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Abstract Flavor changing neutral current (FCNC) decays
of the B-meson are a very useful tool for studying pos-
sible physics scenarios beyond the standard model (SM),
where of the many FCNC modes radiative, purely leptonic
and semi-leptonic decays of the B-meson are relatively
clean tests. Within this context, the BELLE collaboration
has measured the process B — K™y and also searched for
the B — K1(1270)y process. Theoretical analyses of these
processes are yielding similar values of the relevant form
factors. In this work we have used this upper bound in study-
ing the angular correlations for the related semi-leptonic
decay mode B~ — K, (1270)(— ,oOK_)K“'Z_, where we
have used the form factors that have already been estimated
for the B — K(1270)y mode. Note that the additional form
factors that are required were calculated using large energy
effective theory (LEET).

PACS 13.20.He

1 Introduction

Flavor changing neutral current (FCNC) decays of the
B-meson are an important tool for investigating possible
physics scenarios beyond the standard model (SM), where
such decays are forbidden at tree level. It is for this reason
that FCNC processes are very sensitive to possible small
corrections that may be the result of any modification to
the SM, or from some new interactions. Of the FCNC de-
cays the radiative mode B — K™y has been experimentally
measured, with a lot of theoretical work also having gone
into its study. A related decay, B — K*£7 £, has also been
observed experimentally. This latter process offers many
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more observables for confrontation with the theory (such
as forward—backward (FB) asymmetries, polarizations and
angular correlations between the final state particles etc.),
where the theoretical work for this subject has spawned
many investigations. Recently the radiative mode B — K}y
has also been observed with good limits also being set on
the modes B — K(1270, 1400)y, where the K are the 17
resonances. The numbers for these rates are comparable to
those for the K*(890) resonance case and we may expect
that with more data becoming available the related process
B — K1£7¢~ would be observed just as with the K*(890)
case. Furthermore, as with the K*(890), such data will pro-
vide an independent opportunity to test the predictions of
the SM.

Radiative and dileptonic decays of the B-meson involv-
ing b — s quark transitions are described most efficiently
by an effective Hamiltonian approach which involves the
relevant Wilson coefficients. Possible new physics beyond
the SM will change the values of these coefficients and
may possibly bring about new terms with new Wilson co-
efficients in the effective Hamiltonian. The decay rate of a
process like B — K{£7¢~ is related to the diagonal ele-
ments of the density matrix, but the angular distributions of
the process involving the decay products of the K; will in-
volve the off-diagonal elements as well. The transition am-
plitudes for these processes involve bilinear combinations
of the Wilson coefficients, and clearly then the angular dis-
tributions involve many more combinations than the decay
rate. The study of the angular distributions is thus a deeper
probe of the structure of the effective Hamiltonian, and thus
more suited to observing signatures of new physics beyond
the SM. Similar studies involving the K*(890) have already
been done in the literature (Kim and Yoshikawa [1]).

In this paper we study the angular distribution of the rare
B-decay B~ — K| (1270)(— pOK_)E“‘E_, which may be
expected to be observed in future B-factories. We use the
standard effective Hamiltonian approach, and we use the
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form factors that have already been estimated for the corre-
sponding radiative decay B — K1(1270)y [2—4]. The addi-
tional form factors for the dileptonic channel are estimated
using the large energy effective theory (LEET), which en-
ables one to relate the additional form factors to the form
factors of the radiative mode. Our results provide, just like
in the case of the K*(890) resonance, an opportunity for a
straightforward comparison of the basic theory with exper-
imental results, which may be expected in the near future
for this channel. Recall that the physical states K (1270)
and K| (1400) are mixtures of the K|, (3P)) and K5 ey
states [2]:

