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Introduction
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Introduction

Collins and Sivers transverse-spin asymmetries in inclusive
muoproduction of p° mesons

The COMPASS Collaboration The Sivers asymmetry of p” meson in SIDIS
Abstract process has been measured firstly.

The production of vector mesons in deep inelastic scattering is an interesting yet scarsely explored
channel to study the transverse spin structure of the nucleon and the related phenomena. The
COMPASS collaboration has performed the first measurement of the Collins and Sivers asymmetries
for inclusively produced p® mesons. The analysis is based on the data set collected in deep inelastic
scattering in 2010 using a 160 GeV/c u* beam impinging on a transversely polarized NH3 target.
The p° mesons are selected from oppositely charged hadron pairs, and the asymmetries are extracted

as a function of the Bjorken-x variable, the transverse momentum of the pair and the fraction of the S ive rs asym m etry

energy z carried by the pair. Indications for positive Collins and Sivers asymmetries are observed.
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Framework

FSin(¢h—¢s)

TMD factorization and evolution: APon=0s) — ZU TF
UuUu

sin (¢, — ¢s) Fp %) = £ Lap ST FS

Sivers

ngers (xBa Zh s PhJ_, Q) :/

FUU (xBazhaphJ_aQ) :/ (

We focus on the region P, | < O, where the TMD factorization approximatively applies.




Framework

TMD Factorization
ﬁUU(xBa Zh b7 Q) =H (:ua Q) Z egﬁ,q/p (va b7 s Cl) ﬁl,h/q (Zh7 b7 1z CQ)

q

ﬁ/givers(mBa “h b7 Q) =H (:ua Q) Z 63 (_ZMba) ]?;J_T,q/p ($B, b7 M Cl) [jl,h/q (Zh7 b7 M CQ)

q
Fram (@88 31,0) =5 [ db by (k) Fogsp (2..10)
Dinsa (220t 1€) =g [ db 0o (B5) Din (b1, )
%flj_T (2, k1, 1, ) :/OOO dbgerefl (bk 1) fip (2, b, 11, )

1: the renormalization scale 1?2 = Q?
G: the rapidity scale (1¢=Q"° - (= (2= (Q°  symmetrical choice
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Framework

TMD evolution obtain the TMD functions with any scale.

TMDS eV()luti()n equa‘[ion; F stands for any TMD function.

CS equation: RG equation:
dﬁ(a:,b;,u,ﬁ) ~ QdF(CU b, 11, C)  vr(, Q) =
= —D(b, u)F(x, b; e 2Bz, b
s T (b, ) F(z, b; p, C) p 2 5 (z,b, 11, C)
D: the rapidity anomalous dimension vr: the TMD anomalous dimension

The solution: }Aﬁ (Cl?,b; uf,Cf) = R [b; (,uf,Cf) — (M27Cz)] }Aﬁ (le,b§ ,Ui;Ci)

R 1) o = [ (100002 000 )

digv F(p, () =— i]) (p, C) The finite-order perturbative calculation

dpu destroys the path independence property.

G
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Framework

TMD evolution:
0 In ﬁ(xa b, 11, C) :WF('M’ C)
0 In p? 2
Oln F(z,b; 1, )
= —7D
I (b, 1)
In the {-prescription, the initial scales T (b 2\ _ _ / ( dp D1 b d_<> Flr. b
p and ¢ belong to a null-evolution (6:Q,@7) =exp J P Tl H . ¢ /. oy
line, that is expressed as (//t, G (b)) _ < 0? >D(b,Q) Pt
Cq(b) |
Cu (11, b) =CBe™ (1, b)e "/ Pxr b

+¢oxaet (y, p) (1 _ 6—b2/B§p> D(1,b) = Diesum (i, bs) + dxp (D) \/1 b




Framework

Within the TMD factorization and TMD evolution,
the Sivers asymmetry:

sin(pp — ¢
Asin(th—qbs) _ FUT( 1 0s)
UT FUU
sin — l 2 o
FUT(¢h bs) (ZEB,Zhaph Q) — — H ,ua MZ / —b2J1 ( ZZJ_) (CQQ(I)))

