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Abstract

The general analysis of lepton polarization asymmetries in rare B — K*{T{~ de-
cay is investigated. Using the most general, model independent effective Hamiltonian,
the general expressions of the longitudinal, normal and transversal polarization asym-
metries for ¢~ and /T and combinations of them are presented. The dependence of
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detail. Our analysis shows that the lepton polarization asymmetries are very sensitive
to the scalar and tensor type interactions, which will be very useful in looking for new
physics beyond the standard model.
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1 Introduction

Rare B meson decays, induced by flavor-changing neutral current (FCNC) b — s(d) tran-
sitions, are quite promising for establishing new physics beyond the standard model (SM).
In particular the flavor changing inclusive b — s(d)¢™¢~ decay, which takes place in the SM
at loop level, is very sensitive to the gauge structure of the SM. Moreover b — s(d)¢+(~
decay is known to be very sensitive to the various extensions of the SM. New physics effects
manifest themselves in rare B meson decays in two different ways, either through new con-
tributions to the Wilson coefficients existing in the SM or through the new structures in
the effective Hamiltonian which are absent in the SM. Note that b — s(d)¢T¢~ transition
has been extensively studied in framework of the SM and its various extensions [[[-[[5].
One of the efficient ways in establishing new physics beyond the SM is the measurement
of the lepton polarization [[J-[R4]. All previous studies for the lepton polarization have
been limited to SM and its minimal extensions, except the work [[J]. In [L9] the analysis
of the 7 lepton polarization for the inclusive b — s777~ decay was presented in a model
independent way. In the same work, it was also shown that the investigation of the 7 lepton
polarization can give unambiguous information about the existence of the scalar and tensor
type interactions.

It is well known that the theoretical study of the inclusive decays is rather easy but their
experimental investigation is difficult. However for the exclusive decays the situation is
contrary to the inclusive case, i.e., their experimental detection is very easy but theoretical
investigation has its own drawbacks. This is due to the fact that for description of the
exclusive decay form factors, i.e., the matrix elements of the effective Hamiltonian between
initial and final meson states, are needed. This problem is related to the nonperturbative
sector of the QCD and and it can only be solved in framework of the nonperturbative
approaches.

These matrix elements have been studied in framework of different approaches, such as
chiral theory [2J], three—point QCD sum rules [2§] and light cone QCD sum rules [27, P§.
In this work we will use the weak decay form factors calculated using light cone QCD sum
rules method [P7, B§.

The aim of the present work is to present a rigorous study of the lepton polarizations
in the exclusive B — K*(*t{~ (¢ = u, 7) decay for a general form of the effective Hamil-
tonian including tensor type interactions as well. In the present work we extend results of
previous studies on lepton polarization [R0)-[23] and then perform a general analysis (in a
model independent way in the sense without forcing concrete values for the Wilson coeffi-
cients corresponding to any specific model) including all possible form of interactions. Our
analysis shows that the so—called tensor type interactions give dominant contribution to the
lepton polarization asymmetries. The paper is organized as follows. In section 2, using a
general form of four—Fermi interaction we derive the model independent expressions for the
longitudinal, transversal and normal polarizations of leptons. In section 3 we investigate
the dependence of the above—-mentioned polarizations on the four—Fermi interactions. We
also present the combined analysis of the ¢~ and ¢ asymmetries and our results.



2 Lepton polarizations

We start this section by computing the lepton polarization asymmetries, using the most
general, model independent four—Fermi interactions. Following [[J], we write the effective
Hamiltonian for the b — s¢*¢~ transition in terms of twelve model independent four—Fermi
interactions.
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and Cx are the coefficients of the four—Fermi interactions. The first two of these coefficients,
Csr, and Cpgg, are the nonlocal Fermi interactions which correspond to —QmSCﬁf 7 and
—meCﬁf 7 in the SM, respectively. The following four terms in this expression are the
vector type interactions with coefficients Crp, Crr, Crr and Cgrr. Two of these vector

interactions containing C%% and C1% do already exist in the SM in combinations of the

form (C§'/ — Cy9) and (C5?7 + Cyg). Therefore by writing

cit = O —Cio+ Crp
clt = Cgf 4+ Cio+ Crr

one concludes that C%} and C%% describe the sum of the contributions from SM and the

new physics. The terms with coefficients Crrrr, Crrr, Crrrr and Crrrr describe the
scalar type interactions. The remaining two terms leaded by the coefficients Cr and Crg,
obviously, describe the tensor type interactions.

