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N. Barik
Physics Department, Utkal University, Bhubaneswar-751004, India

Sk. Naimuddin, S. Kar, and P. C. Dash
Physics Department, Prananath College, Khurda-752057, India
(Received 9 August 2000; published 12 December 2000

We study the decayB.—D*y andB.— D} y in the relativistic independent quark model based on the
confining potential in the scalar-vector harmonic form. Out of the two competing mechanisms contributing to
these decays, we find that the weak annihilation contribution dominates the electromagnetic penguin one.
Considering contributions from both mechanisms, total decay widths and branching ratios are predicted as
['(B—D*y)=5.22x10"*8 GeV, T'(B,—~D}y)=1.98<10"1® GeV and Br(B.—D*y)=3.64x10¢,
Br(B.—DZy)=1.39x 10" * with 7g,=0.46 ps. The decayB,—DZ? y can well be studied at CERN LHC in
the near future.
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I. INTRODUCTION tivistic quark modelg6], heavy quark mass limf7] and the
relativistic quasipotential model in quantum field the {8y,

The investigation of heavy flavored hadrons is one of theetc. The predictiong3—8] on these decays have not only
most promising areas of research in high energy physicglayed a significant role in testing the loop effect in the stan-
which provides a unique opportunity for the determination ofdard model but also searching for physics beyond the stan-
many fundamental parameters of the standard model, includtard model. Owing to large top quark mass involved in the
ing the Cabibbo-Kobayashi-Maskaw&KM) matrix ele-  penguin process, the—sy type amplitudes are neither
ments, leptonic decay constants, and the top quark mass. T@ark-mixing nor loop suppressed. Moreover, it is largly en-
investigation of bottom mesons, particularly Bgmeson, is  hanced by QCD correctiof6]. Due to this, short distance
more _mtgrestlng in that different mechan.|sms such as we enguin contributions to decay amplitudeBf— K°* y and
annihilation, the spectator, flavor changing neutral curren < ¢, etc. dominate over the long distance weak annihi-
(FCNC), as well as the charged current decays simultayation contributions. On the other hand, in case of the weak

.ne(.)usly.contribute to their decay amp.litudes, giving a deepef, jiative decays oB, meson which consists of two heavy
insight into the weak decay dynamics of heavy h""dronsflavored quarks, the contribution from a weak annihilation

Consisting of two heavy quarks of different flavors andgiaqram is expected to be large. This is because in these

masses, th&. meson not only provides a rich source for @ cases the bound state effects are expected to seriously
precise determination of CKM matrix elements but alsomodify the decay amplitude.

yields reliable QCD predictions on various inclusive and ex- While studyingB,— D* v [9] andB,— D* ~y [10], it is

clusive decays. - : )
. : rgued that inb—d(s)+y inclusive process, the daughter
There are t.WO types of tran_5|t_|ons at the constituent leve uarks ds) obtain large recoil momentum. But in order to
that can contribute to rare radiative decays of heavy meson

* — * — ;
namely the single and two quark transitidrig. The single c)rm. bound states such &*"(Ds ) with the much
quark transition comes from the so called electromagnetifeavier spectatoc quark, most of the momentum of the
penguin process induced by the flavor changing neutral cudaughter quark must be transferred to the spectatoy a
rent of the typeb—sy. The two quark transitiofweak an-  hard scattering process, as it is for the heavier constituent in
nihilation procesp is however described through the the final bound state to share the major part of the momen-
W-exchange annihilation diagram in two ways: one via thetum of D* ~(D¥ 7). Since hard scattering is suitable for per-
W-exchange annihilation diagram accompanied by the photurbative QCD(PQCD calculations, weak annihilation of
ton emission from external quarks and the other via the samieeavy hadrons, particularly bottom meson, have been studied
W-exchange diagram but with photon emitted from iWe satisfactorily by many authors using PQCDL1]. Recently
boson. The later type two quark transition is typically sup-weak radiative decay d8@ mesons have been systematically
pressed by a factor oﬁqk/va (k being the photon energy studied by Chengt al.[12] and by Grinsteiret al. and oth-
as compared to the formg2]. ers[13]. The generic form of the weak annihilation process

