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UNIFYING THE MECHANISMS FOR SINGLE SPIN
ASYMMETRIES IN HARD PROCESSES

FENG YUAN

RIKEN BNL Research Center, Building 510A, Brookhaven National Laboratory,
Upton, NY 11978

By studying the single transverse-spin asymmetry at the intermediate transverse
momentum region in hard processes, Drell-Yan and SIDIS, we demonstrated that
the two mechanisms proposed to explain the large SSAs are unified.

Single transverse-spin asymmetry (SSA) in high energy hadronic scat-
tering has a long history. The size of the observed asymmetries came
as a surprise and has posed a challenge for researchers in this field®.
Two mechanisms have been proposed in QCD to explain the the large
size of SSAs: One is the so-called (naive) time-reversal-odd (T-odd) and
transverse-momentum dependent (TMD) parton distributions?; and the
other follows the collinear QCD factorization approach and presents the
SSAs in terms of spin-dependent twist-three quark-gluon correlation func-
tions (ETQS mechanism)32. ‘

In our recent publications®, we demonstrated, at the first time, that
these two mechanisms are unified, by studying the SSAs at intermedi-
ated transverse momentum in semi-inclusive DIS (SIDIS) and Drell-Yan
processes. In both processes, At large ¢; ~ @, the ETQS mechanism ap-
plies, and the resulting SSA is of twist-three nature. At small ¢ < @,
a factorization in terms of TMD parton distribution applies ¢, involving
in case of the SSA the Sivers functions. If ¢, is much larger than Agcep,
the dependence of these functions on transverse momentum may be com-
puted using QCD perturbation theory. At the same time, the result ob-
tained within the ETQS formalism may also be extrapolated into the regime
Aqep < g1 ¥ @, and we demonstrated that the result of this extrapo-
lation is identical to that obtained using the TMD approach 5. In this
sense, we have unified the two mechanisms widely held responsible for the
observed SSAs.
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In this talk, I will present the result for SIDIS. In single transverse-spin
polarized deep inelastic scattering, the relevant leptonic tensor is defined as
Lrv (8, q) = 2 (00" + 44" — g#Q?/2), and the hadronic tensor W*” can
be decomposed into WH” = Ef=1 VW, 7. In this study, are primarily
interested in hadron productioncin an intermediate transverse momentum
region, Aqep < Phy < @, and we will investigate the limit Ppy < @ of
the ETQS result. In that limit, V7 alone provides the leading behavior, so
that all other terms than Vi will be neglected in the following discussions.

After summing over the contributions from all diagrams, we find the
transverse-spin dependent cross section can be-written as, in the limit of
Aqep X Pri < 6,

dAo(SL) _ngmsep of qo wPP as [ dzdz,
d:de‘de'hdzﬁh_L - Q* e (ﬁl%l)z 272 Tz q(z)
x {6 -1A+s¢-1)B} , (1)
where
1 ) . 1 -
e { [xé—a—;TF(x, m)] (14 &%) + T, xg)(T:%; @)
L (1—89%(26+1) -2 Ly 146
e e e
_ 142 o 22QP
B = CpTr(z,z) oo +26(f~1)In P,}%J : ,(3)

withZy=(1 -8z =z —2p.

On the other hand, when P,y < @, we know that a transverse-
momentum-dependent factorization applies 8. Following this reference, the
differential SIDIS cross section may be written as

: do _4mo? Sep
dzpdydzpd? Py Q*

2
(1 —y+ L)onsin(dn — ¢ SLIFG) ,(4)

where ¢g and ¢y are the azimuthal angles of the proton’s transverse po-
larization vector and of the transverse momentum vector of the final-state
hadron, respectively. F[(Jl% has the following factorized form 6:

F§) = Z 6§/d2EJ_d2ﬁJ_d2XJ_EJ_‘PhJ.QT (xB,ki)/Mp = (5)

g=u,d,s,...

o -l - o =
Xq (zn,pL) (S(M)> Hi1 (Q?) 6@ (Zhlu + 7L+ AL~ Ph.L) )
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Figure'l. The factorization arguments for the consistency between the two mechanisms:
left is a generic Feynman diagram in the twist-three quark-gluon correlation formalism;
and the right is the corresponding TMD factorization form decomposed into different
regions, (a) the Sivers function, (b) the fragmentaion function, and (c) the soft factor.

where ﬁh 1 is a unit vector in direction of ﬁh 1, and § and g are unpo-
larized quark fragmentation function and the Sivers TMD quark distri-
bution, respectively. We can compute the various factors in the factor-
ization formulas(5) at large transverse momentum (Pn; > Aqcp). The
unpolarized quark fragmentation functions is expressed in terms of the & -

integrated one,
1 ] . ]
2 ) (-1
1-8- il
where §(z) is the integrated quark fragmentation function and f = zp /2.
Similarly, the Sivers function at large k3 can also be calculated pertur-
batively. Because it is (naively) time-reversal-odd, the only contribution

comes from the twist-three quark-gluon correlation function. Tr. Carrying
out the calculations accordingly, we find ®

e p)=55 530r [ Fite)

A(I-T(ivB,k_L‘)="_—oii o {A+C’FTF(3: 2)8(6 1)( i 42~_1>}

An? (k%) k2

where A has been defined in Eq. (3) and where £ = zp/z. The Siver func-
tion for the Drell-Yan process can be calculated similarly, which is found
to be the same with an opposite sign®, as expected from its definition®.
This sign difference comes from the different directions of the gauge links
in the two processes: in DIS the gauge link arises from final-state interac-
tions and runs to positive light-cone infinity, while in Drell-Yan it is due to
initial-state interactions and goes to —oo.

_ In order to calculate the explicit Pj -dependence generated by the TMD
factorization, we let one of the transverse momenta k 1., DL, and X 1 beof the



May 9, 2006 11:26 Proceedings Trim Size: 9in x 6in sp-yuan

order of B, and the others much smaller. When X, is large, for example,
we neglect k. and P in the delta function, and the integrations over these
momenta yield either the ordinary quark distribution, or a k3 moment of
the Sivers function. The latter is related to the twist-three correlation °

/dzlﬁq(ﬂr,lﬂ) = q(z) , /dzlzﬂgidr(h,ﬂ?)/MP = —Tp(z,z) . (6)

In case X 1 s neglected in the delta function, one makes use of the relation 6
J d2X,. S (ML) = 1. Substituting the above equations into the factorization
formula (5), it is easy to see that we reproduce the twist-three result in
Eq. (3). This consistency can also be illustrated from the diagrams in Fig. 1,
where we showed a generi¢ twist-three Feynman diagram can be factorized
into various factors in the TMD factorization formula (5), according to
different momentum region of the radiated gluon: parallel to the polarized
proton or the final state observed hadron, or soft. '

F. Y. is grateful to RIKEN, Brockhaven National Laboratory and the
U.S. Department of Energy (contract number DE-AC02-98CH10886) for
providing the facilities essential for the completion of their work.
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