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A determination of the CP-even fraction F, in the decay D°

2.93 fb~!

— KTK~ ztn~ is presented. Using

of ete™ = w(3770) - DD data collected by the BESIII detector, one charm meson is

reconstructed in the signal mode and the other in a CP eigenstate or the decay D — K3 9 7 . Analysis
of the relative rates of these double-tagged events yields the result ', = 0.730 &= 0.037 £ 0.021, where the
first uncertainty is statistical and the second is systematic. This is the first model-independent measurement

of F_in D° — K*K~n*z~ decays.

DOI: 10.1103/PhysRevD.107.032009

I. INTRODUCTION

The Standard Model description of CP violation may
be tested by measuring the lengths and angles of the
unitary triangle of the Cabibbo-Kobayashi-Maskawa
(CKM) matrix [1,2]. One of these angles, commonly
denoted by y [3], is the only one accessible through tree-
level processes, with negligible theoretical uncertainties
[4]. Thus, a precise determination of y is an excellent
Standard Model benchmark and direct measurements of y
can be compared with indirect measurements that may be
sensitive to new physics at loop level.

The angle y is conventionally measured in B* — DK*
decays, where D is a superposition of the flavor eigenstates

D and D°. An important class of D-meson decays for this
purpose are those to CP eigenstates [5]. Similarly, one can
also use decay modes with mixed CP content to measure y,
provided that this content is known [6,7]. This content is
parametrized by F,, the CP-even fraction of the decay.
Furthermore, decay modes with mixed CP content can be

used in studies of D°—D° oscillations, and searches for CP
violation in the charm system [8].

This paper presents the first model-independent
measurement of the CP-even fraction F, for the decay
D — K*K~z"z using 2.93 fb~! of quantum-correlated
w(3770) = DD data collected by the BESIII experiment.
This measurement complements other strong-phase mea-
surements performed with data collected by CLEO-c
[7,9,10] and BESIII [11-14], and it is an important input
to future analyses of y and D°-D° oscillations using this
channel.

II. MEASUREMENT STRATEGY

The strong decay of y(3770) — DD conserves the
C = —1 quantum number of the initial state, leaving

Published by the American Physical Society under the terms of
the Creative Commons Attribution 4.0 International license.
Further distribution of this work must maintain attribution to
the author(s) and the published article’s title, journal citation,
and DOI. Funded by SCOAP’

the D-meson pair in an antisymmetric wave function.
This quantum correlation allows for a direct access to

the strong-phase difference between D° and D° decays
through a double-tag (DT) analysis. The method uses
single-tag (ST) events, which are events where one of
the charm mesons is reconstructed in a CP eigenstate,
with no requirements on the decay of the other meson,
and DT events, where both D mesons are recon-
structed, one in a tag mode and the other in the
signal mode.

Table I lists all the tag modes used for this analysis. The
analysis can be split into three categories: CP tags,
K9ntz~, and K7 "n~. The CP tags are modes in which
the D meson decays to a CP eigenstate. The modes
D — K, z*z~ are of mixed CP content, since these
decays can proceed through both CP-even and CP-odd
amplitudes. The mode #* 7z~ 7" is listed as a CP-even tag
since its CP-even fraction, F’"‘”O =0.973 £0.017 [7], is
very close to unity. The modes D — K97°2°, D — K% w,
and the self-tag D — K"K~z "z~ have not been included
because their yields are low and the inclusion of these tag
modes would not significantly improve the precision of the
measurement.

The predicted ST yield of a tag mode D — f with

CP-even fraction Fi is given by

NST(f) = 2NppB(fest () (1 = 2F, = 1)y). (1)

where Npp = (10597 428 4+ 98) x 10° [15] is the total
number of DD pairs, B is the branching fraction, egy is the
reconstruction efficiency of the ST mode, and y =
(0.61570058) x 1072 is the charm-mixing parameter [16].

TABLE I. Tag modes used in this analysis.

