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Longitudinal polarization asymmetry of leptons in pure leptonic B decays
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The longitudinal polarization asymmetry of leptons inBq→ l 1l 2 (q5d,s and l 5e,m,t) decays is investi-
gated. The analysis is done in a general manner by using the effective operator approach. It is shown that the
longitudinal polarization asymmetry should provide a direct search for the scalar and pseudoscalar type inter-
actions that are induced in all variants of Higgs-doublet models.
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It has already been pointed out@1–4# that the pure lep-
tonic B decaysBq→ l 1l 2 (q5d,s and l 5e,m,t) are very
good probes to test new physics beyond the standard model
~SM!, mainly to reveal the Higgs sector. This previous work
was focused on the contributions induced by the scalar and
pseudoscalar interactions realized in Higgs-doublet models.
Within the SM, the decays are dominated by theZ penguin
and the box diagrams, which are helicity suppressed. We
note that Higgs-doublet models can generally enhance the
branching ratio significantly. Also, as discussed in recent
work, the decays are strongly correlated with the semilep-
tonic B decays@4# and even with the muon anomalous mag-
netic moment@5#. Experimentally, it is expected that present
and the forthcoming experiments onB physics (B factories!
can probe the flavor sector with high precision@6#.

If we detect a large discrepancy between the theoretical
estimation of the decay branching fractions and the actually
observed experimental results, then this could be evidence
either of new physics or of our lack of knowledge of the
decay constants ofB mesons,f Bq

. Therefore, the main inter-
est should be direct observation of new physics contributions
belonging to the non-SM interactions, i.e., the scalar and
pseudoscalar interactions, because within the SM the decay
is only through the axial vector interactions. Here we pro-
pose a new observable, namely, the longitudinal polarization
asymmetry of leptons (ALP) in Bq→ l 1l 2 (q5d,s and l
5e,m,t) decays. Although the measurement may be very
difficult and challenging, we point out that this observable is
very sensitive to those non-SM new interactions, and pro-
vides direct evidence of their existence. We note that the idea
of measuringALP andCP violation in KL→m1m2 decay to
look for new physics has been previously considered in sev-
eral papers@7#. However, we would like to mention that
those observables are quite different in theB decay system
@8,9#: In theK system the initialCP eigenstate can be deter-

mined due to the large lifetime difference ofKL,S , while this
determination is not possible in the case of theB meson
system. Therefore, we cannot discuss theBq→ l 1l 2 decays
in the same manner as these previous references.

Taking into account all possible four-Fermi operators that
could contribute toBq→ l 1l 2, these processes are governed
by the following effective Hamiltonian@10#:

Heff52 ~GFa/2A2p! ~Vtq* Vtb!$CAA~ q̄ gmg5b!~ l̄ gmg5l !

1CPS~ q̄ g5b!~ l̄ l !1CPP~ q̄ g5b!~ l̄ g5l !%, ~1!

by normalizing all terms with the overall factors of the SM.
In particular, within the SM one hasCPS

SM5CPP
SM.0 andCAA

SM

5Y(xtW
)/sin2 uW, whereY(xtW

) is the Inami-Lim function

@11# with xtW
5(mt /MW)2. The contributions proportional to

md,s are neglected, and the neutral Higgs contributions in

CPS
SM andCPP

SM are proportional to (mlmb)/mW
2 , and therefore

also neglected.
After using the PCAC~partial conservation of axial vector

current! ansatz to derive the relation between the operators,
the most general matrix element for the decay is

M5 i f Bq

GFa

2A2p
Vtq* VtbF S 2mlCAA2

mBq

2

mb1mq
CPPD l̄ g5l

2
mBq

2

mb1mq
CPSl̄ l G . ~2!

Using Eq.~2!, the branching ratio forBq→ l 1l 2 becomes

B~Bq→ l 1l 2!5
GF

2a2

64p3
uVtq* Vtbu2tBq

f Bq

2 mBqA12
4ml

2

mBq

2

3FU2mlCAA2
mBq

2

mb1mq
CPPU2

1S 12
4ml

2

mBq

2 D
3U mBq

2

mb1mq
CPSU2G , ~3!
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wheretBq

is the lifetime of theBq meson. Remarkably, the
QCD correction in this decay mode is negligible. As can
easily be seen, a significant branching ratio within the SM
could be expected only forl 5t,m due to the lepton mass
dependence.

