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The history of particle physics shows that the first evideataeew phenomena very often
comes from the flavour physics. Weak decays of light mesafisated the existence of the fourth
quark; the study o€P violation supported the hypothesis of the third quark fgmaind theB®
meson oscillation lead to the conclusion that the top quamstrbe heavy. Th®& hadrons are
especially suitable for the searches beyond the Standad#MBSM). Theb quark is expected to
have a strong coupling with new particles of many models duéstlarge mass and is therefore
sensitive to the contribution of new physid3;hadrons are abundantly produced at hadron and
ete  colliders, and modern experiments have a well developedthigae of their selection and
study. TheBs meson is one of the most promising particle amongBaliadrons for the BSM
search. The CP violating phenomena relateBgmeson are suppressed in the SM, while they can
be significantly enhanced in many theoretical models. Tigel&KM parameters contributing in
the processes involvinBs meson can only amplify the possible effect.

The Tevatron experiments are very active in the BSM seairitiieaghB physics. This paper
reviews the new results of CDF and D@ collaboration preskateéhe 35th International Confer-
ence of High Energy Physics, such as the searcBfer u*u~ decay, the study df — syt~
transition, the measurement of the like-sign dimuon chasyenmetry, and the study B — J/ ¢
andBs — @@ decays.

The branching fraction dBs andBy decay tou™ u~ pair is expected to be very small in the
Standard Model [1]:

Br(Bq — uu~) = (1.1+£0.1) x 10710,
Br(Bs— utu~) = (3.6+£0.3) x 10°°. 1)

These values can be significantly modified by the contributbnew physics, and many models
predict a much larger branching fraction®f— u*u— decay [2].

The D@ collaboration presented an update ofBhe- u™ u~ search using an integrated lumi-
nosity of 6.1 fbr! [3]. This new analysis contains many important improvers@simparing to the
previous published D@ results [4]. The muon identificatio &rigger selection are improved; a
Bayesian neural network (BNN) is used instead of the lilaghratio method, and the upper limit
on the branching fraction is calculated in several bins ef8BNN output variablg8 andu™ ™ in-
variant mas$/(u*u~). Figure 1 shows the the distribution Bf(* 1 ~) in the highest sensitivity
B region (a), and the distribution ¢¥ in the highest sensitivit} (1" 1 ~) region (b) for data (dots
with uncertainties), expected background distributianlidsline), and the SM signal distribution
multiplied by a factor of 100 (dotted-dashed line). The dimibackground contributions from the
B(D) — utvX decays (dashed line) and tBe— u*vDX decays (dotted line) are also shown. The
result of this analysis gives the new upper limit

Br(Bs — uu~) < 5.1x 108 (observed) < 4.2 x 108 (expected), 95% C.L. 2)

The CDF collaboration previously also released an updatee®y — p™u~ andBs — utu~
search using an integrated luminosity of 3.7 #j5]. They obtained

Br(Bs — uu~) < 4.3x 108 (observed) < 3.3 x 10°8 (expected), 95% C.L..
Br(By — u"u~) < 7.6 x 1072 (observed) < 9.1 x 10~° (expected), 95% C.L.  (3)
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Figure1l: Thedistribution oM (™t ™) in the highest sensitivit@ region (a), and the distribution @fin the
highest sensitivitM (1 1) region (b) for data (dots with uncertainties), expectedbamund distribution
(solid line), and the SM signal distribution multiplied byactor of 100 (dotted-dashed line).

This is the world best upper limit on BBs — pu*p~) and BBy — u™ ™).

The upper limit on B{Bs — u™u~) obtained by the CDF and D@ experiments already now
constrains the parameters of several new models and withpeoved in the future with the increase
of statistics. Nevertheless, the Tevatron collaboratieilsnot be able to reach the SM level of
Br(Bs — ptu~) and this task will be completed by the LHC experiments.

Another rare decap — su™ u~ is also very promising for the BSM searches. This process
occurs in the Standard Model only through loop diagrams sititeirefore sensitive to the contribu-
tion of new physics. This contribution can be detected bymanimg the experimental observables
like the lepton forward-backward asymmetry or the difféi@rbranching fraction as a function of
dilepton mass with the SM prediction.

