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We present a study on the double longitudinal-spin asymmetry of dihadron production in semi-inclusive
deep inelastic scattering (SIDIS), in which the total transverse momentum of the final-state hadron pairs is
integrated out. In particular, we investigate the origin of the cos ¢, azimuthal asymmetry for which we take
into account the coupling of the helicity distribution g; and the twist-3 dihadron fragmentation function

<

D<. We calculate the s-wave and p-wave interference term DS in a spectator model. We estimate the
cos ¢pr asymmetry at the kinematics of COMPASS which is collecting data on dihadron production in
polarized deep inelastic scattering. The prediction of the same asymmetry at JLab 12 GeV and a future
electron-ion collider are also presented. Our study indicates that measuring the cos ¢p; asymmetry in SIDIS

may be a ideal way to probe the dihadron fragmentation function D<.
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I. INTRODUCTION

The spin and azimuthal asymmetries in the semi-
inclusive deep inelastic scattering (SIDIS) process [1-5]
have been recognized as useful tools for exploring both the
partonic structure of the nucleon and the hadronization
mechanism of hadrons, which are among the main tasks in
QCD and hadronic physics. According to factorization [6],
the cross section of the SIDIS process can be expressed as
the convolution of the parton distribution function, the
fragmentation function, and the hard scattering factor.
Distribution and fragmentation functions are important
nonperturbative quantities encoding the internal parton
and spin structure of nucleon as well as the fragmentation
mechanism.

Recently, a great deal of attention has also been paid to
the higher-twist contributions [7-17] in SIDIS. Although
the rigorous proof on factorization at the twist-3 level in
SIDIS has not been achieved [18,19], it is shown [5,20] that
those effects are related to the twist-3 distributions and
fragmentation functions based on the tree-level calculation:
the spin- or azimuthal-dependent structure function can be
expressed as the convolution of the twist-3 distribution/
fragmentation functions and the twist-2 fragmentation/
distribution functions. Moreover, there are existing and
ongoing experimental measurements on the azimuthal
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asymmetries of single-hadron and hadron pair (dihadron
from a single jet) production at a higher-twist level in
polarized SIDIS by COMPASS, HERMES, and CLAS at
JLab, not only for single-hadron production [21-26], but
also for dihadron production [27]. For the latter case, the
azimuthal asymmetry at the twist-2 level has been mea-
sured and was applied to extract [28-31] transversity from
SIDIS data [32—-34] based on the coupling of transversity
and the chiral-odd dihadron fragmentation function H7'
[35-42] in the collinear factorization.

In this work, we study the azimuthal asymmetry of
dihadron production in double longitudinally polarized
SIDIS I7 4+ p~ = I+ h; + hy + X in the case that the
total transverse momentum of the dihadron is integrated
out. As shown in Ref. [20], in this particular process, there
are two twist-3 terms that might give rise to the asymmetry
with a cos ¢, modulation. The first one is the coupling of
the T-odd twist-3 distribution e;(x) and the twist-2
dihadron Hf, while the second one is the combination
of the helicity distribution g, (x) and the twist-3 dihadron
fragmentation function (DiFF) D< originating from quark-
gluon-quark correlation. Here the symbol < denotes that
the corresponding DiFF is the interference fragmentation
function. However, if the time reversal invariance is
imposed and the gauge link is the only source of a T-
odd distribution, e; (x) should vanish [4] and the e; (x)H T
term will not contribute to the cos ¢z asymmetry. Based on
this consideration, only one term, the g, (x)D< term, should
give rise to the asymmetry. This is different from the single-
hadron production in SIDIS in which usually several twist-
3 terms contribute to one observable. Thus, investigating
the cos ¢ asymmetry in double polarized SIDIS provides
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an opportunity to study the unknown twist-3 DiFF D< in a
less ambiguous way.

The remaining content of the paper is organized as
follows. In Sec. II, we will briefly review the theoretical
framework of the cos ¢z asymmetry of dihadron produc-
tion in doubly polarized SIDIS. In Sec. III, we use a
spectator model to calculate the twist-3 dihadron fragmen-
tation function D<. As there is no measurement on D<,
model calculation is important for accessing information on
this unknown DiFF. In Sec. IV, we numerically estimate the
DIFF D< and the A%?* double longitudinal-spin asym-
metry at the kinematics of COMPASS, JLab 12 GeV, and
electron-ion collider (EIC). Finally, in Sec. V, we provide
the conclusion for this paper.

