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Search for CP violation using T-odd correlations
in B" — ppK*z~ decays
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A search for CP and P violation in charmless four-body B® — ppK*z~ decays is performed using
triple-product asymmetry observables. It is based on proton-proton collision data collected by the LHCb
experiment at center-of-mass energies of 7, 8 and 13 TeV, corresponding to a total integrated luminosity of
8.4 tb~!. The CP- and P-violating asymmetries are measured both in the integrated phase space and in
specific regions. No evidence is seen for CP violation. P-parity violation is observed at a significance of 5.8

standard deviations.
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I. INTRODUCTION

Studying CP violation in b-hadron decays is one of the
main purposes of the LHCb experiment, aimed at testing
the validity of the Cabibbo-Kobayashi-Maskawa (CKM)
mechanism in the Standard Model (SM). New sources of
CP violation, beyond the CKM mechanism, can provide
insights into the matter-antimatter asymmetry observed in
the Universe. Multibody B-meson decays have proven to be
an excellent laboratory for studying CP violation thanks to
significant interference between the underlying amplitudes.
Indeed, large CP asymmetries localized in regions of phase
space of charmless three-body B-meson decays have been
reported by the LHCb collaboration [1-4], including the
first evidence of CP violation in the BT — ppK* decay
[5]. It is therefore of great interest to search for further
manifestations of CP violation in baryonic B decays, where
asymmetries of up to 20% are predicted [6-8].

In this paper, a search for CP and P violation based on
triple-product asymmetries [9] in the charmless region of the
B® - ppK*z~ decay' is reported using proton-proton (p p)
collision data collected with the LHCb detector, correspond-
ing to a total integrated luminosity of 8.4 fb~!. A data
subsample of 3 fb~! was collected at center-of-mass energies
of 7and 8 TeV during 2011 and 2012 (denoted run 1) while a
data subsample of 5.4 fb~! was collected at 13 TeV from
2016 to 2018 (denoted run 2).

“Full author list given at the end of the article.
lCharge-conjugated decays are implicitly considered through-
out the text.
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The study is performed for proton-antiproton invariant
mass m,,; < 2.85 GeV/ ¢?, corresponding to a region below
the charmonium resonances. In this region, the decay is
governed mainly by tree-level b — uits and loop-level
b — siu transitions, as shown in Fig. 1.

Violation of the CP symmetry can arise from the
interference of these two amplitudes, whose weak-phase
difference is given by arg(V,;,Vi,/V Vi), and is approx-
imately equal to the CKM angle y in the SM [10]. However,
it is noted that this work is largely exploratory since no
precise SM prediction is available yet for the full phase
space of the channel under study. The only prediction
available refers to the B® — ppK*? decay channel with an
expected 1% asymmetry [6].

The three-momenta of the final-state particles in the B’
and B rest frame are used to build the triple-products C;
for B® and C; for B, which are odd under the operator 7
that reverses the momentum of the particles, and thus acts
similarly to the P-parity operator. These triple products are
defined as

Cy = Pr+* (P X ﬁp)v C? = px- (Prr X 1_513) (1)

where p denotes vector momentum of the final-state particle
indicated in the subscript. Under the CP operator the triple
product transforms as CP(C3) = —Cj.

The two T-odd triple product asymmetries are defined
as [11]
(C4 >0)—N(C; <0)
(Cf > 0) —I—N(Cf < 0)’
- 0)—N(-C; <0
AT:-(— > ) _( _T< )’ (2)

N(-C; > 0)+ N(-C4 < 0)

where N and N are the numbers of B® and B decays satisfying
the requirement expressed in the corresponding parentheses.
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FIG. 1. Feynman diagrams for the B° — ppK*z~ decay in the charmless region: penguin (left) and tree (right).

The CP- and P-violating observables are then constructed
as [11]

T-odd __
dcp =

(A7 =Az),  ap™=5(A7 +Ap).

(3)

N =
N =

A significant deviation from zero in these two observables
would indicate CP violation and P violation, respectively. In
contrast to the asymmetry between the phase-space integrated
rates, triple-product asymmetries are sensitive to the interfer-
ence of P-even and P-odd amplitudes and thus have a different
sensitivity to strong phases [9,12]. Triple-product asymmetries
have been used to search for CP violation in b -baryon decays
[13,14] and in D-meson decays [15,16]. By construction, such
asymmetries are largely insensitive to particle-antiparticle
production and detector-induced asymmetries [15].

