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BESIII @ BEPCII
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hermetic
barrel |cosθ| <0.83 
endcap 0.85 <  |cosθ| < 0.93
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Collected datasets
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Optimised for flavour physics in the tau-charm region
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Tagging method for charm@threshold
• Single tag: fully reconstruct the signal D(S), Λc

• Double tag:

• Fully reconstruct the tag D(S), Λc taking advantage of kinematic constrains

• Search for the signal mode in the recoil system

• Possible to measure absolute Branching Fraction 
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future tau-charm factory, Orsay 7

Double Tag (DT) techniques
• 100% of beam energy converted to D pair (Clean environment, 

kinematic constrains n Recon.  )
• D(S) generated in pair Þ absolute Branching fractions
• Fully reconstruct about 15% of D(S) decays

  

ΔE = ED − EBeam

MBC = EBeam
2 − pD

2

u Double tag techniques: Hadronic tag on one side, 
on the other side for missing-mass studies 
(Double tag efficiency is high.)

LXR

@ threshold = full kinematic constraint of the decays
Excellent for neutral and invisible particles
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Weak Decay Asymmetries of Λ+c→pK0S, 
Λπ+, Σ+π0, and Σ0π+

• Measure the weak asymmetry   
via a full angular analysis carried 
out simultaneously on the 4 signal 
modes 

• Single tag method
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Results
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Decay asymmetry parameters α+:
Λ+c→pK0S:  0.18 ± 0.43(stat) ± 0.14(syst)

 Λ+c→Λπ+: −0.80 ± 0.11(stat) ± 0.02(syst)
 Λ+c→Σ+π0: −0.57 ± 0.10(stat) ± 0.07(syst)
 Λ+c→Σ0π+: −0.73 ± 0.17(stat) ± 0.07(syst)

α+Σ+π0: negative sign rules out several 
positive predictions

α+Σπ results agree well: hyperon isospin 
symmetry

new

new

First study of Λc transverse polarisation 

in unpolarised e+e−collisions
sin Δ0 = −0.28 ± 0.13 ± 0.03 

Effect with a 2.1σ statistical significance 

arXiv:1905.04707

best

https://arxiv.org/abs/1905.04707
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• Double tag analysis

Study of the Decays D+s→K0SK+ and K0LK+
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arXiv:1903.04164 
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TABLE I: Predictions for K0
S-K

0
L asymmetries in charmed-meson decays from different phenomenological models and the CLEO

measurements.

DIAG [6] DIAG [7] QCDF [8] SU(3)FB [9] FAT [10] CLEO [11]
R(D0 → K0

S,Lπ
0)(%) 10.7 10.7 10.6 9+4

−2 11.3± 0.1 10.8± 2.5stat. ± 2.4syst.
R(D+ → K0

S,Lπ
+)(%) −0.5± 1.3 −1.9± 1.6 −1.0± 2.6 - 2.5± 0.8 2.2± 1.6stat. ± 1.8syst.

R(D+
s → K0

S,LK
+)(%) −0.22± 0.87 −0.8± 0.7 −0.8± 0.7 11+4

−14 1.2± 0.6 -

plicitly implied, unless otherwise noted.

II. BESIII DETECTOR AND MONTE CARLO
SIMULATION

The BESIII detector is a magnetic spectrometer that
operates at the BEPCII e+e− collider [16]. The detec-
tor has a cylindrical geometry that covers 93% of the
4π solid angle and consists of several subdetectors. A
main drift chamber (MDC) with 43 layers surrounding
the beam pipe measures momenta and specific ioniza-
tion of charged particles. Plastic scintillator time of
flight counters (TOF), located outside of the MDC, pro-
vide charged-particle identification information, and an
electromagnetic calorimeter (EMC), consisting of 6240
CsI(Tl) crystals, detects electromagnetic showers. These
subdetectors are immersed in a magnetic field of 1 T, pro-
duced by a superconducting solenoid, and are surrounded
by a multi-layered resistive-plate chamber (RPC) system
(MUC) interleaved in the steel flux return of the solenoid,
providing muon identification. In 2015, BESIII was up-
graded by replacing the two endcap TOF systems with
multi-gap RPCs, which achieve a time resolution of 60 ps
[17]. A detailed description of the BESIII detector is pre-
sented in Ref. [18].

The performance of the BESIII detector is evaluated
using a geant4-based [19] Monte Carlo (MC) program
that includes a description of the detector geometry as
well as simulating its response. In the MC simulation,
the production of open charm processes is modeled with
the generator conexc [20], which includes the effects
of the beam energy spread and initial-state radiation
(ISR). The ISR production of vector charmonium(-like)
states and the continuum processes are incorporated in
kkmc [21]. The known decay modes are generated us-
ing evtgen [22], which assumes the branching fractions
reported in Ref. [12]; the fraction of unmeasured decays
is generated with lundcharm [23]. The final-state ra-
diation (FSR) from charged tracks is simulated by the
photos package [24]. A generic MC sample with equiv-
alent luminosity 35 times that of data is generated to
study the background. It contains open charm processes,
the ISR return to charmonium states at lower mass, and
continuum processes (quantum electrodynamics and qq̄).
The signal MC samples of 5.2 million e+e− → D∗±

s D∓
s

events are produced; in these samples the D∗±
s decays

into γ/π0/e+e−D±
s , while one Ds decays into a specific

mode in Table II and the other into the final states of
interest K0

SK
± or K0

LK
±. The signal MC samples are

used to determine the distributions of kinematic variables
and estimate the detection efficiencies.

III. DATA ANALYSIS

The cross section to produce e+e− → D∗±
s D∓

s events
at

√
s = 4.178 GeV is (889± 59stat. ± 47syst.) pb, which

is one order of magnitude larger than that to produce
e+e− → D+

s D
−
s events [13]. Furthermore, the decay

branching fraction B(D∗+
s → γD+

s ) is (93.5±0.7)% [12].
Therefore, in the data sample used, D+

s candidates arise
mainly from the process e+e− → D∗±

s D∓
s → γD+

s D
−
s ,

along with small fractions from the processes e+e− →
D∗±

s D∓
s → π0D+

s D
−
s and e+e− → D+

s D
−
s . The outline

of the reconstruction is described first, with all details
given later in this section.