II. FORMALISM OF cos ¢ ASYMMETRY
IN DIHADRON PRODUCTION IN SIDIS

We consider the following dihadron SIDIS process:
I7()+ N~(P) > (') + hy(Py) + hy(Py) + X, (1)

in which a longitudinally polarized lepton collides on the
longitudinally polarized target proton N via the exchange of
a virtual photon. Here the arrow — denotes the longitudinal
polarization of the beam or the proton target. The corre-
sponding 4-momenta are given in parentheses in the above
formula; then the virtual photon has the momentum
qg=7¢—7¢". P is the momentum of the target with mass
M. In this process, the final-state quark with momentum
k = p + g then fragments into two final-state hadrons, A"
and 4™, plus unobserved state X. The momenta of the
pair are denoted by P, and P,, respectively. We present
the following kinematical variables that are necessary to
describe the differential cross section and express the
DiFFs:

k* P- P;
X=gre YERo 0 AT 2)
c=tentn, Q=g s=(P+% ()
Py=P +Py,  R=(P =P)/2,  M,=,/P

4)

Furthermore, the 4-vectors are given in terms of the light-
cone coordinates a* = (a™,a”, ar), where the light-cone
components are defined as a* = (a° + a)/v/2, and ay is a
bidimensional vector of the transverse component.
Therefore, x represents the light-cone momentum fraction
of the initial quark, and z; is the light-cone momentum
fraction of hadron #; found in the fragmented quark.
Finally, M,,, P;, and R are the invariant mass, the total
momentum, and the relative momentum of the hadron pair,
respectively.

We work in the lab frame, in which the momenta P}, k*,
and R* can be decomposed to [43,44]

C o
P = P;,—”_,O]’
L " 2P,
o )
o= [Pu 2K+ kp) 2
L 2 2P}
[|R|P; R|M =
RF — H_hcosg,—| |_hcose,|R|sin9cos¢R,
| M), 2P,

|R| sin @'sin qﬁR] .

R|P; R|M S
- PM|’1 cosf, —‘2|T_hcos 0, Ry, R}T] . (5)
h h

Here, as shown in Fig. 1, ¢ is the angle between the lepton
plane and the dihadron plane defined as

-

gx1 §xRy Ry -§

~l

. X
cos pr = , sin ¢ = 7

4

X

X

=
(6)

where § = ¢/|q| and Ry is the component of R perpendi-
cular to P,,. The angle € is the polar angle between the
direction of P, in the center of mass frame of the hadron
pair and the direction of P, in the lab frame.

There are several useful expressions for the scalar
products as follows:

g% 1| g xRy

)

P,-R =0, (7)
M2 k2_~_,‘c’ 2

Ph-k:—h+z—| T‘, (8)
2z 2

FIG. 1. Sketch of the dihadron production in SIDIS process in
the lab frame, including the relevant azimuthal angles. The
nucleon is assumed to be longitudinally polarized either along
or against the direction of the incoming lepton.
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M, K24k = ..
R k= (i—z#}f') |R|cos@ — ky - Ry (9)
In particular, there is a relation between the R and M n

ms. (10)

We will focus on the case when the lepton beam and
proton target are both longitudinally polarized as well as
the case when the total transverse momentum is integrated
out. For convenience, in the following formula we intro-
duce the subscripts U and L for the cross section oyy to
indicate the wunpolarized or longitudinally polarized
states. Also, the polarizations with respect to the beam
and the target are indicated by the first label X and the
second label Y of oy, respectively. We can then summarize
the unpolarized and double polarized cross sections as
follows [20]:

d6UUU
dcos0dM;d¢prdzdxdy

i <1—y+ )Zeaf“(x D (z,M?,cos0), (11)

a

0%

d6O'LL
dcos 0dM3dprdzdxdy

o’ y

QizysL E eﬁy(z— 1)9?(X)D?(Z,M210059)
o’ Z M |R|

+Q—2ySL ‘ eZZy\/Z—yémcosqﬁR

X {xei(x)Hf‘“(z, M3, cos 6)

th a(x)Da(z, Mh,cose)] (12)