Having the general form of four-Fermi interaction for the b — s¢*¢~ transition, our
next problem is calculation of the matrix element for the B — K*¢(*¢~ decay. In other
words, we need the matrix elements
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in order to calculate the decay amplitude for the B — K*{*¢~ decay. These matrix elements
are defined as follows:
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where ¢ = pg — pg~ is the momentum transfer and ¢ is the polarization vector of K* meson.
In order to ensure finiteness of (B) at ¢> = 0, we assume that Az(¢> = 0) = Ag(¢* = 0)
and T1(¢*> = 0) = Ty(¢*> = 0). The matrix element (K*|5(1 + v5)b| B) can be calculated

from Eq. () by contracting both sides of Eq. (B]) with ¢* and using equation of motion.
Neglecting the mass of the strange quark we get

1 , .
(K*(pg+, €) |5(1 £ 45)b| B(pg)) = Hb[:p 2imic+ (%) Ao(q?)] - (5)
In deriving Eq. (f) we have used the relation (see [[5, Bg])

2mp+As(q?) = (mp + mg+)AL(q?) — (mp — mg-)As(q?) .

Taking into account Egs. ([[Hf), the matrix element of the B — K*(*{~ decay can be
written as
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The form of Eq. (B) reflects the fact that its difference from the SM case is due to the last
four terms only, namely, scalar and tensor type interactions. The next task to be considered
is calculation of the final lepton polarizations with the help of the matrix element for the
B — K*(*{~ decay. For this purpose we we define the following orthogonal unit vectors,
S7" in the rest frame of £~ and S;" in the rest frame of ¢*, for the polarization of the

leptons along the longitudinal (L), transversal (T") and normal (N) directions:
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St = 0,
Syt = (0,e) = (0,ex x é Zf ) ,

where py and pare the three momenta of £+ and K* meson in the center of mass (CM) frame
of the £/~ system, respectively. The longitudinal unit vectors S; and S; are boosted to
CM frame of £t¢~ by Lorentz transformation,

_ p_|  E,p_
SL,MCM = (ma “i >,

my  my |[p_|
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while vectors of perpendicular directions are not changed by boost.

The differential decay rate of the B — K*(*¢~ decay for any spin direction 7 *) of the
(@) where 7 ™) is the unit vector in the ¢*) rest frame, can be written in the following
form

dl (7 1 [/dl . . . .
% =573 ) |1+ (Ba + PYe + ppiet ) ) (10)
q a /),

where the superscripts T and ~ correspond to ¢t and ¢~ cases, the subscript ¢ corresponds
to the unpolarized decay rate, whose explicit form will be presented below and P, Py
and Pr represent the longitudinal, normal and transversal polarizations, respectively. The
explicit form of the unpolarized decay rate in Eq. ([[0) is

X {?;—Qm%)\[(m%s —m3) (|A1|2 - |C’1|2) + 6m3 Re(Ale)}
+ 96m; Re(B,D}) — %m%mg)\ Re[(B, — D1)(B; — BY)]
+ émgmgx (Re[B1(—Bj + Dj + D3)] + Re[Ds(B; + Bj — D)] — Re(B.B;)] )
+ %m‘}gmg(l —7)A (Re[(32 — Dy)(B} — B2)] + 2myRe[(By — D2) (B — D;;)])
- ém%m?)\@ +2r — ) Re(ByD}) + %m%mgs)\ Re[(Bs — Ds)(B; — BY)]
+ %m%m?s)\ |Bs — Ds|” + %sz(szs —2m2)\ (|B4|2 + |B5|2)

— im2B>\ {m?(Q —2r+8) +myps(l —r — s)} [Re(BlBS) + Re(DlDS)}
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+ — [2m2()\ — 67s) + mps(\ + 127“3)] (|Bl|2 + |D1|2)
3rs ¢ B
4 2 2 2 2
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32
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32
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64
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?)if 42 1Crl? 3, (4m2 [\(Sr — 5) — 1205(2 + 20 — )]
,

mys [AN(167 + 5) + 12rs(2 + 2r — s)])
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where s = ¢*/m%, r = mj./m% and v = /1 — —= is the lepton velocity.

The polarizations P, Py and Pr are defined as:

) i )T g5 €
PR = Ccliqf &) _ o) Cclqu ) )y
d—q2(” =¢ )+ d—qg(n =—¢ ')

where P™) represents the charged lepton /) polarization asymmetry fori = L, N, T, i.e.,
Pr, and Pr are the longitudinal and transversal asymmetries in the decay plane, respectively,
and Py is the normal component to both of them. With respect to the direction of the
lepton polarization, P, and Pr are P—odd, T—even, while Py is P—even, T—odd and C'P-
odd. After lengthy calculations for the longitudinal polarization of the ¢, we get
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.
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2 . . 1
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256 . . .
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4
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8
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4
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8
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16

B—TVmgs |B7|> Re(CrCiip)

64

3_7“()\ + 12rs)m%s | Bg|* Re(CrCip)

64

B—TAm‘lBs(l — 1 —s)Re(BsB7)Re(CrCry)
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256
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where A is the term inside curly brackets of Eq. ([d]). From Eqgs. ([J) and (I3) we observe
that the terms containing ”pure” SM contribution, i.e., the terms containing Cgg, Csr, Ct%
and C% are the same for both lepton and antilepton but with opposite sign. However for
the terms containing new physics effects this does not hold. In other words, such terms
may have same or different signs for lepton and antilepton. In due course this difference
can be a useful tool for looking new physics effects.

