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1 Executive summary

This paper provides updated world averages of measure-
ments of b-hadron, c-hadron, and τ -lepton properties using
results available by September 2018. In a few cases, later
important results are included and clearly labelled as such.
While new measurements since the previous version of this
paper [1] have been dominated by the LHCb and the BESIII
experiments, there are new results from many other exper-
iments, and the older results from previous generations of

experiments are still very important. The future will provide
updated results, with the most important change being that
Belle II has started data taking in 2019.

Since the previous version of the paper, the b-hadron frac-
tion, lifetime and mixing averages have mostly made small
incremental progress in precision, with the most significant
improvements in several effective B0

s lifetimes. In total 14
new results (of which 12 from the LHC data and 2 from the
KEKB data) have been incorporated in these averages.

The lifetime hierarchy for the most abundant weakly
decaying b-hadron species is well established, with impres-
sive precisions of 4 fs for the most common B0, B+ and
B0
s mesons, and compatible with the expectations from the

Heavy Quark Expansion. However, small sample sizes still
limit the precision for b baryons heavier than %0

b (&−
b , &0

b,
'b, and all other yet-to-be-discovered bbaryons). A sizable
value of the decay width difference in the B0

s – B0
s system is

measured with a relative precision of 6% and is well predicted
by the Standard Model (SM). In contrast, the experimental
results for the decay width difference in the B0– B0 system
are not yet precise enough to distinguish the small (expected)
value from zero. The mass differences in both systems are
known very accurately, to the (few) per mil level. On the
other hand, CP violation in the mixing of either system has
not been observed yet, with asymmetries known within a cou-
ple per mil but still consistent both with zero and their SM
predictions. A similar conclusion holds for the CP violation
induced by B0

s mixing in the b→ ccs transition, although in
this case the experimental uncertainty on the corresponding
weak phase is an order of magnitude larger, but now smaller
than the SM central value. Many measurements are still dom-
inated by statistical uncertainties and will improve once new
results from the LHC Run 2 become available, and later from
LHC Run 3 and Belle II.

The measurement of sin 2β ≡ sin 2φ1 from b → ccs
transitions such as B0 → J/ψ K 0

S has reached better than
2.5 % precision: sin 2β ≡sin 2φ1 = 0.699 ± 0.017. Mea-
surements of the same parameter using different quark-level
processes provide a consistency test of the SM and allow
insight into possible beyond the Standard Model effects. All
results among hadronic b→ s penguin dominated decays of
B0 mesons are currently consistent with the SM expectations.
Measurements of CP violation parameters in B0

s → φφ

allow a similar comparison to the value of φccss ; where results
again are consistent with the close to zero SM expectation.
Among measurements related to the Unitarity Triangle angle
α ≡ φ2, results from B decays to ππ , ρπ and ρρ are

combined to obtain a world average value of
(

84.9 +5.1
−4.5

)◦
.

Knowledge of the third angle γ ≡ φ3 also continues to

improve, with the current world average being
(

71.1 +4.6
−5.3

)◦
.

The constraints on the angles of the Unitarity Triangle are
summarized in Fig. 49.
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Abstract This paper reports world averages of mea-
surements of b-hadron, c-hadron, and τ -lepton properties
obtained by the Heavy Flavour Averaging Group using
results available through September 2018. In rare cases, sig-

a e-mail: asoffer@tau.ac.il (corresponding author)

nificant results obtained several months later are also used.
For the averaging, common input parameters used in the
various analyses are adjusted (rescaled) to common values,
and known correlations are taken into account. The averages
include branching fractions, lifetimes, neutral meson mixing
parameters,CP violation parameters, parameters of semilep-
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Inputs to global mixing fit	

•   	
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Observables and underlying parameters (I)	

•   	
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Observables and underlying parameters (II)	

•    	
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Latest experimental additions	

•  AΓ  from D0→K+K-, π+π-, LHCb Run2, 	
     arXiv:2105.09889 [submitted to PRD]	
	
•  Global fits including this result shown for the first time	
      [thanks to Alan Schwartz and Marco Gersabeck]	
	
•  Note: fits with new D0→KSπ+π- results not ready yet	
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AΓ world average	

•  Average AΓ used in the mixing fit	
•  2020                                                                2021	
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 AΓ (%)

World average -0.031 ± 0.020 %

LHCb 2020 µ + D*+ tag -0.029 ± 0.020 ± 0.006 %

Belle 2016 -0.030 ± 0.200 ± 0.070 %

CDF 2014 KK+ππ -0.120 ± 0.120 %

BaBar 2012  0.088 ± 0.255 ± 0.058 %
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 AK (%)

World average  0.009 ± 0.011 %
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yCP world average	

•  Average yCP used in the mixing fit	
•  2020	

Jolanta-HFLAV@CHARM2021 

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

yCP (%)

World average  0.719 ± 0.113 %

Belle 2020 (KSω)  0.960 ± 0.910 ± 0.643 %

LHCb 2019  0.570 ± 0.130 ± 0.090 %
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Fit w/o CPV	

•  |q/p|=1, φ=0, AK=0, Aπ=0, AD=0	

•  2020                                                          2021	
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Fit w/o direct CPV at tree level	

•  No direct CPV in DCS decays (AD= 0)	
•  tanφ = (1-|q/p|2)/(1+|q/p|2)(x/y) ð 3 independent parameters	
•  x12, y12, φ12 ð x, y, φ relation in PRD 80, 076008 (2009)	
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Fit with CPV allowed	

•  2021 	

                                                                                      [χ2 dropped with new AΓ]	
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2020 fit with CPV allowed	

•  2020 	
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•  Both contribute to asymmetries measured for D0→K+K-, π+π-	

	

•                                                                                                                       	

Disentangle direct & indirect CPV	
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Recent progress in ACP for SCS decays [I]	

•  ACP measured in time-independent manner 	
•  For D0 decays includes indirect contribution [negligible at current precision]	

•  D0→KSKS	

	

•  D+→π+π0	

Jolanta-HFLAV@CHARM2021 

CP Asymmetries 
(through May 2021)(through May 2021)

Note: 
In the case of D+, Ds

+ and Λc
+ decays, the (time-integrated) CP asymmetry measures direct CP violation. 

For D0 decays, the CP asymmetry measures direct and indirect CP violation combined. 

For lifetime asymmetries of D0 decays to CP eigenstates, see Results for AΓ and ΔACP 

For Sum Rule of isospin-related D->ππ channels, see Sum Rule test. 

In the tables below we report asymmetries for the actual final state, i.e. resonant substructure is not considered.

CP Asymmetries in D0 decays

Year Experiment CP Asymmetry in the decay mode D0 to π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett.B 767 177 (2017). +0.0007 ± 0.0014 ± 0.0011
2012 CDF T. Aaltonen et al. (CDF Collab.), Phys. Rev. D 85, 012009 (2012). +0.0022 ± 0.0024 ± 0.0011
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. Lett. 100, 061803 (2008). -0.0024 ± 0.0052 ± 0.0022
2008 BELLE M. Staric et al. (BELLE Collab.), Phys. Lett.B 670, 190 (2008). +0.0043 ± 0.0052 ± 0.0012
2002 CLEO S.E. Csorna et al. (CLEO Collab.), Phys. Rev. D 65, 092001 (2002). +0.019 ± 0.032 ± 0.008
2000 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 491, 232 (2000). +0.048 ± 0.039 ± 0.025
1998 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 421, 405 (1998). -0.049 ± 0.078 ± 0.030

HFLAV average -0.0001 ± 0.0014

Year Experiment CP Asymmetry in the decay mode D0 to π0π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 BELLE N.K. Nisar et al. (BELLE Collab.), Phys. Rev. Lett. 112, 211601 (2014). -0.0003 ± 0.0064 ± 0.0010
2001 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 63, 071101 (2001). +0.001 ± 0.048

HFLAV average -0.0003 ± 0.0064

Year Experiment CP Asymmetry in the decay mode D0 to K0sπ0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 BELLE N.K. Nisar et al. (BELLE Collab.), Phys. Rev. Lett. 112, 211601 (2014). -0.0021 ± 0.0016 ± 0.0007
2001 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 63, 071101 (2001). +0.001 ± 0.013

HFLAV average -0.0020 ± 0.0017

Year Experiment CP Asymmetry in the decay mode D0 to K0sη [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2011 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 106, 211801 (2011). +0.0054 ± 0.0051 ± 0.0016

Year Experiment CP Asymmetry in the decay mode D0 to K0sη' [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2011 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 106, 211801 (2011). +0.0098 ± 0.0067 ± 0.0014

Year Experiment CP Asymmetry in the decay mode D0 to K0sK0s [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2105.01565 [PRD Lett]. -0.031 ± 0.012 ± 0.004 ± 0.012
2017 Belle N. Dash et al. (BELLE Collab.), JHEP 10, 055 (2015). -0.0002 ± 0.0153 ± 0.0002 ± 0.0017
2015 LHCb R. Aaij et al. (LHCb Collab.), JHEP 10 055 (2015). -0.029 ± 0.052 ± 0.022
2001 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 63, 071101 (2001). -0.23 ± 0.19

HFLAV average -0.015 ± 0.011

Year Experiment CP Asymmetry in the decay mode D0 to K-π+ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.003 ± 0.003 ± 0.006

Year Experiment CP Asymmetry in the decay mode D0 to K+K- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett.B 767 177 (2017). +0.0004 ± 0.0012 ± 0.0010
2012 CDF T. Aaltonen et al. (CDF Collab.), Phys. Rev. D 85, 012009 (2012). -0.0024 ± 0.0022 ± 0.0009
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. Lett. 100, 061803 (2008). +0.0000 ± 0.0034 ± 0.0013
2008 BELLE M. Staric et al. (BELLE Collab.), Phys. Lett.B 670, 190 (2008). -0.0043 ± 0.0030 ± 0.0011
2002 CLEO S.E. Csorna et al. (CLEO Collab.), Phys. Rev. D 65, 092001 (2002). +0.000 ± 0.022 ± 0.008
2000 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 491, 232 (2000). -0.001 ± 0.022 ± 0.015
1998 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 421, 405 (1998). -0.010 ± 0.049 ± 0.012

HFLAV average -0.0009 ± 0.0011

Year Experiment CP Asymmetry in the decay mode D0 to π+π-π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2015 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 740, 158 (2015). Model independent technique, no evidence for CP violation
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. D 78, 051102 (2008). +0.0031 ± 0.0041 ± 0.0017
2008 BELLE K. Arinstein et al. (BELLE Collab.), Phys. Lett. B 662, 102 (2008). +0.0043 ± 0.0130
2005 CLEO D. Cronin-Hennessy et al. (CLEO Collab.), Phys. Rev. D 72, 031102 (2005). +0.01 (+0.09 -0.07) ± 0.05

HFLAV average +0.0032 ± 0.0042

Year Experiment CP Asymmetry in the decay mode D0 to K-π+π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.001 ± 0.003 ± 0.004

Year Experiment CP Asymmetry in the decay mode D0 to K+π-π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2005 BELLE X.C. Tian et al. (BELLE Collab.), Phys. Rev. Lett. 95, 231801 (2005). -0.006 ± 0.053
2001 CLEO G. Brandenburg et al. (CLEO Collab.), Phys. Rev. Lett. 87, 071802 (2001). +0.09 (+0.25 -0.22)

HFLAV average -0.0014 ± 0.0517

Year Experiment CP Asymmetry in the decay mode D0 to K0sπ+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2012 CDF T. Aaltonen et al. (CDF Collab.), Phys. Rev. D 86, 032007 (2012). -0.0005 ± 0.0057 ± 0.0054
2004 CLEO D.M. Asner et al. (CLEO Collab.), Phys. Rev. D 70, 091101 (2004). -0.009 ± 0.021 (+0.016 -0.057)

HFLAV average -0.0008 ± 0.0077

Year Experiment CP Asymmetry in the decay mode D0 to K0sK-π+ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2016 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. D 93, 052018 (2016). Amplitude analysis, no evidence for CP violation

Year Experiment CP Asymmetry in the decay mode D0 to K0sK+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2016 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. D 93, 052018 (2016). Amplitude analysis, no evidence for CP violation

Year Experiment CP Asymmetry in the decay mode D0 to K-K+π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. D 78, 051102 (2008). -0.0100 ± 0.0167 ± 0.0025

Year Experiment CP Asymmetry in the decay mode D0 to π-π-π+π+ [Amplitude analysis]
2013 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 726, 623 (2013). Model independent technique, no evidence for CP violation

Year Experiment CP Asymmetry in the decay mode D0 to K-π+π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.002 ± 0.003 ± 0.004

Year Experiment CP Asymmetry in the decay mode D0 to K+π-π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2005 BELLE X.C. Tian et al. (BELLE Collab.), Phys. Rev. Lett. 95, 231801 (2005). -0.018 ± 0.044

Year Experiment CP Asymmetry in the decay mode D0 to K+K-π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2019 BELLE J. B. Kim et al. (BELLE Collab.), Phys. Rev. D 99, 011104 (2019). +0.0034 ± 0.0036 ± 0.0006
2019 LHCb R. Aaij et al. (LHCb Collab.), JHEP 02, 126 (2019). Amplitude analysis, no evidence for CP violation
2013 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 726, 623 (2013). Model independent technique, no evidence for CP violation
2012 CLEO M. Artuso et al. (CLEO Collab.), Phys. Rev. D 85, 122002 (2012). Amplitude analysis, no evidence for CP violation
2005 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 622, 239 (2005). -0.082 ± 0.056 ± 0.047

HFLAV average +0.0032 ± 0.0036

Year Experiment CP Asymmetry in the decay mode D0 to K*0(->K-π+)γ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 BELLE T. Nanut et al. (BELLE Collab.), Phys. Rev. Lett. 118, 051801 (2017). -0.003 ± 0.020 ± 0.000

Year Experiment CP Asymmetry in the decay mode D0 to φ(->K+K-)γ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 BELLE T. Nanut et al. (BELLE Collab.), Phys. Rev. Lett. 118, 051801 (2017). -0.094 ± 0.066 ± 0.001

Year Experiment CP Asymmetry in the decay mode D0 to ρ0(->π+π-)γ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 BELLE T. Nanut et al. (BELLE Collab.), Phys. Rev. Lett. 118, 051801 (2017). +0.056 ± 0.152 ± 0.006

Year Experiment CP Asymmetry in the decay mode D0 to K+K-μ+μ- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2018 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 121, 091801 (2018). +0.00 ± 0.11 ± 0.02

Year Experiment CP Asymmetry in the decay mode D0 to π+π-μ+μ- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2018 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 121, 091801 (2018). +0.049 ± 0.038 ± 0.007

CP Asymmetries in D+ decays

Year Experiment CP Asymmetry in the decay mode D+ to μ+ν [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2008 CLEO B.I. Eisenstein et al. (CLEO Collab.), Phys. Rev. D 78, 052003 (2008). +0.08 ± 0.08

Year Experiment CP Asymmetry in the decay mode D+ to π+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.013 ± 0.009 ± 0.006
2018 BELLE V. Babu et al. (BELLE Collab.), Phys. Rev. D 97, 011101 (2018). +0.0231 ± 0.0124 ± 0.0023
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.029 ± 0.029 ± 0.003

HFLAV average +0.004 ± 0.008

Year Experiment CP Asymmetry in the decay mode D+ to π+η [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.002 ± 0.008 ± 0.004
2011 BELLE E. Won et al. (BELLE Collab.), Phys. Rev. Lett. 107, 221801 (2011). +0.0174 ± 0.0113 ± 0.0019
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.020 ± 0.023 ± 0.003

HFLAV average +0.003 ± 0.007

Year Experiment CP Asymmetry in the decay mode D+ to π+η' [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 771, 21 (2017). -0.0061 ± 0.0072 ± 0.0053 ± 0.0012
2011 BELLE E. Won et al. (BELLE Collab.), Phys. Rev. Lett. 107, 221801 (2011). -0.0012 ± 0.0112 ± 0.0017
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.040 ± 0.034 ± 0.003

HFLAV average -0.006 ± 0.007

Year Experiment CP Asymmetry in the decay mode D+ to K+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.032 ± 0.047 ± 0.021
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.035 ± 0.107 ± 0.009

HFLAV average -0.033 ± 0.046

Year Experiment CP Asymmetry in the decay mode D+ to K+η [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.06 ± 0.10 ± 0.04

Year Experiment CP Asymmetry in the decay mode D+ to K0sπ+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.011 ± 0.006 ± 0.002
2012 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 109, 021601 (2012). -0.00363 ± 0.00094 ± 0.00067
2011 BABAR P. del Amo Sanchez et al. (BABAR Collab.), Phys. Rev. D 83, 071103 (2011). -0.0044 ± 0.0013 ± 0.0010
2002 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Rev. Lett. 88, 041602 (2002). -0.016 ± 0.015 ± 0.009

HFLAV average -0.0041 ± 0.0009

Year Experiment CP Asymmetry in the decay mode D+ to K0sK+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.0013 ± 0.0036 ± 0.0025
2013 BELLE B.R. Ko et al. (BELLE Collab.), JHEP 02, 098 (2013). -0.0025 ± 0.0028 ± 0.0014
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.002 ± 0.015 ± 0.009
2002 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Rev. Lett. 88, 041602 (2002). +0.071 ± 0.061 ± 0.012

HFLAV average -0.0011 ± 0.0025

Year Experiment CP Asymmetry in the decay mode D+ to ( K0/K0) K+ 
(subtraction of the effects due to the (subtraction of the effects due to the KK0-K0 system)0-K0 system) [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]

2019 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 191803 (2019). -0.00004 ± 0.00061 ± 0.00045
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.0046 ± 0.0036 ± 0.0025
2013 BELLE B.R. Ko et al. (BELLE Collab.), JHEP 02, 098 (2013). +0.0008 ± 0.0028 ± 0.0014

HFLAV average +0.0001 ± 0.0007

Year Experiment CP Asymmetry in the decay mode D+ to φπ+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2019 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 191803 (2019). +0.00003 ± 0.00040 ± 0.00029

Year Experiment CP Asymmetry in the decay mode D+ to π+π-π+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 728, 585 (2014). Model independent technique, no evidence for CP violation
1997 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 403, 377 (1997). -0.017 ± 0.042

Year Experiment CP Asymmetry in the decay mode D+ to K-π+π+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 D0 V.M. Abazov et al. (D0 Collab.), Phys. Rev. D 90, 111102 (2014). -0.0016 ± 0.0015 ± 0.0009
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.003 ± 0.002 ± 0.004

HFLAV average -0.0018 ± 0.0016

Year Experiment CP Asymmetry in the decay mode D+ to K0sπ+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.001 ± 0.007 ± 0.002

Year Experiment CP Asymmetry in the decay mode D+ to K+K-π+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.001 ± 0.009 ± 0.004
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052010 (2013). +0.0037 ± 0.0030 ± 0.0015
2008 CLEO P. Rubin et al. (CLEO Collab.), Phys. Rev. D 78, 072003 (2008). Dalitz plot analysis, no evidence for CP violation
2000 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 491, 232 (2000). +0.006 ± 0.011 ± 0.005
1997 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 403, 377 (1997). -0.014 ± 0.029

HFLAV average +0.0032 ± 0.0031

Year Experiment CP Asymmetry in the decay mode D+ to K-π+π+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.003 ± 0.006 ± 0.004

Year Experiment CP Asymmetry in the decay mode D+ to K0sπ+π+π- [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.000 ± 0.012 ± 0.003

Year Experiment CP Asymmetry in the decay mode D+ to K0sK+π+π- [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2005 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 622, 239 (2005). -0.042 ± 0.064 ± 0.022

CP Asymmetries in Ds+ decays

Year Experiment CP Asymmetry in the decay mode Ds+ to μ+ν [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2009 CLEO J.P. Alexander et al. (CLEO Collab.), Phys. Rev. D 79, 052001 (2009). +0.048 ± 0.061

Year Experiment CP Asymmetry in the decay mode Ds+ to π+η [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2021 BELLE Y. Guan et al. (BELLE Collab.), arXiv:2103.09969 [PRD]. +0.002 ± 0.003 ± 0.003
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. +0.008 ± 0.007 ± 0.005
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.011 ± 0.030 ± 0.008

HFLAV average +0.003 ± 0.004

Year Experiment CP Asymmetry in the decay mode Ds+ to π+η' [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 771, 21 (2017). -0.0082 ± 0.0036 ± 0.0022 ± 0.002
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.022 ± 0.022 ± 0.006

HFLAV average +0.0008 ± 0.0026

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sπ+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.006 ± 0.020 ± 0.003
2010 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 104, 181602 (2010). +0.0545 ± 0.0250 ± 0.0033
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.163 ± 0.073 ± 0.003

HFLAV average +0.0311 ± 0.0154

Year Experiment CP Asymmetry in the decay mode Ds+ to ( K0/K0) π+ 
(subtraction of the effects due to the (subtraction of the effects due to the KK0-K0 system)0-K0 system) [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]

2019 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 191803 (2019). +0.0016 ± 0.0017 ± 0.0005
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.003 ± 0.020 ± 0.003

HFLAV average +0.0016 ± 0.0018

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.026 ± 0.015 ± 0.006
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). -0.0005 ± 0.0023 ± 0.0024
2010 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 104, 181602 (2010). +0.0012 ± 0.0036 ± 0.0022

HFLAV average +0.0008 ± 0.0026

Year Experiment CP Asymmetry in the decay mode Ds+ to ( K0/K0) K+ 
(subtraction of the effects due to the (subtraction of the effects due to the KK0-K0 system)0-K0 system) [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]

2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.0028 ± 0.0023 ± 0.0024

Year Experiment CP Asymmetry in the decay mode Ds+ to K+π0 [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.008 ± 0.039 ± 0.012
2021 BELLE Y. Guan et al. (BELLE Collab.), arXiv:2103.09969 [PRD]. +0.064 ± 0.044 ± 0.011
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.266 ± 0.238 ± 0.009

HFLAV average +0.020 ± 0.030

Year Experiment CP Asymmetry in the decay mode Ds+ to K+η [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2021 BELLE Y. Guan et al. (BELLE Collab.), arXiv:2103.09969 [PRD]. +0.021 ± 0.021 ± 0.004
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. +0.009 ± 0.037 ± 0.011
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.093 ± 0.152 ± 0.009

HFLAV average +0.019 ± 0.019
Year Experiment CP Asymmetry in the decay mode Ds+ to K+η' [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.060 ± 0.189 ± 0.009

Year Experiment CP Asymmetry in the decay mode Ds+ to π+π+π- [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.007 ± 0.030 ± 0.006

Year Experiment CP Asymmetry in the decay mode Ds+ to π+π0η [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.005 ± 0.039 ± 0.020

Year Experiment CP Asymmetry in the decay mode Ds+ to π+π0η' [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.004 ± 0.074 ± 0.019

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK+π0 [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.016 ± 0.060 ± 0.011

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK0sπ+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.031 ± 0.052 ± 0.006

Year Experiment CP Asymmetry in the decay mode Ds+ to K+π+π- [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.045 ± 0.048 ± 0.006

Year Experiment CP Asymmetry in the decay mode Ds+ to K+K-π+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.005 ± 0.008 ± 0.004

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK-π+π+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.041 ± 0.027 ± 0.009

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK+π+π- [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.057 ± 0.053 ± 0.009

Year Experiment CP Asymmetry in the decay mode Ds+ to K+K-π+π0 [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.000 ± 0.027 ± 0.012

CP Asymmetries in decays of charm baryons
For charm baryons CP asymmetry has been accessed through comparison of P asymmetry in decays of, for instance, Λc

+ and Λc
-, measured with the weak-asymmetry

parameters, respectively α(Λc
+) and α(Λc

-). As under P-parity conservation:
α(Λc

+) = -α(Λc
-),

the CP-violating asymmetry is defined as:
AαCP = [α(Λc

+) + α(Λc
-)] /[α(Λc

+) - α(Λc
-].

The α(Λc) can be measured through an angular analysis exploiting a helicity angle of weakly-decaying baryon in Λc decay chain, for instance Λ->pπ- in Λc
+->Λπ+

decays. 
This method of accessing CP violation occuring through P-violation can be applied also to other charm baryons, like Ξc

0->Ξ-π+ with Ξ-->Λπ-. 

Year Experiment CP Asymmetry in the decay mode Λc
+ to Λ e+ ν [α(Λc

+)+α(Λc
-)]/[α(Λc

+)-α(Λc
-]

2005 CLEO J.W. Hinson et al. (CLEO Collab.), Phys. Rev. Lett. 94, 191801 (2005). 0.00 ± 0.03 ± 0.01 ± 0.02

Year Experiment CP Asymmetry in the decay mode Λc
+ to Λπ+ [α(Λc

+)+α(Λc
-)]/[α(Λc

+)-α(Λc
-]

2006 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 34, 165 (2006). -0.07 ± 0.19 ± 0.12

Year Experiment CP Asymmetry in the decay mode Ξc
0 to Ξ-π+ [α(Ξc

0)+α(Ξc
0)]/[α(Ξc

0)-α(Ξc
0))]

2021 BELLE Y.B. Li et al. (BELLE Collab.), arXiv:2103.06496 [PRL]. +0.015 ± 0.052 ± 0.017

ΔACP measurements

Probing CP violation through differences between ACP asymmetries of similar decay channels allows for cancelation of nuisance asymmetries, like charm-production
asymmetry and/or charge-track detection asymmetry. It significantly facilitates experimental measurements and increases sensitivity. 

Measurements of ΔACP for D0->h+h- decays, defined as ACP(D0->K+K-)-ACP(D0->π+π-), are discussed here. 
Notably, the LHCb measurement in R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 211803 (2019) yields an LHCb combination of 

ΔACP(D0->h+h-) = (-15.4 ± 2.9)×10-4,
comprising the discovery of CP violation in charm sector. 

ΔACP is also measured for three-body Λc
+->ph+h- decays, in a phase-space integrated manner, in R. Aaij et al. (LHCb Collab.), JHEP 03 182 (2018) giving 

ΔACP(Λc
+->ph+h-) = (+0.30 ± 0.91 ± 0.61)×10-2.

Sum rule for D->ππ decays

This sume rule was proposed in Y. Grossman, A.L. Kagan, J. Zupan, Phys. Rev. D 85, 114036 (2012) and for the first time experimentally tested in V. Babu et al. (BELLE
Collab.), Phys. Rev. D 97, 011101 (2018). 
An isospin decomposition of D->ππ decay amplitudes gives:

where A1 and A3 are amplitudes of decays with an isospin change of, respectively, ΔI = 1/2 and ΔI = 3/2 (i.e. transitions to ππ final states with I=0 and I=2). Therefore the
following sum holds for decay amplitudes of D->ππ channels:

It translates into the following sum for differences between D and D decay rates:

The above sum being non-zero would mean that CP violation arises from the ΔI = 1/2 amplitude. If the sum is zero, while individual CP asymmetries of D->ππ modes are
non-zero, it would suggest New Physics contributing to the ΔI = 3/2 amplitude. As penguin amplitude is, to a good approximation, ΔI = 1/2 within the Standard Model,
while D+->π+π0 decay is purely a ΔI = 3/2 transistion, any CP asymmetry observed for this mode would point to New Physics in the ΔI = 3/2 amplitude. 

To facilitate an experimental test, the left-hand side of the above sum is rewritten as:

Using the relation between amplitude and branching fraction, |A|2~B/τD, and employing ACP definition, |A|2 - |A|2 = ACP(|A|2 + |A|2), the above turns into:

where B+-, B00 and B+0 denote branching fractions of D0->π+π-, D0->π0π0 and D+->π+π0 decays, respectively, whereas τD0 and τD+ are lifetimes of D0 and D+. 
The sum R is calculated using HFLAV averages for ACP given in the tables above, and PDG averages for branching fractions and lifetimes from P.A. Zyla et al. (PDG),
Prog. Theor. Exp. Phys. 2020, 083C01 (2020). 

The result is

R = (+0.06 ± 2.44)×10-3,
and is consistent with zero. 

More details are given in Sec.9.2 of Y. Amhis et al. (HFLAV), Eur. Phys. J. C 81:226 (2021).
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CP Asymmetries 
(through May 2021)(through May 2021)

Note: 
In the case of D+, Ds

+ and Λc
+ decays, the (time-integrated) CP asymmetry measures direct CP violation. 

For D0 decays, the CP asymmetry measures direct and indirect CP violation combined. 

For lifetime asymmetries of D0 decays to CP eigenstates, see Results for AΓ and ΔACP 

For Sum Rule of isospin-related D->ππ channels, see Sum Rule test. 

In the tables below we report asymmetries for the actual final state, i.e. resonant substructure is not considered.

