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I. Introduction 

1 lie st inly of radiative and hadronir decays of the vpctor mesons con

taining a single heavy quark (b or c) is of great interest now both from the 

experimental and theoretical point of view. The recent measurements of 

the /)* — i>- and I)" —> I)-K branching ratios have been done by С LEO 

and AIUM'S с ollaborations [I, 2]. These decays have been considered 

in the constituent quark model [3, 1] and in the light-front quark model 

[•">]. A model independent approach based on the incorporation of chiral 

SI (•()/. x Sl'{'.i)n symmetry and heavy quark symmetry for such decays 

has been developed in [6. 7]. There are two sets of adjustable parameters 

in this approach: two effective coupling constants coming from the effec

tive l.agrangian which incorporates chiral and heavy quark symmetries, 

and the constituent heavy quark masses (Mc and Мь). The available 

experimental data allow one just to find the range for that parameters 

with quite large uncertainties and to make predictions for total and par

tial widths of charm and bottom vector mesons. 

The combination of the heavy quark and chiral symmetries with the 

vector meson dominance hypothesis was used in [8]. It was shown that 

using experimental data on the D —> 7r/(/, D —» Klv and D —> K'lu 

transitions as an input gives the predictions for the radiative branching 

ratios D' —• D-j.. the hadronic rate D" —» DTT as well as for the full D" 

width. 

In tin» paper, we shall analyze the radiative and hadronic decays of 

vector heavy mesons within the relativistic quark model with confined 

light quarks [9, 10]. This model is specified by the effective Lagrangian 

describing the point-like interaction of hadron with quarks, and the com-
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positeness condition which allows one to determine the effective hadrou-

quark coupling constant. The behavior of light quarks is defined by the 

non-pole propagator wilh shape being defined by fitting well-known ex

perimental data of meson interactions at low energies. This model has 

been extended to the heavy quark physics [1 lj by assuming that a heavy 

quark inside quark loops is described by the usual pole propagator. It 

was shown that the heavy quark symmetry is reproduced in the limit of 

large mass, and the Isgur-Wise function was calculated both for heavy 

mesons and baryons [11, 12]. 

II. Model 

Л heuristic bozonization procedure starting from the Q('I) generation 

functional is the basis of meson-quark interaction Lagrangian in Q('M. 

Since our present objective is the application of this Lagrangian to actual 

physical problems, we refer the interested reader to Ref. ['.)]. There one 

can find how our Lagrangian may be reached within this type of approach. 

1 he explicit form of the strong interaction Lagrang'un which is needed 

in this paper is 

Си = Ц:{к°[ш-,*и - di-fd] + тт + im^d) + ,т-(Лу'»)} 
v2 :n 
D+(cir'd) + lf{ci~,r'u) 

B+{uiysb) + Ba{di1
r'b) 

+<)D- \»;+(n"d) + w;"(<f«)l +h.c.l 

4 iCivYV+B^drh) 

In fact, meson masses are the input to our model. Their values are 

given from Review of Particle Properties [13]. 

In QCM we assume that mesons arc bound states of qq. which is ex-
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pressed In the cmnpo.sihws» condition that the renormalization constant, 

for meson // wit 11 mass Мц is equal to zero: 

Z„ = I -/ i„ri '„(.W/,) = 0 (2) 

where hn ••-- Л yfiK'lx)' with Л'г = .4 is the effective coupling constant 

and \l'u is the derivative of the (renormalized) meson mass operator. 

It is important to remark that (i) our interaction Lagrangiari together 

with the compositenesK condition (2) has been shown [9] to be equivalent 

Iо l he one obtained by the Q('l) bozoiiizatioii based on the ideas of the 

Nanibu-.lona Lasinio model [M], and (ii) the compositeness condition (2) 

allows one to determine the coupling constant /i// (or дц) as a function 

of the physical meson mass. 

Mesonii interactions in the QCM are defined by diagrams involving 

closed quark loops which can be obtained from the S-matrix. 