Category Tag modes

CP even K"K, ntn~ Kon 7, zta % K970
CP odd K97°, K, K (mm) Ksn (), K‘s)w
Mixed CP Kg;z+:r , KOnt

032009-4
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In Eq. (1) and subsequent expressions, O(y?) terms are
neglected. For pure CP-even (odd) tags, F*i =1 (0).

Events where one D meson is reconstructed as the
signal decay D — K™K~z "z~, while the other is recon-
structed as a pure or mixed-CP tag mode f, have a
predicted DT yield

NPY(KKzr|f) = 2N ppB(f)B(KKnr)epr (KK x| f)
x (1= Q2F = 1)(2F, - 1)), ()

where B(KKzz) is the branching fraction of D° —
K"K n"n~, epr is the reconstruction efficiency of
the DT event, and F, denotes the CP-even fraction
of D° - K*K~n"z~. Equations (1) and (2) can be
combined into

NDT(KK””V) est(f)
NST(£)/(1 = (2F, = 1)y) ~ epr(KKzz|f)
= B(KKzr)(1 - (2F/ —1)(2F, - 1)). (3)

Equation (3) indicates that the ratio of the DT to ST
yields, after efficiency corrections, is sensitive to
B(KKnr) and the CP-even fraction F,. Measuring this
quantity for tags of different CP eigenvalues allows F,
to be determined.

For the Kz "z~ tag, which is a decay mode of mixed
CP, an enhanced sensitivity to F, is obtained by
separating events into bins of phase space of the tag
decay. The amplitude-averaged strong-phase difference

between D and D° decays has been measured in these
bins by both CLEO [17] and BESII [11]. The binning
scheme used for this analysis is the “equal Adp binning,”
where bin boundaries are chosen such that each bin spans
an equal range in the strong-phase difference. The frac-
tional yield K; of D° decays and amplitude-averaged
cosine of the strong-phase difference c¢; have been
measured in each bin. There are eight pairs of bins in
total [17], and since each pair of bins have the same
value for c¢;, the data in each pair are merged. The
combined CLEO and BESIII results from Ref. [11] are
used, and they are treated as external inputs to the F
determination. The yield-ratio expression in bin i is

NPT(KKzx|f)
NST(f)/(1 = (2F, = 1)y)
= B(KKzz)(K; + K_; =2

est(f)
epr(KKzz|f)

KK _jc;2F; —1)). (4)

The expression for the D — K%z 7z~ tag is obtained by
replacing K; with K and ¢; with —c}, the values of
which are also reported in Refs. [11,17].

III. BEPCII AND THE BESIII DETECTOR

The BESIII detector [18] records symmetric e*e™
collisions provided by the BEPCII storage ring [19],
which operates with a center-of-mass energy range from
Vs =2.00 to 495 GeV, with a peak luminosity of
1 x 103 cm=2s7! achieved at /s = 3.773 GeV. BESIII
has collected large data samples in this energy region
[20]. The cylindrical core of the BESIII detector covers
93% of the full solid angle and consists of a helium-
based multilayer drift chamber (MDC), a plastic scintil-
lator time-of-flight system (TOF), and a CsI(Tl) electro-
magnetic calorimeter (EMC), which are all enclosed in a
superconducting solenoidal magnet providing a 1.0 T
magnetic field. The solenoid is supported by an octagonal
flux-return yoke with resistive plate counter muon-
identification modules interleaved with steel. The charged-
particle momentum resolution at 1 GeV/c is 0.5%, and the
resolution of the rate of energy loss, dE/dx, is 6% for
electrons from Bhabha scattering. The EMC measures
photon energies with a resolution of 2.5% (5%) at 1 GeV
in the barrel (end cap) region. The time resolution in the TOF
barrel region is 68 ps, while that in the end cap region
is 110 ps.

