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Introduction

Protons and neutrons are the primary constituents of visible matter in the universe.

Mass Spin
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Proton Spin Structure in Naive Quark Model

M. Gell-Mann, Phys. Lett. 8, 214 (1964);

Quark model: . zweig, CERN Report No. TH-401 (1964).  Color structure:
Y Y 3x3T=8+1 > Ordinary mesons
3 \d u 5 * 2Ad —0 £
s AT
\»{ ECL_\QC?I?’ 3x3x3=10+8+ 8+ |1l |——— Ordinary baryons

Proton wave function in spin flavor space
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1 o Xl
‘A“:uT_“Jf:g Ad:dT_d¢:_% :

The spin of the proton comes entirely from the spin of the quarks!
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Proton Spin Structure

J. Ashman et al. (EMC) PLB 206, 364 (1988). J. Ashman et al. (EMC) NP B328, 1 (1989).
h 4 This experiment } 0.18 F-‘ELLIS—JAFFE sum rule o xg’ tx) o
0.8 4 sLAC (2] o L x /g xldx 1™
6 i s:rii cnlwleaur Model | 1%¢
Experimental data: | +H~H+
02t - 0.06 - \ 1‘\\ %D'm' i
oo _ + _____________ 003} i\i\\ it
AY, =0.114+0.012 4+ 0.026. A =0.126 £ 0.010 £ 0.015.
Global analysis: Lattice calculation:
T T T |7‘H
— m L* (CI + DI)
04t = J:il;: 1AM , Q m L7 (CT + DI)
M= aae AR =028 £0.04 4 S e
021 =1 zAq 5 S B
Al :z \\\\ 14(1)% ‘ m % |u+d+s
0.0 _5; ; //
03 102 0.1 03 05 0.7 10? 10 0" x 1
, I. Borsa et al. Phys.Rev.Lett. 133, 151901 (2024).
JAM Collaboration, PR D 93, 074005 (2016). ¥QCD Collaboration, PR D 91, 014505 (2015).
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Proton Spin Structure

1
J:5A2+LQ+AG+LQ,

R. Jaffe and A. Manohar, Nucl.Phys. B337 (1990) 509.
AY = Au+ Ad ~ 0.3

Spin decomposition:

Melosh-Wi gner rotation:  nucleon in its rest frame V.S. in infinite momentum frame

_ E. P. Wigner, Annals Math. 40, 149 (1939);
(k* +m) xE — (' + ik?) x5| kT = k° + k% H.J. Melosh, Phys. Rev. D 9, 1095 (1974).
(6 4+ m) b+ (K —ik?) x| w= 265 (K04 m)]
(k* +m)” — k3
2%kt (KO + m)
B.-Q. Ma, J. Phys. G 17, L53-L58 (1991);B.-Q. Ma, Z.Phys. C 58, 479 (1993).
The Melosh-Wigner rotation predicts decreasing polarization with transverse

momentum, and this prediction should be tested by data.

T _
spin state: Xp =W

X%p = w

Quark polarization state: Ag = / d°k M [qT(k) — q‘l'(k’)] M =
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Definition:

Transverse Mometum Dependent PDFs

dé~d? 1
0u0.0) = [ S5S E(PIG Oy Uy WEIP)

E+=0

Quark Polarization

Un-Polarized Longitudinally Polarized Transversely Polarized
(U) (L) (T)
NONO
fi=(2) hi =
Unpolarized Boer-Mulders
hi =(A)e—
= - 1L =
Helicity Worm-gear

fIJ’_T = @ — @ QlJ’}’ - é . é Transverslt
Sivers Worm-gear é) @

Preizelnsnty'
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Structure functions of SIDIS
SIDIS process:  ((1) 4+ N (P) — ((I') + h(Py) + X,

[ [’
2 2
q- = -0
q
Ph h
X
P
Px
Q* P-q P- P,
2P - q [ P-q 1
1 COS p = _ulhvgy COS g = _wSivg)
2Myx 1 — Yy— 1723}2 Ly Por L [151
’}/ N Q == 1 1,2 1_ 2. 92 in ¢y, = _E“P;wﬁ'j_u in b — _E}i“qJ_i'J'ﬁjj_p
— Y+ 5Y + 17°Y sin ¢y, = [ P sin g = IS,
Ke Yang 7 Jr ;_ 7, g (1 49)

