
 

Correlating ϵ0=ϵ with hadronic B decays via U(2)3 flavor symmetry

Andreas Crivellin ,1,2 Christian Gross ,3,4 Stefan Pokorski ,5 and Leonardo Vernazza6
1Paul Scherrer Institut, CH–5232 Villigen PSI, Switzerland

2Physik-Institut, Universität Zürich, Winterthurerstrasse 190, CH-8057 Zürich, Switzerland
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There are strong similarities between charge-parity (CP) violating observables in hadronic B decays
(in particular ΔA−

CP in B → Kπ) and direct CP violation in kaon decays (ϵ0): All these observables are very
sensitive to new physics (NP) which is at the same time CP and isospin violating (i.e., NP with complex
couplings which are different for up quarks and down quarks). Intriguingly, both the measurements of ϵ0

and ΔA−
CP show deviations from their Standard Model predictions, calling for a common explanation

(the latter is known as the B → Kπ puzzle). For addressing this point, we parametrize NP using a gauge
invariant effective field theory approach combined with a global Uð2Þ3 flavor symmetry in the quark sector
(also known as less-minimal flavor violation). We first determine the operators which can provide a
common explanation of ϵ0 and ΔA−

CP and then perform a global fit of their Wilson coefficients to the data
from hadronic B decays. Here we also include e.g., the recently measured CP asymmetry in Bs → KK as
well as the purely isospin violating decay Bs → ϕρ0, finding a consistent NP pattern providing a very good
fit to data. Furthermore, we can at the same time explain ϵ0=ϵ for natural values of the free parameters
within our Uð2Þ3 flavor approach, and this symmetry gives interesting predictions for hadronic decays
involving b → d transitions.

DOI: 10.1103/PhysRevD.101.015022

I. INTRODUCTION

Even though the Standard Model (SM) of particle
physics has been tested to an astonishing precision within
the last decades, it cannot be the ultimate theory describing
the fundamental constituents and interactions of matter. For
example, in order to generate the matter antimatter asym-
metry of the universe, the Sakharov criteria [1] must be
satisfied. One of these requirements is the presence of CP
violation, which is found to be far too small within the SM
[2–7] whose only source of CP violation is the phase of the
Cabibbo-Kobayashi-Maskawa (CKM) matrix. Therefore,
physics beyond the SM with additional sources of CP
violation is needed.
Thus, CP violating observables are promising probes of

new physics (NP) as they could test the origin of the matter
anti-matter asymmetry of the universe. In this respect,

direct CP violation in kaon decays (ϵ0=ϵ) is especially
relevant, as it is very suppressed in the SM, extremely
sensitive to NP and can therefore test the multi TeV scale
[8]. Furthermore, recent theory calculations from lattice
and dual QCD [9–12] show intriguing tensions between the
SM prediction and the experimental measurement. In order
to explain this tension,1 NP must not only violate CP but
in general also isospin [18] (i.e., couple differently to up
quarks as to down quarks) in order to give a sizeable effect
in ϵ0=ϵ [19].
Interestingly, there are also tensions between theory and

data concerning CP violation in hadronic B meson decays,
including the long-standing B → Kπ puzzle [20–25].
Recently, LHCb data [26] increased this tension [27,28],
and also the newly measured CP asymmetry in Bs →
KþK− [26] points towards additional sources of CP
violation, renewing the theoretical interest in these decays
[29,30]. Like for ϵ0=ϵ, both CP and isospin violation are inPublished by the American Physical Society under the terms of
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1Calculations using chiral perturbation theory [13–17] are
consistent with the experimental value but have large errors.
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general required for solving this tension. This can be
achieved with NP in electroweak penguin operators
[31–33] that may for instance be generated in Z0 models
[34,35]. Furthermore, the same NP effects can be tested in
the theoretically clean purely isospin violating decays
Bs → ϕρ0 and Bs → ϕπ0 [21,36–38] where the former
one has been measured recently [39], putting additional
constraints on the parameter space.
These intrinsic similarities between ϵ0=ϵ and hadronic B

decays suggest a common origin of the deviations from the
SM predictions resulting in correlations among them. This
can be studied in a model independent way within an
effective field theory (EFT) approach. In order to connect
ϵ0=ϵ (s → d transitions) to hadronic B decays (b → s; d
transitions) a flavor link is obviously necessary. Here, we
assume a global Uð2Þ3 flavor symmetry in the quark sector
[40–46].2 As we will see, this flavor symmetry yields the
desired flavor structure for the Wilson coefficients: it
predicts a large phase (equal to the CKM phase) in kaon
decays, and the effect in B physics only differs by a relative
order one factor (if the corresponding CKM elements are
factored out) but contains an additional free phase.