,S' = / d<7va,.'/'exp{z / dxCn(x)}. (3) 

Here, the T-produit is the ordinary Wick time ordering for the mesonic 

and quark fields. The quark propagator in the presence of the gluonic 

vacuum background /iVar has 1 he following form: 

SUl.xi\H^)=<Q\T(q(Tl)q(x2))\Q>=i(fi+^w)-l6(xl~x2). (4) 

We t hen assume [9] t hat an average» over £?vac of the quark loops generated 

by the S-matrix provides the quark confinement and makes the theory 

ultraviolet-finite. It is to be remarked that there exist the vacuum gluon 

configurations with constant strengths (see, e.g. [15, 16]) which provide 

the quark confinement in this sense. This averaging for the light quarks 
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takes the following form: 

rfav«-tr[W(x,).9(x„x2|tfvll..)...//(j-„).S(xn.x1|«vll,.)]. (.V) 
/ ' 

where aViu. is a set of variables characterizing /iv .„. Our confinement 

ansatz [9] for light quarks is to replace this equation by 

/ ' 
Here. 

is the propagator of a light, quark with a smeared constituent, mass 

in,, — v.\ where v is a complex paramete r and the scale pa ramete r Л 

(liarac.lerizes the size of the confinement region. The complex measure 

</<Tvar is defined to provide the absence of singularities corresponding to 

the physical (mark product ion in eq.(8): 

J 
with the functions a and b being defined by 

= (М) = а{-р>)+М-р>) (8) 

2 f vdav 2 f dav 
« - P = / ~2 7 М-Р = / ~, г,-

J v1 - рг J v* - p-
(») 

The function (?(г) called the confinement function is an entire analytical 

function which decreases faster than any degree of z in an Euclidean 

direction z2 —• —oo; G{z) is a universal function, i.e., is independent of 

color and flavor. In other words, the function (J(z) is common for all 

quark diagrams defining the hadron interaction at low energies. We have 

used a simple choice of the confinement functions [9] 

a(v) = a0exp(—u2 — a.\u) b(u) = b0exp(—u2 + b^u). ( J O ) 
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The paramete rs и,, h; and Л have been de termined from the best model 

description of da ta in low energy processes. The following values were 

found [9]: «„ = /»,, = :!. «, = 1. />, = 0 .1 . and Л = UiO M e \ ' . The calcu-

lalioiis ol numerous low-energy e j e c t s of t he meson-meson and mesoti-

barvon interact ions performed in the QCM have shown that the model 

allows one to dcscril.: • jui!<• well physical quant it ies [!)]•[ I 2j. 

It is clear that addit ional physical ideas are needed lor applying the 

QCM to heavy quark physics. It is known that !>eavy quarks weakly in

teract wit h vacuum gluon lields. e.g. ins lantons [ I "] . 1 'hcrefore. we have 

adopted [II] the following idea for describing the processes with heavv 

and light quarks . The interact ion of light quarks is completely defined 

by the confinement mechanism whereas a heavy quarks is considered as 

an ordinary Dirac part icle with a large mass. Hence, in expression 

f lla,l\r{tl(.rl)S,(.rl - . r , ) . . . / / ( . r , , ) . s w > ( . , - , , - • ' • . ) ] • ( H ) 

propagator of a heavy quark is used as 

, S - ' - v . v ( , ) = [ jHjLr-rr ! _ ( 1 2 ) 

J (2ff)-'-/ Л / ц - ф [l~> 
where MQ is the consti tuent mass ol a heavy quark. 

Mere, we just give the results for the coupling constants </// which are 

determined from the composi teness condition (2). 

