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Rare B—K*1*|~ decay in light cone QCD
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We investigate the transition form factors for tRe-K*1*1~ (I=u,7) decay in light cone QCD. It is found
that the light cone and three-point QCD sum rule analyses for some of the form factors for the decay
B—K*1"1~ lead to absolutely differenti> dependence. The invariant dilepton mass distributions for the
B—K*u*u~ andB—K* 7" 7~ decays and final lepton longitudinal polarization asymmetry, which includes
both short- and long-distance contributions, are also calculp&&h56-282(197)06519-3

PACS numbsgps): 13.20.He, 11.55.Hx, 12.38.Cy

[. INTRODUCTION tween the stateB and K*. This problem is related to the
nonperturbative sector of QCD.
Experimental observatioft] of the inclusive and exclu- These matrix elements, in the framework of different ap-

sive radiative decayB— X,y and B—K* y stimulated the ~proaches such as chiral theo], three point QCD sum

Study of rareB decays on a new footing. These flavor- rules meth0({9], relativistic quark model by the Iight-front

changing neutral currentFCNC) b—s transitions in the forma_lism[lO,l]], have been investigated. The aim of this

standard mode{SM) do not occur at tree level and appear work is the calculation of these matrix elements in |Igh'F cone

only at loop level. Therefore the study of these rarmeson ~ QCD sum rules method and to s;cugyithe lepton polarization

decays can provide a means of testing the detailed structufPymmetry f°_f the ext_:lu5|yB—>K 1" defaé/ S .

of the SM at the loop level. These decays are also very useful T_he effective Har_mltonlan for thé— sl .l decay, in-

for extracting the values of the Cabibbo—Kobayashi-Maskav§Iudlng QCD correction$12-14 can be written as

(CKM) matrix elementg$2], as well as for establishing new

physics beyond the standard mog&]. 4Gg
Currently, the main interest on raB-meson decays is Heff:EthstZJl Ci(u1)Oi(w), N

focused on decays for which the SM predicts large branching

ratios and can be potentially measurable in the near future.

The rareB—KI*1~ and B—K*1*1~ decays are such de- which is evolved_from the electrowegk scale downute my

cays. The experimental situation for these decays is verfy the renormalization group equations. Hefg represent

promising[4], with e*e~ and hadron colliders focusing only he relevant CKM matrix elements, a@y are a complete set

on the observation of exclusive modes withe, u and 7 of renormalized dimension 5 and 6 operators involving light
' fields which govern théd—s transitions andC;(u) are the

final states, respectively. At quark level the process,.. e i
b y q P S\N|Ison coefficients for the corresponding operators. The ex-

b—sl*l~ takes place via electromagnetic a@dpenguin - .
. . . licit forms of C;(«) and O;(w) can be found if12-14.
andW box diagrams and are described by three independe orb—sl*1~ decay, this effective Hamiltonian leads to the

Wilson coefficientsC,, Cq, andC,,. Investigations allow matrix element
us to study different structures, described by the above men-
tioned Wilson coefficients. In the SM, the measurement of
the forward-backward asymmetry and invariant dilepton Gra
mass distribution i—ql "1~ (q=s,d) provide information M= ——VpVi
on the short distance contributions dominated by the top &
quark loops and are essential in separating the short distance C,_ _
FCNC process from the contributing long distance effEsts —2— sio,,q" (MpR+mgL)bly#l |, 2
and also are very sensitive to the contributions from new q
physics[6]. Recently it has been emphasized by HeWeétt
that the longitudinal lepton polarization, which is anotherwhere g? is the invariant dilepton mass, and
parity violating observable, is also an important asymmetryL (R)=[1—(+)vs]/2 are the projection operators. The co-
and that the lepton polarization bv-s!* |~ will be measur-  efficient CS“(M,qZ)ECQ(M)vLY(M,qZ), where the functionY
able with the high statistics available at tBefactories cur-  contains the contributions from the one loop matrix element
rently under construction. However, in calculating theof the four-quark operators and can be found[12-14.
branching ratios and other observables in hadron level, i.eNote that the functiorY(u,q?) contains both real and imagi-
for B—K*| "1~ decay, we have the problem of computing nary parts(the imaginary part arises when thequark in the
the matrix element of the effective Hamiltonidr.; be- loop is on the mass shgll
The B—K*1*|~ decay also receives large long distance
contributions from the cascade procesB—K*J/
*Electronic address: taliev@rorqual.cc.metu.edu.tr H(y')—K*1 717, These contributions are taken into account
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by introducing a Breit-Wigner form of the resonance propo- ,

