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Poster summary-



The BESIII experiment at the Beijing Electron Positron
Collider (BEPCII) has accumulated the world’s largest samples 
of 𝑒+𝑒− collisions in the tau-charm region. Based on the open-

charm data samples of 𝐷0 + , 𝐷𝑠
+ and Λ𝑐

+, we can study the 
hadronic charm decays under a uniquely clean background. 
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Beam energy: 1.0~2.3GeV
Designed luminosity: 1.0 ×
1033𝑐𝑚−2𝑠−1

Achieved luminosity: 1.0 ×
1033𝑐𝑚−2𝑠−1

Data taken from: 2009 



𝑫𝒔
+ → 𝝎𝝅+/𝑲+

 𝜔𝜋: (6.7𝜎);
ℬ 𝐷𝑠 → 𝜔𝜋 = (1.77 ± 0. 32 ± 0.13) × 10−3;
Consistent with CLEO’s measurement[PRD80,051102]
but more precise.

 𝜔𝐾: (4.4𝜎); 
ℬ 𝐷𝑠 → 𝜔𝐾 = (0.87 ± 0. 24 ± 0.08) × 10−3;
First evidence! [PRD99,091101(2019)]

Pure W annihilation processes（sensitive to direct CP 
violation）According to Qin et al.[PRD89, 054006], 
this implies that ACP~ − 0.6 × 10−3

𝑫𝒔
+ → 𝒑ഥ𝒏

 The only kinematically allowed hadronic decay, 
involving baryons.

 Absolute BF to be (1.21 ± 0.10 ± 0.05) × 10−3

[PRD99,031101(2019)]
 The short distance dynamics is not the driven 

mechanism. The hadronization process, driven 
by nonperturbative dynamics determines the 
underlying physics. [PLB663,326(2008)].

𝑫𝒔
+ → 𝑲𝑺

𝟎𝑲+ and 𝑲𝑳
𝟎𝑲+

• As in 𝐷𝑠
+ → 𝐾𝑆

0𝐾+ and 𝐷𝑠
+ → 𝐾𝐿

0𝐾+ could interfere,
So can the CF and DCS amplitudes in 𝐷𝑠 decays:
𝐷𝑠
+ → 𝐾0𝐾+ and 𝐷𝑠

+ → ഥ𝐾0𝐾+.
• Such interference effect could also lead to CPV:
𝐴CP~10

−3, predicted by D. Wang et al.[PRL119,181802(2017)]

 BF(𝐷𝑠+ → 𝐾𝑆
0𝐾+)= 1.425 ± 0.038 ± 0.031 %, 

consistent with the WA.
 BF(𝐷𝑠

+ → 𝐾𝐿
0𝐾+)= 1.485 ± 0.039 ± 0.046 %, 1st 

measurement.

 𝐾𝑆
0/𝐾𝐿

0 asymmetry:𝑅 =
ℬ 𝐷𝑠

+→𝐾𝑆
0𝐾+ −ℬ(𝐷𝑠

+→𝐾𝐿
0𝐾+)

ℬ 𝐷𝑠
+→𝐾𝑆

0𝐾+ +ℬ(𝐷𝑠
+→𝐾𝐿

0𝐾+)
=

−2.1 ± 1.9 ± 1.6 %, consistent with zero.
 𝐴CP 𝐷𝑠 → 𝐾𝑆𝐾 = (0.6 ± 2.8 ±

Amplitude analysis of 𝑫𝒔
+ → 𝝅+𝝅𝟎𝜼

 W-annihilation dominant
Improved precision:
ℬ 𝐷𝑠

+ → 𝜋+𝜋0𝜂 = 9.50 ± 0.28 ± 0.41 %

First measurement(16.2𝜎): ℬ൫𝐷𝑠
+ →

𝑫𝒔
+ Meson

3
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𝚲𝐜
+ → 𝚲 𝑿

 BF(Λ𝑐
+ → Λ 𝑋)= 38.2−2.2

+2.8 ± 0.8 %
 Also, look for;