CP Asymmetries in D0 decays

Year Experiment CP Asymmetry in the decay mode D0 to π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett.B 767 177 (2017). +0.0007 ± 0.0014 ± 0.0011
2012 CDF T. Aaltonen et al. (CDF Collab.), Phys. Rev. D 85, 012009 (2012). +0.0022 ± 0.0024 ± 0.0011
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. Lett. 100, 061803 (2008). -0.0024 ± 0.0052 ± 0.0022
2008 BELLE M. Staric et al. (BELLE Collab.), Phys. Lett.B 670, 190 (2008). +0.0043 ± 0.0052 ± 0.0012
2002 CLEO S.E. Csorna et al. (CLEO Collab.), Phys. Rev. D 65, 092001 (2002). +0.019 ± 0.032 ± 0.008
2000 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 491, 232 (2000). +0.048 ± 0.039 ± 0.025
1998 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 421, 405 (1998). -0.049 ± 0.078 ± 0.030

HFLAV average -0.0001 ± 0.0014

Year Experiment CP Asymmetry in the decay mode D0 to π0π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 BELLE N.K. Nisar et al. (BELLE Collab.), Phys. Rev. Lett. 112, 211601 (2014). -0.0003 ± 0.0064 ± 0.0010
2001 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 63, 071101 (2001). +0.001 ± 0.048

HFLAV average -0.0003 ± 0.0064

Year Experiment CP Asymmetry in the decay mode D0 to K0sπ0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 BELLE N.K. Nisar et al. (BELLE Collab.), Phys. Rev. Lett. 112, 211601 (2014). -0.0021 ± 0.0016 ± 0.0007
2001 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 63, 071101 (2001). +0.001 ± 0.013

HFLAV average -0.0020 ± 0.0017

Year Experiment CP Asymmetry in the decay mode D0 to K0sη [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2011 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 106, 211801 (2011). +0.0054 ± 0.0051 ± 0.0016

Year Experiment CP Asymmetry in the decay mode D0 to K0sη' [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2011 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 106, 211801 (2011). +0.0098 ± 0.0067 ± 0.0014

Year Experiment CP Asymmetry in the decay mode D0 to K0sK0s [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2105.01565 [PRD Lett]. -0.031 ± 0.012 ± 0.004 ± 0.012
2017 Belle N. Dash et al. (BELLE Collab.), JHEP 10, 055 (2015). -0.0002 ± 0.0153 ± 0.0002 ± 0.0017
2015 LHCb R. Aaij et al. (LHCb Collab.), JHEP 10 055 (2015). -0.029 ± 0.052 ± 0.022
2001 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 63, 071101 (2001). -0.23 ± 0.19

HFLAV average -0.015 ± 0.011

Year Experiment CP Asymmetry in the decay mode D0 to K-π+ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.003 ± 0.003 ± 0.006

Year Experiment CP Asymmetry in the decay mode D0 to K+K- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett.B 767 177 (2017). +0.0004 ± 0.0012 ± 0.0010
2012 CDF T. Aaltonen et al. (CDF Collab.), Phys. Rev. D 85, 012009 (2012). -0.0024 ± 0.0022 ± 0.0009
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. Lett. 100, 061803 (2008). +0.0000 ± 0.0034 ± 0.0013
2008 BELLE M. Staric et al. (BELLE Collab.), Phys. Lett.B 670, 190 (2008). -0.0043 ± 0.0030 ± 0.0011
2002 CLEO S.E. Csorna et al. (CLEO Collab.), Phys. Rev. D 65, 092001 (2002). +0.000 ± 0.022 ± 0.008
2000 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 491, 232 (2000). -0.001 ± 0.022 ± 0.015
1998 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 421, 405 (1998). -0.010 ± 0.049 ± 0.012

HFLAV average -0.0009 ± 0.0011

Year Experiment CP Asymmetry in the decay mode D0 to π+π-π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2015 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 740, 158 (2015). Model independent technique, no evidence for CP violation
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. D 78, 051102 (2008). +0.0031 ± 0.0041 ± 0.0017
2008 BELLE K. Arinstein et al. (BELLE Collab.), Phys. Lett. B 662, 102 (2008). +0.0043 ± 0.0130
2005 CLEO D. Cronin-Hennessy et al. (CLEO Collab.), Phys. Rev. D 72, 031102 (2005). +0.01 (+0.09 -0.07) ± 0.05

HFLAV average +0.0032 ± 0.0042

Year Experiment CP Asymmetry in the decay mode D0 to K-π+π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.001 ± 0.003 ± 0.004

Year Experiment CP Asymmetry in the decay mode D0 to K+π-π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2005 BELLE X.C. Tian et al. (BELLE Collab.), Phys. Rev. Lett. 95, 231801 (2005). -0.006 ± 0.053
2001 CLEO G. Brandenburg et al. (CLEO Collab.), Phys. Rev. Lett. 87, 071802 (2001). +0.09 (+0.25 -0.22)

HFLAV average -0.0014 ± 0.0517

Year Experiment CP Asymmetry in the decay mode D0 to K0sπ+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2012 CDF T. Aaltonen et al. (CDF Collab.), Phys. Rev. D 86, 032007 (2012). -0.0005 ± 0.0057 ± 0.0054
2004 CLEO D.M. Asner et al. (CLEO Collab.), Phys. Rev. D 70, 091101 (2004). -0.009 ± 0.021 (+0.016 -0.057)

HFLAV average -0.0008 ± 0.0077

Year Experiment CP Asymmetry in the decay mode D0 to K0sK-π+ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2016 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. D 93, 052018 (2016). Amplitude analysis, no evidence for CP violation

Year Experiment CP Asymmetry in the decay mode D0 to K0sK+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2016 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. D 93, 052018 (2016). Amplitude analysis, no evidence for CP violation

Year Experiment CP Asymmetry in the decay mode D0 to K-K+π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. D 78, 051102 (2008). -0.0100 ± 0.0167 ± 0.0025

Year Experiment CP Asymmetry in the decay mode D0 to π-π-π+π+ [Amplitude analysis]
2013 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 726, 623 (2013). Model independent technique, no evidence for CP violation

Year Experiment CP Asymmetry in the decay mode D0 to K-π+π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.002 ± 0.003 ± 0.004

Year Experiment CP Asymmetry in the decay mode D0 to K+π-π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2005 BELLE X.C. Tian et al. (BELLE Collab.), Phys. Rev. Lett. 95, 231801 (2005). -0.018 ± 0.044

Year Experiment CP Asymmetry in the decay mode D0 to K+K-π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2019 BELLE J. B. Kim et al. (BELLE Collab.), Phys. Rev. D 99, 011104 (2019). +0.0034 ± 0.0036 ± 0.0006
2019 LHCb R. Aaij et al. (LHCb Collab.), JHEP 02, 126 (2019). Amplitude analysis, no evidence for CP violation
2013 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 726, 623 (2013). Model independent technique, no evidence for CP violation
2012 CLEO M. Artuso et al. (CLEO Collab.), Phys. Rev. D 85, 122002 (2012). Amplitude analysis, no evidence for CP violation
2005 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 622, 239 (2005). -0.082 ± 0.056 ± 0.047

HFLAV average +0.0032 ± 0.0036

Year Experiment CP Asymmetry in the decay mode D0 to K*0(->K-π+)γ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 BELLE T. Nanut et al. (BELLE Collab.), Phys. Rev. Lett. 118, 051801 (2017). -0.003 ± 0.020 ± 0.000

Year Experiment CP Asymmetry in the decay mode D0 to φ(->K+K-)γ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 BELLE T. Nanut et al. (BELLE Collab.), Phys. Rev. Lett. 118, 051801 (2017). -0.094 ± 0.066 ± 0.001

Year Experiment CP Asymmetry in the decay mode D0 to ρ0(->π+π-)γ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 BELLE T. Nanut et al. (BELLE Collab.), Phys. Rev. Lett. 118, 051801 (2017). +0.056 ± 0.152 ± 0.006

Year Experiment CP Asymmetry in the decay mode D0 to K+K-μ+μ- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2018 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 121, 091801 (2018). +0.00 ± 0.11 ± 0.02

Year Experiment CP Asymmetry in the decay mode D0 to π+π-μ+μ- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2018 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 121, 091801 (2018). +0.049 ± 0.038 ± 0.007

CP Asymmetries in D+ decays

Year Experiment CP Asymmetry in the decay mode D+ to μ+ν [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2008 CLEO B.I. Eisenstein et al. (CLEO Collab.), Phys. Rev. D 78, 052003 (2008). +0.08 ± 0.08

Year Experiment CP Asymmetry in the decay mode D+ to π+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.013 ± 0.009 ± 0.006
2018 BELLE V. Babu et al. (BELLE Collab.), Phys. Rev. D 97, 011101 (2018). +0.0231 ± 0.0124 ± 0.0023
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.029 ± 0.029 ± 0.003

HFLAV average +0.004 ± 0.008

Year Experiment CP Asymmetry in the decay mode D+ to π+η [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.002 ± 0.008 ± 0.004
2011 BELLE E. Won et al. (BELLE Collab.), Phys. Rev. Lett. 107, 221801 (2011). +0.0174 ± 0.0113 ± 0.0019
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.020 ± 0.023 ± 0.003

HFLAV average +0.003 ± 0.007

Year Experiment CP Asymmetry in the decay mode D+ to π+η' [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 771, 21 (2017). -0.0061 ± 0.0072 ± 0.0053 ± 0.0012
2011 BELLE E. Won et al. (BELLE Collab.), Phys. Rev. Lett. 107, 221801 (2011). -0.0012 ± 0.0112 ± 0.0017
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.040 ± 0.034 ± 0.003

HFLAV average -0.006 ± 0.007

Year Experiment CP Asymmetry in the decay mode D+ to K+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.032 ± 0.047 ± 0.021
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.035 ± 0.107 ± 0.009

HFLAV average -0.033 ± 0.046

Year Experiment CP Asymmetry in the decay mode D+ to K+η [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.06 ± 0.10 ± 0.04

Year Experiment CP Asymmetry in the decay mode D+ to K0sπ+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.011 ± 0.006 ± 0.002
2012 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 109, 021601 (2012). -0.00363 ± 0.00094 ± 0.00067
2011 BABAR P. del Amo Sanchez et al. (BABAR Collab.), Phys. Rev. D 83, 071103 (2011). -0.0044 ± 0.0013 ± 0.0010
2002 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Rev. Lett. 88, 041602 (2002). -0.016 ± 0.015 ± 0.009

HFLAV average -0.0041 ± 0.0009

Year Experiment CP Asymmetry in the decay mode D+ to K0sK+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.0013 ± 0.0036 ± 0.0025
2013 BELLE B.R. Ko et al. (BELLE Collab.), JHEP 02, 098 (2013). -0.0025 ± 0.0028 ± 0.0014
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.002 ± 0.015 ± 0.009
2002 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Rev. Lett. 88, 041602 (2002). +0.071 ± 0.061 ± 0.012

HFLAV average -0.0011 ± 0.0025

Year Experiment CP Asymmetry in the decay mode D+ to ( K0/K0) K+ 
(subtraction of the effects due to the (subtraction of the effects due to the KK0-K0 system)0-K0 system) [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]

2019 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 191803 (2019). -0.00004 ± 0.00061 ± 0.00045
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.0046 ± 0.0036 ± 0.0025
2013 BELLE B.R. Ko et al. (BELLE Collab.), JHEP 02, 098 (2013). +0.0008 ± 0.0028 ± 0.0014

HFLAV average +0.0001 ± 0.0007

Year Experiment CP Asymmetry in the decay mode D+ to φπ+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2019 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 191803 (2019). +0.00003 ± 0.00040 ± 0.00029

Year Experiment CP Asymmetry in the decay mode D+ to π+π-π+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 728, 585 (2014). Model independent technique, no evidence for CP violation
1997 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 403, 377 (1997). -0.017 ± 0.042

Year Experiment CP Asymmetry in the decay mode D+ to K-π+π+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 D0 V.M. Abazov et al. (D0 Collab.), Phys. Rev. D 90, 111102 (2014). -0.0016 ± 0.0015 ± 0.0009
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.003 ± 0.002 ± 0.004

HFLAV average -0.0018 ± 0.0016

Year Experiment CP Asymmetry in the decay mode D+ to K0sπ+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.001 ± 0.007 ± 0.002

Year Experiment CP Asymmetry in the decay mode D+ to K+K-π+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.001 ± 0.009 ± 0.004
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052010 (2013). +0.0037 ± 0.0030 ± 0.0015
2008 CLEO P. Rubin et al. (CLEO Collab.), Phys. Rev. D 78, 072003 (2008). Dalitz plot analysis, no evidence for CP violation
2000 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 491, 232 (2000). +0.006 ± 0.011 ± 0.005
1997 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 403, 377 (1997). -0.014 ± 0.029

HFLAV average +0.0032 ± 0.0031

Year Experiment CP Asymmetry in the decay mode D+ to K-π+π+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.003 ± 0.006 ± 0.004

Year Experiment CP Asymmetry in the decay mode D+ to K0sπ+π+π- [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.000 ± 0.012 ± 0.003

Year Experiment CP Asymmetry in the decay mode D+ to K0sK+π+π- [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2005 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 622, 239 (2005). -0.042 ± 0.064 ± 0.022

CP Asymmetries in Ds+ decays

Year Experiment CP Asymmetry in the decay mode Ds+ to μ+ν [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2009 CLEO J.P. Alexander et al. (CLEO Collab.), Phys. Rev. D 79, 052001 (2009). +0.048 ± 0.061

Year Experiment CP Asymmetry in the decay mode Ds+ to π+η [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2021 BELLE Y. Guan et al. (BELLE Collab.), arXiv:2103.09969 [PRD]. +0.002 ± 0.003 ± 0.003
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. +0.008 ± 0.007 ± 0.005
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.011 ± 0.030 ± 0.008

HFLAV average +0.003 ± 0.004

Year Experiment CP Asymmetry in the decay mode Ds+ to π+η' [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 771, 21 (2017). -0.0082 ± 0.0036 ± 0.0022 ± 0.002
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.022 ± 0.022 ± 0.006

HFLAV average +0.0008 ± 0.0026

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sπ+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.006 ± 0.020 ± 0.003
2010 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 104, 181602 (2010). +0.0545 ± 0.0250 ± 0.0033
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.163 ± 0.073 ± 0.003

HFLAV average +0.0311 ± 0.0154

Year Experiment CP Asymmetry in the decay mode Ds+ to ( K0/K0) π+ 
(subtraction of the effects due to the (subtraction of the effects due to the KK0-K0 system)0-K0 system) [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]

2019 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 191803 (2019). +0.0016 ± 0.0017 ± 0.0005
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.003 ± 0.020 ± 0.003

HFLAV average +0.0016 ± 0.0018

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.026 ± 0.015 ± 0.006
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). -0.0005 ± 0.0023 ± 0.0024
2010 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 104, 181602 (2010). +0.0012 ± 0.0036 ± 0.0022

HFLAV average +0.0008 ± 0.0026

Year Experiment CP Asymmetry in the decay mode Ds+ to ( K0/K0) K+ 
(subtraction of the effects due to the (subtraction of the effects due to the KK0-K0 system)0-K0 system) [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]

2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.0028 ± 0.0023 ± 0.0024

Year Experiment CP Asymmetry in the decay mode Ds+ to K+π0 [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.008 ± 0.039 ± 0.012
2021 BELLE Y. Guan et al. (BELLE Collab.), arXiv:2103.09969 [PRD]. +0.064 ± 0.044 ± 0.011
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.266 ± 0.238 ± 0.009

HFLAV average +0.020 ± 0.030

Year Experiment CP Asymmetry in the decay mode Ds+ to K+η [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2021 BELLE Y. Guan et al. (BELLE Collab.), arXiv:2103.09969 [PRD]. +0.021 ± 0.021 ± 0.004
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. +0.009 ± 0.037 ± 0.011
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.093 ± 0.152 ± 0.009

HFLAV average +0.019 ± 0.019
Year Experiment CP Asymmetry in the decay mode Ds+ to K+η' [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.060 ± 0.189 ± 0.009

Year Experiment CP Asymmetry in the decay mode Ds+ to π+π+π- [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.007 ± 0.030 ± 0.006

Year Experiment CP Asymmetry in the decay mode Ds+ to π+π0η [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.005 ± 0.039 ± 0.020

Year Experiment CP Asymmetry in the decay mode Ds+ to π+π0η' [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.004 ± 0.074 ± 0.019

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK+π0 [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.016 ± 0.060 ± 0.011

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK0sπ+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.031 ± 0.052 ± 0.006

Year Experiment CP Asymmetry in the decay mode Ds+ to K+π+π- [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.045 ± 0.048 ± 0.006

Year Experiment CP Asymmetry in the decay mode Ds+ to K+K-π+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.005 ± 0.008 ± 0.004

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK-π+π+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.041 ± 0.027 ± 0.009

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK+π+π- [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.057 ± 0.053 ± 0.009

Year Experiment CP Asymmetry in the decay mode Ds+ to K+K-π+π0 [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.000 ± 0.027 ± 0.012

CP Asymmetries in decays of charm baryons
For charm baryons CP asymmetry has been accessed through comparison of P asymmetry in decays of, for instance, Λc

+ and Λc
-, measured with the weak-asymmetry

parameters, respectively α(Λc
+) and α(Λc

-). As under P-parity conservation:
α(Λc

+) = -α(Λc
-),

the CP-violating asymmetry is defined as:
AαCP = [α(Λc

+) + α(Λc
-)] /[α(Λc

+) - α(Λc
-].

The α(Λc) can be measured through an angular analysis exploiting a helicity angle of weakly-decaying baryon in Λc decay chain, for instance Λ->pπ- in Λc
+->Λπ+

decays. 
This method of accessing CP violation occuring through P-violation can be applied also to other charm baryons, like Ξc

0->Ξ-π+ with Ξ-->Λπ-. 

Year Experiment CP Asymmetry in the decay mode Λc
+ to Λ e+ ν [α(Λc

+)+α(Λc
-)]/[α(Λc

+)-α(Λc
-]

2005 CLEO J.W. Hinson et al. (CLEO Collab.), Phys. Rev. Lett. 94, 191801 (2005). 0.00 ± 0.03 ± 0.01 ± 0.02

Year Experiment CP Asymmetry in the decay mode Λc
+ to Λπ+ [α(Λc

+)+α(Λc
-)]/[α(Λc

+)-α(Λc
-]

2006 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 34, 165 (2006). -0.07 ± 0.19 ± 0.12

Year Experiment CP Asymmetry in the decay mode Ξc
0 to Ξ-π+ [α(Ξc

0)+α(Ξc
0)]/[α(Ξc

0)-α(Ξc
0))]

2021 BELLE Y.B. Li et al. (BELLE Collab.), arXiv:2103.06496 [PRL]. +0.015 ± 0.052 ± 0.017

ΔACP measurements

Probing CP violation through differences between ACP asymmetries of similar decay channels allows for cancelation of nuisance asymmetries, like charm-production
asymmetry and/or charge-track detection asymmetry. It significantly facilitates experimental measurements and increases sensitivity. 

Measurements of ΔACP for D0->h+h- decays, defined as ACP(D0->K+K-)-ACP(D0->π+π-), are discussed here. 
Notably, the LHCb measurement in R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 211803 (2019) yields an LHCb combination of 

ΔACP(D0->h+h-) = (-15.4 ± 2.9)×10-4,
comprising the discovery of CP violation in charm sector. 

ΔACP is also measured for three-body Λc
+->ph+h- decays, in a phase-space integrated manner, in R. Aaij et al. (LHCb Collab.), JHEP 03 182 (2018) giving 

ΔACP(Λc
+->ph+h-) = (+0.30 ± 0.91 ± 0.61)×10-2.

Sum rule for D->ππ decays

This sume rule was proposed in Y. Grossman, A.L. Kagan, J. Zupan, Phys. Rev. D 85, 114036 (2012) and for the first time experimentally tested in V. Babu et al. (BELLE
Collab.), Phys. Rev. D 97, 011101 (2018). 
An isospin decomposition of D->ππ decay amplitudes gives:

where A1 and A3 are amplitudes of decays with an isospin change of, respectively, ΔI = 1/2 and ΔI = 3/2 (i.e. transitions to ππ final states with I=0 and I=2). Therefore the
following sum holds for decay amplitudes of D->ππ channels:

It translates into the following sum for differences between D and D decay rates:

The above sum being non-zero would mean that CP violation arises from the ΔI = 1/2 amplitude. If the sum is zero, while individual CP asymmetries of D->ππ modes are
non-zero, it would suggest New Physics contributing to the ΔI = 3/2 amplitude. As penguin amplitude is, to a good approximation, ΔI = 1/2 within the Standard Model,
while D+->π+π0 decay is purely a ΔI = 3/2 transistion, any CP asymmetry observed for this mode would point to New Physics in the ΔI = 3/2 amplitude. 

To facilitate an experimental test, the left-hand side of the above sum is rewritten as:

Using the relation between amplitude and branching fraction, |A|2~B/τD, and employing ACP definition, |A|2 - |A|2 = ACP(|A|2 + |A|2), the above turns into:

where B+-, B00 and B+0 denote branching fractions of D0->π+π-, D0->π0π0 and D+->π+π0 decays, respectively, whereas τD0 and τD+ are lifetimes of D0 and D+. 
The sum R is calculated using HFLAV averages for ACP given in the tables above, and PDG averages for branching fractions and lifetimes from P.A. Zyla et al. (PDG),
Prog. Theor. Exp. Phys. 2020, 083C01 (2020). 

The result is

R = (+0.06 ± 2.44)×10-3,
and is consistent with zero. 

More details are given in Sec.9.2 of Y. Amhis et al. (HFLAV), Eur. Phys. J. C 81:226 (2021).
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CP Asymmetries 
(through May 2021)(through May 2021)

Note: 
In the case of D+, Ds

+ and Λc
+ decays, the (time-integrated) CP asymmetry measures direct CP violation. 

For D0 decays, the CP asymmetry measures direct and indirect CP violation combined. 

For lifetime asymmetries of D0 decays to CP eigenstates, see Results for AΓ and ΔACP 

For Sum Rule of isospin-related D->ππ channels, see Sum Rule test. 

In the tables below we report asymmetries for the actual final state, i.e. resonant substructure is not considered.

CP Asymmetries in D0 decays

Year Experiment CP Asymmetry in the decay mode D0 to π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett.B 767 177 (2017). +0.0007 ± 0.0014 ± 0.0011
2012 CDF T. Aaltonen et al. (CDF Collab.), Phys. Rev. D 85, 012009 (2012). +0.0022 ± 0.0024 ± 0.0011
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. Lett. 100, 061803 (2008). -0.0024 ± 0.0052 ± 0.0022
2008 BELLE M. Staric et al. (BELLE Collab.), Phys. Lett.B 670, 190 (2008). +0.0043 ± 0.0052 ± 0.0012
2002 CLEO S.E. Csorna et al. (CLEO Collab.), Phys. Rev. D 65, 092001 (2002). +0.019 ± 0.032 ± 0.008
2000 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 491, 232 (2000). +0.048 ± 0.039 ± 0.025
1998 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 421, 405 (1998). -0.049 ± 0.078 ± 0.030

HFLAV average -0.0001 ± 0.0014

Year Experiment CP Asymmetry in the decay mode D0 to π0π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 BELLE N.K. Nisar et al. (BELLE Collab.), Phys. Rev. Lett. 112, 211601 (2014). -0.0003 ± 0.0064 ± 0.0010
2001 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 63, 071101 (2001). +0.001 ± 0.048

HFLAV average -0.0003 ± 0.0064

Year Experiment CP Asymmetry in the decay mode D0 to K0sπ0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 BELLE N.K. Nisar et al. (BELLE Collab.), Phys. Rev. Lett. 112, 211601 (2014). -0.0021 ± 0.0016 ± 0.0007
2001 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 63, 071101 (2001). +0.001 ± 0.013

HFLAV average -0.0020 ± 0.0017

Year Experiment CP Asymmetry in the decay mode D0 to K0sη [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2011 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 106, 211801 (2011). +0.0054 ± 0.0051 ± 0.0016

Year Experiment CP Asymmetry in the decay mode D0 to K0sη' [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2011 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 106, 211801 (2011). +0.0098 ± 0.0067 ± 0.0014

Year Experiment CP Asymmetry in the decay mode D0 to K0sK0s [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2105.01565 [PRD Lett]. -0.031 ± 0.012 ± 0.004 ± 0.012
2017 Belle N. Dash et al. (BELLE Collab.), JHEP 10, 055 (2015). -0.0002 ± 0.0153 ± 0.0002 ± 0.0017
2015 LHCb R. Aaij et al. (LHCb Collab.), JHEP 10 055 (2015). -0.029 ± 0.052 ± 0.022
2001 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 63, 071101 (2001). -0.23 ± 0.19

HFLAV average -0.015 ± 0.011

Year Experiment CP Asymmetry in the decay mode D0 to K-π+ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.003 ± 0.003 ± 0.006

Year Experiment CP Asymmetry in the decay mode D0 to K+K- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett.B 767 177 (2017). +0.0004 ± 0.0012 ± 0.0010
2012 CDF T. Aaltonen et al. (CDF Collab.), Phys. Rev. D 85, 012009 (2012). -0.0024 ± 0.0022 ± 0.0009
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. Lett. 100, 061803 (2008). +0.0000 ± 0.0034 ± 0.0013
2008 BELLE M. Staric et al. (BELLE Collab.), Phys. Lett.B 670, 190 (2008). -0.0043 ± 0.0030 ± 0.0011
2002 CLEO S.E. Csorna et al. (CLEO Collab.), Phys. Rev. D 65, 092001 (2002). +0.000 ± 0.022 ± 0.008
2000 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 491, 232 (2000). -0.001 ± 0.022 ± 0.015
1998 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 421, 405 (1998). -0.010 ± 0.049 ± 0.012

HFLAV average -0.0009 ± 0.0011

Year Experiment CP Asymmetry in the decay mode D0 to π+π-π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2015 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 740, 158 (2015). Model independent technique, no evidence for CP violation
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. D 78, 051102 (2008). +0.0031 ± 0.0041 ± 0.0017
2008 BELLE K. Arinstein et al. (BELLE Collab.), Phys. Lett. B 662, 102 (2008). +0.0043 ± 0.0130
2005 CLEO D. Cronin-Hennessy et al. (CLEO Collab.), Phys. Rev. D 72, 031102 (2005). +0.01 (+0.09 -0.07) ± 0.05

HFLAV average +0.0032 ± 0.0042

Year Experiment CP Asymmetry in the decay mode D0 to K-π+π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.001 ± 0.003 ± 0.004

Year Experiment CP Asymmetry in the decay mode D0 to K+π-π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2005 BELLE X.C. Tian et al. (BELLE Collab.), Phys. Rev. Lett. 95, 231801 (2005). -0.006 ± 0.053
2001 CLEO G. Brandenburg et al. (CLEO Collab.), Phys. Rev. Lett. 87, 071802 (2001). +0.09 (+0.25 -0.22)

HFLAV average -0.0014 ± 0.0517

Year Experiment CP Asymmetry in the decay mode D0 to K0sπ+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2012 CDF T. Aaltonen et al. (CDF Collab.), Phys. Rev. D 86, 032007 (2012). -0.0005 ± 0.0057 ± 0.0054
2004 CLEO D.M. Asner et al. (CLEO Collab.), Phys. Rev. D 70, 091101 (2004). -0.009 ± 0.021 (+0.016 -0.057)

HFLAV average -0.0008 ± 0.0077

Year Experiment CP Asymmetry in the decay mode D0 to K0sK-π+ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2016 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. D 93, 052018 (2016). Amplitude analysis, no evidence for CP violation

Year Experiment CP Asymmetry in the decay mode D0 to K0sK+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2016 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. D 93, 052018 (2016). Amplitude analysis, no evidence for CP violation

Year Experiment CP Asymmetry in the decay mode D0 to K-K+π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. D 78, 051102 (2008). -0.0100 ± 0.0167 ± 0.0025

Year Experiment CP Asymmetry in the decay mode D0 to π-π-π+π+ [Amplitude analysis]
2013 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 726, 623 (2013). Model independent technique, no evidence for CP violation

Year Experiment CP Asymmetry in the decay mode D0 to K-π+π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.002 ± 0.003 ± 0.004

Year Experiment CP Asymmetry in the decay mode D0 to K+π-π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2005 BELLE X.C. Tian et al. (BELLE Collab.), Phys. Rev. Lett. 95, 231801 (2005). -0.018 ± 0.044

Year Experiment CP Asymmetry in the decay mode D0 to K+K-π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2019 BELLE J. B. Kim et al. (BELLE Collab.), Phys. Rev. D 99, 011104 (2019). +0.0034 ± 0.0036 ± 0.0006
2019 LHCb R. Aaij et al. (LHCb Collab.), JHEP 02, 126 (2019). Amplitude analysis, no evidence for CP violation
2013 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 726, 623 (2013). Model independent technique, no evidence for CP violation
2012 CLEO M. Artuso et al. (CLEO Collab.), Phys. Rev. D 85, 122002 (2012). Amplitude analysis, no evidence for CP violation
2005 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 622, 239 (2005). -0.082 ± 0.056 ± 0.047

HFLAV average +0.0032 ± 0.0036

Year Experiment CP Asymmetry in the decay mode D0 to K*0(->K-π+)γ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 BELLE T. Nanut et al. (BELLE Collab.), Phys. Rev. Lett. 118, 051801 (2017). -0.003 ± 0.020 ± 0.000

Year Experiment CP Asymmetry in the decay mode D0 to φ(->K+K-)γ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 BELLE T. Nanut et al. (BELLE Collab.), Phys. Rev. Lett. 118, 051801 (2017). -0.094 ± 0.066 ± 0.001

Year Experiment CP Asymmetry in the decay mode D0 to ρ0(->π+π-)γ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 BELLE T. Nanut et al. (BELLE Collab.), Phys. Rev. Lett. 118, 051801 (2017). +0.056 ± 0.152 ± 0.006

Year Experiment CP Asymmetry in the decay mode D0 to K+K-μ+μ- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2018 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 121, 091801 (2018). +0.00 ± 0.11 ± 0.02

Year Experiment CP Asymmetry in the decay mode D0 to π+π-μ+μ- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2018 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 121, 091801 (2018). +0.049 ± 0.038 ± 0.007

CP Asymmetries in D+ decays

Year Experiment CP Asymmetry in the decay mode D+ to μ+ν [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2008 CLEO B.I. Eisenstein et al. (CLEO Collab.), Phys. Rev. D 78, 052003 (2008). +0.08 ± 0.08

Year Experiment CP Asymmetry in the decay mode D+ to π+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.013 ± 0.009 ± 0.006
2018 BELLE V. Babu et al. (BELLE Collab.), Phys. Rev. D 97, 011101 (2018). +0.0231 ± 0.0124 ± 0.0023
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.029 ± 0.029 ± 0.003

HFLAV average +0.004 ± 0.008

Year Experiment CP Asymmetry in the decay mode D+ to π+η [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.002 ± 0.008 ± 0.004
2011 BELLE E. Won et al. (BELLE Collab.), Phys. Rev. Lett. 107, 221801 (2011). +0.0174 ± 0.0113 ± 0.0019
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.020 ± 0.023 ± 0.003

HFLAV average +0.003 ± 0.007

Year Experiment CP Asymmetry in the decay mode D+ to π+η' [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 771, 21 (2017). -0.0061 ± 0.0072 ± 0.0053 ± 0.0012
2011 BELLE E. Won et al. (BELLE Collab.), Phys. Rev. Lett. 107, 221801 (2011). -0.0012 ± 0.0112 ± 0.0017
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.040 ± 0.034 ± 0.003

HFLAV average -0.006 ± 0.007

Year Experiment CP Asymmetry in the decay mode D+ to K+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.032 ± 0.047 ± 0.021
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.035 ± 0.107 ± 0.009

HFLAV average -0.033 ± 0.046

Year Experiment CP Asymmetry in the decay mode D+ to K+η [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.06 ± 0.10 ± 0.04

Year Experiment CP Asymmetry in the decay mode D+ to K0sπ+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.011 ± 0.006 ± 0.002
2012 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 109, 021601 (2012). -0.00363 ± 0.00094 ± 0.00067
2011 BABAR P. del Amo Sanchez et al. (BABAR Collab.), Phys. Rev. D 83, 071103 (2011). -0.0044 ± 0.0013 ± 0.0010
2002 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Rev. Lett. 88, 041602 (2002). -0.016 ± 0.015 ± 0.009

HFLAV average -0.0041 ± 0.0009

Year Experiment CP Asymmetry in the decay mode D+ to K0sK+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.0013 ± 0.0036 ± 0.0025
2013 BELLE B.R. Ko et al. (BELLE Collab.), JHEP 02, 098 (2013). -0.0025 ± 0.0028 ± 0.0014
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.002 ± 0.015 ± 0.009
2002 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Rev. Lett. 88, 041602 (2002). +0.071 ± 0.061 ± 0.012

HFLAV average -0.0011 ± 0.0025

Year Experiment CP Asymmetry in the decay mode D+ to ( K0/K0) K+ 
(subtraction of the effects due to the (subtraction of the effects due to the KK0-K0 system)0-K0 system) [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]

2019 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 191803 (2019). -0.00004 ± 0.00061 ± 0.00045
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.0046 ± 0.0036 ± 0.0025
2013 BELLE B.R. Ko et al. (BELLE Collab.), JHEP 02, 098 (2013). +0.0008 ± 0.0028 ± 0.0014

HFLAV average +0.0001 ± 0.0007

Year Experiment CP Asymmetry in the decay mode D+ to φπ+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2019 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 191803 (2019). +0.00003 ± 0.00040 ± 0.00029

Year Experiment CP Asymmetry in the decay mode D+ to π+π-π+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 728, 585 (2014). Model independent technique, no evidence for CP violation
1997 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 403, 377 (1997). -0.017 ± 0.042

Year Experiment CP Asymmetry in the decay mode D+ to K-π+π+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 D0 V.M. Abazov et al. (D0 Collab.), Phys. Rev. D 90, 111102 (2014). -0.0016 ± 0.0015 ± 0.0009
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.003 ± 0.002 ± 0.004

HFLAV average -0.0018 ± 0.0016

Year Experiment CP Asymmetry in the decay mode D+ to K0sπ+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.001 ± 0.007 ± 0.002

Year Experiment CP Asymmetry in the decay mode D+ to K+K-π+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.001 ± 0.009 ± 0.004
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052010 (2013). +0.0037 ± 0.0030 ± 0.0015
2008 CLEO P. Rubin et al. (CLEO Collab.), Phys. Rev. D 78, 072003 (2008). Dalitz plot analysis, no evidence for CP violation
2000 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 491, 232 (2000). +0.006 ± 0.011 ± 0.005
1997 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 403, 377 (1997). -0.014 ± 0.029

HFLAV average +0.0032 ± 0.0031

Year Experiment CP Asymmetry in the decay mode D+ to K-π+π+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.003 ± 0.006 ± 0.004

Year Experiment CP Asymmetry in the decay mode D+ to K0sπ+π+π- [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.000 ± 0.012 ± 0.003

Year Experiment CP Asymmetry in the decay mode D+ to K0sK+π+π- [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2005 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 622, 239 (2005). -0.042 ± 0.064 ± 0.022

CP Asymmetries in Ds+ decays

Year Experiment CP Asymmetry in the decay mode Ds+ to μ+ν [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2009 CLEO J.P. Alexander et al. (CLEO Collab.), Phys. Rev. D 79, 052001 (2009). +0.048 ± 0.061

Year Experiment CP Asymmetry in the decay mode Ds+ to π+η [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2021 BELLE Y. Guan et al. (BELLE Collab.), arXiv:2103.09969 [PRD]. +0.002 ± 0.003 ± 0.003
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. +0.008 ± 0.007 ± 0.005
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.011 ± 0.030 ± 0.008

HFLAV average +0.003 ± 0.004

Year Experiment CP Asymmetry in the decay mode Ds+ to π+η' [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 771, 21 (2017). -0.0082 ± 0.0036 ± 0.0022 ± 0.002
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.022 ± 0.022 ± 0.006

HFLAV average +0.0008 ± 0.0026

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sπ+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.006 ± 0.020 ± 0.003
2010 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 104, 181602 (2010). +0.0545 ± 0.0250 ± 0.0033
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.163 ± 0.073 ± 0.003

HFLAV average +0.0311 ± 0.0154

Year Experiment CP Asymmetry in the decay mode Ds+ to ( K0/K0) π+ 
(subtraction of the effects due to the (subtraction of the effects due to the KK0-K0 system)0-K0 system) [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]

2019 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 191803 (2019). +0.0016 ± 0.0017 ± 0.0005
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.003 ± 0.020 ± 0.003

HFLAV average +0.0016 ± 0.0018

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.026 ± 0.015 ± 0.006
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). -0.0005 ± 0.0023 ± 0.0024
2010 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 104, 181602 (2010). +0.0012 ± 0.0036 ± 0.0022

HFLAV average +0.0008 ± 0.0026

Year Experiment CP Asymmetry in the decay mode Ds+ to ( K0/K0) K+ 
(subtraction of the effects due to the (subtraction of the effects due to the KK0-K0 system)0-K0 system) [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]

2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.0028 ± 0.0023 ± 0.0024

Year Experiment CP Asymmetry in the decay mode Ds+ to K+π0 [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.008 ± 0.039 ± 0.012
2021 BELLE Y. Guan et al. (BELLE Collab.), arXiv:2103.09969 [PRD]. +0.064 ± 0.044 ± 0.011
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.266 ± 0.238 ± 0.009

HFLAV average +0.020 ± 0.030

Year Experiment CP Asymmetry in the decay mode Ds+ to K+η [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2021 BELLE Y. Guan et al. (BELLE Collab.), arXiv:2103.09969 [PRD]. +0.021 ± 0.021 ± 0.004
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. +0.009 ± 0.037 ± 0.011
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.093 ± 0.152 ± 0.009

HFLAV average +0.019 ± 0.019
Year Experiment CP Asymmetry in the decay mode Ds+ to K+η' [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.060 ± 0.189 ± 0.009

Year Experiment CP Asymmetry in the decay mode Ds+ to π+π+π- [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.007 ± 0.030 ± 0.006

Year Experiment CP Asymmetry in the decay mode Ds+ to π+π0η [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.005 ± 0.039 ± 0.020

Year Experiment CP Asymmetry in the decay mode Ds+ to π+π0η' [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.004 ± 0.074 ± 0.019

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK+π0 [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.016 ± 0.060 ± 0.011

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK0sπ+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.031 ± 0.052 ± 0.006

Year Experiment CP Asymmetry in the decay mode Ds+ to K+π+π- [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.045 ± 0.048 ± 0.006

Year Experiment CP Asymmetry in the decay mode Ds+ to K+K-π+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.005 ± 0.008 ± 0.004

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK-π+π+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.041 ± 0.027 ± 0.009

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK+π+π- [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.057 ± 0.053 ± 0.009

Year Experiment CP Asymmetry in the decay mode Ds+ to K+K-π+π0 [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.000 ± 0.027 ± 0.012

CP Asymmetries in decays of charm baryons
For charm baryons CP asymmetry has been accessed through comparison of P asymmetry in decays of, for instance, Λc

+ and Λc
-, measured with the weak-asymmetry

parameters, respectively α(Λc
+) and α(Λc

-). As under P-parity conservation:
α(Λc

+) = -α(Λc
-),

the CP-violating asymmetry is defined as:
AαCP = [α(Λc

+) + α(Λc
-)] /[α(Λc

+) - α(Λc
-].

