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1. b— s¢t¢~ transitionsat CDF

The FCNC procesb — st/ is prohibited at tree level, and occurs in the SM through higher
order diagrams. Although the branching ratio of edich> st/ mode is quite smallg’(107°),
the decay is experimentally clean due to opposite sign leptons. The exctisinaelsB™ —
K*putu~ andB® — K*%u*u~ have been observed at Bel[¢ [}, 2] and Bagr [3]. The analogous
decayB{ — @u*u~ has not been observed. TypicaBydecays amplitudes are calculated using
Wilson coefficients[J4] through an Operator Product Expansion. THeow coefficientC;, Co,
and Cyg describe the perturbative part of the amplitudes from the electromagnetiime the
vector electroweak, and the axial-vector electroweak contributionsectigely. These amplitudes
may interfere with non-SM contributionf] [5], therefore the transition ca@rthe presence of as
yet unobserved particles and processes. More specifically, the ligpeeard-backward asymmetry
(Aes) and the differential branching fraction as functions of dilepton invanmaass(M,) in the
decaysB — K*0¢*¢~ differ from the accurate SM expectations in various extended moflels [6].
Recently BaBar[]7] and Bell¢][8] updated theiggAmeasurements in the® — K*%u*u~ mode .
It is interesting that both experiments showed largeg fhan the SM expectation including in the
smallg? region @2 = M,,c?) where predictions are more accurate.

CDF has updated the analysis®f — K+u*u~—, B — K*0u*u~ andBY — @u*u~ with
integrated luminosity of 4.4 fb' [B]. CDF obtains a signal yield for thB® — K*u*p~ decay
mode equal to 103 12 (102 expected) and a signal yield for the — K+ u*u~ equal to 121
+ 16 (142 expected). For tgd — @u*u~ decay mode, we obtain 2% 6 (31 expected) decays,
corresponding to a statistical significance of aboat @his is the first observation of thgd —
outu~ mode. FidJl shows thB mass distribution for each rare decay. The obtained branching
ratios are consistent with world averages and theoretical expectatidres branching ratios are
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Figure 1. The B invariant mass o8+ — K+tu+u~—, B® — K*0u*u~ andB? — @utu~ for 4.4 fo~! at
CDF, respectively. Histogram shows the data. Solid, daséed dotted curve shows total fit, signal PDF
and background PDF, respectively. Fit rangeBor— K*u*u~ andB® — K*Ou+u~ (B — gutu~)is
from 5.18 GeV¢? (5.00 GeVr?) to 5.70 GeV2. Vertical lines show the signal region.
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measured relative to the corresponding resonant control chaBels)(/ h) using the relation:

|oose
BB—hptps) N & 1 -
= : : - BA/Y— ptu), (1.2)
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whereNr’]\‘”’\iu,/(NB‘;‘L’pSﬁ) are theB — hutu~(B — J/yh) yields after the optimal neural net cut

(at the loose selection) requiremeaﬁ?ﬁﬁ/sﬂ]ﬁiﬁ, is the relative efficiency of the loose selection,
e,'}'“ﬂ“_ is the neural net (NN) cut efficiency of the loose selection sample. Thes&éttion is
not applied tal/wh channels, because the signals have sufficient purity even with the lelese s
tion. The relative efficiencies and NN selection efficiencies are obtamed MC. The dimuon
mass spectrum is cut off due to the charmonium veto in the mass rang@s< 812(u+u~-) <
10.09(GeV/c?)? and 1286 < M?(u*u~) < 14.18(GeV/c?)?, and both acceptance losses are cor-
rected suitably. The absolute branching ratios are then obtained usiid) average valueg JL0]

for the control channel branching ratios:

B(BT — Ktutpu~) = [0.38+ 0.05(staf 4 0.03(syst] x 107,
B(B° — KOutu~) =[1.06+ 0.14(stap & 0.09(sysb] x 1078,
B(BY — @utu~) = [1.44+0.33(stat +0.46(sysh]| x 1076,

This is the first measurement of tB& — @u* u~ branching fraction, the rareBf decay observed
so far. These numbers are consistent with our previous regults [tldther B-factory measure-
ments [ [B[32].