II. SETUP AND OBSERVABLES

Here we discuss our setup and the predictions for the
observables. The strategy for this is the following: We will
start with ϵ0=ϵ where we want to explain the difference
between experiment and the SM prediction. This will allow
us to restrict ourselves to the limited set of operators which
are capable of achieving this. We will then move to
hadronic B decays, pointing out the striking similarities
with ϵ0=ϵ, and then establish our Uð2Þ3 flavor setup.
The experimental value for direct CP violation in kaon

decays [51–53],

ðϵ0=ϵÞexp ¼ ð16.6� 2.3Þ × 10−4; ð1Þ

lies significantly above the SM prediction from lattice QCD
[10–12] which is in the range ðϵ0=ϵÞSM ≃ ð1 − 2Þ × 10−4,
with an error of the order of 5 × 10−4. Note that the lattice
estimate is consistent with the estimated upper limit from
dual QCD [9].
In the past years, many NP explanations of the ϵ0=ϵ

discrepantly have been put forward (see, e.g., [54–74]).
Since here we want to perform an EFTanalysis we consider
the impact of the operators listed in Ref. [19]. First of all,
one sees that there are eight operators (plus their chirality
flipped counterparts) which give numerically large effects
in ϵ0=ϵ. We will focus on these operators in the following

since, requiring an explanation of ϵ0=ϵ, the NP scale for the
other operators must be so low that it would be in conflict
with direct LHC searches. Furthermore—since we will
consider a Uð2Þ3 setup—the Wilson coefficients of scalar
and tensor operators contributing to kaon physics are
suppressed by the corresponding tiny Yukawa couplings
of the first and second generation. Therefore, we are left
with the Lagrangian

Lϵ0=ϵ ¼ CVLR
q OVLR

q þ C̃VLR
q ÕVLR

q þ L ↔ R ð2Þ
with q ¼ u, d and the operators

OVLR
q ¼ ðs̄αγμPLdαÞðq̄βγμPRqβÞ;

ÕVLR
q ¼ ðs̄αγμPLdβÞðq̄βγμPRqαÞ; ð3Þ

plus their chirality flipped counterparts. Here, α and β are
color indices and therefore OVLR

q (ÕVLR
q ) is a color singlet

(triplet) operator. However, noting that one needs a viola-
tion of isospin (which is conserved in the left-handed quark
current due to SUð2ÞL gauge invariance) we can omit the
operators with flipped chiralities and the NP contribution to
ϵ0=ϵ is approximately given by [19,72]�

ϵ0

ϵ

�
NP

≈ 1 TeV2ð124 ImðCVLR
d − CVLR

u Þ

þ 432 ImðC̃VLR
d − C̃VLR

u ÞÞ: ð4Þ
for a NP scale of 1 TeV.3

As outlined in the Introduction, we want to study
correlations between hadronic B decays and ϵ0=ϵ using a
Uð2Þ3 flavor symmetry. In particular we want to address the
B → Kπ puzzle. Here the experimental value for

ΔA−
CP ≡ ACPðB− → π0K−Þ − ACPðB̄0 → πþK−Þ; ð5Þ

is [75]

ΔA−
CPjexp ¼ ð12.4� 2.1Þ%; ð6Þ

which deviates from the SM prediction [37]

ΔA−
CPjSM ¼ ð1.8þ4.1

−3.2Þ%; ð7Þ

at the 2σ level.4 In addition, one has to take into account
also other CP asymmetries and total branching ratios of

2The Uð2Þ3 flavor symmetry is analogous to minimal flavor
violation [47–49] (MFV) which uses a global Uð3Þ3 flavor
symmetry instead [50]. However, Uð3Þ3 flavor is anyway strongly
broken by the third generation Yukawa couplings to Uð2Þ3.

3Here we took again into account that for an enhanced effect
NP should be isospin violating and neglected small isospin
conserving contributions in the numerical factors.

