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Exclusive semileptonic rare decay8— (K,K*)I*1~ in supersymmetric theories
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The invariant mass spectrum, forward-backward asymmetry, and lepton polarizations of the exclusive pro-
cesseB—K(K*)I I~ ,I=u,r are analyzed in a supersymmetric context. Special attention is paid to the
effects of neutral Higgs boson®NHB’s). Our analysis shows that the branching ratio of the prodess
—Ku*u™ can be quite largely modified by the effects of neutral Higgs bosons and the forward-backward
asymmetry would not vanish. For the proc@&s:K* u* u~, the lepton transverse polarization is quite sen-
sitive to the effects of NHB'’s, while the invariant mass spectrum, forward-backward asymmetry, and lepton
longitudinal polarization are not. For bo—K7"7~ and B—K* 7" 7", the effects of NHB’s are quite
significant. The partial decay widths of these processes are also analyzed, and our analysis manifests that, even
taking into account the theoretical uncertainties in calculating weak form factors, the effects of NHB’s could
make supersymmetry show up.

PACS numbd(s): 13.20.He, 12.60.Jv, 13.25.Hw

I. INTRODUCTION Compared with the inclusive process@&—Xd "1l
=e, u, 7, the theoretical study of the exclusive processes
The inclusive rare processes—XJ*I-,I=e, u, 7 B—K(K*)I"I™ is relatively hard. For inclusive semilep-

have been intensively studied in the literatlte 12]. As one  tonic decays of B, the decay rates can be calculated in heavy
kind of the flavor changing neutral current processes, theguark effective theoryHQET) [15]. However, for exclusive
are sensitive to the fine structure of the standard model ansemileptonic decays oB, to make theoretical predictions,
to possible new physics as well, and are expected to sheatditional knowledge of decay form factors is needed, which
light on the existence of new physics before the possible nevws related with the calculation of hadronic transition matrix
particles are produced at colliders. elements. Hadronic transition matrix elements depend on the
It is well known that the invariant mass spectrum, nonperturbative properties of QCD, and can only be reliably
forward-backward asymmetrig§BA’s), and lepton polar- calculated by using a nonperturbative method. The form fac-
izations are important observables to probe new physicgprs forB decay intok *) have been computed with different
while the first two observables are mostly analyzed. Aboumethods such as quark modéls6], Shifman-Vainshtain-
lepton polarizations, it is known that, due to the smallness oZakharov(SVZ) QCD sum ruleg17], light cone sum rules
the mass of it, electron polarizations are very difficult to (LCSR’s) [18—22. Compared to the lattice approach which
measure experimentally. So only the lepton polarizations ofmainly deal with the form factors at small recoil, the QCD
the muon and tau are considered in the literaftfs12—14. sum rules on the light cone can complementarily provide

The longitudinal polarization of tau iB—Xs7" 7~ has been  information on the form factors at smaller valuessofAnd

calculated in the standard mod&M) and several new phys- they are consistent with perturbative QCD and the heavy

ics scenariog10]. For B—Xdl "I~ (I=u,7), the polariza-  quark limit. In this work, we will use the weak decay form

tion of the lepton in the SM is analyzed [112] and it is  factors calculated by using the technique of the light cone

pointed out that, for the. channel, the only significant com- QCD sum rules and given if23].

ponent is the longitudinal polarizatiorP(), while all three A upper limit on the branching ratio ®°— K% u*u™

components are sizable in thechannel. The analysis has has been recently given by CLEQA4]:

been extended to supersymmetric mod&WSY) and aCP

softly broken two-Higgs-doublet model in Refgl3] and BR(B°—K% 1" 17 )<4.0x10° 8, (1.1

[14], respectively. Referend®] also gives a general model-

independent analysis of the lepton polarization asymmetrieand they will be precisely measured Btfactories. These

in the proces8— X7 7~ and it is found that the contribu- exclusive processes are quite worthy of intensive study and

tion from C g gt CLrrL iS much larger than other scalar- have attracted much attenti¢83,25—-36. In Ref.[23], by

type interactions. using improved theoretical calculations of the decay form
factors in the light cone QCD sum rule approach, dilepton
invariant mass spectra and the FBA'’s of these exclusive de-

*Email address: yangs@itp.ac.cn; gsyan@mail.tsinghua.edu.cn cays are analyzed in the standard model and a number of

TEmail address: csh@itp.ac.cn popular variants of the supersymmetric models. However, as
*Email address: liaow@itp.ac.cn the author claimed, the effects of neutral Higgs exchanges
$Email address: huald@itp.ac.cn are neglected. For exclusive processes, as pointed out in
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[36], the polarization asymmetries oft and r for B Il. EFFECTIVE HAMILTONIAN AND FORM FACTORS
—K*u*u~ andB—K* "7 are also accessible at tige

factories under construction. In R¢B4], the lepton polar- full theory, MSSM, at the electrowealEW) scale, we can

o o . Pk
izations andCP-violating effects inB—K* 777~ are ana- ot the effective Hamiltonian describing the rare semilep-
lyzed in SM and two-Higgs-doublet models. tonic decayb—sl*1~

As pointed in Refs[3,4], in two-Higgs-doublet models
(2HDM) and SUSY models, the neutral Higgs boson could
contribute largely to the inclusive processBs-X( 1l
= u, 7and greatly modify the branching ratio and FBA in
the large taB case. The effects of the neutral Higgs boson
in the 2HDM to polarizations of- in B—K7" 7~ are ana-
lyzed in [35], and it was found that polarizations of the +i21 Co (m)Qi(k)
charged final lepton are very sensitive to the fan

In this paper, we will investigate the exclusive deday i i .
L K(K*)I*I7, =4, 7in SUSY models. We shall evaluate where the first ten operators and Wilson coefficients at EW

§cale can be found if8,38],* and the last ten operators and

of the neutral Higgs boson and analyze lepton poIarization¥Vi|30_n coefficients which represent the contributions of neu-
in the minimal supersymmetric standard modbiSSh). U@l Higgs boson can be found ja]. ,