The forward-backward asymmetry £8) and K*° longitudinal polarization (F) in B® —
K*Ou*u~ decays are extracted from @sand co$k distributions, respectively, whe@, is the
helicity angle between the™ (1) direction and the opposite of tHEE(B_) direction in the dimuon
rest frame, andk is the angle between the kaon direction and the direction opposite B the
meson in theK*0 rest frame. CDF measures &nd A for B — K*Ou*p~ and also Ag for
BT — K*tu*u~. Fitresults are shown in Fi§] 2. With the current experimental precisiof @4da
is unable to discriminate between the SM and non-SM scenarios, but this wsuof comparable
precision with B-factory results and could be combined with them for impreesditivity.
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Figure 2: F_ and Aeg fit results forB® — K*9u*u~ andBt — K+utpu~ at CDF. From left to right, F
and A for B — K*Ou*pu~ and A for BY — K+u*pu~ are shown. Histogram is the fit result, solid
(dotted) curve is the SMJ; = —C7§f,{,,) expectation, dashed line is the averaged expectatiorcimggabin,
and hatched regions mean charmonium veto.
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2. Search for rare BY(B®) — u*u~ decay modes

The FCNC decay®8¢(B°) — u*u~ occur in the SM only through higher order diagrams
and are further suppressed by the helicity factom, /mg)2. The B° decay is also suppressed
with respect to theB? decay by the ratio of CKM elementsiq/Vis|2>. The SM expectations
for these branching fractions ar8(B? — u+u~) = (3.2+0.2) x 10 % and Z(B° — putu~) =
(1.00+0.1) x 10710 [[[3], which are one order of magnitude smaller than current experimental
sensitivity. New physics contributions can provide a significant enlraaoetoBS(B®) — p*pu~
(L4, I%,[T6[T7[18]. CDF has performed an analysBYB®) — u* u~ with integrated luminosity
of 3.7 fo!. CDF extract 95% (90%) C.L. limits 0(BS — ptu~) < 4.3x 1078(3.6 x 1078) [[9]
and#(B° — utpu~) < 7.6x 107%(6.0 x 10-°) [[[9], which are currently the world best upper limits
for both processes. D@ performs a similar analysis. Latest results aeel lom a data sample of
integrated luminosity of 6.1 fbo'. The observed event rates are, also in this case, consistent with SM
background expectations. D@ extract 95(90)% C.L. limits&Bl — pu~) < 5.1x 1078(4.2 x
1078) [20Q]. The distribution of D@ ’s signal enhancing Neural Net output (8] for details)
and observed distributions of dimuon events in the highest sensitivity regéoshown in Fig[]3.
CDF is currently updating the analysis on a data sample of ¥ @ integrated luminosity. The
sensitivity of this analysis is significantly improved by increasing the evanpkasize, increasing
the trigger acceptance, and by using an enhanced muon selection andaveidnpeural network
(NN) discriminant which provides approximately 25% better backgroujettien for the same
signal efficiency compared to the previous published analysjis [21].

The CDF Il detector is described in detail in Reff.][22]. Charged partieleking is provided
by a silicon microstrip detector surrounded by an open-cell wire driftrdber immersed in a 1.4
T solenoidal magnetic field. This system provides precise vertex deternmrireih momentum
measurements for charged particles in a pseudorapidity fangel1.0, wheren = —In(tan%) and
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Figure 3: NN output and Mass distribution with integrated luminositg fo~* at D@ . Left : Distributions
of : (@)BY — u*u~ signal and sideband events, @) — J/@(u* u~)K* data and simulation. Right : The
distribution ofmy, in the highest sensitivit§ region (a), and the distribution @ in the highest sensitivity
my,, region (b) for data (dots with uncertainties), expectedgamund distribution (solid line), and the SM
signal distribution multiplied by a factor of 100 (dottedsti@d line).
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0 is the angle of the track measured with respect to the proton beam directdxtitiohally, the
drift chamber measures the ionization per unit path lerdfiy,dx, for particle identification. Sur-
rounding the tracking detectors are electromagnetic and hadronic samalorgreters arranged
in a projective geometry. Drift chambers are located behind the calorintetdetect muons in the
central region (C)n| < 0.6 and the forward region (F).6 < |n| < 1.0.

