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A model-independent analysis for the exclusive, Bee K*| "1~ decay is presented. Systematically studied
are the experimentally measured quantities, such as the branching ratio, forward-backward asymmetry, longi-
tudinal polarization of the final leptons, and the ralip/T'; of the decay widths when thK* meson is
longitudinally and transversally polarized. The dependence of the asymmetry parametEy /I't—1 on the
new Wilson coefficients is also studied in detail. It is found that the aforementioned physical observables are
quite sensitive to the new Wilson coefficients. Therefore, once we have the experimental data with high
statistics and a deviation from the standard model, we can interpret the source of such a discrepancy.

PACS numbe(s): 13.20.He

[. INTRODUCTION It is well known that theoretical analysis of the inclusive
decays is easy but their experimental detection is difficult.
The experimental discovery of the inclusive and exclusiveFor exclusive decays the situation is reversed, i.e., these de-
B— X,y and B—K* y decays[1] stimulated the study of cays can easily be studied in experiments, but theoretically
rare B decays in a new manner. These decays take place viiey have drawbacks and predictions are model dependent.
flavor-changing neutral currefECNC) transitions ofbo—s,  This is due to the fact that in calculating the branching ratios
which occur only through loops in the standard mao@).  and other observables for exclusive decays, we face the prob-
For this reason the study of the FCNC decays can provide &m of computing the matrix element of the effective Hamil-
sensitive test for the investigation of the gauge structure ofonian responsible for exclusive decays, between initial and
the SM at the loop level. At the same time these decay#nal hadron states. This problem is related to the nonpertur-
constitute a quite suitable tool for looking for new physics bative sector of QCD and can be solved only by means of a
beyond the SM. New physics can appear in rare decaysonperturbative approach. These matrix elements have been
through the Wilson coefficients which can take values disinvestigated in framework of different approaches such as
tinctly different from their SM counterparts or through the chiral theory[16], three point QCD sum ruledl7], relativ-
new structure in an effective Hamiltonigeee for example istic model by using light-front formalisni18], effective
Refs.[2-11]). heavy quark theory19] and light cone QCD sum rules
Currently the main interest is focused on the rare mesoh20,21.
decays for which the SM predicts “large” branching ratios, The present paper is organized as follows. In Sec. Il we
and which can be potentially measurable in the near futuregive the most general form of the effective Hamiltonian.
The rareB—K*|"1~ (I=e,u,7) decays are such decays. Then, using this Hamiltonian and the helicity amplitude for-
For these decays the experimental situation is very promisingialism, we calculate the differential decay width, including
[12] with e*e™ and hadron colliders focusing only on the the lepton mass effects. In this section we also present the
observation of exclusive modes with=e,u and 7 as the  expressions of the other physical observables, such as
final states. At the quark level, the decBy—K*1"l~ is  forward-backward asymmetry, and the ratio of the decay
described byb—sI™1~ transition. The inclusivée—sI™I~  widths whenK* meson is polarized longitudinally and trans-
transition in the framework of the specific extended modelsversally. Section Il is devoted to the numerical analysis, and
as investigated in many papergsee for example concluding remarks are also in Sec Ill.
[5,11,13,14). Note that the most general model independent
analysis of thdo— sl "1~ decay, in terms of 10 types of local
four-Fermi interactions, was performed in R®], which Il. THEORETICAL BACKGROUND
has been extended to include two more nonlocal interactions The matrix element of thB— K*| 1~

) . . X decay at the quark
in Ref. [10]. New physics effects in the exclusive rare de— level is described by thb—sl*1~ transition. Following the

cays,B—K*)yv, have been systematically analyzed also in,, ;. [9.10], we write the matrix element of the—s|*| -
Ref. [15]. transition as a sum of the SM and new physics contributions,
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whereR=(1+ y5)/2 andL =(1— ys5)/2, and all of the Wilson coefficients are evaluated at the sgaten,=4.8 GeV.
In Ref. [9], it has been shown that there are ten independent local four-Fermi interactions which may contribute to the
process, and the explicit form o¥1,,.,, can be written as

