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Abstract: In this proceeding, we give a summary of the new published or preliminary experimental results on

charm studies at Belle experiment at KEKB. It mainly includes three parts: (1) D0-D̄0 mixing and CP violation.

Some decay channels give the new measurement results with more precise; (2) search for D0 rare decay with most

restrictive upper limit; (3) some new results for charmed baryon studies, such as doubly charmed baryons, charmed

strange baryon and so on.
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1 Introduction

Belle experiment at KEKB, an asymmetric-energy
e+e− collider, located at Tsukuba in Japan, and has the
world highest peak luminosity 2.1× 1034 cm−2s−1, col-
lected most data at or near the Υ(nS) resonances (n=1,
2, 3, 4, 5) with integrated luminosity about 1 ab−1. Belle
detector has good momentum resolution and vertex res-
olution and can separate kaon and pion mesons up to
∼ 3.5 GeV/c. A detailed description of Belle detector
can be found in Ref. [1].

In this proceeding, we give a summary of the new
published or preliminary experimental results on charm
studies at Belle since last PhiPsi workshop in 2013. It
mainly includes three parts: D0-D̄0 mixing and charge-
conjugation and parity (CP) violation, D0 rare decay
and charmed baryons spectroscopy.

2 D0-D̄0 mixing and CP violation

SinceD0-D̄0 mixing, as the only up-type quark meson
mixing, has already observed with the confidence level of
more than 5σ in single decay channel[2–4] in recent years,
all open-flavored neutral meson mixing phenomena, orig-

inated from the difference between the flavor and mass
eigenstates of the meson-antimeson system, are well es-
tablished. The mixing is described by two parameters,
x = ∆m/Γ and y = ∆Γ/(2Γ), where ∆m and ∆Γ are
the mass and width differences between the two mass
eigenstates and Γ is the average decay width of the mass
eigenstates. The mixing parameters x and y are difficult
to calculate. The Standard Model (SM) predicts that
D0-D̄0 mixing can occur via short distance effects and
long distance effects and is strongly suppressed to ∼ 1%
in charm system.

There are three types of CP violation (CPV) ac-
cording to their different sources: (1) in the decay (di-
rect CPV): |Āf̄/Af | 6= 1; (2) in the mixing (indirect):
rm = |q/p| 6= 1; (3) in the interference between mixing
and decay: arg(q/p) 6= 0. Here we defined the amplitude
of D0 decays: 〈f |H|D0〉 = Af , 〈f̄ |H|D̄0〉 = Āf̄ . The s-
tatus of all experiments referred to HFAG[5] has shown
in Table 1. We can see only one single decay channel
has given the observation measurement for D0-D̄0 mix-
ing and two or three decay channels given the evidence
for D0-D̄0 mixing and CPV. We need to give the obser-
vation or evidence in more channels.

2.1 Wrong-sign decay D0→K+π−[4]

Belle gave the first observation of D0-D̄0 mixing for
an e+e− collision experiment by measuring the time-

dependent ratio of D0 → K+π− wrong-sign (WS) de-
cay, to D0 → K−π+ right-sign (RS) decay rates using
a data sample of integrated luminosity 976 fb−1. We
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Table 1. Status of all experiments referred to HFAG[5].

Decay Type Final State LHCb Belle BABAR CDF CLEO BES III

DCS 2-body (WS) K+π− F F ♥ F X XδKπ

CP-eigenstates K+K−, π+π− ♥ACP ♥ ♥ XACP X

DCS 3-body (WS) K+π−π0 XACP ♥ XACP
SCS 3-body K0

SK
±π∓ X

δ
K0
S
Kπ

Semileptonic decay K+`−ν` X X X

Self-conjugated 3-body
K0
Sπ

+π− X X XACP X

K0
SK

+K− X(a) X

Self-conjugated SCS 3-body
π+π−π0 XACP XACP
K+K−π0 XACP

multi-body (n≥ 4)

π+π−π+π− XACP
K+π−π+π− XACP X

K+K−π+π− XACP AT XAT XACP
ψ(3770)→D0D̄0 via quantum correlations XδKπ X

PS: F for observation (> 5σ); ♥ for evidence (> 3σ); X for measurement; more analyses on going are not included.
The published references are linked under their corresponding signs.

