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Outline

• Tevatron

• DØ detector

• Recent results in B-physics for:

• Lifetime of neutral B-mesons

• Lifetime of Bc± meson

• Semi-leptonic Bs CP violation asymmetry measurement

• Discovery of the baryon: Ωb
± (ssb)

• Summary
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Tevatron
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• The Tevatron:  ~6 km circumference accelerator

• Protons and anti-protons accelerated to 
√s=1.96 TeV

• Rate of collisions ~1.7 MHz

• Bunch spacing 396 ns

• Peak luminosity instantaneous ~3 x 1032cm-2s-1

DØ

CDF

Introduction
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Tevatron: Current Status

• From Run IIa ~1.3 fb-1 was recorded by DØ for analysis.

• To date:

• 5.20 fb-1 delivered by Tevatron,

• 4.54 fb-1 recorded by the DØ detector,

• Projected ~7–8 fb-1 

recorded integrated
luminosity by end
of Tevatron running.

• Results presented 
here based on data 
from Run IIa, 
and Run IIa + Run IIb.
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~85% data taking efficiency

Run IIa
Run IIb

Introduction
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DØ Detector

• Run II detector a significant
 upgrade from Run I.

• Tracking system allows 
coverage |η|<3, enclosed by 
2T solenoid.

• Muon system |η|<2; heavily used in b-physics.

• DØ’s ability to flip polarity of both magnet systems utilised
in asymmetry measurements.

• Further improvements for Run IIb: 
Layer-0
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Neutral B Meson Properties

• Neutral mesons, flavour and mass 
eigenstates different:

•  

• If CP is conserved, then 

• In SM the CP violating phase is very 
small:

• New physics effects may enhance this 
value.

• Oscillation rate dependent on mass 
difference:

• In Bd system ΔΓ ~0; 
    Bs ΔΓs / Γs ~ O( 10% )

• CP-violating effects may be seen in studies 
relating to the off-diagonal element Γ12
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|BH〉 = p|B0
s 〉 + q|B̄0

s 〉
|BL〉 = p|B0

s 〉 − q|B̄0
s 〉 p2 + q2 = 1

|BL〉 = |BCP−even〉
|BH〉 = |BCP−odd〉

φSM
s = −2βs = −2arg

(
− VtsV ∗

tb

VcsV ∗
cb

)
≈ 0.04

∆m(Bd) = 0.507± 005ps−1

∆m(Bs) = 17.77± 0.12ps−1 (PDG)

Introduction

φs ≡ −2βs + φ∆
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Lifetime Results from Neutral B-Mesons

• Two recent analyses from DØ:

• Time-dependent tagged lifetime of 

• Time-dependent untagged relative lifetimes of:

•  

•  

• Tagged analysis increases precision, removes sign ambiguity in

• Simultaneous measurement of  Bs and Bd is performed to allow direct 
comparison of angular and lifetime parameters.

• Data corresponds to data-taking period 2003—2007,  of ~2.8 fb-1 integrated 
luminosity

7

B0
s → J/ψφ

B0
s → J/ψφ

B0
d → J/ψK∗0

φs

Bs,d Lifetime
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• A ‘golden’ channel in B-physics analyses:

• Pseudoscaler to Vector Vector decay

• CP-even:  Amplitudes      ,
CP-odd:   Amplitude

• Separation of even and odd modes with time-dependent angular analysis of 
final-state particles, 

• Decay chain: 

• Clean final state
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B0
s → J/ψφ

B0
s → J/ψφ

K+K−

µ+µ−
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A||
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Bs,d Lifetime
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Initial-state Tagging
• Initial-state same-side and opposite-side 

tagging increase precision,
removes ambiguity on       for given

• Event charge variables are formed for 
opposite-side tags:

• Same-side tagging uses correlations in 
b-quark flavour and kaon charge from 
hadronisation.

• Combined together in a likelihood ratio 
method:

• Tagging power estimated using MC and 
data comparison.

• 2x improvement from oppsite-side 
only

9

φs

Qr =
∑

i(q · pα)k

∑
i(pα)k

α = {T, L}

Bs,d Lifetime

r = {µ,EV,SV, e}

εD2 = (4.68± 0.54)%
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Angular Distributions
• 48k candidate             after selections;

~2000 Bs mesons extracted from fit:

• Unbinned maximum likelihood fit used:
m(Bs), 
proper decay time, 
and the three angles that characterise the 
final state.

• Background distributions separated into:

• Prompt:  Directly produced         with 
other tracks,

• Non-prompt:         from B decay with 
tracks from had. or multi-body decay of 
B-hadrons

10

J/ψ, φ

J/ψ

J/ψ

Bs,d Lifetime



φs = −0.57+0.24
−0.30(stat)+0.07

−0.02(syst)
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Lifetime Results

11

hep-ex:/0802.2255 Acepted PRL

Strong phases constrained

τ̄s = 1.52± 0.05(stat)± 0.01(syst) ps

∆Γs = 0.19± 0.07(stat)+0.02
−0.01(syst) ps−1

Bs,d Lifetime



• Simultaneous measurement of  Bs and Bd is performed;
allows direct comparison of angular and lifetime parameters.