Mz

In Eq. (11), f¢(x) and D¢(z, M3, cos6) denote the unpo-
larized parton distribution function (PDF) and unpolarized
DiFF for flavor a. The first line in Eq. (12) represents the
leading twist contribution, while the second line denotes
the twist-3 terms which contribute to the cos ¢ asymmetry.
In detail, there are two individual contributions that might
give rise to the asymmetry. The first one is e; (x)H, in
which e, (x) = [d?kre; (x, k%) is a T-odd twist-3 distri-
bution, and Hf’“ is the twist-2 DiFF. The second one is

|
53 [ e

X gF—(lu§; 5+

A%(k,P,.R

d,,,+u§r

00

w(&)|Py. R X) (P R; X[y (0)U

g1(x)D<, where g,(x) is the twist-2 helicity distribution
and D< is the twist-3 DiFF, with the symbol < denoting the
interference nature of the DiFF. However, as shown in
Ref. [4], if e, (x, k%) only receives a contribution from the
gauge link, the time-reversal invariance of QCD implies the
constraint [ d?kre; (x, k%) = 0; therefore, the contribution
er (x)H{" vanishes in the collinear limit. Based on this
observation, in this work we only need to consider the
g1(x)D< term.

The partial-wave analysis of the DiFFs D, and D< up to
p-wave level yields [20]

D{(z.cos 0, Mj) = D ,, (2. M) + DS (2. M}) cos 0

+ D{ (2. M5,)(3cos* 0 — 1), (13)

H<(a

1,0t

H“(z,cos0,M3) = (z. M3%) + H{,(z, M3) cos 6.

(14)

D%(z,c080,M2) = D\(z, M2) + D;¥(z, M3) cos 6. (15)

Here, D¢

! yo(2,M3) comes from the pure s-wave and p-
wave contributions; D¢ , and Dj;(z,M3) arise from the
interference between a pair in the s-wave and a pair in the
p-wave.

Following the similar arguments in Ref. [43], in this
paper we will not consider the cos 8-dependent terms in the
expansion of DiFFs. When integrating out the angular 0 in
the interval [0, z], which is our case, the cos #-dependent
terms should vanish. Therefore, we focus on the functions
Dt ,, and D;. In this scenario, the cos ¢ asymmetry of the
dihadron production contribution to the double longitudi-

nally polarized asymmetry can be expressed as

2 2R 1L g, (x) D3 (2. M)
Zaeafa() loo( )

Following the convention used by COMPASS in Ref. [27],
the depolarization factors are not included in the numerator
or the denominator.

A (x, 2. M3) = (16)

III. CALCULATION OF THE DIFF D
IN THE SPECTATOR MODEL

The twist-3 DiFF D< originates from the quark-gluon-
quark correlation [20],

(oot &)

07

(0* 00 (17)

X
UG, e 1O =g =0, =2, -
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Here F7* is the field strength tensor of the gluon. Introducing the covariant derivative iD* (&)

recover also the relation
A%(k,P;,R) =

where

Aa k th _ZZZ/
A%(k, Py, R —zzng/

After integrating out ZT, we get

A%(z,c080, M7, i) = R

/ 2Rk, Py R).  (20)

Then, the DiFF D< can be obtained by the trace

a

Re -

—D%(z,c08 0. M};) = 4aTr[Af (z.cos 6, M} )y

z

(21)

Following the approach developed in Ref. [43], we will
work in the framework of a spectator model for the
fragmentation process ¢ — ztz~X. Here, the sum over
all possible intermediate states X is replaced by an effective
on-shell state—the spectator, whose quantum numbers are
the same as the initial quark and whose mass is one of the
parameters of the model. The twist-2 DiFFs D, ,,, and HY',,
have been studied in Ref. [43] using the spectator model.
The model was also extended to calculate the twist-3 DiFF
G< in Ref. [45]. In the following, the calculation of the
unknown DiFF D in the same model will be described in
detail.

The corresponding diagram to calculate the quark-gluon-
quark correlation for DiFF is shown in Fig. 2, in which the
left-hand side corresponds to the quark-hadron vertex
(P, R; X[ (0)]0), and the right-hand side corresponds to

|

. Cra, 1 dl
A% (k,P,,R) =i :
alk PrR) = im0 )P K —m? ] (2x)

2 K2

A%(k9 thR)

=10, + gA,(&), we can

— A%(k, Py, R), (18)

(0l g, qw (§)iD*(§)|Py. R: X) (P, R: X[i7(0)|0) |- —, o

e 0\Up, g (E)|Py. R X)(Py, R X[7(0)0) |- —,—o- (19)

|
the vertex (0|igF*(n"
gluon rescattering.