Ga — — — — — — — — -
Mnew:EthVrs{CLLSL YO LYl + CLrSLYubLI RY¥ IR T CriSRY DRI L Y1+ CreSRYuDRIRYIRT CLrLRSLPRI LIR

+ CRLLRgRbLI_LI R+ CLRRLngRl_RI |_+ CRLRLS_RbLI_RI |_+ CTgO"quI_O'MVI + iCTEgo-/J,VbI_O-aﬁl G,MVLX,B}. (3)
It should be noted that in the present analysis we will neglect the tensor type interdcggrierms with coefficient€; and

C+g) since the numerical analysis which is carried in Ref. shows that the physical observables are not sensitive to the
presence of the tensor interactions.

From Eg.(1), in order to calculate the decay width for the exclusBresK* | "1~ decay, the following matrix elements:
(K*[sy,(1 y5)b|B),
(K* |i_5cr,“,q”(1+ ¥s5)b|B)  (strange quark mass is negledted
and
(K*[s(1 y5)b|B)

have to be calculated. These matrix elements can be written in terms of the form factors in the following way:

— 2V(g?)
(K*(pk+,&) |87, (1% v5)b[B(Pg)) = — €,1poe ™ "Prxd'————— *ie} (Mg + Micx)A1(G%)
mB+ My«

. Ax(g?)
+i(pg+pk*)(70) Gl
m

B+ mK*

2Myx
Fid,, :5 (DA ~AP)], (@

(K* (P ,€)[S107,0"(1+ ¥5)DIB(PR)) = 4€,1 08 ™ "Phps 07 T1(02) + 2i[ £ (M3 —ME) — (Pt Prcx) w(e* ) I T2(G?)

2
. q
+2i(e*q) qp._(pB_'—pK*),uW T3(g?), 5)

B K*

wheree is the polarization vector d* meson, and]= pg— pg* iS the momentum transfer. In order to ensure finiteness of

Eq. (4) at g?=0, we demand thaf;(q?=0)=Ay(q?=0). For calculation of the matrix elemefK*|s(1+ ys)b|B), we
multiply both sides of Eq(4) by q,, and use equation of motion. Neglecting the strange quark mass, we get

_ 1
(K*(pg»,e)|s(1+ 75)b|B(pB)>:Wb{Ii(8*Q)(mB+ Micx)AL(0%) =i (Mg— M ) (e* Q) Ax(g?)

+ 2img« (s* [ A3(q2) — Ag(9D) 1} ©®

Using the equation of motion, the form factlg can be written as a linear combination of the form factdyéq?) andA,(q?)
(see Ref[17)):

Mg+ My« Mg — Mk«
—— A0 ——— Ay ().

As(g®)=
3 2mK* 2mK*

Substituting this relation in the matrix elemet* [s(1+ y)b|B), we get
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* o 1 — i * 2
(K* (pkx,€)|s(1= y5)b|B(pg)) = m_b{+2|mK*(8 d)A(G)}. (7)

Finally, for the matrix elements @& —K*| "1~ decay we have

Ga
M= ———V Vi

4\/577

o 2Myx
T1q, 7 (e*a)(Az—Ao)

2V(g>) . Ax(0)
- G;LVpUS* Vpﬁ* qa =1 SZ(mB+ Myc* )Al(qz) +1 ( Pe+ Pk* ),u,(g* Q)—
Mg+ Mkx Mg+ Mkx

[(C§T—Cyot CLL)l_’y’LL(l_ ys)l +(C§T+C ot CLR)T?’,L(]-‘*' ys)l]

Ceff
— 4= my| A€y 8™ PR T1(02) + 20 (X (M3 — M2 ) + (Pa+ Picr) (8% Q) To(02)
. q° — cop o 2V(ED)
+2i(e*q) qM—(PB+PK*)Mm)T3(q2) Y, 4| — €uipot™ P+ 0 m
L, . Axg®) . 2mys
+ig* (Mgt Mix)Ay(G7) — i (Pt Prw) u(8* Q) — i, 5 (* D)(As(9%) ~ Ao(0?)
mB—l—mK* q