𝐴CP =
ℬ Λ𝑐

+→Λ 𝑋 −ℬ(ഥΛ𝑐
−→ഥΛ 𝑋)

ℬ Λ𝑐
+→Λ 𝑋 +ℬ(ഥΛ𝑐

−→ഥΛ 𝑋)

 𝐴CP = +2.1−6.6
+7.0 ± 1.4 %

[PRL121,062003(2018)]

𝚲𝐜
+ → 𝚲𝜼𝝅+ and 𝚲𝐜

+ → 𝚺 𝟏𝟑𝟖𝟓 +𝜼

[PRD99,032010(2019)]

5

)2) (GeV/c-pM(p

1.1 1.11 1.12 1.13

)2
E

ve
n

ts
/(

0.
64

 M
eV

/c

0

20

40

60 Data
(a)

)2) (GeV/cggM(

0.3 0.4 0.5 0.6 0.7

)2
E

ve
n

ts
/(

10
 M

eV
/c

0

50

100 (b)

E (GeV)D

-0.1 -0.05 0 0.05 0.1

)2
E

ve
n

ts
/(

5 
M

eV
/c

0

20

40

60

80
(c)

FIG. 1. Invariant mass spect ra of the pπ− pairs (a) and γγ
pairs (b) used for select ing the Λ and η candidates, respec-
t ively, and energy difference dist ribut ion (c) for select ing the
signal events candidates. The points with error bars stand

for data and the arrows indicate the mass or energy differ-
ence requirement . For bet ter illust rat ions of the signals in

plot t ing, all subfigures are drawn under M B C fit t ing range
2.25 < M B C < 2.30 GeV/ c2 , while addit ional requirement
− 0.03 < ∆ E < 0.03 GeV are applied in subfigures (a) and
(b).

validity of the ARGUS funct ion to describe the back-
ground shape in the M BC spectrum is checked using the
inclusive MC samples. No obvious peaking background
from the decay Λ+

c → pK 0
Sη with K 0

S → π+ π− is ob-
served and the influence of cross feed is neglected. The
BF is calculated using

B(Λ+
c → Ληπ+ ) =

Nsig

2 ·NΛ
+
c Λ̄

−
c
· ε ·Bint er

, (1)

where Nsig is the signal yield obtained from the M BC fit ,
NΛ+

c Λ̄−
c

= (105.9 ± 4.8(stat .) ± 0.5(syst .)) × 103 is the

number of Λ+
c Λ̄

−
c pairs in the data sample [23], ε is the

detect ion efficiency est imated using the signal MC simu-
lat ion sample, and Bint er = B(Λ → pπ− ) · B(η → γγ) is
taken from the PDG [8]. The factor of 2 in the denomina-
tor takes into account the charge conjugate decay mode
of the Λ+

c baryon. The resultant BF and corresponding
stat ist ical uncertainty are listed in Table I.

TABLE I. Summary of the signal yields, the detect ion effi -
ciencies, and the BFs for the different Λ+

c decay modes. In

the BFs, the first uncertaint ies are stat ist ical, and the second
are systemat ic.

Ληπ+ Σ ∗+ η

Nsi g 154 ± 17 54 ± 11

ε(%) 15.73 ± 0.01 12.84 ± 0.01

B(%) 1.84 ± 0.21 ± 0.15 0.91 ± 0.18 ± 0.09
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FIG. 2. Fit to the M B C dist ribut ion for the Λ+
c → Ληπ+

decay. The dots with error bars are data, the (black) solid

curve is the fit funct ion which is the sum of the signal shape
(red dashed curve) and the background shape (blue dash-
dot ted curve). A test of goodness-of-fit with χ 2 divided by
the degrees of freedom is shown.

