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1. Introduction

TheBS— u*u~ decay is a Flavor Changing Neutral Current (FCNC) processs. strongly
suppressed in the Standard Model (SM) and the theoretiedigtion of its branching fraction is
B(BY — utu~)=(3.2+£0.2) x 10 [1]. A larger branching fraction would potentially indieat
contributions from New Physics. Until now neither an enleament of the branching fraction has
been observed nor the theoretical limit has been reachestimgntally [2, 3, 4, 5]. This paper
describes the first measurement performed by the ATLAS @xrpet using the first 2.4 fb' of
data collected in 2011 [6]. The ATLAS detector is describséwhere [7]. A di-muon trigger with
pr > 4 GeV for each of the two muon candidates was used to selentsVvThe trigger conditions
remained unchanged for the data sample used in the anatysitie average 6 interactions per
crossing have been observed.

2. Analysis Strategy

To be independent of the uncertainties of the Iuminositybi;lnroduction cross-section mea-
surements, the branching fraction measurement is pertbmiith respect to an abundant decay
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whereN is the number of observed events for each decay mégds is the ratio ofb-quark
fragmentation fractionsg andA are the absolute efficiency and the acceptance, respgctiMet
branching fraction, which would correspond to a single olesg event, is defined as the Single
Event Sensitivity (SES). The analysis is blind, i.e. theadabm a di-muon invariant mass region
of & 300 MeV around thé? mass is excluded from the optimization of the selection grace.
Instead, thd? — u* i~ signal Monte Carlo (MC) and the background extrapolateshfsaebands
(4766 MeV <m,;+ - <5066 MeV and 5666 MeV m,;+,- <5966 MeV) are used. The data sample
is split into two parts: one half of the data is used for thes@bn optimization using a multivariate
analysis technique and another half for the background uneaent. For this analysis we take
fu/fs=0.267+0.021 [8] assuming, = fq [9] and nopr or n dependence of the ratio. The yield
N;/yk= is measured from data. The ratios of the efficiencies anddtepsances are estimated from
MC samples, eacl x A product being calculated as the ratio of the reconstructetisalected
events to the number of generated events in the corresgpiMitisample. The number of signal
candidatesN,;+,- is counted after unblinding. Th€Ls method [10] is used for the upper limit
calculation.

The mass resolution and therefore the signal/backgroumaraton power of the ATLAS de-
tector depends strongly on the pseudorapidityf the reconstructed particles. Therefore data was
split into 3 mass resolution categories separatethty.x of the two decay muons: 0-1 (60 MeV
resolution), 1-1.5 (80 MeV resolution) and 1.5-2.5 (110 Me¥olution). The event selection was
optimized separately for each category and the resultscanbioed in theCLs method.
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3. Background Composition

The background comprises of continuous and resonant bawkdrcomponents. The contin-
uous background component originates from the random gmatibn of muon tracks created in
guark-anti-quark annihilation processes. These prosessgld be of prompt (e.g. Drell-Yan) or
of non-prompt (dominated l:iyt_>—> utu~X decays) origin. The resonant background comes from
the decays of neutrdd-mesons with one or two hadrons in the final state. For suchydeone
or both hadrons can be mis-identified as muons, mainly dugetpinch-through of hadron to the
ATLAS Muon Spectrometer or due to in-flight decays. Bie> hh background mimics the signal
topology and therefore is hard to suppress. In the analygs;ontributions from the resonant de-
cays were estimated from the dedicated MC sample usingdiistan mis-identification rates and
accounted for in the limit extraction.

4. Event Selection

For the selection of thBY candidates several discriminating variables related égptimary
and secondary vertices and to the decay muons have beelatadcu-rom these, 14 variables with
the highest discriminating power, which are not correldtethe di-muon mass and not strongly
correlated to each other, were chosen as inputs for the-waulite analysis. The variables [6] are
listed below, where the vectéX is a vector from the primary vertex (PV) to the secondaryerert
(SV) and the PV is chosen as the closest fo the SV of the candidate:

e |aop| pointing angle- absolute value of the angle betweand B in the transverse plane,
e AR-angle/(Ap)2 + (An)2 betweemx and BB,

e L,y transverse decay lengttprojection ofAxX onto & direction,

e ct significance proper decay lengtht = Lyy x mg/ pE divided by its uncertainty,

* X3, X7 - vertex separation significané& T - (gZ,)~*- AXin (x,y) andz, respectively,

e lg7 isolation - ratio of || to the sum of|p8| and the transverse momenta of all tracks,
associated with the PV of thH& candidate, withpt > 0.5 GeV within a conéAR < 0.7 from
the B direction, excludingB decay products,

e |do|™, |do|™" - maximum and minimum values of the absolute transversedhmameter
of the two muon candidates relative to the PV,

o |D)'I;,i”|, |DIMIN| - absolute values of the minimum distance of closest approathexy plane
(or alongz) of tracks in the event to thi vertex,

e P2 - transverse momentum of ticandidate,

o p"¥ pﬁi” - maximum and minimum momentum of the two muon candidatesgatbe B
direction.
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Figure 1: Left: BDT output for the background measuredBf — "~ sideband data (circles) and
the B — u*u~ signal MC (squares)Right: comparison of the BDT output between tBé — J/@K*
(3/@ — putu~) signal MC (triangles) and the sideband-subtracted dégssjssamples, [6].