K, (1270) = K|, sin6 + K 5 cos 6,
K, (1400) = K, cosf — K sinf), )

which defines the mixing angle 6 between the states. Note
that for K the mixing angle will be the same, but for the
S =1 states, K* and K, the mixing angle would change
sign, since under charge conjugation the Ko and K have
a relative negative sign. The actual value of 8 in turn de-
pends on the phase choice for Ko and Kg, which in turn
decides the relative sign of the decay constants for them. We
shall follow the convention of reference [2], since we shall
use the values of the form factors calculated in that paper
with the same convention. Other investigations have some-
times followed the same convention (for example, Cheng et
al. [5]) and have sometimes taken the same sign for the de-
cay constants (see, for example, Cheng and Yang [6] and
Wang et al. [7]). We also note that if one considers the decay
of BT, our results apply with all three momenta reversed,
since we are considering a CP invariant effective Hamil-
tonian. Cheng et al. [2] proposed two possible solutions for
this angle,! namely 6 = £37° and #58°. Of these possi-
bilities the negative values of the mixing angles predict the
branching ratio (BR) of B — K(1400)y to be larger than
that of B — K1(1270)y, which is disfavored from experi-
mental data (although not ruled out). In our work, however,
we have considered all possible mixing angles given in ref-
erence [2].

The paper is organized as follows. In Sect. 2 we shall
give the relevant effective Hamiltonian and the LEET form
factors for the process under consideration. In Sect. 3 we
shall give the expressions for the differential decay rate for
the semi-leptonic decay mode under consideration. Finally,
we shall conclude with our results in Sect. 4.

2 The effective Hamiltonian and form factors

The short distance contribution to the decay B — K{£1£~
is governed by the quark level decay b — s€¢~, and where

For an alternative approach to the K| resonances see [8].
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the SM operator basis can be described by the effective
Hamiltonian:

Gra - . ' 0
Hel = Vo VisVib [(2C7Rmb (SRlGMV Z_sz> £y )

v
+2C7myp <§L16;w Z—sz> Ly )
+ CSM GLyubL) (€ L)
+ CIO(ELVubL)(EVMVSE)}- 2

We can rewrite the above effective Hamiltonian in the fol-
lowing form:

eff Gra * - . qu 7
HY = EVH V[[; 2C7L7’l’lb SL10 ?bR (E]/ME)
v

+2Crmy <5Ria,w %m) £y, 6)
+ (5™ — C10) GLyubr) (ELy™ L)
+(C5"+ CIO)(ELV/LbL)(ERJ/MZR)},

Gra . q’ PN
= EV;; th[_21C7Rmb?(le + TMU)(E]/”E)
v

- 21C7Lme—2(T,w —73,) (@y"0)

+ (€8T = C10)(V — A (ELy*er)

+(C§T + Cro)(V — A)M(ERWR)}, 3)
with
V= %(Eyub), 4)
Ap = %(Eyuysb), 5)
Ty = %(Ea,wb), ©)
T, = %(Eauuysb)- 7

In (3) we have used the (V — A) structure for the hadronic
part (except for C7). Note that this structure does not change
under the transformation V <> —A and T, < T;fw Further-

more, we can relate the hadronic factors of 7}, and T,fv by
using the identity?:

1
S
Oy = —58’”"’ TpsY5-

2Here we have used the convention that y5 = iy%y!y2y3 and that
o123 = 1.
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In this work we shall closely follow the notation used equations (9)—(12) by

by Kim et al. [9] by defining the form factors of K;(1270) B> K1(1270)

by [9, 10] Y, =8+, (14)

2

(K1(p))[5yub| B(p)) R e T s (15)

=—fe; —ar(€.p)(p+p) .
" g vy K0 = o 4 h(P.g). (16)

—a—(e".p)(p = Py, ®)

(K1(p)|Syuysb|B(p))

= —igeunoe™ (p+ p(p = p)°

= 2igenoe™ " (p)7, )
(K1(p")[50uvysb|B(p))

= g+5uuka€*k(p + P/)U

+ g—S,LVAaé*A(P - P/)U

+hepio (p+ p)*(p = P (ep), (10)
(K1(p") 5o | B(p))

=—igyles(p+ P —€(p+ )]

—ig_[es(p—pPu—€i(p—p')]

—i2h(pup, — pvpy)(€ ). (11)
From the above equations we can observe that there are
seven form factors which govern the B — K transition.
Note that these form factors have not been tabulated pre-
viously in the literature, where Cheng et al. [2] have only
tabulated the form factors required for the radiative mode,
namely B — K;y. We shall here use the LEET to evaluate
all the form factors required for the B — K transition from
this radiative mode.