Further calculations lead the following expressions for the transverse polarization PT :

pr - %mB@{ — SmZme Re[(As + C1)(B; + D})]

1
+ mpmy(1+3r = s) [Re(B1 D) — Re(B;Dy)]
1
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b (1~ — 5)[Re(ByB}) ~ Re(Dy B}
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_ %m%m?)\[Re(BgB;) ~ Re(DyB;)|

+ T_ngmg<1 —r)A[Bal — D[] + %mémm Re((Bz + D,)(B; — D3)]

— T—lsm%mg[)\ + (1 —7r—35)(1—7) [Re(BlB;) - Re(DlD;)]
1

+ (L= = 5)(2mf — miys) [Re(B1B;) — Re(D B3]
1

+ EmB)\(QmZ mBs)[Re(DgB) Re(BQBZ)]
16

— 7GS)\mBmZRe[(Bl D1)(B:Crg)*

+ ii)\mBm?( ) Re[(Bg 2)(B7CTE>*]

+ _)\m%mg Re[(B4 — B5)(B7CTE)*]

+ E)\mBmg Re[(Bs — D3)(B:Crg)’]
+ %mé(l —1r —s)Re[(B1 — D1)(BsCrg)*| (14)
32

— Zmimi(1 —7r)(1 —r — s)Re[(By — D3)(BsCrg)*]
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1_T6mBmg(1 —r —s)Re[(By — Bs)(BsCrg)”]

32 m%m2(1 —r — s) Re|(Bs — D3)(BsCrri)*]

16m3 (4mz Re[AY(Cr + 2Crg) Bs) — m%s Re[Af(Cr — 2C75)B ])

16m23 (4m? RG[CT(CT — QCTE) 6] — mBs Re[01 (CT + QCTE) 6])

32
—mip(1— 1) (4m? Re[A}(Cr + 2Crp)t] — mbs Re[A}(Cr — 2Crp)t] )

32
“=mp(1 = r)(4m; Re[C;(Cr — 2Crp)t] — mps Re[C; (Cr + 2Cre)t])

—mpmy(1 —7)(1 4 3r — s)Re[(By — Do) (t1CrE)"]
6r4m23m5(1 + 37 — ) Re[(Bs — Ds)(h.Cr)]

32
7m23mg(1 +3r — s)Re[(By — Bs)(t:Crg)’]

O s — m3(1+ Tr — )| Rel(By — Di)(1:Cr)]
32

(4mz + mBs) Re[(31 + Dl)(thT) ]

2048m3mg Re[(Crt1)(BsCre)*]

4096 *
TmQBmg(l —r) |t1| Re(CTCTE)} ,

%mB\/a{ — 8mpmy Re[(Ar + C1) (B + Dy)]

1
—mimy(1+3r — ) [Re(B1Dj) — Re(B;Dy)]

L1~ = 5)[|Bif ~ |Dif]
r_ls@mg m%s)(1 —r —s) [Re(BlBg) - Re(DlBZ)}
1

;mgng —r — s)Re[(B; 4+ D) (B — D3]

r—lsmB)\(Qme mBs)[Re(BgB) Re(DQBZ)}

1 1
—mimy(1 - PA|Bsf” = [Daf*| - —miymARel(By + Dy)(B; — Dj)]

T—lsm%mg[)\ + (1 —7r—35)(1—7) [Re(BlB;) - Re(DlD;)]

2
Em?(l — 7 — s)[Re(B1B;) — Re(D1 B3]
2
EmgmﬁA[Re(mBg) — Re(ByB})]
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EAm%m? Re[(31 — Dl)(B7CTE)*]

16 *
EAm%m?(l — T) Re[(32 — Dg)(B7CTE) ]

; Amme Re|(By — Bs)(BrCri)*]

Lf’ Amm? Re[(Bs — Dy)(B:Cri)’]

%mg(l — 7~ $)Re[(B) — D1)(BsCrz)*]
%mgmgu —r)(1 =7 — s)Re[(By — D2)(BsCrg)*]
Lfmgméu — r — 5)Re|(Bs — Bs)(BsCri)"]

32

7szm§(1 —r —3)Re[(Bs — D3)(BsCrE)”]
16m23 (4m? RG[AT (CT - QCTE)BG] - m238 RG[AI(CT + QCTE)BG])

