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PROCEEDINGS

Review of ∆ΓBs0 measurements
Stéphane Monteil
LPC Université Blaise Pascal - IN2P3/CNRS, 24, Avenue des Landais 63177 AUBIERE.
Email: Stephane.Monteil@in2p3.fr

Abstract: A review of the ∆ΓBs0 /ΓBs0 measurements performed up to the spring 2000 is presented.
A combination of the LEP and CDF measurements yields ∆ΓBs0 /ΓBs0 = 0.17+0.09
−0.10 .

1. Introduction
The mixing of ﬂavour states B 0 and B̄ 0 results
in the new states (mass eigenstates) BL and BH ,
which are the CP eigenstates in absence of CP
violation 1 . The relevant parameters to characterize the BL − BH system are the width and
mass diﬀerences, denoted ∆Γ and ∆m respectively. In the K 0 − K̄ 0 system, the large width
diﬀerence comes from a dynamical accident : the
very diﬀerent phase space allowed for the two
possible ﬁnal states ππ (CP=+) and πππ (CP=). ∆Γ in the B 0 − B̄ 0 system is on the contrary
expected to be very small. While it seems hopeless to measure ∆Γ in the Bd0 − B̄d0 system, the
width diﬀerence in the Bs0 − B̄s0 may turn out to
be sizeable because of the large branching ratio
+(∗) −(∗)
of the decay Bs0 → Ds Ds , predominantly
CP=- [1]. Recent theoretical calculations predict ∆ΓBs0 /ΓBs0 = 0.16 ± 0.05 [2]-[3]. For notation convenience, the short-lived BL (respectively long-lived BH ) component, corresponding
to the CP=- (CP=+) eigenstate, will be referred
to as Bsshort (Bslong )
The measurement of ∆ΓBs0 /ΓBs0 serves essentially two purposes :
- ∆ΓBs0 and ∆ms are correlated, therefore
allowing an indirect measurement of ∆ms
to be performed; it is of special interest if
the oscillation frequency is too high regarding to the sensitivity of the present direct
measurements.
1 CP violation eﬀects are neglected throughout this
document

- In addition, a sizeable value of ∆ΓBs0 allows measurements of the CKM phases to
be imagined from untagged Bs0 samples in
future experiments [4].

2. Measurement strategies
∆ΓBs0 /ΓBs0 measurements are performed by reconstructing the proper time distributions of enriched Bs0 samples (but displaying a mixture of
CP eigenstates) analysed with a double exponential lifetime ﬁt. The analyses denoted inclusive
are using this method and present a quadratic
sensitivity to ∆ΓBs0 /ΓBs0 . L3 and DELPHI analyses will be exposed in this review paper.
It has been shown [5] that the Bs0 lifetime
measurements neglecting the lifetime diﬀerence
are still sensitive (quadratic sensistivity at lowest
order) to the width diﬀerence, when compared
to Bd0 lifetime measurement. The LEP Heavy
Flavour working group [6] played the game of
reinterpretating all Bs0 lifetime measurements to
the light of this prescription.
In addition, provided that the decay width
ΓBd0 and ΓBs0 are equal to the ﬁrst order (ΓBd0 =
ΓBs0 = 1/τBd0 ) [7] and that the width diﬀerence
∆ΓBd0 can be neglected, a constraint on the allowed range of ΓBs0 can be imposed, resulting in
an improvement of the limit on the width difference.
The best sensitivity to ∆ΓBs0 /ΓBs0 is obtained
for Bs0 samples enriched in one CP eigenstate.
ALEPH and CDF performed such exclusive analyses by selecting the speciﬁc channels Bs0 → J/Ψφ
or Bs0 → Ds+ (∗)Ds− (∗).
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3. Inclusive analyses
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represents a hadron) are considered to measure
∆ΓBs0 /ΓBs0 . The Bs0 → lνDs+ sample is composed of an unbiased mixture of CP eigenstates,
while the latter presents an enhancement of the
+(∗) −(∗)
almost pure CP=- process, Bs0 → Ds Ds
(20 % of the sample), therefore displaying a slightly larger sensitivity to ∆ΓBs0 /ΓBs0 .
Ds+ is searched for in eight modes, two of
which are semileptonic Ds decays. The inclusive
Ds h sample is limitated to the channels Ds+ →
φπ + , K̄ ∗0 K + .
The two analyses are based on the same guidelines : the electric charge correlation between the
reconstructed Ds+ and the lepton (the most energetic hadron, in the Ds h analysis) is used in
order to remove fake contributions. DELPHI
forms the vertex Ds+ l− (Ds+ h− ) and measures
its decay length l and Lorentz boost βγ. The
reconstructed proper time, deﬁned as t = l/βγ,
is governed basically by the two independent parameters τBs0 and ∆ΓBs0 /ΓBs0 .
A log likelihood ﬁt of the quantities τBs0 and
∆ΓBs0 /ΓBs0 is performed to the proper time distribution, as underlined Figure 2.