We can write 11„(Л// ;) = АЧ„(Щ/\2) and \V„(Mf,) = 1'„{*$-). Here-

alter, we assume for simplicity that all momenta and masses in the struc-

1 ura.1 integrals are given in units of Л. T h e mass opera tor of heavy mesons 

is defined by the diagram on r i g . 1 . We have for pseudoscalar mesons : 
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/' 

t / ' 

Figure 1: T h e mass operator ot heavy meson. 

and lor vector mesons : 

S . - ft Л / у - ft- f> 

I'nAU'n) J u^J lT,\ri'." 
• ,- Г щ- jf- t 

(M) 

( l o ) 

1 lie integrals are calculated by using the s tandard KevmanV o-para-

mctr izat iou and the prescription (9) to in tegra te over dav. We have 

l 

hiAM'h) = Wi+ I da< 

Mo» Д ( « ) -I 

(I - a ) 
X (Hi) 

~)Mi-,Mj)i^])j 

liiv{M'j,) = "i + 

1 

« A f Q - M / ; (17) 

x MQ« Л(о) + 
() 2 — ЛУ 

-M 6 Д ( « ) )} 



The notation are 
OG OO 

A ( o ) = - - - - - Щ -n.W/, , ,\n= Idua(u)un, Bn= f dub{u)un. (18) 

•"mally. we get 

2 г 
.'///г ^T^-f-w/,)" <///v ^v%v(Mf,y 19) 

/;„,(.\/ 
i 

6 Д :. .) 

( 1 - ft 
Л ^ - Af/, ^ - ( I - J J - W H 6' Д(о. 

•Л/ч</л(оЛ -Mga'f-M"))}, (20) 

/ ; '1 ( Л / ' ' ) = / / ( т{[^^м«" ( 2"'т ) Л /Ф(д ( а )) 
+f> Щ- Mf, w ' " « 

2 - Q 
2^2^ М Д - ( 1 -)Af^ ь' д(о; 

- М у П ^ Д ( « ) ) - М ц я ' ^ Д ( Л ) Н . (21 

The details of calculation of coupling constants for light pseudoscalar 

mesons with mass m.pL may be found in Refs.[9, 10]. 

flu- V Нрн(трь) 4 J 
• П 

2?r 

75V «Pf('npt) 
uz (1 — u/2) 

(22) 
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Я" 

р' + к р+к 

Р " + * Р + * 

Figure 2: The diagram of radiative decay. 

III. Radiative and hadronic decays of heavy vec
tor mesons 

The invariant matrix elements corresponding to the diagram Fig.2 

are defined by 

M<"V,p) - eQM^(p\p) + ,,МГ(р-.р) (23) 

with M£"(p',p) and Mf{p'.p) being the hadronic matrix elements of 

heavy and light quark currents, respectively. <Q and cv are the charges of 

heavy and light, quarks, p" and p are the four-momenta of heavy vector 

and pseudoscalar mesons (</ = p" — p). We have 

3 [ dAk f 

MI!(p,p)^9H9H..\^y2J~Jda,, 
(24) 

x t r < 7 ' 
Mc ft-fr' v- Ц ' MQ- ft- ф 'PPP'C h 
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ir 

l>' + к- ' }>+ к-

1) 

Figure 3: The diagram of hadronic decay. 

•v/,"" ( / ' » 
:i / <I4- f , 

!ШЯ,,'А№ J Wi J ' 
xlr< i-> 

1 
Л / ц - f ' M - ^ - Г V- fi- jt 

with I he integrals I's being defined by 

i i 

15 1 
(Hlflll 

'•'"""/VP,'Л 

^x/^Hu-^r'1-02 

Here 

<M 
((<>!,««) = о Д ( а „ а , ) + M g - M Л ( а , , о 2 ) . ( 

1 - a , 

25) 

:-'(i) 

O l 
A ( a , . r * , ) = - — ! — M2

Q - o,.V//, - о ,о а (Л/ , 2 , . - Л/ / , ) . (28) 
I - a . 

