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1. Introduction

A new energy exploration domain is imminent with the start-up of the Large Hadaodlider
(LHC) at CERN. Along come new opportunities to improve our understandiiriizvor physics.
Production properties of beauty and charm hadrons will be measuegastaghe framework of
quantum chromodynamics (QCD). The new data will allow measurements ofidlRian and
flavor changing processes with significant accuracy, and veryderays will be searched for. A
thorough program of precision measurements in the flavor sector willthaveotential to detect
effects of new physics beyond the standard model (SM) that may be ayvaitbe revealed at the
LHC, and allow to constrain the associated theory parameter space.

ATLAS [1] and CMS [2] are general purpose particle experimentsaipey at the LHC. The
two detectors have been designed to explore the TeV energy frontir. characteristics, includ-
ing excellent tracking and muon systems, in particular, with large pseuddyaqoverage, render
them well suited for heavy flavor studies. An important part of the heawpflphysics program
will be carried out in the earlier stages of data taking. Many analysesatedito heavy flavor
production are indeed viable already wift{10) pb~! integrated luminosity. Those studies to be
performed with the very first data will constitute an important component gbllysics commis-
sioning of the detectors and triggers with collisiohs.

2. Heavy flavor production at the LHC

Charm and beauty quarks are produced profusely at the LHC. Hpaankonium production
has been studied extensively in various theoretical descriptions. dmedvork of non-relativistic
QCD (NRQCD) through the introduction of the so-called color-octet masha(COM) had suc-
cessfully accommodated the quarkonium differential cross section aatetlfre Tevatron, owing
in part to its adjustable parameters (long distance matrix elements). Howevpaol#rization pre-
dictions based on COM are in strong contrast with observations [3, 4]er@ipproaches, such
as the color-singlet model (CSM), have been more recently revivedrkQnia studies with early
LHC data are expected to help resolving the current puzzling situation.

Three mechanisms contribute to beauty production at hadron collidersovest-order two-
to-two bb diagrams, involving gluon-gluon fusion amgdj annihilation, are referred to as flavor
creation (FC) in the hard scattering. Flavor excitation (FE) corresptinde&grams where b
pair from the quark sea of the proton is excited into the final state as one bfgharks undergoes
a hard QCD interaction with a parton from the other proton. Gluon splitting (€8j)s to the soft
processes where tIhJEpair arises from the splitting— bb in the initial or final state. Thbt_)being
the largest physics background for many processes of interestlatitbeboth within the standard
model and beyond, it will be crucial to verify the ability for next-to-leadimdey perturbative QCD
to accurately predict background characteristics and rates in the LtdC da

3. Trigger

Online event selection and rate reduction to a level appropriate for stofd@00) Hz, is

1The first LHC collisions took place and were successfully registeredéogstheriments in December 2009.
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Figure 1: Invariant mass of dimuons
from various sources, reconstructed with
a ueu4 trigger, with the requirement
that both muons are identified as com-
ing from the primary vertex and with a
pseudo-proper time cut of 0.2 ps. The
dotted line shows the cumulative distri-
bution without vertex and pseudo-proper
time cuts. Peaks from thd/¢ and
Y(1S) clearly dominate the background;
no higher massp and Y states are in-
cluded. (ATLAS simulation)
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achieved with a 2(3)-tiered trigger system at CMS (ATLAS) [1, 2]. Tledware trigger level
(L1) is based on coarse information from the calorimeter and muon systengs #hcthe ensuing,
software-based trigger filtering (HLT) progressively more informatiamf all detector systems
becomes accessible to algorithms providing accuracies approachingfluli@e reconstruction.
Heavy quark physics at CMS and ATLAS relies primarily on single and deoiuon triggers.
Different transverse momentupy thresholds are anticipated, with the lowest threshold paths being
prescaled triggers. Most of the CMS studies presented herein regiggsaone muon witlpr >
3 GeV/c, or two muons wittpr > 3 GeV/c (the 243 path). For ATLAS, the requirep thresholds
for the first and second muons are 6 and 4 Geff16u4), while at startup the threshold on the first
muon may be lowered to 4 Ge'¥¢ (2uu4). Additional dedicated-physics trigger signatures, with
requirements on dimuon invariant mass and displaced vertices, have atsdéxesed.