The offline reconstruction begins by identifying two muon candidates obsipp charge
which satisfy the online dimuon trigger requirements. Events must have shegfier of two sets
of requirements implemented in the online trigger system as described in detaifsn [R2,[2B].
The data used in this analysis are selected by two classes of dimuon tritpyetse CC triggers,
both muon candidates are reconstructed in the central region, while f@Rheggers, one of the
muon candidates is reconstructed in the forward region. The accembimeeanalysis is improved
by 20% by using additional foward muon candidates and by using muondzdes that traverse
detector regions previously excluded due to their rapidly changing trigffieiency. Since they
have different sensitivities, we treat CC and CF channels separatetyicing the results at the
end. Two oppositely charged muon candidates are selected within a dimw@oiaitvmass win-
dow of 4669 < my, < 5.969 GeVt? around theB? andB® masses. Backgrounds from hadrons
misidentified as muons are suppressed by selecting muon candidates uselihadik function.
This function tests the consistency of electromagnetic and hadronic emwétgthat expected for
a minimum ionizing particle and the differences between extrapolated trackttags and muon
system hits[[24] . In addition, backgrounds from kaons that penetretagh the calorimeter to
the muon system or decay in flight outside the drift chamber are furthg@resged by a loose se-
lection based on the measurement of the ionization per unit path ledfgglix [25]. The inputs
to the muon likelihood and theE /dx performance are calibrated using sampled/af — pu+pu~
andD® — K~ decays. To reduce combinatorial backgrounds the muon candidatesjaned
to have transverse momentum relative to the beam diregtian 2.0 GeVEk, and| ri-‘r‘“\ > 4 GeVL,
whereptH is the transverse component of the sum of the muon momentum vectors.rifaieirey
pairs of muon tracks are fit under the constraint that they come from the #aree-dimensional
(3D) space point. To achieve further separation of signal from lrackgl, we employ additional
discriminating variables. These include the measured proper decayitintiee proper decay time
divided by the estimated uncertainfy/ o, ; the 3D opening angle between vect@#é‘ and the
displacement vector between the primary vertex and the dimuon vé&@&xand the B-candidate
track isolation,l. We requireA /o, > 2, A® < 0.7 rad, andl > 0.50. The baseline selection
reduces combinatorial backgrounds by a factor of 300 while keepipgpaately 50% of the
signal events that are within the acceptance (geometric and kinematic raquis of the trigger.
A sample ofB* — J/(@K™ events is collected to serve as a normalization mode using the same
baseline requirements, but including a requiremenppf 1 GeV/c for the kaon candidate and
constructing the8™ — J/WK™* — u™u~ vertex using only the muon candidate tracks.

Information from the following 14 variables is used to construct a NN disciamirf/y) that
enhances signal to background discrimination [26]0,, A, A© and| are defined abovd;, the
magnitude of the displacement vector between the primary vertex and the diradex;Lt /o .,
the significance of the displacement vertex evaluated in the plane tramsvdhe beamlinehOr,

a two dimensional projection a0 in the plane transverse to the beamling,, the x? of the
secondary vertex fitd"®| and|dj""|, the unsigned impact parameters, of each muon in descending
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Figure 4: Left : The distribution of NN output at CDF, the red histogrésrthe signal MC and the black
histogram is sideband data. Right : Background efficienduiastion of signal efficiency, black is new NN

and red is old NN.

order, where impact parameter is defined as the distance of closeshapjf the track’s trajectory
to the primary vertex in transverse planey®|/oy® and ydg,"i”|/ag;in, the significance of the
muon impact parameterd)(B2), the impact parameter of tfg2 candidate; the lower of the muon
transverse momenta. The NN is trained with background events samplethie@ideband regions
and signal events generated with a simulation described below. One-tktiellzdckground sample
is used for NN training, the remaining two-thirds is reserved to test the bagkd discrimination.
Statistically independent sighal samples are used for training and testinfjitheney of the NN.
Several tests are done to ensuretkas uncorrelated witimy,, to avoid sculpting the background
mass distribution. The NN achieves strong discrimination against backgjemishown in Fig]4.
The expected background is obtained by summing contributions from theicatolal continuum
and fromB — h*h~ decays, which peak in thB and B° invariant mass signal region and do
not occur in the sidebands. The contribution from other heavy-flagoays is negligible. The
combinatorial background is estimated by linearly extrapolating from the aidkbegion to the

signal region.
A relative normalization is used to determine 8 — u*u~ branching fraction:

PO )= o L A(E - 3K, (2.1)
whereNs is the number 0B — p* u~ candidate events. The observed numbeBof— J/ WK+
candidates idl; =21,4714+191 and 9814+ 137 in CC and CF channels, respectively. The contri-
bution of Bt — J/@m" events is negligible. The parametey(a. ) is the acceptance of the trigger
andes(gy ) is the efficiency of the reconstruction requirements for the signal (noratadiz) mode.
The ratios of acceptances./as are 0.300+ 0.018 and 0.196 0.014 for the CC and CF topolo-
gies, respectively. These ratios are measured using simulated evehits ancertainty includes
contributions from systematic variations of the modeling of the B-hagkodistributions, the lon-
gitudinal beam profile, and from the statistics of the simulated event sampiesteTonstruction
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efficiency includes trigger, track, muon, and baseline selection effiegienthe ratio of reconstruc-
tion efficiencies i€, /&s = 0.81+0.03 as determined from studies using sample¥/qf — pu*pu~
andB* — J/@K™ events collected with the same triggers. The uncertaingy jtes is dominated
by kinematic differences betwediy — u*u~ andB2(B%) — u*u~ decays. The NN efficiency,
&n, is estimated from the simulation. We ugéB* — J/(K*) = (6.014+0.21) x 10~° and the ra-
tio of B-hadron production fraction,/ fs = 3.55+0.47 [[L§]. The expression faB(B° — pu*u~)

is derived by replacin@? with B and the fragmentation ratio witfy/ fq = 1. Muon reconstruc-
tion efficiencies are estimated as a function of mperusing observed event samples of inclusive
J/Y — utu~ decays.

The expected background is obtained by summing contributions from theicatoiial con-
tinuum and fromB — h™h~ decays. We estimate the combinatorial background by linearly ex-
trapolating from the sideband region to the signal region. We fittjag distribution of sideband
events withvy > 0.70 to a linear function. We only use events with,, > 5 GeV£? in order to
suppress contributions frotm— u*p~X decays. The slopes are then fixed, and the normaliza-
tion is determined for eachy bin separately using the relevant sideband events.Brhehth~
contributions are estimated using efficiencies taken from the simulation,kilitiea of misidenti-
fying hadrons as muons measured iB%— Kt data sample, and normalizations derived from
branching fractions from Refs[ [ILB,]17]. The two-body invariant srdistribution of the simulated
B — h*th~ candidates is calculated from the momentum of the hadrons assuming the mwon mas
hypothesis. The background estimates are cross-checked usingrttiependent control sam-
ples: u*u* events,u™u— events withA < 0, and a misidentified muon-enhangetu— sample
in which we require one muon candidate to fail the muon quality requirementssovkipare the
predicted and observed number of events in these samples for a wide oing requirements
and observe no significant discrepancies. The signal region is diwde five equal mass bins
of 24 MeV/c? and eightvy bins delineated at 0.7, 0.76, 0.85, 0.90, 0.94, 0.97, 0.987, 0.995 and
1.0. The backgrounds, efficiencies, and limits are calculated in each fiminagely. Using a data
sample of 7 fb! of integrated luminosity, collected by CDF experiment, we calculate approximate
expected 95% C.L. limits of 2 1078 for BY — p*u~. The limit is estimated from Ed._2.1 using
the confidence level (CLs) method of Ref. ][27] to extract the 95% C.peupound orl\s; the
limit incorporates Gaussian uncertainties on the signal acceptance asidneffi as well as the
background estimates.

3. Summary and outlook

FCNC decays provide powerful probes of new physics. The CDFDdexperiments cur-
rently provide the most stringent limits on these decays. CDF reports theofisgtrvation of
BY — @utu~ using 4.4 fo'! of integrated luminosity, the most raB? decay observed to date,
and measures its total branching ratio. CDF measures the total branctiinglifferential branch-
ing ratio, and forward-backward asymmetry of the proceBses- K+ u*pu~ andB® — K*utu—,
with respect ta’. CDF also measures ti&? longitudinal polarization iB° — K*°utu—. These
are consistent and competitive with the best published results. At prissgatis no evidence of
discrepancy from SM predictions. CDF has currently the most stringent lonitee decay rate of
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B — u*u~ which significantly constrain large regions of NP parameters space. Wiegpresults
are expected when the analysis will be extended to the full run Il data sample
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