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Mass spectra, Regge trajectories and decay properties of heavy-flavour mesons
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In this article, we study the mass spectra, Regge trajectories and decay properties of heavy-flavoutd@eg@ns: c, b) within a non-
relativistic quark model. The spin hyperfine interaction is used to get the prediction for the heavy-meson masses for radial and orbital
excitations. By using the radial and orbital excitations, we construct Regge trajectories for the heavy-mesoqg iltheand (n, M?)

plane and find their slopes and intercepts. We have computed leptonic, photonic and gluonic decay widths of heavy flavour mesons with
and without QCD correction factor. We have compared our results of masses as well as decay widths with other theoretical and lattice QCD
predictions for each states. Moreover, the known experimental results are also reasonably close to our predicted results.
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1. Introduction to recognize conventional and exotic structure [7,8]. So, apart
B from the successful predictions of the masses, validity and

Heavy-flavour mesonQQ (Q € {c,b}); the bound states of relaiability of any potential model depends also on the suc-

heavy quark and it's anti-quark are best tools for understanccessful predictions of their decay properties.

ing of the strong interactions. In 1974, thigy particle was After the brief introduction in Sec. 1, the paper is ar-

discovered experimentally [1,2], which is identified as boundranged as follows. In Sec. 2 we present the theoretical frame-

states of charm(c) and its anti-particg [3]. In 1977, bot-  \york for the mass spectra and decays of heavy-flavor mesons

tomonium(bb) was discovered experimentally as spin-triplet () into leptons, photons and gluons. In Sec. 3, we discuss
statesY'(15), T(25) andY(3S5). [4,5]. Since theninthe past resuylts and draw our conclusions.

few years remarkable experimental progress has been made

in the field of heavy quarkonium physics due to the available

experimental facilities such as LHCb, Belle, BABAR, CDF, 2. Theoretical framework

BESIIl and CLEOc etc., which has opened up new challenges

and opportunities in the theoretical understanding of hadron$o study the mass spectra of heavy-flavour mesons such as

containing heavy flavour quarks. charmonium(cé) and bottomonium(bb) as a bound states
Large amount of data is available for masses along wittsystem of quark-antiquarkQQ), within a non-relativistic

different decay modes in recent PDG [6]. In heavy flavorquark model; we have considered a non-relativistic Hamil-

spectroscopy mesons have been observed; experimentatignian for two body problem expressed as

and studied by theoretical approaches like lattice QCD, QCD

sum rules, Non-Relativistic QCD, some relativistic and non- 2 —h?

relativistic potential models to explain the static and dynam- H= Z mi+

ics properties of these states. Thus, to understand the newly =1

observed states in the heavy sector; study of the mass specifaheavy-flavour quark-antiquark bound states system the ki-
and decay properties of heavy mesons become very impofretic energy of the quarks is smaller than the rest mass en-
tant for the better understanding of quark-antiquark dynamargy, Thus, a non-relativistic treatment with static potential
ics and QCD within th&)@ bound states. In hadron physics coy|d provide an effective approximation. To solve the two
The quark-antiquark interacting potential require the underbody problem within a non-relativistic framework we have

standing of strong interactions. Different potential modelsconsjdered the time-independent Schrodinger equation;
may predicted similar mass spectra matching with experi-

mental results but it's important to have mutual agreement [ 1 ? I(l+1)

of mass spectra along with decay properties such as Ieptonic,{gu (_dr2 + -2 ) + VQQ(’")} P(r) = Ep(r). (2)
photonic and gluonic decays. Study of decay properties of

quarkonia(QQ) decays into leptons, photons and gluons isWe have considered the quark-antiquark interaction potential
very important for the identification of resonances as well adased on QCD, which is color Coulomb plus confining power

V24V (r). (1)
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law potential responsible for the asymptotic freedom and the

color confinement phenomenon given by [9, 10]

‘-
o e =T(nS —ete )= ——— "
Vaa(r) = Vv + Vs = — +br”, 3) M2

where « is couling strength, b is string tension related to Fre:; ° = 1ﬂcf((”?’sl —eten)

strength of confinemeng is the potential e_xponent tha}t we deg?a?| an(O)\z 160,

vary from 0.1 to 2.0. To solve the Schrodinger equation we = e (1 3 ) , (12)
have used variational method with hydrogenic radial wave nS T

function for the (n,l) states. spin dependent interaction po
tential Vs p(r), sum of spin-spin¥(;;), spin-orbit {/;s) and
tensor {/r) iteraction potential as a perturbative correction
account for especially in excited states. All the three spin-
dependent interaction terms are driven by the Breit-Fermi
Hamiltonian for one-gluon exchange given by [11].