4. Onia

Quarkonia studies play an important role in early data taking. With an integratédosity
of 10 pb~ ATLAS and CMS will be able to register samples of the order of &gents containing
J/Y — utu~ selected by the low luminosity trigger menus. Quarkonia reconstruction will be
employed for trigger and detector system calibration. A related procebased on the so-called
tag-and-probe method, has been implemented to extract theJdawdon trigger and reconstruc-
tion efficiencies using data.

4.1 Cross section

The measurement of th ¢y andY resonances production cross sections are expected to be
amongst the first results extracted from the early data. Figure 1 illustratesi@nkonia signal and
main background invariant mass distributions [5] in the dimuon mass rarge235eV/c?, with
reconstruction efficiencies and background suppression selectioarged for.

The precision tracking of ATLAS and CMS permits to disentangle the pramgtproduc-
tion from b-hadron decays, thus also allowing the determination ofbthadron cross section.
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Contributions from prompt and non-prompty are statistically separated through a simultaneous
fit to the observed/y candidates invariant mass and pseudo-proper decay time. Already with a
small integrated luminosity of the order of 3 PhCMS estimates that the precision of the result

is limited by systematic uncertainties, at the 15% level [6]. The dominant systesoatices arise
from the luminosity measurement and the dependence of the detector aceepiathe unknown
production polarization.

A large fraction&’(30— 50%) of J/ andY resonance production originates from the decay
of heavier prompt states, such gs— J/y, xp — Yy. The reconstruction of the cascagigy,
decays will be attempted by associating a reconstrugtgd (Y) with the radiated photon. The
distribution of the differenc&M between the invariant masses of thay and uu systems, ob-
tained for selectegt; candidates in a study performed by ATLAS [5], is shown in Figure 2. Even
yields correspond to an integrated luminosity of 10 hbA similar analysis procedure can be ap-
plied to reconstruct thg, decay. However the higher dimuon mass, and hence smaller expected
boost, makes the photon considerably softer and thus more difficult tot.ddtecestimated that
integrated sample sizes of up to T ftmay be required for reliably observing — Yy decays.

4.2 Polarization

The measurement of thE ¢ andY polarization will be important for discriminating and es-
tablishing the quarkonium hadro-production mechanisms. Quarkoniumizadian is measured
by analyzing the angular distribution of the muons produced in the decaypdlarization param-
etera describes the distributioiN/d cosd ~ 1+ a cos’ 8. The angled, measured in thé/y(Y)
center of mass, helicity frame, is the angle betweenuthenomentum and the direction of motion
of the quarkonium in the laboratory rest frame.

ATLAS plans to use both doublg@:64) and single 10) muon triggers, for improveldo9|
coverage, for thd/y analysis. In the case of thé 110 should have too high background lev-
els [5]. With an integrated luminosity of 10 pbit should be possible to measure the polarization
of theJ/y with a precision of order 0.02 — 0.06 in a wide range of transverse momaerttse tase
of the Y'the expected precision far is of order 0.20.
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Figure 3: Differential bb production
cross sectiordo/dAg as a function of
theb quarks angular separation. The data
points are obtained from a fit to the in-
variantJ/ mass, the transversg¢ y de-
cay length and the distance of closest ap-
proach of the third muon to the beam-
line. The unfolding procedure is applied
to correct the reconstructellp distribu-
tion back to that of the origindd quarks.
(CMS simulation)
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5. Inclusive studies

5.1 bb correlations

Correlation measurements are foreseen at the LHC for studying detaiésptttiuction mech-
anisms previously discussed: flavor creation, flavor excitation, glulittirep These can be statis-
tically disentangled by assessing the angular separAtppetween the twd quark directions in
the transverse plane. CMS plans to explore a clean, fully muonic signaiilréhe first 50 pb*
of collision data [7]. The decay of ori®is tagged by reconstructing ti¢y — uu decay. Events
are also required to contain a second muon consistent with the semileptoaycadélce second.
Figure 3 shows the expected differential cross sedliof)dAg@ measurement. Depending on the
particularAg bin, an accuracy of 15-25 % can be obtained, combining statistical atehsytic
uncertainties. An accuracy at the 10% level is expected for the integmatddross section.