In this analysis, a sample of D−
s mesons is recon-

structed first, which are referred to as “single tag (ST)”
candidates. The ST candidates are reconstructed in 13
hadronic decay modes that are listed in Table II. Here, π0

and η candidates are reconstructed from a pairs of photon
candidates, K0

S candidates are formed from π+π− pairs,
and ρ±(0) candidates are reconstructed from π±π0(∓)

pairs, unless otherwise indicated by a subscript.

In the sample of events with an ST candidates, the
process D+

s → K0
SK

+ is reconstructed by selecting a
charged kaon and a K0

S candidates from those not used
to reconstruct the ST candidates, which is referred as
“double tag (DT)”. To reconstruct the D+

s → K0
LK

+

decay, the photon from the decay D∗±
s → γD±

s and the
charged kaon from D+

s decay are selected to determine
the missing-mass-squared

MM2 = (Pe+e− − PD−
s
− Pγ − PK+)2, (2)

where Pe+e− is the four-momentum of the e+e− initial
state and Pi (i = D−

s , γ,K
+) is the four-momentum of

the corresponding particle.

Ignoring the small contribution from the process
e+e− → D+

s D
−
s , the numbers of ST (N i

ST) and DT
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Using an e+e− annihilation data sample corresponding to an integrated luminosity of 3.19 fb−1

and collected at a center-of-mass energy
√
s = 4.178 GeV with the BESIII detector, we measure

the absolute branching fractions B(D+
s → K0

SK
+) = (1.425± 0.038stat. ± 0.031syst.)% and B(D+

s →
K0

LK
+) = (1.485± 0.039stat. ± 0.046syst.)%. The branching fraction of D+

s → K0
SK

+ is compatible
with the world average and that of D+

s → K0
LK

+ is measured for the first time. We present the first
measurement of the K0

S-K
0
L asymmetry in the decays D+

s → K0
S,LK

+, and R(D+
s → K0

S,LK
+) =

B(D+
s
→K0

S
K+)−B(D+

s
→K0

L
K+)

B(D+
s →K0

S
K+)+B(D+

s →K0
L
K+)

= (−2.1 ± 1.9stat. ± 1.6syst.)%. In addition, we measure the direct

CP asymmetries ACP(D
±
s → K0

SK
±) = (0.6 ± 2.8stat. ± 0.6syst.)% and ACP(D

±
s → K0

LK
±) =

(−1.1± 2.6stat. ± 0.6syst.)%.

PACS numbers: 13.25.Ft, 11.30.Er

I. INTRODUCTION

Two-body hadronic decays of charmed mesons, D →
P1P2 (where P1,2 denotes a pseudoscalar meson), serve
as an ideal environment to improve our understanding
of the weak and strong interactions because of their rela-
tively simple topology [1, 2]. Charmed-meson decays into
hadronic final states that contain a neutral kaon are par-
ticularly attractive. Bigi and Yamamoto [3] first pointed
out that the interference of the decay amplitudes of the
Cabibbo-favored (CF) transition D → K̄0π and the
doubly-Cabibbo-suppressed (DCS) transition D → K0π
can result in a measurable K0

S-K
0
L asymmetry

R(D → K0
S,Lπ) =

B(D → K0
Sπ)− B(D → K0

Lπ)

B(D → K0
Sπ) + B(D → K0

Lπ)
. (1)

A similar asymmetry can be defined in D+
s decays by re-

placing π with K. The measurement of K0
S-K

0
L asymme-

tries in charmed-meson decays provides insight into the
DCS process, as well as information to explore D0-D̄0

mixing, CP violation and SU(3) flavor-symmetry break-
ing effects in the charm sector [4, 5].

On the theory side, different phenomenological mod-
els give predictions for the K0

S-K
0
L asymmetries: the

topological-diagrammatic approach [2] under the SU(3)
flavor symmetry (DIAG) or incorporating the SU(3)
breaking effects (SU(3)FB) [6, 7, 9], the QCD factoriza-
tion approach (QCDF) [8], and the factorization-assisted
topological-amplitude (FAT) [10]. The predicted K0

S-K
0
L

asymmetries in charmed-meson decays from these differ-
ent approaches, as well as the measured values reported

by the CLEO Collaboration [11] are summarized in Ta-
ble I. Considering the large range of values predicted
for the K0

S-K
0
L asymmetries, their measurements pro-

vide a crucial constraint upon models of the dynamics
of charmed meson decays.

Experimentally, D+(0) decays have been studied in-
tensively in the past two decades [12]. However, existing
measurements of charmed-strange meson decays suffer
from poor precision due to the limited size of available
data samples and a relatively small production cross sec-
tion in e+e− annihilation [13]. The most recent measure-
ment of B(D+

s → K0
SK

+) = (1.52±0.05stat.±0.03syst.)%
was reported by the CLEO Collaboration [14]; the re-
sult was obtained using a global fit to multiple decay
modes reconstructed in an e+e− annihilation sample cor-
responding to an integrated luminosity of 586pb−1 at
a center-of-mass energy

√
s = 4.17 GeV. The Belle

Collaboration reported a measurement of the branch-
ing fraction B(D+

s → K̄0K+) (ignoring the contribu-
tion from K0K) [15] using a data sample correspond-
ing to an integrated luminosity of 913 fb−1 collected at√
s around the Υ(4S) and Υ(5S) resonances. Neither

B(D+
s → K0

LK
+) nor the corresponding K0

S-K
0
L asym-

metry have been measured yet.

In this paper, measurements of the absolute branch-
ing fractions for the decays D+

s → K0
SK

+ and D+
s →

K0
LK

+, the K0
S-K

0
L asymmetry, and the corresponding

CP asymmetries are performed using a sample of e+e−

annihilation data collected at
√
s = 4.178 GeV with

the BESIII detector at the BEPCII. The data sample
corresponds to an integrated luminosity of 3.19 fb−1.
Throughout the paper, charge conjugation modes are im-
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TABLE III: Summary of relative systematic uncertainties (%) of the branching fraction measurements and the absolute sys-
tematic uncertainties (%) of the ACP and R(D+

s ) measurements.