whereMnS is mass of the decaying correspondif@Q)
states. "¢~ and F" ¢ are the decay rate without and
with radiative quantum chromo-dynamics correction factor
respectively.
The photonic decay of'S, andn3S; states annihilate
into two and three photon leads to the decgys— ~~

Vss(r) = Css(r)Sy - So, 4 ™= J/p — 3y a.ndvi — 3, hence the a_nnihilation
decay rate of charmoniuifec) and bottomonium into two or
Vis(r) =Crs(r)L - S, (5)  three photons with and without quantum chromo-dynamics

correction factor is given by [7,12]
Sy -1)(S2 - 1
(S1 T)g 2 T) _ g(Sl . 52)) . (8)

r

Velr) = Cr(r)

7 =T(n'Sy — yy) = = — il 13
whereS; andS; are the spins of particle 1 and 2 respectively, (n"50 = 77) Mﬁs (13)
and S is the total spin in our consideration and radial depen- w _ 1
L =Ter(n So—v7)
dent coefficient come from the vectiy- () and scala¥s(r)
part of the potential in Eq. (2); 3Q*02| Ry (0)]? (1 3.4as> (14)
Css(r) = 5 V2V (1) ™ s e
r)= r
58 3m?2 VA 5 5 4(r? — 9)e%a3|Rnl(0)\2
1 1[,dVy(r) dVs(r) [ =T(n%5 = 37) = 37 M2 » (19)
Crs(r) = - - ; (8) n$
2m2 r dr dr 3
I} =Te(n®S) — 39)
C ( )_ i }BdVV(T) _ szV(T) (9)
=2 |7 dr dr? B 4(r?* — 9)6?;)0‘3|Rnl(0)|2 1 12.6c, (16)
N 3mM?2, ™ '

After solving the Schrodinger equation with quark-
antiquark interaction potential the masses of particular states The gluonic decay ofi!

Sy andn3S; states decay into
of heavy-flavour meson@(Q are computed as,

two or three gluons as well as into gluon with photon leads to
(10) decayn. — gg,m — 99,J/v% — 3g andY — ~gg. hence

the gluonic decay rate with and without radiative quantum
wheremg andm, are the masses of quark and antiquarkchromo-dynamics correction factor is given by [7,12,14]
respectively, E,, represent the binding energy of quark-

Mgg =mq+mg + Eqq + (Vsp)ga »

antiquark system.Vsp is the spin dependent interactions. 202| Ry (0)2
The parity and charge cojugation quantum number§ f % =T'(n'Sy — gg) = #, a7
states are given by = (1)Lt andC = (—1)1+9 respec- 3Mys
tively, wherel is the relative orbital angular momentumand 1Y% = Ler(n*So — g9)
S is the total spin of the bound states. ) )

Decays of heavy-flavour mesons into leptons, photons _ 20| R (0)] (1 4 4-40‘s> (18)
or gluons is very useful to study the decay properties of 3M?2g ™ ’
meson§QQ) as well as for the prediction and identification 10(72 — 9)a?| Ry (0)[2
of resonance. It can also helpful to identify conventional I'*¢ =T'(n3$; — 3g) = YIS B , (19)
and exotic structure of mesons [7]. By using the masses of T¥ns
guarkonia we also computed decay rate of leptonic, photonic F39 = F(f(n S1 — 39)
and gluonic decays @() states.

The Leptonic decay of?5; states annihilate into lepton _ 10(7? — 9)a| R (0) ] <1 _ 6-6‘13) (20)
pair leads to decay /v — ete” andYT — ete”, hence 81 M2 T )’

decay rate is given by [7,12,13]
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1799 =T (n*$1 — ~99)
8(m? — 9)62Qaa§|Rnl(0)\2

TABLE |. Potential-model parameters for the present work.

mQ =mg Msa s = Or M2 ) (21)
(GeV) (GeV) (GeV) ns
@ 131 3.068 0.40 1799 =Tep(n°S1 — v99)
bb 4.66 9.445 0.30 8(m2 — 9)edaa?| Ry (0) 2 44a,
= 5 1-— , (22)
97TM!LS

where the subscripts “cf” represent the decay rate with radia-

TABLE Il. S-wave masses of pseudoscdlar) and vector meson tive quantum chromo-dynamics correction factor.