SHANDONG UNIVERSITY, QINGDAO



Structure functions of SIDIS

SIDIS process:
P F?B,C($7Z7P3T7Q2)Nf®D

(1) + N(P) — (') +

A:lepton polarization

1 B:nucleon polarization

dep dy dz dP?; d¢y, dos
2 2 2
R — (1 + 7) :
rpy@? 2(1 —¢) 2xp
X {FUU,T +eFuur + /214 ) FE93 %" cos gp, + €FE93 2" cos 2¢n + Aoy/2e(1 — ) F35 %" | sin ¢y,
+ 81 [ V2 R singn + B2 sin26n | + 08, (V1= @Fup 4+ 26T — O Ff7 " cos gl
w57 [(F o) ey o)) sin (on — bs) + R0 sin (n + 6s)

FeFEO 05 6in (B — dg) + /26(1 + ) Fin %% sindg + /2e(1 + €) Fyr P 9% sin (29, — ¢S)}

+ )\ S [ 1— 2579 cos (¢, — bg)

(' virtual photon polarization

m: angular modulation

18 structure functions

/21— F} 7™ cos g+ /2e(1 = ) 77 cos (261 — ) | }
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Double Spin Asymmetry

Double spin asymmetry:
— F
Avr (6n) = 1 |dopp(+,+) —dopr(—,+)] A =V1 - E‘BF =
S| [Ae| dopp(+,+) +dopp(—, +) I > vu.T )
Ccos ¢p,
5 FLL Feosén cos ¢ __ Frr
/1 _ 2 _ LL A = /2e(1 —¢
1—c¢ Foor + v/2¢(1 — €) cos ¢p Foor’ LL \/ ( ) Four
Structure functions:
Fyur =C[fiD4], / \
Frp =Clg1.D1], TMD PDF:
s 2M _|h-p M, D+
Fi7? = QC[MhT (xeLHf—thle>— fl('r:kT)
h-kr( | M,. , E | > g1z (x, kT)
o\ A TMD FF:
o MRk D1 (x, pr)
© LA \_ Y,

- m
ng — :I:gf + g1 + M—NhiLL X 1L
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Energy Evolution

Evolution equation: {-prescription evolution path:
d}j‘( b C) b=0.2GeV™! Ithii_ L o .
*,L‘: T;#’: - - ..(__4--"': ’/“’rﬂ_rrrnnh**tt -11
i d — '}’,u(li )I(m bT 14 C) T
;1' 102+
dF (z,bp;p, C _
C ( dCT / ) =-D (p’: bT)I(mubT;!L:C) ‘é‘%.':
' S 10}
P Y
1_
[0 hard i l-0 1(-)2
# [GeV’]
9 Q2 _D(Q:bT)
Rlbrs (1 6) = (Q, Q%)) = [
1 19 S1 ’ CM(Q, bT)
dr [9) P I. Scimemi and A. Vladimirov, J. High Energy Phys. 06 (2020) 137

R. Boussarie, et al. TMD Handbook, arXiv:2304.03302
R. Boussarie, et al. TMD Handbook, arXiv:2304.03302
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Parametrization

Unpolarized TMDs: SV19 Model Collinear unpolarized PDF input,
o o | / NNPDF3.1
I. Scimemi and A. Vladimirov, J. High Energy Phys. 06 (2020) 137
L dy x
: br) = —Cre g (y,b / — b
Optimal TMD Ji;pen (2, b7) Z/ g (Y, brs toPE) f1,77¢n (yaNOPE) fnp (z,b7)
PDF&FF

z
at saddle point \ Dy fon (2,b7) = e Z/ —y*Creypr (y,br, porg) di_—n (yaﬂOPE) Dxp (2,br) ,
\ Collinear unpolarized FF input,

Parametrization for Non-perturbative functions: DSS
AM(1—2x)+ Xz + (1 —x) )5 Operator product expand energy scale:
o) =y (BT =) Opermorproct s ne
PDF

