Inclusive hadron production at BESII |

>
Sl
~~

EBHEBRKEF)

Leadi]_’]g Quark TMDFFS O—b Hadron Spin @ Quark Spin

1036§ - | I | g
10%° = , - - Quark Polarization
E KEks superKEKB g * STCF‘c‘ 3
"7;; - / .‘.’ ] Un-Polarized Longitudinally Polarized Transversely Polarized
oL 10ME &3 ) L (M
g & o o 3 =
: 33 i < . E z g 1
z2 0%k - 8§88 D, = () H: =(D-
8 = . §- 5 :E Unpolarized Collins
g 1 032 e = =
| E =
; i G1= (=G [y =@
1 031 L _ § L 1= 1L
E E - Helicity
E = o
= . EE
197 20T D L _ — G 1 Transversity
© 17T 17 = -
year = Polarizing FF a I - 3@4?

—ta

P4, 2025.04.19, B

B
2
oF
&

FLtEeEERYHESE T




QCD Asymptotic freedom & Confinement
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v High Q: asymptotic freedom, perturbative QCD
v Low Q: non-perturbative QCD
® Confinement: partons do not exist as free particles,

but are always confined in hadron

® Essence of confinement ? Why & how ?
v Hadronization models & Fragmentation function

v' LPHD: Local Parton Hadron Duality hypothesis
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Fragmentation function: integrated D7 (z)

® Fragmentation function Dg(z): probability that hadron h is found in the debris of

a parton carrying a fraction z of parton’s energy QUARKS &
® Consequence of confinement LEPTONS:
® FF: QCD first principle (NOT YET) s

v FF evolution function: DGLAP ’

v' Fitting: parametrization & experimental data

v" Universality: e*e”, DIS, pp, pp data i
® FFs contribute to virtually all processes
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FFs with quark/hadron polarization

Hadron Quark polarizatiom @
polarization

Unpolarized Longitudinally Transversely
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® Theoretically many more, in particular with polarized hadrons in the final state
and transverse momentum dependence (TMD)
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FFs for EIC & EicC
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Precise knowledge of FFs will be crucial
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® Strange quark density function: As(X)+As(X)
v" Inclusive DIS: only proton PDF
a. negative for all values of x =
v Semi-inclusive DIS: proton PDF & kaon FF
a. DSS FFs: positive for most of measured X
b. NNPDF FF: negative PR D103 054008 (2021)
c. JAM FFs: negative . - |
® Reliable FFs knowledge ? Need more efforts

d SKAO'18
7770 BB’10
JAM’15

Q2= 2.5 GeV?




Used data set @ unpolarized FFs fitting
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® Updated HKNS FFs @ 2016
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v only e*e” (1/s > 10 GeV) data sets

® MAPFF1.0 FFs @ 2021
v’ e*e (v/s > 10 GeV) and SIDIS data sets

® Data set at /s < 10 GeV e*e- collision ?
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Inclusive ©# & K data of e*e- at low energy
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® Charged 1 @ DASP

v about 46 years ago

v’ stat. uncertainty: 18%
® K @ PLUTO

v about 48 years ago

v’ stat. uncertainty: 18-41%
® Precision data ? TMD FFs ?
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Pion FF: Best known FF
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® For z=0.8, uncertainty rapidly increase because of .
the lack of experimental data

® Xfitter: data at+/s > 10 GeV e*e’ 5
v Low+/s e*e data ? Bl

® Large z re-summation
v High z data ?
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Pion FFs
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® DIS @ Breit frame
v Incoming quark scatters off photon and returns along same axis
® Current region of Breit frame is analogous to e*e-
v Born level: DIS Q = e*e /s
® DSS FFs: HERMES ep pion data at 10% level
® c'e data at low energy +/s
v FFs packages could describe e*e-data at 7% level
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ete” — mO/KQ + X @ BESIII
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Factorization
breaking ?

® n: a Goldstone boson due to spontaneous breaking of QCD chiral symmetry

® nFF @ NLO: data at /s > 10 GeV e*e" collision
v Missing theory uncertainty
® Theory improvement:

v" NNLO accuracy, hadron mass correction & higher twist

® BESIII results and its possible impact ?
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e'ee > n+ X @ BESIII
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Isospin symmetry
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® c¢'e- — K*K: charged vs. neutral channel
v" Isospin symmetry violation e
- . 4 oA
® Inclusive kaon production @ e* e .
. ; - . T s
v" Consistent with one ? precision !!! : ;
v

® Inclusive kaon production @ AA S N
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+ X @ BESIII
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® z = 2p//s coverage

v’ pion: 0.13 -0.95

v kaon: 0.30 -0.90
® Missing bins with momentum < 0.2 GeV

v" Low p,: curling track, not reconstructed
® Dominated uncertainty: MC generator 15



ete > /KT + X @ BESIII
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® NPCNNLO: /s >3.0GeV & E, >0.8GeV @ BESIII | ®5e
® arXiv:2502.17837: Validity of QCD factorization and
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PQCD calculation at energy scales down to 3 GeV
® Test of isospin symmetry with FF fitting

® Inclusive pion cross section
vatrr =l
v" Isospin symmetry

® Inclusive kaon cross section
v Kft=K =14 Kq
v' Large isospin violation ?
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® The FF play a crucial role in describing hadronization process, and understanding of
non-perturbative QCD dynamics.

® Inclusive n° & K,: Large discrepancy with theory calculation. PRL 130 231901 (2023)
® Inclusive n: FF fitting with NNLO accuracy, hadron mass & higher twist correction,

could describe BESIII data. PRL 133 021901 (2024)

® Inclusive n & K: Validity of QCD factorization and pQCD calculation at energy scales
down to 3 GeV, test of isospin symmetry with FF fitting. arXiv:2502.16084

® Inclusive hadron production @ low energy e*e- annihilation: use or useless ?7?
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Global PDF fits vs. Global FFs Fits

® Parton distribution functions(PDF) s e
v Probability of parton inside a hadron el I
v A key ingredient in hadron collider physics M |
® Aim: high precision theory + wide range of data = _
= precise & accurate PDFs & FFs 1
® Study of FFs < Study of PDFs Y eocen _

v/ Data set at /s < 10 GeV ete- ???
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