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The confidence level limits of the CDF and D@ searches for the B, BS — ppu~ and B? — p ™ ¢ rare decays

are presented.

1. Introduction

In the quest to find new physics, two comple-
mentary methods are employed: direct searches,
for example searches for supersymmetric parti-
cles, and indirect searches, for example tests for
deviations from Standard Model predictions such
as branching ratios. Through both of these meth-
ods, limits may be set on new physics model pa-
rameters. The searches for the B, B — pu*pu~
and BY — utpu~ ¢ rare decays at the Tevatron
are strong indirect tests of the Standard Model.

2. Search for B, BY - ptpu~

In the Standard Model, the flavour chang-
ing neutral current decays B — utu~ pro-
ceed through loop diagrams and are thus heav-
ily suppressed. The predicted branching ratio
of the B — ptpu~ is (3.4 £ 0.5) x 107° and
the BY — ptp~ is further CKM suppressed to
(1.00 £ 0.14) x 107! [1]. These branching ratios
are both below the sensitivity of the Tevatron ex-
periments, and so an observation of these decay
modes would be clear evidence of new physics,
independently of any model interpretation.

In new physics scenarios, the branching ratio of
B — pTp~ could be enhanced by orders of mag-
nitude. For example, in the MSSM the branching
ratio is proportional to tan® 3. Alternatively, R-
parity violating SUSY would give rise to a tree
level diagram via a sneutrino which would in-
crease the branching ratio sufficiently for an ob-
servation at low tan 8 values. In mSUGRA, the
B — utp~ search complements direct trilepton
SUSY searches [2].

The experimental challenge of a search for

B — utp~ is the large combinatorial background
present in a hadron collider. The key elements of
the analysis are to determine the efficiencies for
observing these decays, to select discriminating
variables in order to reject background and to es-
timate the remaining background contribution.
The CDF and D@ collaborations have searched
for B — ptp~ in 360pb~! and 300pb~! of data
respectively [3,4]. The CDF analysis searches for
opposite sign y pairs in the B? and B} mass win-
dows, while DO are limited by worse mass resolu-
tion and search for the B? decay only and assume
Minimal Flavour Violation allowing BY decays to
be neglected. Both analyses optimise the event
selection without using events in the signal region
in order to avoid introducing biases in the selec-
tion. The outcome of the search is designed to be
a branching ratio measurement or limit depend-
ing on whether a significant signal is observed.
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Figure 1. Invariant mass of control channel

(Bt = J/UK™) candidates.

The analysis procedure is to reconstruct the



normalisation mode, BT — J/@K™* with which a
relative branching ratio for the B — p*u~ can be
obtained. The Bt candidates are shown in figure
1. In the CDF analysis a discriminant is con-
structed to select the B — ptpu~ signal and sup-
press backgrounds whereas the D@ analysis uses
cuts on individual variables to suppress the back-
ground. The remaining expected background is
assessed from sideband regions, and the relative
efficiency and acceptance for the B — ptu~
and normalisation mode are obtained from Monte
Carlo simulations and data. Then, the branching
ratio is obtained relative to the control sample,
Bt —» J/OUKT:

total
0 + -\ _ Np, Op+€py fu
BR(BS AN ) ~  Np+ ag, 6total f

BR(B* - J/UK™)
BR(J/¥ = ptp(})

Here, Np+ is the yield of Bt — J/‘IIK"‘ in the
control sample, Np is the yield of B® — ptu~ de-
cays, ap+ po are the acceptances and eg’i‘lgo are
the efficiencies for the decay modes. The ylelds
Np+ and Npgo, are corrected by the relative pro-
duction fractions, f, and fs, and the branching
ratios of the control sample are incorporated.

CDF and D@ both have dedicated rare B decay
triggers which require two muons. CDF utilises
muon chambers to a pseudorapidity of |n| < 1.0
whereas D@ has a greater muon chamber cover-
age of |n| < 2.0. This difference in the muon
coverage is compensated for by CDF’s tracking
devices which give a finer mass precision. The
CDF analysis is divided into two types of muon
pair, central-central, where central corresponds to
|n] < 0.6, and central-extension, where extension
corresponds to 0.6 < |n| < 1.0.

Both analyses employ three variables, two of
which are the same: the pointing angle, «a, de-
fined as the difference in ¢ angle between the B
momentum direction and the B direction as given
by the vertexing procedure (defined in 3d (2d) for
the CDF (D@ ) analysis); and the isolation of the
B meson defined by

pi(B)
pt(B) + ¥, Pi(AR < 1.0)

Iso =

2)
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where the sum is over all tracks within a cone of

R = /An? + A¢? of 1.0. The CDF analysis
uses the proper decay length

cLM(B)
p(B) ®)

where L is the 3d decay length. The D@ analysis
uses the (2d) variable Ly, /0 (L) instead.
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Figure 2. Likelihood discriminant for signal and
background regions.