16m% (4m§ Re[C;(Cr + 2CrE)Bs] — mps Re[Cy(Cr — 2C’TE)BG])

2
%sz(l — 7)(4m? Re[A}(Cr — 2Crp)ti] — mbs Re[A}(Cr + 2C7p)t])

32
—mip(1 1) (4mZ Re[C (Cr + 2CT)ta] — mis Re[Cf(Cr — 2CTp)t])
64

Eszmf(l — 7’)(1 + 3r — S) Re[(32 — Dg)(thTE)*]

64
7szm§(1 +3r — s)Re[(Bs — D3)(t1Crg)’|

32
7m23mg(1 + 3r — S) Re[(B4 — B5)(t10TE)*]

%[m%m —mj(1+7r — s)|Re[(B; — D1)(tCrp)’]
3_82(4m§ + m%s) Re[(B1 + Dy)(£:0r)"]

2048m%Lmy Re[(Crt1)(BsCri)*|

4096
Tszmg(l —7) |t Re(CTC'}E)} :

Finally for normal asymmetries we get

Py

1
— mei;@{gmg Im[(B;C}) + (A3Dy)]

1
- ;m%AIm[(B§B4) + (D3Bs5)]

1
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+

%mg (14 3r — 8) Im[(B1 — D1)(B; — DY)

%(1 —r— ) Im[(B B) + (D} Bs)]

lmg (1 —r — S) Im[(31 — Dl)(B§ - D;)]

r
8

170_6m£ (1 -7 — s) Im[(Bs + Bs)(BsCrp)']

37"_2m£ (14 3r —s)Im[(By + Bs)(t:CrE)"]

32(Im[B; (Cr — 2Crp)ti] — Im[D}(Cr + 2Crp)t])

512my (|Cr|* — 4|Cral’) Im(Bgtl)} :

1

Zﬁvm% s)\{ — 8my Im[(B7Cy) + (A1 Dy)]
1

S\ T (B3 Bs) + (D3 )]

1

“mm\Tm{(By — Dy)(B; — D3)

1

e (14 3r —s)Im[(B; — Dy)(B; — D3)]

%(1 o~ §)Im[(B: Bs) + (D:By)]
!

e (1 =7 —s)Im[(B, — Dy)(B; — D3)]

§m23mmm[<34 + B3)(B:Crp)"] (17)
?mg (1 -7 — s) Im[(Bs + Bs)(BsCra)']

32

7mg (14 3r —s)Im[(By+ Bs)(t:Crg)"]

16m%s( Im[A5(Cr + 2Crg) Be] + Im[C; (Cr — 2Crp) By )
32m3(1 — r)(Im[A}(Cr + 2C7p)t] + Im[C} (Cr — 2Crp)t])
32(Im[B; (Cr + 2Crp)ts] — Im[Dj(Cr — 2Crp)t))

512my (|Cr|* — 4|Cral’) Im(Bgtl)} .

Concerning expressions Péi), P}i) and P](Vi) few remarks are in order. The difference
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between P; and P} results from the scalar and tensor type interactions. Similar situation

takes place for the normal polarization P](Vi) of leptons and antileptons. In the m, — 0
limit, the difference between Py and P is due to again existence of new physics, i.e.,

scalar and tensor type interactions. For these reasons the experimental study of Péi) and

P}i) can give essential information about new physics. Note that similar situation takes
place for the inclusive channel b — s¢*¢~ (see [L9]).
Combined analysis of the lepton and antilepton polarizations can also give very useful
hints in search of new physics, since in the SM P, +P;” = 0, Py + Py = 0 and Py — P ~ 0.
Using Eqgs. ([2), ([3) we get

P+ P =

+

4
A
2

;szmg)\(l —r)Re[(Bs — D2) (B} + B:)]

2
myv {;mg)\ Re[(B; — D1)(B; + B?)]

1 2
;m%s)\( 1By — |Bs|2) _ ;m%mgs)\ Re[(Bs — D3)(B; + B:)]

8
g’ﬂl%’ﬂlz)? Re[(Bg —+ Dg)(B7CT)*]

32 .