= 2GeV

1— )p2 B2 2 HOPE = + :
DNp(w,bT):eXp _7712+772( Z)T__T (1'*'774—;5)- br

V147 (br/2)? ? P _ 26772

T

Unpolarized TMDs at final energy scale:
fl (377 bT; Qa Qg) =R (bTa Q) fl (:BJ bT) ) Dl (‘/Ea bTa Q7 Qz) =R (bT7 Q) Dl (95', bT)
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Parametrlzatlon Collinear helicity distribution input,
TMD helicity distribution: NNPDFpoll.1

Parametrization for TMD helicity distribution at saddle point:

T

gl (x,br) Zf S ACs g (&, br, porr) X gl (EaNOPE) gxp (7, 07) .

Modified collinear helicity distribution input,  f (1 —x)%z Os (1 +ef)

g{ (.’l?, )uOPE)

left «, B, € as free parameters to be fitted: glL(x, #OPE) B Nf ?T% (Offa Bfa Ef)
The x —shape modification can be The n(a, B, €) factor is introduced to the
removed by setting a, 8, = 0. correlation between normalization and the shape.

Al —2) + Xz +2(l —x)As b{2_p ] We take the same form of non-perturbative

x,br) =exp |—
gNP ( T) p [ \/1 + Azt bQT function as SV19 model takes for f.

TMD helicity distribution at final energy scale:

gir (33, br; Q, Q2) = R(br,Q) g1L (z,br)
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World data

TABLE VI. World SIDIS data that reported by HERMES and CLAS, and figures in parenthesis represent

numbers of data points satisfy o < 0.5. 0= 5_5

Data set  Run Hadron beam Lepton beam  point number Process Measurement
HERMES 1996-2000 H, 27.6 GeV et 80,30(42,10)  etp s etatX AL AY
HERMES 1996-2000 H, 27.6 GeV e* 80,30(42,11)  etp —sern=X AL, AY
HERMES 1996-2000 Dy 27.6 GeV et 80,30(41,10)  eTd —»eFatX AL A%
HERMES 1996-2000 D> 27.6 GeV e* 80,30(40,9) etd - etr=X AL, AN
HERMES 1996-2000 D, 27.6 GeV et 79,30(40,10)  e*d - eEKTX Ay, A%
HERMES 1996-2000 D> 27.6 GeV e*t 80,30(39,9) etd —» et KX Ay A%
CLAS 2009 MNH, 6 GeV e~ 21,21(9,9) e p— e m0X Ay, A%
Total 498,201(253,69) Apr, AT

CLAS, Phys, Lot B 785, 652, GO1B), Apr (én) = App + cos g A

& 015 Lo

SHANDONG UNIVERSITY, QINGDAO

Ke Yang 13



Fit Procedure

World data fit:

[ Replica 1 ] Result 1

[ Replica 2 ] Result 2
Experimental n o Result with
data . . uncertainties

[ Replica N ] Result N

Monte Carlo smearing of Probability density in
original data function space

&) )1 L wa)
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Results

Result of 3D helicity distributions

A A d A
T 0.5 o 0 —
.3 = r—
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Results

Polarization of up quark and down quark:

u

d

), [ [

-021 Q = 2GeV z=0.04

0.2r

kr)

gi(x, kr)/ fi(x

i N

1t T = 032
0.0 0.2 0.4 0.6 0.8 1.0 )

kr (G(}V)

giL (377 k%) — a1 (CU, k%) — 4 (:Ua k%)

quantifies the net density difference between quarks with spin
parallel and antiparallel to the spin of a polarized proton.

giL (xa k’%) _ q+ (ZE, k%) —dql (ZC, k%)
J1 (ka%) qt (az,k%)+q¢ (ka’%)

quantifies the polarization rate of quarks.