gator and this procedure leads to an additional contribution Hf)(p-Q):iJ d*xe(K* (p)[s(X)io,,q"(1+ ys)b(X)
to CE" of the form[15] _
Xb(0)iysq(0)|0). 0

i
- 3_77 mZVF(\2/—>|. ) ) Here the first correlator is relevant for the calculation of the
a? v=aryy (QT—my) —imyTy formfactorsV(q?), A1(g?), A,(g?), andAy(g?) and the sec-
ond one forT,, T,, andTj;.

As we noted earlier, for the calculation of the branching The main task in QCD is the calculation of the correlation
ratios for the exclusive8—K*1 7|~ decays, first of all, we functions(6) and(7). This problem can be solved in the deep
must calculate the matrix element&* ’S_y#(l— vs)q|B) Euclidean region, where bpth v@rtualitiqé and (p+q)? are
and<K* |§U,uvpv(1+ 75)q|B> These matrix elements can Ial’ge and negatlve. The Vlrtuallty of the heaVy quark in the

be parametrized in terms of the form factors as folldgme  correlators(6) and (7) is large, of ordemi—(p+q)?, and
also[9]): one can use the perturbative expansion of its propagator in

the external field of slowly varying fluctuations inside the
vector meson. Then, the leading contribution is

(K*(p,€)[sy,(1- y5)b|B(p+a))

4,, 44 i(q—k)x
) , 2V(q2) 1) _. d*xd*k e
:_EIU'VP‘TG* P mB+mK* H/_L (piq) | (27T)4 (mg_kZ)
Ax(0P) X (K*[s(x) y,(1— v5) (k+my) ¥50(0)[0),

—ic* 2 i P
i€, (Mg+mMy«)A(q )+'(6*q)P“mB+mK* ©

- 2mK* d4 d4k ei(q—k>x
* A 2 —A 2 , 3 _ X v
+i(*0) S [As(6%) - Ao, @ nPea=- | Garpre
(K* (. €)[5707,,0"(1+ 75)bIB(p+0)) XK S0, (1+ 75) (K ) 750(0)|0)

= de,0e PATTY(GD) + 2[5 (PO) ©
It is obvious from the above expressions that the problem is
Ts(g?), reduced to the calculation of the matrix elements of the
gauge-invariant nonlocal operators, sandwiched in between
(4)  the vacuum and the meson states. These matrix elements
define the vector meson light cone wave functions. Follow-
ing [16,17] we define the meson wave functions as

2

qu‘ﬁ

—(e*q)P,IT2(q?) +2i(e* q) P,

where e; is the polarization vector oK*, p+q andp are
the momentum oB andK* andP,=(2p+q),. The form —
factor Ag(g?) can be written as a linear combination of the (01d(0),.,a()[K* (p,€))

form factorsA; andA, (see[9)): 1 ‘
=i(€,Py €, Ficx f due P, (up?), (10
0
Mg+ Mg Mg — Mk
As(gP) = —A(qD)— —Ag?), 5 —
3(9%) P 1(a%) T 2(g%), (9 (0[900)7,.a(X)|K* (p. )
€X 1 )
with the conditionA3(0)=Ay(0). In calculating these form = pﬂp—XfK* My fo due UPXg, (u, u?)

factors we employ the light cone QCD sum rules.

