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A combination of B0
s
− B̄0

s
oscillations results from DØ based on a 1 fb−1 data sample was

performed. The combined amplitude scan allows the setting of a 95% C.L. limit on the B0
s
− B̄0

s

oscillation frequency ∆ms > 15.0 ps−1 with the corresponding expected limit at 16.5 ps−1. The
combined likelihood curve has a preferred value of ∆ms = 19 ps−1, with a 90% confidence level
interval of 17 < ∆ms < 21 ps−1, assuming Gaussian uncertainties. The probability for a background
fluctuation to give a similar dip in the same interval is estimated to be approximately 8%.
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I. INTRODUCTION

The DØ collaboration produced results on B0
s
− B̄0

s
oscillations using three B0

s
decay modes:

• B0
s
→ D−

s
µ+νX , D−

s
→ φπ− [1] (Fig. 1).

• B0
s
→ D−

s
µ+νX , D−

s
→ K∗K− [2] (Fig. 2).

• B0
s
→ D−

s
e+νX , D−

s
→ φπ− [3] (Fig. 3).
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FIG. 1: B0
s

oscillation amplitude with statistical and system-
atic errors for B0

s
→ D−

s
µ+νX, (D−

s
→ φπ−) decay mode.
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FIG. 2: B0
s

oscillation amplitude with statistical and system-
atic errors for B0

s
→ D−

s
µ+νX, (D−

s
→ K∗K−) decay mode.

II. COMBINATION

The program “combos” [4] developed at LEP to combine the results with statistical and systematic uncertainties
with different correlations has been used to perform the combination of different decay modes. Figures 4, 5, 6 show
combinations of µφπ and µK∗K; µφπ and eφπ; and all three decay modes. Uncertainties in the following parameters
were considered as correlated:

• Br(Bs → XµDs).

• Br(Bs → XDsDs).

• Signal decay length resolution for µφπ and µK∗K decay modes.

• ∆Γ/Γ.

Although some degree of correlation is expected between the systematic uncertainty due to dilution uncertainty of the
different channels, the way this systematic is currently assessed makes it difficult to quantify the correlation. Tests
including or excluding this systematic uncertainty in individual channels indicate that ignoring this one correlation
leads to negligible differences in the combined results.
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FIG. 3: B0
s

oscillation amplitude with statistical and system-
atic errors for B0

s
→ D−

s
e+νX, (D−

s
→ φπ−) decay mode.

-4

-3

-2

-1

0

1

2

3

4

0 2.5 5 7.5 10 12.5 15 17.5 20 22.5 25

∆ms (ps-1)

A
m

pl
it

ud
e

data ± 1 σ 95% CL limit   14.1 ps-1

1.645 σ expected limit   14.7 ps-1

data ± 1.645 σ
data ± 1.645 σ (stat only)

D0 (MU+E)PHIPI PRELIMINARY

D∅ Run II preliminary

∫ Ldt=1fb-1

FIG. 4: B0
s

oscillation amplitude with statistical and sys-
tematic errors for B0

s
→ D−

s
e+νX and B0

s
→ D−

s
µ+νX

(D−

s
→ φπ−) decay modes.

III. LOG LIKELIHOOD SCAN

An amplitude scan can be transformed to a log likelihood scan using the following formula [5, 6]:

−∆ log(L) =

(

1

2

(

1 − Ā

σA

)2

−
1

2

(

Ā

σA

)2
)

(1)

This formula can be tested using the B0
s
→ D−

s
µ+νX , D−

s
→ φπ− decay mode where the log likelihood scan was

obtained directly from the fitting procedure. Figures 7 and 8 show the log likelihood scans obtained in two different
ways.

A log likelihood scan obtained from the combined amplitude scan (Fig. 6) is shown in Fig. 9. The combined
likelihood curve has a preferred value of the oscillation frequency ∆ms = 19 ps−1, with a 90% confidence level interval
of 17 < ∆ms < 21 ps−1, assuming Gaussian uncertainties.

In the previous analysis [1], the probability of a background fluctuation to give a minimum of equal or greater depth
in this interval was determined to be 5% using ensemble tests. Comparing the change in likelihood at ∆ms = 19 ps−1

and the likelihood at ∆ms = ∞ [6] also yields a 5% expectation for a background fluctuation. For the current combined
result, comparison of the change in likelihood between ∆ms = 19 ps−1 and ∆ms = ∞ yields an 8% expectation for a
background fluctuation.

IV. CONCLUSION

The combined amplitude scan allows the setting of a 95% C.L. limit on the B0
s
− B̄0

s
oscillation frequency ∆ms >

15.0 ps−1 with the corresponding expected limit at 16.5 ps−1. The combined likelihood curve has a preferred value of
∆ms = 19 ps−1, with a 90% confidence level interval of 17 < ∆ms < 21 ps−1, assuming Gaussian uncertainties. The
probability for a background fluctuation to give a similar dip in the same interval is estimated to be approximately
8%.
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FIG. 5: B0
s

oscillation amplitude with statistical and sys-
tematic errors for B0

s
→ D−

s
µ+νX (D−

s
→ φπ− and D−

s
→

K∗K−) decay modes.
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FIG. 6: B0
s

oscillation amplitude with statistical and sys-
tematic errors for B0

s
→ D−

s
e+νX (D−

s
→ φπ−) and B0

s
→

D−

s
µ+νX (D−

s
→ φπ− and D−

s
→ K∗K−) decay modes.
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FIG. 7: Log likelihood scan for B0
s
→ D−

s
µ+νX (D−

s
→ φπ−)

decay mode obtained from the fitting procedure.
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FIG. 8: Log likelihood scan for B0
s
→ D−

s
µ+νX (D−

s
→ φπ−)

decay mode obtained from the amplitude scan using the total
errors (stat.

L

syst.).
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