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Motivations

CPV may arise from 
interference between 

tree and penguin 
amplitude

VS

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

Production asymmetry 
different production cross-

section in pp collisions 
 
 
 

Detection asymmetry  
different cross-section when 

interacting with detector material 
 
 
 

ACP =
|Af |2 � |Āf̄ |2

|Af |2 + |Āf̄ |2
6= 0
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Determination of raw asymmetries
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Results

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.
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•CP asymmetries: 

•When averaged with previous LHCb measurements they yield

No evidence of CPVmost precise 

ACP in charm 

hadrons!
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Kinematic 
weighting

For example,  
let’s consider ACP(D+→KSK+)
Production and detection asymmetries cancel out

[3]
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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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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 preliminary

[3]

LHCb preliminary

• If new physics (NP) exists it could violate CP 

•Up-type quark: unique probe of NP 

• In charm, CP violation (CPV): 
• has not yet been observed 
• is suppressed in the SM and predictions are hard 

• Direct CPV corresponds to 
 
 

•Most promising channels are Cabibbo-suppressed 
decays: 

•Ds+→KSπ+, D+→KSK+ and D+→φπ+ decays are  
easy-to-reconstruct and high-statistics channels 
 
 
 
 

• Best measurements to date are from LHCb Run-1 [1, 2] 

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

•Raw asymmetry A between the observed yields has contributions 
other than ACP: 

 
 

•Correct 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
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