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D
0-D̄0 mixing sensitivity estimation at Belle II in wrong-sign decays

D
0 →K

+π−π0 via time-dependent amplitude analysis *
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Abstract: The sensitivity of the D0-D̄0 mixing parameters x and y is estimated in the wrong-sign decay D0
→

K+π−π0 by time-dependent amplitude analysis. The resolution of the D0 lifetime is essential in time-dependent Dalitz

analyses. The Belle II detector, which aims to collect a total integrated luminosity of 50 ab−1 of data, has σ = 140

fs in Monte Carlo studies, a factor of two improvement over that of Belle and BaBar, so the produced Dalitz signal

Monte Carlo samples are smeared with this resolution. Then a time-dependent Dalitz plot fitting is performed on

these smeared samples, and the sensitivity of D0-D̄0 mixing parameters are σx =0.057% and σy =0.049%. These are

about an order of magnitude improvement on current experimental results, without considering background effects.
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1 Introduction

All open-flavored neutral meson mixing phenomena,
which mean oscillations between a particle and its anti-
particle, K0-K̄0, B0-B̄0, B0

s-B̄
0
s, and D0-D̄0, have been

observed [1]. Among them, D0-D̄0 mixing is the only up-
type quark neutral meson system. Because the charm
quark mass is special, neither small enough (� ΛQCD)
nor large enough (� ΛQCD), D0-D̄0 mixing is very hard
to calculate via non-perturbative theory, and it can only
rely on experimental measurements [2]. In the Stan-
dard Model (SM), D0-D̄0 mixing has contributions from
short distance interactions and long distance interac-
tions. While the Cabibbo-Kobayashi-Maskawa (CKM)
matrix and Glashow-Iliopoulos-Maiani (GIM) mecha-
nism [3] strongly suppress D0-D̄0 mixing to < 10−3, long-
distance and SU(3) flavor breaking increase it to 10−2 [4].
If the magnitude of D0-D̄0 mixing beyond the SM is ob-
served, New Physics (NP) is implied. Measurements and
studies of D0-D̄0 mixing play a very important and fun-
damental role in precise tests of the SM and searching
for NP.

Table 1 summarises the experimental status of D0-D̄0

mixing and CP violation. D0-D̄0 mixing was first ob-
served with more than five standard deviation (5σ) confi-

dence level in the wrong-sign (WS) decay D0 →K+π− [5–
7]. LHCb gave the first observation of D0-D̄0 mixing in
the WS decay D0 →K+π−π+π− [8]. The BaBar collabo-
ration presented the first evidence of D0 →K+π−π0 with
3.2σ via time-dependent amplitude analysis [9], but this

result is still under the statistical limit.

Belle II will start its first physics runs in 2018 and

aims to collect 50 ab−1 of experimental data. It will be a

wonderful platform to measure D0-D̄0 mixing and CP vi-
olation with more precision. The sensitivity estimation

of D0-D̄0 mixing and CP violation in D0 → K0
Sπ+π−

has already been presented by the Belle II collabora-
tion [10]. In this paper, D0-D̄0 mixing sensitivity in WS
decay D0 → K+π−π0 at the Belle II experiment is esti-
mated.

2 Formalism of D0-D̄0 mixing

Mixing results from the flavour eigenstates |D0〉(cū)

and |D̄0〉(c̄u), which have a definite quark component,

and the mass eigenstates |D1〉 and |D2〉 which have defi-
nite mass and lifetime. The time evolution of the D0-D̄0

system can be described by the Schrödinger equation
with effective Hamiltonian H= (M−iΓ /2) where M and
Γ are mass and width Hermitian matrices, and CPT
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Table 1. The experimental status of D0-D̄0 mixing and CP violation in different decays.