(a) Belle exactly measured yCP in D0→K0
Sφ in Phys. Rev. D 80 052006 (2009).

tag the RS and WS decays through the decay chain
D∗±→D0(→K∓π±)π+

s by comparing the charge of the
π from D0 decay and the charge of the slow πs from D∗±

decay. The RS decay is the sum of the Cabbibo-favored
(CF) decay D0→K−π+ and D0-D̄0 mixing followed by
doubly Cabbibo-suppressed (DCS) decay D̄0 → K−π+

where the latter process amplitude can be neglected com-
paring to the former process. While the WS is sum of two
comparable amplitude decay for DCS decay D0→K+π−

and D0-D̄0 mixing followed by CF decay D̄0 → K+π−.
Assuming CP conservation and the mixing parameters
are small, the time-dependent ratio of RS and WS decay
rates is

rWS(t) =
(
RD+

√
RDy

′Γt+
x′2 +y′2

4
Γ2t2

)
e−Γt (1)

Here the effective mixing parameters x′ and y′ are defined
in Eqn.(2) with the strong phase difference δ between the
DCS and CF decay amplitudes.

x′=xcosδ+y sinδ, y′= y cosδ−xsinδ. (2)

Fig. 1. The left figure show the time-dependent
ratio of WS to RS decay ratios fits with(solid) and
without(dashed) the mixing hypothesis, the right
figure shows the (x′2, y′) plane with best-fit point
and contour.

We firstly obtain the ratio of signal and background
by ∆M fit, where ∆M is the D∗+ −D0 mass differ-
ence, ∆M = M(D∗+→D0(→Kπ)π+

s )−M(D0→Kπ).
The measured D0 proper decay time is calcuted as t =
mD0~L·~p/|~p|2 where ~L is the vector joining the decay and
production vertices of the D0, ~p is the D0 momentum.

Our fits to the time-dependent ratios of WS to RS
decays, after the time resolution thought about, are
shown in Fig.1(left) with two hypotheses, with and with-
out mixing. The χ2 difference between the ”no-mixing”
and ”mixing” hypotheses, ∆χ2 = χ2

no mixing − χ2
mixing =

33.5−4.2 = 29.3 for 2 degrees of freedom, which implies
the no-mixing hypothesis is excluded at the 5.1 standard
deviation level. We also show 1σ 3σ and 5σ contours
around the the best fit point in the (x′2, y′) plane shown
in Fig.1(right).

2.2 Self-conjugated decay D0→K0
Sπ

+π−[6]

We describle the decay amplitudes for D0 or a D̄0

into the final self-conjugated state K0
Sπ

+π−, Af (Āf ),
as a function of the Dalitz-plot(DP) variables (m2

+,
m2
−)=(m2

K0
S
π+ , m2

K0
S
π−). If CP symmetry in the decay

is assumed, i.e., Āf = Af̄ = A(m2
−,m

2
+), we can derive

the time-dependent decay rates for D0 and D̄0 decays to
the final state f as

|M(f, t)|2 =
{

(|Af |2 + |
q

p
|2|Af̄ |

2)cosh(yt)−2<(
q

p
Af̄A

∗
f )sin(yt)

+(|Af |2−|
q

p
|2|Af̄ |

2)cos(xt)+2=(
q

p
Af̄A

∗
f )sin(xt)

}
e−t.

(3)

|M̄(f, t)|2 =
{

(|Af̄ |
2 + |

p

q
|2|Af |2)cosh(yt)−2<(

p

q
AfA∗f̄ )sin(yt)

+(|Af̄ |
2−|

p

q
|2|Af |2)cos(xt)+2=(

p

q
AfA

∗
f̄

)sin(xt)
}
e−t.

(4)

here the unit of time t is D0 lifetime τ . if no CPV al-
lowed, |q/p|= 1 and arg(q/p) = 0.
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We analyse a data sample of 921 fb−1 recorded at
or near Υ(4S) and at Υ(5S) resonances. We recon-
struct the D0 mesons through the decay chain D∗+ →
D0(→ K0

Sπ
+π−)π+

s , where the charge of πs is used to
tag the flavor of the D meson. We determine the sig-
nal yield from a two-dimensional fit to M −Q distribu-
tion, where M =MK0

S
π+π− is the D0 invariant mass and

Q = MK0
S
π+π−πs −MK0

S
π+π− −mπs is the kinetic energy

released in D∗ decay.

Fig. 2. Dalitz distribution and Dalitz variables pro-
jections for the selected data sample.

Fig. 3. The left figure is the proper time distri-
bution in signal region for CP-conserved and the
right for the confidence level contours of mixing
parameters for CP-conserved Dalitz fit(dashed)
and CP-allowed fit(solid).

