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ABSTRACT 

 
We present a calculation of the two-photon and the two-gluon decay widths of P-wave charmonia 

0cχ  and 2cχ . Using the phenomenological relativistic harmonic model for quarks we obtained the 

masses of the states 0cχ  and 2cχ . The full Hamiltonian used in the investigation has Lorentz scalar 

plus vector confinement potential, along with the confined one gluon exchange potential (COGEP). 
The COGEP consists of a central part, a spin-orbit part and a tensor part. To obtain the masses the 
Hamiltonian matrix is constructed in the basis of harmonic oscillator states and diagonalized. The 
parameters and the wave function used for the prediction of the mass spectrum are used to calculate 
their partial decay widths.  
PACS No: 14.40.-n, 14.40.Aq, 14.40.Ev, 12.39.-x, 12.39.Ki   
 
Key Words: Relativistic harmonic model, Confined-one-gluon-exchange potential, Two-photon 
and Two-gluon decay widths.   
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INTRODUCTION 
 

 The study of heavy quarkonium systems has played an important role in the development of 
quantum chromodynamics (QCD). There are different models in literature which describes the 
quarkonium spectra [1- 8]. The prediction of mass spectrum in accordance with the experimental 
results doesn't guarantee the validity of the model for describing hadronic interactions. This is 
because different potentials have been proposed which reproduce the same spectra. Therefore using 
the model, one must be able to calculate other observables like the radiative decay widths, the 
leptonic decay widths, the two-photon decay widths, etc. The leptonic decay widths are a probe of 
the compactness of the quarkonium system and provide important information complementary to 
level spacings [9]. The decay of a heavy quark-antiquark pair into final states involving leptons, 
photons and light quarks can provide useful information on the strong coupling constant (sα ) [10, 

11]. Heavy quarkonium decays provide a deeper insight on the exact nature of the inter-quark forces 
and decay mechanisms. In the present work we have calculated the two-photon and the two-gluon 
decay widths of ground state P wave charmonia 0cχ  and 2cχ . In Sec. 2, we give a brief description 

of RHM and COGEP. The parameters used in our model are dicussed. A brief description of the 
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two-photon and two-gluon decay widths are also given. The results of the calculations are presented 
in Sec. 3. Conclusions are given in Sec. 4.  
 
THE MODEL 
In our present work, we have used the relativistic harmonic model (RHM) [12] along with the 
confined one gluon exchange potential (COGEP) [13] to calculate the masses of the states 0cχ  and 

2cχ . RHM was highly successful in explaining various properties of hadrons: light meson spectrum, 

baryon magnetic moments, N-N scattering phase shifts, etc. [14-16]. In RHM quarks are Dirac 
particles subjected to Lorentz scalar plus vector potentials. A pure vector potential would produce 
only QQ  bound states, whereas a scalar potential provides an attractive force for both QQ  and 
QQ  states. Thus, for the confinement of quarks, a scalar plus vector potential is a more appropriate 
choice. In RHM [12], quarks in a hadron are confined through the action of Lorentz scalar plus a 
vector harmonic oscillator potential,  

                                 MrAVc ++ 22
0)(1

2

1
= γ                           (1) 

where 0γ  is the Dirac matrix, M  is the quark mass and 2A  the confinement strength. The energy 

eigenvalue of the single particle Dirac equation with the interaction potential given by Eq. (1) is 
given by [12, 16]:  

,1)(2= 222
nn nME Ω++  

 where nΩ  is an energy dependent parameter,  

 
1/22 )(= MEA nn +Ω  

The total energy of the hadron is obtained by adding the individual contributions of the quarks. The 
quark-antiquark interaction potential is given by the confined one gluon exchange potential 
(COGEP) [13]. The essential new ingredient in our investigation of the mesonic states is to take into 
account the confinement of gluons. For the confinement of gluons we have made use of the current 
confinement model (CCM) which was developed in the spirit of the RHM [17, 18]. The CCM has 
been quite successful in describing the glue-ball spectra. The confined gluon propagators (CGP) are 
derived in CCM. Using CGP the confined one gluon exchange potential (COGEP) was obtained 
[13].  
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The central part of COGEP is:  
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Here the first term is the residual Coulomb energy and the second and the third are the 
chromomagnetic interaction leading to the hyperfine splittings. )(0 rD  and )(1 rD  are propagators 

of the CCM. The spin-orbit part of COGEP is given by:  
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 The tensor part of COGEP is given by:  
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where )]()ˆ)(ˆ[3(=ˆ
jijiij rrS σσσσ ⋅−⋅⋅ . Both spin-orbit and tensor forces affect states with 0>L . 

