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CP violation in Standard Model

Unitarity triangle:
VudV

∗
ub + VcdV

∗
cb + VtdV

∗
tb = 0 φ3

(
= −VudV

∗
ub

VcdV
∗
cb

)
is the only

angle measurable from ”tree”
level B± → DK± decays.
(Direct measurement)

Theoretically clean
(corrections O(10−7))
[arXiv:1308.5663]

(φ2, φ2) ⇒ φ3

(Indirect measurement)

• Direct precision measurement of φ3 is crucial for testing SM description of
CP violation and for NP.

φ3 − Current status (latest LHCb results not included)
[P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020)]

Direct: φ3 = (72.1+4.1
−4.5)◦

Precision needs to be improved!
Indirect: φ3 = (65.7−1.0

−2.7)◦

dummytext
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The golden channel − φ3 measurement

B− → DK−, D → K 0
Sπ

+π− (BPGGSZ [1])

B− decay amplitude:

AB−(m2
+,m

2
−) = AD(m2

+,m
2
−) + rBe

i(δB−φ3)AD̄(m2
+,m

2
−)

(m2
+,m

2
−)≡(sK 0

Sπ
+ , sK 0

Sπ
−)

N(B) = F(φ3, rB , δB ,∆δD(m2
+,m

2
−)) ⇒ Binned analysis

↗ ↖
Suppressed to favored Strong-phase difference
B decay amplitudes between D0 and D̄0

decays

N±i = hB
[
K±i + r2

BK∓i + 2
√

KiK−i (x±ci ± y±si )
]

hB : Normalization constant
(x±, y±) = (rBcos(δB ± φ3), rBsin(δB ± φ3))
Ki : Flavor tagged yield in i th bin of Dalitz plot
ci (si ): Amplitude averaged cosine(sine) of the

strong-phase difference (∆δD) over the i th bin of DP. ”Equal ∆δD binning”
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The strong-phase (∆δD) parameters

The parameters of interest:

ci (si ) =

∫
i
|AD(m2

+,m
2
−)||AD̄(m2

−,m
2
+)|cos(sin)[∆δD(m2

+,m
2
−)]dm2

+dm2
−√√√√∫

i
|AD(m2

+,m
2
−)|2dm2

+dm2
−

∫
i
|AD̄(m2

−,m
2
+)|2dm2

+dm2
−

Precision measurement because...

Crucial for model-independent φ3 measurement in B± → DK± and other B
decays

High precision strong-phase measurement needed for D0 − D̄0 mixing and CPV
in charm.
(PRL, 122, 231802 (2019))
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BEPC-II and BES-III

Symmetric collider

Quantum-correlated D0D̄0 pairs produced in e+e− collision at ψ(3770)
(
√
s = 3.773 GeV) resonance. (2.93 fb−1)

2×MD0 = 3.73 GeV ≈ Mψ

⇒ Negligible background because there are no extra particles

JPC (ψ(3770)) = 1−−

|ψ(3770)〉 =
1√
2

(
|D0〉|D̄0〉 − |D̄0〉|D0〉

)
︸ ︷︷ ︸ = 1√

2
(|DCP−〉|DCP+〉 − |DCP+〉|DCP−〉)

”antisymmetric state” DCP± = 1√
2

(|D0〉 ± |D̄0〉)

C = −1

⇒ Flavor & CP tagging!
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Model-independent strong-phase measurement
D0 → K 0

Sπ
+π− expected yields

Number of CP-even or CP-odd tagged D0 → K 0
Sπ

+π− events in the i th bin of
the DP:

M±i = hCP±
(
Ki − (2FCP − 1)2ci

√
KiK−i + K−i

)
c2
i + s2

i ≤ 1

D0D̄0 → (K 0
Sπ

+π−)2 yield in the i th bin of D0 decay and j th bin of D̄0 decay
Dalitz plots:

Mij = hcorr
[
KiK−j + K−iKj − 2

√
KiK−jK−iKj(cicj + si sj)

]
Inclusion of D0 → K 0

Lπ
+π− mode

Provides boost in statistics
− Combinatorics: N(K 0

Sπ
+π− vs. K 0

Lπ
+π−) = 2×N(K 0

Sπ
+π− vs. K 0

Sπ
+π−)

− Only K 0
S → π+π− (≈ 70% BF) reconstruction.

