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Single-spin asymmetries in electroproduction of pions on the longitudinally
polarized nucleon targets
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We study the single-spin asymmetries of pions produced in semi-inclusive deep-inelastic scattering on
the longitudinally polarized nucleon targets. We particularly consider the effects of the twist-3 transverse-
momentum dependent distribution functions f7 and h; to the asymmetry. We calculate the asymmetric

sin ¢,
moment Ay,

for zt, 7~ and z° produced off the proton target at HERMES and compare the results with

the HERMES data. We also present the prediction of the same asymmetries for different pions at the
kinematics of CLAS 5.5 GeV on a proton target, as well as at COMPASS on a deuteron target.
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I. INTRODUCTION

Understanding the origins of single-spin asymmetries in
high-energy processes is one of the main goals in QCD and
hadronic physics [1-4]. The longitudinal target spin asym-
metry (LTSA) [5-8], as the first unambiguous single-spin
phenomenon measured in semi-inclusive deep-inelastic
scattering (SIDIS), has attracted a lot of theoretical atten-
tions. Experimentally, the LTSA is usually measured by
using the target longitudinally polarized with respect to the
incoming beam direction, which makes the interpretation of
the asymmetry more complicated. This is because in this
case the measured asymmetry contains contributions from
both the transverse and longitudinal polarization compo-
nents with respect to the virtual photon direction. The small
but nonvanishing transverse polarization component,
although suppressed by a factor of 1/Q compared to the
longitudinal component, can contribute to the measured
asymmetry through the Collins [9] or Sivers [10] effects,
which are leading-twist observables. This feature, espe-
cially the former one, has been considered in several
estimates [11-16] in terms of the transversity distribution
and Collins fragmentation functions [9]. Apart from this,
there are also competing contributions that originate from
the various convolutions of the twist-3 quark distribution
functions or fragmentation functions with their twist-2
counterparts, due to the presence of the large longitudinal
component. Therefore, the asymmetry from those contri-
butions, usually denoted by A}h?", where ¢, is the
azimuthal angle of the final hadron around the photon
direction, is the purely twist-3 result, compared to the
leading-twist ones.

In this paper, we will study the LTSA based upon the
contributions from the subleading-twist effects. Although
those effects encode important twist-3 dynamics of the
nucleon, they are barely studied in phenomenology and
have not been fully considered in the previous theoretical
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analyses. At the twist-3 level, there are four individual
contributions [17] that can give rise to the LTSA. Two of
them are from the twist-3 fragmentation functions, while
the other two are from the twist-3 distribution functions.
In this work, we will focus on the effects of the twist-3
quark distributions, that is, the distributions f7 (x,k2) and
hy (x,k%). The former one is a T-odd transverse momentum
dependent (TMD) distribution and can be viewed as the
twist-3 analogy of the Sivers function; it generates the
LTSA through the coupling with the unpolarized fragmen-
tation function D;. The later one is a chiral-odd distribu-
tion; therefore, its contribution to the LTSA involves
another chiral-odd fragmentation function, the Collins
function Hll [9]. In our study we will consider both the
fiD; term [18] and the hyHi term [11]. Currently the
knowledge on the twist-3 distributions is very limited. In
order to quantitatively predict the LTSA in SIDIS contrib-
uted by the subleading-twist effect, we will employ the
spectator-diquark models to calculate the TMD distribu-
tions f7 and &, for the u and d valence quarks inside the
proton. As the asymmetry we calculate, the Ai}i‘b", corre-
sponds to the case in which the nucleon is longitudinally
polarized with respect to the virtual photon momentum, it is
not easy to compare our result directly with the experiments
in which the longitudinal spin of the target is originally
along the beam direction. Fortunately, there are available
data A}"%" for z* and 7~ production from the HERMES
Collaboration, which are extracted from the original data by
subtracting the contributions from the Sivers effect and the
Collins effect, using the data on the transversely polarized
target [19]. The extraction is valid up to corrections of order
sin @, with 6+ being the polar angle between the incoming
beam direction and the virtual photon direction. New data
on A}N" are also coming from the CLAS at the Jefferson
Lab. These make the comparison between theoretical
estimates and experimental measurements possible.