X 1 i

+| e,—p,—|fsMgs | due UPg(u,u?), (11

Il. QCD SUM RULES FOR FORM FACTORS (6“ P px) K=K fo g (ups, A
According to the QCD sum rules ideology, in order to .

calculate the form factors we start by considering the repret01a(0) v, ¥sd()|K*(p,€))
sentation of a suitable correlator function in terms of hadron 1
Iangua}ge and quark-gluon language. Equating these repre- :_quvpofvprUfK*mK*f due““png‘)(u,ﬂz).
sentations we get the sum rules. For this purpose we choose 0
the following correlators. (12)

. . _ The functions ¢, (u,x?) and ¢,(u,u?) give the leading
Hf)(p,Q)ZIJ d*xeP(K* (p)[s(X) y,(1— y5)b(X) twist distributions in the fraction of total momentum carried
_ by the quark in the transversaly and longitudinally polarized

X b(0)iysq(0)|0), (6)  meson, respectively. IfL7] it was shown that
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3 H =UN~—2
gi(u)=2[1+(2u—1)2], (13) ereb=3Nc—3n¢, and

n+1 1
g% (u)=6u(1-u), (14) ¥n=C¢ 1+4j§2 7l (17)

which we use in the numerical analysis. For the explicit form
of ¢, (u,u?) we shall use the results p17]: whereCg=(N&—1)/2Nc.

As in [17], we will use the following values for the pa-
rameters appearing in Eg4.0—(12) and Eq.(15):

¢, (u,u?)=6u(1—-u)j 1+as(p)(2u—1)

fe.=210 MeV, af (u=m,)=0.57,

2 1 7 3
+ay(u)| (2u—1) 5 +az(u) §(2U_1)
a" (u=my)=-1.35, andal (u=m,)=0.46,
—(2u-1) |+, (15)
( : ] ¢y(u,u?)=6u(1-u). (18
ag(p) |7’® , .
an( ) =an( Lo S_} _ (16) Using Eqgs.(10)—(12), we get the following results from Eq.
" " as( o) (8) and Eq.(9) for the theoretical part of the sum rules:

* ~(V) 2 * 1 1)) G(v)
€91 +2(q€e*)p, 1 (P =G

1du my 1du 1@y
1 _ . 14 g 1 —_
HL)——lmbe*mK*fO T — €40p0€* P [—2 fK*mK*fo AZg(L"")Jer*J’Odu A

1
—ifi*fodu%[e;(qurpZU)—pﬂ(qe*)], (19

)

NP =¢,,,,€ "p’q’| myfy flﬂqs — Mix Fee Jlﬂ(cb —G<v>)—fld—uug<v>—fl au g'?(A+g%+pqu)
m nvpo bK*OAJ_ K* K OA I 1 OA L OWL

_(‘D\\_G(f))+u9(f)+7 5A

ire* tdu 1 du 9@  g@u(qp)
+I[€”‘(pq)_(qs*)p#][mbft*fo X¢L+mK*fK*fO I = +—L

2
w_ PY

du
N h) ﬁgL

: 1 , 1du
Fime fe[ 50— (e)a,] | +2ime e (@€ ), (b, | $2(®-G), (20

where 2
oo fgmg

“ T mma—(q+p)7]

(K*(p)[sy,.(1—vs5)q|B(p+a)),

®,(u)=— foum(v)dv, 22

2

u (2)_ 2fBrnB

G (u)=— f o"(0)do, (21 b mlmR— Q1 p)7]
0

X(K*(p)[sio,q(1+ y5)a|B(p+q)). (23

and
Using the definitions of the form factofsee Eqs(3) and

(4)] in Egs.(22) and(23) and equating these expressions to
Egs.(19) and(20), we get the sum rules for the form factors.
The remaining part of the calculation follows from the QCD
Let us turn our attention to the physical part of the correlatorsum rules procedure: perform the Borel transformation on
functions (6) and (7). Writing a dispersion relation in the the variable p+q)? and subtract the continuum and higher
variable (p+)?, one can separate tlBemeson ground state states contributions invoking quark-hadron dualifetails
contribution to the correlator functiond() andI1{?, by  of these procedures can be found[it7—19). After this
inserting a complete set of states between the currents in Eqstocedure we obtain the following sum rules for the form
(6) and (7) focusing on the termiB)(Bl|: factors:

A=mi—(g+pu)?.
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mB+ Mg+ My 2,02 1 my 2,02 1
\V; 2y mg/M f A 2 —A 2y mg/M
(9%) 5 fB—mge B édU 3(9%) —Ao(q°) T fB—mge B 5dU
m2+ p2uu—q2u m2+ p2uu—q2u
Xexp — oM Xexp — oM
(a) fi my, s My« 1 ¢
91 kx DL ik Mkr o gy ¢t PL
x[mbe*mK*W+T], (24 [W(Q)II G") ZfK* e
(27)
A(9?)= _ LR e”‘é’szldu
1 mg+ Mgx famg 5 From Eq.(26) and Eq.(27) we get a new relation between

mZ+ p?uu—gu f g\
Xexp — ————5—— | { MyfyxMys —
UM2 b! K* HK* u

fe b1 (MG — G2+ p%U?)
+ o , (25)
2 My 22 [t
Ax(g%) = —(mg+mgx) ~ems du
meB )
ox _m§+p2uu_—q u
uMm?
mbe*mK* v 1 L ¢J.
[—uzﬁz—(‘bﬁq))—gfw? :
(26)

2.5 T T T

12 16

4 8 12 16

form factorsAs, Ag, andA,:

Ax(a%)g?
2Myx (Mg+Mgx)

As(g%) —Ag(q)=— (28

For the form factorsT,, T,, and T3, we get the following
sum rules:

1 m, 2.2(tdu mé+ p2uu—qu
A mg/M _ _
@) =7 fgm2 e f,; u exp( um?

(a)

v v gJ‘
q’u_G(l )_Ugi)_T

X[ mbft* (ﬁL_fK*mK*

gt (mi+9?—p?u?)
B 4uM?

} : (29

0.6 [ i

Ai(g?)

04 .

4 8 12 16

4 8 12 16

FIG. 1. Theg? dependence of the form facto§g?), A1(G?), Ax(q%), andAq(q?).
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1 T T T 0.5 T T T

11(g*)

1 1
12 16

8
¢ (GeV?)
(b)

4 8 12 16

FIG. 2. Theqg? dependence of the form factofs(g?), T»(q%), andT3(g?).

1 m, 2. .,(ldu m2+ p2uu—qu p? MpFex b
2\ _ m&/M - _ Mol 0©)— @2y _— 2" "7 m2_2
T2(9%) 2(mé*—mi*) meée S T M fiex My« | 9 ov290 |9 T (m,—q
22 (mp—g°—p?u?) oo, (Ma— 62— pPu)gl®
—pTuf) + e M U =[P =G ]+ug”+ AUM2 ) (30
1 my 2.,(tdu mZ+ p2uu—q2u 9@ (mi—g?—p2u?) g\
2y — mg/M e & v wfow| — L LR € ) N sl —(2—
T3(0%) 4_me§e B L U exF( M2 Mycx Fe 1 + AUMZ h 2mgx f 5 (2—u)
ng(f) (I)”_G(Lv) mg_qZ_pZUZ UM2 N
— omz |~ 2k fr| — e " QP M2E —— | | myfi b p (31)

Here M is the Borel mass parameter. The lower integration lishitepends on the effective threshagl above which the
contributions from higher states to the dispersion relat) and (23) are cancelled against the corresponding piece in the
QCD representatiofil9) and(20). Its form can be calculated from the condition

2_T1A2
So~ 5 ~up =0.

