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Time - dependent beauty to 
open charm analyses @ LHCb

• Determine CP coefficients related to weak phases β, γ, βs

• Require tagging the initial B0(s)  flavour 

• Require a time-dependent analysis to observe the meson 
oscillations 

• Fit the decay-time-dependent decay rates 

• Also requires knowledge of external parameters e.g. Γ, ∆Γ , ∆m 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check also: Beauty to open charm final states at LHCb 
by Wojciech Krupa
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CP violation in B0➝D*±D∓ decays

• First measurement of CPV in B0➝D*±D∓  in LHCb

• b ➝ ccd ̅transition with tree, penguin and exchange diagrams, 
expect mixing-induced CPV and possible direct CPV contributions

•
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• Not a CP eigenstate: four decay-rates for 
B0 and B̅0 events to f and f ̅final states, eg 
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• The TD decay rate

• where the CP coefficients are (HFLAV convention)

The formalism
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external 

input
CP coefficient

SD*D =−sin(2β) if 
we neglect penguin contributions to the D*D amplitudes

strong phase between B0→D*+D− and B0→D*−D+ is 0, and the amplitudes are the same
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• Use the full data sample 2011-2018, ~9 fb-1 

• Decay reconstructed as B0→D*+(D0π+)D− with D0→K−π+ and 
D0→K−π+π−π+, D−→K−π+π−

• Split into four data samples: (K3π, Kπ) x (Run1, Run2) 

• A decay-time fit is performed simultaneously on the four data 
samples to measure the CP coefficients 

The analysis
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D0→K−π+

In total ~6000 
candidates

D∗+D− 
D∗−D+ 
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Results

• The most precise single measurement of CP violation in this decay 
channel to date

• The hypothesis of CP conservation is excluded at more than 10 
standard deviations, obtained using Wilk’s theorem

• CD*D and AD*D are compatible with zero, indicating no CPV in decay 

• Fixing them to 0,  sin(2β) = SD*D=−0.839±0.070, 1.9σ away from WA

• Compatible with previous measurements of Babar and Belle
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NEW!

Phys. Rev. D79 (2009) 032002, Phys. Rev. D85 (2012) 091106 
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CP violation in B0→D∓π±  decays

• B0 and B̅0 can both decay to same final state D∓π± via b→cW or 
b→uW (analogous to B0s→ Ds∓K±) 

• Interference obtained between mixing and decay for neutral B0  

• Weak phase difference is (γ + 2β) for B0

JHEP 06 (2018) 084

Vcb×Vud∗ ≈ λ2 Vub*×Vcd ≈ λ4 
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• The TD decay rates

• where

• Need rDπ as an input: constrained from BaBar Phys. Rev. D78 (2008) 032005 
and Belle Phys. Rev. D82 (2010) 051103 

• 2β: constrained from HFLAV

The formalism
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external 
input

CP coefficient

=1

JHEP 06 (2018) 084
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• The values of Sf and Sf ̅determined from a multidimensional 
maximum- likelihood fit are interpreted in terms of 2β+γ, rDπ, and 
the strong phase δ

• Using rDπ as an input: calculated with PDG values

• The confidence intervals (68% CL) are 

The results
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Run 1 (3fb-1) ~0.5 mln
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The B0→Ds+π− decays

• Clean hadronic tree decay

• The branching fraction of Bd→Dsπ can be used to quantify:
• The magnitude of the CKM matrix element |Vub|

• Non-factorisable strong interaction effects in b→u decays 

• rDπ essential for the TD Bd→Dπ analysis, using the branching fraction 
of Bd→Dsπ 

• Using 5/fb:
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Best precision, in agreement with the WA

NEW!
LHCb-PAPER-2020-021preliminary
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• B0s  and B̅0s can both decay to same final state Ds∓K± 

• one via b → cW, the other via b → uW 

• Interference achieved by neutral B0s   mixing (requires knowledge of 
−2βs ≡ φs)  

• Weak phase difference is (γ − 2βs ) analogous to (γ − 2β) for B0  

Measurement of the CKM angle γ 
with Bs→Ds∓K± decays
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JHEP 03 (2018) 059

For the recent 2βs  measurements, check out the talk of Peilian Li, 
Beauty to charmonium decays at LHCb
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dΓB0
s →f(t)

dt
= e−Γst[cosh( ΔΓst

2 ) + AΔΓ
f sinh( ΔΓst

2 ) + Cf cos(Δmst) − Sf sin(Δmst)]
dΓB0

s→f(t)

dt
= e−Γst[cosh( ΔΓst

2 ) + AΔΓ
f sinh( ΔΓst

2 ) − Cf cos(Δmst) + Sf sin(Δmst)]

The formalism

• The TD decay rate

• where
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The results

• Fit for decay-time-dependent asymmetry 

• The results are interpreted in terms of rDsK, δ, γ
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Run 1 (3fb-1)
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The constrains on γ
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Matt Kenzie, FPCP 2020

For the status update, check out Time-integrated measurements of the 
CKM angle gamma at LHCb by Sneha Made

Indirect constraints are

Comparison between 
B0s and B+ initial state 

γ = (72.1+4.1
−4.5)

∘

γ = (65.7+1.0
−2.7)∘( ∼ 2σ)

∼ 2σ
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Summary and prospects

• Today: Time-dependent measurements using:
• B0 →D*±D∓ decays (CKM angle 2β)
• Bs→Ds∓K± decays (CKM angle γ): with LHCb upgrade 2, we can 

reach 1°

• B0→D∓π±  decays (CKM angle γ)

• The B0→Ds±π∓ decays: essential input to study the CP asymmetries 
in B0→D∓π±

• Working towards finishing the Run2 analyses and adding new 
decay channels such as Bs→Ds∓K±π∓π±, excited D and D* modes, 
etc.
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future projections arXiv:1812.07638 

https://arxiv.org/abs/1812.07638
https://arxiv.org/abs/1812.07638


BACKUP
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Previous TD B2OC analyses

• check out also:
• φs  from Bs → Ds+Ds− [PRL 113, 211801]
• Penguin pollution constraint on sin(2β) from B → D+D− [PRL 117, 

261801] 
• Bs −B̅s   mixing frequency from Bs → Dsπ [NJP 15 (2013) 053021] 
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Prospects for −2βs ≡ φs arXiv:1812.07638
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Taggers at LHCb
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More formalism (B0➝D*±D∓ decays)
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Systematic uncertainties
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(B0➝D*±D∓ decays) JHEP 03 (2020) 147
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More formalism (Bs→DsK decays)
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JHEP 03 (2018) 059
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Data fits to Bs→Dsh decays

• Bs→Dsπ

• Bs→DsK
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JHEP 03 (2018) 059
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Systematic uncertainties
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Bs→DsK decays JHEP 03 (2018) 059
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Flavour tagging performance
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Bs→Dsπ decays

JHEP 03 (2018) 059
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Tagging (B0→D∓π±  decays)
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JHEP 06 (2018) 084
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(B0→D∓π±  decays)
Decay-time-dependent signal-
yield asymmetries 

JHEP 06 (2018) 084

favoured modes

suppressed modes
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Systematic uncertainties
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(B0→D∓π±  decays)
JHEP 06 (2018) 084
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Further results (B0→Ds+π− decays)
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preliminary!

LHCb-PAPER-2020-021
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Systematic uncertainties
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(B0→Ds+π− decays) LHCb-PAPER-2020-021

preliminary!


