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The latest B-physics results obtained in the experiments at the Teva-
tron are presented. They include an observation of new B baryons, new
measurements of lifetime of B hadrons, and the properties of B0

s
meson.
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1. Introduction

B hadrons give a unique possibility to study all kinds of interactions,
both at short and long distance. The QCD becomes a precise science for the
quark systems involving b quark. For example, the lifetime ratios of different
B hadrons are predicted with 1–3% accuracy [1], and the masses of new B
baryons are predicted with a few MeV precision [2]. B mesons are ideally
suited to study the CP-violation and other fundamental properties of the
electroweak interactions. The latest achievement in this field is a precise
test of the unitarity of the CKM matrix, and the measurements with B
hadrons provide an essential input to it [3]. Many properties of B meson,
like the branching fraction of B0

s → µ+µ− decay, or the CP violation in the
B0

s system, are sensitive to the new physics, and can be used to set stringent
constraints on the new models [4, 5].

In this talk I review the new B-physics results coming from the exper-
iments at the Tevatron (Fermilab, USA). They include an observation of
new baryons with b quark, the new measurements of lifetimes of different
B hadrons, the study of the mass and lifetime difference of B0

s meson, and
the CP violation in the B0

s system. The search for rare B decays and the
contribution of the Tevatron into the Unitarity Triangle test are covered in
other talks.

∗ Presented at the Symposium “Physics in Collision”, Annecy, France, June 26–29, 2007.
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2. B baryons

Almost no experimental information on B baryons was available until
2007 [6]. Only the Λb baryon was established, and the indirect indication
of the Ξb from the LEP experiments was reported, without any information
on its mass. The theory predicts the masses of Σb, Ξb and Ωb baryons
with the precision of about ten MeV [2], providing an excellent possibility
of comparison with experiment.

The CDF experiment reports the observation of Σb and Σ∗

b
baryons [7].

These particles are searched for in the decay chain Σ
(∗)±
b

→ Λbπ
±, with Λb →

Λcπ and Λc → pKπ. A sample of about 2800 Λb decays is reconstructed.
Each Λb candidate is combined with an additional pion, and the obtained
mass difference Q = M(Λbπ) − M(Λb) − M(π) is shown in Fig. 1. It is
fitted to the expected signals of Σ±

b
and Σ∗±

b
assuming that M(Σ∗−

b
) −

M((Σ−

b
) = M(Σ∗+

b
) −M((Σ+

b
), and fixing the width of Σb and Σ∗

b
to the

theory prediction. The following masses of new B baryons are obtained:

m(Σ+
b

) = 5808+2.0
−2.3 ± 1.7 MeV , m(Σ∗+

b
) = 5829+1.6

−1.8 ± 1.7 MeV ,

m(Σ−

b
) = 5816 ± 1 ± 1.7 MeV , m(Σ∗−

b
) = 5808+2.1

−1.9 ± 1.7 MeV . (1)

These results agree well with the theory prediction [2].
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Fig. 1. The mass difference Q = M(Λbπ) −M(Λb) −M(π) distribution with the

result of the fit with Σb and Σ∗

b
hypotheses superimposed.
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Both the DØ and CDF Collaboration observe for the first time the Ξb

baryon [8, 9]. It is the first object containing the quarks from all three
families. It is searched for in the following decay chain: Ξb → J/ψΞ, J/ψ →
µ+µ−, Ξ → Λπ, Λ→ pπ. A particular difficulty of this analysis consists in
the fact that both Ξ and Λ baryons decay far from the primary interaction
point producing the soft tracks with large impact parameters, which are
difficult to reconstruct. Special efforts are taken by both collaborations to
increase the efficiency of Ξ reconstruction. The mass spectrum of the J/ψΞ
events obtained by the DØ Collaboration is shown in Fig. 2. The signal of
Ξb production is clearly seen. The Ξb mass measured by both collaboration
agree, although the CDF measurement has a much better precision:

M(Ξb) = 5774 ± 11 ± 15 MeV (DØ Collaboration) ,

M(Ξb) = 5792 ± 2.4 ± 1.7 MeV (CDF Collaboration) . (2)

Both results agree with the theoretical predictions [2].
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Fig. 2. The J/ψΞ mass distribution with the fit of Ξb hypothesis superimposed.

