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● Overview.

● DØ Detector.

● Bq → J/ψ + V Color suppressed decays.

● Untagged measurements of Bd → J/ψ +K∗ &
Bs → J/ψ + φ decays [1]:

✦ Angular and lifetime decay parameters.

● Tagged measurements of Bs → J/ψ + φ [2]:

✦ Lifetime difference & CP-violating phase.

● Summary.
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●
R

L dt = 2.8 fb−1 & > 90% data taking eff.

● Large muon acceptance

● Excellent muon trigger

● Silicon vertex detector—recently added addi-

tional inner layer (L0) w/25% improvement in

proper time resolution.
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● B mesons fertile ground for CP -violation studies;

✦ Bs → J/ψ + φ CP-violation through mixing;
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● Bd → J/ψ +K∗0 no CP-violation expected.
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● Extraction of CP eigenstates through angular analysis

d4P

d~ωdt
=

6
∑

i=1

gi(A,Γ,∆M ; t)fi(~ω)

● Bq → J/ψ + V ⇒ Spin 0 → 1 + 1 ⇒ L = 0, 1, 2

✦ A0: Both longitudinal polarization (L = 0, 2 CP-even)

✦ A||: transverse polarization both same (L = 0, 2 CP-even)

✦ A⊥: transverse polarization the 2 ⊥ (L = 1 CP-odd)

● ∆M : mass difference of mass eigenstates.

● ΓL,H : lifetime of two mass eigenstates.

✦ Since CP phase expected to be small, CP and mass eigenstates

approximately the same ∆Γs = ∆ΓCP cos φs ≈ ∆ΓCP
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J/ψ Rest Frame

Angles in respective particle’s rest frames
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Untagged analysis independent of ∆M , Assumed φs = 0

Parameter B0
d B0

s Units

|A0|2 0.587 ± 0.011 ± 0.013 0.555 ± 0.027 ± 0.006 −

|A‖|
2 0.230 ± 0.013 ± 0.025 0.244 ± 0.032 ± 0.014 −

δ1 −0.38 ± 0.06 ± 0.090 − rad
δ2 3.21 ± 0.06 ± 0.06 − rad
δ‖ − 2.72+1.12

−0.27 ± 0.26 rad

τ 1.414 ± 0.018 ± 0.034 1.487 ± 0.060 ± 0.028 ps
τ̄s/τd 1.053 ± 0.061 ± 0.015

∆Γs − 0.085+0.072
−0.078 ± 0.001 ps−1

Nsig 11195 ± 167 1926 ± 62 −

Relative Strong Phases =
{

δ1 = δ⊥ − δ||
δ2 = δ⊥

}

with δ0 = 0

δi = 0 mod (π) ⇒ Factorization

DØ result δ1 = −0.38 ± 0.06 ± 0.09 3.5σ from 0 ie nonzero Final State
Strong Interactions

SU(3) Symmetry holds
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● Same side tagging

✦ K+ tagging Q∆R = q · ∆R

✦ Jet charge Qjet =
∑

i q
i(pi

T )0.6/
∑

i(p
i
T )0.6

● Opposite side tagging cosφ(~pi, ~pB) < 0.8

✦ Lepton jet charge Qℓ =
∑

i q
i(pi

T )/
∑

i(p
i
T )

✦ Secondary vertex charge QSV=
P

i qi(pi
T )0.6/

P

i(p
i
T )0.6

✦ Event charge QEV =
∑

i q
i(pi

T )/
∑

i(p
i
T )

● Discriminating variables combined using likelihood ratio.

✦ Tagging power P = ǫD2 = (4.68 ± 0.54)%
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φ ψ J/→ 0
sB

Mass 5.26 - 5.46 GeV

δi Constrained δi Free (∆Γs > 0)

τs (ps) 1.52 ± 0.06 ± 0.01 1.52±0.06
∆Γs (ps−1) 0.19 ± 0.07+0.02

−0.01 0.20±0.07
A⊥(0) 0.41 ± 0.04+0.01

−0.02 0.41±0.04
|A0(0)|2 − |A||(0)|2 0.34 ± 0.05 ± 0.03 0.34±0.05

δ1 −0.52±0.42 −0.18±0.90, 1.05 ± 0.59

δ1 − δ2 2.59±0.29 2.61±0.28, −2.61 ± 0.29

φs −0.57+0.24+0.08
−0.30−0.02 −0.59+0.31

−0.28

∆Ms (ps−1) [3] ≡ 17.77 ≡ 17.77



Summary

❖ Outline

❖ DØ Detector

❖ CP-Violation

❖ Angular Analysis

❖ Angles

❖ Plots

❖ Results Untagged

❖ Tagged Analysis

❖ Flavor Tagging

❖ Angular Dist.

❖ Results Tagged

❖ Summary

❖ References

P. Gutierrez OU – 13 / 14

● Have made measurements of decay parameters of color
suppressed Bq → J/ψ + V decays with 2.8 fb−1;

● Found SU(3) symmetry holds;

● δ1 3.5σ from zero, therefore final state strong interactions
must be considered;

● φs ≡ −2βs = −0.57+0.24
−0.30 and ∆Γs = 0.19 ± 0.16

measured;

● Improvements expected with & 6 fb−1 DØ has collected.
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