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Heavy flavour production and spectroscopy at LHCb *
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Abstract. We summarize the main measurements performed with the Li¢@ztbr on production and spec-
troscopy in the heavy flavour sector, using data samplesdedaluring 2010 and 2011 data taking in proton-
proton collisions atys=7TeV .

1 Introduction 2 The LHCDb detector

The LHCb detector is a single-arm forward spectrome-
@é_r covering a unique rapidity range €7 < 5), where

bb cross section is peaked. Due to this, although it covers
~4% of the solid angle, it detects40% of heavy quark
production cross-section.The LHCb detector [8] is spe-
cialized in beauty and charm physics studies, exhibiting
outstanding tracking, vertexing and particle identificati
capabilities. In2010 and 2011, the detector recorded about

Measurements of the heavy quark production cross-sectio
in proton-proton collisions test the predictions of quamtu
chromodynamics (QCD), and probes the spectrum and dy-
namics of the colliding partons. The formation of heavy
guarkonia states (bounded) can be factorized into two
steps according to quantum chromodynamics (QCD). First
the creation of &g pair via small-distance interactions

(perturbative), followed by the evolution into a quarko- ;1 gy1 o integrated luminosity in proton-proton colli-

nium state via the exchange of soft gluons (non pertur- sions atvs =7 TeV. more than the 90% of the luminosit
bative). The non-relativistic QCD (NRQCD), predicts the deIiverea/;)y the Lr;lrge Hadron Collider (LHC). y
probability of a heavyqg pair to evolve into heavy quarko-

nium, as a function of color-singlet (CS) [1] and color-
octet (CO) [2] matrix elements. The CS model, provides 3 H fl ducti
a leading-order (LO) description of quarkonium forma- eavy Tlavour prodauction
tion, but it underestimates the measured cross-section forIn a general form. the production cross-section at proton-
J/y production at Tevatron [3], particularly at high trans- 9 lisi ’f P . b it P
verse momenturpy. This discrepancy can be reduced in- proton collisions of a given stafgcan be written as
cluding processes such as quark and gluon fragmentation, N(A - f)
but still it fails to reproduce the measured cross-section. o(pp— A = T BAST (1)
The introduction of CO model, with the matrix elements
tuned to data, improves the description of the measuredwhereN(A — f) is the number of observed signal events
shape and magnitude of tligy cross-section. Recentthe-  of A decaying into the final statg £ is the integrated lu-
oretical studies [4] incorporate higher order correctitins  minosity of the samples is the dficiency which accounts
the CS models, reducing significantly the observed dis- for trigger and reconstructiorffects, and3(A — f) is the
crepancy in quarkonium production without including CO  branching fraction of the decay.
matrix elements. However, the agreement is still not per-  Using the 2010 data sample of 40ppthe LHCb col-
fect, leaving open the question of a complete description |aboration has measured several production cross-section
of quarkonia formation [5]. such us open charm [9)/y [10], doubleJ/y [11], ¢(2S)

The spectrum of heavy hadrons has been predicted us{12], yc2/xc1 ratio [13], B* [14] and T'(1S) [15]. Due to
ing QCD potentials and chiral models [6]. Discrepancies limited space we do not discuss all the analyses in this
between predictions and observations, mainly for high masdocument.
states [7], makes spectroscopy an active and often contro-
versial field.
3.1 Double J/y production

* Presented at Hadron Collider Physics Symposium 2011,
November 14-18, Paris, France Theoretical calculations based on LO production of CS-
@ e-mail:diego.milanes@ba.infn.it states predict a total cross-section of 24 nb JggJ/y
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production in the current LHC running conditions [16]. . T E T % @ 0T B
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This calculation accounts for additional feed-down from =~ 100
J/yny(2S) andy(2S)y(2S) production, but not for double —
parton scattering. The extrapolated prediction to the an-

gular LHCb coverage gives a cross-section of about4nb 7,

with a 30% of uncertainty. - 60

For this analysis, we use an integrated luminosity of T
37.5pb?, collected by the LHCh detector between July +
and November of 201Ql/y meson candidates are recon- —
structed from a pair of oppositely-charged tracks identi-
fied as muons. Therefore, we select events with 4 of these =_ |=