The α(Λc) can be measured through an angular analysis exploiting a helicity angle of weakly-decaying baryon in Λc decay chain, for instance Λ->pπ- in Λc
+->Λπ+

decays. 
This method of accessing CP violation occuring through P-violation can be applied also to other charm baryons, like Ξc

0->Ξ-π+ with Ξ-->Λπ-. 

Year Experiment CP Asymmetry in the decay mode Λc
+ to Λ e+ ν [α(Λc

+)+α(Λc
-)]/[α(Λc

+)-α(Λc
-]

2005 CLEO J.W. Hinson et al. (CLEO Collab.), Phys. Rev. Lett. 94, 191801 (2005). 0.00 ± 0.03 ± 0.01 ± 0.02

Year Experiment CP Asymmetry in the decay mode Λc
+ to Λπ+ [α(Λc

+)+α(Λc
-)]/[α(Λc

+)-α(Λc
-]

2006 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 34, 165 (2006). -0.07 ± 0.19 ± 0.12

Year Experiment CP Asymmetry in the decay mode Ξc
0 to Ξ-π+ [α(Ξc

0)+α(Ξc
0)]/[α(Ξc

0)-α(Ξc
0))]

2021 BELLE Y.B. Li et al. (BELLE Collab.), arXiv:2103.06496 [PRL]. +0.015 ± 0.052 ± 0.017

ΔACP measurements

Probing CP violation through differences between ACP asymmetries of similar decay channels allows for cancelation of nuisance asymmetries, like charm-production
asymmetry and/or charge-track detection asymmetry. It significantly facilitates experimental measurements and increases sensitivity. 

Measurements of ΔACP for D0->h+h- decays, defined as ACP(D0->K+K-)-ACP(D0->π+π-), are discussed here. 
Notably, the LHCb measurement in R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 211803 (2019) yields an LHCb combination of 

ΔACP(D0->h+h-) = (-15.4 ± 2.9)×10-4,
comprising the discovery of CP violation in charm sector. 

ΔACP is also measured for three-body Λc
+->ph+h- decays, in a phase-space integrated manner, in R. Aaij et al. (LHCb Collab.), JHEP 03 182 (2018) giving 

ΔACP(Λc
+->ph+h-) = (+0.30 ± 0.91 ± 0.61)×10-2.

Sum rule for D->ππ decays

This sume rule was proposed in Y. Grossman, A.L. Kagan, J. Zupan, Phys. Rev. D 85, 114036 (2012) and for the first time experimentally tested in V. Babu et al. (BELLE
Collab.), Phys. Rev. D 97, 011101 (2018). 
An isospin decomposition of D->ππ decay amplitudes gives:

where A1 and A3 are amplitudes of decays with an isospin change of, respectively, ΔI = 1/2 and ΔI = 3/2 (i.e. transitions to ππ final states with I=0 and I=2). Therefore the
following sum holds for decay amplitudes of D->ππ channels:

It translates into the following sum for differences between D and D decay rates:

The above sum being non-zero would mean that CP violation arises from the ΔI = 1/2 amplitude. If the sum is zero, while individual CP asymmetries of D->ππ modes are
non-zero, it would suggest New Physics contributing to the ΔI = 3/2 amplitude. As penguin amplitude is, to a good approximation, ΔI = 1/2 within the Standard Model,
while D+->π+π0 decay is purely a ΔI = 3/2 transistion, any CP asymmetry observed for this mode would point to New Physics in the ΔI = 3/2 amplitude. 

To facilitate an experimental test, the left-hand side of the above sum is rewritten as:

Using the relation between amplitude and branching fraction, |A|2~B/τD, and employing ACP definition, |A|2 - |A|2 = ACP(|A|2 + |A|2), the above turns into:

where B+-, B00 and B+0 denote branching fractions of D0->π+π-, D0->π0π0 and D+->π+π0 decays, respectively, whereas τD0 and τD+ are lifetimes of D0 and D+. 
The sum R is calculated using HFLAV averages for ACP given in the tables above, and PDG averages for branching fractions and lifetimes from P.A. Zyla et al. (PDG),
Prog. Theor. Exp. Phys. 2020, 083C01 (2020). 

The result is

R = (+0.06 ± 2.44)×10-3,
and is consistent with zero. 

More details are given in Sec.9.2 of Y. Amhis et al. (HFLAV), Eur. Phys. J. C 81:226 (2021).
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CP Asymmetries 
(through May 2021)(through May 2021)

Note: 
In the case of D+, Ds

+ and Λc
+ decays, the (time-integrated) CP asymmetry measures direct CP violation. 

For D0 decays, the CP asymmetry measures direct and indirect CP violation combined. 

For lifetime asymmetries of D0 decays to CP eigenstates, see Results for AΓ and ΔACP 

For Sum Rule of isospin-related D->ππ channels, see Sum Rule test. 

In the tables below we report asymmetries for the actual final state, i.e. resonant substructure is not considered.

CP Asymmetries in D0 decays

Year Experiment CP Asymmetry in the decay mode D0 to π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett.B 767 177 (2017). +0.0007 ± 0.0014 ± 0.0011
2012 CDF T. Aaltonen et al. (CDF Collab.), Phys. Rev. D 85, 012009 (2012). +0.0022 ± 0.0024 ± 0.0011
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. Lett. 100, 061803 (2008). -0.0024 ± 0.0052 ± 0.0022
2008 BELLE M. Staric et al. (BELLE Collab.), Phys. Lett.B 670, 190 (2008). +0.0043 ± 0.0052 ± 0.0012
2002 CLEO S.E. Csorna et al. (CLEO Collab.), Phys. Rev. D 65, 092001 (2002). +0.019 ± 0.032 ± 0.008
2000 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 491, 232 (2000). +0.048 ± 0.039 ± 0.025
1998 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 421, 405 (1998). -0.049 ± 0.078 ± 0.030

HFLAV average -0.0001 ± 0.0014

Year Experiment CP Asymmetry in the decay mode D0 to π0π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 BELLE N.K. Nisar et al. (BELLE Collab.), Phys. Rev. Lett. 112, 211601 (2014). -0.0003 ± 0.0064 ± 0.0010
2001 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 63, 071101 (2001). +0.001 ± 0.048

HFLAV average -0.0003 ± 0.0064

Year Experiment CP Asymmetry in the decay mode D0 to K0sπ0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 BELLE N.K. Nisar et al. (BELLE Collab.), Phys. Rev. Lett. 112, 211601 (2014). -0.0021 ± 0.0016 ± 0.0007
2001 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 63, 071101 (2001). +0.001 ± 0.013

HFLAV average -0.0020 ± 0.0017

Year Experiment CP Asymmetry in the decay mode D0 to K0sη [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2011 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 106, 211801 (2011). +0.0054 ± 0.0051 ± 0.0016

Year Experiment CP Asymmetry in the decay mode D0 to K0sη' [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2011 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 106, 211801 (2011). +0.0098 ± 0.0067 ± 0.0014

Year Experiment CP Asymmetry in the decay mode D0 to K0sK0s [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2105.01565 [PRD Lett]. -0.031 ± 0.012 ± 0.004 ± 0.002
2017 Belle N. Dash et al. (BELLE Collab.), JHEP 10, 055 (2015). -0.0002 ± 0.0153 ± 0.0002 ± 0.0017
2015 LHCb R. Aaij et al. (LHCb Collab.), JHEP 10 055 (2015). -0.029 ± 0.052 ± 0.022
2001 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 63, 071101 (2001). -0.23 ± 0.19

HFLAV average -0.019 ± 0.010

Year Experiment CP Asymmetry in the decay mode D0 to K-π+ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.003 ± 0.003 ± 0.006

Year Experiment CP Asymmetry in the decay mode D0 to K+K- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett.B 767 177 (2017). +0.0004 ± 0.0012 ± 0.0010
2012 CDF T. Aaltonen et al. (CDF Collab.), Phys. Rev. D 85, 012009 (2012). -0.0024 ± 0.0022 ± 0.0009
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. Lett. 100, 061803 (2008). +0.0000 ± 0.0034 ± 0.0013
2008 BELLE M. Staric et al. (BELLE Collab.), Phys. Lett.B 670, 190 (2008). -0.0043 ± 0.0030 ± 0.0011
2002 CLEO S.E. Csorna et al. (CLEO Collab.), Phys. Rev. D 65, 092001 (2002). +0.000 ± 0.022 ± 0.008
2000 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 491, 232 (2000). -0.001 ± 0.022 ± 0.015
1998 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 421, 405 (1998). -0.010 ± 0.049 ± 0.012

HFLAV average -0.0009 ± 0.0011

Year Experiment CP Asymmetry in the decay mode D0 to π+π-π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2015 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 740, 158 (2015). Model independent technique, no evidence for CP violation
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. D 78, 051102 (2008). +0.0031 ± 0.0041 ± 0.0017
2008 BELLE K. Arinstein et al. (BELLE Collab.), Phys. Lett. B 662, 102 (2008). +0.0043 ± 0.0130
2005 CLEO D. Cronin-Hennessy et al. (CLEO Collab.), Phys. Rev. D 72, 031102 (2005). +0.01 (+0.09 -0.07) ± 0.05

HFLAV average +0.0032 ± 0.0042

Year Experiment CP Asymmetry in the decay mode D0 to K-π+π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.001 ± 0.003 ± 0.004

Year Experiment CP Asymmetry in the decay mode D0 to K+π-π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2005 BELLE X.C. Tian et al. (BELLE Collab.), Phys. Rev. Lett. 95, 231801 (2005). -0.006 ± 0.053
2001 CLEO G. Brandenburg et al. (CLEO Collab.), Phys. Rev. Lett. 87, 071802 (2001). +0.09 (+0.25 -0.22)

HFLAV average -0.0014 ± 0.0517

Year Experiment CP Asymmetry in the decay mode D0 to K0sπ+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2012 CDF T. Aaltonen et al. (CDF Collab.), Phys. Rev. D 86, 032007 (2012). -0.0005 ± 0.0057 ± 0.0054
2004 CLEO D.M. Asner et al. (CLEO Collab.), Phys. Rev. D 70, 091101 (2004). -0.009 ± 0.021 (+0.016 -0.057)

HFLAV average -0.0008 ± 0.0077

Year Experiment CP Asymmetry in the decay mode D0 to K0sK-π+ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2016 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. D 93, 052018 (2016). Amplitude analysis, no evidence for CP violation

Year Experiment CP Asymmetry in the decay mode D0 to K0sK+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2016 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. D 93, 052018 (2016). Amplitude analysis, no evidence for CP violation

Year Experiment CP Asymmetry in the decay mode D0 to K-K+π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. D 78, 051102 (2008). -0.0100 ± 0.0167 ± 0.0025

Year Experiment CP Asymmetry in the decay mode D0 to π-π-π+π+ [Amplitude analysis]
2013 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 726, 623 (2013). Model independent technique, no evidence for CP violation

Year Experiment CP Asymmetry in the decay mode D0 to K-π+π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.002 ± 0.003 ± 0.004

Year Experiment CP Asymmetry in the decay mode D0 to K+π-π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2005 BELLE X.C. Tian et al. (BELLE Collab.), Phys. Rev. Lett. 95, 231801 (2005). -0.018 ± 0.044

Year Experiment CP Asymmetry in the decay mode D0 to K+K-π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2019 BELLE J. B. Kim et al. (BELLE Collab.), Phys. Rev. D 99, 011104 (2019). +0.0034 ± 0.0036 ± 0.0006
2019 LHCb R. Aaij et al. (LHCb Collab.), JHEP 02, 126 (2019). Amplitude analysis, no evidence for CP violation
2013 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 726, 623 (2013). Model independent technique, no evidence for CP violation
2012 CLEO M. Artuso et al. (CLEO Collab.), Phys. Rev. D 85, 122002 (2012). Amplitude analysis, no evidence for CP violation
2005 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 622, 239 (2005). -0.082 ± 0.056 ± 0.047

HFLAV average +0.0032 ± 0.0036

Year Experiment CP Asymmetry in the decay mode D0 to K*0(->K-π+)γ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 BELLE T. Nanut et al. (BELLE Collab.), Phys. Rev. Lett. 118, 051801 (2017). -0.003 ± 0.020 ± 0.000

Year Experiment CP Asymmetry in the decay mode D0 to φ(->K+K-)γ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 BELLE T. Nanut et al. (BELLE Collab.), Phys. Rev. Lett. 118, 051801 (2017). -0.094 ± 0.066 ± 0.001

Year Experiment CP Asymmetry in the decay mode D0 to ρ0(->π+π-)γ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 BELLE T. Nanut et al. (BELLE Collab.), Phys. Rev. Lett. 118, 051801 (2017). +0.056 ± 0.152 ± 0.006

Year Experiment CP Asymmetry in the decay mode D0 to K+K-μ+μ- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2018 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 121, 091801 (2018). +0.00 ± 0.11 ± 0.02

Year Experiment CP Asymmetry in the decay mode D0 to π+π-μ+μ- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2018 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 121, 091801 (2018). +0.049 ± 0.038 ± 0.007

CP Asymmetries in D+ decays

Year Experiment CP Asymmetry in the decay mode D+ to μ+ν [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2008 CLEO B.I. Eisenstein et al. (CLEO Collab.), Phys. Rev. D 78, 052003 (2008). +0.08 ± 0.08

Year Experiment CP Asymmetry in the decay mode D+ to π+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.013 ± 0.009 ± 0.006
2018 BELLE V. Babu et al. (BELLE Collab.), Phys. Rev. D 97, 011101 (2018). +0.0231 ± 0.0124 ± 0.0023
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.029 ± 0.029 ± 0.003

HFLAV average +0.004 ± 0.008

Year Experiment CP Asymmetry in the decay mode D+ to π+η [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.002 ± 0.008 ± 0.004
2011 BELLE E. Won et al. (BELLE Collab.), Phys. Rev. Lett. 107, 221801 (2011). +0.0174 ± 0.0113 ± 0.0019
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.020 ± 0.023 ± 0.003

HFLAV average +0.003 ± 0.007

Year Experiment CP Asymmetry in the decay mode D+ to π+η' [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 771, 21 (2017). -0.0061 ± 0.0072 ± 0.0053 ± 0.0012
2011 BELLE E. Won et al. (BELLE Collab.), Phys. Rev. Lett. 107, 221801 (2011). -0.0012 ± 0.0112 ± 0.0017
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.040 ± 0.034 ± 0.003

HFLAV average -0.006 ± 0.007

Year Experiment CP Asymmetry in the decay mode D+ to K+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.032 ± 0.047 ± 0.021
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.035 ± 0.107 ± 0.009

HFLAV average -0.033 ± 0.046

Year Experiment CP Asymmetry in the decay mode D+ to K+η [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.06 ± 0.10 ± 0.04

Year Experiment CP Asymmetry in the decay mode D+ to K0sπ+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.011 ± 0.006 ± 0.002
2012 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 109, 021601 (2012). -0.00363 ± 0.00094 ± 0.00067
2011 BABAR P. del Amo Sanchez et al. (BABAR Collab.), Phys. Rev. D 83, 071103 (2011). -0.0044 ± 0.0013 ± 0.0010
2002 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Rev. Lett. 88, 041602 (2002). -0.016 ± 0.015 ± 0.009

HFLAV average -0.0041 ± 0.0009

Year Experiment CP Asymmetry in the decay mode D+ to K0sK+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.0013 ± 0.0036 ± 0.0025
2013 BELLE B.R. Ko et al. (BELLE Collab.), JHEP 02, 098 (2013). -0.0025 ± 0.0028 ± 0.0014
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.002 ± 0.015 ± 0.009
2002 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Rev. Lett. 88, 041602 (2002). +0.071 ± 0.061 ± 0.012

HFLAV average -0.0011 ± 0.0025

Year Experiment CP Asymmetry in the decay mode D+ to ( K0/K0) K+ 
(subtraction of the effects due to the (subtraction of the effects due to the KK0-K0 system)0-K0 system) [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]

2019 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 191803 (2019). -0.00004 ± 0.00061 ± 0.00045
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.0046 ± 0.0036 ± 0.0025
2013 BELLE B.R. Ko et al. (BELLE Collab.), JHEP 02, 098 (2013). +0.0008 ± 0.0028 ± 0.0014

HFLAV average +0.0001 ± 0.0007

Year Experiment CP Asymmetry in the decay mode D+ to φπ+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2019 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 191803 (2019). +0.00003 ± 0.00040 ± 0.00029

Year Experiment CP Asymmetry in the decay mode D+ to π+π-π+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 728, 585 (2014). Model independent technique, no evidence for CP violation
1997 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 403, 377 (1997). -0.017 ± 0.042

Year Experiment CP Asymmetry in the decay mode D+ to K-π+π+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 D0 V.M. Abazov et al. (D0 Collab.), Phys. Rev. D 90, 111102 (2014). -0.0016 ± 0.0015 ± 0.0009
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.003 ± 0.002 ± 0.004

HFLAV average -0.0018 ± 0.0016

Year Experiment CP Asymmetry in the decay mode D+ to K0sπ+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.001 ± 0.007 ± 0.002

Year Experiment CP Asymmetry in the decay mode D+ to K+K-π+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.001 ± 0.009 ± 0.004
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052010 (2013). +0.0037 ± 0.0030 ± 0.0015
2008 CLEO P. Rubin et al. (CLEO Collab.), Phys. Rev. D 78, 072003 (2008). Dalitz plot analysis, no evidence for CP violation
2000 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 491, 232 (2000). +0.006 ± 0.011 ± 0.005
1997 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 403, 377 (1997). -0.014 ± 0.029

HFLAV average +0.0032 ± 0.0031

Year Experiment CP Asymmetry in the decay mode D+ to K-π+π+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.003 ± 0.006 ± 0.004

Year Experiment CP Asymmetry in the decay mode D+ to K0sπ+π+π- [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.000 ± 0.012 ± 0.003

Year Experiment CP Asymmetry in the decay mode D+ to K0sK+π+π- [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2005 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 622, 239 (2005). -0.042 ± 0.064 ± 0.022

CP Asymmetries in Ds+ decays

Year Experiment CP Asymmetry in the decay mode Ds+ to μ+ν [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2009 CLEO J.P. Alexander et al. (CLEO Collab.), Phys. Rev. D 79, 052001 (2009). +0.048 ± 0.061

Year Experiment CP Asymmetry in the decay mode Ds+ to π+η [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2021 BELLE Y. Guan et al. (BELLE Collab.), arXiv:2103.09969 [PRD]. +0.002 ± 0.003 ± 0.003
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. +0.008 ± 0.007 ± 0.005
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.011 ± 0.030 ± 0.008

HFLAV average +0.003 ± 0.004

Year Experiment CP Asymmetry in the decay mode Ds+ to π+η' [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 771, 21 (2017). -0.0082 ± 0.0036 ± 0.0022 ± 0.002
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.022 ± 0.022 ± 0.006

HFLAV average +0.0008 ± 0.0026

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sπ+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.006 ± 0.020 ± 0.003
2010 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 104, 181602 (2010). +0.0545 ± 0.0250 ± 0.0033
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.163 ± 0.073 ± 0.003

HFLAV average +0.0311 ± 0.0154

Year Experiment CP Asymmetry in the decay mode Ds+ to ( K0/K0) π+ 
(subtraction of the effects due to the (subtraction of the effects due to the KK0-K0 system)0-K0 system) [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]

2019 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 191803 (2019). +0.0016 ± 0.0017 ± 0.0005
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.003 ± 0.020 ± 0.003

HFLAV average +0.0016 ± 0.0018

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.026 ± 0.015 ± 0.006
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). -0.0005 ± 0.0023 ± 0.0024
2010 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 104, 181602 (2010). +0.0012 ± 0.0036 ± 0.0022

HFLAV average +0.0008 ± 0.0026

Year Experiment CP Asymmetry in the decay mode Ds+ to ( K0/K0) K+ 
(subtraction of the effects due to the (subtraction of the effects due to the KK0-K0 system)0-K0 system) [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]

2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.0028 ± 0.0023 ± 0.0024

Year Experiment CP Asymmetry in the decay mode Ds+ to K+π0 [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.008 ± 0.039 ± 0.012
2021 BELLE Y. Guan et al. (BELLE Collab.), arXiv:2103.09969 [PRD]. +0.064 ± 0.044 ± 0.011
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.266 ± 0.238 ± 0.009

HFLAV average +0.020 ± 0.030

Year Experiment CP Asymmetry in the decay mode Ds+ to K+η [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2021 BELLE Y. Guan et al. (BELLE Collab.), arXiv:2103.09969 [PRD]. +0.021 ± 0.021 ± 0.004
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. +0.009 ± 0.037 ± 0.011
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.093 ± 0.152 ± 0.009

HFLAV average +0.019 ± 0.019
Year Experiment CP Asymmetry in the decay mode Ds+ to K+η' [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.060 ± 0.189 ± 0.009

Year Experiment CP Asymmetry in the decay mode Ds+ to π+π+π- [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.007 ± 0.030 ± 0.006

Year Experiment CP Asymmetry in the decay mode Ds+ to π+π0η [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.005 ± 0.039 ± 0.020

Year Experiment CP Asymmetry in the decay mode Ds+ to π+π0η' [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.004 ± 0.074 ± 0.019

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK+π0 [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.016 ± 0.060 ± 0.011

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK0sπ+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.031 ± 0.052 ± 0.006

Year Experiment CP Asymmetry in the decay mode Ds+ to K+π+π- [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.045 ± 0.048 ± 0.006

Year Experiment CP Asymmetry in the decay mode Ds+ to K+K-π+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.005 ± 0.008 ± 0.004

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK-π+π+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.041 ± 0.027 ± 0.009

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK+π+π- [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.057 ± 0.053 ± 0.009

Year Experiment CP Asymmetry in the decay mode Ds+ to K+K-π+π0 [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.000 ± 0.027 ± 0.012

CP Asymmetries in decays of charm baryons
For charm baryons CP asymmetry has been accessed through comparison of P asymmetry in decays of, for instance, Λc

+ and Λc
-, measured with the weak-asymmetry

parameters, respectively α(Λc
+) and α(Λc

-). As under P-parity conservation:
α(Λc

+) = -α(Λc
-),

the CP-violating asymmetry is defined as:
AαCP = [α(Λc

+) + α(Λc
-)] /[α(Λc

+) - α(Λc
-].

The α(Λc) can be measured through an angular analysis exploiting a helicity angle of weakly-decaying baryon in Λc decay chain, for instance Λ->pπ- in Λc
+->Λπ+

decays. 
This method of accessing CP violation occuring through P-violation can be applied also to other charm baryons, like Ξc

0->Ξ-π+ with Ξ-->Λπ-. 

Year Experiment CP Asymmetry in the decay mode Λc
+ to Λ e+ ν [α(Λc

+)+α(Λc
-)]/[α(Λc

+)-α(Λc
-]

2005 CLEO J.W. Hinson et al. (CLEO Collab.), Phys. Rev. Lett. 94, 191801 (2005). 0.00 ± 0.03 ± 0.01 ± 0.02

Year Experiment CP Asymmetry in the decay mode Λc
+ to Λπ+ [α(Λc

+)+α(Λc
-)]/[α(Λc

+)-α(Λc
-]

2006 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 34, 165 (2006). -0.07 ± 0.19 ± 0.12

Year Experiment CP Asymmetry in the decay mode Ξc
0 to Ξ-π+ [α(Ξc

0)+α(Ξc
0)]/[α(Ξc

0)-α(Ξc
0))]

2021 BELLE Y.B. Li et al. (BELLE Collab.), arXiv:2103.06496 [PRL]. +0.015 ± 0.052 ± 0.017

ΔACP measurements

Probing CP violation through differences between ACP asymmetries of similar decay channels allows for cancelation of nuisance asymmetries, like charm-production
asymmetry and/or charge-track detection asymmetry. It significantly facilitates experimental measurements and increases sensitivity. 

Measurements of ΔACP for D0->h+h- decays, defined as ACP(D0->K+K-)-ACP(D0->π+π-), are discussed here. 
Notably, the LHCb measurement in R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 211803 (2019) yields an LHCb combination of 

ΔACP(D0->h+h-) = (-15.4 ± 2.9)×10-4,
comprising the discovery of CP violation in charm sector. 

ΔACP is also measured for three-body Λc
+->ph+h- decays, in a phase-space integrated manner, in R. Aaij et al. (LHCb Collab.), JHEP 03 182 (2018) giving 

ΔACP(Λc
+->ph+h-) = (+0.30 ± 0.91 ± 0.61)×10-2.

Sum rule for D->ππ decays

This sume rule was proposed in Y. Grossman, A.L. Kagan, J. Zupan, Phys. Rev. D 85, 114036 (2012) and for the first time experimentally tested in V. Babu et al. (BELLE
Collab.), Phys. Rev. D 97, 011101 (2018). 
An isospin decomposition of D->ππ decay amplitudes gives:

where A1 and A3 are amplitudes of decays with an isospin change of, respectively, ΔI = 1/2 and ΔI = 3/2 (i.e. transitions to ππ final states with I=0 and I=2). Therefore the
following sum holds for decay amplitudes of D->ππ channels:

It translates into the following sum for differences between D and D decay rates:

The above sum being non-zero would mean that CP violation arises from the ΔI = 1/2 amplitude. If the sum is zero, while individual CP asymmetries of D->ππ modes are
non-zero, it would suggest New Physics contributing to the ΔI = 3/2 amplitude. As penguin amplitude is, to a good approximation, ΔI = 1/2 within the Standard Model,
while D+->π+π0 decay is purely a ΔI = 3/2 transistion, any CP asymmetry observed for this mode would point to New Physics in the ΔI = 3/2 amplitude. 

To facilitate an experimental test, the left-hand side of the above sum is rewritten as:

Using the relation between amplitude and branching fraction, |A|2~B/τD, and employing ACP definition, |A|2 - |A|2 = ACP(|A|2 + |A|2), the above turns into:

where B+-, B00 and B+0 denote branching fractions of D0->π+π-, D0->π0π0 and D+->π+π0 decays, respectively, whereas τD0 and τD+ are lifetimes of D0 and D+. 
The sum R is calculated using HFLAV averages for ACP given in the tables above, and PDG averages for branching fractions and lifetimes from P.A. Zyla et al. (PDG),
Prog. Theor. Exp. Phys. 2020, 083C01 (2020). 

The result is

R = (+0.06 ± 2.44)×10-3,
and is consistent with zero. 

More details are given in Sec.9.2 of Y. Amhis et al. (HFLAV), Eur. Phys. J. C 81:226 (2021).
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CP Asymmetries 
(through May 2021)(through May 2021)

Note: 
In the case of D+, Ds

+ and Λc
+ decays, the (time-integrated) CP asymmetry measures direct CP violation. 

For D0 decays, the CP asymmetry measures direct and indirect CP violation combined. 

For lifetime asymmetries of D0 decays to CP eigenstates, see Results for AΓ and ΔACP 

For Sum Rule of isospin-related D->ππ channels, see Sum Rule test. 

In the tables below we report asymmetries for the actual final state, i.e. resonant substructure is not considered.

