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Abstract. We derive a unique formula for the single-transverse-spin asymmetry in semi-inclusive 
hadron production in deep inelastic scattering, valid for all transverse momentum region. Based on 
this, we further study the integrated asymmetry weighted with transverse-momentum. They can be 
evaluated in terms of the twist-three quark-gluon correlation functions, which are responsible for 
the single spin asymmetry in single inclusive hadron production in hadronic collisions. By using 
the fitted twist-three functions from the hadronic collision data, we find a consistent description for 
SSAs in deep inelastic scattering. This demonstrates that we have a unique picture for SSAs in these 
two processes, and shall provide important guidelines for future studies. 
Keywords: Single transverse-spin asymmetries 
PACS: 12.38.Bx, 12.39.St, 13.85.Qk 

Single-transverse spin asymmetry (SSA) is a novel phenomena in hadronic reactions 
[l], and has long been observed in various processes [2, 31. Recent experimental ac- 
tivities have motivated much theoretical developments for understanding the underly- 
ing physics associated with SSA phenomena. Two mechanisms have been proposed in 
Quantum Chromodynamics (QCD) to explain the large size of SSAs. One follows the 
collinear (CO) QCD factorization approach, and presents the SSAs in terms of spin- 
dependent twist-three quark-gluon correlation functions [4,5]. The other explicitly con- 
nects the SSAs to spin dependence of partons' transverse motion in a polarized pro- 
ton, and expresses the SSAs in terms of naive time-reversal-odd (T-odd) and transverse- 
momentum dependent (TMD) parton distributions [6,7]. 

In our recent publications [8], we have shown that these two mechanisms are unified 
for the SSA in the semi-inclusive hadron production in Deep Inelastic Scattering (SIDIS) 
and Drell-Yan lepton pair production in hadronic collisions. For example, in SIDIS, 
at large P ~ J -  - Q, the quark-gluon correlation approach applies. At small Phl << Q, a 
factorization in terms of TMD parton distribution applies [9], involving in case of the 
SSA the Sivers functions. If P,, is much larger than AQCD, the dependence of these 
functions on transverse momentum may be computed using QCD perturbation theory. 
At the same time, the result obtained within the twist-three formalism may also be 
extrapolated into the regime AQCD << Phl << Q, and we demonstrated that the result 
of this extrapolation is identical to that obtained using the TMD approach [8]. In this 
sense, we have unified the two mechanisms widely held responsible for the observed 
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SSAs. 
The differential cross section for SIDIS at P h l  << Q can be written as, 

where 00 = 4na&S,,/Q4 x (1 - y + y2/2)XBy and @S and @h are the azimuthal angles 
of the proton's transverse polarization vector and the transverse momentum vector of 
the final-state hadron, respectively. Here the azimuthal angles are defined in the so-call 
virtual photon frame where the virtual photon is moving in the +z direction. Fuu and 
Fsivers UT depend. on, the kinematical variables, XB, q2, Q2, y, and Phi. According to the 
Th4D factorization formalism, these structure functions can be factorized into products 
of TMD parton distributions and fragmentation functions, and soft and hard parts. For 
example, F $ F  has the following factorized form [9]: 

where ? h l  is a unit vector in direction of 4 1 ,  and 4 and q~ are unpolarized quark 
fragmentation function and the Sivers TMD quark distribution, respectively. 

At large transverse momentum Phi> AQCD, we can calculate the same quantity using 
the twist-three quark-gluon correlation functions [SI. Based on the results in [8], we can 
write down a unique formula for the transverse momentum dependence. Following the 
procedure of [lo], the differential cross section for the spin dependent SIDIS process 
can be written as, ~ 

which is valid to all transverse momentum region at leading power of l/Q2 [lo]. In the 
above equation, the first term comes from the TMD factorization formalism, and second 
t e h  from the collinear factorization with the twist-three quark-gluon correlations con- 
tributions. The second term will dominate the SSA at large transverse momentum, and 
its Pl-dependence can be calculated from perturbative QCD. On the other hand, at low 
transverse momentum P,, << Q, the second term vanishes, because the two contribu- 
tions are exactly the same in this limit, and cancel out each other. Experimentally, if we 
can study the transverse momentum dependence of the SSA for a wide range, we shall 
explore the transition from perturbative region to the nonperturbative region. 

Currently, the experimental study in SIDIS has limited access to the large transverse 
momentum SSA, and most of the data are in the low transverse momentum region, 
where the TMD formalism dominates. In phenomenological studies, in order to compare 
with the experimental data, one has to make a model assumption for the Pl-dependence 
of the distribution and fragmentation functions [ll]. However, one can further study 



the transverse momentum weighted single spin asymmetries, where the pL-integral for 
various factors in the factorization formula (2) decouple from each other without detailed 
modelling for the Pl-dependence [12], and the differential cross section can be written 
as 

where TF (x) is the Qiu-Sterman matrix element of the quark-gluon correlation function, 
and is defined as [5] 

and it is related to the kL-moment of the TMD quark Sivers function as [13], 

where gs is the strong coupling constant. And then, the Pl-weighted SSA can be 
calculated, 

The quark-gluon correlation functions T; have recently been fit to the single inclusive 
hadron SSA in hadronic collisions [ 141, with the following parameterizations, 

T$(x) =N,P"(l -x)'3"qu(x) , (8) 
where qU(x) is the unpolarized quark distribution for flavor a. Two sets of fit were ob- 
tained: one with two-flavor fit for u- and d-quark only; other one for both the valence and 
sea flavors. For details, please refer to [14]. In Fig. 1, we compare our predictions for the 
Pl-weighted SSA in SIDIS from Eq. (7) with the fitted T; from [14] to the preliminary 
experimental data from HERMES collaboration [ 151. From these comparisons, we find 
both fits' predictions roughly agree with the experimental data 2 ,  especially for the signs. 

This is a very nontrivial comparison, because the SSA in DIS comes from the final 
state interaction, whereas in hadronic reactions both initial and final state interactions 
contribute and they weight with different hard factors especially the color factors [14]. 
All these effects have to be taken into account to achieve the above comparison. In other 
words, it is the nontrivial physics (induced by the initialhnal state interactions) that 
leads to the consistent description for the single spin asymmetries in both processes. 
This demonstrates that we indeed have a unique picture for single transverse spin 
asymmetries in DIS and hadronic collisions. 

We thank collaborations and dlscussions with Xiangdong Ji, Jianwei Qiu, and Werner 
Vogelsang. 
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These data have also been fitted to the quark Sivers functions in [ 161. 
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FIGURE 1. QL-weighted SSAs in SIDIS calciilated from the quark-gluon correlation fiinctions T,$, 
which were fitted to SSA data in hadronic experiments. The predictions are compared to the preliminary 
data from HERMES [15]. The solid line represents the resiiltsfi'om the Fit Iparaineterizations for TF, and 
the dashed line for  Fit II [14]. 
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