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CP violation in charm sector is special ! 
 Only up-type quark family, where mixing and CPV can occur 
 Complementary information to K and B(s) decays 

In SM, D-mixing is heavily suppressed (both CKM, and GIM suppressed)  
 Very small splitting in both mass and width (small x, y parameters) 
 Non-SM particles contributing to the box diagram could significantly affect the measured 
values  
⤳ Potential room for New Physics 
⤳ But challenging 

Predictions are difficult, not a precision probe 

Charm CPV by LHCb: Phys. Rev. Lett. 122, 211803 (2019)

Why Charm

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.211803
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Belle II overview

Central Drift Chamber 
 Smaller cells, long lever arm, fast electronics

Vertex Detector  
2 Layers PXD DEPFET and 4 Layers DSSD

Particle Identification 
Time of Propagation in barrel region 

and ARICH in forward region

KL and muon Detector 
Resistive Plate Chamber  

Scintillator + WLSF + MPPC

EM calorimeter  
CsI(Ti), waveform Sampling (barrel) 

Pure CsI for end caps e+ ( 4 GeV) 

Belle2 TDR: arXiv: 1011.0352

( 7 GeV) e— 
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Provide clean environment for B Physics: low background with respect to hadron colliders (e.g. LHC) 
Excellent Dalitz plot analysis with low background 
Better reconstruction of neutrals/neutrinos ⤳ unique access to final states with invisible particles. 

Large samples of B and D decays (5×1010 pairs of b and c over planned operation of 50 ab-1) 
Lorentz boost (asymmetric energy)  allows precision measurement mixing parameters, and CP violations. 
.. more in Physics Book

New VXD provides better vertex resolution 
IP resolution is improved by PXD being at radius of 1.4 cm (x2 better D0 proper time resolution) 

Good PID even with higher beam background environment (w/ upgraded SVD, CDC, TOP and ARICH) 
Better reconstruction efficiency with improved tracking efficiency 
More tracking volume from upgraded CDC and SVD provides higher Ks efficiency ~ 30% 
.. more in TDR and Physics Book

Powerful SuperKEKB

highlights of Belle II

Charm opportunities in Belle II 
⤳ w/ superKEKB and Belle II advancement

 Overall performance is expected to improve w.r.t. to Belle, if  
resolution is better/comparable (in particular VXD is better) 
systematic uncertainties are reduced

.


.


.


Belle2 Physics Book 
arxiv1808.10567

50 ab-1 = 50x Belle

https://arxiv.org/pdf/1808.10567.pdf)
https://arxiv.org/abs/1011.0352
https://arxiv.org/pdf/1808.10567.pdf)
https://arxiv.org/pdf/1808.10567.pdf)
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Belle II data status
as of  
now

6 fb−1 4 fb−1

63 fb−1

16 fb−1

87 fb−1

Integrated luminosity  Lint  ~176 fb-1 (June 4, 2021) 
Highest instantaneous luminosity ~2.9 × 1034 cm–2s–1  

SuperKEKB design luminosity: 6.5 × 1035 cm–2s–1  

New world record archived in June 2020 🥇  (Belle highest (June’09) : 2.1 × 1034 cm–2s–1) 

Continued data-taking through Covid-19 pandemic 

https://confluence.desy.de/display/BI/Belle+II+Luminosity

so far..  
BelleII charm studies focused on re-
discoveries, detector/reconstruction 
performance, resolutions, and 
systematic effects..

https://www.kek.jp/en/newsroom/2020/06/26/1400/
https://confluence.desy.de/display/BI/Belle+II+Luminosity
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Prospects of data collection

5

LHCb-PUB-2018-009 
(+ 1yr delay due to Covid-19)

The Belle II Physics Book 
(+ latest luminosity projections)
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Belle II data status
future timeline..

LHCb-PUB-2018-009

The Belle II Physics Book

BELLE2-TALK-CONF-2021-021

https://arxiv.org/abs/1808.08865
https://arxiv.org/abs/1808.10567
https://docs.belle2.org/record/2346/files/BELLE2-TALK-CONF-2021-021.pdf
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CPV: Time integrated   CP asymmetries  

 Extrapolations from Belle 
 Belle II status  

 ..  decays re-discoveries 
 ..  decays re-discoveries

D0

Ds

ACP =
ND0→f − ND0→f

ND0→f + ND0→f

Belle2 Physics Book 
arxiv1808.10567

https://arxiv.org/pdf/1808.10567.pdf)


Charm status and prospects at Belle II: Jitendra Kumar CHARM 2020 04 June 2021 8

Extrapolations from Belle Measurements σstat:  Scaling the Belle statistical error w/ luminosities,  
σsyst:  Only those who scale with luminosity such as         
           background shapes measured with control samples  
σirred: Those who do not scale with luminosity such as decay          
           time resolution due to detector misalignment

�Belle II =
q
(�2

stat + �2
syst) · (LBelle/50 ab�1) + �2

irred

1. Time integrated CPV

Ds+ → K+π0

The precision on ACP will be improved by 𝒪(10-4) 
• Also valid for decay with naturals in final states 

LHCb1: 
5.3σ deviation from zero

ΔACP

1: Phys. Rev. Lett. 122, 211803 (2019)

Time integrated CPV 
⤳ Belle II projections w/ 50 ab-1

Belle II will specially contributes to decays with 
neutrals in the final state 

Belle2 Physics Book 
arxiv1808.10567

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.211803
https://arxiv.org/pdf/1808.10567.pdf)
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Figure 7: Distribution of the di↵erence between the D⇤+ and D0 masses (�m) of D⇤+ !
D0(! K0

SK
0
S )⇡

+ candidates reconstructed in the data collected by Belle II during 2019
and the first half of 2020, and corresponding to an integrated luminosity of 72.0 fb�1, with
fit projection overlaid. The �m distribution is only for candidates populating the signal
region 1.845 < m(K0

SK
0
S ) < 1.885GeV/c2. The signal yield per integrated luminosity is

consistent with that observed by Belle; the �m peak resolution and the signal purity are
better than those observed by Belle [6].
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 preliminaryBelle II

1− = 72.0 fb L dt∫

Sub samples

Total sample

Figure 8: Yields per luminosity for di↵erent data taking periods. The empty bins in-
dicate the data samples with too low statistics.We see that there is no decrease in the
reconstruction e�ciency for K0

S with increasing machine background.
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, where χ2
K0
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is the test statistic of the

K0
S
vertex-constraint fit. In case several D∗ candidates

remain, the one having the charged pion with the small-
est transverse impact parameter is retained. This choice
correctly identifies the true D∗ → D0[K0

S
K0

S
]πs decay

with an efficiency of 98%. The best-candidate selection
efficiency is the same for D∗+ and D∗− candidates. For
the normalization mode, the fraction of signal events with
multiple D∗ candidates is 27.3%. If this is due to multi-
ple D0 candidates, we retain the one having the smallest
value for the sum of χ2

K0

S

and χ2
π0 , where χ2

π0 is the test

statistic of the π0 mass-constraint fit. This procedure
for D0 → K0

S
π0 selects the correct candidate with an

efficiency of 89%.