Source B(D+
s → K0

SK
+) B(D+

s → K0
LK

+) R(D+
s → K0

S,LK
+) ACP(D

±
s → K0

SK
±) ACP(D

±
s → K0

LK
±)

K+/K− tracking 0.5 0.5 - 0.4 0.4
K+/K− PID 0.5 0.5 - 0.4 0.4
K0

S reconstruction 1.5 - 0.7 - -
Photon selection and kinematic fit - 2.0 1.0 - -
Extra photon energy requirement - 0.6 0.3 - -
Extra charged track requirement 0.6 0.6 - - -
ST M(Ds) fit 0.9 0.9 - - -
DT fit 0.8 - 0.4 - -
MM2 fit - 1.4 0.7 - -
MC statistics 0.3 0.3 0.2 0.2 0.2
Effect of B(D∗

s → γDs) - 0.7 0.3 - -
Effect of e+e− → D+

s D−
s - 0.4 0.2 - -

Tag-side bias 0.3 0.5 0.3 - -
total 2.2 3.1 1.6 0.6 0.6

The systematic uncertainties associated with the re-
quirements on the energy of additional photons and the
number of extra charged tracks are estimated from the
control sample D+

s → K+K−π+. The efficiency differ-
ences between data and MC simulation for these two
requirements are both 0.6%, which are assigned as the
systematic uncertainties from these sources.

The uncertainty related to the limited sizes of MC sam-
ples is 0.3% for both D+

s → K0
SK

+ and D+
s → K0

LK
+.

The uncertainties associated with ST, DT, and MM2

fits are studied by changing the signal and background
PDFs, as well as the fit interval; each change is applied
separately. Furthermore, in the MM2 fit, the effect of
the assumed peaking background yields is estimated by
changing the fixed numbers of events by ±1σ. The sys-
tematic uncertainties related to the ST, DT, and MM2

fit procedure are 0.9%, 0.8% and 1.4%, respectively; these
are the sums in quadrature of the relative changes of sig-
nal yield that result from each individual change to the
fit procedure.

As discussed previously, the selected ST D−
s sam-

ple is dominated by the process e+e− → D∗±
s D∓

s →
γD+

s D
−
s , but there is small contribution from the pro-

cesses e+e− → D∗±
s D∓

s → π0D+
s D

−
s and e+e− →

D+
s D

−
s . In the analysis of D+

s → K0
SK

+, detailed
MC studies indicate that ϵiDT/ϵ

i
ST is almost the same

for the three processes, since distributions of the kine-
matic variables are similar and no kinematic fit is per-
formed in the DT selection. Thus, the effect from includ-
ing e+e− → D∗±

s D∓
s → π0D+

s D
−
s and e+e− → D+

s D
−
s

processes is negligible in the absolute branching fraction
measurement. In the analysis of D+

s → K0
LK

+, the kine-
matic fit is performed under the hypothesis that the event
is e+e− → D∗±

s D∓
s → γD+

s D
−
s , and the MC studies

indicate that the contribution of e+e− → D∗±
s D∓

s →
π0D+

s D
−
s and e+e− → D+

s D
−
s in signal events can be

neglected. Thus, the uncertainty of branching fraction

B(D∗+
s → γD+

s ) [12] used in the signal MC simulation
must be taken as a source of systematic uncertainty.
The systematic uncertainty from excluding the process
e+e− → D+

s D
−
s is 0.4%, which is the fraction of the ST

yields that comes from the process e+e− → D+
s D

−
s ; this

fraction is estimated from the MC simulation.

The tag-side bias uncertainty is defined as the un-
canceled uncertainty in tag side due to different track
multiplicities in generic and signal MC samples. By
studying the differences of tracking and PID efficiencies
between data and MC in different multiplicities, the tag-
side bias systematic uncertainties are estimated to be
0.3% for D+

s → K0
SK

+ and 0.5% for D+
s → K0

LK
+

V. SUMMARY AND DISCUSSION

In summary, by using an e+e− collision data sam-
ple at

√
s = 4.178 GeV, corresponding to an inte-

grated luminosity of 3.19 fb−1, the absolute branch-
ing fractions are measured to be B(D+

s → K0
SK

+) =
(1.425±0.038stat.±0.031syst.)% and B(D+

s → K0
LK

+) =
(1.485± 0.039stat. ± 0.046syst.)%, the former is one stan-
dard deviation lower than the world average value [12],
and the latter is measured for the first time. The K0

S-K
0
L

asymmetry in D+
s decay is measured for the first time

as R(D+
s → K0

S,LK
+) = (−2.1 ± 1.9stat. ± 1.6syst.)%.

This mearsurement is compatible with theoretical pre-
dictions listed in Table I. Direct CP asymmetries of the
two processes are obtained to be ACP(D±

s → K0
SK

±) =
(0.6 ± 2.8stat. ± 0.6syst.)% and ACP(D±

s → K0
LK

±) =
(−1.1± 2.6stat. ± 0.6syst.)%. No significant asymmetries
are observed and the uncertainties are statistically dom-
inant.
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TABLE III: Summary of relative systematic uncertainties (%) of the branching fraction measurements and the absolute sys-
tematic uncertainties (%) of the ACP and R(D+

s ) measurements.

Source B(D+
s → K0

SK
+) B(D+

s → K0
LK

+) R(D+
s → K0

S,LK
+) ACP(D

±
s → K0
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±) ACP(D
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s → K0
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Effect of B(D∗
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Effect of e+e− → D+

s D−
s - 0.4 0.2 - -

Tag-side bias 0.3 0.5 0.3 - -
total 2.2 3.1 1.6 0.6 0.6

The systematic uncertainties associated with the re-
quirements on the energy of additional photons and the
number of extra charged tracks are estimated from the
control sample D+

s → K+K−π+. The efficiency differ-
ences between data and MC simulation for these two
requirements are both 0.6%, which are assigned as the
systematic uncertainties from these sources.

The uncertainty related to the limited sizes of MC sam-
ples is 0.3% for both D+

s → K0
SK

+ and D+
s → K0

LK
+.

The uncertainties associated with ST, DT, and MM2

fits are studied by changing the signal and background
PDFs, as well as the fit interval; each change is applied
separately. Furthermore, in the MM2 fit, the effect of
the assumed peaking background yields is estimated by
changing the fixed numbers of events by ±1σ. The sys-
tematic uncertainties related to the ST, DT, and MM2

fit procedure are 0.9%, 0.8% and 1.4%, respectively; these
are the sums in quadrature of the relative changes of sig-
nal yield that result from each individual change to the
fit procedure.