II. DETECTOR AND SIMULATION

The LHCb detector [17,18] is a single-arm forward
spectrometer covering the pseudorapidity range 2 < n < 5,
designed for the study of particles containing b or ¢ quarks.
The detector includes a high-precision tracking system
consisting of a silicon-strip vertex detector surrounding the
pp interaction region [19], a large-area silicon-strip detec-
tor located upstream of a dipole magnet with a bending
power of about 4 Tm, and three stations of silicon-strip
detectors and straw drift tubes [20,21] placed downstream
of the magnet. The tracking system provides a measure-
ment of the momentum, p, of charged particles with a
relative uncertainty that varies from 0.5% at low momen-
tum to 1.0% at 200 GeV/c. The minimum distance of a
track to a primary pp collision vertex (PV), the impact
parameter (IP), is measured with a resolution of
(15429/pt) pm, where py is the component of the
momentum transverse to the beam, in GeV/c. Different
types of charged hadrons are distinguished using informa-
tion from two ring-imaging Cherenkov detectors [22].
Photons, electrons and hadrons are identified by a calo-
rimeter system consisting of scintillating-pad and pre-
shower detectors, an electromagnetic and a hadronic
calorimeter. Muons are identified by a system composed

of alternating layers of iron and multiwire proportional
chambers [23]. The online event selection is performed by
a trigger [24], which consists of a hardware stage, based
on information from the calorimeter and muon systems,
followed by a software stage, which applies a full event
reconstruction.

At the hardware trigger stage, events are required to have
a muon with high pt or a hadron, photon or electron with
high transverse energy in the calorimeters. The software
trigger requires a two-, three- or four-track secondary
vertex (SV) with a significant displacement from any
primary pp interaction vertex and a multivariate algorithm
[25,26] is used for the identification of SVs consistent with
the decay of a b hadron.

Simulation is required to model the effects of the detector
acceptance and the selection requirements. Simulated B® —
ppK'n~ decays are generated with a uniform distribution
over phase space. In the simulation, pp collisions are
generated using PYTHIA [27] with a specific LHCb con-
figuration [28]. Decays of unstable particles are described
by EvtGen [29], in which final-state radiation is generated
using PHOTOS [30]. The interaction of the generated
particles with the detector, and its response, are imple-
mented using the Geant4 toolkit [31] as described
in Ref. [32].

III. SELECTION

The B — ppK* 7~ candidates are formed by combin-
ing four charged hadron candidates: a proton, an antipro-
ton, as well as a kaon and a pion of opposite electric
charges. Candidates are selected using a filtering stage
followed by a selection based on a boosted decision tree
(BDT) classifier [33] and on particle identification (PID)
requirements.

In the filtering stage, the final-state tracks are selected by
requiring pt > 0.3 GeV/c, p > 1.5 GeV/c and the sum
of their pr greater than 1.8 GeV/c. To ensure that the B°
candidate is produced in the primary interaction, a tight
requirement on the direction angle, 8, between the recon-
structed B® momentum and the distance vector between
the associated PV and the B decay vertex is imposed
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(cos @ > 0.9999). Moreover, in order to exclude final-state
particles coming directly from the PV, a requirement of
2% > 8, 5, 3 is imposed respectively to pion, kaon and
proton candidates, where %, is defined as the difference
between the vertex fit > of a PV reconstructed with and
without the considered track. The different y7, requirements
reflect the different amount of background expected for
each particle type.

A BDT classifier is then used to further suppress
combinatorial background. The input variables are: the
1% and the flight distance of the B candidate; the quality of
the BY vertex; the minimum p and pr between proton and
antiproton; the largest distance of closest approach between
any pair of tracks belonging to the signal candidate;
and the pointing variable defined as | pg|sin0/(|pg| sin 0 +
> ;|| sin@;) where pg is the momentum of the B°
candidate, p; is the momentum of daughter i and 0; is
the angle between p; and the vector connecting the primary
and secondary vertices.

