arXiv:0901.2539v1 [hep-ph] 16 Jan 2009

Trigluon correlations and single transverse spin asymmetry in open charm production

Zhong-Bo Kang and Jian-Wei Qiu

Department of Physics and Astronomy, Iowa State University, Ames, IA 50011, USA

Abstract. We study the single transverse-spin asymmetry for open charm production in the semiinclusive lepton-hadron deep inelastic scattering (SIDIS) and pp collision. Within collinear factorization approach, we find that the asymmetry is sensitive to the twist-3 trigluon correlation functions in the proton. With a simple model for the trigluon correlation functions, we estimate the asymmetry in SIDIS for both COMPASS and eRHIC kinematics, as well as in pp collision at RHIC energy. We discuss the possibilities of extracting the trigluon correlation functions in these experiments.

Keywords: Single transverse spin asymmetry, trigluon correlations, open charm production PACS: 12.38.Bx, 12.39.St, 13.88.+e, 14.40.Lb

INTRODUCTION

Large single transverse-spin asymmetries (SSAs) have been consistently observed in various experiments at different collision energies. From the parity and time-reversal invariance of the strong interaction dynamics, the measured large asymmetries in high energy collisions should be directly connected to the transverse motion of partons inside a polarized hadron. Understanding the QCD dynamics behind the measured asymmetries should have the profound impact on our knowledge of strong interaction and hadron structure.

Within the QCD collinear factorization formalism for the cross sections with a large momentum transfer, the observed phenomenon of SSAs are attributed to three-parton correlations inside a polarized hadron. For the leading order gluonic pole contribution to the SSAs [1, 2], the relevant partonic correlations are given by the twist-3 quark-gluon correlation function

T_{q,F} (x,x) = ∫ dy− 1 dy^−_2 4π e^{ixP+y−1} ⟨P,s_T |ψ̄_q(0)γ^+ [ ε^{sT σnn̄}F^+_σ (y^−_2 ) ] ψ_q(y^−_1 )|P,s_T ⟩, (1)

and by a twist-3 trigluon correlation function [3, 4, 5],

T_G(x,x) = ∫ dy− 1 dy^−_2 2π e^{ixP+y−1} 1 xP^+

⟨P,s_T |F^+_α (0) [ ε^{sT σnn̄}F^+_σ (y^−_2 ) ] F^{α+}(y^−_1 )|P,s_T ⟩. (2)

There is a quark-gluon correlation function, T_{q,F} , for each quark (anti-quark) flavor q (q̄), and there are two independent trigluon correlation functions, T^{( f )}_G (x,x) and T^{(d)}_G (x,x), because of the fact that the color of the three gluon field strengths in Eq. (2) can be neutralized by contracting with either the antisymmetric i f^{ABC} or the symmetric d^{ABC} tensors with color indices, A, B, and C [3, 4, 5]. For the high order gluonic pole contribution as well as the fermionic pole contribution [1, 2], another set of quark-gluon and trigluon correlation functions is also relevant [6].

In this talk, we present the calculation of the leading gluonic pole contribution to the SSA of open charm production in both the SIDIS and pp collisions. We explore the role of the trigluon correlation functions in generating the SSA of D (or D̄) mesons.

SINGLE TRANSVERSE-SPIN ASYMMETRY IN SIDIS AND pp COLLISION

We first study the SSAs in SIDIS, e(ℓ) + p(P,s_⊥) → e(ℓ^′) + h(P_h) + X, with s_⊥ the transverse spin vector of the initial hadron and h the observed D or D̄ meson . We work in the approximation of one-photon exchange, and define the virtual photon momentum q = ℓ − ℓ^′ and its invariant mass Q^2 = −q^2. We adopt the usual SIDIS variables:

S_{ep} = (P + ℓ)^2, x_B =

Q^2 2P · q

, y =

P · q P · ℓ = Q^2 x_BS_{ep}

, z_h =

P · P_h P · q

. (3)

The single transverse-spin asymmetry is defined as

A_N = σ(s_⊥) − σ(−s_⊥) σ(s_⊥) + σ(−s_⊥) = dΔσ(s_⊥) dx_Bdydz_hdP^2_{h⊥}dϕ / dσ dx_Bdydz_hdP^2_{h⊥}dϕ

, (4)

where ϕ is the azimuthal angle between the hadron plane defined by initial- and finalhadron and the lepton plane defined by the initial- and final-lepton.