As discussed previously, the selected ST D−
s sam-

ple is dominated by the process e+e− → D∗±
s D∓

s →
γD+

s D
−
s , but there is small contribution from the pro-

cesses e+e− → D∗±
s D∓

s → π0D+
s D

−
s and e+e− →

D+
s D

−
s . In the analysis of D+

s → K0
SK

+, detailed
MC studies indicate that ϵiDT/ϵ

i
ST is almost the same

for the three processes, since distributions of the kine-
matic variables are similar and no kinematic fit is per-
formed in the DT selection. Thus, the effect from includ-
ing e+e− → D∗±

s D∓
s → π0D+

s D
−
s and e+e− → D+

s D
−
s

processes is negligible in the absolute branching fraction
measurement. In the analysis of D+

s → K0
LK

+, the kine-
matic fit is performed under the hypothesis that the event
is e+e− → D∗±

s D∓
s → γD+

s D
−
s , and the MC studies

indicate that the contribution of e+e− → D∗±
s D∓

s →
π0D+

s D
−
s and e+e− → D+

s D
−
s in signal events can be

neglected. Thus, the uncertainty of branching fraction

B(D∗+
s → γD+

s ) [12] used in the signal MC simulation
must be taken as a source of systematic uncertainty.
The systematic uncertainty from excluding the process
e+e− → D+

s D
−
s is 0.4%, which is the fraction of the ST

yields that comes from the process e+e− → D+
s D

−
s ; this

fraction is estimated from the MC simulation.

The tag-side bias uncertainty is defined as the un-
canceled uncertainty in tag side due to different track
multiplicities in generic and signal MC samples. By
studying the differences of tracking and PID efficiencies
between data and MC in different multiplicities, the tag-
side bias systematic uncertainties are estimated to be
0.3% for D+

s → K0
SK

+ and 0.5% for D+
s → K0

LK
+

V. SUMMARY AND DISCUSSION

In summary, by using an e+e− collision data sam-
ple at

√
s = 4.178 GeV, corresponding to an inte-

grated luminosity of 3.19 fb−1, the absolute branch-
ing fractions are measured to be B(D+

s → K0
SK

+) =
(1.425±0.038stat.±0.031syst.)% and B(D+

s → K0
LK

+) =
(1.485± 0.039stat. ± 0.046syst.)%, the former is one stan-
dard deviation lower than the world average value [12],
and the latter is measured for the first time. The K0

S-K
0
L

asymmetry in D+
s decay is measured for the first time

as R(D+
s → K0

S,LK
+) = (−2.1 ± 1.9stat. ± 1.6syst.)%.

This mearsurement is compatible with theoretical pre-
dictions listed in Table I. Direct CP asymmetries of the
two processes are obtained to be ACP(D±

s → K0
SK

±) =
(0.6 ± 2.8stat. ± 0.6syst.)% and ACP(D±

s → K0
LK

±) =
(−1.1± 2.6stat. ± 0.6syst.)%. No significant asymmetries
are observed and the uncertainties are statistically dom-
inant.
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Using an e+e− annihilation data sample corresponding to an integrated luminosity of 3.19 fb−1

and collected at a center-of-mass energy
√
s = 4.178 GeV with the BESIII detector, we measure

the absolute branching fractions B(D+
s → K0

SK
+) = (1.425± 0.038stat. ± 0.031syst.)% and B(D+

s →
K0

LK
+) = (1.485± 0.039stat. ± 0.046syst.)%. The branching fraction of D+

s → K0
SK

+ is compatible
with the world average and that of D+

s → K0
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L asymmetry in the decays D+

s → K0
S,LK

+, and R(D+
s → K0

S,LK
+) =

B(D+
s
→K0

S
K+)−B(D+

s
→K0

L
K+)

B(D+
s →K0

S
K+)+B(D+

s →K0
L
K+)

= (−2.1 ± 1.9stat. ± 1.6syst.)%. In addition, we measure the direct

CP asymmetries ACP(D
±
s → K0

SK
±) = (0.6 ± 2.8stat. ± 0.6syst.)% and ACP(D

±
s → K0

LK
±) =

(−1.1± 2.6stat. ± 0.6syst.)%.

PACS numbers: 13.25.Ft, 11.30.Er

I. INTRODUCTION

Two-body hadronic decays of charmed mesons, D →
P1P2 (where P1,2 denotes a pseudoscalar meson), serve
as an ideal environment to improve our understanding
of the weak and strong interactions because of their rela-
tively simple topology [1, 2]. Charmed-meson decays into
hadronic final states that contain a neutral kaon are par-
ticularly attractive. Bigi and Yamamoto [3] first pointed
out that the interference of the decay amplitudes of the
Cabibbo-favored (CF) transition D → K̄0π and the
doubly-Cabibbo-suppressed (DCS) transition D → K0π
can result in a measurable K0

S-K
0
L asymmetry

R(D → K0
S,Lπ) =

B(D → K0
Sπ)− B(D → K0

Lπ)

B(D → K0
Sπ) + B(D → K0

Lπ)
. (1)

A similar asymmetry can be defined in D+
s decays by re-

placing π with K. The measurement of K0
S-K

0
L asymme-

tries in charmed-meson decays provides insight into the
DCS process, as well as information to explore D0-D̄0

mixing, CP violation and SU(3) flavor-symmetry break-
ing effects in the charm sector [4, 5].

On the theory side, different phenomenological mod-
els give predictions for the K0

S-K
0
L asymmetries: the

topological-diagrammatic approach [2] under the SU(3)
flavor symmetry (DIAG) or incorporating the SU(3)
breaking effects (SU(3)FB) [6, 7, 9], the QCD factoriza-
tion approach (QCDF) [8], and the factorization-assisted
topological-amplitude (FAT) [10]. The predicted K0

S-K
0
L

asymmetries in charmed-meson decays from these differ-
ent approaches, as well as the measured values reported

by the CLEO Collaboration [11] are summarized in Ta-
ble I. Considering the large range of values predicted
for the K0

S-K
0
L asymmetries, their measurements pro-

vide a crucial constraint upon models of the dynamics
of charmed meson decays.

Experimentally, D+(0) decays have been studied in-
tensively in the past two decades [12]. However, existing
measurements of charmed-strange meson decays suffer
from poor precision due to the limited size of available
data samples and a relatively small production cross sec-
tion in e+e− annihilation [13]. The most recent measure-
ment of B(D+

s → K0
SK

+) = (1.52±0.05stat.±0.03syst.)%
was reported by the CLEO Collaboration [14]; the re-
sult was obtained using a global fit to multiple decay
modes reconstructed in an e+e− annihilation sample cor-
responding to an integrated luminosity of 586pb−1 at
a center-of-mass energy

√
s = 4.17 GeV. The Belle

Collaboration reported a measurement of the branch-
ing fraction B(D+

s → K̄0K+) (ignoring the contribu-
tion from K0K) [15] using a data sample correspond-
ing to an integrated luminosity of 913 fb−1 collected at√
s around the Υ(4S) and Υ(5S) resonances. Neither

B(D+
s → K0

LK
+) nor the corresponding K0

S-K
0
L asym-

metry have been measured yet.

