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Abstract. General expressions for the double-lepton polarizations in the B — K¢7¢~ decay are obtained,
using a model independent effective Hamiltonian, including all possible interactions. Correlations between
the averaged double-lepton polarization asymmetries and the branching ratio, as well as the averaged single-
lepton polarization asymmetry are studied. It is observed that a study of the double-lepton polarization
asymmetries can serve as a good test for establishing new physics beyond the standard model.

1 Introduction

Rare B meson decays, induced by flavor-changing neu-
tral current (FCNC) b — s(d)¢T ¢~ transitions provide a
promising testing ground in the search for effects beyond
the standard model (SM). The FCNC decays, which are
forbidden at tree level in the SM, appear at loop level and
are very sensitive to the gauge structure of the SM. More-
over, these decays are also quite sensitive to the present
theories beyond the SM. As is well known, B — K{t{~
and B — K*{t/{~ decays are one-loop processes in the
SM, governed by the b — s¢T ¢~ transition, at quark level.
Because of their loop structures, these decays are sup-
pressed, and the relevant branching ratios in the SM are
expected to be of the order of, roughly, 5 x 10~7 for the
B — K/{t¢~ decay,and 1.5x 1076 for the B — K*¢t{~ de-
cay, respectively [1-3]. Recently, the Belle [4] and BaBar [5]
Collaborations announced the following measurements of
the branching ratio for the B — K/*/~ decay:

(48755 £0.3+£0.1) x 1077 [4],

B(B— K{t0™) = {
(0.6579 15 £0.04) x 1076 [5].
One of the efficient ways in establishing new physics beyond
the SMis the measurement of the lepton polarization [6-11].
Polarization of a single-lepton has been studied in the
B — K**(~ [6], B — X /"¢~ [7,8], B — K{T(~ [9),
B — w(p)tte~ [10] and Bg — €70~ [11] decays. It has
been pointed out in [12] that the study of the polarizations
of both leptons provides many additional observables which
can be measured and would be useful in testing the SM and
looking for new physics beyond the SM. Polarization asym-
metries and forward—backward asymmetry due to both
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leptons have been investigated in the B — X717~ [13],
B — K*rt7~ [14] and B — K7t7~ [15] decays in the
minimal supersymmetric model, respectively.

The goal of the present work is to study various double-
lepton polarizations in the exclusive B — K/{1{~ decay
using the most general form of the effective Hamiltonian,
including all possible forms of interactions. Moreover, we
study the correlation between double-lepton polarizations
and single-lepton polarizations. Our purpose in doing so
is to find regions in the new Wilson coefficient parame-
ter space in which the branching ratio and single-lepton
polarization would agree with the SM prediction while
double-lepton polarizations would not. Obviously, if such
a region does exist, it is an indication of the fact that the
new physics effects can be established by the measurement
only of the double-lepton polarizations.

This paper is organized as follows. In Sect. 2, using the
most general form of the effective Hamiltonian, we obtain
the matrix element of the B — K¢t/ decay in terms of
form factors relevant to the B — K transition and then de-
rive analytical results of double-lepton polarization asym-
metries. In Sect. 3, we numerically investigate the correla-
tions of double-lepton asymmetries for the branching ratio.
Moreover we analyze the correlation of double-lepton po-
larization observables to single-lepton polarizations. This
section contains also a discussion and our conclusion.

2 Double-lepton polarizations

In this section we calculate the double-lepton polarization
asymmetries, using the most general model independent
form of the effective Hamiltonian. The effective Hamilto-
nian for the b — s¢T/¢~ transition in terms of twelve model
independent four-Fermi interactions can be written in the
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following form:

Gra .
Hogr = ﬁvmvﬁ)