The remaining content of the paper is organized
as follows. In Sec. II, we calculate the twist-3 TMD
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distributions f7- and h; using the spectator-diquark models,
and we will use two different models to obtain two sets of
TMD distributions for comparison. In Sec. III, we estimate
the LTSA contributed by the f;D; and h; Hi terms at
the HERMES kinematics and compare the results with the
HERMES data. We will also give the prediction on the
LTSA at CLAS and COMPASS. We summarize the paper
in Sec. IV.

II. CALCULATION OF DISTRIBUTIONS f; AND k;
IN SPECTATOR-DIQUARK MODELS

In this section, we present our calculation on the twist-3
TMD distributions f7 (x,k%) and h; (x, k%) for the u and d
valence quarks. The TMD f7 (x, k%) has been calculated in
a scalar diquark model [18,20], while &, (x, k%) has been
calculated by the spectator model [21] and the bag model
[22]. Although h; (x,k%) has the integrated version /; (x)
[11], here we trace its k; dependence in order to calculate
its contribution to A{%".

The gauge-invariant quark-quark correlator for the
longitudinally polarized nucleon can be expressed as

déd*ér
<I>[+](x,kT) :/ on)fT ezk-5<PSL|ll‘/j(())£[()*,oo*]

X L[07. &) L[oo™, &y (E)|PSL). (1)

where [+], corresponding to the SIDIS process, denotes
that the gauge link appearing in @ is future pointing; k and
P are the momenta of the struck quark and the target
nucleon, respectively. The TMD distributions %; and fi
may be obtained from the correlator via the following
traces:

M 1 .

SLFhL(x,k%) :zTr[@Hm+ 75, (2)
el kr, 1

S fh (e dG) = =Tl (3)

The correlator (1) can be calculated from the spectator
models [21,23-25]. Here we consider the contributions of
both the scalar diquark and the axial-vector diquark, and
we use the dipolar form factor for the nucleon-quark-
diquark couplings. The corresponding diagrams used in
the calculation are shown in Fig. 1. In the lowest-order
expansion of the gauge link, which is equivalent to set
L =1, we apply the diagram in the upper panel of Fig. 1
to obtain the correlator contributed by the scalar diquark
component,

N2(1 —x)* [(k + m) (2L + M)ys8(k + m)]
16z°P* (k7 + L3)* ’
(4)

3\ (x,kr)
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FIG. 1. Cut diagrams for the spectator model calculation at tree
level (upper panel) and one-loop level (lower panel). The dashed
lines denote the spectator diquarks that can be scalar diquarks or
axial-vector diquarks.

and by the axial-vector diquark component,

N2(1—x)3

———d,(P—k
R2zpt 2 )

LK m)y (M —P)ysSy* (k +m)]
(ke + L3)* ’

@S)(» (x,kr) =

(5)

where N and N, are the normalization constants, d,, is
the polarization sum (the propagator) of the axial-vector
diquark, and L% (X = s or v) has the form

LY = (1 —x)A} + xM% — x(1 —x)M?, (6)

with Ay being the cutoff parameters for the quark
momentum and My the mass for the diquarks.

To calculate the T-odd TMD distribution fi, one has to
consider the nontrivial effect of the gange link [26-28], that
is, the final-state interaction between the struck quark and
the spectator. Following Refs. [23,25], we perform the
calculations initially with Abelian gluons and generalize
the result to QCD at the end. In our calculation we expand
the gauge link to one-loop order, as shown by the diagram
in the lower panel of Fig. 1. We note that in Refs. [29,30],
an eikonal model including a whole ladder of nonpertur-
bative gluon exchanges was used to describe the final state
interactions relevant for 7-odd TMDs. After some algebra
we obtain the expressions for the correlator contributed by
the scalar diquark and the axial-diquark component at this
order:

014037-2



SINGLE-SPIN ASYMMETRIES IN ELECTROPRODUCTION ...