According to the analysis df29], different sources of the _ With the renormalization-group equations to resum the
vector current could manifest themselves in different regionQCD corrections, Wilson coefficients at energy scale

of phase space. for the verv low the photonic penauin ™Mb &€ evaluated. Theoretical uncertainties related to
'p pace, : y he p peng renormalization scale can be substantially reduced when the
diagram dominates, while th&penguin diagram an@ box

_ ) 2 next-leading-logarithm corrections are includ&d].

diagram becomes important towards high In order to The above Hamiltonian leads to the following free quark
search the regions of where neutral Higgs bosons could decay amplitude:
greatly contribute, we analyze the partial decay widths of

these two processes. Beside that they are accessible to %/l(bﬂslﬂ‘)
factories, our motivation also is based on the fact that to the

inclusive processeB— XJ “1~,1=pu, 7, neutral Higgs bo- ca

son could make quite a large contribution at certain large =—— ViV
tanp regions of parameter space in SUSY models, since part V2m

of supersymmetric contributions is proportional to%arm4].

Such regions considerably exist in supergraUGRA +Cyd Sy, LbI[1y*ysl1—2m,C,"
and M-theory inspired modelg37]. We also analyze the ef-

fects of neutral Higgs boson to the position of the zero value

of the FBA. Our results show that the branching ratio of the — — = — =
processB—Ku "~ can be quite largely modified by the X[ 711+ Caul sRb] [11]+ Coy[ SRbI 75”]'
effects of neutral Higgs bosorisIHBS) and the FBA would

not vanish. The FBA foB—KI "l (I=ux, 7) vanishes if 2.2
the contributions of NHB’s vanish. The contributions of

NHB’s can be large enough to be observed only in SUSYWherngff is defined a$40,41]

and/or 2HDM with large ta@, and a nonzero FBA foB

—KI™1~ would signal the existance of new physics. For the

processB—K* u* u ™, the lepton transverse polarization is Mo - ™

quite sensitive to the effects of NHBs, while the invariant Co™'(1,8)=Colp) +Y(n,8)+ ?C(M)Vi:z//(ls;..,l//(ﬁs)
mass spectrum, FBA, and lepton longitudinal polarization

By integrating out the degrees of heavy freedom from the

10

21 Ci(p)Oi( )

4G
V2

10

Hes= thvt*s

: (2.1

Co®Msy,Lb][1y*1]

v

= q
Sl O'M,,?Rb

are not. For bottB—K 7" 7~ andB—K* 7" 7", the effects C(Vi—I1*17)my
of NHB's are quite significant. Our analysis manifests that XK =5 ' (2.3
even taking into account the theoretical uncertainties in cal- my,“—smg—imy Iy,

culating weak form factors, the effects of NHB's could bring
SUSY to light. In brief, our analysis manifests that the ef- - ) )
fects of NHB’s are quite remarkable in some regions of pa\Where s=s/mp, s=qg°% C(u)=(3C1+Cy+3C5+Cy
rameter space of SUSY, even for the procBssKu*p~.  T3Cs+Ce), and

The paper is organized as follows. In Sec. Il, the effective
Hamiltonian is presented and the form factors given by using
|Ight cone sum rule method are brlefly discussed. Basic for- 1 our previous papers, e.d3,4], we follow the convention of
mulas of observables are introduced in Sec. lll. Section IV iRRef.[1] for the indices of operators as well as Wilson coefficients.
devoted to the numerical analysis. In Sec. V we present dign this paper, we use more popular conventi¢see, e.g.[39]).
cussions and conclusions. That is,0g— Og and Og— O4,.
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- ~A A 1 - 1 ~ 2
Y(n,8)=9(Mc,S)C(n)~ 59(1,5)(4 C3+4 C4+3Cs+Cq) — 59(05)(Ca+3Cy) — 5(3C3+Cy+3Cs+Co),

(2.9

where the functiorg(ﬁnc,%) comes from one-loop contributions of four-quark operators and is defined by

(2 422( 4z2> 1+V1-42%/5 o

—\/1-—| 2+ — || In| ———| —i7w|, 4z°<s

4 8 1622 |9 s s 1-\1-42%s

9(zs)=—=InZ?+ —+ — ——¢ (2.5

9 21 9 s |4 [472 ( 4z2> ’( 1 ) )

—\/—-1| 2+ — | arcta ——|, 47%>s.

(9 Vs s Vaz2s-1

T_he last terms in Eq(2_.3) gre nonp_erturbatwe effects fror_n (K* |§U#qu(1+ v5)b|B(pg))
(cc) resonance contributions, while the phenomenological _ ,
factorsk; can be fixed from the processgz3] B—K*)v, =i €100 "PEPT 2T1(S) + To(S){ €}, (Mg — M)

—K®I*1~ and as given in the Table I. . .
Exclusive decay8— (K,K*)I |~ are described in terms ~(€"Ps) (Pe+P)ut + Ta(S)(e" Pa)

of matrix elements of the quark operators in E2.2) over s
meson states, which can be parametrized in terms of form X10,— ﬁ(pB+ Pl (2.9
factors. Mg — My

For the proces8—KI*|~, the nonvanishing matrix ele-
ments are §¢=pg—p) wheree , is the polarization vector of the vector mesiéfi.

By means of the equation of motion, one obtains several

— mg— mg relations between form factors
(K(P)[$7,bIB(pg)) =T 1()| (Ps+P)u— — 0,
N BS £ () 0., 2.6 3(s) 2s 1(8) s 2(S),
and Ao(0)=A~A3(0),
(K(p)[s0,,0"(1+ v5)b|B(pg)) (K*|a,A¥|B)=2myx(€* pg)Ag(S),

. fr(s)
=i{(pg+p) S du(mg—mi)} Mg+ My (2.7 Al signs are defined in such a way as to render the form

factors real and positive. The physical rangesirextends

While for B—K*| |~ related transition-matrix elements

are

(K*(p)[(V=A) ,|B(ps))

=—iey (Mgt mMgx)Ay(S)

i Ay(s)
+i(patp) (€ pg) ———
mB+mK*

ZmK*
S

+iq,(€*pg)

2V(s)

Mg+ Myx

and

[As(s) —Ao(S)]

from Spin=4m¢ 10 Spa=(1— My k).

