
𝝓𝒔



1/7

𝑽𝒒𝒒’ ≠ 𝑽
ഥ𝒒ഥ𝒒’
∗ ⇒

⇓

⇓



𝝓𝒔
𝑺𝑴 ≈−𝟎. 𝟎𝟑𝟔𝟖𝟔−𝟎.𝟎𝟎𝟎𝟔𝟖

+𝟎.𝟎𝟎𝟎𝟗𝟔
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𝑩𝒔
𝟎

ഥ𝑩𝒔
𝟎

𝒇𝑪𝑷

𝜙𝑑𝑒𝑐

𝜙𝑚𝑖𝑥 − 𝜙𝑑𝑒𝑐

𝜙𝑠 = 𝜙𝑚𝑖𝑥 −2 𝜙𝑑𝑒𝑐



𝝓𝒔

𝑩𝒔 → 𝑱/𝝍𝝅+𝝅−

𝑉𝑐𝑏

𝑉𝑐𝑠
∗

𝐵𝑠
0 → 𝐽/𝜓𝐾+𝐾−

𝐵𝑠
0 → 𝐽/𝜓𝜋+𝜋−

𝐵𝑠
0 → 𝐷𝑠𝐷𝑠

𝐵𝑠
0 → 𝜓 2𝑆 𝜙

𝜙𝑠
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LHCb: 𝝓𝒔 = −𝟎. 𝟎𝟒𝟎 ± 𝟎. 𝟎𝟐𝟓 rad

𝝓𝒔 = −𝟎. 𝟎𝟓𝟓 ± 𝟎. 𝟎𝟐𝟏



𝝓𝒔
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𝐴𝐶𝑃 𝑡 =
Γ ത𝐵𝑠

0→𝑓 −Γ 𝐵𝑠
0→𝑓

Γ ത𝐵𝑠
0→𝑓 +Γ 𝐵𝑠

0→𝑓
= 𝜂𝑓 sin𝜙𝑠 sin(Δ𝑚𝑠 𝑡)

𝐴𝐶𝑃 𝑡 = 𝜂𝑓 ∙ 𝑒
−
1

2
Δ𝑚𝑠

2𝜎𝑡
2

∙ (1 − 2𝜔) ∙ sin𝜙𝑠 ∙ sin(Δ𝑚𝑠 𝑡)



𝝓𝒔

•

• 𝜇
• Δ
•
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𝜎𝑏ത𝑏 μ
𝜎𝑏ത𝑏 μ



𝝓𝒔 𝑩𝒔
𝟎 → 𝑱/𝝍𝝅+𝝅−
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•

•

•

•

• φ𝑠

𝜙𝑠 = −0.057 ± 0.060 ± 0.011
https://arxiv.org/pdf/1903.05530.pdf]

https://arxiv.org/pdf/1903.05530.pdf


𝝓𝒔 𝑩𝒔
𝟎 → 𝑱/𝝍𝝅𝝅

:

• 2015: 4700 ± 90
• 2016: 31300 ± 200
• 2017: 27500 ± 200
• 2018: 38200 ± 250

𝜙𝑠 = −0.057 ± 0.060 ± 0.011
https://arxiv.org/pdf/1903.05530.pdf]

𝜙𝑠 = 𝑥𝑥𝑥 ± 0.036 ± 𝑥𝑥𝑥

𝝓𝒔
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Extrapolated precision for Run 2

: 𝝓𝒔 = −𝟎. 𝟎𝟒𝟎 ± 𝟎. 𝟎𝟐𝟓 𝜑𝑠
𝑆𝑀 ≈−0.03686−0.00068

+0.00096

https://arxiv.org/pdf/1903.05530.pdf






•

• 𝜇
• Δ
•

• → ψ
•

•

•



𝑞
𝑞’

𝑊+

~𝑉𝑞𝑞’ ത𝑞
ത𝑞’

𝑊−

~𝑉
ത𝑞 ത𝑞’
∗

CP

u

d

c

s b

t

𝑉𝑞𝑞’ ≠ 𝑉
ത𝑞 ത𝑞’
∗ ⇒

⇓

⇓

1       0.2    0.004

0.2       1       0.04

0.008   0.04      1   

˜



𝛽𝑠

[CKM Fitter]

⇒ 𝑽𝑪𝑲𝑴𝑽𝑪𝑲𝑴
† = 𝟏

𝑉𝑢𝑠𝑉𝑢𝑏
∗ +𝑉𝑐𝑠𝑉𝑐𝑏

∗ + 𝑉𝑡𝑠𝑉𝑡𝑏
∗ = 0
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:

• 𝑩𝒔
𝟎 → 𝑱/𝝍 𝑲∗

• 𝑩𝟎 → 𝑱/𝝍𝝆𝟎

Precision of ~10 mrad of penguin contribution of 𝝓𝒔

To be compared with the current precision of HFLAV of 21 mrad

𝜙𝑠 = 𝜙𝑠
𝑆𝑀 + Δ𝜙𝑠

𝑝𝑒𝑛𝑔
+ Δ𝜙𝑠

𝑁𝑃

−2𝛽𝑠



𝜑𝑠 = −0.057 ± 0.060 ± 0.011
https://arxiv.org/pdf/1903.05530.pdf]

𝜑𝑠 = −0.057 ± 0.035 ± 0.011

𝜑𝑠
𝑆𝑀 ≈−0.03686−0.00068

+0.00096

𝜎𝑏ത𝑏 μ
𝜎𝑏ത𝑏 μ

https://arxiv.org/pdf/1903.05530.pdf
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• 𝐽/𝜓 → 𝑒𝑒 𝜂’ → 𝜌0𝛾
𝜂’→ 𝜂𝜋𝜋 𝛾𝛾

: 𝝈𝑺𝑻𝑨𝑻 𝝓𝒔 ∼ 𝟒 𝐵𝑠
0 → 𝐽/𝜓𝐾𝐾

[LHCB-PUB-2018-009]

𝜙𝑠
𝑆𝑀 ≈−0.03686−0.00068

+0.00096



𝜆, 𝐴, 𝜌, 𝜂

𝜂

⇓

⇓



𝐵𝑠
0

𝐵𝐿 𝐵𝐻



𝐵𝑠
0 → 𝐽/𝜓ℎℎ

𝐵 → 𝑓 ത𝐵 → ҧ𝑓



𝐵 → ത𝐵 ത𝐵 → 𝐵

Τ𝑞 𝑝 ∼ 1, true for 𝐵𝑠
0 | Τ𝑞 𝑝 | = 1.0003 ± 0.0014

HFLAV arXiv:1612.0723



𝐵𝑠
0 → 𝑓 𝐵𝑠

0 → 𝐵𝑠
0 → ҧ𝑓

𝜙𝑠 = −2arg( ൗ
−𝑉𝑡𝑠𝑉𝑡𝑏

∗

𝑉𝑐𝑠𝑉𝑐𝑏
∗ )

2 arg ൘
−𝑉𝑡𝑠𝑉𝑡𝑏

∗

𝑉𝑐𝑠𝑉𝑐𝑏
∗ = −0.03686−0.00068

+0.00096


