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We investigate the transverse target spin asymmetry A,

$inds for the unpolarized A production in semi-

inclusive deep inelastic scattering (SIDIS) with the transverse momentum of the final-state lambda hyperon
being integrated out. The asymmetry is contributed by the product of the transversity distribution function
Iy (x) of the nucleon and the collinear twist-3 fragmentation function H(z) of the A hyperon. The later one
originates from the quark-gluon-quark correlation and is a naive time-reversal-odd function. We calculate
H of the A hyperon by adopting a diquark spectator model. Using the numerical result of H(z) and the
available parametrization of h;(x) from SIDIS data, we predict the sin¢g asymmetry in the electro-
production of the A hyperon in the kinematical region of Electron-Ion Collider (EIC), EIC in China (EicC),
and COMPASS. In the phenomenological analysis, we include the evolution effect of the distribution
functions and the fragmentation functions. The results show that the asymmetries for the A production
SIDIS process are around 0.1 and may be accessible at EIC, EicC, and COMPASS. We also find that the
evolution of fragmentation function can affect the size of asymmetry.
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I. INTRODUCTION

Understanding the nonperturbative fragmentation
mechanism in hard semi-inclusive processes is one of
the important tasks in hadronic physics. Fruitful outcomes
regarding fragmentation functions have been achieved by
experimental measurements on e*e~ annihilation [1-5],
semi-inclusive deeply inelastic scattering (SIDIS) [6-9],
and pp collision [10-15] as well as by theoretical studies
[16-36]. Of particular interest are those related to the spin-
orbit correlations, which are usually naive time-reversal
odd (T odd). A renowned fragmentation function is the
Collins function H IL [16], which arises from the correlation
between the transverse spin of the quark and the transverse
momentum of the fragmented hadron. Another example is
the Sivers-type fragmentation function Di; [22,37,38]
reflecting the correlation between the transverse polariza-
tion of the final-state spin-1/2 hadron and the transverse
momentum of the quark. Because these functions describe
the asymmetric distribution of the hadron inside a
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fragmenting quark, they play important roles in the spin
or azimuthal asymmetries in various high-energy processes
[1-15]. Furthermore, these functions contain nontrivial
QCD dynamics such as final-state interactions as well as
the Wilson lines which ensure the gauge invariance of the
operator definitions [39-44].

Recently, the twist-3 fragmentation functions arising
from multiparton correlation [45-49] have also attracted
a lot of attention. Particularly, a phenomenological study
[50] on the inclusive pion production in single transversely
polarized pp collision [12-15] shows that, besides the
contribution from the twist-3 distribution 7', (x, x) [51-54],
the T-odd twist-3 fragmentation functions H and H [55]
should be included in the analysis in order to interpret the
single spin asymmetry (SSA) in this process in a consistent
way. The fragmentation function A arising from quark-
gluon-quark (qgq) correlation also contributes to the sin ¢g
asymmetry in SIDIS [56] through the combination
hy(x) ® H(z), with hy(x) the tansversity distribution and
¢ the azimuthal angle of the transverse spin of the nucleon
target. Thus, H(z) provides a unique manner to probe the
transversity of the proton via single-hadron production in
the collinear framework. In Ref. [57], the fragmentation
function of the pion meson was calculated by a quark-

antiquark-spectator model. In Ref. [58], the SSA ASLi,nT(% ) for
the pion production at the Electron-Ion Collider (EIC) was
predicted.
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In this work, we will study the fragmentation function H
of the A hyperon as well as its role in the SSA of the
Ip" — I'AX process. As the A hyperon contains the up,
down, and strange valence flavors, which is more compli-
cated than the pion meson, the study of the A fragmentation
function will provide complimentary information on the
hadronization mechanism involving spin-orbit correlation.
The investigation could also obtain the flavor dependence
[21] of the fragmentation process. For this purpose, we
calculate H of the A hyperon for the up, down, and strange
quarks using a diquark spectator model. Previously,
the model was applied to calculate the fragmentation
function D{; and Collins functions of the A hyperon in
Refs. [59,60]. In these cases, the spectator system is
diquark, and the contributions from both the scalar diquark
and vector diquark are taken into account. We also consider
the gluon rescattering effect for the qgq correlation func-
tions in the calculation. Based on the model results, we
predict the sin ¢bg asymmetry in the IpT — I'AX process,
which can be measured by the COMPASS as well as the
proposed EIC and the EIC in China (EicC). As these
facilities cover different kinematical regions, it is necessary
to consider the QCD evolution effect of A to compare the
result at different energy scales.