The calculation of the form factors given above is a real
task, and one has to rely on certain approximate methods.
We use the results calculated by using the technique of
LCSR’s and given if23]. The form factors can be param-
etrized as

F(s)=F(0)exp(c;S+ CpS%+c3s°). (2.1

TABLE |. Fudge factors inB—K®)J/¥ &' —K*)| |~ de-
cays calculated using the LCSR form factors.

K NIAY v’
2.9
2.70 3.51
K* 1.65 2.36
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The parametrization formula works within 1% accuracy for . . 2m,
Co®M(S)AL(S)+ —
s

s<15 Ge\? and can avoid the spurious singularitiessat  B(S)=(1+ Mmyx)
=m3. Related parameters are given in Table IV[28].

Ill. FORMULA OF OBSERVABLES X (1—mgx)C78MT5(5) |, (3.13
In this section we provide a formula for experimental ob-
servables, which include dilepton invariant mass spectrum,
FBA, and lepton polarizations. ~ 1 A off A
From Eqgs.(2.2—(2.8), it is straightforward to obtain the Cls)= 1-m2, [(1 Micx) Co™(S) Az(S)
matrix element oB— K(K*)I 1~ as follows: K
Gea + 2, C,°" T(§)+l_ﬁqi*T(§)>
M: - LV;‘SthmB b7 3 g 2 ’
2\/517
o - - (3.19
X[T, (1 y* D)+ T4 (1 y* ysH+S(1H], (3.1
- 2 -
where forB—KI "1™, E(s)= ————CypV(s), (3.19
1+ My
T,=A'(S)p,,, (3.2 ) ) )
, o o F(s)=(1+mgx)C10A1(S), (3.19
T,=C'(s)p,+D'(s)qy, (3.3
R - 1 -
S=384(s), (3.9 G(s)= —C10Ax(9), (3.17
1+ M+
and forB—K*I*]~,
- . A A -~ - .. C R - - -
T5=A(S) €,pape* "PaPRs —IB(S) €, +IC(S) (¢*-Pa)P,,  H(S)= f[(ﬂ My )A1(S) = (1= My ) Ax(S)
(3.9 ~
— 2fr A+ K Ay(8)Cos
~ A A . ~ . ~ ~ ~ K* ~ ~ ~ I
T2 =E(S) €,4pap€™ "PaPL: —IF (S) € ,+iG(S) (€* - Pg)P,, My (My+ms)
A aa 3.1
+iH(3) (& - Pg)d (3.6 (313
=i - * * . D S - 1 <
S=i2my«(€* - pg)S,(8S) (3.7 Sz(s)z_on(s)ch, (3.19
with p=pg+ pk k+. Note that, using the equation of motion b
for lepton fields, the terms if]M in T}L vanish. where
The auxiliary functions above are defined as
. . . 2m . By 3 (3 VRPN
A/(S):Cgeﬁ(s) f+(5)+ Ab C7efff-|—(5), (38) fo(S)— 1_ r,hz [Sf_(S)+(l_mK)f+(S)]. (32@
1+mg K
C'(8)= C10f+(§), (3.9 To ge_t the auxilia_ry functions given above, we have used the
equations of motion
-2
~ ~ - K ~ — .
D'(s)=Cyof_(S)— ——=—=—Cqfo(9), 3.1 H =(my— , 3.2
(s)=Cyof_(s) 20y (M— o) qz2fo(s) (3.10 Q“(hryutbo) = (My—my) by ihr, (3.21
R 1-m2 R (1Y, Ysth2) = — (My+My) iy ysibs.
S]_(S) = fCQlfo(S), (31]) (322

(mb_ms)
The contributions of NHB'’s have been incorporated in the
terms of S;(S), D'(S), H(s), and S,(s). It is remarkable

that the contributions of NHB's i’ (s) andH(s) are pro-
(3.12 portional to the inverse mass of the lepton, and for the case

~ 2 i~ ~ 4mb . -
A(s)=——=—Co%(s)V(s)+ ——C;*'Ty(s),
1+ mgx S
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| = u, the effects of NHB'’s can be manifested through these . 2Mys A .
terms. H(s)=— —=—Wc,[A3(S) = Ao(S)]
A phenomenological effective Hamiltonian was recently S
given in [30]. If we ignore tensor-type interactions in the A
phenomenological Hamiltonia(it is shown that physical ob- + My W Ag(S) (3.33
servables are not sensitive to the presence of tensor-type in- m(my+mg) & O '
teractiong 6)), it is easy to verify that the matrix element of
B—K®)I "I~ can always be expressed as the form of Eq.

(3.2) with the auxiliary functions defined as - 1 -
So(s)=— fw(aAo(S), (3.39
(mb+ms)
~ ~ W‘39+WC10 A
A (§)=we, f (5~ ———1x(§), (323
1+mg where
C'(s)=wc, f.,(S), 3.2 1
( ) CZ +( ) ( 4> WCl:Z(CLL+CLR+CRL+CRR)’ (335)
. i 2 )
D (5)=Wc2f—(5)—mwc6fo(s), 1
(M= Mg W, =—(—C | +C r—Cgr +Cgrpr), 3.3
(3.29 ¢, 4( Lt T CLr—CrLt Crp) (3.36
. 1-m . 1
Sl(s) = fwcsfo(s), (32@ W03: Z( - CLL_ CLR+ CRL+ CRR)! (337)
(mb_ms)
- 2 ~ 2 . 1
A(s)= Lt WCIV(S)_E(WCQ"‘WclO)Tl(S). We,= 7 (CLe=Cir=Crit Crr), (3.39
(3.27
1
. . . We, =7 (CLrirt Critrt CLrrLt Criry, (3.39
B(s)=—(1+myx)| We,Aq(S)
1 A A 1
+7(1_mK*)(Wc9+Wcm)T2(S) , (3.28 WCG_Z(CLRLR+CRLLR_CLRRL_CRLRL)a (3.40
S
1 L C C C C 3.4
C(é):_l_'*z |:(1_ﬁ’|K*)WC3(§)A2(%) WC7_Z( LRLR RLLR+ LRRL ™ RLRl)! ( 1)
K*
- - 1
+(Wey=We, )| (1+Myx)T3(s) Wey =7 (CLrir™ Critr™ CLrrLt CrirD, (3.42
1_{‘}]2* ~
+—21,3) ], (3.29 We,=MyCgr, (3.43
S
A 2 . WClOZ mSCSL. (344)
E(s)z—AWCZV(s), (3.30
14+ myx

K . . .
In the above equation€, ,C R, etc., are defined in Ref.