— — 1
X[Crul 7u(1—5)l + Crpl 7, (1+ y5) ]+ m—b[—2imK*(s*q)Ao(q2)]

X[(CLrLr—CriLr) (1+ ¥5) +(CLrri— Crir) 1 (1— 75)']] . (8)

Using the matrix element @—K*1*1~ decay[see Eq(8)] and the helicity amplitude formalisitior more detail see Refs.
[22,23) for the differential decay rate width, we get

dr — Gzaz |va*|zv)\l/2(m2 q2 m2 ){|M+7|2+|M+7|2+|M++|2+|M++|2
dg2dx  2%7°m3 0" B i - B i

MM R MMM P M P M P M @
where superscripts denote helicities of the leptons and subscripts correspond to the heliciti{ bfntleson. In Eq(9),
N(m3,q2,mz, ) =mg+my, +q*— 2m3g?— 2m3mk., — 2mZ, 42,
a°=(ps— px+)?,
v= \/ﬁmf/q2 (velocity of the lepto,
and
x=cosf (O=angle betweerK* and |7).

The explicit forms of M i'v)" are as follows:
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m
MT:iﬁm,sina{(2cg”+cLL+cLR)H++4C$ff—fH++(cRR+cRL)h+], (10
q
MiZ(—ltcosﬁ)\/g [2C5""+C L+ C r+v(2C 1+ CLr—Cr) H-
eftMb
+4C7 —H. +[CrLt Crrtv(Crr—Cru) N |, (11)
q
M+*:(1tcosﬁ)\/§ [2CE"+C  +C gt v(—2C1p+CL —C ) H-
eftMb
+4C7 —H. +[Crt Crrtv(CrL~Crr) N |, (12)
q
m
M;_=(I\Em|sin0){(2CS”+CLL+CLR)H++4C§ff—2bH++(CR,_+CRR)h+}, (13)
q

m
Mgt= 2m|cose[ (2C§"+C L+ CLr)Ho— 4C$”q—fHo+ (Cret CRR)hO]

2
—2m{(2C49— Cy +CLr)H3+ (— Cr + Crp)hd — Hb\/?{[\/?(l_v)(cmm_ CrLLR)

—V9%(1+v)(CLrri— Crir)IHE, (14

Mg =~ J?sine{[(cs”—cm+cLL><1—v>+<cs”+Clo+ Cir)(1+v)THo

m
—4C$”—§Ho+[CRL<1—v)+cRR<1+v>]ho}, (15)
q

Mg " =—1o?sin 0{ [(C§M—Cio+ CLL)(1+0)+(C§ ™+ Cipt+ Crr) (1—v) Hg

m
—4C$ff—:Ho+[CR,_(1+U)+CRR(1—U)]hO}, (16)
q

m
My =— 2m|COSH[ (2C§"+C  +CLr)Ho— 4C$”_:H0+ (Crot CLL)ho]
q

2
_2m|{(2C10_CLL+CLR)H(S)+(CRR_ CRL)hg}_Hb\/?{[\/?(l"'v)(CLRLR_ CrLLR)

—V9%(1-v)(CLrri— Crir)IHE, (17)

where
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V(o2
Hi:i)\m&Jr(mBerK*)Al(qz), (18
Mg+ My«
Ho:; —(m%—mi*—qz)(mB+mK*)A1(q2)
2mK*\/af
A 2
N 2(9%) (19
mB+mK*
)\1/2
HO:— — (Mg + My« )A 2
SZmK*\/aZ (mg+mgx)A1(q°)
A 2
+ﬂ(m§—mi*)
mB—I—mK*
+2my«[As(g?) — Ag(g?)]
\1/2
= [—2mA(P)], 20
o Japl 2k Ao(a)] (20
Ho=2[ =\Y2T(q?) + (m3—mi) T2(9?)], (21

1

Ho= ———— m2_m2* m2_m2*_ 2T 2
OmK*\/?[(B K)(B K q)Z(Q)

2
q
—\[ Ta(a?)+ ﬁTS(qz)H , (22
Mg — My«
hi:Hi(Al_)_All AZH_Az), (23)
ho=Ho(A1——A1, Ay——Ay). (24