We describe the ∆M distributions for D0 → K0
S
K0

S

and D0 → K0
Sπ

0 using the sum of two symmetric and
one asymmetric Gaussian functions with a common most
probable value. All the mode-dependent shape parame-
ters are fixed from MC estimations, except for the mean
and a common calibration factor for the symmetric Gaus-
sians that accounts for a data-MC difference in the ∆M
resolution.

The backgrounds caused by processes with the same
final state as the reconstructed modes, mainly D0 →

K0
S
π+π− for the signal mode and D0 → π+π−π0

for the normalization mode, peak in the ∆M distri-
bution. These peaking backgrounds are estimated di-
rectly from the data using the K0

S mass sidebands de-
fined as 0.470 GeV/c2 < Mππ < 0.478 GeV/c2 and
0.516 GeV/c2 < Mππ < 0.526 GeV/c2. The peaking
background has the same ∆M shape as the signal, and
its yield is fixed based on the estimation described above
to 267 events for D → K0

S
π+π− and 1923 events for

D0 → π+π−π0. The combinatorial background shapes
are modeled with an empirical threshold function f(x)
= (x −mπ)a exp[−b(x−mπ)], where mπ is the nominal
charged pion mass, and a and b are shape parameters.

An extended unbinned maximum likelihood fit to the
two combined-chargeD∗ ∆M distributions yields 5399±
87 D0 → K0

S
K0

S
events and 537 360 ± 833 D0 → K0

S
π0

events. A simultaneous fit of the ∆M distributions for
D∗+ and D∗− (see Fig. 1) is used to calculate the raw
asymmetry in D0 → K0

SK
0
S . A similar procedure is fol-

lowed for the D0 → K0
S
π0 sample. The signal and back-

ground shape parameters are common for both the par-
ticle and antiparticle. Both asymmetries in signal and
background are allowed to vary in the fit. The value
of Araw for the peaking background in D0 → K0

S
π0 is

fixed to zero, whereas its value in D0 → K0
S
K0

S
is fixed

to the value obtained in the data for the D0 → K0
S
π0

signal. Here we assume that the peaking background in
D0 → K0

S
π0 has zero net ACP . The fitted values of Araw

for the D0 → K0
S
K0

S
and D0 → K0

S
π0 decay modes are

(+0.45± 1.53)% and (+0.16± 0.14)%, respectively. The
resulting time-integrated CP -violating asymmetry in the
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FIG. 1: Distributions of the mass difference ∆M for se-
lected D∗+ (left) and D∗− (right) candidates, reconstructed
as D0[K0

Sπ
0]πs(top) and D0[K0

SK
0
S ]πs (bottom) decays. The

points with error bars show the data, and the curves show the
result of the fits with the following components: signal (long-
dashed red), peaking background (dotted cyan), combinato-
rial background (dashed blue), and their sum (plain blue).
The normalized residuals (pulls) and χ2/DOF, where DOF
is the number of degrees of freedom, are also shown for each
plot.

D0 → K0
S
K0

S
decay is ACP = (−0.02± 1.53)%.

For the branching fraction measurement, we use only
the D∗+ candidates that have a momentum greater than
2.5 GeV/c in the center-of-mass frame. This suppresses
the component arising from bb̄ events, and, hence, simpli-
fies the efficiency estimation and controls the systematic
uncertainty, which is the dominant uncertainty in this
measurement. The ∆M fit yields 4755±79D0 → K0

S
K0

S

decays and 475 439 ± 767 D0 → K0
S
π0 decays. The

selection efficiencies are (9.74 ± 0.02)% and (11.11 ±

0.02)%, respectively. Using Eq. (6), we then obtain
B(D0 → K0

SK
0
S)/B(D

0 → K0
Sπ

0) = (1.101 ± 0.023)%.
All quoted uncertainties are statistical.
Table I lists various sources of systematic uncertainties

in ACP and B of D0 → K0
S
K0

S
. As the branching frac-

tion measurement is a relative measurement, most of the
systematic uncertainties common between the signal and
normalization channel cancel. The uncertainties on the
probability distribution function (PDF) parametrization
are estimated by varying each fixed shape parameter by

Δm[GeV /c2]

9

D0 → K0
s K0

s
SCS decay, most promising channels, and can probe for CPV origin  
Current  measurement are limited with statistics  

Best so far is from Belle (−0.02 ± 1.53 ± 0.02 ± 0.17)%
ACP

1

Belle w/ 921 fb-1Belle II w/ 72.0 fb-1

BELLE2-NOTE-PH-2020-054 Phys. Rev. Lett. 119, 171801 (2017)

 Belle II so far..  
Re-discovery with very good reconstruction performance 
Resolution, background, yield/luminosity are comparable with Belle* 

Ongoing time-integrated measurement at Belle II (1) 

⤳ rediscoveries of D* tagged D0 decays 

only qualitative comparison due to different selections

https://docs.belle2.org/record/1977/files/BELLE2-NOTE-PH-2020-054.pdf
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FIG. 1: Distributions of the mass difference ∆M for se-
lected D∗+ (left) and D∗− (right) candidates, reconstructed
as D0[K0

Sπ
0]πs(top) and D0[K0

SK
0
S ]πs (bottom) decays. The

points with error bars show the data, and the curves show the
result of the fits with the following components: signal (long-
dashed red), peaking background (dotted cyan), combinato-
rial background (dashed blue), and their sum (plain blue).
The normalized residuals (pulls) and χ2/DOF, where DOF
is the number of degrees of freedom, are also shown for each
plot.

D0 → K0
S
K0

S
decay is ACP = (−0.02± 1.53)%.