Cheng and Chua have parameterized the tensorial form
factors for the B — K transition as [2]

(K1a.1B(P)|Sioung” (1 + v5)b| B(p))

=ignipe™ P*q Va1 B1 + (€,P.q — Pue*.q)Ya2 B2

2
+€*-4[qu— Pu;)]_q]YA&BL (12)

where P = p+ p’and ¢ = p — p’. The K and K g states
are the angular momentum eigenstates as defined in (1). Us-
ing (1) we can define the physical B — K{(1270) form fac-
tors as

B—K (1270)
Yi =

Yai (q2) sinf + Yg; (qz) cosf,
i=1,2,3. (13)
The parameterizations of the form factors Y;, as used by

Cheng and Chua, are given in Appendix A. These form fac-
tors can be related to the tensorial form factors given in

Using the LEET approach as given by Charles et al. [11]
we can obtain the following relations between the form fac-
tors:

f=2MEg, a7
g+=—8gM, (18)
g§-=8M, (19)
ar=—a_=—(g+hM), (20)

where M is the mass of the parent hadron and FE is the en-
ergy of the daughter hadron. We now define all the form fac-
tors in terms of just two independent form factors (g and /).

Using the LEET relations as given in (17)—(20) and (13)—
(16), the form factors for the B — K transition can be re-
lated to Cheng and Chua’s form factors by>

B— K/ (1270)
8+ = _Yl - s
¢ = Y[Bal(l(l270)
B—K{(1270)
g=
M bl

¥ :2EYIB%K1(127O)’

Yf—>K1 1270) Y]B—>K1 (1270)

h =
5 )
M? —m3,
YIB»K1(1270)m%/ _ YBB»K1(1270)M2 on
a+ = —q_ = ) ,
M(M? —m?)

where M is the mass of the B-meson and my is the mass of
the K.

3 Kinematics and differential decay rate

In the following it is convenient to define our kinematics in
terms of the following vectors:

P=p'=p,+ k. 0 =p,— Pk,

L=py+p-, N=py—p-.

31t is important to note that the notation of the Levi-Civita tensor in
Cheng and Chua’s paper [2] differs from the notation of Kim et al. [9]
by a overall negative sign. We are following the notation of Kim et al.
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Subsequently the decay mode K1 — pK can be parame-
terized by the matrix element [12]

M(K1(p') = p(po)K (pk))

28k, , /
=ﬁ[(ﬁ ~p,0)(6p.6[(1)_(p '6)0)(10,0‘61(1)]
— 8KipK 1 p2
N mg,mp [(P + P'Q)(E/"EKl)

— (P.p)((P + 0)ex,)]- (22)

This matrix element will give the decay width [12]

2 72
2
I'g, = |<§K1_012(| 6]/<1 + §—q2>, (23)
ﬂmkl mP

2
0°
Dp- €p are the momentum and polarization vectors of K and
o, respectively. In the following analysis we shall neglect the
masses of the leptons, the kaon and the p, where in the above
we have used p’ = P and p, = (P + Q)/2.

Note also that the on-shell K| decays into p and K with
p off-shell decaying into pions. If one were to consider the
decay of K into an on-shell K7 and integrate out the rel-
ative momenta of the pion—pion pair, the result for any rate
I' is easily seen to be equivalent to considering the corre-
sponding rate I" (k) obtained by considering the decay of
K1 into a K and an off-shell p of mass « and then doing the
following convolution integral:

1 [k —mx)? m, T (k)
= —/ dx P ) (24)
T Jam? ke —m2 4im, I (ic) 2

1 g1/2,2 2 /
with ¢’ = W)L / (m%,»mp, my), and where p’, e, and

The effective p mass thus comes down to a much lower
value, and the situation becomes similar to the K*(890)
case. The zero mass approximation for the final particles,
as used by Kim et al. [1], becomes applicable to the present
case.