Simulated data samples produced with a GEANT4-based
[21] Monte Carlo (MC) package, which includes the
geometric description of the BESIII detector and the
detector response, are used to determine detection efficien-
cies and to estimate backgrounds. The simulation models
the beam-energy spread and initial-state radiation in the
ete™ annihilations with the generator KkMC [22]. The
inclusive MC sample includes the production of DD pairs,
the non-DD decays of the w(3770), the initial-state
radiation production of the J/y and y(3686) states, and
the continuum processes incorporated in KKMC [22]. All
particle decays are modelled with EviGen [23,24] using
branching fractions either taken from the Particle Data
Group [25], when available, or otherwise estimated with
LUNDCHARM [26,27]. Final-state radiation from charged
final-state particles is incorporated using the PHOTOS pack-
age [28].

To ensure the best possible description of the distribution
of the D - KYK~n"z~ decays in phase space, the sim-
ulation samples are reweighted using the most recent
amplitude model for this decay [29]. Quantum correlations
are accounted for in the reweighting.

IV. EVENT SELECTION

Charged tracks detected in the MDC are required to be
within a polar angle (6) range of |cos 8| < 0.93, where 0 is
defined with respect to the z axis, which is the symmetry
axis of the MDC. For charged tracks not originating from
K9 decays, the distance of closest approach to the inter-
action point (IP), |V, |, must be less than 10 cm along the
z axis, and less than 1 cm in the transverse plane.
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Photon candidates are identified using showers in the
EMC. The deposited energy of each shower must be more
than 25 MeV in the barrel region (|cos 6| < 0.80) and more
than 50 MeV in the end cap region (0.86 < |cos 6] < 0.92).
To exclude showers that originate from charged tracks, the
angle subtended by the EMC shower and the position of the
closest charged track at the EMC must be greater than
10 degrees as measured from the IP. To suppress electronic
noise and showers unrelated to the event, the difference
between the EMC time and the event-start time is required
to be within [0, 700] ns.

Particle identification for charged tracks combines mea-
surements of the dE/dx in the MDC, and the time of flight
as measured by the TOF system, to form likelihoods £ ()
for each hadron hypothesis & (h = K, x). Charged kaons
and pions are identified by comparing the likelihoods
for the kaon and pion hypotheses, L(K) > L(z) and
L(z) > L(K), respectively.

Each Kg candidate is reconstructed from two oppositely
charged tracks satisfying |V,| < 20 cm. The two charged
tracks are assigned the pion hypothesis without imposing
particle identification criteria. They are constrained to
originate from a common vertex and are required to have
an invariant mass within 12 MeV/¢? of the known K mass
[25]. The decay length of the K candidate is required to be
greater than twice the vertex resolution away from the IP.

Candidate 7° and 5 mesons are reconstructed through
the decays 7° — yy and 5 — yy, with their diphoton
invariant masses required to be within [115, 150] and
[480,580] MeV/c?, respectively. The 7' meson is recon-
structed through #' — z*z27n and p°(z*7~)y, with the
invariant masses of the decay products within [940, 976]
and [940,970] MeV/c?. The invariant mass of the pion pair
in the p° decay must lie within [626,924] MeV/c?.

In the reconstruction of D — 7tz z° and D —
KTK~n"x~ decays, the z7z~ pair is required to originate
from a vertex within twice the vertex resolution from the IP
in order to reduce backgrounds from D — K9%z° and
D — KKK~ respectively. For 77z~ z°, the #* 7~ invari-
ant mass is required to be more than 18 MeV/c? away from
the known K% mass. For K™ K=z z~, the z* 2~ mass must
fall outside [477,507] MeV/c2.

For fully reconstructed tags, AE = Ep — +/s/2, where
Ep is the reconstructed energy of the D meson, is required
to be within 36 of the signal peak. This requirement
removes combinatorial background. In the tags containing
a K?, a partial reconstruction is performed where the signal
D — K*K~n"z~ is first reconstructed. From the remain-
ing tracks and showers, the tag mode is reconstructed
without the K9 meson. It is required that there are no
additional charged tracks or z° candidates. The K9
momentum is then inferred from the missing momentum
of the event. Since there is a missing particle, the ST yield
cannot be measured in tag modes containing a K meson.