(J/).
ctatos oower Rn0) " 770 3. Results, summary and discussion
index n'So n’S 3.1. Mass Spectra
(p) (GeV*’?) (GeV) (GeV) .
o1 0.560 3041 3077 To study the mass spe_c_trq of heavy-flavour mesons in the
framework of non-relativistic quark model, we have used
0.5 0.948 3.006 3.088 color coulomb plus confining power law potential. To get the
1s 1.0 1.255 2.975 3.097 experimental ground states centre of weight or spin average
1.5 1.412 2.958 3.103 masses ofc¢ andbb which are computed from the respective
2.0 1.549 2.944 3.108 known experimental masses (taken from recent PDG [6]) of
[6] 2.980 3.097
[15] 2.983 3.075 TABLE Ill. P-wave masses of charmoniumm
[17] 2.980 3.097 states power R, (0) n°Py, nPPi n'PL P
0.1 0.332 3.200 3.210 index
0.5 0.878 3.419 3.451 (p) (GeV/?) (GeV) (GeV) (GeV) (GeV)
2S 1.0 1.425 3.643 3.690 0.1 0.079 3.500 3.508 3.512 3.518
1.5 1.835 3.814 3.869 0.5 0.315 3459 3.495 3.508 3.534
2.0 2.159 3.935 3.996 1P 1.0 0.554 3.413 3.481 3505 3.556
[6] 3.639 3.686 1.5 0.726 3.372 3.467 3.500 3574
[15] 3.623 3.664 2.0 0.793 3.357 3.463 3.499 3581
[17] 3.597 3.686 [6] 3414 3510 3525 3.556
0.1 0.279 3.255 3.260 [15] 3.410 3.492 3,502 3.543
0.5 0.923 3.647 3.662 [17] 3.416 3.508 3.527 3.558
3S 1.0 1.645 4.107 4.129 0.1 0.026 3.578 3.584 3.587 3.592
1.5 2.291 4.495 4.524 0.5 0.145 3720 3.766 3.784 3.822
2.0 2.803 4.800 4.835 2P 1.0 0.309 3.821 3935 3.981 4.076
[6] 4.039 1.5 0.468 3.858 4.048 4.127 4.283
[15] 4.046 4.073 2.0 0.605 3.856 4.115 4.227 4.438
[17] 4.014 4.095 [6] 3.927
0.1 0.256 3.287 3.290 [15] 3.846 3.922 3930 3.969
0.5 0.947 3.814 3.822 [17] 3.844 3.894 3.960 3.994
4S 1.0 1.875 4.490 4.505 0.1 0.013 3.625 3.630 3.633 3.637
1.5 2.778 5.108 5.131 0.5 0.087 3.908 3.961 3.984 4.029
2.0 3.331 5.642 5.670 3P 1.0 0.212 4140 4.298 4.372 4.498
[6] 4.421 1.5 0.347 4264 4549 4691 4912
[15] 4.395 4.417 2.0 0.455 4,343 4737 4940 5.239

[15] 4205 4276 4.286 4.324
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TABLE V. D-wave masses charmoniwm. TABLE VI. P-wave masses of bottomoniuii
states power R,;(0) n’Di n’Dy n'D; n’Ds states power R, (0) n*Py, n’PL n'PL n’P
index index

(p) (GeVW/?) (GeV) (GeV) (GeV) (GeV)

GeVP/?) (GeV) (GeV) (GeV) (GeV
01 0009 3775 3777 3.778 3.779 ) ( ) (GeV) (Gev) (Gev) (Gev)

05 0079 3772 3776 3.777 3.779 0.1 0428 9891 9894 9.897  9.899
1D 10 018 3772 3778 3777 3.779 05 1335 9876 9.889 9.896 9.906
15 0286 3768 3778 3776 3780 1P 10 2205 9.860 9.884 9.896 9.913
20 0365 3763 3.777 3775 3.783 15 2898 9845 9879 9895 9.920
(6] 3.773 20 3316 9.835 9.875 9.894 9.924
[15] 3778 3.792 3791 3.797 6] 9850 9892 9.899 9.912