Within the collinear factorization formalism, the leading order contribution for open charm production comes from the photon-gluon fusion subprocess at the partonic level. The single transverse-spin-dependent cross section for D meson production can be written as

dΔσ(s_⊥) dx_Bdydz_hdP^2_{h⊥}dϕ

= σ_0 ∫ 1 x_{min} dx ∫ dz z D(z)δ ( P^2_{h⊥} z^2_h − (1 − x̂)(1 − ẑ) x̂ẑ

Q^2 + ẑ^2m^2_c )

× ( 1 4 )[ ε^{Phs⊥nn̄} (√ 4πα_s zt̂ ) ( 1 + t̂ û )]

× ∑_{j= f ,d}^4∑_{i=1}^Ai [ −x d dx ( T^{( j)}_G (x,x) x ) Ŵ_i + ( T^{( j)}_G (x,x) x ) N̂_i ] , (5)

where σ_0 = e^2_c α^2_{em}α_sy/(8πz^2_hQ^2), x̂ = x_B/x, ẑ = z_h/z, and e_c and m_c are the fractional charge and mass of the charm quark, respectively. The spin-averaged cross section dσ, and the functions A_i, Ŵ_i and N̂_i are given in Ref. [4]. From Eq. (5), we find that the SSA for D meson production is proportional to T^{( f )}_G + T^{(d)}_G . We also calculate the SSA for D̄ meson production, and find that the SSA for D̄ has the same functional form as that for the D meson produciton except the sum of the trigluon correlation functions, T^{( f )}_G + T^{(d)}_G , is replaced by T^{( f )}_G − T^{(d)}_G . That is, the D and D̄ meson production should have the same SSA if T^{(d)}_G = 0, but, with an opposite sign if T^{( f )}_G = 0. If both trigluon correlations vanish, there should be no significant SSA for open charm production in SIDIS.

The fully differential cross sections can be decomposed in terms of the independent angular distributions as follows, dσ dx_Bdydz_hdP^2_{h⊥}dϕ

= σ^U_0 + σ^U_1 cosϕ + σ^U_2 cos2ϕ, dΔσ dx_Bdydz_hdP^2_{h⊥}dϕ

= sinϕ_s (Δσ_0 + Δσ_1 cosϕ + Δσ_2 cos2ϕ). (6)

In order to present the SSA and its angular dependence on the ϕ, we introduce the ϕ-integrated single spin azimuthal asymmetries: ⟨1⟩ = Δσ_0/σ^U_0 , ⟨cosϕ⟩ = Δσ_1/2σ^U_0 , ⟨cos2ϕ⟩ = Δσ_2/2σ^U_0 [4]. To estimate these SSAs, we adopt the model for trigluon correlation functions T^{( f ,d)}_G introduced in Ref. [4]. In Fig. 1 we plot the SSAs (only the contribution from T^{( f )}_G ) as a function of z_h for the COMPASS (left) and eRHIC (right) kinematics. The SSA, ⟨1⟩, is of the order of 10% (5%), which could be measurable at the COMPASS (eRHIC) experiment. If the contribution from T^{(d)}_G is also included, the SSAs for D meson will be doubled if T^{(d)}_G = T^{( f )}_G and vanish if T^{(d)}_G = −T^{( f )}_G . However, the situation will be opposite for D̄ meson. So the difference between the SSAs of D and D̄ production can uniquely separate contributions from these two trigluon correlation functions, unless both vanish.