decay type final state LHCb Belle BaBar CDF CLEO BES III

DCS 2-body(WS) K+π− F F F
√ √

δKπ

CP -eigenstates K+K−, π+π− (a)
ACP

√
ACP

√

DCS 3-body(WS) K+π−π0 √
ACP

√
ACP

self-conjugated 3-body decay K0
Sπ+π− √ √ √ √

ACP

√

K0
SK+K− √(b) √

self-conjugated

SCS 3-body decay

π+π−π0 √
ACP

√
ACP

√mixing
ACP

K+K−π0 √
ACP

SCS 3-body K0
SK±π∓ √

δ
K0

S
Kπ

semileptonic decay K+l−νl
√ √ √

multi-body(n>4) K+π−π+π− F
√

ACP

√

π+π−π+π− √
ACP

K+K−π+π− √(c)
ACP

√
AT

√
ACP

ψ(3770)→D0D̄0 via correlations
√

δKπ

√
yCP

F for observation (> 5σ); for evidence (> 3σ);
√

for measurement published. Here DCS(SCS) stands for the Doubly(Singly)
Cabibbo Suppressed.

(a) LHCb also give a measurement of indirect CP asymmetry in Phys. Rev. Lett. 112, 041801 (2014).
(b) Belle measured yCP in D0 → K0

Sφ in Phys. Rev. D 80, 052006 (2009). A time-dependent amplitude analysis of this decay
channel for mixing parameters (x,y) is ongoing.

(c) LHCb have also searched for CP violation using T -odd correlations in JHEP 10 (2014) 005.

invariance requires M11 = M22 ≡ M and Γ11 = Γ22 ≡ Γ .
The mass eigenstates propagate through space and time
as the form of the mixture of two flavour eigenstates.
The proper time evolution of the mass eigenstates is

|D1,2(t)〉= p|D0(t)〉±q|D̄0(t)〉= e1,2(t)|D1,2(0)〉 (1)

e1,2(t) = e−i(m1,2−iΓ1,2/2)t = e−iMte−Γt/2e∓(ix+y)Γt/2, (2)

where the term e−iMt factor is a pure phase which is com-
mon to both mass eigenstates, and can be canceled. The
mixing parameters x and y in last term are defined with
average width Γ = (Γ1 +Γ2)/2.

x =
m1−m2

Γ
=

∆M

Γ
, y =

Γ1−Γ2

2Γ
=

∆Γ

2Γ
. (3)

The time-dependent amplitude of the decay of an ini-
tial pure flavor eigenstate |D0(t = 0)〉 to final state |f̄〉
can be expressed as

M(f̄ , t)= 〈f̄ |H|D0(t = 0)〉

=
1

2

[(

Af̄ +
q

p
Āf̄

)

e1(t)+

(

Af̄ −
q

p
Āf̄

)

e2(t)

]

, (4)

where Af̄ = 〈f̄ |H|D0〉 and Āf̄ = 〈f̄ |H|D̄0〉, and the decay
rate of D0 → f̄ is

|M(f̄ , t)|2 =
e−Γt

2

[(

|Af̄ |2 + |q
p
|2|Āf̄ |2

)

cosh(yΓ t)

+

(

|Af̄ |2−|q
p
|2|Āf̄ |2

)

cos(xΓ t)

−2 ·Re

(

q

p
Āf̄A∗

f̄

)

·sinh(yΓ t)

+2 · Im
(

q

p
Āf̄A∗

f̄

)

·sin(xΓ t)

]

. (5)

Equation(5) shows that y changes the time informa-
tion of the Dalitz plot, and x introduces an oscillation in
this amplitude.

Under the assumptions of |x|, |y|� 1 and CP conser-
vation (q/p = 1), |M(f̄ , t)|2 is

|M(f̄ , t)|2 =e−Γt

(

|Af̄ |2 +
x2 +y2

4
|Āf̄ |2(Γt)2−Re(Af̄ Ā∗

f̄ )

·yΓ t− Im(Af̄ Ā∗
f̄ ) ·xΓ t

)

. (6)

Figure 1 shows two processes for D0 WS decay and
right-sign (RS) decay. WS decay can be directly through
a doubly Cabibbo suppressed (DCS) process, or a Cab-
bibo favored (CF) process produced by mixing. Both
processes are analogous. For RS decay, a DCS process
produced by mixing, relative to a CF process, is negligi-
ble.