Note that the sum rules for(g?) andA;(g?) andT;(g?) in the light cone QCD are derived [117]. Our results agree with
those given if17]. The region of applicability of these sum rules is restricted by the requirement that the vajtie rmﬁ be
sufficiently less than zero. In order not to introduce an additional scale, we requireﬁhangs(anq)z—mﬁ which
translates to the condition thmﬁ—q2 is of the order of the typical Borel parametd’~5—8 Ge\f. From this condition we
obtain that the region of applicability of the sum rulesjfs<15—17 GeV, which is few Ge\ below the zero recoil point.

Finally we calculate the differential decay rate with longitudinal polarization of the final leptons. The differential decay rate
is given by
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dI'  G2a? [VypVi? N
df 2875 3mg

‘(2m|2+ m2s)

. . m2\
—4[Re(B1B;)+Re(D1D3)] ——(1-1-9)

4 2

mgSA Mg\
22 —4Re(D1D§)TB—24‘D12+2

+2|Ds D,

4

m 2
+ReB3D;)] —B)\(l—r—s)+Re(B*D )
21 r 22

Ma\
r

where A\=1+r2+s?—2r—2s—2rs, r=mg,/m3, s=q?
mé, & is the longitudinal polarization of the final leptom,
andv = \/1—4m2I /q? are its mass and velocity, respectively.
In Eq. (32 A, By, By, C, D1, D,, andD; are defined as
follows:

A=Ce"

4C h
—+ —
9 mg+ My 7(:12 L

_ ~eff My 2
B;=Cg (Mmg+ mK*)A1+4C7?(mB_ M) To,

A m 2
By=CS'— 2 tac, (1,0 % 1
279 Mg+ myx g mi-mZ, )
C=Cro—r
0 mg+mgs

D;=Cyo(mg+mgx)Aq,

D,=Cyq 2
2 0 me+ mys

Do —C 2mK*
3 10 q2

(Az=Ao).

For the dileptonic decays of tH& mesons, the longitudinal
polarization asymmetnyp, , of the final lepton], is defined
as

(== 1) So(e=1)
a2 é= D g
PL@)= o :

ﬁz(f:—l)‘*'

— @
g (6=

whereé=—1(+1) corresponds to the leftright-) handed
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16(]A]?+|C[2)mg\ +2(|By|*+|D4|?)

+6m,2{—16‘c
m3\

ZTB(erzr—s)

+Re(B¥D;)m3
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A+12rs mgA 2
+ 2+ 2
28 adle+ 04

2 4
mg\ mg(1—r)\
2miN+4 Re(Dng)—rB —4RgD,D}) ————

4

—4p¢| 8 REACH)Amis—[ReBID,)

|

magnetic moment and axial vector operators. If in E39)

the lepton mass is equated to zero, our results coincide with
the results irf20] and if m,# 0 they coincide with the results

in [11].

A+12rs
r

(32)

IIl. NUMERICAL ANALYSIS

For the input parameters which enter the sum rules for the
form factors and the expressions of the decay width we have
used the following values:

m,=4.8 GeV, m.=1.35GeV, m,=0.106 GeV,

m,=1.78 GeV, Aqcp=225MeV, mg=5.28 GeV,

myx=0.892 GeV, s,=36 Ge\’, M?=8Ge\~.

In Fig. 1 we present th@® dependence of the form factors
V(9?), A1(9?), Ax(g?), andAy(g?) [the form factorA; can
be easily obtained from Eq28)]. All these form factors
increase withg?. From these figures we see thas(q?)
increases withg? strongly, butA;(g?) and A,(g?) do so
smoothly. At this point let us compare our results on these
form factors with the results which are obtained from three-
point QCD sum rules analysis if9]. In our caseA;(q?)
increases withg?, but in [9] it decreases witly?. The be-
havior of the other form factors are similar.