. . . [6]. Therefore, our formula given below can also be used to
F(s)=—(1+mg«)We, Aq(S), (3.3)  make model-independent phenomenological analysis, if us-
ing Egs.(3.23—(3.39) instead of Eqs(3.8—(3.19.
1 Keeping the lepton mass, we find the double differential
G(8)=— ——— W, Ax(9), (332  decay widths' andT'K" for the decay8—KI "1~ andB
T+mgs —K*1*1~, respectively, as
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d’r€ GZa’mg

E=W|v Vol 4(JA'[2+|C'|2) (N — U2) +|S1|?(s— 4m?) + Re(S;A’* ) 4mu+| C' |24m?(2+ 2mE — S)
+Reg(C'D'*)8mZ(1—m2)+|D’'|?4m?s}, (3.45

d’r*”  GEa?mg

dsdu  2U4®

2
E
[VE Vip|2 |—[s()\+u2)+4m|2)\]+|—[s()\+u2) AN+ S, 2(s— 4mP)\

—[B2(\ — u2+8mK*(s+2m|))+|F|2()\ u+8mK*(s 4m?))]—2su[ ReBE* ) + R AF*)]

K*

. 'U[Re(szs*)(éJrﬁﬁ*—1)+Re(32c*)>\]+ ——[|C|2(\—U?) +|G[>(\ — U2+ 4m?(2+ 2m, — §))]
M * mK*

1 -2
——5—[Re(BC*)(1— mK* S)(A—U?) +ReFG*)((1— mK*—s)()\ U?)+4m\)] - zm A Re(FH*)
K* K*
rATIZ
—Re(GH*)(1— mK* )1+ |H|? —s)\ (3.46
K*

Here the kinematic variables,(1) are defined as

=g%=(p;+p-)2 (3.47)
u=(pg—p-)>—(pg—Ps+)? (3.48
which are bounded as
(2m)2<s<(1—my x+)?, (3.49
—u(s)<u=u(s), (3.50
with m,=m, /mg and
. m?
u(s)= (1 4—) (3.5))
S
N=1+mg y, +5°—25—2Mg , (1+9), (3.52
am?
D= 1— T (353

Note that the variable corresponds t@, the angle between the momentum of Bheneson and the positively charged lepton
| in the dilepton c.m. systerft.m.s) frame, through the relation= — u(s)cosé [42].
Integrating ovelu in the kinematic region given in E43.50 we get the formula of dilepton invariant mass spe¢tS)

dr GZamg

== ViVl u(s)D" (3.54
ds 215
u(s)? ..
D= (|A]2+]C" )| A= —5— | +]S:|*(s—4mp)
+[C’|24m7(2+2mi —s) +Re(C'D'"*)8m(1—mg) +|D’|?4m/s, (3.55
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d’é - 210 5 |V th|2 S)DK* (356)
. A2 m? U(s 1
DK =%s>\<1+2— +|E|?s %+|82| (s—4mi)N+ ——| |B|? A—L+8mK*(s+2ml)
K*
us)? ., .. u(s)? u(s)?
HIFR -2 et 5 aid) [|C|2()\—% o -2
K*
s AP . u(s)? iy
+4mi(2+2my.—s) | |— ReBC*)| A — 3 (1—mygs—9)
K*
e ~2
* _U(S)2 _~2 -2 L *\ _ * A2
+Re(FG*)|| A= —5— | (1=mye =) +4m\\ ||~ 2=~ N[Re(FH*) ~Re(GH*)(1-my.,)]
Micx
m? . )
K*

Both distributions agree with the ones obtaine{i28,36,
if Cq, 2 are set to zero.

The differential FBA is defined as

J’u(é)d dr +f0 q dr
o “Zdsdu” | u@ Udsdu

Arg(s)= fU(Q)d dr +f0 ) ar
0 stdu —ud) udsdu
For B—KI*I~ decays it reads as follows:
d.ALg
e BDK= —2mU(S)Re(S;A'*). (3.58
s
For B—K*I"|~ decays it reads as follows:
A
=Uu(s){ SIRe(BE*) + Re(AF*)]
m, )
+ —[RES,B*)(1—s—mg,)
My *
—ReS,C* )x]] . (3.59

We can read from Eq.3.58), the FBA of the procesB

The lepton polarization can be defined as follows:

[1+(PL eL+ Pn eN+ Pt eT) n]

(3.60

dr(ﬁ) dr
ds ds

where the subscript “0” corresponds to the unpolarized
width, andP, , Pt, andPy, correspond to the longitudinal,
transverse, and normal components of the polarization vec-
tor, respectively.

TABLE Il. Values of the input parameters used in our numerical
analysis.

my 4.8 GeV

me 1.4 GeV

mg 0.2 GeV

m, 0.11 GeV
m, 1.78 GeV
Mg 5.28 GeV
M 0.49 GeV

M 0.89 GeV
MM ) 3.103.69 GeV
Ig 4.22x10° 13 GeV
LT ) 8.70(27.70% 10 ° GeV
CAg—1717) 5.26x10°° GeV
Ly’ —1717) 2.14x10°5 GeV

—KI*1~ does not vanish when the contributions of NHB Gg 1.17x107° GeVv ?
are taken into account. With it, our analysis below alsoa ™! 129
shows that the contributions of NHB’s can even be aCCest/EV,y| 0.0385

sible in B factories.
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TABLE lll. Wilson coefficients of the SM used in the numerical analysis.