In the present paper, we study the dependence of the follow-

ing measurable physical quantities, such(iad™, /T"_, (ii)
I /IT=To/(T.+T_),

(iii) the polarization parameter
[2I' /("' +T _)—1], and(iv) the lepton forward-backward
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G2a?
I'.= 2:I_4?|thv |2f dq deU)\llZ

XAMITPHM TP M TP+ M2,
(29

where the uppélower) subscript in I' corresponds to
M (M) and

G2a?
=—F— *|2 2 112
1ﬁo_214ﬁ_5mg|thVts| qu fdxu)\
X{IMg~

|2+ Mg TP Mg TP Mg T

(26)

From Egs. (25 and (26), the expressions for the ratios
r,/r_, ry/ry=ry/(I' .+T'_) and the polarization pa-
rameter, which is equal te=2I"| /T1—1, can easily be
obtained. These quantities are separately measurable from
the experiments. In further analysis we will study the depen-
dence of the branching ratio on new Wilson coefficients
which are related to the decay width by the relatieiR(B
—K*1*17)=T(B—K*I"I") 75, whererg is the lifetime
of the B meson.

The lepton forward-backward asymmetAyg, is one of
the most useful tools in search of new physics beyond the
SM. Especially the determination of the position of the zero
value for Arg can predict possibly new physics contribu-
tions. Indeed, existence of the new physics can be confirmed
by the shift in the position of the zero value of the forward-
backward asymmetr}y7]. Therefore, in the present work we
analyze with special emphasis the dependende-gfon the
different “new” Wilson coefficients. The lepton forward-
backward asymmetry is defined in the following way:

1 dar 0 dar
f dx —f dx
0 dqzdx -1 dgdx

0 dar -
f dx f dx
dqzdx -1 dqg?dx

d2 Ar(0?) (27)

asymmetry and the longitudinal lepton polarization, on theAnother very informative quantity in search of new physics
different “new” Wilson coefficients. Here the subscripts in is the final lepton polarization, as shown in REf0]. Here

the decay width denote the helicities of & meson. From
Eq.(9), we can easily obtain the explicit expressionslfar,
I'_andl'y as

we restrict ourselves only to the study of the longitudinal
polarization of ther lepton. The expression for longitudinal
polarization can be calculated from EE):

1
| M MG P MG P HM P M M P MG P en?

PL:

- .
f Ax{[[M TP ML P IM T PHIM T P M TP Mg P Mg P Mg PTont?
0
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. NUMERICAL ANALYSIS AND CONCLUSIONS ~ S H

Having the explicit expressions for the physically measur- ; 25

able quantities, in this section we will study the dependencewU 2 Zl\

of these quantities on the new Wilson coefficients\ity,q,,, CAEE R
Eq. (3). The values of the main input parameters, which ap-} 1B
pear in the expression for the decay widihg, I', , I'_, % 05
Arg and the polarization parameter are F o
° 0 2 4 6 8 10 12 14 162 18 2§O
m,=4.8 GeV, m,=1.35 GeV, m.=1.78 GeV, (a) q” (Cev
m,=0.105 GeV, mg=5.28 GeV, mg+=0.892 GeV. =
— 2.5
We use the following values for the Wilson coefficients of N>< 2
the SM: S sk
o
CyPR=4.153, C,;=-4.546, C,=-0.311, o
© 0.5 E
which correspond to the next-to-leading QCD corrections ~ ° o5 e e e I1‘6;I 5el ~320
[24,25. The renormalization poing and the top quark mass (b) q° (Gev §

