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We study the beam spin asymmetki)S‘”‘ in semi-inclusive electroproduction of neutral pion
contributed by thé -odd twist-3 distribution function™ (x,k2). The distributions for thei and

d quarks inside the proton are calculated in a spectator niodeding the scalar and the axial-
vector diquark components. Using the model results, wenes# the asymmetr, SiS‘”‘ inep—

€ X process in which the lepton beam is longitudinally polatiz&he model prediction is
compared with the data measured by the CLAS and HERMES Qulibns, showing that our
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beam spin asymmetry in° electroproduction at CLAS12 using the same model cal@ndati
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1. Introduction

Recently substantial single spin asymmetries (SSAs) haea Imeasured in semi-inclusive
deep inelastic scattering(SIDIS). In the particular cdselongitudinally polarized beam colliding
on an unpolarized target [1, 2, 3], an asymmetry withgsimodulation, the so-called beam SSA,
emerges. A new source contributing to the beam SSA has beatifidd, either from the model
calculations [4] or from the updated decomposition of thpalarized quark-quark correlator [5],
where the twist-3 TMDg™ (x, k%) plays a crucial role. We present an analysis on the beam SSA
Aﬂr}% in neutral pion production, based on the effect frgm To this end we calculatg- for the
u andd quarks inside the proton, using a spectator model inclutioth scalar and axial-vector
diquarks. We adopt a specific model given in Ref. [6]. Using dalculatedy™¥ and g9, we
estimate the beam SSA in neutral pion production at the kitiesiof CLAS, which has measured
the beam SSA recently with high precision [3]. We also makeragarison between our calculation
and ther® data measured by the HERMES Collaboration [2] for furthstig. Finally, we present
the prediction o’} * for ° production at CLAS12.

2. g* of the proton in spectator model with an axial-vector diquark

The starting point to calculaig" (x, k%) is the gauge-invariant quark-quark correlator for the
unpolarized nucleon
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where[+] denotes that the gauge link appearin@irs future-pointing, corresponding to the SIDIS
process. The distributiog- can be deduced fromg!*) (x,kr) by taking the trace with proper Dirac
matrices
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Here, we extend the calculations in Ref. [8] using the spectaodel with an axial-vector
diquark to obtaing® for both theu andd quarks. We perform the calculation following the way
used in [6] and choose the form for polarization sum of thalaxector diquarkd,, adopted in
[7]. After performing the integrations ovér and the momentum of the exchanged soft gluon to
obtain the correlator in the spectator model, we arrive @ettpressions [9] for the distributiap*
from the scalar (denoted gy and the axial-vector diquark components (denoted)dyy using
Eq. (2.2),

0" (xK&) = STr@1yys). 22)

Lo p2y_ NE(L—x)? eseq [(L1—X)AZ+ (14+X)M2 — (1—x)M?
Ly k2 = NZ(1—X)? evey [(l—x)(xM +m)24 (1—x)2M2 — M2+ xL2
9T ey an (1—x)L2(L2 4+ Kk2)3
X L2+ k2
- In{ — 2.4
=X+ K2 ”( 3 ) @4




Beam spin asymmetry of neutral pion in semi-inclusive electroproduction Zhun LU

Figurel: Left panel: model results fogY (solid line) andxg® (dashed line) as functions kf atx = 0.3;
right panel: model results fogY (solid line) andxg'9 (dashed line) as functions sfatkt = 0.3GeV .

The functiong* for the u andd quarks can be constructed gy and g*V following the
approach in Ref. [6]. For the parameters needed in the noateralculation, we also adopt the
fitted results from the same reference. The quark mass i®ohasn = 0.3GeV. To convert our
calculation to real QCD, we use the replacem%%t — —Crag for the combination of the charges
of the quarkqg and the spectator diquak, and choosexs ~ 0.3 in our calculation. In the left
panel of Fig. 1, we plot the functionggV (solid line) andxg'9 (dashed line) v&s atx = 0.3,
while in the right panel, we display thedependence &; = 0.3GeV. As we can see from Fig. 1,
the dominance ofi quark contribution is evident in the adopted spectator maohel thex andkr
dependencies of theandd quark distributions are different.

3. Numerical resultsfor beam spin asymmetry

The beam-spin asymmetnyﬁil'j‘p in single-pion production off an unpolarized target is ex-
pressed as

. Jaxfdy[dzdo ot x (1+4)V2e(1—¢) R
Jax [ dy [ dz kel x (14 %) Fuu

for the Pr-dependent asymmetry. Thedependent and thedependent asymmetries can be de-
fined in a similar way. Her&yy andF}]'® are the helicity-averaged and the helicity-dependent
structure functions, respectively. In the parton moded, ttho structure functions in Eq. (3.1) can
be expressed as the convolution of TMD DFs and FFs, baseckdretitlevel factorization adopted
in Ref. [10].