The invariant matr ix elements of badronie decays are defined by the 

diagram in !''ig.,'i.: 

КЛ1'•!>)•= Я """"'(ivJ^i^ 
xt.r< /7 7'7 ..- ft- ji' ' MQ- It ' v- ft ̂ } fw>>" + /(,•)/>*"• (29) 
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The width of 7Г meson puliat ion includes only /( ; ) ) which is wri t ten 

dowi 

/м^анян-т^-й jfdnltlaAMQal (-)(o,.a,) ) - Л / ^ ( (-)(o,. n2) 
"ij'u 

I 

f / (It/ / tin hi и n 1 - о ш, :«)) 

where 

(-)((»,. п . ) = Д ( « , , о , ) - ( 1 - n , ) o 2 ( l - ( 1 , ) m ; . (HI) 

with A(f>i-*'12) being defined by (28). 

The1 widths of radia t ive and hadronic decays is defined in a s t anda rd 

manne r 

I ' l / / ' -> / / 7 ) = - ^ '••QIU+'-4II Y{ir - DTT) 9i P' rl 

fi7r(2M/j.)2 (p ) 

(32) 

W h e r e / ; = A J ( . W ; > . , . W / „ w i ) / 2 M / ; . and A- - \ЦМ'{,.. M'f,.. 0 ) / 2 Л / „ . is 

the total m o m e n t u m in the rest frame of decay particle. 

IV. Numerical results and discussions 

As it follows from (20),(21),(26),(30) the invariant ampl i tudes of ra

diat ive decays depend on the only adjustable parameter -heavy quark 

mass MQ which may be varied in a resonable range. We shall define 

the value of charm quark mass by using the available exper imenta l d a t a 

taking into account t h a t В г ( / Г ° -» D°j) + Br(£>'° -» / J V ) = 1, and 

1М/Г+ - / ; +
7 ) + Ur(/;-+ -» />>+7г0) + Br(/;-+ -> /;°тг+) = I . The 
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dependence of the branching ratios of decays D'° and D"^ and the full 

decay width V[D"+) on the c-quark mass are plotted in Fig/, to Fig.7. 

One can see from Fig.7 that the experimental bound on the full decay 

widlli Y(D'+) < 1.41 KeV imposes the constraint on the upper bound of 

the mass of c-quark Mr < ] .73 GeV. The obtained branching ratios of 

//'"-meson decays (see, Fig.4) are in accordance with available experi

mental data from ('LKO if the value of M,- varies approximately in the 

interval l.:{ (icV < M, •-' 1-65 (JeV. This interval includes all known 

estimations for the value of c-quark mass. We are not able to fix the 

value of с quark mass more precisely since the experimental data have 

verv large uncertainties. Actually, one has to remark that the branching 

rat ios of /J*"1"-meson decays in Fig.5 and Fig.6 depend very weakly on the 

value of c-quark mass and for all Mc agree with experimental data from 

CLHO and ARGUS. 

It is interesting to see the suppression of the decay mode D"+ —* 

l)+ + ~i in comparison with the decay mode D"° —• D° + 7. The ratio of 

their decay widths is written as 

Г ( Д - + - > Д + 7 ) 1 (// - 2 • Itf 
Г ( 0 - ° - tf°7) ~ 4 (/, + /,,)' ' ( > 

Since the integrals /; and //, are positive this ratio is mainly defined by 

the difference /j - 2 • //, which as it follows from Fig.9 may be equal to 

zero for Mc и 1.39 GeV. 

Using the allowed interval for the value of c-quark mass, we may be 

able to make predictions for the partial and full decay widths of heavy 

vector mesons. The magnitudes of radiative decay widths of £)*-meson 

for some values of M- are shown in Table 1. In addition, we have cal

culated the decay widths of S'-meson (see, Table 1 and Fig.8) although 

their experimental values are not yet measured. 
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We compare our results with t hose obtained in ot her approaches [7].[8] 

(see. Table 2 and .'!)• One has Io remark that the uncer ta int ies oi our 

results are only related to the adjustment of A/, lo the exper imenta l 

data with available errors. ЛИ other model parameters (confinement 

functions, etc.) are lixed by t he low-energy physics with i |uile good 

accuracy. This means that our predictions may be considered as more 

reliable t ban t hose obta ined in ot her approaches which usually have more 

adjustable parameters . 

