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Using a recently developed relativistic constituent quark model based on the light-front formal-
ism, we evaluate the rare decays B—KII and B—K *II. The branching ratios vary between 10~’
and 107 for m, between 100 and 200 GeV. We also give the K and K * energy distributions.

I. INTRODUCTION

Rare decays of B mesons are an important way to
study some higher-order effects of the standard model,
and many studies have been devoted to _the:m.l_3 In par-
ticular the decays b—sy and b—»sll are interesting.
They are expected to occur at a rate accessible to coming
B-meson facilities and exhibit new signals of the mecha-
nisms behind the effective neutral flavor changes. Their
sensitivity to the top-quark mass makes rare decays an at-
tractive test of the three-generation standard model.*

The quark-level transitions b—sy, b—sll give rise to
decays such as B—~K*y, B—KII, B—K*II. Their rates
involve hadronic matrix elements whose calculation is
difficult. Encouraged by the success of the quark model
calculations by Jaus® and the availability of QCD correc-
tions to b—ssll (Grinstein, Wise, and Savage,‘S and
Grigjanis, O’Donnell, Sutherland, and Navelet’) we con-
sider the decays B—KIl and B—K*Il in this paper.
These decays have been evaluated most recently by Desh-
pande and Trampetic® using the (relativistic) quark-model
calculations of Bauer, Stech, and Wirbel® and the incom-
plete QCD calculations then available. In Ref. 6 the de-
cay B—KIl is calculated in the nonrelativistic quark
model.!® Our evaluation yields smaller rates than those
of Ref. 8. This is also evident from Refs. 6 and 7 and has
also been noted elsewhere.!! We also give the g2 distribu-
tions for the decays, where ¢? is the invariant mass of the
two leptons. We have not considered B— K *y since for
this process our results would agree with those obtained
using Ref. 9 (see Refs. 2 and 3).

In the next section we present the quark model used
and the calculations of the necessary matrix elements;
Sec. III details the calculation of the decay distributions
and rates. A brief discussion of the results is given in Sec.
IVv.

II. CALCULATION OF HADRONIC MATRIX
ELEMENTS IN THE CONSTITUENT QUARK MODEL

It has been demonstrated in Ref. 5 that the form fac-
tors, which are commonly used to parametrize hadronic
matrix elements, can be calculated in simple constituent
quark models. The method used in Ref. 5 is based upon
the light-front formalism originally due to Dirac!? and
used, for example, in Ref. 13 for the calculation of the
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charge form factor of the pion. The advantage of this ap-
proach is that the quark-antiquark wave functions of the
constituent quark model, which have been derived in the
analysis of the meson spectrum, can serve as an input to
determine in a consistent relativistic treatment internal
properties of bound states, such as form factors.

The light-front formalism which we shall use here is
specified by the kinematic subgroup which is the symme-
try group of the light-front x " =x°+x3=0. Light-front
vectors will be denoted by letters with arrows
P=(P*,P,) where, with n=(0,0,1),

P*=p°+p} P =P—(Pn)n. 2.1
It is crucial for the description of bound states of a quark
and an antiquark to establish the appropriate variables
for the internal motion of the constituents, whose mo-
menta we shall denote by ky and k,.

The total light-front momentum P=k, +1?2 is con-
served and the momenta of the constituents are usually
represented in the following way:

kl+=§P+, kf=0-&pPt,
k=8P, +p, ky=(1-8)P,—p,.

(2.2)

Since P2=P* P~ —P?=M?, the “Hamiltonian” P~ is re-
lated to the mass operator M for the bound state:

_ M’+P}
-
The dynamical structure of the front form can be exhibit-

ed, if the mass operator is expressed in terms of internal
variables and the interaction operator W:

2 2 2 2
+m +m
Mi=m3+W, m3=2* £ 1 pll gl ,

where m,m, are the masses of the constituent quarks.
It is convenient to introduce a vector p=(p,p;,p3)
whose transverse part is p, and the longitudinal com-
ponent is defined in terms of p, and &:

(2.3)

m3—m}

2.4
I 2.4)

py=(§—3)My—
In terms of this new variable M|, is simply given by
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M,=E,+E,, (2.5)

where E; =(m?2+p*)!/2.