For the branching fraction measurement, we use only
the D∗+ candidates that have a momentum greater than
2.5 GeV/c in the center-of-mass frame. This suppresses
the component arising from bb̄ events, and, hence, simpli-
fies the efficiency estimation and controls the systematic
uncertainty, which is the dominant uncertainty in this
measurement. The ∆M fit yields 4755±79D0 → K0

S
K0

S

decays and 475 439 ± 767 D0 → K0
S
π0 decays. The

selection efficiencies are (9.74 ± 0.02)% and (11.11 ±

0.02)%, respectively. Using Eq. (6), we then obtain
B(D0 → K0

SK
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0) = (1.101 ± 0.023)%.
All quoted uncertainties are statistical.
Table I lists various sources of systematic uncertainties

in ACP and B of D0 → K0
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S
. As the branching frac-

tion measurement is a relative measurement, most of the
systematic uncertainties common between the signal and
normalization channel cancel. The uncertainties on the
probability distribution function (PDF) parametrization
are estimated by varying each fixed shape parameter by
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CF decay (+ DCSD inference)  
Important for normalization model in  D0 → K0

s K0
s , D0 → π0π0, D0 → γγ

Belle w/ 921 fb-1

Phys. Rev. Lett. 119, 171801 (2017)
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Fig. 1: Unbinned maximum likelihood 2D fit which is performed with (a)M(KS⇡0) and
(b)�M(M(KS⇡0⇡+) - M(KS⇡0)). To fit the signal component, sum of two gaussian and bifur-
cated gaussian functions is used for M(KS⇡0), whereas sum of gaussian and bifurcated gaussian
functions is used for �M distribution.
Exponential and threshold functions are used to fit a combinatorial background component in
M(KS⇡0) and �M, respectively.
Peaking(in M(KS⇡0)) background which is due to the combination of real D0 candidates and fake
soft pion(⇡s) candidates is fitted by using sum of two gaussian and bifurcated gaussian functions
in M(KS⇡0) whereas this background contribution is fitted with threshold function in �M.
The signal, combinatorial background and random ⇡s background are shown with red dashed,
green dotted and purple dashed lines, respectively.
Observed yield for D⇤+ ! D0⇡+

s , D
0 ! KS⇡0 with Belle II data corresponding to an integrated

luminosity 34.6 fb�1 is 16800 ± 150, where uncertainty is only statistical. Details about this study
are reported in the internal document BELLE2-NOTE-PH-2020-037.

2

BELLE2-NOTE-PH-2020-037

only qualitative comparison due to different selections

Belle II w/ 34.6 fb-1

Ongoing time-integrated measurement at Belle II (1) 

⤳ rediscoveries of D* tagged D0 decays 

D0 → K0
s π02

 Belle II so far..  
Re-discovery with very good reconstruction performance 
Resolution, background, yield/luminosity are comparable with Belle* 

https://docs.belle2.org/record/1956/files/BELLE2-NOTE-PH-2020-037.pdf
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FIG. 1: �M peak for the decayD⇤+ !D0 (⇡+⇡�⇡0) ⇡+

s in 72 fb�1 of early Belle II data. The yield
fit and its signal (double Gaussian) and background (threshold function) components are overlaid.
�2/d.o.f. = 1.27, and the raw yield estimate is Nsig,fit/ fb

�1 = 326.5 ± 4.2. Estimating the e↵ect
from the peaking background using MC, the final yield is estimated to be Nsig/ fb

�1 = 305± 15.

2

BELLE2-NOTE-PH-2020-047

Belle II w/ 72 fb-1

Ongoing time-integrated measurement at Belle II (1) 

⤳ rediscoveries of D* tagged D0 decays 

3 D0 → π+π−π0  SCS decay with a possible admixture from a penguin amplitude 
The interference of these amplitudes  ⤳ CP violation 

 Aim to perform a time-averaged Dalitz analysis with full data 
 CPV hints ⤳ asymmetry in events distribution over the Dalitz plot

 Belle II so far..  
Re-discovery w/ very good 
reconstruction performance

'DOLW]�SORW
�0&���

DOUHDG\�
DSSURYH

G

https://docs.belle2.org/record/1968/files/BELLE2-NOTE-PH-2020-047.pdf
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1. PLOTS FOR APPROVAL:1
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FIG. 1: MD+
s
fit in the decay mode D+

s ! �[K+K�
]⇡+

. For above plot we have used the

data collected by Belle II during 2019 (proc11, exp7,8,10). The data corresponds to an

integrated luminosity of 8.8 fb
�1
. We performed an unbinned extended maximum

likelihood fit. Sum of two symmetric gaussian are used for signal fit and a 2nd order

chebychev polynomial is used for background fit. From the fit we get Nsig/fb�1
= 507± 12 .
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FIG. 3: MD+
s
fit in the decay mode D+

s ! K0
S[⇡

+⇡�
]K+

. For above plot we have used the

data collected by Belle II during 2019 (proc11, exp7,8,10). The data corresponds to an

integrated luminosity of 8.8 fb
�1
. We performed an unbinned extended maximum

likelihood fit. Sum of two symmetric gaussian are used for signal fit and a 2nd order

chebychev polynomial is used for background fit. From the fit we get Nsig/fb�1
= 347± 14 .
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FIG. 2: MD+
s
fit in the decay mode D+

s ! K
⇤0
[K�⇡+

]K+
. For above plot we have used

the data collected by Belle II during 2019 (proc11, exp7,8,10). The data corresponds to an

integrated luminosity of 8.8 fb
�1
. We performed an unbinned extended maximum

likelihood fit. Sum of two symmetric gaussian are used for signal fit and a 2nd order

chebychev polynomial is used for background fit. From the fit we get Nsig/fb�1
= 452± 21 .
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12

Ds → ϕπ+1

3 Ds → KsK+2 Ds → K*0K+

 Ds decays ( )  
..are re-discovered  
 Used for normalization in most analysis studying Ds  

 Other Ds channels are also under study

ϕπ+, KsK+, K*0K+

Ongoing time-integrated measurement at Belle II (2) 
⤳ rediscoveries of D* tagged Ds decays 

BELLE2-NOTE-PH-2020-049

Belle II w/ 8.8 fb-1

Contents

1. Plot for approval 2

References 4

1. PLOT FOR APPROVAL
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FIG. 1: This figure shows the unbinned maximum likelihood fit performed on the invariant mass
distribution of ⇤+

c ! pK�⇡+ in 8.8 fb�1 of phase3 data.