Additionally, to increase the yield of KTK zz~ vs
K97t z~ DTs, events where a charged kaon is not recon-
structed are also considered. The tag mode D — Kgf[+ﬂ_
is first reconstructed, and it is required that there are
exactly three remaining tracks, identified as a kaon and
two oppositely charged pions. The momentum of the
charged kaon that is not reconstructed is inferred from
the missing momentum. To reduce the background from
D — K-zt n " z° decays, it is required that there are no
7% candidates in the event.

In the ng.Lﬂ.'Jrﬂ'_ tags, a Kalman kinematic fit [30] is
performed to improve the resolution of the final-state
particle momenta by constraining the K g’ ; and D invariant
masses to their known values [25].

V. SINGLE- AND DOUBLE-TAG
YIELD DETERMINATION

The ST yield of each fully reconstructed tag mode is
determined by a maximum-likelihood fit of the beam-

: _ JE? =12
constrained mass Mpc = \/Epeyy — |2 Dil*, Where the

sum runs over the momenta p; of all the D decay products.
The signal shape is obtained from simulation, but con-
volved with a Gaussian function to account for differences
in resolution between data and simulation. The width of the
Gaussian function is a free parameter in the fit and the
difference in resolution between data and simulation was
found to be a few hundred keV/c?. Since the difference is
small, no further correction to the simulation is performed.
The combinatorial background is modeled by an ARGUS
function [31]. The Mpc distributions and the fitted shapes
are shown in Fig. 1. In all cases the fit quality is found to
be good.

For the partially reconstructed tag mode D — K9 7°, the
ST yield cannot be measured directly. Nonetheless, an
effective ST reconstruction efficiency is calculated from
EST(KLHO) = €DT(KKH7T|KL7TO)/€ST<KK7FH). The effec-
tive ST yield is then calculated from this efficiency, the
branching fraction [32], and Npp, using Eq. (1). The ST
yields and their efficiencies, determined from simulation,
are presented in Table II. The ST yields are in good
agreement with the results from Refs. [11,12,14].

The level of peaking background in the fully recon-
structed tag modes is around 1% or less. In tag modes
containing a K9 there is a larger contamination from
K% — 7292° decays, where the 7° mesons are not recon-
structed. This peaking background is found from simu-
lation to be around 6% of the signal yield. The shapes of
peaking backgrounds are fixed from simulation samples,
while the yields are calculated from the branching fractions
and efficiencies, relative to that of the signal yield.

Similarly, for fully reconstructed DT events, the Mpc on
the signal side is fitted. The approach is identical to that for
ST candidates, but corrections are applied to the peaking-
background estimates to account for enhancements and
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TABLE II.

ST yields and efficiencies for CP tags. In the case of

modes involving K(L) mesons, these are effective quantities, as
explained in the text. The uncertainties are statistical only.

Tag Yield Efficiency (%)
Kb 22068 + 217 14.50 £ 0.08
K%' (ntnn) 3213 +62 12.81 £ 0.07
KOn'(p%) 8283 + 116 20.80 £ 0.09
K9 9308 + 113 31.78 £0.10
K970 67876 + 278 38.18 £0.11
ntaa’ 107504 + 602 36.65 +£0.11
T 20386 =+ 179 67.41+0.10
K9n%7° 22392 +229 14.35 £ 0.08
Kn° 47595 + 1653 27.83+£0.23
KK~ 56303 =+ 262 63.41 £0.11

suppressions due to quantum correlations. The quantum-
correlation corrections are calculated using knowledge of
the CP contents of both the signal and tag modes. The CP
content of D’ — K* K~z z~ is obtained from the ampli-
tude model in Ref. [29].