• Bs meson decay using 

• Bd meson decay 

• Selected for similar final state topology.

• Selection requires two good muons, forming       .
Combine with two oppositely charged tracks (within correct 
invariant mass window) forming a common vertex.

• CP-conservation assumed in the Bs system.

• CP-conserving strong phases: 

• Measured phase                           related by
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Simultaneous Measurement of Bd,s Lifetime

12

B0
d → J/ψK∗0

K∗0 → K±π∓

J/ψ → µ+µ−

B0
s → J/ψφ

J/ψ

Bs,d Lifetime

δ1 ≡ arg[A∗
||A⊥] δ2 ≡ arg[A∗

0A⊥]
δ0 ≡ arg[A0] = 0

δ|| = arg[A∗
0A||]

δ|| = δ2 − δ1

CP-even:  Amplitudes 

CP-odd:   Amplitude

A0

A||

A⊥
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Mass Distribution

• After selections we find:
334k Bd candidates and 
42k Bs candidates.

• A simultaneous unbinned likelihood fit is 
performed to both samples.

• Background contributions used in the 
PDF:

• Prompt component from J/ψ and 
tracks from hadronisation

• Non-prompt: J/ψ from B decay, tracks 
for ϕ meson from hadronisation or 
multi-body decays of same B meson.

• Plots are projected results of the fit for 
the invariant mass.
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Bs,d Lifetime
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Results from Bs,d Combined Analysis

• Projected results of the fit to the 
proper decay length distributions plotted

• Fit results:

• Systematic uncertainties from:
Alignment,
PDL resolution,
Mass background distributions,
Likelihood fitting robustness.
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+ |A⊥|
2f3(ω) − ζ Im(A∗

‖A⊥)f4(ω)

+ Re(A∗
0A‖)f5(ω) + ζ Im(A∗

0A⊥)f6(ω)
]

+ sin2 λ · f7(ω)

+
1

2
sin 2λ

[

f8(ω) cos
(

δ‖ − δs

)

|A‖|

+ f9(ω) sin (δ⊥ − δs) |A⊥|

+ f10(ω) cos δs · |A0|]} , (2)

where Γd ≡ 1/τd is the inverse of the B0
d lifetime, ζ =

+1(ζ = −1) for K+(K−); λ, δs, and fi(ω) are defined in
Refs. [2, 14]. For the B0

d, ∆Γd is expected to be zero [13].
An unbinned likelihood fit is performed to extract all

the B0
d and B0

s parameters. For the jth B meson can-
didate, the inputs for the fit are the mass mj , PDL
ctj , PDL uncertainty σctj

, and the angular variables
ωj . The likelihood function L for the untagged decays
B0

d → J/ψK∗0 and B0
s → J/ψφ, is defined by

L =
∏N

j=1

[

fsF j
s + (1 − fs)F

j
b

]

, (3)

where N is the total number of selected events and fs is
the fraction of signal events in the sample, a free param-
eter in the fit.
Fs is the product of the signal probability distribution

functions (PDF) of mass, PDL, and transversity angles,
and the angular acceptances, which are determined via
Monte Carlo simulations. The mass and PDL signal dis-
tributions are modeled for both decays in the same way.
The mass distribution is modeled by a Gaussian func-
tion with free mean and width. The PDL distribution
is described [10] by the convolution of an exponential,
whose decay constant is one of the fit parameters with
a resolution function represented by two weighted Gaus-
sian functions centered at zero. The widths siσctj

of each
Gaussian with scale factors si (i = 1, 2) are free param-
eters in the fit to allow for a possible misestimate of the
PDL uncertainty. The transversity angular distributions
are modeled by the corresponding normalized Eqs. (1)
and (2). The contribution where the mass of the K and π
are misassigned in our data is estimated by using Monte
Carlo studies to be about 13% and is taken into account.
Fb is the product of the background PDF of the same

variables and the angular acceptance as in the signal. We
separate the background contributions into two types.
The prompt background accounts for directly produced
J/ψ mesons combined with random tracks. Non-prompt
background is due to J/ψ mesons produced by a b hadron
decay combined with tracks that come from either a
multibody decay of the same b hadron or from hadroniza-
tion. The mass distribution for the background is mod-
eled by two independent normalized negative-slope ex-
ponentials, one for the prompt and one for the non-
prompt contributions. The PDL distribution for the
prompt background is parameterized by the resolution
function described above. The PDL distribution for the

non-prompt background is modeled by a sum of two ex-
ponential components for positive ct and one for negative
ct that account for a mix of heavy flavor meson decays
and their possible misreconstruction. The angular distri-
butions for the background components are modeled by
a shape similar to that of the signal, but with an inde-
pendent set of amplitudes and phases.

The results of our measurements are summarized in
Table I. Figures 1 and 2 show the mass and the PDL
distributions for the B0

d and B0
s candidates, respectively,

with the projected results of the fits. The parameters
with the strongest correlations are the linear amplitudes
for the B0

d, and the width difference and the mean lifetime
for the B0

s .