» In the relative large region, where valence quark dominate,
the polarizations decrease with increasing transverse
momentum, consistent with the prediction of Melosh-
Wigner rotation effect.
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Results

Polarization of up quark and down quark:

u
0.2 p 1.0
0.0 " This work
02t Q = 2V = 0.04 0.8 Musch et al. (I)
0.5f ' | | | W Musch et al. (IT)
:E —~
00 0: Q = 2 GeV
5_0_5. x = 0.08 c“&_|
/E: 1 p
< N
- S -
G — =)
-
S TGt
i \ MAP, Phys.Rev.Lett. 134, 12, 121901 (2025)
” m 0.0 ' . . .
0.0 0.1 0.2 0.4 0.6 0.7 0.8
_q} z=0.32
ﬁ 02 01 06 05 10/ | kJ_ | [GeV]

kr (Ge\/)
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Results

Polarization of up quark and down quark:

(A= \ o1z (z, k1) = a1 (2, k1) — qy (2, k7)
02 = 2GeV oo quantifies the net density difference between quarks with spin
4 T parallel and antiparallel to the spin of a polarized proton.
]
l L 1L (.fl:, k%) _ QT (ZB, k%) _ QJ, (.fl?, k%)
—n.i: z =0.08 f]. (.CC, k%) QT (ZC, k%) _|_ q\lf (.CU, k%)
| quantifies the polarization rate of quarks.
il x =0.16 / . ]
- _ » At lower x region, where sea quarks and gluon dominate,
N we observe slightly increasing polarization, which imply
L the rich dynamics of QCD.
0.0 0.2 }[{J:; ((}(\;]/[J) 0.8 1.0

&) 5L )

SHANDONG UNIVERSITY, QINGDAO

Ke Yang 18



A cos ¢y,

LL,CSA

0.37

0.0

-0.3+¢

0.37

0.0

-0.37

Exploration of Azimuthal Modulation

2M

My,

cos _i),p
Rt = 2\ (-’L’%Hf -
0.12<x<0.21 0.21 <x<0.30

CLAS
S N AR

,\.

. ‘ . \\Q‘ .

0.30<x<0.39 }\\\ 0.39 <x<0.48
A

SRR RS

02 04 0.6 08
Ppr(GeV)

cos ¢p,
ALL

2¢(1

02 04 06 038
P;r(GeV)

Fcos bn

Four

—8) LL

M

D+ h-kp M E OM |h-k

gL ) A (TGL Dy + ﬁhhi ;) ¥~ A/[T (91.D1)
Data set Target Beam Data points Process x?/N
HERMES H, 27.6GeVe® 30(10) eip —etrtX  0.62
HERMES H, 27.6 GeVet  30(11) Letp et X 074
HERMES D, 27.6 GeVet  30(10) 2 \'. etd » etnrtX 081
HERMES D, 27.6 GeVe 3{GA N erd s err X 1.03
HERMES D, 27.6 GeV e etd > eTKTX  0.96
HERMES D, 27.6 Ge‘f\'*f\,\-}.n (10) etd 5 e*K—X 058
CLAS 1NH. a/gj\/ 21(9) e p—e X 0.11
Total 201(69) 0.70

The TMD helicity extracted can also

explain the cos ¢; modulation of the
DSA measurement of the SIDIS.