The spin-orbit and the tensor terms describe the fine structure of the states while the spin-spin term 
gives the spin singlet-triplet splittings. The QQ  wave function for each meson is expressed in terms 
of oscillator wave functions corresponding to the CM and relative coordinates. The oscillator 
quantum number for the CM wave function is restricted to 0=CMN . The Hilbert space of relative 

wave functions is truncated at radial quantum number 5=n . The Hamiltonian matrix is constructed 
in the basis > 0;=0,=| 12

J
S

CMCM LnLN +  and diagonalized. The diagonal values give the masses of 

the ground and the radially excited states.  
 
The 0

1S  , 0
3 P  and 2

3P  levels of charmonium and the upsilon system can decay into two photons. 

These same states can also decay into two gluons, which accounts for a substantial portion of the 

hadronic decays for states below the cc  or bb  threshold [19].       
 
The decays of the positive C-parity states )(3

JP  into two photons are of significance because at the 

lowest order this decay is a pure QED process similar to the two-photon decay of positronium. Their 
study can shed light on higher order relativistic and QCD radiative corrections [20]. The decay width 
for the scalar state 0cχ  and the tensor state 2cχ  to decay into photons is given by [10]: 
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where 2/3=qe  is the quark charge, α  is the QED coupling constant, Qm  is the quark mass, sα  

is the QCD coupling constant and |(0)|ψ  is the meson wave function calculated at the origin. The 
term in the parenthesis is the first order QCD correction factor. The decay width for two-gluon decay 
is given by [10]:  
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The mass of the quark Qm , sα  and the parameters of the quarkonium wave function are fixed from 

the quarkonium spectrum. In our work 1.55=cm  GeV and 0.2=sα . The parameters of the 

COGEP are the same as used in [21, 22]. The model parameters and the radial wave functions that 
have been used to obtain the masses are used to calculate the partial decay widths.  
 

RESULTS AND DISCUSSIONS 
 

The triplet 1P states of charmonium (cJχ ) were first observed in the radiative decay of the )(2Sψ  

produced through the −+ee  collisions: cJSee χγψ +→→−+ )(2 . Later the accurate mass 
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measurements of these states were determined in the pp  collisions [23-25]. The masses of the 

charmonium states 0cχ  and 2cχ  after diagonalization in harmonic oscillator basis are 3415 MeV 

and 3506 MeV respectively. The PDG [26] values are 3415 MeV and 3556 MeV respectively. 
The obtained mass agree well with the experimental results. Expressing the meson state by harmonic 
oscillator wave function, the two-photon and the two-gluon decay widths are calculated using 
eqns.(2-5). For P states the wave function vanishes at the origin and therefore the partial widths for 
the two-photon decay and two-gluon decay are proportional to the square of the derivative of the 
wave function at the origin. Experimental determination of the two photon widths of the cJχ  states 

of charmonium in their decay into two photons have been reported by the CLEO Collaboratio [27]. 
From their measurements they obtained the width 0.22)0.35(2.36=)( 0 ±±Γ cχγγ  keV and 

0.06)0.07(0.66=)( 2 ±±Γ cχγγ  keV, where the first error is statistical, second is systematic and the 

third is due to the PDG parameters used. From our calculation we obtain )( 0cχγγΓ = 5.7 keV and 

2.8=)( 2cχγγΓ  keV. The calculated widths are higher than the experimental results. The calculated 

value of the ratio )()/(= 02 ccR χχ γγγγγγ ΓΓ  is 0.48  while the experimental value is 

0.040.050.28 ±± . The calculated widths for the two-gluon decays are )( 0cgg χΓ =7.71 MeV and 

)( 2cgg χΓ = 1.10 MeV, and the experimental values are )( 0cgg χΓ =10.20 MeV and )( 2cgg χΓ = 2.03 

MeV. The obtained two-gluon widths agree reasonably well with the experimental values. The 
results are listed in Table 1 in comparison with experimental and other theoretical values. 
 

