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Abstract. We review latest experimental results on the Bs mixing and lifetime difference mea-
surements at CDF. We report on the latBsndArl's results fromBs — J/(@¢@. We also discuss
flavor specificAl's measurements, including information from hadronic chaniils;; DsDs and

Bs — KK. We describe the new flavor tagging methodology and its calibration usirigy ibeilla-
tions.
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Bs MESON PHYSICS

The time evolution of a mixture of thBY and its antiparticIeB_g is described by the
B(t) .y [ Ba(t)

== =M-iz) | =2 , whereM and T are the
so) )~ ™M)

2x2 mass and decay matrices that relate the flavor eigensBftes)d B2, with the
mass eigenstateBY andB}. The difference in mass and width betweBf and BS

is related to the off diagonal elements of the mass and decay matrices as follows:
Ams=my —m_ ~ 2|M1o| andAl =T — "'y ~ 2| 12|cosgs, wheregs = arg(—Mai2/T 12)

is the CP phase ang, ~ 0.04 in the standard model. The fact that the mass eigenstates
are not the same as the flavour states gives rise to oscillations betweB ahe B
states with a frequency proportional to the mass difference of the mass eigeAstates

Schrodinger equationd (

MEASUREMENTS OF Al's AND CP VIOLATION PHASE Bg’/""”

While Ams has been measured to great precisfiins has so far been measured impre-
cisely. To proceed with a measurementdis one assumption is generally made: that
theB{ light mass eigenstate is CP even and the heavy state is CP odd. With this assump-
tion, two approaches to measurings are pursued. The first is to analyBg — Jyg
decays, fitting the angular distributions between the decay products in order to decipher
the CP odd and even content. The second is to measure the lifetime in a CP specific
decay for which the proportion of CP odd and even states is known a priori.



Flavor Specific measurementB? — DS Dg

The decayB? — DZ Dy is ab — ccs decay with purely CP even composition. There-
fore a lifetime measurement 82 — D¢ Dg would measuré . Moreover, the branch-
ing ratio of theB? — D¢ D mode provides an indirect measurement of the difference in
width between the two weak eigenstates through the reldtfayil's = 2 x Br(BJ —
DIDg) [1]. CDF, using 35Hb~! integrated luminosity, measured tB$ — DIDg
(DE — ¢t or K*K or rrrrrr) branching ratio relative to that & — DD~ [2]:
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From this measurement, a 95% confidence level limitAbg/I's > 0.012 was set.
At CDF, we are currently exploiting a new Neural Network mhselection strategy
to update theAl's/I's measurement in thBY — DIDg decay. In 1.6fb™!, the new
selection yields~ 105B? — D¢Dg and~ 1930 B8 — DI D~ events respectively. In
Figure 1 we show the fit to the invariant mass for Bfe— DI Dg (D& — @) and
BY — D{D~ (D* — krrt, DE — @) events, respectively.
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FIGURE 1. Fit to the invariant mass @2 — D¢ D (D& — @) candidates (left) anB° — DD~
(D — ki, DE — @) candidates (right).

Flavor Specific measurementB? — KK~

The decayB? — K™K~ is ~ 95% CP even and therefore a lifetime measurement in
this state can be combined with knowledge of ave@gtfetime in order to obtain an
indirect measurement & s. The CDF Il detector collects and reconstructs significant
samples oB° and B charmless two body decays. In particular, using a data sampl
of 360pb—, CDF measured thB2 — K*K~ lifetime to bet(BY — K*K~) = 1.53+
0.18 (stat) +0.02 (syst) ps. Combining the CDF measurementRff — K+K~ lifetime
with HFAG averagé! lifetime in flavor specific decays(B2) = 1.454+0.040ps, CDF
measured\s/Aro(BY — K+K~) — —0.08+0.23 (stat) + 0.03 (sys).



ATin B — J/@@ and CP Violation PhaseBs’*?