Ke Yang
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Polarized Electron Ion Collider in China (EicC)

~~~~~~~

et Electron Injector

~‘Polariz(ed‘, S A i
__Electron Source

___Polarized |
" Ton Source -

----iljnac ____-

D. P. Anderle et al. Front.Phys.(Beijing) 16 (2021) 6, 64701

&) 118 @n
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Polarized Electron Ion Collider in China (EicC)

Table 1.1: Available particles and their corresponding energy, polarization, luminosity and
integrated luminosity.

Particle Momentum CM energy Average Po- Luminosity Integrated
' (GeV/c/u) (GeV/u) larization the nucleon level luminosity
& (cm™s7!) (b~
e 3.5 80%
e p 20 16.76 70% 2.00 x 1033 50.5
d 12.90 13.48 Yes 8.48 x 1032 21.4
Flectn Soigh SHet* 17.21 15.55 Yes 6.29 x 10%2 15.9
St I Ut 11.05 12.48 No 9.75 x 1032 24.6
o ) 126+ 12.90 13.48 No 8.35 x 10*? 21.1
{ T A0Cg20+ 12.90 13.48 No 8.35 x 1032 21.1
D7Au  10.35 12.09 No 9.37 x 1032 23.6
208pp82+ (.17 11.98 No 9.22 x 10*2 23.3
23892+ 9.98 11.87 No 8.92 x 102 22.5
D. P. Anderle et al. Front.Phys.(Beijing) 16 (2021) 6, 64701
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Polarized Electron Ion Collider in China (EicC)

§ | I LI | | I | L | I I L || | §
- x (0°%=2GeV? x107° %107 <x10°% <103 e
B © ) o0 o o N % 10 = EIC 10 x 100 GeV?
7 | ©) u
on 107E 2 1 = T EicC 3.5 x 20 GeV?
i - EicC - . o B
g 1033:_ __________________ o EIC =™ = _ s 10°E JLab 12 GeV
g - ° | LHeC = 2 -
2 1 s
7p) 32 — B
o 1 = 17X = N
c = = g 10 =
. é B HERMES H1/ZEUS 7 'E‘ E
Tl S e - £
— — 3 @) B K5
B doubly polarized beams unpolarized beams | 2 1=
| I IIII|| | ] l I|||I| ] 1 | I||II| | = L] L | | L N -
10 100 1000 ‘|0—4 1073 10—2 10—1 1
Center of Mass Energy Vs (GeV) Fraction of Momentum x
D. P. Anderle et al. Front.Phys.(Beijing) 16 (2021) 6, 64701
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EicC Projection Results
Result of 3D helicity distributions:

A Fit world data F Y
EicC (stat. + syst.) d pl— 8

u _
B EicC (stat.)

' 4 02 . :
0.25 ' 2 ' .
- 0.08 p 004 \ g - \
. 016 .‘\; [,_m\.'\ 016 \.‘\‘
\, # "G v 0,01 - s=032 o8
0 - r=032 e 0.4, 0 | e 0 0.5 1 " P Y,
7 > a T \\

zqi1(x, kr)
rg(x, kr)
gz, kr)
/ )
|
|
|

0 0. 1 o V 5 s \'
br(GeV) o kr (GoV br(GeV)__
o W W
A — \\ F'y 3 '\\ A L7
U A d e \~‘\$ — g ‘)-\v
= 0.04 Q\‘ = \‘: = \. o
<2 - e 0.02 - — 002 e _ -
i 0.02 -_— 0.02 8 S ———— ot 5 e 0,02
~ (104 = 0 r . - 0.04
% 0 0.08 ;{_:? e E’ 0 0.08
016 v 0116
002y, 0. p o=hal —0.03, 0.5 g T=0a2 -0.15 . =052
> 0 0.5 - 1 >
kr (GeV) kr (GeV) kr (GeV)

The proposed EicC will enhance the precision of sea quark and gluon helicity

distributions.
Ke Yang
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EicC Projection Results

Result of zeroth moment Result of parton polarization:
0.2r . . EicC (stat. + syst. _-\_\
EicC (stat. + syst.) 0.2 — EiZC E::a:) it)
Py M EicC (stat.) / 0.2
S~ e ! 7 ITr = U.U'—J: = 2 7 €I = U-U—]:
= L@ =2Gey L@ =2Gey
C:'n " —
8 ok | ~ 04 =~ 00
1 ,‘-\‘3' "‘:‘Zh 0.2 / h:zh—[]-Q 'h\ \—\-‘—
= AQ\V\ = o0 =, o
10° RN\ S T 100 g U =008 2N d z = 0.08
N ok Sl
A o e Pee—
— 7 = ¢ ~———0.3
—0.05f - e ’—\ =
S =016 -1 x=10.16
s -0.10}
Sin e Q =2GeV '
015t ]
g d [J.a——\ 0.5
x 0.5—//_\/\«} " x=0.32 —m} x =0.32
i \ ; 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

0.0 — =
1% ’ 1072 107! 1Y kr (GeV) ke (GeV)

The proposed EicC will enhance the precision of helicity distribution especially
among the range x~0.01 — 0.5
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Summary

® We extracted the TMD helicity functions with error bands from SIDIS data;