0.1 0.003 3.834 3.835 3.836 3.837

05 0034 4002 4012 4014 4023 [16] 9.863 9.893 9.898 9.915
2D 1.0 0.097 4169 4.194 4.197 4.219 (17] 9.900 9.861 9.891 9.912

15 0162 4297 4336 4340 4.376 01 0118 9967 9.969 9.970 9.72

20 0218 4401 4450 4454 4500 05 0564 1010 1011 1012 10.14

2P 1.0 1.163 10.23 10.26 10.28 10.30

TABLE V. S-wave masses of pseudoscdlgy) and vector meson 15 1667 1032 10.38 1040 1045

T 2.0 2.121 10.39 10.46 10.49 10.55
states isgg(er Fni(0) n?bso n;;l [6] 1023 1026 -  10.27
(p) (GeV/2) (GeV) (GeV) [16] 10.21 10.23 10.24 10.26
0.1 1.986 9.421 9.453 [17] 10.26 10.23 10.25 10.27
0.5 2.642 9.405 9.458 0.1 0.052 10.00 10.01 10.01 10.02
1s 1.0 3.203 9.390 9.463 0.5 0.322  10.26 10.28 10.29 10.30
1.5 3.560 9.380 9.467 3 10 0766 1052 1057 10.59 10.63
2.0 3.820 9.372 9.469 1.5 1.272 10.73 10.81 10.84 10.92
[6] 9.393 9.460
[16] 9409 9440 2.0 1.699 10.88 10.99 11.05 11.15
[17] 9.414 9.461 =
01 0.931 9625 9.631 TABLE VII. D-wave masses bottomoniusb.
0.5 2.015 9.784 9.806 states power R, (0) n*D: nPDy n'Ds n®Dj
2S 1.0 3.207 9.959 9.999 index
G b
[6] B 10.02 0.1 0.081 10.170 10.171 10.171 10.172
[16] 9.987 9.997 0.5 0.556  10.167 10.170 10.171 10.174
[17] 9.999 10.02 1D 1.0 1.195 10.165 10.170 10.171 10.175
0.1 0.684 9.678 9.682 15 1.702  10.163 10.170 10.171 10.176
0.5 1.940 9.963 9.977 2.0 2257 10.160 10.169 10.171 10.178
3S 1.0 3.564 10.32 10.35 (6] 10164 - ) ]
L5 5053 10.64 10.68 [16] 10.135 10.141 10.142 10.146
2.0 6.108 10.91 10.95
[6] _ 10.35 0.1 0.022  10.223 10.224 10.224 10.225
[16] 10.32 10.33 0.5 0.228 10.363 10.367 10.369 10.372
[17] 10.34 10.36 2D 1.0 0.615 10.504 10.514 10.517 10.525
0.1 0.583 9.706 9.708 1.5 1.110 10.610 10.627 10.632 10.646
0.5 Lorv 10.08 10.09 20 1475 10.698 10.719 10.725 10.743
4S 1.0 3.934 10.06 10.63
1.5 5.956 11.13 11.15 the pseudoscalar and vector stategandbb for different
2.0 7.424 11.59 11.61 power index p, potential model parameter b is fitted .The po-
[6] - 10.58 tential model parameters used in the present work are shown
[16] 10.59 10.60 in Table I.
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FIGURE 1. R,,;(0) (GeV?/?) — power index(p).
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0.008 T T T T
0.006 TABLE VIII. Slopes and intercepts of tiid, M) Regge trajecto-
0.004 ries for charmoniunicé) states with unnatural and natural parity.

3 0.002 Parity trajectory slope&x) intercepts

S 0.000 . y y ’ — (Gev?) (o)

= 0.0 . 1.5 2.0
-0.002 Power index (p) Parent 0.4 0.07 -3.03+ 0.88
-0.004 - | unnatural first daughter 0.450.11 -5.20+£1.82
-0.006 second daughter  0.4060.07 -5.98+ 1.57
-0.008 (91)(1D) Parent 0.36: 0.05 -3.25+ 0.67
o010 | e natural first daughter ~ 0.450.04 -6.09+ 0.76
P second daughter ~ 0.480.02  -8.17-+ 0.45

TABLE IX. Slopes and intercepts of tiid, M/?) Regge trajectories

FIGURE 7. D-Wave (Vsp),; ower index(p). c
(Vsn)y, =P X(p) for bottomonium(bb) states with unnatural and natural parity.

