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Prediction of B— K *y as a Test of the Standard Model
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The branching ratio for B— K*y is calculated as a function of the top-quark mass. We include QCD
enhancement effects in the short-distance operators and the hadronic matrix elements are determined by
use of the constituent-quark model. The branching ratio is in the accessible range of =104,
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Historically, flavor-changing one-loop processes such
as K; — pji and K— rme Ye ~ and K-K mixing have pro-
vided crucial information' on the charm mass. In this
Letter we focus our attention on the flavor-changing pro-
cess B— K*y, which relies on a Glashow-Iliopoulos-
Maiani cancellation between the top and charm quarks
and is experimentally feasible. Further, unlike the pro-
cesses involving K decays where long-distance contribu-
tions were of the same order of magnitude as short-
distance contributions, we expect such ambiguities to be
absent in heavy-quark systems. This is certainly correct
for B— Ke Te ~, where, however, the rate is close to the
limit of present experiments.? The process B— K*y has
the advantage that the signature (monoenergetic photon)
is clean and the branching ratio of order 10 ~* is accessi-

V=G 15(y,q*—q.q)b+G12{50,,9"brmy+50,.,9 by m,}.

For a real photon G, does not contribute, and the
dominant contribution to G, is from ¢ and ¢ quarks and
is
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where F,(m,) is given in Table 2 of Ref. 5 and takes the
values 0.03, 0.09, 0.21, 0.37, and 0.46 for m, =20, 40,
80, 160, and 240 GeV, respectively. As m,—» o the
asymptotic value of Fy(m,) is %.

As noted by Vasanti® and shown explicitly by Shif-
man, Vainshtein, and Zakharov’ (where s — dy is con-
sidered), there is a large QCD correction for the G
term. This is because there is an accidental cancellation
of In(m./m,) term in the lowest-order evaluation of Go.

G
G2=—£ [L

—Fz(m,)], (2)

When one-gluon corrections are included, the dominant

ble to present experiments. Tests of electroweak theory
in one loop are of interest in their own right, because
they verify the gauge structure of the theory.

We expect the dominant mechanism for the decay
B— K*y to be the quark subprocess b— sy. There are
additional contributions from the nonleptonic transitions
accompanied by photon emission from the B and K*. In
the case of ub-— sii via W exchange, the diagram is
suppressed because of Kobayashi-Maskawa angles.?
There may also be a gluon-exchange nonleptonic transi-
tion related to the penguin diagram. In this paper we in-
vestigate the effect of b— s7.

The flavor-changing vertex b— sy proceeds in one
loop through exchange of u, ¢, and ¢ quarks and W bo-
son, and is given by*>

r'(B— y+x(nocharm)) =I'(b— sy) =(mp | G, | ¥/167)(1 —mZ/m#)>.

|
(D
part of the QCD-corrected part of G, is given by
~ GF e + m,2
=— | —5 |a;(Vp.V)In . 3
AR b { m2

In spite of a factor 4a,/37, G,/G, is approximately 9 for
m,; =40 GeV. We shall present our results with and
without QCD correction for comparison. Previous work?
on B— K™y has ignored QCD enhancement and deter-
mination of hadronic matrix elements.

It is straightforward to calculate the inclusive process
B> y+x where x contains no charm by equating it to
b— sy. The matrix element for this decay is

M (b— 5sy) =G mp50,,q4"bre*(q), (4)

and the rate is

(%)

The inclusive process is, however, difficult if not impossible to detect. We therefore shall discuss the exclusive process
B— K*yin some detail. The exclusive decay B-— K * y is expected to be a measurable fraction of the inclusive process
as B— Ky is forbidden. In the absence of rigorous methods we have carried out a detailed study of the hadronic ma-
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trix element using the constituent quark model (CQM) (based on the Schrodinger equation with Coulomb plus linear
potential) as a phenomenological model of QCD in the nonperturbative regime. This model has had considerable suc-
cess in describing hadronic structure.® The same model was described and successfully applied to determine exactly the
same type of hadronic matrix elements in recent papers by Grinstein, Wise, and Isgur (see Ref. 8).

The most general Lorentz structure of the matrix element of the operator 5o,,9"bg between K* and B states, with
use of current conservation, is

(2ko2po) XK * (k) |50,,g"br | B(p)) =i€ nac*(kK)p*kf1(g?) + e, (k) (mG—mi.) — (p+k) Le(k)-q 13 f2(g2), (6)

where g =p — k. For a real photon g2 =0.