The remaining content of the paper is organized as
follows. In Sec. II, we perform the calculation for twist-3
qgq fragmentation function A by adopting the diquark
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with U{, . the Wilson line (gauge link) running along the
direction from a to b at the fixed position c. Detailed
discussion on the Wilson line U/ has been given in
Refs. [29,56,62,63]. The gauge invariant of correlator is
guaranteed by the antisymmetric field strength tensor F*¥
of the gluon. The state |P,, S, ) represents the final-state
lambda hyperon with the momentum of P, and the spin
|

(Pp.Sa: X[ip(0)]0) = { .

where k denotes the parent quark momentum and ¢, is the

polarization vector of the axial-vector diquark. The sum-
mation over all polarizations states of the axial-vector

diquark can be expressed as d,, =), e;weg'{), which
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spectator model and study the evolution effects of H. In
Sec. 111, we set up the formalism of the sin ¢pg asymmetry in
SIDIS process with the transverse momentum of the final-
state hadron being integrated. We present the numerical
results of the sin ¢pg asymmetry in the electroproduction of
the A hyperon at EIC, EicC, and COMPASS, using the
formalism of the sin¢g asymmetry in a collinear frame-
work. In Sec. IV, we summarize the results of the paper and
give some conclusion.

II. MODEL CALCULATION OF
FRAGMENTATION FUNCTION
IN QGQ CORRELATOR

In this section, we present the model calculation of the
twist-3 transverse momentum dependent fragmentation
function H(z, k;) utilizing the diquark spectator model.
The fragmentation function can be obtained from the trace
of the transverse correlator A%(z, ky)

4MA Tr[(Ase(z. kri Sp) + Bag(z. ki =Sy))o™]

H(z.kr) +iE(z. k7). (1)

where M, is the mass of A hyperon, and the twist-3 qgq
fragmentation correlator A, can be expressed as [56,61]
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of S,. In the diquark spectator model [64,65], the frag-
mentation function A can be calculated from Fig. 1, where
the contribution to the T-odd fragmentation function also
originates from the imaginary part of the one-loop diagram
[57,66]. Specifically, the quark-diquark-hyperon vertex
(P, Sa; X (0)]0) appearing in the rhs of Eq. (2) has
the form

scalar diquark,

4 axial-vector diquark,

I
P/\;zP/\I/

has the form as d,, = [65]. The scalar and

—9uw +
axial-vector coupling vertex of the quark-diquark- hyperon

can be expressed by Y = g,(k?) and Y% —g’\/—)}’s(Y” +MA)
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respectively. In this work, we assume that g, and g, have the
same form g, = g, = g,;, as Gaussian form denoted as g,

2

gp _&
gqh(kz) = 7De A%, (4)

where A? has the general form A? = 22z%(1 — z)# and gp, 4,
a, and f are the model parameters.

Analogously, we also provide the expression for the
vertex (0|gF7*(n)y(&)|Pa. Sx: X) in Eq. (2), in which the
Feynman rules corresponding to the gluon field strength
tensor F are given by the factor i([°¢}} — 12¢%), as
denoted by the open circle in Fig. 1 [57]. With the above
Feynman rules, the contribution of Fig. 1 to the correlator
A% is given by

CFaS

Py Py

FIG. 1. The Feynman diagram that is relevant to the calculation
of the quark-gluon-quark correlator in the diquark model. The
notations Y and I' describe quark-diquark-hyperon and gluon-
diquark coupling vertices, respectively.

AZA‘(Z’ kT’ SA) =i

d*l
2(27)*(1 — 2) Py k> — m? / (2m)*
(IFg? = 1n") (K = ]+ m)Y U (P, SA)U(Pp, SA) Y (K + m) -

I 5
(=17 =) (E =€) (k== Py ) (L ~7e) 7 ®)
~ . Crag 1 d*l
A (2 kr, Sy) =
an(2 kr. Si) 0 (1=-2)P B —m? ] (n)
(g7 =) (=] + m)ToU(Px, S))U(PA, S)TE(K +m) o e
PRIV R v AT, (6)
(k=07 =m*)(IF —i€e)((k =1 = Pp)* = mg)(=I" = i€)
[
where A%, and AY, represent scalar and axial-vector — —2ris(P),

diquark forms of qgq correlator, respectively. Here, the
light-cone coordinates a* = a-n, = (a® 4 a’)/V/2 are
applied, and k= = P, /z. In Fig. 1, the notation I" describes
the gluon-diquark coupling vertex. To explicitly calculate
the correlator, we choose the form for the vertex between
the gluon and the scalar diquark (I'y) and the axial-vector
diquark (T",),

I} = iT%(2k — 2P = I’ (7)

P = —iTe[(2k — 2P — [)P g

~(k=P=1yg” = (k=Pre").  (8)

where T¢ is the Gell-Mann matrix.