For the WS decay D0 → K+π−π0, the Belle collabo-
ration measured the ratio of rates for WS-to-RS decays
as RWS = (0.229± 0.015)% [11]. The BaBar collabo-
ration has determined the relative strong phase varia-
tion across the Dalitz plot, and reported effective mix-
ing parameters [9] x′′ = (2.61+0.57

−0.68 ± 0.39)% and y′′ =
(−0.06+0.55

−0.64±0.34)% with 3.2σ significance, where x′′ and
y′′ are defined as
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Fig. 1. WS decay (left) through the DCS process and mixing followed by the CF process, and RS decay (right)
through the CF process and mixing followed by the DCS process.

x′′ =x ·cosδKππ
0 +y ·sinδKππ

0 ,

y′′ =y ·cosδKππ
0 −x ·sinδKππ

0 , (7)

where δKππ
0 is the strong phase difference between the

DCS D0 → K+ρ− and the CF D̄0 → K+ρ− amplitudes
and does not vary across the Dalitz plot. Here WS de-
cay amplitudes for D0 or D̄0 to final states f̄ in Fig. 1
are defined [9] as:

Af̄ (m2
K+

π
− ,m2

π
−

π
0)= r0 ·ADCS

f̄ (m2
K+

π
− ,m2

π
−

π
0), (8)

Āf̄ (m2
K+

π
− ,m2

π
−

π
0)= ĀCF

f̄ (m2
K+

π
− ,m2

π
−

π
0). (9)

Using Euler’s relations to expand the strong phase δKππ
0 ,

|M(f̄ , t)|2 is rewritten as Eq.(10) under CP conservation
(q/p = 1),

|M(f̄ , t)|2 =e−Γt

{

r2
0 · |ADCS

f̄ |2 +
x′′2 +y′′2

4
|ĀCF

f̄ |2(Γt)2

−r0 · [y′′ Re(ADCS
f̄ Ā∗CF

f̄ )

+x′′ Im(ADCS
f̄ Ā∗CF

f̄ )] ·Γt

}

(10)

where r0 is the modulus of the relative complex number
between the CF and DCS amplitudes, and ADCS

f̄
and ĀCF

f̄

are normalized shapes on the Dalitz plot region. The ef-
fective mixing parameters x′′ and y′′ could be extracted
by performing a time-dependent Dalitz plot fitting of the
WS sample. The term r2

0 in Eq. (10) can be absorbed
into the normalizaiton of signal probability density func-
tion:

PDFsig =
e−Γt

N

{

|ADCS
f̄ |2 +

c2
1 +c2

2

4
|ĀCF

f̄ |2(Γt)2

−[c1 ·Re(ADCS
f̄ Ā∗CF

f̄ )

+c2 · Im(ADCS
f̄ Ā∗CF

f̄ )]Γt

}

(11)

where the normalized mixing parameters are c1 = y′′/r0,
and c2 = x′′/r0 and N is the normalization factor with

∮

DP

dm2
K+

π
−dm2

π
−

π
0

·
∫ tmax

tmin

dtPDFsig(m
2
K+

π
− ,m2

π
−

π
0 , t) = 1. (12)

3 Dalitz analysis

3.1 Isobar model

The three body decay of D0 →ABC happens through
an AB resonance as shown in Fig. 2. The conservation
of energy and momentum has

M 2
D0+M 2

A+M 2
B+M 2

C = m2
AB+m2

BC +m2
AC = constant. (13)

When a pseudoscalar meson decays to three pseudoscalar
mesons, there are two degrees of freedom. Two of these
three invariant mass-squares of final particle pairs can be
the Dalitz variables in the standard form of the Dalitz
plot:

dΓ =
1

(2π)3
1

32M 3
|M|2dm2

ABdm2
BC. (14)

The width of each resonance is mass-dependent, given
by:

ΓAB =Γ r
0

(

qAB

qr

)2J+1 (

Mr

mAB

)

F 2
r (15)

where mAB is the AB invariant mass (candidate), Mr is
the nominal resonance mass, J is the spin of the reso-
nance, Γ r