For DP model, we use 12 resonances described by
relativistic Breit-Wigner parameterizations with mass-
dependent widths, and Zemach tensors for angular de-
pendence for the P- and D-wave decays. For ππ S-wave
dynamics, we adopt the K-matrix formalism with P-
vector approximation. For K0

Sπ S-wave, we use LASS
model at production experiment with an effective range
non-resonant component.

In time-dependent Dalitz plot fitting, we set the
free parameters to be (x, y), the D0 lifetime τ , the
time resolution function parameters and the amplitude
model parameters. We extract the mixing parameters
x = (0.56±0.19)% and y = (0.30±0.15)% with the sta-
tistical correlation coefficient between x and y of 0.12.
The DP distribution and its Dalitz variables projections
are shown in Fig.2 and the D0 proper time projection is
shown in Fig.3.

We also search for CPV with CPV parameters |q/p|
and arg(q/p) included in the fit. The values for the
mixing parameters from the this fit are essentially i-
dentical to the ones from the CP-conserved fit. The
resulting CPV parameters are |q/p| = 0.90+0.16

−0.15 and
arg(q/p) = (−6±11)o. We consider serval contributions
to the experimental systematic uncertainty. By explor-
ing the negative log-likelihood distribution on the plane
of mixing parameters, we draw the two-dimensional (x,
y) confidence level contours for both the CP-conserved
and CPV-allowed fits shown in Fig.3(right). The final
fit results for CP-conserved and CPV-allowed both are
listed in Table.2.

Table 2. Fit results for the mixing parameters x
and y from the CP-conserved fit and the CPV-
allowed fit.

Fit type Parameter Fit result

No CPV
x(%) 0.56±0.19+0.03+0.06

−0.09−0.09

y(%) 0.30±0.15+0.04+0.03
−0.05−0.06

CPV

x(%) 0.56±0.19+0.03+0.06
−0.09−0.09

y(%) 0.30±0.15+0.04+0.03
−0.05−0.06

|q/p| 0.90+0.16+0.05+0.06
−0.15−0.04−0.05

arg(q/p) −6±11±3+3
−4

2.3 CP eigenstate states D0→K+K−/π+π−[7]

Belle measured of D0− D̄0 mixing in decays to CP
eigenstates K+K−/π+π− based on the total Belle data
sample of 976 fb−1. Mixing in D0 decays to CP eigen-
states, such as D0→K+K−, manifests in a lifetime that
differs from the lifetime of decays to flavor eigenstates,

such as D0→K−π+. The quantity yCP = τ(K−π+)

τ(K+K−)
−1 is

equal to the mixing parameters y if CP is conserved. If
the CP is violated, the lifetime of D0 and D̄0 decaying
to the same CP eigenstates also differ and the lifetime

asymmetry, defined as AΓ = τ(D̄0→K−K+)−τ(D0→K+K−)

D̄0→K−K+)+τ(D0→K+K−)

becomes non-zero.
To extract yCP and AΓ, the decay modes are fitted

simultaneously in each cosθ∗ bin and separately for each
of the two SVD configurations. The fitted values of yCP
and AΓ in bins of cosθ∗ are shown in Fig.4. The val-
ues obtained with a least-squares fit to a constant are
yCP = (+1.11±0.22±0.09)% with a significance of 4.7σ
and AΓ = (−0.03±0.20±0.07)%.
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Fig. 4. Fitted yCP and AΓ in bins of cosθ∗ for 3-
layer SVD data(open circles) and for 4-layer SVD
data(full circles). The horizontal line is the result
of fitting the points to a constant.

2.4 Search for CPV in D0→π0π0 decay[8]

In the SM, CPV in singly Cabbibo-suppressed (SC-
S) charm decays arises due to interference between the
tree and loop(penguin) amplitudes and is suppressed to
∼ 10−3. In this section, we report the measuremen-
t of the time-integrated CP-violating asymmetry(ACP )
in D0 → π0π0 and the update of D0 → K0

Sπ
0 with an

integrated luminosity of 960 fb−1.

Fig. 5. CP violation asymmetry ACP (top) and
forward-backward asymmetry AFB (bottom) val-
ues as a function of |cosθ∗|.

