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1. Introduction

Observation of quarkonium states challenges QCD calculations. The seations of the
quarkonium stated/y, @ (2S) andY(ns) (n= 1, 2, 3) can test the prediction of NLO QCD and
NRQCD calculation. The measurements of P statgprovide effective tests of heavy quarko-
nium production mechanisms based on NRQCD, in which nonperturbataaetan be simplified
safely. Exotic states (X,Y,Z) poses a serious challenge to the convengoadd model. X(3872)
differential cross section measurement tests NRQCD prediction in a negyaiaege and a large
pT reach. One need to understand the true nature of the exotic stateasshyghrid, tetraquark
state or molecular state.

The CMS experiment provides one more opportunity to observe quarkompieton-proton
collisions thanks to its good muon detector and electromagnetic calorimeter. dt@csets of
40 pb ! and 5 fb! for pp collisions at,/s = 7 TeV was recorded by CMS in 2010 and 2011
respectively. During this period a large sample of quarkonia was collesied inclusive trigger
path for dimuon or multiple-muon events. The results presented in this papabgained by
analyzing these data sets.

2. Prompt J/¢ and /(2S) cross sections

On the basis of a dimuon event sample of 37 bintegrated luminosity, CMS measured
the thed/y and Y(2S) cross section$ as a function of transverse momentum and in several
rapidity ranges. To separate the prompt components, witepair is produced promptly, from
the non-prompt components, originating from B-meson decays, a urtbiagdikelihood fit of 2
dimension is performed to the dimuon mass distribution and the proper decadly tisgibution.
The proper decay length is defined as the transverse distance betwegimtion vertex and the
primary vertex, corrected by the transverse Lorentz-boost of the dimilibe measured prompt
J/@ andy(2S) cross sections, including feed down effect, are shown in Figure 1 @sctidn of
pT and in the various rapidity ranges. The measurements are in goodresgresith NLO NRQCD
calculation.J/ /@ theory includes color octet and feed down effe2S)? theory includes only
color octet because of absence of feed down from heavier charmoniu

Ratio of ¢/(2S) to J/¢ as a function of pT is shown in Figufg 2. No significant variation is
over rapidity. It also includes the comparison with the NRQCD prediction.

3. Y(nS) differential cross sections

Based on 36 pbt 2010 data, thé&/(nS) cross sectiod are measured using two approaches
The first is that a cross section in kinematic the regioa@I< 50 GeV, |y|< 2.4 is corrected
for acceptance and efficiency as shown in Figiire 3. Unpolarizatiorsisvgsted for acceptance
correction and feed down from higher states are not corrected for.

The second approach is the fiducial cross section as a function of @y anFigure[#}. A
fiducial cross section is corrected for efficienies but no acceptaeti@ed within a restricted muon
kinematic range. The advantage of a fiducial cross section is that nozadiam uncertainties are
involved.
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Figure 1. Measured differential cross section for prondpty (left) and(2S) (right) production as a func-
tion of pT for the different rapidity bins. The yellow and lkleoloured histograms indicate the theoretical
predictions from NRQCD calculations.
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Figure 2: Measured value of thg/(2S) to J/y¢ differential cross-section ratio, for prompt production,
averaged over rapidity and plotted as a function of pT. b afeludes the comparison with the NRQCD
prediction. The shaded bands show the uncertainties oméwoedtical predictions. The error bars give the
total uncertainties on the measurements; polarizatioemaiaties are not included.

