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Brief introductionBrief introduction 

Although LHC was designed mainly for the
study of electroweak breaking and new physicsstudy of electroweak breaking and new physics,
the hadron physics capabilities of the ATLAS,
CMS, and LHCb detectors are also great

At present, there are many open questions inp , y p q
hadron physics, which might be answered in
LHC experiment
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 One of the key issues concerned in hadron
ph sics is abo t the applicabilit of QCD tophysics is about the applicability of QCD to
the description of hadrons, their production,
decay nature, etc.

A wealth of return may be obtained in
hadron physics study to the investigation ofhadron physics study to the investigation of
effective theory, new phenomena and QCD
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(CLEO E760 E835 BESIII)h (CLEO, E760, E835, BESIII)ch

,  the recently found p-wave spin  
i l t h i t t ith
ch

singlet charmonium state, with a 
mass below open charm thresholdp

Its                     
Its mass

pc +-J  = 1
MeV270933525m Its mass   

Its total decay width
MeV27.093.3525m 

  1 MeVtot
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The dominant decay modes of       include:ch
0

ch J /  
Theoretical estimate gave a branching ratio of 

0.5%  (Kuang. et al,1988)  ( g , )

It was observed by E760 Collab, but was 
fi d b i h E835not confirmed by its successor, the E835 

(E760 1995)
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The dominant decay modes of include:hThe dominant decay modes of       include:ch
c ch   

Theoretical estimate gave a branching ratio of 
50% (Kuang, et al.1988; Godfrey. et al, 2002; 
Ko, 1995)

It was observed by E835 Coll. (E835, 2005), 
and recently confirmed by CLEO and BES Colls. 
through (CLEO, 2005, 2008; BES, 2010)  

0 0(2 )        S h

-8-Cong Feng Qiao Charmonium Production and Decays

(2 )        c cS h



UNIVERSITY OF CHINESE ACADEMY OF SCIENCES

According to the QCD-based potential
model prediction, to leading order of thep , g
spin–spin interaction the hyperfine splitting
should be zero i eshould be zero, i.e.,

The spin-weighted average mass of P-wave
triplet states
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Theoretically, higher order corrections to the
hyperfine splitting should be less than 1 MeVhyperfine splitting should be less than 1 MeV
(Appelquiat, et al, 1978; Godfrey et al, 2002; Joffe 2005)

To have more knowledge of , a key point is
t t h d t

ch
to get enough data
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cc

It is widely accepted that     is the lowest 
lying state in charmonium family, and it 

c
y g y,

was observed in the early age of charm 
physicsphysics

Its                     
Its mass

pc -+J  = 0
2981 0 1 1 MeVm  Its mass   

Its total decay width
2981.0 1.1 MeVm  

29.7 1.0 MeV  
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For       ,  we expect there will be copious data 

od ced at the LHC
c

produced at the LHC. 

Although        has been observed for many cg y

years, there are still many open questions about 

its nature

c

its nature. 

The most chanllenging one for me is about  its 

exclusive decay to light vector meson pairs: 

VV 
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 P t b ti l h ld bVV Perturbatively, process should be         

helicity  suppressed ,
c VV 
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However, in reality:

K12 is a kinematic factor
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bb

The lowest energy state in Υ family, 
the      ,  is very elusive. The existence bt e , s ve y e us ve. e e ste ce
of the      is a solid  prediction of the 
quark model

b
b

quark model

Its                     
Its mass

pc -+J  = 0
11 MeVm  (BELLE Collaboration 2013)Its mass   

Its total decay width
 11 MeVm 

MeV ？？

(BELLE Collaboration, 2013)
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About thirty year after it spin triplet partner 

being fo nd ecentl it as obse ed fo thebeing found, recently it was observed for the 

first time by Babar through Υ (3s) -->      γb
(Aubert, et al., Babar Collaboration, 2008)

In recent years, the search for     has been 

d t d t CLEO LEP d CDF B f t i
b

conducted at CLEO, LEP, and CDF, B-factories, 

using both inclusive and exclusive methods
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It is worth noting that both 
Babar and CLEO c measurementsBabar and CLEO-c measurements 
are indirect ones. 