The final 4-body decay amplitude can be written as the
sum of two amplitudes:

A= v 2 (E50 ) (e pp (G 4 AD). 29

mg,mp
where
Ag = (Z_R)/MZR) (CleMV —brP, Ly + icRE;/.vaﬁ PaLﬁ)

gva _ PUPO[/m%(I

2 .
Pz_mKl +1mK1EOt

x [(P*+ P.Q)gup — Ps(P + Q)a]. (26)
AP = (eLy™i) (aLguy — bLPuLy + icLéuvas P*LP)

@ Springer

gva _ P\)Put/m%<1

x 2 2 .
P —my, +img, Lot

x [(P* + P.0)gap — Ps(P + Q)a. (27)
The agr, br, cr and ar, by, cL, can be expressed as
aL=—C1[2(P - L)g4 + L*(g+ +5-)]
LG C0f o

28
2 (28)
CS™— Crp)a
by =—2C7 (g4 — L*h) — € ~Coas ;s (29)
mp
cf— ¢
CL, = —2C7g+ - 7( 2 10)g Lz, (30)
mp
ap =—C7[2(P - L)gy + L*(g1 + g-)]
cst 4+ ¢
+ ( 9 IO)sz’ (31)
2myp,
c+c
br = —2C7(g4 — L?h) — € +Cway ;s (32)
mp
Ceff+ C
R = —2Crg, — o TC10)E, 5 (33)

mp
As such the decay rate can be computed, with the result
er
dp?di?2dcosfg dcosfy dg

B 2V
128 x 25675ms3,

Gr Lamp ( gk pK 2
—Vsz;s—

x V2 aL>\mg,m,
(IARI> + |ALI?), (34)
where
(Ppa(pp)
ALy = <_8aﬁ + p;;izpﬁ (ALrD* (AfL g’
P
(35)

where the various angles used above are as shown in Fig. 1.
Recall that we shall present our results in terms of the vec-
tors P, Q, L and N, by use of the transformation

P+ 0 P—-0Q
Pp — 7 PK — >
L+ N L—N
p_;,_—)T, p_—>T.

Using the kinematics as prescribed in Kim et al. [9],

that is, where we set p = pil, I =/(py+p-)? and
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—2(L.Q)(P.Q)(L.P)*
(4
o p +(PX(L.0* + (P?+(P.Q))°L?
\ﬁ: o +(N.P)(N.Q)(P.Q)
\ '-., \ +(N.P(P*+2(P.0)))(L.P)
" "':, : + (L.Q)(N.P)((N.P)(P.Q) — (N.Q)P?)}
\ +4Re(arer) {(N.Q)(P.Q)(L.P)” + (N.P)
Fig. 1 The definition of the kinematical variables in the decay X (L-Q)2P2 - ((N'Q)P2
B— K Kyetes
= K= ek +(N.P)(P.Q))(L.Q)(L.P)}
— 4Re(brcy) (L.Q)P2 —(L.P)(P.Q)
A= le(sz — p? —1%)2 — p%i%. Furthermore, we shall in- b {( )
troduce various angles, namely Ak as the polar angle of the x (= (N.Q)(L.P)* + (L.Q)(N.P)(L.P)
o momentum in the rest frame of the K1-meson with respect 4 [(N Q)P2 _ (N.P)(P Q)]Lz)}
to the helicity axis, i.e. the outgoing direction of K. Simi- ' ' '
larly for 6, the polar angle of the positron in the dilepton +4(LNP Q)((L_p)(p.Q) — (L.Q)pZ)
CM frame with respect to the K; momentum. And finally I b N P)Im(br *
¢ is the azimuthal angle between these planes, that is, the x ( m(aLby) + (N.P)Im( LCL))
K| — pK and B — K£1¢~ planes. In this case we have + 4Im(aLc{)(L7V\P/Q)((N.Q)P2
1 —(N.P)(P.Q))]. (36)

|AL)? =

(P2 —m )2 + (mk, [io)?

X %[|aL|2{2(P2 +2P.Q)

x ((L.P)* = (N.P)*) +2((N.Q)?
—(L.Q* + L*(P.Q) — N*(P.Q)) P*
+4((L.Q)(L.P) + (N.P)(N.Q))(P.Q)

+ (L2 _ NZ)(P2 + Q2)P2}

+ 1L *{(2(L.P)* —2(N.P)?