The measured asymmetry

Arec =
N
D∗+→D0π+

s
rec −ND∗−→D̄0π−

s
rec

ND∗+→D0π+
s

rec +ND∗−→D̄0π−
s

rec

(5)

where Nrec is the number of reconstructed signal events,
includes three contributions: the underlying CP asym-
metry ACP , the forward-backward asymmetry(AFB) due
to γ−Z0 interference in e+e−→ cc̄ and higher-order QED
effects, and the detection asymmetry between positively
and negatively charged pion(Aπsε ). The last contribution
depends on the transverse momentum pπsT and polar an-
gle θπs of the slow pion and is independent of the final

state. We thus extract ACP and AFB using

ACP =
1

2

(
Acorrec(cosθ∗)+Acorrec(−cosθ∗)

)
(6)

AFB =
1

2

(
Acorrec(cosθ∗)−Acorrec(−cosθ∗)

)
(7)

and from the weighted average over the |cosθ∗| bins, we
obtained asymmetry shown in Fig.5.

We identify three significant sources of systematic un-
certainty, for detail see Ref. [13]. Thus the asymmetry
obtained in the rate of D0 and D̄0 decays to π0π0 fi-
nal state: ACP (D0→ π0π0) = (−0.03±0.64±0.10)%, is
consistent with no CP violation. This result constitutes
an order of magnitude improvement over the exisiting re-
sult. We also present an updated measurement of the CP
asymmetry in D0 → K0

Sπ
0 decay: ACP (D0 → K0

Sπ
0) =

(−0.21±0.16±0.07)%.

3 Search for D0 rare decay D0→ γγ[9]

Flavor changing neutral current (FCNC) processes
are forbidden at tree level in SM although they can oc-
cur at higher orders. The rare decay D0→ γγ, mediated
by a c→ uγγ transition, has very small short distance
contributions but there can be large long-distance effects
owing to the contributions of intermediate vector meson-
s. We search for D0 → γγ using an 832.4 fb−1 of data
sample collected near the Υ(4S) and Υ(5S) resonances.

To reduce large combinatorial backgrounds arising
from random photon combinations, we require that the
D0 be produced in the decay D∗+→D0π+. The D0→ γγ
branching fraction is thus measured with respect to a well
measured mode D0→K0

Sπ
0 using the following relation:

B(D0→ γγ) =
(N/ε)D0→γγ

(N/ε)D0→K0
S
π0

×B(D0→K0
Sπ

0)WA. (8)

where N and ε are the signal yield and detection efficien-
cy of the respective channels.

Fig. 6. Projections of candidate events onto
M(γγ)(left) and ∆M(right) applying a signal-
region criterion on the other variable. The blue
dotted curves represent the combinatorial back-
ground. Red filled histograms show the signal
where its yield is scaled up to corresponding 90%
CL upper limit value.
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Using the two-dimensional fit of M(γγ) and ∆M , we
find 4±15 signal, 210±32 peaking and 2934±59 combi-
natorial background events, respectively, shown in Fig.6.
In absence of a statistically significant signal, we derive
an upper limit at 90% CL on the signal yield N90%

UL = 25
accounting systematic uncertainty and its corresponding
branching fraction at 8.4×10−7 which is the most restric-
tive upper limit on D0→ γγ to data and is approaching
the SM prediction. This FCNC decay will be probed
further at the next-generation flavor factories such as
Belle II.

4 Charmed baryons spectroscopy

Charmed baryons studies have of great interest
physics, like the di-quark correlation in light quarks from
single charmed baryon; the QQ potential, similar to QQ̄
in charmonium, from doubly charmed baryons. Most of
the charmed baryons listed in PDG[10] are observed by
CLEO except that Σc(2800) Ξc(2980) and Ξc(3080) ob-
served by Belle; Λc(2940)+ Ξc(3055) and Ωc(2770) ob-
served by BaBar. Their spin-parity are almost from
quark-model prediction. Ξc(3055) has not yet been in-
cluded into PDG, while confirmed by Belle[12].

4.1 Charmed strange baryons studies[11]

We report a search for doubly charmed baryon Ξ+(+)
cc

with the Λ+
c K

−π+(π+) in Fig.7 and Ξ0
cπ

+(π+) in Fig.8(9)
final states using a 980 fb−1 data sample. No significant
signal of Ξcc is observed in all invariant mass distribu-
tions.

Fig. 7. Invariant mass distribution of Ξcc
candidates for (a) M(Λ+

c K
−π+) and (b)

M(Λ+
c K
−π+π+).

Fig. 8. M(Ξ0
cπ

+) distribution in the Ξ+
cc search

region for Ξ0
c → (a) Ξ−π+, (b) ΛK−π+, (c)

pK−K−π+.