CP Asymmetries in D0 decays

Year Experiment CP Asymmetry in the decay mode D0 to π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett.B 767 177 (2017). +0.0007 ± 0.0014 ± 0.0011
2012 CDF T. Aaltonen et al. (CDF Collab.), Phys. Rev. D 85, 012009 (2012). +0.0022 ± 0.0024 ± 0.0011
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. Lett. 100, 061803 (2008). -0.0024 ± 0.0052 ± 0.0022
2008 BELLE M. Staric et al. (BELLE Collab.), Phys. Lett.B 670, 190 (2008). +0.0043 ± 0.0052 ± 0.0012
2002 CLEO S.E. Csorna et al. (CLEO Collab.), Phys. Rev. D 65, 092001 (2002). +0.019 ± 0.032 ± 0.008
2000 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 491, 232 (2000). +0.048 ± 0.039 ± 0.025
1998 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 421, 405 (1998). -0.049 ± 0.078 ± 0.030

HFLAV average -0.0001 ± 0.0014

Year Experiment CP Asymmetry in the decay mode D0 to π0π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 BELLE N.K. Nisar et al. (BELLE Collab.), Phys. Rev. Lett. 112, 211601 (2014). -0.0003 ± 0.0064 ± 0.0010
2001 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 63, 071101 (2001). +0.001 ± 0.048

HFLAV average -0.0003 ± 0.0064

Year Experiment CP Asymmetry in the decay mode D0 to K0sπ0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 BELLE N.K. Nisar et al. (BELLE Collab.), Phys. Rev. Lett. 112, 211601 (2014). -0.0021 ± 0.0016 ± 0.0007
2001 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 63, 071101 (2001). +0.001 ± 0.013

HFLAV average -0.0020 ± 0.0017

Year Experiment CP Asymmetry in the decay mode D0 to K0sη [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2011 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 106, 211801 (2011). +0.0054 ± 0.0051 ± 0.0016

Year Experiment CP Asymmetry in the decay mode D0 to K0sη' [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2011 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 106, 211801 (2011). +0.0098 ± 0.0067 ± 0.0014

Year Experiment CP Asymmetry in the decay mode D0 to K0sK0s [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2105.01565 [PRD Lett]. -0.031 ± 0.012 ± 0.004 ± 0.012
2017 Belle N. Dash et al. (BELLE Collab.), JHEP 10, 055 (2015). -0.0002 ± 0.0153 ± 0.0002 ± 0.0017
2015 LHCb R. Aaij et al. (LHCb Collab.), JHEP 10 055 (2015). -0.029 ± 0.052 ± 0.022
2001 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 63, 071101 (2001). -0.23 ± 0.19

HFLAV average -0.015 ± 0.011

Year Experiment CP Asymmetry in the decay mode D0 to K-π+ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.003 ± 0.003 ± 0.006

Year Experiment CP Asymmetry in the decay mode D0 to K+K- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett.B 767 177 (2017). +0.0004 ± 0.0012 ± 0.0010
2012 CDF T. Aaltonen et al. (CDF Collab.), Phys. Rev. D 85, 012009 (2012). -0.0024 ± 0.0022 ± 0.0009
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. Lett. 100, 061803 (2008). +0.0000 ± 0.0034 ± 0.0013
2008 BELLE M. Staric et al. (BELLE Collab.), Phys. Lett.B 670, 190 (2008). -0.0043 ± 0.0030 ± 0.0011
2002 CLEO S.E. Csorna et al. (CLEO Collab.), Phys. Rev. D 65, 092001 (2002). +0.000 ± 0.022 ± 0.008
2000 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 491, 232 (2000). -0.001 ± 0.022 ± 0.015
1998 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 421, 405 (1998). -0.010 ± 0.049 ± 0.012

HFLAV average -0.0009 ± 0.0011

Year Experiment CP Asymmetry in the decay mode D0 to π+π-π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2015 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 740, 158 (2015). Model independent technique, no evidence for CP violation
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. D 78, 051102 (2008). +0.0031 ± 0.0041 ± 0.0017
2008 BELLE K. Arinstein et al. (BELLE Collab.), Phys. Lett. B 662, 102 (2008). +0.0043 ± 0.0130
2005 CLEO D. Cronin-Hennessy et al. (CLEO Collab.), Phys. Rev. D 72, 031102 (2005). +0.01 (+0.09 -0.07) ± 0.05

HFLAV average +0.0032 ± 0.0042

Year Experiment CP Asymmetry in the decay mode D0 to K-π+π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.001 ± 0.003 ± 0.004

Year Experiment CP Asymmetry in the decay mode D0 to K+π-π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2005 BELLE X.C. Tian et al. (BELLE Collab.), Phys. Rev. Lett. 95, 231801 (2005). -0.006 ± 0.053
2001 CLEO G. Brandenburg et al. (CLEO Collab.), Phys. Rev. Lett. 87, 071802 (2001). +0.09 (+0.25 -0.22)

HFLAV average -0.0014 ± 0.0517

Year Experiment CP Asymmetry in the decay mode D0 to K0sπ+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2012 CDF T. Aaltonen et al. (CDF Collab.), Phys. Rev. D 86, 032007 (2012). -0.0005 ± 0.0057 ± 0.0054
2004 CLEO D.M. Asner et al. (CLEO Collab.), Phys. Rev. D 70, 091101 (2004). -0.009 ± 0.021 (+0.016 -0.057)

HFLAV average -0.0008 ± 0.0077

Year Experiment CP Asymmetry in the decay mode D0 to K0sK-π+ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2016 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. D 93, 052018 (2016). Amplitude analysis, no evidence for CP violation

Year Experiment CP Asymmetry in the decay mode D0 to K0sK+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2016 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. D 93, 052018 (2016). Amplitude analysis, no evidence for CP violation

Year Experiment CP Asymmetry in the decay mode D0 to K-K+π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. D 78, 051102 (2008). -0.0100 ± 0.0167 ± 0.0025

Year Experiment CP Asymmetry in the decay mode D0 to π-π-π+π+ [Amplitude analysis]
2013 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 726, 623 (2013). Model independent technique, no evidence for CP violation

Year Experiment CP Asymmetry in the decay mode D0 to K-π+π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.002 ± 0.003 ± 0.004

Year Experiment CP Asymmetry in the decay mode D0 to K+π-π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2005 BELLE X.C. Tian et al. (BELLE Collab.), Phys. Rev. Lett. 95, 231801 (2005). -0.018 ± 0.044

Year Experiment CP Asymmetry in the decay mode D0 to K+K-π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2019 BELLE J. B. Kim et al. (BELLE Collab.), Phys. Rev. D 99, 011104 (2019). +0.0034 ± 0.0036 ± 0.0006
2019 LHCb R. Aaij et al. (LHCb Collab.), JHEP 02, 126 (2019). Amplitude analysis, no evidence for CP violation
2013 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 726, 623 (2013). Model independent technique, no evidence for CP violation
2012 CLEO M. Artuso et al. (CLEO Collab.), Phys. Rev. D 85, 122002 (2012). Amplitude analysis, no evidence for CP violation
2005 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 622, 239 (2005). -0.082 ± 0.056 ± 0.047

HFLAV average +0.0032 ± 0.0036

Year Experiment CP Asymmetry in the decay mode D0 to K*0(->K-π+)γ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 BELLE T. Nanut et al. (BELLE Collab.), Phys. Rev. Lett. 118, 051801 (2017). -0.003 ± 0.020 ± 0.000

Year Experiment CP Asymmetry in the decay mode D0 to φ(->K+K-)γ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 BELLE T. Nanut et al. (BELLE Collab.), Phys. Rev. Lett. 118, 051801 (2017). -0.094 ± 0.066 ± 0.001

Year Experiment CP Asymmetry in the decay mode D0 to ρ0(->π+π-)γ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 BELLE T. Nanut et al. (BELLE Collab.), Phys. Rev. Lett. 118, 051801 (2017). +0.056 ± 0.152 ± 0.006

Year Experiment CP Asymmetry in the decay mode D0 to K+K-μ+μ- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2018 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 121, 091801 (2018). +0.00 ± 0.11 ± 0.02

Year Experiment CP Asymmetry in the decay mode D0 to π+π-μ+μ- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2018 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 121, 091801 (2018). +0.049 ± 0.038 ± 0.007

CP Asymmetries in D+ decays

Year Experiment CP Asymmetry in the decay mode D+ to μ+ν [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2008 CLEO B.I. Eisenstein et al. (CLEO Collab.), Phys. Rev. D 78, 052003 (2008). +0.08 ± 0.08

Year Experiment CP Asymmetry in the decay mode D+ to π+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.013 ± 0.009 ± 0.006
2018 BELLE V. Babu et al. (BELLE Collab.), Phys. Rev. D 97, 011101 (2018). +0.0231 ± 0.0124 ± 0.0023
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.029 ± 0.029 ± 0.003

HFLAV average +0.004 ± 0.008

Year Experiment CP Asymmetry in the decay mode D+ to π+η [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.002 ± 0.008 ± 0.004
2011 BELLE E. Won et al. (BELLE Collab.), Phys. Rev. Lett. 107, 221801 (2011). +0.0174 ± 0.0113 ± 0.0019
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.020 ± 0.023 ± 0.003

HFLAV average +0.003 ± 0.007

Year Experiment CP Asymmetry in the decay mode D+ to π+η' [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 771, 21 (2017). -0.0061 ± 0.0072 ± 0.0053 ± 0.0012
2011 BELLE E. Won et al. (BELLE Collab.), Phys. Rev. Lett. 107, 221801 (2011). -0.0012 ± 0.0112 ± 0.0017
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.040 ± 0.034 ± 0.003

HFLAV average -0.006 ± 0.007

Year Experiment CP Asymmetry in the decay mode D+ to K+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.032 ± 0.047 ± 0.021
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.035 ± 0.107 ± 0.009

HFLAV average -0.033 ± 0.046

Year Experiment CP Asymmetry in the decay mode D+ to K+η [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.06 ± 0.10 ± 0.04

Year Experiment CP Asymmetry in the decay mode D+ to K0sπ+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.011 ± 0.006 ± 0.002
2012 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 109, 021601 (2012). -0.00363 ± 0.00094 ± 0.00067
2011 BABAR P. del Amo Sanchez et al. (BABAR Collab.), Phys. Rev. D 83, 071103 (2011). -0.0044 ± 0.0013 ± 0.0010
2002 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Rev. Lett. 88, 041602 (2002). -0.016 ± 0.015 ± 0.009

HFLAV average -0.0041 ± 0.0009

Year Experiment CP Asymmetry in the decay mode D+ to K0sK+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.0013 ± 0.0036 ± 0.0025
2013 BELLE B.R. Ko et al. (BELLE Collab.), JHEP 02, 098 (2013). -0.0025 ± 0.0028 ± 0.0014
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.002 ± 0.015 ± 0.009
2002 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Rev. Lett. 88, 041602 (2002). +0.071 ± 0.061 ± 0.012

HFLAV average -0.0011 ± 0.0025

Year Experiment CP Asymmetry in the decay mode D+ to ( K0/K0) K+ 
(subtraction of the effects due to the (subtraction of the effects due to the KK0-K0 system)0-K0 system) [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]

2019 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 191803 (2019). -0.00004 ± 0.00061 ± 0.00045
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.0046 ± 0.0036 ± 0.0025
2013 BELLE B.R. Ko et al. (BELLE Collab.), JHEP 02, 098 (2013). +0.0008 ± 0.0028 ± 0.0014

HFLAV average +0.0001 ± 0.0007

Year Experiment CP Asymmetry in the decay mode D+ to φπ+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2019 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 191803 (2019). +0.00003 ± 0.00040 ± 0.00029

Year Experiment CP Asymmetry in the decay mode D+ to π+π-π+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 728, 585 (2014). Model independent technique, no evidence for CP violation
1997 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 403, 377 (1997). -0.017 ± 0.042

Year Experiment CP Asymmetry in the decay mode D+ to K-π+π+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 D0 V.M. Abazov et al. (D0 Collab.), Phys. Rev. D 90, 111102 (2014). -0.0016 ± 0.0015 ± 0.0009
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.003 ± 0.002 ± 0.004

HFLAV average -0.0018 ± 0.0016

Year Experiment CP Asymmetry in the decay mode D+ to K0sπ+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.001 ± 0.007 ± 0.002

Year Experiment CP Asymmetry in the decay mode D+ to K+K-π+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.001 ± 0.009 ± 0.004
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052010 (2013). +0.0037 ± 0.0030 ± 0.0015
2008 CLEO P. Rubin et al. (CLEO Collab.), Phys. Rev. D 78, 072003 (2008). Dalitz plot analysis, no evidence for CP violation
2000 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 491, 232 (2000). +0.006 ± 0.011 ± 0.005
1997 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 403, 377 (1997). -0.014 ± 0.029

HFLAV average +0.0032 ± 0.0031

Year Experiment CP Asymmetry in the decay mode D+ to K-π+π+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.003 ± 0.006 ± 0.004

Year Experiment CP Asymmetry in the decay mode D+ to K0sπ+π+π- [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.000 ± 0.012 ± 0.003

Year Experiment CP Asymmetry in the decay mode D+ to K0sK+π+π- [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2005 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 622, 239 (2005). -0.042 ± 0.064 ± 0.022

CP Asymmetries in Ds+ decays

Year Experiment CP Asymmetry in the decay mode Ds+ to μ+ν [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2009 CLEO J.P. Alexander et al. (CLEO Collab.), Phys. Rev. D 79, 052001 (2009). +0.048 ± 0.061

Year Experiment CP Asymmetry in the decay mode Ds+ to π+η [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2021 BELLE Y. Guan et al. (BELLE Collab.), arXiv:2103.09969 [PRD]. +0.002 ± 0.003 ± 0.003
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. +0.008 ± 0.007 ± 0.005
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.011 ± 0.030 ± 0.008

HFLAV average +0.003 ± 0.004

Year Experiment CP Asymmetry in the decay mode Ds+ to π+η' [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 771, 21 (2017). -0.0082 ± 0.0036 ± 0.0022 ± 0.002
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.022 ± 0.022 ± 0.006

HFLAV average +0.0008 ± 0.0026

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sπ+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.006 ± 0.020 ± 0.003
2010 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 104, 181602 (2010). +0.0545 ± 0.0250 ± 0.0033
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.163 ± 0.073 ± 0.003

HFLAV average +0.0311 ± 0.0154

Year Experiment CP Asymmetry in the decay mode Ds+ to ( K0/K0) π+ 
(subtraction of the effects due to the (subtraction of the effects due to the KK0-K0 system)0-K0 system) [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]

2019 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 191803 (2019). +0.0016 ± 0.0017 ± 0.0005
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.003 ± 0.020 ± 0.003

HFLAV average +0.0016 ± 0.0018

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.026 ± 0.015 ± 0.006
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). -0.0005 ± 0.0023 ± 0.0024
2010 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 104, 181602 (2010). +0.0012 ± 0.0036 ± 0.0022

HFLAV average +0.0008 ± 0.0026

Year Experiment CP Asymmetry in the decay mode Ds+ to ( K0/K0) K+ 
(subtraction of the effects due to the (subtraction of the effects due to the KK0-K0 system)0-K0 system) [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]

2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.0028 ± 0.0023 ± 0.0024

Year Experiment CP Asymmetry in the decay mode Ds+ to K+π0 [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.008 ± 0.039 ± 0.012
2021 BELLE Y. Guan et al. (BELLE Collab.), arXiv:2103.09969 [PRD]. +0.064 ± 0.044 ± 0.011
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.266 ± 0.238 ± 0.009

HFLAV average +0.020 ± 0.030

Year Experiment CP Asymmetry in the decay mode Ds+ to K+η [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2021 BELLE Y. Guan et al. (BELLE Collab.), arXiv:2103.09969 [PRD]. +0.021 ± 0.021 ± 0.004
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. +0.009 ± 0.037 ± 0.011
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.093 ± 0.152 ± 0.009

HFLAV average +0.019 ± 0.019
Year Experiment CP Asymmetry in the decay mode Ds+ to K+η' [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.060 ± 0.189 ± 0.009

Year Experiment CP Asymmetry in the decay mode Ds+ to π+π+π- [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.007 ± 0.030 ± 0.006

Year Experiment CP Asymmetry in the decay mode Ds+ to π+π0η [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.005 ± 0.039 ± 0.020

Year Experiment CP Asymmetry in the decay mode Ds+ to π+π0η' [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.004 ± 0.074 ± 0.019

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK+π0 [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.016 ± 0.060 ± 0.011

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK0sπ+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.031 ± 0.052 ± 0.006

Year Experiment CP Asymmetry in the decay mode Ds+ to K+π+π- [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.045 ± 0.048 ± 0.006

Year Experiment CP Asymmetry in the decay mode Ds+ to K+K-π+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.005 ± 0.008 ± 0.004

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK-π+π+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.041 ± 0.027 ± 0.009

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK+π+π- [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.057 ± 0.053 ± 0.009

Year Experiment CP Asymmetry in the decay mode Ds+ to K+K-π+π0 [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.000 ± 0.027 ± 0.012

CP Asymmetries in decays of charm baryons
For charm baryons CP asymmetry has been accessed through comparison of P asymmetry in decays of, for instance, Λc

+ and Λc
-, measured with the weak-asymmetry

parameters, respectively α(Λc
+) and α(Λc

-). As under P-parity conservation:
α(Λc

+) = -α(Λc
-),

the CP-violating asymmetry is defined as:
AαCP = [α(Λc

+) + α(Λc
-)] /[α(Λc

+) - α(Λc
-].

The α(Λc) can be measured through an angular analysis exploiting a helicity angle of weakly-decaying baryon in Λc decay chain, for instance Λ->pπ- in Λc
+->Λπ+

decays. 
This method of accessing CP violation occuring through P-violation can be applied also to other charm baryons, like Ξc

0->Ξ-π+ with Ξ-->Λπ-. 

Year Experiment CP Asymmetry in the decay mode Λc
+ to Λ e+ ν [α(Λc

+)+α(Λc
-)]/[α(Λc

+)-α(Λc
-]

2005 CLEO J.W. Hinson et al. (CLEO Collab.), Phys. Rev. Lett. 94, 191801 (2005). 0.00 ± 0.03 ± 0.01 ± 0.02

Year Experiment CP Asymmetry in the decay mode Λc
+ to Λπ+ [α(Λc

+)+α(Λc
-)]/[α(Λc

+)-α(Λc
-]

2006 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 34, 165 (2006). -0.07 ± 0.19 ± 0.12

Year Experiment CP Asymmetry in the decay mode Ξc
0 to Ξ-π+ [α(Ξc

0)+α(Ξc
0)]/[α(Ξc

0)-α(Ξc
0))]

2021 BELLE Y.B. Li et al. (BELLE Collab.), arXiv:2103.06496 [PRL]. +0.015 ± 0.052 ± 0.017

ΔACP measurements

Probing CP violation through differences between ACP asymmetries of similar decay channels allows for cancelation of nuisance asymmetries, like charm-production
asymmetry and/or charge-track detection asymmetry. It significantly facilitates experimental measurements and increases sensitivity. 

Measurements of ΔACP for D0->h+h- decays, defined as ACP(D0->K+K-)-ACP(D0->π+π-), are discussed here. 
Notably, the LHCb measurement in R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 211803 (2019) yields an LHCb combination of 

ΔACP(D0->h+h-) = (-15.4 ± 2.9)×10-4,
comprising the discovery of CP violation in charm sector. 

ΔACP is also measured for three-body Λc
+->ph+h- decays, in a phase-space integrated manner, in R. Aaij et al. (LHCb Collab.), JHEP 03 182 (2018) giving 

ΔACP(Λc
+->ph+h-) = (+0.30 ± 0.91 ± 0.61)×10-2.

Sum rule for D->ππ decays

This sume rule was proposed in Y. Grossman, A.L. Kagan, J. Zupan, Phys. Rev. D 85, 114036 (2012) and for the first time experimentally tested in V. Babu et al. (BELLE
Collab.), Phys. Rev. D 97, 011101 (2018). 
An isospin decomposition of D->ππ decay amplitudes gives:

where A1 and A3 are amplitudes of decays with an isospin change of, respectively, ΔI = 1/2 and ΔI = 3/2 (i.e. transitions to ππ final states with I=0 and I=2). Therefore the
following sum holds for decay amplitudes of D->ππ channels:

It translates into the following sum for differences between D and D decay rates:

The above sum being non-zero would mean that CP violation arises from the ΔI = 1/2 amplitude. If the sum is zero, while individual CP asymmetries of D->ππ modes are
non-zero, it would suggest New Physics contributing to the ΔI = 3/2 amplitude. As penguin amplitude is, to a good approximation, ΔI = 1/2 within the Standard Model,
while D+->π+π0 decay is purely a ΔI = 3/2 transistion, any CP asymmetry observed for this mode would point to New Physics in the ΔI = 3/2 amplitude. 

To facilitate an experimental test, the left-hand side of the above sum is rewritten as:

Using the relation between amplitude and branching fraction, |A|2~B/τD, and employing ACP definition, |A|2 - |A|2 = ACP(|A|2 + |A|2), the above turns into:

where B+-, B00 and B+0 denote branching fractions of D0->π+π-, D0->π0π0 and D+->π+π0 decays, respectively, whereas τD0 and τD+ are lifetimes of D0 and D+. 
The sum R is calculated using HFLAV averages for ACP given in the tables above, and PDG averages for branching fractions and lifetimes from P.A. Zyla et al. (PDG),
Prog. Theor. Exp. Phys. 2020, 083C01 (2020). 

The result is

R = (+0.06 ± 2.44)×10-3,
and is consistent with zero. 

More details are given in Sec.9.2 of Y. Amhis et al. (HFLAV), Eur. Phys. J. C 81:226 (2021).
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CP Asymmetries 
(through May 2021)(through May 2021)

Note: 
In the case of D+, Ds

+ and Λc
+ decays, the (time-integrated) CP asymmetry measures direct CP violation. 

For D0 decays, the CP asymmetry measures direct and indirect CP violation combined. 

For lifetime asymmetries of D0 decays to CP eigenstates, see Results for AΓ and ΔACP 

For Sum Rule of isospin-related D->ππ channels, see Sum Rule test. 

In the tables below we report asymmetries for the actual final state, i.e. resonant substructure is not considered.

CP Asymmetries in D0 decays

Year Experiment CP Asymmetry in the decay mode D0 to π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett.B 767 177 (2017). +0.0007 ± 0.0014 ± 0.0011
2012 CDF T. Aaltonen et al. (CDF Collab.), Phys. Rev. D 85, 012009 (2012). +0.0022 ± 0.0024 ± 0.0011
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. Lett. 100, 061803 (2008). -0.0024 ± 0.0052 ± 0.0022
2008 BELLE M. Staric et al. (BELLE Collab.), Phys. Lett.B 670, 190 (2008). +0.0043 ± 0.0052 ± 0.0012
2002 CLEO S.E. Csorna et al. (CLEO Collab.), Phys. Rev. D 65, 092001 (2002). +0.019 ± 0.032 ± 0.008
2000 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 491, 232 (2000). +0.048 ± 0.039 ± 0.025
1998 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 421, 405 (1998). -0.049 ± 0.078 ± 0.030

HFLAV average -0.0001 ± 0.0014

Year Experiment CP Asymmetry in the decay mode D0 to π0π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 BELLE N.K. Nisar et al. (BELLE Collab.), Phys. Rev. Lett. 112, 211601 (2014). -0.0003 ± 0.0064 ± 0.0010
2001 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 63, 071101 (2001). +0.001 ± 0.048

HFLAV average -0.0003 ± 0.0064

Year Experiment CP Asymmetry in the decay mode D0 to K0sπ0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 BELLE N.K. Nisar et al. (BELLE Collab.), Phys. Rev. Lett. 112, 211601 (2014). -0.0021 ± 0.0016 ± 0.0007
2001 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 63, 071101 (2001). +0.001 ± 0.013

HFLAV average -0.0020 ± 0.0017

Year Experiment CP Asymmetry in the decay mode D0 to K0sη [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2011 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 106, 211801 (2011). +0.0054 ± 0.0051 ± 0.0016

Year Experiment CP Asymmetry in the decay mode D0 to K0sη' [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2011 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 106, 211801 (2011). +0.0098 ± 0.0067 ± 0.0014

Year Experiment CP Asymmetry in the decay mode D0 to K0sK0s [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2105.01565 [PRD Lett]. -0.031 ± 0.012 ± 0.004 ± 0.012
2017 Belle N. Dash et al. (BELLE Collab.), JHEP 10, 055 (2015). -0.0002 ± 0.0153 ± 0.0002 ± 0.0017
2015 LHCb R. Aaij et al. (LHCb Collab.), JHEP 10 055 (2015). -0.029 ± 0.052 ± 0.022
2001 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 63, 071101 (2001). -0.23 ± 0.19

HFLAV average -0.015 ± 0.011

Year Experiment CP Asymmetry in the decay mode D0 to K-π+ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.003 ± 0.003 ± 0.006

Year Experiment CP Asymmetry in the decay mode D0 to K+K- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett.B 767 177 (2017). +0.0004 ± 0.0012 ± 0.0010
2012 CDF T. Aaltonen et al. (CDF Collab.), Phys. Rev. D 85, 012009 (2012). -0.0024 ± 0.0022 ± 0.0009
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. Lett. 100, 061803 (2008). +0.0000 ± 0.0034 ± 0.0013
2008 BELLE M. Staric et al. (BELLE Collab.), Phys. Lett.B 670, 190 (2008). -0.0043 ± 0.0030 ± 0.0011
2002 CLEO S.E. Csorna et al. (CLEO Collab.), Phys. Rev. D 65, 092001 (2002). +0.000 ± 0.022 ± 0.008
2000 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 491, 232 (2000). -0.001 ± 0.022 ± 0.015
1998 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 421, 405 (1998). -0.010 ± 0.049 ± 0.012

HFLAV average -0.0009 ± 0.0011

Year Experiment CP Asymmetry in the decay mode D0 to π+π-π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2015 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 740, 158 (2015). Model independent technique, no evidence for CP violation
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. D 78, 051102 (2008). +0.0031 ± 0.0041 ± 0.0017
2008 BELLE K. Arinstein et al. (BELLE Collab.), Phys. Lett. B 662, 102 (2008). +0.0043 ± 0.0130
2005 CLEO D. Cronin-Hennessy et al. (CLEO Collab.), Phys. Rev. D 72, 031102 (2005). +0.01 (+0.09 -0.07) ± 0.05

HFLAV average +0.0032 ± 0.0042

Year Experiment CP Asymmetry in the decay mode D0 to K-π+π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.001 ± 0.003 ± 0.004

Year Experiment CP Asymmetry in the decay mode D0 to K+π-π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2005 BELLE X.C. Tian et al. (BELLE Collab.), Phys. Rev. Lett. 95, 231801 (2005). -0.006 ± 0.053
2001 CLEO G. Brandenburg et al. (CLEO Collab.), Phys. Rev. Lett. 87, 071802 (2001). +0.09 (+0.25 -0.22)

HFLAV average -0.0014 ± 0.0517

Year Experiment CP Asymmetry in the decay mode D0 to K0sπ+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2012 CDF T. Aaltonen et al. (CDF Collab.), Phys. Rev. D 86, 032007 (2012). -0.0005 ± 0.0057 ± 0.0054
2004 CLEO D.M. Asner et al. (CLEO Collab.), Phys. Rev. D 70, 091101 (2004). -0.009 ± 0.021 (+0.016 -0.057)

HFLAV average -0.0008 ± 0.0077

Year Experiment CP Asymmetry in the decay mode D0 to K0sK-π+ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2016 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. D 93, 052018 (2016). Amplitude analysis, no evidence for CP violation

Year Experiment CP Asymmetry in the decay mode D0 to K0sK+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2016 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. D 93, 052018 (2016). Amplitude analysis, no evidence for CP violation

Year Experiment CP Asymmetry in the decay mode D0 to K-K+π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. D 78, 051102 (2008). -0.0100 ± 0.0167 ± 0.0025

Year Experiment CP Asymmetry in the decay mode D0 to π-π-π+π+ [Amplitude analysis]
2013 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 726, 623 (2013). Model independent technique, no evidence for CP violation

Year Experiment CP Asymmetry in the decay mode D0 to K-π+π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.002 ± 0.003 ± 0.004

Year Experiment CP Asymmetry in the decay mode D0 to K+π-π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2005 BELLE X.C. Tian et al. (BELLE Collab.), Phys. Rev. Lett. 95, 231801 (2005). -0.018 ± 0.044

Year Experiment CP Asymmetry in the decay mode D0 to K+K-π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2019 BELLE J. B. Kim et al. (BELLE Collab.), Phys. Rev. D 99, 011104 (2019). +0.0034 ± 0.0036 ± 0.0006
2019 LHCb R. Aaij et al. (LHCb Collab.), JHEP 02, 126 (2019). Amplitude analysis, no evidence for CP violation
2013 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 726, 623 (2013). Model independent technique, no evidence for CP violation
2012 CLEO M. Artuso et al. (CLEO Collab.), Phys. Rev. D 85, 122002 (2012). Amplitude analysis, no evidence for CP violation
2005 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 622, 239 (2005). -0.082 ± 0.056 ± 0.047

HFLAV average +0.0032 ± 0.0036

Year Experiment CP Asymmetry in the decay mode D0 to K*0(->K-π+)γ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 BELLE T. Nanut et al. (BELLE Collab.), Phys. Rev. Lett. 118, 051801 (2017). -0.003 ± 0.020 ± 0.000

Year Experiment CP Asymmetry in the decay mode D0 to φ(->K+K-)γ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 BELLE T. Nanut et al. (BELLE Collab.), Phys. Rev. Lett. 118, 051801 (2017). -0.094 ± 0.066 ± 0.001

Year Experiment CP Asymmetry in the decay mode D0 to ρ0(->π+π-)γ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 BELLE T. Nanut et al. (BELLE Collab.), Phys. Rev. Lett. 118, 051801 (2017). +0.056 ± 0.152 ± 0.006

Year Experiment CP Asymmetry in the decay mode D0 to K+K-μ+μ- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2018 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 121, 091801 (2018). +0.00 ± 0.11 ± 0.02

Year Experiment CP Asymmetry in the decay mode D0 to π+π-μ+μ- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2018 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 121, 091801 (2018). +0.049 ± 0.038 ± 0.007

CP Asymmetries in D+ decays

Year Experiment CP Asymmetry in the decay mode D+ to μ+ν [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2008 CLEO B.I. Eisenstein et al. (CLEO Collab.), Phys. Rev. D 78, 052003 (2008). +0.08 ± 0.08

Year Experiment CP Asymmetry in the decay mode D+ to π+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.013 ± 0.009 ± 0.006
2018 BELLE V. Babu et al. (BELLE Collab.), Phys. Rev. D 97, 011101 (2018). +0.0231 ± 0.0124 ± 0.0023
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.029 ± 0.029 ± 0.003

HFLAV average +0.004 ± 0.008

Year Experiment CP Asymmetry in the decay mode D+ to π+η [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.002 ± 0.008 ± 0.004
2011 BELLE E. Won et al. (BELLE Collab.), Phys. Rev. Lett. 107, 221801 (2011). +0.0174 ± 0.0113 ± 0.0019
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.020 ± 0.023 ± 0.003

HFLAV average +0.003 ± 0.007

Year Experiment CP Asymmetry in the decay mode D+ to π+η' [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 771, 21 (2017). -0.0061 ± 0.0072 ± 0.0053 ± 0.0012
2011 BELLE E. Won et al. (BELLE Collab.), Phys. Rev. Lett. 107, 221801 (2011). -0.0012 ± 0.0112 ± 0.0017
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.040 ± 0.034 ± 0.003

HFLAV average -0.006 ± 0.007

Year Experiment CP Asymmetry in the decay mode D+ to K+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.032 ± 0.047 ± 0.021
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.035 ± 0.107 ± 0.009

HFLAV average -0.033 ± 0.046

Year Experiment CP Asymmetry in the decay mode D+ to K+η [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.06 ± 0.10 ± 0.04

Year Experiment CP Asymmetry in the decay mode D+ to K0sπ+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.011 ± 0.006 ± 0.002
2012 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 109, 021601 (2012). -0.00363 ± 0.00094 ± 0.00067
2011 BABAR P. del Amo Sanchez et al. (BABAR Collab.), Phys. Rev. D 83, 071103 (2011). -0.0044 ± 0.0013 ± 0.0010
2002 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Rev. Lett. 88, 041602 (2002). -0.016 ± 0.015 ± 0.009

HFLAV average -0.0041 ± 0.0009

Year Experiment CP Asymmetry in the decay mode D+ to K0sK+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.0013 ± 0.0036 ± 0.0025
2013 BELLE B.R. Ko et al. (BELLE Collab.), JHEP 02, 098 (2013). -0.0025 ± 0.0028 ± 0.0014
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.002 ± 0.015 ± 0.009
2002 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Rev. Lett. 88, 041602 (2002). +0.071 ± 0.061 ± 0.012

HFLAV average -0.0011 ± 0.0025

Year Experiment CP Asymmetry in the decay mode D+ to ( K0/K0) K+ 
(subtraction of the effects due to the (subtraction of the effects due to the KK0-K0 system)0-K0 system) [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]

2019 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 191803 (2019). -0.00004 ± 0.00061 ± 0.00045
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.0046 ± 0.0036 ± 0.0025
2013 BELLE B.R. Ko et al. (BELLE Collab.), JHEP 02, 098 (2013). +0.0008 ± 0.0028 ± 0.0014

HFLAV average +0.0001 ± 0.0007

Year Experiment CP Asymmetry in the decay mode D+ to φπ+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2019 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 191803 (2019). +0.00003 ± 0.00040 ± 0.00029

Year Experiment CP Asymmetry in the decay mode D+ to π+π-π+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 728, 585 (2014). Model independent technique, no evidence for CP violation
1997 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 403, 377 (1997). -0.017 ± 0.042

Year Experiment CP Asymmetry in the decay mode D+ to K-π+π+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 D0 V.M. Abazov et al. (D0 Collab.), Phys. Rev. D 90, 111102 (2014). -0.0016 ± 0.0015 ± 0.0009
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.003 ± 0.002 ± 0.004

HFLAV average -0.0018 ± 0.0016

Year Experiment CP Asymmetry in the decay mode D+ to K0sπ+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.001 ± 0.007 ± 0.002

Year Experiment CP Asymmetry in the decay mode D+ to K+K-π+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.001 ± 0.009 ± 0.004
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052010 (2013). +0.0037 ± 0.0030 ± 0.0015
2008 CLEO P. Rubin et al. (CLEO Collab.), Phys. Rev. D 78, 072003 (2008). Dalitz plot analysis, no evidence for CP violation
2000 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 491, 232 (2000). +0.006 ± 0.011 ± 0.005
1997 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 403, 377 (1997). -0.014 ± 0.029

HFLAV average +0.0032 ± 0.0031

Year Experiment CP Asymmetry in the decay mode D+ to K-π+π+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.003 ± 0.006 ± 0.004

Year Experiment CP Asymmetry in the decay mode D+ to K0sπ+π+π- [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.000 ± 0.012 ± 0.003

Year Experiment CP Asymmetry in the decay mode D+ to K0sK+π+π- [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2005 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 622, 239 (2005). -0.042 ± 0.064 ± 0.022

CP Asymmetries in Ds+ decays

Year Experiment CP Asymmetry in the decay mode Ds+ to μ+ν [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2009 CLEO J.P. Alexander et al. (CLEO Collab.), Phys. Rev. D 79, 052001 (2009). +0.048 ± 0.061

Year Experiment CP Asymmetry in the decay mode Ds+ to π+η [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2021 BELLE Y. Guan et al. (BELLE Collab.), arXiv:2103.09969 [PRD]. +0.002 ± 0.003 ± 0.003
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. +0.008 ± 0.007 ± 0.005
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.011 ± 0.030 ± 0.008

HFLAV average +0.003 ± 0.004

Year Experiment CP Asymmetry in the decay mode Ds+ to π+η' [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 771, 21 (2017). -0.0082 ± 0.0036 ± 0.0022 ± 0.002
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.022 ± 0.022 ± 0.006

HFLAV average +0.0008 ± 0.0026

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sπ+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.006 ± 0.020 ± 0.003
2010 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 104, 181602 (2010). +0.0545 ± 0.0250 ± 0.0033
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.163 ± 0.073 ± 0.003

HFLAV average +0.0311 ± 0.0154

Year Experiment CP Asymmetry in the decay mode Ds+ to ( K0/K0) π+ 
(subtraction of the effects due to the (subtraction of the effects due to the KK0-K0 system)0-K0 system) [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]

2019 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 191803 (2019). +0.0016 ± 0.0017 ± 0.0005
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.003 ± 0.020 ± 0.003

HFLAV average +0.0016 ± 0.0018

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.026 ± 0.015 ± 0.006
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). -0.0005 ± 0.0023 ± 0.0024
2010 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 104, 181602 (2010). +0.0012 ± 0.0036 ± 0.0022

HFLAV average +0.0008 ± 0.0026

Year Experiment CP Asymmetry in the decay mode Ds+ to ( K0/K0) K+ 
(subtraction of the effects due to the (subtraction of the effects due to the KK0-K0 system)0-K0 system) [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]

2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.0028 ± 0.0023 ± 0.0024

Year Experiment CP Asymmetry in the decay mode Ds+ to K+π0 [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.008 ± 0.039 ± 0.012
2021 BELLE Y. Guan et al. (BELLE Collab.), arXiv:2103.09969 [PRD]. +0.064 ± 0.044 ± 0.011
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.266 ± 0.238 ± 0.009

HFLAV average +0.020 ± 0.030

Year Experiment CP Asymmetry in the decay mode Ds+ to K+η [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2021 BELLE Y. Guan et al. (BELLE Collab.), arXiv:2103.09969 [PRD]. +0.021 ± 0.021 ± 0.004
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. +0.009 ± 0.037 ± 0.011
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.093 ± 0.152 ± 0.009

HFLAV average +0.019 ± 0.019
Year Experiment CP Asymmetry in the decay mode Ds+ to K+η' [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.060 ± 0.189 ± 0.009

Year Experiment CP Asymmetry in the decay mode Ds+ to π+π+π- [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.007 ± 0.030 ± 0.006

Year Experiment CP Asymmetry in the decay mode Ds+ to π+π0η [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.005 ± 0.039 ± 0.020

Year Experiment CP Asymmetry in the decay mode Ds+ to π+π0η' [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.004 ± 0.074 ± 0.019

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK+π0 [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.016 ± 0.060 ± 0.011

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK0sπ+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.031 ± 0.052 ± 0.006

Year Experiment CP Asymmetry in the decay mode Ds+ to K+π+π- [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.045 ± 0.048 ± 0.006

Year Experiment CP Asymmetry in the decay mode Ds+ to K+K-π+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.005 ± 0.008 ± 0.004

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK-π+π+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.041 ± 0.027 ± 0.009

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK+π+π- [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.057 ± 0.053 ± 0.009

Year Experiment CP Asymmetry in the decay mode Ds+ to K+K-π+π0 [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.000 ± 0.027 ± 0.012

CP Asymmetries in decays of charm baryons
For charm baryons CP asymmetry has been accessed through comparison of P asymmetry in decays of, for instance, Λc

+ and Λc
-, measured with the weak-asymmetry

parameters, respectively α(Λc
+) and α(Λc

-). As under P-parity conservation:
α(Λc

+) = -α(Λc
-),

the CP-violating asymmetry is defined as:
AαCP = [α(Λc

+) + α(Λc
-)] /[α(Λc

+) - α(Λc
-].