Introduces additional constraint in
the log-likelihood function along with
extra parameters to fit.

Decay mode Data yield [11]
K 0
Sπ

+π− vs. K 0
Sπ

+π− 899± 31
K 0
Sπ

+π− vs. K 0
Lπ

+π− 3438± 72
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D0 → K 0
Lπ

+π− expected yields

CP-tagged yield:

M
′±
i = h

′

CP±

(
K
′

i − (2FCP − 1)2c ′i

√
K
′
i K
′
−i + K

′

−i

)
D0D̄0 → K 0

Sπ
+π−(i) vs. K 0

Lπ
+π−(j) yield:

M
′

ij = h
′

corr

[
KiK

′

−j + K−iK
′

j − 2
√
KiK

′
−jK−iK

′
j (cic

′
j + si s

′
j )
]

Better precision expected because:

In comparison to PRD82, 112006(2010) (CLEO-collaboration),
Larger data set. CLEO: 0.818 fb−1, BESIII: 2.93 fb−1

Partial reconstruction technique: (K 0
Sπ

+π− vs. K 0
Sπ

+π−miss) and (K 0
Sπ

+π− vs.
K 0
S(π0π0

miss)π
+π−) in addition to fully reconstructed K 0

Sπ
+π− vs. K 0

Sπ
+π−

Inclusion of K 0
Lπ

+π− modes: Missing momentum technique
− loose selection criteria requiring no hadronic showers.
⇒ ∼ 30% boost in K 0

L relative reconstruction efficiency

Extra tag modes included e.g . π+π−π0 CP tag (BF = 1.49%) and
K 0
S(π0π0

miss)π
+π−
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Summary of tags and yields (PRD, 101, 112002 (2020))

Tag type Modes

Flavor K+π−,K+π−π0,K+π−π+π−,K+e−νe
CP-even K+K−, π+π−,K 0

Sπ
0π0, π+π−π0,K 0

Lπ
0

CP-odd K 0
Sπ

0,K 0
Sη,K

0
Sη
′,K 0

Sω,K
0
Lπ

0π0

Mixed CP K 0
Sπ

+π−

Tag type DT yield

K 0
Sπ

+π− K 0
Lπ

+π−

Flavor 23457±319 40642±423
CP-even 2528±124 5003±178
CP-odd 1725±106 1485±117
K 0
Sπ

+π− 1833±82 3438±72

Anita K0
Lππ amplitude model and reconstruction December 04, 2020 9 / 19



Extraction of c
(′)
i and s

(′)
i

−2logL = −2
∑8

i=1 lnP(Nobs
i , 〈Nexp

i 〉)CP,K 0
Sπ

+π−

−2
∑8

i=1 lnP(Nobs
i , 〈Nexp

i 〉)CP,K 0
Lπ

+π−

−2
∑72

n=1 lnP(Nobs
n , 〈Nexp

n 〉)K 0
Sπ

+π−,K 0
Sπ

+π−

−2
∑128

n=1 lnP(Nobs′

n , 〈Nexp
n 〉)K 0

Lπ
+π−,K 0

Sπ
+π−

+χ2

P(Nobs , 〈Nexp〉): Poisson probablity to observe Nobs events given the expected
number 〈Nexp〉.

χ2 =
∑
i

(
c ′i − ci −∆ci

δ∆ci

)2

+
∑
i

(
s ′i − si −∆si

δ∆si

)2

(c ′i − ci ) and (s ′i − si ): Observed difference (model-independent)
∆ci and ∆si : Predicted difference (amplitude model)
δ∆ci and δ∆ci : Conservative uncertainties on predicted values

Predicted values of c
(′)
i and s

(′)
i

• ci , si : D0 → K 0
Sπ

+π− amplitude model (Phys. Rev. D98, 112012 (2018))
• c ′i , s ′i : Estimated model that involves assumptions on parameter values. (more later)
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c
(′)
i and s

(′)
i results

”Equal ∆δD binning”

− This analysis (Phys. Rev. D, 101, 112002 (2020))

− Model predicted values (Phys. Rev. D, 98, 112012 (2018)

− CLEO 2010 results (Phys. Rev. D, 82, 112006 (2010))
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c
(′)
i , s

(′)
i results for D0 → K 0

S/LK
+K− decay mode

Number of DP bins: 4
(PRD. 102, 052008 (2020))
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Model-dependent parameters
(Importance & determination)
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D0 → K 0
Sπ