The CDF collaboration presented an update of the analy8is ef K™ pu+u—, B — K*0u+u—
andBs — @u* u~ decays using an integrated luminosity of 4.4%6]. The measured branching
fractions of these decay modes are found to be

Br(B" — KTu"u~) = 0.38+0.05 (statH- 0.03 (syst)
Br(B® — K*uu~) = 1.0640.14 (stat} 0.09 (syst)
Br(Bs— @u*u~) = 1.44+0.36 (stat}t 0.46 (syst) 4)

This is the first observation of tH& — @u™* u~ decay mode with the statistical significanced.3
The lepton forward-backward asymmetiyg in the decayB® — K*°u+ u~ together with the SM
prediction are shown in Fig. 2. The obtained results areistamd and competitive with the other
current best results obtainedafactories [7]. At present there is no evidence of discrepdram
the SM prediction [8].
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Figure 2: Differential forward-backward asymmetry & — K*Ou*pu~ decay as a function of squared

dimuon mass. Points are the fit result. The solid curve is tlee$pectation [8]. The dotted curve is

theC; = —C7g,f\,|f expectation, wher€; is one of the Wilson coeffcients.The dashed line is the @exta

expectation in each squared dimuon mass bin and hatcheshsegyie charmonium veto regions.

One of the promising directions of the search for the new igbyis the study o€P violation
in mixing of neutralB mesons. The source of this type@® violation is a phasey, of the complex
Bq (g =d,s) mass matrix. The Standard Model predicts very small valfigg and ¢ which are
significantly below current experimental sensitivity [9lhe new physics can significantly change
them [10]. Therefore, a deviation from zero in these phasmddvwe an unambiguous indication
of the BSM contribution. One possibility to constrain {0 violating phaseg, is to measure the
like-sign dimuon charge asymmetﬁg. This quantity is defined as the charge asymmetry in the
number of events with two muons of the same charge produadiobictbaﬁ uuX decays. Insuch
decays one of muons comes from the decay of oscillating @eBitmeson, and the non-ze@P
violating phaseag, results in the non-zero value Ag Since botBy andBs mesons are produced
in pp collisions at the Tevatron, the asymme?@ is sensitive to both thegy and g, phases.

The D@ collaboration reported a new measurememsgoﬂsing an integrated luminosity of
6.1 fb 1 [11]. In this analysis the events with two muons of the sansggdand with one muon are
selected, and the inclusive like-sign dimuon and singlemul@arge asymmetries are measured. In
addition to the direch — uX decay many other background processes contribute in thegaes.
Only the direct semileptonic decdyy— uX can produce th€P violating charge asymmetry; the
charge asymmetry of all other processes is detector-celaé background contributions in this
analysis are determined experimentally with the reducedtifrom simulation. The sample of
events with single muon is used to constrain and control #u&dround. With this approach the
systematic uncertainties are considerably reduced.

A unique feature of the D@ experiment is a regular reversahafinet polarities. Due to
this reversal the charge asymmetry due to the muon recatistius suppressed and the related
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systematic uncertainty is considerably reduced. The meingridominant source of background
asymmetry comes from the difference in the interaction <meection of positive and negative
kaons with the detector material. This asymmetry is measexperimentally.

After subtracting the background asymmetries from theusigk dimuon charge asymmetry,
the resulting like-sign dimuon charge asymmetry is founbdeo

A% = —0.957+0.251 (statyt 0.146 (syst) (5)

. This result differs from the SM prediction by 3.20. The asymmetr)Ag| can be expressed as
a linear combination of the semileptonic charge asymmaeaﬂe(q = d,s) of By andBs mesons.
Therefore, the obtained result is presented in Fig. 3 asgoda band in a two dimensional plane
of a versusad. This result is in a good agreement with other measuremédrttee@’ andal
asymmetries [12, 13].
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Figure 3: Comparison ofA3 with the standard model prediction faf and anda$. Also shown are
the existing measurements aﬁ [12] andag [13]. The error bands represent theél standard deviation
uncertainties on each individual measurement.

