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1. Introduction

In order to pursue new physics beyond the Standard Model (SM), the Tevgiroollider
with /s= 1.96 TeVprovides powerful approach withhadrons. At the Tevatramquarks are pair-
produced with enormous cross sectidh fvhich is three orders of magnitude higher thae'ad™
colliders, and generate all sorts lhadrons. This provides privileged access to SM-suppressed
processes such as FCNC transitions @Rdviolation in B¢ mixing. These approaches from flavor
sector at Tevatron are complementary to direct searches for BSM processes like Supersymetry
(SUSY) particles, and alsB physics at thee"e~ experiments. In this paper we focus on studies
for some promising FCNC process8sy K utu~=, B — gutu—, B2 — put u—, andB? mixing,
performed by CDF and DO collaborations.

2. Rare decays

21B—K®uty—andB — utu-

TheB — K® utu~ andB? — gu* u~ decays are dominated by the FCKG- s/ transition.
In the SM framework, the quark transition is forbidden at the tree level. It may occdr yigen-
guin diagram or &/*W~ box diagram at the lowest order. A new physics process could enhance
the decay amplitude and it might be seen as an interference with the SM amplitude. Therefore we
measure various observables related to the magnitude or the complex phase, like branching ratio,
polarization or forward-backward asymmetry.

CDF selects two oppositely charged muon candidates with a momentum transverse to the
beamline, pr, greater than 1.5 or 2®eV/c, depending on the trigger selection. We then re-
constructB — hu*u~ signal candidates, wher® stands forB*, B, or B, andh stands for
K*,K*9, or @ respectively. TheK*0 is reconstructed in the modé¢*® — K, and theg is
reconstructed ap — KTK~. To enhance separation of signal from background we employ an
artificial neural network (NN) technique. Fid.shows invariant mass distribution for each rare
decay. The signal yield is obtained by an unbinned maximum log-likelihood fit oBtle
variant mass distribution. From tH& mass fit with4.4fb~* of data P], we obtain120+ 16
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Figure 1. The B invariant mass oB™ — K*u*u~ (left), B — K*°u*p~ (middle), andB? — gu*u~
(right) for 4.4 fb~1, respectively.
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Figure 2: Differential BR of B® — K*Ou*pu~ (left) andB* — K*utu~ (right). Hatched regions are
charmonium veto regions. Solid lines are the SM expectaéiynwhich use maximum- and minimum-
allowed form factor. Dashed line is the averaged theoretical curve inggdaih.

(BT — K*utu~), 101+ 12 (B® — K*¥u*u~), and27+6 (BY — @u*u~) signal yields, with
8.50, 9.70, and 6.30 statistical significance, respectively. This is the first observation of the
BY — gutu~ mode. Obtained yields are consistent with world average and theoretical expec-
tations. We measure the branching fractions of rare decays relative to the corresponding reference
channelsJ/yh, which have same final states as rare decays but with an intermddipteeso-
nance. Using PDG3] values for BR of reference decays we obtah(B* — Kt pu~) =[0.38+
0.05(sta + 0.03(syst] x 107, Z(B® — K*Ou*u~) = [1.06+ 0.14(stab 4 0.09(syst] x 1078,
B(BY — @uTu~) =[1.44+0.33(stap + 0.46(sysh] x 107°.

We measure the differential decay rate with respect to the dimuon mass. The signal region
is divided into sixq? bins, whereg? = M,,,c>. To obtain the number of signal events in eagh
bin we use the same procedure used in the global yield fit.2=89ows the differential branching
fraction forB® — K*9u*tu~ andB* — K*tutu-.