The fitting function used to describe the signal consists of the sum of two Gaussians,
whereas for the background the function chosen is a first order Chebyshev polynomial.
Fig. 1 shows the fit of the invariant mass performed on the data sample collected during
2019. Several quantities of interest are listed in Table I.Reported yields and purity are
calculated in a signal region of ±10 MeV (⇠ 3�) around the mean value. Mass peak value
is in perfect agreement with the PDG [1] current reported value. The average resolution
(denoted as < � >) is calculated as:

< � > =
q
ng1 · �2

g1 + (1� ng1) · �2
g2 (1)

2

Λ+
c → pK−π+

Also charm baryons

BELLE2-NOTE-PH-2020-020

https://docs.belle2.org/record/1970/files/Belle2-note-ph-2020-049%20v1_1.pdf
https://docs.belle2.org/record/1925/files/BELLE2-NOTE-PH-2020-020.pdf
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Decay time resolution study with Belle II data
 D0 decays proper time
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Figure 4: Fit to the proper-time distributions of D⇤
-tagged D0 ! K�⇡+⇡+⇡�

candidates

reconstructed with 2019 Belle II data. The extracted lifetime in this channel is (410.2±
4.1) fs, the estimated average proper time resolution is (82± 9) fs).
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Figure 3: Fit to the proper-time distributions of D⇤
-tagged D0 ! K�⇡+⇡0

candidates

reconstructed with 2019 Belle II data. The extracted lifetime in this channel is (413.3±
2.9) fs, the estimated average proper time resolution is (128± 9) fs.
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Figure 2: Fit to the proper-time distributions of D⇤
-tagged D0 ! K�⇡+

candidates

reconstructed with 2019 Belle II data. The extracted lifetime in this channel is (412.4±
3.4) fs, the estimated average proper time resolution is (97± 8) fs.

2

We reconstruct D0 ! K�⇡+
, D0 ! K�⇡+⇡0

and D0 ! K�⇡+⇡+⇡�
candidates

from D⇤+ ! D0⇡+
s decays in data collected by Belle II in 2019, and corresponding to a

luminosity of 9.6 fb
1
of integrated luminosity. We extract the D0

lifetime in each of the

three signal channels with an unbinned maximum likelihood 2D fit to the proper time and

proper time uncertainty distribution. The average lifetime is ⌧D0 = (412.3 ± 2.0) fs, in

agreement with the world-average value of (410.1± 1.5) fs. A summary plot is shown in

Figure 1. The proper-time projections of the three fits are shown in Figures 2, 3 and 4. The

average decay-time resolution is estimated to be (97± 8) fs for the D0 ! K�⇡+
channel,

(128 ± 9) fs for the D0 ! K�⇡+⇡0
channel and (82 ± 9) fs) for the D0 ! K�⇡+⇡+⇡�

channel.

+π−K 0π+π−K +π−π+π−K
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e 

[f
s]

Measurements (stat. only)
 2.0) fs± = (412.3 τAverage 

 1.5) fs± = (410.1 τWorld average 

 (preliminary)Belle II
1− = 9.6 fbL dt ∫

Figure 1: Comparison of the extracted lifetime in the three signal channels, compared to

the world average. The average of the three extracted lifetimes is (412.3± 2.0) fs.

1

14

D0 → K−π+π0 D0 → K−π+

2019 Belle II data : Lint ~ 9.6 fb−1 
D* tagged D0 decay channels; 
Proper time distribution fit 

w/ unbinned maximum likelihood 2D fit  
using per-candidate proper time errors 

The average lifetime is τD0 = (412.3 ± 2.0) fs is 
compatible with the world-average = (410.1 ± 1.5) fs.

D0 → K−π+π-π+

BELLE2-NOTE-PH-2020-033

https://docs.belle2.org/record/1950/files/BELLE2-NOTE-PH-2020-033.pdf


Charm status and prospects at Belle II: Jitendra Kumar CHARM 2020 04 June 2021 15

1. Decay time resolution    
     ⤳Belle II vs others

 x2 better than Belle and BABAR
resolution improvement visible at t < 0  
thanks to a better- performing vertex 
detector

 improved precision on mixing and CPV observables 
• Toy MC to estimate the impact on   

 analysis (almost systematically free): 

2. Impact on 
     ⤳ time-dependent measurements 

D0 → K−π+

(WS) D0 → K−π+

Parameter Current 
HFLAV

Belle  
Scaled 50/ab 

Belle II  
Toy MC 50ab-1 

δx′2  - 0.009 -

δx′ (%)  - 0.45‣ 0.13

δy′ (%) - 0.16 0.097

δ|q/p| 0.09 - 0.043

δφ (◦) 9 - 5.4
‣measurement NOT sensitive to x’, 
the error is computed from the error on x’2

 

(Click here for details  ▶)

Reference talk by Giulia

➠

➠

➠

➠

D0 lifetime 
Study

https://indico.cern.ch/event/868940/contributions/3815673/attachments/2082136/3497387/20200730_ICHEP_B2Charm.pdf
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CPV: Time Dependent 
 BelleII status  

 .. re-discoveries of WS  decays 
.. Dalitz analysis of 

D0

D0 → Ksπ+π−

Indirect CPV  
(Mixing)

Interference of  
Mixing and Decay 

where Δm =  mass differences  
and ΔΓ = lifetimes differences

mixing parameters

ref: HFlav

https://hflav-eos.web.cern.ch/hflav-eos/charm/ICHEP20/results_mix_cpv.html
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Figure 6: Distribution of (left)m(K�⇡+⇡+⇡�
) and (right) di↵erence ofm(K�⇡+⇡+⇡�⇡+

)

andm(K�⇡+⇡+⇡�
) [�m ] for right-sign (RS)D0 ! K�⇡+⇡+⇡�

candidates reconstructed

in data collected by Belle II during 2019 and the first half of 2020, and corresponding to an

integrated luminosity of 37.8 fb
�1
. The �m distribution is only for candidates populating

the D0
-mass signal region, indicated by the vertical lines, and after the removal of the

multiple D⇤+
candidates.
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Figure 7: Distribution of (left)m(K+⇡�⇡+⇡�
) and (right) di↵erence ofm(K+⇡�⇡+⇡�⇡+

)

and m(K+⇡�⇡+⇡�
) [�m ] for wrong-sign (WS) D0 ! K+⇡�⇡+⇡�

candidates recon-

structed in data collected by Belle II during 2019 and the first half of 2020, and cor-

responding to an integrated luminosity of 37.8 fb
�1
. The �m distribution is only for

candidates populating the D0
-mass signal region, indicated by the vertical lines, and

after the removal of the multiple D⇤+
candidates.
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Figure 4: Distribution of (left) m(K�⇡+⇡0
) and (right) di↵erence of m(K�⇡+⇡0⇡+