Similar to the calculation of the T-odd quark-gluon-
quark fragmentation function G* in Ref. [66], we obtain
the imaginary part of the correlator using the Cutkosky cut
rules to put the gluon and quark lines on the mass shell.
This corresponds to the following replacements on the
propagators by using the Dirac delta functions:

P +ie
1
(k=10 —m? +ie

- =27is((k = 1)> = m?).  (9)

Using the cut rules in Eq. (9), we perform the trace and
integration over the loop momentum /; we first give the
scalar diquark component of A (z, k%) for the A hyperon as

(2,02 = asgcz,;,CF 1
KT

T2 MA(1-2) & = (@ k). (10)

where

- 1
Hyy(z.k7) =~ [2A(kim + (2 = 1) (am + M)
+ BMp(2(z = 1)mMy = 2°k7 + (2 = 1)M3)].
(11)
Here, K = 2k3/(1 - 2) + m2/(1 - 2) + m} /z.
Similarly, using the gluon-diquark vertex given in

Eq. (8), we can also calculate the expression for H from
the axial vector diquark component
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2
- 59, Cr | _ . 8
H? 2\ — q HY 2 H? 2 HY 2 HY 2 12
(z.k7) 12 My (1= 2) = (H{(z.k7) + Hij(z, k7) + HY(z. k) + H3 (2. k7)), (12)
where the four terms in the rhs of Eq. (12) are given by
- 4
HY = E [(zA(Pkzm + k*(z = 1)(zm + My)) + BMa(z2(z — 1)mM  — 2%k3 + (z = 1)M73)], (13)
- k>
Hy= -2z 31‘; [(2CCk™k - P +2CDk~M3 + 2zCEk™ k™ — Ck™k*z + Ck~m?z)], (14)
A
. 2
H = e {zk - P[z(k3(AAmz — 2A(mz + M) + AAK*(mz + M )
A
—2Akmz = 5AK*M \ — 3Am*M 5 — 2BmM3) + ABM3 (mz —3M )]
= 2mz(AA = 2A) (k- P)> + Mp[z(M\(ABK*mz* + ABKk*M yz + BBM3 (mz — M)
=20,(k* = m*)(mz + My) + mW,z — MAW),) + k3(ABmM 2> + A(Z*(k* + m?) — 4M3))
+ AK?(22(K? + m?) + 4mM yz + 4M3)) + 2BM3% (=22 (k3 + m?) 4+ 2mM yz + 2M3 )]}, (15)
- 4
H, = i [My(A+ Bz)(Ma(2k% + k* + m?) + 2mk - P) — (k- P +mM ) ((AA + ABz)k - P
A
+ (AB + zBB)M?% + 2V)))). (16)

Here, the number of the subscript for A denotes the number of the factor [~ in the numerator of Eq. (1) after the trace
calculation is performed. A, 5, C, and I, are functions of k?, m, mp, and M, and can be found in Ref. [59]. The functions
AA, AB, BB, CC, CD, C&, and W, come from the following double-/ integrals:

iy P1B(P)S((k = 1) = m?)
/ ((k=Py =1 =m3)

/ g Pa(P)5((k— 12— m?)
((k=Py=1)? =m3)(=1-n, +ie)

= AAKMK + BBPYPY + AB(K*P* + PPk + g™ W),

(17)

FCDy (kP + PARY) + CE p(kin¥, + ' k) + DE (W PY + PPny) + W, (18)

Note that a main difference between the calculation for the
A hyperon and the one for the pion [57] is that there are
double I’s in the numerators in Eqgs. (17) and (18), which
need to be evaluated carefully. We provide the complete
expressions for these functions in the Appendix.

We will focus on the favored quark contribution to the
fragmentation function of A, i.e., u = A or s — A, while
the unfavored quark contribution is zero. Assuming an
SU(6) spin-flavor symmetry, the fragmentation functions of
the A hyperon for light flavors satisfy the relations between
different quark flavors and diquark types [67,68]

Du=A = pd=A :%D(S) +%D(v), DA = D), (19)
where u, d, and s denote the up, down, and strange quarks,
respectively. In this study, we assume that the relation in

Eq. (19) holds for all fragmentation functions. Neglecting
the mass differences between the up, down, and strange
quarks (m = 0.36 GeV), we obtain the light flavors frag-
mentation function H as

1 3.

