arXiv:1108.3869v1 [hep-ph] 18 Aug 2011

GPD and PDF modeling in terms of effective light-cone wave functions

Dieter Mueller^{1∗} and Dae Sung Hwang^†

∗Nuclear Science Division, Lawrence Berkeley National Laboratory, Berkeley, CA 94720 †Department of Physics, Sejong University, Seoul 143–747, South Korea

Abstract. We employ models from effective two-body light-cone wave functions (LCWFs) to provide a link between generalized parton distributions (GPDs) and unintegrated parton distribution functions (uPDFs). Since we utilize the underlying Lorentz symmetry, GPDs can be entirely obtained from the parton number conserved LCWF overlaps. This also allows us to derive model constraints among GPDs. We illustrate that transversity distributions may be rather sizeable.

Keywords: GPDs, unintegrated PDFs, overlap representation of LCWFs, spectator quark model PACS: 11.30.Cp, 12.39.Ki, 13.40.Gp, 13.60.Fz

INTRODUCTION

In the field theoretical study of the hadron structure the light-cone Hamiltonian approach [1, 2, 3] is rather inspiring, since it describes a hadron in terms of partonic, i.e., quark and gluon, degrees of freedom. Thereby, the LCWFs ψ^S_n (X_i,k_{⊥i},s_i) are the probability amplitudes for their corresponding n-parton states |n, p^+_i ,k_{⊥i},s_i⟩, which build up the proton state with spin projection S = {+1/2(⇒),−1/2(⇐)} along the z-axis: |P,S⟩ = ∑_n ∫ [dX d^2k_⊥]_n n ∏_{j=1}^{1√}_{X j}^{ψS}n^{(X}i^{,k}⊥i^{,s}i^{)|n,X}i^{P+,X}i^P⊥^{+ k}⊥i^{,s}i^{⟩. (1)}

Here, the parton i has longitudinal momentum fraction X_i, transverse momentum X_iP_⊥ + k_{⊥i}, spin projection s_i, and [dX d^2k_⊥]_n denotes the n-parton phase space, cf. [4]. The LCWFs have been used for the investigation of the hadron properties [3] and the LCWF overlap representation of GPDs was studied in [5, 6, 7, 4].

When we consider a scalar–diquark spectator model, we have only four LCWFs [4],

Ψ^⇒_→ = m + XM M √ 1 − X √ ρ(λ )ϕ(X,k_⊥|λ ), Ψ^⇒_← = −k^1 − ik^2 M √ 1 − X √ ρ(λ )ϕ(X,k_⊥|λ ), (2) Ψ^⇐_← = m + XM M √ 1 − X √ ρ(λ )ϕ(X,k_⊥|λ ), Ψ^⇐_→ = k^1 − ik^2 M √ 1 − X √ ρ(λ )ϕ(X,k_⊥|λ ), (3) in terms of one effective LCWF ϕ(X,k_⊥|λ ), which we weight with the square root of the spectral density ρ(λ ). Here, λ is the scalar diquark spectator mass, m is the struck

1 Talk given by D.M. at the XIX International Workshop on Deep-Inelastic Scattering and Related Subjects, April 11-15, 2011, Newport News, USA.

quark mass, and M is the proton mass. In (2–3) the proton has its spin projection (⇒) or (⇐) along the z-axis, and the constituent quark state has the aligned (→) or opposite (←) spin projection and the orbital angular momentum projection L^z = 0 or L^z = ±1.

LCWF OVERLAP AND GPD CONSTRAINTS

We define in our model the scalar LCWF overlap in the outer region x ≥ η as Φ(x ≥ η,η,Δ_⊥,k_⊥) = ∫ dλ^2 ρ(λ^2) 1 − x ϕ^∗ ( x − η 1 − η ,k_⊥ − 1 − x 1 − η Δ_⊥ | | |λ ) ϕ ( x + η 1 + η ,k_⊥ | | |λ ) , (4)

which represents a unintegrated GPD (uGPD). In the forward limit, i.e., Φ(x,k_⊥) ≡ Φ(x,η = 0,Δ_⊥ = 0,k_⊥) , it reduces to a uPDF, and the integration over k_⊥ gives a GPD or a PDF. Since various partonic quantities can be expressed in terms of the LCWF overlap (4), we have their model dependent relations, for example, the relations among the uPDFs which were extensively studied, see, e.g., Ref. [8] and references therein.