As given in detail in Ref. [43], there are a few prominent
channels contributing to the ¢ — z7 7~ X process:

(1) g ztaX);

() q— pX, = 7177 Xo;

3) g - wX; - nta Xz

4 g - wX, — ztz X, with X, = 29X/

(5) g = nXs - ntaXs with X5 = yX§;

6) g = K°X¢ = 21 Xq.

In the first process, the quark fragments into an “inco-
herent” z* 7~ pair that are called the “background,” while
in the other five processes the z* pi~ pair are produced
through the decays of the intermediate resonances p, o, 7,
and K°, responsible for the peaks at M, ~ 770 MeV,
782 MeV, 500 MeV, and 498 MeV, respectively.

As stated in Ref. [43], different channels could produce
spectators with different masses. For simplicity, here we
consider just a single spectator for all channels. The
spectator mass is denoted by M,. The choice of using
the same spectator for all channels implies in particular that
the fragmentation amplitudes of all channels can interfere
with each other maximally. In reality, only a fraction of the
total events ends up in the same spectator and can thus
produce interference effects.

Using the above setup, we can write down the quark-
gluon-quark correlator for dihadron fragmentation pro-
duced by the s-wave and p-wave:

YWw(ET)|Py, R; X) which contains

7 (g = 15g7™")

2 K2

=) (F T Fre SR = Py = [+ m)r (= Pt mo)(Fe Y + Fre SR+ m)

(=1~ +ie)((k = 1)> = m? —ie)((k = P, = 1)> — m? — ie)(I*> — ie)

(22)
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FIG.2. Diagrammatic representation of the correlation function
A% in the spectator model.

Here, m and m, are the mass of the quark and the spectator,
respectively, and A, and A, are the cutoffs for the quark
momentum with the form [43]

Ay = ag o (1= Z)o. (23)

The exponential form factors are introduced to suppress the
contributions from higher quark virtuality [46]. The open

Cra,22|R)|

A%(z.cos 0, M3, dr)

+|Fs|e_"_3

circle in Fig. 2 denotes the factor (/g7 — [%g7*) coming
from the Feynman rule for the gluon f1eld strength tensor in
the operator definition of the correlator (17). In addition, F*
and F? are the quark-dihadron-spectator vertices associated
with the s-wave and p-wave contributions; in particular, the
p-wave vertices contain the real part and image part, which
are both contributions to the twist-3 fragmentation function
D<, respectively, and in Ref. [43] they are parametrized as

F = f,
pro g, MM =M, | (O - M) = iT,M,
(M; — M2) +T3M2 (M3 — M%) +T2M2,
AWM M, m)O(M,, — m, — M)
~ o 4rT2[4MEmE + A(M2, M2, m2))i (24)

Here, 2(ZWEH M%l’ mzzr) = (Mgr - (Mh =+ mﬂ)z)(MZ) -
(M;, — m,)?*) and © denotes the unit step function. The
first two terms of F” can be identified with the contribu-
tions of the p and the @ resonances decaying into two pions.
The masses and widths of the two resonances are taken
from the PDG [47]: Mp = 0.776 GeV, Fp =0.150 GeV,
=(0.783 GeV, and I',, = 0.008 GeV.

To identify the contributions from the correlator to D,

we expand (22) in the following way:

I — 18g
=i /d|kT|2/d4l Tg
16(22)5(1 — 2)M, P;,

4 K—T+m)(k- Ph—l+m)7ﬂ(k Pi+mg) (K +m)

(== ie) ((k -
2 (k=T EmRE =P~

0?2 —m? —ie)((k =P, = 1)> —m? —ie) (> — ie)

l+ ms)Vﬂ(k_ Ph + ms)K(k+ m)

+ |FP|e a8

+ (F*FP)e ™

(== £ ie) (k= 1)> = m® — ie)((k— Py — )?
2 (f =] +m) ([~ I"h—l+ms)}',4(k—l"h+ms)R(k+m)

—m? —ie)(P — ie)

(== £ ie)((k = 1) = m? — ie)((k = P, = 1)* — m? — ie)(I*> — ie)
2 (=T mRE=Pr= T+ m)r, (K= Pyt m) (K +m)

H(PFre

where 2/A2, = 1/A? + 1/A3.