+π− − the baseline model (PRD, 98, 112012 (2018))

A
(
M2

K0
Sπ

+ ,M
2
K0
Sπ
−

)
=

∑
r 6=(Kπ/ππ)L=0

are
iφrAr (M

2
K0
Sπ

+ ,M
2
K0
Sπ
−) + F1(M2

π+π−)

+ Akπ(L=0)(M
2
K0
Sπ
−) + AKπ(L=0)(M

2
K0
Sπ

+ )

D0 → K 0
Lπ

+π− − building up from D0 → K 0
Sπ

+π−

1. The DCS resonant components
gain a 180◦ phase shift, i.e.

A(D0 → K 0
Sπ

+π−) =∑
ACF
K̄ 0ππ

+
∑

ADCS
K 0ππ +

∑
ACP
K 0

Sππ

A(D0 → K 0
Lπ

+π−) =∑
ACF
K̄ 0ππ

−
∑

ADCS
K 0ππ +

∑
ACP
K 0

Lππ

Phys. Let. B 349 (1995)

2. CP eigenstate amplitudes,

ADCS
K0ππ

ACF
K̄0ππ

= −tan2θc ρ̂(D0→K 0
Sf

k
CP )

(ρ̂k = rke
iδk : U-spin breaking)

ACP
K 0

Sππ
= 1√

2
[ACF

K̄ 0ππ
− ADCS

K 0ππ] and,

ACP
K 0

Lππ
= 1√

2
[ACF

K̄ 0ππ
+ ADCS

K 0ππ]

ACP

K0
L
ππ

ACP

K0
S
ππ

= 1 − tan2θc ρ̂k
1 + tan2θc ρ̂k

≈
(
1 − 2× tan2θc rke

iδk
)

rk and δk (In model-independent analyses)

• rk : Gaus(1.0, 0.5) (assumption)
• δk : Uniform(0◦, 360◦) (assumption)
Also, Phys. Rev. Lett. 125, 141802 (2020):
BF (D+ → K+π−π+π0) = (1.13± 0.08± 0.03)× 10−3

= (6.28± 0.52)× tan4θC × BF (D+ → K−π+π+π0)
⇒ D0 → K 0

Lπ
+π− needs to be modelled.
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D0 → K 0
Sπ

+π− amplitude formulation (PRD, 86, 010001 (2012))

1. P, D-wave resonances: BW barrier factors, Zeemach formalism, Breit-Wigner lineshapes

2. S-wave resonances

2(a) ππ S-wave (K 0
Sr): K-matrix formalism

2(b) Kπ S-wave (π±r): LASS parametrization

L =
N∏
i=1

[
fsig × psig (M2

K0
Sπ

+ ,M
2
K0
Sπ
−) +���

��:≈ 0
(1− fsig )× pbkg (M2

K0
Sπ

+ ,M
2
K0
Sπ
−)

]

psig (M2
K0
Sπ

+ ,M
2
K0
Sπ
−) =

ε(M2
K0
Sπ

+ ,M
2
K0
Sπ
−)|A(M2

K0
Sπ

+ ,M
2
K0
Sπ
−)|2∫

D
ε(M2

K0
Sπ

+ ,M
2
K0
Sπ
−)|A(M2

K0
Sπ

+ ,M
2
K0
Sπ
−)|2dM2

K0
Sπ

+dM
2
K0
Sπ
−

Event Selection: Similar to model-independent analysis (Kπ,Kπππ,Kππ0 tag modes)

Normalization sample (phase-space signal MC)

Using MC integration technique, the normalization factor in the likelihood can be reduced
to:

N =
1

N

N∑
i=1

|Ai (M
2
K0
Sπ

+ ,M
2
K0
Sπ
−)|2
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Corrections to the pure FT model

1. Efficiency correction Accounts for a constant in -2logL
↙

psig (M2
K 0

Sπ
+ ,M

2
K 0

Sπ
−) =

ε(M2
K 0

Sπ
+ ,M

2
K 0

Sπ
−)|A(M2

K 0
Sπ

+ ,M
2
K 0

Sπ
−)|2∫

D

ε(M2
K 0

Sπ
+ ,M

2
K 0

Sπ
−)|A(M2

K 0
Sπ

+ ,M
2
K 0

Sπ
−)|2dM2

K 0
Sπ

+dM
2
K 0

Sπ
−︸ ︷︷ ︸

N = 1
N

∑N
i=1 |Ai (M

2
K 0

Sπ
+ ,M

2
K 0

Sπ
−)|2

where, N = Number of fully reconstructed and selected phase-space signal MC events

2. DCS correction

Data contains DCS contamination
i.e. (D0 → K 0

Sπ
+π−, D̄0 → K−π+

etc.)

