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Why Quarkonium?

AN N2 D DR AN R

From a naive point of view quarkonium is a simple state: a flavorless meson whose
constituents are a quark and its own antiquark, in a bound state.

* Quarkonia production is not yet understood:
% Production model for quarkonia may require
a g-gbar state produced as color-singlet in the
LO Feynman diagram (Color Singlet Model)
% May ask a g-gbar pair being produced in any
color, subsequently removed with soft gluon
irradiation (Color Octet Model).

* Long history of disagreement between

Theory and Experimental results
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10T LHC provides luminosity, new energy scale and large p; reach
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Trigger and reconstruction of Quarkonium

| Y ol Y o Y B AN,

* Quarkonium is reconstructed through
dimuons final states.

* Sophisticated triggers are applied to
select signal and reduce data rate

* QOver time triggers are tightened to
balance rate with increasing lumino-
sity, affecting quarkonia

Rapidity coverage
ATLAS/CMS  |n|<2.4
LHCb 2.0<|n|<5.0

Pseudo-proper time
measured with preci-
sion tracking

107

v" High p; only accessible in ATLAS/CMS
v" Low p; threshold single muon trigger ]
v" Low p; dimuon trigger (high priority in “F
LHCb, while must be kept at reasonable

rate in ATLAS/CMS) e o N

noh-prom PE
/ compoueh&
|
promp&
com Pov\ev&

v /U, Y, Bg(uw) dedicated triggers

15 -10 -5 0 S 10 15 20

pseudoproper time (ps)
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Mass Fits and Yields
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Inclusive J/ cross
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Dimuon candidate events
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J/D & P(2S): fractions non-prompt to inclusive

Fraction of J/y from B decays
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Above p; =20 GeV/c more than

50% of the J/{ and Y(2S) mesons

result from B decays.
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Comparison to FONLL predictions, in good agreement.
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prompt J/y— u* w, corrected for acceptance
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CMS in good agreement with NLO NRQCD with
color octet contributions predictions.
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Prompt and non-prompt Y(2S) diff. cross section
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Excellent agreement with NLO Comparison with FONLL predictions:
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J/Y and Y (2S) cross section at LHCb
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Y(nS)->p*u decays

* Fiducial cross section = correcting only

for reconstruction and trigger € in a
restricted phase-space

* Corrected cross section, correct also Y

kinematic acceptance, full phase space

e Ratio 0Y(9)/gY(1S) gand ¢Y(S)/gY(1S)
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Y(nS) fiducial cross sections

for quarkonia

Precision measurement with largest p; reach

Free from theoretical uncertainties
Useful for modeling of background, MC

tuning; it can be used to allow polarization-
mdependent theory comparisons.
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quarkonium quantization
rest frame axis

Acceptance corrections

S o - S S B B o o Sn R o B B e

production

plane \.

* Acceptance depends on spin alignment/angular X /§~'
distribution of muons
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Y(n§) QQFFECtEd Cross Section§ PRD 87 (2013) 052004
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CMS PAS-BPH-12-006

* Corrected for muon fiducial acceptance cuts

* Acceptance depends on spin alignment/angular distribution of muons
 Can be compared with theory

* Null polarization hypothesis: spin alignment envelop by far dominating
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Y(1S) and Y(3S) corrected cross sections

87 (2013) 052004
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Y(nS)/Y(1S) cross section ratios
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Y(nS) production at LHCb
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Y(15), Y(25), Y(35) polarization
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Data sample of Y(nS)=> - decays: 8.5<M<11.5 and from a common
vertex. The polarization parameters Ay, Ay, Ay, and the frame-invariant
A=(Ag + 3Ay)/(1 - A) are measured for p;y(,5)=[10, 50 GeV], and in two
rapidity regions (|y|<0.6 and 0.6<|y|<1.2). Angular distributions are
analyzed in three different polarization frames: HX, CS, PX

No evidence of sizable transverse or longitudinal polarizations.

Quarkonium at LHC C. Biino — FPCP 2013



Measurement of Y(1S), Y(2S), Y(3S) polarization

17 CMS ppVs=7TeV L=4.9fb"
CDF pp \'s =1.96 TeV

CS frame, lyl <0.6
Y(1S)

0.5

| —+— CMS, tot. uncert., 68.3% CL
-1-{ —+— CDF PRL 108, 151802 (2012), tot. uncert., 68.3% CL

T LSLULEL L SRR SLALELELSS LA AL SLELELAL SR LA LA
0 5 10 15 20 25 30 35 40 45 50
p, [GeV]

No evidence of significant
transverse or longitudinal
polarizations.
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J(2S) polarizatic

on
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P-wave Onia: x.(nP) and x,(nP)
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. . . 5 R e 0
Provide tests of CS and CO production mechanism: 1w
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Polarization measurements:
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X<(3P) charmonium states and prompt prod. ratio

Y. 2J/W(urw) vy (un/converted to e*e’)
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Relative _X;Z/_X;1 prompt production ratio
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First observation of the XbJ(_3P_) bottomonium state
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Prompt J/U + W associate production
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Prompt J/U + W associate production
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Correct fiducial cross-section for muon acceptance from J/{ decay to compare with
theory (as for Upsilon analysis). Double Parton Scattering can contribute to signal.
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Conclusions

NN IANTI NI ™S

* NRQCD has problem in explaining both quarkonium
production and polarization

* Y(3S) and Y(2S) polarization measurements at high
p; and high p;/m do not show the predicted strong
transverse polarization of directly produced J=1
S-wave quarkonia.
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Thank you for your attention

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/BPhysPublicResults

http://lhcb.web.cern.ch/Ihcb/Physics-Results/LHCB-Physics-Results.html




