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B-physics will be one of the key physics themes at the Largeéta@ollider (LHC).B-hadrons
are an ideal tool for advancing our current understandinthefflavour sector of the Standard
Model (SM), and searching for effects originating from piegsbeyond the SM, thanks to the
large production rate and the fact ttigxhadrons are relatively easy to trigger on and identify due
to their long lifetime and decays to muons. In this talk, wesent the estimated sensitivities
of the CMS experiment with early LHC data and the very firstestaations in the December
2009 pilot run. The firsB-physics measurements with the CMS experiment includencbaium
production (both prompd/ production andl/ from B decays)Y production, exclusive final
statesB — J/ YK and bb correlations. Besides probing the heavy quark propertegtfe
first time at the LHC energy, these measurements are alsatampaools for understanding and
calibrating the detector, providing standard candles fmaming measurements, and giving input
for Monte Carlo tuning.
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1. How to reach Florence if the air traffic is blocked

Sharing a car with a colleague is a good back-up solution if you leave freme@, even
though it means driving for about 7 hours under a hot Italian sun. Owaiktpnt Blanc tunnel
customer card allows you to save a 35-euro toll fee.

2. Heavy-flavour physics at the CMS experiment

The CMS detector[]J1] at the LHC is a multi-purpose detector, primarily dedigoethe
search of the Standard Model Higgs boson and New Physics in the higgvétde momentum
(pr) region. Due to the versatility of the detector, especially of the High-Lekigg€r system, and
to the excellent muon resolution down to Igwy-values, interesting measurements in the field of
heavy-flavour physics are also possible. Because of the typically taogs sections associated
to these processes, the first results could already be obtained with theodataed in the LHC
start-up phase (2009-2010).

2.1 The High-Level Trigger

The CMS High-Level Trigger (HLT)[[2] runs on an asynchronousrfaf commercial CPUs
on the events accepted by the Level-1 trigger decisions: it has accesgsrtbdata with full
granularity, allowing for precise object reconstruction and energy/mtumeevaluation. At this
step muon reconstruction and selection can be already performed with ngatdhdifferent sub-
detectors. At the lowegip interaction rates, HLT for heavy-flavour physics is only based on single
low-pr muon objects. Before moving to the double-muon triggers, intermedéktec solutions
can be adopted, in which full reconstruction of both muons is not requiredparticular states
(e.g. thel /Y meson) can be selected with loose cuts on the invariant mass.

2.2 Offline muon reconstruction

In CMS muons are defined as tracks reconstructed in the silicon traceasmociated to a
compatible signal in the muon chambers. Two different muon types are dedita®MS [3].

The first one, referred to as@obal Muon, provides high-purity reconstruction for muons
with pr 2 4 GeVk in the central pseudo-rapidity region, apg 2> 1 GeVCt in the forward re-
gion. Global Muons are built as a combined fit of silicon and muon-chamiterbelonging to
independent tracks found in the tracker and muon systems.

The second muon type, referred to a$racker Muon, achieves a better reconstruction effi-
ciency at lower momenta. The requirements for a Tracker Muon are |tiusefor Global Muons,
at the expense of a slightly larger background: tracks found in thek&ranatched to only one
muon segment are accepted and not refitted. If two (or more) trackdame to each other, it is
possible that the same muon segment or set of segments is associated to moreethrack. In
this case the best track is selected based on the matching between thelaadapack and the
segment in the muon detectors.
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3. Quarkonium cross-section

From the theoretical point of view, the quarkonium cross section in madaalron collision
is still a debated topic. The discrepancy between TeVatron reglilts [4jr@npredictions of the
Color Singlet Model (now available at the Next-to-Next-to-Leading O(&LO) [F]) has been
solved by introducing a Color Octet contribution, whose non-perturbamigtrix elements have to
be fitted from the experimental dafd [6]. Moreover, none of the two modele heen able so far
to account simultaneously for the cross section and polarization measuseffierCharmonium
is also interesting because, at relatively hjgh a significant fraction of thd/¢ comes fromB-
hadron decays and, if it can be experimentally separated from the “gr@mmponent, provides
an indirect measurement of tbgproduction cross sectiofi] [8].