(1—x)> —ily
647 (P+)? (k7 + L3)?
/ d*qr [k— g+ m)(P + M)ysS(k +m)]
2z  qi((kr —qr)* + L3)*

O (x,ky) = —ie,N?

9

(7)
(1 —x)? 1
1287°(PT)? (k7 + L3)?
d*qr S
x / (P (T

X dy5(P—k+q)
LK =g+ m)y”(M = P)ysSy” (k +m)]
a3 ((kr — qr)* + L2)?

o\ (x.ky) = —ie,N;

(8)

where ¢* =0 is understood, e, is the charge for the
quarks, d,; is the polarization sum of the vector diquark
which will be determined later, and T% or T"** is the
vertex between the gluon and the scalar diquark or the
axial-vector diquark:

¥ = ie (2P — 2k + q)*, (9)

%% = —ie,[(2P — 2k + q)*g?¥ — (P — k + q)°¢"”

- (P=k)Pg, (10)

where ¢/, denotes the charge of the scalar/axial-vector
diquark. We point out that, although in the calculation we
initially apply Abelian gluons which are very similar to
the case of photons, here e, and ey are not necessarily
the electric charges of the quark and diquark. In fact they
can be viewed as the “color charges” which satisfy the
relation ey, = —e, [31]. This result comes from the fact
that the proton is a color neutral particle; therefore, in an
Abelian theory the charges of the two components (quark
and diquark) should have the same size but opposite sign.

In the following we will calculate /; and f7 using two
different spectator models. The first model is the one
developed in Ref. [25], the second model is adopted in
Ref. [23]. There are two differences between these two
models: one is the option for the propagator of the axial-
vector diquark, the other is the relation between the quark
flavors under study and the diquark types. The two models
have also been applied to calculate [32,33] the TMD
distributions gl and e, which are crucial to the under-
standing of the beam spin asymmetry measured [34—37]
in SIDIS.

Substituting (4) into (2) and (7) into (3), we obtain the
contributions from the scalar diquark to 4, and f7:
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1 N2(1—x)?

hi(x’k%):@(k%—&—ﬂ)“
X {(1—x)(xM—|—m)(M+m)
m m
1 —2x—— k2 — — | M? 11
-] o
N2(1 —x)%ege 1
bo(r, i) = UL XS 6

327 4z L(L + p2)?
X [(1=x)((1 +2x)M? + 2mM — A2?)
—(1+x)M3], (12)
and the expressions are the same in the two models.
In the first spectator model [25] we apply here, the
propagator d,,, is chosen as
(P—k)n_,+ (P—k),n
(P—k)-n_

—u

dﬂU(P - k) = ~Gw +

M3
_Wrzfﬂn,y, (13)

which is the summation over the light-cone transverse
polarizations of the axial-vector diquark [38] and has been
applied to calculate the leading-twist TMD distributions in
Ref. [25]. With the propagator (13), we arrive at the
following expressions for i; and f7 from the axial-vector
diquark component in the first model:

N2(1 —x)? 1

hY (x, k%) =

(v kr) 1625 (k2 + L2)
X Kx—{—%)(M%—Mz(l —x))—m?*(1 —x)

14+xm

e 1), 14
()] (14
NZ(1 —x)%e,e 1

2R k2 — v v-q

L"(xkr) 3273 4z {L%(k%—‘-L%.)3

X [(1+x—2x*)M? + 2(1 — x)mM
—m? — (1 + x)M? + x\?]

B x n K+ L2
(1 —x) (k7 + L7)*k7 L '
(15)

Also, in this model, a general relation between quark
flavors and diquark types is adopted [25]:

fr=aprLar,  ffl=ar, (16

where a and o’ denote the vector isoscalar diquark a(ud)
and the vector isovector diquark a(uu), respectively, and
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FIG. 2. The TMD distributions f7 (x,k%) (left panel) and h; (x,k2) (right panel) for u and d quarks in Set I, calculated from the

spectator model in Ref. [25].