The description of the motion of the constituents in
terms of the inner momentum vector p is effectively that
of free particles, and is independent of the motion of the
system as a whole. The wave function of the bound state
must be a simultaneous eigenfunction of the mass opera-
tor (2.3), and the angular momentum operators j* and j,
and depends only on the inner momentum vector p and
the spin variables A,A = +1 of the quarks. The rotational
invariance of the wave function for a gg state with spin J
and orbital angular momentum zero requires a spin
dependence, given by

Y(p, AL, JJ3)=R (AL, JJ3)p(p) ,
(2.6)

R(ARJIT= (ARY(p,m DIN Y (RIRY(—p,my)X")
AR

X (1LY
where the spin of a quark is rotated by an amount which
depends on its momentum. This Melosh rotation is
specified by!*

m+EMy—io(nXp)
(NIR py(pm)A) =y} — e
V/(m +EM, ) +p?

where Y, is the usual Pauli spinor and n=(0,0,1).

The application of the light-front formalism is more
transparent in the framework of the quasipotential
method® which allows a systematic treatment of gluon ex-
change in terms of the diagrams of the perturbation
theory. We shall treat only the one-loop approximation,
and shall derive explicit expressions for matrix elements
of currents between meson states, which correspond to
the Feynman diagram of Fig. 1.

For definiteness, we consider the matrix element of a
general current, which couples to the quarks of the gg
states:

Xa » (2.7)

(?",J”Jg’ Iq”Fuq’lﬁ’,J’Jg YWap'tprt =M, . (2.8)
The vertices of the Feynman diagram of Fig. 1 can be
represented in terms of the light-front wave function (2.6)
only if the correct gg structure of the vertex is main-
tained. It is a remarkable property of the light-front for-
malism that those parts of the one-loop diagram which
involve quarks created out of or annihilating into the vac-
uum can be eliminated exactly in the component M * of
the matrix element M#, if furthermore q+=0, where
q=P"—P'. The one-loop approximation for M* is
given exactly by

: 1 ' 172
+__ 1 fd:’p’i EVE; M,
(2m)? ¢ | E\EMY
X S i AR I kA

AMAR
XTHu (k) A (p', MR, J'T)
(2.9)
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FIG. 1. One-loop Feynman diagram representing the transi-
tion of the heavy meson to the light one.

All double primed variables in Eq. (2.9) can be ex-
pressed in terms of the integration variable p’ and q,, us-
ing Egs. (2.2)-(2.4) and

kYT =¢EP'T, ki =k +q,,

p/'=p +(1—€)q,, (2.10)
. ., my’—mj

P; =(§‘%)MO - My

For the discussion of the next section, we shall need
the following hadronic matrix elements first for the tran-
sition B —K:

J,={pg|sy,Lblpy )V 4ExEp
NF,P,+F_q,),

II

(2.11

JI=(pglsio,q"Rblpy )V 4ExEp

1
= Aot mey Pud’ (i —mi g, Fr . (212)

where P =py+px and ¢ =pp —pg. (Our convention is
0,,=(i/2)[y,7,].) The form factor F_(g* in Eq.
(2.11) gives no contribution to the rate of the transition
B —KII. (We neglect the lepton masses throughout, since
we only consider / =e,u.) The other form factors of Egs.
(2.11) and (2.12) can be calculated using Eq. (2.9). The
relevant matrix elements of the effective couplings of the
quarks are given by’

7kt A"y T Lu (kM) =&pg xi(1—o)xy »
gk Ao Vg, Ru (kA"

(2.13)

=—épgxi-lin(o Xq) +0,-q,Ixx »
(2.14)

where n=(0,0, 1), which leads to
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1 1
F.(gH)= dp'Qp",p ) —————{pLp. +Em, +(1—Em, N[ Em, +(1—Em, ]}, (2.15)
gh)= s [ dp e p )y (PLpY F [y + (1= Em g, + (1= Em, ]
mg+mg 1 PI'qy
Fr(gh)y=—— [ d’p'Q(p",p" )~ |(m,—m,) +[Em, +(1—E)m ] (2.16)
r(q (2#)3fppp§ b e (€ &im]
where
T ElllEll’Mé " ” 21—-1/2 "2 21—1/2
Q(P”,P’)=¢B(P”)¢K(p') ol ”" [MO —(ms——mu) ] [MO _(mb—mu) ] (2'17)
E\E;M
[
nd
: = | ig€unape* P
E'1’=(m13+p102)1/2’ E'Z'_—_(ml‘z_'_pHZ)l/Z’ 2
E{=(m}+pH'V? E)=(m}+p?V2. +a0(m3—m12<*) e;——ze‘qq#
The relation between p"’ and p’ is given in (2.10). The ha-
d.ronic matrix elements for the transition B—K* are +a,€eP P#——% Pqq,, ‘ ) (2.19)
given by q

