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Search for Bf — J/yx* and the B rare decays Bj—utu~ and
B%—putu~ at CDF

T. SPEER
University of Geneva, 24 Quai Ernest-Ansermet, CH-1211 Geneva 4, Switzerland

We present a search for the Bék meson in the decay B . J /yxE. We measure
the limit of o(BZ). BR(BE — J/yxt)/o(BE)-BR(BE — J/$K*) as a function
of the Bét lifetime, using & 110pb~—! of data collected at the Collider Detector
at Fermilab (CDF). We present also a search for the rare decays Bg—'p'* pu~ and

BS—utu~, setting an upper limit on their respective branching ratios.

1 Search for B — J/yxt

The Bci meson, the bound state of the bottom and the charm quarks, is
expected to have a mass of 6.256 4 0.020 GeV/c?!. It’s lifetime is predicted in
the range of 0.4 — 1.35 ps®.

A data sample of & 110pb~1 collected at the Collider Detector at Fermilab
(CDF) is used 2. The Central Tracking Chamber (CTC) and Silicon Vertex
Detector (SVX) provide momentum and vertex measurement. For the muons,
the muon chambers were used as well.

The invariant mass of two oppositely charged muons, obtained from a
vertex-constrained fit, is required to be within 30 of the J/¢ world average
mass. The x? probability of the fit is required to be greater than 1%. A
third track is then added. As CDF does not have particle identification in
this momentum range, these tracks are processed twice, first as kaons, then as
pions. The x? probability of the vertex-constrained fit of the three tracks is
required to be greater than 5%, and the pr is required greater than 6.0 GeV/e

For the J/$K* sample, a cut on the kaon pr is done at 1.5 GeV/c, as well
as a cut on cr at 150um. A fit of a gaussian signal and a linear background
on the resulting mass distribution (Fig. 1, left) yields 353 & 20 BZ events.

For the J/¢x* sample, a cut on the pion pr is done at 2.5 GeV/c. Since the
B2 lifetime is unknown, four different cuts were used (cT > 150, 100, 85, 60um)
depending on the assumed lifetime. The invariant mass distribution for ¢ >
150pum is shown in Figure 1. The search region is +150MeV/c? around the
expected mass of 6.256 GeV/c?. The candidates are taken in the four highest
consecutive 20M eV /c3-wide bins in that region, and the rest of the distribution
is used to estimate the number of background events in these bins (Table 1).

To determine the relative efficiency (€,.1 = €(By)/€(B:)) a Monte Carlo
event generator with detector simulation was used. A factor to account for the
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Figure 1: Invariant mass distribution of J/¢K* cvents (left) and J/yx¥ events with cr >
150um (right).

decay-in-flight of kaons relative to pions inside the CTC is also included. The
main sources of systematic uncertainties on (&) are the B production, decay
kinematics and trigger simulation (4%) and the lifetimes and ¢7 cuts (3%).

Table 1: For each assumed lifetime, the cr cut used, the relative efficiency (€rq1), the number
of candidates in the four highest conseccutive bins (Niot), the number of background events
expected in these four bins (Npg,) and the resulting 95 % CL upper limit is shown

Lifetime cT cut €rel Niot Nppg(stat) 95 % CL
0.17ps 60 um 250+0.15 40 29.2+ 2.6 0.15
0.33 ps 8 pym 2,10 (.12 25 16.5+ 2.1 0.10
0.5 ps 100 pm  1.8440.11 18 1274+ 1.7 0.070
0.8 ps 150 ypm 1.80+£0.10 10 59+1.2 0.053
1.0 ps 150 ym  1.61£0.09 10 59+1.2 0.046
1.3 ps 150 pmm 1.431+0.08 10 59+1.2 0.042
1.55 ps 150 um 1.353+0.07 10 5941.2 0.040

The method ? used to calculate the 95% confidence level limit of o(BZ) -
BR(B% — J/yx*)/a(BE)- BR(BT — J/yK%) assumes Poisson distribution
for the signal and background and accounts for the uncertainties in Nppg, €ret

and the number of J/¢K*. This limit as a function of the assumed B¥ lifetime
is given in Table 1.

2 Search for B rare decays BS—utu~ and B?—utpu-

In the Standard Model of electroweak interactions, the decays B®—u*u~ are
forbidden at tree level. However they can proceed at very low rate through
higher order diagrams. Current theory * predicts branching ratios of
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BR(BY—ptu~) = (0.6 — 1.9) - 1071° and BR(B®—utu~) < 5.0-107% in
the Standard Model. Observing higher branching ratios would indicate decays
through processes which are extensions to the Standard Model. The previous
CDF measurement® using 17.8 pb~! from Run IA obtained: BR(BJ—u*tp~) <
2.0-107% and BR(B%—utp~) < 6.&- 1076 at 90% confidence level. We use
here an additional 80.1 + 6.4 pb—! from Run IB and combine both data sets
for the final result.

The invariant mass of the muon pair is derived from a vertex-constrained
fit, requiring x? < 12. Both muons are required to have pr > 2 GeV/c. As a
direct measurement is done here, we use the B meson cross-section measured
at CDF to be o(BS) = 3-0(B?) = 2.54 + 0.22 1+ 0.58ub 8 for pr > 6 GeV/c?
and |y(B)| < 1. The muon pair is therefore required to have pr > 6 GeV/c.

The er was required to be > 100um.

. . . +u-
The isolation of the muon pair, defined as I = PTAE p , Was re-
pr{utu=)+) pr

quired > 0.7. The sum is the scalar sum of all tracks within a cone of AR < 1
(AR = /(An)? + (A¢)?) around the momentum vector of the dimuon pair.

The pointing angle, defined as the angle between the transverse momentum
of the dimuon pair and the vector pointing from the primary to the secondary
vertex, is required to be smaller than 0.2 rad.

The search region is the dimuon invariant mass regions 5.205—5.355 GeV/¢c?
for the B and 5.3 — 5.45 GeV/c? for the BY. The estimated mass resolution is
~ 35MeV/c®. Mass windows of +75MeV/c? were similarly used in the Run
IA analysis. The invariant mass distribution of the muon pairs passing all the
cuts is shown in Figure 2. We are left with no candidate either in the BY or
in the B? mass window.

The efficiency and acceptance is for Run 1A 1.59 4+ 0.19 % and for Run IB
2.29 4+ 0.23 %.

Include all systematic uncertainties in our result, using the method de-
scribed in®, the combined Run IA-Run IB 90% and 95% confidence level upper
limits are

BR(BS—ptp~) < 2.6-10"7 (90%CL)

BR(B?—putu™) < 7.7-1077 (90%CL)

BR(BS—u*u~) < 3.4-1077 (95%CL)
BR(B°—pu*u™) < 10.3- 1077 (95%CL)
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Figure 2: Invariant mass distribution of ut u~ events after all cuts.
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