¢y, C4» and ¢, are the parameters of the model. In Ref. [25],
these parameters as well as the mass parameters (such as
the diquark masses My, cutoff parameters Ay) are fitted
from the ZEUS [39] and GRSVO01 [40] distribution sets.
Particularly, the mass parameters for different vector
diquark types are treated differently; that is, the two isospin
states of the vector diquark are distinguished. Finally, to
connect the “Abelian” version of the gluon interaction to
the QCD color interaction, we apply the replacement [26]

legex| = 4nCras, (17)

and we choose Cr = 4/3 and ag ~ 0.3, following the choice
in Refs. [23,25]. Then we obtain the numerical results of /;
and f7 and label them as the Set I TMD distributions. In
Fig. 2 we plot the x dependence (at kr = 0.5 GeV) and ky
dependence (at x = 0.2) of the functions h{(x,k%) and
(. k%) for ¢ = u and d in Set L.

The second form for the propagator of the vector

diquark is

d;w(P_k) =~ 9w (18)

which was applied in Ref. [23]. Then we obtain the
alternative expressions for h? and f7":

05} Setl

0.0 02 04 06 08 10
T

0.0 0.2 04 06 08 1.0
X

N2(1—x)? 1
hv k) = Y
L(x.k7) 162>  M(ks + L2)*
X [m(k3 +M*(x*> — 1)+ M2)], (19)

L (r A2) _Ni(1—x)epe, (1—x)
LT 6473 An \Li(k} + L2)°

X {(2 +2x = 3x2)M? + 2mM(1 — x) — m?

24+ 2x —x%
(1= - g2 2
( x) v (l—x) T l—x L:|
X k2 + L2
- In( L =) %, 20
<k%+Lz>2k%“< L2 >} 20)

which are different from the forms obtained in the
first model.

Different from Eq. (16), another way that has been
applied to construct distributions of the # and d valence
quarks can be expressed as follows [21,23]:

u_gs la _ gd.
f=Spaafs =G @)

here the coefficients 3/2, 1/2, and 1 in front of fXs are
obtained from the SU(4) spin-flavor symmetry of the

0.4
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T

FIG. 3. The TMD distributions f(x,k2) (left panel) and %, (x, k%) (right panel) for u and d quarks in Set II, calculated from the

spectator model in Ref. [23].
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proton wave function. In this case, the mass parameters for
different axial diquarks are the same. We use the relation in
(21) together with the expressions (11), (12), (19), and (20)
to obtain another set of TMD distributions (labeled as
Set II). In this calculation we apply the values for the
parameters from Ref. [23]. In Fig. 3 we plot the x
dependence (at k;=0.5GeV) and k; dependence
(at x=0.2) of h?(x.k2) and f79(x,k%) for ¢ = u and d
in Set II. Comparing Fig. 2 with Fig. 3, we can see that the
TMD distributions in Set I are very different from those in
Set II. In Set I the TMD distributions peak at the small x
region, while in Set I they peak at the moderate x region.
The k7 dependence of the TMD distributions shows that the
ky widths for h?(x,k2) and f;%(x,k%) in Set I are larger
than those in Set 11, as the sizes of the TMD distributions in
Set II decrease very quickly with increasing k.

III. NUMERICAL RESULTS FOR LTSA
AT HERMES, CLAS, AND COMPASS

In this section, we will perform the phenomenological
analysis on the LTSA for pions in SIDIS scattering on a
longitudinally polarized nucleon target,

&)+ p~(P) = I'(¢") + =(Py) + X(Px), (22)
at the kinematics of HERMES, CLAS, and COMPASS.