are set to be
FIG. 1. Differential branching ratio,dBR/d¢® for B
nw=my=4.8 GeV, m=175 GeV. —K*u*u”. The thick solid lines indicate standard model case,
i.e., Cx=0. The thin solid, dashed, dotted, and dot-dashed lines
(We follow Refs.[26—30 in taking into account the long- correspond taCy=—Cjg,—0.7XC44,0.7XCy,Cy cases, respec-
distance effects of the charmonium staté®r the form fac-  tively. Here(a) Cx=C, and(b) Cx=Cyr.
tors, we have used the results of the work$40,21]. Here 5
we would like to stress that, throughout numerical analysis 2_ 24 eff effMb
the central values of the input para?neters are used andythe|r/\/lcRL| =(1%0086)" 51 2(Co ~ CroH +4C7 ?Hi
theoretical errors, especially the ones related to the form fac-
tors, might be sizable, but are not taken into account in the
present work. +2Cgrih.
Let us first study the change in the differential decay rate
when the corresponding Wilson coefficients change. We as- m
sume that all new Wilson coefficien®y are real, i.e., we do —4C$”—:HO+ 2Cg_hy
not introduce any new physics phase in addition to the one
present in the SM. In Figs. 1+Figs. 4—6, we changeC, , ,
Cir: Crr: Cris CLrir @ndC gg for the B—K* u™ u™ = 55
(B—K* 7% 77) decays. From these figures, we can easily seex
that, far from resonance regiord3R/dqg? is more strongly =
dependent o€ | and also orCg, than on the othe€y’s. 3 A\
This behavior can be explained as follows: a 1N
(i) ConsideringB—K* u* 1~ decay, and neglecting the 3
terms proportional to the lepton mass, the terms coming from
C.L andCg, are[see Eqs(10)—(17)]

2

+sirf9g?|2(CE""—C o H,

2

(29

~ 3

o E
1.5 F

0.5 [

o F

2(C§""—Cyp+CLH.

W

2
q
2_ 2
| Mc, |?=(1=cosb) >

©
25
m ? o
+4C8"2x T
7 q2 + 3 1.5
A
S 0.5 F
. © 0.
+5sir?0 g% 2(C§''— Cyot+ CLL)Ho )

2
: (28)

(b)

FIG. 2. Same as Fig. 1. Hefa) Cx=Cgrrand(b) Cx=Cg/ .

m
—4cs 2,
q
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~ 3 ~ 07 g
O E
— 25 — o6 F
j< > E 5<0A5?
o F T o4 F
© 1.5 ke) =
~. o ~U03 F
@ 1 F o5 B
m F m 7T E
© a5 T a1 |
S N B S I W SR W ¥ o b i Y
o 2 4 & 8 10 12 14 16, 18 20 12 13 14 15 16 17 18 g 0
a° (Cev?) o (Cev?)
(a) (a)
~ 3 ~ 07
o (@] E
— 25 H rO.ES:—
o F T 04
© 1.5 F o E
o E\ \0,3;—
o1 N\ o, E
m F ok
© o5 | ©Cor B
S S N D DR ¥ N S A I I B B S
o 2z 4 6 8 10 12 14 16, 18 .20 12 13 14 15 16 17 18, J9 .20
o q* (Gev?) g (Gev?s
(b) (b)
CFIG. 3. Same as Fig. 1. Her@) Cx=C g.r and (b) Cx FIG. 5. Same as Fig. 4. Hefa) Cy=Cgrg and (b) Cx=Cg, .
= “LRRL-

Far from the resonance region, for exampfe=5 Ge\?, igl;?rtiﬁgtig?nr CizL Icsorc:stpr)gs'lit\?et(% gzﬁugzﬁ\goﬁhg?% I'i’ Its
Re(CS'"—C10)=9.5 and ReCS''+ C,¢) =0.4. Therefore, the LL

interference terms between the terms proportional@§'{ 7|(.:.1°| (CLL:|C1°|)*' Lo L
—Cy0) andC,, (Cgy) are large and for this reason the con- (if) For theB—K* 7" 7~ decay the situation is similar to
e LA =RL theB—K* " ™ transition, but slightly different. Namely,
tributions coming fromC, | and Cg, are large. From these . thi the | A ributi ¢ dth
figures we also see that the contribution@f, is construc- in this case the largest contribution comes frG _and the

