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• If new physics (NP) exists it should violate CP symmetry 

• Up-type quark: unique probe of NP 
in the flavor sector, complementary to  
studies in K and B systems 

• Small CP asymmetries expected (0.1%÷1%) 
• CKM/GIM suppression 
• Large uncertainties due to low-energy strong interaction effects 

[Phys.Lett. B222 (1989) 501-506] 

• CP violation (CPV) in charm decays has not yet been observed 

• Why at LHCb?        Huge cc ̅production cross-section:  
                                𝝈( pp → cc ̅X )√s̅ = 13 TeV ≅ 2.4 mb

Why study charm physics?

�2

[JHEP 03 (2016) 159]

http://inspirehep.net/record/277142
http://inspirehep.net/record/1396331?ln=it


Serena Maccolini Lake Louise WI - Feb. 12th, 2019LHCb results on Mixing and CP violation in Charm

• Mass eigenstates are not the flavor eigenstates: 

• This causes D ↔ D̅ transitions described by 

K0-K̄0 
x = -0.95 
y = 0.99

Bs0-Bs0 
x = 26.1 
y = 0.15

D0-D0 
x = 0.01 
y = 0.01

Mixing of neutral D mesons

�3

|D1,2i = p
��D0

↵
± q

��D̄0
↵

<latexit sha1_base64="u31QYkM2HcMkjnXPPJeT+k7xbF8="></latexit>

Tiny mixing in charm!

e−Γt
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Measurement of  
the charm-mixing parameter yCP

• Compare decay widths of D0  
decaying to CP-eigenstates (𝚪CP)  
and to CP-mixed states (𝚪): 

• Use K+K- and π+π- (CP-even)  
and K-π+ (CP-mixed) states 

• yCP differs from 0 because of mixing 

• if CP symmetry is violated yCP differs from y

�4

yCP =
ΓCP

Γ
− 1 = ΔΓτ

ΔΓ = ΓCP − Γ

-4 -3 -2 -1 0 1 2 3 4 5

yCP (%)

World average  0.835 ± 0.155 %

BESIII 2015 -2.000 ± 1.300 ± 0.700 %

BaBar 2012  0.720 ± 0.180 ± 0.124 %

Belle 2012  1.110 ± 0.220 ± 0.110 %

LHCb 2012  0.550 ± 0.630 ± 0.410 %

Belle 2009  0.110 ± 0.610 ± 0.520 %

CLEO 2002 -1.200 ± 2.500 ± 1.400 %

FOCUS 2000  3.420 ± 1.390 ± 0.740 %

E791 1999  0.732 ± 2.890 ± 1.030 %

 HFLAV 
 Summer 2016 
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Strategy and results

• Use D0 from semi-leptonic 
B decays (Run-1 data) 

• Determine the K+K-, π+π- 
and K+π- signal yields in 
bins of D0 decay time 

• Fit the acceptance-
corrected ratio of 
K+K-/K+π- and π+π-/K+π- 

to measure yCP

�5

• Results are consistent between 
modes, and combined give:
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Figure 3: Acceptance-corrected signal-yield ratio of (top) D0
! K+K� over D0

! K�⇡+ decays
and (bottom) D0

! ⇡+⇡� over D0
! K�⇡+ decays as a function of D0 decay time, with fit

projection overlaid.

by the knowledge of the correction for the ratio of decay-time acceptances, which is
limited by the finite size of the simulated samples. This yields systematic uncertainties
of 0.0026 ps�1 (0.0037 ps�1) on �� and 0.11% (0.15%) on yCP , which are uncorrelated
between theD0

! K+K� andD0
! ⇡+⇡� measurements. Other systematic uncertainties,

contributing less, are associated with the assumed decay model and composition of the
simulated samples of semileptonic B decays (0.0006 ps�1 on ��, 0.02% on yCP ), possible
biases introduced by the fit method as determined in large ensembles of pseudoexperiments
(0.0004 ps�1 on ��, 0.02% on yCP ), and the neglected 0.12 ps decay-time resolution
(0.0003 ps�1 on ��, 0.01% on yCP ). These systematic uncertainties are fully correlated
between the measurements with D0