The kinematics of SIDIS can be expressed by the following
invariant variables:

0? P PP, 2Mx
X = = — = = —
g TP TP 7T o
Q*=—q*, s=(P+¢)? W =(P+q) (23)

here ¢ = ¢ — ¢’ is the momentum of the virtual photon and
W is the invariant mass of the hadronic final state. The
reference frame we adopt in this work is shown in Fig. 4,
where the momentum of the virtual photon is along the z
axis. The longitudinal polarization of the target is along the
—z axis. In this frame the transverse momentum of pion is
denoted by Py, while the azimuthal angle of the pion

hadron plane

lepton plane

FIG. 4. The kinematical configuration for the SIDIS process.
The initial and scattered leptonic momenta define the lepton plane
(x-z plane), while the detected hadron momentum together with
the z axis identify the hadron production plane; the longitudinal
spin of the nucleon is along the —z axis.

PHYSICAL REVIEW D 90, 014037 (2014)

around the momentum of the virtual photon is defined
as ¢;,.

The differential cross section of SIDIS scattering on a
longitudinally polarized target can be expressed as [17]

do 2ma®  y? y?
5 = 5 1 + — {FUU
dxdydz,dP7d¢, xyQ*2(1 —e¢) 2x

+ 8/ 2e(1 + &) sin g, Fy ™ + -},

(24)

where Fyy and F Sii]"L"sh are the spin-averaged and spin-

dependent structure functions, respectively. The ellipsis

stands for the leading-twist contribution to the sin2¢,

moment, which will not be considered in this paper. The

ratio of the longitudinal and transverse photon flux is
given as

1—y—py*/4
E = .
1—y+y*/2+7%7?/4

(25)

In the parton model, based on the tree-level factorization
adopted in Ref. [17], the two structure functions in Eq. (24)
can be expressed as the convolutions of twist-2 and twist-3
TMD distribution and fragmentation functions. With the
help of the notation

ClwfD] = xZe?] / d’kr / d’p;6* (tkr — Pr +pr)
q

x w(kr.pr)f(x.kz)D?(z.p7) (26)
and the reference frame we choose, Fyy and F %’i‘p” have
the following forms [17]:

Fyy = Clf1Dy], (27)
: 2M [P -pr M, Gt
Fsm(/),, " T h HJ_ n -
UL 0 [ZM;, <xL1+MglLZ
Pk M, . H
t— <xfiD1 —ﬁhﬁz ; (28)

where P = f;—; with P; = |Py| and M), is the mass of the
final-state hadron.

The asymmetry A}h? as a function of P; therefore can
be expressed as

Ay (Pr)
- 2 ing
Jdx fdy [ dz gl (1+5) 2e(T + ) F gy

2

fdxfdyfdzﬁﬁ (1 +§)FUU

(29)

The x-dependent and the z-dependent asymmetries can be
defined in a similar way.
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To obtain Eq. (28), we have assumed that the TMD  where (p?) is the Gaussian width for p%. Following the
factorization can be generalized to the twist-3 level. fitted result in Ref. [45], we choose (p7) = 0.2 GeV? in the
However, when dealing with higher-twist observables in  calculation. For the integrated fragmentation function
the TMD framework, one should keep in mind thatitisnot ~ D{(z), we will adopt the leading order set of the DSS
at all clear from a theoretical point of view if TMD  parametrization [46]. Finally, throughout the paper, we
factorization is valid. In fact, even the tree-level parton consider the following kinematical constraints [47] on the
model results at twist-3 were questioned, as shown in  intrinsic transverse momentum of the initial quarks in our
[41,42]. Nevertheless, we would like to adopt a more calculation:
phenomenological way, i.e., to use the tree-level result in

Ref. [17] to perform the estimate, since there is no sz <2-x)(1-x)Q*> for0<x<1
alternative theoretical approach for the LTSA so far. { s x(1—x) (34)
Equation (28) shows that 37" receives four contribu- kt < 57 @ for x <0.5.

tions from the convolutions of the twist-3 TMD distribution

and fragmentation functions with the twist-2 ones. In the ~ The first constraint in Eq. (34) is obtained by requiring the
following calculation, we will apply the Wandzura-Wilczek  energy of the parton to be less than the energy of the parent
approximation [43] to neglect the contributions from the  hadron, while the second constraint arises from the require-
twist-3 7T-odd fragmentation functions G and H; thatis, we  ment that the parton should move in the forward direction
assume that the sizes of the functions with a tilde are small. with respect to the parent hadron [47]. For the region