) and

m(K�⇡+⇡0
) [�m ] for right-sign (RS) D0 ! K�⇡+⇡0

candidates reconstructed in data

collected by Belle II during 2019 and the first half of 2020, and corresponding to an

integrated luminosity of 37.8 fb
�1
. The �m distribution is only for candidates populating

the D0
-mass signal region, indicated by the vertical lines, and after the removal of the

multiple D⇤+
candidates.
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Figure 5: Distribution of (left) m(K+⇡�⇡0
) and (right) di↵erence of m(K+⇡�⇡0⇡+

) and

m(K+⇡�⇡0
) [�m ] for wrong-sign (WS) D0 ! K+⇡�⇡0

candidates reconstructed in data

collected by Belle II during 2019 and the first half of 2020, and corresponding to an

integrated luminosity of 37.8 fb
�1
. The �m distribution is only for candidates populating

the D0
-mass signal region, indicated by the vertical lines, and after the removal of the

multiple D⇤+
candidates.
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Figure 2: Distribution of (left) m(K�⇡+
) and (right) di↵erence of m(K�⇡+⇡+

) and

m(K�⇡+
) [�m ] for right-sign (RS) D0 ! K�⇡+

candidates reconstructed in data col-

lected by Belle II during 2019 and the first half of 2020, and corresponding to an integrated

luminosity of 37.8 fb
�1
. The �m distribution is only for candidates populating the D0

-

mass signal region, indicated by the vertical lines, and after the removal of the multiple

D⇤+
candidates.

1.8 1.82 1.84 1.86 1.88 1.9 1.92 1.94
]2c) [GeV/−π+K(m

0
200
400
600
800

1000
1200
1400
1600
1800
2000

2 c
Ca

nd
id

at
es

 p
er

 1
.5

 M
eV

/

 preliminaryBelle II
1− = 37.8 fb L dt∫ 

+π)−π+K→(0D→*+D

0.14 0.142 0.144 0.146 0.148 0.15 0.152 0.154 0.156 0.158
]2c [GeV/mΔ

0
20
40
60
80

100
120
140
160
180
200
220

2 c
C

an
di

da
te

s p
er

 0
.1

 M
eV

/

 preliminaryBelle II
1− = 37.8 fb L dt∫ 

+π)−π+K→(0D→*+D
 34± = 544 N

Data
Fit
Background

Figure 3: Distribution of (left) m(K+⇡�
) and (right) di↵erence of m(K+⇡�⇡+

) and

m(K+⇡�
) [�m ] for wrong-sign (WS) D0 ! K+⇡�

candidates reconstructed in data

collected by Belle II during 2019 and the first half of 2020, and corresponding to an in-

tegrated luminosity of 37.8 fb
�1
. The �m distribution is only for candidates populating

the D0
-mass signal region, indicated by the vertical lines, and after the removal of the

multiple D⇤+
candidates.

2

re-discoveries of D* tagged WS D0 
decay channels

WS: D0 → K+π-π0 

WS: D0 → K+π-π+π-

WS: D0 Decay
WS decay directly via a DCS decay, and  indirectly via 
mixing followed by a CF decay 
 Measurement of RD, x’2 and y’ 
 Small phase (𝜙) gives direct access to |q/p| 

Belle II status 
w/ 37.8 fb-1

WS: D0 → K+π-

BELLE2-NOTE-PH-2020-032

https://docs.belle2.org/record/1949/files/BELLE2-NOTE-PH-2020-032.pdf
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Figure 1: Measured ratios (with statistical-only uncertainties) of wrong-sign (WS) to

right-sign (RS) decay yields using data collected by Belle II during 2019 and the first half

of 2020, and corresponding to an integrated luminosity of 37.8 fb
�1
, in comparison with

the corresponding world-average ratios of branching fractions from the PDG. For each

decay mode, the wrong-sign (WS) and right-sign (RS) e�ciencies are assumed to be the

same.

1

WS/RS ratio
PDF from RS is use it to fit the WS distributions. Then ratio of yields is extracted

Belle: Phys.Rev.Lett. 96 151801,2006 
BaBar: Phys. Rev. Lett. 98 (2007) 211802 
LHCb: Phys. Rev. Lett. 110 (2013) 101802

Other experiments

WS: D0 Decay

BELLE2-NOTE-PH-2020-032

Belle II status 
w/ 37.8 fb-1

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.96.151801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.98.211802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.110.101802
https://docs.belle2.org/record/1949/files/BELLE2-NOTE-PH-2020-032.pdf
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We reconstruct D⇤+ ! D0(! K0
S⇡

+⇡�)⇡+ decays in data collected by Belle II in 2019,2

and corresponding to 9.6 fb�1 of integrated luminosity. A fit to the 2D distribution of3

M(D0) and Q = M(D⇤+)�M(D0)�m⇡+ , displayed in Figure 1, gives a yield per fb�1
4

of 1230 ± 15 (stat.). The purity (98.3%) in the signal region is higher than at Belle5

(95.5%) because of the improved Q resolution. In addition, a fit to the D0 decay-time6

distribution, shown in Figure 2, returns a lifetime of 408± 5 (stat.) fs, in agreement with7

the world-average value (410.1 ± 1.5 fs). The average decay-time resolution is estimated8

to be approximately 145 fs, a factor of about two better than Belle. The Dalitz-plot9

distributions of the data are also displayed in Figure 3, where m2
+ indicates M2(K0

S⇡
+)10

for D0 decays and M2(K0
S⇡

�) for D0 decays, while m2
� indicates M2(K0

S⇡
�) for D0 decays11

and M2(K0
S⇡

+) for D0 decays. Besides, m2
⇡⇡ is an abbreviation for M2(⇡+⇡�), while ✓⇡⇡12

is the helicity angle, indicating the angle between ⇡�(⇡+) and K0
S momenta in ⇡+⇡�-rest13

frame in D0 (D0) decays.14
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Figure 1: Distributions of (left) M(D0) and (right) Q = M(D⇤+) � M(D0) � m⇡+ for
D0 ! K0

S⇡
+⇡� data candidates populating the Q and M(D0) signal regions, respectively,

with fit projection overlaid.

