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Outline

◆ Introduction to Fragmentation Functions

◆ Existing studies at BESIII

• 𝒆+𝒆− → 𝝅𝟎/𝑲𝑺
𝟎 + 𝑿

• 𝒆+𝒆− → 𝜼 + 𝑿
• 𝒆+𝒆− → 𝝅±/𝑲± + 𝑿

◆ Summary and Outlook
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• Quarks and gluons can not be observed separately.
• They are perpetually confined within hadrons.

◆Confinement

QCD Confinement and Nucleon structure

◆Nucleon structure

Spin: how does nucleon spin emerge

Mass: Higgs mechanism gives 

only a few % 

中国物理学会高能物理分会, 广州 ,黄麟钦@IMP
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Theory/phenomenology ExperimentsHadronization

Fragmentation Functions FFs

FFs: describe how quarks or 

gluons transfer into hadrons

⚫ Serve as a bridge to 

understand hadronization

中国物理学会高能物理分会, 广州 ,黄麟钦@IMP

Confinement and Hadronization
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Determination of FFs: Global data fits

⚫ 𝑒+𝑒− experiments is the cleanest 
laboratory for the fragmentation 
function studies.

⚫ FFs and PDF: Universal  and non-
perturbative objects

⚫ Well known FFs are crucial for nucleon 
structure in ep experiments

中国物理学会高能物理分会, 广州 ,黄麟钦@IMP
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Word data from 𝒆+𝒆− experiments

Lack of precise data @ 𝑠 < 10 GeV !

PRL 111 062002 (2013)PDG
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⚫ New opportunities at new energy scale with BESIII data

⚫ BESIII : 1.84-4.95 (5.6) GeV

BESIII Data Sets

中国物理学会高能物理分会, 广州 ,黄麟钦@IMP
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BEPCII and BESIII

中国物理学会高能物理分会, 广州 ,黄麟钦@IMP
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Accessing FFs in 𝒆+𝒆− annihilation experiments

1

𝜎𝑡𝑜𝑡(𝑒
+𝑒− → hadrons)

𝑑𝜎(𝑒+𝑒− → ℎ + 𝑋)

𝑑𝑝ℎ

◆ Experimental observable in 𝑒+𝑒− annihilation: normalized differential 
cross-section of the inclusive production of final state hadron “ℎ”

• At leading order in 𝛼𝑠, can be interpreted as: 

σ𝑒𝑞
2[𝐷𝑞

ℎ 𝑧, 𝑄2 + [𝐷ത𝑞
ℎ 𝑧, 𝑄2 ]

FFs 𝑧 =
2𝐸ℎ

𝑠 Factorization scale (c.m. energies)

中国物理学会高能物理分会, 广州 ,黄麟钦@IMP
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Analysis at BESIII

◆ Normalized differential cross-section:

1

𝜎ℎ𝑎𝑑

𝑑𝜎(𝑒+𝑒− → ℎ + 𝑋)

𝑑𝑝ℎ
=

𝑁ℎ
𝑁ℎ𝑎𝑑

1

Δ𝑝ℎ
=
𝑁ℎ
𝑜𝑏𝑠

𝑁ℎ𝑎𝑑
𝑜𝑏𝑠

1

Δ𝑝ℎ
𝑓ℎ

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

𝑒+𝑒− data

𝑒+𝑒− → 𝑞ത𝑞 selection 

𝜋0/𝐾𝑆
0/𝜂/𝜋±/𝐾±(photon, PID, second vertex fit)

Efficient and ISR correction

中国物理学会高能物理分会, 广州 ,黄麟钦@IMP
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PRL 130, 231901 (2023)

⚫ Theory modes have different initial evolution scales and kinematic requirements on data
⚫ Higher twits effect? Hadron mass effect? 

Inclusive production of 𝝅𝟎/𝑲𝑺
𝟎@ BESIII

中国物理学会高能物理分会, 广州 ,黄麟钦@IMP
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◆ BESIII fit: NNLO + hadron mass correction + high-twist

Inclusive production of 𝜼@ BESIII

PRL 133, 021901 (2024)

中国物理学会高能物理分会, 广州 ,黄麟钦@IMP



13

Inclusive production of 𝝅±/𝑲±@ BESIII

Phys. Rev. Lett. 135, 151901 (2025)

⚫ 𝜋± is consistent with 𝜋0.

⚫ 𝐾± is systematically higher than 

that of 𝐾𝑆
0.

⚫ New global data fit at NNLO 

under (NPC) framework ( 𝑠 >

3 GeV & 𝐸ℎ > 0.8 GeV)

中国物理学会高能物理分会, 广州 ,黄麟钦@IMP
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Global analysis with BESIII data

➢ FFs at NNLO with BESIII data First university test of FFs at Q~ 3 GeV

中国物理学会高能物理分会, 广州 ,黄麟钦@IMP
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Global analysis with BESIII data

➢ FFs at NNLO with BESIII data can explain both existing high-energy world data and the 
BESIII new measurements

中国物理学会高能物理分会, 广州 ,黄麟钦@IMP
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Further Measurements @ BESIII

𝑒+𝑒− → 𝜋𝜋 + 𝑋

𝑒+𝑒− → 𝜙/𝐾∗ 892 + 𝑋

𝑒+𝑒− → 𝜂′ + 𝑋

𝑒+𝑒− → Λ ഥΛ + 𝑋

𝑒+𝑒− → Σ + 𝑋

𝑒+𝑒− → 𝜋± /𝜋0 + 𝑋

𝑒+𝑒− → 𝜂/𝐾±/𝐾𝑆
0+𝑋

Collinear FFs 𝐷1
ℎ TMD FFs 𝐷1𝑇

⊥ℎ

𝑒+𝑒− → ℎ1ℎ2 + 𝑋
(back-to-back pair)

Many results will be ready soon

>150 pb-1 above 4.8 GeV

More on the schedule

EECs

E1C

E2C

TMD EEC

…

中国物理学会高能物理分会, 广州 ,黄麟钦@IMP
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Summary

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

◆ In 𝑒+𝑒−annihilation experiments, which serve as the cleanest laboratory for FFs 
studies, BESIII has provided extensive data at lower energy regimes and have good 
constrains on FFs.

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

BESIII

• 𝒆+𝒆− → 𝝅𝟎/𝑲𝑺
𝟎 + 𝑿

• 𝒆+𝒆− → 𝜼 + 𝑿
• 𝒆+𝒆− → 𝝅±/𝑲± + 𝑿

𝑒+𝑒− → 𝜋𝜋 + 𝑋

𝑒+𝑒− → 𝜙/𝐾∗ 892 + 𝑋

𝑒+𝑒− → 𝜂′ + 𝑋

𝑒+𝑒− → Λ ഥΛ + 𝑋

𝑒+𝑒− → Σ + 𝑋

𝑒+𝑒− → 𝜋± /𝜋0 + 𝑋

𝑒+𝑒− → 𝜂/𝐾±/𝐾𝑆
0+𝑋

𝑒+𝑒− → ℎ1ℎ2 + 𝑋
(back-to-back pair)

Thanks for your attention!

E1C

E2C

TMD EEC

…
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