! K+K� and D0
! ⇡+⇡� decays. Asymmetric

production of D0 and D0 mesons from semileptonic B� and B0 decays produce biases
on yCP that are smaller than 10�5. Uncertainties on the measured decay-length arising
from relative misalignments of subdetectors and the uncertainty of the input value of
�, 2.4384 ± 0.0089 ps�1 [1], which is used to determine yCP from ��, have negligible
contributions. Finally, consistency checks based on repeating the yCP measurement on
independent subsamples chosen according to data-taking periods, trigger-selection criteria
and interaction-point multiplicity all yield compatible results within statistical fluctuations.

In summary, the charm mixing-parameter yCP is measured using D0
! K+K�,

D0
! ⇡+⇡� and D0

! K�⇡+ decays originating from semileptonic B� and B0 decays
produced in pp collision data collected with the LHCb experiment at center-of-mass
energies of 7 and 8TeV, and corresponding to an integrated luminosity of 3 fb�1. The
results from D0

! K+K�, yCP = (0.63 ± 0.15 (stat) ± 0.11 (syst))%, and D0
! ⇡+⇡�

decays, yCP = (0.38± 0.28 (stat)± 0.15 (syst))%, are consistent with each other and with
determinations from other experiments [2]. The value of yCP measured in the D0

! K+K�

mode is the most precise to date from a single experiment. The two measurements are
combined and yield yCP = (0.57 ± 0.13 (stat) ± 0.09 (syst))%, which is consistent with
and as precise as the current world average value, (0.84± 0.16)% [2]. The result is also
consistent with the known value of the mixing parameter y, (0.62± 0.07)% [2], showing
no evidence for CP violation in D0–D0 mixing. As larger data samples are accumulated
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Figure 3: Acceptance-corrected signal-yield ratio of (top) D0
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! K�⇡+ decays
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! ⇡+⇡� over D0
! K�⇡+ decays as a function of D0 decay time, with fit

projection overlaid.

by the knowledge of the correction for the ratio of decay-time acceptances, which is
limited by the finite size of the simulated samples. This yields systematic uncertainties
of 0.0026 ps�1 (0.0037 ps�1) on �� and 0.11% (0.15%) on yCP , which are uncorrelated
between theD0

! K+K� andD0
! ⇡+⇡� measurements. Other systematic uncertainties,

contributing less, are associated with the assumed decay model and composition of the
simulated samples of semileptonic B decays (0.0006 ps�1 on ��, 0.02% on yCP ), possible
biases introduced by the fit method as determined in large ensembles of pseudoexperiments
(0.0004 ps�1 on ��, 0.02% on yCP ), and the neglected 0.12 ps decay-time resolution
(0.0003 ps�1 on ��, 0.01% on yCP ). These systematic uncertainties are fully correlated
between the measurements with D0

! K+K� and D0
! ⇡+⇡� decays. Asymmetric

production of D0 and D0 mesons from semileptonic B� and B0 decays produce biases
on yCP that are smaller than 10�5. Uncertainties on the measured decay-length arising
from relative misalignments of subdetectors and the uncertainty of the input value of
�, 2.4384 ± 0.0089 ps�1 [1], which is used to determine yCP from ��, have negligible
contributions. Finally, consistency checks based on repeating the yCP measurement on
independent subsamples chosen according to data-taking periods, trigger-selection criteria
and interaction-point multiplicity all yield compatible results within statistical fluctuations.

In summary, the charm mixing-parameter yCP is measured using D0
! K+K�,

D0
! ⇡+⇡� and D0

! K�⇡+ decays originating from semileptonic B� and B0 decays
produced in pp collision data collected with the LHCb experiment at center-of-mass
energies of 7 and 8TeV, and corresponding to an integrated luminosity of 3 fb�1. The
results from D0

! K+K�, yCP = (0.63 ± 0.15 (stat) ± 0.11 (syst))%, and D0
! ⇡+⇡�

decays, yCP = (0.38± 0.28 (stat)± 0.15 (syst))%, are consistent with each other and with
determinations from other experiments [2]. The value of yCP measured in the D0