TABLE I: Summary of measurements for the decays B0
d →

J/ψK∗0 and B0
s → J/ψφ. The uncertainties are only statis-

tical.

Parameter B0
d B0

s Units

|A0|2 0.587 ± 0.011 0.555 ± 0.027 −
|A‖|

2 0.230 ± 0.013 0.244 ± 0.032 −
δ1 −0.38 ± 0.06 − rad
δ2 3.21 ± 0.06 − rad
δ‖ − 2.72+1.12

−0.27 rad
τ 1.414 ± 0.018 1.487 ± 0.060 ps

∆Γs − 0.085+0.072
−0.078 ps−1

Nsig 11195 ± 167 1926 ± 62 −

Table II summarizes the systematic uncertainties in
our measurements for B0

d and B0
s decays. To study the

systematic uncertainty due to the model for the mass dis-
tributions, we vary the shapes of the mass distributions
for background by using two normalized first-order poly-
nomials instead of the nominal two negative exponentials.
We estimate the systematic uncertainty due to the res-
olution on the PDL by using one Gaussian function for
the resolution model. The fitting code is tested for the
presence of biases by generating 1300 pseudo-experiments
for B0

d and 1000 for B0
s , each with the same statistics as

our data samples. We generated the events following the
PDL, mass, and transversity angular distributions de-
scribed above. The differences between the input and
output values are quoted as the systematic uncertainty
due to the fitting. The systematic uncertainty for δ‖ re-
ported for this source is due to an intrinsic ambiguity
for this parameter in Eq. (1). The pseudo-experiments
produced also cover the other solution for δ‖. The contri-
bution from the detector alignment uncertainty is taken
from Ref. [11]. Other potential sources of systematic
uncertainties have been investigated and found to give
negligible variations in the measured parameters. The
systematic uncertainties for the ratio τ̄s/τd are obtained
by finding the ratio of the lifetimes for each systematic
variation on Table II and taking the difference between
this value and the nominal ratio.

B0
s → J/ψφ

B0
d → J/ψK∗0

Bs,d Lifetime
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Bd,s Lifetime: Results

• Ratio of lifetimes:

• Width difference in the Bs system:

• The polarisation amplitudes in the two system are consistent:
Bd:

Bs:

15

τ̄s

τd
= 1.052± 0.061(stat)± 0.015(syst)

∆Γs = 0.085+0.072
−0.078(stat)± 0.006(syst) ps−1

|A0|2 = 0.587 ± 0.011(stat) ± 0.013(syst)

|A|||2 = 0.230 ± 0.013(stat) ± 0.025(syst)

hep-ex:  0810.0037 sub. PRL

16

the largest differences as estimates of the system-
atic uncertainties.

7. “S wave”: An additional fit is performed with the
gS+P PDF (see next Section). The full gS+P -to-
gP shift is used as a conservative estimate of the
contribution to the systematic uncertainty, as was
done in Ref. [19].

E. Results of the Angular Analysis

Table VI summarizes the results of the fit to the angu-
lar distribution. The fitted values for each channel and
for each year of data collection (with statistical uncer-
tainties only) are shown. Keeping in mind the two-fold
phase ambiguity (Eq. (4)), we obtain

δ‖ − δ0 = (2.73 ± 0.10 ± 0.05) rad,

δ⊥ − δ0 = (0.18 ± 0.07 ± 0.05) rad,

|A0|2 = 0.566 ± 0.012± 0.005,

|A‖|2 = 0.204 ± 0.015± 0.005,

|A⊥|2 = 0.230 ± 0.015± 0.004, (27)

where the correlation matrix of the fitted parameters
(θA, φA, δ‖ − δ0, δ⊥ − δ0) (Eq. (5)) is







1.00 0.00 −0.04 +0.04
1.00 −0.23 −0.09

1.00 +0.65
1.00







.

Angular distributions for the three channels are shown
in Fig. 4. A forward-backward asymmetry is clearly vis-
ible in the comparison of the distributions of cosθK∗ for
(pure P -wave) MC, generated with the amplitudes found
in the data, and for the data samples themselves. This
is due to S–P interference.

In a series of 168 simulated experiments of the same
size as the data sample, we find that the probabil-
ities for obtaining a larger likelihood than that ob-
served for the data are 11%, 47%, 58%, and 25% for
the K±π∓, K0

S
π±, K±π0, and combined samples, respec-

tively.
The results for J/ψ K∗0 and J/ψ K∗± decays are found

to be compatible with each other (Table VI); this con-
firms the expectation of isospin symmetry.