For partially reconstructed tag modes, a fit of the
missing-mass squared M2.  of the missing particle is
performed instead. In the Kg’LJZJ'_ﬂ'_ tag modes, which
are split into bins of phase space, a simultaneous fit is
performed where the signal-shape parameters are shared
between all bins, while the yield of signal and combina-
torial backgrounds are varied independently in each bin.
Figure 2 shows the signal Mpc distributions of fully
reconstructed modes in data, along with the fitted shapes.
The corresponding M2 . distributions for partially recon-
structed modes are shown in Fig. 3. For the K , 777~ tags,

miss
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TABLE III. DT yields and efficiencies for CP tags. The
uncertainties are statistical only.

Tag mode Yield Efficiency (%)
Ko 9+3 2.23+0.02
K%' (nt7n) 2+2 2.02 £0.02
K%' (0%) 9+£3 3.29 +£0.03
Ko 9+£3 5.72 +£0.04
K97° 48 +£7 6.86 + 0.04
ata 53+10 7.67 +£0.04
xta 2+4 15.07 £ 0.06
K97°z° &8+3 2.87+£0.03
K970 T£5 5.304+0.04
KtK~ 28 £ 10 14.55 +0.06

TABLE IV. DT yields for Kg. ;7 m tags, for full and partial
reconstruction, in bins of phase space. The global efficiencies are
also shown. The uncertainties are statistical only.

KSntn~ K%t n~ Kntn
Bin Full Partial Partial
1 7+3 17+7 45+ 8
2 11+4 4+4 15+5
3 5£2 12+6 19+5
4 7+3 0+3 5£3
5 11+3 23+7 11+£5
6 6+£2 7+4 15+4
7 12+3 22+6 2245
8 11+4 6E5 25+6
Total 69 +9 91+£15 158 £ 15
ept (%) 6.56 +0.04 7.01 £+ 0.04 7.25 +0.04

only the result in one bin of phase space is shown, but the
other bins are very similar. The fitted yields and their
efficiencies, as determined from simulation, are listed in
Tables III and IV.

In the D —» Kga) tag, there is also nonresonant D —
Kgﬂ+7t_ﬂ0 background. To isolate D — Kga) candi-
dates from nonresonant D — K97tz 2%, first the sPlot
technique [33] is used on the My variable to remove the
flat combinatorial background. Then a fit of the z* 7z~ z°
invariant mass, after applying sWeights, is performed to
obtain the yield of Kga). This procedure is done with both
ST and DT candidates.

VI. CP-EVEN FRACTION MEASUREMENT

A maximume-likelihood fit is performed to the ST and DT
yields of CP tags listed in Tables II and III, respectively,
assuming the relation given by Eq. (3). The uncertainties
are assumed to follow a Gaussian distribution. The branch-
ing fraction B(K Kzr) and the CP-even fraction F, are free
parameters in the fit. Figure 4 shows the ratio of DT yields

Ko ——
Kdn'(n*mm) °
K2N'(0%) .
Kdn —_—————
K3n® ——
nnnd .

e — —}— DT/ST yield ratio

Kgnono —0—
Kfno —— -~ [ _fit projection
K+K—m\u.u\uéw\uu\uww\uuu\uu\uulln

0 1 2 3 4 5 6 7 8 9
Effective BF(D—>K'K™n*n-) (10°)

FIG. 4. The effective branching fraction (BF) of D —
K*K~zt7z~ measured against CP-odd (top), D — ztz~z° and
CP-even (bottom) tags. The black dotted lines indicate the values
expected from the fit.

to ST yields for each tag after efficiency corrections.
Physically, this represents the effective branching fraction
of D » K*K ztn~, where the D meson is prepared in
a CP eigenstate. The fitted CP-even fraction is F, =
0.704 4+ 0.042 £ 0.028, where the first uncertainty is from
the statistical uncertainties of ST and DT yields and
the second uncertainty is the systematic uncertainty, dis-
cussed in Sec. VII. The obtained branching fraction is
B(KKrr) = (2.8 £0.3) x 1073, where the uncertainty is
statistical. It is consistent with the current value from the
Particle Data Group [25].