HY=A = f4-0 = ZH“) +ZH<"), H=N=HY), (20)

To obtain the numerical result for &, we should choose the
values of the parameters

gp = 1.9831017.
A =5967702* GeV,
p = 0(fixed),

mp = 0.7457 093 GeV,
a = 0.5(fixed),
(1)
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were obtained by fitting the model result of D in the same
model to the de Florian-Stratmann-Vogelsang (DSV) para-
metrization for D; at the model scale Q? = 0.23 GeV?. The
choice of this scale is consistent with the starting scale of
the “radiative parton model," which has proven phenom-
enologically successful in the analysis of the unpolarized/
polarized parton densities [69,70] and photon fragmenta-
tion functions [71,72].

Using the model parameters, we calculate the collinear
twist-3 fragmentation function H(z) of A by integrating
over the transverse momentum:

H(z) =2 / &l H(z,k3). (22)
Since the energy scale in the experiments covers a wide
range of Q, which is much higher than the model scale, it is
necessary to include the QCD evolution effects of the
fragmentation functions. There are studies on the evolution
of several twist-3 fragmentation functions in the literature
[32,33,47,73]. However, the DGLAP evolution kernel for
H is still unknown. In this work, we assume the evolution
kernel of H is the same as the homogenous terms in the
kernel of A (z) in Ref. [33], as has been done in Ref. [74].
This kernel has the same form as that of the transversity
distribution function. In Ref. [58], the evolution kernel for
the pion H(z) has also been adopted as the same as that for
the transversity distribution function /4, which was moti-
vated by the fact that A is also a chiral odd fragmentation
function. To do this, we apply the QCDNUM package [75]
and customize the package to include the kernel of trans-
versity to perform the evolution.

In the left and right panels of Fig. 2, we plot the z
dependence of the collinear twist-3 fragmentation function
zH(z) of A for s and u(d) quark of the twist-3 fragmenta-
tion functions at the model scale Q%> = 0.23 GeV? (the
solid lines) and the evolved results at Q> = 100 GeV? (the
dotted lines), respectively. The shaded areas correspond to

the uncertainty bands due to the uncertainties of the model
parameters. Figure 2 shows that the magnitude of zH(z) for
u(d) — A increases with increasing z when 0 < z < 0.9,
while it decreases with increasing z after z > 0.9 at the
model scale, while the peak is around z = 0.5 for the s
quark. The evolved fragmentation functions at Q? =
100 GeV? show the relatively strong impact of the evolu-
tion effects. The z dependences of the u(d) and s quark for
zH are obviously different in the entire z region. We can see
that the evolution from low Q to higher Q increases the
sizes of u(d) — A in the region z < 0.4, while the region
for the strange quark is z < 0.25. This is because the s
quark only comes from the contribution of the scalar
diquark component in Eq. (20).

III. PREDICTION ON THE sin ¢g TRANSVERSE
SSAS OF A HYPERON PRODUCTION IN SIDIS

The process under study is the unpolarized A production
in the SIDIS process with an unpolarized lepton beam
colliding on a transversely polarized nucleon beam (or
target),

1(£) + NT(P) = I(£") + A(Py) + X(Px), (23)

where [ and !’ stand for the momenta of the incoming and
outgoing leptons and P and P, denote the momenta of the
target nucleon and the final-state A hyperon, respectively.
The momentum of the exchanged virtual photon is defined
as ¢ = [—I' and Q? = —q?. The reference frame in this
work was adopted as in Fig. 3, in which we will consider
the case the polarization of the detected A hyperon is not
measured. The azimuthal angle ¢g stands for the angle
between the lepton scattering plane and the direction of the
transverse spin of the nucleon target.