C, C, Cs Cy Cs Cs ceff Co Cio C

—0.248 +1.107 +0.011 -0.026 +0.007 —0.031 —0.313 +4.344 —-4.669 +0.362

For the proces8—KI~I", the P}, P¥, and Pf, are N
derived, respectively, as P$*DK*= = : 4sRe(AB*)
a\s
K K_i N X AT A2 X3 _m2 &
PKDX=_D{A\RgA’'C’*)—3m(1-m2)ReC'*S;) (1-ms,—s)
3 +————[—Re(BF¥)
—3m;sReD’'*S;)}, (3.61 “
+(1—m?,)Re(BG*)+SReBH*)]
PKDK=ﬂ{—Im(A’S")+2fn Im(C'D"*)} A
N 2 ! ! ’ + =5—[Re(CF*)—(1-m;,)Re(CG*)
(3.62 M
. (s—4m?)
—m - o~ —SRegCH*) |+ ————
PiDf=—7 [(1-M2)Re(A'C'*) SRECHOI+ ==

(s—4m?)
2

+SRe(A'D'*)]+ Re(C'SH) 1. X[(1-mZ, —S)ReFS5)~\ReGSS)] | .

(3.63 (3.6

DK is defined in Eq.(3.55. For the processB D" is defined by Eq(3.57.
—SK*171T, the PK™, PX" and PK", are derived, respec-

tively, as IV. NUMERICAL ANALYSIS
“ N+ 1202 Parameters used in our analysis are listed in Table II.
pK*DK* = p Zi)\Re(AE*)+( K*)Re(BF*) Considering that the branching ratios Bf+KI "1~ and B
- 3 m2 —K*1*1~ are not very sensitive to the mass §f,, we
K* y ’
A A neglect the difference between the pole mass and running
N1- mi* —S) mass of theb quark.
- ——=3 ——RegBG"+CF") The Wilson coefficients in the SM used in the numerical
SMicx analysis are given in Table IIC$ff is defined as
A2 2m\ off
+ —5Re(CG*)+ ——[ReFS3) C; '=C;—Cs/3—Cs. 4.1
3My« My*

TABLE IV. Wilson coefficients of the SUSY used in our nu-
~ ~ : H SM
_SREHS* ) — (1— 2. )Re(GS* ' me_rlcal analysisR; meansC;/C; - SUSY | c_orresponds to the
&aHS)~( kREGS)] regions where SUSY can destructively contribute and can change
the sign ofC-, but the contributions of NHB'’s are neglected. SUSY

(3.64 | corresponds to the regions where faiis large and the masses of
superpartners are relatively small. SUSY Il corresponds to the re-
. . — §ﬁ(§) rtnl ) gions where ta is large but the masses of superpartners are rela-
Pﬁ DK = = —[IM(FG*)(1+3m, —s) tively large. In the last two cases the effects of NHB'’s are taken into
4my My« account. The contributions of NHB’s are settled to be different for

both the casé=u andl=r, sinceCq, , are proportional to the

~ 5 :
HIM(FH*)(1—mi, =)~ IM(GH*)A ] mass of lepton. The values in bracket are for the ¢ase.

+ 2m=m[Im(BE* )+ Im(AF*)] SUSY models R, Ry Ry  Co Co
1 2
- SUSY | ~12 11 08 00 0.0
—(1=mi. —s)Im(BS3 ) + N Im(CS3) ¢, SUSY I ~12 11 08 65(16.5) —6.5(—16.5)
SUSY il 12 11 08 12(45) -1.2(—45)
(3.65H
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g 4 40.05 ¢
= <
-l o
(a) s
[}
"
>
-]
0.75
0.25 |

—0.25 |

-075 |

© R s

FIG. 1. The IMSa), FBA(b), P, (c), and P(d) of the proces8—Ku* u~. The solid line, dashed line, dot line, and dashed-dot line
represent the SM, SUSY |, SUSY II, SUSY IIl respectively. Both the t¢&+LD) and the pure SD contributions are shown in order to

compare.

(:Q12 come from exchanging NHB’s and are proportional physics and that SUSY can contribute destructively when the

to tarf3 in some regions of the parameter space in SUSYsignature of the Higgs mass term is minus. There exist
models. According to the analysis [@,37], the necessary considerable regions of SUSY parameter space in which
conditions for the large contributions of NHB'’s includg) ~ NHB'’s can largely contribute to the process—sl™I™,

the ratio of vacuum expectation value, f@nshould be large, While the constraint ob— sy is respectedi.e., the signature
(i) the mass values of the lighter chargino and the lighteof the Wilson coefficientC; is changed from positive to
stop should not be too largesay less than 120 Ge\/(iii) negative. When the masses of the SUSY particle are rela-
mass splitting of charginos and stops should be large, whictively heavy (say, 450 GeY, there are still significant re-
also indicate large mixing between stop sector and chargingions in the parameter space of SUSY models in which
sector. As the conditions are satisfied, the prodgssX,y = NHB's could contribute largely. However, at these caSes
will impose a constraint orC-. It is well known that this does not change its sign, because contributions of charged
process puts a very stringent constraint on the possible nettiggs and charginos cancel with each other. We will see it is
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FIG. 2. The IMSa), FBA(b), P, (c), andP+(d) of the procesB8— K r* 7. The line conventions are the same as given in the legend of
Fig. 1.

hopeful to distinguish these two kinds of regions of SUSYregions, NHB’s greatly modify the spectrum, while at the

parameter space by observiBg-K®*)I *1~. low s region, the effects of NHB's become weak. In Fig.
As pointed out if 3,4], the contribution of NHB's is pro- 1(b), the FBA of theB—Ku ™" is presented. Figure(t)
portional to the lepton mass, therefore, fore, contribu-  ghows that the average FBA B—Ku'u~ is 0.02. To
tions of NHB's can be safely neglected, while for cases measure an asymmetyof a decay with the branching ratio
=p andl =, the contributions of NHB’s can be consider- g, at the no level, the required number of events fi
ably large. To investigate the effects of NHB’s in SUSY =n2/(BrA?). ForB—Ku* u~, the average FBA is 0.02 or
models, we take typical values @7 g10andCq, , @S given g4 the required number of events is36r so. Therefore, it
in Table IV. The SUSY model without considering the ef- is hard to observe the derivation of FBA from the SM. In
fects of NHB’s(SUSY I in Table IV) is given as a reference Figs. 1c) and 4d), the longitudinal and transverse polariza-
frame so that the effects of NHB’s could be shown in hightions are given. The effect of NHB's on the longitudinal
relief. polarization is weak but the effect on the transverse is re-
Numerical results are shown in Figs. 1-4. In Figg)lthe  markable.