: - contribution of theCg, becomes equal to the contributions
tive (destructivé when C,  =|C C..=—1|Cy). The RL e
( ¢ 1=[Cd (Cri==[Cad) that come fromCgg, C. g, etc. This situation can be ex-
o7 , plained by the fact the termy (1—v?), which is very small
© Lk i for the muon case, gives destructive contribution in the SM.
< o5 £
“To4 | ~ 07
30.3 2 — 05 |
o E > 05 F
m 92 3 K 0.5 g
Dok SUE S
o £ \0.3 Y A
12 % 0.2 z_
Toa b
O: Lo b v v by b b TN
12 16 17 18 9 0
~ 07 ¢ q° <Ge\/2§
Z o6 (a)
> 05 E
“oos | w07
E o
30,3 2 — 08 F
o ,, E > 05 E
0 0.2 5_ z 0.5 E
©o1 B # ™) T 04 F
E i © Y S U
oS A N BRI EVEUIVIN RIS EAVIVI YR S ~N 03 F S B T
12 13 14 15 16 17 18 9 0] (e E
q° 866\/25 m%?F
(b) Co1 |
N T AT o S I N R B . VI
2

FIG. 4. Differential branching ratio,dBR/d¢? for B oo s ey e

—K* 777, The thick solid lines indicate standard model case, i.e., (b)
Cx=0. The thin solid, dashed, dotted, and dot-dashed lines corre-

spond toCy= —C;g, —0.7X C4,,0.7X C44,C;g Cases, respectively. FIG. 6. Same as Fig. 4. Here) Cy=C g, g and (b) Cx
Here(a) CX:CLL and (b) CX:CLR' :CLRRL'

g (Gev?)
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BR X 10’

o Bt S W
0 2 7 6 8 10 12 14 16, 18 250

BR X 10’

o L T T T T S T S T IR _OA5gl\ll\llll\\‘IIIIIIIIIIIII\\‘III‘\II‘III
-4 =3 -2 -1 o 1 2 3 4 0 2 4 6 8 10 12 14 16 18 2§O

(6) Cy () q* (GeV

FIG. 8. Differential forward-backward asymmetrgtAgg/do?

ic ch 1 Ge\P<g?<8 GeVP for the BoK* ot u- d or B—K*w* ™. The thick solid lines indicate standard model
is chosen(a) eV'<q°<8 GeV for the B—~K"u " decay .50 i.e.Cx=0. The thin solid, dashed, dotted, and dot-dashed

and (b) 15 GeVf<q’<20 GeV for the B—K* 777~ decay. The | _

ines correspond taCy=—Cy4,—0.7XC4(,0.7XC,,,Cq Cases,
thick solid, thin solid, thick dashed, thin dashed, dotted, and dOt'respectiverpHereéa) g 1°and(b) Comp
dashed lines correspond ®x=C,,, C.r: Cr., Crr: CLRLR: ' XL xR
andC rr., respectively.

FIG. 7. The dependence of the partially integrated branching
ratio on the new Wilson coeffecients. The range for the integratio

new Wilson coefficients. From these figures, we also see that
In Fig. 7, we investigate the dependence of the partialljthe lepton forward-backward asymmetry has a weak depen-
integrated branching rati®8R on the new Wilson coeffi- dence on the other Wilson coefficients. From Figs. 11-13,
cients. The range for the integration is chosen 1 &ey?  we can deduce the following results for tle—K* 77~
<8 Ge\? for the B—K*u*u~ decay and 15 GEA4q?  decay:(i) Position of the zero value of thiA-5/dg? for the
<20 GeV for B—K* 7" 7~ channel, in order to avoid the B—K* 7"+ decay can be useful for extracting orG( g;
long distance contributions due to thiy and its excitations. (i) the value of thed Arg/dq? is very sensitivelexcluding
For theB—K*u* u™~ case, it follows from Fig. 7 that the
partially integrated branching ratiR depends strongly on
Ci. and Cg, but for theB—K* 7" 7~ decay it depends S os E
strongly only onC,  , which is consistent with the previous ~ 92 E
results ford BR/dg?. Dependence on the other coefficients is % 8?

rather weak. From these figures it follows that the contribu- 0 X
tions of C,, and Cg, to BR are positive forC_, >0 and ok
Cr.<0, and negative fo€, <0 andCg, >0. -03 E