From Eq. (27), we note that δ‖ − δ0 differs from π by
3.6 standard deviations and that δ⊥ − δ0 differs from 0
by 2.0 standard deviations. In order to determine the
uncertainty in δ‖ − δ⊥, the combined data sample is refit
using δ‖ − δ⊥ and δ0 − δ⊥ as phase parameters. The
resulting amplitudes and the value of δ0 − δ⊥ were as
before, and this refit yields

δ‖ − δ⊥ = (π − (0.60 ± 0.08 ± 0.02)) rad, (28)

where the systematic uncertainties have been estimated
as in Sec. IVD. The δ‖−δ⊥ statistical uncertainty agrees
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FIG. 4: Angular distributions. Histogram: Inclusive J/ψ MC
sample (p∗

J/ψ > 1.3 GeV/c). Points: Data. The spectra are
acceptance-corrected, background-subtracted, and normal-
ized to the estimated yields (Table II). The visible forward-
backward discrepancy in the cos θK∗ distribution is due to
the Kπ S-wave amplitude present in the data, and absent in
the MC sample. The related systematic uncertainties in the
measurements of the decay amplitudes are listed in line 7 of
Table V.

with that expected from Eq. (27) taking into account the
65% correlation between the δ‖ − δ0 and δ⊥ − δ0 param-
eters. The departure from π is 7.6 standard deviations,
and this demonstrates quite clearly the presence of final-
state interactions between the J/ψ and the K∗.

V. RESOLVING THE STRONG PHASE
AMBIGUITY

In our earlier publication [19] we presented evidence
for the presence of a Kπ S-wave amplitude in the 1.1 <
mKπ < 1.3 GeV/c2 range. We study this S wave in more
detail here, in particular its interference with the P wave
in the vicinity of the K∗(892) resonance. We then use
this interference to resolve the strong phase ambiguity
for the B → J/ψK∗(892) decay amplitudes, using the
observations of Sec. I B.

In the following we will denote the two strong phase
solutions obtained in the analysis of Sec. IV based on a
purely P -wave angular distribution, by:

Solution I : (δ‖ − δ0, δ⊥ − δ0) # (2.7, 0.2), (29)

Solution II : (δ‖ − δ0, δ⊥ − δ0) # (−2.7, π − 0.2).

(30)

The Kπ mass requirement mentioned in Sec. III (mKπ

within 100 MeV/c2 of the nominal K∗(892) mass) is now
relaxed, and the whole kinematical domain for the Kπ
system from B → J/ψKπ decay is used. The mKπ spec-
tra are shown in Fig. 5.

Babar: PRD 71, 032005 (2005) 

BELLE:  PRL 95, 091601 (2005) 

TABLE I: Measured decay amplitudes for B0 and B+ decays. The first error is statistical while
the second is systematic.

B0 B
0

B0 + B
0

B+ B− B+ + B−

|A0|2 0.571 ± 0.015 0.578 ± 0.016 0.574 ± 0.012 ± 0.009 0.600 ± 0.020 0.608 ± 0.021 0.604 ± 0.015 ± 0.018
|A‖|

2 0.216 ± 0.017 0.244 ± 0.018 0.231 ± 0.012 ± 0.008 0.194 ± 0.019 0.243 ± 0.021 0.216 ± 0.014 ± 0.013
|A⊥|2 0.213 ± 0.017 0.178 ± 0.017 0.195 ± 0.012 ± 0.008 0.206 ± 0.019 0.149 ± 0.019 0.180 ± 0.014 ± 0.010

arg(A‖) −2.934 ± 0.134 −2.851 ± 0.114 −2.887 ± 0.090 ± 0.008 −3.070 ± 0.142 −3.129 ± 0.172 −3.090 ± 0.108 ± 0.006
arg(A⊥) 2.878 ± 0.088 2.993 ± 0.089 2.938 ± 0.064 ± 0.010 2.964 ± 0.099 2.988 ± 0.121 2.983 ± 0.076 ± 0.004
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FIG. 2: Distributions of projected angles for B0 → J/ψK∗0(K+π−). Solid lines show results of the
fit. The data points are corrected for the detector efficiency and the backgrounds are subtracted.

arg(A⊥) [6]. We take the choice consistent with the s-quark helicity conservation hypothesis,
which is shown by BaBar to be the physical choice [7]. The normalization condition of the
amplitudes, |A0|2 + |A‖|2 + |A⊥|2 = 1, is taken into account by adopting the extended

likelihood defined as − ln L = −
∑Nobs

i=1 lnGi + Nexp − Nobs ln(Nexp), where Gi is the value of
the PDF for each event, and Nobs is the number of events used for the fit. Nexp is defined to
be Nobs ·(|A0|2+|A‖|2+|A⊥|2) to incorporate the normalization condition. The normalization
of the PDF is recalculated whenever the fit parameters change. The two charged B decay
modes are combined by defining a single likelihood.

The decay amplitudes determined from the fit are summarized in Table I. The obtained
values are consistent between the two flavors both in neutral and charged B decays, indicat-
ing no evidence for direct CP violation. The flavor averaged values are consistent with our
previous measurement [3] and that by BaBar using 83 fb−1 [7]. Small discrepancies from π
are observed in arg(A‖) and arg(A⊥) for both B0 and B+ decays. The difference of these
two phases is 0.458 ± 0.110 rad in B0 decays, which is shifted from 0 by more than 4σ.
This is interpreted as evidence for the existence of final state interactions. Fig. 2 shows the
projected angular distributions for B0 → J/ψK∗0(K+π−) decays.