Model needs to be modified to
accomodate such events

DCS to CF ratios and Coherence
factors [11]

f r fD(%) δfD(◦) Rf

Kπ 5.86± 0.02 194.7+8.4
−17.6 1

Kπππ 5.49± 0.06 128+28
−17 0.43+0.17

−0.13

Kππ0 4.47± 0.12 198+14
−15 0.81+0.06

−0.06

|A(M2
K 0

Sπ
+ ,M

2
K 0

Sπ
−)|2 −→ |APFT(M2

K 0
Sπ

+ ,M
2
K 0

Sπ
−) +ADCS(M2

K 0
Sπ

+ ,M
2
K 0

Sπ
−)|2

= |APFT|2 + (r fD)2|ADCS|2 − 2r fDRfRe(e iδ
f
DAPFTA

∗
DCS)
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Amplitude fit - On toy sample (I/O check)

Resonance Starting values (ar , φr ) Fit values (ar , φr ) (< 3σ components fixed)

ρ(770) (1.0, 0.0) (1.0, 0.0)
ω(782) (0.0388, 120.7) (0.0342±0.0028, 111.7±4.9)
f2(1270) (1.43, -36.3) (1.34±0.11, -58.3±4.4)
ρ(1450) (2.85, 102.1) (4.28±0.32, 88.0±3.4)
K∗(892)− (1.72, 136.8) (1.78±0.02, 136.3±1.2)
K∗2 (1430)− (1.27, -44.1) (1.60±0.08, -30.1±3.3)
K∗(1680)− (3.310, -118.2) (3.310, -118.2)
K∗(1410)− (0.29, 99.4) (0.83±0.10, 173.4±7.5)

..remaining isobar and K−matrix parameter values in backup
Anita K0
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Ongoing work

Simultaneous fits to D0 → K 0
Sπ

+π− and D0 → K 0
Lπ

+π− to extract values of rk
and δk and hence ∆ci and ∆si

BESIII is going to collect nearly 20 fB−1 data at ψ(3770) by 2023
⇒ Uncertainties coming from model-dependent parameters will be significant

Summary

With the largest dataset available at BES-III, the most precise c
(′)
i , s

(′)
i

measurement till date using D0 → K 0
S/Lπ

+π− signal modes have been
carried out.

More and more precise values of these strong-phase parameters would be
required with the ever increasing statistical precision on φ3 with LHCb and
Belle-II datasets.

D0 → K 0
Lπ

+π− amplitude model inputs are required to better constraint
and propagate smaller uncertainties to the strong phase parameters, ci (

′)
and si (

′) and hence to φ3.

With D0 → K 0
Sπ

+π− as a baseline model, D0 → K 0
Lπ

+π− model is
constructed with required modifications in DCS and CP amplitudes.
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c
(′)
i , s

(′)
i results for D0 → K 0

S/LK
+K− decay mode

(Phys. Rev D. 102, 052008 (2020))
Number of DP bins: 2 and 3
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c
(′)
i , s

(′)
i results for D0 → K 0

S/LK
+K− decay mode

(Phys. Rev D. 102, 052008 (2020))
Number of DP bins: 4
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D0 → K 0
Sπ

+π− amplitude formulation (PRD, 98, 112012 (2018))

1. P- and D-wave resonances (Isobar ansatz)

are
iφrAr

(
M2

K0
Sπ

+ ,M
2
K0
Sπ
−

)
= are

iφr

(
F (L)

D (q, q0)×F (L)
r (p, p0)×ZL(Ω)× Tr (m)

)
• F (L)

D (F (L)
r ): Blatt-Weisskopf form factors for D → rh3(r → h1h2)

• ZL(Ω): Spin formalism that describes the angular distributions for the decay process
• Tr : Dynamical function parametrized by relativistic Breit-Wigner line-shapes.