! K+K�

mode is the most precise to date from a single experiment. The two measurements are
combined and yield yCP = (0.57 ± 0.13 (stat) ± 0.09 (syst))%, which is consistent with
and as precise as the current world average value, (0.84± 0.16)% [2]. The result is also
consistent with the known value of the mixing parameter y, (0.62± 0.07)% [2], showing
no evidence for CP violation in D0–D0 mixing. As larger data samples are accumulated
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• Consistent and, as precise as,  
the world average 

• Consistent with world average  
value of y = (0.62 ± 0.07) %

[Phys. Rev. Lett. 122 (2019) 011802]

http://inspirehep.net/record/1698962/?ln=it
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Direct CP violation

�6

• Corresponds to 

• Most promising channels are Cabibbo-suppressed (CS) 
decays because CPV may arise from the interference 
between the tree and the penguin amplitude  
 
 

D f
2
≠ f ̅

2
D̅

ACP =
|Af |2 � |Āf̄ |2

|Af |2 + |Āf̄ |2
6= 0

<latexit sha1_base64="hSxqYmR/6pov/OaYvhj6QjUrDmk="></latexit>
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• Raw asymmetry between the observed yields: 
 
 

• Contributions other than ACP:

Experimentally…

�7

Production asymmetry Detection and 
reconstruction asymmetry

AP (D) =
�(D)� �(D̄)

�(D) + �(D̄)
<latexit sha1_base64="lW4dEgZ9afZaTYP/JKu8L1mV5gI="></latexit>

AD(f) =
✏(f)� ✏(f̄)

✏(f) + ✏(f̄)
<latexit sha1_base64="00XBXyD5+7K507LzK5ui9ZQZVwA="></latexit>

A(D ! f) = N(D!f)�N(D̄!f̄)
N(D!f)+N(D̄!f̄)

<latexit sha1_base64="ppFqS112SpciBg20lC7oavvye/c="></latexit>
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• Best measurements to date are from LHCb Run-1:  
[JHEP 06 (2013) 112] and [JHEP 1410 (2014) 025] 
 
 
 
 
 

• Today, updated results using 3.8/fb of 
Run-2 data collected during 2015-2017

CP asymmetries in the CS 
Ds+→KSπ+, D+→KSK+ and D+→φπ+ decays

�8

NEW

Easy-to-reconstruct and 
high-statistics channels!

Channel ACP (%) Dataset
D+

s ! K0
S⇡

+ +0.38± 0.46 (stat)± 0.17 (syst) (2011-2012)
D+ ! K0

SK
+ +0.03± 0.17 (stat)± 0.14 (syst) (2011-2012)

D+ ! �⇡+ �0.04± 0.14 (stat)± 0.14 (syst) (2011)
<latexit sha1_base64="6Fvce7tflQb+StdFWGVuFWpUsKg="></latexit>

              2011-2012 (3.2/fb)

2011 (1.1/fb)

https://arxiv.org/abs/1303.4906
https://arxiv.org/abs/1406.2624
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Strategy

• Correct raw asymmetries A using kinematically weighted 
samples of Cabibbo-favored D(s)+ decays (where CPV can 
be neglected) 
 
 
 
 
 
 
 
where KS→π+π- and AD(K0) = –AD(K̄0) is the detection 
asymmetry of neutral kaons, which includes mixing and 
CPV effects

�9

ACP (D
+
s ! K0

S⇡
+) = [A(D+

s ! K0
S⇡

+)�AD(K0)]�A(D+
s ! �⇡+)

ACP (D
+ ! K0

SK
+) = [A(D+ ! K0

SK
+)�AD(K̄0)]� [A(D+ ! K0

S⇡
+)�AD(K̄0)]

� [A(D+
s ! K0

SK
+)�AD(K̄0)] +A(D+

s ! �⇡+)

ACP (D
+ ! �⇡+) = A(D+ ! �⇡+)� [A(D+ ! K0

S⇡
+)�AD(K̄0)]

<latexit sha1_base64="10QdV32zWksBz1E7PFtjDh8uLSo="></latexit><latexit sha1_base64="10QdV32zWksBz1E7PFtjDh8uLSo="></latexit><latexit sha1_base64="10QdV32zWksBz1E7PFtjDh8uLSo="></latexit><latexit sha1_base64="10QdV32zWksBz1E7PFtjDh8uLSo="></latexit>