In this paper, measurements of the absolute branch-
ing fractions for the decays D+

s → K0
SK

+ and D+
s →

K0
LK

+, the K0
S-K

0
L asymmetry, and the corresponding

CP asymmetries are performed using a sample of e+e−

annihilation data collected at
√
s = 4.178 GeV with

the BESIII detector at the BEPCII. The data sample
corresponds to an integrated luminosity of 3.19 fb−1.
Throughout the paper, charge conjugation modes are im-

ACP(D+s→K0SK+) = (0.6±2.8(stat)±0.6(syst))% ACP(D+s→K0LK+) = (-1.1±2.6(stat)±0.6(syst))%

1782±47 2349±61

KS-KL asymmetry

https://arxiv.org/abs/1903.04164
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• Double tag analysis: tag mode: D̅0→K+π−

• 6100 events with 99% purity used for amplitude analysis

• B(D0→K−π+π0π0) = (8.86 0.13(stat) 0.19(syst))%
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TABLE III. FFs, phases, and significances of the optimal set of amplitude modes. The first and second uncertainties are
statistical and systematic, respectively. The details of systematic uncertainties are discussed in Section VIA.

Amplitude mode FF (%) Phase (�) Significance (�)
D ! SS
D ! (K�⇡+)S-wave(⇡

0⇡0)S 6.92± 1.44± 2.86 �0.75± 0.15± 0.47 > 10
D ! (K�⇡0)S-wave(⇡

+⇡0)S 4.18± 1.02± 1.77 �2.90± 0.19± 0.47 6.0
D ! AP,A ! V P
D ! K�a1(1260)

+, ⇢+⇡0[S] 28.36± 2.50± 3.53 0 (fixed) > 10
D ! K�a1(1260)

+, ⇢+⇡0[D] 0.68± 0.29± 0.30 �2.05± 0.17± 0.25 6.1
D ! K1(1270)

�⇡+,K⇤�⇡0[S] 0.15± 0.09± 0.15 1.84± 0.34± 0.43 4.9
D ! K1(1270)

0⇡0,K⇤0⇡0[S] 0.39± 0.18± 0.30 �1.55± 0.20± 0.26 4.8
D ! K1(1270)

0⇡0,K⇤0⇡0[D] 0.11± 0.11± 0.11 �1.35± 0.43± 0.48 4.0
D ! K1(1270)

0⇡0,K�⇢+[S] 2.71± 0.38± 0.29 �2.07± 0.09± 0.20 > 10
D ! (K⇤�⇡0)A⇡

+,K⇤�⇡0[S] 1.85± 0.62± 1.11 1.93± 0.10± 0.15 7.8
D ! (K⇤0⇡0)A⇡

0,K⇤0⇡0[S] 3.13± 0.45± 0.58 0.44± 0.12± 0.21 > 10
D ! (K⇤0⇡0)A⇡

0,K⇤0⇡0[D] 0.46± 0.17± 0.29 �1.84± 0.26± 0.42 5.9
D ! (⇢+K�)A⇡

0,K�⇢+[D] 0.75± 0.40± 0.60 0.64± 0.36± 0.53 5.1
D ! AP,A ! SP
D ! ((K�⇡+)S-wave⇡

0)A⇡
0 1.99± 1.08± 1.55 �0.02± 0.25± 0.53 7.0

D ! V S
D ! (K�⇡0)S-wave⇢

+ 14.63± 1.70± 2.41 �2.39± 0.11± 0.35 > 10
D ! K⇤�(⇡+⇡0)S 0.80± 0.38± 0.26 1.59± 0.19± 0.24 4.1
D ! K⇤0(⇡0⇡0)S 0.12± 0.12± 0.12 1.45± 0.48± 0.51 4.1
D ! V P, V ! V P
D ! (K⇤�⇡+)V ⇡0 2.25± 0.43± 0.45 0.52± 0.12± 0.17 > 10
D ! V V
D ! K⇤�⇢+[S] 5.15± 0.75± 1.28 1.24± 0.11± 0.23 > 10
D ! K⇤�⇢+[P ] 3.25± 0.55± 0.41 �2.89± 0.10± 0.18 > 10
D ! K⇤�⇢+[D] 10.90± 1.53± 2.36 2.41± 0.08± 0.16 > 10
D ! (K�⇡0)V ⇢+[P ] 0.36± 0.19± 0.27 �0.94± 0.19± 0.28 5.7
D ! (K�⇡0)V ⇢+[D] 2.13± 0.56± 0.92 �1.93± 0.22± 0.25 > 10
D ! K⇤�(⇡+⇡0)V [D] 1.66± 0.52± 0.61 �1.17± 0.20± 0.39 7.6
D ! (K�⇡0)V (⇡+⇡0)V [S] 5.17± 1.91± 1.82 �1.74± 0.20± 0.31 7.6
D ! TS
D ! (K�⇡+)S-wave(⇡

0⇡0)T 0.30± 0.21± 0.30 �2.93± 0.31± 0.82 5.8
D ! (K�⇡0)S-wave(⇡

+⇡0)T 0.14± 0.12± 0.10 2.23± 0.38± 0.65 4.0
TOTAL 98.54

discussed in Section VIB. This correction is applied to
obtain the corrected DT e�ciency to be (8.50± 0.04)%.

D. Result of Branching Fraction

Inserting the values of the DT and ST data yields,
the ST e�ciency, and the corrected DT e�ciency into
Eq. (28), we determine the BF of the K�⇡+⇡0⇡0 de-
cay, B(D0 ! K�⇡+⇡0⇡0) = (8.86 ± 0.13(stat) ±
0.19(syst))%. The systematic uncertainties are discussed
in Section VIB.

VI. SYSTEMATIC UNCERTAINTIES

The systematic uncertainties of the PWA and BF mea-
surement are discussed in Sections VIA and VIB, respec-
tively.