Systematic uncertainties in the fit are determined for: 1) detection efficiency (MC statis-
tics and effect of polarization), 2) background angular distribution functions, 3) background
fractions, 4) slow pion efficiency, and 5) non-resonant decay polarization effect. The effect
of the uncertainty in the fraction of the non-resonant production is estimated by varying
the value by ±5σ to take into account the possible contamination of other resonance tails.

7

|A|||2 = 0.244 ± 0.032(stat) ± 0.014(syst)
|A0|2 = 0.555 ± 0.027(stat) ± 0.006(syst)

Bs,d Lifetime



• Bc differs from Bu,d,s due to heavy mass of the c-quark.

• Bc decays via weak decays of b or c quark (other quark 
spectates), or via annihilation.
Additional decay modes – shorter lifetime (predicted: ~1/3)

• Analysis from Run IIa dataset, corresponding to ~1.3 fb-1 
integrated luminosity

James Walder – Lancaster University 12 Nov 2008 – IOP, Lancaster

Introduction Bs,d Lifetime Bc Lifetime Asymmetry bss Bayron Relative rate Summary

Bc Lifetime
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Bc Lifetime

• Select decay 

• First identify selection of tracks of opposite charge, compatible 
with a muon, with 

• A third muon is selected and combined with       in mass window

• Template method used in fitting background contributions.

• ~15k events selected.

• Bc signal is observed with significance 6.4σ.
17
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Bc Lifetime

• Background contributions from ‘fake’ tracks, non-correlated 
J/ψ, μ,                                        and      with prompt J/ψ 
production are accounted for using MC and data.

• Lifetime determined using:

• Displacement of B meson from PV, 

• Visible proper decay length (VPDL),  

• Semileptonic decay means          not fully
 reconstructed (neutrino).
From MC, the ‘K’ factor is determined in 6 bins of M(J/ψ μ).

18

B± → J/ψ(µ, µ)K±(µ±ν) cc̄

!dxy = !xpv − !xsv

cτ(Bc) = Lxy · m(Bc)
pT (Bc)

pT (Bc)

K =
pT (J/ψµ)
pT (Bc)

Bc Lifetime

Lxy =
!dxy · !pT

pTLxy · m(J/ψµ)
pT (J/ψµ)
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Bc Lifetime

•  

• Full unbinned simultaneous maximum-likelihood fit to 
lifetime distribution and mass used to extract lifetime.

19
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τ(B±c ) = 0.448+0.038
−0.036 (stat)± 0.032 (syst) ps

hep-ex: 0805.2614, sub. PRL

Bc Lifetime

~880 Bc mesons estimated from fit

K =
pT (J/ψµ)
pT (Bc)
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Searches for CP violation in Bs Decays

• Search for CP violation in the semi-leptonic decays of 
Bs-mesons.

• Events selected in the decay:

• Charge asymmetry measurement: 

• Final-state Bs flavour determined from muon charge

• Initial-state flavour from opposite-side and same-side tagging 
techniques

• Time-dependent fit improves on previous untagged
 time-integrated analysis

• Integrated luminosity 2.8 fb-1.

20

PRL 98, 151801 (2007)

Bs → D−s µ+νX

D−s → φπ−

φ→ K+K−

Asymmetry

As
SL ∼

N(µ+D−s )−N(µ−D+
s )

N(µ+D−s ) + N(µ−D+
s )
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Searches for CP Violation in Bs Decays

• After selections ~54k Ds candidates are 
obtained in the fit.

• Must account for asymmetries from 
sources: detector, range-out, toriod-
polarity, sign(muon psuedo-rapidity).

• Proper decay length also requires 
K-factor

21

Ds signal region

D± ~ 14k

5

dilution of the initial-state tagging leads to the mixture of these samples:

p+−(x,K, dpr) = pB0(t)→f ·
1 + D(dpr)

2
+ p

B
0
(t)→f

·
1 −D(dpr)

2
, (14)

p++(x,K, dpr) = p
B

0
(t)→f

·
1 + D(dpr)

2
+ pB0(t)→f ·

1 −D(dpr)

2
, (15)

p−+(x,K, dpr) = p
B

0
(t)→f

·
1 + D(dpr)

2
+ pB0(t)→f ·

1 −D(dpr)

2
, (16)

p−−(x,K, dpr) = pB0(t)→f ·
1 + D(dpr)

2
+ p

B
0
(t)→f

·
1 −D(dpr)

2
. (17)

Finally, the distribution of visible proper decay length x for corresponding source is

pV PDL(x,K, dpr) =
1

4
(p+− ·(1+qµ)(1−qT )+p++ ·(1+qµ)(1+qT )+p−+ ·(1−qµ)(1+qT )+p−− ·(1−qµ)(1−qT )), (18)

where qµ is sign of the muon from Bs decay and qT is sign of the initial-state tagging determined from the sign of dpr.
The pdf 18 should be corrected for the detector charge asymmetries. The corresponding procedure was developed

for the previous analyses described in Refs. [3, 5]:

pqβγ(x,K, dpr) = pV PDL(x,K, dpr) · εβ(1 + qµγµAfb)(1 + γµAdet)(1 + qµβγµAro)(1 + βγµAβγ)(1 + qµβAqβ), (19)

where β is the toroid polarity, γ is sign of pseudorapidity (γ = +1 for η > 0 and γ = −1 for η < 0), qµ is charge of
muon from the Bs decays and εβ is the fraction of events with the toroid polarity β = +1 or −1. The parameters
Afb, Adet, Aro, Aβγ and Aqβ were determined from the fit.