5.2 b production

The measurement of the inclusi@euark production cross section is proposed by CMS for a
high statistics samplé’(10) fo~! of events containing jets and at least one muon [8]. The sample
is collected with a single muon trigger at L1 and a 'muob-jet’ at HLT. Event selection requires
ab-tagged jet, where the tagging method is based on inclusive secondiay neronstruction and
is characterized by a tagging efficiency of about 60%. Each recatsttinuon is associated with
the most energetio-tagged jet, and must be closest to this jet than to any other jet. The tramsvers
momentum of the muon with respect to thget axis effectively discriminates betweérevents
and background, thereby allowing to extract the signal fraction frormalie fit to the data.

Theb purity of the selected events varies as function of the transverse momentunarige
from 70% to 55%. The largest systematic uncertainty on the cross sedses &iom a 3% uncer-
tainty on the jet energy scale which leads to a cross section uncertaint§wfatZr > 50 GeV.
Figure 4 shows the estimated uncertainty as function obttegyged jet transverse momentum.
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Figure 4: Expected uncertainty on
the inclusiveb cross section measure-
ment: statistical (triangles), systematic
(squares), total (dots); shown as a func-
. tion of the b-tagged jet transverse mo-
. mentum with respect to the beamline. It
. may be inferred from the estimate a 1.5
4 TeV/creach for the highest accessilpe
of B hadrons. (CMS simulation)
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6. Exclusive and rare decays

6.1 By — J/PK*, By — J/PK*®, Bs — I/ Y@

The exclusiveB — J/@K®) andBs — J/(¢@ decays will be observed with the first tens of
inverse-picobarn of integrated luminosity, and employed for initial dete@dopnance studies.
They will allow basic measurements of tBemesons properties; precise mass and lifetime deter-
minations will in turn be used for inner detector calibration and alignment. Hawtiggr clean
topologies these channels constitute useful laboratories for develomihdata analysis proce-
dures, such as performance calibration and optimization of flavor taggitigpdse Furthermore
they will serve as reference channels for nagecay searches.

Figure 5 illustrates the expected early data mass distributions for theBhrasson species.
The exclusive cross section measurement is complementary to the inclesgrenthations, in-
volving different systematic uncertainties and model dependencies. cAmaay of the order 10%
on the differential cross sectiao (B, 4)/d pr and lifetime measurements is expected with about
10 pb ! [5]. The Bs channel is of particular physics interest, allowing the extraction of the mass
and width differences between the weak eigenstaeandBl'. Assuming a width difference of
20% an uncertainty o\l’s of 4% is expected for 1.3 fi by CMS [9]. The same channel s still the
golden mode for extracting tH& mixing phase, which may be sizably enhanced by new physics
contributions relative to the SM.

6.2B— uu

The hitherto unobserved decByy — uu can be a powerful tool to probe for physics beyond
the SM. The channel has a tiny expected branching fraction within the I8k & involves flavor
changing neutral current transitions and is further helicity suppres3é@ branching fraction
may however receive substantial corrections from various of the hgaigs states which may be
attained at the LHC. ThBy mode having an expected branching ratio of an order of magnitude
lower, focus is placed initially in thBs — up meson decay.

Whilst ATLAS and CMS do not expect to observe this decay during thly stages of the
LHC, as more luminosity becomes available and the understanding of therbanklg improves,
it should be possible to identify a signal for this process. For an integiatgdosity of 10 fo'! an
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Figure 5: Expected early datB meson mass distributions, reconstructed in the exclusogest leftB, —
J/WK* 10 pb ! (CMS); centerBy — J/WK*0 10 pb ! (ALTAS); right, Bs — J/w¢ 150 pb (ATLAS).

ATLAS study [5] shows a signal expectation of 5.7 events with a backgtof 14 }8 events. For
CMS [10] a signal of 2.4 events with a background d&f6 2.4 events is expected for an integrated
luminosity of 1 fb-t, which, by normalizing to the contrd@ — J/(K channel, corresponds to an
upper limit on the branching fraction f@ — uu of about 16- 108 at 90% confidence level.

7. Conclusion

The capabilities of the two general purpose experiments ATLAS and CM#ploiethe co-
pious heavy flavor production at the LHC at CERN are reviewed. Annsite flavor physics
program has been prepared, which will contribute to the physics commiisgiohthe detectors
with earliest collision data, and aiming in the longer run at detecting potentiaphgsics effects
in the flavor sector.
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