The BDT classifier is trained using simulated B® —
ppK*n~ decays as signal and candidates in the B°
invariant-mass region above the signal, 5450 < m ;g - <
5550 GeV/c?, as background. Tight PID requirements are
applied to suppress cross-feed background from other b-
hadron decays, where one final-state particle is misidentified.
An optimized combination of BDT and PID requirements is
chosen in order to maximize the figure of merit S/v/S + B,
where S(B) is the signal (background) yield, giving a signal
retention of about 64% and a background rejection of more
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than 98%. After all selection requirements are applied, 4% of
the events have multiple candidates. For these events, one
candidate is chosen randomly.

To reject intermediate charm resonances, candidates with
a K*z~ invariant mass compatible with the D° meson mass
and a pK*z~ invariant mass compatible with the A7
baryon mass are removed. In order to exclude charmonium
contributions, the pp invariant mass is required to be less
than 2.85 GeV/c?. The vetoed candidates corresponding to
the charmed B® — ppD°(— K* ™), which have the same
final state as the signal decay, are retained as a control
channel for systematic studies.

The ppK*tz~ invariant-mass distributions after the
selection are shown in Fig. 2. A few sources of background
contribute into the considered B invariant-mass region
and consist mainly of b-hadron decays where final-state
hadrons are not correctly identified. Partially reconstructed
decays are also present in the low-mass region, but do not
constitute a peaking background. All these background
sources are included in the baseline fit model described
in Sec. IV.

IV. MEASUREMENT OF ASYMMETRIES

The asymmetries for B — ppK*n~ decays are mea-
sured using an extended maximum likelihood fit to the
m,5k+, distributions. The selected data sample is split
into four subsamples according to the B® (B°) flavor and
the sign of C; (C3). A simultaneous fit to the MK+ 7
distributions of the four subsamples in Fig. 2 is used to
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FIG. 2. Distributions for combined run 1 and run 2 data of the ppK*z~ invariant mass in the four samples defined by B° (B°) flavor
and the sign of Cj (C‘f). The results of the fit, as described in the legend, are overlaid on the data.
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determine the number of signal and background yields and
the asymmetries A; and AT- The two asymmetries Ay and
Ay are included in the fit model as

1

Npoc -0 = ENBO(I + Az), (4)
1

NBO,Cf<0 = ENBO(I —A?)’ (5)
1 _

Npo g0 = 5 Np(1 + A7), (6)
1 _

Npo g0 =5 Np (1 = Ag), (7)

where N denotes the number of B® and B° satisfying the
requirement on C; and C7. The P- and CP-violating
asymmetries, ab°% and a’;9%, are then obtained according
to Eq. (3). The correlations between the A; and Aj;
asymmetries are verified to be negligible.

The invariant-mass distributions of the B® — ppK*n~
and B — ppK* 7z~ decays are both modeled by a Hypatia
function [34], with mean and common width determined
from data. All other fit parameters for these decays are taken
from simulation. The two main sources of cross-feed back-
grounds are due to B® - ppKTK~ and B’ = pprta~
decays, where a kaon or a pion is misidentified. They are
modeled with a double Crystal Ball function [35] with all
shape parameters fixed according to simulation. The com-
binatorial background is parametrized with an exponential
function where the parameters are left free to vary in the fits.
Partially reconstructed background is described by a function
of the form f(m) = (e=") 4 1)~!, where the parameters
mg and ¢ are determined from data.

Two different approaches are followed to search for P
and CP violation: a measurement integrated over the phase
space, with the charmonium region removed, and mea-
surements in different regions of the phase space. In
multibody decays, CP asymmetries may vary over the
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phase space due to resonant contributions and their
interference effects, possibly canceling when integrated
over the whole phase space. To enhance the sensitivity to
CP violation, measurements in different regions of the
phase space are performed. No P-odd amplitude informa-
tion from an amplitude analysis is available for the B’ —
ppK*n~ decay to provide information on the most
interesting phase-space regions. The results of the first
approach are obtained by fitting the phase-space integrated
data sample divided according to the B flavor and the sign
of the triple product. The fit result is shown in Fig. 2.

