Volume 214, number 3

PHYSICS LETTERS B

24 November 1988
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The decay rate of B—»K*(890)y is estimated in the framework of QCD sum rules combined with vector meson dominance. We
obtain: I'(B—»K*y) /I'(b—sy) =0.28 £0.11. As a byproduct we find that I'(B—-Qy) ~I"(B—K*y).

The rare, flavour-changing, B-meson radiative de-
cays B-Kry, with KF=K*(890), Q(1400), etc.,
have been identified as important tests of the higher
order corrections in the standard model (for a recent
review see e.g. ref. [1]). At the quark level these de-
cays are expected to be controlled mainly by the b—sy
[2] electromagnetic penguin operator, which for
m, << m,, can be written as

Hoer= Cmbfﬂgﬂ'wqbe- (1)

In eq. (1) bg=4(147ys)b, and the constant C con-
tains the dependence on the Cabibbo-Kobayashi—
Maskawa angles and the charm and top quark masses.
The important point in this case is that QCD correc-
tions lift the Glashow-Iliopoulos~Maiani suppres-
sion and lead to an order of magnitude enhancement
of the branching ratio B(b—sy) [3,4]. Indeed, for
m, < My, and neglecting ., the parameter C can be
expressed as [3]
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C=(Gy/\/2)(e/47*) Vi Vs
X [Fy(m)+%(a/7) In(m?/m?)]1, (2)

where m ~ m,, is the typical hadronic scale of the pro-
cess, and the function F,(m,) ~0.1-0.25 for m, in the
range m,~45-100 GeV. This leads to B(b—sy)=~
(1.4-4.0) X 10~*for the same range of values of m,.

The task of estimating the exclusive hadronic ra-
diative mode is rather difficult and, obviously, de-
pends on the particular choice of hadronization
model. Some attempts have been made in the frame-
work of the constituent quark model (CQM). De-
pending on the choice of the hadronic wavefunction
the predictionse.g. for I'(B—K*y) /I"'(b—sy) span the
range (5-40)% [5-7].

In this note we discuss an estimate of I'(B—K*y)
and of I'(B-Qy) in the framework of QCD sum rules
[8] combined with vector meson dominance
(VMD). The main motivation and underlying ideas
of this approach have been discussed recently [9,10]
in connection with charm and beauty semileptonic
decays. Since this method leads to quite reasonable
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results there and some parallel may be drawn be-
tween semileptonic and flavour-changing radiative
decays, we feel that its application to the latter should
be reasonably reliable.

According to eq. (1) the amplitude for B(p)—
K*(k, n)y(4q, e) can be written as

A(B->K*y)=e,(q)<K*(k,n)|J&|B(p) >, (3)
with
Jbe=Cmy350* (1+75)q,b, 4)

and where the operator §o,,9"b may be interpreted
as the divergence of the tensor current J,,=qc,.q
[11]. The matrix element (3) involves a priori two
hadronic form factors. However, since 4o,,ysq is not
independent from qo,,q there is a general relation
between these two form factors. We concentrate then
on the matrix element of 56,,b and include at the end
the contribution from the other term. In the frame-
work of VMD we can write

(K*(k, 1) |450,,4"D|B(P) > =i€uon"P°kF i (q*)

=4 (Mp:/fr) €. [ MBs/ (M3: —q°) | Garox#(4%),
(5)

where
<O|§a;wblB:(Qa6)>=(MB?/fF)(€uqv_€uqu), (6)

defines the coupling constant f1, and
Gorai =igB,*BK*€aﬂw)'kanﬁqyedy (7

with ggspi« being the strong coupling constant hav-
ing mass dimension M ~'. In eq. (5) the form factor
F(g*) accounts for potential corrections to VMD,
presumably arising from B} radial excitations.