Out of the two important mechanisms contributing to theconsidered in light cone formalism in Refsl4,15 is M
rare radiative decays of heavy mesons, the effective La—M* y—Vy; whereM is the massive initial O state pseu-
grangian for short distance penguin process is fairly knowndoscalar mesorM* is the virtual intermediate vector meson
Extensive work has been done in this sector to study thavith the flavor quantum number of initial meséf andV is
flavor changing neutral current dynamics using several apthe final state T meson. In such a scheme, only the photon
proaches such as heavy quark effective thegbtQET) [3], coupling toM is included with the assumption that photon
QCD sum rule[4], lattice QCD[5], nonrelativistic and rela- coupling toV is suppressed by the light quark mass; which,
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in fact, yields to a large scale underestimation of the branch- Il. MODEL DESCRIPTION
ing ratio especially iB-meson decays. A class of meson In this model a meson, in general, is pictured as a color-

decay modes sensitive to one quark topology at leadipg singlet assembly of a quark and an antiquark independently

order is analyzed in Re{16] in the generic formM—P onfined within meson by an effective average potential
—Vvy whereP is the lighter vitual O meson with flavor [20-28

guantum number of the final staté In this scheme photon

coupling toM [M—M* y—Vy] is neglected and interme-

diate stateP is assumeq to.be the lightest pseudoscalar me- u(r)= £(1+ YO (ar?+V,), a>0. 1)

son. Such an assumption is thought to be reasonable partly 2

because data exist iRVy coupling from the observe¥

— Py and partly because the lightest pseudoscalar mBson e potentialu(r) taken in this form represents phenom-

among possible intermediates presumably has one of the,qggically the confining interaction expected to be gener-

largest coupling td/y due to relatively large wave function ated by the non-perturbative multigluon mechanism. The

overlap. In any case the branching ratio is bound to be unquark-gluon interaction at short distance originating from

derestimated in this scheme due to the exclusioMM™*y  one gluon exchange and the quark-pion interaction required

coupling. In the more elaborate quark model calculationin the nonstrange sector to preserve chiral symmetry are pre-

based on the vector meson dominae#D) [17] and ef-  sumed to be residual interaction compared to the dominant

fective field theoretic techniqué 8] it is shown thatMM* vy confining interaction. Although residual interaction treated

amplitude is about 1/4 as large as that RYy. In the cal-  perturbatively in the model calculation are crucial in gener-

culation based on heavy quark spin and flavor symmetrating mass splittin§20] in hadron spectroscopy, their role in

(HQS) [19], contributions from both diagrams are systemati-the hadronic decay process are considered less significant.

cally taken into account in ana|yzir@c meson decaying to Therefore, to the first approximation, it is believed that the

charm meson final states wheveM* y and PVy couplings zeroth order quark dynamics inside the meson core, gener-

are related tdD* y coupling through the HQS. ated by the confining part of interaction phenomenologically
In view of these observations it is expected that the electepresented by the potentidi(r) in Eq. (1) can provide an

tromagnetic penguin diagram and weak annihilation procesgdequate description for exclusive rare radiative decays of

should have comparable contributions to the decay amplibottom mesons. In this picture the independent quark La-

tudes forB,—D* ~y andB,—D?* ~y. Therefore any theo- 9rangian density in the zeroth order is given by

retical treatment of these decay modes must address the

guestion of relative importance of short and long distance o i

contribution. With this aim we intend to study tBg-meson Eg(x) = tq(X) Ey"i’fﬂ— Mg—U(r) [#g(X). (2

weak radiative decays to charm meson final states in the

relativistic independent quark model, which has provided

consistently good predictions in wide ranging hadronic pheThe ensuing Dirac equation Withé=(Eq—V0/2), ma

nomena including the static properties of hadrf2(3, elas- =(mMg+Vo/2), A\q=(E;+m;) and roq=(a)\q)_1’4 admits

tic form factors and charge radii of mesofl], leptonic  static solution of positive and negative energy in zeroth or-

[22], weak leptonic[23], radiative[24,25, weak radiative  der, which for the ground-state meson can be obtained in the
[26] and the semileptonif27] decays of mesons. Recently form

we have studied the rare radiative decays of bottom mesons
[28] using one loop electromagnetic penguin diagram in .
which the present model predictions are found to be in rea- . 1 igq(r)/r