The measurements in different regions of phase space are
performed by dividing the sample using a binning scheme
based on the invariant masses of the K*z~ and pp
combinations, m-,- and m,;, the cosine of the angle of
the K+ (p) with respect to the opposite direction to the B°
momentum inthe K7z~ (p p) rest frame, cos O+ ,- (cos 6,5),
and the angle between the planes defined by the Kz~ and
p p tracks in the B? rest frame, ¢b. The background-subtracted
distributions of mg+,-, m 5, cos O+ -, cos 8,5, and ¢ for BY
(B°) candidates with C; > 0 and C; <0 (=C4 > 0 and
—C4 < 0) are shown in Fig. 5 (Appendix B).

Two different schemes, chosen before examining the
data to avoid possible biases, are used to divide the phase
space. The phase space is divided into 24 (40) regions and
the definition of the scheme A (B) is reported in Table II
(Table IV) of Appendix A. In binning scheme B, some
region edges in the m(K"z~) variable correspond to the
resonance mass pole where the strong phase changes sign.
This choice further enhances the sensitivity to CP viola-
tion. Because of many overlapping resonances in the Kz~
mass spectrum, only the K*(892)? and K (1430) states, for
which the peaks can be clearly identified, are split.

The same fit model used for the integrated measurement
is exploited to fit the B® mass distribution separately for
each phase-space region. The distributions of the measured
asymmetries for scheme A (B) are shown in Fig. 3 (Fig. 4)
and the numerical results are reported in Table III (Table V)
in Appendix A.
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FIG. 3. The aZ‘,&’dd (left) and a;"’dd (right) asymmetry parameters in each region of the phase space for run 1 and run 2 data combined
for binning scheme A. The error bars represent the sum in quadrature of the statistical and systematic uncertainties. The y> per number of
degrees of freedom (ndf) is calculated with respect to the null hypothesis.
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FIG. 4. The al:9% (left) and al°% (right) asymmetry parameters in each region of the phase space for run 1 and run 2 data combined
for binning scheme B. The error bars represent the sum in quadrature of the statistical and systematic uncertainties. The > per ndf is

calculated with respect to the null hypothesis.

The compatibility with the CP (P) conservation hypoth-
esis is tested by means of a y” test, where the y” is defined
as XTV-1X, with X denoting the array of al;9% (alodd)
measurements, V! is the inverse of the covariance matrix
V, defined as the sum of the statistical and systematic
covariance matrices. An average systematic uncertainty,
whose evaluation is discussed in Sec. V, is assumed for
each bin. The statistical and systematic uncertainties are
considered uncorrelated among the bins. No significant CP
violation is observed with either of the binning schemes,
while some phase-space regions exhibit P violation.

V. SYSTEMATIC UNCERTAINTIES
AND CROSS-CHECKS

The systematic uncertainties are determined in each phase
space region with simulated pseudoexperiments having the
same number of signal candidates as the real data and the
largest value found in a single bin is used as the systematic
error representative for all bins. The sources of systematic
uncertainty and their relative contributions, expressed as a
percentage of the statistical uncertainty, are listed in Table 1.

TABLE 1. Sources of systematic uncertainty and their relative
contributions expressed as a percentage of the statistical un-
certainty. In order to obtain the absolute systematic uncertainty
assigned to a specific region of the phase space, the numbers
reported here have to be multiplied by the corresponding
statistical uncertainties. Aa’3% and AakL°% indicate the uncer-

T-odd

tainty assigned to al9% and al°%, respectively.

Contribution Aal24[%] Aal0dd[g)]
Detector resolution 1 1
Fit procedure 5 5
Alternative fit 5 5
Mass resolution 5 5
Total 9 9