We introduce the invariant variables to express the
differential cross section as [56]

0.015 T T T T T T T T
[ Jband [band
model scale —— model scale
- — Q=100 GeV with the evolution as h,(x) ooak =~ Q=100 GeV with the evolution as h,(x) i
0.010 | ) L
s—A ud—A
0.005 | A - i 0.02
7 ~
4 ’ h S ~
- ~.
0.000 L . L L= ‘ 0.00L—
0.0 0.2 0.4 0.6 0.8 1.0 0.0
z z

FIG. 2. Result of zH"/*(z) (left panel) and zH*/*(4)(z) (right panel) at the model scale Q* = 0.23 GeV? (red solid lines) and the
evolved results at Q> = 100 GeV? (blue dashed lines). The shaded areas correspond to the uncertainty bands due to the uncertainties of
the model parameters.
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FIG. 3. The definition of the azimuthal angles in SIDIS. P,
stands for the momentum of the A hyperon hadron, S, is the
transverse component of the spin vector S with respect to the
virtual photon momentum [56].

o P-q PP,
- ) y:—a = 3
2P -q Pl P.-q
2Mx
V:?, W2 = (P+q)* (P+1)2,

where M denotes the mass of the target nucleon. With the
invariant variables, the differential cross section of the
process for unpolarized A production in SIDIS off an
transverse polarized target can be expressed as [56,58]

d°c
dxdydzde,dpsdP?,
2 2 2
I S
xyQ*2(1—¢) 2x
X {FUUL(X z,Pr) + |8 [[sin psFy Sm(p *(x,z, Pr)

+sin(24py — hs)Fyg " (x.2. Pr)
+ leading twist terms]},

(24)

where ¢ is the ratio of the longitudinal and transverse
photon flux
1- ’- i 72y2

(25)

After integrating over P,7, the differential cross section in
Eq. (24) turns to the form

d*c
dxdydzdes

202 2 2
_w (),
xyQ*2(1—¢) 2x
x {Fyyr(x,2) +1S.|\/2e(l +¢€) s1n¢SF““¢S( 2)
TS (26)

Here, the nonvanishing integrated structure functions are
[56,76]

Fule.) =Y @r00i0. @)
P, = =Y o 11O oy

and only the convolution of the transversity and the twist-3

collinear fragmentation function A remains in the structure

function F7y; sin ¢s )

One should note that there are more terms related to the
twist-3 parton distribution functions (PDFs) or fragmenta-
tion function (FFs) [56] in the transverse momentum
dependent structure function F Sm(d’S)(x, z,Pr) than the
collinear form in Eq. (28), where Py is the transverse
momentum of the final-state A. After integrating out Py,
only the convolution of transversity and the T-odd twist-3
fragmentation function H(z) survives, and all other terms
drop out. To do this, the integration has to be performed in
the whole region of transverse momentum P, which may
be challenging for experimental measurement.

Following Egs. (27) and (28), we can obtain the
z-dependent sin ¢y asymmetry:

A" (2)
fdxfdyny22 2¢(1
fdxfdynyZ 2(1_5) (1 +§_X)Fuu<X, Z)

¥ € Fsmqbs

(29)

In a similar way, x-dependent sin ¢g asymmetry can be
written as

A" (x)
fdyfdznyZZ s (1+ ) 2¢(1+ €)F}hP (x, z)
2 2
Jdy [dz;: 07 2(1_6) (L+ %) Fyy(x.z)

’

(30)

To estimate the sin ¢pg asymmetry, we need the informa-
tion of the transversity distribution A (x), for which we
adopt the parametrization from Ref. [31],

1
() = 3 N )11

+4{(x)]; (31)

with

5@+ p)’
(1= Y
= 0.36, Nd = —1.00,
and f=3.66 are taken from Ref. [31].

Ng(x) = (32)

where values of the parameters NI =
a = 1.06,
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The parametrization for the unpolarized distribution f7(x)
is from Ref. [77], and that for the helicity distribution g7 (x)
is from Ref. [78]. We note that currently there is no
available parametrization on h{(x) for the sea quarks;
therefore, in this calculation, we will not consider the
contribution from the transversity of the sea quarks.

The kinematical region of the EIC adopted in our
calculation is [79]

0.001 <x <04,
0?>1GeV2,

0.01 <y <0.95,
/s =45GeV,

02<z<0.8,
W >5GeV, (33)

where W is invariant mass of the virtual photon-nucleon
system and W2 wlx;"Qz. As for the EicC, we adopt the
following kinematical cuts [80,81]:

0.005<x<0.5, 007<y<09, 02<z<0.7,
0*>1GeV?, /5=167GeV, W>2GeV. (34)
0.00 T T
-0.05 \ 5
A \
\ /
N /
010} s=45GeV S/
— tilde{H} without evolution
= = tilde{H} evolved as h,
1E-3 0.;)1 071

X

As the kinematics at EIC and EicC cover a wide range of Q,
the QCD evolution effect of the distribution and fragmen-
tation functions are also considered.