The study oB2 — J/@e decaysd/@ — u*u~ andg — KTK™) allows the search-
ing for CP non-conservation beyond the Standard Model ($Mthese decays CP vi-
olation occurs through the interference between the decgjitades with and without
mixing. In the SM the relative phase between the decay angag with and without
mixing is BSM = arg( —VisVip/VesVy,) and itis expected to be very small [3]. New physics
contributions manifested in the mixing amplitude may alter this mixing phase by a
quantity @P leading to an observed mixing phasg?? = 285 — @'P. Large val-

ues of the observeﬂg/w would be an indication of physics beyond the SM [1]. The

decayBl — J/¢ is a physics rich decay mode as it can be used to measu@the

lifetime, decay width differenc@rl s and the CP violation phasﬁl/“’"’. While theB?
meson has spin 0, the final stak@p and @ have spin 1. Consequently, the total angu-
lar momentum in the final state can be either 0,1 or 2. Statdsamgular momentum
0 and 2 are CP even while the state with angular momentum 1 isddP Angular
distribution of the final muons and kaons fralfiy and ¢ decays can be used to se-
parete the CP eigenstates. There are three angles thatetemplefine the directions
of the four particles in the final state. We use the angles {cosOr, ¢r,cosyr} de-
fined in the transversity basis introduced in [4]. At CDF,ngs2.8 fb ! integrated lu-
minosity, an unbinned maximum likelihood fit is performedetxtract the parameters

of interest,Bgl/W andArls. CDF reconstructs a signal sample~of3200 events using a
Neural Network based selection. The measBgtifetime and decay width difference
aret(B2) = 1.53+0.04(stat) +0.01(syst) ps andAl = 0.02+ 0.05(stat) + 0.01(syst)
ps~1. An exact symmetry is present in the signal probabilityritistion which is invari-
ant under the simultaneous transformatiofis(2> m— 2035, Al — —Al', 9| — 21— 9,
andd, — pi —d,). This causes the likelihood function to have two minimanftence
regions in thquJ/‘p‘p — Al plane are constructed by CDF, Figure 2 (left). The resulting

regions show the expected double minimum structure anch#tedwith respect to the
SM expectation. The significances of the deviation is 1.8dded deviations. Combina-
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FIGURE 2. Confidence regions in thBSJ/W — Al plane from CDF (left). Confidence regions in the
@ — Al plane corresponding to the combined CDF and DO dataseld)(rig

tion of the CDF and DO results has been performed [5]. The aoation includes the
DO analysis with 2.8 fb! [6] and a previous CDF result [7] that used only 1.35%lof



data. Confidence regions, shown in Figure 2 (right), resudt 220 deviation ofBgl/w"’

from the SM. Although the combined deviation from the SM estp&on is not statis-
tically significant, the independent CDF and DO fluctuationthe same direction are
interesting to follow in the future as the analyzes will belafed using more data. By
the end of the Tevatron running, samples of 8flare expected. A joint effort of the
CDF and DO is currently underway to produce Tevatron contbocanfidence regions
in theAl's— Bs plan. Two approaches are pursued: the first combines thiengirgional
profile likelihoods of the two experiments, a preliminargut can be found in [8]; the
second approach, more powerful but on a longer time scalgevform a simultaneous
fit of the CDF and DO data.

MEASUREMENT OF Bs MIXING AND FLAVOR TAGGING

CDF observedd? mixing and measuredms = 17.77+0.12 ps! with remarkable
precision [9]. Good sensitivity tdms can be exploited to calibrate improved flavor
tagging algorithms. At CDF, a new flavor tagging algorithnuimsler development. The
new approach combines the information of alla the track&iénavent. For a giveBs
candidate, tracks are divided in three categories: 1) sratkhe same side in wich the
Bs was found; 2) tracks that are an electron or muon candidatd| B2maining tracks.
For each category, a track flavor correlation neural netustiained; finally, the output
of the track flavor correlation neural networks are combimed likelihood ratio. The
new flavor tagger is currently calibrated and checked on El@arlo samples and on a
newB mixing measurement. The new flavor tagger will be used in thefltagged CP

Violation Phasegy’*? analysis.
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