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Bs → J/ ψ φ and Bd → J/ ψ Ks

Bd → J/ψ Ks

Bs → J/ψ φ } CP eigenstate and a mixture of CP-odd 
and CP-even states 
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CP - Asymmetry
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Bs → J/ψ φ and Bd → J/ψ Ks
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J/ψ→ µ+µ- selection

σ = 10 MeV

µ+µ- mass (GeV)

• Two opposite charged muons
with :

• Pt > 0.5 GeV

•Vertex with a χ2 < 9 

• Invariant mass within 50 MeV/c2

of mJ/ψ
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J/ψ→ e+e-selection
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σ = 66 MeV

• Two opposite charged electrons 
one with Pt > 0.8 GeV/c and one 
with Pt > 1.8 GeV/c

• A vertex χ2 < 6

• vertex |Z| < 150 mm

• An invariant mass between  2.7 –
3.2 GeV/c2

e+e- mass (GeV)
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φ → K+K- selection

• Two opposite charged kaons with Pt > 0.5 GeV, giving a vertex 
with a χ2 < 9, an invariant mass within 20 MeV/c2 of mφ, and Pφ > 
12 GeV/c2 

Bs → J/ ψ φ selection

• Combine the J/ ψ and φ if the four tracks form a vertex with       
χ2 < 20, then select the primary vertex with smallest IP (< 4mm) 
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Bs → J/ ψ φ selection
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Other constraints on the Bs
0 :

• Proper time (consistency between the Bs
0 momentum and the vector 

between the production and decay vertex) significance > 5

• mBs within 50 MeV/c2 of the nominal Bs
0 mass
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Ks → π+π- selection

• Two oppositely charged pions, giving a vertex with a z position 
between 0 - 3 meter, invariant mass within 60 (100 for TT) MeV/c2

of mKs, and a combined Pt >200 MeV/c. 

Magnet
RICH

T1−T3

TTT (T)

VTT (V)

VELO TT
long (L)

199 µm0.62TT
182 µm0.09LV
107 µm0.29LL

vertex Z res.fractioncategory
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Bd → J/ ψ (µ+µ-)Ks selection

Bd : combining J/ ψ and Ks

• J/ ψ and Ks make a vertex with χ2 < 50

• IP significance of Ks with respect to J/ ψ vtx < 3.5 (< 8 for TT)

• IP significance of Ks pions with respect to the primary vtx > 4 
(2 for TT)

• significance of the distance between primary and J/ ψ vtx > 
1.2(LL), 3.1(LV), 2.4(TT) 

• Bd mass window 60 MeV/c2
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Bd → J/ ψ Ks selection

Results for the Bd
0 mass :
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Annual yield and Background estimate
for Bs → J/ ψ φ and Bd → J/ ψ Ks

0.6±0.1 (bb-incl)
<0.4 (prompt J/ ψ)

166kBs → J/ ψ(µ+µ-) Ks

<0.84 (prompt J/ ψ)
3.4 ±0.5 (bb-incl)

21kBs → J/ ψ(e+e-) Ks

<0.3 (bb-incl)
<0.7 (prompt J/ ψ)

100kBs → J/ ψ(µ+µ-) φ
B/SAnnual yieldChannel
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Sensitivity studies
for Bs → J/ ψ φ and Bd → J/ ψ Ks
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Extracting βs from Bs → J/ψ φ
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Extracting βs from Bs → J/ψ φ
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Angular analysis to determine the 
sensitivity for:

R(A⊥ fraction),  ∆Γs  ,  τs and  βs

(for ∆ms and wrong tag fraction: fit 
Dsπ simultaneously)

sensitivity
used

One year of 
LHCb data

200.11.50.20.860

0.0380.0260.0110.00853.50

∆ms

(ps-1)
∆Γs/ Γs

-
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(ps)
R
-
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(Deg)

R = |A⊥|2/(|A0|2 +|A|||2 +|A⊥|2 )

ω = 35%  &  ε = 40%

Sensitivity for βs from Bs → J/ψ φ
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Sensitivity for β from Bs → J/ψ Ks
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Conclusions

3.500.60
βsβ

Sensitivity for β and βs

One Year of LHCb Data

Reconstruction of Bs → J/ψ φ and Bd → J/ ψ Ks decays : 

• Good mass (9-15 MeV/c2) & vertex (107-199 µm) resolution

⇒ Excellent proper time resolution (38 fs) allows to follow 
the oscillations of the decay rates accurately.

• High annual yields with low background rates 

⇒ Precise determination of CKM angles β and βs
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