. . ¢(+)(r) -
sonable agreement with data as well as other model predic- dy A\ o Tt ()Ir X\
tions. We have also studied successfully the weak radiative a
decays of charm meso&6] in this model where we take

contributions from both the diagrams corresponding to pho- R 1 [i(o-Dfg(r)ir)~
ton being emitted before and after the flavor changing weak ¢gz)(r)= —( a ) N (3
vertex. We would like to extend the formalism developed in Vam gq(r)/r

Ref.[28] and[26] to have a comparative study for short and
long distance contributions to the decay amplitudeBgf Here the two component spinoss andv. stand for
—D*~y andB.—DZ? ~ y within the scope of the indepen- P PINOkx X2
dent quark model.

The paper is organized as follows. Section Il gives a brief 1 0 - 0\ - i
outline of the independent relativistic quark model. Starting XTZ(O) 'Xiz(l and XTZ( —i)’Xl:(O)’
from the effective interaction Hamiltonians and the transition
matrix element, we describe the model calculation of the
decay width forB;,-meson weak radiative decays in Sec. lll. respectively. The reduced radial parts in the upper and lower
Numerical results are given in Sec. IV and finally Sec. Vcomponent solutions corresponding to the quark-flavgr *
embodies the discussion and conclusion. are

014024-2



RARE RADIATIVE DECAY OF THE B, MESON PHYSICAL REVIEW D 63 014024

gq(r)= J\/'( exp(—r2/2r0q) ‘_,—r ‘_,—ry
2 (4) Be §q0 vV Be éqe v
fa(r)=— K—VOq(E) exp(—r2/2rg,),

FIG. 1. The leading penguin contribution Bp— V.

where the normalization factoY, is given b . . . . .
oY is g y Finally in the independent particle picture of the present

8\ 1 model we take an ansatz by expressing the effective momen-
N(21= 3E/ 1 . (5  tum distribution amplitude,,(p;,p,) for the quark and an-
Varoq (3Eq*my tiquark inside the meson to have momentpmand p, re-

The quark binding energdl, of zeroth order in the meson spectively in the form

d state is derivable f the bound-stat dition: - - ==
ground state is derivable from the bound-state condition Gu(B1.P2) = \/Ga, (1T (P2, (10
A /%(Eé— m(r‘):3_ (6) from which we construct meson ground state with a definite

momentumP and spin projectiors, as

From the quark-antiquark eigenmodes in ER).obtained in
solving Dirac equation, it is possible to find quark-antiquark ||V|(|5,Sv)>=

2 gqlqz()\l! )

momentum probability amplitudes by taking suitable mo- W’N(P) MApeSy
mentum space projection of the corresponding quark-
antiquark orbitals. Ifgq (p;,\1') is the amplitude of the Xf 4p.dp, 80Pyt By P)

bound quark ‘q” in its lowest eigenmode to be found in the

state of definite momentumy, and spin projection,’, then X Gp(P1,P2)b! (P1. A1) (P2.12)|0)
1 ql 1 q2 L "

A1) (11
gql<|51:x1>= fdn/)“) (rexp(—ipy-r) o o .
Herebgl(pl,)\l) andbgz(pz,)\z) are, respectively, the quark
_ - and antiquark creation operatqlgAlqz()\l,)\z) stands for the
=90,(P1) 6”1“1’ @ appropriate S(6)-spin flavor coefficient for the meson

= - (ql,qz) N(P) represents the overall normalization factor,
whereE, = Jpi+ mfh) and ug (py,\1) is the usual free  \hich'is obtained in the form
Dirac spinor. Using free Dirac spinor normalization and tak-

ing aq=1/2r,, one finds NGP)= [ dBilGu(By PPl (12
S iWqu (Epl+mq1), considering meson-state normalization as
Jq,(P1) = Zaq hg E) (Ep,+Eq)

' ' (M(P)|M(P"))y=6@)(P—P").