0 is the nominal width of the resonance, qAB is
the momentum of either daughter in the AB rest frame
and qr is the momentum of either daughter in the reso-
nance rest frame, respectively, as follows:

qAB =
1

2mAB

·
√

[m2
AB−(MA+MB)2][m2

AB−(MA−MB)2], (16)

qr =
1

2Mr

√

[M 2
r −(MA+MB)2][M 2

r −(MA−MB)2]. (17)

Fig. 2. Isobar model for resonances.
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The amplitude for a spin-J(J = 0,1,2) resonance [12]
is:

AJ(ABC|r)=FD×Fr×Tr×ΩJ . (18)

Here the Tr×ΩJ is the resonance propagator. Tr is the
dynamical function for the resonance r, and ΩJ is the
angular momentum description dependent on the spin-J
of resonance r. The dynamical function Tr is commonly
described using a relativistic Breit-Wigner (RBW) pa-
rameterization with mass-dependent width in Eq.(15).

Tr =
1

M 2
r −m2

AB− iMrΓAB

. (19)

The angular dependence Ωr is described using either
Zemach tensor formalism [13] as follows. The angular
expressions ΩJ (J = 0,1,2 respectively stands for scalar,
vector and tensor intermediate resonance) are

Ω0(ABC|r)=1. (20)

Ω1(ABC|r)=m2
AC−m2

BC +
(M 2

D−M 2
C)(M 2

B−M 2
A)

M 2
r

. (21)

Ω2(ABC|r)=

(

m2
BC−m2

AC+
(M 2

D−M 2
C)(M 2

A−M 2
B)

M 2
r

)2

(22)

−1

3

(

m2
AB−2M 2

D−2M 2
C+

(M 2
D−M 2

C)2

M 2
r

)

×
(

m2
AB−2M 2

A−2M 2
B +

(M 2
A−M 2

B)2

M 2
r

)

.

The form factor at the D0 produced vertex or decay
vertex (FD or Fr) which attempts to model the underly-
ing quark structure of the D0 meson or the intermediate
resonances r, is parameterised by the Blatt-Weisskopf
penetration factors for the particle with different spin J
as follows:

FJ=0 =1; (23)

FJ=1 =

√

1+R2p2
r

√

1+R2p2
AB

; (24)

FJ=2 =

√

9+3R2p2
r +R4p4

r
√

9+3R2p2
AB +R4p4

AB

, (25)

where R is the radius of a meson. To be consistent with
the previous Dalitz plot analyses at Belle [14], we have
chosen D0 to have RD = 5.0 GeV−1 and the intermediate
resonances all to have Rr = 1.5 GeV−1. The momenta pr

and pAB are for the decay form factor Fr given above. In
the case of the birth form factor FD the momenta pr and
pAB are given by

pAB =
1

2MD

·
√

[M 2
D−(mAB +MC)2][M 2

D−(mAB−MC)2] (26)

pr =
1

2MD

√

[M 2
D−(Mr +MC)2][M 2

D−(Mr−MC)2],(27)

where Mr is the nominal mass of the resonances, mAB

is the invariant mass of candidates, MC is the nominal
mass of C final state particle and MD is the nominal mass
of the D0 meson. The parameters of the resonances are
listed in Table 2 in this analysis.

3.2 Dalitz amplitude

The decay amplitude of D0 →Kππ0 as a function of
Dalitz plot variables m2

Kπ
and m2

ππ
0 is expressed as a sum

of quasi-two-body decay matrix elements and one non-
resonant (NR) decay amplitude; m2

Kπ
≡m2

K−
π
+ , m2

ππ
0 ≡

m2
π
+

π
0 in RS decay and m2

Kπ
≡m2

K+
π
− , m2

ππ
0 ≡m2

π
−

π
0 in

WS decay,

M(m2
Kπ

,m2
ππ

0 ) =
∑

r

are
iφrAr(m

2
Kπ

,m2
ππ

0)+aNReiφNR ,

(28)

Table 2. The parameters of all resonances used in our Dalitz plot fitting, including scalar, vector, tensor particles [1].

