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Abstract Based on a data sample of 384 million BB pairs collected with the BABAR detector at the PEP- I

asymmetric e™

e~ storage ring, we measure branching fractions, direct CP, isospin and lepton-flavor asymmetries

for the rare decays B — K®™1*1™ in two di-lepton mass bins above and below the J /U resonance. For the

B — K*IT1™ decay, we also measure the K* longitudinal polarization fraction and the di-lepton forward-

backward asymmetry.
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1 Introduction

The decays BT — K*1T1~ and B — K*1*1~, where
171~ is either an eTe™ or wt W™ pair, arise from flavor-
changing neutral-currents (FCNC). In the Standard
Model (SM), the b —sl*1~ FCNC transitions are fo-
bidden at tree level, and proceed at the lowest order
through photon or Z penguin and WTW~ box dia-
grams. For these diagrams, the amplitudes can be
expressed in terms of effective Wilson coefficients for
the electromagnetic penguin, C;, and the vector and
axial-vector electroweak contributions, Cy and Cq re-
spectively, arising from the interference of the Z pen-
guin and WTW~ diagrams [1]. Non-SM physics at
the electroweak scale may contribute at the same or-
der as the SM and cause sizable deviations of the Wil-
son coefficients C5, Cy and 'y from their expected
SM values [2].

Many observables in B — K®I1*1~ decays are
useful for the probe of possible new physics due to
their sensitivitity to changes in the Wilson coeffi-
cients. Since the form factors in B — K®1+1~ are
poorly known, the theoretical calculations for the de-
cay rates possess large uncertainties. However the
ratios of these rates, in which form factor dependen-
cies largly cancel, and the dilepton forward-backward
asymmetry, are better known theoretically, thus pro-
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vide more sensitive tools in the new physics searches
[3]. We perform the measurements of these observ-
ables in two bins of dilepton mass squared (¢> =m3)
below and above the J/1 resonance.

2 Experimental details

In our measurements, we collect data events with
the BABAR detector [4] at the PEP-II asymmetric-
energy eTe” collider located at the SLAC National
Accelerator Laboratory. The data sample comprises
of 384 million BB pairs collected at the Y(45) res-
onance. The selection of charged and neutral parti-
cles, as well as reconstruction of 7%, K9 candidates
is described in Ref. [5]. We reconstruct B — K11~
signal events in ten final states with an eTe™ or p™u~
pair and a K% K%, or K* candidate, where a K*
candidate is reconstructed in K*n—, K*n%, or Kint*
final state with an invariant mass 0.82 < myg, <
0.97 GeV/c*. To characterize the reconstructed B
candidates, we define the kinematic variables mgg =
\/8/4—pi? and AFE = E}, —/s/2, where p;, and Ej
are the B momentum and energy in the center-of-
mass (CM) frame, and /s is the total CM energy.
We define a fit region with stringent requirements on
mps and AFE as described in Ref. [5].
pression on the random combinatorial background re-
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lies on the use of neural networks with inputs such
as event shape variables, vertexing information and
missing energy. For background events in which both
pions are mis-identified as muons, they are either ve-
toed (for B — D(— K™ 7)7 events) or estimated from
dedicated data samples (for B — K™t~ events).
The events with dilepton mass close to the nominal
J/U and P(2S5) masses are rejected to suppress the
charmonium backgrounds.

3 Measurements

We perform mgg fits to extract signal and back-
ground yields. These yields are used to derive the
branching fractions and rate asymmetries. We mea-
sure the total branching fractions for decays B —
KI*1~ and B — K*1*1~ at (0.39413:0%5 4+0.020) x 10~°
and (1.117)1340.07) x 107 respectively, by assuming
isospin and lepton-flavor symmetry. For these results,
the first uncertainty is statistical, and the second is
systematic. These results agree well with other mea-
surements [6, 7].

We measure the direct CP asymmtry AKCPS*)

BB —-K"1*17) - BB —K®I+-)
BB K1)+ BB - K®1+-)

K&
ACP =

which is expected to be very small of O(107%) in the
SM. New physics at the electroweak scale may in-
crease Ag,*) significantly [8]. For the measurements
of Agé,*) integrated over the entire ¢ region, we find
A%, = —0.187015 £0.01 averaged over two K*1+1-
final states, and A%, = 4+0.01701S +0.01 averaged
over six K*171~ final states. The statistical and sys-
tematic uncertainties of these results are given out
sequentially. Our results are consistent with the SM
expectation of negligible direct CP asymmetry.
In the SM, the lepton flavor ratios

B(B—K"utu)

Ry = BB SKere )’ (2)

differ from unity by only a few percent for ¢ > (2m,,)?
[9], while according to two-Higgs-doublet models, the
presence of a neutral Higgs boson at large tan 8 might
increase these ratios by ~10% [10]. Our results of
Ryx =0.967031£0.05 and Rk~ = 1.3779:53 +£0.09 in-
tegrated over the entire g2 region are consistent with
unity, as expected in the SM, where the statistical and
systematic uncertainties are presented sequentially.
We measure the CP-average isospin asymmetry

k) _ BB — K®01417) — rB(B* — KM*1+])
T 7 B(BY — KMOH]-) + rB(BE — KM[+]-)”
(3)

with 7 = 7y/7, as the ratio of the B® and B¥ life-
times [11]. In the SM, the values of AKX integrated
over the low ¢? region are expected to be very close
to zero [12]. In the high ¢, these asymmetries may
receive contributions from charmonium states. Since
the isospin asymmetry measured in B — J /(K™ [11]
is small, these contributions can be neglected.