4. Ratio of x¢1 and X Cross sections

On the basis of a dimuon event sample of 4.6'fmtegrated luminosity recorded in 2011, the
ratio of the p wave stateg1 and X Cross sectiond as a function of transverse momentum are
measured through the radiative dedayy + y with |y(J/¢) |< 1.0 and pTy) > 0.5 GeV. Photons
are reconstructed using the photon conversion reconstruction teehrtitigh photon conversion
rate, excellent photon momentum resolution @afdnass rejection bring excellent mass resolution
of 10 MeV to reslove the two states, see Figyre 5. The NRQCD predictiomipatible with our
data within the experimental and theoretical uncertainties.
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Figure 3: (Left) The dimuon invariant mass distribution in the vigjniof the Y(nS) resonances for
—2.4 <y< 2.4. (Right) Differential cross sections of th&nS) as a function of pT in the rapidity range
—2.4 <y< 2.4. The abscissa of the data points is the average pT in theahte

5. Ratio of X(3872) and (/(2S) cross sections

X(3872) was discovered by Bell in 2003 and confirmed by BaBar, CBd[R0. It was in-
terpreted agtC state,D*ﬁ) molecule or tetra-quark state. On the basis of a dimuon event sample
of 4.8 fo! integrated luminosity, both X(3872) angi(2S), including prompt and non-prompt
components, the latter is from B meson decays, were mea3ured0 <pT(X)< 50 GeV and
ly(X)|< 1.2. The ratio of the X(3872) tg/(2S) is

R (PP—X(3872BRIX(3872 — J/YT'I) _; hees 000294 0.0065
(PP — Y(29))BR(Y(2S) — I/ym )
MC sample is based on pythia 6 wigh; (J°° = 1*") mass set to 3.872 GeV and unploarization.
To estimate the non-prompt X(3872) fraction, which is the ratio of the signidlerB sample and
the signal in the whole sample, pseudo-proper decay length is requiredob100 umto enrich
B hadron sample. The fraction is253+ 0.0234-0.016, which has been corrected the efficiencies

of the decay length selection criteria and not corrected for acceptseeiguréd]6.

6. Structuresin theJ/ @ spectrum

The evidence of Y(4140) was reported by CDF in 2009 jn¢@ mass inB™ — J/(eK™
decay. Y(4140) is a candidate of an exotic state. It was not confirmé&glyn 2010 and LHCb
in 2011, while another structure Y(4350) was reported by Bell in 2010eérs#ime decay channel.
CMS observed the two structdfeon the basis of a dimuon event sample of 5.2 integrated
luminosity recorded in 2011.

7. Summary and outlook

The performance of the muon system in CMS is excellent: good muon pT tiesplgammar
energy resolution and elaborate trigger paths for dimuon or multiple-muartsev&he Standard
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Figure 4: (Left) Differential fiducial cross sections of the(nS) as a function of pT in the rapidity range
—2.4<y< 2.4. The abscissa of the data points is the average pT in theahtéMiddle) Differential fiducial
production cross sections of th&nS) as a function of rapidity. (Right) Ratios of differential ficial cross
sections of ther(nS) as a function of pT in the rapidity range2.4 <y< 2.4,

model was tested in quarkonium production and impressive agreemeabte@ised. The cross sec-
tions were measured up to unprecedentégdi pT. The cross sections for prompty and (29
andY{(ns) were measured with high statistics and are in good agreement with NLO NR@&ED p
diction at 7 TeV.x. was observed through photon conversion. The signal to backgmatindvas
excellent and three statggy, Xc1 and x> were disentangled very well. The exotic state X(3872)
was observed at the new energy region with 2 times statistics as large a3W®s$tructures were
confirmed in thel /Y mass spectrum. On the basis of 2011 data, we are analyzing daljllbe
production through g final state and Bc production throughy ™ it final state.
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Figure 6: (Left) TheJ/@m+ m— invariant mass spectrum for X0pT< 50 GeV andy|< 1.2. The lines
represent the signal-plus-background fits (solid), th&kgamund-only (dashed), and the signal-only (dotted)
components. The inset shows an enlargement of the X(3872% megion. (Middle)Ratio between the
X(3872) and cross sections times branching fractions witteptance corrections for the muon and pion

pairs, as a function of pT. (Right) Measured X(3872) nongebfraction, uncorrected for acceptance, as a
function of pT.