3.1 L3 measurement [8]
The measurement consists in reconstructing an
image of the proper time distribution of b hadrons
inclusively and ﬁtting |∆ΓBs0 |, τB + and τBd0 to
this distribution.
Secondary vertices are tagged by means of
an impact parameter based algorithm; the event
impact parameter distribution is deﬁned as the
error-weighted average of the individual impact
parameters and forms the image of the proper
time distribution. An estimator of the charge of
the secondary vertex is used to enrich the sample
in neutral B mesons.
The selected sample contains an unbiased mixture of Bsshort and Bslong , with an overall Bs0 purity of 11%.
Figure 1 displays the event impact parameter distribution of the subsequent sample in the
data.

Figure 1: L3 - Event impact parameter distribution.
The dashed line shows the expected Monte Carlo distribution for the value ∆ΓBs0 /ΓBs0 = 0.7, where ΓBs0
is ﬁxed to the ﬁtted value.

An upper limit with a 95% conﬁdence level
for ∆ΓBs0 /ΓBs0 is derived :
|∆ΓBs0 |/ΓBs0 < 0.67
Figure 2: DELPHI - The upper plot represents the
proper time distribution for (Ds h) candidates. The
solid line shows the result of the ﬁt. The lower plot
displays the same distribution for background.

3.2 DELPHI measurements [9]
Two samples, based on the selection of the decay channel Bs0 → lνDs+ and Bs0 → Ds+ h, (h

2
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The following limits for ∆ΓBs0 /ΓBs0 at the
95% conﬁdence level are obtained :

4.1 CDF measurement [11]-[12]
CDF selects Bs0 from the decay channel Bs0 →
J/Ψφ reconstruction. The ﬁnal state J/Ψφ is
thought to be predominantly CP=- [1]. This expectation is supported by the CDF measurement
fCP =− = 79 ± 19%.
J/Ψ is searched for in µ+ µ− and ψ is searched for in K + K − . Eventually, 58 ± 12 candidates are selected. The transverse decay length
Lxy of the J/Ψφ vertex is computed to derive the
proper decay length ct, where t = Lxy /βγ is the
reconstructed proper time. This distribution is
shown Figure 3.

∆ΓBs0 /ΓBs0 < 0.46 ,
∆ΓBs0 /ΓBs0 < 0.69 ,
for the semileptonic and the Ds+ h analyses
respectively.
3.3 ACO 2 measurements à la HartkornMoser
As underlined in section 2, the inclusive Bs0 lifetime measurements [10] based on samples of semileptonically decaying Bs0 and performed by neglecting the width diﬀerence keep the memory of
∆ΓBs0 .
It can be shown [5] that τBs0 is related to
∆ΓBs0 /ΓBs0 in the following way, assuming the
width diﬀerence to be small :
τBssemi =
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∆ΓBs0 2
∆ΓBs0 2 −1
1
(1 + (
) )(1 − (
) ) .
ΓBs0
2ΓBs0
2ΓBs0

Considering in addition the constraint ΓBs0 =
1/τBd0 , an upper limit of ∆ΓBs0 /ΓBs0 can be derived.
The LEP Heavy Flavour working group played
this game [6]. The average of the ACO Bs0 lifetime measurements is found to be :

Figure 3: CDF - The proper decay length distribution of Bs0 candidates. The results of the ﬁt are
shown : the dashed line is the signal, the dotted line
is the background and the solid line is the sum of the
two.

τBs0 = 1.46 ± 0.07 ps ,
yielding an upper limit on ∆ΓBs0 /ΓBs0 with a
95 % conﬁdence level of :

∆ΓBs0 /ΓBs0 is ﬁtted to the proper decay length
distribution, assuming the measured value of fCP =− ,
yielding

∆ΓBs0 /ΓBs0 < 0.30 .

∆ΓBs0 /ΓBs0 = 0.33+0.45
−0.42 .

4. Exclusive analyses

The main systematic uncertainty is due to
the background parametrization.

Exclusive analyses consist in selecting samples
with an enhanced speciﬁc CP eigenstate, i.e shortlived (long-lived) state, contribution. The lifetime of the selected CP eigenstate therefore depends linearly on ∆ΓBs0 /ΓBs0 .