To check the possible intermediate states fore-
ment ioned in the theoret ical calculat ions [3–5], the
two-dimensional Dalit z dist ribut ions of M 2(Λη) versus
M 2(Λπ+ ) for selected Λ+

c → Ληπ+ candidates in the
M BC signal region 2.282 < M BC < 2.291 GeV/ c2 and the
sideband region 2.250 < M BC < 2.270 GeV/ c2 are shown
in Fig. 3(a) and (b), respect ively. In addit ion, the cor-
responding one-dimensional project ions are presented in
Fig. 3(c)-(e). In the M (Λπ+ ) spectrum, an obvious peak
of the Σ∗+ resonance is seen, which has been studied at
CLEO [6], while other potent ial states are not evident in
these project ions. Hence, under the current stat ist ics, we
only measure the decay rate of Λ+

c → Σ ∗+ η.
To extract the signal yield of the cascade decay Λ+

c →

𝚲𝐜
+ → 𝚺+(𝜼/𝜼′)

 CF decays, proceed through nonfactorizable internal W-
mission/exchange.

 Measured:
BF(Λc

+→ Σ+𝜂)/BF(Λc
+ → Σ+𝜋0) =

0.35 ± 0.16 ± 0.03
(< 0.58@90% C. L. )
BF(Λc

+→ Σ+𝜂′)/BF(Λc
+ → Σ+𝜔) =

0.86 ± 0.34 ± 0.07
< 1.20@90% C. L. [CPC43,083002(2019)]

𝚲𝐜
+ Meson
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- Other recent results not mentioned in this report:



6

 Our results include new measurement, have confirmed and 
improved the precisions over the previous results.

 More measurements in 𝐷𝑠 hadronic decays are coming. 
 Planning to take more data at/near 𝐸𝑐𝑚 ~ 4.6 GeV as well 

as 𝐸𝑐𝑚= 3.773 GeV soon, which will allow us to even improve 
further precisions and rare forbidden searches in 𝐷𝑠/Λ𝑐 decays.

Thank you!
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Back up
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signal side

Tag side • Single Tag(ST): 
-reconstruct only one of the 𝐷𝑠

+𝐷𝑠
−(Λc

+ഥΛ𝑐
−)

• Double Tag(DT): 
- reconstruct both of 𝐷𝑠

+𝐷𝑠
−(Λc

+ഥΛc
−)

• Beam-constraint mass: 𝑀BC ≡ Τ𝐸beam
2 𝑐4 − Ԧ𝑝ഥΛ𝑐+

2
/𝑐2

• Energy difference: Δ𝐸 = 𝐸ഥΛ𝑐+ − 𝐸beam

• Missing mass: 𝑀miss = 𝐸miss
2 − 𝑐2 Ԧ𝑝 2

• Missing-mass-squared: 𝑀𝑀2 = 𝑃𝑒+𝑒− − 𝑃𝐷𝑠− − 𝑃𝛾 − 𝑃𝐾+
2

• Charge conjugation implied

 Advantages of DT method:
- Clean environment with no additional hadrons
- DT provides access to absolute BFs

Analysis techniqueBack up

𝒆+ 𝒆−𝐷𝑠
∗−

𝐷𝑠
+

𝐷𝑠
−

𝜋−
𝐾+

𝐾−

𝜂
𝜋+

𝜋0

𝜋0/𝛾
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FIG. 4: Dist ribut ion of M M 2 summed over 13 tag modes
with the fit result superimposed. The data is shown as the
dots with error bars, the blue solid line is the total fit result ,
the red short -dashed line is the signal component of the fit ,

the magenta dot -dashed line is the component of the peaking

background from D +
s → K 0

S K + decays and the grey dot ted

line is the component of the peaking background from D +
s →

ηK + decays, the green long-dashed line is the non-peaking
background component . The residual χ between the data and
the total fit result , normalised by the uncertainty, is shown
beneath the figures.

values of ϵ
K 0

L

M M 2 are est imated from signal MC samples.