J#E<pK*\§')/#LblpB >‘/4EK*EB
1

Again, the terms proportional to g, =(pg —Pg+), do not

—2(—+—)[ iVeym,ge*"P“qB'f— Ao(mé*-mf(* )€, contribute to the rate of the transition B—K*ee. The
Mp T Mg+ polarization vector €,=¢,(J;) of K* has components
+A, PP, +4_e*Pg,], (218 €ED=F(0,1,+i,0)/V2 and €(0)=(0,0,0,1) in the rest
# i system of K*. Using Egs. (2.9), (2.13), (2.14), and (2.17)
J={py+5io, 4 Rblpy )1/ 4E  +Epg the form factors are given by
mptmy . 1 PL'd; 2 (pi-q,)’
Vigh)=————— [ d’p'Q(p",p" )~ |(my—m,) + +(1—&)m, + e ,
K Gy AP | ey :
(2.20)
-1 1 P4,
A, (gH)= d’p'Qp",p' )~ +(1—&m,————[m,+(1—26m, +2
+(q (zﬂ)s(mﬁm“)f P'QUp"p" g | b+ (1= Ehm, == = [m £m, +26m, ]
_ 2pi-q,
(1=E)q My+m,+m,)
X{pl-p’ll+[§mu+(1_§)mb][§mu——(l_§)m:”] ) (2.21)
2 2 2
mg—m, mg—mis—q
= 4g(g)+ ——5 4. (g) | = ;gD ,
Zm .. mg—mgs
1 1
A 2y — 3.7 Il’ ' _ _ (1 roar
3(g?) (21r)3fdpﬂ(p P E—gy |Lma T (=Em, lgm, +(1=Em, 1= (1=26)p}p]
U8 2 m, +m) —plqlem, —(1—Om,)} |, @22)
My+mg+m,
g(qZ):_ 1 fdP'Q(P” ;) 1 12_2(1_§) 12+£B_1Ll)2 +(1_§) '
(27)} P E(1—¢) Py Pl 2 P q;
+[Em, +(1—=Emy[Em, +(1—E)m,]
2(1—€)my, +my) (pi-q)?
_em pp4 I (2.23)
My+m,+m,
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TABLE 1. Values of the various F(0), A, and A, defined by Egs. (2.11), (2.12), (2.18), (2.19), and
(2.26).
Form factor
F
Parameters F, F vV A, A, g a., a,
F(0) 0.3 —0.3 —0.35 0.24 —0.37 031 —0.31 0.31
A (GeV) 4.06 4.08 405 4.39 592 405 437 640
A, (GeV) 5.51 5.50 5.45 5.81 854 544 584  8.84
a,(gh)= : [d*pap” n—L '2+2(1—§)M—<1—2§x1—g) -
+ (277)3 p P P g(l_g) P qz P19
+[Em, +(1—Emyl[Em, +(1—E)m_]
' 2
2(1—§) (pirqy) ,
— (my+m,)———+[Em,—(1—&)m . , (2.24)
M6+m5+mu ( b s q2 [§ u § s]pi q
1
2 [(mg—m}laglg®)+(mg—mls—gqa . (g>)]=as(q?),
03(q2):— 1 fd:iplﬂ(p//’pl)_l—
(2m)} E(1—¢)
(1—§)q2[§mu +(1=8&m ]—pl-q(1—28)ém, +(1—E)m, +(1—2EN1—E)m, ]
2 ’ ’ ’ ’
+ M———{(l—é‘)quf _Pi"h!MZ —prqém,—(1=8Em J[Em, +(1=Em, 1} | .
otm,+m,
(2.25)

For convenience all form factors have been derived for
transitions K (K*)— B in the rest system of K, respec-
tively, K*. The expressions for the form factors given
above are valid only for g2<0 (since ¢ ¥ =0), while for
the decay B — Kee the physical values for ¢? lie in the
range 0<q?<(mp—my)?. It has been shown in Ref. 5
that the form factors for spacelike g can be continued to
timelike ¢ in the environment of q2=0, if the form factor
F(q?) is approximated by

Y FlO)
1—q%/A3+q*/A%

F(q (2.26)