Similarly, a maximum-likelihood fit is performed using
Eq. (4) and the K, 777~ results from Table IV. Table IV
contains the global reconstruction efficiencies, but in the fit
a full 8 x 8 efficiency matrix is used to account for both the
reconstruction efficiency in each bin, and the migration of
events between the bins. The bin-migration effect is
between 2%-14% for the fully reconstructed K%z z~
mode, 3%—-15% for the partially reconstructed K%n*ﬂ‘
mode and 4%-24% for the KY 7"z~ mode.

Because the branching fraction of D — K%ztz~ is
currently unknown, B(KKzz) is a free parameter and
varied independently for the K9z"z~ and Kz 'z~ tags.
It is therefore not necessary to normalize the DT yield of the
D — K97" 7~ tag with the corresponding ST yields and
thus the measured B(KKzx) carry no useful information.
For the D — K(S)ﬂ+7r‘ tag, the fitted branching fraction is
B(KKzr) = (2.3 4 0.3) x 1073, where the uncertainty is
statistical, which is compatible with both the known value
and with the result from the CP tags.

Figure 5 shows the DT yields in bins of phase space,
where the sum of the yields has been normalized to unity.
The Kgﬂ,'Jrﬂ'_ plot contains both the fully reconstructed and
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partially reconstructed K* K=zt 7~ vs Kz 7~ data. The fit
of K9, z"z~ results in F, =0.798 £0.077 £ 0.019,
which is consistent with the value obtained from CP tags.

The combined measurement of the CP-even fraction,
using both CP tags and K9, 7"z~ tags, and taking into
account all correlations, is F, = 0.730 4 0.037 £ 0.021.
This result is in agreement with the central value F, =
0.736 predicted by the model of Ref. [29].

VII. SYSTEMATIC UNCERTAINTIES

Several sources of systematic uncertainties in the F,
measurement are considered. The assigned values are
given in Table V, listed separately for the CP tags and
the K§, 7tz tags.

Since the efficiencies are calculated from simulation
samples of finite size, there are statistical uncertainties
associated with their values. For the CP tags, the efficiency
corrections are single numbers, but in the case of the
K9, n"n tags the efficiency corrections are matrices that
also account for bin migration. To estimate the effect on
F ., the fit described in Sec. VI is repeated 1000 times, each

TABLE V. Summary of the sources of systematic uncertainty in
the measurement of F,, multiplied by 102 Entries marked “/”
indicate that the source is not relevant for the decay mode. The
last two entries are fully correlated between the two classes of tag.

Source CP tags K§, ntn™ tags
MC sample size 0.1 0.4
K97° ST yield 2.1 /
Efficiency factorization 0.6 /
External inputs 0.3 0.8

ST and DT yields 0.2 0.3

KY veto 0.8 0.8
Efficiency reweighting 1.0 1.0
Total 2.6 1.6

time smearing the efficiencies and efficiency matrices. The
smearing of a parameter is performed by adding a random
number, drawn from a Gaussian distribution with zero
mean and a width equal to the uncertainty, to the parameter.
The resulting width of the fitted F, values is taken as the
systematic uncertainty.

The form of Egs. (3) and (4) makes the analysis
insensitive to biases arising from any imperfections in
the modeling of the particle-reconstruction efficiencies in
the MC simulation for the tag modes. Similarly, the
determination of F, is robust against these same imper-
fections affecting the signal decay. The case of the K9 z° tag
requires separate consideration. Here its effective ST yield
has an uncertainty associated with the knowledge of the
branching fraction and Npp. The value of the branching
fraction that is input to the analysis derives from the
measurement in Ref. [32], which was performed on the
same dataset using a DT method. The systematic uncer-
tainties associated with the z° reconstruction and the track
veto in this measurement are common with the current
analysis and hence cancel. The relative uncertainty on the
branching fraction, with these contributions removed, is
3.3%. This uncertainty, together with that on Npp, is
propagated to the determination of F, by smearing the
K970 effective ST yield.