The numerical results of the sin¢g asymmetries for A
hyperon production at EIC and EicC are shown in Figs. 4 and
5, respectively. The left panel and the right panel plot the
asymmetries as functions of x and z. The dashed lines depict
the results simultaneously evolving the fragmentation func-
tion A and distribution function h;(x). The solid lines
denote the asymmetries without considering the evolution of
the fragmentation functions H. We find that the sin ¢g
asymmetries for the A hyperon production are negative. The
magnitude of the asymmetry at EIC and EicC is around 0.1,
which is quite sizable. We also find that the x-dependent
asymmetries have a peak at the intermediate x region, around
x =~ 0.2, and the magnitude of the z-dependent asymmetry
increases with increasing z. Comparing our results with the
same sin ¢pg asymmetry in pion production [58], we find that
the signs of asymmetry are both are negative; However, the
magnitude of the asymmetry in A production is several times
larger than the one in pion production. The difference may

[ Vs=45GeV

—— tilde{H} without evolution
— — tilde{H} evolved as h,

0.2 0.3 0.4 0.5 0.6 0.7 0.8

z

FIG. 4. Transverse SSA Aii,"T‘/’S of A hyperon production in SIDIS at EIC for /s = 45 GeV. The left and the right panels show the

x-dependent and the z-dependent asymmetries, respectively.

0.00

" Vs=16.7GeV

—— tilde{H} without evolution
= — tilde{H} evolved as h,

0.01 0.1
X

0.00 T T T T

-0.05

Asin [

uT

-0.10 F \s=16.7GeV N T
tilde{H} without evolution
— — tilde{H} evolved as h,

0.2 0.3 0.4 0.5 0.6 0.7
Z

FIG.5. Transverse SSA A?,"T‘ﬁs of A hyperon production in SIDIS at EicC for /s = 16.7 GeV. The left and the right panels show the

x-dependent and the z-dependent asymmetries, respectively.
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be caused by the factor % appearing in Eq. (28) as M is
almost 1 order of magnitude larger than M . Therefore, there
could be a great opportunity to measure the sin ¢pg asym-
metry in A production at a future EIC and EicC.

Another important observation is that the evolution effect
for the sin¢g asymmetry is substantial in a certain
kinematical region at both the EIC and EicC. First of
all, as shown by the dashed lines in Figs. 4 and 5, the
magnitudes of the x-dependent and z-dependent asymme-
tries for A hyperon have changed substantially by the QCD
evolution effect. Second, in the small-x region (x < 0.04 at
EIC) and (x < 0.07 at EicC), the evolution does not affect
the x-dependent asymmetries, while the evolution effect is
sizable in the intermediate-x region. For the z-dependence
asymmetries, the evolution effect may be observed in the all
z region, where the evolution effect of size is smaller than
nonevolution result in the region z > 0.5 at EIC and FEicC;
thereby, it should not be neglected. Nevertheless, the
evolution almost does not change the signs and the shapes
of the asymmetries.

Finally, we estimate the transverse asymmetries for A at
COMPASS, which applies a 160 GeV muon beam scattering

0.00 T T
[/
/
N
-0.05 F N I/
N [}
Asin s N\ \ )
uT \ /
\ /
N -
-0.10} Eu=160GeV - 4
—— tilde{H} without evolution)
— — tilde{H} evolved as h,
1

0.01 0.1
X

off the nucleon target. In this calculation, we adopt the
following kinematical cuts [82]:

0% > 1 GeV?,
z> 0.2,

0.004 <x < 0.7,
W > 35 GeV, E, > 1.5 GeV.

0.1 <y <009,
(35)

The results of the x- and z-dependent asymmetries are
depicted in the left panel and right panels in Fig. 6,
respectively. The solid lines denote the asymmetries without
considering the evolution of fragmentation functions H in
Egs. (30) and (29). The dashed lines correspond to the
evolution of H9(z) as h,. We find that the overall tendency of
the asymmetries at the COMPASS are similar to that at
the EIC and EicC. The evolution effect for x-dependent
asymmetry may be observed in the region x > 0.05, and
z-dependent asymmetry is larger than that of the EIC
and EicC.

In Figs. 7-9, we also plot the Q? dependence of the

asymmetry ASLi,nT"’S at fixed x = 0.4 at different facilities
(EIC, EicC, and COMPASS). The left and right panels
correspond to the asymmetries at z = 0.4 and z = 0.6,

0.00 T T T T T

-0.05

Ay

-0.15F Ep=160GeV
— tilde{H} without evolution
= — tilde{H} evolved as h,

0.2 0.3 0.4 0.5 0.6 0.7 0.8
z

FIG. 6. Transverse SSA Asli/anbS of A hyperon production in SIDIS at COMPASS for E,, = 160 GeV. The left and the right panels show

the x-dependent and the z-dependent asymmetry, respectively.