Production and detection 
asymmetries cancel out !
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Determination of raw asymmetries
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[LHCB-PAPER-2019-002] in preparation

KSπ+ KSK+ φπ+

Raw asymmetries projection:

�10

~0.6M

~30M

~5M ~6M

~53M 

~110M
LHCb preliminary LHCb preliminary LHCb preliminary

preliminary preliminarypreliminary

Ds+D+ D+ D+Ds+ Ds+

Ds+

https://cds.cern.ch/record/2654854/?ln=it
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Figure 1: Distribution of the transverse impact parameter (TIP) for background-subtracted
D+

s ! K0
S⇡

+ decays with fit projections overlaid.

azimuthal angle and pseudorapidity are used to define candidate-by-candidate weights.124

The background-subtracted candidates of the control decays are weighted to those of the125

signal using an iterative procedure. The process consists in calculating the weights in126

each one-dimensional distribution of the weighting variables and repeating the procedure127

until a good agreement is achieved between all the distributions. For the D+
s ! K0

S⇡
+

128

and D+
! �⇡+ CP asymmetries, the D+

s ! �⇡+ and D+
! K0

S⇡
+ control samples are129

weighted so that the D+
(s) meson and companion-pion kinematic distributions agree with130

their respective signal samples to cancel the D+
(s) production and companion-pion detection131

asymmetries. In the case of the ACP (D+
! K0

SK
+) measurement, the D+ kinematic132

distributions of the D+
! K0

S⇡
+ sample are weighted to those of the D+

! K0
SK

+ signal133

to cancel the D+ production asymmetry, and the K+ distributions of the D+
s ! K0

SK
+

134

decays are weighted to those of the D+
! K0

SK
+ signal to cancel the kaon detection135

asymmetry. The D+
! K0

S⇡
+ and D+

s ! K0
SK

+ control decays then introduce their own136

spurious asymmetries, which need to be corrected for using the D+
s ! �⇡+ control decay.137

Hence, the D+
s and companion-pion kinematic distributions of the D+

s ! �⇡+ sample are138

made to agree with those of the D+
s ! K0

SK
+ and D+

! K0
S⇡

+ samples, respectively, to139

cancel the D+
s production and companion-pion detection asymmetries.140

Simultaneous least-squares fits to the mass distributions of weighted D+
(s) and D�

(s)141

candidates determine the raw asymmetries for each decay mode considered. To avoid142

experimenter’s bias, the raw asymmetries of the Cabibbo-suppressed signals were shifted143

by unknown o↵sets sampled uniformly between �1% and 1%, such that the results144

remained blind until the analysis procedure was finalized. In the fits, the signal and145

control decays are modeled as the sum of a Gaussian function to describe the core of146

the peaks, and a Johnson SU distribution [40], which accounts for the asymmetric tails.147

The combinatorial background is described by the sum of two exponential functions. All148

shape parameters are determined directly from the data. In each fit, signal and control149

decays share the same shape parameters apart from a mass shift, which accounts for the150

known di↵erence between the D+
s and D+ masses [31], and a relative scale factor between151

the peak widths. The means and widths of the peaks, as well as all background shape152

parameters, are allowed to be di↵erent between D+
(s) and D�

(s) decays. The projections153

of the fits to the combined D+
(s) and D�

(s) data are shown in Fig. 2. The samples contain154
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Systematics

�11

Table 1: Summary of the systematic uncertainties (in units of 10�3) on the measured quantities.
The total is the sum in quadrature of the di↵erent sources.