3. Lifetime of B hadrons

The lifetime of B hadrons is another quantity which allows a direct
comparison between theory and experiment. The theoretical predictions are
especially precise for the lifetime ratios τ(BX)/τ(B0), where BX is either
meson or baryon containing the b quark. The following hierarchy of lifetimes
is expected:

τ(Bc) << τ(Λb) << τ̄(B0
s ) ≃ τ(B0) < τ(B+) . (3)

The precision of Tevatron results for the B0
s , Λb and Bc lifetime is now

much better than in all previous measurements [3]. Both CDF and DØ
Collaboration report many new results on the lifetime of B hadrons.
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The CDF Collaboration selects the decays B+→J/ψK+, B0→J/ψK∗0

and obtains [10]:
τ(B+) = 1.630 ± 0.016 ± 0.011 ps ,

τ(B0) = 1.551 ± 0.019 ± 0.011 ps ,

τ(B+)/τ(B0) = 1.051 ± 0.023 ± 0.004 . (4)

This result agrees well with the current world average value τ(B+)/τ(B0) =
1.076 ± 0.008 ps.

The CDF Collaboration also reports the new measurement of the B0
s

lifetime in the J/ψφ final state [10]:

τ(B0
s ) = 1.494 ± 0.054 ± 0.009 ps . (5)

However, this result should be treated with caution, since the final state
J/ψφ is the mixture of BL

s and BH
s states, which have different lifetimes.

Therefore, the translation of this result into the mean B0
s lifetime is not

straightforward. Currently, the mean B0
s lifetime quoted by PDG is based

on the flavour specific B0
s decays only, where the DØ measurement in the

B0
s → µνDs decay [11] still gives the most precise contribution.

The Λb lifetime attracted recently a lot of attention, both from theorists
and experimenters. Earlier theoretical calculations predicted the τ(Λb)/τ(B

0)
ratio around 0.94, while the experimental average, which was dominated by
the LEP measurements, was around 0.75. The recent calculations include
higher order effects and predict a lower ratio 0.86–0.95 [1]. The precision
of the experimental results is also significantly improved, mainly due to the
contribution of the Tevatron experiments. It allows to perform a meaningful
comparison between the theory and experiment.

Both the CDF and DØ Collaborations measure the Λb lifetime in Λb →
J/ψΛ decay [12, 13]. The measurement technique is similar in both cases,
while the CDF has a higher yield because of a larger detector acceptance.
The results show ∼ 2.3σ discrepancy:

τ(Λb) = 1.580 ± 0.077 ± 0.012 ps (CDF Collaboration) , (6)

τ(Λb) = 1.218+0.130
−0.115 ± 0.042 ps (DØ Collaboration) . (7)

In addition, the DØ Collaboration reports the new Λb lifetime measure-
ment in the semileptonic Λb → µνΛc decay [14]. The Λc → K0

s p decay is
used for this analysis. The observed number of semileptonic Λb decays is
about 4400, but the high background level adds an additional complication
for this analysis, prompting a special method of the lifetime measurement
to be applied. The Λb yield is determined in the different proper decay
length bins from the fit of the corresponding K0

s p mass spectrum, and the
Λb lifetime is extracted from this distribution:

τ(Λb) = 1.290+0.119
−0.110 ± 0.012 ps . (8)
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The new Tevatron results now dominate in the world average Λb lifetime.
The resulting lifetime ratio τ(Λb)/τ(B

0) = 0.912 ± 0.032 [3] is in a good
agreement with the theoretical expectation. Still, some controversy between
different experimental results exists, since the most precise CDF measure-
ment is more than 2σ away from all other results. Therefore, additional Λb

lifetime measurements are required to resolve this ambiguity.

4. Properties of B
0

s
system

The B0
s meson has many interesting and unique properties. Contrary to

any other system, the oscillation frequency in the B0
s system is very high,

and two physical states BH
s and BL

s have distinct masses and lifetimes. In
general, this system is described by five parameters: the mass (Ms), the
mean lifetime (τ̄s), the mass and width difference (∆Ms and ∆Γs), and the
CP violating phase (φs) [5]. The Tevatron currently is a unique source of
information on all these parameters.

The CDF Collaboration is succeeded to measure the mass difference ∆Ms

with the significance exceeding 5σ [15]:

∆Ms = 1.77 ± 0.10 ± 0.07 ps−1 . (9)

This result sets a milestone of the Tevatron program and provides an essen-
tial constraint to the Unitarity Triangle.

