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Fragmentation Function
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⚫ Fragmentation Function (FF) 𝑫𝒑
𝒉(𝒛, 𝑸𝟐): describes the probability to 

find a hadron 𝒉 in the debris of a parton 𝒑, where 𝒛 = 𝟐𝑬𝒉/ 𝒔 is the 

energy fraction of the hadron

• Key ingredient for hadronization

• Non-perturbative QCD, parametrization

• Transverse-momentum dependent (TMD) FFs: polarized partons/hadrons
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Fragmentation Function
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• Universality: measured in 𝒆+𝒆−, DIS, 𝒑𝒑 and 𝒑ഥ𝒑

• ෝ𝝈: perturbative parts

~ 
𝑞

ො𝜎 ⊗ 𝐹𝐹

~ 
𝑞

ො𝜎 ⊗ 𝑃𝐷𝐹 ⊗ 𝐹𝐹

~ 
𝑞

ො𝜎 ⊗ 𝑃𝐷𝐹 ⊗ 𝑃𝐷𝐹 ⊗ 𝐹𝐹
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Study of 𝝅/𝑲 FFs
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• The most studied FFs

• Global data fit:
• 𝒆+𝒆− annihilation: lack of 𝑠 < 10 GeV data

• DIS: low 𝑄2

• What about 𝒆+𝒆− annihilation below 𝟏𝟎 GeV?

PDG 𝒆+𝒆−

Phys. Rev. D 104, 034007 (2021)



Study of 𝝅𝟎/𝑲𝑺
𝟎 FFs on BESIII
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• 6 energy points between 2.2324 and 3.6710 GeV

• Phys. Rev. Lett. 130, 231901 (2023)

• Discrepancy found between measured results and theoretical calculations

𝝅𝟎 𝑲𝑺
𝟎
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Study of 𝜼 FF
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• 𝜼: Pseudoscalar meson containing u, d, s quarks

• Lack of precise measurements at 𝒔 < 𝟏𝟎 𝐆𝐞𝐕
• Necessary to be studied at BESIII

Phys. Rev. D 83, 034002 (2011)
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Study of FFs on BESIII
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𝒆+𝒆−

annihilation 

events

Hadronic events
PRL128, 062004 (2022)

Yields of 

reconstructed 

hadrons

Neutral tracks Charged tracks

• Observable:

1

𝜎 𝑒+𝑒− → hadrons

d𝜎 𝑒+𝑒− → ℎ + 𝑋

d𝑝ℎ
= 𝑓

𝑁ℎ+𝑋
obs

𝑁had
obs

1

Δ𝑝ℎ

• f: correction factor extracted from MC

~ 
𝑞

ො𝜎 ⊗ 𝐹𝐹
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Data Samples

⚫ Experimental data:

⚫ Monte-Carlo simulation:
𝑒+𝑒− → qതq by LUARLW/HYBRID

𝑒+𝑒− → 𝑒+𝑒−/𝛾𝛾/𝜇+𝜇− by Babayaga v3.5

𝑒+𝑒− → 𝜏+𝜏− by KKMC

𝑒+𝑒− → 𝑒+𝑒− + 𝑋(X: leptons and hadrons) by DIAG36, EKHARA, GALUGA 2.0

𝒔 (𝐆𝐞𝐕) ℒ𝐢𝐧𝐭 (𝐩𝐛−𝟏)

2.0000 10.074

2.2000 13.699

2.3960 66.869

2.6444 33.722

2.9000 105.253

3.0500 14.893

3.5000 3.633

3.6710 4.628
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QED

BKG
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Measurement Results

𝒑 ∈ 𝟎. 𝟒, 𝟎. 𝟓  𝐆𝐞𝐕/𝒄
@ 2.9000 GeV
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• Published in Phys. Rev. Lett. 133, 021901 (2024)

• First measurements below 4 GeV

• Obvious discrepancy compared with predictions from previous study



Theoretical Calculations
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• Finished by cooperators from SCNU theoretical group

• New fit using both BESIII data and other high energy 𝑒+𝑒− data

• Extend QCD calculation from NLO to NNLO

• With higher-twist effects (HT) and hadron mass corrections (HMC)

• arxiv: 2404.11527 for details 

New fit agrees well for both high energy world data and BESIII data

precision 𝑁𝑑𝑎𝑡𝑎 𝑝𝑜𝑖𝑛𝑡𝑠 total 𝝌𝟐 𝝌𝟐/𝑵𝒅𝒑

NLO (AESSS) 179 2289.36 12.79

NLO+HMC 195 1334.19 6.84

NNLO+HMC 195 791.16 4.06

NNLO+HMC+HT( 𝟏/𝑸𝟐 ) 195 463.24 2.35

NNLO+HMC+HT( 𝟏/𝑸𝟒 ) 195 306.00 1.52
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Summary

• Inclusive 𝜼 production:

➢First measurements with momentum dependence at 𝒔 < 𝟏𝟎 𝐆𝐞𝐕

➢Obvious discrepancy between BESIII data and current QCD-based 𝜼 FF 

calculations, challenging the existing knowledge for the hadronization in 

low energy region

Thanks for your attention!
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Backups
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Data vs. LUARLW MC

𝐜𝐨𝐬𝜽𝜼

𝝓𝜼

𝒑𝜼
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𝒔 = 𝟐. 𝟗𝟎𝟎𝟎 𝐆𝐞𝐕

𝑵𝜼
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Systematic Uncertainties
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• Hadronic event selection: < 5%

• 𝝅𝟎 photons veto: < 1%

• 𝜼 helicity: ~2.17%, estimated with 𝜂 control sample

• 𝜼 reconstruction: ~2.06%

• Single photon reconstruction

• 𝐵𝑅 𝜂 → 𝛾𝛾

• Fit scheme: < 5%

• 𝜂  match angle

• Fit models

• Signal MC model (dominant): LUARLW→HYBRID



Backup
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Backup
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