+ (N? = L*)P?)((P* +2(P.Q))(L.P)*
—(P*+ (P.Q))2L2 +2(L.Q)(P.Q)(L.P)
—(L.Q)*P?)} + e *{[N?Q*P? —2(N.Q)* P?
+ (2P* + (4(P.0) + Q*) P? +2(P.Q)*) P?
+2(P.0)*](L.P)* +4(N.P)(N.Q)(L.Q)
x (L.P)P?> —2(N.P)*(L.0Q)*P?
—[=2(P*+ (2(P.Q) + Q%) P?
+(P.Q)*)(N.P)?
+4(N.Q)(P.Q)(N.P)P? + (—2P*(N.Q)?
+N*(P?Q* - (P.Q)*) + L*(2P*

+ (4(P.0) + 0°) P + (P.0)%)) P?]L?)
+4Re(aLbp){—(P* +2(P.Q))(L.P)?

|AR|* =

1 1[| |2
) 2 2 ) ar
(2 ’"K|) + (’"KH tor)? 2

x {2(P*+2P.Q)((L.P)* — (N.P)?)
+2((N.Q)* — (L.Q)?

+L*(P.Q) - N*(P.Q)) P?

+4((L.Q)(L.P) + (N.P)(N.Q))(P.Q)

+ (L2 _NZ)(P2+ QZ)PQ}

+ bR IP{(2(L.P)? —2(N.P)* + (N? — L?) P?)
x ((P2+2(P.Q))(L.P)* — (P> + (P.Q))’L?
+2(L.Q)(P.Q)(L.P) — (L.Q)*P?)}

+ IR P{[N?Q?P? — 2(N.Q)?P* 4 (2P*

+ (4(P.0) + Q%) P +2(P.0)*) P +2(P.0)?]
x (L.P)? +4(N.P)(N.Q)(L.Q)(L.P)P?
—2(N.P)X(L.Q)*P? - [-2(P*

+(2(P.Q) + Q*) P* + (P.Q)*)(N.P)
+4(N.Q)(P.Q)(N.P)P* + (—2P*(N.0Q)?
+N?(P?Q* - (P.0)*) + L*(2P*

+(4(P.Q) + Q%) P? + (P.0)%)) P*]L?}

+ 4Re(arbp){—(P* +2(P.Q))(L.P)?

@ Springer



256

Eur. Phys. J. C (2008) 58: 251-259

—2(L.Q)(P.Q)(L.P)?

+ (P2L.Q)* + (P2 +(P.0)) L

+ (N.P)(N.Q)(P.Q) + (N.P)*(P* +2(P.Q)))
x (L.P)+ (L.Q)(N.P)

x ((N.P)(P.Q) — (N.Q)P?)}

— 4Re(arcr) {(N.Q)(P.Q)(L.P)> + (N.P)

x (L.Q)*P* — ((N.Q)P? + (N.P)(P.Q))

x (L.Q)(L.P)} +4Re(brep){((L.Q) P?

— (L.P)(P.Q))(~(N.Q)(L.P)*
+(L.Q)(N.P)(L.P) +[(N.Q) P

— (N.P)(P.Q)]|L?)}

+4(L/1\_’7’/Q)((L-P)(P-Q) —(L.Q)P?)

x (—Im(arb}) + (N.P) Im(brey))
+4Im(arci) (LN P Q)((N.Q) P

— (N.P)(P.Q))]. (37)

where (A/B\_/CD) = Eapys A“BPCY DO,

The Breit—Wigner factors in the last two equations can be
replaced, without much numerical error, by delta functions,
as follows:

1 T

(P2 —m3% )2 + (mg, lot)? ” 5(P2 - mz). (%)

P

mpl,

The integration in (36) and (37) over p? then becomes triv-
ial.
As such, the total decay width can be expressed as

(mp—my—mg)? (mp—12)? 1
1":/ dlz/ dp2/ d(cosfg)
4 ( -1

2
my mp—i-mK)2

1 2 \/X
X d(cos® dp ——
L ( ”fo ? 128 x 25675m3

2 .2
8KipK
2 5
mKlmp

amp
GrVip y

x i < (IARI® +1ALP%), (39)

with & = H(m} — p? —1%)? — p2I2.