3_TmGBS>\2 ‘B7|2 Re(CTCTE>

8

§m23mg)\(1 —1r —s)Re[(By + D1)(B:Cr)"|
16

3—Tm2Bmg>\(1 —r — S) Re[(Bg + DQ)(BﬁCT)*]
%m‘}gs)\(l —1r —s)Re(BgB;) Re(CrCry)

3r

S+ 12rs) Rel(By + Dy)(BoCr)”] (18)
gifmgs@ +12rs) |Bs|* Re(CrCi )

%mg IN4r + 5) +12r(1 — )2 |0]? Re(CrCip)

%mgs I\ 4 120 (1 — )] Re(t BY) Re(CrCiip)

%mgsm +3r — 5) Re(t B3) Re(CrCip)

5_;)2m2BmM Re[(A; + C1)(t:Crp)"]

e 3+ 120(1 = )] Rel(By + D) (Cr)'

g_imgmfm +3r — s)Re[(Bs + Dz>(t10T)*]} :

For the case of transversal polarization, it is the difference of the lepton and antilepton
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polarizations that is relevant and it can be calculated from Eqgs. ([[4) and ([3)

Pr

_pjﬂr

%me{ mpmg(1 —r)A [|Bg‘2—|D2|2]

]- * *
;m‘fg)\ Re[(By + D;)(B; — B5)]

2

—mymARe[(By + Ds)(B; = Dj)]

2

;szmg(l +3r —s) {Re(BlDS) — Re(BgDT)}
2
(17— )| |Bif* = Dy |

%sz(l —r — s)Re[(B1 + D1)(B; — B?)]

Zmyma(1 — v — s)Rel(B: + Dy)(B; — D3)
%m%mg[)\ + (1= 7)(1 =7 = 5)][Re(B1B}) — Re(D1 D;)]

52 W mEARe((By — D1)(B:Crp)’

% m2A(1 — r) Re[(Bs — Ds)(B:Crs)’]
?mBmMRe[(BLL Bs)(BrCrp)’]

3T2mBm£)\ Re[(Bs — Ds)(B7Crg)’]

%mg(l —r— 8)Re[(B1 — D1)(BsCr)']
f;lmBmg(l —r)(1 —r — s)Re[(Bs — D1)(BsCrg)7]
32,

7mBmg(1 —r —s)Re[(Bs — Bs)(BsCrg)*]

6—4m23m§(1 —1r —s)Rel[(Bs — D3)(BsCrg)”|
32mpysv? Re[(A; — C1)(BsCr)*]

6—T4szmg(1 437 — $)Re[(Bs — Bs)(t:Crp)"]
64mp(1 — r)v* Re[(A; — C1)(t,C7)*]

12802 s — m2(1 4 Tr — $)| Rel(By — D) (1iCrp)']

rs
128
s mpmz(1 —r)(1 + 3r — s)Re[(By — D2)(t,Crg)*]

128
Tm%m?(l + 3r — s)Re[(Bs — Dg)(thTE)*]} )
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In the same manner it follows from Eqs. ([§) and ([[7)

1 2
Py + Py = me‘;x/ﬁ{ — ;mg(l +3r — s)Im[(By — Dy)(B; — D3)]

2

- ;mg(l —r —s)Im[(B; — D)(B; — D3)]
1

- ;(1 —r—s)Im[(By — Dy)(B; — B;)]
2

+ ;mQBszm[(Bz — D,)(B; — D3)] (20)
1

+ ;sz)\Im[(Bz — D,)(B] — B3)]

+ 32szsIm[(A1 + Cl)(BGCT)*]

+ 1024my(|Cr|* = |4CT]* ) Im(Bgty)

— 64m2B(1 — 7’) Im[(A1 -+ Cl)<t10T)*]

It is evident from Eq. ([§) that the "pure” SM contribution to the P; + P} completely
disappears. Therefore a measurement of the nonzero value of P; +P;" in future experiments,
is an indication of the discovery of new physics beyond SM.

3 Numerical analysis

The input parameters we used in our analysis are: |VV;i = 0.0385, ™! = 129, Gp =
117 x 107° GeV ™2, 'y = 422 x 107 GeV, C/1 = 4.344, €y = —4.669. It should
be noted here that the above-value of the Wilson coefficient C¢// we have used in our
numerical calculations corresponds only to short distance contribution. In addition to the
short distance contribution C§// also receives long distance contributions associated with
the real ¢c intermediate states, i.e., with the J/v family. In this work we restricted ourselves
only to short distance contributions. As far as C’?f T is concerned, experimental results fixes
only the modulo of it. For this reason throughout our analysis we have considered both
possibilities, i.e., C’?f I = F0.313, where the upper sign corresponds to the SM prediction.
The values of the input parameters which are summarized above, have been fixed by their
central values.

For the values of the form factors, we have used the results of [B§], where the radiative
corrections to the leading twist contribution and SU(3) breaking effects are also taken
into account. The ¢? dependence of the form factors can be represented in terms of three
parameters as




where the values of parameters F'(0), ar and bp for the B — K* decay are listed in Table
1. Note that in the present analysis the final state Coulomb interactions of the leptons
with the other charged particles are neglected since this effect is known to be much smaller
than the averaged values of the SM (see [P4]). Furthermore the final state interaction of
the lepton polarization for the K, — 7t p~ v, or K — 7t p~p™ decays is estimated to be
of the order of a(m,/my) ~ 1073 [BJ]. For this reason the final state interaction effect is
neglected as well.