(=~ +ie)((k -

1)? —m? —ie)((k—= P, —1)> —m2 —ie)(I> —ie) |’ (25)

In the spectator model, the factor k* in Eq. (25), compatible with the on-shell condition of the spectator, is given by

Z -
=+

1-z

M M
T +— (26)

In Eq. (295), the first term corresponds to the pure s-wave contribution, the second term corresponds to the pure p-wave
contribution, whereas the third and fourth terms correspond to the interference of s- and p-wave contributions. According to

the partial-wave analysis for D<, one can find that only the third and fourth terms contribute to D%

. Integrating over the

internal momentum [ yields the final expression for D,),(z, M%):
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D3 (z. M) = —

22

a,Crz2|R)| / I ,
. dlkr|*e *» Re(F**FP)C
100 (1= o, | Al T (Re(FVET)
+Im(F**FP)my[(k* — m*)(A + zB) — 2(AK* + BP,, - k)] }. (27)
Here, the coefficient C corresponds to the real part of the integration over / and has the expression
(28)

C—m/ldx/l_xd X+ (1=2)y=2|(k* =2k - P, —m? +m3) + (x + 2y)k- P, — (x + y)k* — ym?
0 0 Y x(1 = x)k* + 2k - (k= Pj)xy + m*>x +m2y + y(y — 1) (k — P,)? '

Note that it is proportional to the fragmenting quark mass m. The factors A and B that appear in Eq. (27) have the forms

1 1
A= Ai(mhlm ) <2k2(k2 —m? —mﬁ);%r (k2 + m} —mg)), (29)
2k? k> +m?2 —m?
B=——"_I(1+— 1] 30
Tamy 1 (1) 0
and the functions /; have the forms [48]
I = / SNk~ 1) = m?) = 75 (= ). (31)
R L O S PR/ e M -
(k—P,—0?*—mi  2,/A(my, m,) K* —m3 + m? + \/A(my,, my)

with A(my,, mg) = (k* = (m, + mg)?)(k* — (mj, — my)?).

IV. NUMERICAL ESTIMATE FOR D
AND THE DOUBLE SPIN ASYMMETRY

In order to obtain the numerical results of the fragmen-
tation function D5 (z, M fl) we need to know the values for
the model parameters my, a; ,, f; ,, and y, ,. For these we
adopt them from Ref. [43]:

a, = 2.60 + 0.05 GeV?,
7y = —0.193 £ 0.004,
B, = —0.038 + 0.003,
fs=1197£2 GeV!,
fo» = 0.63 £0.03,
M, =297 +0.04M,.

Py = —0.751 £ 0.008,
a, =7.07£0.11 GeV?,
yp = —0.085 & 0.004,
f,=935+1.6,
[ =152+12,

(33)

For the quark mass m, we will adopt two different
choices for comparison. The first one is m = 0 GeV,
following the adoption in Ref. [43]. In this choice the C
term [Eq. (28)] vanishes since it is proportional to m.
Therefore, in this particular case only the term containing

IM(F**FP) in Eq. (27) contributes to D} numerically.
In the second choice we adopt m = 0.3 GeV, which is

|
consistent with the value for the quark mass chosen in
Refs. [49] and [50].

The results for D} divided by the unpolarized DiFF
D, ,, are plotted in Fig. 3. The left panel depicts the z-
dependence of the ratio (M), is integrated out in the region
0.3 <M, <1.6), and the right panel depicts the M,-
dependence of the ratio (z is integrated out over the region
0.2 < z < 0.9). The dashed line corresponds to the result
for m = 0 GeV. The dashed-dotted line corresponds to the
result from the Im(F**F?) term for m = 0.3 GeV, while
the dotted line corresponds to the nonzero result from the C
term in Eq. (28) for m = 0.3 GeV. The solid line is the total
result for m = 0.3 GeV, corresponding to the sum of the
dashed-dotted and dotted lines. We find that D}i/D, ,, is
positive in the entire z and M, region when M, or 7 is
integrated out, respectively. We note that the cosR,
asymmetry in the unpolarized SIDIS is proportional to
the ratio DY/D,; as suggested by Eq. (44) in Ref. [20];
therefore, the curve in Fig. 3 can be also viewed as an
approximate result for the cos¢p asymmetry in the
unpolarized SIDIS. We also observe that two different
choices of the quark mass m lead to a 10% difference in the
ratio D3/ D -