Inclusive charmonium and bottomonium events in CMS are reconstructeel@@% ptu
channel. Experimentally, the differential cross-section can be exquess

do S Nrec(QQ)
de(QQ) BR(QQ — u™p )_fjdt-A-strig-SreC'ApT

(3.1)

whereNrec(QQ) is theQQ yield, in a givenpr bin, Aanderg trigare the geometrical/kinematical
acceptance and the detection efficiencigg/dt is the integrated luminosity, aniipr is the size
of the pr bin. In the case o8/, multiplication by 1— fg (fg) yields the prompt (non-prompt)
component of the total inclusive cross section.
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Figure 1: Left: Total distribution of the invariant mass of reconstied di-muon events for 3 pB, including
MC J/yg and QCD background contributions. Right: Decay length fitia bin 9< pr < 10 GeVk, with
the different components of the fit function superimposed.

Monte Carlo (MC) studies for tha/¢ channel [p] show that the invariant mass peak can be
reconstructed with a resolution of 20 (37) M&¥in the detector barrel (endcap) region and with
a very large signal-to-background ratio (Fi§. 1, left). Prompt and pramaptJ/y sources can be
discriminated using the distribution of the prompt decay length:

f =y
P — Y szijt)‘;
PT
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(fxy is the vector joining the primary vertex in the event and the dimuon vertex, indheverse
plane), which exhibits a typical exponential tail fdf coming from relatively long-livedB-
mesons. From a simultaneous fit to the mass and proper decay length distshiatitb pr bins
(Fig. [1, right), statistical uncertainties of8l:- 10% are obtained for the number of prompt and
non-prompt signal events, depending on phebin. Systematic errors, estimated to be in the range
13-+ 19%, are dominated by uncertainties on the luminosity and pixel alignment.

Similar studies performed for thé(nS) statesr(= 1, 2, 3) predict about 10,000 events/gb
reconstructed with an average resolutiono80 MeV/c?.

A possibleJ/y candidate has already been found in December 2009 CMS data (taken at a
center-of-mass energy of 2.36 TeV), passing tight muon selection cdtwiim a high di-muon
vertex probability. Its invariant mass is® GeV£? and its proper decay length(s-17-+81) um.

The expectation from the Pythia generator, including NRQCD effectspvw2asvents.

4. bb cross-section measurements

In addition to the aforementioned measurement from the non-préfgpyield, other methods
to measure theb cross section at CMS are:

e using hadronic jet reconstruction and several different procedaoréag” theb-jets (e.g. with
a muon having a large value of the transverse momentum relative to the jetakisiswith
lifetime tagging, etc.);

using fully reconstructe® decays.
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Figure 2: Invariant mass and decay length distributions of recoottdB* — J/(/K* candidates for a MC
sample equivalent to a luminosity of 10 pb Fits including signal, combinatorial prompt, combinéabr
non-prompt and feed-down background components are supesied.

The study ofB* — J/@K* decays[[10] is particularly promising, as the branching ratios
involved are all known to the percent level, thus reducing the systematitairties associated to
inclusive measurements. SinBR(B* — J/WK®) is of the order of 0.1%, however, more statistics,
of the order of 10 pb?, is needed for a sensible cross section measurement (150 recomstructe
events/pb! are expected). A combined fit to the mass and proper decay length distni(Figy [P)
allows to discriminate effectively the signal from both combinatorial backgdoand feed-down
from other decay channels li— J/@YK*, B — xcX.
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Channels with &/ ¢ plus a strange hadron in the final state are also very promising in CMS:
this is proven by having reconstructed already clean signalgef mtm, A — pm andg —
K*K~ in the very first LHC data, at center-of-mass energies of 0.9 and 2\X36 Te

5. bb correlation measurements

Correlations between theand theb quarks produced in the primary interaction help under-
standing the underlying production mechanisms. At the LHC energies, Nir@iloutions are
expected to be as large as the [Q [11]: disentangling them is important bdteatical grounds
and for experimental purposes, e.g. determination obttegging efficiency.

A useful variable to distinguish bwtween these processes is the azimutilallmatween the
directions of emission of the quarks. While in the LO di-jet topology this apgres 180, in the
extreme case of a single-gluon splitting the two quarks tend to be collimated.d¥é&me is tagged
by reconstructing /¢ — ™~ on one side and a muon from a semileptonic decay on the other,
Ap = @Y — ! gives a smeared estimate of the above quantity, from whigfj can be unfolded
using MC templates.

In CMS [12], these events are selectedipbins using a simultaneous fit of tigy invariant
mass, oﬂ_%w and the transverse impact parameter of the third muon. The expected yiblolis a
90 events/pbt, which makes the analysis sensitive to the different contributions, startingf0
pb~! of data collected.
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