The translation from real VPDL, x, to the measured VPDL, xM , is achieved by a convolution of the K factors and
resolution functions as specified below.

P qβγ
j (xM , σxM , dpr) = (20)

∫ Kmax

Kmin

dK Dj(K) ·
Effj(xM )

Nj(K, σxM , dpr)

∫ ∞

0
dx G(x − xM , σxM ) · pqβγ

j (x,K, dpr).

Here

G(x − xM , σxM ) =
1√

2πσxM

exp

(

−
(x − xM )2

2σ2
xM

)

(21)

is the detector resolution of the VPDL and Effj(x) is the reconstruction efficiency for a given decay channel j of this
type of B meson as a function of VPDL. The function Dj(K) gives the normalized distribution of the K factor in a
given channel j. The normalization factor Nj is calculated by integration over the entire VPDL region:

Nj(K, σxM , dpr) =

∫ ∞

−∞

dxM Effj(x
M ) ·

∫ ∞

0
dx G(x − xM , σxM ) · p j(x,K, dpr). (22)

The total VPDL pdf for the µ+D−
s signal is a sum of all the contributions that yield the D−

s mass peak:

P qβγ
µDs

(xM , σxM , dpr) = (1 − Fpeak)
∑

j

Brj · P qβγ
j (xM , σxM , dpr) + Fpeak · P qβγ

peak(xM ). (23)

Here the sum
∑

j is taken over all decay channels that yield a µ+D−
s final state and Brj is the branching rate of a

given channel j. In addition to the long-lived µ+D−
s candidates from B meson decays, there is a contribution, with

fraction Fpeak, of the “peaking background”, which consists of combinations of D−
s mesons and muons originating

from different c or b quarks. The direct c production gives the largest contribution to this background and, therefore,
the function Ppeak(xM ) was determined from cc̄ MC. We assume that this background produces negative and positive
flavor tags with equal probability.

The branching rates Brj were taken from the PDG [17], as were the lifetimes of the B0
s , B+ and B0

d mesons. The
functions Dj(K) and Effj(x) were taken from the MC simulation, as explained later.

cτBs = x · K

x =
!dB
T · !p

µD−s
T

(pµD−s
T )2

· cMB

K =
pT (µ+D−s )

pT (Bs)

Asymmetry



• Time-dependant tagged semi-leptonic charge asymmetry 
measured as:

with 2.8 fb-1 integrated luminosity

• Main sources of systematic uncertainty from efficiency curve 
estimation and cc background contribution to the sample.

• Previous result:  PRL 98, 151801 (2007) :

• Most precise direct measurement to date.

as
sl = −0.0024± 0.0117(stat)+0.0015

−0.0024(syst)
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Semileptonic CP asymmetry: Results

22

8

VIII. RESULTS

Lifetime fit

The efficiency curves for the decay modes contributing to the signal peak were taken from MC. To take into account
possible discrepancies between data and MC due to trigger requirements, the efficiency curve for Bs → XµD−

s was
tuned using the full data sample after fixing the B0

s lifetime to its PDG value and releasing the efficiency parameters
in the likelihood fit.

The contribution of the peaking (prompt) background from direct cc̄ production was estimated to be 8.8% [22].
The lifetime fits for the signal region are shown in Fig. 2.

Asymmetry fits

Combinatorial background

Asymmetries in the combinatorial background were determined from the sidebands. All the asymmetries except
Aro have fit values close to zero.

Signal

As expected, the detector asymmetries were found to be similar for the signal and background. The value of Bs

oscillation frequency was fixed at ∆ms = 17.77ps−1 [23] in the fit. Table I shows the asymmetries for the combined
data sample.

TABLE I: Asymmetry parameters. The quoted uncertainties are statistical.

Parameter RunII,
R

Ldt = 2.8 fb−1

as
sl −0.0024 ± 0.0117

ad
sl −0.0787 ± 0.0371

abg −0.0182 ± 0.0271
Afb 0.0000 ± 0.0021
Adet 0.0001 ± 0.0021
Aro −0.0323 ± 0.0021
Aβγ −0.0005 ± 0.0021
Aqβ 0.0029 ± 0.0021

IX. SYSTEMATIC UNCERTAINTIES

The largest contribution to the systematic uncertainty is due to the efficiency curve. It was estimated by comparing
the results obtained with the efficiency curves from MC (as

sl = −0.0048 ± 0.0117) and the default ones. The second
largest contribution to the systematic uncertainty is due to cc background. Its contribution was varied to 11.8% [22]
and the asymmetry result changed to as

sl = −0.0010 ± 0.0119. The contribution to the systematic uncertainty due

to mass fitting procedure is ∆mass = +0.0004. The uncertainty of total branching fraction of B0
s → D(∗)

s µν decay
contributes ∆

B0
s→D

(∗)
s µν

= −0.0003.