A. Uncertainties for Amplitude Analysis

The systematic uncertainties for our amplitude analy-
sis are studied in four categories: amplitude model, back-
ground, experimental e↵ects, and fit bias. The contribu-
tions from the di↵erent categories to the systematic un-
certainties for the FFs and phases are given in Tables IV
and V, respectively. The uncertainties of these categories
are added in quadrature to obtain the total systematic
uncertainties.
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FIG. 2. Projections of the data sample and the PWA signal MC sample on the (a)-(d) invariant masses squared and the (e)-(h)
cosines of helicity angles for the K�⇡+, K�⇡0, ⇡+⇡0 and ⇡0⇡0 systems. The (red) solid lines indicate the fit results, while the
(black) dots with error bars indicate data.
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• Double tag analysis: tag mode D−→K+π−π−

• 4559 events with 97.5% purity used for amplitude analysis
• BF of the components determined as well, with significantly 

improved precision

Amplitude analysis of D+→K0Sπ+π+π−
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• Double tag analysis: tag modes D−S→K0SK−; D−S→K+K−+π−; 
D−S→K0SK−π0; D−S→K+K−+π−π0; D−S→K0SK−π−π−; D−S→π−η

• 1239 events with 97.7% purity used for amplitude analysis

Amplitude analysis of D+s→π+π0η and …
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than 5σ are considered, where σ is the standard devi-
ation. In addition to the D+

s → ρ+η amplitude, both
D+

s → a0(980)+π0 and D+
s → a0(980)0π+ amplitudes

are found to be significant. However, the latter two am-
plitude phases are found to be approximately 90% cor-
related with one another; their fitted cn are found to
be consistent with each other while a difference in φn is
found to be close to π, which indicates there is no sig-
nificant a0(980)0− f0(980) mixing in D+

s → a0(980)0π+.
Consequently, in the nominal fit, we set the values of cn of
these two amplitudes to be equal with a phase difference
of π. We refer to the coherent sum of these two ampli-
tudes as “D+

s → a0(980)π”. The non-resonant process
D+

s → (π+π0)V η is also considered, where the subscript
V denotes a vector non-resonant state of the π+π0 com-
bination. We consider other possible amplitudes that in-
volve ρ(1450), a0(1450), π1(1400), a2(1320), or a2(1700),
as well as the non-resonant partners; none of these am-
plitudes has a statistical significance greater than 2σ, so
they are not included in the nominal model. In the fit,
the values of cn and φn for the D+

s → ρ+η amplitude are
fixed to be one and zero, respectively, so that all other
amplitudes are measured relative to this amplitude. The
masses and widths of the intermediate resonances used
in the fit, except for those of the a0(980), are taken from
Ref. [5].

For D+
s → ρ+η, D+

s → (π+π0)V η, and D+
s →

a0(980)π, the resulting statistical significances are
greater than 20σ, 5.7σ, and 16.2σ, respectively. Their
phases and fit fractions (FFs) are listed in Table I. Here
the FF for the nth intermediate process is defined as

FFn =
!
|An|

2dΦ3!
|M|2dΦ3

, where dΦ3 is the standard element

of the three-body phase space. The Dalitz plot of M2
π+η

versus M2
π0η for data is shown in Fig. 2(a). The projec-

tions of the fit on Mπ−π0 , Mπ+η and Mπ0η are shown
in Figs. 2(b-d). The projections on Mπ+η and Mπ0η

for events with Mπ+π0 > 1.0 GeV/c2 are shown in
Figs. 2(e,f), in which a0(980) peaks are observed. The fit
quality is determined by calculating the χ2 of the fit us-
ing an adaptive binning of the M2

π+η versus M2
π0η Dalitz

plot that requires each bin contains at least 10 events.
The goodness of fit is χ2/NDOF=82.8/77.

TABLE I. Significance, φn, and FFn for the intermediate pro-
cesses in the nominal fit. The first and second uncertainties
are statistical and systematic, respectively.

Amplitude φn (rad) FFn

D+
s → ρ+η 0.0 (fixed) 0.783 ± 0.050 ± 0.021

D+
s → (π+π0)V η 0.612 ± 0.172 ± 0.342 0.054 ± 0.021 ± 0.025

D+
s → a0(980)π 2.794 ± 0.087 ± 0.044 0.232 ± 0.023 ± 0.033

Systematic uncertainties for the amplitude analysis are
considered from five sources: (I) line-shape parameteri-
zations of the resonances, (II) fixed parameters in the
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FIG. 2. (a) Dalitz plot of M2
π+η versus M2

π0η for data, the
projections of the fit on (b) Mπ−π0 , (c) Mπ+η and (d) Mπ0η,
and the projections on (e) Mπ+η and (f) Mπ0η after requiring
Mπ+π0 > 1.0 GeV/c2. In (b-f), the dots with error bars
and the solid line are data and the total fit, respectively; the
dashed, dotted, and long-dashed lines are the contributions
from D+

s → ρ+η, D+
s → (π+π0)V η, and D+

s → a0(980)π,
respectively. The (red) hatched histograms are the simulated
background.

amplitudes, (III) the background level and distribution
in the Dalitz plot, (IV) experimental effects, and (V) the
fitter performance. We determine these systematic un-
certainties separately by taking the difference between
the values of φn, and FFn found by the altered and nom-
inal fits. The uncertainties related to the assumed res-
onance line-shape are estimated by using the following
alternatives: a Gounaris-Sakurai function [19] for the ρ+

propagator and a three-channel-coupled Flatté formula,
which adds the πη′ channel [17], for the a0(980) propa-
gator. Since varying the propagators results in different
normalization factors, the effect on all FFs is considered.
The uncertainties related to the fixed parameters in the
amplitudes are considered by varying the mass and width
of ρ+ by ±1σ [5], the mass and coupling constants of
a0(980) by the uncertainties reported in Ref. [17], and the
effect of varying the radii of the non-resonant state and
Ds meson within ±2 GeV−1. In addition, for the ρ+ res-
onance, the effective radius reported in Ref. [5] is used as
an alternative. The uncertainty related to the assumed
background level is determined by changing the back-
ground fraction within its statistical uncertainty. The
uncertainty related to the assumed background shape is
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than 5σ are considered, where σ is the standard devi-
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s → ρ+η amplitude, both
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s → a0(980)+π0 and D+
s → a0(980)0π+ amplitudes

are found to be significant. However, the latter two am-
plitude phases are found to be approximately 90% cor-
related with one another; their fitted cn are found to
be consistent with each other while a difference in φn is
found to be close to π, which indicates there is no sig-
nificant a0(980)0− f0(980) mixing in D+

s → a0(980)0π+.
Consequently, in the nominal fit, we set the values of cn of
these two amplitudes to be equal with a phase difference
of π. We refer to the coherent sum of these two ampli-
tudes as “D+

s → a0(980)π”. The non-resonant process
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s → (π+π0)V η is also considered, where the subscript
V denotes a vector non-resonant state of the π+π0 com-
bination. We consider other possible amplitudes that in-
volve ρ(1450), a0(1450), π1(1400), a2(1320), or a2(1700),
as well as the non-resonant partners; none of these am-
plitudes has a statistical significance greater than 2σ, so
they are not included in the nominal model. In the fit,
the values of cn and φn for the D+
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fixed to be one and zero, respectively, so that all other
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for events with Mπ+π0 > 1.0 GeV/c2 are shown in
Figs. 2(e,f), in which a0(980) peaks are observed. The fit
quality is determined by calculating the χ2 of the fit us-
ing an adaptive binning of the M2

π+η versus M2
π0η Dalitz

plot that requires each bin contains at least 10 events.
The goodness of fit is χ2/NDOF=82.8/77.