1

Contents

1 Plots for approval 1

1 Plots for approval1

We reconstruct D⇤+ ! D0(! K0
S⇡

+⇡�)⇡+ decays in data collected by Belle II in 2019,2

and corresponding to 9.6 fb�1 of integrated luminosity. A fit to the 2D distribution of3

M(D0) and Q = M(D⇤+)�M(D0)�m⇡+ , displayed in Figure 1, gives a yield per fb�1
4

of 1230 ± 15 (stat.). The purity (98.3%) in the signal region is higher than at Belle5

(95.5%) because of the improved Q resolution. In addition, a fit to the D0 decay-time6

distribution, shown in Figure 2, returns a lifetime of 408± 5 (stat.) fs, in agreement with7

the world-average value (410.1 ± 1.5 fs). The average decay-time resolution is estimated8

to be approximately 145 fs, a factor of about two better than Belle. The Dalitz-plot9

distributions of the data are also displayed in Figure 3, where m2
+ indicates M2(K0

S⇡
+)10

for D0 decays and M2(K0
S⇡

�) for D0 decays, while m2
� indicates M2(K0

S⇡
�) for D0 decays11

and M2(K0
S⇡

+) for D0 decays. Besides, m2
⇡⇡ is an abbreviation for M2(⇡+⇡�), while ✓⇡⇡12

is the helicity angle, indicating the angle between ⇡�(⇡+) and K0
S momenta in ⇡+⇡�-rest13

frame in D0 (D0) decays.14
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Figure 1: Distributions of (left) M(D0) and (right) Q = M(D⇤+) � M(D0) � m⇡+ for
D0 ! K0

S⇡
+⇡� data candidates populating the Q and M(D0) signal regions, respectively,

with fit projection overlaid.

1

Time-dependent fit to the Dalitz amplitudes    
 assuming a Dalitz model, extracting amplitudes and phases from data  

→ source of irreducible systematics

Dalitz analysis D0 → Ksπ+π−

One of the golden channel D0 → Ks𝜋+𝜋— 

Provide most precise mixing parameter 
To avoid systematic limitation:  

either reduce model limitation OR strong phase measurement (at BESIII)

Belle II status 
w/ 9.6 fb-1

X2 better Q resolution w.r.t Belle

BELLE2-NOTE-PH-2020-031

https://docs.belle2.org/record/1948/files/BELLE2_NOTE_PH_2020_031_v2.pdf
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Figure 2: Phase-space-integrated decay-time distribution of D0 ! K0
S⇡

+⇡� data candi-
dates populating theM(D0)-Q signal region, with fit projection overlaid. TheD0 e↵ective
lifetime ⌧eff is measured to be 408 ± 5 fs, where the uncertainty is statistical only. Here
the e↵ective lifetime means the lifetime obtained when approximating the D0 ! K0

S⇡
+⇡�

decay rate to be a simple exponential function, i.e., without properly accounting for
the e↵ects due to D0–D0 mixing. The average decay-time resolution is estimated to be
approximately 145 fs, a factor of about two better than Belle.
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Figure 3: Dalitz-plot distributions for D0 ! K0
S⇡

+⇡� data candidates populating the
M(D0)-Q signal region: (a) m2

+ vs m2
�, (b) m

2
� vs m2

⇡⇡ and (c) cos(✓⇡⇡) vs m2
⇡⇡.

3

 Nice Dalitz plots with visible resonances  

Goal: Sensitivity study for mixing and CPV parameters measurements via Dalitz analysis

Proper time resolution  
Comparable to the ones observed in lifetime analysis  
Also compatible with expected WA  (410.1 ± 1.5) fs

Belle II status 
w/ 9.6 fb-1

Dalitz analysis D0 → Ksπ+π−

BELLE2-NOTE-PH-2020-031

https://docs.belle2.org/record/1948/files/BELLE2_NOTE_PH_2020_031_v2.pdf
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Summary
SuperKEKB and Belle II provides an excellent platform for charm measurements 

Integrated luminosity so far (June 04, 2021)  Lint  ~176 fb-1   
Highest instantaneous luminosity ~2.9 × 1034 cm–2s–1  

➡ SuperKEKB design luminosity: 6.5 × 1035 cm–2s–1  

➡ New world record archived in June 2020 🥇

D0 decay time resolution is x2 better than that of Belle/Babar (upgraded VXD)

..with full 50ab-1 
Better precision on CPV observables (x and y variables ≤ 0.1%)

A good start with many rediscoveries and more exciting results to come soon with 
larger luminosity in coming years.
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Figure 5. The M
2
miss(DtagKfragXfrag�µ) distribution of exclusively reconstructed D

+
s ! µ

+
⌫µ

decays within the inclusive D+
s sample superimposed fit results (solid blue line). The solid green line

shows the contribution of signal, the red dashed line the contribution of combinatorial background,
while the contributions of D+

s ! ⌧
+
⌫⌧ and D

+
s ! K

0
K

+ or ⌘⇡
+ decays are indicated by the full

blue and dark gray histograms, respectively.

Mmiss(DtagKfragXfrag�) < 1.95 GeV/c2 sideband region. Free parameters of the fits are the
yield parameters of all but two spectral components; the D

+
s ! ⌘⇡

+ and D
+
s ! K

0
K

+

yields are constrained to the expected values based on their measured branching fractions
and MC-determined efficiencies.

The distribution of Mmiss(DtagKfragXfrag�µ) with superimposed fit is shown in figure
5. The number of reconstructed D

+
s ! µ

+
⌫µ decays is

N(D+
s ! µ

+
⌫µ) = 492± 26, (5.5)

where the error is statistical only.

5.5 D+
s ! ⌧+⌫⌧

The reconstruction of D+
s ! ⌧

+
⌫⌧ requires one charged track in the rest of the event that is

identified as an electron, muon or a pion (denoted as D+
s ! ⌧

+(X+)⌫⌧ where X
+ = e

+
, µ

+

or ⇡
+) indicating the subsequent decay of the ⌧

+ lepton to e
+
⌫e⌫⌧ , µ+

⌫µ⌫⌧ or ⇡+
⌫⌧ .5 Due

to the multiple neutrinos in the final state, these decays do not peak in the missing-mass-
squared distribution:

M
2
miss(DtagKfragXfrag�X) = p

2
miss(DtagKfragXfrag�X),

5The three decay modes cover almost half of all possible tau decays.

– 17 –

23

e+e− → cc → DtagXfragKD*+
s ( → D+

s γ)

1 D+
s → μ+ν

13 Charm Physics

Table 111: Belle’s D�
s ! µ�⌫̄ [934] and inclusive D0 [939] signal yields, and the yields

expected for Belle II. The latter are obtained by either scaling the Belle results or from

MC simulation studies.

