PROCEEDINGS

OF SCIENCE

Measurements of CP violation in the  Bg system at DO

Sergey BURDIN *
University of Liverpool
E-mail: purdi n@i v. ac. uk

An updated measurement of the CP-violating ph@é/é”‘” and measurement of the relative
branching ratio oBs — J/¢ fp to Bs — J/ ¢ using data samples corresponding to an inte-
grated luminosity of 8 fb! recorded with the DO detector are reported.

The 2011 Europhysics Conference on High Energy Physics-2HER,
July 21-27, 2011
Grenoble, Rhbne-Alpes France

*Speaker.
TFor DO Collaboration.

(© Copyright owned by the author(s) under the terms of the Cre&iymmons Attribution-NonCommercial-ShareAlike Licence. http://pos.sissa.it/


mailto:burdin@liv.ac.uk

Measurements of CP violation in the 8ystem at DO Sergey BURDIN

1. Introduction

One of the most intriguing Tevatron results is related to the charge-conjoggagiaty (CP)
violation measurements in tH& system. Both CDF and DO experimeni$ [1, 2] observed de-
viations from the Standard Model predictions for the CP-violating phqlé/é”‘(’) which is mea-
sured in theBs — J/ ¢ decays. Though the deviations are not statistically significant, they
agree with each other and with the measurement of the CP violation iBgfsystem using
same-sign dimuon eventd [3]. In the Standard Model (SM) the dBgay J/{ ¢ goes through
the decay of thé-quark toccs combination, and the value qg]/w is proportional to the an-
gle (3 of the Bs Unitarity Triangle derived from the Cabibbo-Kobayashi-Maskawa kpmaixing
matrix [] and determined by the interference of the decays with and witBoutBs mixing:
—2B3M =arg(VipViy)?—2arg(VepVid= —0.03840.002 [B,[6,[F]. New physics contributions to the
mixing could change the phase and be observed by measuring strongjatefriam the predicted
value: @/%% = —2BSM+ qup ~ @np. The measurement at’¥? in the Bs — J/¢ @ channel re-
quires disentangling the CP-odd and CP-even final-decay states ed&cdhd/ andg are vector
mesons. The CP eigenstates have different angular distributions, niAbses My — M) and
decay widthsfl's = ' — 'y) assuming mass eigenstates are pure CP eigenstates. Measurements
of the CP-violating phasqasj/""” depend o\, and the results are often presented as contours in
the (cpg/w‘p,Ars) plot. An additional complication in these measurements appears dueolit#
non-resonanBwave contribution under the peak (Fig[]L) [B] which introduces unknown fraction
(Fs) and phased;) into the analysis.

The cpgl/“’q’ measurement is more straightforward3a— J/ @ fo decays due to the presence of
the CP-odd final state onlyfd meson is a scalar|[5] but the branching ra#¢Bs — J/¢ fo, fo —
) is approximately four times less tha#(Bs — J/@ @, ¢ — KTK™). Precise determination
of this ratio is the first step towards CP violation measurements usirBsthed /@ fo channel.
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Figure 1: The invariant mass distribution of two

kaon candidates when th&'(¢y KTK~ invariant Figure 2: The invariant mass distribution of two
mass is consistent with tH& mass. The solid line pion candidates when tidg ( rt 7~ invariant mass
is a fit to a sum of th&-wave (1020 meson decay is consistent with thBs mass. The dashed line is the
and a constant term due Swave. fitted fp(980) signal.

2. Event Selection

The signal event candidates for tBe— J/ @ andBs — J/ ¢ fo channels were selected using
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the Boosted Decision Tree (BDT) algorithm. Thay — u*u~ decays give a clean sampleXfiy
candidates. The signal candidates are constructed by adding twateppokarged tracks which
create a common vertex with the muons and have an invariant mass consititehéewy ( fo) meson
in kaon (pion) hypothesis (Figd. [l, 2). The BDT algorithms were trainetti@Monte Carlo (MC)
signal and background samples for background events suppres$sgionypes of background were
considered separately: promgt/(y mesons are produced directly) and non-prondpt/( mesons
are produced in decays bfguarks).