In Fig. 2 we depict the dependence of the form factors
T,, T,, and T3 on g2. In this case also all form factors
increase withq?. For form factorsT, and T3, our predic-
tions on theirg? dependence also differ from the predictions
of [9]. In [9], T, is positive and smoothly decreases, the
value of T is negative for allg?. Note that our predictions
on theg? dependence of all form factors coincide with rela-
tivistic quark model predictiongl1]. The source of discrep-
ancy of our results with the predictions (] on A, T,,
and T3 should be carefully analyzed. This lies out of the

lepton in the final state. In the standard model, this polarizascope of this paper. We are planning to come back to the
tion asymmetry comes from the interference of the vector omnalysis of these points in our forthcoming works.
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= -
3 3
& )
T S
) T
& e ]
Eﬁf’ e
T s
7 3
L g
T )
&) o
T .
5[5 -
X
= -1.0 1 1 1 1 1
14 16 18 20
q° (GeV?)
¢* (GeV?) (b)
(b) FIG. 4. (a) The longitudinal polarization asymmetB; for the
B—K*u" u~ decay.(b) The same as ifa), but for B—K* 7" 7~

FIG. 3. (a) Invariant mass squared distribution of the lepton pair
for the decayB—K*u" u~. (b) The same as irfa), but for the

decayB—K* 7" 7~. Here and in all of the following figures the . .
solid line corresponds to the short distance contributions only an@®f [9], @nd about 23 times smaller compared to that given

the dashed line to the sum of both short and long distance contri [11]. In our opinion this is due to the over estimation of
the form factors if11].

decay.

butions.

In Fig. 3 we present thg® dependence of the branching
. . . V. NCLUSION
ratios forB—K* u* u~ andB—K* 7" 7~ with and without CONCLUSIONS
the long distance effects. In both cases summation over the We calculate the transition form factors for the exclusive

final lepton polarization is performed. B—K*I*I~ (I=u,7) decay in the framework of the light-
In Fig. 4 we plot the longitudinal polarization asymmetry cone QCD sum rules, and investigate the longitudinal polar-
P, as a function ofj? for B—K* u* u~ andB—K* 777", ization asymmetries of the muon and tau in this decay. It is

with m=176 GeV, with and without the long distance ef- shown that some of the form factors in light cone and three-
fects. From this figure we see thf vanishes at the thresh- point QCD sum rules have absolutely differeqt depen-
old due to the kinematical facter and that the value oP, dence. It is found that the value of the longitudinal polariza-
for B—K*u*u~ decay varies in the regiot-0.5—+0.5, tion P (u) in the region (0.5;+0.5) and P, (7) in
when the resonance,y’ mass region is excluded. In the (0;—0.6). We also calculate the integral branching ratios
B—K* 77~ decay case, without long distance effeBisis  and find that they ar8(B—K*u"u")=1.4x10° and
negative for all values ofj?>, and only in the resonancg’ B(B—K*7"77)=2.5x108, without the long distance
mass regiorP, become positive. Therefore the study of the contributions.

longitudinal polarizationP, can be very useful for under- A few words about the possibility of the experimental
standing the relative roles of the long and short distance corebservation of this decay are in order. Experimentally, to
tributions in theB—K* |1~ decay. observe an asymmetfR; of a decay with the branching ratio

Performing the integration ovey® and using the lifetime B at the no level, the required number of events is
of 75,=(1.56+0.06)x 10 12 s [21], we get for the branch- N= n?/BP? (see[11]). For example, to observe thdepton
ing ratios:B(B—K* u"u")=1.4x10"%, B(B—K* 7" 7") polarization at the exclusive chanr@K* 7+ 7~ at the 3r
=2.5x10 8. level, one needs at leait=1.45< 10° BB decays. Since in

At the end of this section let us compare our results on théhe futureB factories, it is expected that 10° B mesons
branching ratio of theB—K*|"l~ decay with those in would be created per year, it is possible to measure the lon-
[9,11]. The value of the branching ratio is close to the resultgitudinal polarization asymmetry of thelepton.
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