The α(Λc) can be measured through an angular analysis exploiting a helicity angle of weakly-decaying baryon in Λc decay chain, for instance Λ->pπ- in Λc
+->Λπ+

decays. 
This method of accessing CP violation occuring through P-violation can be applied also to other charm baryons, like Ξc

0->Ξ-π+ with Ξ-->Λπ-. 

Year Experiment CP Asymmetry in the decay mode Λc
+ to Λ e+ ν [α(Λc

+)+α(Λc
-)]/[α(Λc

+)-α(Λc
-]

2005 CLEO J.W. Hinson et al. (CLEO Collab.), Phys. Rev. Lett. 94, 191801 (2005). 0.00 ± 0.03 ± 0.01 ± 0.02

Year Experiment CP Asymmetry in the decay mode Λc
+ to Λπ+ [α(Λc

+)+α(Λc
-)]/[α(Λc

+)-α(Λc
-]

2006 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 34, 165 (2006). -0.07 ± 0.19 ± 0.12

Year Experiment CP Asymmetry in the decay mode Ξc
0 to Ξ-π+ [α(Ξc

0)+α(Ξc
0)]/[α(Ξc

0)-α(Ξc
0))]

2021 BELLE Y.B. Li et al. (BELLE Collab.), arXiv:2103.06496 [PRL]. +0.015 ± 0.052 ± 0.017

ΔACP measurements

Probing CP violation through differences between ACP asymmetries of similar decay channels allows for cancelation of nuisance asymmetries, like charm-production
asymmetry and/or charge-track detection asymmetry. It significantly facilitates experimental measurements and increases sensitivity. 

Measurements of ΔACP for D0->h+h- decays, defined as ACP(D0->K+K-)-ACP(D0->π+π-), are discussed here. 
Notably, the LHCb measurement in R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 211803 (2019) yields an LHCb combination of 

ΔACP(D0->h+h-) = (-15.4 ± 2.9)×10-4,
comprising the discovery of CP violation in charm sector. 

ΔACP is also measured for three-body Λc
+->ph+h- decays, in a phase-space integrated manner, in R. Aaij et al. (LHCb Collab.), JHEP 03 182 (2018) giving 

ΔACP(Λc
+->ph+h-) = (+0.30 ± 0.91 ± 0.61)×10-2.

Sum rule for D->ππ decays

This sume rule was proposed in Y. Grossman, A.L. Kagan, J. Zupan, Phys. Rev. D 85, 114036 (2012) and for the first time experimentally tested in V. Babu et al. (BELLE
Collab.), Phys. Rev. D 97, 011101 (2018). 
An isospin decomposition of D->ππ decay amplitudes gives:

where A1 and A3 are amplitudes of decays with an isospin change of, respectively, ΔI = 1/2 and ΔI = 3/2 (i.e. transitions to ππ final states with I=0 and I=2). Therefore the
following sum holds for decay amplitudes of D->ππ channels:

It translates into the following sum for differences between D and D decay rates:

The above sum being non-zero would mean that CP violation arises from the ΔI = 1/2 amplitude. If the sum is zero, while individual CP asymmetries of D->ππ modes are
non-zero, it would suggest New Physics contributing to the ΔI = 3/2 amplitude. As penguin amplitude is, to a good approximation, ΔI = 1/2 within the Standard Model,
while D+->π+π0 decay is purely a ΔI = 3/2 transistion, any CP asymmetry observed for this mode would point to New Physics in the ΔI = 3/2 amplitude. 

To facilitate an experimental test, the left-hand side of the above sum is rewritten as:

Using the relation between amplitude and branching fraction, |A|2~B/τD, and employing ACP definition, |A|2 - |A|2 = ACP(|A|2 + |A|2), the above turns into:

where B+-, B00 and B+0 denote branching fractions of D0->π+π-, D0->π0π0 and D+->π+π0 decays, respectively, whereas τD0 and τD+ are lifetimes of D0 and D+. 
The sum R is calculated using HFLAV averages for ACP given in the tables above, and PDG averages for branching fractions and lifetimes from P.A. Zyla et al. (PDG),
Prog. Theor. Exp. Phys. 2020, 083C01 (2020). 

The result is

R = (+0.06 ± 2.44)×10-3,
and is consistent with zero. 

More details are given in Sec.9.2 of Y. Amhis et al. (HFLAV), Eur. Phys. J. C 81:226 (2021).
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HFLAV    average	

CP Asymmetries 
(through May 2021)(through May 2021)

Note: 
In the case of D+, Ds

+ and Λc
+ decays, the (time-integrated) CP asymmetry measures direct CP violation. 

For D0 decays, the CP asymmetry measures direct and indirect CP violation combined. 

For lifetime asymmetries of D0 decays to CP eigenstates, see Results for AΓ and ΔACP 

For Sum Rule of isospin-related D->ππ channels, see Sum Rule test. 

In the tables below we report asymmetries for the actual final state, i.e. resonant substructure is not considered.

CP Asymmetries in D0 decays

Year Experiment CP Asymmetry in the decay mode D0 to π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett.B 767 177 (2017). +0.0007 ± 0.0014 ± 0.0011
2012 CDF T. Aaltonen et al. (CDF Collab.), Phys. Rev. D 85, 012009 (2012). +0.0022 ± 0.0024 ± 0.0011
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. Lett. 100, 061803 (2008). -0.0024 ± 0.0052 ± 0.0022
2008 BELLE M. Staric et al. (BELLE Collab.), Phys. Lett.B 670, 190 (2008). +0.0043 ± 0.0052 ± 0.0012
2002 CLEO S.E. Csorna et al. (CLEO Collab.), Phys. Rev. D 65, 092001 (2002). +0.019 ± 0.032 ± 0.008
2000 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 491, 232 (2000). +0.048 ± 0.039 ± 0.025
1998 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 421, 405 (1998). -0.049 ± 0.078 ± 0.030

HFLAV average -0.0001 ± 0.0014

Year Experiment CP Asymmetry in the decay mode D0 to π0π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 BELLE N.K. Nisar et al. (BELLE Collab.), Phys. Rev. Lett. 112, 211601 (2014). -0.0003 ± 0.0064 ± 0.0010
2001 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 63, 071101 (2001). +0.001 ± 0.048

HFLAV average -0.0003 ± 0.0064

Year Experiment CP Asymmetry in the decay mode D0 to K0sπ0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 BELLE N.K. Nisar et al. (BELLE Collab.), Phys. Rev. Lett. 112, 211601 (2014). -0.0021 ± 0.0016 ± 0.0007
2001 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 63, 071101 (2001). +0.001 ± 0.013

HFLAV average -0.0020 ± 0.0017

Year Experiment CP Asymmetry in the decay mode D0 to K0sη [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2011 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 106, 211801 (2011). +0.0054 ± 0.0051 ± 0.0016

Year Experiment CP Asymmetry in the decay mode D0 to K0sη' [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2011 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 106, 211801 (2011). +0.0098 ± 0.0067 ± 0.0014

Year Experiment CP Asymmetry in the decay mode D0 to K0sK0s [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2105.01565 [PRD Lett]. -0.031 ± 0.012 ± 0.004 ± 0.012
2017 Belle N. Dash et al. (BELLE Collab.), JHEP 10, 055 (2015). -0.0002 ± 0.0153 ± 0.0002 ± 0.0017
2015 LHCb R. Aaij et al. (LHCb Collab.), JHEP 10 055 (2015). -0.029 ± 0.052 ± 0.022
2001 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 63, 071101 (2001). -0.23 ± 0.19

HFLAV average -0.015 ± 0.011

Year Experiment CP Asymmetry in the decay mode D0 to K-π+ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.003 ± 0.003 ± 0.006

Year Experiment CP Asymmetry in the decay mode D0 to K+K- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett.B 767 177 (2017). +0.0004 ± 0.0012 ± 0.0010
2012 CDF T. Aaltonen et al. (CDF Collab.), Phys. Rev. D 85, 012009 (2012). -0.0024 ± 0.0022 ± 0.0009
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. Lett. 100, 061803 (2008). +0.0000 ± 0.0034 ± 0.0013
2008 BELLE M. Staric et al. (BELLE Collab.), Phys. Lett.B 670, 190 (2008). -0.0043 ± 0.0030 ± 0.0011
2002 CLEO S.E. Csorna et al. (CLEO Collab.), Phys. Rev. D 65, 092001 (2002). +0.000 ± 0.022 ± 0.008
2000 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 491, 232 (2000). -0.001 ± 0.022 ± 0.015
1998 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 421, 405 (1998). -0.010 ± 0.049 ± 0.012

HFLAV average -0.0009 ± 0.0011

Year Experiment CP Asymmetry in the decay mode D0 to π+π-π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2015 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 740, 158 (2015). Model independent technique, no evidence for CP violation
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. D 78, 051102 (2008). +0.0031 ± 0.0041 ± 0.0017
2008 BELLE K. Arinstein et al. (BELLE Collab.), Phys. Lett. B 662, 102 (2008). +0.0043 ± 0.0130
2005 CLEO D. Cronin-Hennessy et al. (CLEO Collab.), Phys. Rev. D 72, 031102 (2005). +0.01 (+0.09 -0.07) ± 0.05

HFLAV average +0.0032 ± 0.0042

Year Experiment CP Asymmetry in the decay mode D0 to K-π+π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.001 ± 0.003 ± 0.004

Year Experiment CP Asymmetry in the decay mode D0 to K+π-π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2005 BELLE X.C. Tian et al. (BELLE Collab.), Phys. Rev. Lett. 95, 231801 (2005). -0.006 ± 0.053
2001 CLEO G. Brandenburg et al. (CLEO Collab.), Phys. Rev. Lett. 87, 071802 (2001). +0.09 (+0.25 -0.22)

HFLAV average -0.0014 ± 0.0517

Year Experiment CP Asymmetry in the decay mode D0 to K0sπ+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2012 CDF T. Aaltonen et al. (CDF Collab.), Phys. Rev. D 86, 032007 (2012). -0.0005 ± 0.0057 ± 0.0054
2004 CLEO D.M. Asner et al. (CLEO Collab.), Phys. Rev. D 70, 091101 (2004). -0.009 ± 0.021 (+0.016 -0.057)

HFLAV average -0.0008 ± 0.0077

Year Experiment CP Asymmetry in the decay mode D0 to K0sK-π+ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2016 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. D 93, 052018 (2016). Amplitude analysis, no evidence for CP violation

Year Experiment CP Asymmetry in the decay mode D0 to K0sK+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2016 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. D 93, 052018 (2016). Amplitude analysis, no evidence for CP violation

Year Experiment CP Asymmetry in the decay mode D0 to K-K+π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. D 78, 051102 (2008). -0.0100 ± 0.0167 ± 0.0025

Year Experiment CP Asymmetry in the decay mode D0 to π-π-π+π+ [Amplitude analysis]
2013 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 726, 623 (2013). Model independent technique, no evidence for CP violation

Year Experiment CP Asymmetry in the decay mode D0 to K-π+π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.002 ± 0.003 ± 0.004

Year Experiment CP Asymmetry in the decay mode D0 to K+π-π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2005 BELLE X.C. Tian et al. (BELLE Collab.), Phys. Rev. Lett. 95, 231801 (2005). -0.018 ± 0.044

Year Experiment CP Asymmetry in the decay mode D0 to K+K-π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2019 BELLE J. B. Kim et al. (BELLE Collab.), Phys. Rev. D 99, 011104 (2019). +0.0034 ± 0.0036 ± 0.0006
2019 LHCb R. Aaij et al. (LHCb Collab.), JHEP 02, 126 (2019). Amplitude analysis, no evidence for CP violation
2013 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 726, 623 (2013). Model independent technique, no evidence for CP violation
2012 CLEO M. Artuso et al. (CLEO Collab.), Phys. Rev. D 85, 122002 (2012). Amplitude analysis, no evidence for CP violation
2005 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 622, 239 (2005). -0.082 ± 0.056 ± 0.047

HFLAV average +0.0032 ± 0.0036

Year Experiment CP Asymmetry in the decay mode D0 to K*0(->K-π+)γ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 BELLE T. Nanut et al. (BELLE Collab.), Phys. Rev. Lett. 118, 051801 (2017). -0.003 ± 0.020 ± 0.000

Year Experiment CP Asymmetry in the decay mode D0 to φ(->K+K-)γ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 BELLE T. Nanut et al. (BELLE Collab.), Phys. Rev. Lett. 118, 051801 (2017). -0.094 ± 0.066 ± 0.001

Year Experiment CP Asymmetry in the decay mode D0 to ρ0(->π+π-)γ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 BELLE T. Nanut et al. (BELLE Collab.), Phys. Rev. Lett. 118, 051801 (2017). +0.056 ± 0.152 ± 0.006

Year Experiment CP Asymmetry in the decay mode D0 to K+K-μ+μ- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2018 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 121, 091801 (2018). +0.00 ± 0.11 ± 0.02

Year Experiment CP Asymmetry in the decay mode D0 to π+π-μ+μ- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2018 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 121, 091801 (2018). +0.049 ± 0.038 ± 0.007

CP Asymmetries in D+ decays

Year Experiment CP Asymmetry in the decay mode D+ to μ+ν [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2008 CLEO B.I. Eisenstein et al. (CLEO Collab.), Phys. Rev. D 78, 052003 (2008). +0.08 ± 0.08

Year Experiment CP Asymmetry in the decay mode D+ to π+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.013 ± 0.009 ± 0.006
2018 BELLE V. Babu et al. (BELLE Collab.), Phys. Rev. D 97, 011101 (2018). +0.0231 ± 0.0124 ± 0.0023
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.029 ± 0.029 ± 0.003

HFLAV average +0.004 ± 0.008

Year Experiment CP Asymmetry in the decay mode D+ to π+η [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.002 ± 0.008 ± 0.004
2011 BELLE E. Won et al. (BELLE Collab.), Phys. Rev. Lett. 107, 221801 (2011). +0.0174 ± 0.0113 ± 0.0019
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.020 ± 0.023 ± 0.003

HFLAV average +0.003 ± 0.007

Year Experiment CP Asymmetry in the decay mode D+ to π+η' [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 771, 21 (2017). -0.0061 ± 0.0072 ± 0.0053 ± 0.0012
2011 BELLE E. Won et al. (BELLE Collab.), Phys. Rev. Lett. 107, 221801 (2011). -0.0012 ± 0.0112 ± 0.0017
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.040 ± 0.034 ± 0.003

HFLAV average -0.006 ± 0.007

Year Experiment CP Asymmetry in the decay mode D+ to K+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.032 ± 0.047 ± 0.021
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.035 ± 0.107 ± 0.009

HFLAV average -0.033 ± 0.046

Year Experiment CP Asymmetry in the decay mode D+ to K+η [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.06 ± 0.10 ± 0.04

Year Experiment CP Asymmetry in the decay mode D+ to K0sπ+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.011 ± 0.006 ± 0.002
2012 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 109, 021601 (2012). -0.00363 ± 0.00094 ± 0.00067
2011 BABAR P. del Amo Sanchez et al. (BABAR Collab.), Phys. Rev. D 83, 071103 (2011). -0.0044 ± 0.0013 ± 0.0010
2002 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Rev. Lett. 88, 041602 (2002). -0.016 ± 0.015 ± 0.009

HFLAV average -0.0041 ± 0.0009

Year Experiment CP Asymmetry in the decay mode D+ to K0sK+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.0013 ± 0.0036 ± 0.0025
2013 BELLE B.R. Ko et al. (BELLE Collab.), JHEP 02, 098 (2013). -0.0025 ± 0.0028 ± 0.0014
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.002 ± 0.015 ± 0.009
2002 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Rev. Lett. 88, 041602 (2002). +0.071 ± 0.061 ± 0.012

HFLAV average -0.0011 ± 0.0025

Year Experiment CP Asymmetry in the decay mode D+ to ( K0/K0) K+ 
(subtraction of the effects due to the (subtraction of the effects due to the KK0-K0 system)0-K0 system) [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]

2019 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 191803 (2019). -0.00004 ± 0.00061 ± 0.00045
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.0046 ± 0.0036 ± 0.0025
2013 BELLE B.R. Ko et al. (BELLE Collab.), JHEP 02, 098 (2013). +0.0008 ± 0.0028 ± 0.0014

HFLAV average +0.0001 ± 0.0007

Year Experiment CP Asymmetry in the decay mode D+ to φπ+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2019 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 191803 (2019). +0.00003 ± 0.00040 ± 0.00029

Year Experiment CP Asymmetry in the decay mode D+ to π+π-π+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 728, 585 (2014). Model independent technique, no evidence for CP violation
1997 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 403, 377 (1997). -0.017 ± 0.042

Year Experiment CP Asymmetry in the decay mode D+ to K-π+π+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 D0 V.M. Abazov et al. (D0 Collab.), Phys. Rev. D 90, 111102 (2014). -0.0016 ± 0.0015 ± 0.0009
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.003 ± 0.002 ± 0.004

HFLAV average -0.0018 ± 0.0016

Year Experiment CP Asymmetry in the decay mode D+ to K0sπ+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.001 ± 0.007 ± 0.002

Year Experiment CP Asymmetry in the decay mode D+ to K+K-π+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.001 ± 0.009 ± 0.004
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052010 (2013). +0.0037 ± 0.0030 ± 0.0015
2008 CLEO P. Rubin et al. (CLEO Collab.), Phys. Rev. D 78, 072003 (2008). Dalitz plot analysis, no evidence for CP violation
2000 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 491, 232 (2000). +0.006 ± 0.011 ± 0.005
1997 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 403, 377 (1997). -0.014 ± 0.029

HFLAV average +0.0032 ± 0.0031

Year Experiment CP Asymmetry in the decay mode D+ to K-π+π+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.003 ± 0.006 ± 0.004

Year Experiment CP Asymmetry in the decay mode D+ to K0sπ+π+π- [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.000 ± 0.012 ± 0.003

Year Experiment CP Asymmetry in the decay mode D+ to K0sK+π+π- [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2005 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 622, 239 (2005). -0.042 ± 0.064 ± 0.022

CP Asymmetries in Ds+ decays

Year Experiment CP Asymmetry in the decay mode Ds+ to μ+ν [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2009 CLEO J.P. Alexander et al. (CLEO Collab.), Phys. Rev. D 79, 052001 (2009). +0.048 ± 0.061

Year Experiment CP Asymmetry in the decay mode Ds+ to π+η [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2021 BELLE Y. Guan et al. (BELLE Collab.), arXiv:2103.09969 [PRD]. +0.002 ± 0.003 ± 0.003
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. +0.008 ± 0.007 ± 0.005
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.011 ± 0.030 ± 0.008

HFLAV average +0.003 ± 0.004

Year Experiment CP Asymmetry in the decay mode Ds+ to π+η' [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 771, 21 (2017). -0.0082 ± 0.0036 ± 0.0022 ± 0.002
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.022 ± 0.022 ± 0.006

HFLAV average +0.0008 ± 0.0026

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sπ+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.006 ± 0.020 ± 0.003
2010 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 104, 181602 (2010). +0.0545 ± 0.0250 ± 0.0033
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.163 ± 0.073 ± 0.003

HFLAV average +0.0311 ± 0.0154

Year Experiment CP Asymmetry in the decay mode Ds+ to ( K0/K0) π+ 
(subtraction of the effects due to the (subtraction of the effects due to the KK0-K0 system)0-K0 system) [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]

2019 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 191803 (2019). +0.0016 ± 0.0017 ± 0.0005
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.003 ± 0.020 ± 0.003

HFLAV average +0.0016 ± 0.0018

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.026 ± 0.015 ± 0.006
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). -0.0005 ± 0.0023 ± 0.0024
2010 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 104, 181602 (2010). +0.0012 ± 0.0036 ± 0.0022

HFLAV average +0.0008 ± 0.0026

Year Experiment CP Asymmetry in the decay mode Ds+ to ( K0/K0) K+ 
(subtraction of the effects due to the (subtraction of the effects due to the KK0-K0 system)0-K0 system) [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]

2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.0028 ± 0.0023 ± 0.0024

Year Experiment CP Asymmetry in the decay mode Ds+ to K+π0 [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.008 ± 0.039 ± 0.012
2021 BELLE Y. Guan et al. (BELLE Collab.), arXiv:2103.09969 [PRD]. +0.064 ± 0.044 ± 0.011
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.266 ± 0.238 ± 0.009

HFLAV average +0.020 ± 0.030

Year Experiment CP Asymmetry in the decay mode Ds+ to K+η [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2021 BELLE Y. Guan et al. (BELLE Collab.), arXiv:2103.09969 [PRD]. +0.021 ± 0.021 ± 0.004
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. +0.009 ± 0.037 ± 0.011
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.093 ± 0.152 ± 0.009

HFLAV average +0.019 ± 0.019
Year Experiment CP Asymmetry in the decay mode Ds+ to K+η' [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.060 ± 0.189 ± 0.009

Year Experiment CP Asymmetry in the decay mode Ds+ to π+π+π- [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.007 ± 0.030 ± 0.006

Year Experiment CP Asymmetry in the decay mode Ds+ to π+π0η [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.005 ± 0.039 ± 0.020

Year Experiment CP Asymmetry in the decay mode Ds+ to π+π0η' [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.004 ± 0.074 ± 0.019

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK+π0 [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.016 ± 0.060 ± 0.011

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK0sπ+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.031 ± 0.052 ± 0.006

Year Experiment CP Asymmetry in the decay mode Ds+ to K+π+π- [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.045 ± 0.048 ± 0.006

Year Experiment CP Asymmetry in the decay mode Ds+ to K+K-π+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.005 ± 0.008 ± 0.004

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK-π+π+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.041 ± 0.027 ± 0.009

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK+π+π- [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.057 ± 0.053 ± 0.009

Year Experiment CP Asymmetry in the decay mode Ds+ to K+K-π+π0 [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.000 ± 0.027 ± 0.012

CP Asymmetries in decays of charm baryons
For charm baryons CP asymmetry has been accessed through comparison of P asymmetry in decays of, for instance, Λc

+ and Λc
-, measured with the weak-asymmetry

parameters, respectively α(Λc
+) and α(Λc

-). As under P-parity conservation:
α(Λc

+) = -α(Λc
-),

the CP-violating asymmetry is defined as:
AαCP = [α(Λc

+) + α(Λc
-)] /[α(Λc

+) - α(Λc
-].

The α(Λc) can be measured through an angular analysis exploiting a helicity angle of weakly-decaying baryon in Λc decay chain, for instance Λ->pπ- in Λc
+->Λπ+

decays. 
This method of accessing CP violation occuring through P-violation can be applied also to other charm baryons, like Ξc

0->Ξ-π+ with Ξ-->Λπ-. 

Year Experiment CP Asymmetry in the decay mode Λc
+ to Λ e+ ν [α(Λc

+)+α(Λc
-)]/[α(Λc

+)-α(Λc
-]

2005 CLEO J.W. Hinson et al. (CLEO Collab.), Phys. Rev. Lett. 94, 191801 (2005). 0.00 ± 0.03 ± 0.01 ± 0.02

Year Experiment CP Asymmetry in the decay mode Λc
+ to Λπ+ [α(Λc

+)+α(Λc
-)]/[α(Λc

+)-α(Λc
-]

2006 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 34, 165 (2006). -0.07 ± 0.19 ± 0.12

Year Experiment CP Asymmetry in the decay mode Ξc
0 to Ξ-π+ [α(Ξc

0)+α(Ξc
0)]/[α(Ξc

0)-α(Ξc
0))]

2021 BELLE Y.B. Li et al. (BELLE Collab.), arXiv:2103.06496 [PRL]. +0.015 ± 0.052 ± 0.017

ΔACP measurements

Probing CP violation through differences between ACP asymmetries of similar decay channels allows for cancelation of nuisance asymmetries, like charm-production
asymmetry and/or charge-track detection asymmetry. It significantly facilitates experimental measurements and increases sensitivity. 

Measurements of ΔACP for D0->h+h- decays, defined as ACP(D0->K+K-)-ACP(D0->π+π-), are discussed here. 
Notably, the LHCb measurement in R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 211803 (2019) yields an LHCb combination of 

ΔACP(D0->h+h-) = (-15.4 ± 2.9)×10-4,
comprising the discovery of CP violation in charm sector. 

ΔACP is also measured for three-body Λc
+->ph+h- decays, in a phase-space integrated manner, in R. Aaij et al. (LHCb Collab.), JHEP 03 182 (2018) giving 

ΔACP(Λc
+->ph+h-) = (+0.30 ± 0.91 ± 0.61)×10-2.

Sum rule for D->ππ decays

This sume rule was proposed in Y. Grossman, A.L. Kagan, J. Zupan, Phys. Rev. D 85, 114036 (2012) and for the first time experimentally tested in V. Babu et al. (BELLE
Collab.), Phys. Rev. D 97, 011101 (2018). 
An isospin decomposition of D->ππ decay amplitudes gives:

where A1 and A3 are amplitudes of decays with an isospin change of, respectively, ΔI = 1/2 and ΔI = 3/2 (i.e. transitions to ππ final states with I=0 and I=2). Therefore the
following sum holds for decay amplitudes of D->ππ channels:

It translates into the following sum for differences between D and D decay rates:

The above sum being non-zero would mean that CP violation arises from the ΔI = 1/2 amplitude. If the sum is zero, while individual CP asymmetries of D->ππ modes are
non-zero, it would suggest New Physics contributing to the ΔI = 3/2 amplitude. As penguin amplitude is, to a good approximation, ΔI = 1/2 within the Standard Model,
while D+->π+π0 decay is purely a ΔI = 3/2 transistion, any CP asymmetry observed for this mode would point to New Physics in the ΔI = 3/2 amplitude. 

To facilitate an experimental test, the left-hand side of the above sum is rewritten as:

Using the relation between amplitude and branching fraction, |A|2~B/τD, and employing ACP definition, |A|2 - |A|2 = ACP(|A|2 + |A|2), the above turns into:

where B+-, B00 and B+0 denote branching fractions of D0->π+π-, D0->π0π0 and D+->π+π0 decays, respectively, whereas τD0 and τD+ are lifetimes of D0 and D+. 
The sum R is calculated using HFLAV averages for ACP given in the tables above, and PDG averages for branching fractions and lifetimes from P.A. Zyla et al. (PDG),
Prog. Theor. Exp. Phys. 2020, 083C01 (2020). 

The result is

R = (+0.06 ± 2.44)×10-3,
and is consistent with zero. 

More details are given in Sec.9.2 of Y. Amhis et al. (HFLAV), Eur. Phys. J. C 81:226 (2021).
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CP Asymmetries 
(through May 2021)(through May 2021)

Note: 
In the case of D+, Ds

+ and Λc
+ decays, the (time-integrated) CP asymmetry measures direct CP violation. 

For D0 decays, the CP asymmetry measures direct and indirect CP violation combined. 

For lifetime asymmetries of D0 decays to CP eigenstates, see Results for AΓ and ΔACP 

For Sum Rule of isospin-related D->ππ channels, see Sum Rule test. 

In the tables below we report asymmetries for the actual final state, i.e. resonant substructure is not considered.