It is interest ing lo see the heavy quark limit in the invariant ampli

tudes when MQ —» эс with /•.' = \1ц — MQ = const . Then we can gel it) 

the leading order over 1/Д/у 

i ra-svin 

fill' 

1 , , a svm _ } _ ( ( ) ( c - ) 

щ- ''^', - лг,(ну 

( T l ) 

( * • > ) 

' •» ( / ' - ) Лл/"|яГд(/./:)) +/'*(л(/,Л')) 

and 

A(i.JC) = t'2 -2FJ. (.47) 

We will neglect the pion mass under the calculation of asympto t ics 

of hadronic decay ampl i tudes (22) and (Ш). Then one can obtain 

V Л1>о 
(:w) 
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Table 1: The widths of radiative and hadronir decays of 

D*. D* and D' mesons 

' W. J CcV 1 к/;-" - /;"-,) 
' n/r" -, /;°-") 
1 nir") 

n/>- 4 - I)4--,) 
r,/r+ _ / ; V ) 
] • ( / ; -+ . _ n»v + ) 

V{l)-+) 
WK - /V,) 
Л/ь 

KeV 
KcV 
KeV 
KeV 
KcV 
KcV 
KcV 
KcV 
CcV 
KcV 
KcV 

1.3 
У. 5 7 
16.57 
21.1 1 
O.O.'i 
10.88 
21.08 
35.01 
0.082 
4.5 
2.3- l(T* 
4.2- lO'-1 

1.5 
Тз773 
27.19 
41.23 
0.08 
17.96 
39.98 
58.03 
0.005 
4.7 
4,1 • ИГ2 

1.04 •!()- ' 

1.7 
2:i.55 
51.89 
78,11 
0.9.5 
.45.78 
79.74 
116.18 
0,111 
5 
l,il • 10"' 
4.01 • H)-1 

Table 2: The4 comparison of our results with those 

obtained in [7] and [8] 

References 
•"л/.. 

HI)-" ~, / )V) 

UD-+ - /;+7ги) 
Г(/>-+ -»/;°7г+) 
Г(/г+) 
,v/,, 
П/r" -- /Л) 
r(/i-+ - n+-,) 

Our 
CeV | 1.7 
KcV 
KeV 
KcV 
KcV 
KeV 
KcV 
KcV 
CcV 
KeV 
KcV 

Г 23.55 
54.89 
78.44 
0.95 
45.78 
79.74 
116.48 
5 
O.Kil 
0.401 

Choet al. [7] Colangclo ct al. [8j 
1.7 
8.8 ± 17.1 
41.8 ±59.4 
50.6 ±61.9 
8.3 ±8 .1 
27.7 ± 39.4 
61 ± 86.8 
97 ± 95.6 
5 
0.127 ±0.203 
0.66 ± 0.931 

36.7 ± 9.7 

46.1 ± 14.2 

0.075 ± 0.027 
0.22 ± 0.09 
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Tabic 3: Branching ratios of radiative and hadronic 
decays 

Branching 
ratio % 

HWU->UU*") 
/Jr(tf-U/)+7) 
Нг(1)'±-*1)*тт°) 

Our 
Mc=\ 44±0 19 
31.7«± 1.74 
G8.23±1.74 
(J.112±U.412 
30.89±0.18 
68.71 ±0.25 

Colahgelo 
et al. [8) 

43.G±17.8 
50.4 ±27.1 
1.1 ±0.9 
31.2± 17.4 
67.7±34.2 

Experiment 
CLEO 

36.4±2.3±3.3 
63.G±2.3±3.3 
1.1±!.4±1.6 
30.8±0.4±0.S 
08.1 ±1.0 ±1.3 

Experiment 
ARGUS 

40.4±3.5±2.8 
59.6±3.5±2.8 
0.0±2.8±1.6 
31.2±1.1±0.8 
68.1 ±2.4 ±1.3 

Tabic 4: The comparison of exact and asymptotic: results 
for Mc = 1.7 GeV and Mb = 5 GeV 