® Around the peak of x dependence, the polarization is concentrated on the low k region,
which 1s consistent with Melosh Wigner rotation;

® At lower x region, we observe slightly increasing polarization, which imply the rich
dynamics of QCD;

® Helicity distribution extracted can also explain cos¢; modulation data without including
them:;

® The proposed EicC will enhance the precision of three-dimensional helicity distribution,

especially among the range x~0.01-0.5.
Ltant you!

s ~3
4 ) /
Ke Yang 25 @) ) £ 7 L )
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HERMES:
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HERMES:
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Comparison with Data
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HERMES:
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Backup
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Comparison with Data
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Backup

Comparison with Data

0.2 <2<0.35 0.35 <2< 0.5 0.5 <2z<0.8 0.2 < 2<0.35 0.35 < 2 < 0.5 0.5 < 2<0.8
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—0.61 02<x<03 —0.61 etfp = efrtX 03<x<04
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HERMES:

0.6
0.0
—0.61

0.6
0.0
—0.61
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0.6f

Arr.csa

0.0
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0.6
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—0.61

Backup

0.35 < z < 0.5

05 <2z<08

01.2 < z < 0.35
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04<z<0.6

T
etp = et X : J{ % } : %

i 3 ¢+ - {r § o4
erd - ettt X } -

5 Py F % 4} i% _
etd - etr X T +
etd 5 eFKTX | -

i T T T
etd = e KX | ¥ -
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Comparison with Data
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Backup

HERMES:

0.025 < = < 0.075

0.075 <z < 0.201

0.201 <z < 0.225

0.025 <z < 0.0665

0.0665 < x < 0.125

Comparison with Data: cos¢;, Modulation
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etd » et KX T 771
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Backup

Comparison with Data: cos¢;, Modulation
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Backup

HERMES:

Comparison with Data: cos¢;, Modulation

0.025 <> < 0.1 0.1 <x<0.225
+ +. -+
0.025 < = < 0.0665 0.0665 < = < 0.1615 0.1615 < = < 0.225 0.1 0.6 <z <0.7 esp et X
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e A S8 &
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Backup Comparison with Data: cos¢;, Modulation

HERMES: CLAS:
0.025 < x < 0.1 0.1 <2 <0.225
0.1f % etp = efrtX
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Backup Energy Evolution

Evolution equation:
dyp(p,¢) _ dD(p,b)

dF (z,bp; p, ¢ _ _ — — —
H (de_ ) = Yu(, O)F (x, brs p1, C) | > S d¢ =K dyu = Leusp (1)
2
. . A
(KD - D (s, br) F (b1 ) 7(#:Q) = Ly ()1 = v (1)
d d
F' (2, by py, () = exp UP (’VF(#,C)ZM —D(p, b)fc)] F (2, b; pi, Gi)
¢-prescription: Saddle point: D (po,b) =0, v (po, ¢ (po,b)) =0
1 : equipotential lines: dln C“(MQ b) _ e (1 G, b))
s | PhLI dIn p 2D(p, b)
Q2 -D(Q,br)
b i L R0 @) - |
i [GeV?]

(S =
NYR
) RN & (FR)
)

NG uns SHANDONG UNIVERSITY, QINGDAO
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Backup

x? form:

Covariance matrix: V;,; = §;; (o

=2 ) (ti—a) V!

sets

v,

uncor.

1

. . . r.
Correlative uncertainties: 0;° = at;.
Data set Process Target Data  polarization  Dilution
points  overall factor
uncertainties overall
uncertainties