A set of K factor distributions scaled up/down by 2% were utilized to account for the lack of knowledge in the

relative branching fractions of the B0
s → D(∗)

s µν decay, for which no measurements exist. Monte Carlo studies indicate
that a 2% variation is sufficient to account for shifts in the means of the K factor distributions for extreme variations
in the relative branching fractions [20]. Their contributions to the systematic uncertainty are negligible in comparison
with the ones mentioned above.

The final result, including systematic uncertainties, is as
sl = −0.0024± 0.0117(stat)+0.0015

−0.0024(syst).

DØ preliminary result

Asymmetry

∆Γs

∆ms
tanφs = 0.0245± 0.0193(stat)± 0.0035(syst)
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Doubly-Strange Baryon: Ωb

• DØ reported first observation of                baryon.

• Analysis made using Run IIa (~1.3 fb-1) dataset.

• Fully reconstructed decay: 
(similar to        analysis)

• Long-lived decay chain,
requires extended tracking

23

Ωb (bss)

Ω−b → J/ψΩ−

Ω− → ΛK−

Λ→ pπ−
Ξ−b

bss Bayron



M(Ω−) = 1.672 GeV/c2
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Ωb:  Selection

• As usual, a J/ψ candidate is required from two good, oppositely charged muons.

• Events passing this selection are re-reconstructed using the extended version of our 
tracking algorithm;
provides increased efficiency in reconstructing low-pT, high impact parameter tracks.

•                is constructed from  two tracks 
  

• The       candidate is formed from      and a track forming a common vertex 
(assumed a kaon).

• A Boosted Decision Tree selection is also formed
using quality and kinematical variables of the 
daughter particles. 

24

Λ→ pπ− pT > 0.2 GeV/c
1.108 < m(pπ−) < 1.126 GeV/c2

Ω− Λ

Invariant mass from basic selection

After applying BDT 
selection

bss Bayron
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Ωb: Mass
•      candidates with 

were combined with         candidates to form a common 
vertex.

• Mass resolution is improved using variable:

• From 79 candidates fit yields:
  17.8 ± 4.9 (stat) 
signal events.

• Wrong-sign (          ) 
sample shows no 
excess

25

1.662 < m(ΛK−) < 1.682 GeV/c2Ω−
J/ψ

M(Ω−b ) = m(J/ψΩ−) +

[M̂(J/ψ)−m(µ+µ−)] +
[M̂(Ω−)−m(ΛK−)]

ΛK+

bss Bayron
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Ωb: Observation

• A 5.4σ statistical significance is observed; 
Probability of 6.7 x 10-8 of background fluctuation to signal 
level (or greater).

• Systematic uncertainties obtained through varying event 
selection criteria, signal and background models, and 
momentum scale.

•  

• Using the results from recent      observation

• Allows an estimate to be made of: 

26

M(Ω−b ) = 6.165± 0.010 (stat)± 0.013 (syst)GeV/c2

hep-ex: 0808.4142, accepted PRL

Ξ−b

f(b→ Ω−b )
f(b→ Ξ−b )

≈ 0.07− 0.14

R =
f(b→ Ω−b )
f(b→ Ξ−b )

·
B(Ω−b → J/ψΩ−)
B(Ξ−b → J/ψΞ−)

= 0.80± 0.32(stat)+0.14
−0.22(syst)

bss Bayron
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Bs decays to J/Ψ and Ψ(2S)

• Main search for CP violation through Bs decays use the decay
                , 

• Results are currently statistically limited;
so establishing new decay channels gives possibility for 
increased precision.

• Select the decays 

where,                      ,

• Analysis dataset based on 1.3 fb-1 integrated luminosity.

• Only events passing the di-muon trigger considered.

27

B0
s → ψ(2S)φ

B0
s → J/ψφ

B± → J/ψK±

B± → ψ(2S)K±

φ→ K+K−
J/ψ → µ+µ−

ψ(2S)→ µ+µ−

B0
s → J/ψφ

Relative rate



• Two muons combined to form J/ψ, ψ(2S) and momenta 
corrected using mass constrained fit.

•    constructed from two kaons with  

• Discriminate from prompt decays with IP significance cuts 

• Invariant mass distributions
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Invariant Mass
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Bs decays to J/Ψ and Ψ(2S)

• Relative yields given by:

• Efficiencies and Yields:

•  Results: 
Observation of                                      at DØ, with 40 ± 8 signal 
events,
Relative decay rates:

29

5

the data assuming a Gaussian component for signal and
a second-order polynominal distribution for background.
We see clear signals in all four channels. The numerical
results of the fits are listed in Table I.
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FIG. 1: µ+µ−K± invariant mass distribution for the B± →
J/ψ K± data selection. The region between two dashed lines
represents the signal window.
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FIG. 2: µ+µ−K± invariant mass distribution for the B± →
ψ(2S) K± data selection. The region between two dashed
lines represents the signal window.
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FIG. 3: µ+µ−φ invariant mass distribution for the B0
s →

J/ψ φ data selection. The region between two dashed lines
represents the signal window.