1(a) Form factors (F (L)
D (q, q0), F (L)

r (p, p0)) [5][6][7]

Table: Blatt-Weisskopf barrier penetration factors

L=0 L=1 L=2

BL(q) 1
√

1+z0
1+z

√
(z0−3)2+9z0

(z−3)2+9z

where, z = (|q|d)2 and z0 = (|q0|d)2

• q(p): Momentum of the bachelor particle h3 (one of the resonances’s daughter particles h1

or h2) evaluated in the resonance, r rest frame.
• q0(p0): Value of q(p) when the invariant mass equals the pole mass of the resonance.
• In present analysis, dD = 5~c/GeV ≈ 1 fm, dr = 1.5~c/GeV ≈ 0.3 fm.
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1(b) Spin dependence (Zeemach formalism) Link Link [8]

Z ′0(Ω) = 1

Z ′1(Ω) = M2
h2h3
−M2

h1h3
−

(M2
D−M

2
h3

)(M2
h2
−M2

h1
)

M2
h1h2

etc.
where, Ω: angle between h3 momentum (p) and break-up three momentum
(q), in resonance rest frame.
q = ph1 - ph2

1(c) Propagator (dynamical term) − Breit Wigner line-shapes [3][5]

Tr (m) =
1

m2
0 −m2 − im0Γ(m)

m0: pole mass of the resonance

Γ(m) = Γ0

(
q

q0

)(2L+1) (m0

m

)
F (L)2
r

• 11 isobars, 20 free parameters
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D0 → K 0
Sπ

+π− amplitude formulation (PRD, 98, 112012 (2018))

2. S-wave resonances
2(a) ππ S-wave (K0

Sr): K-matrix formalism
2(b) Kπ S-wave (π±r): LASS parametrization

2(a). ππ S-wave (K 0
S r): K-matrix formalism

F1(s) = [I − iK(s)ρ(s)]−1
1j Pj (s)

– The index j denotes the particular channels (ππ, KK̄ , ππππ, ηη, ηη′) contributing to the scattering
process.
– However, in this analysis, only the π+π− final states are considered and r → KK̄ etc. contribute to
final parametrization of F1(s) due to interference processes in the scattering theory.
– The production vector P parametrizes the initial production of states into open channels.
– The 5x5 K-matrix describes the scattering process and ρ(s) is a diagonal matrix with phase space
factors.

– [I − iK(s)ρ(s)]−1

{
- Can be viewed as a propagator, carrying on resonances produced by
P to a final state.
- All parameters in this term are fixed at each point on DP.

– The production vector P is defined as:

Pj (s) = f (βα, f
prod

1j )

where, βα and f prod1j are the complex production couplings and production parameters respectively, to

be determined from the fits.
– 16 free parameters
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D0 → K 0
Sπ

+π− amplitude formulation (PRD, 98, 112012 (2018))

3. Kπ S-wave (π±r): LASS parametrization

AKπ(L=0)(s) = Aprode
iφprod

[
RsinδRe

iδr e i2δF + F sinδF e
iδF
]

– Parametrizes the CF K ∗0 (1430)− and the DCS K ∗0 (1430)+ contributions.
– 4 free parameters

Likelihood function to minimize:

L =
N∏
i=1

[
fsig × psig (M2

K0
Sπ

+ ,M
2
K0
Sπ
−) +��

���:≈ 0
(1− fsig )× pbkg (M2

K0
Sπ

+ ,M
2
K0
Sπ
−)

]

psig (M2
K0
Sπ

+ ,M
2
K0
Sπ
−) =

ε(M2
K0
Sπ

+ ,M
2
K0
Sπ
−)|A(M2

K0
Sπ

+ ,M
2
K0
Sπ
−)|2∫

D
ε(M2

K0
Sπ

+ ,M
2
K0
Sπ
−)|A(M2

K0
Sπ

+ ,M
2
K0
Sπ
−)|2dM2

K0
Sπ

+dM
2
K0
Sπ
−
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The problem of K 0
S regeneration − an aside

A pure beam of K 0
L :

K 0
L =

1√
2

(
K 0 + K̄ 0

)
K 0: s̄d ; K̄ 0: sd̄

While passing through matter (of detector) made of uud , K 0 interaction will be more
than K̄ 0 interaction.

