Investigation of single spin asymmetries in semi-inclusive pion electroproduction

K.A. Oganessyan^{ab∗}, N. Bianchi^a, E. De Sanctis^a, W.-D. Nowak^c

aINFN-Laboratori Nazionali di Frascati, via Enrico Fermi 40, I-00044 Frascati, Italy

bDESY, Notkestrasse 85, 22603 Hamburg, Germany

cDESY Zeuthen, Platanenallee 6, D-15738 Zeuthen, Germany

The azimuthal single target-spin asymmetries for π^+ production in semi-inclusive deep inelastic scattering of leptons off longitudinally polarized protons are evaluated using two main approaches available in the literature (see, e.g. Ref. [1]). It is shown that the approximation where the twist-2 transverse quark spin distribution in the longitudinally polarized nucleon is small enough to be neglected leads to a consistent description of all existing asymmetries observed by the HERMES experiment. A possibility to access the transverse distribution function through the measurement of single spin azimuthal asymmetry in semi-inclusive single pion leptoproduction on a transversely polarized target is also discussed.

There are two main approaches in the literature which aim at explaining the experimental data:

(i) The approximation where the twist-2 transverse quark spin distribution in the longitudinally polarized nucleon, h^{⊥(1)}_{1L} (x), is considered small enough to be neglected [2–5]. This results in good agreement with the Bjorken-x behavior of the sinϕ and sin2ϕ asymmetries observed at HERMES. Note, that this does not require the twist-3 interactiondependent part of the fragmentation function, H̃(z), to be zero.

(ii) The approximation where the contribution of the interaction-dependent twist-3 term, h̃_L(x), in the distribution function h_L(x) is assumed to be negligible, but H̃(z) is not constrained [3].

Another approximation, where only the twist-2 distribution and fragmentation functions are used, i.e. the interaction-dependent twist-3 parts of distribution and fragmentation functions are neglected, was proposed earlier [7,8]. For certain values of parameters this results in good agreement with the HERMES data [9]. However, it leads to the inconsistency that all T-odd fragmentation functions would be required to vanish [10,11]. Thus, we do not consider it.

The transversity distribution h_1(x) measures the probability to find a transversely polarized quark in a transversely polarized nucleon (see, e.g., Ref. [12]). One of the possibilities to access the transversity in one-hadron inclusive deep inelastic scattering off

∗e-mail: kogan@hermes.desy.de

Figure 1. The single target-spin asymmetry A^{sin ϕ}_{UL} for π^+ production as a function of Bjorken-x and z, evaluated using M_C = 2m_π and η = 0.8. The results obtained within approaches (i) and (ii) are denoted by pairs of full and dashed lines, respectively. For each approach two curves are presented corresponding to h_1 = g_1 (lower curve) and h_1 = (f_1 + g_1)/2 (upper curve). HERMES data are from Ref. [9,13].

transversely polarized nucleons is to measure the azimuthal angular dependences in the production of spin-0 or (on average) unpolarized hadrons, which shows up as sin(ϕ_h + ϕ_S) dependence [14], where ϕ_S is the azimuthal angle of the target spin vector.

In Fig. 2 the curves have been calculated by integrating over the HERMES kinematic range. From Fig. 2 one can see that the single transverse-target-spin asymmetry expected to be quite large. At HERMES kinematics (⟨x⟩ ≈ 0.1, ⟨z⟩ ≈ 0.4) it amounts to (4 ÷ 7)%. The HERMES experiment using a transversely polarized proton target will be able to extract h_1(x) in a simple way proposed in Ref. [15]. Actually, the combined results of HERMES (on transversely polarized target) and COMPASS should give quite precise information on transverse distribution functions soon.

REFERENCES

1. K.A. Oganessyan, N. Bianchi, E. De Sanctis, W.-D. Nowak, hep-ph/0010261. 2. D. Boer, hep-ph/9912311.

3. M. Boglione and P.J. Mulders, Phys. Lett. B478 (2000) 114. 4. A.V. Efremov, hep-ph/0001214.

5. E. De Sanctis, W.-D. Nowak, and K.A. Oganessyan, Phys. Lett. B483 (2000) 69. 6. M. Anselmino and F. Murgia, hep-ph/0002120.

7. A.M. Kotzinian, K.A. Oganessyan, A.R. Avakian, and E. De Sanctis, Nucl. Phys.

A666-667 (2000) 290.

8. A.V. Efremov, M. Polyakov, K. Goeke, and D. Urbano, Phys. Lett. B478 (2000) 94.

Figure 2. The single target-spin asymmetry A^{sin(ϕh+ϕS )}_{UT} for π^+ production as a function of Bjorken-x and z, evaluated using M_C = 2m_π and η = 0.8. Two curves are corresponded to h_1 = g_1 (lower curve) and h_1 = (f_1 + g_1)/2 (upper curve).

9. HERMES Collaboration, A. Airapetian, et.al, Phys. Rev. Lett. 84 (2000) 4047. 10. P.J. Mulders and R.D. Tangerman, Nucl Phys. B461 (1996) 197. 11. A. Schaefer and O.V. Teryaev, Phys. Rev. D61 (2000) 077903. 12. Review talk by R.L. Jaffe, this workshop.

13. D. Hasch, for the HERMES collaboration, 35th Rencontres de Moriond: QCD and Hadronic Interactions, Les Arcs, France, March 18 - 25, 2000.

14. J. Collins, Nucl. Phys. B396 (1993) 161.

15. V.A. Korotkov, W.-D. Nowak, and K.A. Oganessyan, hep-ph/0002268; DESY 99-176.