When the CP-tags yields are corrected for their effi-
ciencies, it is implicitly assumed that the DT efficiencies
factorize into a product of ST efficiencies in the same
manner for all tags. The imperfections in this assumption
are studied by repeating the determination of F, with all
DT efficiencies replaced by a product of ST efficiencies.
The resulting bias in F, is assigned as the systematic
uncertainty arising from this factorization assumption.

In the fit of CP tags, the "z~ 7" tag mode requires an
external input for its CP-even fraction F T”O [7]. Similarly,
the fit of the Kg’ ;" m tags requires external inputs for the
K; and c; parameters [11,17]. The systematic uncertainties
arising from external inputs are estimated by smearing
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these parameters. The correlations are also accounted for in
the smearing of the c; values.

In the determination of the ST and DT yields, there are
systematic uncertainties arising from the peaking-back-
ground yields and the mass-shape parametrization. It is
found that the choice of parametrization of the mass shapes
has a negligible effect on the systematic uncertainties.
When estimating the peaking-background contributions,
the measured branching fractions of both signal and
background have associated uncertainties [25] that must
be accounted for. In addition, the quantum-correlation
corrections also have uncertainties due to imperfect knowl-
edge of the CP contents. To propagate these to the
measurement of F,, the peaking-background yields are
smeared in the fit described in Sec. V to first obtain a
systematic uncertainty for the signal yields. Then the signal
yields themselves are smeared in the F_, fit to obtain
the systematic uncertainty associated with the peaking
backgrounds.

The K9 veto removes 4% of the D — K™K~z z~ phase
space, and thus can perturb F, from the value that
corresponds to the inclusive decay. This potential bias is
estimated by calculating F', using the model from Ref. [29]
with and without the veto. The difference is assigned as the
systematic uncertainty, which is common to both CP and
K§, 7" n tags.

Finally, there is a systematic uncertainty due to the
efficiency reweighting that accounts for any discrepancies
between the data and the amplitude model. With the current
precision, it can be assumed that this systematic uncertainty
is common between all tags. This systematic uncertainty
originates from Eqs. (3) and (4), where it is seen that any
imperfections in the modeling of the D - K"K ztn~
decay are not canceled in the ratio, unlike the efficiency of
the tag-side decay. The effect is studied with a data-driven
strategy by using samples of ST D - KTK~z"x~ candi-
dates in data and simulation. Five invariant-mass variables
are compared between data and simulation. Any discrep-
ancies between data and simulation are removed by
reweighting the simulation samples. Using these weights,
the fit of F, is repeated and the change in the result is
assigned as the systematic uncertainty. Since this system-
atic uncertainty calculation is data-driven, improved pre-
cision is also expected with more data.

VIII. SUMMARY AND OUTLOOK

The first model-independent measurement of the CP-
even fraction F, of the decay mode D° — K™ K~z* 7~ has
been performed using ten CP-eigenstate tags and the self-
conjugate multibody modes D — KgyLn““zz‘ from a data
sample of eTe™ — y(3770) — DD events corresponding
to an integrated luminosity of 2.93 fb=!. The results
combine to F, = 0.730 £ 0.037 £ 0.021, where the first

uncertainty is statistical and the second is systematic,
indicating that this decay mode has a high CP-even
content. This result will be valuable for future measure-
ments of the CKM-angle y, and studies of charm mixing
and CP violation at LHCb and Belle 1L

The measurement is dominated by statistical uncertainty
and it will improve significantly with the larger charm-
threshold dataset that BESIII is expected to collect in the
coming years [20]. This increased sample size will also
allow the study to be extended to localized regions of phase
space, as has been done for other decay modes [9-13,17].
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