To do the calculation on the beam SSA in semi-inclusive pienteproduction contributed
by theg-D; term, we neglect the quark-gluon-quark correlators for &ifi consider merely the
beam SSA of thet® production. Since the favored and the unfavored Collinstions have similar
sizes but opposite signs [11], we hahlé"o/q — (H{ "™ 4 H{") /2 ~ 0 for the i® FF. Thus, in

the following calculation, we can just take into accounttiéreng-D1 and obtain

FSne z%( zdeg/deT { PrXT (a9 K8) x DY (2 (Pr — 2kr)?)] } @2
4T,

A0 (Pr (3.1)

wherePr = £T with Pr = |Pr|. For the unpolarized TMD${ (x, k%), we adopt the results from the
same spectator model calculation [6] for consistency.
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Figure 2: Beam SSAAﬂ'}‘”‘ in 1° electroproduction contributed by". The solid and the dashed lines
correspond to the results without and with the kinematioaltraints orkt, respectively.
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Figure 3: The beam SSA}* for 7 production in SIDIS at HERMES (the left panel) and at CLAS12
(the right panel). The solid and the dashed lines correspmtite results without and with the kinematical
constraints orky, respectively.

To perform the numerical calculation on the asymméﬁ’g‘”‘ in 7° production at CLAS, we
adopt the following kinematical cuts [3]:

04<z<07, Q®>>1GeV?’, W?2>4Ge\?, Pr >0.05GeV, My(er”)>15GeV, (3.3)

whereMy(er®) are the missing-mass values for & system. Finally, in our calculation, we
consider the following kinematical constraints on theiirdic transverse momentum of the initial
quarks [12].

k& < (2—x)(1-x)Q?% for 0<x<1;

k2 < (’ffgxx))z Q2 for x < 0.5.

(3.4)

The left panel of Fig. 2 shows the results [9] of the beam ﬁ@\% for m© production as a
function ofx. In the right panel of Fig. 2, we display the same asymmetry famctionPr. From
the comparison between the theoretical calculation an€H#ES data, we conclude that tige D4
term can account for the beam SSAriproduction at CLAS in the regionsandPr are not large
(x< 0.4 andPr < 0.5 GeV). ‘

Furthermore, we also compare our calculation of/ﬂﬁ'é‘”‘ with the data measured by the
HERMES Collaboration using a 27.6 GeV positron beam. Intaafdi the following kinematics
are applied in the calculation [2]

0.023< x<0.4,0<y< 085 1Ge\V’ < Q? < 15GeV,
W2 > 4Ge\?, 2GeV< B, < 15GeV, (3.5)
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whereR, is the energy of the detected final-stat® in the target rest frame. In the left panel
of Fig. 3, we show the asymmetry and compare it with the HERME® [2]. It is found that
the theoretical curves agree with the experimental dathinvihe statistical uncertainty, and the
calculation without the constraints describes the dataerstnallex region better.
Finally, we present the prediction for the asymme%ﬂfj‘”‘ at CLAS12 (shown in the right

panel of Fig. 3). The kinematical cuts applied in the caltofeare

0.08<x<06, 0.2<y<0.9, 03<z<038,

Q%> 1GeV?, W? > 4Ge\?, 0.05GeV< Pr < 0.8GeV. (3.6)
Our calculation shows that the beam SSA at CLAS12 is smdilen that at CLAS, but is still
sizable. Also, our result indicates that there is no obviodspendence of the asymmetry7ifi

production. Therefore, the precision measurement of tependence om,s_i[j‘““ in 1° electropro-
duction at CLAS12 can verify the role gf- in beam SSA.

4. Conclusion

In this work, we have performed a calculation onThedd twist-3 TMD distributiorg™ (x, k?)
for u andd quarks inside the proton in a spectator model with scalaraaial-vector diquarks.
We found thatg*" and g%d have differentx and kt dependencies. Using the model results, we
analyzed the beam SSI)Q'S‘““ in semi-inclusive pion electroproduction. The comparibetween
our theoretical calculation and the data indicates thagttizy term can account for the beam SSA
in 7° production measured by the CLAS Collaboration in the regien0.4 andP; < 0.5GeV,
where our theoretical curves describe the data fairly walladdition, our calculated asymmetry
at the HERMES kinematic region is consistent with the HERM&Sasurements after the error
bars of the data are considered. Our study suggests th#itdlel twist-3 distributiorg™ plays an
important role in the beam SSA in SIDIS, especially in theecafsneutral pion production.
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