resonances IG(JPC) mass/(GeV/c2) width/(GeV/c2) R(Fr)/GeV−1 R(FD)/GeV−1

K∗
0(1430)± 1/2(0+) 1.425±0.050 0.270±0.080 1.5 5.0

K∗
0(1430)0 1/2(0+) 1.425±0.050 0.270±0.080 1.5 5.0

ρ(770)± 1+(1−−) 0.77549±0.00034 0.1491±0.0008 1.5 5.0

ρ(1450)± 1+(1−−) 1.465±0.025 0.400±0.060 1.5 5.0

ρ(1700)± 1+(1−−) 1.720±0.020 0.250±0.100 1.5 5.0

K∗(892)± 1/2(1−) 0.89166±0.00026 0.0508±0.0009 1.5 5.0

K∗(892)0 1/2(1−) 0.89594±0.00022 0.0487±0.0008 1.5 5.0

K∗(1410)± 1/2(1−) 1.414±0.015 0.232±0.021 1.5 5.0

K∗(1410)0 1/2(1−) 1.414±0.015 0.232±0.021 1.5 5.0

K∗(1680)± 1/2(1−) 1.717±0.027 0.332±0.110 1.5 5.0

K∗(1680)0 1/2(1−) 1.717±0.027 0.332±0.110 1.5 5.0

K∗
2(1430)± 1/2(2+) 1.4256±0.0015 0.0985±0.0027 1.5 5.0

K∗
2(1430)0 1/2(2+) 1.4324±0.0013 0.109±0.005 1.5 5.0
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where each term is parameterized with an amplitude
ar and a phase φr. The function Ar(m

2
Kπ

,m2
ππ

0) is the
Lorentz-invariant expression for the matrix element.

The signal probability density function has the nor-
malized form

psig(m
2
Kπ,i,m

2
ππ

0,i)

=
|M(m2

Kπ,i,m
2
ππ

0,i)|2 ·ε(m2
Kπ

,m2
ππ

0)
∮

D

dm2
Kπ

dm2
ππ

0 |M(m2
Kπ

,m2
ππ

0)|2 ·ε(m2
Kπ

,m2
ππ

0 )

(29)

where the integral in the denominator is present for
the overall normalization of the probability density, and
ε(m2

Kπ
,m2

ππ
0 ) is the efficiency to correct the Dalitz plot

structure. The sensitivity estimation in this paper is per-
formed at generator level, hence ε(m2

Kπ
,m2

ππ
0 ) = 1.

3.3 Time-dependent Dalitz analysis

MCF
f̄

and MDCS
f̄

are used to describe the CF process
decays and the DCS process decays in WS decay. Ac-
cording to the amplitude of WS decay D0 → f̄ in Eq.(4),

M(f̄ , t)= 〈f̄ |H|D0(t)〉=
1

2

(

MDCS
f̄ +

1

r0

·eiδM̄CF
f̄

)

e1(t)

+
1

2

(

MDCS
f̄ − 1

r0

·eiδM̄CF
f̄

)

e2(t). (30)

To take into account the finite precision of lifetime at
the Belle II detector, the time components of the time-
dependent amplitude in Eq.(10) should be convoluted
with time resolution function Res(t). Hence, we have the
time-dependent Dalitz plot fitting formalism in Eq.(31)
with the time resolution:

|M(f̄ , t)|2 = |MDCS
f̄ |2 ·e−Γt⊗t Res(t)

+
x′′2 +y′′2

4
|M̄CF

f̄ |2 1

r2
0

·(Γ 2t2 ·e−Γt)⊗t Res(t)

− 1

r0

·(y′′ ·Re[MDCS
f̄ M̄∗CF

f̄ ]+x′′

· Im[MDCS
f̄ M̄∗CF

f̄ ])(Γt ·e−Γt)⊗t Res(t). (31)

Three functions of the time component are defined as

Ep0(t;τ) =
1

τ
e−t/τ ; Ep1(t;τ) =

t

τ 2
e−t/τ ;