Using Eq. (16), one can express the double longitudi-

nally polarized asymmetry AS% %%

X, z, and M, as follows:

in SIDIS as functions of

074033-6
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‘ M

h

FIG. 3. The twist-3 DiFF D as the functions of z (left panel) and M,, (right panel) in the spectator model, normalized by the
unpolarized DiFF D, ,,. The dashed line corresponds to the result for m = 0 GeV. The dashed-dotted line corresponds to the result from
the Im(F** F?) term for m = 0.3 GeV, while the dotted line corresponds to the result from the C term in Eq. (28) for m = 0.3 GeV.
The solid line is the total result for m = 0.3 GeV, corresponding to the sum of the dashed-dotted and dotted lines.

J dz | dv,2m, B (agt (x) + o () D3 (2. M2)

cos p _

A ) = T MM, () T ) Dy M) (34)
[ dx [ aMy2m, KL (4g1 (x) + gf(x)) D3k (2. M2)

cos g _ 0z

A ) = = e T MM () + 7T Dy M) (33)

A (31, — _Jdx [ =G (g1 () + (1) Dz M) 56

dede 4fu +fd( ))Dl,oo(Z’M%) ‘

|
For the unpolarized distribution f, and the helicity =~ D<is a twist-3 object. Since here the asymmetry is the ratio
distribution g;, we also apply a spectator model result  between ¢, ® D¢ and f;, ® D,, we assumed that the
from Ref. [49] for consistency. As the scale dependence of  evolution effect will not influence the results qualitatively.
the DiFF D< still remains unknown, we assume that D< The COMPASS Collaboration [27] is measuring the
follows the same evolution as that of the DiFF D, [51,52]in  above ASS? asymmetry using a 160 or 190 GeV longitu-
the leading order. For the PDFs f; and g;, we adopt the  dinally polarized muon beam on a longitudinally polarized
leading-order Dokshitzer-Gribov-Lipatov-Altarelli-Parisi ~ nucleon target. Using the numerical result for Dy, we
(DGLAP) evolution. We admit that the scale dependence  estimate the asymmetry ACOQ‘I’R at the kinematical region of
of D< might be more complicated than that of D, because =~ COMPASS:

0.04 T T 0.02 T T T T 0.04

COMPASS COMPASS
0.02 0.011 Energy E,=160 GeV 0.02} Energy E,=160 GeV

0.00

0.00

cos(o,)

LL
cos(9,)

LL
cos(6,)

LL

0.00

A
A

A

- - - m=0GeV - - - m=0GeV - - - m=0GeV
-0.04 - o -0.02 . L 0 0 -0.04

. . .
0.01 0.1 0.2 0.4 0.6 0.8 1.0 0.5 1.0 15 2.0
X z M

h

FIG. 4. The cos ¢y azimuthal asymmetry in dihadron production off the longitudinally polarized proton as functions of x (left panel),
z (central panel), and M, (right panel) at COMPASS. The dashed and solid lines correspond to the results from m = 0 GeV and
m = 0.3 GeV.
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z (central panel), and M, (right panel) at JLab 12 GeV. The dashed and solid lines correspond to the results from m = 0 GeV and

m = 0.3 GeV.
0.003<x<04, 0.1<y<0.9, 02<z<0.9,
03GeV<M,<1.6GeV, 1GeV<Q? W>5GeV.

(37)

Here W is the invariant mass of the virtual photon-nucleon
system. The kinematical cuts in Eq. (37) are implemented
in the calculation numerically by imposing those con-
straints in the computation code.

