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The DO detector as collected over 3.7 fb~" of high quality data. With this large data set, D0 is able to perform
a number of precision B lifetime and CP asymmetry measurements. Additionally D0 is measuring a number of
properties of B hadrons (Bs and B.) which are currently only accessible at the Tevatron.

1. Bs = J/vy¢

The CP violating mixing phase ¢, is predicted
to be small, -0.04 + 0.01, however, new phe-
nomenon may modify this phase and a large value
of ¢ may be an indication of new physics. B, de-
cays are reconstructed in the mode B; — J/¢¢.
Using 2.8 fb~! of data, 1967 & 65 (stat) events
are reconstructed. The flavor of the initial B, is
determined by flavor tagging using both “same-
side” and “opposite-side” tagging. The decay am-
plitude of the Bj is separated into three indepen-
dent components. These components are either
longitudinal or transverse to their direction and
parallel or perpendicular to each other. There is
a high degree of correlation between Am, ¢s and
the two CP-conserving phases. This makes it dif-
ficult to obtain a stable fit if all parameters are
allowed to vary independently. To obtain a stable
fit, Am is fixed to the measured value of 17.77 +
0.12 ps~! [1]. The two CP-conserving phases are
allowed to vary around the world averages under
a Gaussian constraint with width 7 /5.

After applying the above constraints an un-
binned likelihood fit returns ¢,=—0.57452* and
ATy = 0.19 4+ 0.07 ps~!. Fig. 1 shows the confi-
dence contours in the ATs-¢5 plane.

In addition, the average lifetime of the (B, B;)
system is measured to be 7,= 1.52 + 0.05 (stat)
+ 0.01 (syst) ps (see Fig. 2).

2. B, » DD

In the Standard Model, the mixing phase ¢,
can be ignored when discussing AT';. In this case,
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Figure 1. The confidence-level contours in the
AT, - ¢ plane. The dashed curve is the 68.3%
CL and the solid is the 90% CL.

the mass eigenstates are the CP eigenstates and
any b — c¢s decay into a CP even ground state
arises only from the CP even component. Un-
der certain theoretical assumptions [3] the decay
B, — D*D? is CP-even to within 5% and there-
fore this branching ratio is related to AT, as:

1+ cosps 1 — cosoy
¢>+ ¢

2Br(Bs — D*D*) ~ ATSP
T( _> El 5) El [ 2FL 2FH ]

This analysis is based on 2.8 fb~! and studies
B, decays into two Dg*) mesons. The notation

DS refers to either a D; or Dj since it is not
possible to distinguish between them due to the
undetected particles in D} — Dy /n® decays.
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Figure 2. Lifetime distribution for By — J/v¢¢.

In this analysis, one D' decays into ¢i7
and the other into ¢ouv. The branching ratio
measurement is made by normalizing the B, —
DS D decay to By — D& uw.

The correlation between Dg(¢1m) candidates
and ¢ (K K) candidates is exploited using a two-
dimensional unbinned likelihood fit. Fig. 3
shows the result of the fit, where the fit yields
N(Dspop)= 31.0 £ 9.4. The signal fraction
of B, » DD is determined by assuming
the background is dominated by two processes:
B0 5 DYWDWKX and B, — D{ uvé. Fig 4
shows the two-dimensional mass distributions for
signal and background. The plot is divided into
nine regions and Monte Carlo is to determine the
fraction of events in each region occupied by sig-
nal and background. The data are then fit to
determine the number of signal events. The main
systematic uncertainty in the measurement of the
branching ratio is the uncertainties of the branch-
ing ratios found in the PDG [2]. A final branch-
ing ratio measurement of Br(B; — Dg*)Dg*)) =
0.042 £ 0.015(stat) + 0.017(syst) is obtained giv-
ing 4= = 0.088 + 0.030(stat)+ 0.036(syst).
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Figure 3. Invariant mass distribution m(¢,7) for
the Dg¢op sample

3. B, mass and lifetime

The B, is unique in that it is a bound state of
two heavy quarks of different flavor. By studying
the B, various theoretical models can be tested
against the measured mass and lifetime. The B,
is most easily reconstructed when it decays into
a J/v such as B, — J/yfv (for lifetime measure-
ments due to the high statistics) and B, — J/¢7
(for mass measurements, since there is no unde-
tected neutrino).

Using approximately 1.3 fb=! of data, the de-
cay B, — J/m is reconstructed and is shown in
Fig. 5. An unbinned likelihood fit is performed
resulting in a signal yield of 54 + 12 events, a sig-
nal significance of 5.2 ¢ and a B, mass of 6300.7
+ 13.6 MeV/c?

Using approximately 1.3 fb~! of data, the life-
time of the B, meson is also measured. B, can-
didates are formed by combining a J/v with a
muon. The mass of the J/i¢ + p candidate is re-
quired to be between 3 and 10 GeV. The mass can
be used to separate out the signal from the five
major backgrounds. A signal mass template is
determined using MC and background templates
are measured using data. Fig. 6 shows the fit to
the mass distribution after subtracting the back-
grounds due to Bt and the J/v sidebands.