Source ACP (D+
s ! K0

S⇡
+) ACP (D+

! K0
SK

+) ACP (D+
! �⇡+)

Fit model 0.39 0.44 0.24
Secondary decays 0.30 0.12 0.03
Kinematic di↵. 0.09 0.09 0.04
Neutral kaon asym. 0.05 0.05 0.04
Charged kaon asym. 0.08 0.09 0.15
Total 0.51 0.48 0.29

detector material. The asymmetries are combined following Eqs. (4)–(6) to obtain162

ACP (D+
s ! K0

S⇡
+) = (1.3± 1.9) ⇥ 10�3, ACP (D+

! K0
SK

+) = (�0.09± 0.65) ⇥ 10�3,163

ACP (D+
! �⇡+) = (0.05± 0.42)⇥ 10�3, where the uncertainties are only statistical.164

Several sources of systematic uncertainty a↵ecting the measurement are considered as165

reported in Table 1. The dominant contribution is due to the assumed shapes in the mass166

fits. This is evaluated by fitting with the default model large sets of simulated experiments167

where alternative models that describe data equally well are used in generation. For168

ACP (D+
s ! K0

S⇡
+) and ACP (D+

! K0
SK

+), the second leading contribution is due to169

the residual contamination from secondary D+
(s) decays. For ACP (D+

! �⇡+), instead,170

the second leading systematic uncertainty arises from neglected kinematic di↵erences171

between the � decay products, which result in a nonperfect cancelation of the charged-172

kaon detection asymmetry. Other subleading contributions are due to the inaccuracy173

in the equalization of the kinematic distributions between signal and control samples,174

and to the uncertainty in the neutral-kaon detection asymmetry. In addition, several175

consistency checks are performed to investigate possible unexpected biases by comparing176

results obtained in subsamples of the data defined according to the data-taking year177

and magnetic-field orientation, the per-event track multiplicity, the configurations of the178

hardware- and software-level triggers, and the D+
(s) momentum. The observed variations179

in results are consistent with statistical fluctuations. A �2 test has been performed for180

each cross-check and the corresponding p values are found to be distributed uniformly181

between 4% and 86%.182

In summary, using proton-proton collision data collected with the LHCb detector at a183

center-of-mass energy of 13TeV, and corresponding to 3.8 fb�1 of integrated luminosity,184

the following CP asymmetries are measured:185

ACP (D
+
s ! K0

S⇡
+) = ( 1.3 ± 1.9 ± 0.5 )⇥ 10�3,

ACP (D
+
! K0

SK
+) = (�0.09± 0.65± 0.48)⇥ 10�3,

ACP (D
+
! �⇡+) = ( 0.05± 0.42± 0.29)⇥ 10�3,

where the first uncertainty is statistical and the second systematic. E↵ects induced by186

CP violation in the neutral kaon system are subtracted from the measured asymmetries.187

The results represent the most precise determination of these quantities to date and are188

consistent with CP symmetry. They are in agreement with previous LHCb determinations189

based on independent data samples collected at center-of-mass energies of 7 and 8TeV [28,190

29], as well as with measurements from other experiments [22–27]. When averaged with191

6

(transverse impact parameter)

preliminary
preliminary

[LHCB-PAPER-2019-002] in preparation

LHCb preliminary

https://cds.cern.ch/record/2654854/?ln=it
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Results

• CP asymmetries: 

• When averaged with previous LHCb measurements they yield 
 

• No evidence of CPV is found
�12

Table 1: Summary of the systematic uncertainties (in units of 10�3) on the measured quantities.
The total is the sum in quadrature of the di↵erent sources.

Source ACP (D+
s ! K0

S⇡
+) ACP (D+

! K0
SK

+) ACP (D+
! �⇡+)

Fit model 0.39 0.44 0.24
Secondary decays 0.30 0.12 0.03
Kinematic di↵. 0.09 0.09 0.04
Neutral kaon asym. 0.05 0.05 0.04
Charged kaon asym. 0.08 0.09 0.15
Total 0.51 0.48 0.29

(0.05± 0.42 (stat)± 0.29 (syst)) ⇥ 10�3. The results show no evidence for CP violation162

and are dominated by the statistical precision.163

Several sources of systematic uncertainty a↵ecting the measurement are considered as164

reported in Table 1. The dominant contribution is due to the assumed shapes in the mass165

fits. This is evaluated by fitting with the default model large sets of simulated experiments166

where alternative models, describing equally well the data, are used in generation. For167