Ep2(t;τ) =
t2

2τ 3
e−t/τ (32)

and their normalisations in the time region [a,b] are re-

spectively

NEp0 =

∫ b

a

Ep0(t,τ)dt = τ
(

Ep0(a)−Ep0(b)
)

, (33)

NEp1 =

∫ b

a

Ep1(t,τ)dt = τ
(

Ep1(a)−Ep1(b)
)

+NEp0, (34)

NEp2 =

∫ b

a

Ep2(t,τ)dt = τ
(

Ep2(a)−Ep2(b)
)

+NEp1. (35)

A Gaussian function is used as the time resolution. With
two parameters defined, X and Z,

X =
1

2

(σ

τ

)2

− t−µ

τ
, Z =

1√
2

(

σ

τ
− t−µ

σ

)

(36)

the convolution of the Epi (i=0, 1, 2) with time resolu-
tion respectively is

R0(t)=Ep0⊗t Res(t) =
1

2τ
eX erfc(Z) (37)

R1(t)=Ep1⊗t Res(t)

=

√
2σ

2τ 2
eX

[

1√
π

e−Z2 −Z erfc(Z)

]

(38)

R2(t)=Ep2⊗t Res(t)

=
σ2

2τ 3
eX

[(

Z2 +
1

2

)

erfc(Z)− Z√
π

e−Z2

]

(39)

and the Ri(t) normalisations of time region [a,b] respec-
tively are

NR0 =

∫ b

a

1

2τ
eX erfc(Z)dt = τ

(

R0(a)−R0(b)
)

+
1

2

[

erf

(

(b−µ)√
2σ

)

−erf

(

a−µ√
2σ

)]

(40)

NR1 =

∫ b

a

√
2σ

2τ 2
eX

[

1√
π

e−Z2 −Z erfc(Z)

]

dt

= τ
(

R1(a)−R1(b)
)

+NR0 (41)

NR2 =

∫ b

a

σ2

2τ 3
eX

[(

Z2 +
1

2

)

erfc(Z)− Z√
π

e−Z2

]

dt

= τ
(

R2(a)−R2(b)
)

+NR1. (42)

The ith event’s normalised probability density func-
tion of the time-dependent Dalitz plot is Eq.(43) with
efficiency plane correction:

psig(m
2
Kπ,i,m

2
ππ

0,i, ti) =

∣

∣M(m2
Kπ,i,m

2
ππ

0,i, ti)⊗t Res(ti)
∣

∣

2
ε(m2

Kπ,i,m
2
ππ

0,i)
∫

dt

∮

D

dm2
Kπ

dm2
ππ

0 |M(m2
Kπ

,m2
ππ

0 , t)⊗t Res(t)|2 ε(m2
Kπ

,m2
ππ

0)

. (43)
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The Input/Output checks are usually given at genera-
tor level and reconstruction level. The time-dependent
Dalitz plot fitting uses the unbinned maximum likelihood
method:

−2 · lnL=−2
N

∑

i=1

ln psig(m
2
Kπ,i,m

2
ππ

0 ,i, ti;x,y). (44)

4 The Belle II detector at SuperKEKB

SuperKEKB, a next-generation B factory (also a tau-
charm factory), follows its predecessor KEKB, which
collected about 1 ab−1 of data and achieved a world
record for instantaneous luminosity of 2.1×1034 cm−2·s−1.
It aims to achieve an instantaneous peak luminosity of
8× 1035 cm−2 · s−1 and collect 50 ab−1 of experimental
data.

To improve the vertex resolution significantly, the
Belle II detector [15] has a new vertex detector system
including a two-layer pixel vertex detector (PXD), whose
innermost layer nearer the IP is about 1.4 cm, and a four-
layer double-sided silicon-strip detector (SVD), whose
outermost SVD layer is located at a larger radius than
at Belle, resulting in higher reconstruction efficiency for
K0

S mesons. A new central drift chamber (CDC) has
been built with smaller cell sizes than Belle’s, which has
significant improvement against the higher level of beam
background. Combined with the vertex detectors, Belle
II has better D∗ meson reconstruction efficiency. Belle
II uses squeezed beams at the interaction point (IP) and
the size of the beam-spot is two orders of magnitude
smaller than at Belle and BaBar. This will improve the
constraint for the decay chain vertex fitting.