The mass spectra of the nS, nP and nD states of charmo- Parity trajectory slope&y)  intercepts(apo)
nium (c¢) and bottomoniunibb) are tabulated in Tables Il - (GeV-2)
VII. The consistency and rehaplllty of our theoretical model Parent 012L 002 -1134L 201
have been tested by comparing the mass spectra of char- _
monium (cé) and bottomonium(bb) with experimental re- ~ unnatural - firstdaughter  0.1£0.01  -16.9552.01
sults available in recent PDG [6] as well as masses predicted second daughter  0.}20.01  -20.27+ 0.91
by other available theoretical model such as non-relativistic Parent 0.14-0.02 -11.61+1.94
quark model and Relativistic quark model. . natural  firstdaughter ~ 0.180.01 -17.46+ 1.49
In Fig. 1, we have plotted the radial wave function at second daughter 0.180.01  -18.67+ 0.94

origin for the charmoniunR.;(0) as well as bottomonium
R,; with variation of power indey. It can be seen that the
radial wave function at origin in both system, charmonium
R.z(0) and bottomoniumR,;(0) increases with increase of

TABLE X. Slopes and intercepts of tiie,., M/?) Regge trajectories
for charmonium(c¢) states.

power indexp. In order to examine the effect of the spin-spin ~ meson Jre slopes(3) intercepts( o)
(Vss), spin-orbit (/zs), and spin-tensolfr) interactions on (Gev?)
the_ rr:_asse;s tz;nd decay_-V\gdths oWeﬁvy-fla\I/otL:r(;ntehsons er:h e 0+ 0.265+ 0.013 24221 0197
variation of the power index p, We have plotted the grap L )
that shows the behaviour of the total spin dependent potential I/ 1++ 0.281:+ 0.009 2.748£ 0.156
(Vsp) (the sum of the spin-spin, spin-orbit, and spin-tensor X0 0 0.363+ 0.016 -4.258t 0.230
interaction potentials) with variation of power index p for S- Xel IR 0.314+0.011 -3.827: 0.168
wave, P-wave, and D-wave heavy flavour mesons shown in he 1t- 0.293+ 0.007 -3.609+ 0.117
Sigs. 2d-7. From theI graphdit cin _be seen that ;he total sp(ijn Xe2 o+t 0.263+ 0.007 -3.345+ 0.118
ependent potential is gradually increases or decreases e-w(ng) = 0.317+ 0.000 4.513¢ 0.000
pending on the respective states of heavy flavour mesons. )
Y(®Dy) 27~ 0.299+ 0.000 -4.27H 0.000
1/1(3D3) 37 0.2844 0.000 -4.058t 0.000

We have plotted the Regge trajectories for tbie)?) and

(n, M?) planes with the help of masses estimated by our pojjes for the(n,., M?) plane wherer, = n — 1 with princi-
tential model. The daughter trajectories are the trajectorie§a| quantum number n for charmonium and bottomonium are
with sameJ*“ (P=parity , C= charge conjugation) value and gpouwn in Fig. 11-12. The fitted slopés, 3) and intercepts
differ by the corresponding radial principal quantum NUM- (0. B,) of the Regge trajectories fq, M2) and (n, M?)

ber n.  The masses of the daughter trajectories are high@jianes are tabulated in the Tables VIII-X| are calculated by
than the corresponding leading trajectories with given quang,e following definations,

tum numbers. The linear nature of Regge trajectories rep-
resents a reflection of a strong interactions between quarks
[18]. The Regge trajectories in tiig, M?) plane with natu- — B2
ral parity J©¢ = 1-—, 2%, 37—, 4t+ and unnatural parity nr = AM"+ Bo.
JPC = 0=+ 1t— 2=+, 3%~ for charmonium(cé) and bot- The estimated masses of the charmonium and bottomo-
tomonium(bb) are plotted in Fig. 8-11. The Regge trajecto- nium fit well to the(.J, M?) and(n, M?) planes trajectories.

