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SIDIS: /(1) + p(P) — I(I') + h(P}) + X

Global analysis
of Sivers and
Collins
asymmetries
within TMD
factorization

Chunhua Zeng

Figure: The SIDIS process in v*p center of mass frame .

The SIDIS cross section can be written as
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SIDIS: /(1) + p(P) — I(I') + h(P}) + X

The Sivers and collins asymmetries for SIDIS process are
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DY:hi(P1, S1) + ha(Pa, S2) — " — 1717
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Figure: The DY process in the Collins-Soper frame .

At small g7, this process is described by only six independent
structures, and can be written as
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Global analysis

bl el The Sivers transverse-spin-dependent asymmetries for DY
Gellizs process are

asymmetries
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‘ unpolarized TMD ‘

X </)(XA,bT,M,CA)E(/'E(XB,bT,M,CB)

@ br: Fourier-conjugate to the parton transverse momentum Kt
@ x: Longitudinal momentum fractions

@ 4 The renormalization scale

@ (: rapidity evolution scale
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SIA:et(Pet) + € (Pe-) — h1(Pp,) + ho(Ph,) + X
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Figure: The SIA process in the frame of z axis along one of the
detected hadrons.

In the limit of small transverse momentum Pp |, the cross section as
predicted by TMD factorization reads
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The collins asymmetries for SIA process are

)+ e (Per) = m(Py) + ha(Pp,) + X

collins function
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Choice of unpolarized TMD

ﬂfé?l:r';a;ﬁjs At small value of b, the TMD distribution could be related to

Collins collinear distributions

asymmetries

within TMD 1 dy

factorization . 2\ PDF
~ _ fl,f<—h(x7 ba QvQ ) - E 7Cf<—f'(y7b7/j’OPE)
Chunhua Zeng £ x y

X
x () nBRE ) felx, DR(Q. ).
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£z

z
x dupon( mbhe ) Die(2, BR(Q, b).

fwp(x, b), Dxp(z, b) and the non-perturbative parts of the evolution
factor R(Q, b) are obtained from the fitting results in SV19 with

(-prescription.

e SV19: JHEP06(2020)137
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Parametric form

SRS Sivers function:(15 prameters for u, d, u, d)
of Sivers and
Collins
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within TMD
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Data selection:SIDIS data

SESREE  Measurement: Collins and Sivers asymmetries

of Sivers and

Collins
asymmetries Sil’l(¢ +¢5) > 1 Sin(¢ _¢s) Lo
within TtMD AUT ’ x h® Hl ) AUT,'I,l X flT ® fi
factorization
Chunhua Zeng @ HERMES:The data to be presented during the 2002-2005

running period at the HERA lepton storage ring.
@ J. High Energy Phys. 12 (2020) 010
@ COMPASS: The data to be presented during the 2002-2005,
2007, 2010 and 2022 running period at CERN.
@ Phys. Lett. B 673 (2009) 127-135
Data selection e PhyS Lett. B 744 (2015) 250-259 ‘ ngh—StatlSthS‘
© Phys. Rev.Lett. 133 (10) (2024) 101903.
@ JLab: Performed in Jefferson Lab (JLab) Hall A from 2008/11
to 2009/02.

© Phys. Rev. Lett. 107, 072003 (2011)
@ Phys. Rev. C 90, 055201 (2014)
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Data selection: SIDIS data
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of Sivers and Data set Beam Data points Reaction
Collins HERMES2022 Ho 27.6GeV e 172(192) etp et X
asymmetries etp et X
within TMD etp o KX
factorization Eip SetK—X
Chunhu COMPASS2009  °LiD 160 GeV ™ 75(104) prd—pTrtX

ptd - ptn~X
ptd —» ptKtX
ptd —» pt KX
COMPASS2015 NHs 160 GeV u™ 75(104) uwip—ptatX
uwrp = ptn X
uwtp = utKYX
uwtp - ptK—X

COMPASS2024  °LiD 160 GeV ut 38(52) utd > pthtX
utd - pth™X
Beie sallsien JLab2011 *He 5.9GeV e” 8(8) en—e X
en—en X
JLab2014 *He 5.9GeV e~ 5(5) e "He—e KX

e *He e K~ X

For validity of the TMD factorization, Only small § data are selected:
5:PhJ_/Z/Q<1. (]_)
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Data selection: DY data

SRS Measurement: Sivers asymmetries

of Sivers and
Collins

asymmetries sin2¢ 1 =
within TMD AUT X flT ® f
factorization

Chunhua Zeng @ COMPASS: The dimuon production data were collected in 2015
and in 2018 at CERN.