IMS of BKu ™ u~ is depicted. We see that at the high In Figs. 2a) and 2b) the IMS and FBA ofB—Kr* 7~

094023-10
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dB/ds

&

dL/ds

_o‘z_lnnnlnnnulnunu
(d) ' ' ' ' s

FIG. 3. The IMSa), FBA(b), P, (c), andP+(d) of the proces8—K* 1" ™. The line conventions are the same as given in the legend
of Fig. 1.

are presented, respectively. For SUSY I, the effects ohelpful to determine the zero point of FBA. FiguréBde-
NHB’s to IMS are quite manifest, and the average FBA carpicts the transverse polarization of tBe-K* 4"« ™, and
reach 0.1. For SUSY lll, the average FBA can reach 0.3the effect of NHB'’s is quite obvious. The zero point of the
Therefore, in order to observe FBA, the required number oFBA can be slightly modified as shown in Fi¢h3 due to the
events should be 2®r so and 18, respectively, so thatiB  contributions of NHB'’s.
factories, say LHCB, these two cases are accessible. In Figs. In Fig. 4, the IMS, FBA, longitudinal, and transverse po-
2(c) and 2d), the longitudinal and transverse polarizationslarizations of theB—K* 7" 7~ are depicted. The effect of
are drawn, respectively. The effects of NHB’s are also veryNHB’s does show in great relief. It is worth noting that IMS,
obvious. FBA, and lepton polarizations foB—K*| 1~ in MSSM
Figures 3 and 4 are devoted to the deBayK*1 "1™, In without including the contributions of NHB'’s are also sig-
Fig. 3, the IMS, FBA, and polarizations 8 K* u*u~ are  nificantly different from those in SM, while foB— KI "1~
given. We see that this process is not as sensitive to ththey have little difference from those in SM. Therefore, com-
effect of NHB asB— Ku* u~. However, the contribution of pared to the proce®— K|l ~, more precise measurements
NHB'’s will increase the part with positive FBA and will be for B—K*I |~ are needed in order to single out the contri-
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FIG. 4. The IMSa), FBA(b), P, (c), andP+(d) of the proces8—K* 7+ 7~. The line conventions are the same as given in the legend of
Fig. 1.

butions of NHB’s. due to smallness of the mags the FBA does not vanish but
Normal polarizations for bothB—KI*I~ and B it is hard to measure. While for the caBe-Kr" 7, the
—K*I717 are small and can be neglected because thenassr is quite large and observing FBA is relatively easy.
imaginary parts of Wilson coefficients are small in SUSY For SUSY I, though the numerator of FBA is comparatively
models withoutC P-violating phases which are implicitly as- |arge, the large IMS suppresses the value of FBA; for SUSY
sumed in the paper. I, the numerator is relatively small, but the FBA’s do dem-
The behavior of IMS(a), FBA (b), P_ (c), andPr (d)  onstrate the effects of NHB’s more manifestly, as shown in
shown Figs. 1-4 can be understood with the formula giverfig. 2(b) due to the smallness of IMS. Equatiof&63 and
in Sec. lll. With Egs.(3.59), (3.10, and(3.11), we see that (3,64 show that for the casé=pu, the contributions of
the contributions of NHB’s are contained in the termsSef  NHB's to Py, Py are suppressed by the massofBut for
andD'. At the highs regions, it is these two terms which are the casel =7, the contributions of NHB's become quite
important. This explained the behavior of IMS given(@ of manifest both for SUSY Il and SUSY IIl. The term wifh’
Figs. 1 and 2. Equatiof8.58 shows that the FBA is propor- in Eq. (3.63 will change its sign when there exist relatively
tional to the mass of the lepton. For the c&&e-Ku ™ u™, not too small contributions of NHB's, the fact deduced from
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TABLE V. Partial decay widths foB—Ku ™ u~. LCSR means the approach light-cone QCD sum rules,
SVZ means the SVZ QCD sum rulpl7]. Character A means the regidisy,(m,—5)2], B [(m,
—8)2,(my+8)2], C[(m,+8)2,(m,, — )2], D [(m,, —8)?,(m,, + )], and E[(m,, + 6)2,52,]. The unit
is Tgx 107°, which is 4.2 1071° GeV. § is selected to be 0.2 Ge\.is normalized withMg

Model A B C D E to(SD) tot(SD+LD)
SM LCSR 0.353 54.707 0.032 4.566 0.076 0.573 59.736
Svz 0.215 22.918 0.015 1.593 0.026 0.299 24.767
SUSY | LCSR 0.425 54.723 0.037 4576 0.086 0.675 59.847
Svz 0.179 22.910 0.011 1.586 0.019 0.236 24.704
SUSY I LCSR 0.556 54.865 0.131 4.833 0.849 2.067 61.233
Svz 0.348 23.009 0.068 1.726 0.321 1.002 25.473
SUSY Il LCSR 0.429 54.727 0.040 4.584 0.109 0.717 59.889
Svz 0.181 22.912 0.012 1.590 0.028 0.255 24.723

Eq. (3.10, that explains why the sign d¢¥; is changed. The factors obtained by the SVZ method are 50% of those by the
difference between cases SUSY Il and SUSY Il is small, thed.CSR approach, while foB—K*1*1~, PDW's increase
reason is just the same as stated in the analysis of FBA. 100% or so. We see that at low regions the theoretical
Since the terms incorporating the contributions of NHB'S yncertainty can reach from 100% to 200%. Another point
are proportional tox as shown in Eq(3.57, which ap-  worthy of mention is that the contribution of resonances
proaches zero at highregions; while at smal regions, the dominate the integerated decay width, as had been pointed
effects of NHB’s are dwarfed by the other contributions. out in[29].
Therefore, only Whelﬁ:Qi are quite large could the effects of