In Figs. 8—10(Figs. 11-13 we plot the dependence of :gg R
the lepton forward-backward asymmetry on the new Wilson ""o 2 4 & 8 10 12 14 16, & \/250
coefficients, within the range-|C,g<Cx=<|C,g, for the B (a) q° (Ge
—K*u*u~ (B—K*7r"77) decay. The experimental
bounds on the branching ratio of tBe-K*u*u~ and the . o5 .
B—u " u~ decayg31] suggest that this is the right order of 3 %4 E
magnitude range for the vector and scalar Wilson coeﬁi-}g;’
cients. For theB—K*u"u~ case, it follows from Figs. O o1 E

8-10 that the lepton forward-backward asymmetry is more

sensitive to theC_ |, C g andCg, than to the otheCy’s. —o ,

We emphasize that whed, | andC,y are positive then the -03 E

zero point ofd Az /d g is shifted to the right, and whe®, | :8:; E e L b
andC, g are negative, it shifts to the left from its correspond- C (éB \/250
) L q e

ing SM value. In other words, the determination of the zero (b)

point of the differential asymmetry tells us not only about the
existence of new physics, but it also can fix the sign of the FIG. 9. Same as Fig. 8. Hef@) Cx=Cgrg and(b) Cx=Cg, .
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FIG. 10. Same as Fig. 8. Her@ Cx=C g.r and (b) Cx FIG. 12. Same as Fig. 11. Her@ Cy=Cgrg and (b) Cy
=CLRrRL- =Cpge.

the Ires_ona}[rrwlce regmmo_ Ct:RR (ejmd CLR.?La In fOtt?jg V\;%rdzs’ ratiosI", /' _ andl'| /T't onCy’s for theB—K* "~ and
erl]c?vzsm[:g in erﬁlecrioIg(t)cl)nd(gtgrm?:]aeggilfge;ﬁ;) ' Fe/dq B—K*7r"7~ decays, respectively. The main difference
princip . X compared to the previous analysis is that the valuegl”
As we have noted earlier, the experimentally measurablé dr. /T L h ficie@ Th
quantities,I', /T _, I' /T and P, can be useful for dis- andT', /T’y are more sensitive to the coefficie@l, . (The
e e A s LT L result for the SM can be obtained by substituti@g=0.)
tmgwshmg the effects of new physics from the ones of th rom these figures, we observe that the ratjoT, when
SM. In Figs. 14 and 15, we present the dependence of thERL is varied between-4 and 4, changes between 1 and 4.5.
N 05 ¢ Therefore, the measurement of this ratio in experiments can
Sos b yield unambiguous information about the existence of new
~.o03 E
< £
© 02 E
0.1 E
o
-01 F
-02 E
o3 i len i b b Lo Lo

12 13 14 15 16 17 18 P 9 2 (o]
q dGe\/ﬁ

o3 Eaw i len i b Lo b b Lo

12 13 14 15 16 17 18 9 (¢}
o (Gev?
(a)
~ 05
—g04
~.0.3
<C E
© 02 E
E 0.1 E
o3 Eovw Lol ben e Lo by e Ly o F
12 13 14 15 16 17 18 9 o] E
g 8@6\/2§ —01 F \/
(b) -0z |
o3 Eove Lol be e Lo b e Ly
2 13 5 16 17 18 9 o]
FIG. 11. Differential forward-backward asymmetgizg/dg? 1 b 1 qz 8@6\/23
for B—K*7"7~. The thick solid lines indicate standard model (b)
case, i.e.Cx=0. The thin solid, dashed, dotted, and dot-dashed
lines correspond taCy=—C;y,—0.7XC;(,0.7XC4y,C4o cases, FIG. 13. Same as Fig. 11. Hefe) Cx=C g g and (b) Cx

respectively. Heréa) Cx=C,, and(b) Cx=C,y. =C|RrRL-
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FIG. 16. The dependence efpolarization on the new Wilson
FIG. 14. The dependence @) I', /T _ and(b) I'_ /Ty on the  coeffecientsCy for B—K* r* 7~ decay. The thick solid, thin solid,
new Wilson coefficients foB—K* u* u~ decay. The thick solid, thick dashed, thin dashed, dotted and dot-dashed lines correspond to
thin solid, thick dashed, thin dashed, dotted, and dot-dashed lineSx=C,_, C g, CrL, Crr, CLrLr, @ndC gg, Ccases.
correspond t&€y=C,, , C g, CgrL, Crr: CLrLr@nNdC, gg.cases.