We shall evaluate the left-hand side of Eq. (6) in the rest system of the B quark. Note that the zero recoil of the K *
meson (i.e., k=0) corresponds to g2 =1, =(mg —mgs+)? and is far from q?=0, where we need to evaluate the form
factors. The constituent quark model, unlike the bag model (which is static), permits one to evaluate the form factors
with recoil. We also incorporate corrections due to relativistic effects. The results are

F1q@) =5V20+mE/m3) 21(g?), f2(g?)=f1(gH)/2. (7)
Here /(g?) computed in the constituent quark model is

Teaw=J " d*p ox-(p—makiin, )95 (P)alk = p,p) 1 +p- (p—K)/3mg], ®)
where mi;, =m; +my and

alk—p,p) =[(E;+my) (Ep+my)/AEEp1 V2, Eg=Im?+ (k—p)?1'2 Ey=(m¢+p?)'2 9)

The integrals are evaluated with the use of Gaussian wave functions which are used in the solution of the
Schrédinger equation utilizing the variational method, as described in Ref. 8. We choose

om(p) =(nBY) ~*exp(—p¥2BY; M =K* B, (10)

in which B, is the variational parameter. From the formulas (8) and (9) it is clear that we included recoil as well as
the relativistic corrections. Recoil corrections are caused by the motion of the hadron as a whole.

There are two sources of relativistic corrections in Eq. (8). Those due to motion of quarks inside the potential given
by p- (p—k)/3m{ are less than 1%. Corrections in the function a, Eq. (9), however, contribute a factor of 1/+/2 be-
cause E;>>myg;. One can then show that

Tcqm(q?) = 5 V2128 +Bs/ (BE++ B3 2 expl — md (1, — q ) /20,171, (B2++B3)], (1

wher.e ms =mg;+my, my =my+my. The exponential damping factor describes the recoil correction of the form factors
S1.2if we set g2=0. In the numerical evaluation of the integral /cqm we choose the parameters® m =my=0.3 GeV
ms =0.55 GeV, mp =5 GeV, Bg+=0.34 GeV, and Bp=0.41 GeV, and find - . ’
S1(0)=0.25. (12)
'_I’he smallness of the form factor f1(0) is mainly due to the sharp exponential damping factor because of recoil.
Without .recoil, ie., k=0, f1=1/~/2. This model has been successful in predicting f + (¢ ?2) form factors for K-7, D-r
D-.K' This gives us confidence that the value f;(0)=0.25 is probably reliable. A more realistic calculation offl(b) re:
quires an understanding of nonperturbative effects of QCD responsible for binding the quarks into hadrons.

‘ . Since this
is lacking, our approach represents the best one can do at present.
The width for B— K*y, with the use of the matrix element of Egs. (6) and (7), is found to be
252
L g*ay = MG 22 y3rs2 2

rB— K*y) 327ma (mg—mg.)3fE+4131. (13)
We find for the ratio of exclusive to inclusive process

r=LB—=K*p) _ metni=mi )/t

r—sy) — mimg—-m»? 14)

To evaluate the branching ratio, we calculate the total width for I'p in pure spectator approximation using QCD-
improved Hamiltonian, and find

Te=(Gémg | Vey | /1922 [Qck +c2)(re+re) + Qro+r.0)], (15)
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FIG. 1. Branching ratios for B— K*y and b— sy as func-
tions of m,.

where r. =0.447, r,.=0.119, and r.,=0.062 are phase-
space factors for one ¢, two ¢’s, and ct in final states.
The factors ¢ + are given by

e - =las(mp)/a,(Muy)1'YFP 7N =102 (16)

In Fig. 1 we plot the branching ratio for B— K*y as
a function of m,. We have used a,(m,/2) =0.33 which
corresponds to A =250 MeV. We see that the QCD-
enhanced branching ratio is close to the present measur-
able range of =10 "% The value without QCD effects
arises from use of G, of Eq. (2) and is lower by a factor
of =80 for m, = 40 GeV. For higher m, values the ratio
becomes smaller. The inclusive rate is also shown in Fig.
1. We would urge our experimental colleagues to look

for these decays.
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Note added.— After the submission of this paper we
received a paper by Bertolini, Borzumati, and Masiero,’
in which they derive exactly the same conclusion for the
inclusive rate b— sy. The numerical difference is due to
their choice of a;.
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