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Potential models for radiative rare B decays
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We compute the branching ratios for the radiative rare decasiofo K-meson states and compare them
to the experimentally determined branching ratios for inclusive décaygy using the nonrelativistic quark
model, and form factor definitions consistent with the HQET covariant trace formalism. Such calculations
necessarily involve a potential model. In order to test the sensitivity of the calculations to potential models we
use three different potentials: namely, the linear potential, screening confining potential, and heavy quark
potential as it stands in QCD. We find the branching ratios relative to the inclissivey decay to be
(16.07£5.2)%, (19.75:5.3)%, and (11.18 4.6)% forB— K*(892)y for the linear, screening confining, and
heavy quark potential, respectively, while the corresponding values of branching ratiBs-f&f;(1430)y
relative toB—K*(892)y are 0.45-0.13, 0.24-0.06, and 0.46 0.14, respectively. All these values are con-
sistent with the corresponding present CLEO experimental values: (16.23)% [for B—K*(892)y] and
0.39" 313 [for B—K3(1430)y].
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[. INTRODUCTION ticipated, particularly at the symmetry point, it has been
found that the use of heavy quark symmetry for shguark
The flavor changing weak decays of mesons have alwaylas not been too bdd], particularly in connection with the
been a rich source of information about basic interactions imprediction of decay rates f@—K®*)l»,, D—Kly from
particle physics. In particular, the radiati®@ decaysB  B—D®)|v [3].
— K** [ K** ~K*(892), K*(1430) etc} have received In order to justify the use of heawsrquark mass limit, we
intensive theoretical studies. The presence of a hbayyark  show that although this limit may be not so good for indi-
permits the use of heavy quark effective theHQET) in  vidual decay rates is quite justified for the ratios of decay
evaluating the relevant hadronic matrix elements where theates. For this purpose we consider the overlap of the initial
relevance of the use of a potential model comes in. Onand final states-wave functions:
purpose of our paper is to test the sensitivity of the branching

1/2
ratios forB— K** v decays relative t8— K* (892)y to po- Y I mspK ® % E+my
tential models. Among the radiative procesgs:X.y,B = PPE P~ K [Pi(P)my EE'(E'+my)
—K*(892)y and B— K% (1430)y exclusive branching ra- (4)

tios have been measured experimentglljy
which can be determined without using the heavy quark

B(B—K* (892 y)=(4.55+0.34 <10 °, (1) limit. Here E andE’ are the initial and final state energies,
B(B—K3(143 \/ Dk
B(B—K* (892 7) | i

andM =m;+mg,, wherem; andmg, are masses of decay-
ing and spectator quarks, respectively. In the heavy quark
B(B— Xgy)=(2.32+0.57+0.35 X 10" °. (3)  limit, the recoil correctior(the second term in the argument
of @) vanishes. We find that the ratio of the overlap integral
Several methods have been employed to predct for B—K3(1430)y and that forB—K*(892)y remains al-
—K*y decay rate: HQET3,4], QCD sum ruleg5-10, most the same whether we calculate it using the actual inte-
guark modeld11-21], bound state resonancgz?] and lat- gral or the one withKk=0, i.e., in the heavy quark limit.
tice QCD[23-2§. In this paper we follow the approach of Actually this ratio comes out to be 0.678 fidr~0 and 0.689
[3,4] in which bothb and s quarks are considered heavy. for K=0, if we choose®r and ®, to be the Gaussian-
Although thes quark is not particularly heavy and very sub- momentum-state trial wave functions. Thus, it may be con-
stantial corrections to the Isgur-Wise functions are to be aneluded that the ratios calculated in this paper are not sensi-
tive to the heavy quark limit for 8.” This conclusion agrees
with the one obtained if27].
*Email address: sahmad76@yahoo.com In the heavy quark limit, the long distance effects are
TEmail address: ncp@comsats.net.pk contained within unknown form factors whose precise defi-

and so has been the inclusive rfg
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nition consistent with the covariant trace formali§28—-31  where the factorg,=mgv,— Mg« v/, comes from the de-
has now been clarified. We use the same nonrelativistigivative in the field strengtf¥ ,, of Eq. (7), », is the photon
quark model for the wave functions of the light degree ofpolarization vector and

freedom(LDF) as was used if4] but employ the numerical

approach of[32]. We use three different potentials: linear Q*"=mgot?(1+ ys) + Msxx " (1~ 5). 9)

potential “V=—4a4/3r+br+c,” screening confining po- ) .
tential “V=(—4aJ3r+or)[(L—e *")/ur]" [33], as sug- Using the mass shell condition of the photog?€0) and

gested by lattice gauge theory, and heavy quark potenti£olarization sums for spin-1 and spin-2 particles, the decay
V=gt — (8Ce/r)u(r)” [34]. Our results for the linear po- 'ates are calculated i,32]:

+0.13 for B—K3(1430)y while those for the screening

confining potential are (19.755.2)% and (0.24 0.06)% 1

and forgth?e heavy quar(k potenti;I are (1§:r1186)% rzmd :Q|§C(“’)|2§[(l_y)3(1+Y)5(1+y2)]' (10
(0.46+0.14)%, respectively. They are in good agreement

with the recent experimental measurements made by CLEO I'B—K(1270v)

[1] and at the present precision of both theoretical and ex-

perimental values, one cannot distinguish between the above _ 23 )51 v)3(1 4 v2
In Sec. Il we present the theoretical framework ®r
—K** y decays. The Isgur-Scora-Grinstein-Wi§&GW) I'(B—K1(1400 )
model is described in Sec. Il which also contains the proce- 1
dure for finding the wave function of LDF using different _ 2 N 7 2
potential models. The obtained results are summarized in the Qfér(o)] 24y3[(1 YY) (L+yI]
Conclusion. 12)
Il. THEORETICAL FRAMEWORK I'(B—K2 (1430 y)
For B—K** y decays the effective Hamiltonian is well 1
known(32,35,36,3F = Qg S [1-y 1y (1+y?)], (13
y
4G . .
Herr=— fvthtSCﬂmb)Oy(mb), (6) I'(B—K* (1680 y)
, 1 7 5 2
where =0/és(w)| Tys[(l—w (1+y)>(1+y9)],
_ _ (14)
O;= F . [mpsa*’(1+ y5)b+mgso™”(1— ys)b].
P R ’ I'(B—K,(15807)
(7) .
Matrix elements of bilinear currents of two heavy quarks =Q|§G(w)|28—y3[(1—y)7(1+y)5(1+y2)], (15
[J(g)=QTQ] are most conveniently evaluated within the
framework of covarient trace formalism. Denotirg=1v' I'(B—K*(1410y)
-v, wherev andv’ are the four velocities of the two mesons,
we have

1
=ﬂ|§c2<w>|2§[<1—y>3<1+y)5<1+y2)], (16)
(U (0] AV (v))y=TIM(v")TM()IM(w),

I'(B—K,(1650 )
whereM’ andM denote matrices describing stat¥s(v ') 1
and¥(v), M=7°MT° and M(w) represents the LD, =Qlée,(0)[P-[(1-y)°(1+y)*(1+y?)], (17)
M’, and M(w) can be found if4,31] and using Eq(7) we y
can write where
K** y|O;(m,)|B My
( ¥|07 b|> y:n: , (18)
B
= —— 7,49, TIM'(v")Q*'M(v) IM(w),
o 0= MV PVICmF (19
(8) 128774 FUBIVt ts
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and the argument of the Isgur-Wig&V) function is fixed by  To find the form factors we use the method 82, i.e., solve

the mass shell condition of the photog?&0): the Schrdinger equation numerically. We use three different
potentials.
5 The linear potential:
B 1+y 20
w= oy (20
V=% 28
=3 r+c. (28

IIl. POTENTIAL MODELS FOR THE ISGUR-WISE

FUNCTIONS . o .
The screening confining potenti@3]:
Following [32] for the evaluation of IW form factors

needed for the decay rates we assume that we can describe

heavy-light mesons using some nonrelativistic potential [ —4as 1—-e ¥
models; the rest frame LDF wave function can then be writ- V= 3r tor ' (29)
ten as
the heavy quark potenti@B4]:
FRP00= 2 Rur(1)Yim (©)xm,
m Mg 8Cr
1 - 1 V=o-r—Tu(r). (30
x{Lme 5 mgjngiL 5 ), (21