We now define an observable using the lepton polariza-
tion. Since in the dilepton rest frame we can define only one
direction, the lepton polarization vectors in each lepton’s rest
frame are defined as

s̄l 6
m

5~0,6p2/up2u!, ~4!

and in the dilepton rest frame they are boosted to

sl 6
m

5~ up2u/ml ,6Elp2/ml up2u!, ~5!

whereEl is the lepton energy. Finally, the longitudinal polar-
ization asymmetry of the final leptons inBq→ l 1l 2 is de-
fined as follows:

ALP
6 [

@G~sl 2,sl 1!1G~7sl 2,6sl 1!#2@G~6sl 2,7sl 1!1G~2sl 2,2sl 1!#

@G~sl 2,sl 1!1G~7sl 2,6sl 1!#1@G~6sl 2,7sl 1!1G~2sl 2,2sl 1!#
, ~6!

and it becomes

ALP~Bq→ l 1l 2!5
2A124ml

2/mBq

2 Re$@mBq

2 /~mb1mq!#CPS@2mlCAA2mBq

2 /~mb1mq!CPP#%

u2mlCAA2@mB
2/~mb1mq!#CPPu21~124ml

2/mBq

2 !u@mBq

2 /~mb1mq!#CPSu2
, ~7!

with ALP
1 5ALP

2 [ALP . It is clear that within the SM
ALP(Bq→ l 1l 2).0 and becomes nonzero if and only if
CPSÞ0. Therefore, this observable would be the best probe to
search for new physics induced by the pseudoscalar type
interactions. We also remark that the dependence on the fla-
vor of the valence quark inALP(Bq→ l 1l 2) is tiny, and
therefore the lepton longitudinal polarization asymmetry is
almost the same forq5d or q5s.

Before considering physics beyond the SM, let us briefly
review the SM predictions for the processes. For consistency,
the top mass is rescaled from its pole massmt5175
65 GeV, to the modified minimal subtraction scheme (MS)
mass mt(MS)516765 GeV. For numerical calculations
throughout the paper, we use the world-averaged values for
all other parameters@12#: i.e.,

mB
q
055279.261.8 MeV, mW580.4160.10 GeV,

tB
q
051.5660.04 ps21, me50.5 MeV, mm5105.7 MeV,

mt51777 MeV, sin2uW~MS!50.231, a51/129,

f Bd
5210630 MeV, f Bs

5245630 MeV@13#.

Within the SM and by using the experimental bounds on the
Wolfenstein parametrization (A,l)5(0.81960.035,0.2196
60.0023) together with the unitarity of the Cabibbo-
Kobayashi-Mashowa~CKM! matrix @12,14#, we get

FIG. 1. The upper bounds forCPP vs uCPSu for CAA5(24,22,21,0,11,12,14)3CAA
SM using the experimental bound onB(Bs

→m1m2) ~left!, and the indirect experimental bound onB(Bs→t1t2) ~right!.
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uVtsu'Al250.039560.0019,
~8!

uVtdu'Al3A~12r!21h250.004–0.013.

Adopting the next-to-leading order result forY(xtW
) @15# and

using the central values for all input parameters, leads to the
following SM predictions:

B~Bd→ l 1l 2!55
3.4310215S f Bd

210 MeV
D 2

, l 5e,

1.5310210S f Bd

210 MeV
D 2

, l 5m,

3.231028S f Bd

210 MeV
D 2

, l 5t,

~9!

B~Bs→ l 1l 2!55
8.9310214S f Bs

245 MeV
D 2

, l 5e,

4.031029S f Bs

245 MeV
D 2

, l 5m,

8.331027S f Bs

245 MeV
D 2

, l 5t.

~10!