To construct the GPD in the central region, i.e., |x| ≤ η, it is useful to employ the double distribution (DD) representation [9, 10], which reads in the unintegrated form as Φ(x,η,Δ_⊥,k_⊥) = ∫ 1 0 dy ∫ 1−y −1+y

dz δ (x − y − zη) ∫ dλ^2 ρ(λ^2)Φ̂ ( y,z,t,k_⊥ | |λ), (5) where k_⊥ = k_⊥ −(1−y+z)Δ_⊥/2 and Φ̂ is the Laplace transform of the LCWF overlap, Φ̂(y,z,t,k_⊥ | |λ ) = 1 2 ∫ ∞ 0 dAA φ^∗ ( A 1 − y + z 2 ) φ ( A 1 − y − z 2 ) (6) ×exp { −A [ (1 − y) m^2 M^2 + y λ^2 M^2

− y(1 − y) − [ (1 − y)^2 − z^2 ] t 4M^2 + k^2_⊥ M^2 ]} , which depends besides the mass parameters also on the functional form of the reduced LCWF φ(α). Note that this representation is inspired from a commonly used spectator quark model, which can be expressed in terms of a triangle diagram.

The eight twist-two GPDs F ∈ {H,E, ~H, ~E,H_T,E_T, ~H_T, ~E_T} can be straightforwardly expressed in terms of the scalar LCWF overlap [4], e.g., in the chiral odd sector:

F_T(x,η,t) = ∫ 1 0 dy ∫ 1−y −1+y

dz δ (x − y − ηz) f_T(x,η,t), (7)

where the DDs are given in terms of the scalar LCWF overlap (5), integrated over k_⊥:

h_T = [( m M + y )_2 − ( (1 − y)^2 − z^2 ) t 4M^2 ] Φ̂(y,z,t), ~h_T = −[(1 − y)^2 − z^2]Φ̂(y,z,t), (8)

e_T = 2 [(m M + y ) (1 − y) + (1 − y)^2 − z^2 ] Φ̂(y,z,t), ~e_T = 2 ( m M + y ) zΦ̂(y,z,t). (9)

FIGURE 1. Our Regge improved power-like (dash-dotted), exponential (dashed) LCWF, and HM07 (dotted) [4] models are displayed for valence quark GPDs F^{sca} = 2F^{uval} /3 − F^{dval} /3 at η = x and t = −0.2GeV^2 versus X = 2x/(1 + x). Upper [lower] panels from left to right: xH [xE] , ~H [x^2 ~E], H_T [xE_T/2], and − ~H_T [x ~E_T].

The factor (m/M + y)^2 in h_T arises from the diagonal L^z = 0 LCWF overlap, while the t-dependent part comes from an overlap of L^z = +1 and L^z = −1 LCWFs (ΔL^z = 2). The ~h_T DD is entirely induced from a ΔLz = 2 LCWF overlap and it is related to the so-called "pretzelosity" uPDF. The ~e_T DD contains a |L^z| = 1 and L^z = 0 overlap (ΔL^z = 1) and e_T DD contains both ΔL^z = 1 and ΔL^z = 2 overlaps.

Obviously, we can write down various relations among different DDs and express the chiral odd ones by the chiral even ones. Let us consider here only the chiral odd GPDs

H_T = H_T − t 4M^2

~H_T , E_T = E_T + 2 ~H_T , (10)

in which the ΔL^z = 2 overlap is removed. In any scalar diquark model these chiral odd GPDs differ from the chiral even ones by a η proportional term, which is given by ~E_T:

H_T (x,η,t)^{mod}= 1 2 [ H + ~H − η ~E_T ] (x,η,t), E_T(x,η,t)^{mod}= E(x,η,t) + η ~E_T(x,η,t).(11)

The chiral odd GPD ~E_T vanishes by itself in the zero-skewness case, since the corresponding DD (9) is odd in z. Hence, for small or moderate η values both GPDs (11) are approximately given by the corresponding chiral even GPDs.