In the left, central, and right panels of Fig. 4, we plot the
x-, z-, and M,-dependent cos¢yr asymmetry at the
COMPASS kinematics. The solid and dashed lines corre-
spond to the results for m = 0.3 GeV and m =0 GeV,
respectively. Again, the difference between these two
results is about 10%. We find that the asymmetry is
negative due to the minus sign in Eq. (16). The asymmetry
roughly decreases with increasing x. The estimated mag-
nitude of the asymmetry at COMPASS is about 0.01, which
is smaller than the sin ¢y asymmetry in single longitudi-
nally polarized SIDIS [27,45].

cos pp

For comparison, we also predict the asymmetry A, “* at
JLab 12 GeV using the following kinematical configuration:

0.072 < x < 0.532, 0.2 <y <0.95,
02 <z<0.8, 0.5 GeV < M), < 1.2 GeV,
E, =12 GeV, W > 4 GeV?2,

1 < Q% < 6.3 GeV2. (38)

0.02

0.005

The corresponding results are shown in Fig. 5. In general, the
asymmetry at JLab 12 GeV is found to be larger than that at

COMPASS because the A% % asymmetry is a twist-3 effect
and the c.m. energy at JLab is smaller.

We also present the cos ¢ asymmetry in double polar-
ized SIDIS at the kinematical configuration of a future EIC
facility [53]:

Vs =45 GeV, 0.001 < x < 0.4,
0.01 <y < 0.95, 0.2 <z<0.38,
0.3 GeV < M, < 1.6 GeV, 0% > 1 GeV?,
W >S5 GeV. (39)

The asymmetry vs x, z, and M|, is plotted in the left, central,
and right panels of Fig. 6. We find that the overall tendency
of the asymmetry at the EIC is similar to that at COMPASS.
Although the size of the asymmetry is smaller due to the
higher-twist nature of the asymmetry, it is still measurable
at the kinematics of EIC.

Finally, we note that a recent measurement on the single-
transverse spin asymmetry of dihadron production in SIDIS
by COMPASS [34] shows that the asymmetry is similar
to the Collins asymmetry of single-hadron production in
SIDIS. This hints that the spin-dependent DiFFs could be
generated by the single-hadron spin-dependent fragmenta-
tion functions. The closed relation between the Collins
fragmentation function Hy and the spin-dependent DiFF

EIC

0.01F Energy \s=45 GeV
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0.00 %‘
8

0.010

EIC
Energy Vs=45 GeV
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0.005 -
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. . .
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z M

FIG. 6. The cos ¢y azimuthal asymmetry in dihadron production off the longitudinally polarized proton as functions of x (left panel),
z (central panel), and M, (right panel) at an EIC. The dashed and solid lines correspond to the results from m = 0 GeV and

m = 0.3 GeV.
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Hi in the large M), region has also been suggested in
Ref. [54], which showed that both the leading twist
unpolarized dihadron fragmentation function and the lead-
ing twist interference fragmentation function (IFF) can be
perturbatively computed in terms of the normal single-
hadron fragmentation function when the invariant mass is
sufficiently large. Therefore, there is the possibility that a
similar analysis can be applied to the twist-3 IFF case as
well. On the other hand, a calculation of single-spin
asymmetry in dihadron production based on the spectator
model result [43] for Hf‘ can also well describe the
COMPASS data (see solid blue lines in Fig. 5 of
Ref. [34]) for the x- and z-dependent shape, as well as
for the M,-dependent shape in the p meson region. This
may suggest that the resonance interference mechanism
applied in our paper can also be responsible for the spin
asymmetry in dihadron production. Due to the lack of
further data, at the moment it is hard to say which
mechanism should be preferred. Further theoretical and
experimental studies are needed in order to discriminate
different mechanisms for the spin-dependent DiFFs.

V. CONCLUSION

In this work, we studied the origin of the cos ¢y
asymmetry of hadron pair production in double polarized

SIDIS: [7 + p~ — h; + hy + X. The asymmetry can
originate from the coupling of the twist-3 DiFF D<
and the helicity distribution g¢;(x). Another potential
contribution, the coupling e; (x)H;Y, will not give rise
to the asymmetry because of the time-reversal invariant
constraint [ d?pre; (x, p7) = 0. We applied a spectator
model for the quark-gluon-quark correlator and calculated
the s-wave and p-wave interference DiFF D, the
leading term of D< in the partial-wave expansion.
Using the numerical results for D;‘,, we estimated the
cos ¢ asymmetry as functions of x, z, and M, at the
kinematics of COMPASS, JLab 12 GeV, and EIC. We
found that the asymmetry at COMPASS and JLab12 is
about 1-2% and may be measurable. Therefore, the
measurement of the cos¢p asymmetry at COMPASS
and JLabl2 may provide unambiguous information
on D<.
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