4.2 ALEPH measurements [13]
Predominantly CP=- (98 % pure) [1], the Bs0 →
+(∗) −(∗)
Ds Ds
decay mode oﬀers a great opportunity to measure ∆ΓBs0 /ΓBs0 with a good accuracy. ALEPH proposes in that respect two independent methods based respectively on the ﬁt to

2 ACO is the acronymous of ALEPH, CDF and OPAL
experiments.
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the proper time distribution of the selected Bs0
and on the measurement of the branching ratio
+(∗) −(∗)
Br(Bs0 → Ds Ds ).
Ds is searched for in φX, where φ is searched
for in K + K − and X represents the best hadron
candidate matching the K + K − vertex. Figure 4
+(∗) −(∗)
shows the event display of a Bs0 → Ds Ds
candidate. The two φ of the event are required
to belong to the same hemisphere.

Stéphane Monteil
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Figure 5: ALEPH - The proper time distribution of
the Bs0 candidates in the φφ sample. The solid line
is the result of the maximum likelihood ﬁt.
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If one assumes that only decays to deﬁned CP
eigenstates contribute to the width diﬀerence,
+(∗) −(∗)
∆ΓBs0 /ΓBs0 = Γ(Bsshort → Ds Ds ) to a ﬁrst
approximation. This is supported by the fact
+(∗) −(∗)
that the process Bsshort → Ds Ds
constitutes 95% of the CP deﬁned ﬁnal states in the
Bs0 decay. It can be shown that ∆ΓBs0 /ΓBs0 is

Bs0

Figure 4: ALEPH - Event display of a
→
+(∗) −(∗)
Ds Ds
candidate. Bs0 and Ds vertices are
marked with their error ellipses.

Eventually, 18.5 ± 6.7 reconstructed Bs0 are
found.

+(∗)

4.2.1 Lifetime method

∆ΓBs0
. (1)
ΓBs0 (1 + ∆ΓBs0 /2ΓBs0 )

The Bs0 boost βγ, measured from the φφ jet, and
the Bs0 decay length, measured from the φφ vertex, are used to reconstruct the proper time distribution of the Bs0 candidates.
The Bsshort lifetime, τBsshort , is ﬁtted with a
maximum likelihood by a single exponential to
this distribution, as stressed Figure 5.
τBsshort is measured to be 1.27 ± 0.33(stat) ±
0.07 (syst).
∆ΓBs0 /ΓBs0 is related to τBsshort through the
expression :
∆ΓBs0 /ΓBs0 = 2(

−(∗)

related to Br(Bs0 → Ds Ds ) through :
(∗)+ (∗)−
Br(Bsshort → Ds Ds ) =

Experimentally,
(∗)+ (∗)−
Br(Bsshort → Ds Ds ) =
Nφφ [Br(φ → K + K − )]−2
,
fs Rb NZh [Br(Ds+ → φX)]2
where fs = 10.5 ± 1.8% is the Bs0 production fraction, Rb = 21.7 ± 0.1% the fraction of
hadronic Z decays in bb̄ pair, NZh = 4.2 × 106
the total number of Z → q q̄, Br(φ → K + K − ) =
49.1 ± 0.6%, and  = 9.5 ± 0.5%, the selection
eﬃciency. The main part of the uncertainty is
coming from the misknowledge of the branching
ratio Br(Ds+ → φX) = 17.0 ± 4.4% 3 .
(∗)+ (∗)−
Br(Bsshort → Ds Ds ) is found to be
0.23 ± 0.10 (stat) +0.19
−0.9 (syst).

1
− 1) .
ΓBs0 τBsshort

Constraining ΓBs0 to its measured value from
semileptonic Bs0 decays yields :

3 Its estimation is a key point of the analysis and is
fully documented in [13]

∆ΓBs0 /ΓBs0 = 0.22+0.38
−0.51

4
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From expression (1), ∆ΓBs0 /ΓBs0 is measured
to be :

Stéphane Monteil

∆ΓBs0 /ΓBs0 = 0.17+0.09
−0.10 ,

in agreement with recent theoretical calculations [2]-[3].
The ratio ∆ΓBs0 /∆ms is calculated to be (6.5±
Combining with the previously exposed ALEPH
2.2)
×
10−3 [14][15]. Let us notice that this result
measurement yields
is based for a part on preliminary lattice calcu+0.21
lations.
∆ΓBs0 /ΓBs0 = 0.25−0.14 .
Although the systematic uncertainty estimation is still under question, it is extremely temp5. Combination of the measurements ting to determine the corresponding constraint
on ∆ms . The following value of ∆ms is obThe combination described in these proceedings
tained :
has been performed by the LEP Heavy Flavour
Working Group [6]. Each analysis result 4 is con−1
,
∆ms = 15+12
−11 ps
verted into a two-dimensional log-likelihood in
very close to the present experimental sensithe (1/ΓBs0 , ∆ΓBs0 /ΓBs0 ) plane. All resulting distivity
of the direct measurement [16].
tributions are summed and Figure 6 displays the
variation of the resulting sum as a function of
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