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1. Formalism

Two mass eigenstates defined as:

|B0
s,L⟩ = p|B0

s ⟩+q|B̄0
s ⟩

|B0
s,H⟩ = p|B0

s ⟩−q|B̄0
s ⟩ (1)

where the subscripts L [H] stands for light [heavy]. And their time evolution is:

|B0
s,L(t)⟩ = e−i(ML− i

2 ΓL)t |B0
s,L(0)⟩

|B0
s,H(t)⟩ = e−i(MH− i

2 ΓH)t |B0
s,H(0)⟩ (2)

For an initially pure B0
s beam the time evolution is obtain by inverting Eq.(1):

|B0
s (t)⟩ =

1
2p

(|B0
s,L(t)⟩+ |B0

s,H(t)⟩)

=
1

2p
(e−i(ML− i

2 ΓL)t |B0
s,L(0)⟩+ e−i(MH− i

2 ΓH)t |B0
s,H(0)⟩)

= f+(t)|B0
s ⟩+

q
p

f−(t)|B̄0
s ⟩ (3)

and likewise for the antiparticle

|B̄0
s (t)⟩ =

1
2q

(|B0
s,L(t)⟩− |B0

s,H(t)⟩)

=
1

2q
(e−i(ML− i

2 ΓL)t |B0
s,L(0)⟩− e−i(MH− i

2 ΓH)t |B0
s,H(0)⟩)

= f+(t)|B̄0
s ⟩+

p
q

f−(t)|B0
s ⟩ (4)

with

f±(t) =
1
2

e−iMte−
1
2 Γt [ei ∆m

2 te−
∆Γ

4 t ± e−i ∆m
2 te

∆Γ

4 t ] (5)

where

M ≡ ML +MH

2
(6)

Γ ≡ ΓL +ΓH

2
(7)

∆m ≡ MH −ML (8)
∆Γ ≡ ΓL −ΓH (9)
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As Vub = |Vub|e−iγ , let

A(B0
s → D−

s K+) = A(B̄0
s → D+

s K−)≡ A (10)

and

A(B0
s → D+

s K−) = rAeiδ eiγ (11)

A(B̄0
s → D−

s K+) = rAeiδ e−iγ (12)
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then,

P++ ≡ P(B0
s → D+

s K−)

= |⟨D+
s K−|Hw|B0

s (t)⟩|2

= | f+(t)⟨D+
s K−|Hw|B0

s ⟩+
q
p

f−(t)⟨D+
s K−|Hw|B̄0

s ⟩|2

= | f+(t)A(B0
s → D+

s K−)+
q
p

f−(t)A(B̄0
s → D+

s K−)|2

= | f+(t)rAeiδ eiγ +
q
p

f−(t)A|2 (13)

one knows q
p = e2iβs is a excellent approximation, so

P++ = | f+(t)rAeiδ eiγ +
q
p

f−(t)A|2

∝ | f+(t)reiδ eiγ + e2iβs f−(t)|2

= | f+(t)rei(δ+(γ−2βs))+ f−(t)|2 (14)

finally, all four decay rates are:

P++ ∝ | f+(t)rei(δ+(γ−2βs))+ f−(t)|2 (15)

P+− ∝ | f+(t)+ f−(t)rei(δ−(γ−2βs))|2 (16)

P−+ ∝ | f+(t)+ f−(t)rei(δ+(γ−2βs))|2 (17)

P−− ∝ | f+(t)rei(δ−(γ−2βs))+ f−(t)|2 (18)

P++ ∝ e−Γ t
(

cosh
(

∆Γ

2
t
)
−C cos(∆mt)+Df̄ sinh

(
∆Γ

2
t
)
−Sf̄ sin(∆mt)

)
(19)

P+− ∝ e−Γ t
(

cosh
(

∆Γ

2
t
)
+C cos(∆mt)+Df sinh

(
∆Γ

2
t
)
−Sf sin(∆mt)

)
(20)

P−+ ∝ e−Γ t
(

cosh
(

∆Γ

2
t
)
+C cos(∆mt)+Df̄ sinh

(
∆Γ

2
t
)
+Sf̄ sin(∆mt)

)
(21)

P−− ∝ e−Γ t
(

cosh
(

∆Γ

2
t
)
−C cos(∆mt)+Df sinh

(
∆Γ

2
t
)
+Sf sin(∆mt)

)
(22)

C =
1− r2

1+ r2 , (23)

D f =
−2r cos(δ − (γ −2βs))

1+ r2 , D f̄ =
−2r cos(δ +(γ −2βs))

1+ r2 , (24)

S f =
2r sin(δ − (γ −2βs))

1+ r2 , S f̄ =
−2r sin(δ +(γ −2βs))

1+ r2 . (25)
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γ −2βs =
1
2

arg[(D f + iS f )(D f̄ + iS f̄ )] (26)
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