TABLE I. Significance, φn, and FFn for the intermediate pro-
cesses in the nominal fit. The first and second uncertainties
are statistical and systematic, respectively.

Amplitude φn (rad) FFn

D+
s → ρ+η 0.0 (fixed) 0.783 ± 0.050 ± 0.021

D+
s → (π+π0)V η 0.612 ± 0.172 ± 0.342 0.054 ± 0.021 ± 0.025

D+
s → a0(980)π 2.794 ± 0.087 ± 0.044 0.232 ± 0.023 ± 0.033

Systematic uncertainties for the amplitude analysis are
considered from five sources: (I) line-shape parameteri-
zations of the resonances, (II) fixed parameters in the
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FIG. 2. (a) Dalitz plot of M2
π+η versus M2

π0η for data, the
projections of the fit on (b) Mπ−π0 , (c) Mπ+η and (d) Mπ0η,
and the projections on (e) Mπ+η and (f) Mπ0η after requiring
Mπ+π0 > 1.0 GeV/c2. In (b-f), the dots with error bars
and the solid line are data and the total fit, respectively; the
dashed, dotted, and long-dashed lines are the contributions
from D+

s → ρ+η, D+
s → (π+π0)V η, and D+

s → a0(980)π,
respectively. The (red) hatched histograms are the simulated
background.

amplitudes, (III) the background level and distribution
in the Dalitz plot, (IV) experimental effects, and (V) the
fitter performance. We determine these systematic un-
certainties separately by taking the difference between
the values of φn, and FFn found by the altered and nom-
inal fits. The uncertainties related to the assumed res-
onance line-shape are estimated by using the following
alternatives: a Gounaris-Sakurai function [19] for the ρ+

propagator and a three-channel-coupled Flatté formula,
which adds the πη′ channel [17], for the a0(980) propa-
gator. Since varying the propagators results in different
normalization factors, the effect on all FFs is considered.
The uncertainties related to the fixed parameters in the
amplitudes are considered by varying the mass and width
of ρ+ by ±1σ [5], the mass and coupling constants of
a0(980) by the uncertainties reported in Ref. [17], and the
effect of varying the radii of the non-resonant state and
Ds meson within ±2 GeV−1. In addition, for the ρ+ res-
onance, the effective radius reported in Ref. [5] is used as
an alternative. The uncertainty related to the assumed
background level is determined by changing the back-
ground fraction within its statistical uncertainty. The
uncertainty related to the assumed background shape isB(D+s→π+π0η) = (9.50 ± 0.28(stat) ± 0.41 (syst))%

Best precision measurement

First amplitude analysis

https://arxiv.org/abs/1903.04118
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… a first observation of the pure W-
annihilation decays D+s→a0(980)+π0 and 
D+s→a0(980)0π+
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We present the first amplitude analysis of the decay D+
s → π+π0η. We use an e+e− collision data

sample corresponding to an integrated luminosity of 3.19 fb−1 collected with the BESIII detector
at a center-of-mass energy of 4.178 GeV. We observe for the first time the pure W -annihilation
decays D+

s → a0(980)
+π0 and D+

s → a0(980)
0π+. We measure the absolute branching fractions

B(D+
s → a0(980)

+(0)π0(+), a0(980)
+(0)

→ π+(0)η) = (1.46 ± 0.15stat. ± 0.23sys.)%, which is larger
than the branching fractions of other measured pure W -annihilation decays by at least one order
of magnitude. In addition, we measure the branching fraction of D+

s → π+π0η with significantly
improved precision.

PACS numbers: 13.25.Ft, 12.38.Qk, 14.40.Lb

The theoretical understanding of the weak decay of
charm mesons is challenging because the charm quark
mass is not heavy enough to describe exclusive processes
with a heavy-quark expansion. The W -annihilation
(WA) process may occur as a result of final-state-
interactions (FSI) and the WA amplitude may be com-
parable with the tree-external-emission amplitude [1–4].
However, the theoretical calculation of the WA amplitude
is currently difficult. Hence measurements of decays in-
volving a WA contribution provide the best method to
investigate this mechanism.

Among the measured decays involving WA contribu-
tions, two decays with V P mode, D+

s → ωπ+ and
D+

s → ρ0π+, only occur through WA, which we re-
fer to as ‘pure WA decay’. Here V and P denote vec-
tor and pseudoscalar mesons, respectively. The branch-
ing fractions (BFs) of these pure WA decays are at the
O(0.1%) [5]. These BF measurements allow the deter-
mination of two distinct WA amplitudes for V P mode.
In addition, they improve our understanding of SU(3)-
flavor symmetry and CP violation in the charm sector [4].
However, for SP mode, where S denotes a scalar meson,
there are neither experimental measurements nor theo-
retical calculations of the BFs.

Two decays with SP mode D+
s → a0(980)+π0 and

D+
s → a0(980)0π+ are pure WA decays if a0(980)0-

f0(980) mixing is ignored. Their decay diagrams are
shown in Fig. 1. In this Letter, we search for them with
an amplitude analysis of D+

s → π+π0η. We also present
improved measurements of the BFs of D+

s → π+π0η and
D+

s → ρ+η decays. Throughout this Letter, charge con-
jugation and a0(980) → πη are implied unless explicitly

c

s̄

W+
u

d̄

d̄
d

a0(980)
+(π+)

π0(a0(980)
0)

D+
s

c

s̄

W+
u

d̄

ū
u

π0(a0(980)
0)

a0(980)
+(π+)

D+
s

FIG. 1. D+
s → a0(980)

+(0)π0(+) decay topology diagrams,
where the gluon lines can be connected with the quark lines in
all possible cases and the contributions from FSI are included.

stated.