4Reference [76] performed a fit to all B → πK data and finds
that the p-value crucially depends on the ratio of the color-
suppressed to the color-allowed tree amplitudes. Since an
acceptably good fit can be achieved if this ratio is somewhat
larger than what is predicted from QCD factorization it is not
absolutely clear that B → πK data points to NP, but it certainly
leaves room for it. In the following we will investigate how NP
can account for the measurement.
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hadronic B decays involving b → s transitions. Here, the
experimental measurements of [26,39]

ACP½Bs → KþK−�exp ¼ ð−20.0� 6.0� 2.0Þ%;

Br½Bs → ϕρ0�exp ¼ ð2.7� 0.7� 0.2� 0.2Þ × 10−7;

ð8Þ

which agree with the SM predictions

ABs
CPjSM ¼ ð−5.9þ26.6

−5.1 Þ%;

Br½Bs → ϕρ0�SM ¼ ð5.3þ1.8
−1.3Þ × 10−7; ð9Þ

at the 1–2σ level, are two of the most important examples
with respect to SM accuracy and experimental precision.
For hadronic B decays it is standard to use the effective

Hamiltonian

HNP
eff ¼−

4GFffiffiffi
2

p VtbV�
ts

X
q¼u;d;s;c

ðCq
5O

q
5þCq

6O
q
6ÞþH:c:; ð10Þ

for b → s transitions where the four-quark operators are
defined as

Oq
5 ¼ ðs̄αγμPLbαÞðq̄βγμPRqβÞ;

Oq
6 ¼ ðs̄αγμPLbβÞðq̄βγμPRqαÞ: ð11Þ

The corresponding expressions for b → d transitions fol-
low by replacing s̄ with d̄ and VtbV�

ts by VtbV�
td. Here, we

consider only the operators motivated by ϵ0=ϵ, as discussed
in the last subsection, and neglect the numerically very
small contributions of q ¼ c, s in Eq. (10). Under the
assumption of a global Uð2Þ3 flavor symmetry (to be
discussed later on) the NP Wilson coefficients carry a
common new weak phase ϕ and we parametrize them as

Cd;u
5 ¼ cd;u5 eiϕ; Cd;u

6 ¼ cd;u6 eiϕ: ð12Þ

Like for ϵ0=ϵ, the leading effect which is necessary to
account for the Kπ puzzle is isospin violating. This can be
easily seen by using an intuitive notation, similar to the one
used in Ref. [37]. We parametrize the NP contribution to
Kπ decays in terms of rqNP (rA;qNP ), representing the ratio of
NP penguin (annihilation) amplitudes with respect to the
dominant QCD penguin amplitude of the SM. Therefore,
one has for instance

ΔA−
CP ≃ −2ImðrCÞ sin γ þ 2½ImðrdNPÞ − ImðruNPÞ

þ ImðrA;dNP Þ − ImðrA;uNP Þ� sinϕ; ð13Þ

where rC originates from the color suppressed tree top-
ology amplitude of the SM. Here γ is the CKM phase

defined as Vub ¼ jVubje−iγ and ϕ a generic weak phase of
the NP contribution. We see that isospin violation is needed
to get an effect in ΔA−

CP. Thus, interesting effects are
expected in other hadronic B decays sensitive to isospin
violations, such as the analogues of ΔA−

CP with PV
(pseudoscalar and vector) and VV (two vector) mesons
in the final state (e.g., decays in which one replaces π andK
in Eq. (5) with ρ or K�). Furthermore, an equivalent
difference of direct CP asymmetries can be constructed
for Bs → KK decays, i.e., ΔAKK

CP ≡ ACPðB̄s → K̄0K0Þ−
ACPðB̄s → K−KþÞ, and the purely isospin violating decays
Bs → ϕπ0 and Bs → ϕρ0 are sensitive to isospin violating
NP as well.
The amplitudes of hadronic B decays, like the ones

involved in ratios rqNP and rA;qNP in Eq. (13) contain strong
phases originating from QCD effects. These phases can be
calculated at next-to-leading order using QCD factorization
[77–79]. This calculation is rather technical and involves
many input parameters (see, e.g., Refs. [37,80] for a
detailed discussion on the calculation of NP operators
matrix elements in the context of QCD factorization). In the
appendix we provide seminumerical formulas which
describe the NP effect for other nonleptonic decay observ-
ables which are sensitive to isospin violating NP. However,
these formulas only serve as an illustration of the impact
of NP while in the phenomenological analysis we will
perform a global fit (including also theory errors of the NP
contributions), as done in Ref. [37], to take all measure-
ments consistently into account.
Let us now turn to the connection between ϵ0=ϵ and

hadronic B decays. For this we consider the SUð2ÞL
invariant operators [81,82]