After passing through matter:
Amplitude of K 0 = f
Amplitude of K̄ 0 = f̄
With, f < f̄

Total amplitude after passage through detector:
1√
2

(
fK 0 + f̄ K̄ 0

)
=

1

2
(f + f̄ )K 0

L +
1

2
(f − f̄ )K 0

S

∴ Initial K 0
L are mis-identified as signal K 0

S events!
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LHCb detector

A significant number of K 0
S decay outside VELO and before the magnet.

Average charged track traverses 60% of a radiation length.

∴ Regeneration is a systematic problem to understand.

A measurement of the K 0
Lππ Dalitz plot will allow a data driven constraint of the

systematics involved with B → D(K 0
Lππ)K being reconstructed as B → D(K 0

Sππ)K
because of regeneration.
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Summary of tags and yields (PRD, 101, 112002 (2020))
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Results (Phys. Rev. D, 101, 112002 (2020))
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Results (Phys. Rev. D, 101, 112002 (2020))
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Event selection (BOSS 6.6.4.p02)

Ncharged tracks ≥ 4

PID: Lπ > LK for π+π− from D0

For K 0
S → π+π−:

Primary and secondary vertex fits
0.485 ≤ Mπ+π− ≤ 0.510 GeV
L/σL > 2.0 (L: K 0

S decay length)
Exactly one pair of π+π− satisfying these
conditions ⇒ No multiple combinations
allowed

6C kinematic fit

Event selection

∆Etag cuts for resolution

−0.027 ≤ ∆Esig ≤ 0.030
GeV

Normalization sample (phase-space signal MC)

15M events generated

Using MC integration technique, the normalization
factor in the likelihood can be reduced to:

N =
1

N

N∑
i=1

|Ai (M
2
K0
Sπ

+ ,M
2
K0
Sπ
−)|2

Tag Effi (%)

K+π− 27.2
K+π−π+π− 13.1
K+π−π0 13.6
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Amplitude fit - On toy sample (I/O check)

Resonance Starting values (ar , φr ) Fit values (ar , φr ) (< 3σ components fixed)

K∗(892)+ (0.164, -42.2) (0.164, -42.2)
K∗2 (1430)+ (0.10, -89.6) (0.10, -89.6)
K∗(1410)+ (0.21, 150.2) (0.21, 150.2)

Kπ S-wave LASS

K∗0 (1430)− (2.36, 99.4) (2.56±0.08, 105.2±1.9)
K∗0 (1430)+ (0.11, 162.3) (0.11, 162.3)

ππ S-wave
parameters

β1 (8.5, 68.5) (10.7±0.4, 98.1±2.2)
β2 (12.2, 24.0) (10.4±0.4, 27.9±2.7)
β3 (29.2, -0.1) (58.2±3.8, -15.1±3.3)
β4 (10.8, -51.9) (0.8±0.6, -59.8±45.2)

f prod1 (8.0, -126.0) (7.9±0.3, -104.2±2.9)

f prod2 (26.3, -152.3) (24.9±1.9, -132.0±4.3)

f prod3 (33.0, -93.2) (44.4±3.3, -92.5±3.8)

f prod4 (26.2, -121.4) (27.5±1.0, -97.2±2.6)
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Fit fractions (Toy fit)

Resonance FF (%) Belle FF (%) Fitted

K 0
Sρ(770)0 20.4 19.9

K 0
Sω(782) 0.5 0.3

K 0
S f2(1270) 0.8 0.6

K 0
Sρ(1450)0 0.6 1.2

K ∗(892)−π+ 59.9 60.4
K ∗2 (1430)−π+ 1.3 1.7
K ∗(1680)−π+ 0.5 0.5
K ∗(1410)−π+ 0.1 0.6
K ∗(892)+π− 0.6 0.5
K ∗2 (1430)+π− < 0.1 0.01
K ∗(1410)+π− < 0.1 0.04

π+π− S-wave 10.0 8.6

Kπ S-wave
K ∗0 (1430)−π+ 7.0 7.7
K ∗0 (1430)+π− < 0.1 0.01

Total 101.6 102.2
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Amplitude fit - On toy sample (I/O check) − ci , si

Ongoing work

Simultaneous fits to D0 → K 0
Sπ

+π− and D0 → K 0
Lπ

+π− to extract values of rk
and δk and hence ∆ci and ∆si
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Summary of tags and yields (PRD, 101, 112002 (2020))
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