ACP (D+
s ! K0

S⇡
+) and ACP (D+

! K0
SK

+), the second leading contribution is due to168

the residual contamination from secondary D+
(s) decays. For ACP (D+

! �⇡+), instead,169

the second leading systematic uncertainty arises from neglected kinematic di↵erences170

between the � decay products, which result in a non perfect cancellation of the charged-171

kaon detection asymmetry. Other subleading contributions are due to the inaccuracy172

in the equalization of the kinematic distributions between signal and control samples,173

and to the uncertainty in the neutral-kaon detection asymmetry. In addition, several174

consistency checks are performed to investigate possible unexpected biases by comparing175

results obtained in subsamples of the data defined according to the data-taking year176

and magnetic-field orientation, the per-event track multiplicity, the configurations of the177

hardware- and software-level triggers, and the D+
(s) momentum. The observed variations178

in results are consistent with statistical fluctuations. A �2 test has been performed for179

each cross-check and the corresponding p values are found to be distributed uniformly180

between 4% and 86%.181

In summary, using proton-proton collision data collected by LHCb at a center-of-mass182

energy of 13TeV, and corresponding to 3.8 fb�1 of integrated luminosity, the following CP183

asymmetries are measured:184

ACP (D
+
s ! K0

S⇡
+) = ( 1.3 ± 1.9 (stat)± 0.5 (syst))⇥ 10�3, (7)

ACP (D
+
! K0

SK
+) = (�0.09± 0.65 (stat)± 0.48 (syst))⇥ 10�3, (8)

ACP (D
+
! �⇡+) = ( 0.05± 0.42 (stat)± 0.29 (syst))⇥ 10�3. (9)

E↵ects induced by CP violation in the neutral kaons system are subtracted from185

the measured asymmetries. They represent the most precise determination of these186

quantities to date and are consistent with CP symmetry. The results are in agree-187

ment with previous LHCb determinations based on the independent data sample of188

3.0 fb�1 collected at center-of-mass energies of 7 and 8TeV [28, 29], as well as with189

measurements from other experiments [22–27]. When averaged with previous LHCb190

measurements they yield ACP (D+
s ! K0

S⇡
+) = (1.7± 1.7 (stat)± 0.5 (syst)) ⇥ 10�3,191

6

ACP (D
+
s ! K0

S⇡
+) = ( 1.6 ± 1.7 (stat)± 0.5 (syst))⇥ 10�3,

ACP (D
+ ! K0

SK
+) = (�0.04± 0.61 (stat)± 0.45 (syst))⇥ 10�3,

ACP (D
+ ! �⇡+) = ( 0.03± 0.40 (stat)± 0.29 (syst))⇥ 10�3.

<latexit sha1_base64="gYulWP364nPK56NLXs32PRkpEJY="></latexit>
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Summary

• Presented new results in Charm physics at LHCb 

• Measurement of mixing parameter yCP as precise as the 
World average  

• For the first time: a search for direct CP violation in 
D(s)+→KSh+ and D+→φπ+ decays 
In D+→φπ+ measured the most precise ACP  
in charm hadrons! 

• All results so far are consistent with CP symmetry 

• However they are limited by statistics, and a large amount of 
data remains to be analyzed

�13
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Thanks for your attention!
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Mixing and CP violation

• CPV in mixing 
Occurs if |q/p| ≠ 1 

• CPV in interference 
between mixing and decay  
Occurs if 
ɸ ≝ arg(qA̅f ̅/ pAf) ≠ 0 

• Charm-mixing parameter yCP

�16
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Figure 50: The reconstructed R (left) and z (right) position of a K0
S meson decay is shown for

LL and DD combinations. The bottom left plot shows the amount of seen absorption length.
The bottom right plot shows the decay time.

the measured asymmetry in each bin. The o↵set between the two curves is given by the
D

+ production asymmetry and the Trigger pion detection asymmetry which is included in
the measured asymmetry.

For the main analysis time integrated asymmetries are measured. Thus the expected
time integrated asymmetry has to be calculated to get the correction term. The acceptance
function is determined from data by dividing the observed distribution M(t) and the

85

CP violation in Cabibbo-favored 
D(s)+→KSh+ decays

• KS reconstructed from two 
long tracks (LL)
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FIG. 1: Schematic description of the chain decay
D+

! ⇡+K(t)(! ⇡+⇡�).

and the weak phase � ⌘ Arg [�V ⇤
cdVus/V ⇤

csVud] = (�6.2±
0.4)⇥ 10�4 in the SM.