The decay8s — J/ @ offers a complementary possibility to probe @ violation in mixing
of Bs meson. Th&P violation in this decay is described by the phgg8é&”?. Within the Standard
Model this phase is related with the an@eof the (bs) unitarity triangle and should be very small
[9I:

VibVis
@V = 2= 2arg<—\$> = —0.038+0.02 (6)
cbVes

However, it can be significantly modified by the new physicstdbution and its variation is the
same as for the phasgg [9].

Both the CDF and D@ collaborations presented an update ofBge- J/@@ analysis. The
CDF collaboration analyzed statistics corresponding tontegrated luminosity of 5.2 fot [14].
In total they reconstructed the world largest sampl8pf- J/ (@ decays containing about 6500



BSM searches through B physics at Tevatron Guennadi Borissov

events. The new analysis contains many important improua&nsuch as the calibration of the
same-side flavour tagging using tBe meson oscillation, or addition ¢ "K~ S-wave in the fit.
Using this sample the CDF collaboration obtained the worlzstnprecise measurement of the
lifetime and width difference oBs meson:

Ts = 1.529+ 0.025 (stath-0.012 (syst) ps
Al = 0.075+0.035 (stat) 0.01 (syst) ps’. 7)

The result of this analysis on ti@&P violating phase3s = —(p]/W‘P/Z is shown in Fig. 4. A good
consistency with the SM prediction is observed with the jpwaat the Standard Model point is
found to be 44%.
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Figure4: Adjusted two-dimensional profile likelihood @ andArl's. The standard model point is indicated
by the black point with error bars.

The D@ collaboration presented an update of their analylsS8Poviolation in Bs — J/(¢
decay using an integrated luminosity of 6.1 #j15]. They obtained

Ts = 1.474+0.04 (stati=-0.01 (syst) ps
Als = 0.15+0.06 (stat0.01 (syst) ps?t. (8)

Their result on theCP violating phasep’/¥? is shown in Fig. 5. The 68% C.L. constraint on the
phaseg; derived from the like-sign dimuon charge asymmetry is alsmag in Fig. 5. It can be
seen that both results are consistent, although the measotef @ phase fromBs — J/@@ is
better consistent with the Standard Model. The CDF and D@sareanents are also consistent
with each other.

The decayBs — @@ is a complementary channel to study @ violation involving Bs meson.
This decay occur througih— s penguin diagram, and the comparisorCéfviolation properties in
this decay and in the dec®¢ — J/ (@ can be very instructive. The CDF collaboration collected a
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Figure5: 68% and 95% C.L. contours in the plaAEs — ¢. Also shown is the 68% contour from the DO
dimuon charge asymmetry analysis [11]. The comparison tenuader the assumption of a single source
of the CP violation in thds — Bs mixing.

large statistics of this decay sufficient to perform the daganalysis. Using the integrated lumi-
nosity of 2.9 fbr! they reconstructed about 300 such decays and performedshméasurement
of the branching fraction and polarization amplitudes [TGje measured amplitudes in this decay
are found to be

|Ag| = 0.348+0.041 (stat)}t 0.021 (syst)
|A|| = 0.287+0.043 (staty-0.011 (syst)
|A,| = 0.365+0.044 (stat}t 0.027 (syst) 9)

These results shows a large transverse polarizationdractinsistent with the theoretical expecta-
tions [17].

In conclusion, the Tevatron experiments are very activesdaches for new physics beyond
the Standard Model. The new resultsBeg— pu™u—, b — su™u~ andBs — @@ have been pre-
sented at the 35th International Conference of High Enehysies. The new measurement of the
like-sign dimuon charge asymmetry performed by the D@ érpent reveals a 3@ deviation
from the SM prediction, while the updated study of e— J/(¢ decay by the CDF and D@
collaboration demonstrates a better agreement with theN&Mertheless, all experimental results
are currently consistent with each other and further studly imnproved precision is required to
reveal a possible contribution of new physics. The unaetaf all measurements included in this
report is statistically dominated, and all results can berowed in the future with the increase of
collected statistics.
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