FIGURE 1. The SSAs for D^0 production in SIDIS for COMPASS (left) and eRHIC (right) kinematics. The curves are: solid-⟨1⟩, dashed-⟨1⟩ with derivative-term only, dot-dashed-⟨cosϕ⟩, and dotted-⟨cos2ϕ⟩.

The SSAs for open charm production in hadronic pp collisions can also be calculated similarly. Different from SIDIS process, both quark-gluon correlation function T_{q,F} (x,x) and trigluon correlation functions T^{( f ,d)}_G (x,x) will contribute to the SSAs at the leading order. Following the same feature as in SIDIS, the SSAs for D meson (D̄ meson) will depend on the sum (difference) of two trigluon correlation functions. In Fig. 2, we show the P_{h⊥}-dependence of the SSAs for both D and D̄ mesons at RHIC kinematics. The different curves correspond to different assumptions on the two trigluon correlation functions [5]. One can clearly see that the quark-gluon correlation functions alone (dashed lines) generate only a very small asymmetry. Therefore, the observation of any sizable SSAs would be a clear evidence of nonvanishing trigluon correlations inside a polarized proton [5]. Due to the different dependence on the trigluon correlation functions, the asymmetries and the difference in the asymmetries of D and D̄ meson production could be powerful observables for extracting both trigluon correlation functions inside a transversely polarized proton.

FIGURE 2. The SSA as a function of P_{h⊥} for D^0 (left) and D̄^0 mesons (right) at mid-rapidity, y = 0, and √ s = 200 GeV. The curves are: solid (T^{(d)}_G = T^{( f )}_G ), dashed (T^{( f ,d)}_G = 0), dotted (T^{(d)}_G = −T^{( f )}_G ).

In summary, we have studied the single transverse-spin asymmetries of D and D̄ meson production in both SIDIS and pp collisions. We found that two trigluon correlation functions play important but very different role in generating the SSAs for D and D̄ mesons. With data on SSAs for open charm production becoming available from RHIC [7] and perhaps in the future in SIDIS, we will be able to extract the trigluon correlation functions and to learn for the first time about the dynamics of quantum correlations of gluons inside a polarized proton.

Acknowledgements We thank Werner Vogelsang and Feng Yuan for discussions and collaborations. We also thank Ming Liu and Han Liu for correspondence on experimental measurements of SSAs in open charm production at RHIC. This work was supported in part by the U. S. Department of Energy under Grant No. DE-FG02-87ER40371.

REFERENCES

1. A. V. Efremov and O. V. Teryaev, Sov. J. Nucl. Phys. 36, 140 (1982) [Yad. Fiz. 36, 242 (1982)];

A. V. Efremov and O. V. Teryaev, Phys. Lett. B 150, 383 (1985).

2. J. W. Qiu and G. Sterman, Phys. Rev. Lett. 67, 2264 (1991); Nucl. Phys. B 378, 52 (1992); Phys.

Rev. D 59, 014004 (1999).

3. X. D. Ji, Phys. Lett. B 289, 137 (1992).

4. Z. B. Kang and J. W. Qiu, Phys. Rev. D 78, 034005 (2008) [arXiv:0806.1970 [hep-ph]]. 5. Z. B. Kang, J. W. Qiu, W. Vogelsang and F. Yuan, Phys. Rev. D 78, 114013 (2008) [arXiv:0810.3333 [hep-ph]].

6. Z. B. Kang and J. W. Qiu, arXiv:0811.3101 [hep-ph]; Y. Koike, W. Vogelsang and F. Yuan, Phys.

Lett. B 659, 878 (2008) [arXiv:0711.0636 [hep-ph]]; and references therein.

7. H. Liu [PHENIX Collaboration], talk presented at “The 18th International Symposium on Spin Physics (Spin 2008)”, Charlottesville, Virginia, Oct. 2008.