The forward-backward asymmetnjxgg) andK*° longitudinal polarizationK, ) are extracted
from cosf, andcos6k distributions, respectively, wheg, is the helicity angle betweem™ (u ™)
direction and the opposite of tH& (B) direction in the dimuon restframe, ar@} is the angle
between the kaon direction and the direction opposite t@Btheeson in the<*0 rest frame. We
measurd andAgg for B — K*0u+ u~ and alsoArg for Bt — K+ u*u—. Fit results are shown
in Fig. 3. BothF_ andArg are consistent with the SM and also an example of SUSY model. Our
results are also consistent and competitive with B-factories measurefgfits [

2.2 BY(B%) — putu-

TheB2(B?) — u*u~ decays are also dominated by FCNC process. The decay rates are further
suppressed by the helicity factémy, /mg)2. TheBP decay is also suppressed with respect tdaghe
decay by the ratio of CKM eIemenlMd/Vts|2. The SM expectations for these branching fractions
are#(B — utu~) = (3.42+0.54) x 102 and#(B° — putu~) = (1.004+0.14) x 10719[7]. As
many new physics models can enhance the BR significantly, these decays provide sensitive probes
for new physics.

CDF selects two oppositely charged muon candidates within a dimuon invariant mass windows
of 4.669< m,+,- < 5.969 GeV/c?. The muon candidates are required to have- 2.0GeV/c, and
m“”‘f >4GeV/c, wherem‘ﬁ“* is the transverse component of the sum of the muon momentum
vectors. For CDF analysis, we employ NN to select signal events. The event selection is checked
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Figure 3: F_(left) and Arg(middle) fit results as a function @f for B — K*°u+u~ and Agg(right) as

a function ofg? for Bt — K™ u~. The points show data. Solid (dotted) curve is the SM (an example
of SUSY) expectationd]. Dashed line is the averaged expectation in egtchin. Hatched regions mean
charmonium veto.

with control samples oB* — J/@K™ and sideband in data that the background estimates are
correctly predicted. The™u~ invariant mass distributions for the three different NN ranges are
shown in Fig4, using 3.To~* of data. In the absence of signal, we extract 95% (90%) C.L. limits of
BB — utu~)<4.3x108(3.6x10°8) [8land#(B° — utu~) <7.6x10°8(6.0x10°8)[g],
which are currently the world’s best upper limits for both processes.

DO performs a similar analysis but employs a Boosted Decision Tree (BDT) instead of NN.
With 5fb~! of data, DO has studied the sensitivity to the branching fractid@{ef: u*u~ decays.

An expected upgper limit on the branching fractionZ&B? — u*u~) < 5.3(4.3) x 1078 at the
95(90)% C.L. p].

DO Run Il Preliminary : L~1.6fb™

o _E T ENE W7 R
3 SE B, B, CDF Preliminary 3.7 fo" b Blind Region Run lib-Il
= 40f- PR 0.8<n<0.95 — 38
S : H H 3 o
< 30§ I - s
2 F
2 20F - 3
3 =R
5 10F -
S o . . I B , . 3 3
O 0F—7 3 5! 54 5 55 >
My" p [GeVicY] 22
o
: : . &2
18
16 5 0.95<n,,,<0.995 of 45 A R ﬂ‘s | ”
b B Invariant Mass (u*u) [geV/cz] !

12 . d..S. :

DO Run Il Preliminary : L~1.6fb™
Run lb-1I * Data

Candidates / 24 MeV/c?
®

78 5 52 54 56

55 o N(B* - J/K*)=1683+46 Ik
M " [GeVic?] 3 140 [marpK>
Jlpm
[0}
~, 10 | 2 120 EIBKG
E A= B, B, 0.995<n,,<1.0 3 S 100 — Fit Total
E s E 3 80

I ol H — 8 Fit prob.=13.05%
34 E g &0
g LE E g 0
° E 3 WK,
< E H d n 4 20 P
o 38 5 5.2 5.4 5.6 5.8 3 LT

My’ u [GeVic?] % 1 5.8

Figure 4: Left: Dimuon invariant mass distribution for CDF events satisfying all selection criteria for the
three ranges of NN. Right top: Dimuon invariant mass distribution for DO events after the BDT cut. Search

box remains blinded. Right bottond/ K™ events used as a control sample, in DO data after applying the
BDT cut.
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3. Measurement of theB mixing phase