~2

1

xeXp< " 4ay ) : ®) lll. CALCULATION OF DECAY WIDTH
1

With the phenomenological picture showing underlying
Thusgq (p,) essentially provides the momentum probability dynamics of quark and antiquark inside the meson, repre-
sented by the appropriate momentum wave packet as in Eq.
(11), the hadronic matrix elements corresponding to the
a definite momenturp, inside the meson. Similarly the mo- penguin- and weak annihilation diagram shown in Fig. 1, and
mentum probability amplitude for the antiquads in its  Fig. 2 can be calculated using the formalism developed in the

eigenmodezi)fq;?Z(F) can be found in the form

i WN (Ep2+ sz) B> _____ {YV Bc; _____ < v
ng( p2) N\ Ep2 (Ep2+ qu)

qZ *P)

amplitude for the quarly, in its elgenmodeﬁ(*) (r) to have

(a) (b)

)

P2

Xex;{ ~1 ) 9) FIG. 2. The leading W-annihilation contribution ®.—Vy
%q, with photon emission from external legs.
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present model in our earlier works in Ref8] and[26], [2E= Eo(V(Kk e )ii "ho|B(P
respectively. However, a brief account in the present context s E(Vk,€)ljT0,,0"DRlBo(P))
is provided here. = /4EBCEV<V(k16*)|VM+AM|BC(P)>
A. Electromagnetic penguin contribution =i € ypr€” "PPkf1(g%)
In considering the electromagnetic penguin contribution it +Te5 (M2 —M2)+ (e -a)(P+K) 1f.(a?).
has been assumed that the decay prog&gssV+ y; with Leul B v)F (e a) LR
V=(D*",D% ") is goverened by the effective interaction (16)

Hamiltonian[29]
4G Here e* is the polarization vector anklis the four momen-
_4br tum of the final state vector mesog:= (P—Kk) denotes the
He”_fvtbvfjc7(mb)o7’ 33 four momentum transfer and, andA,, are the vector and
axial vector part of the effective current. Then replacing
where withj=(d,s); the electromagnetic penguin operator [V,Vj| by [V.pV5j| from the unitarity relation in view of the
smallness of),; the decay width can be expressed in the

e J—
07:32772 My 0 'F (1 + ¥5) - (14) rest frame ofB, as[28]
This in fact describes the meson decay effectively in terms of (B V)= 1 dﬁda
the QCD corrected quark level decay- (d,s) + y while the VYT (2m)2 2Mg 2E\2E,

other constituent quarlc) is treated as a spectat(ig. 1).
HereF ,, denotes the field strength tensor of the photon and A — )
C,(my) is the Wilson-coefficient which includes the neces- x &t )(P—k—Q); |M|%,
sary QCD corrections appropriat€lg9,30. S
Then starting with th&matrix element for the decay pro-
cess as defined in terms of the above effective interactioWhich in terms of the form factor$;(q°) and f(q?) be-
Hamiltonian in Eqs(13), (14) at the constituent quark level COMes
and realizing the energy momentum conservation at the me-

sonic level in terms of the appropriate four momentdm aGﬁmﬁ _
function through a loose-binding approximation at the con- F(Bc—Vy)= lecbvgj|2|c7(mb)|2k3
stituent level; the invariant transition matrix element can be
obtained in the form X[|f1(0)|2+4|f,(0)|?]. (17)
eG:-my —
M= WCﬂmb)thij 7**(q,6)\/4Eg Ey Herek=E,=(M %C— MS)/2Mg_is the energy of the emitted
2\2m photon at the meson level and is the fine structure con-

H " nt. Now calculation of width from Ef n-
X (V(k,€)]i,,,0"Dr|Be(P)). (19 ﬁgalllytboi?s dg\?vﬁﬂ(?;ﬁ e\?alﬂgg?)% of(tjrt1e foorm fa%tz)rseisnsferms
Hereq is the four momentum an@*#(q75) is the po'ariza_ of model quantities. USing the covariant eXpanSion in Eq
tion vector of the emitted photon. The hadronic matrix ele-(16), which is frame independent; one can relate those form
ment in Eq.(15) can be expressed in a covariant decompofactors separately to some specific hadronic matrix elements
sition as by takingk=(E,0,0/k|) with P=(Mg,0,0,0) in the form