The agreement between the distributions of discriminatangables in data and MC has been
verified on theB* data (sideband-subtracted) and MC samples. The distiimitof B meson
kinematic variableg? andn® in MC were matched to the ones in data by applying a re-weighti
technique. Additionally, due to the differencesbiquark fragmentation processes betw8&rand
B*, the distribution of the isolation variable was cross-¢eecon theBd— J/ @@ — pumpu—K+K-
data and MC samples. No significant disagreements have beed &nd the residual discrepancies
between data and MC were taken into account as systematictaimties.

The implementation of Boosted Decision Trees (BDT) in theVAVbackage [11] has been
found to be the most powerful multi-variate analysis todie BDT output variable separates well
the signal and the background, as seen in Figutef).(A crosscheck on thB* reference channel
(by applying the same BDT weights) shows good agreementdsetthe MC signal sample and
the sideband-subtracted data (Figureight). The BDT selection and the size of the mass search
window Am have been optimized in each mass resolution category bymmierp the estimator
P = &sig | (14 \/Nog) for 95% CL[12], wheressig is the signal selection efficiency aMyg is
the number of background events in the search region obtaiyneterpolation from the sidebands
(using odd-numbered events only or 50% of the sample).

5. Resaults

The N;/yk+ yield was computed by performing a binned maximum likelithdid on the se-
lected events. The systematic uncertainties on this yielek\vassessed by varying the bin size, the
signal and background fit models, and by inclusion of thegwent mass resolution into the fit.
The uncertainties on the yield are dominated by systematertainties and equal to 2.9%, 7.4%
and 14.1% forn |max intervals of 0-1, 1-1.5 and 1.5-2.5, respectively. Theeaysttic (statistical)
uncertainties on the x A ratio Rga between the signal and the reference channels are 3.1 (3.1)%
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5.5 (4.8)% and 5.9 (5.3)%, correspondingly. The main soofce systematic uncertainty on
the branching fraction, common to all resolution categgris the ratio ob-quark fragmentation
fractionsf,/ fs with 8% uncertainty [8]. Background scaling factors, defias the ratio of contin-
uous background events in the sidebands over those expedterisearch region, have a common
uncertainty of 4%. Other common sources of uncertainty legeabsoluté<* reconstruction effi-
ciency (5%), the difference of the vertex reconstructidictieincies in data and MC (2%), and the
asymmetry in the detector response&kto/K~ (1%).

Table 1 summarizes all quantities required for the uppeit lExtraction: the SESs and their
constituents, the background scaling factors, the numieremnts in the sidebands used for back-
ground interpolation, the estimated number of resonaritgracnd events and the number of ob-
served events in the unblinded region for each resolutitegoay. The unblinded di-muon invariant
mass distributions are shown in Figure 2.

|1 |max range | 0-10 1.0-1.5 1.5-2.5
SES- (gg)71[1079] 0.71 1.6 1.4
€= (fs/fu)/B(B* — J/PYK* — utu~K*) [10%] 4.45+ 0.38

&= N,LIJ/wKi /R, [104 3.14+0.17 1404015 158-+0.26
bkg. scaling factor 1.29 1.14 0.88
observed in sideband regiohlgkg 5 0 2
expected resonant bkl ., 0.10 0.06 0.08
observed in search regiclmjJ+ - 2 1 0

Table 1: Single event sensitivities, background scaling factois @rent counts in the three mass resolu-
tion categories. The SES constituents, expressed by a carntonall resolution categories pastand a
per-category parg;, are also given together with their uncertainties. The gdeincertainties combine in
qguadrature both statistical and systematic uncertainfiess table does not include the additional sources
of common uncertainties described in the text. T\lﬁgg numbers are quoted for 50% of the sample (even
numbered events only), [6].

The expected limit is calculated prior to unblinding by settthe number of events in the
blinded region to the sum of the expected background evémééned by interpolation of the side-
bands and the resonant background contribution. The esgbdintit is 23752 x 108 at 95% CL
(in the given range 68% of the pseudo-experiments are foami}he observed limit is.2 x 108
at 95% CL [6].

6. Summary

An upper limit on the branching fractio® (B — u*u~) < 2.2 (1.9) x 108 at 95% (90%)
CL has been set by the ATLAS detector using 2.4'flof data collected in 2011. The ATLAS
result is used for calculation of the first LHC-wide combioatresult on thés (B2 — u* u~) upper
limit [13, 14].
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Figure 2: Number of candidates (dots) for each mass resolution cateégahe unblinded region (white
areas) and in the sidebands (grey areas) in data as a funttiiymuon invariant mass after applying all
selection criteria. In each plot the vertical lines mark dpeimized search windowm and the continuous
line - the MC prediction of the signal assumigigB{ — u*u~) =3.5-1078, [6].
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