LSMEFT ¼ 1

Λ2

�
Cð1Þijkl
Qq Oð1Þijkl

Qq þ Cð3Þijkl
Qq Oð3Þijkl

Qq

�
ð14Þ

with

Oð1Þijkl
Qq ¼ Q̄α

i γ
μPLQα

j q̄
β
kγμPRq

β
l ;

Oð3Þijkl
Qq ¼ Q̄α

i γ
μPLQ

β
j q̄

β
kγμPRqαl ; ð15Þ

where i, j, k, l are flavor indices, q ¼ u, d and Q stands
for the quark SUð2ÞL doublet. Depending on the flavor
structure, these operators enter ϵ0=ϵ or hadronic B decays.
Now, we employ theUð2Þ3 flavor symmetry in the quark

sector in order to link Wilson coefficients with different
flavors to each other. First of all, note that with respect to
the right-handed current we are only interested in the flavor
diagonal couplings to u, d and do not need to consider the
couplings to heavier generations due to their suppressed
effects in the observables. Concerning the left-handed
current,Uð2Þ3 flavor with a minimal spurion sector predicts
that s → d transitions are proportional to V�

tsVtd while
b → sðdÞ are proportional to V�

tsðdÞVtb and the relative
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effect is governed by an order one factor xB and a free phase
ϕ [45]. Thus, Eq. (15) can be written as

CðaÞ2111
Qq ¼ VtbV�

tsc
ðaÞ
q

CðaÞ2311
Qq ¼ VtbV�

tsxBeiϕc
ðaÞ
q

CðaÞ1311
Qq ¼ VtbV�

tdxBe
iϕcðaÞq ð16Þ

with a ¼ 1, 3 (denoting the color singlet and triplet
structure) and q ¼ u, d. Note that due to the hermiticity

of the operators in Eq. (15) cð1;3Þq must be real and that
conventional MFV (based onUð3Þ flavor) is obtained in the
limit ϕ → 0 and xB → 1. Therefore, using MFV instead of
Uð2Þ3 would provide an effect in ϵ0=ϵ but no source of CP
violation in hadronic B decays.
With these conventions we obtain for the Wilson

coefficients entering ϵ0=ϵ and hadronic B decays

CVLR
q ¼ V�

tsVtdc
ð1Þ
q

Λ2
; C̃VLR

q ¼ VtsV�
tdc

ð3Þ
q

Λ2
;

Cq
5 ¼

ffiffiffi
2

p

4GFΛ2
xBeiϕc

ð1Þ
q ; Cq

6 ¼
ffiffiffi
2

p

4GFΛ2
xBeiϕc

ð3Þ
q :

ð17Þ

III. PHENOMENOLOGICAL ANALYSIS

Here we present the results of the global fit to the data
from hadronic B decays. Taking into account that NP must
have a common weak phase ϕ originating from Uð2Þ3
symmetry breaking we define

xðaÞ ≡ cðaÞd − cðaÞu ; zðaÞ ≡ cðaÞd þ cðaÞu ; ð18Þ

for future convenience where xðaÞ (zðaÞ) parametrizes the
isospin violating (conserving) effects. Marginalizing over
zðaÞ in the ranges from −0.12 < zð1Þ < 0.12, and −0.04 <
zð3Þ < 0.04 we have three degrees of freedom for both the
singlet scenario (1) and the triplet scenario (3). While
the χ2 of the SM is 18.8, the best fit points for our two
scenarios are

xBxð1Þ ¼ 0.306; xBzð1Þ ¼ −0.12;