We use a data sample corresponding to an integrated
luminosity of 3.19 fb−1, taken at a center-of-mass en-
ergy of 4.178 GeV with the BESIII detector located at
Beijing Electron Position Collider [7]. The BESIII de-
tector and the upgraded multi-gap resistive plate cham-
bers used in the time-of-flight systems are described in
Refs. [6] and [8], respectively. We study the background
and determine tagging efficiencies with a generic Monte
Carlo (GMC) sample that is simulated with geant4 [9].
The GMC sample includes all known open-charm de-
cay processes, which are generated with conexc [10]
and evtgen [11], initial-state radiative decays to the
J/ψ or ψ(3686), and continuum processes. We deter-
mine signal efficiencies from Monte Carlo (MC) samples
of D+

s → π+π0η decays that are generated according to
the amplitude fit results to data reported in this Letter.

In the data sample, the Ds mesons are mainly pro-
duced via the process of e+e− → D∗−

s D+
s , D∗−

s →
γD−

s ; we refer to the γ directly produced from the
D∗−

s decay as γdirect. To exploit the dominance of
the e+e− → D∗−

s D+
s process, we use the double-tag

(DT) method [14]. The single-tag (ST) D−
s mesons

An order of magnitude larger than other W-annihilation decays

First observation with a statistical significance 16.2 σ

arXiv:1903.04118

https://arxiv.org/abs/1903.04118
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Search for heavy Majorana neutrino in 
lepton number violating decays of 
D→Kπe+e+

• Single tag analysis

• See-saw mechanism

• LNV process: exchange a single Majorana neutrino
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arXiv:1902.02450

2.93 fb-1@3773 MeV

https://arxiv.org/abs/1902.02450
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Upper limits
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B(D0→K−π−e+e+) <2.7×10-6 @90% CL 

B(D+→K0Sπe+e+) <3.3×10-6 @90% CL
B(D+→K−π0e+e+) <8.5×10-6 @90% CL

Different Majorana neutrino mass 
assumptions mN in the decays 

D0→K−e+νN(π−e+) and D+→K0Se+νN(π−e+)
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First search for the decay D+s→γe+νe
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Phys. Rev. D 99, 072002 (2019) arXiv:1902.03351 
No helicity suppression.The BFs are predicated 
to be in the range 10-5-10-3 in various models.

Upper limit B(D+s→γe+νe) < 1.3x10-4 at the 90% C.L.

3.19 fb-1@4178 MeV

Double tag analysis with 14 tag modes

Long distance contribution via vector 
meson suggested by Yang and Yang,  

Mod. Phys. Lett. A 27, 1250120 (2012) 
may further enhance the BF

https://arxiv.org/abs/1902.03351
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Search for D+→τ+υτ 

• Double tag analysis
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BF < 1.2 ×10-3 @ 90% CL by CLEO with 818 pb-1

PRD 78, 052003(2008)

2.93 fb-1@3773 MeV

137±27 events

First evidence with 
> 4σ significance

3.21±0.64,  SM prediction is 2.66±0.01
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Other recent results on hadronic 
decays and charm baryons

• M. Ablikim et al. (BESIII collaboration), Measurement of the absolute branching 
fractions of Λ+c→Ληπ+ and Σ(1385)+η, Phys. Rev. D 99, 032010 (2019), arXiv:
1812.10731

• M. Ablikim et al. (BESIII collaboration), Evidence for the decays of Λ+c→Σ+η and 
Σ+η′, arXiv:1811.08028 

• M. Ablikim et al. (BESIII collaboration), Measurements of the absolute branching 
fractions and CP asymmetries for D+→K0S,LK(π0), Phys. Rev. D 99, 032002 (2019), 
arXiv:1812.05400 

• M. Ablikim et al. (BESIII collaboration), Observation of D+s→pn ̅and confirmation of 
its large branching fraction, Phys. Rev. D 99, 031101 (2019), arXiv:1811.00752 

• M. Ablikim et al. (BESIII collaboration), Observation of the W-Annihilation Decay 
D+s→ωπ+ and Evidence for D+s→ωK+, Phys. Rev. D 99, 091101 (2019), arXiv:
1811.00392
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Other recent results on (semi-)leptonic 
decays

• M. Ablikim et al. (BESIII collaboration), Measurement of the Dynamics of the Decays 
D+s→η(′)e+νe, Phys. Rev. Lett. 122, 121801 (2019) arXiv:1901.02133

• M. Ablikim et al. (BESIII collaboration), Study of the decay D0→K̅0π−e+νe, Phys. Rev. 
D 99, 011103 (2019), arXiv:1811.11349

• M. Ablikim et al. (BESIII collaboration), Determination of the pseudoscalar decay 
constant fD+s via D+s→μ+νμ, Phys. Rev. Lett. 122, 071802 (2019), arXiv:1811.10890

• M. Ablikim et al. (BESIII collaboration), First measurement of the form factors in 
D+s→K0e+νe and D+s→K∗0e+νe decays, Phys. Rev. Lett. 122, 061801 (2019), arXiv:
1811.02911

• M. Ablikim et al. (BESIII collaboration), Study of the D0→K−μ+νμ dynamics and test of 
lepton flavor universality with D0→K−ℓ+νℓ decays, Phys. Rev. Lett. 122, 011804 
(2019), arXiv:1810.03127

• M. Ablikim et al. (BESIII collaboration), Observation of D+→f0(500)e+νe and Improved 
Measurements of D→ρe+νe, Phys. Rev. Lett. 122, 062001 (2019), arXiv:1809.06496
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Summary

• Very rich charm programme @ BESIII

• The unique tagging technique allows for absolute BF 
measurements, rare decays searches

• Very high purity charm samples for amplitude analyses

• A lot of new results: either a completely new results or significantly 
improving previous measurements

 20



BACKUP



Eva Gersabeck, Open Charm at BESIII

Variables & systematics Λ+c→BP decays 
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Systematics for D+s→K0SK+ and K0LK+
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Amplitude Analysis of D0→K−π+π0π0

• cosines of helicity angles
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Systematics for D0→K−π+π0π0
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Systematic uncertainties for D+s→π+π0η 
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Systematic uncertainties for D→Kπe+e+
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Systematic uncertainties for D+s→γe+νe
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Systematic uncertainties: D+→K0Sπ+π+π−
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