Fig. 9. M(Ξ0
cπ

+π+) distribution in the Ξ++
cc

search region for Ξ0
c → (a) Ξ−π+, (b) ΛK−π+,

(c) pK−K−π+.

We also search for two exited charmed s-
trange baryons Ξc(3055)+ and Ξc(3123)+ with the
Σ++
c (2455)K− and Σ++

c (2520)K− final states, see Fig.10.
The Ξc(3055)+ signal is observed with a significance of
6.6 standard deviations including systematic uncertainty,
while no signature of the Ξc(3123)+ is seen.

Fig. 10. The M(Λ+
c K
−π+) distribution with

Σc(2455)++ selection (left) and the M(Λ+
c K
−π+)

distribution with Σc(2520)++ selection (right).

We also study properties of the Ξc(2645)+ and mea-
sure a width of 2.6±0.2±0.4 MeV/c2, see Fig.11, which
is the first significant determination.

Fig. 11. M(Ξ0
cπ

+) distribution below the Ξ+
cc

search region for Ξ0
c → (a) Ξ−π+, (b) ΛK−π+,

(c) pK−K−π+.

4.2 Mass and width of Σc(2455) and Σc(2520)[12]

We present the measurement of the masses and
widths of the baryons states Σc(2455)0/++ and
Σc(2520)0/++ using a Υ(4S) data sample of 711 fb−1.
The result for the mass differences (with respect to the
Λ+
c mass) and the decay widths of Σc(2455)0/++ and

Σc(2520)0/++, shown in Fig.12, are summarized in Table
3 with factor four improvement for mass measurement.
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We also calculate the mass splittings M0(Σ++
c −M0Λ0

c

from ∆M0(Σ0
c) and ∆M0(Σ++

c ) as 0.22 ± 0.01 ± 0.01
MeV/c2 for Σc(2455) and 0.01±0.15±0.03 MeV/c2 for
Σc(2520). These measurements are the most precise to
data and confirm the mass split with more than 10σ.

Fig. 12. The mass differences M(pK−π+π
−/+
s )−

M(pK−π+) (left/right) obtained from data.

Table 3. The measurements of the masses and the
widths of the Σc(2455)0/++ and Σc(2520)0/++.

MΣc−MΛc (MeV/c2) Γ(MeV/c2)

Σc(2455)0 167.29±0.01±0.02 1.76±0.04+0.09
0.21

Σc(2455)++ 167.51±0.01±0.02 1.84±0.04+0.07
0.21

Σc(2455)0 231.98±0.11±0.04 15.41±0.41+0.20
0.32

Σc(2520)++ 231.99±0.10±0.02 14.77±0.25+0.18
0.30

4.3 Absolute branch ratio of Λ+
c → pK−π+[13]

We present the first model-independent measurement
of the absolute branching fraction of the Λ+

c → pK−π+

decay using a data sample of 978 fb−1. The number
of Λ+

c baryons is determined by reconstructing the re-
coiling D(∗)−p̄π+ system in events of the type e+e− →
D(∗)−p̄π+Λ+

c , see Fig.13.
The absolute branching fraction of Λ+

c → pK−π+ de-
cay is given by

BR(Λ+
c → pK−π+) =

N(Λ+
c → pK−π+)

NΛc
incfbiasε(Λ

+
c → pK−π+)

(9)

where NΛc
inc in the number of inclusively reconstructed Λ+

c

baryons, fbias takes into account potential dependence of
the inclusive Λ+

c reconstruction efficiency on the Λ+
c de-

cay mode.

The branch fraction is measured to be B(Λ+
c →

pK−π+) = (6.84±0.24+0.21
−0.27)%, which represents a fivefold

improvement in precision over previous model-dependent
determinations. This measurement will also improve sig-
nificantly the precision of the branching fraction of oth-
er Λ+

c decays and of decays of b−flavored mesons and
baryons involving Λ+

c .

Fig. 13. The Mmiss(D
(∗)p̄π) data distribution for

inclusively reconstructed Λ+
c baryons from the (a)

RS and (b) WS samples with superimposed fit re-
sults (slide line).

Fig. 14. The Mmiss(D
(∗)p̄π) data distributions of

exclusively reconstructed Λ+
c candidates. (a) and

(c) for the SR region and (b) and (d) SB region
of M(pKπ) for the RS and WS samples, respec-
tively, with superimposed fit results (solid line).
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