According to MC studies [16], Belle II has a factor
of two improvement in proper time resolution over Belle
and BaBar (σt = 270 fs). In this estimation analysis, a
Gaussian with width σt = 140 fs is used as the Belle II in-
put on proper time resolution Res(t).

5 Mixing sensitivity estimation for Belle

II

To obtain signal MC samples, the EvtGen [17] pack-
age, which is an event generator designed to simulate the
physics of B decays, is expanded with a time-independent
Dalitz generator for the RS decay D0 → K−π+π0 and
a time-dependent Dalitz generator for the WS decay
D0 →K+π−π0.

Firstly, a RS signal MC sample is produced by the RS

decay generator with an amplitude described by eleven
resonances1) and a nonresonance Dalitz model, referring
to the Dalitz fitting result on the D0 →K−π+π0 RS sam-
ple with the Belle dataset [18]. Then a time-independent
Dalitz analysis is performed and the fitted RS parameters
are consistent with the input values in the MC generator.
The fitting fractions of each resonance are also checked
and are consistent with the input values. On all Dalitz
variables and lifetime projections, the fitting results can
describe the distribution well. This RS amplitude will
be used for the CF process MCF

f̄
with conjugated decays

in the WS decay generator.
Secondly, a seven-resonance Dalitz model, refer-

ring to BaBar’s measurement [9], is used to parame-
terise the DCS process MDCS

f̄
. The mixing parameters

(x, y, δ, 1/r0) = (0.0258, 0.0039, 10◦, 13.8) in Eq. (30)
are fixed as the WS generator input parameters. As-
suming similar efficiency to BaBar, it is estimated that
Belle II will collect at least 225000 signal events with the
full 50 ab−1 dataset. To get a reliable sensitivity estima-
tion, the MC sample is kept the same as this estimated
number. A time-dependent Dalitz analysis (TDDA) on
this WS sample was performed successfully. The fitted
WS parameters, especially the mixing parameters with
which we are concerned, show no significant bias within
the uncertainty by comparing the input values.

The time resolution has non-negligible effects on the
time-dependent amplitude analyses. Thirdly, the D0 life-
time t is smeared by the resolution function Res(t) =
Gauss with a width σ = 140 fs. Then TDDA on the
signal MC sample based on Eq.(44) is performed. The
Dalitz plot and lifetime projections of time-dependent
Dalitz fitting are shown in Fig. 3.

Finally, the TDDA is duplicated on ten sets of time-
smeared signal Dalitz MC samples. The two mixing pa-
rameters are extracted and shown in Fig. 4 (left). The
projections of x and y separately are given in Fig. 4.
The RMS value of these projections are obtained as the
mixing parameters’ expected uncertainty: σx = 0.057%,
and σy = 0.049% for a 50 ab−1 dataset. According to
TDDA of WS decays at Belle, the backgrounds will affect
this statistical uncertainty. As we lack these background
samples, we conclude that the integrated luminosity of
50 ab−1 dataset at Belle II can improve the statistical
uncertainty by at least one magnitude for the mixing
parameters, without considering the background effects.
According to our studies at Belle, we estimate that the
fitted statistical uncertainty will be affected by the back-
grounds and result in an increase of about < 40%.

1) In this WS decay, there are thirteen possible resonances shown in Table 2, but referring to the Dalitz analysis of RS decay at
Belle [18], ρ(1450) and ρ(1700) have masses whose peaks are both outside the Dalitz plot but whose widths are so wide that their tails
extend well into the region of interest. Since their fitted phase angles difference is very close to 180◦, the fitting will be unable to separate
them. We keep only ρ(1700) instead of both, which is same choice as CLEO [12]. We also remove K∗(1680)0 , because of its very small
contribution to the total amplitude, with a fitting fraction less than 0.1% [18].
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Fig. 3. (color online)The time-dependent Dalitz fitting on a Dalitz signal MC sample with time smeared: (a) 2-
dimensional Dalitz plot; (b) lifetime projection; and projections of Dalitz variables m2

Kπ
(c), m2

ππ
0 (d) and m2

Kπ
0 (e).