J = aM? + ayp, (23)

(24)

Rev. Mex. Fis70010801
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TaBLE XI. Slopes and intercepts of tife.., M?) Regge trajecto-

ries for bottomoniun(bb) states.

meson Jre slopes(3) intercepts o)
(Gev2)
M 0t 0.1074+ 0.013 -9.545+ 1.228
T 1 0.1264+ 0.012 -11.48t 0.235
Xb0 0t 0.1484 0.009 -14.43+ 0.939
Xb1 1+ 0.142+ 0.006 -13.9H 0.686
hp 1+~ 0.1404 0.007 -13.76+ 0.767
Xb2 2t 0.1354+ 0.004 -13.34+ 0.515
Y(3Dy) 1=~ 0.142+ 0.000 -14.73+ 0.000
T(Dy) 27~ 0.139+ 0.000  -14.45+ 0.000
Y (' D) 2=+ 0.1394 0.000 -14.44+ 0.000
T(Ds) 37 0.1384 0.000 -14.29+ 0.000
26 ] T T T
T 35, (3F)
24
22
- 1 Xc2(3P) $(°D3)(3D) -
L 20 25, (2F)
= ] i
g/\ 18 -
NI w(*Dy)(2D) L
= 16__ 1(4040) D xe2(2P) -
14__ Xcz(lli?r_ _— ,»""‘;(3173)(11))
2] @ @
1 A
10 -g-';)za
1 I
8 T T T T T T
1 2" 3 4**

JFPC (Natural parity)

FIGURE 8. M2 (GeV?)— JF¢ (Natural parity).
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FIGURE 9. M2 (GeV?)— JFC (Unnatural parity).
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FIGURE 10. M2 (GeV?)— J¥C (Natural parity).
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FIGURE 11. M2 (GeV?)— JZC (Unnatural parity).
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experimental result upto 29-%6variations, while our pre-
dicted photonic decay width with radiative quantum chromo-
dynamics (QCD) correction factor at potential ingex 1 is
in agreement with experimental result with 5.01-622¢ari-
ations. In Fig. 15 and 16, we have plotted the photonic decay
width of charmonium and bottomonium with variation of the
power indexp repectively. From the graph it is observed that
B the predicted photonic decay widths increases monotoeously
05 i 7 i with increase of the power indexOur results of the two glu-
// SW“bm 1 onic decay widthd'(n'Sy — gg) of n. andn, decays into
-l v aas e two quons,F(ﬁSl — ggg) andT'(n3S; — vg9) qf J/
B e ] andY decays into three gluons angg were shown in Table
XV, XVI and XVII respectively. It can be seen that the pre-
o o0 i e J 20 : 20 dicted gluonic decay width by other theoretical models are in
' ' ' ' agreement with experimental result upto 9.89-54 \&ria-
tions, while our predicted gluonic decay width with radiative
FIGURE 13. M (GeV?)— n,.. guantum chromo-dynamics (QCD) correction factor at poten-
tial indexp = 1 is in agreement with experimental result with
3.3. Decay properties 2.58-3.7% variations. In Fig. 17 and 18, we have plotted the
gluonic decay width of charmonium and bottomonium with
We have estimated the leptonic, photonic and gluonic deyariation of the power indexrespectively . From the graph it
cay widths ofcc andbb decays inte="e™, two photon(vv), s observed that the predicted gluonic decay widths increases

three photon(yyv), two gluon (gg), three gluof3g), and  monotoeously with increase of the power ingex
~vgg with and without QCD correction factor with the help of

our potential model parameters, masses and respective radial We can conclude that our results of mass spectra of char-
wave function at the origin. Our results of the leptonic decaymonium and bottomonium (Table 1I-VII) predicted using a
widthsT'(n3S; — ete™) of J/+» andY decays into leptons color coulomb plus confinment power law potential with vari-
ete™ for potential indexp varying from 0.1 to 2.0 with and ation of power index from 0.1 to 2, are in good accordance
without QCD correction factor compared with other availablewith the available experimental as well as predicted by other
theoretical as well as experimental results were shown in Tetheoretical models at power index= 1. We observe from

ble XII. It can be seen that the predicted leptonic decay widtithe Regge trajectories in tii¢, //?) and(n, M?) plane (Fig-