2Ey 1
100)= /i £ V(K€ (Vat ADIBLO) 4 + (VK €| (Vi+ Ap[BL(O))-],
c 7

2E, 1
2650) =\ gLV (K €) (Vi A Be(0)) . —(V* (K, [(Va+Ap) [Be(0) ] (18)
c Y
Now explicit calculation of these hadronic matrix elements in the present model gives
(V(k,€)[(V1+A1)[Bc(0))s,--1=0

leading to
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1 [2E,
fl(O)ZZfZ(O):E_y M_BC<V(k,€*)|(V1+Al)|BC(0)>S\/=+l, (19)
which in terms of the model quantities becomes

1 f dpGe (P~ Ps)Gv(Po+ K, —Pb) \Ep, +k+ Ep,
VN(ON(K) V4B Ep +k(Ep, + Ep)

f1(0)=2f,(0)= Q(pp k), (20)

where B. Weak annihilation contribution

The weak annihilation of heavy hadrons derives its con-
tribution from the weak and electromagnetic interaction at
the constituent level. The possible Feynmann diagrams in
Figs. 2a) and 2b) correspond toB.—P—Vy and B,
—BY y—Vy being mediated by virtual intermediate meson
states ‘P” and “ B} " respectively with photon being emit-
z:(pr+ mb)(pr+k+ m;). (21)  ted from each of the four external legs. Thenatrix element

for the proces8.— Vv is written as

K [Pl
+
pykT M 3z

3

Q(Py.K) =z 1+ ¢

I i 5O (B —
The three momentum magnitudld (= |qg|=E.) of the final Si=—2m S (Ev+ By~ Mg )M, @3

meson appearing inside the quark level integral in(26) is
taken at the quark level &8,=(mj—m?)/2m, on the con-
sideration that thé=(d,s) quark in the quark level decay M= M@+ A ®),
b— (d,s)+ v is recoiled with momenturk with |k|=E,, .

We must point out here that realization of tBematrix ~ SUCh that
element in the standard covariant form at the composite @ . .
level; starting from a picture at the constituent level has M =<V7|Hem|P><P|Hw|Bc>/(MBC_Ev)v
never been so straightforward. This is due to the fact that
although three momentum conservation is automatically M ®=(Vy|H |B¥)(B* y|HenB)Y/ (Mg —Egs). (24)
guaranteed at the mesonic level through appropriate delta ¢ ¢
function; energy conservation has not been so transparenh sych a representation &matrix element in so-called
This however has been realized h¢@8] at the mesonic «o|q perturbative theory,” the interaction Hamiltonians
level by extracting out the energy delta functigffE,  taken effectively in the Schdinger picture are written ex-
—Ep +k— E,) from within the quark level integral in the plicitly at the quark level in the following manner:

form of 5(EBC—EV— E,) with a loose binding approxima-

tion of (Ep, +Ep)=Eg, and Ep +«+Ep)=Ey in the Hom= > qu’ drigg (1) Y A1) (1), (25)
o-function argument. Keeping this in mind; in the final form a

2_0M)- : : . A
of f1(d 0)_' a kinematic facto EV/MBC from (_)UtS'de Fhe whereA*(r) is the photon field in the Coulomb gauge with
guark level integral has been pushed back inside the integra (IZ 3) as the photon polarization having energy momen-
under the same loose binding approximation in order to \" e p P 9 9y
minimize any uncertainty due to the approximation at thetum (E,=kl|.k) and

first place. This procedure has been elaborated in our earlier

where the invariant transition matrix elemeft is

work [28]. . _% — s
Finally from Egs.(17), (20) and (21) the model expres- Ho= \/Evbcvéjal[‘/’lr el el ol (26)
sion for the decay width due to electromagnetic penguin pro-
cess is obtained in the form wherej =d(s) anda;=%(2C, +C_) is the QCD correction
factor representing the strength of weak interaction induced
G2m2 by and dependent on the flavor-changing charged current.
@orhy C. andC_ are QCD coefficienf31] given in the leadin
['(Be—Vy)=—a5— | Ver V5| C7(my) | 2M 3 + are 9 9
(B¢ Y) 30,% [Veb c1| |C7(mp)] B, log approximation by
M2\ 3 arg( ) 192720
X| 1= —| [f1(0)]2. (22) ()= | A
MZBC | 1 | Co(p) as(Mi) )
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with d_=2d, =8; b=(11-2/3N¢); N;y=number of colors; 3 15