Therefore in our analysis we restrict the scope on the 7D, x < 0.5, there are two upper limits for k7 applied in the

term and the hLH,L term. region x < 0.5 at the same time; it is understood that the
For the twist-3 TMD distributions fi and h;, we apply smaller one should be chosen.

the results obtained in the previous section. As for the We adopt the following kinematics to calculate numeri-

Collins functions for different pions, we adopt the follow- cally the SSAs A;i,“L"”‘ at HERMES [5]:
ing relations:

. e 0023 <x <04, 01<y<085 02<z<07,
Hy 7 =H = Hig (30) W2>10GeV?, 0> 1 GeV2,

Hlm*/d _ Hlm*/u = gt (31) 4 GeV < P, < 13.8 GeV,

lunf>

172°/u 1a0a _ 1 where P, is the momentum of the final-state pion. In the

i "= i = 2 (Hl iy =+ Hione). (32) left, central, and right panels of Fig. 5, we show the results

of the LTSAs for zt, z~, and z° as functions of x and z. The

where Hig,, and Hj,, are the favored and unfavored  thick and thin curves correspond to the asymmetries
Collins functions, for which we use the standard para-  cajculated from the TMD distributions in Set I and Set
metrization set from Ref. [44]. 11, respectively. The dashed curves show the asymmetries

. : a0, 2 ) ) :
For the TMD fragmentation fllnCthIl D 1(Z’PT_) that  contributed by the fiD, term, while the solid curves
couples with the distribution f7, we assume its pr  denote the total contribution of the fiD, and h; H: terms.

dependence has a Gaussian form The difference between the solid curve and the dashed
| curve gives the asymmetry from the 4, H{ term. In the case
D!(z, p3) = DI(z) > e P/ (P7), (33) of z, n~ production, we compare our results with the
z{p7) HERMES data [5], which have been obtained by
015 ; ; ; ; 0.15 ; ; ; D 0.15 e
® HERMES data
L 010 F T L [~ Set 1 total 0.10 £ 7[0 E
) |- = set1fD, !
|—— Set 2 total
o £ - 0.05 |- * Ok - .sa2¢'D, ) 0.05 [
! - nen C e aiemooniIIIIl £ 3000 et | T 4 —,:117:{_—::::7 §<50_00
@ HERMES datdl < M +
-0.05 F |[——set1total E -0.05 | E -0.05 |——Set 1 totall E
|- = set1fD, - = Set1fD,
040 [—sSet2total L 2010 B r 010 b —— Set 2 total L
- ---Set2f'D, ----Set2fD,
015 ! ; . sl 015 . . . sl 015 st N,
0.0 0.1 0.2 03 02 03 04 05 06 07 0.0 0.1 0.2 03 02 03 04 05 06 07 0.0 0.1 0.2 0.3 02 03 04 05 06 07
X z X z X z

sin ¢y,

FIG. 5 (color online). The asymmetry A};;”" at HERMES for 7z (left panel), 7~ (central panel), and 7° (right panel) as functions of x
and z. The thick lines and the thin lines are calculated from the Set 1 and Set 2 TMD distribution functions, respectively. The solid lines
represent the total asymmetries, while the dashed lines show the asymmetries from the f7- D term; the difference between them gives the
asymmetries from the h; H{ term. Data are from Ref. [5].
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FIG. 6 (color online). The asymmetry A5n?" fo

subtracting the contribution from the transverse spin
component.