However, the most important correlation in this decay,
which is sensitive to the effective Hamiltonian, is the depen-
dence of the decay rate on the angle ¢. As such, we shall
concentrate on that correlation and integrate out the polar
angles in (36) and (37), something that can be done analyti-
cally. The final result can be expressed in the neat form:

@ Springer

2V

128 x 2567%m;,

Gr amp [ gk, ok \|°
v V*— 10
\/5 th ts?TL2<WZK1mp)‘
x (|AR® + |ALP)
= A1+ Aycos2¢p + Azsin2¢. 40)

R, ¢) = /dpzd(cosé?K)d(cosé’+)

X

Here we have

Ar= ) 16°°p* (2lail* + B> +2ICi

i=L,R
+1D;|* + Re[B; D}). (41)
Ar= )" (lai?+ICiP), (42)
i=L,R
Az= ) Im[Cfa;], (43)
i=L,R

with C; = v/Ac;, Dj = —a; and B; = (b;1)/(pl).

4 Results

The form factors for the radiative mode B — K(1270)y,
as given by Cheng and Chua [2], assumed that the physical
states K1(1270) and K{(1400) were mixtures of the angu-
lar momentum eigenstates Kja and K, where the mixing
angle between these states is not known precisely (though it
is believed to be such as to cause maximal mixing between
the states). The hypothesis of mixing between the two states
naturally explains the suppression of one of the decay modes
with respect to the other. In reference [2] the mixing angles
suggested were 6 = £37°, £58°. The negative values of the
mixing angles suggest the suppression of B — K(1270)y
as compared to B — K1(1400)y, which is disfavored (al-
though not conclusively ruled out), from the observation
of the radiative decay mode B — K(1270, 1400)y by the
BELLE collaboration [13].

Although the prescription of mixing between the states
helps to explain the suppression of one of the modes, as
compared to the other, the form factors as given in [2]
predict a lower value of the branching ratio for B —
K1(1270)y as compared to the experimental results. Note
that there have been many attempts [14—16] to address this
issue, where these attempts essentially predict a much larger
value of the zero recoil value of the form factors. For our
analysis we have used the form factors as given by Cheng
and Chua [2]. Our analytical results for the LEET form fac-
tors and the differential decay rate retains the same form for
any possible increase in the zero recoil value of the form fac-
tors. Our results have been calculated for all possible mixing
angles obtained in [2].
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6=+37

6=+37

=-37

Fig. 2 Plots of r(5,¢) for C7r/C7L = 0. The top panel is for
0 = +37° and the bottom panel is for § = —37°. Note that § = s/m?

Figures 2, 3 and 4 summarize our results for the cor-
relation between the two decay planes, where we plot the
function r(s, ¢), defined by R(/, ¢) (as above) divided by
the integral of R over ¢. The plots are given for mixing
angles equal to +37° and —37°. Changing these values to
the other possible angle (4+58° and —58°) does not greatly
affect these results. The graphs are also given for the SM
value of the parameter x = C7r/C7L, as well as two other
values of x. We have included long distance effects due to
cc resonances, through a modification of Co, as was origi-
nally done by Kruger and Sehgal [17]. Note that the use of
the LEET for obtaining the vector and axial vector form fac-
tors is justified for large recoil, i.e. for relatively small val-
ues of the dileptonic invariant mass and at the moment we
do not have any first principle independent determination of
all the form factors required in our calculation. We therefore
use the LEET based form factors and restrict ourselves to

Fig. 3 Plots of r(5,¢) for C;r/CyL = —1. The top panel is for
6 = +37° and the bottom panel is for 6 = —37°. Note that § = s/m2B

the region s < 8 GeV?2. As and when form factors become
available in the remaining region, our expressions can easily
be reevaluated for the entire spectrum.

We therefore continue using the LEET based form factors
for the entire range. As and when more accurate values are
available for the low s-region our expressions can easily be
reevaluated for a fresh plot.

We would like to note, at this point, that for any new
physics model that can be effectively absorbed by the “stan-
dard” set of Wilson coefficients in the effective Hamiltonian,
our analytic results, given in the previous sections, can be
used to obtain the corresponding change in the angular cor-
relations.