w=my and ag=strong fine structure constants. Al:NO[ 1= g (Art At Ag)+ ﬁz/\o] / 2R3,
In the context of radiative decays of heavy mesons, it has 0 0

been shown that present model prediction based on static _ _ 5/2

approximation[24] remains unaffected in a more realistic =NolAs=A2}/Rg,

calculation beyond static approximatip25] with appropri- 1 15

ate recoil effect being duly considered through the q“armsz_/\/o[lﬂL—(Al—Az—Ag)—on} / 2R32.

field operator and momentum wave packet for mesons. This Ro Ro

led us to invoke static approximation in our subsequent

analysis of charmed meson weak radiative de¢agpyield- ..

ing satisfactory result. It is partly due to this observation and

(30

partly on the grounds of simplicity that we use first the static AozaZ{)\ql)\qz)\qa)\qA}*/Z,
approximation to calculate decay amplitudes f&;

—D*~yandB,—D} " y. However, in the later stage of our Ar=al(Ag ) Y2+ (NgNg,) Y3,
calculation we would like to overcome the possible uncer- v s
tainty inherent in the static calculation by invoking appropri- Ap=al(AgAg) Y2+ (Nghg) Y2
ate recoil effect as done in Ref5,26. The static quark 47 a2 4 ’
field operators appearing ., andH,, find possible expan- Asza{()\ql)\%)—ller ()\qz)\qs)fl/z},

sion in terms of complete set of positive and negative energy
static solutions of the independent quark mo@l,26 as

1
No= _{(ququNq3Nq4)/(r0q1r0q2r0q3r0q4)}1

- ~ N r RS 2
Vo(1) =20 [Bocby (1) +bg b (D] (27) v
1 1 1 1
Here “{” represents the set of Dirac quantum numbers Ro={ 5+t +5-+5. (31
qul rOq2 rOq3 rOq4

specifying all possible eigenmodefarg andfi{;g are the quark
annihilation and antiquark creation operators in the eigengypstituing the transition moments from E88) and weak

mode “{.” In the static approximation, the contribution to matrix element from Eq29) into Eq.(23) through Eq.(24),
matrix element would essentially come from the lowestihe Smatrix element foB,— V' is obtained as

eigenmode in the field expansion in E@7). The quark

orbitals corresponding to positive and negative energy in o a _

their lowest eigenmode have been derived in the form Eq. N \[FAO{F(kHG(k)}Ksﬁ(k—k), (32
(3). We represent the meson states by the usual spin-flavor

SU(6) expressions with the quark-antiquark corresponding tqyhere

the lowest eigenmodes. With these considerations, the tran-

sition moment corresponding to photon emission at electro- Ge
magnetic vertex is found in the general form AOZEVcbV:jaly
paer (K) = €q, 1, (K) + €q,12,(K), (28) R
1 _ _
where F(k)Z(m Mvp(k)+( v g g (K),
c B. B:
pa(K)=2 exp( —k?rj /4)/ (3E,+my),
As —
with uq=equg(k=0) as the confined quark magnetic mo- G(k)= Mg — Mgs me gt (K).,
ment in the model. ¢
With similar approximation, weak matrix elements corre- — 5 5

sponding to the diagramq& and 2Zb) can be expressed as k:(MBC_ My)/2Mg,, (33
26
[26] and