The DØ Collaboration reports many new results on the lifetime difference
∆Γs and the CP-violating phase φs. One of them comes from the analysis
of the time evolution of the polarization amplitudes in the B0

s → J/ψφ de-
cay [16]. This final state contains both the CP-even and CP-odd amplitudes,
which produce different angular distributions. The lifetime of two CP eigen-
states can be determined from the evolution of these amplitudes with time,
while the CP-violating phase φs can be extracted from their interference.
If the width difference between BL

s and BH
s is large enough, the φs phase

can be obtained even without the flavor tagging of the initial B0
s state. The

result of DØ experiment is:

|∆Γs| = 0.17 ± 0.09 ± 0.03 ps−1 , (10)

|φs| = −0.79 ± 0.56+0.14
−0.01 . (11)

The four-fold experimental ambiguity in ∆Γs and φs values arises because
the flavour of the initial B0

s state is not determined in this analysis. This
result is consistent with the Standard model prediction ∆Γs = 0.088 ±
0.017 ps−1, φs = 0.0042± 0.0014, and the experimental precision still needs
to be improved for a more meaningful test of consistency with the Standard
Model.
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Another DØ analysis measures the branching fraction of the B0
s →

D
(∗)
s D

(∗)
s decay [17]. This decay mode contains mainly the CP-even state,

and therefore can provide an interesting estimate of the width difference
between the CP-even and CP-odd B0

s states ∆ΓCP
s :

2 × Br(B0
s → D(∗)

s D(∗)
s ) ≃

∆ΓCP
s

Γs

. (12)

The following decay chain is selected for this analysis: B0
s → D

(∗)
s D

(∗)
s ,

D
(1)
s → µνφ, D

(2)
s → φπ. The branching fraction is derived from the corre-

lated production of two Ds mesons:

Br(B0
s → D(∗)

s D(∗)
s ) = 0.039+0.019

−0.017(stat)
+0.016
−0.015(syst) . (13)

It is a big improvement in precision of this quantity compared to the only
previously available result from ALEPH Collaboration [18]. The constraint
on the ∆ΓCP

s obtained from this measurement and from (12) is consistent
with the other measurements of the related quantities.

The parameters of B0
s system are also related with the semileptonic

charge asymmetry As

SL through the following expression:

As

SL =
N(B̄0

s → l+X) −N(B0
s → l−X)

N(B̄0
s → l+X) +N(B0

s → l−X)
=

∆Γs

∆Ms

tan φs . (14)

The DØ Collaboration performs two measurements of As

SL. One of them
is extracted from the dimuon charge asymmetry [19], where the following
quantity is measured:

Ad

SL + 0.7As

SL = (−9.2 ± 4.4 ± 3.2) × 10−3 . (15)

The other is obtained from the charge asymmetry in the semileptonic B0
s →

µνDs decays [20]:

As

SL = (2.45 ± 1.93 ± 0.35) × 10−2 . (16)

Combining these results with the value of Ad

SL measured at B facto-
ries [3], the following result is obtained:

As

SL = +0.0003 ± 0.0093 . (17)

All results on the parameters of Bs system can be combined together [21].
The 1σ contour of the allowed values in the ∆Γs versus φs plane is shown
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in Fig. 3. Good consistency of different measurements is observed. The
combined parameters of the B0

s system are:

∆Γs = 0.13 ± 0.09 ps−1 , (18)

φs = −0.70+0.47
−0.39 . (19)

This result is consistent with the Standard Model expectation within 1.3σ.
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Fig. 3. Combination of all measurement of the parameters of B0

s
system. The 1σ

allowed contour in the ∆Γs versus φs plane is also shown.

The CDF Collaboration reports the measurement of CP asymmetry in
the B → h+h− decay, where h± can be either π±, K±, or p± [22]. Many
different decays contribute in this final state. They are separated using the
kinematic and particle ID variables. The obtained results include:

ACP(B0 → K+π−) = −0.086 ± 0.023 ± 0.009 , (20)

ACP(B0
s → K+π−) = 0.39 ± 0.15 ± 0.08 . (21)

The precision of the ACP(B0 → K+π−) is compatible with the results from
B factories, while the result on ACP(B0

s → K+π−) is the first CP asymmetry
in Bs system deviating from the zero value by 2.5σ. Both results agree with
the Standard Model prediction.

In conclusion, the B physics program of Tevatron gives many interest-
ing results, which are complementary to the B factories. Still, much more
results can be expected in the future, since the statistics used almost for all
measurements corresponds to 1 fb−1 per experiment, while at least 4 fb−1

per experiment is expected by the end of RunII.
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