MODEL PREDICTIONS FOR CHIRAL ODD GPDS

Assuming SU(6) symmetry, let us now provide some GPD predictions for the scalar diquark contents, which have the quark combination 2u/3 − d/3. Taking the functional form of the reduced LCWF, which enters in the unintegrated DD (6), as

φ^{pow.}(α) = gα^{p+α/2} MΓ(1 + p + α/2)

, φ^{exp.}(α) = g M δ (α − Ā), (12) and adopting a Regge inspired form for the spectral density [11]

ρ_α (λ ,λ_{cut}) = θ(λ^2 − λ^2_{cut})

(λ^2 − λ^2_{cut})^{α−1} Γ(α)M^{2α} , (13)

we build three models, two with power-like and one with exponential k_⊥ fall-off. Here, g is the coupling of the struck quark to the spectator system, p determines the powerlike fall-off of k_⊥-dependence, α is taken to be close to the ρ Regge trajectory or, alternatively, set to zero, and A determines the slope of the exponential k_⊥-dependence. All these parameters together with the struck quark mass and the spectator threshold λ_{cut} are fitted to the functional shape of PDFs and form factors, where our Regge improved power-like model provides a good agreement. The GPD predictions for the eight twisttwo GPDs at the cross-over line η = x are shown in Fig. 1. Note that this quantity determines at leading order the imaginary part of hard exclusive amplitudes, where the real part can be obtained from a partonic dispersion relation. As one realizes, the chiral odd quantities, including the "pretzelosity" related ~H_T GPD, are rather sizeable.

CONCLUSIONS

Utilizing the underlying Lorentz symmetry through the DD, parton number conserved LCWF overlap representations are employed to model GPDs in the entire momentum fraction region. In a scalar diquark model one finds easily relations among GPDs which are the analogies to the relations among uPDFs. Moreover, the unintegrated DD given in (6) tells us that in such models t-dependency in GPDs and k_⊥-dependency in uPDFs are tied to each other, however, a one-to-one correspondence can be obtained only when the DD is concentrated at one specific z value, e.g., z = 0. Finally, effective LCWF overlap representations may become a useful phenomenological tool to quantify the partonic contents in a global fitting procedure to both exclusive and inclusive observables.

ACKNOWLEDGMENTS

DM is indebted to the members of the Nuclear Science Division at the Lawrence Berkeley National Laboratory for the warm hospitality during his visit. He is grateful to H. Avakian, P. Schweitzer, and F. Yuan for stimulating discussions. This work was supported in part by Korea Foundation for International Cooperation of Science & Technology (KICOS) and National Research Foundation of Korea (2011-0005226).

REFERENCES

1. S. D. Drell, D. J. Levy, and T.-M. Yan, Phys. Rev. Lett. 22, 744–748 (1969). 2. S. J. Brodsky, and S. D. Drell, Phys. Rev. D22, 2236 (1980).

3. S. J. Brodsky, H.-C. Pauli, and S. S. Pinsky, Phys. Rept. 301, 299–486 (1998), hep-ph/9705477. 4. D. S. Hwang and D. Müller, Phys. Lett. B660, 350–359 (2008), arXiv:0710.1567. 5. S. J. Brodsky, M. Diehl and D. S. Hwang, Nucl. Phys. B596, 99 (2001), hep-ph/0009254. 6. M. Diehl, T. Feldmann, R. Jakob and P. Kroll, Nucl. Phys. B596, 33 (2001), hep-ph/0009255.

7. A. Mukherjee and et al., Phys. Rev. D67, 073014, (2003), hep-ph/0205315. 8. H. Avakian and et al., Mod.Phys.Lett. A24, 2995–3004 (2009), arXiv:0910.3181. 9. D. Müller and et al., Fortschr. Phys. 42, 101 (1994), hep-ph/9812448. 10. A. V. Radyushkin, Phys. Rev. D56, 5524 (1997), hep-ph/9704207. 11. P. V. Landshoff, and J. C. Polkinghorne, Phys. Rept. 5, 1–55 (1972).