The parameters A, A, are determined by the first and
second derivative of F(g?) at ¢>=0. In order to avoid
extensive numerical calculations, we used an approach
analogous to the one of Ref. 15, where harmonic-
oscillator wave functions are used for the S-state wave
function @(p) defined in Eq. (2.6). The quantity Q(p"',p’)
defined in Eq. (2.17) is therefore determined in terms of
oscillator wave functions of the type

e(p)=7"34B 732 27)3 2exp(—p? /2B . (2.27)

We used® constituent quark masses m,=0.29 GeV,
m;=0.42 GeV, and m, =4.9 GeV, which are close to the
quark masses given in Ref. 16, and By =BK. =0.3575
GeV and Bz =0.386 GeV. The values of F(0) and A, A,
for the various form factors used are summarized in
Table I.

III. THE DECAYS B —»KITAND B K *IT

A. Effective operator on the quark level

In this section we follow closely Refs. 6 and 7. (It has
been recently shown!'! by the authors of Ref. 7 that the y 5
procedure of Ref. 6 yields the correct QCD corrections.
Also, some corrections not included in Ref. 6 yield small
contributions and are not included here.)

Starting from the standard-model* interaction

d
Lo=L W (@, .. LV |
u sLsby oo b

= = 3.1
int ‘/2 ’ ( )

where V' ={V,;} is the Cabibbo-Kobayashi-Maskawa*
(CKM) matrix and L =1(1—y5), an effective Hamiltoni-
an for the process b—sll is derived by integrating out
successively heavy particles. Since we expect the top-
quark mass m, to be as large as My, t,t’, ... disappear
together with the W, leaving an effective Hamiltonian
which only depends on light fields.

For our processes, a sufficient®’ Hamiltonian is (the
notation of Ref. 6 is used)
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7= 2Cr S Ao (p)
=—= HaAYY u
V2 i=1,2,7,8,9 ! !
i=u,ct,.
4G
=— 3 ¢(Wo;(w) , (3.2)
j
where
0,=(sy,Lb)cy*Le) ,
0,=(y, Lb)cy Le)
e
O,=——m,(5 b)F* | (3.3)
7 167TZmb U;WR
o2
O3= 2(s*yuLb)(ey"e)
167
Oy= (sy Lb)ey*yse) ,
9 1617'2 Vu YYs
and
A=V Ve, i=ctt, (3.4)
For the operators O4, Oy, Oq, i =t,t', ... (all heavy

internal particles) while for O,, O,, i =c. The up quark
is not included because A, =V, V% is tiny.

(3.2), p is the ‘“scale;” and if w=~m,, one does
not expect the matrix elements of the O; to contain large
logarithms, In(My,/m,). These are absorbed into
the c/(m,) whose value is determined by the
renormalization-group equation from the perturbative
value c}(MW ). As shown in Refs. 6 and 7, one has

¢ (my)= ‘%(p_6/23—pl2/23)kc ,

(3.5)
C2(mb):_%(P_6/23+P12/23)}»C ,
cg=3 A;cg(my)
=3 Ack(My)
4A
___a (M:V)[_Bi(l__p 11/23)+%(1_p—29/23)] ,
(3.6
ngz K,»Cé.(mb)=2 }\-,Clg(Mw) 5 (3.7)
i i

C7:2 }\4[C‘7(mb)

p—16/23 2)\‘ C7 MW 10/23_1)

[ 135
+l_28%(p28/23_1)]
(3.8)
where
as(mb)
=—=~1.9.
P . (My)

The c/(My,) are given by*®’

3409
(Mw)z% (x,-),
ch(My)= smle [B(x;)—C(x;)]
+4C(x;)+D(x;)— % (3.9)
Clg(Mw)z Sinlew [C(x,)_B(x‘)] s
where
m?
= 3.10
X; M2, ( )

and the functions 4,B,C,D are

_ | 2x*/3+5x/12-7/12  3x%/2—x
A(x)=x Inx | ,
(x—1) (x—1)*
(3.11)
_1|_ x x
B(x)—4 x_1+(x_1)2lnx , (3.12)
Clxy=% (X223 3xpat Ly, 1 (3.13)
4 | x—1 (x —1)2
— 3 2
D (x)= —19x°/36+25x2/36
(x —1)
+—x4/6+5x3/3 3x2+16x/9— 4/9 .
(x —1)*
(3.14)