HERMES e*p »ethX  H, 160 6.6% 0
HERMES e*d —» eThX Dy 317 5.7% 1.7%
CLAS e p—e X MNH; 21 4.5% 5.8%
Total 498

v? and Correlative Uncertainties

(t; —ay),

2
) i g COT- gEor.

2 ] 7

a 1s the overall correlative uncertainty factor
comes from dilution factors and overall
uncertainties of polarization of target and

lepton beams.

— E [ 2
a = a;
)

Ke Yang
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World data fit:

Backup

Parameters Results

Parameter Value Parameter Value

N., 0.022319:9029 | N, —0.00815-092
Ny 0.0353 0 00as | Na 0.006 10 037
N, —0.022¥57043 | Ny 0.0220"5 570
- 2.781043 oy 4287577

Bu 0.14570V0s | Ba 1.16%5: 35

€ 74158 €d —0.59" 558
A 0.24070-962 |\, 0.3970 33

s 0.9211217 | ), 7.5015:75

A5 —1.1175%
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Backup Parameters Correlation

N, 1.00
Ny
N 1 0.75
N1
N3 1 0.50
Ny
oy, -0.25
Qg
Ba ]
€u -0.25
€d
)\1' '050
Ao
A3 -0.75
)\4'
A5 -1.00

NuNstNﬂN&Ngau g ﬁu /803 €y €d )\1 )\2 )\3 )\4 /\5

‘|.. —r ’
PR EETY
OONEU“&Q . . 5 QING

SHANDONG UNIVERSITY, QINGDAO
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Backup

L b=1GeV !
T9 .

d _’_Q,_f\ 2 (JE\/
i - .

b=2GeV!

Q =2CeV

Positivity Bound

Positivity bound:
|91 Cx, k)| < fi(x, kp).

The positivity bound comes from
probabilistic interpretation of

—0.4
102 101
x parton distribution, however,
" b=3Gev! b=4GeV-! should not be imposed during
| = 2(CeV = 2GeV - - :
" 0= 0= fitting procedure, which will result
0.4 . . .
= 0 in results with bias.
ST R \
%‘m:::::::mmmmh _ —— = .
. We examine our result and no
~04t, ey bound breaking is observed with
L the consideration of uncertainties.
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Backup Positivity Bound: Toy Model Test

________ Input
0.15 I F%t w%thout bound
= [/ N B Fit with bound
O !
0.05}

Ratio to input

S -
S W O W

Toy model set:
F(z) =2"(1—2)°(1 - Va +a),
G(z) = 2z(1 — z)*(1 — V& + 0.5z),
G(xr) < F(x)

We generate asymmetry G(x)/F(x) in 15
bins as pseudo-data, with a background
disturbance B(x). We compare the extracted
G (x) from the pseudo-data with and without
the application of the positive constraint.

It was found that imposing the bound

during the fitting procedure introduced a
bias.

Ke Yang
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Backup Fit with Fixed x dependent

u with flexible g1 (z)
)

0.5k d with flexible g7,(z)
T

(
u with fixed g17(x
EHE d with fixed g11(7)

The collinear helicity distribution input with x-
shape modification:

(1 =) 2P (1 +epa)
g (xa)u’OPE)
n(afaﬁfagf) !

Q{L (377 FLOPE) = Nf

By setting a, #, € = 0, one can remove x-
shape modification.

The results show consistency within current
uncertainties.

0.0 0.2 0.4 0.6 0.8 1.0

@) )£ 5L )

SHANDONG UNIVERSITY, QINGDAO

Ke Yang 41



Backup

Fit with variation of TMD FFs

0.50F 0.50f »
0.25 U var.iat.ion—l .25+ w variation-2
dvariation-1 7 EIE d variation-2 —
ﬂonmﬁl/;ﬁ_gé—A#_g— 0.00 | EFEEES HZ—:f;;T/ﬁW W th DSS FF . tt
oot @ =2GeV x = 0.04 Loz @ = 2GeV z =0.04 C vary the . 1n.pu ©
R o | a larger value as variation 1
~ B Z
< - g o  and to a smaller value as
> = 0.0 T ..
= N variation 2.
E—O.Eﬁ bf()“r), X : 008
< e - [t turns out that the quark
5/ ﬂ// e B Hn 0 . .
R —— polarizations
= rool| S i
| | A PR g (w k) o (e k) —qy (@ k)
v 777727997 . _ 777770 - 2 T 2 2
T &7 _ 72y, f1 (@, k) ar (@, k7) +qy (2, k7)
e 0 o
B B L, arenotsensitive to the FF
0.0 0.2 0.4 0.6 0.8 L0 0.0 0.2 0.4 0.6 0.8 1.0 IIIPUt.
]CT (GPV) kT (G(‘V)
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