X flT q/p (ZL’B, b) Dl,h/q (Zhv b)

>\ —2D(b,Q)
Fouv (B, 2n, Phi,Q) =H (1, Q Z / _bJO <b§:L) (Cg(b))

X fl,q/p (va b) Dl,h/q (Zh’ b)
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Unpolarized FFs of p” meson

The unpolarized FFs of p" meson:

FMh(z, QM2)

Pythia data:
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Mean
Std Dev
v [ ndf

Prob
N_1
alpha_1
beta_1
N_2
alpha_2
beta_2
N_g
alpha_g

Approach : perform a global fit of Pythia’s po meson data.

1 do (e+e_ — pOX)

1 AN (e+e_ — pOX>

Oot

79958

0.3492

0.1338

749.4 /743
0.4274

0.4224 = 0.0013
-0.6119 + 0.0035
1.245 = 0.004
0.3346 + 0.0044
-0.7777 £ 0.0127
2.068 = 0.023
129 = 21.2

3.223 = 1.601
9.951 + 8.561

0.9 1

Ny Az

Charge conjugate symmetry
Isospin symmetry
the parameterization is chosen as:

Dpo/u(za /’tO) — DpO/d(Z, /’tO) — Dpo/ﬁ(za //tO)
= D 0,q(2, po) = Ny X 21 X (1 = )P

DpO/s(Za /’t()) — DPO/g(Z, ,MO) = N2 X 7% % (1 — Z)’BZ

Do (z,uy) =N, X 7% X (1 —2)’%

Only take the gluon, u, i, d, J, s, S into account
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Unpolarized FFs of p” meson
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The TMD FFs

Obtain TMD FFs by collinear FFs:

Dl,h/f (Z, b) —

The k, distributions of three D,

Dl(Z,kL:IJZ)
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No appropriate
parameterization
for pO meson.

2=0.1, 4 = 4GeV? / Dy;p of pion and kaon
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of the pion to perform
the numerical
calculations
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Numerical Result

The Sivers asymmetry of p” meson

0.20
0.15 -
0.10 -
0.05 -
0.00
—0.05 -
—0.10 -
—0.15 -

~ 0.05 -

0.20

0.15 -
0.10 -

0.00
—0.05 ~
—0.10 ~
—0.15 ~

-0.20

101

0.20

0.20
0.15 -
0.10 -

0.05
0.00 -
—0.05 -~
—0.10 -
—0.15 -

0.4

0.5

0.20
0.15 -
0.10 -
0.05
0.00 -
—0.05 -
—0.10 ~
—0.15 ~

-0.20

10~

0.20

0.4

0.5

0.2

0.4 0.6 0.8
Phi

0.2

0.4 0.6 0.8
Phi

case0
case0 band
casel
casel band
case2
case2 band

casel
case0 band
casel
casel band
case2
case2 band

Sivers function parameterization: ZLS Z

Chunhua Zeng, Tianbo Liu, Peng Sun,
Yuxiang Zhao, Phys.Rev.D 106 (2022)
9, 094039

Sivers function parameterization: B PV2 O

Marcin Bury, Alexeil Prokudin, Alexey
Vladimirov, JHEP 05 (2021) 151
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Numerical Result

Sivers asymmetry at the — case0
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Numerical Result

Sivers asymmetry at the

EIC’s and JLab22GeV'’s
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Numerical Result
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Numerical Result
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Numerical Result
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Numerical Result

Sivers asymmetry of K*
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Summary

1. The Sivers function extracted from pion’s and kaon’s data can be well matched
with p”’s data. The universality of Sivers function.

2. There 1s a large difference between ZLSZ parameterization and BPV20
parameterization. JLab22GeV can provide a test of the Sivers function’s
universality and constrain the extraction of the Sivers function.

Thanks'
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