V(l)"' -WJ>°7) 
I - ( / j - " _ //V>) 

van Г(/Г+ - D + -,) 
T(D-+ -» D+ir°) 
Y(D'+ -» Л°7,-4) 
Г ф " Ч 
Y{H'° -» /?°7) 
Г(#*+ ~> B + 7) 

KeV 
KcV 
KeV 
KeV 
KeV 
KeV 
KeV 
KeV 
KcV 

Exact 
23.55 
54.89 
78.44 
0.95 
35.78 
79.74 
116.48 
0.131 
0.401 

Asymptotic 
24.80 
27.44 
52.24 
0.95 
17.82 
39.74 
58.52 
0.134 
0.407 
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rasym 
hi 

MQ
 J

0 
E-t)b[±(I.H) 

• i M ' j M - л C i { l . : ) 

If we are assuming that /•,' = 0. then 

!)Hl' = flnv • 
asyni ^ 

"J" =\Л 
1 / L i + «о 

M, 2 
IH - IT 

л л„ + th. " ,wQ 

акуш _ ,WIQ I —, / а * У , п _ _ _ _J f __, Га|,У»1 _ V 2 
' ' ' ' ~ Л A0 + / i . ' ; ( , , ) J("> " Л /»0 + /* 

(39) 

(•10) 

(11) 

where An and Bn are defined by (18). It. is readily seen tha t the asymp

totical formulas reproduce the well-known classical result 

1 2 

Г(Я* / / 7 ) = ^ 
' 3 p , + M« :-i2) 

where /x, = c,/(2m,) and /IQ = C.Q/(2MQ) are the magnetons of light 

and heavy quarks, respectively. 

Even though there is no the constituent mass of light quark in our 

approach according to the assumption on its confinement, we may be 

able to introduce the dimension parameter mq which may be considered 

as an analogy of this value 

ЛО + BL 

Д _ . + Д , ' (43) 

One can see that the value то, is defined by the model parameters only 

До = 1-09, Д_1 =2.73, S 0 = 2.25, В . =1.67, and is equal to и 255 MeV. 
2 2 

One has to remark that in the heavy quark limit the width of jr-mc:soii 

emission is defined by the magnetons of heavy and light quark too: 

F{D' Dn+) = 9l 
67Г (2МП.)2 \eqJ [fiQ 

eg N 
(44) 
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Figure 8: The dependence of 
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i: The comparison of Figur 
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for the s t ruc tura l integral /(,,) 
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We |)lot the dependencies ol the ratios /(//J '" '"1 and ./(;,j/./Г/,'"' <>" ' l ie 

heavy quark mass in Fig.10 and Fig.II to demons t r a t e how the results 

of precise call illation reach their a s y m p t o l h s . I he decay widths and 

branching rat ios obta ined by hot h t he exact ami asyшplot ic calculat ions 

an ' given in Table I. One can see I hat t he heavy quark limit lor radiat ive 

de( avs ol 1) and H mesons reproduce t he results of exact calculat ions wit h 

qui te good accuracy. I he urn erl aint ies in the s t ruc tu ia l integrals are of 

/,""'" % ТА - l V / and fl''""" к Г / - К)1/ depending on the different 

values of К for l ) -mesons. and less 1 han VA lor B-mesons. More d ramat ic 

s i tuat ion takes place for the processes with emission of тг-meson. Here. 

the deviation of the asympto t i c results from the exact calculations is of 

order % 'MY'A through w 200'/! depending on the different values of the 

pa ramete r К for l )-meson. This means thai the heavy quark limit cannot 

give the reliable results lor the processes with emission of 7r-meson. 
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