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We investigate the single-spin asymmetry with a sin ¢s, modulation for the transversely polarized

proton and A production in semi-inclusive inelastic scattering process, where s, is the azimuthal
angle of the transverse spin of the final hadron. Theoretically, the spin asymmetry can be inter-
preted by the convolution of the twist-3 transverse momentum dependent distributions and twist-2
fragmentation functions. In this work, three different origins in terms of the #H; term, the f LDILT
term and the g-G 7 term are taken into account simultaneously for this asymmetry. We calculate
the twist-3 quark transverse momentum dependent distributions %, f* and g by using the quark
spectator diquark model, and we investigate the role of the fragmentation functions Hj, DILT and
G in the sin ¢5, asymmetry as well. We also predict the numerical results of the asymmetries for
the proton and the A production at JLab with a 12 GeV beam and at COMPASS with a 160 GeV
beam, separately. From the comparison of the different sources for the asymmetry, we find that,
the distribution / and the fragmentation function H give the dominant contribution to the sin ¢s,
asymmetry for proton production, while the distribution f* might be probed by the convolution
with Dy in the A production at JLab 12 GeV.
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1. Introduction

In this work, we extend the phenomenological study of the polarized hadron production in
SIDIS at the twist-3 level within the transverse momentum dependent (TMD) framework. We focus
on the single spin asymmetry (SSA) with a sin ¢5, modulation in the transversely polarized hadron
production in SIDIS off an unpolarized nucleon: £ +N — ¢/ + h' + X, where ¢s, is the azimuthal
angle of the transverse spin S,y with respect to the lepton plane. Following Ref. [, D], there are
several contributions to this asymmetry from the convolutions of the twist-2 TMD fragmentation
functions with twist-3 TMD distribution functions. We calculate the involved distributions and the
fragmentation functions in a spectator diquark model [B, B]. Using qt)he model results, we investigate

sin ¢,

the roles of the hH;, g*Gr and f lDlLT couplings in the SSA A;;;,;" for the transversely polarized
proton and the A hyperon production in SIDIS at the JLab 12 GeV and at COMPASS.

2. Twist-3 TMD distribution functions in a spectator model

The three involved twist-3 TMD distributions in this work are the T-odd distribution g, the
T-even distribution £ and the T-odd distribution , respectively. We have presented the calculation
on the T-odd distribution g in a spectator model with both the scalar and the axial-vector diquark
in Ref. [B, B]. Therefore, following the same method, we can calculate the other two twist-3 TMD
distribution functions / and f* from the quark-quark correlator ®(x, py;S) via the traces

1 M
3 T @, prS) + ®(x. pri =) ic™ 35) = e, @
1 04
7 TH(®(x. py8) + B(x. pri=$)) "] = BLf*. 22)

The corresponding expressions of 4 and f* from the scalar component are
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and the ones that from the axial-vector diquark component are
h(x,p7)a =0, 2.5)
N2(1—x) (xp2 +2mM(1 —x)* + (x — D)m? + (x> = 22 + 1)M? —m?
fL(X,P%)a — a( : ) ( Pr ( ) (2 2) 5 3( ) a) ) (26)
167 La(pT+La)

The detailed calculation of the distributions # and f* has been performed in Ref. [@]. To construct
the distributions for the u# and d quarks, we adopt the following relation between the flavors and
isospins of the diquark f* = c2f* 4 c2f9, f¢ = ci, f“/ [B]. cs, ¢, and ¢, are the free parameters of
the model, a and @’ denote the isoscalar and isovector states of the axial-diquark, respectively.

In Fig. I, we show the dependence of the distributions f* and / on the flavors, Bjorken x
and the active quark transverse momentum p7 = 0.3 GeV. As we can see, the distributions f*
and f1¢ are in similar sizes in the specified kinematic region (x = 0.3 or p7 = 0.25 GeV). While
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Figure 1: Model results for xf*(x, p), xh*(x, p%) (solid line) and x4 (x, p%), xh (x, p%) (dashed line).

for the T-odd distribution /4, its size is smaller compared to those of the T-even distributions f=.
Particularly, we can verify that 4" vanishes when one integrates out the transverse momentum
[ d?prh*(x, p%) = 0, which is an expected result from the time-reversal invariance.

3. Twist-2 TMD fragmentation functions in spectator model

In this section, we will perform the model calculation on the relevant twist-2 TMD polarized
fragmentation functions Hy, Gir and Di;. Since Dy; has been calculated for the A hyperon by the
same spectator diquark model in Ref. [B], we will focus on the proton fragmentation function Df / 1
The calculation on the left two TMD fragmentation functions H; and G7 can be performed from
the fragmentation correlation function A(z, kr; S, 7) by the traces

1
S%Hl(z,k%):ZTr[(A(z,kT;ShT)—A(z,kT;—ShT))iG“’)g], (3.1)
kr - Sur
h

1
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Assuming the SU(6) spin-flavor symmetry for the final state hadron [H, [d], the relations be-

The spin vector of the outgoing hadron Sj, has the form SZL =Sn

tween quark flavors and diquark types for the proton and the A hyperon can be established as

Di—p % o % pv). pior —pb) psor—g (3.3)
DU—A _ = _ % D) 4 % DY DA — pl). (3.4)

Following the method and settings in Ref. [[], the modeling expression of the twist-2 TMD un-

polarized fragmentation function D; can be obtained as

2 2 _ 27,2 2
g5 3le%(l 7)[z k€+(M+zm) ]’ 35)
2(2m)3 22 2k +L?)?
which has already been calculated in Ref. [B]. According to Eq. (B3) and Eq. (B3), the unpolarized
fragmentation function D; for proton satisfies the relation D7 = 2D%”, which is consistent with
the HKNS parametrization of DY presented in Ref. [[2].

