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We consider background to the rare decay modes b—sl "1 ~, B—~K*I1*]1~, and B—KI "] aris-

ing from the process b—sV; followed by on- and off-resonance transition V;—I"1".

We obtain

dilepton mass spectrum including short-distance effects and then suggest cuts to enhance the signal

over background.

In a recent Letter,! we presented estimates for the
one-loop flavor-changing decays b—sl 1™, B—KItI™,
and B—K*It1~. In this paper we consider the back-
ground for those processes arising from the tree-level
processes B—sV;, B—KV;, and B—K*V,; where V; are
vector mesons, followed by V;—I11~. We shall consider
both on- and off-shell vector mesons by using a Breit-
Wigner form for the resonance propagator. This investi-
gation is motivated by the fact that the one-loop calcula-
tion? of B—K*y could have substantial background
from the process B—K*V, followed by V,-y transi-
tion.>* Certainly, the rate for the on-shell process
b—sV,, etc., followed by V;—! "1~ can easily be calcu-
lated, and is 2 orders of magnitude larger than the short-
distance one-loop flavor-changing process. The dominant
contribution arises from the Kobayashi-Maskawa-
favored processes where V; are charmonium states ¢,/
etc. In this paper we calculate the / ¥/~ mass spectrum
for the processes to show that the resonances can be elim-
inated by suitable mass cuts.

The branching ratio for b — s/ from short-distance
effects has been estimated at 10~ for m, ~80 GeV and is
a slowly varying function of m,. The rate for b—s1,
b—sy’, etc., can be estimated from the effective Hami-
tonian

+l—

H g=kgyS;v,(1—75)b;€ , W
k=(Gp/V2)c_+c  /IVEV, ,

where ¢ are coefficients of the QCD-corrected Hamil-
tonian:

cx =4l () /a,my )]™5Pk a,(w) /a,(my) 125
(2)

The constant g, is defined as (0[cy,c|¢) =g el. The
combination (¢ _ +c /3) is very sensitive to QCD, so we
shall instead fix « from experimental rate for

B —1+anything. In Ref. 3 we have discussed how this .

can be done and find

'(b—sv)
(b —all)

This yields for k=(G/V2) (0.13).
The rate for b — s/, etc. can be found from knowledge

=(1.01£0.24)X 1072 . 3)

of g, etc., which in turn is found from e te ™ decays of
charmonium states. We then find for b —se *e ~ through

resonances to be

Cb—se’e™) _ T(b—sV;) T(V;—eTe)
Co(b—all) < Ty (b—all) Ty (¥, —all)
=7.9%X107*. @)

The major contribution in the above formula arises from
#(3100) and ¥'(3700). In Ref. 1 we have given the
short-distance contribution to b—slt/~. We generalize
the effective Lagrangian to include resonance contribu-
tions:

Gr

Ltot=_—— a
eff ‘/2 47TS%V
X ¥ U(ASL,bIL*I+B;5SL,bIR"
(i=u,c,...)
+2m, s 55T, bIy*) ,  (5)
where

L,=y,(1—ys), R,=r, (1+ys), ©
T,=—io,q"(1+ys)/q%,
A4/(2)=C*+Ci—sp[Fi+2Ci+Fji(2)8,.], (7
B;(z)=—s}[F, +2Ci+F}(2)8,. ], I=e,u . (8)
U; in (5) are the appropriate entries in Kobayashi-

Maskawa matrix, and the quantities C ?°*, C?, and F{, ,,
are defined® in Ref. 1. The resonance contribution is