These predictions should be confronted with the present ex-
perimentally known bounds ofB(Bq→ l 1l 2) at 95% C.L.
@16#,

B~Bd→m1m2!,8.631027, ~11!

B~Bs→m1m2!,2.631026. ~12!

To analyze the decay processes and simulataneously find a
possible new physics signal, we first employ the experimen-
tal bound of the branching ratio which constraints the coef-
ficients (C8s) more strictly after comparing the theoretical
predictions with the known experimental bounds, i.e.,B(Bs

→m1m2) @see Eqs.~9!–~12!#, and obtain the allowed region
on theCPS-CPP parameter space for various values ofCAA .
This is shown in the left-hand figure of Fig. 1. In the right-
hand figure the bound is obtained by using the indirect ex-
perimental boundB(Bs→t1t2),4.331024 @17#. Further-
more, suppose that the branching ratio is measured first; then
it must be worth showing a general correlation between the
branching ratio and the longitudinal polarization asymmetry
represented by the equation

ALP~Bq→ l 1l 2!

56
2aqA124ml

2/mBq

2

B~Bq→ l 1l 2!
ReF mBq

2

mb1mq
CPS

3AB~Bq→ l 1l 2!

aq
2S 12

4ml
2

mBq

2 D U mBq

2

mb1mq
CPSU2G ,

~13!

by eliminatingCAA and CPP in Eqs. ~3! and ~7!, where the
constantaq is defined as

aq[ ~GF
2a2/64p3! uVtq* Vtbu2tBq

f Bq

2 mBq
A12 4ml

2/mBq

2 .

~14!

This is depicted in Fig. 2. The left-hand figure shows a cor-
relation betweenALP(Bs→t1t2) andCPS for variousB(Bs
→t1t2), while the right-hand one is betweenALP(Bs
→t1t2) andB(Bs→t1t2) for variousCPS.

As a specific example for the case in whichCPS is non-
zero, we adopt the type II two-Higgs-doublet model~2HDM-
II !. In this modelCAA

2HDM-II5CAA
SM, while1

1We take the latest results calculated in@2# by neglecting the sub-
leading terms in tanb. Note that the results are consistent with@4#
if one drops the contributions from trilinear coupling.

FIG. 2. The correlation betweenALP(Bs→t1t2) and CPS for variousB(Bs→t1t2)51025,1026,1027 ~left!; and the correlation be-
tweenALP(Bs→t1t2) andB(Bs→t1t2) for variousCPS51.6,5.0,10.2,17.3,26.2~right!.
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CPS
2HDM-II5CPP

2HDM-II5
ml~mb1mq!

4MW
2 sin2uW

tan2b
ln xH6t

xH6t21
, ~15!

at the large tanb limit @2–4#, andxH6t5(mH6 /mt)
2. Some

particular cases in the right-hand figure of Fig. 2 can be
realized by, for instance, (mH6,tanb)5(200 GeV,40! for
CPS51.6, ~200 GeV,70! for CPS55.0, ~200 GeV,100! for

CPS510.2, ~200 GeV,130! for CPS517.3, and~200 GeV,160!
for CPS526.2.

Finally, in Fig. 3 we show the dependences ofALP(Bq
→t1t2) on mH6 and tanb. For real experimental analyses,
we recommendBs→t1t2 decays because the energy of the
final t ’s is high enough for them to decay further to energetic
secondary particles, so their longitudinal polarization may
well be measured in hadronicB factories. Although thet ’s
are difficult to reconstruct in a hadronic background, we
need precisely such a reconstruction from their decay prod-
ucts to allow measurements of the longitudinal polarization
of the t ’s.

In conclusion, we have considered a general analysis ex-
ploring the longitudinal polarization asymmetry of leptons in
Bq→ l 1l 2 decays. We have shown that this observable
should provide a direct measurement of the physics of scalar
and pseudoscalar type interactions. We also note that more
information about these new interactions can be obtained by
combining the present analysis with the other observables
from B→Xql 1l 2 @18#.
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FIG. 3. The longitudinal polarization asymmetry oft ’s,
ALP(Bq→t1t2), as a function of mH6 for various tanb
525,50,75,100.
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