Similarly, we can get the model results of the TMD fragmentation functions H; and Gr [{]
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Figure 2: Model results of zH}' and zH{ (solid line), zG; (dotted line) and zG{;, zD{# and zDi# (dashed
line) for the proton.

with L? = %M,f Fm? 4" From Egs. (B3), (B4) and (B8), (B2), one can find that for the

Z
fragmentation functions H; and Gir, both the u and d quark fragmenting to the A hyperon will

vanish in our model, while the # and d quark fragmenting to the proton will be nonzero. That is,
for the A production, we only need to consider the contribution from DILT.

In Fig. @, we present our model results of the twist-2 TMD fragmentation functions Hy, Gr
and D{; for the u and d quark fragmenting to the proton. As one can see, H; and G decrease
but Di; increases with increasing z; the magnitude of H, is lager than that of Gz, while D5 is
nonzero only in the large z region. From the view of the flavors, H{' and G}, are positive in the
model, while Hf and G‘IIT are negative. As for D{;, only Dll;i becomes sizable at large z.

4. Prediction on the SSA of transversely polarized proton and A hyperon in SIDIS

The differential cross section of the process for the transverse polarized hadron in SIDIS off
the unpolarized proton is generally expressed as [[3]

do aZ yz ,},2 sin ¢
= 1+ )4 F Syr|si 2e(1+&)Fy " 40 5.
dxdydsdodydry, w0 2(1—¢) +zx>{ vuu + ISt |sin s,/ 28(1+ &) Fyyr" + }

.1

sin ¢g . . . .
Here Fyyy and FUIU(TP‘S” are structure functions that contributes to the sin ¢s, azimuthal asymmetry,
which P, | -dependent expression can be defined as

2 sin @s
si fdxfdyfdzﬁz%s H’% 2e(1+¢) Fyyr"
Ay (Pi) = S )< ) . 4.2)

2 2
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The x-dependent and the z-dependent asymmetries can be given in a similar way.

To perform the estimate, we adopt a more phenomenological approach by using the factoriza-

tion at the tree-level [Id] to give the expression for the structure function FSIB?S”:

in¢ 2M kr-
Fym® o+ ;TA’Z(—)C DL —xgt Gip)). (4.3)

where we introduce the convolution integral

P
I0fD) =x¥.& [ @pr [ @k (pr = —krw(pr k) S pPDU ), (44)
q
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Figure 3: Predictions on the asymmetr; A 5 for proton and A in SIDIS at JLab 12 GeV.
y Y Ayur p

and the Wandzur-Wilczek approximation [[3] to ignore the contribution from the twist-3 TMD
fragmentation functions Dr, IEITL and Hr to Flsjlzgs’l.

Considering the following constraints on the transverse momenta of the initial quarks [[[H]

2<(2-x)(1—x)Q% for 0<x<1;
pg_( )(1-x)0 (4.5)
T

< =9 52 for x <0.5;

and the kinematical cuts adopted at JLab 12 GeV

0.1 <x<0.6, 03<z<0.7, 0*>>1GeV?, W?>4GeV?, P, >0.05GeV, (4.6)

we estimate the SSA A;}?j’;" of proton and A hyperon production in SIDIS. The numerical results

are shown in Fig. B. For proton production, the magnitude of the asymmetry A;%(?;” is sizable and
negative, and the size is around 4% at the kinematics of JLab. While for the A hyperon production,
the size is smaller than 1%, since it gets contribution only from the f*D1{; term in our model.

We also estimate this same asymmetry for proton and A at COMPASS with the kinematics [[4]

0.004 <x<0.7, 0.1<y<0.9, z>0.2, 0*>>1GeV?,
Py >0.1GeV, W >5GeV, Ej, > 1.5GeV. 4.7)

The responding asymmetries Ai}?ﬁs” for proton and A hyperon are shown in Fig. B. Interestingly,
the size of the hH,| contribution at COMPASS is clearly smaller than that of JLab. This is because
the twist-3 effect is suppressed by a factor of 1,/Q, while Q at COMPASS is larger than that at JLab.

5. conclusion

In this work, we predicted the contributions from three twist-3 terms to the SSA A;I;]q’;’l i

the transversely polarized proton as well as A production in SIDIS at the kinematics of JLab 12
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Figure 4: Predictions on the asymmetry Azﬁf” for proton and A in SIDIS at COMPASS.

GeV and COMPASS. The estimated contributions to the asymmetry for the proton is sizable and
negative. Specifically, the magnitude is around 4% at JLab 12 GeV, but about 1% at COMPASS.
The sin ¢s, asymmetry from the f LDILT term for the A hyperon production is much smaller.
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