xBxð3Þ ¼ 0.144; xBzð3Þ ¼ −0.04; ð19Þ

with a phase of

ϕð1Þ ¼ 157.6°; ϕð3Þ ¼ 169.0°; ð20Þ

and

Δχ2ð1Þ ¼ 16.5; Δχ2ð3Þ ¼ 13.7: ð21Þ

This corresponds to pulls of 3.3σ for (1) and 2.9σ (3)
with respect to the SM. Let us also consider the case in
which zðaÞ ¼ 0, which corresponds to the scenario of
maximal isospin violation. In this case the best fit points
are xBxð1Þ ¼ 0.312, ϕð1Þ ¼ 163.3°, and xBxð3Þ ¼ 0.142,
ϕð3Þ ¼−146.1°. The χ2 difference with respect to the SM
are now Δχ2ð1Þ ¼ 15.3 and Δχ2ð3Þ ¼ 12.9, which corre-
sponds to pulls of 3.5σ for (1) and 3.0σ for (3) with respect
to the SM for two degrees of freedom.
Now, we can correlate hadronic B decays to ϵ0=ϵ. For this

we observe that the NP contribution to ϵ0=ϵ can be directly
expressed in terms of xðaÞ as

�
ϵ0

ϵ

�
NP

≈
0.018xð1Þ

ðΛ=TeVÞ2 ;
�
ϵ0

ϵ

�
NP

≈
0.062xð3Þ

ðΛ=TeVÞ2 ; ð22Þ

for the color singlet and triplet case, respectively. Note that
the phase of the contribution to ϵ0=ϵ is fixed by the Uð2Þ3
flavor symmetry such that ϕ only enters in hadronic B
decays. Furthermore, zðaÞ is not correlated to ϵ0=ϵ where
only the difference xðaÞ enters and just a free parameter over
which we will marginalize as described above. Therefore,
we can express xðaÞ in terms of the NP contribution to ϵ0=ϵ
and show the effects in hadronic B decays as a function of
xB × ðϵ0=ϵÞNP=10−3 and ϕ.
The corresponding result is depicted in Fig. 1 where the

preferred regions from hadronic B decays are displayed.
Note that all regions are consistent with each other (i.e., all
overlap at the 1σ level), such that one can account for
the deviations (mainly in ACP½Bs → KþK−�exp and ΔA−

CP)
without violating bounds from other observables. From
Fig. 1 one can also see that a natural order one value of xB
can not only account for the tensions in hadronic B decays
but also give a NP contribution to ϵ0=ϵ of the order of 10−3
as needed to explain the tension.
In Fig. 2 we show the predictions for various

(differences of) CP asymmetries within the SM compared
to the one of the best fit points for the two scenarios as
well as and the corresponding experimental results.
We use our Uð2Þ3 flavor symmetry to give predictions
for hadronic B decays involving b → d transitions as
well. Specifically, we consider the difference of CP
asymmetries ΔA−;ππ

CP ¼ACPðB−→π−π0Þ−ACPðB̄0→πþπ−Þ,
and equivalent differences defined for the corresponding
PV and VV decay modes. Although the fit clearly
indicates isospin violating NP as the preferred solution
to the ΔACP problem, we notice that the errors of the
theory predictions are still quite large, calling for future
improvements in the calculational methods. Similarly,
a clearer picture could be obtained with more precise
experimental measurements, in particular for the PV and
VV decay modes.
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IV. CONCLUSIONS AND OUTLOOK

In this article we pointed out intrinsic analogies between
ϵ0=ϵ and CP violation in hadronic B decays, in particular
ΔA−

CP: These observables are all sensitive to 4-quark
operators with flavor changing neutral currents in the down
sector and test the combined effects of CP and isospin
violation. Therefore, the B → Kπ puzzle increases the
interest in ϵ0=ϵ and vice versa, calling for a combined
explanation.
After identifying the two operators which are capable of

explaining the ϵ0=ϵ anomaly within an Uð2Þ3 flavor setup
we performed a global fit to the data from hadronic B
decays. We find that both operators provide a consistent
pattern in hadronic B decays resulting in a very good fit

which is more than 3σ better than the one of the SM.
Furthermore, the Uð2Þ3 flavor symmetry is consistent with
a common explanation of the anomalies in ϵ0=ϵ and
hadronic B decays, providing at the same time interesting
predictions for hadronic decays involving b → d transitions
(such as B → KþK− and B → ππ) which can be tested
experimentally in the near future by LHCb. However,
further progress of the theory side is crucial in order to
improve the precision of the theoretical results.
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FIG. 2. Predictions for differences of direct CP asymmetries.
The first four involve b → d transitions, predicted via the Uð2Þ3
flavor symmetry, while the last observable involves a b → s CP
transition (no experimental result is available yet).