F(0) ap br

AB=EKT 0.34£0.05 0.60 —0.023
AB—ES 0.28+0.04 1.18 0.281
yB=K 0.46 = 0.07 1.55 0.575
TB=K 0.19+0.03 1.59 0.615
Th=K 0.19+0.03 0.49 —0.241
TB=K 0.13£0.02 1.20 0.098

Table 1: B meson decay form factors in a three-parameter fit, where the radiative correc-
tions to the leading twist contribution and SU(3) breaking effects are taken into account.

We observe from the explicit form of the expressions of the lepton polarizations that
they all depend on ¢? and the new Wilson coefficients. Therefore it may be experimentally
difficult to study the dependence of the the polarizations of each lepton on all £/~ center
of mass energies and on new Wilson coefficients. So we eliminate the dependence of the
lepton polarizations on one of the variables, namely ¢2, by performing integration over ¢2 in
the allowed kinematical region, so that the lepton polarizations are averaged. The averaged
lepton polarizations are defined as

(m _mK*)2
[ R
(P = i dg (21)
v /(mb_mK*)2 dBd 9
4m? dq? 1

We present our analysis in a series Figures. Figs. (1) and (2) depict the dependence
of the averaged longitudinal polarization <PL_ > of ¢~ and the combination <PL_ + P; > on
new Wilson coefficients, at C’?ff = —0.313 for B - K*utu~ decay. From these figures
we observe that <PL_ > is more sensitive to the existence of the tensor interaction, while
the combined average <PL_ + P > is to both scalar and tensor type interactions. As has
already been noted, this is an expected result since vector type interactions are canceled

when the combined longitudinal polarization asymmetry of the lepton and antilepton is
considered. From Fig. (2) we see that <PL_ + P]j’> = 0 at Cx = 0, which confirms the SM

result as expected. For the other choice of C’?f I ie., C’?f 7 = 0.313 the situation is similar
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to the previous case, but the magnitude of <PL_ + P > is smaller. Figs. (3) and (4) are the
same as Figs.(1) and (2) but for the B — K*777~ decay. Similar to the muon longitudinal
polarization, <PL_ > is strongly dependent on the tensor interaction coefficients Cr and Crg.

It is very interesting to observe that for Crgp > 0.5 <PL_ > changes sign, but for all other
cases <PL_ > is negative.
From Fig. (4) we see that the dependence of <PL_ + Pt > on Cr is stronger. Fur-

thermore if the values of the new Wilson coefficients Crrrr, CrLrrr and Cr are negative
(positive) so is <PL_ > negative (positive). The situation is to the contrary for the coefficients

Crrrr, CrrLr, i-e., <PL_ + PZF> is positive (negative) when the corresponding Wilson co-
efficients are negative (positive). Absolutely similar situation takes place for C¢// > 0. For
these reasons determination of the sign and of course magnitude of <PL_ > and <PL_ + P >

can give promising information about new physics.
In Figs. (5) and (6) the dependence of the average transversal polarization <PT_ > and the

combination <P¢; — Pt > on the new Wilson coefficients, respectively, for the B — K*u™p~

decay and at C?f 7 = —0.313. We observe from Fig. (5) that the average transversal polar-

ization is strongly dependent on Cr, Crg, Crrrr and Crrrr and quite weakly to remaining
Wilson coefficients. It is also interesting to note that for the negative (positive) values of

the coefficients Crg and Cprgr, <PT_ > is negative (positive) while it follows the opposite

path for the coefficients Cp and Crprr. For the <PT_ - Pf > case, there appears strong
dependence on the tensor interactions C'r and Crg, as well as all four scalar interactions
with coefficients Crrrr, Crrrr, Crrrr, Crrrr. The behavior of this combined average is
identical for the coefficients Crrrr, Crrrr and Crrrr, Crror in pairs, so that four lines
responsible for these interactions appear only to be two. Moreover <Pf — Pf > is negative
(positive) for the negative (positive) values of the new Wilson coefficients Crg, Cprrr and
Crrrr- The situation is the other way around for the coefficients Cr, Crrrr and Crrrr.
Remembering that in SM, in massless lepton case <PT_ > ~ 0 and <PT_ — Pf) =~ 0, de-

termination of the signs of the <PT_ > and <Pf — Pt > can give quite a useful information

about the existence of new physics. For the choice of C’?f I =0.313, apart from the minor
differences in their magnitudes, the behaviors of <PT_ > and <PT_ - PF > are similar as in
the previous case.

As is obvious from Figs. (7) and (8), <PT_ > shows stronger dependence on Cr and

<PT_ - P{f> on Cr and Crp, respectively, at C&// = —0.313 for the B — K*rt7~ decay.