The operators O,,0, will contribute to the b — s/l ma-
trix elements through c-quark loops. These result in an
expression with the same structure as Oy, because the
coupling of the ¢C pair to // is through the (vectorial) pho-
ton. Thus, 0,,0, can be included in an “effective” Oy if
the coefficient c3(m, ) is replaced by

eff i m, A~
cg = Aicg(my)—A [3¢c\(my)+c,(m,)]g —“,S} 8
i b
(3.15)
8 16 z
T = — —1 2__ 9 P&
g(2%) T T 9 %
2 42 ' 472
+ = 1--% 2+ 2 ]
9 3 3
, 1172
1+ [1-22
5
X |In S 172 +im ||,
1— 1—4i]
3

$>z2, (3.16)
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gz8)=—|-Inz*———=———
27 9 3 4G 2 & 2m, -
172 =5 7| (8T e |IrH
4 422 422 ‘/2 167
to | T P -
913 g +eod Jyiysl |, (3.20)
172
42 . . _
Xarctan |—— —1 ) where J,,J, are the matrix elements of sy, Lb and
s i50,,9"Rb [see Eqgs. (2.11) and (2.12)] and the final state
$<z?, @3.17 F is either K or K*. After integrating over the lepton
momenta and summing over their spins, keeping
where q =p, +p; fixed, we get
2
m, (p+pp)”
= , S =———= . 3.18 4 v v
z - q mé q°/mg ( ) b f|M 2 ~3;Glg(qu —gh'g?)
leptons
The second piece in (3.15) reflects the contributions of O,
dO 2m, T
anc ©;- — X | |e§,——5cqJ
Similarly, O, will contribute to b —s// through photon ko g? #
exchange, resulting in an effective coupling «c, /g2 In- 5 *
cluding this, the effective transition operator is o my
g P X leg,——5c,J]
4GF e2 2iC7mb —
H=—= cfsy Lb ————50,,9"Rb |(Iy*])
V2 167 | |FTH PERRTS 4 +legl2, I x . (3.21)
+co(5y, Lb) Iy ysl) | . (3.19)

Here, ¢ =p; +py; ¢, c;,cq are given by (3.15), (3.8), and
(3.7), respectively.

B. Matrix element and rate for exclusive decays

Starting from (3.19), we can obtain the rate in a stan-
dard fashion. We write

2

52
_ mpGp | 2 Smax . $37?
I(B—KI)= dﬁj——— cFF, —
487 | 167? fﬁm 2 §o
miG2 2 2 S
_Mp 3F e . fd&‘dr(S) '
487 | 167 a5
10°¢

T T

1 1 1 1
40 70 100 130 160 190
m, [GeV]

FIG. 2. Branching ratios of the rare processes B—KIl,
B—K*e¢, and B—K *pu as a function of m,.

In obtaining (3.21) we have neglected the mass of the lep-
tons (we only consider e and p).

1. B—KIl

Using the matrix elements (2.11) and (2.12) of the pre-
vious section, we get, for the total rate,

2
2¢,Fr +|cgl2Fﬁ

1+Vk

(3.22)

[Note that with our normalization, the usual phase-space
factors (2E) ! are included in (2.11) and (2.12).] Here

2

m
K=—o, $=(E—1—k)’—dx,

mp

(3.23)

2 am} ~
=L S=— Sma=1—2Vk+k.

mp mpg

Since dI'(5)/d8 can have a pole at §=0 (see Sec. III B2)
we must include the lepton mass at this point. In obtain-
ing (3.22) we have used mg=m,, a rather unproblematic
simplification. Note that V¢ /2 is the normalized three-
momentum of the kaon.

We divide (3.22) by the total width of the B meson, es-
timated to be!”
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T T T T T T T
8+ m,=190GeV 107 d_I'(B_:K_II_)_ .
ds
er m,=160GeV
4 -
2 -
0

00 ©O04 02 03 04 05 06 07 08

3411
and obtain the branching ratio
2
3I'T'IﬂX 5
_r _ 42 a f d?dF(S) . (3.25)
rtot l Vcb] f 4m ?min d§

where dI'(8)/dS is given in (3.22).

Restricting ourselves now to three generations, we
need only A, ~—A, (A, is small). Equation (3.22) is then
proportional to A, which drops in (3.25); we then have

B=4.5x10"7 [ 4L

(3.26)
ds

We note that the lepton masses have been neglected
throughout, except in determining the lower limit of the §
integration. This is irrelevant in the case of the kaon;
however, in the following discussion of the K*, the
correct 3, is crucial since the partial rate has a (1/%)
behavior near $=0. All other effects of the lepton mass
are tiny, except for the 7 which is not considered here.

