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In recent years, the ATLAS Collaboration has continued to 
develop and extend its quarkonium measurement physics 
program.

Inclusive and associated quarkonium cross-section 
measurements have been performed in several channels, both in 
𝑝𝑝 and 𝑝Pb collisions.

In this talk, I will focus on the following ATLAS measurements:
• Inclusive 𝐽/𝜓 and 𝜓(2𝑆) cross-sections.
• 𝐽/𝜓 and 𝜓(2𝑆) production in 𝑝Pb collisions.
• Associated 𝐽/𝜓 +𝑊± cross-section.
• Inclusive di-𝐽/𝜓 cross-sections.

Outline
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Non-relativistic QCD (NRQCD) provides a framework for 
making theoretical predictions by factorizing the quarkonia
cross-sections into:
• Short distance, perturbative QCD quark-level interactions.
• Long distance evolution of a compatible quark pair into a physical meson.

Each measurement offers an important test of non-perturbative 
QCD production modes in hadron collisions and double-parton
scattering (DPS) production.

Attempts to model quarkonia production for numerous bound 
states—including polarization—have had mixed results. A 
universal set of LDME parameters is challenging to produce.

Experimental Motivation
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Quarkonia Reconstruction in ATLAS
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In ATLAS, quarkonia are typically experimentally identified in the di-muon channel.

A set of dedicated “B-physics” triggers and high muon reconstruction efficiency provide 
a large, clean dataset.



Inclusive 𝐽/𝜓 and 𝜓(2𝑆) Cross-sections

26.9.2022 C. D. Burton | QWG 2022 5

Double-differential 
measurement of prompt 
and non-prompt 𝐽/𝜓 and 
𝜓(2𝑆) cross-sections using 
the full 13 TeV 𝑝𝑝, 139 Ab'$
Run II dataset.

In one analysis bin, the 
signal extraction using the 
di-muon invariant mass and 
pseudo-proper time is 
shown.

Signal events are weighted
by acceptance, trigger
efficiency, and detector 
efficiency.



Cross-sections in 
𝑝(
)/+ ∈ 60, 360 GeV

and 𝑦)/+ < 2 are 
presented.

This differential 
measurement can be 
used to test NRQCD 
models of quarkonium 
production and 
determine a set of 
LDMEs.

Inclusive 𝐽/𝜓 and 𝜓(2𝑆) Cross-sections
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Prompt measurements have been compared to low-𝑝(
)/+ CMS results and non-prompt 

measurements to NLL predictions.

Inclusive 𝐽/𝜓 and 𝜓(2𝑆) Cross-sections
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NRQCD models 
distinguish between color 
singlet (CS) and color 
octet (CO) production 
modes.

To better understand CO 
production, seek a 
process dominant in that 
mode.

Selected events with 
𝑱/𝝍 → 𝝁'𝝁, and 𝑾± →
𝝁±𝝂𝝁.

Associated 𝐽/𝜓 +𝑊± Cross-sections
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Angular separation 
variables can be used to 
distinguish SPS and DPS 
production modes.

The differential 𝑝(
)/+

spectrum is compared to 
models of SPS and DPS.

7 TeV / 4.5 ;b'$ and 8 TeV / 
20.3 ;b'$ measurements 
have been performed. 
13 TeV / 139 ;b'$ in 
progress.

Associated 𝐽/𝜓 +𝑊± Cross-sections
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Similarly, 𝑱/𝝍 meson pairs can be produced via SPS or DPS. ATLAS has published an 
8 TeV / 11.4 fb'$ measurement of di-𝑱/𝝍 production, differential in 𝒑𝑻

𝑱/𝝍𝟐, 𝒑𝑻
𝐝𝐢-𝑱/𝝍, and 

𝒎𝐝𝐢-𝑱/𝝍.

Data points assume an unpolarized spin-alignment.

Di-𝑱/𝝍 Cross-section
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Di-𝑱/𝝍 Cross-section
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The di-𝑱/𝝍 distributions in data are 
compared to MC models.

Angular separation variables may 
be used to distinguish SPS and 
DPS production.
• Δ𝜑 𝐽/𝜓, 𝐽/𝜓
• Δ𝑦 𝐽/𝜓, 𝐽/𝜓

Additionally, di-𝑱/𝝍 invariant mass 
and 𝒑𝑻 distributions are compared 
to the MC models.



DPS Production Measurements
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DPS production has been studied 
across many different channels.

The simplest model of DPS is 
parameterized with an “effective 
cross section,” 𝝈𝐞𝐟𝐟.

The measurements of 𝝈𝐞𝐟𝐟 are 
compared across many 
processes and 𝒑𝒑 collision 
energies.
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ATLAS has studied charmonia production in HI collisions as a probe of quark-gluon 
plasma (QGP) and cold nuclear matter (CNM) effects.

The yields are compared to those from pp collisions to measure the nuclear modification 
factor as a function of 𝒑𝑻, rapidity, and quarkonium excitation state.

Quarkonia Production in Heavy Ion Collisions
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The nuclear modification factor shows that prompt 𝑱/𝝍 production is not suppressed in 
pPb collisions. The double ratio of 𝝍 𝟐𝑺

𝑱/𝝍
shows that excited charmonium states are more 

suppressed.

Quarkonia Production in Heavy Ion Collisions
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Inclusive 𝑱/𝝍 and 𝝍(𝟐𝑺) production has been studied in 𝒑𝒑 collisions. Prompt and non-
prompt cross-sections have been measured and compared to NRQCD predictions.

Associated 𝑱/𝝍 +𝑾± and 𝑱/𝝍 + 𝑱/𝝍 cross-sections have been measured at 𝟖 𝐓𝐞𝐕. SPS 
and DPS production modes have been investigated.

𝑱/𝝍 and 𝝍(𝟐𝑺) production has been measured in 𝒑𝐏𝐛 and 𝐏𝐛𝐏𝐛 collisions.

Upcoming 𝟏𝟑 𝐓𝐞𝐕 measurements offer large datasets to analyze quarkonia production.

Summary
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Corrections are calculated for 𝐽/𝜓 acceptance as a function of 𝑝(
)/+and 𝑦)/+. (Assuming one 

𝐽/𝜓 polarization profile.)

Efficiency corrections are based on the muon trigger and reconstruction efficiency 
measurements, which are provided by the Muon Combined Performance Group as a function 
of 𝑝(

8, 𝜂8, and run period.

Efficiency and Acceptance
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