FIG. 1. Preferred regions from hadronic B decays in the xB × ðϵ0=ϵÞNP=10−3 vs ϕ plane for the color singlet case (1) on the left and
the color triplet case (3) on the right. The preferred regions are obtained by marginalizing over −0.12 < zð1Þ < 0.12, and
−0.04 < zð3Þ < 0.04. Note that all regions overlap at the 1σ level, resulting in a very good global fit (black bounded regions).
Furthermore, one can explain the tensions in hadronic B decays for an effect around 10−3 in ϵ0=ϵ (as suggested by the tension between
SM and experiment) for xB being of order one (as required by Uð2Þ3 flavor).
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APPENDIX: ADDITIONAL NONLEPTONIC DECAY OBSERVABLES

Here we collect seminumerical formulas for other nonleptonic decay observables which are sensitive to isospin violating
NP for the case of an Uð2Þ3 flavor symmetry. First of all, we list results for ΔA−

CP, and the corresponding observable
obtained for PV and VV decays. One has

ΔA−;πK
CP ≃ 0.02þ0.04

−0.03 þ ½13ðcd5 − cu5Þ þ 34ðcd6 − cu6Þ� sinϕ − ½2ðcd5 − cu5Þ þ 5ðcd6 − cu6Þ� cosϕ;
ΔA−;ρK

CP ≃ 0.11þ0.11
−0.45 þ ½21ðcd5 − cu5Þ þ 39ðcd6 − cu6Þ� sinϕ − ½12ðcd5 − cu5Þ þ 10cd6 − 1.1cu6� cosϕ;

ΔA−;πK�
CP ≃ 0.09þ0.23

−0.29 þ ½23ðcd5 − cu5Þ þ 45ðcd6 − cu6Þ� sinϕþ ½−6cd5 þ 8cu5 − 2cd6 þ 7cu6� cosϕ;
ΔA−;ρK�

CP ≃ 0.01þ0.15
−0.10 þ ½ðcd5 − cu5Þ − 20cd6 þ 25cu6� sinϕ − ½10ðcd5 − cu5Þ þ 2.5cd6 þ 2.5cu6� cosϕ: ðA1Þ

These formulas already include the evolution of the Wilson coefficients Cu
5;6 and C

d
5;6 (cf. Eq. (10) in the main text) from the

electroweak scale to the scale mB and the numerical evaluation of the matrix elements using QCD factorization. Note also
that the terms ∝ cosϕ in the direct CP asymmetries Eq. (A1) originate from the interference between amplitudes
proportional to γ and ϕ.
Next, we consider Bs → KK and related VV decays. The CP observable ACP½Bs → KþK−� (cf. Eq. (8) in the main text)

is given by

ACP½Bs → KþK−� ≃ −0.06þ0.27
−0.05 þ ½−0.3cd5 þ 2.6cu5 − 1.6cd6 þ 7.1cu6� sinϕþ ½−0.75cu5 þ 0.2cd6 − 2.3cu6� cosϕ: ðA2Þ

More sensitive to isospin violation is the difference of direct CP asymmetries

ΔAKK
CP ≡ ACPðB̄s → K̄0K0Þ − ACPðB̄s → K−KþÞ; ðA3Þ

and the equivalent difference defined for VV modes. One has

ΔAKK
CP ≃ 0.06þ0.05

−0.26 þ ½3ðcd5 − cu5Þ þ 9ðcd6 − cu6Þ� sinϕþ ½cu5 þ 2cu6� cosϕ;
ΔAK�K�

CP ≃ −0.32þ0.39
−0.05 þ ½ðcd5 − cu5Þ − 4cd6 þ 3cu6� sinϕþ ½0.3cu5 − 0.5cd6 − 2.0cu6� cosϕ: ðA4Þ

Last, we have the Bs decays to π;ϕ and ρ;ϕ, for which we have

Br½Bs → ϕπ0� ≃ f0.18þ0.06
−0.05 − ½25ðcd5 − cu5Þ þ 8ðcd6 − cu6Þ� cosϕ − ½10ðcd5 − cu5Þ þ 2ðcd6 − cu6Þ� sinϕg × 10−6;

Br½Bs → ϕρ0� ≃ f0.53þ0.18
−0.13 ½56ðcd5 − cu5Þ þ 18ðcd6 − cu6Þ� cosϕþ ½22ðcd5 − cu5Þ þ 6ðcd6 − cu6Þ� sinϕg × 10−6: ðA5Þ
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