© Phys. Rev. Lett. 133 (7) (2024) 071902

@ STAR: The data sample was collected in 2011(W¥) and
2011-2013,2017(Z°) at RHIC.

© Phys. Rev. Lett. 116 (13) (2016) 132301

Data selection Q PhyS Lett. B854 (2024) 138715
Data set Reaction Data points
COMPASS T~ +pl ="+ X 15(15)
STAR.W+ pHp s WHH X §8)
STAR.W- plHp o WX §(8)
STAR.Z pAp /24X 1(1)
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Data selection

Global analysis
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within TVID The kinematic distributions of the data for SIDIS, Drell-Yan i
x — @2 planes with(405) and without(495) ¢ cut .
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Data seleciton SIA data

Global analysis
of Sivers and

Measurement: Collins asymmetries
Collins UL n ~ n

asymmetries

within TMD AO X H1T ® HlT

factorization

Chunhua Zeng
‘ e Belle:

@ Phys. Rev. D 78, 032011 (2008); 86, 039905(E) (2012).
o BABAR:

@ Phys. Rev. D 90, 052003 (2014).

@ Phys. Rev. D 92, 111101 (2015).

e BESIIIL:
Data selection o Phys Rev.Lett. 116, 042001 (2016)

Data set Energy Data points Reaction

BELLE2008 10.58 GeV 16(16) ete —mmX

BABAR2014 10.6 GeV 45(45) ete” = mnX

BABAR2015 10.6 GeV 48(48) efe” = mrX
efe” = TKX
ete” - KKX

BESIII2016 3.68 GeV 11(11) ete” - X
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The 2 values for different datasets

Global analysis
of Sivers and SIDIS N | x2/N Sivers | x?/N Collins

Collins

ammmetres COMPASS09 | 75 1.07 0.99
factorization COMPASS15 | 75 1.25 1.11
Chunhua Zeng COMPASS22 | 38 0.98 1.07
HERMES | 172 1.22 1.11
JLab 11 0.87 1.09
all 373 116 1.08
SIA N [ x2/N DY N [ x%/N
Belle 16 | 0.79 COMPASSDY | 15 | 0.59
S Babar2014 | 45 | 1.04 Star 17 | 1.34
Babar2015 | 48 0.79 all 32 | 1.00
BESIII 11 | 2.24
all 120 | 1.01
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Sivers function with error bands

Fit world data
I Fitworld data & COMPASS (2022)
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Transversity with error bands

Fit world data
0.30F N Fit world data & COMPASS (2022)
E
_-:— 0.201
=
0.10-
0.00 u
10° 107 107 10’

0.10}
0.00 N
-0.10f

-0.20f d




Comparison of tensor charge

Global analysis

of Sivers and mlattice QCD 44 Phenomenology
Collins &d 5
asymmetries u
within TMD w Bhattacharya et al.(2016)
factorization i Abdel-Rehim et al.(2015)
Chunhu . Gockeler et al.(2008)
e i H.-W. Lin et al.(2018)
o—1 o+ Kang et al.(2016)
—— o Radici et al.(2015)
ol ——{ Goldstein et al.(2014)
Fo— oo Anselmino et al.(2013)
[ [ ‘e et al.(2017)
%, I— world_data
—e world_data_compass2024
! 1 ! ! ! I I I I L I

I
-25 -2.0 -15 -1.0 -05 0.0 0.5 Lo 15 20 25 30

Extraction of
TMD

The tensor charge is defined as
1

1
Su= [ dx(hu(x)— hg(x)), od= / dx (hg(x) — hz(x))
0 0
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Tounf

Collins function with error bands

Fit world data
I Fit world data & COMPASS (2022)
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Summery
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1. we present a global analysis of Sivers function, transversity
and Collins functions encompasses the latest data sets from
SIDIS as recently reported by the COMPASS Collaborations.

Chunhua Zeng

2.Upon integrating this new data into our fitting, the accuracy
of the d quark extraction for both transversity and Sivers
distribution is notably improved, as well as the tensor charge.

SUMMERY
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