Fp(z)= 3 [F(2)];=a,(z —méj /mE+ilymy, /mg)~ ",
j J J

9)
2
1672 8v,
a;= (c_+1c <
1T 352 7C+) mym, , (10)

where j runs over all the charmonium 17 states.
The general decay distribution for X, —X,/ "1~ over
the dilepton mass is given by
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Gimj 2
A X, X117 )= v =5 | Fayan (@) i
dz 1927° | 4mrsiy s 10°3
(11) E
where E
¥ 104
X,=b,B, X,=s,K,K*, z=q2/m3b, '
N _ (12) u?
g=pl"+pl"=p, —ps > E
_— |O°!E
Fxbaxv(z)Z[IU,-A,-(z)P—i—\U,-B,-(z)\z]fl” $(z) 5 A
+sp {UXU;[ 4,(2)+B,;(2)]*F{+H.c.} E
o7
Xffgaxs(z)—FZs;‘VlUiF§|2f;”_>x‘(z). 00 0.2 04 . 06 08 10
(13) FIG. 2. The dilepton z distributions for B—Ke *e ~ with res-
- onances (solid line) and without resonances (dashed line).
For the quark decay b —sl "/~ we have
fis=201—z)(1+z—-2z%), (14)
b—s — 2
(z)=6(1—z)", (15)
2 B=K*(5)=z(1—2)w(z)
fi5(2)=4(1—2)(1/z—1~2z/2) . (16)

In Fig. 1 we plot F, _ (z) between z,,;, =(2m,/m,)? and
Zmax =(1—m/m,)? for the case without resonances (i.e.,
F{ =0) and with resonances. It can be seen that away
from resonances, the differential rate for b —sl T/~ does
not change much.

To obtain the decay distribution for B—KI 1~ and
B —K*I"]~ one needs the matrix elements of operators
57,(1—ys)b and i50,,(14+ys)b between B and K*/K
states. We shall use the same notation (and the values) as
in Ref. 1 and obtain

fEK)=(1—2)[f 2], a7
BoKzy=(1—2)[f T2 fr(2)], (18)
2K =(1—2)P[fr(2)]?, (19)

for B—KI "1~ decay, while for B—K*I "1~ expressions
are more complicated:
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FIG. 1. The dilepton z distributions for b—se "e ™ with reso-
nances (solid line) and without resonances (dashed line).

X {2VH2)+3A4T(2)(1—mls /m3) /w(z)
+z(mp/2m ) —1]43(2)} , (20)
B—K* (2)=(1—2)w(z)
X{2V(2)T(z)
+34,(2)Ty(2)(1—m} s /m3) /w(z)
+z(mp/2m, ) —114,(2)T,(2)} ,
1)
fE-K ()=[(1-2)/z]w(z)
X {2T3(2)+[3(1—m2 s /m§)* /w(z)

+z(mp/2m )*—1]T5(2)} ,

(22)
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FIG. 3. The dilepton z distributions for B—~K*e*e ™ with
resonances (solid line) and without resonances (dashed line).



39 BRIEF REPORTS

w(z)=(1—z—m2s/m})P—4z(m «/mpl .  (23)

Formulas (11)-(23) are generalizations of Egs. (7), (14),
(15), and (22)—-(25) of Ref. 1. In the above formulas we
assume the z dependence of all form factors to be of the
(1—z)" ! form and at z =0 their values are

my fr(0)~f'7%0)=0.38, T,~V=0.37,

TZ:A12A2=0.33 .

(24)

Using these values we plotted Fg_ x(z) and F,_  «(z)
with and without resonances in Figs. 2 and 3, respective-
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ly. It is clear that away from resonances differential rates
change very little.

The way to eliminate the resonance background is to
restrict oneself to dilepton mass well below the resonance
region. From the figures a reasonable cut seems to be
z <0.3. The signal from short distance is reduced by this
cut. For each of the three cases we have integrated from
Zmin 1O Zpa=0.3 and obtain the following reduction.
For b—>se te ™ the reduction is 25%, for B—>K*ete
the reduction is 55%, and for B —Ke Te " itis 50%. The
same should be valid for the u*u™ pair. This should
nevertheless permit one to observe the pure short-
distance contributions.

*On leave of absence from Rudjer Boskovic Institute, Zagreb,
Croatia, Yugoslavia.
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