Analogously to the neutra8® system,CP violation in BY system may occur also through
interference of decays with and without tBg-B2 mixing. TheB? — B2 mixing occurs via second
order weak processes. Itis described in the SMiloyandAl s, mass and decay width difference of
the two mass eigenstatéf andBL. The quantityAl's = 2| 15| cog @) is sensitive to new physics
effects that affect the phage= arg(—Mi2/I" 12), wherel 12 andMj, are the off-diagonal elements
of the mass and decay matrices. In the SM,@f¥ is predicted to be small as 0.004]. If new
physics has different phagg'® from the SM, theg could be dominated bg!'". In this case we
can access the phase by studying the time-evoluti®3 ef J/ @@ decays. Th€P violating phase
BSJ/"”” is defined as the phase between the diBSct: J/ (¢ decay amplitude and mixing followed
by decay amplitude. ThgsM is described by CKM matrix elements asy —WsVij,/VesVy,) and
predicted to be small, 0.020]. Since@'P contributes to botly and s, large s would indicate
existence of new physics contribution.

To extractAl's and Bs, an unbinned maximum likelihood is performed. TBg — J/We
consists of botfCP-even and -odd final states. Although the obsel@&dasymmetry might be
diluted by the opposit€EP components, we can perform unbiased measurement taking into account
time evolution of angular distributions of the decay products. Information about mixing is obtained
from flavor tagging oB2 meson, which is based on kaon tracks associated witB}meeson and
the properties and decay tracks of the otBdiadron in the event. Since there is an exact symmetry
in the signal probability density function, which contains the strong phases among the three partial
waves, the likelihood function shows two symmetric minima inAﬁ@-BsJ/"U‘p plane.

Both CDF and DO have performed flavour tagged analysis div 2'&f data [L1,[12]. CDF
selected about 3200 signal events with NN, while DO selected about 2000 signal events with a cut
based selection. Fif.(top left) shows the confidence regions for CDF and Bi@op right) shows
the fit result for DO. DO updates the result from their previous publication result, which restricted
the strong phase andd, to the values measured in tB8 — J/WK*C system. DO removes the
constraints and also includes systematic uncertaintiésygnCurrently the compatibility with the
SM point is 1.& for CDF and 1.2 for DO. We then combine both profile likelihoods. Detail of
combination is described in RefLd]. Fig.5 (bottom) shows the combined results of CDF and DO,
which exhibit a2.10 deviation from the SM.

4. Conclusion

At the Tevatron a riclB physics program is ongoing. CDF reports the first observation of

BY — gu*u~ and measureArg(B — K utu~) in hadron collisions, which is competitive to

ete” B-factories. CDF updates thBd(B°) — u*u~ analysis using.7fo~! and continues to
improve its world-leading upper limit. DO continues to improve ti8dir+ u*u~ analysis and with

5fb~! their expected limitis#Z(B? — u*u~) < 5.3(4.3) x 108 at the 95(90)% C.L.. Both CDF

and DO have updated the3, /%% measurements with? — J/ ¢ using2.8fb~! of data. Combined

result of both experiments showd.o deviation from the SM. The Tevatron is performing well

with planed running through 2011 will provide double the datasets used for results presented here.
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Figure 5: Two-dimensional profile likelihood as confidence contoursﬁf’“” andAr s for CDF’s prelimi-

nary analysis using.8fb—* of data (top left) and DO’s published analysis ust@fb~* of data, but allowing
strong phasesg to float and systematic uncertainties are included (top right), and the combined results (bot-
tom). The SM expectation and uncertainB2l!, Ar $M)= (0.04, 0.088+0.017ps %) [14] is indicated by the

black line. The region allowed in new physics model giver\by = 2|I" 15| cosgs is also shown (light green
band).
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