The selections oBs — J/ ¢, @ — K"K~ candidates in case of the relative branching ratio
measurement @ — J/y fo were fixed to be the same as B8y— J/y fo, fo — m"m candidates
except for thefp(980) mass requirement.

The selections dBs — J/Y ¢, ¢ — K*K~ candidates for the CP violation measurement were
tuned to minimize statistical uncertainties cpﬂ‘”"’ andAls. Simple selection criterig][9] were
utilized for a second sample which has been used for consistency chedlsy/stematic effects
studies.

3. Measurement of therelative branching ratio of Bs — J/( fotoBs — J/Y @

The measurement of the relative branching r&jg, = NNBB:JJ//‘ZE . Egifj//ff(p requires knowl-
edge of the corresponding event yields and reconstruction efficiendetailed description of
the analysis is given ifJ10]. The numbers®fevents determined from the/y fo andJ/y @
mass distributions are 534 and 292362 respectively. Th8s — J/{ ¢ yield should be scaled
by the factor 0.88[]2] to take into account tlevave contribution. The mean relative recon-
struction efficiency determined from MC samples and averaged over atutireng periods is
Eroto” =1.204+-0.04.

° The resulting relative branching ratiok,, =0.275t0.041(stat-0.061(syst) with the sys-
tematic uncertainties originating from fitting (17.3%), MC efficiency (9.2%), eliod variables
in BDT (8.9%), fp(980) mass window (4.0%) ar@wave contibution (3.5%).

4. CPviolation measurementsin Bs — J/ ¢

The angular and decay time distributions used inBhe- J/t,u @ analysis are described in

[B]. The following expression illustrates the asymmetry of BgéBs decay rates[ﬂl]TEtg =

2sin(AMt J/ve
(1icos %/""’):‘*rirst/zi?l:fos% g sz | whereP.(t) andP.(t) refer to CP-even+) and CP-

odd (-) final states tagged & or Bs at the production time.

Numbers ofBs — J/ ¢ candidates were determined from mass fits to be 3398 in case
of the BDT selections and 503005 in case of the simple selections. The analysis results are
following: Ts = 1.44372938 ps Ar'g = 0.163"99% ps, @/ ¥? — — 0551938 |A)|2 = 0.5589017
A2 = 023113830, & = 3.15+£0.22, cogd, — &) = —0.11'J5] Fs = 0.173+0.036. Some
parameters are not defined in this report but full description is availaf.irBystematic uncer-
tainties were determined using Markov Chain Monte Carlo technique and cedith statistical
uncertainties. Two-dimensional 68%, 90% and 95% Confidence Level)(€ntours are shown
in Fig. B. Thep-value for the SM point(psj/w"’,Ars) =(-0.038, 0.087 ps') is 29.8%.
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Figure4: Proper decay length evolution of the dif-
Figure 3: Two-dimensional 68%, 90% and 95% ferenceAN = N(Bs) — N(Bs) in the first 0.09 cm
C.L. contours including systematic uncertainties.(3 ps) for the simple selection sample. The curve
The standard model expectation is indicated as aepresents the best fit to the oscillation with the fre-
point with an error. quency ofAMs = 17.77 ps L.

The asymmetry equation above shows that the time-dependent decayrdiesuhd Bs are
not equal given non-zerqﬁ/w. The time-dependent asymmetry can be representeiNas
N(Bs) — N(Bs) = Ng-C- sin(qﬁ/“"p) -sin(AMgt) - e /%, whereNs is number oBs andBs candidates
andC ~ 0.0025 is a dilution factor. Fig]4 shows the proper decay length evolutidxNoih the
first 900 um (~ 2cts) for the simple selection sample. The fit gi\Mg-C-sin(quJ/w‘p) =-8+4
which is consistent with expectations from ¥ %? = —0.55'938 result.

5. Conclusion

This report presents short description of two DO analyses: the measnteof the relative
branching ratio oBs — J/¢ fp and CP violation measurementsBg — J/ ¢. The used data
samples correspond to 8th TheBs — J/ ¢ results supersede the previous DO measurements.
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