NHB’s be manifest, as shown in FiggaBand 4a). Accord- V. CONCLUSION

ing to Eq.(3.59, at highs regions. Ehf effects of NHB's We have calculated invariant mass spectrum, FBA'’s, and
would be suppressed by and 1-s—mj.. The same sup- lepton polarizations forB—KI*I~ and B—K*I*I~ |
pression mechanism exists fBf . This suppression mecha- -, in SUSY theories. In particular, we have analyzed the
nism explains the fact that the procesBes K*1 71~ are not  effects of NHB's on these processes. It is shown that the
sensitive to the effects of NHB’s. However, when there exiSteffects of the NHB's onrB— K7+ 7 and BK* %7~ in
large contributions of NHB's, the sign oPy will be  some regions of the parameter space of SUSY models are
changed, as indicated in both Fig¢dBand 4d). considerable and remarkable. The reason lies in the mass of
The partial decay widthtPDW's) are listed in Tables the 7, which can magnify the effects of NHB's and can be
V-VIIl. We see that at the higb region, for the procesB seen from the related formula. The numerical results imply
—KI*I7, I=pu,, the contributions of NHB’s do show up, as that there still exist possiblities to observe the effects of
expected. FOB—K*|*|~, the effects of NHB’s in the high NHBinB—Ku*u~ andB—K*u* u~ through IMS, FBA,
s region is significant wheh= 7, while they are small for ~ and lepton polarizations of these processes, in particular, for
= u. It can be read out from these four tables that the result8 —Ku ™ x™ in the case of SUSY II. The partial width in the
are consistent with Figs.(d), 2(a), 3(a), and 4a). In order to  high s where short distance physics dominates can be en-
estimate the theoretical uncertainty brought by the methodeanced by a factor of 12 compared to SM. Our analysis also
calculating the weak form factors, we use the form factorsshow that the theoretical uncertainties brought in calculating
calculated with LCSR and SVZ QCD sum ruléSVZ) the weak form factors are quite large. But the effects of
method[17]. For B—KI*1~, PDW’s calculated with form NHB’s will not be washed out and can stand out in

TABLE VI. Partial decay widths foB— K* u* u~. Other conventions can be found in Table V.

Model A B C D E to{SD) tot(SD+LD)
SM LCSR 0.930 83.257 0.141 9.976 0.258 1.882 94.562
Svz 2.943 111.278 0.147 7.504 0.137 3.639 122.008
SUSY | LCSR 1.627 83.402 0.198 10.085 0.330 2.915 95.64
Svz 4.517 111.423 0.183 7.552 0.149 5.291 123.825
SUSY I LCSR 1.178 83.431 0.234 10.164 0.352 2.677 95.360
Svz 2.801 111.292 0.156 7.525 0.145 3.522 121.918
SUSY Il LCSR 1.631 83.407 0.201 10.092 0.334 2.938 95.664
Svz 4518 111.425 0.184 7.553 0.150 5.296 123.830
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TABLE VII. Partial decay widths ofB—K7"7~. A’ means TABLE VIIl. Partial decay widths oB—K* 7" 7. Other con-
[go‘(fnw_ 5)?], B' means [(r}]w,+3)2,§max]_ The unit is T'g ventions can be found in Table VII.
X 1076, which is 4.22<10"° GeV.

Model A B tot(SD) tot(SD+LD)

Model A B [OUSD) HSDFLD) gy, LCSR 4.045 0096 0.183 4141

SM LCSR 1.884 0094 0.132 1.978 SVZ 3029 0048 0.102 3.076

SVZ 0659 0036 0.054 0.695 SUSY!  LCSR 4088 0173 0.327 4.261

SUSYI  LCSR 1.884 008 0.131 1.970 SVZ 3052 0072 0.159 3.124

SVZ 0655 0025 0.038 0.680 SUSY Il LCSR 4.148 0266  0.460 4.413

SUSY Il LCSR 2022 1496 1.674 3.519 SVZ 3054 0084 0.167 3.138

SVZ 0726 0552 0.637 1.278 SUSY Il LCSR 4078 0168 0.312 4.246

SUSY Il LCSR 1.874 0094 0.129 1.968 SVZ 3050 0071 0.156 3121
SVZ 0651 0026 0.035 0.677

noticed in papef43], which points out that in 2HDM, the

. . missed box diagram can preserve the gauge invariance of the
some regions of the parameter space in MSSM. If only pargtective Hamiltonian and can contribute considerably. How-
tial widths are measured, it is difficult to observe the effectsyyer in SUSY. the dominant contribution is from the SUSY
of NHB'’s except for the decaB—Kr" 7. However, the self-energy diagram which is proportional to gn there-
combined analysis of IBS, FBA, and lepton polarizations cangre  ajthough they are important to a certain concern, nu-
provide useful knowledge when looking for+SLJSY. Finally, merically the missed boxed diagram will not change our con-
we would like to point out that FBA foB— KI ™1~ vanishes .| sion about the contribution of NHB's in SUSY.

(or, more precisely, is negligibly smalin SM and it does

not vanish in 2HDM and SUSY models with large {adue

to the contributions of NHB'’s. However, only in SUSY mod- ACKNOWLEDGMENTS

els and forl = 7 is it large enough to be observed hfac- Q.S.Y. would like to thank Dr. W.J. Huo for his help
tories in the near future. during the work. This work was supported in part by the

Note added in proofBefore this work was finished, we National Nature Science Foundation of China.