CP Asymmetries in D0 decays

Year Experiment CP Asymmetry in the decay mode D0 to π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett.B 767 177 (2017). +0.0007 ± 0.0014 ± 0.0011
2012 CDF T. Aaltonen et al. (CDF Collab.), Phys. Rev. D 85, 012009 (2012). +0.0022 ± 0.0024 ± 0.0011
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. Lett. 100, 061803 (2008). -0.0024 ± 0.0052 ± 0.0022
2008 BELLE M. Staric et al. (BELLE Collab.), Phys. Lett.B 670, 190 (2008). +0.0043 ± 0.0052 ± 0.0012
2002 CLEO S.E. Csorna et al. (CLEO Collab.), Phys. Rev. D 65, 092001 (2002). +0.019 ± 0.032 ± 0.008
2000 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 491, 232 (2000). +0.048 ± 0.039 ± 0.025
1998 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 421, 405 (1998). -0.049 ± 0.078 ± 0.030

HFLAV average -0.0001 ± 0.0014

Year Experiment CP Asymmetry in the decay mode D0 to π0π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 BELLE N.K. Nisar et al. (BELLE Collab.), Phys. Rev. Lett. 112, 211601 (2014). -0.0003 ± 0.0064 ± 0.0010
2001 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 63, 071101 (2001). +0.001 ± 0.048

HFLAV average -0.0003 ± 0.0064

Year Experiment CP Asymmetry in the decay mode D0 to K0sπ0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 BELLE N.K. Nisar et al. (BELLE Collab.), Phys. Rev. Lett. 112, 211601 (2014). -0.0021 ± 0.0016 ± 0.0007
2001 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 63, 071101 (2001). +0.001 ± 0.013

HFLAV average -0.0020 ± 0.0017

Year Experiment CP Asymmetry in the decay mode D0 to K0sη [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2011 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 106, 211801 (2011). +0.0054 ± 0.0051 ± 0.0016

Year Experiment CP Asymmetry in the decay mode D0 to K0sη' [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2011 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 106, 211801 (2011). +0.0098 ± 0.0067 ± 0.0014

Year Experiment CP Asymmetry in the decay mode D0 to K0sK0s [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2105.01565 [PRD Lett]. -0.031 ± 0.012 ± 0.004 ± 0.012
2017 Belle N. Dash et al. (BELLE Collab.), JHEP 10, 055 (2015). -0.0002 ± 0.0153 ± 0.0002 ± 0.0017
2015 LHCb R. Aaij et al. (LHCb Collab.), JHEP 10 055 (2015). -0.029 ± 0.052 ± 0.022
2001 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 63, 071101 (2001). -0.23 ± 0.19

HFLAV average -0.015 ± 0.011

Year Experiment CP Asymmetry in the decay mode D0 to K-π+ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.003 ± 0.003 ± 0.006

Year Experiment CP Asymmetry in the decay mode D0 to K+K- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett.B 767 177 (2017). +0.0004 ± 0.0012 ± 0.0010
2012 CDF T. Aaltonen et al. (CDF Collab.), Phys. Rev. D 85, 012009 (2012). -0.0024 ± 0.0022 ± 0.0009
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. Lett. 100, 061803 (2008). +0.0000 ± 0.0034 ± 0.0013
2008 BELLE M. Staric et al. (BELLE Collab.), Phys. Lett.B 670, 190 (2008). -0.0043 ± 0.0030 ± 0.0011
2002 CLEO S.E. Csorna et al. (CLEO Collab.), Phys. Rev. D 65, 092001 (2002). +0.000 ± 0.022 ± 0.008
2000 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 491, 232 (2000). -0.001 ± 0.022 ± 0.015
1998 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 421, 405 (1998). -0.010 ± 0.049 ± 0.012

HFLAV average -0.0009 ± 0.0011

Year Experiment CP Asymmetry in the decay mode D0 to π+π-π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2015 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 740, 158 (2015). Model independent technique, no evidence for CP violation
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. D 78, 051102 (2008). +0.0031 ± 0.0041 ± 0.0017
2008 BELLE K. Arinstein et al. (BELLE Collab.), Phys. Lett. B 662, 102 (2008). +0.0043 ± 0.0130
2005 CLEO D. Cronin-Hennessy et al. (CLEO Collab.), Phys. Rev. D 72, 031102 (2005). +0.01 (+0.09 -0.07) ± 0.05

HFLAV average +0.0032 ± 0.0042

Year Experiment CP Asymmetry in the decay mode D0 to K-π+π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.001 ± 0.003 ± 0.004

Year Experiment CP Asymmetry in the decay mode D0 to K+π-π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2005 BELLE X.C. Tian et al. (BELLE Collab.), Phys. Rev. Lett. 95, 231801 (2005). -0.006 ± 0.053
2001 CLEO G. Brandenburg et al. (CLEO Collab.), Phys. Rev. Lett. 87, 071802 (2001). +0.09 (+0.25 -0.22)

HFLAV average -0.0014 ± 0.0517

Year Experiment CP Asymmetry in the decay mode D0 to K0sπ+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2012 CDF T. Aaltonen et al. (CDF Collab.), Phys. Rev. D 86, 032007 (2012). -0.0005 ± 0.0057 ± 0.0054
2004 CLEO D.M. Asner et al. (CLEO Collab.), Phys. Rev. D 70, 091101 (2004). -0.009 ± 0.021 (+0.016 -0.057)

HFLAV average -0.0008 ± 0.0077

Year Experiment CP Asymmetry in the decay mode D0 to K0sK-π+ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2016 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. D 93, 052018 (2016). Amplitude analysis, no evidence for CP violation

Year Experiment CP Asymmetry in the decay mode D0 to K0sK+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2016 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. D 93, 052018 (2016). Amplitude analysis, no evidence for CP violation

Year Experiment CP Asymmetry in the decay mode D0 to K-K+π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. D 78, 051102 (2008). -0.0100 ± 0.0167 ± 0.0025

Year Experiment CP Asymmetry in the decay mode D0 to π-π-π+π+ [Amplitude analysis]
2013 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 726, 623 (2013). Model independent technique, no evidence for CP violation

Year Experiment CP Asymmetry in the decay mode D0 to K-π+π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.002 ± 0.003 ± 0.004

Year Experiment CP Asymmetry in the decay mode D0 to K+π-π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2005 BELLE X.C. Tian et al. (BELLE Collab.), Phys. Rev. Lett. 95, 231801 (2005). -0.018 ± 0.044

Year Experiment CP Asymmetry in the decay mode D0 to K+K-π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2019 BELLE J. B. Kim et al. (BELLE Collab.), Phys. Rev. D 99, 011104 (2019). +0.0034 ± 0.0036 ± 0.0006
2019 LHCb R. Aaij et al. (LHCb Collab.), JHEP 02, 126 (2019). Amplitude analysis, no evidence for CP violation
2013 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 726, 623 (2013). Model independent technique, no evidence for CP violation
2012 CLEO M. Artuso et al. (CLEO Collab.), Phys. Rev. D 85, 122002 (2012). Amplitude analysis, no evidence for CP violation
2005 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 622, 239 (2005). -0.082 ± 0.056 ± 0.047

HFLAV average +0.0032 ± 0.0036

Year Experiment CP Asymmetry in the decay mode D0 to K*0(->K-π+)γ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 BELLE T. Nanut et al. (BELLE Collab.), Phys. Rev. Lett. 118, 051801 (2017). -0.003 ± 0.020 ± 0.000

Year Experiment CP Asymmetry in the decay mode D0 to φ(->K+K-)γ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 BELLE T. Nanut et al. (BELLE Collab.), Phys. Rev. Lett. 118, 051801 (2017). -0.094 ± 0.066 ± 0.001

Year Experiment CP Asymmetry in the decay mode D0 to ρ0(->π+π-)γ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 BELLE T. Nanut et al. (BELLE Collab.), Phys. Rev. Lett. 118, 051801 (2017). +0.056 ± 0.152 ± 0.006

Year Experiment CP Asymmetry in the decay mode D0 to K+K-μ+μ- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2018 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 121, 091801 (2018). +0.00 ± 0.11 ± 0.02

Year Experiment CP Asymmetry in the decay mode D0 to π+π-μ+μ- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2018 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 121, 091801 (2018). +0.049 ± 0.038 ± 0.007

CP Asymmetries in D+ decays

Year Experiment CP Asymmetry in the decay mode D+ to μ+ν [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2008 CLEO B.I. Eisenstein et al. (CLEO Collab.), Phys. Rev. D 78, 052003 (2008). +0.08 ± 0.08

Year Experiment CP Asymmetry in the decay mode D+ to π+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.013 ± 0.009 ± 0.006
2018 BELLE V. Babu et al. (BELLE Collab.), Phys. Rev. D 97, 011101 (2018). +0.0231 ± 0.0124 ± 0.0023
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.029 ± 0.029 ± 0.003

HFLAV average +0.004 ± 0.008

Year Experiment CP Asymmetry in the decay mode D+ to π+η [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.002 ± 0.008 ± 0.004
2011 BELLE E. Won et al. (BELLE Collab.), Phys. Rev. Lett. 107, 221801 (2011). +0.0174 ± 0.0113 ± 0.0019
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.020 ± 0.023 ± 0.003

HFLAV average +0.003 ± 0.007

Year Experiment CP Asymmetry in the decay mode D+ to π+η' [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 771, 21 (2017). -0.0061 ± 0.0072 ± 0.0053 ± 0.0012
2011 BELLE E. Won et al. (BELLE Collab.), Phys. Rev. Lett. 107, 221801 (2011). -0.0012 ± 0.0112 ± 0.0017
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.040 ± 0.034 ± 0.003

HFLAV average -0.006 ± 0.007

Year Experiment CP Asymmetry in the decay mode D+ to K+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.032 ± 0.047 ± 0.021
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.035 ± 0.107 ± 0.009

HFLAV average -0.033 ± 0.046

Year Experiment CP Asymmetry in the decay mode D+ to K+η [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.06 ± 0.10 ± 0.04

Year Experiment CP Asymmetry in the decay mode D+ to K0sπ+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.011 ± 0.006 ± 0.002
2012 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 109, 021601 (2012). -0.00363 ± 0.00094 ± 0.00067
2011 BABAR P. del Amo Sanchez et al. (BABAR Collab.), Phys. Rev. D 83, 071103 (2011). -0.0044 ± 0.0013 ± 0.0010
2002 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Rev. Lett. 88, 041602 (2002). -0.016 ± 0.015 ± 0.009

HFLAV average -0.0041 ± 0.0009

Year Experiment CP Asymmetry in the decay mode D+ to K0sK+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.0013 ± 0.0036 ± 0.0025
2013 BELLE B.R. Ko et al. (BELLE Collab.), JHEP 02, 098 (2013). -0.0025 ± 0.0028 ± 0.0014
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.002 ± 0.015 ± 0.009
2002 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Rev. Lett. 88, 041602 (2002). +0.071 ± 0.061 ± 0.012

HFLAV average -0.0011 ± 0.0025

Year Experiment CP Asymmetry in the decay mode D+ to ( K0/K0) K+ 
(subtraction of the effects due to the (subtraction of the effects due to the KK0-K0 system)0-K0 system) [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]

2019 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 191803 (2019). -0.00004 ± 0.00061 ± 0.00045
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.0046 ± 0.0036 ± 0.0025
2013 BELLE B.R. Ko et al. (BELLE Collab.), JHEP 02, 098 (2013). +0.0008 ± 0.0028 ± 0.0014

HFLAV average +0.0001 ± 0.0007

Year Experiment CP Asymmetry in the decay mode D+ to φπ+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2019 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 191803 (2019). +0.00003 ± 0.00040 ± 0.00029

Year Experiment CP Asymmetry in the decay mode D+ to π+π-π+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 728, 585 (2014). Model independent technique, no evidence for CP violation
1997 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 403, 377 (1997). -0.017 ± 0.042

Year Experiment CP Asymmetry in the decay mode D+ to K-π+π+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 D0 V.M. Abazov et al. (D0 Collab.), Phys. Rev. D 90, 111102 (2014). -0.0016 ± 0.0015 ± 0.0009
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.003 ± 0.002 ± 0.004

HFLAV average -0.0018 ± 0.0016

Year Experiment CP Asymmetry in the decay mode D+ to K0sπ+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.001 ± 0.007 ± 0.002

Year Experiment CP Asymmetry in the decay mode D+ to K+K-π+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.001 ± 0.009 ± 0.004
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052010 (2013). +0.0037 ± 0.0030 ± 0.0015
2008 CLEO P. Rubin et al. (CLEO Collab.), Phys. Rev. D 78, 072003 (2008). Dalitz plot analysis, no evidence for CP violation
2000 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 491, 232 (2000). +0.006 ± 0.011 ± 0.005
1997 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 403, 377 (1997). -0.014 ± 0.029

HFLAV average +0.0032 ± 0.0031

Year Experiment CP Asymmetry in the decay mode D+ to K-π+π+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.003 ± 0.006 ± 0.004

Year Experiment CP Asymmetry in the decay mode D+ to K0sπ+π+π- [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.000 ± 0.012 ± 0.003

Year Experiment CP Asymmetry in the decay mode D+ to K0sK+π+π- [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2005 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 622, 239 (2005). -0.042 ± 0.064 ± 0.022

CP Asymmetries in Ds+ decays

Year Experiment CP Asymmetry in the decay mode Ds+ to μ+ν [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2009 CLEO J.P. Alexander et al. (CLEO Collab.), Phys. Rev. D 79, 052001 (2009). +0.048 ± 0.061

Year Experiment CP Asymmetry in the decay mode Ds+ to π+η [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2021 BELLE Y. Guan et al. (BELLE Collab.), arXiv:2103.09969 [PRD]. +0.002 ± 0.003 ± 0.003
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. +0.008 ± 0.007 ± 0.005
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.011 ± 0.030 ± 0.008

HFLAV average +0.003 ± 0.004

Year Experiment CP Asymmetry in the decay mode Ds+ to π+η' [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 771, 21 (2017). -0.0082 ± 0.0036 ± 0.0022 ± 0.002
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.022 ± 0.022 ± 0.006

HFLAV average +0.0008 ± 0.0026

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sπ+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.006 ± 0.020 ± 0.003
2010 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 104, 181602 (2010). +0.0545 ± 0.0250 ± 0.0033
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.163 ± 0.073 ± 0.003

HFLAV average +0.0311 ± 0.0154

Year Experiment CP Asymmetry in the decay mode Ds+ to ( K0/K0) π+ 
(subtraction of the effects due to the (subtraction of the effects due to the KK0-K0 system)0-K0 system) [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]

2019 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 191803 (2019). +0.0016 ± 0.0017 ± 0.0005
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.003 ± 0.020 ± 0.003

HFLAV average +0.0016 ± 0.0018

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.026 ± 0.015 ± 0.006
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). -0.0005 ± 0.0023 ± 0.0024
2010 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 104, 181602 (2010). +0.0012 ± 0.0036 ± 0.0022

HFLAV average +0.0008 ± 0.0026

Year Experiment CP Asymmetry in the decay mode Ds+ to ( K0/K0) K+ 
(subtraction of the effects due to the (subtraction of the effects due to the KK0-K0 system)0-K0 system) [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]

2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.0028 ± 0.0023 ± 0.0024

Year Experiment CP Asymmetry in the decay mode Ds+ to K+π0 [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.008 ± 0.039 ± 0.012
2021 BELLE Y. Guan et al. (BELLE Collab.), arXiv:2103.09969 [PRD]. +0.064 ± 0.044 ± 0.011
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.266 ± 0.238 ± 0.009

HFLAV average +0.020 ± 0.030

Year Experiment CP Asymmetry in the decay mode Ds+ to K+η [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2021 BELLE Y. Guan et al. (BELLE Collab.), arXiv:2103.09969 [PRD]. +0.021 ± 0.021 ± 0.004
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. +0.009 ± 0.037 ± 0.011
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.093 ± 0.152 ± 0.009

HFLAV average +0.019 ± 0.019
Year Experiment CP Asymmetry in the decay mode Ds+ to K+η' [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.060 ± 0.189 ± 0.009

Year Experiment CP Asymmetry in the decay mode Ds+ to π+π+π- [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.007 ± 0.030 ± 0.006

Year Experiment CP Asymmetry in the decay mode Ds+ to π+π0η [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.005 ± 0.039 ± 0.020

Year Experiment CP Asymmetry in the decay mode Ds+ to π+π0η' [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.004 ± 0.074 ± 0.019

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK+π0 [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.016 ± 0.060 ± 0.011

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK0sπ+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.031 ± 0.052 ± 0.006

Year Experiment CP Asymmetry in the decay mode Ds+ to K+π+π- [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.045 ± 0.048 ± 0.006

Year Experiment CP Asymmetry in the decay mode Ds+ to K+K-π+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.005 ± 0.008 ± 0.004

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK-π+π+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.041 ± 0.027 ± 0.009

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK+π+π- [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.057 ± 0.053 ± 0.009

Year Experiment CP Asymmetry in the decay mode Ds+ to K+K-π+π0 [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.000 ± 0.027 ± 0.012

CP Asymmetries in decays of charm baryons
For charm baryons CP asymmetry has been accessed through comparison of P asymmetry in decays of, for instance, Λc

+ and Λc
-, measured with the weak-asymmetry

parameters, respectively α(Λc
+) and α(Λc

-). As under P-parity conservation:
α(Λc

+) = -α(Λc
-),

the CP-violating asymmetry is defined as:
AαCP = [α(Λc

+) + α(Λc
-)] /[α(Λc

+) - α(Λc
-].

The α(Λc) can be measured through an angular analysis exploiting a helicity angle of weakly-decaying baryon in Λc decay chain, for instance Λ->pπ- in Λc
+->Λπ+

decays. 
This method of accessing CP violation occuring through P-violation can be applied also to other charm baryons, like Ξc

0->Ξ-π+ with Ξ-->Λπ-. 

Year Experiment CP Asymmetry in the decay mode Λc
+ to Λ e+ ν [α(Λc

+)+α(Λc
-)]/[α(Λc

+)-α(Λc
-]

2005 CLEO J.W. Hinson et al. (CLEO Collab.), Phys. Rev. Lett. 94, 191801 (2005). 0.00 ± 0.03 ± 0.01 ± 0.02

Year Experiment CP Asymmetry in the decay mode Λc
+ to Λπ+ [α(Λc

+)+α(Λc
-)]/[α(Λc

+)-α(Λc
-]

2006 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 34, 165 (2006). -0.07 ± 0.19 ± 0.12

Year Experiment CP Asymmetry in the decay mode Ξc
0 to Ξ-π+ [α(Ξc

0)+α(Ξc
0)]/[α(Ξc

0)-α(Ξc
0))]

2021 BELLE Y.B. Li et al. (BELLE Collab.), arXiv:2103.06496 [PRL]. +0.015 ± 0.052 ± 0.017

ΔACP measurements

Probing CP violation through differences between ACP asymmetries of similar decay channels allows for cancelation of nuisance asymmetries, like charm-production
asymmetry and/or charge-track detection asymmetry. It significantly facilitates experimental measurements and increases sensitivity. 

Measurements of ΔACP for D0->h+h- decays, defined as ACP(D0->K+K-)-ACP(D0->π+π-), are discussed here. 
Notably, the LHCb measurement in R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 211803 (2019) yields an LHCb combination of 

ΔACP(D0->h+h-) = (-15.4 ± 2.9)×10-4,
comprising the discovery of CP violation in charm sector. 

ΔACP is also measured for three-body Λc
+->ph+h- decays, in a phase-space integrated manner, in R. Aaij et al. (LHCb Collab.), JHEP 03 182 (2018) giving 

ΔACP(Λc
+->ph+h-) = (+0.30 ± 0.91 ± 0.61)×10-2.

Sum rule for D->ππ decays

This sume rule was proposed in Y. Grossman, A.L. Kagan, J. Zupan, Phys. Rev. D 85, 114036 (2012) and for the first time experimentally tested in V. Babu et al. (BELLE
Collab.), Phys. Rev. D 97, 011101 (2018). 
An isospin decomposition of D->ππ decay amplitudes gives:

where A1 and A3 are amplitudes of decays with an isospin change of, respectively, ΔI = 1/2 and ΔI = 3/2 (i.e. transitions to ππ final states with I=0 and I=2). Therefore the
following sum holds for decay amplitudes of D->ππ channels:

It translates into the following sum for differences between D and D decay rates:

The above sum being non-zero would mean that CP violation arises from the ΔI = 1/2 amplitude. If the sum is zero, while individual CP asymmetries of D->ππ modes are
non-zero, it would suggest New Physics contributing to the ΔI = 3/2 amplitude. As penguin amplitude is, to a good approximation, ΔI = 1/2 within the Standard Model,
while D+->π+π0 decay is purely a ΔI = 3/2 transistion, any CP asymmetry observed for this mode would point to New Physics in the ΔI = 3/2 amplitude. 

To facilitate an experimental test, the left-hand side of the above sum is rewritten as:

Using the relation between amplitude and branching fraction, |A|2~B/τD, and employing ACP definition, |A|2 - |A|2 = ACP(|A|2 + |A|2), the above turns into:

where B+-, B00 and B+0 denote branching fractions of D0->π+π-, D0->π0π0 and D+->π+π0 decays, respectively, whereas τD0 and τD+ are lifetimes of D0 and D+. 
The sum R is calculated using HFLAV averages for ACP given in the tables above, and PDG averages for branching fractions and lifetimes from P.A. Zyla et al. (PDG),
Prog. Theor. Exp. Phys. 2020, 083C01 (2020). 

The result is

R = (+0.06 ± 2.44)×10-3,
and is consistent with zero. 

More details are given in Sec.9.2 of Y. Amhis et al. (HFLAV), Eur. Phys. J. C 81:226 (2021).
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HFLAV    average	

CP Asymmetries 
(through May 2021)(through May 2021)

Note: 
In the case of D+, Ds

+ and Λc
+ decays, the (time-integrated) CP asymmetry measures direct CP violation. 

For D0 decays, the CP asymmetry measures direct and indirect CP violation combined. 

For lifetime asymmetries of D0 decays to CP eigenstates, see Results for AΓ and ΔACP 

For Sum Rule of isospin-related D->ππ channels, see Sum Rule test. 

In the tables below we report asymmetries for the actual final state, i.e. resonant substructure is not considered.

CP Asymmetries in D0 decays

Year Experiment CP Asymmetry in the decay mode D0 to π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett.B 767 177 (2017). +0.0007 ± 0.0014 ± 0.0011
2012 CDF T. Aaltonen et al. (CDF Collab.), Phys. Rev. D 85, 012009 (2012). +0.0022 ± 0.0024 ± 0.0011
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. Lett. 100, 061803 (2008). -0.0024 ± 0.0052 ± 0.0022
2008 BELLE M. Staric et al. (BELLE Collab.), Phys. Lett.B 670, 190 (2008). +0.0043 ± 0.0052 ± 0.0012
2002 CLEO S.E. Csorna et al. (CLEO Collab.), Phys. Rev. D 65, 092001 (2002). +0.019 ± 0.032 ± 0.008
2000 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 491, 232 (2000). +0.048 ± 0.039 ± 0.025
1998 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 421, 405 (1998). -0.049 ± 0.078 ± 0.030

HFLAV average -0.0001 ± 0.0014

Year Experiment CP Asymmetry in the decay mode D0 to π0π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 BELLE N.K. Nisar et al. (BELLE Collab.), Phys. Rev. Lett. 112, 211601 (2014). -0.0003 ± 0.0064 ± 0.0010
2001 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 63, 071101 (2001). +0.001 ± 0.048

HFLAV average -0.0003 ± 0.0064

Year Experiment CP Asymmetry in the decay mode D0 to K0sπ0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 BELLE N.K. Nisar et al. (BELLE Collab.), Phys. Rev. Lett. 112, 211601 (2014). -0.0021 ± 0.0016 ± 0.0007
2001 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 63, 071101 (2001). +0.001 ± 0.013

HFLAV average -0.0020 ± 0.0017

Year Experiment CP Asymmetry in the decay mode D0 to K0sη [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2011 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 106, 211801 (2011). +0.0054 ± 0.0051 ± 0.0016

Year Experiment CP Asymmetry in the decay mode D0 to K0sη' [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2011 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 106, 211801 (2011). +0.0098 ± 0.0067 ± 0.0014

Year Experiment CP Asymmetry in the decay mode D0 to K0sK0s [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2105.01565 [PRD Lett]. -0.031 ± 0.012 ± 0.004 ± 0.012
2017 Belle N. Dash et al. (BELLE Collab.), JHEP 10, 055 (2015). -0.0002 ± 0.0153 ± 0.0002 ± 0.0017
2015 LHCb R. Aaij et al. (LHCb Collab.), JHEP 10 055 (2015). -0.029 ± 0.052 ± 0.022
2001 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 63, 071101 (2001). -0.23 ± 0.19

HFLAV average -0.015 ± 0.011

Year Experiment CP Asymmetry in the decay mode D0 to K-π+ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.003 ± 0.003 ± 0.006

Year Experiment CP Asymmetry in the decay mode D0 to K+K- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett.B 767 177 (2017). +0.0004 ± 0.0012 ± 0.0010
2012 CDF T. Aaltonen et al. (CDF Collab.), Phys. Rev. D 85, 012009 (2012). -0.0024 ± 0.0022 ± 0.0009
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. Lett. 100, 061803 (2008). +0.0000 ± 0.0034 ± 0.0013
2008 BELLE M. Staric et al. (BELLE Collab.), Phys. Lett.B 670, 190 (2008). -0.0043 ± 0.0030 ± 0.0011
2002 CLEO S.E. Csorna et al. (CLEO Collab.), Phys. Rev. D 65, 092001 (2002). +0.000 ± 0.022 ± 0.008
2000 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 491, 232 (2000). -0.001 ± 0.022 ± 0.015
1998 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 421, 405 (1998). -0.010 ± 0.049 ± 0.012

HFLAV average -0.0009 ± 0.0011

Year Experiment CP Asymmetry in the decay mode D0 to π+π-π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2015 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 740, 158 (2015). Model independent technique, no evidence for CP violation
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. D 78, 051102 (2008). +0.0031 ± 0.0041 ± 0.0017
2008 BELLE K. Arinstein et al. (BELLE Collab.), Phys. Lett. B 662, 102 (2008). +0.0043 ± 0.0130
2005 CLEO D. Cronin-Hennessy et al. (CLEO Collab.), Phys. Rev. D 72, 031102 (2005). +0.01 (+0.09 -0.07) ± 0.05

HFLAV average +0.0032 ± 0.0042

Year Experiment CP Asymmetry in the decay mode D0 to K-π+π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.001 ± 0.003 ± 0.004

Year Experiment CP Asymmetry in the decay mode D0 to K+π-π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2005 BELLE X.C. Tian et al. (BELLE Collab.), Phys. Rev. Lett. 95, 231801 (2005). -0.006 ± 0.053
2001 CLEO G. Brandenburg et al. (CLEO Collab.), Phys. Rev. Lett. 87, 071802 (2001). +0.09 (+0.25 -0.22)

HFLAV average -0.0014 ± 0.0517

Year Experiment CP Asymmetry in the decay mode D0 to K0sπ+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2012 CDF T. Aaltonen et al. (CDF Collab.), Phys. Rev. D 86, 032007 (2012). -0.0005 ± 0.0057 ± 0.0054
2004 CLEO D.M. Asner et al. (CLEO Collab.), Phys. Rev. D 70, 091101 (2004). -0.009 ± 0.021 (+0.016 -0.057)

HFLAV average -0.0008 ± 0.0077

Year Experiment CP Asymmetry in the decay mode D0 to K0sK-π+ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2016 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. D 93, 052018 (2016). Amplitude analysis, no evidence for CP violation

Year Experiment CP Asymmetry in the decay mode D0 to K0sK+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2016 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. D 93, 052018 (2016). Amplitude analysis, no evidence for CP violation

Year Experiment CP Asymmetry in the decay mode D0 to K-K+π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. D 78, 051102 (2008). -0.0100 ± 0.0167 ± 0.0025

Year Experiment CP Asymmetry in the decay mode D0 to π-π-π+π+ [Amplitude analysis]
2013 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 726, 623 (2013). Model independent technique, no evidence for CP violation

Year Experiment CP Asymmetry in the decay mode D0 to K-π+π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.002 ± 0.003 ± 0.004

Year Experiment CP Asymmetry in the decay mode D0 to K+π-π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2005 BELLE X.C. Tian et al. (BELLE Collab.), Phys. Rev. Lett. 95, 231801 (2005). -0.018 ± 0.044

Year Experiment CP Asymmetry in the decay mode D0 to K+K-π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2019 BELLE J. B. Kim et al. (BELLE Collab.), Phys. Rev. D 99, 011104 (2019). +0.0034 ± 0.0036 ± 0.0006
2019 LHCb R. Aaij et al. (LHCb Collab.), JHEP 02, 126 (2019). Amplitude analysis, no evidence for CP violation
2013 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 726, 623 (2013). Model independent technique, no evidence for CP violation
2012 CLEO M. Artuso et al. (CLEO Collab.), Phys. Rev. D 85, 122002 (2012). Amplitude analysis, no evidence for CP violation
2005 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 622, 239 (2005). -0.082 ± 0.056 ± 0.047

HFLAV average +0.0032 ± 0.0036

Year Experiment CP Asymmetry in the decay mode D0 to K*0(->K-π+)γ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 BELLE T. Nanut et al. (BELLE Collab.), Phys. Rev. Lett. 118, 051801 (2017). -0.003 ± 0.020 ± 0.000

Year Experiment CP Asymmetry in the decay mode D0 to φ(->K+K-)γ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 BELLE T. Nanut et al. (BELLE Collab.), Phys. Rev. Lett. 118, 051801 (2017). -0.094 ± 0.066 ± 0.001

Year Experiment CP Asymmetry in the decay mode D0 to ρ0(->π+π-)γ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 BELLE T. Nanut et al. (BELLE Collab.), Phys. Rev. Lett. 118, 051801 (2017). +0.056 ± 0.152 ± 0.006

Year Experiment CP Asymmetry in the decay mode D0 to K+K-μ+μ- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2018 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 121, 091801 (2018). +0.00 ± 0.11 ± 0.02

Year Experiment CP Asymmetry in the decay mode D0 to π+π-μ+μ- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2018 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 121, 091801 (2018). +0.049 ± 0.038 ± 0.007

CP Asymmetries in D+ decays

Year Experiment CP Asymmetry in the decay mode D+ to μ+ν [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2008 CLEO B.I. Eisenstein et al. (CLEO Collab.), Phys. Rev. D 78, 052003 (2008). +0.08 ± 0.08

Year Experiment CP Asymmetry in the decay mode D+ to π+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.013 ± 0.009 ± 0.006
2018 BELLE V. Babu et al. (BELLE Collab.), Phys. Rev. D 97, 011101 (2018). +0.0231 ± 0.0124 ± 0.0023
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.029 ± 0.029 ± 0.003

HFLAV average +0.004 ± 0.008

Year Experiment CP Asymmetry in the decay mode D+ to π+η [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.002 ± 0.008 ± 0.004
2011 BELLE E. Won et al. (BELLE Collab.), Phys. Rev. Lett. 107, 221801 (2011). +0.0174 ± 0.0113 ± 0.0019
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.020 ± 0.023 ± 0.003

HFLAV average +0.003 ± 0.007

Year Experiment CP Asymmetry in the decay mode D+ to π+η' [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 771, 21 (2017). -0.0061 ± 0.0072 ± 0.0053 ± 0.0012
2011 BELLE E. Won et al. (BELLE Collab.), Phys. Rev. Lett. 107, 221801 (2011). -0.0012 ± 0.0112 ± 0.0017
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.040 ± 0.034 ± 0.003

HFLAV average -0.006 ± 0.007

Year Experiment CP Asymmetry in the decay mode D+ to K+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.032 ± 0.047 ± 0.021
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.035 ± 0.107 ± 0.009

HFLAV average -0.033 ± 0.046

Year Experiment CP Asymmetry in the decay mode D+ to K+η [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.06 ± 0.10 ± 0.04

Year Experiment CP Asymmetry in the decay mode D+ to K0sπ+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.011 ± 0.006 ± 0.002
2012 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 109, 021601 (2012). -0.00363 ± 0.00094 ± 0.00067
2011 BABAR P. del Amo Sanchez et al. (BABAR Collab.), Phys. Rev. D 83, 071103 (2011). -0.0044 ± 0.0013 ± 0.0010
2002 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Rev. Lett. 88, 041602 (2002). -0.016 ± 0.015 ± 0.009

HFLAV average -0.0041 ± 0.0009

Year Experiment CP Asymmetry in the decay mode D+ to K0sK+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.0013 ± 0.0036 ± 0.0025
2013 BELLE B.R. Ko et al. (BELLE Collab.), JHEP 02, 098 (2013). -0.0025 ± 0.0028 ± 0.0014
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.002 ± 0.015 ± 0.009
2002 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Rev. Lett. 88, 041602 (2002). +0.071 ± 0.061 ± 0.012

HFLAV average -0.0011 ± 0.0025

Year Experiment CP Asymmetry in the decay mode D+ to ( K0/K0) K+ 
(subtraction of the effects due to the (subtraction of the effects due to the KK0-K0 system)0-K0 system) [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]