X {CSL §i0HD%LbZ7#f+ Cgr EiO'u,,ZfQ RbEV#f

+ OIS spy,ubr oy 0, + CF% 517,01 LRy UR

+ CRrr 5RYubR 1Y 01, + CRR SRYuOR (RY" (R

+ CLrLr SUbR ILlR + CrLLR SrbL (L0R

+ CrLrRL SLbR CrL + Crire SROL CrAL + Cr 50,0 0o (
+ iCtg e“”O‘BEUWb 170@[35} , (1)

where L and R in (1) are

I—7s I+

b=~ fR=—5

and Cx are the coefficients of the four-Fermi interactions,
and ¢ = pg — px is the momentum transfer. Among the
twelve Wilson coeflicients several already exist in the SM.
For example, the coefficients Csy, and Cgg in the penguin
operators correspond to —2m,Cgt and —2m,CSt in the
SM, respectively. The next four terms in (1) are the vector
type interactions with coefficients Cf$*, Ci%, Cry, and Crg.
Two of these vector interactions containing Cf$* and C}%%
do exist in the SM as well in the form (C§f — Cy¢) and
(CST + C1p). Therefore we can say that C{$' and CH9F
describe the sum of the contributions from SM and the
new physics and they can be written as

Cist = C§™ — Cio + Cri
it = Cs" + C1o+ Cir

The terms with coefficients Crrir, CriLrR, CLrRRL and
CrirL describe the scalar type interactions. The last two
terms with the coefficients Cv and Crg obviously describe
the tensor type interactions.

Exclusive B — K/{T{~ decay is described by the matrix
element of the effective Hamiltonian over B and K meson
states, which can be parametrized in terms of the form
factors. It follows from (1) that in order to calculate the
amplitude of the B — K{T¢~ decay, the following matrix
elements are needed:

(K [57,.b] B)

(K |5i0,,4"b| B)

(K[sb] B) ,

(K |50,,0] B)

These matrix elements are defined as follows:

(K(px) 1570 B(pB)) (2)

2 2 2 2
m% —m m% —m
= fy (pB‘FPK)u—%QM +fo%qu7
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with f1.(0) = fo(0),

(K(px)[50,ub] B(pB)) (3)
. fr

=1 me + mx (B +PK)uty — 4u(PB +PK)W] -
The matrix elements (K (px)|5i0,,4"b| B(pB))

and (K |5b| B) can be obtained from (2) and (3). Mul-
tiplying both sides of these equations by ¢* and using the
equation of motion, we get

m2 — m2
(K(px) 80| B(pg)) = fo H ) (4)
<K(pK) |§i0;wqyb‘ B(pB)>

= ﬁ [(PB +PK);Lq2 - q#(sz - m%{)} - (5)

Using the definition of the form factors given in (2)- (4),
we get the amplitude for the B — K{T¢~ decay, which
can be written as

_ GFOé
M(B = K0T07) = —V,, Vi
( ) 4\/57_[: tbVis

x {ty"€ [Alps + pr)u + By, (6)
+ 035 [C(pB + PK)p+ Day] + 24 Q + byst N
+ 4lo" 0 (—iG) [(pB + PK )@y — (PB + PK )1
+ 40Pl €y H [((pB + Pr)pdv — (0B + P )udu] b -
The functions entering (6) are defined as

A = (C1f + CI% + Cre + Crr) f+

fr

b
mp -+ mg

B = (C{" + C{% + Cry, + Crr) f-

I 2 2
(mB +mK)q2 (mB mK) )
C = (Ci%k + Crr — C1% — CrL) f+ ,

D = (Cﬁ‘f{ + CRrr — C]t_fit - CRL) i,

+ 2(Cpr + Cs1)

— Q(CBR + CSL)

2
My

2
mey —

Q= fo—L2—*%
mp — Mg

(Crrir + Crirr + Crrrr + CrLRL)

m% —m3
N = fo —=— (CrrLr + CrLLrR — CLRRL — CRLRL) ,
mp — Mg
Cr
G=—""  fp,
mp + mg Jr
Crr
H=—"—"— , 7
mp+mg fT ( )
where
m2 7m2
fo=(fo— f+) 5%
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We see from (6) that the difference from the SM is due
to the last four terms only; namely, scalar and tensor type
interactions. From the expression of the matrix element
given in (6), we get the following result for the dilepton
invariant mass spectrum:

dr

(B KO0

G?a®’mp

= i VaViP A2 (L, 9uAE) . (9)

where M(1,7x,8) = 1+ 7% + 82 — 2 — 25 — 27k §, § =

@ /m%, Fx = mi./m¥, g = mg/mp, v = /1 —4m3/s

is the final lepton velocity, and A(S) is
A= %Re [—96 Mm% (AG™)
+ 24mEm2(1 — 7 ) (CD*) + 12mprig (1 — 7 ) (CN*)
+ 12m%m2s |D|* 4 35 [N|* + 12mpié(DN*)
+ 256 m550% |H|* + Am% (3 —v?) |A]?
+ 3302 |QI” + 64 Am%B3(3 — 202) |G)? (9)
+ m%{2h — (1 —v?)[2) - 3(1 — 7x)?]} |0|2} .