D . A sym m et r y m easur em ent

By using the measured branching fract ions and Eq. (1)
the K 0

S -K 0
L asymmetry is determined to be

R(D +
s → K 0

S,L K + ) = (− 2.1 ± 1.9st at .) %. (7)

To determine the direct CP violat ion, we also measure
the branching fract ions for the D +

s and D −
s decays sep-

arately, using the same methodology as the combined
branching fract ion measurement . The direct CP asym-
metriy is defined as

ACP (D ±
s → f ) =

B(D +
s → f ) − B(D −

s → f̄ )

B(D +
s → f ) + B(D −

s → f̄ )
, (8)

which leads to the measurements

ACP (D ±
s → K 0

S K ± ) = ( 0.6 ± 2.8st at .) %, (9)

ACP (D ±
s → K 0

L K ± ) = (− 1.1 ± 2.6st at .) %, (10)

for the two signal modes.

I V . SY ST EM AT I C U N CERTA I N T Y

For the absolute branching fract ions, which are deter-
mined according to Eq. (5), the systemat ic uncertaint ies
are associated with N i

ST , N t ot
D T , and the corresponding

rat io of detect ion efficiencies (ϵi
D T / ϵi

ST ). One of the ad-
vantagesof the DT method is that most of the systemat ic
uncertaint ies associated with select ion criteria for the ST
side reconstruct ion cancel. However, there is some resid-
ual uncertainty due to the different decay topologies be-
tween DT and ST events; this is referred to as “ tag-side
bias” , and its effect is considered as one of the systemat ic
uncertaint ies. For the R(D +

s ) and ACP measurements,
the systemat ic uncertaint ies are calculated by propagat -
ing corresponding branching fract ion uncertaint ies from
different sources taking into account that some of the un-
certaint ies cancel due to the fact that these observables
are rat ios as defined in Eqs. (1) and (8).

Table I I I summarizes the relat ive uncertaint ies on the
absolute branching fract ion and the absolute uncertain-
t ies for the asymmetries. The total systemat ic uncertain-
t ies are caculated as the sum in quadrature of individual
contribut ions by assuming the sources are independent
of one another.

The K + and K − t racking efficiencies are studied us-
ing a control sample of e+ e− → K + K − π+ π− events;
the efficiency is calculated as a funct ion of the t ransverse
momentum of the part icles. The average efficiency dif-
ference between data and MC is computed to be 0.5% by
weight ing the efficiency difference found in the cont rol
sample according to the t ransverse momentum of kaon
in signal MC samples. This is assigned as the systemat ic
uncertainty from this source.

The K + and K − PID efficiencies are studied using a
control sample of D +

s → K + K − π+ , D 0 → K − π+ and
D 0 → K − π− π+ π+ events; the efficiency is calculated as
a funct ion of the momentum of the part icle. The average
efficiency difference between data and MC is computed
to be 0.5% by weight ing the efficiency difference found in
thecontrol sample according to themomentum of kaon in
signal MC samples, and this is assigned as the systemat ic
uncertainty from this source.

The K 0
S reconst ruct ion efficiency has been studied us-

ing control samples of J/ ψ → K ∗ (892)∓K ± and J/ ψ →
φK 0

SK ± π∓ in different momentum intervals [26]. The ef-
ficiency difference between data and MC is computed to
be 1.5%, which is assigned as the systemat ic uncertainty
from this source.