We consider the time-dependent CP asymmetry

ACP (t) ⌘
�⇡⇡(t)� �⇡⇡(t)

�⇡⇡(t) + �⇡⇡(t)
, (5)

where

�⇡⇡(t) ⌘ �(D ! fK(t)(! ⇡+⇡�)),

�⇡⇡(t) ⌘ �(D ! fK(t)(! ⇡+⇡�)).
(6)

Neglecting the tiny direct CP asymmetry in the K ! ⇡⇡
decays, namely, assuming the equality of the amplitudes

A(K
0
! ⇡+⇡�) = �A(K0

! ⇡+⇡�), we derive from
Eq. (5),

ACP (t) '
h
AK

0

CP (t) +Adir
CP (t) +Aint

CP (t)
i
/D(t), (7)

with the denominatorD(t) = e��St(1�2rf cos �f cos�)+
e��Lt

|✏|2. The first term corresponds to the known CP
violation in the kaon mixing [4],

AK
0

CP (t) = 2e��St
Re(✏)� 2e��t

h
Re(✏) cos(�mt)

+ Im(✏) sin(�mt)
i
,

(8)

which is independent of rf , i.e., of the DCS amplitude.
The second term is the direct CP asymmetry originating
from the interference between the CF and DCS ampli-
tudes,

Adir
CP (t) = e��St 2rf sin �f sin�. (9)

The third term in Eq. (7) represents the new CP -
violation e↵ect,

Aint
CP (t) = �4rf cos� sin �f

h
e��St

Im(✏)

� e��t
⇣
Im(✏) cos(�mt)�Re(✏) sin(�mt)

⌘i
,

(10)

which is induced by the interference between the CF and

DCS amplitudes of the decays D ! fK
0
(t)(! ⇡+⇡�)

and D ! fK0(t)(! ⇡+⇡�) with the kaon mixing. The
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FIG. 2: Time-dependent CP asymmetries in the
D+

! ⇡+K(t)(! ⇡+⇡�) decay as a function of t/⌧S ,
with the zoomed-in plot for the small t region in the
lower plot. The gray bands represent the theoretical

uncertainties.

mechanism responsible for Eq. (10) is more complicated
than for the ordinary mixing-induced CP asymmetry in,
for example, the B0(t) ! ⇡+⇡� mode: both the oscilla-
tion and decay take place in the mother particle in the
latter, while Aint

CP arises from the mother decay and the
daughter mixing as depicted in Fig. 1. Aint

CP is not a di-
rect CP asymmetry in charm decays, since it does not
vanish as � = 0.
Compared to the SCS case, both the CF and DCS

amplitudes, being of the tree level, can be extracted
from data of branching fractions [11–14]. A global fit to
the newest data in the factorization-assisted topological-
amplitude (FAT) approach [11] gives the parameters
r⇡+,K+ and �⇡+,K+ for the D+

! ⇡+K0
S and D+

s !

K+K0
S decays [15]

r⇡+ = �0.073± 0.004, �⇡+ = �1.39± 0.05,

rK+ = �0.055± 0.002, �K+ = +1.45± 0.05.
(11)

The solution with opposite signs of �⇡+,K+ contributes
equivalently to branching fractions, which depend only
on the cosine of strong phases. The one presented above
is preferred by the central value of the CP -asymmetry
data in Eq. (2) in the global fit, to which the sign of
strong phases is relevant.
The time-dependent CP asymmetries in the D+

!

⇡+K(t)(! ⇡+⇡�) decay as a function of t/⌧S are dis-
played in Fig. 2. It is found that the total CP asymmetry

is dominated by AK
0

CP , and the new e↵ect Aint
CP , reaching

an order of 10�3 or even 10�2 in the range 2⌧S . t . 5⌧S ,
are experimentally accessible. The direct CP asymmetry
is too small to be seen in the plots. Hence, deviation of
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