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Motivations

SIDIS process: one of the key processes for probing 3D structure of the
nucleon, using TMD PDFs and TMD FFs.

Sivers effect: correlation between parton transverse momentum and
nucleon spin, extensively studied but still need to be explored.

First measurement of Sivers asymmetry for p® production in SIDIS was
released by COMPASS recently.

Future EIC and EicC high-statistic data requires further theoretical study.



Motivations

“The COMPASS collaboration has performed the first measurement of the Collins
and Sivers asymmetries for inclusively produced p® mesons ”
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Motivations

e SIDIS process: one of the key processes for probing 3D structure of the
nucleon, using TMD PDFs and TMD FFs.

e Sivers effect: correlation between parton transverse momentum and
nucleon spin, extensively studied but still need to be explored.

e First measurement of Sivers asymmetry for p° production in SIDIS was

released by COMPASS recently.

e Future EIC and EicC high-statistic data requires further theoretical study.

Bernd Surrow’s talk on Friday morning Jiancheng Yang'’s talk on Friday morning



Theoretical framework



The Sivers asymmetry in SIDIS process
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TMD factorization




TMD evolution

e TMD Evolution: matching TMD PDFs/FFs to the process energy scale

Collins-Soper equation Remornalization group equation
dF(:v.b:;;, C) ~ : -:]f*:'{:i-:._ bp,¢)  vr(p,C) = N
(e = P F (@b ©). W—gm =g F@bml),
Solution
d l ~ |
F (x,b; iy, Cr) = exp [/ ( (1, C) j — D(p b}%ﬂ F(z,b; pi, ) £—€“ (1,€) = -H-{;?I’{HJ?]!

= R[b; (1 G) » (g, Cp)) F (b3 1, Gi) -

Evolution factor, in principal path independent, but in practical path dependent due to truncation.

We follow 'C-prescription’ to choose the path.
J.C.Collins and D.E.Soper, Nucl.Phys.B 193 (1981) 381 |. Scimemi, A. Vladimirov, JHEP 08 (2018) 003



TMD evolution

C-prescription
Initial scale: ,ui~% . ¢i = {o(b) (optimal TMD distribution)

Final scale: (s, {f) = (Q, Q%) see also Valentin Moos’ talk on Tuesday
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Path choice: 10_/ | D(1£.5) = Dresum (be, pt) + dup(b).  dxp (b) = cobb.,
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l. Scimemi, A. Vladimirov, JHEP 08 (2018) 003 and 06 (2020) 137
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Sivers asymmetry

Structure functions in b-space
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Sivers asymmetry in TMD factorization

Sivers function Unpolarized TMD FF
2 —2D(b.Q) =
MY, e [ dbp2 g, (m )(:;SHJ}) fia/n @B b) D, h/q (2h,b)
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Evolution factor Unpolarized TMD PDF
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Numerical calculation



Inputs: TMD PDFs and FFs

phenomenological ansatzes for TMD distributions

r

d1 ‘
fi.fen(x,b) = / jz(ﬁ—f’ (¥ Lpopg » @s(HOPE)) f1.f«h (;-NOPE) fxp(2.b)
o T .- :

] d1 z
Dy fn(2,0) = —/ jZU Crap (Y Luopg as(HoPE)) d1, f/—h (;-HDPE) Dnp(z.0)
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Inputs: TMD PDFs and FFs

Unpolarized TMD PDF:

——= SV19 parametrization for the NP part

Inp

uts

|. Scimemi, A. Vladimirov, JHEP 06 (2020) 137

—= Collinear part: for p°, global fit; for K*,
follow

Unpolarized TMD FF:

K.Chen, Z.Liang,Y.Song,S.Wei, PRD102((2020))034001

NP part, same parametrization form as r,
SV19

Two parametrizations, denoted as

Sivers function

—* BPV20 and ZLSZ (from pion/kaon

data
M.Bury, A.Prokudin, A.Vladimirov, JHEP05(2021)151

C. Zeng, T.Liu, P.Sun, Y.Zhao, PRD 106 (2022) 9, 094039



Unpolarized collinear FF for p°

global fit of p° production data from Pythia.