‘We now proceed by calculating the double-polarization
asymmetries, i.e., when the polarizations of both leptons are
simultaneously measured. We introduce a spin projection
operator defined by

1 _
Al = 5(14_75#2 ) )

1 +
A2 - 5(1"_’75}{1 ) )

for lepton ¢~ and antilepton ¢*, where i = L, N, T cor-
respond to the longitudinal, normal and transversal po-
larizations, respectively. Firstly, we define the following
orthogonal unit vectors s™* in the rest frame of /= and
st# in the rest frame of £7:

P—)

p-|)

si" = (0,e7) = (0,

st = (0,e) = (0,65 xef)

where p+ and pg are the three-momenta of the leptons

(10)

£F and the K meson in the center of mass frame (CM) of

the £~ ¢T system, respectively.
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The longitudinal unit vectors s; and sf are boosted
to the CM frame of the £~ /T system by a Lorentz trans-
formation, giving

(7)o = (B!, Lo
boem me "mglp-|/)
+p |p—| Ep—
= (B - 11
(e = (Bl -22=) 0

while the vectors sN Hand ST are not changed by the boost.
We can now define the double-lepton polarization asym-
metries as in [12]:

Pi;(3) =
(S s~ 4 (-s0sD)~ (4 (L-sD- 4k (-s0.—s]))
( 5(s; ,s+)+ s (—s; )85 )) ( 5(51, s‘) ( Sszsj))’ (12)

where i, 7 = L, N, T, and the first subindex 4 corresponds
to a lepton while the second subindex j corresponds to an
antilepton, respectively.

After lengthy calculations we get the following results
for the double-polarization asymmetries:

4m2B
3A
x Re [32Amg(A*G) + 24mE

P =

7(1—7k)(C*D)
+ 12mpri(1 — 7 )(C*N) + 256Am550° |H|?

— 64 m%5(1 — 20?) |G)?

— xmE(1 4+ 0?) |A]? + 12mEm2s | D)

+ 33|N|” + 12mprgs(D*N) + 3502 |Q[?

— m%{2) — (1—v?)[20 + 3(1 — k)] } |C|2} . (13)
2mmi VS
PLN = A
SA
x Im [2mprie$ Im(A* D) + 32mEmi3(D*G) + 3(A*N)
— 16mp1ngs(G*N) — 503(C*Q) (14)

+ 2mpig(l — 7 )(A*C) + 32mEm (1 — 7k )(C*G)]

2mm3,V A8
Py, = /222
Nk 3A
x Im [—2mpin8(A* D) — 32mEmi3(D*G) — 3(A*N)
+ 16mpmes(G*N) — 50*(C*Q) (15)

— 2mpriy(l — Fr)(A*C) — 32mpmi (1 — k) (C*G)]

27tm 2mmp VAS VA

x Re [2m3m£(1 — i) |C + 2mprigsu(C* D)

+ 50(C*N) — 5v(A*Q) + 16mpmeév(G*Q)] | (16)
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2nm33 VS

Py = BV AS
T 3A

x Re [2m3mz(1 — i5)0 |C + 2mpingsv(C* D)