80

20 MeV

dm(u"’u‘)z

I/ —

tracks, originated from a common vertex, with good track E L L L L

quality and withpr < 650 MeV/c. Muon identification is b 305 31 315 32
achieved by comparing a global likelihood function pro- T
vided by the particle identification, tracking and calorime M (=), [C’e\' /e ]

ter subdetectors, with the corresponding likelihood fointi
hadrons. Selectad 1~ candidates, with an invariant mass
0f3.0-3.2GeV¢?, are paired to formu(*u ™)1 (u* 1 ~)2 com-
binations. Background coming frodYy mesons associ-
ated to diferent production vertex and froB decays is The largest systematic contribution is due to the knowl-
removed by applying quality requirements to the Vertex gqqe of the track-findingféciency. A 4% uncertainty per
fit, constraining the 4 muons to come from the same Ver- 5y s assigned, based on studies comparing the recon-
tex and requiring the vertex to be compatible with one of ¢;,ction diciency in data and simulation, using a tag-
the primary vertices produced after the proton-proton col- 5n4.hrohe approach. Additional systematic uncertainties
lision. in the method to extract thefieiency have been accounted

The number of events with twd/ys mesons is ex-  for, as well as data-simulation discrepancies. The lumi-
tracted from the single/yy mass spectrum. The invari- nosity was determined in specific periods during data tak-
ant mass distributions of the first muon pair are obtained ing, using both Van der Meer scans and beam gas imaging
in bins of the invariant mass of the second pair, where method [17]. The systematic uncertainty associated with
the firstu* ™ pair is chosen to be the one with smaller these methods is of 10%. The total systematic contribu-
pr. The signal is described using a Crystal-Ball function tion to the cross-section uncertainty was found to be of
plus an exponential to describe the background compo-219,.
nent. The position of thd/y peak is extracted from an Using the value o3(J/y — u*u) = (5.93+ 0.06)%
inclusive J/yr sample. The fit result projected on the data [18], the cross-section result ig(J/yJ/y) = 5.1+ 1.0 +
sample is shown in Fig. 1, where the extracted yield is 1.1 nb, where the first uncertainty is statistical and the sec-
N(J/yd/y) = 141+ 19 events. The yield of events with  ond systematic. The fierential production cross-section
both J/y» mesons in the detector fiducial range and ex- of J/y pairs as a function of the invariant mass of the
plicitly triggered by onel/y through the dedicated muon 3,43/ system is shown in Fig. 2, where we observe a
trigger lines is found to be 116 16. This is the sample  reasonable agreement, within uncertainties, between the
used to extract the cross-section. measurement performed and the prediction.

The diiciency evaluation accounts for reconstruction,
muon misidentification and triggeffects. The ficiency
is factorized as the product of théieiency for eachl/ys
meson. The reconstructioffieiencyer = er1 X ere, is the
product of the #iciency of the twal/y mesons, and it is
a function of the geometrical acceptance variaipleand ~ Spectroscopy is one of the many fronts in which the LHCb
n and| cosd*|, where¢* is the angle between the' mo- collaboration is actively working. To improve our knowl-
mentum in thel/y rest frame and thd/y momentumin ~ €dge and understanding on how quarks interact among
the laboratory frame. The angular dependence due to the¢hem and recombine them with others to form intriguing
unknown polarization of the/y candidate is computed States, it is necessary to study the spectra of tfferent
from a Samp|e oﬂ/w - /~l+l1_ simulated events. Muon families of mesor)s.and bqryons, Io.oking for unknown ob-
identification dficiency is extracted from the analysis of jects and determining their properties.
the inclusivel/y sample. The triggerféciency is deter- We will discuss studies on production @, and
mined with a sample of independently triggered events. B(s [19] states, as well as searches of these states de-
The dfect of the global event cuts applied in the trigger caying intoAh final states, witth = #*, K* or K2, and
has been studied in detail for inclusidg¢y events, and A= D° D*, D**, B? or B*, aimed to confirm the presence
applied here assuming factorization. of high mass structures observed in other experiments [20,

Fig. 1. Raw signal yield ofJ/y — (u*u™): in bins of @ u™),
invariant mass, as observed in data.

4 Heavy flavour spectroscopy
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Fig. 2. Differential production cross-section fdfy pairs as a
function of the invariant mass of thiy J/y system. The points
correspond to the data. Only statistical uncertaintiesnataded

in the error bars. The shaded area corresponds to predhion
the model described in [16].

21], and explore the higher mass part of the spectra. In ad
dition, mass measurements of the exo{{@872) meson
[22] and heavy baryons such &5 andz, [23], will be
performed.

