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p Research Status

p NLO Corrections to hc + ηc Production at B factories

p NLO Corrections to χcJ Inclusive Production at B factories

p Summary & Outlook
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n Research at B factories

BES III at BEPC-II:
τ-charm factory: the largest sample of charmonia.

B factories (ϒ(4S)):
Belle: KEKB collier in Japan.
BaBar: PEP-II collider at SLAC in USA.
Highlights: CP violation, CKM matrix, etc.

Super B factories:
Belle II in Japan; SuperB in Italy.

SuperKEKB succeeded in circulating 
and storing positron/electron beams 
in the rings in Feb., 2016. 

3S. L. Olsen, 2015.
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n Research at B factories

Belle, 2002/2004; BaBar, 2005.

LO (inclusive processes) ~0.171 pb
V. V. Kiselev, A. K. Likhoded and M. V. Shevlyagin, 94;
P. L. Cho and A. K. Leibovich, 96;
F. Yuan, C. F. Qiao and K. T. Chao, 97/97; 
K. Y. Liu, Z. G. He and K. T. Chao, 96/97.

LO (exclusive processes) ~(2.3-5.5) fb
E. Braaten and J. Lee, 03; 
K. Hagiwara, E. Kou and C. F. Qiao, 03; 
K. Y. Liu, Z. G. He and K. T. Chao, 03.

NLO corrections:
Y. J. Zhang, Y. J. Gao and K. T. Chao, 06;
Y. J. Zhang and K. T. Chao, 07;
B. Gong and J. X. Wang, 08/09;
H. R. Dong, F. Feng and Y. Jia, 12.

Experiments:
1. Double Charmonium Problem
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n Research at B factories

Exclusive:

2. Other Double Charmonia Processes
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L. K. Hao, K. Y. Liu and K. T. Chao, 02; E. Braaten and J. Lee, 03; K. Y. Liu, Z. G. He and K. T. Chao, 08.
K. Wang, Y. Q. Ma and K. T. Chao, 11; H. R. Dong, F. Feng and Y. Jia, 11.
Y. Jia, W. L. Sang and J. Xu, 12; J. X. Wang and H. F. Zhang, 12.
K. Y. Liu, Z. G. He, and K. T. Chao, 03.

Inclusive:

NLO correction: 

L. B. Chen, J. Jiang and C. F. Qiao, Chin. Phys. C39 (2015) 103101.

NLO correction: 

L. B. Chen, J. Jiang and C. F. Qiao, Phys. Rev. D91 (2015) 094031.
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n Motivation
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NLO corrections  to 

are huge.

How are NLO corrections  to 

going? 
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(1 , 0 ), 2983.7 , 32.0 .

(1 , 1 ), 3525.38 , 0.7 .

(1 , ; 0,1, 2).
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   E760 experiment at Fermi Lab (1992).

Crystal Ball NaI(Tl) detector at SPEAR (1980).

χc1: DASP detector at DESY DORIS (1975.7). 
SLAC-LBL magnetic detector at SPEAR (1975.9). 
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n Cross Sections & Uncertainties

Conclusions:
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 When NLO corrections are taken into account,

uncertainties induced by varying mc and scale are depressed.
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L. B. Chen, J. Jiang and C. F. Qiao, 
Chin. Phys. C39 (2015) 103101.



n Cross Sections & Uncertainties
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n Running with the Center-of-mass Energy
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Note:
NRQCD factorization
holds only when Ecm
is much larger than mc.

G. T. Bodwin, X. Garcia i Tormo, J. 
Lee, 2008; G. C. Nayak , J.-W. Qiu, 
G. F. Sterman, 2007.



n Experimental Detection
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Belle II at SuperKEKB: 
"nano-beam large-angle crossing collision scheme"
the beam size will be reduced to 1/20th of that of KEKB, 
the stored beam current will be increased to twice of that of KEKB.
Luminosity would be 8.4×1035 cm-2s-1. 
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n ψ1,2+ηc Production
L. B. Chen, J. Jiang and C. F. Qiao, 
Chin. Phys. C39 (2015) 103101.
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ψ2: ψ(3836) by E750 experiment at Fermi Lab (1994, 2.6σ);
     ψ(3823) by Belle (2013, 3.8σ) and BES III (2015, 6.2σ).

ψ(3770): SLAC-LBL magnetic detector at SPEAR (1977).
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n Cross Sections & Uncertainties
L. B. Chen, J. Jiang and C. F. Qiao, 
Phys. Rev. D91 (2015) 094031.
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n Cross Sections & Uncertainties



n Cross Sections & Uncertainties
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n Scale Dependence

Color-singlet:

15



n Scale Dependence

Color-octet:
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[ ] (90,35,35)   (0,1, 2).cJ X fb for J    

n Experimental Detection

: [ ] (91.17,  24.61,  35.15)   (0,1, 2).cJNLO e e X fb for J      

2 1 2 2: ( ) 77 ,  ( ) 79 .
ch ch

prompt prompt
N c N cBaBar X fb X fb       

B. Aubert et al. (BABAR Collaboration), 2007.
[ ] (1.36,10.9,1.95)   (0,1, 2)  2 .cJ cfb for J at m      

W. L. Sang and Y. Q. Chen, 2010.

χcJ experiments at Belle II:
1. Confirmation of the huge NLO corrections to χc0 inclusive production.

2. Color-octet study through the χc1 and χc2 channels.
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uNLO corrections to hc, χcJ production in B factories
Ø  Exclusive process: hc + ηc

Ø  Inclusice process: χcJ + X

1. The NLO corrections enhance  hc + ηc cross section slightly.

2. NLO corrections to χcJ + X cross section are quite huge.

3. Both channels are worth a try in future Belle II experiments.
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