The relative yield of B meson decays into ψ(2S) and
J/ψ mesons is given by

B(B → ψ(2S)M)
B(B → J/ψM)

= (1)
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FIG. 4: µ+µ−φ invariant mass distribution for the B0
s →

ψ(2S) φ data selection. The region between two dashed lines
represents the signal window.

TABLE I: Summary of obtained event yields from the fits as
described in the text and signal efficiencies obtained from MC
simulations.

Decay Efficiency Yield
B± → J/ψK+ (1.07 ± 0.02) · 10−3 6276±97
B± → ψ(2S)K+ (1.14 ± 0.04) · 10−3 535±30
B0

s → J/ψ φ (14.4 ± 0.7) · 10−5 565±26
B0

s → ψ(2S) φ (15.2 ± 0.6) · 10−5 40±8

Nψ(2S)M

NJ/ψM
·

εJ/ψM

εψ(2S)M
· B(J/ψ → µ+µ−)
B(ψ(2S)→ µ+µ−)

,

where B is either a B+ or B0
s meson, M is either a

K+ or φ meson, N is the number of signal events re-
turned from the fit, and ε is the reconstruction effi-
ciency determined from MC. The measured branching
fractions B(J/ψ → µ+µ−) = (5.93 ± 0.06) · 10−2 and
B(ψ(2S) → µ+µ−) = (7.3 ± 0.8) · 10−3 are taken from
Ref. [5] and combined into a ratio of branching fractions
B(J/ψ → µ+µ−) /B(ψ(2S) → µ+µ−) = 8.12 ± 0.89.
The uncertainty on the ratio is given by the uncertainty
on the single measured branching fractions assuming no
correlations.

For the measurement of B meson branching fractions
the sources of systematic uncertainties are (i) the branch-
ing fractions of the charmonium mesons to dimuons, (ii)
the individual signal yield determinations and (iii) the
determination of the efficiencies εψ(2S)φ and εJ/ψφ. In
the ratio many systematic uncertainties cancel, such as
the integrated luminosity, b production and fragmenta-
tion and the selection efficiencies. However, the polar-
ization could be different for the B0

s decays. We use a
pure CP-even state for the generated B0

s → ψ(2S)φ and
B0

s → J/ψφ MC.
The relative uncertainties that enter into the calcula-

tion of the relative branching fractions are given in Ta-
ble II. The uncertainty related to the measured charmo-
nium resonance branching fractions enter both measure-
ments and are the same for both. The uncertainties are
treated as uncorrelated and give a combined uncertainty

B(B0
s → ψ(2S)φ)

B(B0
s → J/ψφ)

= 0.55± 0.11 (stat)± 0.07 (syst)± 0.06(B)

B(B± → ψ(2S)K±)
B(B± → J/ψK±)

= 0.65± 0.04 (stat)± 0.03 (syst)± 0.07(B)
(J/ψ,ψ(2S))→ µ+µ−

B0
s → ψ(2S)(µ+µ−)φ(K+K−)

hep-ex:0805.2576 sub. PRD-RC

B(B → ψ(2S)M)
B(B → J/ψM)

=
Nψ(2S)M

NJ/ψM
·

εJ/ψM

εψ(2S)M

× B(J/ψ → µ+µ−)
B(ψ(2S)→ µ+µ−)

,

Relative rate
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Summary

• Brief summary of recent DØ B-physics results; complements and competes 
with B-factories.

• First direct observation ( >5σ ) of                 bayron.

• Tagged analysis in Bs system yield CP violating phase:

• Lifetime measurements made on simultaneous B0{d,s}, and  in B±c mesons.

• Relatives decay rates measured in 

• No significant deviation from SM processes observed.

• Many analyses to be forthcoming with increased datasets, using Run IIb data.

• Most results statistics limited – DØ will improve as more data collected.

30

Ω−b (bss)

τ(B±c ) = 0.448+0.038
−0.036 (stat)± 0.032 (syst) ps

M(Ω−b ) = 6.165± 0.010 (stat)± 0.013 (syst)GeV/c2

B(B0
s → ψ(2S)φ)

B(B0
s → J/ψφ)

= 0.55± 0.11 (stat)± 0.07 (syst)± 0.06(B)
B(B± → ψ(2S)K±)
B(B± → J/ψK±)

= 0.65± 0.04 (stat)± 0.03 (syst)± 0.07(B)

B0
s → ψ(2S)φB0

s → J/ψφ

τ(B0
d) = 1.414± 0.0178 (stat) ps τ(B0

s ) = 1.487± 0.060 (stat) ps

φs = −0.57+0.24
−0.30(stat)+0.07

−0.02(syst)

Summary