Mode Belle Belle II

(0.91, 0.92 ab�1) (50 ab�1)

D�
s ! µ�⌫̄ 492 ± 26 27000

D� ! µ�⌫̄ � 1250

inclusive D0 ! anything (695 ± 2) ⇥ 103 38 ⇥ 106

Semileptonic decays D ! h`+⌫. Both Belle and BaBar have measured semileptonic D

decays. An early Belle analysis used 280 fb�1 of data to reconstruct 126 ± 12 (106 ± 12)

⇡e⌫ (⇡µ⌫) decays with an average purity of S/(S + B) = 79% [940]. A more e�cient BaBar

analysis used 380 fb�1 of data to reconstruct 5303 ± 121 ⇡e⌫ decays, but with more back-

ground: S/(S + B) = 53% [941]. However, the systematic error on the branching fraction for

the BaBar result was in fact less than that of Belle. Scaling the BaBar result to the expected

Belle II integrated luminosity, one predicts for Belle II a very large sample of 7.0 ⇥ 105 ⇡e⌫

decays in 50 ab�1 of data.

As a feasibility study, semileptonic charm decays have been studied using the 1 ab�1 sample

of cc̄ MC. Events are reconstructed according to the reaction e+e� ! cc̄ ! D0/+
tag D⇤�X+/0

frag ,

where D⇤� ! D0
sig⇡

� (charge conjugation is assumed throughout). Finally, the D0
sig decays

to the hl⌫ final state, where h = K, ⇡ and l = e, µ. The Dtag can be either a D0 or D+

reconstructed in several decay modes. The number and charge of fragmentation particles

depends on the charge of the Dtag. A preliminary list of tag and fragmentation modes to be

implemented is given in Table 112.

Table 112: List of tag modes and Xfrag used for analysis of D0 semileptonic decays at Belle II.

Tag side: D0 D+

Final

state:

K�⇡+

K�⇡+⇡0

K�⇡+⇡+⇡�

K�⇡+⇡+⇡�⇡0

K0
S ⇡+⇡�

K0
S ⇡+⇡�⇡0

K�⇡+⇡+

K�⇡+⇡+⇡0

K0
S ⇡+

K0
S ⇡+⇡0

K0
S ⇡+⇡+⇡�

K+K�⇡+

Xfrag :

⇡+

⇡+⇡0

⇡+⇡+⇡�

none

⇡0

⇡+⇡�

⇡+⇡�⇡0

The details of the missing neutrino are determined using the recoil reconstruction method,

as described above for leptonic D+ ! `+⌫ decays. For semileptonic decays at Belle II, the

reconstruction proceeds in two steps. First, the signal D⇤ is reconstructed using the recoil

387/688

Extrapolations from Belle Measurements

 Provides useful insights in; 
 inclusive branching fraction measurement  
(semi-)leptonic study  
 rare/forbidden decays search 

Belle
10.1007/JHEP09(2013)139

�Belle II =
q
(�2

stat + �2
syst) · (LBelle/50 ab�1) + �2

irred

stat. error ~1/3 of the theory error (unc for 50ab-) ⇐
competitive with CLEOc and BESIII (Belle sim for 50ab-) ⇐

10.1103/PhysRevD.95.011102

D0 → νν2

Full  charm event reconstruction
e+e− → cc → DtagXfragDsig

Belle

https://link.springer.com/article/10.1007/JHEP09(2013)139
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.011102
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Λ+
c → pK−π+
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FIG. 1: This figure shows the unbinned maximum likelihood fit performed on the invariant mass
distribution of ⇤+

c ! pK�⇡+ in 8.8 fb�1 of phase3 data.

The fitting function used to describe the signal consists of the sum of two Gaussians,
whereas for the background the function chosen is a first order Chebyshev polynomial.
Fig. 1 shows the fit of the invariant mass performed on the data sample collected during
2019. Several quantities of interest are listed in Table I.Reported yields and purity are
calculated in a signal region of ±10 MeV (⇠ 3�) around the mean value. Mass peak value
is in perfect agreement with the PDG [1] current reported value. The average resolution
(denoted as < � >) is calculated as:

< � > =
q
ng1 · �2

g1 + (1� ng1) · �2
g2 (1)

2

where �g1 and �g2 are the the widths of the two gaussians evaluated in the fit and ng1 is the
fraction of events under the first gaussian with the total function being normalized to one.
Details about this study is reported in internal document BELLE2-NOTE-PH-2020-020.

data (Proc11)

Peak position [MeV/c2] 2286.4 ± 0.1

< � > [MeV/c2] 4.287 ± 0.759

�2/ndf 1.09

Signal yields per 1/fb 984 ± 6

Purity 0.508 ± 0.002

TABLE I: Comparison of signal-peak parameters, goodness of fit, signal yields / fb �1 and purity
(quoted uncertainities are statistical only).

3

BELLE2-NOTE-PH-2020-020

Belle II w/ 8.8 fb-1

Ongoing time-integrated measurement at Belle II (3) 
⤳ rediscoveries of charm baryons

https://docs.belle2.org/record/1925/files/BELLE2-NOTE-PH-2020-020.pdf
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FIG. 10: Invariant mass of reconstructed ⌘ ! 3⇡0 candidates, from EFF50 (top left) to EFF10
(bottom) with proc11 exp7+8. They are fitted with crystalball + pol2 functions. Only data is
picked up from Fig. 18.
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FIG. 9: Invariant mass of reconstructed ⇡0 ! �� candidate, from EFF50 (top left) to EFF10
(bottom) with proc11 exp7+8. They are fitted with crystalball + pol1 functions. Only data is
picked up from Fig. 17.
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FIG. 9: Invariant mass of reconstructed ⇡0 ! �� candidate, from EFF50 (top left) to EFF10
(bottom) with proc11 exp7+8. They are fitted with crystalball + pol1 functions. Only data is
picked up from Fig. 17.
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FIG. 10: Invariant mass of reconstructed ⌘ ! 3⇡0 candidates, from EFF50 (top left) to EFF10
(bottom) with proc11 exp7+8. They are fitted with crystalball + pol2 functions. Only data is
picked up from Fig. 18.
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FIG. 11: Invariant mass of reconstructed ⌘ ! �� candidates, from EFF50 (top left) to EFF10
(bottom) with proc11 exp7+8. They are fitted with crystalball + pol2 functions. Only data is
picked up from Fig. 19.
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FIG. 11: Invariant mass of reconstructed ⌘ ! �� candidates, from EFF50 (top left) to EFF10
(bottom) with proc11 exp7+8. They are fitted with crystalball + pol2 functions. Only data is
picked up from Fig. 19.
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Belle II status w/ 5.0 fb-1

https://docs.belle2.org/record/1823/files/BELLE2-NOTE-PH-2020-003.pdf
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Λ+
c → pK−π+

rediscoveries of charm baryons
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2.25 2.26 2.27 2.28 2.29 2.3 2.31 2.32

)2M (GeV/c

0

200

400

600

800

1000

1200

1400

1600

)2
Ev

en
ts

/(0
.0

01
 G

eV
/c

Data
Total fit
Signal
Background

  2019Belle II
(preliminary)

-1 L dt = 8.8 fb∫
+π - p K→ +

cΛ

]2 [GeV/c+π -p KM
3−
2−
1−
0
1
2
3

Pu
ll

FIG. 1: This figure shows the unbinned maximum likelihood fit performed on the invariant mass
distribution of ⇤+

c ! pK�⇡+ in 8.8 fb�1 of phase3 data.