One final remark: we may integrate our differential de-
cay rate over the final state hadrons to get the decay rate
of the process B — K{£1T¢~. Note that by using our def-
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8= +37

Fig. 4 Plots of r(s,¢) for C7r/C7, = +1. The top panel is for
0 = +37° and the bottom panel is for § = —37°. Note that § = s /m?

inition of the form factors we can relate these to the ones
for K*(890), under the substitutions V <> —A and T <> T5,
such that the corresponding decay rates are obtained easily
(by means of this substitution). It is easily seen that the loca-
tion of the zero in the FB asymmetry of this integrated decay
rate is the same as in the K*(890) case, with the numerical
value of the form factors being different. However, though
the zeros can be related, the overall shape of the FB asym-
metries could be different from B — K*(890). Note that
this has been pointed out in reference [18, 19] for the decay
B — K*(890)£* ¢, and that apart from the position of the
FB asymmetry, the shape of the FB asymmetry can also be
used as a very useful tool for testing beyond minimal fla-
vor violating (MFV) models. In the case of B — K{£7£~,
as we have remarked above, although the zero position of
the FB asymmetry occurs at the same numerical value as in
the K*(890) case, the shape of the FB asymmetry could be

@ Springer

substantially different from the K*(890) case. As such, the
semi-leptonic decay mode can provide a valuable indepen-
dent test for not only the SM but also for models beyond
1t.

To conclude, the mode which we have studied above,
on SM level, can in principle be measured at present B-
factories. Various angular correlations of this mode can also
be studied in future SuperB-factories. The study of the var-
ious angular correlations in B~ — K, (1270) (— P’ K7)
£% £~ can provide us with a very useful cross-checking tool
for the SM and possible new physics in b — s€+£~ transi-
tions. In this pursuit we have given the LEET form factors
for B — K (1270)£*¢~, which could be useful not only in
testing the operator structure of the SM but also the exis-
tence of possible new physics beyond it.
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Appendix A: The form factors

Firstly, it is important to note that the additional negative
sign in (19) is due to the difference in our definition of ¢, as
compared to that of Cheng and Chua [2], Charles et al. [11]
and Kim et al. [9]. Furthermore, note that the definitions of
Cheng et al. are the same as that of Charles et al., but differ
from that of Kim et al. by a sign, which can be taken into
account by changing the sign in (19).

The form factors, as defined in Cheng et al. (for all the
form factors except Yp3) [2], are

F(0)
F(q%) = ) Al
() 1 —a(q?/m}) + b(g?/m})> (D
For Y3 we use [2]
F ()
F(a?) = .
() (1 —q%/my)(1 — a(q?/m}) + b(q?/m})?)
(A.2)

The numerical values of the factors appearing in (A.1)
and (A.2) are given in Table 1.

Table 1 The form factors for the Y4, and Y3, [2]

F F(0) a b

Yai 0.11 0.68 0.35
Ya3 0.19 1.02 0.35
Y1 0.13 1.94 1.53
YB3 -0.07 1.93 2.33
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Appendix B: Input parameters

Here we present the parameters:

mp =5.279 GeV, mg, =127 GeV,
mp =4.7 GeV, m, =0.775 GeV,

mg = 0.494 GeV, ot =90 MeV,
1
o=—,
129
|Vip V¥ =0.0385,  CST=—0.3,

Cio=—4.6, and

Gr=1.17 x 107 GeV 2,

me S s
Co=4.153 -|-0.381g<—, —2> +0.033g<1, —2>
mp

my my

3
+0.032g <o, iz) — 0381 x 2.3 x 2~
o

my
» (Fw(zs)B(WQS) — T )myos)
§ = m3, o5 +imyes) Iy es)

n LyyasyBUJ /Yy (AS) — E+f_)mj/w(15))
s =m5 s Fimiwas Tipas)

where the function g is taken from reference [20-22]:

. 8 . 8 4 [4m?
g(m,-,s)z—gln(m,')—i— o\ 7

2775
2 42 A2
e
9 S s
14,/ 1—4m?/§
‘m(i’"z”) —in|, 4m2<3,
< 1— 1—4mi/s
1 ~2

2 arctan ——, dm; > 5.
a2 /5—1
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