0.0 T T T T
sing 0.1 f
AUT
/ z=0.4
! tilde{H} without evolution
,' - — tilde{H} evolved as h,
-0.2 1 1 1 1
20 40 60 80 100
Q?

sin ¢g

FIG.7. Q7 dependence of the transverse SSA A}y

0.0 T T T T
-0.1F
sing
AUT -0.2F
N x=0.4
z=0.6
tilde{H} without evolution
03H — — tilde{H} evolved as h, -
1 1 1 1
20 40 60 80 100
Q?

at EIC with evolution (dashed lines) and without evolution (solid lines). The left

and the right panels show the numerical results at x = 0.4, z = 0.4 and x = 0.4, z = 0.6, respectively.
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0.0 T T T T

Asind)

UT 01}

/ x=0.4
/ z=0.4

tilde{H} without evolution
1 — — tilde{H} evolved as h,

20 40 60 80 100
QZ

sin ¢g

FIG.8. (7 dependence of the transverse SSA Ay

0.0 T T T T
01F
AZ‘T’ 02+ 7/ x=0.4 .
z=0.6
tilde{H} without evolution
— — tilde{H} evolved as h,
-0.3 H -
1 1 1 1
20 40 60 80 100
Qz

at EicC with evolution (dashed lines) and without evolution (solid lines). The left

and the right panels show the numerical results at x = 0.4, z = 0.4 and x = 0.4, z = 0.6, respectively.

0.0 T T T T
Asindz o1k
ur y x=0.4
/ z=0.4
tilde{H} without evolution
A — — tilde{H} evolved as h,
)
0.2 1 1 1 1
20 40 60 80 100
Qz

0.0 T T T T
01F
sing
AUT
02r x=0.4 ]
z=0.6
tilde{H} without evolution
= — tilde{H} evolved as h,
03} .
1 1 1 1
20 40 60 80 100
Q?

FIG.9. Q7 dependence of the transverse SSA ASUian’S at COMPASS with evolution (dashed lines) and without evolution (solid lines).
The left and the right panels show the numerical results at x = 0.4, z = 0.4 and x = 0.4, z = 0.6, respectively.

respectively. Similarly to Fig. 4, the dashed lines depict the
results simultaneously evolving the fragmentation function
H and transversity function; the solid lines denote the
asymmetries without the evolution for A. At x = 0.4,
z = 0.4, the asymmetry with evolution is larger than that
without evolution, while at x = 0.4, z = 0.6, the two results
are reversed. Moreover, the (Q2-dependent asymmetry
decreases fast with increasing Q2. One should note that
the main reason of this decreasing is the twist-3 nature of
the sin ¢pg asymmetry; that is, it is suppressed by a factor of
1/0Q. Including the evolution of A will not change this
tendency. Nevertheless, there is still a quantitative impact
on the size of the asymmetry due to evolution, as can be
seen from the difference between the asymmetry with
evolution and that without evolution.

Some comments are in order. First, in the model
calculation, we have calculated not only the H™ for
the up and down quarks but also that for the strange quark,
while in the phenomenological analysis of the sin¢g
asymmetry, we only have only considered the contributions
from the up and down quarks. This is because currently
there is no available information for the transversity of the

sea quarks. In several phenomenological studies [83,84],
the transversity of the sea quarks were included in the
calculation through model assumptions, such as assuming
the sea quark transversity is proportional to that of the
valence quarks. In this work, we refrain from doing so since
at this stage our result is a rough estimate of the asymmetry.
The H*/* could be measurable, provided the transversity of
the strange quark is sizable. Second, in this work, we
consider the A production in SIDIS process, which is
normally more difficult to measure than the meson pro-
duction. However, in this process, it is not necessary to
measure the polarization of the A. Besides, as our estimate
indicates, the asymmetry is quite sizable at EIC, EicC, and
COPMASS due to the fact that M, /Q is much larger than
M, /Q. Thus, we expect that the sin¢g asymmetry of A
production in SIDIS can be measured with the help of high
statistics of the future e p facilities. Third, in our model, we
assume that the scalar and axial-vector diquark couplings
have the same form. It has the advantage of keeping the
SU@3) flavor symmetry and corresponding to the DSV
parametrization [18], where all the light flavors fragment
equally into A hyperon. SU(3) flavors symmetry breaking
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may alter the asymmetry quantitatively, and we expect that
they will not change our results qualitatively. Finally, in our
work the DGLAP evolution kernel is chosen as the same as
the leading-order splitting kernel for transversity /,; the only
nonzero splitting kernel is A7 P,,. Therefore, unfavored FFs
remains zero via evolution starting from zero input at the
initial scale. To generate nonzero unfavored FFs through
evolution, the next-to-leading-order evolution kernel has to
be included, which is beyond the scope of our paper.