The fitting function used to describe the signal consists of the sum of two Gaussians,
whereas for the background the function chosen is a first order Chebyshev polynomial.
Fig. 1 shows the fit of the invariant mass performed on the data sample collected during
2019. Several quantities of interest are listed in Table I.Reported yields and purity are
calculated in a signal region of ±10 MeV (⇠ 3�) around the mean value. Mass peak value
is in perfect agreement with the PDG [1] current reported value. The average resolution
(denoted as < � >) is calculated as:

< � > =
q
ng1 · �2

g1 + (1� ng1) · �2
g2 (1)

2

where �g1 and �g2 are the the widths of the two gaussians evaluated in the fit and ng1 is the
fraction of events under the first gaussian with the total function being normalized to one.
Details about this study is reported in internal document BELLE2-NOTE-PH-2020-020.

data (Proc11)

Peak position [MeV/c2] 2286.4 ± 0.1

< � > [MeV/c2] 4.287 ± 0.759

�2/ndf 1.09

Signal yields per 1/fb 984 ± 6

Purity 0.508 ± 0.002

TABLE I: Comparison of signal-peak parameters, goodness of fit, signal yields / fb �1 and purity
(quoted uncertainities are statistical only).

3

BELLE2-NOTE-PH-2020-020

Belle II w/ 8.8 fb-1

https://docs.belle2.org/record/1925/files/BELLE2-NOTE-PH-2020-020.pdf


Vertex Detector  
2 Layers PXD DEPFET and 4 Layers DSSD

see more at Belle2 TDR: arXiv: 1011.0352

PXD 
● Very thin (50 μm) pixel sensor 
● Inner most layer very close to IP (r = 1.4 cm) 
● Very low material budget 
● Excellent spatial granularity (σ ≤15 μm)

SVD 
● Excellent timing resolution (σ ~ 2-3 ns) 
● Low material budget 
● Larger outer radius (6.05 cm → 14 cm) 
● Inner radius: 3.8 cm 
● covers the full Belle II angular acceptance of 17-150 degree

Installation is set for phase III stage of belle2 program 
Key player for D-mixing sensitivity measurements !  

Highly granular pixel sensors provide most accurate 2D position information  
Reconstruction of primary and secondary vertices of short-lived particles (<100 μm from IP)

VXD

Go back



A factor 2 improvement with respect to Belle

see more at Belle2 TDR: arXiv: 1011.0352

A factor 2 improvement with respect to Belle

Better vertex resolution  ~ 40 μm

Vertex Detector  
2 Layers PXD DEPFET and 4 Layers DSSD

VXD
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Scaling doesn’t include x2 improvement in proper time!

13 Charm Physics

Table 119: Expected precision for mixing parameters x, y, and CP -violating parameters

|q/p|, � from D0 ! K0
S⇡+⇡� decays.

Data stat. syst. Total stat. syst. Total

red. irred. red. irred.

�x (10�2) �y (10�2)

976 fb�1 0.19 0.06 0.11 0.20 0.15 0.06 0.04 0.16

5 ab�1 0.08 0.03 0.11 0.14 0.06 0.03 0.04 0.08

50 ab�1 0.03 0.01 0.11 0.11 0.02 0.01 0.04 0.05

|q/p| (10�2) � (�)

976 fb�1 15.5 5.2-5.6 7.0-6.7 17.8 10.7 4.4-4.5 3.8-3.7 12.2

5 ab�1 6.9 2.3-2.5 7.0-6.7 9.9-10.1 4.7 1.9-2.0 3.8-3.7 6.3-6.4

50 ab�1 2.2 0.7-0.8 7.0-6.7 7.0-7.4 1.5 0.6 3.8-3.7 4.0-4.2

Experimentally, SCS D0 ! K0
S
K±⇡⌥ decays should have greater purity than DCS D0 !

K+⇡� decays due to the larger branching fraction. These SCS decays have been studied by

both CLEO [995] and LHCb [996]. An MC study [997] indicates that the precision obtainable

for y should be similar to that obtained for y0 using D0 ! K+⇡� decays.

13.6. CP asymmetries of D ! PP 0 decays

13.6.1. Theory. Authors: M. Jung, U. Nierste, S. Schacht

CP asymmetries in non-leptonic D decays have long been considered a quasi-null test of

the Standard Model (SM), since they vanish for Cabibbo-allowed and doubly-suppressed

modes, and are very small for singly-suppressed decays;42 the latter is mainly due to the

fact that they are strongly CKM-suppressed by the factor Im[(V ⇤

cbVub)/(V ⇤
csVus)] ⇠ 10�3.

However, recent experimental progress – see Table 120 – changed this situation: several

measurements achieved sensitivity down to the SM level, such that a potential significant

measurement cannot easily be considered NP anymore, apart from exceptional channels like

D+ ! ⇡+⇡0 [998, 999]. The main challenge at this level is therefore the distinction between

NP and the SM, taking into account finite contributions from the SM; this has been a main

focus in recent theory analyses, see, e.g., Refs. [968, 974, 1000–1022].

Determining the SM contributions precisely turns out to be extremely di�cult. The reason

is that there is so far no reliable method to determine the corresponding hadronic matrix

elements (ME’s), related to the fact that the charm quark is neither very heavy nor light

compared to a typical QCD scale ⇤QCD ⇠ 300 � 500 MeV. This is in contrast to the situation

in B or K decays. So far there are also no lattice calculations available for the relevant three-

body ME’s, see, however, Ref. [189] for recent progress in that direction. Direct calculation

can be avoided when employing symmetry methods, specifically the SU(3)F and isospin

flavour symmetries. Instead of calculating the ME’s in question, symmetries relate them and

thereby allow one to determine them from data. The main concern in such analyses becomes

42 We do not consider CP -violation in the kaon system, which a↵ects decays that produce K0 or
K0.

415/688

Extrapolations from Belle Measurements

�Belle II =
q
(�2

stat + �2
syst) · (LBelle/50 ab�1) + �2

irred

^Phys. Rev. D 89, 091103 (2014)

^

^

Dalitz analysis D0 → Ksπ+π−

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.091103