_FIG. 3. Partial  branching ratios  of B—KII, In Fig. 2 result (3.25) is given for various values of m,.
§=(pi+py)°/mp. Figure 3 shows [dT'(8) /T, ]/d5.
_ fm3GE 2. BK*IT
tot 3 |Vcb| ’
1927 .
(3.24) We now use (2.18) and (2.19) and obtain, instead of
f=3.0 (3.22), the expression
]
5 2
maG 2 3 max 172 ¥ )2 2
=R e | [ T G+ IR |+ U TS g 2 o Rermt )21+t |
487 167 8 min 2 4k* 4x* 4k*
(3.27)
where k* =mp2?/m}, and ¢ and 3,,,, are given in (3.23) but with « replaced by «*; furthermore,
2
|G|2= |cF V__ _Eflg C9V___ (3.28)
+Vik* % 1+Vk*
2c g
|F|2= cgﬁAo(l—\/K*)—%ao(l—K“) +leg Ag(1—V'k*)|?, (3.29)
4 2¢ cod, |?
od 4
. 2= oA 21, i Lt (3.30)
" P14V s 1+V*
2c, A, 2, co A coAg(1—Vk*)
ReFH* =Re [c$fA4,(1—Vk*)——ay(1—k*) | |cF——F———F——a Re —
* 8 7o 3 ° Pa+vier s T 1+ Vi
(3.31)

Here, Ay, A,,V,a4,a,,8 are the form factors intro-
duced in (2.18) and (2.19).

Again, we work in the three-generation model. This
yields

dI'(3)

B(B—K*I=3.9X 10“7fd§?— : (3.32)

where dI'(8)/d$ must be taken from (3.27).
The normalized partial rates are given in Fig. 4. The
branching ratios are plotted against m, in Fig. 2. The

f

rates for B— Kee are larger than those of B—Kpufi be-
cause of the pole at § =0 discussed earlier.

IV. SUMMARY AND DISCUSSION

In this paper we have used a light-front formalism
based on relativistic quark model®* and QCD-corrected®’
quark-level operators to calculate the exclusive branching
ratios (BR’s) for the rare processes B—KIl, B—K *ufi,
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T T T T T T
I07 dr (B;KH)
12+ ds 4
m,=190GeV
8 B
m,=160GeV
m,=130GeV
aqk i
m'=‘|OOGeV
- ™= 70GeV §
0 1 1 1 m,=4OQeV 1 |
0.0 04 0.2 0.3 0.4 0.5 0.6 0.7
§
FIG. 4. Partial branching ratios of B—K*I[

’s‘=(p1 +p7)2/m§.

and B—K*ee. We have not reevaluated B—K *y since
in this case our model agrees with previous estimates.’

Our results are shown in Figs. 2—4 for the total and
partial branching ratios, respectively. [We have not
drawn the threshold effect at $=4m?/m} coming from
the function g [Eq. (3.16)], since it gives rise to a very
small jump (Refs. 6 and 7).] In the favored range for m,
between 100 and 170 GeV, these BR’s are between 10~’
and 1075,

In comparison to previous calculations,® the BR’s are
considerably reduced. This effect of the QCD correction
is already present in the inclusive calculations of Refs. 6,
7,and 11.

In the exclusive decays, in particular those with a K*,
this suppression can be partially understood from the first
piece in « [Eq. (3.19), or from Eq. (3.21)]. Depending on
the signs of the form factors J,, and J Z, there is a strong
cancellation between the terms proportional to cg and ¢4,
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respectively. (This is not the case in the inclusive decays,
where the matrix elements of y, and o,4q" have a
different form.) It turns out that in our model this can-
cellation indeed takes place, if §~|2c, /c§“|_~:0.15, de-
pending on m,. (One might be tempted to use the posi-
tion of the minimum to predict m,. However, it is more
likely that top will be discovered before these curves can
be determined precisely.) This effect is seen clearly in
Fig. 3, where the partial rate goes through a minimum in
this range of 5. A change of the relative signs of J, and
J : would increase the rate by about a factor of 3—-4.