. Ge . e

(PIH,[Bo)= EvcbvcjalAlr K=kX€*(k,d).
Finally summing over the photon polarization indeX in
N Ge E*(IZ 8) and vector meson spin projectiorsy,” the decay
*\ T * ’ H
(VIH,[BZ)= \/Evcbvcjal(A2+A3)’ (29 width T'(B.— V) in the static approximation is expressed in
the form

whereA;,A, andA; in terms of model quantities are found — g = —
to be I'(Bc—Vy)=4ak Ag{F (k) +G(Kk)}7, (34)
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with the presupposition that the recoil effect is negligible. In  TABLE I. The quark massn, and corresponding binding en-
the present model application to weak radiative decays ofrgy Eq, together withh, the scale factoroq, «q and the quark
charm mesor{26] it has been shown that possible recoil hormalization factonV .
effect, however marginal, is more pronounced at the electro=
magnetic vertex than at the flavor-changing weak vertexQuark — mq Eq A quil *a N o
This is expected from the relative order of strength for theflavor (GeV) (GeV) (GeV) (GeV) " (GeV)~ (GeV)
weak and electromagljetl_c mteractlo_n. Th_erefore it is trivial 0.07875 0.47125 055
to say that the quantitative uncertainty, if any, due to the

. R . . . . 0.07875 0.47125 0.55
static calculation is mostly avoided if appropriate correction

3.20806
3.20806

0.04858 0.68901
0.04858 0.68901

T 0O unw ac

to the transition moment is obtainable within the scope of the 0.31575 0.59100 0.90675 2.83114 0.06238 0.80581
model. To do so we replace the confined quark magnetic 1.49276 157951 3.07227 2.08674 0.11482 1.02147
— 4.77659 4.76633 9.54292 1.57185 0.20237 1.19425

momentuq(k) appearing in the transition momeat,y+ (k)
and,upv(?) in Eqg. (28) by the corresponding terrlrai(?) in
an integral form found in a more realistic calculati@$] in ~ From the general expression for quark magnetic moment
the context of radiative decays of light and heavy mesons. Irhqi(k) in Eq. (35) the relevant transition moments at the re-
the derivation of quark magnetic momelryi'(?) the recoil  spective electromagnetic vertices for decay modBs:
effect is taken care of by using the momentum wave packet>D* ~y andB.—D? "y are written as

for appropriate meson states instead of thei@éxpres-
sions and expanding the quark field operators in terms of free

Dirac spinors instead of the positive and negative energy
static solutions. The expression for the quark magnetic mo-

menthi(?) so obtained25] is

— 01—
pep: (K)=3[21(k)—1p(k)],

1 _ _
MDD*(k):g[Zlc(k)_ld( )],
1/2

I o) Eik+ E] N
lg(K)=—= — _f d — Xi(p,k) — 1 _ _
Ng (0)Ny(k)”° E.+E; MDSD:(k)z§[2|c(k)_|s(k)]- (38
X exp(— Bp?), (39  These corrected forms of the transition moments when taken
into account in the expressions fBi(k) and G(k) in Egs.
where (33) and(34); contribution to the decay width &.— Vy for
the weak annihilation diagrams can be calculated.
. 11,1
S 4lag  ag,) IV. NUMERICAL ESTIMATION
. In order to have numerical estimate, we have potential
NB _ f dppPRa(p)exp — Bp?), pgra_meter@,vo), quark masses, ar_1d c_orrespondlng quark
¢ Jo binding energyE, . In previous applications of the model to
various hadronic phenomenha0-2§, the potential param-
_ o 5 eters taken are
Nv(k):f dppRg,(p,k)exp(— Bp?),
0 (a;V)=(0.017166 GeV: —0.1375 GeV. (39
Rap) [ [ Eitmg | [EntEq)? 1 \]™ We use the same quark masseg as used to generate the
Xi(p.k)=— Entm E+E = ; ground state hyperfine mass splitting of light,p;K,K*)
i 4 ik (36 [20] as well as the heavy(,D*;B.,B¥) [23] mesons. The
quark binding energ¥, as the effective constituent quark
with mass and set of other model quantities such\@s ,q,aq
and\/, etc used in the calculation are those given in Table I.
— ~2 2 _ L1 ~\2 2
Ei=\p°+ My, Exi= V(k+p)™+ Mg, TABLE Il. Predictions for the ratios of the penguin, weak anni-
hilation and total contribution of decay modes.
2 Mg 1/2
RA(p):H (E]-+qu) 1+E_-] } Decay mode Tp T I'a
)= ! It It e
Eix+Eq | [Ei(Et+mg)) M2 B.—D* "y 0.16 0.37 2.3
Rg (p.k)= ' —t Ra(p). (3 B.—D?~ 0.17 0.33 1.9
B,(P ) Ei+Eqi Eik(Ei+mqi) A(P) (37 —Ds ¥y