We proceed to estimate the /eptonic decay constant
frineq. (6) with the aid of QCD sum rules for a two-
point function involving the operator §g,,b. To this
end we follow essentially the same procedure as in
ref. [10] for the estimate of the B} 4 leptonic decay
constant corresponding to the vector current opera-
tor V,=1uy,b. In brief, the strategy there was to start
from the two-point function

1,(9)=i J d*x e (0| T(V,(x)V1(0))]0)
= — (8w’ —4.9,) 1"V (¢*) +4,9.11” (¢°),
(3)
and compute the Hilbert moments at g>=0
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$.(0)
=[1/(n+1)11(d/dg?) "* Vg2 TV (g?) | 420
1( ds
= anImH“)(s). 9)

The LHS of eq. (9) admits a well-defined short-dis-
tance QCD expansion in «, and in inverse powers of
the (current) b-quark mass m,, i.e.

$:(0)
=(3/32n%)mg? [1+0(a) 1+, (0) [ne,  (10)
$2(0)
=(1/40n*)mg* [1+0(a) ] +92(0) Inp,  (11)

where the ¢,(0)|np stand for the non-perturbative
contributions from quark and gluon condensates (al-
most negligible in this channel [10]), and the ex-
plicit O(«;) terms are known [12]. Parametrizing
the hadronic spectral function appearing on the RHS
of eq. (9) by the lowest B* pole plus a continuum,
approximated by the asymptotic freedom expansion,
allows for a determination of the B* leptonic decay
constant and mass; the latter from the ratio of egs.
(10) and (11). Actually, since the location of the
continuum threshold s, is not well known, it is safer
1o use the experimental value of Mg« to fix 5, and then
predict the coupling constant.

Following closely the above procedure we consider
now the two-point function

Iap(@) =1 | 464 C0IT(,0(x) T145(0)) 10
=Pladpll 7(q?) + PlidplT (%), (12)
where J,,,(x) =8(x)0o,,b(x), and
Plods=(1/9")
X (g"q"q"+g" q"q" - g"*q"q* — g"*q*q*), (13)
Plids=P s+ (8up8ue—8ualvp)- (14)

P(=) and P+ above are orthogonal projectors of in-
termediate states with J°=1- and J*=1"%, respec-
tively, so that the B¥ meson contributes to the spectral
function Im /7~ in eq. (12). Proceeding as outlined
above, and evaluating the quark loop asymptotic
freedom expansion, we obtain the following Hilbert
moment sum rules:
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$:(0)=(1/167*)ymg* [1+0(c)]1+9,(0) |np
=7lzj%1mn<—>(s), | (15)

$:(0)=(3/160n*)my* [1+0(a) ] +62(0) [np

1 [ds
= | FIm (). (16)

When compared with egs. (10), (11), the above sum
rules indicate only a slight change in the value of the
short-distance coefficients. Such a change can be eas-
ily compensated by a slightly different choice of the
asymptotic freedom threshold leading to the same
value of the B*-mass. Notice that, as emphasized in
ref. [10], the accuracy of this method cannot resolve
the small SU (3) mass splitting between B 4 and B¥;
consequently we are making the approximation m,/
my,~0. All things considered, we may then safely
translate the results of ref. [10] to the present case
and predict

fr=42%(2214). (17)

Proceeding to the strong coupling constant ggrgy » €n-
tering eq. (7), its determination lies outside the realm
of two-point function QCD sum rules. A rough esti-
mate may be obtained by taking the SU(3) rotated
value of the coupling constant gpss,0 which was esti-
mated in ref. [10], in which case we would find

Gornrr /2% 11 GeV~', (18)

Finally, the corrections to single-pole dominance, ac-
counted for by the form factor #(g?) ineq. (5), are
expected at the level of 60% [10], i.e.

F(0)~0.4010.05. (19)

Such a large correction should not come as a surprise,
given the large extrapolation involved in going from
g*>=M}. t0 ¢>=0, and given the fact that already in
the case of p-dominance #(0)~0.80 from experi-
ment (gorx/folexp=1.2210.03).

