H

E

B

5 B

Institute of Modern Physics, Chinese Academy of Sciences

Unpolarized Fragmentation Functions

studies at BESIII

¥ B 4 (on behalf of BESIII Collaboration)
(IMP)

BB % B e ft = R BEAT &
2025.08.09, = J1




Outline

€ Introduction of Fragmentation Functions

¢ Existing studies at BESIII

« ete” > /K9 +X
c efeT-on+X
e ete > mi/KT+X

4 Summary



¢9 QCD: Confinement and Nucleon structure

& Confinement

Proton Pion

* Quarks and gluons can not be observed
separately. @ @ @ ], @

 They are perpetually confined within hadrons. @

€ Nucleon structure

0.35 T T
\ T decay (N3LO) =
low Q2 cont. (N*LO) o
HERA jets (NNLO) ]
Heavy Quarkonia (NNLO)
e'e jets/shapes (NNLO-+res) =
pp/pp (jets NLO) +&+
EW precision fit (N>LO) +e— 7]
pp (top, NNLO)

Spin: how does nucleon spin emerge

as(QZ)
=)
¥

Mass: Higgs mechanism gives only a few %

= o (Mz?) = 0.1179 £ 0.0009
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&9 QCD: Hadronization and Fragmentation functions

&€ Hadronization o .
Theory/phenomenology  Hadronization Experiments

<€ > €

 How many particles and how many jets created?
* What fraction of the initial parton momenta do the carry?

€ Fragmentation functions (FFs)

v' Describe how quarks or gluons transform into
hadrons.

D!'(z,Q?),

[: quark, anti-quark or gluon

h: hadrons like tt, K£, p, p etc.. \$\'<§

z: energy fraction of hadron. (z = 2E,/\/sinete™)
Q% : four momentum transfer in the reaction L2 O Fragmentation Deteeio)

v Probability of a parton to fragment into a specific color-neutral hadron h.

v Provide a characterization of the non-perturbative aspects of hadronization.




&9 Accessing FFs in experiments

+o— o — +,— —
ete :s= Yg0(eTe” - qq)RFF
* No PDFs necessary
* Calculations know at NNLO
* Flavor structure not directly accessible

SIDIS: s = Y, PDF®a(eq — e'q")®FF
* Depend on unpolarized PDF's

* Flavor structure directly accessible
* FFsand PDFs

pp:s = X, PDF®PDF®0c(q,q1 — q192)®FF

* Depend on unpolarized PDF's
* Leading access to gluon FF
* Parton momenta not directly known

® cTe™ experiments is the cleanest laboratory for the fragmentation function studies.
® FFs and PDF: Universal and non-perturbative objects
® Will known FFs are crucial for nucleon structure in ep experiments



@9 Accessing FFs in e™ e~ annihilation

€ Experimental observable in eTe™ annihilation: normalized differential
cross-section of the inclusive production of final state hadron “h”

1 do(ete™ - h+ X)
otot(ete™ — hadrons) dpy,

At leading order in ag, can be interpreted as:

Y eZ[DE(z, Q) + [P} (2 Q2)]

FFs/ >= 2En \

S Factorization scale (c.m. energies)



¢o World data for n* /m”
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® Precise data for m¥/m®, most of them obtained at very high c.m. energies
® Lack of data at low energy, where BESIII can contribute



~ 4o World data for K? and 7
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® Most of them obtained at very high c.m. energies
® Lack of data at low energy, where BESIII can contribute




&¢ Analysis at BESIII

€ Normalized differential cross-section:

1 do(eTe">h+X) N, 1 _N,fbs 1 /
Ohad dpn Npaa Apn NP2S Apy i

* Based on dedicated MC generators
development for R-value analysis:

€ Hadronic events: .
e Luarlw, Hybrid

PRL 128, 062004 (2Q22)

3 : Vs (GeV) L (pb) Nhad
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~ 4 Inclusive production of nO/Kg@ BESIII
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® Theory modes have different initial evolution scales and kinematic requirements on data
® Higher twits effect? Hadron mass effect?



¢¢ Inclusive % production

PRD 111, 034030 (2025)
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® NNLO accuracy, including hadron mass correction at higher-twits effects



&¢ Inclusive production of n@ BESII|I

@ Inclusive n @ BESIII PRL 133, 021901 (2024)
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€ BESIII fit: NNLO+hadron mass correction + high-twist



¢ Inclusive production of ¥ /K@ BESIII

€ Normalized differential cross section of the inclusive process at 8 c.m. energies from 2.00 to 3.67 GeV
arXiv:2502.16084
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e Zcoverage from 0.13-0.95
* Opportunity to test QCD factorization at low energy scale.



¢ Inclusive production of ¥ /K@ BESIII

® The measured w¥cross sections are
consistent with that of 7°.

arXiv:2502.16084

® The measured K< cross sections are

systematically higher than that of P na 5-3050Gev | ++§++ s = 3.671 GeV
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~ 4% Further Measurements @ BESIII

10° E=
E >150 pb!above 4.8 GeV
10 = More on the schedule
R = ‘ . A
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I e
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: —— pQCD+y and y's = KEDR * MARK-I 4 Crystal Ball
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ete” -» (mm) + X ete” >t /m0+ X
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+ - /
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ete” > X+ X

Many results will be ready soon



&9 FFs vs Energy-Energy correlator (EEC)

€ Energy-weighted two particle angular correlation
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&9 FFs vs Energy-Energy correlator (EEC)

€ One point energy correlation

( 6 : polar angle)
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~ 9% Summary

€ Precise knowledge of FFs are important for the understanding of non-perturbative
QCD dynamics.

€ In eteannihilation experiments, which serve as the cleanest laboratory for FFs
studies, BESIII has provided extensive data at lower energy regimes.

« ete > n'/K)+X .
+ etemon+X Thanks for your attention!

« ete > nf/KT+X

€ More results of , and EEC-related results will be ready soon at BESIII

ete” - (mm) + X ete” >mf/m%+ X
ete” > ¢/K*(892) + X ete” > n/KE/KQ+X
ete” ~ ' -I__X ete” > hyh, + X
RIS A(A) + X (back-to-back pair)
ete" > X+X
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¢ Fragmentation functions
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