+ 5v(C*N) + 3v(A*Q) — 16mpmsv(G*Q)] , (17)
8m%u
Pyt = 3A
x Im [—32 m i (A" H) + 128\mp3(G* H)
+ 6mps(D*Q) + 35(N*Q) — 2AmE(A*C)
— 32AmEe(C*G) + 6mpine(l — ix)(C*Q)] ,  (18)
8Sm2v
P — B
TN 3A
x Im [—32 m i (A" H) + 128\mp3(G* H)
+ 6mpres(D*Q) + 35(N*Q) + 2AmE(A*C)
+ 32Amni (C*G) + 6mpre(l — 7)(C*Q)] ,  (19)
4mQB
Frr =3
x Re [32Aminig(A*G) — 24mpmi (1 — 7k )(C*D)
— 12mprg(1 — g )(C*N) — 256 m%50° |H|?
— 64AmE55(1 — 20%) |G)* — AmE(1 +v?) |A)?
— 12m%m35 |D|* — 35 |N|* — 12mprgs(D*N)
+ 3302 |Q|?
+ mp{2A— (1= o)A+ 301 i)?] HICP] , (20)
_ 4m23
Py = A

x Re [96)\m%mg(A*G) + 256 m 502 | H|? — 3502 |Q)?
+ 12m%m28| D) + 35 [N |> + 12mprng$(D*N)
—am%(3 —v?) AP — 64AmE5(3 — 20%) |G|
+mE{2A — (1 —v?)[2A = 3(1 — 7x)?] } [C]?

+ 24m%m2(1 — i )(C*D)

T L2mpiig(1 - ) (C°N)] . (21)

3 Numerical results and discussion

In this section we present the numerical analysis of all possi-
ble double-lepton polarizations, whose explicit expressions
we have given in the previous section.

The values of the input parameters used in this work
are |Vip V5| = 0.0385, (C§T)*h = 4.344, Cyp = —4.669,
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I's =4.22 x 10713 GeV. It is well known that the Wilson
coefficient C§ receives long distance contribution coming
from the real intermediate J/v family. However, in the
present work we consider only the short distance contribu-
tion. The modulo of C£ is fixed by the experimental value
of B(B — X,v), while its sign is determined by the SM.
In our further analysis we use (C£%)gy = —0.313, and for
the parametrization of the form factors we use the results
of the first reference in [3].

The region for the new Wilson coefficients can be ob-
tained from the existing experimental results of the BaBar
and BELLE Collaboration on B(B — K{~ (") [4,5] (see
the figures below).

It follows from (13)— (21) that the double-lepton po-
larization asymmetries depend on ¢? and the new Wilson
coefficients. Therefore, it may experimentally be difficult
to study these dependences at the same time. For this rea-
son, we eliminate the ¢? dependence by performing the
integration over ¢2 in the allowed region, i.e., we consider
the averaged double-lepton polarization asymmetries. The
averaging over ¢2 is defined as

dsB

(1= vi)?
Py
e ™

/(1—\/f‘K)2 dB )
—ds
412 dS

my

ds

(Pij) =

We present our analysis in a series of figures. In Figs. 1—-
4, we depict the correlation of the averaged double-lepton
asymmetries for the branching ratio for the B — Ku~u™
decay. Note that the region of the branching ratio is taken
from the existing experimental result, and the correspond-
ing regions of variation of the new Wilson coeflicients are
given in the figures.

From these figures we deduce the following results.
(1) There exist regions of new Wilson coefficients where
(PLy) departs from the SM result considerably when B(B —
Kp~p™) is very close to the SM value.

(2) (Pun) as well as (Pnr,) seem to exceed the SM value
3-4 times, and they change their signs when new Wilson
coeflicients vary in the allowed region and branching ratio
is very close to the SM result. This behavior can serve as
a good test for establishing new physics beyond the SM.
(3) In the presence of the new Wilson coefficients, the value
of (Pur) ((PrL)) is 3-4 times smaller (larger) compared to
the SM prediction. Moreover, (Prr,) changes its sign when
new Wilson coefficients vary.

We do not present the correlation of (Pxn), (Pnt),
(Prn) and (Prpr) on the branching ratio, since the values
of (Pxx), (PnT) and (Prx) are very small, and the behavior
of (Prr) is quite similar to that of (Pr,). A change in the
values of (Pyt) and (Pry) is observed, but no change in
their signs seems to occur.