Fig. 4. The time-dependent Dalitz plot fitting results (the intersection of the dashed lines is the input value in the
generator) for mixing parameters of ten sets of Dalitz signal MC (each set with 225000 events) with time smeared.
The projections of x and y are shown with the standard deviation value (Std Dev) as our estimation of x and y

errors (the arrows are input values).

Here we estimate the effect on systematic uncer-
tainty by statistical data. Referring to BaBar’s mea-
surement [9], x′/r0 = 0.353± 0.091± 0.066 and y′/r0 =
−0.002±0.090±0.057with determination r2

0 = (5.25+0.25
−0.31±

0.12) × 10−3. The main sources of systematic uncer-
tainties are listed below for experimental detection sys-
tematic uncertainties and systematic uncertainties re-
lated to the parameterization of Dalitz distribution of
D0 →K+π−π0 decays [19]:

1) Reducible systematic uncertainties:

– The uncertainties from the parameterization

of WS CF amplitude, which uses the result
from RS Dalitz fit, are estimated by vary-
ing the parameters of ±σ: σx′/r0

= 0.23σ and
σy′/r0

= 0.22σ.

– The “signal and background number” uncer-
tainty: σx′/r0

= 0.15σ and σy′/r0
= 0.22σ 1).

– The “resolution function” systematics is es-
timated by using different resolution func-
tion parameterizations: σx′/r0

= 0.11σ and
σy′/r0

= 0.09σ. A larger data sample will
enable better determination of the resolution

1) here σ is the statistical uncertainty of parameters x′/r0 or y′/r0 correspondingly.
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function quality.

– The “combinatorial background” parameteri-
zation uncertainty from the sideband region:
σx′/r0

= 0.02σ and σy′/r0
= 0.00σ.

– Variations in efficiency across the Dalitz
plot contribute to systematic uncertainties of
σx′/r0

= 0.09σ and σy′/r0
= 0.10σ.

2) Irreducible systematic uncertainties:

– The largest error arises from the choices of
“lifetime t region” and “lifetime error σt re-
gion”: σx′/r0

= 0.48σ and σy′/r0
= 0.31σ. 1).

– The definition of the signal region has non-
negligible effects on systematic uncertainties:
σx′/r0

= 0.15σ and σy′/r0
= 0.19σ.

– Dalitz model by using alternative parameteri-
zations, especially using a Breit-Wigner func-
tion and a flat non-resonant contribution in-
stead of LASS paramterization of the Kπ S-
wave, contributes the systematic uncertain-
ties: σx′/r0

= 0.22σ and σy′/r0
= 0.24σ.

The systematics uncertainty can be roughly estimated
by formalism as

σsyst =
√

σ2
red.×384 fb−1/50 ab−1 +σ2

irred.. (45)

Because Belle II will have almost 130 times as large a
dataset as for the BaBar measurement, these reducible
systematic uncertainties can be reduced by about an or-
der of magnitude. Therefore the systematic uncertainty
can be reduced about 20% for x′/r0 and y′/r0 as our
conservative estimation.

6 Summary

In conclusion, by considering the time resolution
improvement (σt = 140 fs) of the Belle II detector at
SuperKEKB and using time-dependent Dalitz plot fit-
ting, D0-D̄0 mixing sensitivity estimation for the WS
decay D0 → K+π−π0 using the Belle II 50 ab−1 dataset
is presented with σx = 0.057% and σy = 0.049% under
the condition of δ = 10◦ and 1/r0 = 13.8 fixed. This
will give an order of magnitude improvement for mixing
parameters without considering the background effects.
A larger statistical dataset will reduce systematic un-
certainties at least 20% for x′/r0 and y′/r0 compared to
BaBar’s measurement.
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Casarosa, for the study of D0 lifetime resolution in the
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