then the uncertainties in those two form factors are generally very large. However the results for the strange axial form factor are of sufficient precision to give a hint of the Q^2-dependence of this important form factor for the very first time. There is a strong indication from this Q^2-dependence that Δs < 0, i.e. that the strange quark contribution to the proton spin is negative. However the data are not of sufficient quality to permit an extrapolation to Q^2 = 0, so no quantitative evaluation of Δs from these data can be made at this time.

It is interesting to compare these results with models that can calculate a Q^2- dependence for these form factors. Silva, Kim, Urbano and Goeke [18, 19, 20] have used the chiral quark soliton model (χQSM) to calculate G^s_{E,M,A}(Q^2) in the range 0.0 < Q^2 < 1.0 GeV^2. The χQSM has been very successful in reproducing other properties of light baryons using only a few parameters which are fixed by other data. In Figure 1 their calculation is shown as the solid line; it is seen to be in reasonable agreement with the available data, although the HAPPEx G^s_E point at Q^2 = 0.1 GeV^2 disfavors this calculation. Riska, An, and Zou [21, 22, 23] have explored the stangeness content of the proton by writing all possible uudss̄ configurations and considering their contributions to G^s_{E,M,A}(Q^2). They find that a unique uudss̄ configuration, with the s quark in a P state and the s̄ in an S state, gives the best fit to the data for these form factors; see the small-dotted curves in Figure 1. Bijker [24] uses a two-component model of the nucleon to calculate G^s_{E,M}(Q^2); the two components are an intrinsic three-quark structure and

3 See talks by R. Michaels and K. Nakahara.

FIGURE 1. Results of this analysis for the strange vector and axial form factors of the proton. Open circles are from a combination of HAPPEx and E734 data, while the closed circles are from a combination of G^0 and E734 data. [Open squares are from Ref. [16] and involve parity-violating ⃗ep data only.] The theoretical curves are from Ref. [18, 19, 20] (solid line), Ref. [23] (small-dotted line), and Ref. [24] (big-dotted line). There is not any calculation of G^s_A from Ref. [24].

a vector-meson (ρ, ω, and ϕ) cloud; the strange quark content comes from the meson cloud component. The values of G^s_{E,M}(Q^2) are in good agreement with the data, see the big-dotted line in Figure 1. In the near future, the G^0 experiment will provided additional data on G^s_{E,M}(Q^2) at 0.23 abd 0.63 GeV^2 which will help to discriminate between the χQSM and the models of Bijker and of Riska et al.

To provide a useful determination of Δs, better data are needed for both the form factors and the polarized parton distribution functions. Two new experiments have been proposed to provide improved neutrino data for the determination of the strange axial form factor. FINeSSE [25] proposes to measure the ratio of the neutral-current to the chargedcurrent νN and ν̄N processes. A measurement of R_{NC/CC} = σ(ν p → ν p)/σ(νn → μ^− p) and R̄_{NC/CC} = σ(ν̄ p → ν̄ p)/σ(ν̄ p → μ^+n) combined with the world’s data on forward-scattering PV ep data can produce a dense set of data points for G^s_A in the range 0.25 < Q^2 < 0.75 GeV^2 with an uncertainty at each point of about ±0.02. Another experiment with similar physics goals, called NeuSpin^4, is being proposed for the new J-PARC facility in Japan. It is also important to extend the semi-inclusive deep-inelastic data to smaller x and higher Q^2 so that the determination of the polarized strange quark distribution Δs(x) can be improved. A measurement of this type is envisioned [26, 27] for the proposed electron-ion collider facility. It is only with these improved data sets that we will be able to arrive at an understanding of the strange quark contribution to the proton spin.

ACKNOWLEDGMENTS

The author is grateful to S.D. Bass, H.E. Jackson, and D.O. Riska for useful discussions. This work was supported by the US Department of Energy.

REFERENCES

1. J. Ashman, et al., Nucl. Phys. B328, 1 (1989). 2. J. R. Ellis, and R. L. Jaffe, Phys. Rev. D9, 1444 (1974). 3. J. Ellis, and R. Jaffe, Phys. Rev. D 10, 1669–1670 (1974). 4. B. W. Filippone, and X.-D. Ji, Advances in Nuclear Physics 26, 1–88 (2001). 5. L. A. Ahrens, et al., Phys. Rev. D35, 785 (1987).

6. G. T. Garvey, W. C. Louis, and D. H. White, Phys. Rev. C48, 761–765 (1993). 7. W. M. Alberico, et al., Nucl. Phys. A651, 277–286 (1999). 8. A. Airapetian, et al., Phys. Rev. D71, 012003 (2005). 9. S. D. Bass, Rev. Mod. Phys. 77, 1257 (2005). 10. S. F. Pate, Phys. Rev. Lett. 92, 082002 (2004). 11. K. A. Aniol, et al., Phys. Rev. C69, 065501 (2004). 12. F. E. Maas, et al., Phys. Rev. Lett. 93, 022002 (2004). 13. F. E. Maas, et al., Phys. Rev. Lett. 94, 152001 (2005). 14. D. S. Armstrong, et al., Phys. Rev. Lett. 95, 092001 (2005). 15. K. A. Aniol, et al., Phys. Lett. B635, 275–279 (2006). 16. A. Acha, et al. (2006), nucl-ex/0609002.

17. S. F. Pate, D. W. McKee, and V. Papavassiliou (to be published). 18. A. Silva, H.-C. Kim, D. Urbano, and K. Goeke, Phys. Rev. D72, 094011 (2005). 19. K. Goeke, H.-C. Kim, A. Silva, and D. Urbano (2006), hep-ph/0608262. 20. A. Silva, H.-C. Kim, D. Urbano, and K. Goeke, Phys. Rev. D74, 054011 (2006). 21. B. S. Zou, and D. O. Riska, Phys. Rev. Lett. 95, 072001 (2005). 22. C. S. An, D. O. Riska, and B. S. Zou, Phys. Rev. C73, 035207 (2006). 23. D. O. Riska, and B. S. Zou, Phys. Lett. B636, 265–269 (2006). 24. R. Bijker, J. Phys. G32, L49–R216 (2006).

25. A Letter of Intent for a Neutrino Scattering Experiment on the Booster Neutrino Beamline: FINeSSE (http://www-finesse.fnal.gov/TheFINeSSEFNALLOI.html), The FINeSSE Collaboration, B.T. Fleming and R. Tayloe, spokespersons (2005).

26. U. Stösslein, and E. R. Kinney, AIP Conf. Proc. 588, 171–175 (2001).

27. A. Deshpande, R. Milner, R. Venugopalan, and W. Vogelsang, Ann. Rev. Nucl. Part. Sci. 55, 165 (2005).

4 See talk by Y. Miyachi.