Table  1: Decay Widths 
 

Decay Present Exp. [19] 

γγχ →0c  5.7 keV 2.36 keV 5.35 keV 

γγχ →2c  2.8 keV 0.66 keV 1.55 keV 

ggc →0χ  7.71 MeV 10.20 MeV 4.88 MeV 

ggc →2χ  1.10 MeV 2.03 MeV 0.69 MeV 

 
CONCLUSIONS 

 
In the present work we have calculated the two-photon and two-gluon decay widths of the P wave 
charmonium states 0cχ  and 2cχ . The masses of the charmonium states were obtained in the frame 

work of RHM along with COGEP. The results are in good agreement with the experiment both for 
the masses and their partial decay widths. This work could be extended for other heavy meson 
systems.  
 
 
ACKNOWLEDGMENTS 
One of the authors (Bhaghyesh) is grateful to BRNS, India, for granting the JRF. The other author 
(KBV) acknowledges the BRNS for funding the project (Sanction No. 2010/37P/18/BRNS).  
 

REFERENCES 
 
[1] W. Buchmuller and S. H. H. Tye, Phys. Rev., 1981, D24, 132.  
[2] A. Martin, Phys. Lett., 1980, B93, 338.  
[3] J. L. Richardson, Phys. Lett., 1979, B82, 272.  



K. B. Vijaya Kumar et al                                 Arch. Phy. Res., 2010, 1 (4):200-204 
_______________________________________________________________________________ 

204 
Scholar Research Library 

[4] C. Quigg and J. L. Rosner, Phys. Lett., 1977, B71, 153.  
[5] C. Quigg and J. L. Rosner, Phys. Rep., 1979, 56, 167.  
[6] E. Eichten, K. Gottfried, T. Kinoshita, K. D. Lane, and T. M. Yan, Phys. Rev., 1978,  
    D17, 3090.  
[7] A. K. Rai, B. Patel, and P. C. Vinodkumar, Phys. Rev., 2008, C78, 055202.  
[8] S. N. Gupta and S. F. Radford, Phys. Rev., 1985, D31, 160.  
[9] Estia Eichten, S. Godfrey, H. Mahlke, J. L. Rosner, Rev. Mod. Phys., 2008, 80, 1161,  
    arXiiv: hep-ph/0701208v3.  
[10] W. Kwong, P. B. Mackenzie, R. Rosenfeld and J. L. Rosner, Phys. Rev., 1988, D37,  
     3210.  
[11] T. Appelquist and H. D. Politzer, Phys. Rev. Lett., 1975, 34, 43.  
[12] S. B. Khadkikar and S. K. Gupta, Phys. Lett., 1983, B124, 523.  
[13] P. C. Vinodkumar, K. B. Vijay Kumar, and S. B. Khadkikar,  Pramana-J. Phys.,  
      1992, 39, 47.  
[14] S. B. Khadkikar and K. B. Vijaya Kumar, Phys. Lett., 1991, B254, 320.  
[15] K. B. Vijaya Kumar and S. B. Khadkikar, Nucl. Phys., 1993, A556, 396.  
[16] K. B. Vijayakumar, B. Hanumaiah, S. Pepin, Eur. Phys. J., 2004, A19, 247.  
[17] S. B. Khadkikar, Pramana-J. Phys.,1985, 24, 63.  
[18] S. B. Khadkikar and P. C. Vinodkumar, Pramana-J. Phys., 1987, 29, 39.  
[19] J. T. Laverty, S. F. Radford and W. W. Repko, arXiv: hep-ph/0901.3917v3 (2009).  
[20] S. Dobbs et al. (CLEO Collaboration), Phys. Rev., 2006, D73, 071101(R).  
[21] Bhavyashri, PhD Thesis, Mangalore University (Mangalore, India, 2008).  
[22] Antony Prakash Monteiro and K. B. Vijaya Kumar, Commun. Theor. Phys., 2010,                              
    53, 325.  
[23] M. Andreotti et al. (Fermilab E835), Phys. Rev. Lett., 2003, 91, 091801.  
[24] T. A. Armstrong et al. (Fermilab E760), Phys. Rev. Lett., 1992, 68, 1468.  
[25] C. Baglin et al., Phys. Lett.,1986, B172, 455.  
[26] K. Nakamura et al. (Particle Data Group), J. Phy G: Nucl. Part. Phys., 2010, 37,  
    075021.  
[27] K. M. Ecklund et al. (CLEO Collaboration), Phys. Rev., 2008, D78, 091501(R).  
 