We measure AKX integrated over the entire g2 re-
gion as AX = —0.37792740.04 and A¥" = —0.1275 15+
0.04, where the statistical and systematic uncertain-
ties are shown sequentially. These results are in rea-
sonable agreement with the SM expectation of small
values. We also find AX™ in the high ¢ region (¢* >
10.24 GeV?/c*) consistent with the SM expectation.
However, in the low ¢* (0.1 < ¢* < 7.02 GeV?/ct),
our observations of AY'*" = —1.41%53 4+ 0.04 and
Ao — 0567917 +0.04 show large negative val-
ues. By using the change in log likelihood v2AIn L
between the nominal fit to the data and a fit with
Aff(*) fixed at 0, we calculate the statistic signifi-
cance of A" and AX"'*" with which a null isospin
asymmetry hypothesis is rejected. By taking into ac-
count the systematic effects, we find the significances
for A1 and AX™ 1V different from 0 are 3.20 and
2.70, respectively. The likelihood curves from the
K11~ and K*1*1~ fits are shown in Fig. 1. From the
AlnL for the combined K™1*1~ modes, we obtain
AR v —0.64401% 10,03, Including systematic

. ) low .
effects, the significance for AY 'V from 0 is 3.90.
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Fig. 1. Likelihood curves for the KMt A

fits in the low ¢? region.

In the decay B — K*1T17, we also measure the K*
logitudinal polarization fraction F}, and the lepton
forward-backward asymmetry Agg. The ¢*> depen-
dency of Fy, and Apg expected in the SM is shown in
Fig. 2 together with new physics scenarios in which
the Wilson coefficients take opposite-sign values. Due
to the dominance of C; at low ¢2, the SM value of

Arg is expected to be negative at very small ¢* and
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crosses zero at > ~ 4 GeV?/c¢* with the increase of
q*> [3, 13]. The magnitude of C; is experimentally
constrained by measuring the branching fraction for
b — sy [11, 13], which corresponds to the limit of
q* — 0, while the choice of C; sign different from the
SM prediction is allowed. At high ¢2, Apg is expected
to be kept positive in the SM. However an opposite
Cy Cyp from right-handed weak currents would yield
a negative App in this region.

The measurements of F}, and App rely on the an-
gular observables 6k and 6}, which are defined respec-
tively as the angle between the K and the B directions
in the K* rest frame, and the angle between the 17(17)
and the B(B) directions in the 1*1~ rest frame. Suc-
cessively, we obtain Fy, by fitting to cos 0y of the form
[14]

gFLCOS2 6‘K+Z(1—FL)(1—COS2 0x), (4)

and obtain Apg by fitting to cos 6, of the form [14]
3 2 3 2
ZFL(l—cos 6‘1)+§(1—FL)(1+COS 0))+Argcosb,. (5)

For the measurements of Fi, and Apg, in the
low ¢* region (0.1 < ¢*> < 6.25 GeV?/¢*), we find
F, = 0.35+0.16£0.04 and App = 0.247535 +0.05,
while the SM predicts F™ = 0.63 and AZ}Y = —0.03.
In the high ¢ region (¢ > 10.24 GeV?/c*), we find
F,=0.71702540.04 and Apg =0.76705240.07, while
the SM predicts F£™ =0.38 and AZY = 0.40. The sta-
tistical and systematic uncertainties of these results
are presented sequentially. Our Fj and Agg results
are summarized in Fig. 2, along with the predictions
from the SM, and new physics models with flipped
signs of Wilson coefficients. Our Agg results are also
consistent with the Belle measurements [7].
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(color online). Plots of our results (points with error bars) for (a) Arp and (b) Fi, for the decay

B — K*I"1~ showing comparisons with SM (solid); C7 = —C5M (long dash); CoCro = —CSMCH! (short
dash); C7 = —C5M,CoChp = —CSMCTM (dash-dot). Expected Fi, values integrated over each ¢? region are

also shown.
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The results reported here have been published in
Ref. [15] for AXS) | Ry, and AX” | and in Ref. [5]
for F1, and Agp in the decay B — K*1*1~.

4 Conclusion

We have measured the branching fractions, di-
rect CP asymmetries, lepton flavor ratios, and isospin
asymmetries in the decays B — KItl~ and B —
K*1T17. Our results on the branching fractions, di-
rect CP asymmetries and lepton flavor ratios are in
good agreement with the SM expectations. For the
isospin asymmetries, our results in the high and com-
bined ¢? region are consistent with zero as expected

in the SM. However, we observe large negative isospin
asymmetries in the low ¢? region for both B — K1*1~
and B — K*1*1~. By combining the K®1*1~ results,
we measure Aff(*) = —0.647513 £0.03, which rejects
the A; =0 hypothesis with 3.9¢ significance, includ-
ing systematic effects.

Furthermore, we measure the K* longitudinal
polarization fraction and lepton forward-backward
asymmetry in the low and high ¢? regions for the de-
cay B— K*I*1~. Our results are generally consistent
with the SM predictions.
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insightful discussions and the conference organizers
for their hospitality.
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