Again change in signs of <PT_ > and <PT_ — Pf > are observed depending on the change in
the tensor interaction coefficients. As has already been noted, determination of the sign
and magnitude of <PT_ > and <Pf — Pt > are useful tools in looking for new physics.

Note that for simplicity all new Wilson coefficients in this work are assumed to be real.
Under this condition <P]§> and <P]§ + Py > have non-vanishing values coming from the
imaginary part of SM, i.e., from Cgf !, From Fig. (9) we see that <P]§> is strongly dependent
on all tensor and scalar type interactions. On the other hand Fig. (10) depicts that the
behavior <P]§ + Pf\?> is determined by only the tensor interactions, for B — K*u*u~ decay.

16



Similar behavior takes place for the B — K*777~ decay as well, as can easily be seen in
Figs. (11) and (12). The change in sign and magnitude of both <P]§> and <P]§ + Pf\;> that
are observed in these figures is an indication of the fact that an experimental verification
of them can give unambiguous information about new physics.

In Figs. (13), (14) and (15) we present parametric plot of the correlations between
the integrated branching ratio and averaged lepton polarization asymmetries of 7= and
7 as a function of the new Wilson coefficients. In Fig. (13) we present the flows in the

(B , <PL_ + P >) plane by varying the coefficients of the tensor and scalar type interactions.
Fig. (14) shows the flows in (B, <PT_ — Pt >) plane by varying the coefficients of vector,

scalar and tensor type interactions. Finally, Fig. (15) depicts the flows in (B, <P]§ + Py >)
plane by changing the coefficients of the tensor type interactions only.

It should be noted that the influence of the variation of various coefficients confirms our
previous results, i.e., the influence of the tensor interactions is quite large. The ranges of
variation of the new Wilson coefficients are determined by assuming that the value of the
branching ratio is about the SM prediction. For example if branching ratio is restricted
to have the values in the range 1077 < B(B — K*rT77) < 5 x 1077, then it follows
from Fig. (13) that the new Wilson coefficients of the tensor interactions lie in the region
—2.6 < Cr < 1.55 or —0.35 < Crg < 1.15, while all scalar interaction coefficients vary in
the range between —4 and 4 (in the present work we vary all coefficients in the range —4
and 4).

Finally we would like to discuss briefly the detectibilty of the lepton polarization asym-
metries. Experimentally, to be able to measure an asymmetry (P;) of a decay with the
branching ratio B at the no, the required number of events are N = n?/(B(P,)*. As an
example for detecting (Pr) ~ 0.3 the number of events expected is N >~ 6 x 10"n? events.
Therefore at B factories detection of polarization asymmetries for 7 could be accessible.

4 Summary and Conclusions

In this work we present the most general analysis of the lepton polarization asymmetries in
the rare B — K*(*T(~ (¢ = pu, 7) using the general, model independent form of the effective
Hamiltonian. The dependence of the longitudinal, transversal and normal polarization
asymmetries of ¢ and ¢~ and their combined asymmetries on the new Wilson coefficients
are studied. It is found that the lepton polarization asymmetries are very sensitive to the
existence tensor and scalar type interactions. Moreover, (Pr) and (Py) change their signs
for the B — K*u*p~ and (Pp) and (Pr) change their signs for the B — K*777~ decays,
respectively, as the new Wilson coefficients vary in the region of interest. This conclusion is
valid also for the combined polarization effects <PL_ + P > : <PT_ - Pf > and <P]§ + Py >

for the same decay channel. It is well known that in the SM, <PL_ + P > = <PT_ — Pf > =

gP]Q + Py > ~ ( in the limit m; — 0. Therefore any deviation from this relation and
etermination of the sign of polarization is decisive and effective tool in looking for new
physics beyond SM.

17



References

[1] W.-S. Hou, R. S. Willey and A. Soni, Phys. Rev. Lett. 58 (1987) 1608.
[2] N. G. Deshpande and J. Trampetic, Phys. Rev. Lett. 60 (1988) 2583.
[3] C.S. Lim, T. Morozumi and A. I. Sanda, Phys. Lett. B218 (1989) 343.
[4] B. Grinstein, M. J. Savage and M. B. Wise, Nucl. Phys. B319 (1989) 271.
[5] C. Dominguez, N. Paver and Riazuddin, Phys. Lett. B214 (1988) 459.
[6] N. G. Deshpande, J. Trampetic and K. Ponose, Phys. Rev. D39 (1989) 1461.
[7] W. Jaus and D. Wyler, Phys. Rev. D41 (1990) 3405.
[8] P. J. O’Donnell and H. K. Tung, Phys. Rev. D43 (1991) 2067.
[9] N. Paver and Riazuddin, Phys. Rev. D45 (1992) 978.

[10] A. Ali, T. Mannel and T. Morozumi, Phys. Lett. B273 (1991) 505.

