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Why Measure Quarkonia at LHC ?

R

* No single hadro-production model describes all
guarkonium data

e Early models failed to predict quarkonium cross
sections and polarization at Tevatron

* High-statistics, high-p; samples from LHC allow more
detailed tests of current QCD models

e Quarkonia also important as sighals and backgrounds
in searches for rare decays and new physics
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Hadro-Production Models

« Initial QQ state evolves into final quarkonium meson
— range of energy scales involved
— crosses perturbative/non-perturbative QCD boundary
e Colour-singlet model (CSM)
— initial QQ has identical quantum numbers to final quarkonium
* Non-relativistic QCD (NRQCD)
— includes colour-octet QQ states and long-range interactions
— intermediate transitions change quantum numbers
— long-distance matrix elements must be fitted to independent data

ﬁd\

colour-singlet state /

Diagrams
courtesy
P. Faccioli
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Overview

Latest proton-proton collision results from the
LHC Collaborations on:

Quarkonium production cross sections
Quarkonium polarization

Associated production of quarkonium

Only a selection of results can be included in the limited time available.
Apologies for those that are not mentioned.
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LHCb: arXiv1407.7734
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J/w Production Cross Section
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Entries / 4 MeV

Y(2S) Production Cross Section
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dzof'dedy x Br(Y(1S)— p'w) [pb/GeV]

Ratio to FLAT

Ratio to FLAT

Y'(mS) Production Cross Sections
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Cross Section Summary

* J/y, w(2S), Y(1,2,3S), %., X, Production cross
sections measured over wide kinematic ranges
* Generally consistent with NLO NRQCD, but

— feed-down contributions large for J/y, Y'(1,2,3S)

— acceptance corrections depend on polarization
(usually assumed to be isotropic production)

* Need to study polarization of quarkonium
states produced
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Polarization (spin alignment)

with thanks to Pietro Faccioli and James Catmore

Quantization axis is a choice for the analyst
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J/y and y(28S) Polarization
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CMS measures no strong polarizations
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Y'(mS) Polarization
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ATLAS observes prompt

Iy — prps
association with

Provides new tests of
production models

Evidence for both
single- and double-
parton scattering (DPS);
test of factorization
assumption

Will be important for
future measurements
of Higgs+VB production
and rare Higgs decays

ATLAS: JHEPO4(2014)172
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Events / 0.025 GeV/c?
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Charmonium Pair Production

CMS measures inclusive
production of two
prompt J/y decays in
the same event

No evidence for
resonant production
(e.g. mp — Iy J/w)
Sensitive to double-
parton scattering
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Summary

 LHC measurements of several quarkonium states
over wide ranges of momentum and rapidity

 Cross sections are consistent with NLO NRQCD
model calculations

* No strong quarkonium polarization measured,
not increasing with p, in disagreement with
models

e Associated production of quarkonium observed
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Outlook

* LHC Run-Il will provide higher statistics and
oroader p; range to study quarkonium production

* Important to measure y_ and y, — interesting in
their own right and define feed-down into the y
and Y channels

e Polarization and cross sections must be measured
and understood together

e Associated quarkonium production provides
signal and backgrounds for new searches and rare
decay channels
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