by other theoretical models are in agreement with experimerire 8-13) that the experimental masses of charmonium states
tal result upto 0.74-34% variations, while our predicted lep- and bottomonium states are sitting nicely on the trajecto-
tonic decay width with radiative quantum chromo-dynamicsries. In the mass region of the lowest excitations of char-
(QCD) correction factor at potential indgx= 1 is in agree- monium and bottomonium, the slopes as well as The curva-
ment with experimental result with 4.17-1@Variations. In  ture of the trajectories decreases with increasing quarkonium
Fig. 14, we have plotted the leptonic decay width with varia-masses. The results of annihilation decay widths of leptonic,
tion of the power index.From the graph it is observed that photonic and gluonic decays of charmonium and bottomo-
the predicted leptonic decay widths increases monotonouslyium (Table XII-XVII) with using QCD correction factor are
and slowly with increase of the power indgXOur results of  in good aaccordance with the available experimental results
the two photonic decay widths(n'S, — ~vv) of . andn,  at power index = 1. Hence, the overall results of the mass
decays into two photons ait{n®S; — vyv) of J/3» andY  spectra, Regge trajectories and decay widths of heavy-flavour
decays into three photons were shown in Table XIIl and XIvVmesons predicted by our theoretical model are in good accor-
respectively. It can be seen that the predicted photonic dedance with the available experimental as well as predicted by
cay width by other theoretical models are in agreement wittother theoretical models at power index= 1.

(GeV?)

(v6)

2

TABLE XII. Leptonic decay width§ (nS; — eTe™) in keV.

power D(J/ —ete™) (T —efe)
index present work other work present work other work
() et e o s et g Lo s
0.1 3.137 1.006 4.280 [17] 5.55 [6] 1.047 0.547 0.710[12] 1.340[6]
0.5 8.926 2.864 3.623[18] 1.897 0.991 1.330[17]
1.0 15.55 4.992 2.711 1.396
1.5 19.61 6.294 3.455 1.805
2.0 23.52 7.356 3.896 2.036
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TABLE XIII. Two-Photonic decay widthE(n' Sy — ) in keV.

L(ne —7) Lo — v7)
Power present work other work present work other work
index() r ry; ;) g, v Al r” g,
0.1 1.070 0.923 6.62 [18] 5.1[6] 0.359 0.225 0.690 [12]
0.5 3.140 2.707 7.91[19] 0.651 0.409 0.730[19]
1.0 5.618 4.844 0.932 0.585
15 7.194 6.202 1.188 0.746
2.0 8.740 7.536 1.341 0.842
TABLE XIV. Three-photonic decay widtig(n>S; — yy7) in eV.
LI/ — ) LY — yy7)
Power present work other work present work other work
index() o r7 r;yr 3y o r; - 3y
0.1 0.417 0.204 3.94[18] 1.08 [6] 0.871 0.563 3.440[12]
0.5 1.187 0.581 1.577 1.020
1.0 2.069 1.012 2.254 1.457
15 2.609 1.276 2.872 1.857
2.0 3.129 1.531 3.240 2.095
TABLE XV. Two-Gluonic decay width§(n'Sy — gg) in MeV.
L'(ne — g9) L(ne — g9)
Power present work other work present work other work
index() rye ros res re, ree ro rés re,
0.1 3.617 5.643 36.58 [18] 28.6 [6] 10.93 13.37 20.18[12]
0.5 10.60 16.55 13.07 [19] 19.81 11.48 10.86 [19]
1.0 18.98 29.61 28.34 16.43
15 24.30 37.92 36.15 20.96
2.0 29.52 46.07 40.78 23.65
TABLE XVI. Three-Gluonic decay widtHg(n®S; — ggg) in KeV.
D(J/Y — gg9) (Y — gg9)
Power present work other work present work other work
index() re99 e reye rggs 1999 rge reye rggs
0.1 72.44 11.56 269.1[18] 59.55 [6] 40.82 21.72 -
0.5 206.1 32.91 73.93 39.33
1.0 359.1 57.34 105.6 56.20
15 452.8 72.30 134.6 71.63
2.0 543.2 86.73 151.8 80.79
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TABLE XVII. Decay widths of’(n3S1 — ~gg) in keV.

L(J/Y — vg9 LY — ~vg9)
power present work other work present work other work
index () 99 Fgfgg F;rf]gg Fz}gg 199 Fgffgg F%gg F;’fg
0.1 4.230 1.860 8.1[18] 8.99 [6] 0.794 0.506 -
0.5 12.03 5.293 1.439 0.917
1.0 20.97 9.222 2.056 1.310
1.5 26.44 11.62 2.621 1.669
2.0 31.72 13.95 2.955 1.883

¢ . (Present work)

o— [ ;5 (Present work) (KeV)
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Gluonic decay width of bottonium
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