The contributions are uncorrelated and thus added in quad-
rature. The systematic uncertainty related to the detector
resolution, which could introduce a migration of signal
decays between C; >0 and C; <0 (=C7 >0 and
—C4 < 0) categories for B® (BY), is estimated in every
region of the phase space using a simulated sample of B —
ppK* ™ decays. The difference between the reconstructed
and generated asymmetry is considered as systematic uncer-
tainty. Although the difference is negligibly small, acommon
relative uncertainty of 1% is assigned to every phase space
region. To test whether the fit procedure introduces any bias,
pseudoexperiments are generated from the baseline fit model
using the measured asymmetry values and fitting them with
the same model. Since the observed bias is compatible with
zero, the largest value among the mean of the pull distribution
estimated in every single region of the phase space, 5%, is
assigned as the fit procedure relative systematic uncertainty.
The systematic uncertainties related to the choice of the
model for the signal and background components are
evaluated by using alternative models that have comparable
fit quality with the baseline model. A double Crystal Ball
function is used for the signal while the background is
described by a linear function. Pseudoexperiments are
generated using the alternative model and the baseline fit
model is then used to fit each generated sample. Since the
observed bias is not significantly different from zero, the
largest value among the mean of the pull distribution
estimated in every single region of the phase space, 5%, is
assigned as alternative fit model systematic uncertainty. The
effect of fixing the mass and resolutions of the cross-feed
background from simulated samples is assessed by varying
their values. The mass and the resolution are varied uniformly
in a +3 and +5 MeV/c? range, respectively, around the
values found in the simulation. The range is chosen in order
to take into account the possible discrepancy between
simulation and data for the B® mass and resolution. A
relative contribution of 5%, which corresponds to the largest
value among the mean of the pull distribution estimated in
every single region of the phase space, is assigned as
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systematic uncertainty. As a cross-check, a possible exper-
imental bias is tested by measuring the aZ3% asymmetry

using the B — ppD°(—K"z~) control channel. Since
negligible CP violation is expected for this channel, which
proceeds through the tree-level b — cuii transition, any
deviation of the CP asymmetry from zero is considered as
a bias introduced by the experimental reconstruction and
analysis technique. The asymmetry measured on the B® —
ppD°(=K*z~) control sample, al3¥ = (=1.0 + 1.5)%,
shows no significant bias. The test is repeated for different
regions of phase space, using a control sample weighted
according to the kinematic distributions of the signal and
for different magnet polarities, and gives consistent results.
Further cross-checks are made to test the stability of the
results with respect to the different magnet polarities, the
choice made in the selection of multiple candidates, and
the effect of the trigger and selection criteria. No systematic
uncertainty is assigned since all these checks give results
compatible with the nominal ones. In addition, correlations
between C; and C; and the kinematic and topological
variables used in the selection are checked using both
simulated samples and background-subtracted data and
found to be negligible.

VI. RESULTS AND CONCLUSION

In conclusion, a search for P and CP violation in B® —
ppK*n~ decays is performed both globally and in regions
of the phase space. The measured phase-space integrated
asymmetries are

alodd — (1.49 4 0.85 + 0.08)%,
al0dd — (0.51 4 0.85 + 0.08)%,

where the uncertainties are respectively statistical and
systematic. Both are consistent with P and CP conserva-
tion. The 1% theoretical prediction discussed in Sec. I is
beyond the reach of the current experimental sensitivity.
However, an observation of CP violation in the B —
ppK 7~ decay would have been a hint of beyond Standard
Model contributions. Measurements in regions of the phase
space are consistent with the CP-symmetry hypothesis with
a p value of 0.28 (0.24), according to y*> = 27.4/24
(y* = 45.7/40), corresponding to 1.16 (1.2¢6) deviation
for scheme A (scheme B). For P symmetry, a p value of
6.1 x10™ (1.1 x 107™) is found, according to x> =
86.2/24 (y> = 118.5/40), corresponding to 5.8¢ (6.00)
deviation for scheme A (scheme B). Significant P

asymmetries are observed in the region of low pp mass
and near the K*(892)° resonance. However, a full ampli-
tude analysis of the B® — ppK*zn~ decay is needed to
associate the observed P-parity violation with any under-
lying resonance amplitude. In conclusion, the data are
consistent with P-parity violation, but show no evidence for
CP violation.
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APPENDIX A: MEASURED ASYMMETRIES
IN REGIONS OF PHASE SPACE

The definitions of the regions of phase space of the four-
body B® — ppK*z~ decay of the two binning schemes are
reported in Tables II and IV. The corresponding measured
asymmetries in each region of phase space are reported in
Tables III and V.
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TABLE II.  Definition of the 24 regions that form scheme A for the B — ppK 'z~ decay.