IV. CONCLUSION

In this work, we have studied the single-spin sin ¢g
asymmetry of the A production in SIDIS off an transversely
polarized proton target. Since the transverse momentum
dependent (TMD) version of this asymmetry contains
many terms, it is necessary to integrate out P; to relate
the asymmetry to the convolution of transversity and the
T-odd twist-3 function H(z). However, in practice, it may
be challenging for experimental measurement to cover the
entire Py region. Thus, model predictions could be very
useful for acquiring the knowledge of the sin ¢hg asymmetry
in the case Py is integrated out. We have calculated the
twist-3 T-odd quark-gluon-quark fragmentation function A
of the A hyperon with two different types of the diquark
spectator model by considering both scalar and axial-vector
diquarks [65,85]. The relation between the quark flavors
and diquark types for the fragmentation functions, moti-
vated by the SU(6) symmetric wave functions of the A
hyperon, has been taken into account to provide results for
different flavors. In addition, we have included the leading-
order evolution effects for the fragmentation functions.

Using the numerical results of H(z), we have estimated the

SSA A?}r}"l’s in SIDIS at the kinematics of the EIC, EicC, and
COMPASS. In our case we have integrated out the trans-
verse momentum of the final state A. Our calculation shows
that the estimated sin ¢pg asymmetry for the A production in
SIDIS is sizable, around 0.1. The sign of the asymmetry is
negative in the entire x and z regions. We also find that the
inclusion of the evolution effects of A can change the shape
and size of the asymmetry in the intermediate regions of
x and z. The evolution effects should be important for the
interpretation of future experimental data. In conclusion,
the sin ¢pg asymmetries of A production in SIDIS may be
measured at the kinematics of the EIC, EicC, and
COMPASS, which provide a feasible way to access the
twist-3 collinear H(z) of the A hyperon via the sin ¢g
asymmetry in which the transverse momentum of the
final-state hadron is integrated out. Since the integration is
performed in the whole region of transverse momentum Pz,
which is difficult to achieve experimentally, the approxima-
tion of the integration region and the validity of TMD
factorization of the TMD structure function related to the
twist-3 PDFs or FFs remain promising issues in practice.
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APPENDIX: DOUBLE-/ INTEGRALS

1312 2 _ N2 _ ;2
/ g RIS =D =m%) 4 e - BBPEPY 4 AB(KPY + PFEY) + ¢ W),

((k=Py—1)* = m3)

where

(K2 — m2)[2M2(3A + B) — 2(B — A)(k - P)* — BM?k - P]

AA=- K*A(mg, M)
(@ —m)((A+3B)K - 2Bk - P)
5=~ 2oy, M)
(K —m?*)(2BM* - (A+3B)k - P)
AB =~ Ao, M)
(AL B)E =)

4

Note that 4k>M? —4(k-P)*> = (4k*M? — (kK> + M? —m?)*) = —A(m;,M),
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PESER)S((k = 1 — )

4 — H v DD ,PH*PY "y A2
/dl((k_Ph—l)z—mg)(—l-n+_|_l'€) CCrk*k + DDy +EE i nYy (A2)
+ CD(KPY + PKY) + CEp(Knt. + n' k) + DEp(n' P* + Pint) + ¢ W, (3

where

2z(A = B)k- P —2Ak*z — AM3 + BM3z + Ck=(z — 1)z(k* — m?)

= — A4
cc, = (A4)
27 — 2 . 2 (s — 2 _ 2
Dk = Ak*z — 2Ak* — 2Bk P+f];4/\ + Ck~(z = 1)(k* —m?) (AS)
kg
k- PB4+ M2 (7 — 1)) — Ak272 20 A2 4 M2 (7 —1)) — BM2 2
e (k- P(B(k*z> + Mj(z—1)) — Ak*z )3—1—2k (A(k*z” + M3 (z — 1)) — BM3z%)) (A6)
2z°k%
(12 — 2\ (k252 — 92 . 22y —
_Ck=(k* —m?)(k°z" - 22°k - P+ M3 (2z 1)) (A7)
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