2019 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 191803 (2019). -0.00004 ± 0.00061 ± 0.00045
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.0046 ± 0.0036 ± 0.0025
2013 BELLE B.R. Ko et al. (BELLE Collab.), JHEP 02, 098 (2013). +0.0008 ± 0.0028 ± 0.0014

HFLAV average +0.0001 ± 0.0007

Year Experiment CP Asymmetry in the decay mode D+ to φπ+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2019 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 191803 (2019). +0.00003 ± 0.00040 ± 0.00029

Year Experiment CP Asymmetry in the decay mode D+ to π+π-π+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 728, 585 (2014). Model independent technique, no evidence for CP violation
1997 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 403, 377 (1997). -0.017 ± 0.042

Year Experiment CP Asymmetry in the decay mode D+ to K-π+π+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 D0 V.M. Abazov et al. (D0 Collab.), Phys. Rev. D 90, 111102 (2014). -0.0016 ± 0.0015 ± 0.0009
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.003 ± 0.002 ± 0.004

HFLAV average -0.0018 ± 0.0016

Year Experiment CP Asymmetry in the decay mode D+ to K0sπ+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.001 ± 0.007 ± 0.002

Year Experiment CP Asymmetry in the decay mode D+ to K+K-π+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.001 ± 0.009 ± 0.004
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052010 (2013). +0.0037 ± 0.0030 ± 0.0015
2008 CLEO P. Rubin et al. (CLEO Collab.), Phys. Rev. D 78, 072003 (2008). Dalitz plot analysis, no evidence for CP violation
2000 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 491, 232 (2000). +0.006 ± 0.011 ± 0.005
1997 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 403, 377 (1997). -0.014 ± 0.029

HFLAV average +0.0032 ± 0.0031

Year Experiment CP Asymmetry in the decay mode D+ to K-π+π+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.003 ± 0.006 ± 0.004

Year Experiment CP Asymmetry in the decay mode D+ to K0sπ+π+π- [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.000 ± 0.012 ± 0.003

Year Experiment CP Asymmetry in the decay mode D+ to K0sK+π+π- [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2005 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 622, 239 (2005). -0.042 ± 0.064 ± 0.022

CP Asymmetries in Ds+ decays

Year Experiment CP Asymmetry in the decay mode Ds+ to μ+ν [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2009 CLEO J.P. Alexander et al. (CLEO Collab.), Phys. Rev. D 79, 052001 (2009). +0.048 ± 0.061

Year Experiment CP Asymmetry in the decay mode Ds+ to π+η [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2021 BELLE Y. Guan et al. (BELLE Collab.), arXiv:2103.09969 [PRD]. +0.002 ± 0.003 ± 0.003
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. +0.008 ± 0.007 ± 0.005
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.011 ± 0.030 ± 0.008

HFLAV average +0.003 ± 0.004

Year Experiment CP Asymmetry in the decay mode Ds+ to π+η' [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 771, 21 (2017). -0.0082 ± 0.0036 ± 0.0022 ± 0.002
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.022 ± 0.022 ± 0.006

HFLAV average +0.0008 ± 0.0026

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sπ+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.006 ± 0.020 ± 0.003
2010 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 104, 181602 (2010). +0.0545 ± 0.0250 ± 0.0033
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.163 ± 0.073 ± 0.003

HFLAV average +0.0311 ± 0.0154

Year Experiment CP Asymmetry in the decay mode Ds+ to ( K0/K0) π+ 
(subtraction of the effects due to the (subtraction of the effects due to the KK0-K0 system)0-K0 system) [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]

2019 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 191803 (2019). +0.0016 ± 0.0017 ± 0.0005
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.003 ± 0.020 ± 0.003

HFLAV average +0.0016 ± 0.0018

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.026 ± 0.015 ± 0.006
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). -0.0005 ± 0.0023 ± 0.0024
2010 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 104, 181602 (2010). +0.0012 ± 0.0036 ± 0.0022

HFLAV average +0.0008 ± 0.0026

Year Experiment CP Asymmetry in the decay mode Ds+ to ( K0/K0) K+ 
(subtraction of the effects due to the (subtraction of the effects due to the KK0-K0 system)0-K0 system) [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]

2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.0028 ± 0.0023 ± 0.0024

Year Experiment CP Asymmetry in the decay mode Ds+ to K+π0 [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.008 ± 0.039 ± 0.012
2021 BELLE Y. Guan et al. (BELLE Collab.), arXiv:2103.09969 [PRD]. +0.064 ± 0.044 ± 0.011
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.266 ± 0.238 ± 0.009

HFLAV average +0.020 ± 0.030

Year Experiment CP Asymmetry in the decay mode Ds+ to K+η [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2021 BELLE Y. Guan et al. (BELLE Collab.), arXiv:2103.09969 [PRD]. +0.021 ± 0.021 ± 0.004
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. +0.009 ± 0.037 ± 0.011
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.093 ± 0.152 ± 0.009

HFLAV average +0.019 ± 0.019
Year Experiment CP Asymmetry in the decay mode Ds+ to K+η' [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.060 ± 0.189 ± 0.009

Year Experiment CP Asymmetry in the decay mode Ds+ to π+π+π- [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.007 ± 0.030 ± 0.006

Year Experiment CP Asymmetry in the decay mode Ds+ to π+π0η [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.005 ± 0.039 ± 0.020

Year Experiment CP Asymmetry in the decay mode Ds+ to π+π0η' [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.004 ± 0.074 ± 0.019

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK+π0 [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.016 ± 0.060 ± 0.011

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK0sπ+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.031 ± 0.052 ± 0.006

Year Experiment CP Asymmetry in the decay mode Ds+ to K+π+π- [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.045 ± 0.048 ± 0.006

Year Experiment CP Asymmetry in the decay mode Ds+ to K+K-π+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.005 ± 0.008 ± 0.004

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK-π+π+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.041 ± 0.027 ± 0.009

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK+π+π- [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.057 ± 0.053 ± 0.009

Year Experiment CP Asymmetry in the decay mode Ds+ to K+K-π+π0 [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.000 ± 0.027 ± 0.012

CP Asymmetries in decays of charm baryons
For charm baryons CP asymmetry has been accessed through comparison of P asymmetry in decays of, for instance, Λc

+ and Λc
-, measured with the weak-asymmetry

parameters, respectively α(Λc
+) and α(Λc

-). As under P-parity conservation:
α(Λc

+) = -α(Λc
-),

the CP-violating asymmetry is defined as:
AαCP = [α(Λc

+) + α(Λc
-)] /[α(Λc

+) - α(Λc
-].

The α(Λc) can be measured through an angular analysis exploiting a helicity angle of weakly-decaying baryon in Λc decay chain, for instance Λ->pπ- in Λc
+->Λπ+

decays. 
This method of accessing CP violation occuring through P-violation can be applied also to other charm baryons, like Ξc

0->Ξ-π+ with Ξ-->Λπ-. 

Year Experiment CP Asymmetry in the decay mode Λc
+ to Λ e+ ν [α(Λc

+)+α(Λc
-)]/[α(Λc

+)-α(Λc
-]

2005 CLEO J.W. Hinson et al. (CLEO Collab.), Phys. Rev. Lett. 94, 191801 (2005). 0.00 ± 0.03 ± 0.01 ± 0.02

Year Experiment CP Asymmetry in the decay mode Λc
+ to Λπ+ [α(Λc

+)+α(Λc
-)]/[α(Λc

+)-α(Λc
-]

2006 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 34, 165 (2006). -0.07 ± 0.19 ± 0.12

Year Experiment CP Asymmetry in the decay mode Ξc
0 to Ξ-π+ [α(Ξc

0)+α(Ξc
0)]/[α(Ξc

0)-α(Ξc
0))]

2021 BELLE Y.B. Li et al. (BELLE Collab.), arXiv:2103.06496 [PRL]. +0.015 ± 0.052 ± 0.017

ΔACP measurements

Probing CP violation through differences between ACP asymmetries of similar decay channels allows for cancelation of nuisance asymmetries, like charm-production
asymmetry and/or charge-track detection asymmetry. It significantly facilitates experimental measurements and increases sensitivity. 

Measurements of ΔACP for D0->h+h- decays, defined as ACP(D0->K+K-)-ACP(D0->π+π-), are discussed here. 
Notably, the LHCb measurement in R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 211803 (2019) yields an LHCb combination of 

ΔACP(D0->h+h-) = (-15.4 ± 2.9)×10-4,
comprising the discovery of CP violation in charm sector. 

ΔACP is also measured for three-body Λc
+->ph+h- decays, in a phase-space integrated manner, in R. Aaij et al. (LHCb Collab.), JHEP 03 182 (2018) giving 

ΔACP(Λc
+->ph+h-) = (+0.30 ± 0.91 ± 0.61)×10-2.

Sum rule for D->ππ decays

This sume rule was proposed in Y. Grossman, A.L. Kagan, J. Zupan, Phys. Rev. D 85, 114036 (2012) and for the first time experimentally tested in V. Babu et al. (BELLE
Collab.), Phys. Rev. D 97, 011101 (2018). 
An isospin decomposition of D->ππ decay amplitudes gives:

where A1 and A3 are amplitudes of decays with an isospin change of, respectively, ΔI = 1/2 and ΔI = 3/2 (i.e. transitions to ππ final states with I=0 and I=2). Therefore the
following sum holds for decay amplitudes of D->ππ channels:

It translates into the following sum for differences between D and D decay rates:

The above sum being non-zero would mean that CP violation arises from the ΔI = 1/2 amplitude. If the sum is zero, while individual CP asymmetries of D->ππ modes are
non-zero, it would suggest New Physics contributing to the ΔI = 3/2 amplitude. As penguin amplitude is, to a good approximation, ΔI = 1/2 within the Standard Model,
while D+->π+π0 decay is purely a ΔI = 3/2 transistion, any CP asymmetry observed for this mode would point to New Physics in the ΔI = 3/2 amplitude. 

To facilitate an experimental test, the left-hand side of the above sum is rewritten as:

Using the relation between amplitude and branching fraction, |A|2~B/τD, and employing ACP definition, |A|2 - |A|2 = ACP(|A|2 + |A|2), the above turns into:

where B+-, B00 and B+0 denote branching fractions of D0->π+π-, D0->π0π0 and D+->π+π0 decays, respectively, whereas τD0 and τD+ are lifetimes of D0 and D+. 
The sum R is calculated using HFLAV averages for ACP given in the tables above, and PDG averages for branching fractions and lifetimes from P.A. Zyla et al. (PDG),
Prog. Theor. Exp. Phys. 2020, 083C01 (2020). 

The result is

R = (+0.06 ± 2.44)×10-3,
and is consistent with zero. 

More details are given in Sec.9.2 of Y. Amhis et al. (HFLAV), Eur. Phys. J. C 81:226 (2021).
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CP Asymmetries 
(through May 2021)(through May 2021)

Note: 
In the case of D+, Ds

+ and Λc
+ decays, the (time-integrated) CP asymmetry measures direct CP violation. 

For D0 decays, the CP asymmetry measures direct and indirect CP violation combined. 

For lifetime asymmetries of D0 decays to CP eigenstates, see Results for AΓ and ΔACP 

For Sum Rule of isospin-related D->ππ channels, see Sum Rule test. 

In the tables below we report asymmetries for the actual final state, i.e. resonant substructure is not considered.

CP Asymmetries in D0 decays

Year Experiment CP Asymmetry in the decay mode D0 to π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett.B 767 177 (2017). +0.0007 ± 0.0014 ± 0.0011
2012 CDF T. Aaltonen et al. (CDF Collab.), Phys. Rev. D 85, 012009 (2012). +0.0022 ± 0.0024 ± 0.0011
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. Lett. 100, 061803 (2008). -0.0024 ± 0.0052 ± 0.0022
2008 BELLE M. Staric et al. (BELLE Collab.), Phys. Lett.B 670, 190 (2008). +0.0043 ± 0.0052 ± 0.0012
2002 CLEO S.E. Csorna et al. (CLEO Collab.), Phys. Rev. D 65, 092001 (2002). +0.019 ± 0.032 ± 0.008
2000 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 491, 232 (2000). +0.048 ± 0.039 ± 0.025
1998 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 421, 405 (1998). -0.049 ± 0.078 ± 0.030

HFLAV average -0.0001 ± 0.0014

Year Experiment CP Asymmetry in the decay mode D0 to π0π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 BELLE N.K. Nisar et al. (BELLE Collab.), Phys. Rev. Lett. 112, 211601 (2014). -0.0003 ± 0.0064 ± 0.0010
2001 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 63, 071101 (2001). +0.001 ± 0.048

HFLAV average -0.0003 ± 0.0064

Year Experiment CP Asymmetry in the decay mode D0 to K0sπ0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 BELLE N.K. Nisar et al. (BELLE Collab.), Phys. Rev. Lett. 112, 211601 (2014). -0.0021 ± 0.0016 ± 0.0007
2001 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 63, 071101 (2001). +0.001 ± 0.013

HFLAV average -0.0020 ± 0.0017

Year Experiment CP Asymmetry in the decay mode D0 to K0sη [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2011 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 106, 211801 (2011). +0.0054 ± 0.0051 ± 0.0016

Year Experiment CP Asymmetry in the decay mode D0 to K0sη' [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2011 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 106, 211801 (2011). +0.0098 ± 0.0067 ± 0.0014

Year Experiment CP Asymmetry in the decay mode D0 to K0sK0s [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2105.01565 [PRD Lett]. -0.031 ± 0.012 ± 0.004 ± 0.012
2017 Belle N. Dash et al. (BELLE Collab.), JHEP 10, 055 (2015). -0.0002 ± 0.0153 ± 0.0002 ± 0.0017
2015 LHCb R. Aaij et al. (LHCb Collab.), JHEP 10 055 (2015). -0.029 ± 0.052 ± 0.022
2001 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 63, 071101 (2001). -0.23 ± 0.19

HFLAV average -0.015 ± 0.011

Year Experiment CP Asymmetry in the decay mode D0 to K-π+ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.003 ± 0.003 ± 0.006

Year Experiment CP Asymmetry in the decay mode D0 to K+K- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett.B 767 177 (2017). +0.0004 ± 0.0012 ± 0.0010
2012 CDF T. Aaltonen et al. (CDF Collab.), Phys. Rev. D 85, 012009 (2012). -0.0024 ± 0.0022 ± 0.0009
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. Lett. 100, 061803 (2008). +0.0000 ± 0.0034 ± 0.0013
2008 BELLE M. Staric et al. (BELLE Collab.), Phys. Lett.B 670, 190 (2008). -0.0043 ± 0.0030 ± 0.0011
2002 CLEO S.E. Csorna et al. (CLEO Collab.), Phys. Rev. D 65, 092001 (2002). +0.000 ± 0.022 ± 0.008
2000 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 491, 232 (2000). -0.001 ± 0.022 ± 0.015
1998 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 421, 405 (1998). -0.010 ± 0.049 ± 0.012

HFLAV average -0.0009 ± 0.0011

Year Experiment CP Asymmetry in the decay mode D0 to π+π-π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2015 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 740, 158 (2015). Model independent technique, no evidence for CP violation
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. D 78, 051102 (2008). +0.0031 ± 0.0041 ± 0.0017
2008 BELLE K. Arinstein et al. (BELLE Collab.), Phys. Lett. B 662, 102 (2008). +0.0043 ± 0.0130
2005 CLEO D. Cronin-Hennessy et al. (CLEO Collab.), Phys. Rev. D 72, 031102 (2005). +0.01 (+0.09 -0.07) ± 0.05

HFLAV average +0.0032 ± 0.0042

Year Experiment CP Asymmetry in the decay mode D0 to K-π+π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.001 ± 0.003 ± 0.004

Year Experiment CP Asymmetry in the decay mode D0 to K+π-π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2005 BELLE X.C. Tian et al. (BELLE Collab.), Phys. Rev. Lett. 95, 231801 (2005). -0.006 ± 0.053
2001 CLEO G. Brandenburg et al. (CLEO Collab.), Phys. Rev. Lett. 87, 071802 (2001). +0.09 (+0.25 -0.22)

HFLAV average -0.0014 ± 0.0517

Year Experiment CP Asymmetry in the decay mode D0 to K0sπ+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2012 CDF T. Aaltonen et al. (CDF Collab.), Phys. Rev. D 86, 032007 (2012). -0.0005 ± 0.0057 ± 0.0054
2004 CLEO D.M. Asner et al. (CLEO Collab.), Phys. Rev. D 70, 091101 (2004). -0.009 ± 0.021 (+0.016 -0.057)

HFLAV average -0.0008 ± 0.0077

Year Experiment CP Asymmetry in the decay mode D0 to K0sK-π+ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2016 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. D 93, 052018 (2016). Amplitude analysis, no evidence for CP violation

Year Experiment CP Asymmetry in the decay mode D0 to K0sK+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2016 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. D 93, 052018 (2016). Amplitude analysis, no evidence for CP violation

Year Experiment CP Asymmetry in the decay mode D0 to K-K+π0 [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2008 BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. D 78, 051102 (2008). -0.0100 ± 0.0167 ± 0.0025

Year Experiment CP Asymmetry in the decay mode D0 to π-π-π+π+ [Amplitude analysis]
2013 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 726, 623 (2013). Model independent technique, no evidence for CP violation

Year Experiment CP Asymmetry in the decay mode D0 to K-π+π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.002 ± 0.003 ± 0.004

Year Experiment CP Asymmetry in the decay mode D0 to K+π-π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2005 BELLE X.C. Tian et al. (BELLE Collab.), Phys. Rev. Lett. 95, 231801 (2005). -0.018 ± 0.044

Year Experiment CP Asymmetry in the decay mode D0 to K+K-π+π- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2019 BELLE J. B. Kim et al. (BELLE Collab.), Phys. Rev. D 99, 011104 (2019). +0.0034 ± 0.0036 ± 0.0006
2019 LHCb R. Aaij et al. (LHCb Collab.), JHEP 02, 126 (2019). Amplitude analysis, no evidence for CP violation
2013 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 726, 623 (2013). Model independent technique, no evidence for CP violation
2012 CLEO M. Artuso et al. (CLEO Collab.), Phys. Rev. D 85, 122002 (2012). Amplitude analysis, no evidence for CP violation
2005 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 622, 239 (2005). -0.082 ± 0.056 ± 0.047

HFLAV average +0.0032 ± 0.0036

Year Experiment CP Asymmetry in the decay mode D0 to K*0(->K-π+)γ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 BELLE T. Nanut et al. (BELLE Collab.), Phys. Rev. Lett. 118, 051801 (2017). -0.003 ± 0.020 ± 0.000

Year Experiment CP Asymmetry in the decay mode D0 to φ(->K+K-)γ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 BELLE T. Nanut et al. (BELLE Collab.), Phys. Rev. Lett. 118, 051801 (2017). -0.094 ± 0.066 ± 0.001

Year Experiment CP Asymmetry in the decay mode D0 to ρ0(->π+π-)γ [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2017 BELLE T. Nanut et al. (BELLE Collab.), Phys. Rev. Lett. 118, 051801 (2017). +0.056 ± 0.152 ± 0.006

Year Experiment CP Asymmetry in the decay mode D0 to K+K-μ+μ- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2018 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 121, 091801 (2018). +0.00 ± 0.11 ± 0.02

Year Experiment CP Asymmetry in the decay mode D0 to π+π-μ+μ- [Γ(D0)-Γ(D0bar)]/[Γ(D0)+Γ(D0bar)]
2018 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 121, 091801 (2018). +0.049 ± 0.038 ± 0.007

CP Asymmetries in D+ decays

Year Experiment CP Asymmetry in the decay mode D+ to μ+ν [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2008 CLEO B.I. Eisenstein et al. (CLEO Collab.), Phys. Rev. D 78, 052003 (2008). +0.08 ± 0.08

Year Experiment CP Asymmetry in the decay mode D+ to π+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.013 ± 0.009 ± 0.006
2018 BELLE V. Babu et al. (BELLE Collab.), Phys. Rev. D 97, 011101 (2018). +0.0231 ± 0.0124 ± 0.0023
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.029 ± 0.029 ± 0.003

HFLAV average +0.004 ± 0.008

Year Experiment CP Asymmetry in the decay mode D+ to π+η [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.002 ± 0.008 ± 0.004
2011 BELLE E. Won et al. (BELLE Collab.), Phys. Rev. Lett. 107, 221801 (2011). +0.0174 ± 0.0113 ± 0.0019
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.020 ± 0.023 ± 0.003

HFLAV average +0.003 ± 0.007

Year Experiment CP Asymmetry in the decay mode D+ to π+η' [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 771, 21 (2017). -0.0061 ± 0.0072 ± 0.0053 ± 0.0012
2011 BELLE E. Won et al. (BELLE Collab.), Phys. Rev. Lett. 107, 221801 (2011). -0.0012 ± 0.0112 ± 0.0017
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.040 ± 0.034 ± 0.003

HFLAV average -0.006 ± 0.007

Year Experiment CP Asymmetry in the decay mode D+ to K+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.032 ± 0.047 ± 0.021
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.035 ± 0.107 ± 0.009

HFLAV average -0.033 ± 0.046

Year Experiment CP Asymmetry in the decay mode D+ to K+η [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.06 ± 0.10 ± 0.04

Year Experiment CP Asymmetry in the decay mode D+ to K0sπ+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.011 ± 0.006 ± 0.002
2012 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 109, 021601 (2012). -0.00363 ± 0.00094 ± 0.00067
2011 BABAR P. del Amo Sanchez et al. (BABAR Collab.), Phys. Rev. D 83, 071103 (2011). -0.0044 ± 0.0013 ± 0.0010
2002 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Rev. Lett. 88, 041602 (2002). -0.016 ± 0.015 ± 0.009

HFLAV average -0.0041 ± 0.0009

Year Experiment CP Asymmetry in the decay mode D+ to K0sK+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.0013 ± 0.0036 ± 0.0025
2013 BELLE B.R. Ko et al. (BELLE Collab.), JHEP 02, 098 (2013). -0.0025 ± 0.0028 ± 0.0014
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.002 ± 0.015 ± 0.009
2002 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Rev. Lett. 88, 041602 (2002). +0.071 ± 0.061 ± 0.012

HFLAV average -0.0011 ± 0.0025

Year Experiment CP Asymmetry in the decay mode D+ to ( K0/K0) K+ 
(subtraction of the effects due to the (subtraction of the effects due to the KK0-K0 system)0-K0 system) [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]

2019 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 191803 (2019). -0.00004 ± 0.00061 ± 0.00045
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.0046 ± 0.0036 ± 0.0025
2013 BELLE B.R. Ko et al. (BELLE Collab.), JHEP 02, 098 (2013). +0.0008 ± 0.0028 ± 0.0014

HFLAV average +0.0001 ± 0.0007

Year Experiment CP Asymmetry in the decay mode D+ to φπ+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2019 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 191803 (2019). +0.00003 ± 0.00040 ± 0.00029

Year Experiment CP Asymmetry in the decay mode D+ to π+π-π+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 728, 585 (2014). Model independent technique, no evidence for CP violation
1997 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 403, 377 (1997). -0.017 ± 0.042

Year Experiment CP Asymmetry in the decay mode D+ to K-π+π+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 D0 V.M. Abazov et al. (D0 Collab.), Phys. Rev. D 90, 111102 (2014). -0.0016 ± 0.0015 ± 0.0009
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.003 ± 0.002 ± 0.004

HFLAV average -0.0018 ± 0.0016

Year Experiment CP Asymmetry in the decay mode D+ to K0sπ+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.001 ± 0.007 ± 0.002

Year Experiment CP Asymmetry in the decay mode D+ to K+K-π+ [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.001 ± 0.009 ± 0.004
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052010 (2013). +0.0037 ± 0.0030 ± 0.0015
2008 CLEO P. Rubin et al. (CLEO Collab.), Phys. Rev. D 78, 072003 (2008). Dalitz plot analysis, no evidence for CP violation
2000 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 491, 232 (2000). +0.006 ± 0.011 ± 0.005
1997 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 403, 377 (1997). -0.014 ± 0.029

HFLAV average +0.0032 ± 0.0031

Year Experiment CP Asymmetry in the decay mode D+ to K-π+π+π0 [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). -0.003 ± 0.006 ± 0.004

Year Experiment CP Asymmetry in the decay mode D+ to K0sπ+π+π- [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2014 CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 89, 072002 (2014). +0.000 ± 0.012 ± 0.003

Year Experiment CP Asymmetry in the decay mode D+ to K0sK+π+π- [Γ(D+)-Γ(D-)]/[Γ(D+)+Γ(D-)]
2005 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 622, 239 (2005). -0.042 ± 0.064 ± 0.022

CP Asymmetries in Ds+ decays

Year Experiment CP Asymmetry in the decay mode Ds+ to μ+ν [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2009 CLEO J.P. Alexander et al. (CLEO Collab.), Phys. Rev. D 79, 052001 (2009). +0.048 ± 0.061

Year Experiment CP Asymmetry in the decay mode Ds+ to π+η [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2021 BELLE Y. Guan et al. (BELLE Collab.), arXiv:2103.09969 [PRD]. +0.002 ± 0.003 ± 0.003
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. +0.008 ± 0.007 ± 0.005
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.011 ± 0.030 ± 0.008

HFLAV average +0.003 ± 0.004

Year Experiment CP Asymmetry in the decay mode Ds+ to π+η' [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2017 LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett. B 771, 21 (2017). -0.0082 ± 0.0036 ± 0.0022 ± 0.002
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.022 ± 0.022 ± 0.006

HFLAV average +0.0008 ± 0.0026

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sπ+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.006 ± 0.020 ± 0.003
2010 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 104, 181602 (2010). +0.0545 ± 0.0250 ± 0.0033
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.163 ± 0.073 ± 0.003

HFLAV average +0.0311 ± 0.0154

Year Experiment CP Asymmetry in the decay mode Ds+ to ( K0/K0) π+ 
(subtraction of the effects due to the (subtraction of the effects due to the KK0-K0 system)0-K0 system) [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]

2019 LHCb R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 191803 (2019). +0.0016 ± 0.0017 ± 0.0005
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.003 ± 0.020 ± 0.003

HFLAV average +0.0016 ± 0.0018

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.026 ± 0.015 ± 0.006
2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). -0.0005 ± 0.0023 ± 0.0024
2010 BELLE B.R. Ko et al. (BELLE Collab.), Phys. Rev. Lett. 104, 181602 (2010). +0.0012 ± 0.0036 ± 0.0022

HFLAV average +0.0008 ± 0.0026

Year Experiment CP Asymmetry in the decay mode Ds+ to ( K0/K0) K+ 
(subtraction of the effects due to the (subtraction of the effects due to the KK0-K0 system)0-K0 system) [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]

2013 BABAR J.P. Lees et al. (BABAR Collab.), Phys. Rev. D 87, 052012 (2013). +0.0028 ± 0.0023 ± 0.0024

Year Experiment CP Asymmetry in the decay mode Ds+ to K+π0 [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. -0.008 ± 0.039 ± 0.012
2021 BELLE Y. Guan et al. (BELLE Collab.), arXiv:2103.09969 [PRD]. +0.064 ± 0.044 ± 0.011
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). -0.266 ± 0.238 ± 0.009

HFLAV average +0.020 ± 0.030

Year Experiment CP Asymmetry in the decay mode Ds+ to K+η [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2021 BELLE Y. Guan et al. (BELLE Collab.), arXiv:2103.09969 [PRD]. +0.021 ± 0.021 ± 0.004
2021 LHCb R. Aaij et al. (LHCb Collab.), arXiv:2103.11058 [JHEP]. +0.009 ± 0.037 ± 0.011
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.093 ± 0.152 ± 0.009

HFLAV average +0.019 ± 0.019
Year Experiment CP Asymmetry in the decay mode Ds+ to K+η' [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2010 CLEO H. Mendez et al. (CLEO Collab.), Phys. Rev. D 81, 052013 (2010). +0.060 ± 0.189 ± 0.009

Year Experiment CP Asymmetry in the decay mode Ds+ to π+π+π- [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.007 ± 0.030 ± 0.006

Year Experiment CP Asymmetry in the decay mode Ds+ to π+π0η [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.005 ± 0.039 ± 0.020

Year Experiment CP Asymmetry in the decay mode Ds+ to π+π0η' [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.004 ± 0.074 ± 0.019

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK+π0 [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.016 ± 0.060 ± 0.011

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK0sπ+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.031 ± 0.052 ± 0.006

Year Experiment CP Asymmetry in the decay mode Ds+ to K+π+π- [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.045 ± 0.048 ± 0.006

Year Experiment CP Asymmetry in the decay mode Ds+ to K+K-π+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.005 ± 0.008 ± 0.004

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK-π+π+ [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.041 ± 0.027 ± 0.009

Year Experiment CP Asymmetry in the decay mode Ds+ to K0sK+π+π- [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). -0.057 ± 0.053 ± 0.009

Year Experiment CP Asymmetry in the decay mode Ds+ to K+K-π+π0 [Γ(Ds+)-Γ(Ds-)]/[Γ(Ds+)+Γ(Ds-)]
2013 CLEO P.U.E. Onyisi et al. (CLEO Collab.), Phys. Rev. D 88, 032009 (2013). +0.000 ± 0.027 ± 0.012

CP Asymmetries in decays of charm baryons
For charm baryons CP asymmetry has been accessed through comparison of P asymmetry in decays of, for instance, Λc

+ and Λc
-, measured with the weak-asymmetry

parameters, respectively α(Λc
+) and α(Λc

-). As under P-parity conservation:
α(Λc

+) = -α(Λc
-),

the CP-violating asymmetry is defined as:
AαCP = [α(Λc

+) + α(Λc
-)] /[α(Λc

+) - α(Λc
-].

The α(Λc) can be measured through an angular analysis exploiting a helicity angle of weakly-decaying baryon in Λc decay chain, for instance Λ->pπ- in Λc
+->Λπ+

decays. 
This method of accessing CP violation occuring through P-violation can be applied also to other charm baryons, like Ξc

0->Ξ-π+ with Ξ-->Λπ-. 

Year Experiment CP Asymmetry in the decay mode Λc
+ to Λ e+ ν [α(Λc

+)+α(Λc
-)]/[α(Λc

+)-α(Λc
-]

2005 CLEO J.W. Hinson et al. (CLEO Collab.), Phys. Rev. Lett. 94, 191801 (2005). 0.00 ± 0.03 ± 0.01 ± 0.02

Year Experiment CP Asymmetry in the decay mode Λc
+ to Λπ+ [α(Λc

+)+α(Λc
-)]/[α(Λc

+)-α(Λc
-]

2006 FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 34, 165 (2006). -0.07 ± 0.19 ± 0.12

Year Experiment CP Asymmetry in the decay mode Ξc
0 to Ξ-π+ [α(Ξc

0)+α(Ξc
0)]/[α(Ξc

0)-α(Ξc
0))]

2021 BELLE Y.B. Li et al. (BELLE Collab.), arXiv:2103.06496 [PRL]. +0.015 ± 0.052 ± 0.017

ΔACP measurements

Probing CP violation through differences between ACP asymmetries of similar decay channels allows for cancelation of nuisance asymmetries, like charm-production
asymmetry and/or charge-track detection asymmetry. It significantly facilitates experimental measurements and increases sensitivity. 

Measurements of ΔACP for D0->h+h- decays, defined as ACP(D0->K+K-)-ACP(D0->π+π-), are discussed here. 
Notably, the LHCb measurement in R. Aaij et al. (LHCb Collab.), Phys. Rev. Lett. 122, 211803 (2019) yields an LHCb combination of 

ΔACP(D0->h+h-) = (-15.4 ± 2.9)×10-4,
comprising the discovery of CP violation in charm sector. 

ΔACP is also measured for three-body Λc
+->ph+h- decays, in a phase-space integrated manner, in R. Aaij et al. (LHCb Collab.), JHEP 03 182 (2018) giving 

ΔACP(Λc
+->ph+h-) = (+0.30 ± 0.91 ± 0.61)×10-2.