4.1 Orbitally excited B** mesons

The properties of the excitdBlmesons containing a light
quark @*, B°, BY ) are predicted by Heavy Quark Ef-
fective Theory (HQET) in the limit of infiniteb-quark

mass [6, 24]. Under the heavy quark approximationBhe
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Fig. 3. Q(B°r*) distribution. LHCb data (points) and the total fit
(blue) are superimposed. The components of the PDF are, com-
binatorial background and associated production (redhbio
natorial background (dashed greeB}, —» B*%z* (solid black),

B;* — Br" (dot-dashed black) an&;" — B°r* (dotted
black).

1GeV/c and p > 10GeVc. For convenience, we study
the invariant mass relative to the threshold, which has the
form Q(B%z*) = M(B®z*) — M(B®) — M(n*), whereM(B°)
andM(n*) are the nominal masses of the mesons quoted
by Ref. [18].

Combinatorial background shape is extracted from data,
using a sample of reconstructBdnr™ combinations, since
the wrong-sign decaB’r~ has structures created by con-
tributions fromB® — B® mixing. A significant excess, not
attributed to any resonant state, is observed ifQR&"7")
with respect to theQ(B*x*) distribution, interpreted as
an associated production dueltget hadronization. This
component is described using a kernel-like distribution.
Signal resonances in tlig-distribution are modeled using

mesons are characterized by three quantum numbers: theelativistic Breit-Wigner lineshapes. The detector rasol

orbital angular momentura (S, P, D forL =0, 1, 2 re-
spectively), the angular momentum of the light quiayk
IL+1/2|, and the total angular momentuls= |jq + 1/2|.
ForL = 1 there are four dierent possibleJ; jq) combi-

tion is about 3 MeYe? and can safely be neglected. The
fit results are shown in Fig. 3. Here we observe the feed-
down from theB;/B;* — B*z* and theB;" — B%r*
states. To improve fit convergence, the relative width be-

nations, all parity-even. These are known as the orbitally tween theB; and theB;" is fixed to 0.9 and the relative

excited states oB** states. Among these states we have
the By(5721f andB;(5747), observed iB**x~ andB*n~

decays [21]. At LHCb, we reconstruct these decay modes,

but also theB°z* and Bz where we must observe the
isospin partners of the mentioned states.

In this analysis, we use an integrated luminosity of
336.5pb?, collected by the LHCb detector between May
and July of 2011. The soft photons from tB&’ decay

are not reconstructed, therefore objects decaying to both

Bz+ and B’z are expected to show two peaks in the

yield between th@;" — Bz andB;" — B%* fixed to
0.93, from theoretical predictions [6,24].

The largest systematic uncertainty in the mé€aval-
ues for the observed states, arise from variations in the
selection requirements (0.95%), and from the uncertainty
on theB® mass. The mean values are corrected for pos-
sible biases, calculated from simulated toy samples gen-
erated from the experimental PDF. The final results are
M(B;) = (57263+1.9+3.0+0.5)MeV/c? andM(B;") =

BOz* invariant mass distribution, separated by a quantity (57390 + 3.3 1.6 + 0.3) MeV/c? where the first uncer-

corresponding to théVI(B*°) — M(B®) mass diference.
The B® meson is reconstructed into the following final
states:J/y(u*u)K*(892P(K*n~), D2t andD n*ntn™,
with D~ — K*z~7~. We combine theé8? candidate with

tainty is statistical, the second systematical and thel thir
one from the uncertainty on thB® meson mass. These
masses are compatible with the masses of corresponding
isospin partnerg andBz . In addition, we observe a sig-

tracks, which are required to originate from the same protomal significance of @o- and 400 for Bf — B*%z* and
proton interaction. The companion track is required to be B;* — B%*, respectively, corresponding to the first ob-

identified as a pion, to have good quality track fit, >

servation of these two decays.
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Sy E We summarized a few selected results on heavy flavor pro-
duction and spectroscopy at the LHCb detector. We expect
many new results with the analysis of the 2011 dataset.

4 H H H The LHCb experiment has shown outstanding capabilities
2]
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and is in a good position to explore the production mecha-

o S i nisms and spectra of states, as well as to produce compet-
T v E) evien . B D) MevieT itive results in the heavy flavors sector.
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Fig. 4. The invariant mass distributions for the selec&d(left)
and@; (right) candidates. The fit projection is overlaid.
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