[11] A. Ali, G. F. Giudice and T. Mannel, Z. Phys. C67 (1995) 417.

[12] C. Greub, A. Ioannissian and D. Wyler, Phys. Lett. B346 (1995) 145;
. Liu, Phys. Lett. B346 (1995) 355;
. Burdman, Phys. Rev. D52 (1995) 6400;
. Okada, Y. Shimizu and M. Tanaka, Phys. Lett. B405 (1997) 297.

. G. Deshpande, X. -G. He and J. Trampetic, Phys. Lett. B367 (1996) 362.

- M. Aliev, M. Savel, Phys. Lett. B452 (1999) 318;
. M. Aliev, A. Ozpineci, H. Koru and M. Saveci, Phys. Lett. B410 (1997) 216.

D

G

Y
[13] A. J. Buras and M. Miinz, Phys. Rev. D52 (1995) 186.

N

T

T

Y. G. Kim, P. Ko and J. S. Lee, Nucl. Phys. B544 (1999) 64.
[17] J. L. Hewett, Phys. Rev. D53 (1996) 4964.
[18] F. Kriiger and L. M. Sehgal, Phys. Lett. B380 (1996) 199.
[19] S. Fukae, C. S. Kim and T. Yoshikawa, Phys. Rev. D61 (2000) 074015.
[20] T. M. Aliev, M. Savci, Phys. Lett. B481 (2000) 275.
[21] T. M. Aliev, D. A. Demir, M. Savci, Phys. Rev. D62 (2000) 074016.
[22] F. Kriiger and E. Lunghi, hep—ph/0008210 (2000).
23] Qi-Shu Yan, Chao—Shang Huang, Liao Wei, Shou-Hua Zhu,
hep—ph /0004262 (2000).

18



[24] D. Guetta and E. Nardi, Phys. Rev. D58 (1998) 012001.

[25] R. Casalbuoni, A. Deandra, N. Di Bartolemo, R. Gatto and G. Nardulli,
Phys. Lett. B312 (1993) 315.

[26] P. Colangelo, F. De Fazio, P. Santorelli and E. Scrimieri, Phys. Rev. D53 (1996) 3672;
Erratum, ibid. D57 (1998) 3186.

[27] T. M. Aliev, A. Ozpineci and M. Saver, Phys. Rev. D56 (1997) 4260.
[28] P. Ball and V. M. Braun, Phys. Rev. D58:094016, 1998.

[29] L. B. Okun and I. B. Khriplovich, Sov. J. Nucl. Phys. 6 (1968) 598;
P. Agrawal, G. Belanger, C. Q. Geng and J. N. Ng, Phys. Rev. D45 (1992) 2383.

19



Figure captions

Fig. (1) The dependence of the average longitudinal polarization asymmetry <PL_ > of £~
on the new Wilson coefficients at C?ff = —0.313 for the B — K*u~u™t decay.

Fig. (2) The dependence of the combined average longitudinal polarization asymme-
try <PL_ + PZF> of ¢~ and ¢t on the new Wilson coefficients at C<// = —0.313 for the
B — K*pu~ut decay.

Fig. (3) The same as in Fig. (1), but for the B — K*7~ 7" decay.
Fig. (4) The same as in Fig. (2), but for the B — K*7~ 7" decay.

Fig. (5) The same as in Fig. (1), but for the average transversal polarization asym-
metry <P1?> of ~.

Fig. (6) The same as in Fig. (2), but for the transversal polarization asymmetry
(Py — Pf).

Fig. (7) The same as in Fig. (5), but for the B — K*77 7" decay.
Fig. (8) The same as in Fig. (6), but for the B — K*7~ 7" decay.

Fig. (9) The dependence of the average normal asymmetry <P]§> of £~ on the new Wilson
coefficients at C?ff = —0.313 for the B — K*pu~pu™ decay.

Fig. (10) The dependence of the combined average normal polarization asymmetry
<P]§ + var> of £~ and ¢* on the new Wilson coefficients at C5// = —0.313 for the B —
K*u~pt decay.

Fig. (11) The same as in Fig. (9), but for the B — K*7~ 77" decay.
Fig. (12) The same as in Fig. (10), but for the B — K*7~ 7+ decay.

Fig. (13) Parametric plot of the correlation between the integrated branching ratio B
(in units of 10~7) and the combined average longitudinal lepton polarization asymmetry

<PL_ + P > at C¢// = —0.313 as function of the new Wilson coefficients as indicated in the
figure, for the B — K*7~ 71 decay.

Fig. (14) The same as in Fig. (13), but for the combined average transversal lepton
polarization asymmetry <P:F - Pt > :

Fig. (15) The same as in Fig. (13), but for the combined average normal lepton po-
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larization asymmetry <P]§ + Py >
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