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The simplest and cleanest charmonium decay process

T 2 3 1502
L'y = 79 My, |F(0)]~,

The Particle Data Group’s reported value:

)y =5.1+04 keV

Phys. Rev. D 110, 030001 (2024)
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Results and discussions

MS\bar scheme

- ’ NLO is moderate
NNLO gives large

FCom(0) = 1.11). ’ negative contributions,
FCom ()T encounters large scale
FCons S uncertainty

In fact, when ur < 1.3 GeV, the F(0) becomes negative

- FPMC0) =9 (1 - 0.13 — 0.37)
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Results and discussions

V scheme

fir LO | NLO |NNLO | F(0)
- I GeV || 0.1066] -0.0438 | -0.2276 | -0.1648

Me 0.1066| -0.0253 | -0.0815 | -0.0001
2m, 0.1066| -0.0165 | -0.0392 | 0.0509

TABLE I: The QCD corrections for F(0) using the conven-
tional scale setting for three typical renormalization scales
- = 1 GeV, m,. and 2m,. The factorization scale is set to:
HA = 1 GeV.

LO:NLO:NNLO~ 1 : —0.41: —-2.13
LO:NLO:NNLO~ 1 : —0.24 : —0.76
LO:NLO:NNLO~ 1 : —0.15: —0.37

- Qy =449m,. =6.74 GeV

F(0) = 0.1066 — 0.0123 — 0.0245 = 0.0698 | [1: -0.12: -0.23
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Results and discussions

Factorization scale uncertainty: Mass mc uncertainty:

— _ 0 0 0
FO (0] =, = 0.43¢@, 02269, F(0) = 0.22¢0), 0.14c, 0.07c®

FPMC(0) = 0.62¢9, 0.50¢), 0.34¢9). F(0) = 0.50c©, 0.46¢, 0.43¢©

for uyf=1 GeV, mc and 2mc for mc= 1.68, 1.5 and 1.4 GeV
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Results and discussions
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Results and discussions

VY = e

In 2010, the BaBar collaboration measured the transition form
factor F (Q?) in a wide range of 2 GeV?< Q?< 50 GeV-.

2025/7/20

1

(@O = gy

J. P. Lees et al. [BaBar Collaboration]|, Phys. Rev. D 81,
052010 (2010).
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Results and discussions

2.0

Phys. Rev. Lett. 115, .5
222001 (2015).

IF(@)IF(0)]
=

The NNLO NRQCD
prediction fails to explain the
BaBar measurements
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Results and discussions
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Results and discussions
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Results and discussions

MS\bar-scheme

V-scheme
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B _ 2 d (&'f{m} _ _iﬁ_ﬂ (HF{Hr})I—z
" Ap? 4 "1 4 |

v" To eliminate the renormalization scheme-and-scale
ambiguities.

v" There is no renormalon divergence in the pQCD series

v The more convergent perturbative series is in general
achieved

v A novel and self-consistency analysis for the nc — yy
process 1s achieved.

v e'e —J/\psit\eta c, e'er —J \psi+I/\psi, J/\psi—eTe
process are being prepared.
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