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B to open charm decays
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Wide variety of measurements possible using decay time dependent analyses

φs from Bs → D+
s D−

s [PRL 113, 211801]

Penguin pollution constraint on sin(2β) from B→ D+D− [PRL 117, 261801]

Bs − B̄s mixing frequency from Bs → D−
s π

+[NJP 15 (2013) 053021]

γ from Bs → D−
s K+ and B→ D−π+ [JHEP 06 (2018) 084, JHEP 03 (2018) 059]

No CP violation in decay, unlike time-independent measurements
Interference of decays with and without mixing
Need to resolve oscillations

Presenting results using 3fb−1 of run 1 data

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.211801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.261801
https://iopscience.iop.org/article/10.1088/1367-2630/15/5/053021
https://link.springer.com/article/10.1007%2FJHEP06%282018%29084
https://link.springer.com/article/10.1007%2FJHEP03%282018%29059


Decay time dependent analyses
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for B̄0
s → D+

s K−

for B̄0 → D+π− Vcb × V ∗
ud ≈ λ2 V ∗

ub × Vcd ≈ λ4

Sensitive to γ − 2βs (B̄0
s → D+

s K−) or γ + 2β (B̄0 → D+π−)

Small yields (6k in run I)

D+
s → K+K−π+,K−π+π−, π+π−π+

More di�icult backgrounds

∆Ms = (17.75± 0.02)ps−1

∆Γs = (0.088± 0.006)ps−1

Large interference e�ects

Large yields (480k in run I)

D+ → K−π+π+

Clean signal

∆Md = (0.507± 0.002)ps−1

Negligible ∆Γd

Small interference e�ects



Decay time formalism
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Assuming no CPV in
mixing or decay:
rDsK ∼ 0.4



Decay time formalism
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= 0.0182± 0.0012± 0.0036(SU(3))
[JHEP 06 (2018) 084]

⇒ no sensitivity Cf = 1

https://link.springer.com/article/10.1007%2FJHEP06%282018%29084


Signal mass fits
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B0 → D−
s K+Signal yield of 5955± 90

[JHEP 03 (2018) 059]

B0 → D−π+Signal yield of (479± 0.7)× 103

[JHEP 06 (2018) 084]

https://link.springer.com/article/10.1007%2FJHEP03%282018%29059
https://link.springer.com/article/10.1007%2FJHEP06%282018%29084


Flavor tagging [JHEP 06 (2018) 084, JHEP 03 (2018) 059]
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Calibration using B0
s → D−

s π
+

εe� = εtag(1− 2 < ω >)2

B0 → D−π+: self tagging calibration (Cf = 1)

Tagging e�iciency of ∼ 85%

79% SS, 37% OS, 31% both

εe� = (5.59± 0.01)%

https://link.springer.com/article/10.1007%2FJHEP06%282018%29084
https://link.springer.com/article/10.1007%2FJHEP03%282018%29059


Decay time acceptance and resolution [JHEP 06 (2018) 084, JHEP 03

(2018) 059]
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per event decay time
error

calibrated using prompt
D(s) decays

promt D

Use known B(s) → D−
(s)π

+ lifetime

For Bs → D−
s K+ correct for Dsπ/DsK

di�erences with simulation

https://link.springer.com/article/10.1007%2FJHEP06%282018%29084
https://link.springer.com/article/10.1007%2FJHEP03%282018%29059
https://link.springer.com/article/10.1007%2FJHEP03%282018%29059


Fit results and systematics [JHEP 06 (2018) 084, JHEP 03 (2018) 059]
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Bs → D−
s K+ B0 → D−π+

https://link.springer.com/article/10.1007%2FJHEP06%282018%29084
https://link.springer.com/article/10.1007%2FJHEP03%282018%29059


Fit results and systematics [JHEP 06 (2018) 084, JHEP 03 (2018) 059]
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Bs → D−
s K+ B0 → D−π+

https://link.springer.com/article/10.1007%2FJHEP06%282018%29084
https://link.springer.com/article/10.1007%2FJHEP03%282018%29059


Constraints on γ
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Bs → D−
s K+ [JHEP 03 (2018) 059]

B→ D−π+ [JHEP 06 (2018) 084]

[5, 86]◦ ∪
[185, 266]◦

https://link.springer.com/article/10.1007%2FJHEP03%282018%29059
https://link.springer.com/article/10.1007%2FJHEP06%282018%29084


Constraints on γ
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Bs → D−
s K+ [JHEP 03 (2018) 059]

B→ D−π+ [JHEP 06 (2018) 084]

[5, 86]◦ ∪
[185, 266]◦

LHCb-
CONF-
2018-002

https://link.springer.com/article/10.1007%2FJHEP03%282018%29059
https://link.springer.com/article/10.1007%2FJHEP06%282018%29084
https://cds.cern.ch/record/2319289
https://cds.cern.ch/record/2319289
https://cds.cern.ch/record/2319289


Prospects [LHCb-PUB-2018-009]
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Results shown with run 1 data (3fb−1)

Analyses with run 2 data (6fb−1) ongoing

With LHCb upgrade 2, we can reach 1◦ sensitivity for γ with Bs → D−
s K+

More decay modes such as Bs → DsKππ

... also with exited charm states D∗
s and D∗

Belle 2 will start contributing soon

.. not with Bs decays
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http://cdsweb.cern.ch/record/2320509?ln=en
https://dali.com/gallery/0968_liliumlongiflorumvel_tempus_molliterevanescens_liliesoftime-3/
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