The results calculated from both sets of TMD distribu-
tions show that the asymmetry for z is positive, while that
for ™ is negative, consistent with the HERMES data. In the
case of # production, the asymmetry calculated from Set I
agrees with the data better than from the Set II TMD
distributions. In the case of z~ production, the asymmetry
contributed by the fiD, term is positive, while that
contributed by the h; Hi term is largely negative, leading
to a negative asymmetry in total. In the case of z°
production, the asymmetries are positive, similar to the
case of 7", but the size is smaller. An important feature in
the ¥ asymmetry is that the contribution from the f7D,;
term dominates and that the one from the iy H{ term is
almost negligible, especially in the x-dependent asymme-
try. This is very different from the case of charged pions, for
which the contributions from the f7D; term and the h; Hy
term are comparable. Therefore the measurement on the
asymmetry A% for z0 at HERMES will provide a great
opportunity to access the distribution f7.

The asymmetry A}h?" for all three pions is also being
measured at CLAS [48] by using an electron beam
(E, = 5.5 GeV) scattered off the longitudinally polarized
proton target. The kinematic cuts at CLAS applied in our
calculation are

rzt, n~, and 7° vs x, z, and P, at CLAS 5.5 GeV.

sin ¢y,

In Fig. 6, we show the asymmetry A};;"" for zt, 7, and 7°
at CLAS. For all three pions the asymmetries are sizable
and could be measured at CLAS. For zt and 7° production,
the asymmetries calculated from Set I TMD distributions
are larger than those from Set II distributions, while for 7~
production, the size of the asymmetry from Set II TMD
distributions is slightly larger than that from Set I. In the
case of 7° production, again the f; D, term dominates the
asymmetries as functions of x and Py, although there is a
sizable contribution from the /; Hi term at the high z
region.

COMPASS has measured [49] the sin¢ azimuthal
asymmetries of charged hadrons produced off the longi-
tudinally polarized deuteron target with a 160 GeV muon
beam, where ¢ is the azimuthal angle of the final-state
hadron around the momentum of the lepton beam. The
azimuthal asymmetry ASh” at COMPASS might be
extracted by the method in Ref. [5]. Thus, we calculate
the asymmetry A?}nL‘ﬁh of charged and neutron pions
produced off a deuteron target at COMPASS. We adopt
the following kinematics in the estimation:

0.004 < x < 0.7,
xp >0, 0%*>1GeV?,
5GeV < W < 18 GeV.

y>0.1, 0.2 <z<0.9,

0.1 GeV < Py <1 GeV,

0.1 <x <06, 04 <z<07, 02> 1 GeV?, In Fig. 7, we plot the asymmetry A5y ” for 7+, 7, and 7°
5 5 vs x, z, and Py. We find that in the case of deuteron target,
Py >0.05 GeV, W2 >4 GeV*. again, for z° production the dominant contribution comes
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from the f7 D, term, while the contribution from the i; Hi
term is consistent with zero. Therefore, it would be feasible
to extract the flavor dependence of f; by combining the
asymmetries for 7° using a deuteron target together with a
proton target.

IV. CONCLUSION

In this work, we studied the subleading-twist effect on
the azimuthal asymmetry of pions produced in SIDIS with
longitudinal polarized nucleon targets. We considered the
contributions from the twist-3 TMD distributions f7 and
h; simultaneously. In our calculation, two different sets of
twist-3 distribution functions are employed to analyze the
asymmetry Af}r}fbh for zt, z—, and z° at HERMES, CLAS,
and COMPASS. By comparing our results with the
HERMES measurement in which a proton target is used,
we find that the sign of the asymmetries for z* and 7~ is
consistent with the HERMES data, and the f1D; and

h; Hi terms both give substantial contributions to A;ifi"ﬁh.

PHYSICAL REVIEW D 90, 014037 (2014)

In the case of z~ production, the h; H{ term is largely
negative, leading to the negative sign of the total asym-
metry. We also find that the f7 D, term dominates in the
asymmetry for z°, especially at HERMES and COMPASS
where the beam energies are higher. Thus the measurement
of A" for z° on the proton target, as well as on the
deuteron target, will provide a great opportunity to access
f1, including its flavor separation. Future data on ASU"id”’ for
charged and neutral pions from CLAS at 5.5 GeV may be
used to clarify the role of twist-3 TMD distribution
functions on the longitudinal target spin asymmetry.
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