The D@ analysis optimises cuts on its three
variables using Pythia Monte Carlo samples for
the signal and data sidebands for the background.
A random grid search is performed, optimising
the cuts to achieve the best 95% confidence level
limit. The optimal cuts are Iso>0.56, a >0.2rad,
and Lgy/0(Lyy) >18.5. The CDF analysis com-
bines its variables into a likelihood discriminant:

II; Pyig ()

L=
II; Ps,g (JEZ) + II; Pbkg (.’L‘,)

(4)

where ¢ is an index over all discriminating vari-
ables and Py;g/pk, (7:) is the probability for an
event to be signal or background for a given mea-
sured ;. The Py /41y (2;) are given by probabil-
ity density functions of the discriminating vari-
ables determined using data sidebands for the



Rare Decays at the Tevatron

background distribution and Pythia Monte Carlo
samples for the signal distribution. The likeli-
hood distributions are shown in figure 2. An
optimisation of the likelihood and the p;(B) is
then performed to achieve the best 90% confi-
dence level limit. A Bayesian approach is used for
this optimisation which takes into account statis-
tical and systematic errors and assumes 1fb~! of
integrated luminosity. The resulting optimal cuts
are pi(B) > 4GeV/c and L > 0.99.

After applying the cuts, the expected back-
ground in the B signal region is obtained by ex-
trapolating the number of sideband events into
the signal region. The CDF analysis scales the
number of sideband events by the expected re-
jection from the likelihood ratio cut. The ex-
pected background is 0.81 £ 0.12 events for the
central-central dimuons and 0.66 + 0.13 for the
central-extended dimuons. The background es-
timate compares well with the number of events
found in several control regions. The D@ analy-
sis does not require the number of events to be
scaled, and obtains an expected background of
4.3 £+ 1.2 events.
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Figure 3. Invariant mass of B — p*p~ candi-
dates in D@ analysis.

The unblinded invariant mass of the dimuon
candidates found by the D@ analysis is shown in
figure 3. Four events are observed in the signal
region, consistent with the expected background,
and the resulting branching ratio limits are

BR(B? = ptp™) <3.0x 1077 at 90% C.L.

BR(B? — ptp™) < 3.7x 1077 at 95% C.L.
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Figure 4. Invariant mass of B — u*p~ candi-
dates in CDF analysis.

The unblinded invariant mass versus the likeli-
hood of the dimuon candidate in the CDF analy-
sis is shown in figure 4. No events were found in
either the B? or BY search windows. The result-
ing branching ratio limits are

BR(B? = ptp™) < 1.5x 1077 at 90% C.L.
BR(B? = ptp™) <2.0x 1077 at 95% C.L.
BR(BY — utp™) <3.9x 1078 at 90% C.L.
BR(BY — ptp™) < 5.1 x 1078 at 95% C.L.

The CDF results are currently the world’s best
limits. Combined results of the CDF and DO
limits are now available [5].

3. Search for B? — utpu ¢

The rare decays BY — ptp~ K+ and By —
ut = K*0 have been observed at Babar and Belle.
However the analogous decays B — u*pu~¢ and
Ay — ptp~ A have not been observed. This type
of rare decay proceeds through penguin or box
processes in the Standard Model and branching



ratios measured by Babar and Belle are O(1077).
Such rare decays allow tests of the SM predictions
for the branching ratio and, given sufficient statis-
tics, the kinematic distributions. The parameters
of these decays are described in terms of the Wil-
son coefficients [6]. The decay amplitude is sensi-
tive to the 9th Wilson coefficient, Cg; the dilepton
mass distribution is sensitive to both C; and Cy
and the forward-backward asymmetry of the lep-
tons is sensitive to Cyg. These coefficients have
been predicted in many new physics scenarios, in-
cluding SUSY and technicolor, and the kinematic
distributions of the rare decays can thus be used
to rule out or verify the various models.
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Figure 5. Invariant mass of control channel

(BY — J/¥¢) candidates.

The aim of the CDF and D@ analyses is to ei-
ther make first observations of the B? and A; de-
cays or to set strong branching ratio limits. here
a limit on the branching ratio of B — utu=¢
by D@ is reported. The branching ratio is mea-
sured relative to the control channel BY — J/¥¢.
This control channel has exactly the same final
state (with J/® — ptp~) as the rare decays
and so many systematic errors and effects are
expected to cancel. The distribution of the in-
variant mass of the BY candidates in the control
sample, BY — J/U¢, is shown in figure 5. The
D@ analysis is similar to the BY — pT ™ analysis
described in section 2. The same discriminating
variables are used in the optimisation procedure.
An additional complication in this analysis is the
removal of the candidates with dimuon masses in

S.M. Farrington

the range of the J/¥, ¥' and ¢ since the contribu-
tion from rare decays is not well understood the-
oretically under the resonances. The candidates
are shown in figure 6. At the time of Beauty 05,
the DO collaboration had performed a sensitivity
analysis which has now been unblinded to yield
a branching ratio limit of < 4.1 x 1075 at 95%
confidence level [7].
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Figure 6. Invariant mass of BY — u*u~¢ candi-
dates.

4. Conclusions

The BY,B% — ptp~ rare decays are a pow-
erful probe of new physics and the Tevatron is
currently yielding the world’s best limits on their
branching ratios with which new SO(10) and
mSUGRA sapce can be excluded. The D@ col-
laboration have set the world’s best limit on the
B? — ptp~ ¢ rare decay which should be seen
at the Tevatron if the Standard Model expecta-
tion is correct and has the potential to provide
knowledge of the Wilson coefficients.
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