The systemat ic uncertainty associated with the pho-
ton select ion efficiency and the kinemat ic fit in the study
of D +

s → K 0
L K + is est imated from the control sample

D +
s → K + K − π+ . The same kinemat ic fit as that used

on the data is performed by assuming the K − π+ system
is missing. The efficiency difference found between data
and MC simulat ion, 2.0%, is taken as the systemat ic un-
certainty.
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FIG. 1. Invariant mass spect ra of the pπ− pairs (a) and γγ
pairs (b) used for select ing the Λ and η candidates, respec-
t ively, and energy difference dist ribut ion (c) for select ing the
signal events candidates. The points with error bars stand

for data and the arrows indicate the mass or energy differ-
ence requirement . For bet ter illust rat ions of the signals in
plot t ing, all subfigures are drawn under M B C fit t ing range

2.25 < M B C < 2.30 GeV/ c2 , while addit ional requirement
− 0.03 < ∆ E < 0.03 GeV are applied in subfigures (a) and
(b).

validity of the ARGUS funct ion to describe the back-
ground shape in the M BC spectrum is checked using the
inclusive MC samples. No obvious peaking background
from the decay Λ+

c → pK 0
Sη with K 0

S → π+ π− is ob-
served and the influence of cross feed is neglected. The
BF is calculated using

B(Λ+
c → Ληπ+ ) =

Nsig

2 ·NΛ+
c Λ̄−

c
· ε · Bint er

, (1)

where Nsig is the signal yield obtained from the M BC fit ,
NΛ+

c Λ̄−
c

= (105.9 ± 4.8(stat .) ± 0.5(syst .)) × 103 is the

number of Λ+
c Λ̄

−
c pairs in the data sample [23], ε is the

detect ion efficiency est imated using the signal MC simu-
lat ion sample, and Bint er = B(Λ → pπ− ) · B(η → γγ) is
taken from the PDG [8]. The factor of 2 in the denomina-
tor takes into account the charge conjugate decay mode
of the Λ+

c baryon. The resultant BF and corresponding
stat ist ical uncertainty are listed in Table I.

TABLE I. Summary of the signal yields, the detect ion effi -
ciencies, and the BFs for the different Λ+

c decay modes. In

the BFs, the first uncertaint ies are stat ist ical, and the second
are systemat ic.

Ληπ+ Σ ∗+ η

N si g 154 ± 17 54 ± 11

ε(%) 15.73 ± 0.01 12.84 ± 0.01

B(%) 1.84 ± 0.21 ± 0.15 0.91 ± 0.18 ± 0.09
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FIG. 2. Fit to the M B C dist ribut ion for the Λ+
c → Ληπ+

decay. The dots with error bars are data, the (black) solid

curve is the fit funct ion which is the sum of the signal shape

(red dashed curve) and the background shape (blue dash-
dot ted curve). A test of goodness-of-fit with χ 2 divided by
the degrees of freedom is shown.

To check the possible intermediate states fore-
ment ioned in the theoret ical calculat ions [3–5], the
two-dimensional Dalit z dist ribut ions of M 2(Λη) versus
M 2(Λπ+ ) for selected Λ+

c → Ληπ+ candidates in the
M BC signal region 2.282 < M BC < 2.291 GeV/ c2 and the
sideband region 2.250 < M BC < 2.270 GeV/ c2 are shown
in Fig. 3(a) and (b), respect ively. In addit ion, the cor-
responding one-dimensional project ions are presented in
Fig. 3(c)-(e). In the M (Λπ+ ) spectrum, an obvious peak
of the Σ ∗+ resonance is seen, which has been studied at
CLEO [6], while other potent ial states are not evident in
these project ions. Hence, under the current stat ist ics, we
only measure the decay rate of Λ+

c → Σ ∗+ η.
To ext ract the signal yield of the cascade decay Λ+

c →

𝑀𝜋+𝜋0 > 1.0GeV/𝑐2

𝑫𝒔
+ → 𝝎𝝅+/𝑲+

𝑫𝒔
+ → 𝒑ഥ𝒏𝑫𝒔

+ → 𝑲𝑺𝑲
+ 𝒂𝒏𝒅 𝑲𝑳𝑲

+

𝑫𝒔
+ → 𝝅+𝝅𝟎𝜼

𝑫𝒔
+ → 𝚲 𝐗

𝑫𝒔
+ → 𝚲 𝜼𝝅+

𝑫𝒔
+ → 𝚺+(𝜼/𝜼′)