m,s Mg+,

pp
Region (MeV/c?) (MeV/c?) cos b, cOS O+ ¢

0 (1800, 2850) (500, 1200) (~1,0) (~1,0) (0,7/2)
1 (1800, 2850) (500, 1200) (~1,0) (~1,0) (n/2.7)
2 (1800, 2850) (500, 1200) (-=1,0) ©, 1) (0,7/2)
3 (1800, 2850) (500, 1200) (-=1,0) ©, 1) ()2, 7)
4 (1800, 2850) (500, 1200) ©, 1 (-=1,0) (0,7/2)
5 (1800, 2850) (500, 1200) O, 1 (=1,0) (z/2, 1)
6 (1800, 2850) (500, 1200) O, 1) O, 1) (0,7/2)
7 (1800, 2850) (500, 1200) ©, 1) ©, 1) (n/2,7)
8 (1800, 2850) (1200, 2200) (~1,0) (~1,0) (0,7/2)
9 (1800, 2850) (1200, 2200) (-1,0) (-1,0) (n/2,7)
10 (1800, 2850) (1200, 2200) (-=1,0) ©, 1) (0,7/2)
1 (1800, 2850) (1200, 2200) (~1,0) ©, 1) (7/2.7)
12 (1800, 2850) (1200, 2200) O, D (=1,0) (0,7/2)
13 (1800, 2850) (1200, 2200) ©, 1) (=1,0) (z/2,7)
14 (1800, 2850) (1200, 2200) ©, 1) ©, 1) (0,7/2)
15 (1800, 2850) (1200, 2200) ©, 1) ©, 1) (z/2,7)
16 (1800, 2850) (2200, 3600) (-=1,0) (-1,0) (0,7/2)
17 (1800, 2850) (2200, 3600) (-=1,0) (-1,0) (z/2,7)
18 (1800, 2850) (2200, 3600) (-1,0) ©, 1 (0,7/2)
19 (1800, 2850) (2200, 3600) (-1,0) ©, 1) (z/2,7)
20 (1800, 2850) (2200, 3600) ©, 1) (-1,0) (0,7/2)
21 (1800, 2850) (2200, 3600) ©, 1) (-1,0) (z/2,7)
2 (1800, 2850) (2200, 3600) ©, 1) ©, 1) (0,7/2)
23 (1800, 2850) (2200, 3600) ©, D ©, 1 (z/2,7)

TABLE IIl.  Measurements of aZ3% and a%°%¢ in specific phase-space regions for the B® — ppK 'z~ decay for
binning scheme A. Each value is obtained through an independent fit to the B invariant-mass distribution of the
candidates in the corresponding region of the phase space. The uncertainties are only statistical.

Region A (%) A (%) aliy" (%) aF (%)
0 —-16.5 +10.1 —1324+95 -1.6+7.0 —149+7.0
1 6.1 £9.2 32498 14+6.7 4.7 +6.7
2 -124+7.0 239 +10.0 —-125+6.0 114+ 6.0
3 253+7.2 32+7.8 11.0£5.3 143 +£5.3
4 7.8+ 11.1 243 +9.0 -82+7.1 16.1 £7.1
5 29483 14.9 + 8.6 —-6.0£6.0 89+59
6 -228+74 —-49+8.6 -89+57 —139+5.7
7 —-104 +6.8 6.8 £6.6 -8.6 4.7 —-1.8+4.7
8 10.1 =£5.0 57+49 22+35 79+3.5
9 45+4.0 1.7+4.0 1.4+28 3.1+28
10 —454+6.5 —-10.2+6.5 29+4.6 -7.4+46
11 —10.1 £5.2 95452 -03+3.7 —-98+3.7
12 94+4+9.2 -7.8+9.5 8.6 £6.6 0.8 +6.6
13 122 4+8.2 10.4 + 8.0 09+5.7 11.3+5.7
14 3.6 9.8 —18.8 8.7 112+ 6.6 7.6 +6.6
15 —-4.94+6.0 —-15.7+7.1 54+4.7 —-10.3+4.7
16 55+4.8 157 +4.7 -51+34 10.6 =34
17 6.2+34 5.6+33 03+24 59+24
18 —13.6 £ 6.7 —-11.2+64 —-1.2+46 —12.44+4.6
19 -0.9+5.1 —-434+5.1 1.7+3.6 -2.6+3.6
20 59+6.2 —-4.44+69 52+4.7 0.7+4.7
21 13.6 £5.6 99 +£5.8 1.8+4.0 11.7+4.0
22 —-45+69 —-2.6+6.6 -09+48 -35+48
23 3.1+5.0 0.7+52 1.2+3.6 1.9+3.6
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TABLE IV. Definition of the 40 regions that form scheme B for the B* — ppK*z~ decay.