Finally, in Fig. 16 we present the dependence of the par-
physics. In theB—K* "7~ decay, the ratiol', /T_ is tially integrated oven? longitudinal polarizatiorP, of 7 on
again more sensitive to the coefficieBg, , while the ratio  the new coefficient€y’s. We see thaP, is sensitive to all
I' /T; is more sensitive to the coefficientS g g and the coefficients except the coefficie@ r r. The depen-

CLRRL- dence ofP, on different coefficients is not the same. For
example,P always increases whebg, andC, grg. change
- in the region(—4, 4). However, P, first decreases when
< % C.L, C.r and Cggr incrggse fr'om—4 to 0, and then in-
Lt s creases when the coefficients increase from 0 to 4.

To summarize, in the present work the most general
model independent analysis of the exclusBre K* 11~ de-
cay is presented. This exclusive decay is known to be very
clean experimentally and will be measured at the present
asymmetric B factories and future hadroni8 factories,
HERA-B, B-TeV and LHC-B. Moreover, th®& —K*[ |~
decay is very sensitive to the various extensions of the stan-
dard model. We have studied tilRe—K*1*1~ decay in a
model independent manner. The sensitivity to the new coef-
ficients of the differential and partially integrated branching
ratios, and forward-backward asymmetries are systematically
studied. It is observed that the differential and partially inte-
grated branching ratio foB—K*u*u~ decay is more
strongly dependent 0@, andCg, than on the othe€Cy’s.
The reason for such a strong dependence can be explained by
the large interference between the terms proportional to
(C¢f'——C,0) andC,, (Cgy). For theB—K* 77~ case,
the partially integrated differential branching ratio is most
sensitive toC; | . This situation can be explained by the fact

FIG. 15. The dependence &) T, /T _ and(b) T, /Ty on the  that the terms~(1—wv?) give destructive contribution and,
new Wilson coefficients foB—K* 7* 7~ decay. The thick solid, therefore, the contributions of the termsCg practically
thin solid, thick dashed, thin dashed, dotted, and dot-dashed lindgecome equal to the contributions from the other coeffi-
correspond toCy=C,,, C.r, CrL. Crr: CirLr, @and C gr.  Cients. From an analysis of the position of the zero value of
cases. the lepton forward-backward asymmetry we can determine

20
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not only the magnitude, but also the sign of the new Wilsonstandard model, and in particular we can obtain information
coefficients. about the various new Wilson coefficients.

The other experimentally measurable quantitiEg/T ¢
andI', /T _, have also been studied. It is found that /T" _
andI'| /' are sensitive to th€g, for the B—K* u*u™
decay. On the other hand, for the—K*7"7~ decay, We sincerely thank G. Cvetic and M. Savci for useful
I', /T'_ is more strongly dependent 08g, as in theB  discussions. The work of C.S.K. was supported in part by
—K*utu~ case, whilel'| /Tt is more sensitive to the co- grant No. 1999-2-111-002-5 from the Interdisciplinary Re-
efficientsC, g g Or C rrL- As the final concluding remark, search Program of the KOSEF, in part by the BSRI Program,
we state that, from the combined analyses of partially inteMinistry of Education, Project No. 98-015-D00061, in part
grated differential branching ratio, lepton forward-backwardby KRF Non-Directed-Research-Fund, Project No. 1997-
asymmetry and ratios of' . /'_ and I' /'y for the B 001-D00111, and in part by the KOSEF-DFG large collabo-
—K*u*u~ and B—K* 77~ decays, we can unequivo- ration project, Project No. 96-0702-01-01-2. The work of
cally determine the existence of new physics beyond thé&/.G.K. was supported by KOSEF Postdoctoral Program.
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