014024-7
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The CKM parameters, renormalization Wilson coefficientWith these inputs, the penguin and weak annihilation contri-
C-,(m;) and strength of weak interaction in the mass scale obutions to the decay widths are estimated from @4) and

b-quarka, are taken as Eq. (34), respectively. It may be noted that since penguin and
annihilation amplitudes interfere with each other, their sum-
(Veb, Vis Vi) =(0.041,1.04,0.224 mation should be taken at the level of matrix element of the
amplitude to determine the total decay width. Our results
C4(my)=0.311477[17] calculated separately from the penguin diagram and weak
annihilation diagrams as well as when all these are taken
a;=1.01 [32]. (400  together can yield the decay width fB,—Vy as follows:

I'(B,.—D* v)=0.817x10 ¥ GeV; only penguin(I'p)

=1.904x 10 *® GeV; only annihilation (I",)

=5.215<10 *® GeV; penguint annihilation (I'y), 41
I'(B.—D¥ y)=3.434<10" 1" GeV; only penguin(I'p)

=6.443< 10" GeV; only annihilation (T »)

=1.982<10 !¢ GeV; penguint+ annihilation (I'y). (42)

The uncertainty in model predictions is sometimes re+he initial meson B°,B,) consisting of one heavy and one
duced if expressed in ratio forms. We give in Table Il thejight quark, the penguin contribution overwhelmingly domi-
ratios of the penguin, weak annihilation and taf@nguin+  nates weak annihilation contribution. The reason for it may
annihilation contributions for a more realistic assessment ofpe (i) a more compact size &, meson compared to that of
relative importance of two possible mechanism in the deca%—o

modesBP—>D* v and BC_’D; Y- o decay and(ii) the relative magnitude of the relevant CKM
‘We find that weak annihilation contribution to decay tactors. The CKM factors for contributions for the decays

width T[B.—D* ~ (D% ") y] is 2.3 (1.9 times larger than B.D* "y andB.—D* "y are |Vl and [VeV%y re-

the penguin contribution and 0.30.33 times the total de- spectively and that fosrBi_>Ki*y iSCS| VoVt whcich -

cay W'dth' Our predlctlon o’ (B,—D* ") has order of much smaller than the former. This factor being altogether

magnitude agreement with that of R¢L9]. On the other absent, it is only the penguin contribution which is effective

- P enguin.
hand, the present prediction di(B,—DZ ~7) is found to f'n decay modes such BY—K% y andB,— ¢, etc.

Fleo]one order of magnitude higher than that obtained in Re For possible observation of decay modes involving

B. meson, one may have to wait for the future experiments

either at the CERN Large Hadron Colliddt.HC) or

Fermilab Tevatron. However, based on the numbers of
We have studied two mechanisms contributing to the deB. currently produced at Tevatron and LHC and the present

cay modes:B—D* "y and B—D? ~y: the short distance model prediction of the branching ratios such as

one induced by electromagnetic penguin and other compeBr'®®(Bc—D* " y)=3.64x10 ° and Br'*'*(B,—D} ")

ing one namely the long distance weak annihilation shown ire=1.39x 10" * taking 75 =0.46"g15+0.03 ps[33], one may

Fig. 1 and Fig. 2, respectively within the framework of rela- believe that although these decay channels in general might

tivistic independent quark model based on an average coflemain unobservable at Tevatron, at least Be-D? y

fining potential in the scalar-vector harmonic form. We channel can be expected to be observable at LHC in the near
present a comparative study of contributions coming fromfyture.

the two competing sets of diagrams representingBhene-
son weak radiative decays into charm meson final states; ACKNOWLEDGMENTS
which shows that both the penguin and weak annihilation

mechanisms bear equal significancg and in absolute terms One of us(S.K.) gratefully acknowledges the University
the latter even dominates the former in such decay modes. Igrants CommissiofUGC), India for financial support for
contrast, in the case @°—K% y and Bs— ¢y involving  this work.

or Bs which can enhance the importance of annihilation

V. DISCUSSION AND CONCLUSION
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