m,s Mg+,

Region (Me\lf)/pcz) (MeV/c?) cos 6, coS O+ - ¢

0 (1800, 2850) (500, 892) (~1,0) (~1,0) (0,7/2)
1 (1800, 2850) (500, 892) (~1,0) (~1,0) (n/2.7)
2 (1800, 2850) (500, 892) (-1,0) ©, 1) (0,7/2)
3 (1800, 2850) (500, 892) (-1,0) O, 1) (z/2,7)
4 (1800, 2850) (500, 892) O, D (-1,0) (0,7/2)
5 (1800, 2850) (500, 892) ©, D (-1,0) ()2, 7)
6 (1800, 2850) (500, 892) ©, 1) ©, 1) (0.7/2)
7 (1800, 2850) (500, 892) ©, 1) 0, 1) (z/2,7)
8 (1800, 2850) (892, 1200) (-1,0) (-1,0) (0,7/2)
9 (1800, 2850) (892, 1200) (~1,0) (~1,0) (7/2.7)
10 (1800, 2850) (892, 1200) (-1,0) ©, 1) (0,7/2)
1 (1800, 2850) (892, 1200) (~1,0) ©, 1) (7/2.7)
12 (1800, 2850) (892, 1200) ©, 1) (=1,0) (0.7/2)
13 (1800, 2850) (892, 1200) ©, 1) (-1,0) (z/2,7)
14 (1800, 2850) (892, 1200) O, 1) O, 1) (0,7/2)
15 (1800, 2850) (892, 1200) O, D ©, 1) (z/2,7)
16 (1800, 2850) (1200, 1430) (~1,0) (~1,0) (0,7/2)
17 (1800, 2850) (1200, 1430) (~1,0) (~1,0) (n/2,7)
18 (1800, 2850) (1200, 1430) (~1,0) ©, 1) (0.7/2)
19 (1800, 2850) (1200, 1430) (-=1,0) ©, 1) (z/2,7)
20 (1800, 2850) (1200, 1430) ©, 1) (-1,0) (0,7/2)
21 (1800, 2850) (1200, 1430) O, 1) (=1,0) (z/2,7)
22 (1800, 2850) (1200, 1430) O, D ©, 1 (0,7/2)
23 (1800, 2850) (1200, 1430) ©, D ©, D (z/2,7)
24 (1800, 2850) (1430, 2200) (-=1,0) (-1,0) (0,7/2)
25 (1800, 2850) (1430, 2200) (-1,0) (-1,0) ()2, 7)
26 (1800, 2850) (1430, 2200) (-1,0) ©, 1) (0,7/2)
27 (1800, 2850) (1430, 2200) (-1,0) O, 1 (z/2,7)
28 (1800, 2850) (1430, 2200) O, D (=1,0) (0,7/2)
29 (1800, 2850) (1430, 2200) O, 1 (=1,0) (z/2, 1)
30 (1800, 2850) (1430, 2200) ©, D ©, D (0,7/2)
31 (1800, 2850) (1430, 2200) ©, 1) ©, 1) (z/2,7)
32 (1800, 2850) (2200, 3600) (-1,0) (-1,0) (0,7/2)
33 (1800, 2850) (2200, 3600) (-1,0) (-1,0) (z/2,7)
34 (1800, 2850) (2200, 3600) (-1,0) O, 1 (0,7/2)
35 (1800, 2850) (2200, 3600) (-1,0) ©, D (z/2, 1)
36 (1800, 2850) (2200, 3600) ©, D (-1,0) (0,7/2)
37 (1800, 2850) (2200, 3600) ©, 1) (-1,0) (z/2,7)
38 (1800, 2850) (2200, 3600) ©, 1) ©, 1) (0,7/2)
39 (1800, 2850) (2200, 3600) O, 1 O, 1) (z/2,7)
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TABLE V. Measurements of aZ;$%¢ and a}° in specific phase-space regions for the B®— ppK*z~ decay for
binning scheme B. Each value is obtained through an independent fit to the B® invariant-mass distribution of the
candidates in the corresponding region of the phase space.

