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Several open questions about QCD

= Confinement, no existing isolated quarks or gluons
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= Nucleon structure, what is the origin of nucleon spin and mass in terms of quarks and gluons degree of freedom

Spin:
How does nucleon spin emerge

Higgs mechanism gives only ~few%

Leptons
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FFs VS confinement
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Non-perturbative QCD

Without knowing how quarks fragment into hadrons,
we can’t say we understand confinement
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FFs VS Nucleon spin structure study

Pion/Kaon

e Important for flavor separations

. . . Fragmentation functions
Experimental observable: polarized structure functions gl

gz, Q% 2) = EZ e [aq(;_-n. Q*) DIz, Q%) + Ag(x, Q*) D2 (=, QZ)] (LO picture)
o }

Extracted nucleon structure information: polarized PDFs (helicity distribution) @
.
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Fragmentation Functions studies at
electron-positron colliders

PDG: “One of the cleanest ways to study FFs”

»Unpolarized fragmentation function (z, Pt dependence)

»Collins fragmentation function (Chiral odd)

»Spin-transfer fragmentation function (e.g., Lambda productions)
»Di-hadron fragmentation function (two hadron in a jet)

»'TMD FFs in jet

»Higher-twist fragmentation function (multi-particle correlations in a jet)
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Measurements at BESIII/BEPCII
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»Unpolarized fragmentation function

Time-like Space-like

ll




Study unpolarized fragmentation functions at e*e” colliders

Experimental observable at e*e” colliders:

1 do(ete” - h + X)
oroc(ete™ = hadrons) d Py,

Multiplicity

h is a particular type of hadron such as n°, m*/-, K*/- ...

At Leading order ~ Y ¢2Dy/(2)

It can also be measured through electron-proton collisions by looking at multiplicities

(Universality property) @




Lack of precise data at low energy region

W()rld data » PLUTO: more than 40 years ago
» Stat. uncertainty: 18-41%
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FFs in the low energy region is important for EIC

e Cir
e-=""0w& - Measurements in ete-
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EIC kinematics coverage
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This has been demonstrated for PDF's study @

Fraction of momentum x

https://journal.hep.com.cn/fop/EN/10.1007/s11467-021-1062-0
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Global data fit and “Universality”

* Parameterization are fitted to particles that reached detectors

A good parameterization: Depend on collider energy J

h,dir '
- DW f R Vv

h,dec h.hj N
D3, (Z}:ZDM (2). :

I'Tj

p" er“’(z) Br(h. flj)fdz Kn n; (2. z)D (z’).

+
Resonance decay from % ,% , 17,07 multiplet was proposed by

Yu-kun Song, K.B.Chen, Z.T.Liang, Y.L.Pan and S.Y.Wel
to explain BELLE data

How to interpret data will help us to understand QCD @




Global data fit on unpolarized FFs
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BESIII measurements
arxiv:2211.11253
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» Data VS theoretical predictions with FFs extracted using high energy collision data (C.o0. M. > 10 GeV)

» A discrepancy has been observed, dependent on C. o. M. energy = higher energy at 5-7 GeV?

» A few more analyses are ongoing...
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»Collins fragmentation function (Chiral odd)

We have very little data from e*e- machine




3D-imaging of the nucleon
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Nucleon Polarization

Q» Nucleon Spin &>  Quark Spin Q Survive the k, integration, yield 1D pdfs @

Leading-Twist TMDs

Unpolarized
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Quark polarization

Longitudinally Polarized
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Separation of Collins, Sivers and Pretzelosity

through azimuthal angular dependence

1 NT-N*
| Iy
A (@n, 95) = PN - N

= AUC?I“nS sin(¢, +¢s) + A\ﬁ/ers sin(¢, — ¢s)
+AJ Pretzelosity Sln(3¢h ¢s)

UT: Unpolarized beam + Transversely polarized target

[ Collins <Slﬂ(¢h 4 ¢s)> oc h, ® H; . >TMD: Transversity]
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Collins FF study at e*e” colliders
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To avoid detection-related effects, experimentally,
a double ratio measurement was proposed:

arxiv:1505.05589

o o RY
U: pi+&pi- or pi-&pi+
L: pi+&pi+ or pi-&pi- R L(C)

= A cos(2¢y) + B,




Collins fragmentation functions
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BESIII measurement, exploratory study
Clearly see the modulation

PRL 116, 042001 (2016)
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World data fit to extract Collins FFs and Transversity TMDs
C. H. Zeng, H. X. Dong, T. B. Liu, P. Sun, Y. X. Zhao

TABLE I: World SIDIS data used in our analysis. The numbers in parentheses are the original number of data points before

applying 4 cut. .
measurement ChIZ/N

Data set Target Beam Data points Reaction

COMPASS 5 FLiD 160 GeV ! 0(36) Ao T aTX AT
puid = utwT X
prd = p*KYX
pwid > p KX Babar2014 =z 0.98 36
COMPASS ] NHj4 160 GeV p” 10(36) ppopta X Agp ™ fe

R pt 1.13 9

prp = pt KX
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f!ij.'.l » eTw" X II
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. etp = et KX
JLab 7] “He 5090GeV e 4(8) e n—e wt X Agpins
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TABLE II: World SIA data used in our analysis. pi+ :b=1.8
Data set Energy dependence Data points Reaction fav
BELLE [4 10.58 GeV z 16 ete” = X 1.0+
BABAR [IT] 10.6 Gey z 36 et y X — unf
Fht 9 et v X 0.8 -
BABAR [II] 106 GeV z 43 ete” o X
z eve » X
P ete” = KKX __ 08y
BESIII [IF] 3.68 GeV z 6 ete” o X o
Py 3 e’ » T X J:j: 0.4 4
a
N
0.2
Polarized SIDIS data + SIA dat
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Outline

sPotential at STCF




BESIII coverage High CoM energy, High Lumi.
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A few highlights in the high CoM region

= Higher center of mass energy available at STCF
»Broader hard scale Q coverage ’

»heavy particles
OLambda, Lambda_C, Do

Transition from Pert. to Non-pert.

Many interesting effects

* High lumi.
»From exploratory to precision measurements

»Multi-dimensional binning of the measurements

OCurrently mainly on z and Q?, P, of hadron is crucial (now with Gaussian assumption)
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Example of heavy particles
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Example of Collins
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Summary

~ 105 %100 GeV?
M-
»Unpolarized fragmentation function 3 Py a2 Gev : /
v'Unique Q<10 GeV data g o]
v'Hadronization in a “non-pert. = pert.” region ; | <
110—4 s 102 1001

Fraction of momentum x

» Collins fragmentation function

v Important inputs in the 3D imaging era of the nucleon structure study, especially EIC is
becoming real

v'Very little data in e*e” machine
»Heavy particles are possible compared to BESIII

>Jet?
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