This suppression is not operative for very small §; as a
result the rates for K *eg and K *uf differ more strongly
than in Ref. 8. This preference of small § clearly favors
the use of the relativistic quark model, since the nonrela-
tivistic model'>!® does not predict reliably the § depen-
dence of form factors, and is particularly uncertain for
small values of . Considering the § dependence, we note
that the form factors in our model [Eq. (2.26)] deviate
from the usual ansatz (Ref. 9) for the relativistic model or
the nonrelativistic model used in Ref. 6 to estimate
B —KII. Since (2.26) can be roughly represented by

2 F(0)

Flg))=—""""—— with Ag=A,,
7 (l_qZ/A%E)Z i g

the rate for larger values of ¥ is increased compared to the
ansatz F(g*)~F(0)/(1—q%/A?) in Ref. 9. Comparing
our results to those obtained with the nonrelativistic
model (Ref. 6), say, for m,=100 GeV, there is good
agreement for §20.6. For smaller §, the exponential
damping in the nonrelativistic model reduces the rate in
comparison to the relativistic model.

ACKNOWLEDGMENTS

We would like to thank A. Aeppli, R. Grigjanis, P. J.
O’Donnell, H. Simma, M. Sutherland, and J. F.
Donoghue for discussions.

!B. A. Campbell and P. J. O’Donnell, Phys. Rev. D 25, 1989
(1982); P. J. O’Donnell, Phys. Lett. B 175, 369 (1986).

2Recent reviews include D. Wyler, in PSI Spring School on
Heavy Flavor Physics, 1988, edited by M. Locher (PSI report,
1988); W. S. Hou, in Proceedings of the XXIV Conference on
High Energy Physics, Munich, West Germany, 1988, edited
by R. Kotthaus and J. Kiihn (Springer, Berlin, 1989); P. J.
O’Donnell, Toronto Report No. UTPT-89-27 (unpublished).

3QCD corrections have been considered by S. Bertolini et al.,
Phys. Rev. Lett. 59, 180 (1987); N. G. Deshpande et al., ibid.
59, 183 (1987); B. Grinstein et al., Phys. Lett. B 202, 138
(1988); R. Grigjanis et al., ibid. 213, 355 (1988); 224, 209
(1989).

4S. L. Glashow, Nucl. Phys. 22, 579 (1961); S. Weinberg, Phys.
Rev. Lett. 19, 1264 (1987); A. Salam, in Elementary Particle
Theory: Relativistic Groups and Analyticity (Nobel Symposi-
um No. 8), edited by N. Svartholm (Almqvist and Wiksell,

Stockholm, 1968); S. Glashow et al., Phys. Rev. D 2, 1285
(1970); M. K. Gaillard and B. W. Lee, ibid. 10, 897 (1974); M.
Kobayashi and T. Maskawa, Prog. Theor. Phys. 49, 652
(1973); T. Inami and C. S. Li, ibid. 65, 297 (1981); 65, 1772
(1981).

SW. Jaus, preceding paper, Phys. Rev. D 41, 3394 (1990).

6B. Grinstein, M. B. Wise, and M. Savage, Nucl. Phys. B319,
271 (1989).

TR. Grigjanis, P. J. O’Donnell, M. Sutherland, and H. Navelet,
Phys. Lett. B 223, 239 (1989).

8N. Deshpande and J. Trampetic, Phys. Rev. Lett. 60, 2583
(1989).

SM. Bauer, B. Stech, and M. Wirbel; Z. Phys. C 34, 103 (1987).

105ee Refs. 15 and 16, and also T. Altomari and L. Wolfenstein,
Phys. Rev. D 37, 681 (1988).

11Mark Sutherland (private communication).

12p_ A. M. Dirac, Rev. Mod. Phys. 21, 392 (1949).



41 RARE DECAYS B—KI[ AND B—K*IT 3413

3P, L. Chung, F. Coester, and W. Polyzou, Phys. Lett. B 205, (1977)].
545 (1988). I5N. Isgur, D. Scora, B. Grinstein, and M. B. Wise, Phys. Rev.
14M. V. Terent’ev, Yad. Fiz. 24, 207 (1976) [Sov. J. Nucl. Phys. D 39, 799 (1989).

24, 106 (1976)]; V. B. Berestetsky and M. V. Terent’ev, ibid. 163, Godfrey and N. Isgur, Phys. Rev. D 32, 189 (1985).
24, 1044 (1976) [24, 547 (1976)]; 25, 653 (1977) [25, 347 17E. A. Paschos and U. Tiirke, Phys. Rep. 178, 145 (1989).