Region A (%) Az (%) ali (%) a4 (%)
0 —26.7+17.8 -2194+129 —2.4+11.0 —2434+11.0
1 544158 —-1.6+20.7 3.5+£13.0 1.9+13.0
2 -73x11.1 189+17.4 —13.1+10.3 5.8410.3
3 1544+12.8 5.0+13.7 52494 10.24+9.4
4 —21.94+13.9 26.1+16.3 —24.04+10.7 2.1+10.7
5 —13.44+13.9 21.9422.3 —17.6+13.1 4.2+13.1
6 —-19.3+104 —153+114 —2.0+7.7 —17.34+7.7
7 0.74+10.9 2.8+8.4 —1.1£6.9 1.8+£6.9
8 -5.1+12.8 -8.0+13.2 1.5+£9.2 —6.5+9.2
9 6.6+5.8 4.0+5.6 1.3+4.0 5.34+4.0
10 0.7£9.0 30.2+12.2 —14.8+7.6 15.4+7.6
11 30.948.7 0.2+94 15.3+6.4 15.6+6.4
12 38.4+16.8 22.7+10.7 7.9+10.0 30.584+9.96
13 11.6+£10.2 14.2+8.8 —-1.3+6.7 12.9+6.7
14 —24.1+10.5 6.4+13.2 —-1534+84 —-8.8+8.4
15 —18.84+8.6 10.2+9.5 —-145+64 —4.3+6.4
16 73+11.9 —20.94+15.6 14.1+9.8 —6.84+9.8
17 -2.6+104 —-1.54+9.0 —-0.5+6.9 —2.14+6.9
18 10.5+11.7 24.0+12.6 —6.8+8.6 17.24+8.6
19 1.1£10.9 20.5+9.8 -9.7+7.3 10.8+7.3
20 28.6+32.0 —28.9+21.9 28.7+19.4 -0.1+194
21 04+19.3 9.1£15.6 —-4.44+124 47+12.4
22 36.2+19.0 —13.9419.2 25.1+13.4 11.1+£13.6
23 —434+12.5 —28.1+14.3 11.9+9.5 —-16.249.5
24 11.4+54 9.445.1 1.0+£3.7 10.4+3.7
25 6.1+4.2 22443 1.9+£3.0 4243.0
26 -9.7+7.6 -20.8+7.6 5.6+5.4 —-1534+54
27 —13.14£5.9 —17.7+5.8 2.3+4.1 —15.4+4.1
28 7.0+9.5 —2.2410.5 4.6+7.1 2.44+7.1
29 14.6+8.9 13.3+9.6 0.6+6.5 13.9+6.5
30 —-6.6+114 —21.24+9.7 73£7.5 —13.947.5
31 —-5.3+6.7 —13.0+8.0 3.84+5.2 -9.2+5.2
32 5.5+4.8 15.5+4.8 -5.0+34 10.5+3.4
33 6.1+3.4 53+34 04+24 5.7+2.4
34 —-11.94+6.7 -9.9+6.5 —-1.0+4.7 —-10.94+4.7
35 —-0945.1 —3.845.0 1.4+3.6 —-2.343.6
36 59+6.3 -2.6+7.1 4.24+4.8 1.6+4.8
37 12.4£5.7 10.8£5.9 0.8+4.1 11.6+4.1
38 —4.6+7.1 —-0.5+6.8 —-2.0+4.9 —2.5+4.9
39 3.3+£5.0 0.5+5.3 1.4+3.6 1.9+3.6

APPENDIX B: BACKGROUND-SUBTRACTED PHASE SPACE DISTRIBUTIONS

The background-subtracted distributions of m 5, mg+,-, cos @
[36] for B (B®) with C; > 0 and C; < 0 (—=Cj > 0 and —C; < 0) of the B° - ppK*z~ decay are shown in Fig. 5 for the

combined data.
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