We should point out that the estimate of ggsg,, to-
gether with the QCD sum rule value of the B} lep-
tonic coupling and the form factor #(0) above, leads
to a prediction [10] for the (vector) semileptonic
B p transition in good agreement with the CQM es-
timate of ref. [13]. Substituting the above results
(17)-(19) in eq. (5), we obtain
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Fi(0)=5(Mps/fr) 8ok« F(0)=0.510.1. (20)

An independent determination of F,(0) may be ob-
tained by starting from the (covariant) VMD
expression (5) and using the naive CQM in the fol-
lowing way. The coupling constant f in eq. (6) may
be related to the hadronic S-wave function at the or-
igin through

(Mie/fr)e, =<0150,,q"b|Bi(q, €) )

=2(Mg)**[\/31w(0)ps | 1€, (21)
Analogously,
(M%:/\/28:)€,= <0157,b|BX (4, €)>
=2(Mu)'2[/31w(0)ss | 1€, (22)
from which it follows that
Sr=y27s. (23)
Notice that yg» is expected to scale as
Yo/ Poe = (My/ Mpz)>"? 1w(0) s/ (0) ks | (24)

Turning to the strong coupling constant ggsgg+ it can
be related to gpssv, Where V has the quantum num-
bers of Tis, through VMD for the K* meson, i.e.

( 1/\/5 Vkx )M ok =~/ 2Mp/ 2Mp: garpy -
(25)

Now, in the non-relativistic CQM one has
gorey =5 (1/my+1/my), (26)
which gives
goroks = (1/my+1/m.) (Mae/Mg)'>\/2 s, (27)
hence, the result for F,(0) in eq. (20) is
F, (0) = (MK*/MB) l/ZMK*

X (1/my+1/mg) $1w(0)pr/w(0)k« | F(0)

~0.40. (28)
The numerical value above has been obtained using
conventional values for the constituent quark masses,
and assuming the S-wave functions to scale as
w(0) ~ u, where u is the reduced qg mass. It is re-
warding to find that two different methods lead es-
sentially to the same value for the form factor,
especially on account of the various unavoidable ap-

proximations involved.
Computing the decay rate one obtains
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F(B-K*y)=(1/32n)mi | CI* [ (M3 —Miu)*/Mi]
X [IFi(0)]*+4|F»(0)]°], (29)

where F,{0) is the form factor associated to the
80,,7sb piece of the effective current. One can easily
show, from o¢*ys=—ie"**%g,, that |F.(q?)}=
{|F,(g?)|. Normalizing to the inclusive rate we fi-
nally predict

R=T'(B-K*y)/I'(b—sy)=0.28+0.11. (30)

Turning to the decay B—Q(1400)y, the matrix ele-
ments in the present framework are analogous to the
ones for B»K*y. The only difference is that since
Q(1400) is an axial-vector (J°=17), the roles of the
currents 50,,b and 50,,7sb are exchanged. Hence,
defining

(Q(k,n)|530,,4"b|B(p) >
=[.(M3—-M3)— (p+k),.(¢n)]1G:(g%), (31)

with G,=1G,, where G, is now the form factor asso-
ciated to ¢,,4"ys, the analogue of eq. (20) is

G2(0) =4 (Mpz/fr)forna #(0). (32)

The constant fg.po above is the strong, S-wave, B*BQ
coupling, whose order of magnitude may be found by
scaling the light-quark analogue fu, px~0.5/f;=5.5
GeV-! [14]. In this case we obtain G,(0)~0.20,
which leads to I'(B—Qy) ~I'(B—K*y).

We wish to point out in closing that we are aware
of the phenomenological consequences of the rela-
tively large branching ratio obtained here, eq. (30).
However, one should keep in mind that form factor
models, the present one being no exception, are una-
voidably affected by somewhat large uncertainties
which become compounded at the time of estimating
decay rates. An improvement of the present experi-
mental upper limit B(B-K*y) <2.4x10~* [15] will
be most welcome in order to test the various theoret-
ical approaches within and beyond the standard
model.
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