In Figs.5-13, we present the correlation of (P;;) on
branching ratio for the B — K777~ decay. Similar to the
B — Ku™p~ decay, one concludes that several (P;;) are
sizable and sensitive to the existence of new physics. It
should be noted that in the present analysis we change the
branching ratio in the region (1 =+ 3.5) x 1077.
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Fig. 1. Parametric plot of the correlation between the
averaged double-lepton polarization asymmetry (Prr,)
and the branching ratio for the B — Ku™p~ decay,
when both leptons are longitudinally polarized

Fig. 2. The same as in Fig. 1, but for the averaged
double-lepton polarization asymmetry (PLx), when
one of the leptons is longitudinally, and the other is
normally polarized

Fig. 3. The same as in Fig.2, but for the averaged
double-lepton polarization asymmetry (Prr)

Fig. 4. The same as in Fig. 2, but for the averaged
double-lepton polarization asymmetry (Prr,)
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Fig. 5. The same as in Fig.1, but for the B —
K71777 decay

Fig. 6. The same as in Fig.2, but for the B —
K777~ decay

Fig. 7. The same as in Fig.5, but for the averaged
double-lepton polarization asymmetry (Pxr,)

Fig. 8. The same as in Fig.3, but for the B —
K177~ decay
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Next, we want to discuss the following problem. Can
we establish the new physics effects only by measuring
the double-lepton polarization? In other words, do siz-
able regions of new Wilson coeflicients exist, for which
the single-lepton polarization coincides with the SM result
while double-lepton polarizations do not? In order to ana-
lyze this possibility, we study the correlations of averaged
double- (P;;) and single-lepton (P;) polarizations. We vary
the new Wilson coefficients in the region allowed by the
measured branching ratio.

Our numerical analysis shows that, for the B — Kpu™pu~
case, the correlations ((Pry), (Pn)) and ((Pur), (Pr))
are more informative. The correlations ((Pry,), (PL)) and

((Prt), (Pr)) are not suitable since their values in the SM
are practically the same, and if the new Wilson coefficients
are taken into account in the allowed region, the departure
of (PLr) and (Prr) from their SM values is very small.
In Figs.14 and 15 we present the correlations of (Prr)
with (P) and (Prr) on (Pr), respectively. From these
figures we observe that there exist regions of the new Wilson
coeflicients where double-lepton polarizations differ from
the SM while single-lepton polarizations coincide with the
SM prediction. Here in this figure and in the rest of the
following ones, the numbers in parentheses are the values of
the branching ratio corresponding to the respective lower
and upper values of the new Wilson coefficients.



T.M. Aliev et al.: Double-lepton polarization asymmetries in the B — K¢T¢~ decay beyond the standard model 205
T 1 T T T T T ]
0.45 1 0.0 (L7Lx 107) < Cr <223 (455 x 107) —a—
i 0(1.71 X 1077) < Cp, Cpg < 4.46 (146 x 1077) --o-- ]
050 : —0.95(1.48 “2) < Crrrr, Crorn < 0. J 171 x1077) --a-
a i ) =06521 —-— ]
o055 ST ]
e 3
T -0.60 I P =
Q © ]
—
5 -0.65 a—":’:} 3
o oo :
< omfF = - ]
0.75 === e 71 Fig. 16. The same as in Fig. 14, but for the correlation
S L L L L . between (Prr) and (Pr) pair, for the B — K777~ decay
0.64 0.66 0.68 0.70 0.72 0.74 0.76
<PT>(B — K777
L B ) B R B A R LR
0.45 0.0 (171 x 107) < Cr < 223(455 x 107) —a—
0.0(1.71 x 10 7) < Cr, Cup < 4.46 (146 x 1077) —-o-- ]
0.50 |- 0.95 (1 A48 % 1077) < Crrpr. Crore < 0.0 (171 x 1077) --a--
T S (PRV) = 06521 == ]
'« -0.55 3
< is ]
T -0.60 4 E
a .
= -0.65 i R B
~ i e ]
E“/ 0.70 : S
4o 9 ]
0.75 T O o000 cummmmmooce®®® | Fig. 17. The same as in Fig. 16, but for the correlation
L e e e e e e v e e v e v between (Pur) and (Pr) pair
0.64 0.66 0.68 0.70 0.72 0.74 0.76
<PT>(B — Kr77h)
040 F T T T T T T 3
o3 & == 3
- ]
3 - ]
| ~o._ 4
L 0.30 e, .
= 0(1 71 x 1077) < Cp < 2.23(4.55 x 10*7) —-— T 1
T 0(LF1 X 1077) < Crp, Cpg < 4.46 (146 x 1077) --0-- 1
q 025F —0.95(14 % 10°7) < Crpne, Crenr <oo§171 x 1077) --a.- .
= i (PRM) = 06521 ——- 1
3 i 2%
020 } o .
~ i e ]
! -
i
15 . . R .
015 R | Fig. 18. The same as in Fig. 16, but for the correlation
[ S L N L 1 between (Prr) and (Pr) pair
0.64 0.66 0.68 0.70 0.72 0.74 0.76