A fit to the data consisting of a mass shape tem-
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Figure 4. Two dimensional plot of m(¢au) versus
m(Ds¢2p). The signal region is dominant in re-
gion 1 while the background, B*¥° — D*D:KX
is dominant in region 2 and B; — D} puv¢ is dom-
inant in region 3.

plate and a lifetime model is performed. Since the
pr of the B, is not known due to the presence
of the neutrino, the pr of the J/¢ + p is used
as an approximation. The visible proper decay
length is measured and defined as Lwy%
where L, is the transverse decay length. A cor-
rection factor based on MC is then applied to es-
timate the pr of the B, to determine the proper
time. Fig 7 shows the visible proper decay length
for the J/v¢+p sample with projections of the fit
superimposed. A lifetime of 7(B.) = 0.44810:0%
stat & 0.032(sys) ps is obtained, currently making
this measurement the most precise measurement
of the B, lifetime.

4. B, mixing

A measurement of the B, — B, oscillation fre-
quency is a powerful test for the CKM formulism
of the Standard Model. The CDF experiment
has reported the oscillation frequency Amg to be
17.77 + 0.10 (stat) = 0.07 (sys) [4].

Using 2.8 fb~! of data, we have updated our
oscillation frequency measurement. This mea-
surement, combines all of our semileptonic decay
modes as well as the hadronic mode.
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Figure 5. J/vm invariant mass distribution. A
projection of the unbinned fit is overlaid on the
plot.

The data are fit using the amplitude fit method
[5]. The values of Amg are varied from 0 to 30
ps—! in step sizes of 0.5 ps~!1.The fitted value of
the amplitude A is plotted as function of Am.
Fig. 8 shows the amplitude as function of Ams.

We plot the difference AlogL(Ams)=
logLam,(A = 1) — log(Ls,), see Fig. 9. The
points are fitted to a parabolic function and a
value of Am,=18.56 + 0.87 is obtained. The
statistical significance of the minimum is 3.1 o.

5. BT — J/yK~T

The Standard Model predicts a very small
charge asymmetry for B* — J/¢K* decays,
where the charge asymmetry is defined as

ACP(B+ — J/¢K+) =

N(B~ = J/$K~) = N(B+ = J/pK™)
N(B— = J/YK~)+ N(B*+ = J/YK*)

A measurement of the charge asymmetry can
therefore constrain those models which predict
large asymmetries for B* — J/¢K* decays.
B* decaying to J/¢YK* events are recon-
structed and shown in Fig. 10. This distribution
is a combination of B —» J/¢YK,B — J/ym, and
B — J/¢¥K*. Using an unbinned likelihood fit,
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Figure 6. Fit to the J/v + p mass with the J/¢
mass sideband and Bt background subtracted.
A decay length significance of greater than 4 has
been applied.

the fraction of each decay is determined. The
asymmetry due to physics and detector effects
must be removed. In order to measure these
asymmetries, the data are subdivided into eight
samples with different solenoid and toroid polar-
ities and different pseudorapidity of the J/¢ K
system and charge of the kaon candidate. Fit-
ting these eight samples allows an extraction of
the true asymmetry. The direct CP-violating
charge asymmetry is measured to be Agp(Bt —
J/K) = 40.0075+0.0061(stat) +0.0030(syst),
making this the most precise measurement of this
asymmetry.

6. Upsilon polarization

Non-relativistic QCD (NRQCD) is able to pre-
dict both the production and decay of quarko-
nium [6]. One of the predictions from NRQCD for
quarkonium produced at the Tevatron is that the
S-wave should be transversely polarized at high
pr. By measuring the polarization of the Y(15)
and Y(2S) at DO, this prediction can be tested.

One measure of the polarization is

a = (or —20L)/(or + 201)

where o7 and o, are the transversely and longi-
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Figure 7. Visible proper decay length of the J/¢u
sample with the fit projections overlaid.

tudinally polarized components of the production
cross section. The angular distribution of quarko-
nium decaying into two muons is given by

dN

d(cos(@)) o 14 acos®(9%)

where 6* is the angle of the positively charge
muon in the quarkonium center-of-mass frame
with respect to the momentum of the Y in the
lab frame.

The dimuon invariant mass spectrum is fitted
in bins of |cos(6*)|. Fig. 11 shows a fit to the in-
variant mass distribution for a particular |cos(6*)|
bin. The Monte Carlo does not accurately de-
scribe the data, so the MC was weighted so that
both pf and p¥ agree. After this reweighting,
there is good agreement between data and Monte
Carlo, see Fig. 12.

Fig. 13 compares the measured values from
DO (circles) of a for the Y(1S) as a function
of pL. Also shown in Fig. 13 are the pre-
diction of NRQCD (grey band), and the two
limits of the k; factorization model [7] (lower
curve: quark-spin conservation hypothesis) (up-
per curve: full quark-spin depolarization hypoth-
esis). Also shown (triangles) is the previous mea-
surement from CDF [8]. Fig 14 compares the
measured values from DO (circles) of «a for the
Y (2S) as a function of p). along with the predic-
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Figure 8. Combined B, oscillation amplitude as

a function of Am

Figure 9. Combined dependence of A(logL) on

tion of NRQCD (grey band). Am.
Significant pr dependence is seen in the longi-

tudinal polarization for the Y(1S) which is not

seen in the NRQCD prediction.
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Figure 11. Dimuon invariant mass distribution
for events in 0.4 < |cos(6*)| < 0.5.
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Figure 12. Comparison between Monte Carlo
(solid histogram) and data(points) for T(1.5) with
2 < pf <4 GeV.
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Figure 13. « dependence as a function of p% for
Y(1S). The different points and curves are ex-
plained in the text.
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Figure 14. a dependence as a function of py. for
Y(2S). Circles are DO data and the grey band is
the prediction from NRQCD.