Q =100GeV
g 09 e 75558
Observable: S .
£ Std Dev 0.1338
[ 07 ¥2 / ndf 749.4 /743
. Prob 0.4274
. 1 do (€+ e = hX) 1 Nd 0.4224 + 0.0013
P (z QZ) = [ Fh’ ( Qz) + Fp ( Q2)} o0 apha 1 -0.6119 = 0.0035
; ] L \#; beta_1 1.245 = 0.004
Otot z > q 6 05 N_2 0.3346 = 0.0044
alpha_2 -0.7777 £ 0.0127
0.4 beta_2 2.068 = 0.023
NFﬁ 129 £ 21.2
. ) 03 alpha_g 3.223 = 1.601
Parametrization form: ena o5t -ase)

Dh/i (Z7 Q%) — Nzh a?(l T Z)B?7 (/L = u, d7 5,9, u, d_7 §) 82 03 04 05 06 07 08 09
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Unpolarized collinear FF for p°

fitting result:

TABLE II. Parameters determined for p°.

x2/d.o.f. = 749/743

function

D ”/u

P
DPU/

D‘DO/Q

s

N

0.4224 + 0.0013 -0.6119 £ 0.0035 1.2448 £ 0.0037
0.3346 £ 0.0044 -0.7777 £ 0.0127 2.0681 £ 0.0229

129.04 £ 21.159 3.2234 £+ 1.6011

9.9508 £+ 8.5609
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Unpolarized TMD FF for p®and K*, NP part

NP part, SV19 parametrization:

B mz+ne(l — z) b2 b*
Die(@,b) = exp (_ V1 +mn3(b/z)? 22 b )

Scenarios 1 N2 N3 N4
Scenario 1 0.260 0.476 0.478 0.483
Scenario 2 0.078 0.143 0.143 0.145

Scenario 3 0.78 1.428 1.434 1.449
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Unpolarized TMD FF for p°
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Sivers function

e ZLSZ parametrization

(1 —x)%xPa(1 + €,x)
n(p, €, a,)

C. Zeng, T.Liu, P.Sun, Y.Zhao, PRD 106 (2022) 9, 094039

%T;qep(x! b) = Nq

exp(—r,b?)

e BPV20 parametrization

(1 —2)al1(1 + eum) o (_ ro + o7 bg)
n(ﬁqaeq) vjl4-T2$§bz

=8
1
M.Bury, A.Prokudin, A.Vladimirov, JHEP05(2021)151 _|[§T
&l
I

fl%";m—h(mv b) = Ny

Up quark Sivers function -xfii(x,ky)

Fit world data
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Sivers effect results for p°, compared with COMPASS data
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Sivers effect results for p°, at EIC
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Sivers effect results for pY, at EicC
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Sivers effect results for K*, at EIC
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Sivers effect results for K*, at EicC
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Summary

Calculations consistent with COMPASS data; Supports Sivers function
universality.

Different FF scenarios affect magnitude; Concentrated distributions
enhance asymmetry.

BPV20 and ZLSZ describe data equally but differ in EIC/EicC predictions.

Future EIC/EicC data will constrain Sivers function further.

Thanks!
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backups



The rapidity anomalous dimension and the rapidity scale

D()uv b) — Dresum (b*a /u) + de(b), dnp (b) = Cobb*,

b
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The rapidity anomalous dimension and the rapidity scale

11, B) =GR (. b)e ™/ Bhe - ¢oxact (1, ) (1 — 7/ Biee )

(o (1, b) = ple= 9D/ Plb),

where the expression of g (y,0) up to two-loop order can be written as
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Unpolarized TMD PDF, NP part

SV19:

1 — 1 —
Fap(a.b) = exp _Al( x) + Aox + a( ) A5 b2
\/1 + A3zt b?

A1 A2 A3 A4 As
0.198 9.30 431 2.12 -4.44

l. Scimemi, A. Vladimirov, JHEP 06 (2020) 137



Sivers effect results for K*, at EicC
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Sivers effect results for K*, at EIC
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Sivers effect results for K*, at EIC

0.00
T o002
s
E
=
< —0.04

—0.03
0.03
&
l_
S
El=
@D
=

. 0.00F 0.00
i —0.01
—0.02}F < ..,
0.02 N
-—gcenario %
- Scenario
=sss Scenario 3 —0.02r
0.01f
.o
0.005F K
0.00
0.000}
—0.01 0.000k . : . .
0.00
—0.005} K-
—0.01
—0.010}
—0.02 —0.015}
===z 27 | 0.02 0.02

-

0.01

0.00r

0.01

{ Ko

0.00L=

0.05 0.10 0.15 0.20
B

0.1 0.2 0.3 0.4
Py (GeV)

ZL.87




Comparison between EIC and EicC

EIC EicC
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