For further study on physicsFor further study on     physics, 
direct measurements on its decay 

d

b

products are necessary
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It is found that the LHC will

hproduce a huge number of ,

hi h bl l f

ch
which enables people to perform

i t d it tprecise study on its nature
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h
In hadron-hadron collision,  dominant 

f d i i l d



chprocesses for      production include










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The typical Feynman diagramsThe typical Feynman diagramsThe typical Feynman diagramsThe typical Feynman diagrams
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The processes (1) (4) were numericallyThe processes (1)-(4) were numerically 
calculated 
[Sridhar 2009; Qiao and Yuan 2001; Qiao et al 2009][Sridhar, 2009; Qiao and Yuan, 2001; Qiao, et al., 2009]

It f d th t th i t i i hIt was found that the intrinsic charm 
process (5) is very important in the hc
production at the LHC
[QIAO, et al.,  2009] 
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We obtain(a-e for process 1-5 on the left; on 
i h lid f CO d d h d li f CS)right, solid for CO and dashed line for CS)
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The result shows:The result shows:

The color octet process contributes moreThe color-octet process contributes more 
to hc hadroprodution at the LHC

In color-singlet mechanism, the intrinsic 
charm quark induced process dominates 
over the other oneover the other one
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From PDG and theoretical calculationFrom PDG and theoretical calculationFrom PDG and theoretical calculationFrom PDG and theoretical calculation
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That tells:That tells:That tells:That tells:
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That tells:That tells:

-28-Cong Feng Qiao Charmonium Production and Decays



UNIVERSITY OF CHINESE ACADEMY OF SCIENCES

Contents:Contents:

 Brief introduction 

 and      production at the LHCc h p

 Direct measurement at the LHC

c ch

b Direct     measurement at the LHC

 Summary

b

 Summary

-29-Cong Feng Qiao Charmonium Production and Decays



UNIVERSITY OF CHINESE ACADEMY OF SCIENCES

Direct Measurement of at the LHCDirect Measurement of at the LHC

LHC d 10^8 10^9

Direct Measurement of     at the LHCDirect Measurement of     at the LHCb

LHC can produce 10^8~10^9       per year, 
is about the same order

b
c

 Recently, the      J/ψ J/ψ process was by, ψ ψ p
calculated at the next-to-leading order 
accuracy and find the NLO correction many

b

accuracy and find the NLO correction many 
enhance the branching fraction to the same 
l l f l ti i ti tilevel of relativistic correction 
[Bin Gong, Yu Jia, and J.X.Wang, PLB, 2009; Braguta & Kartvelishvili, 
PRD 2010; Sun Hao Qiao PLB 2010]
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The typical Feynman diagramsThe typical Feynman diagrams

Because of parity and Lorentz invariance, 
the decay amplitude possesses the following 
unique tensor structure
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After a lengthy calculation in NRQCD After a lengthy calculation in NRQCD 
formalism we getformalism we getformalism, we getformalism, we get

with the following inputswith the following inputs

which is unreachable in LHC 
experiment
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However, in light-cone formalism, after 
taking the NLO twist contribution intotaking the NLO twist contribution into 
account,  we find

It is marginal in LHC experiment
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SummarySummary

 The LHC produces a huge number 
of and which enable hbof       、 and      , which enable 
people to make precise measurements 

c chb

on them

 Besides these states,      ` 、 `  and     
also deserve to pay attention to

c b
h also deserve to pay attention tobh
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Thanks for your attention!Thanks for your attention!Thanks for your attention!Thanks for your attention!
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Where Do We Come From? What Are We? 
Where Are We Going? ---Paul Gauguin
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