Sum rule for D->ππ decays

This sume rule was proposed in Y. Grossman, A.L. Kagan, J. Zupan, Phys. Rev. D 85, 114036 (2012) and for the first time experimentally tested in V. Babu et al. (BELLE
Collab.), Phys. Rev. D 97, 011101 (2018). 
An isospin decomposition of D->ππ decay amplitudes gives:

where A1 and A3 are amplitudes of decays with an isospin change of, respectively, ΔI = 1/2 and ΔI = 3/2 (i.e. transitions to ππ final states with I=0 and I=2). Therefore the
following sum holds for decay amplitudes of D->ππ channels:

It translates into the following sum for differences between D and D decay rates:

The above sum being non-zero would mean that CP violation arises from the ΔI = 1/2 amplitude. If the sum is zero, while individual CP asymmetries of D->ππ modes are
non-zero, it would suggest New Physics contributing to the ΔI = 3/2 amplitude. As penguin amplitude is, to a good approximation, ΔI = 1/2 within the Standard Model,
while D+->π+π0 decay is purely a ΔI = 3/2 transistion, any CP asymmetry observed for this mode would point to New Physics in the ΔI = 3/2 amplitude. 

To facilitate an experimental test, the left-hand side of the above sum is rewritten as:

Using the relation between amplitude and branching fraction, |A|2~B/τD, and employing ACP definition, |A|2 - |A|2 = ACP(|A|2 + |A|2), the above turns into:

where B+-, B00 and B+0 denote branching fractions of D0->π+π-, D0->π0π0 and D+->π+π0 decays, respectively, whereas τD0 and τD+ are lifetimes of D0 and D+. 
The sum R is calculated using HFLAV averages for ACP given in the tables above, and PDG averages for branching fractions and lifetimes from P.A. Zyla et al. (PDG),
Prog. Theor. Exp. Phys. 2020, 083C01 (2020). 

The result is

R = (+0.06 ± 2.44)×10-3,
and is consistent with zero. 

More details are given in Sec.9.2 of Y. Amhis et al. (HFLAV), Eur. Phys. J. C 81:226 (2021).
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•  Proposed by Grossman, Kagan, Zupan in PRD85 114036 (2012)	
•  First experimental test by Belle in PRD97 011101 (2018)	

•  Isospin decomposition of D→ππ decay amplitudes:	

	

       A1 , A3 isospin amplitudes of ΔI=1/2 and 3/2 transitions	
•  In terms of differences between decay rates:	

	
•  SM tests:	
- if sum is non-zero ð CPV in ΔI=1/2 (e.g. SM penguin)	
- if sum is zero and individual asymmetries non-zero ð NP in ΔI=3/2	

Testing sum rule for D→ππ (I)	

Jolanta-HFLAV@CHARM2021 
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isospin sum rules that relate individual CP asymmetries of
the isospin-related processes. Verifying such rules allows for
tests to be performed with reduced uncertainty due to strong
interaction effects. Such a sum rule has been proposed for
D → ππ decays in Ref. [1201].

The isospin decomposition of D → ππ amplitudes gives

Aπ+π−=
√

2A3 +
√

2A1,

Aπ0π0 = 2A3 −A1,

Aπ+π0 = 3A3,

where A1 and A3 are amplitudes corresponding to the"I =
1/2 and "I = 3/2 transitions, respectively (i.e., transitions
to ππ final states with I = 0 and I = 2). From this, one can
obtain an amplitude isospin sum rule

1√
2
Aπ+π−+ Aπ0π0 −Aπ+π0 = 0. (240)

Probing such a sum requires knowledge of strong phases,
which are accessible only at charm-threshold experiments.
However, without this knowledge the sum of differences of
decay rates for D and D decays can be measured:

|Aπ+π−|2 −|Aπ+π−|2 + |Aπ0π0 |2 −|Aπ0π0 |2

−2
3
(|Aπ+π0 |2 −|Aπ−π0 |2) = 3(|A1|2 −|A1|2). (241)

This equation suggests several SM tests. As the penguin
amplitude is, to excellent approximation within the SM,
purely "I = 1/2, any CP asymmetry observed in D+ →
π+π0 would be a sign of New Physics in the "I = 3/2
amplitude. If the sum in Eq. (241), depending only on A1,
is found to be non-zero, this would mean that CP violation
arises from the "I = 1/2 transitions. Moreover, a scenario
in which the sum in Eq. (241) is zero and individual asymme-
tries are non-zero would suggest New Physics contributing
to the "I = 3/2 amplitude.

To facilitate an experimental test, the left-hand side of
Eq. (241) is rewritten as a ratio [1202]:

R ≡ |Aπ+π−|2 −|Aπ+π−|2 + |Aπ0π0 |2 −|Aπ0π0 |2 −2
3 (|Aπ+π0 |2 −|Aπ−π0 |2)

|Aπ+π−|2 + |Aπ+π−|2 + |Aπ0π0 |2 + |Aπ0π0 |2 + 2
3 (|Aπ+π0 |2 + |Aπ−π0 |2)

.

(242)

Using the relations |A|2 ∝ B/τD and |A|2 − |A|2 =
ACP (|A|2 + |A|2), we rewrite Eq. (242) as

R = ACP (D0 → π+π−)

1 + τD0
B+−

(
B00
τD0

+ 2
3
B+0
τD+

) + ACP (D0 → π0π0)

1 + τD0
B00

(
B+−
τD0

+ 2
3
B+0
τD+

)

− ACP (D+ → π+π0)

1 + 3
2
τD+
B+0

(
B00
τD0

+ B+−
τD0

) , (243)

where B+−, B00, and B+0 denote the branching fractions for
D0 → π+π−, D0 → π0π0, and D+ → π+π0, respec-
tively. The sum R is calculated using our averages for CP
asymmetries (Tables 266, 268), and PDG averages [21] for
branching fractions and lifetimes. The result is

R = (+0.01 ± 2.65)× 10−3, (244)

which is consistent with zero. In addition, all the individ-
ual asymmetries contributing to R are consistent with zero.
The uncertainty on R is dominated by the uncertainties on
individual asymmetries.

The sum rule for D → KK decays involves full SU(3)
considerations and thus is imprecise. Reference [1201] pro-
poses a set of isospin sum rules for D → ρπ and D →
K

(∗)
K (∗)π , but to test these sum rules requires a number of

not-yet-performed experimental measurements.

9.3 T -odd asymmetries

Measuring T -odd asymmetries provides a complementary
way to search for CP violation in the charm sector, assum-
ingCPT invariance. T -odd asymmetries are measured using
triple-product correlations of the form a⃗ · (b⃗ × c⃗), where a,
b, and c are spins or momenta; this combination is odd under
time reversal (T ). If a triple product is formed using both
spin and momenta, i.e.,

s⃗1 · ( p⃗2 × p⃗3),

it can be even under P-conjugation. However, if only
momenta are used, i.e.,

p⃗1 · ( p⃗2 × p⃗3),

it is odd under P-conjugation. Thus, in this case the T -odd
method becomes P-odd and allows one to probeCP violation
occurring via P-violation. This type of CPV , arising in P-
odd amplitudes, can be studied in decays of mesons into final
states with at least four spinless particles. Two- and three-
body hadronic decays of charm mesons to spinless particles
involve only P-even amplitudes,37 for which CP violation
can arise only through C-violation.

Taking as an example the decay mode D0 → K+K−π+π−,
involving spinless particles only, one forms a triple-product
correlation using momenta of the final-state particles in the
D0 center-of-mass frame.38 Defining the T -odd (and P-odd)

37 P-even amplitudes are accessed with P-even variables, like invariant
masses or helicity angles.
38 For momentum-only triple products, at least four-daughter final
states are required to give a nonzero correlation, as only three out of
four momenta are independent. For three-body decays, the daughters
are in a plane and the triple product is zero.
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isospin sum rules that relate individual CP asymmetries of
the isospin-related processes. Verifying such rules allows for
tests to be performed with reduced uncertainty due to strong
interaction effects. Such a sum rule has been proposed for
D → ππ decays in Ref. [1201].

The isospin decomposition of D → ππ amplitudes gives

Aπ+π−=
√

2A3 +
√

2A1,

Aπ0π0 = 2A3 −A1,

Aπ+π0 = 3A3,

where A1 and A3 are amplitudes corresponding to the"I =
1/2 and "I = 3/2 transitions, respectively (i.e., transitions
to ππ final states with I = 0 and I = 2). From this, one can
obtain an amplitude isospin sum rule

1√
2
Aπ+π−+ Aπ0π0 −Aπ+π0 = 0. (240)

Probing such a sum requires knowledge of strong phases,
which are accessible only at charm-threshold experiments.
However, without this knowledge the sum of differences of
decay rates for D and D decays can be measured:

|Aπ+π−|2 −|Aπ+π−|2 + |Aπ0π0 |2 −|Aπ0π0 |2

−2
3
(|Aπ+π0 |2 −|Aπ−π0 |2) = 3(|A1|2 −|A1|2). (241)

This equation suggests several SM tests. As the penguin
amplitude is, to excellent approximation within the SM,
purely "I = 1/2, any CP asymmetry observed in D+ →
π+π0 would be a sign of New Physics in the "I = 3/2
amplitude. If the sum in Eq. (241), depending only on A1,
is found to be non-zero, this would mean that CP violation
arises from the "I = 1/2 transitions. Moreover, a scenario
in which the sum in Eq. (241) is zero and individual asymme-
tries are non-zero would suggest New Physics contributing
to the "I = 3/2 amplitude.

To facilitate an experimental test, the left-hand side of
Eq. (241) is rewritten as a ratio [1202]:

R ≡ |Aπ+π−|2 −|Aπ+π−|2 + |Aπ0π0 |2 −|Aπ0π0 |2 −2
3 (|Aπ+π0 |2 −|Aπ−π0 |2)

|Aπ+π−|2 + |Aπ+π−|2 + |Aπ0π0 |2 + |Aπ0π0 |2 + 2
3 (|Aπ+π0 |2 + |Aπ−π0 |2)

.

(242)

Using the relations |A|2 ∝ B/τD and |A|2 − |A|2 =
ACP (|A|2 + |A|2), we rewrite Eq. (242) as

R = ACP (D0 → π+π−)

1 + τD0
B+−

(
B00
τD0

+ 2
3
B+0
τD+

) + ACP (D0 → π0π0)

1 + τD0
B00

(
B+−
τD0

+ 2
3
B+0
τD+

)

− ACP (D+ → π+π0)

1 + 3
2
τD+
B+0

(
B00
τD0

+ B+−
τD0

) , (243)

where B+−, B00, and B+0 denote the branching fractions for
D0 → π+π−, D0 → π0π0, and D+ → π+π0, respec-
tively. The sum R is calculated using our averages for CP
asymmetries (Tables 266, 268), and PDG averages [21] for
branching fractions and lifetimes. The result is

R = (+0.01 ± 2.65)× 10−3, (244)

which is consistent with zero. In addition, all the individ-
ual asymmetries contributing to R are consistent with zero.
The uncertainty on R is dominated by the uncertainties on
individual asymmetries.

The sum rule for D → KK decays involves full SU(3)
considerations and thus is imprecise. Reference [1201] pro-
poses a set of isospin sum rules for D → ρπ and D →
K

(∗)
K (∗)π , but to test these sum rules requires a number of

not-yet-performed experimental measurements.

9.3 T -odd asymmetries

Measuring T -odd asymmetries provides a complementary
way to search for CP violation in the charm sector, assum-
ingCPT invariance. T -odd asymmetries are measured using
triple-product correlations of the form a⃗ · (b⃗ × c⃗), where a,
b, and c are spins or momenta; this combination is odd under
time reversal (T ). If a triple product is formed using both
spin and momenta, i.e.,

s⃗1 · ( p⃗2 × p⃗3),

it can be even under P-conjugation. However, if only
momenta are used, i.e.,

p⃗1 · ( p⃗2 × p⃗3),

it is odd under P-conjugation. Thus, in this case the T -odd
method becomes P-odd and allows one to probeCP violation
occurring via P-violation. This type of CPV , arising in P-
odd amplitudes, can be studied in decays of mesons into final
states with at least four spinless particles. Two- and three-
body hadronic decays of charm mesons to spinless particles
involve only P-even amplitudes,37 for which CP violation
can arise only through C-violation.

Taking as an example the decay mode D0 → K+K−π+π−,
involving spinless particles only, one forms a triple-product
correlation using momenta of the final-state particles in the
D0 center-of-mass frame.38 Defining the T -odd (and P-odd)

37 P-even amplitudes are accessed with P-even variables, like invariant
masses or helicity angles.
38 For momentum-only triple products, at least four-daughter final
states are required to give a nonzero correlation, as only three out of
four momenta are independent. For three-body decays, the daughters
are in a plane and the triple product is zero.
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isospin sum rules that relate individual CP asymmetries of
the isospin-related processes. Verifying such rules allows for
tests to be performed with reduced uncertainty due to strong
interaction effects. Such a sum rule has been proposed for
D → ππ decays in Ref. [1201].

The isospin decomposition of D → ππ amplitudes gives

Aπ+π−=
√

2A3 +
√

2A1,

Aπ0π0 = 2A3 −A1,

Aπ+π0 = 3A3,

where A1 and A3 are amplitudes corresponding to the"I =
1/2 and "I = 3/2 transitions, respectively (i.e., transitions
to ππ final states with I = 0 and I = 2). From this, one can
obtain an amplitude isospin sum rule

1√
2
Aπ+π−+ Aπ0π0 −Aπ+π0 = 0. (240)

Probing such a sum requires knowledge of strong phases,
which are accessible only at charm-threshold experiments.
However, without this knowledge the sum of differences of
decay rates for D and D decays can be measured:

|Aπ+π−|2 −|Aπ+π−|2 + |Aπ0π0 |2 −|Aπ0π0 |2

−2
3
(|Aπ+π0 |2 −|Aπ−π0 |2) = 3(|A1|2 −|A1|2). (241)

This equation suggests several SM tests. As the penguin
amplitude is, to excellent approximation within the SM,
purely "I = 1/2, any CP asymmetry observed in D+ →
π+π0 would be a sign of New Physics in the "I = 3/2
amplitude. If the sum in Eq. (241), depending only on A1,
is found to be non-zero, this would mean that CP violation
arises from the "I = 1/2 transitions. Moreover, a scenario
in which the sum in Eq. (241) is zero and individual asymme-
tries are non-zero would suggest New Physics contributing
to the "I = 3/2 amplitude.

To facilitate an experimental test, the left-hand side of
Eq. (241) is rewritten as a ratio [1202]:

R ≡ |Aπ+π−|2 −|Aπ+π−|2 + |Aπ0π0 |2 −|Aπ0π0 |2 −2
3 (|Aπ+π0 |2 −|Aπ−π0 |2)

|Aπ+π−|2 + |Aπ+π−|2 + |Aπ0π0 |2 + |Aπ0π0 |2 + 2
3 (|Aπ+π0 |2 + |Aπ−π0 |2)

.

(242)

Using the relations |A|2 ∝ B/τD and |A|2 − |A|2 =
ACP (|A|2 + |A|2), we rewrite Eq. (242) as

R = ACP (D0 → π+π−)

1 + τD0
B+−

(
B00
τD0

+ 2
3
B+0
τD+

) + ACP (D0 → π0π0)

1 + τD0
B00

(
B+−
τD0

+ 2
3
B+0
τD+

)

− ACP (D+ → π+π0)

1 + 3
2
τD+
B+0

(
B00
τD0

+ B+−
τD0

) , (243)

where B+−, B00, and B+0 denote the branching fractions for
D0 → π+π−, D0 → π0π0, and D+ → π+π0, respec-
tively. The sum R is calculated using our averages for CP
asymmetries (Tables 266, 268), and PDG averages [21] for
branching fractions and lifetimes. The result is

R = (+0.01 ± 2.65)× 10−3, (244)

which is consistent with zero. In addition, all the individ-
ual asymmetries contributing to R are consistent with zero.
The uncertainty on R is dominated by the uncertainties on
individual asymmetries.

The sum rule for D → KK decays involves full SU(3)
considerations and thus is imprecise. Reference [1201] pro-
poses a set of isospin sum rules for D → ρπ and D →
K

(∗)
K (∗)π , but to test these sum rules requires a number of

not-yet-performed experimental measurements.

9.3 T -odd asymmetries

Measuring T -odd asymmetries provides a complementary
way to search for CP violation in the charm sector, assum-
ingCPT invariance. T -odd asymmetries are measured using
triple-product correlations of the form a⃗ · (b⃗ × c⃗), where a,
b, and c are spins or momenta; this combination is odd under
time reversal (T ). If a triple product is formed using both
spin and momenta, i.e.,

s⃗1 · ( p⃗2 × p⃗3),

it can be even under P-conjugation. However, if only
momenta are used, i.e.,

p⃗1 · ( p⃗2 × p⃗3),

it is odd under P-conjugation. Thus, in this case the T -odd
method becomes P-odd and allows one to probeCP violation
occurring via P-violation. This type of CPV , arising in P-
odd amplitudes, can be studied in decays of mesons into final
states with at least four spinless particles. Two- and three-
body hadronic decays of charm mesons to spinless particles
involve only P-even amplitudes,37 for which CP violation
can arise only through C-violation.

Taking as an example the decay mode D0 → K+K−π+π−,
involving spinless particles only, one forms a triple-product
correlation using momenta of the final-state particles in the
D0 center-of-mass frame.38 Defining the T -odd (and P-odd)

37 P-even amplitudes are accessed with P-even variables, like invariant
masses or helicity angles.
38 For momentum-only triple products, at least four-daughter final
states are required to give a nonzero correlation, as only three out of
four momenta are independent. For three-body decays, the daughters
are in a plane and the triple product is zero.
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isospin sum rules that relate individual CP asymmetries of
the isospin-related processes. Verifying such rules allows for
tests to be performed with reduced uncertainty due to strong
interaction effects. Such a sum rule has been proposed for
D → ππ decays in Ref. [1201].

The isospin decomposition of D → ππ amplitudes gives

Aπ+π−=
√

2A3 +
√

2A1,

Aπ0π0 = 2A3 −A1,

Aπ+π0 = 3A3,

where A1 and A3 are amplitudes corresponding to the"I =
1/2 and "I = 3/2 transitions, respectively (i.e., transitions
to ππ final states with I = 0 and I = 2). From this, one can
obtain an amplitude isospin sum rule

1√
2
Aπ+π−+ Aπ0π0 −Aπ+π0 = 0. (240)

Probing such a sum requires knowledge of strong phases,
which are accessible only at charm-threshold experiments.
However, without this knowledge the sum of differences of
decay rates for D and D decays can be measured:

|Aπ+π−|2 −|Aπ+π−|2 + |Aπ0π0 |2 −|Aπ0π0 |2

−2
3
(|Aπ+π0 |2 −|Aπ−π0 |2) = 3(|A1|2 −|A1|2). (241)

This equation suggests several SM tests. As the penguin
amplitude is, to excellent approximation within the SM,
purely "I = 1/2, any CP asymmetry observed in D+ →
π+π0 would be a sign of New Physics in the "I = 3/2
amplitude. If the sum in Eq. (241), depending only on A1,
is found to be non-zero, this would mean that CP violation
arises from the "I = 1/2 transitions. Moreover, a scenario
in which the sum in Eq. (241) is zero and individual asymme-
tries are non-zero would suggest New Physics contributing
to the "I = 3/2 amplitude.

To facilitate an experimental test, the left-hand side of
Eq. (241) is rewritten as a ratio [1202]:

R ≡ |Aπ+π−|2 −|Aπ+π−|2 + |Aπ0π0 |2 −|Aπ0π0 |2 −2
3 (|Aπ+π0 |2 −|Aπ−π0 |2)

|Aπ+π−|2 + |Aπ+π−|2 + |Aπ0π0 |2 + |Aπ0π0 |2 + 2
3 (|Aπ+π0 |2 + |Aπ−π0 |2)

.

(242)

Using the relations |A|2 ∝ B/τD and |A|2 − |A|2 =
ACP (|A|2 + |A|2), we rewrite Eq. (242) as

R = ACP (D0 → π+π−)

1 + τD0
B+−

(
B00
τD0

+ 2
3
B+0
τD+

) + ACP (D0 → π0π0)

1 + τD0
B00

(
B+−
τD0

+ 2
3
B+0
τD+

)

− ACP (D+ → π+π0)

1 + 3
2
τD+
B+0

(
B00
τD0

+ B+−
τD0

) , (243)

where B+−, B00, and B+0 denote the branching fractions for
D0 → π+π−, D0 → π0π0, and D+ → π+π0, respec-
tively. The sum R is calculated using our averages for CP
asymmetries (Tables 266, 268), and PDG averages [21] for
branching fractions and lifetimes. The result is

R = (+0.01 ± 2.65)× 10−3, (244)

which is consistent with zero. In addition, all the individ-
ual asymmetries contributing to R are consistent with zero.
The uncertainty on R is dominated by the uncertainties on
individual asymmetries.

The sum rule for D → KK decays involves full SU(3)
considerations and thus is imprecise. Reference [1201] pro-
poses a set of isospin sum rules for D → ρπ and D →
K

(∗)
K (∗)π , but to test these sum rules requires a number of

not-yet-performed experimental measurements.

9.3 T -odd asymmetries

Measuring T -odd asymmetries provides a complementary
way to search for CP violation in the charm sector, assum-
ingCPT invariance. T -odd asymmetries are measured using
triple-product correlations of the form a⃗ · (b⃗ × c⃗), where a,
b, and c are spins or momenta; this combination is odd under
time reversal (T ). If a triple product is formed using both
spin and momenta, i.e.,

s⃗1 · ( p⃗2 × p⃗3),

it can be even under P-conjugation. However, if only
momenta are used, i.e.,

p⃗1 · ( p⃗2 × p⃗3),

it is odd under P-conjugation. Thus, in this case the T -odd
method becomes P-odd and allows one to probeCP violation
occurring via P-violation. This type of CPV , arising in P-
odd amplitudes, can be studied in decays of mesons into final
states with at least four spinless particles. Two- and three-
body hadronic decays of charm mesons to spinless particles
involve only P-even amplitudes,37 for which CP violation
can arise only through C-violation.

Taking as an example the decay mode D0 → K+K−π+π−,
involving spinless particles only, one forms a triple-product
correlation using momenta of the final-state particles in the
D0 center-of-mass frame.38 Defining the T -odd (and P-odd)

37 P-even amplitudes are accessed with P-even variables, like invariant
masses or helicity angles.
38 For momentum-only triple products, at least four-daughter final
states are required to give a nonzero correlation, as only three out of
four momenta are independent. For three-body decays, the daughters
are in a plane and the triple product is zero.
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Testing sum rule for D→ππ (II)	

•   	

	

•  To facilitate experimental test, left-hand side rewritten as:	

•  HFLAV averages of ACP and PDG averages for BFs and lifetimes	

•  other sums e.g. for D→KK require SU(3) considerations	
Jolanta-HFLAV@CHARM2021 
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isospin sum rules that relate individual CP asymmetries of
the isospin-related processes. Verifying such rules allows for
tests to be performed with reduced uncertainty due to strong
interaction effects. Such a sum rule has been proposed for
D → ππ decays in Ref. [1201].

The isospin decomposition of D → ππ amplitudes gives

Aπ+π−=
√

2A3 +
√

2A1,

Aπ0π0 = 2A3 −A1,

Aπ+π0 = 3A3,

where A1 and A3 are amplitudes corresponding to the"I =
1/2 and "I = 3/2 transitions, respectively (i.e., transitions
to ππ final states with I = 0 and I = 2). From this, one can
obtain an amplitude isospin sum rule

1√
2
Aπ+π−+ Aπ0π0 −Aπ+π0 = 0. (240)

Probing such a sum requires knowledge of strong phases,
which are accessible only at charm-threshold experiments.
However, without this knowledge the sum of differences of
decay rates for D and D decays can be measured:

|Aπ+π−|2 −|Aπ+π−|2 + |Aπ0π0 |2 −|Aπ0π0 |2

−2
3
(|Aπ+π0 |2 −|Aπ−π0 |2) = 3(|A1|2 −|A1|2). (241)

This equation suggests several SM tests. As the penguin
amplitude is, to excellent approximation within the SM,
purely "I = 1/2, any CP asymmetry observed in D+ →
π+π0 would be a sign of New Physics in the "I = 3/2
amplitude. If the sum in Eq. (241), depending only on A1,
is found to be non-zero, this would mean that CP violation
arises from the "I = 1/2 transitions. Moreover, a scenario
in which the sum in Eq. (241) is zero and individual asymme-
tries are non-zero would suggest New Physics contributing
to the "I = 3/2 amplitude.

To facilitate an experimental test, the left-hand side of
Eq. (241) is rewritten as a ratio [1202]:

R ≡ |Aπ+π−|2 −|Aπ+π−|2 + |Aπ0π0 |2 −|Aπ0π0 |2 −2
3 (|Aπ+π0 |2 −|Aπ−π0 |2)

|Aπ+π−|2 + |Aπ+π−|2 + |Aπ0π0 |2 + |Aπ0π0 |2 + 2
3 (|Aπ+π0 |2 + |Aπ−π0 |2)

.

(242)

Using the relations |A|2 ∝ B/τD and |A|2 − |A|2 =
ACP (|A|2 + |A|2), we rewrite Eq. (242) as

R = ACP (D0 → π+π−)

1 + τD0
B+−

(
B00
τD0

+ 2
3
B+0
τD+

) + ACP (D0 → π0π0)
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B00

(
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+ 2
3
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τD+

)

− ACP (D+ → π+π0)
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(
B00
τD0

+ B+−
τD0

) , (243)

where B+−, B00, and B+0 denote the branching fractions for
D0 → π+π−, D0 → π0π0, and D+ → π+π0, respec-
tively. The sum R is calculated using our averages for CP
asymmetries (Tables 266, 268), and PDG averages [21] for
branching fractions and lifetimes. The result is

R = (+0.01 ± 2.65)× 10−3, (244)

which is consistent with zero. In addition, all the individ-
ual asymmetries contributing to R are consistent with zero.
The uncertainty on R is dominated by the uncertainties on
individual asymmetries.

The sum rule for D → KK decays involves full SU(3)
considerations and thus is imprecise. Reference [1201] pro-
poses a set of isospin sum rules for D → ρπ and D →
K

(∗)
K (∗)π , but to test these sum rules requires a number of

not-yet-performed experimental measurements.

9.3 T -odd asymmetries

Measuring T -odd asymmetries provides a complementary
way to search for CP violation in the charm sector, assum-
ingCPT invariance. T -odd asymmetries are measured using
triple-product correlations of the form a⃗ · (b⃗ × c⃗), where a,
b, and c are spins or momenta; this combination is odd under
time reversal (T ). If a triple product is formed using both
spin and momenta, i.e.,

s⃗1 · ( p⃗2 × p⃗3),

it can be even under P-conjugation. However, if only
momenta are used, i.e.,

p⃗1 · ( p⃗2 × p⃗3),

it is odd under P-conjugation. Thus, in this case the T -odd
method becomes P-odd and allows one to probeCP violation
occurring via P-violation. This type of CPV , arising in P-
odd amplitudes, can be studied in decays of mesons into final
states with at least four spinless particles. Two- and three-
body hadronic decays of charm mesons to spinless particles
involve only P-even amplitudes,37 for which CP violation
can arise only through C-violation.

Taking as an example the decay mode D0 → K+K−π+π−,
involving spinless particles only, one forms a triple-product
correlation using momenta of the final-state particles in the
D0 center-of-mass frame.38 Defining the T -odd (and P-odd)

37 P-even amplitudes are accessed with P-even variables, like invariant
masses or helicity angles.
38 For momentum-only triple products, at least four-daughter final
states are required to give a nonzero correlation, as only three out of
four momenta are independent. For three-body decays, the daughters
are in a plane and the triple product is zero.

123

  226 Page 220 of 326 Eur. Phys. J. C           (2021) 81:226 

isospin sum rules that relate individual CP asymmetries of
the isospin-related processes. Verifying such rules allows for
tests to be performed with reduced uncertainty due to strong
interaction effects. Such a sum rule has been proposed for
D → ππ decays in Ref. [1201].

The isospin decomposition of D → ππ amplitudes gives

Aπ+π−=
√

2A3 +
√

2A1,

Aπ0π0 = 2A3 −A1,

Aπ+π0 = 3A3,

where A1 and A3 are amplitudes corresponding to the"I =
1/2 and "I = 3/2 transitions, respectively (i.e., transitions
to ππ final states with I = 0 and I = 2). From this, one can
obtain an amplitude isospin sum rule

1√
2
Aπ+π−+ Aπ0π0 −Aπ+π0 = 0. (240)

Probing such a sum requires knowledge of strong phases,
which are accessible only at charm-threshold experiments.
However, without this knowledge the sum of differences of
decay rates for D and D decays can be measured:

|Aπ+π−|2 −|Aπ+π−|2 + |Aπ0π0 |2 −|Aπ0π0 |2

−2
3
(|Aπ+π0 |2 −|Aπ−π0 |2) = 3(|A1|2 −|A1|2). (241)

This equation suggests several SM tests. As the penguin
amplitude is, to excellent approximation within the SM,
purely "I = 1/2, any CP asymmetry observed in D+ →
π+π0 would be a sign of New Physics in the "I = 3/2
amplitude. If the sum in Eq. (241), depending only on A1,
is found to be non-zero, this would mean that CP violation
arises from the "I = 1/2 transitions. Moreover, a scenario
in which the sum in Eq. (241) is zero and individual asymme-
tries are non-zero would suggest New Physics contributing
to the "I = 3/2 amplitude.

To facilitate an experimental test, the left-hand side of
Eq. (241) is rewritten as a ratio [1202]:

R ≡ |Aπ+π−|2 −|Aπ+π−|2 + |Aπ0π0 |2 −|Aπ0π0 |2 −2
3 (|Aπ+π0 |2 −|Aπ−π0 |2)

|Aπ+π−|2 + |Aπ+π−|2 + |Aπ0π0 |2 + |Aπ0π0 |2 + 2
3 (|Aπ+π0 |2 + |Aπ−π0 |2)

.

(242)

Using the relations |A|2 ∝ B/τD and |A|2 − |A|2 =
ACP (|A|2 + |A|2), we rewrite Eq. (242) as

R = ACP (D0 → π+π−)
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where B+−, B00, and B+0 denote the branching fractions for
D0 → π+π−, D0 → π0π0, and D+ → π+π0, respec-
tively. The sum R is calculated using our averages for CP
asymmetries (Tables 266, 268), and PDG averages [21] for
branching fractions and lifetimes. The result is

R = (+0.01 ± 2.65)× 10−3, (244)

which is consistent with zero. In addition, all the individ-
ual asymmetries contributing to R are consistent with zero.
The uncertainty on R is dominated by the uncertainties on
individual asymmetries.

The sum rule for D → KK decays involves full SU(3)
considerations and thus is imprecise. Reference [1201] pro-
poses a set of isospin sum rules for D → ρπ and D →
K

(∗)
K (∗)π , but to test these sum rules requires a number of

not-yet-performed experimental measurements.

9.3 T -odd asymmetries

Measuring T -odd asymmetries provides a complementary
way to search for CP violation in the charm sector, assum-
ingCPT invariance. T -odd asymmetries are measured using
triple-product correlations of the form a⃗ · (b⃗ × c⃗), where a,
b, and c are spins or momenta; this combination is odd under
time reversal (T ). If a triple product is formed using both
spin and momenta, i.e.,

s⃗1 · ( p⃗2 × p⃗3),

it can be even under P-conjugation. However, if only
momenta are used, i.e.,

p⃗1 · ( p⃗2 × p⃗3),

it is odd under P-conjugation. Thus, in this case the T -odd
method becomes P-odd and allows one to probeCP violation
occurring via P-violation. This type of CPV , arising in P-
odd amplitudes, can be studied in decays of mesons into final
states with at least four spinless particles. Two- and three-
body hadronic decays of charm mesons to spinless particles
involve only P-even amplitudes,37 for which CP violation
can arise only through C-violation.

Taking as an example the decay mode D0 → K+K−π+π−,
involving spinless particles only, one forms a triple-product
correlation using momenta of the final-state particles in the
D0 center-of-mass frame.38 Defining the T -odd (and P-odd)

37 P-even amplitudes are accessed with P-even variables, like invariant
masses or helicity angles.
38 For momentum-only triple products, at least four-daughter final
states are required to give a nonzero correlation, as only three out of
four momenta are independent. For three-body decays, the daughters
are in a plane and the triple product is zero.
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Rare D0 decays	
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Rare and forbidden D+ decays 	
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Summary	

•  More HFLAV charm on:	
https://hflav.web.cern.ch/content/charm-cpv-and-oscillations	
https://hflav.web.cern.ch/content/charm-decays	
	
•  Stay tuned for a significant-x mixing fit!	
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Rare and forbidden Ds
+ decays 	

•   	

Jolanta-HFLAV@CHARM2021 23 