[1] B. Grinstein, M.J. Savage, and M.B. Wise, Nucl. Ph$819, Rev. Lett.71, 496 (1993; B. Blok, L. Kozrakh, M. Shifman,
271(1989. and A.l. Vainstein, Phys. Rev. B9, 3356(1994; A.V. Ma-

[2] T. Gotoet al, Phys. Lett. B460, 333(1999; S. Baek and P. nohar and M.B. Wisejbid. 49, 1310 (1994; S. Balk, T.G.
Ko, ibid. 462 95(1999; Y.G. Kim, P. Ko, and J.S. Lee, Nucl. Korner, D. Pirjol, and K. Schilcher, Z. Phys. &, 37 (1994;
Phys.B544, 64 (1999, and references therein. For the earlier A.F. Falk, Z. Ligeti, M. Neubert, and Y. Nir, Phys. Lett. B
references, see, for example, the references in[Rgf. 326, 145(1994.

[3] Y.B. Dai, C.S. Huang, and H.W. Huang, Phys. Lett.3B0, [16] W. Jaus and D. Wyler, Phys. Rev. &1, 3405 (1990; P.
257 (1997. Colangeloet al, Phys. Lett. B317, 183 (1993; Cenget al,

[4] C.S. Huang and Q.S. Yan, Phys. Lett4B2 209(1998; C.S. Phys. Rev. D54, 3656(1996.
Huang, W. Liao, and Q.S. Yan, Phys. Rev.39, 011701 [17] P. Colangelet al, Phys. Rev. 53, 3672(1996; 57, 318GE)
(1999. (1998.

[5] S. Fukae, C.S. Kim, and T. Yoshikawa, Phys. Rev.6D [18] I.I. Balitsky, V.M. Braun, and A.V. Kolesnichenko, Nucl.
074015(2000. Phys.B312 509(1989.

[6] S. Fukae, C.S. Kim, T. Morozumi, and T. Yoshikawa, Phys.[19] V.L. Chernyak and I.R. Zhitnitsky, Nucl. Phy8345 137
Rev. D59, 074013(1999. (1990.

[7] Y.G. Kim, P. Ko, and J.S. Lee, Nucl. PhyB544, 64 (1999. [20] V.M. Braun, Preprint NORDITA—8-1—P,hep-ph/9801222.
[8] T. Goto et al, Phys. Rev. D55, 4273 (1997; T. Goto, Y. [21] A. Khodjamirian and R. Rekl, Preprint WUE—ITP-97-049,

Okada, and Y. Shimizubid. 58, 094006(1998. hep-ph/9801443.

[9] E. Lunghiet al,, Nucl. Phys.B568 120 (2000. [22] P. Ball and V.M. Braun, Phys. Rev. B8, 094016 (1998;
[10] J. L. Hewett, Phys. Rev. B3, 4964(1996. Nucl. Phys.B543 201 (1999; P. Ball et al, ibid. B529, 323
[11] Y. Grossman, Z. Ligeti, and E. Nardi, Phys. Rev5B, 2768 (1998; P. Ball, J. High Energy Phy€9, 005(1998; 01, 010

(1997. (1999.
[12] F. Kruger and L.M. Sehgal, Phys. Lett. 80, 199 (1996. [23] A. Ali, P. Ball, L.T. Handoko, and G. Hiller, Phys. Rev. &1,

[13] S. Choudhuryet al, Phys. Rev. D60, 115004(1999. 074024(2000.

[14] Chao-Shang Huang and Shou-Hua Zhu, Phys. Rew1D [24] CLEO Collaboration, S. Glenet al., Phys. Rev. 360, 034017

015011(2000. (1999; CLEO Collaboration, T. Affolderet al, Phys. Rev.

[15] L.I. Bigi, M. Shifman, N.G. Vraltsev, and A.l. Vainstein, Phys. Lett. 83, 3378(1999.

094023-14



EXCLUSIVE SEMILEPTONIC RARE DECAYSB—(K,K*) ...

[25] F. Kruger and J. C. Ronma Phys. Rev. D62, 034020(2000.

[26] N.G. Deshpande and J. Trampetithys. Rev. Lett60, 2583
(1988.

[27] G. Burdman, Phys. Rev. B2, 6400(1995; W. Roberts,bid.
54, 863(1996.

[28] D.S. Du and C. Liu, Phys. Lett. B17, 179(1993.

[29] D.S. Liu, Phys. Rev. 2, 5056(1995; M.R. Ahmady, D.S.

Liu, and A.H. Fariborz, Z. Phys. @1, 301(1996; M.R. Ah-
mady and D.S. Liu, Phys. Lett. B24, 231 (1994).

[30] T.M. Aliev, C.S. Kim, and Y.G. Kim, Phys. Rev. 52,
014026(2000.

[31] M. Jezabek and P. Urban, Nucl. Phy525, 350 (1998.

[32] D. Melikhov, N. Nikitin, and S. Simula, Phys. Lett. 842, 381
(1998.

[33] C. Greub, A. loannissian, and D. Wyler, Phys. Let346, 149
(1995.

[34] T.M. Aliev and M. Savci, Phys. Lett. B81, 275(2000.

PHYSICAL REVIEW D 62 094023

[35] T. M. Aliev, M. Savci, A. bzpineci, and H. Koru, J. Phys. G
24, 49 (1998.

[36] C.Q. Geng and C.P Kao, Phys. Rev.5B, 5636(1996.

[37] C.S. Huanget al, hep-ph/9810412; Commun. Theor. Phys.
32, 499(1999.

[38] S. Bertolini, F. Borzynatu, A. Masiero, and G. Ridolfi, Nucl.
Phys.B353 591 (199)).

[39] G. Buchalla, A.J. Buras, and M.E. Lauthenbache, Rev. Mod.
Phys.68, 1125(1996; A. Buraset al, Nucl. Phys.B400, 37
(1993; B400 75 (1993; S. Bertonliniet al,, ibid. B353 591
(1991).

[40] A. Ali, G.F. Giudice, and T. Mannel, Z. Phys. 67, 417
(1995.

[41] AJ. Buras and M. Moz, Phys. Rev. 32, 186(1995.

[42] A. Ali, T. Mannel, and T. Morozumi, Phys. Lett. B73 505
(1991).

[43] H.E. Logan and U. Nierste, hep-ph/0004139.

094023-15