For the linear potential we use the same parameters as deter-
where, represent the rest frame spinors normalized to oneined in [32], namely b=0.18 GeV, a5 in the range
X:n')(m 5m, m, and o represents all other guantum num- 0.37 to 0.48 and in the range 0.83t6-0.90 GeV. |n[32]

s these values were obtained by fixifig8] b=0.18 Ge,
bers. In[.32] the following expressions for the form factors 4 varyingas and c for a given value ofm, 4 and mg
are obtained: (respectively in the ranges 0.30-0.35 GeV and 0.5-0.6
GeV), until a good description of the spin averaged spectra
of K-meson states is obtained. These parameters are in good
(Jo(ar))oo, 01— (07211, (220  agreement with the original ISGW valug38] (as=0.5 and

éc(w)=

o+l c=—0.84 GeV). For the screening confining poten&a],
0=0.18-0.02 GeVf andu 1=0.8+0.2 fm, while for the
> heavy quark potentialo is as given above,CF=(N§
0)=————(j(ar))yg, 07— (0:,,15), 23 —1)/2N,, and[a(q?) is defined in[34], k=a/27C]
$e(w) m“l( ))10 12— (0172115 (23 c
~dq( k.
o un= [ Faw-Slsman, @
$r(w)= 1w+1<11(ar)>10, 01/ (1312.2312), q
(24) 0.10 T T T T T T T T T T T T
\/§ 0.08 | i
fe(w)— <Jz(5\r Y200 01— (135,25), (29
0.06 -
where, denoting the energy of LDF &g, %
0.04 -
B w—1 |
a= (Eq+ Eqr) m (26) 0.02 .
and 000 "

FIG. 1. Lowr and highr (asymptoti¢ behavior of the LDF

(F@n)ii= szrR (DR (NF@n). (2D e function,
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TABLE I. Ratios=BR(B—K**y)/BR(B—K*(892)y).

Meson JP Linear Pot. Scr. Pot. Heavy Quark REB2] Experimental value
K* 0* Forbidden

K, 1+ 0.29+0.08 0.42-0.10 0.15-0.04 0.26-0.07

K, 1* 0.15+0.04 0.19-0.05 0.49-0.15 0.13-0.03

K3 2" 0.45+0.13  0.24-0.06 0.46-0.14 0.370.10 0.39°913
K* 1 0.03+0.01 0.19-0.05 0.12-0.04 0.03-0.01

K, 2 0.12+0.03 0.04-0.01 0.16-0.05 0.16-0.03

K 0~ Forbidden

K* 1 0.34+0.10 0.32£0.08 0.28-0.08 0.24-0.07

Kg 0" Forbidden

K, 1* 0.11+0.03 0.16-0.04 0.18-0.05 0.16-0.03

which is calculated numerically at=0.01 fm and repre- broadest possible range of the results obtained. Fingfy,
sented in thenATHEMATICA file.! The short distance behavior for the B meson has been taken to be the same as foKthe
of the potential is purely peturbative, so thatr&0.01 fm  meson, consistent with heavy quark symmetry. It turns out

we can put that this is actually a very reasonable assumption. To find the
_ size of a meson, which we need for the evaluation of the

a,(1/r?) integral in Eqg.( 27), we investigate for the asymptotic be-

V(r)= _CFf' (32 havior of the Schrdinger equation for a particular potential

model. As an example we display the asymptotic behavior of
where the value of the running coupling constap¢1/r?) at ~ the LDF wave function for a linear potential modéor |
re=0.01 fm isa,(1/r2)=0.22213. =1) in Fig. 1.
As in [4] the definition of the LDF energy for &**
meson, proposed to account for the fact thatesons are not
particulaly heavy, is In Table | we present our results for the rafic=T"(B
—K*W/T'(B— Xsy) for variousKk meson states; the inclusive

IV. CONCLUSION

_ Mices X Mya- (33  branching ratio is usually taken to be the QCD improved
Ms+m, g quark decay rate foB which can be written ag35,37
Another definition which is consistent with heavy quark m2\ 3 m?2
symmetry is I'(B—Xsy)=4Q|1-—| |1+ — (35)
mp mp
Eq=Mixx —Ms. (34

giving the prediction forBR(b—svy) to be (2.8:0.8)
These two definitions are not equivalent in the heavy quark< 10”4 [32], where the uncertainty is due to the choice of the
limit, so we have done all calculations employing both of QCD scale.
these two definitions and at the end we have quoted the We find that the radiative decays Bfinto K meson states
saturate 30% to 50% the inclusive decay rate. We cannot
reach more quantitative conclusions due to errors involved in
In the format of note book at the site theoretical estimates, due to which we also cannot at present

http://www.ihep.su7 kiselev/Potential.nb. distinguish between the potential models used.
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