<PT> (B— K771

The situation for the B — K777~ decay is slightly dif-
ferent. We obtain the result that the study of all correlations
between double- and single-lepton polarizations leads to a
strong restriction on the tensor type Wilson coefficient
Cr. Besides, analyses of the correlations ((Prr), (Pr)),
({Prr), (Pr)) and ((Pr1), (Pr)) show that there exist re-
gions of the new Wilson coefficients Crg, CLr and scalar
type coefficients Cprr1,, Crirr Where double-lepton po-
larizations differ from the SM results, but single-lepton
polarizations coincide with that of the SM (see Figs. 16,
17, and 18).

Finally, let us briefly discuss the problem of the de-
tectability of the lepton polarization asymmetries in ex-

periments. Experimentally, to measure an asymmetry (P;;)
of the decay with the branching ratio B at no level, the
required relevant number of events (i.e., the number of BB
pairs) are given by the expression

Tl2

- 88182<Pij>2 ’

where s; and s are the efficiencies of the leptons. Typical
values of the efficiencies of the T-leptons range from 50%
t0 90% for their various decay modes (see for example [16]
and references therein). It should be noted here that the
error in the 7-lepton polarization is estimated to be about
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(10 + 15)% [17]. So, the error in the measurement of the
7-lepton asymmetries is of the order of (20 + 30)%, and
the error in obtaining the number of events is about 50%.
It follows from the expression for N that, in order to ob-
serve the lepton polarization asymmetriesin B — Kpu™u~
and B — K717~ decays at 30 level, the minimum number
of required events are (for the efficiency of the T-lepton we
take 0.5)
(1) for the B — Kutpu~ decay

3.5 x 107 (for (Ppr), (Pur)) ,
5.0 x 108 (for (Pry)) ,
2.0 x 101 (for (Px))

N =
(2) for the B — K777~ decay

N =

(1.0£0.5) x 109 (
(5.0 +2.5) x 10% (
(4.0 4 2.0) x 10! (fo
(3.0 £ 1.5) x 10! (fo

On the other hand, the number of BB pairs that are
produced at B-factories and LHC are about ~ 5 x 10%
and 10'2, respectively. As a result of the comparison of
these numbers and N, we conclude that, except for (Ppn)
in the B — Ku*p~ decay and (Pyr), (Prn) in the B —
K77~ decay, all double lepton polarizations can definitely
be detectable at LHC. The numbers for the B — Kutpu~
decay presented above demonstrate that (Pr,) and (Pyr)
for the B — KuTp~ decay should be accessible at B-
factories after several years of running.

In summary, in this work we present the most general
analysis of the double-lepton polarization asymmetries in
the B — K /{1~ decay using the most general, model inde-
pendent form of the effective Hamiltonian. In our analysis
we have used the experimental result of the branching ratio
for the B — Ku™u~ decay announced by the BaBar and
BELLE Collaborations. The correlation of the averaged
double-lepton polarization asymmetries on the branching
ratio (we use the experimental result for the varying region
of the branching ratio for the B — Kutu~ decay). We
find that the study of double-lepton polarization asymme-
tries can serve as a good test for establishing new physics
beyond the SM. Moreover, we study the correlations be-
tween double- and single-lepton polarization asymmetries
and observe that there exist regions of the new Wilson co-
efficients for which double-lepton polarization asymmetries
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depart considerably from the SM while single-lepton polar-
ization coincides with that of the SM predictions. In other
words, in these regions of the new Wilson coefficients only
double-lepton polarization asymmetry measurements can
establish new physics beyond the SM.
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