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Study of Quarkonia with the ATLAS experiment - I
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Quarkonia physics in ATLAS is mostly based on low pT muon
triggers and track reconstruction in the Inner Detector

Run Year √sNN (TeV) Lint (fb-1)

Run1 pp 2012 8 11.4
Run2 pPb 2013 5.02 0.028
Run2 pp 2015 5.02 25
Run2 PbPb 2015 5.02 0.0042

Datasets used



Study of Quarkonia with the ATLAS experiment - II
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1. M(µµ) and t(µµ) variables to characterize quarkonia production
2. è 2D fit in these two variables
3. Prompt vs. Non-Prompt (mainly due to B decays in flight) prodction

J/y - y(2S) in pp

J/y - y(2S) in PbPb

U (1S-2S-3S) in pp



QUARKONIA PRODUCTION IN P+P 
P+PB AND PB+PB AT 5.02 TEV
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Quarkonia production in hadron collisions: 
Motivations
Quarkonia inclusive production in pp, pPb and PbPb collisions
at ECM (NN) = 5.02 TeV
àComparison with NRQCD (prompt production) and FONNL 

(non-prompt production) models
àDisentangling of CNM effects (in pPb) and QGP effects (in 

PbPb)
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Main observable quantities:
differential cross-section !
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nuclear modification factor (pA) 1'23 = 5
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Results: prompt J/y and y(2S) 
production in pp collisions at 5.02 TeV
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Good description of the data by NLO NRQCD calculations in the full pT range
(as it was for 7 and 8 TeV data)

Prompt J/y Prompt y(2S)



Results: U(1S-3S) production in pp
collisions at 5.02 TeV
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Significant discrepancies with NLO NRQCD calculations for pT <15 GeV
(agreement at higher pT)

U(1S) U(2S) U(3S)



Results: non-prompt J/y and y(2S) 
production in pp collisions at 5.02 TeV
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Good description of the data by FONLL calculations in the full pT range
(better than 7 and 8 TeV data where some discrepancies were actually observed)

Non-Prompt J/y Non-Prompt y(2S)



Results: nuclear modification factor
RpPb for J/y production
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RpPb ~ 1 in the full kinematic range èCNM effects are small for J/y production

Prompt J/y Non-Prompt J/y



Results: nuclear modification factor
RpPb for U(1S) production - I
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RpPb < 1 at low pT èCNM effects are relevant in the case of U(1S)
Nuclear PDF are modified relative to those of the nucleon ?

This deserves additional investigations

U(1S) U(1S)



Results: nuclear modification factor
RpPb for U(1S) production - II
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J/y and URpPb data vs. pT compared with Alice data on Inclusive J/y (left)
U RpPb data vs. y* compared to Alice and LHCb data (right) suggesting a common

dependence on y*

Comparison with J/yALICE data Comparison with UALICE and LHCb data



Results: RpPb compared to RPbPb for 
J/y production
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J/y: pA nuclear modification factors vs. AA nuclear modification factors



Results: prompt quarkonia double 
ratios
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The double ratios allow to test the nuclear modification factors of excited states
with respect to ground states

Significant differences from r = 1
small effects on charmonium at y*>0
significant effect for bottomonium excites states



DI-J/Y ASSOCIATED PRODUCTION
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Quarkonia associated production in hadron
collisions - Motivations
Quarkonia associated production à DPS vs. SPS production
DPS = Double Parton Scattering
SPS = Single Parton Scattering
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W+J/y and Z+J/y associated production
di-J/y production at 8 TeV
four-jets production
è Estimate of seff

!(##$→&'))*+ = -
2

!(##/→&)+*+ !(##$→')+*+

!011

SPS

DPS



Results: di-J/y production at 8 TeV - I

• Aim: select events with two
prompt J/y à µµ decays from 
the same pp collision

• Step1) Select di-J/y eventsè
Invariant mass fits
J/y1 – leading, J/y2 – subleading

• Step2) Select Prompt-Prompt
di-J/y è Pseudo-proper decay
time fits

• Step3) Select Prompt-Prompt
di-J/y from same vertex è
vertex dz fit (pile-up removal)

• è 1170 events selected
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Vertex dz fit

Invariant mass fits in two rapidity regions

Pseudo-proper decay time fits



Results: di-J/y production at 8 TeV - II
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Fiducial cross-section measurement in two rapidity regions of J/y2
(Fiducial region = pT(J/y2)>8.5 GeV, |y(J/y2)|<2.1, pT(µ)>2.5 GeV, |h(µ)|<2.3) 

Extrapolating to the full muon acceptance (assuming unpolarized J/y) 



Results: di-J/y production at 8 TeV - III
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DPS vs. SPS disentangling is possible in the Dy – Df plane
èEvery event is weighted according
to its position in the Dy – Df plane
Total cross-section and estimated
DPS cross-section vs. 

m(J/yJ/y) and pT(J/yJ/y)
and comparison with NLO*estimate SPS DPS



DPS vs. SPS – summary of seff estimates
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Estimate of seff from this analysis and comparison with other estimates

In general, results based on di-quarkonia
production give lower values of seff

Not included in the list:
CMS di-J/y : 8.2 mb
CMS di-U : 2.2 – 6.6 mb



Summary
• Quarkonia production in pp, pPb and PbPb collisions

• J/y, y(2S) production well described by NLO NRQCD and 
FONNL 

• U(1S) below pT<15 GeV deviates from NLO NRQCD
• RpPb ~ 1 for charmonium and < 1 for bottomonium (at low pT)
• Sizeable suppression in PbPb collisions is observed

• Prompt di-J/y production in pp collisions at 8 TeV:
• Differential cross-section measured in a wide kinematic range
• ~ 9% of the cross-section is estimated to be due to DPS
• Good description by NLO* estimates (LO DPS + NLO (CS) SPS) 
• seff below previous estimates
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BACKUP
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di-J/y measurement: additional plots
07/07/18 ATLAS results on quarkonia and its associated production 24



di-J/y measurement: systematic
uncertainties
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Measurement of associated production of the J/y
with vector bosons W and Z
J/y +W: DPS-subtracted cross-
section compared to CS and CO 
production models

J/y +Z: DPS-subtracted cross-
section compared to NLO NRQCD 
and LO CSM production models
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No model describes the large values of the associated production

See JHEP 04 (2014) 172 See Eur. Phys. J. C75 (2015) 229



Z+J/y: selection and DPS estimate
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Results: 4-jets analysis
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Quarkonia production on pPb collisions: 
additional plots - I

07/07/18 ATLAS results on quarkonia and its associated production 29



Quarkonia production on pPb collisions: 
additional plots - II
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Quarkonia production on pPb collisions: 
systematics
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Results: nuclear modification factor
RPbPb for J/y production
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- Strong suppression of prompt and non-prompt J/ψ and
ψ(2S) observed in Pb+Pb data. 

- Maximal suppression for the most central collisions. 
- Same RAA vs centrality dependence for prompt and 

non-prompt J/ψ. 

Prompt J/y

Non-Prompt J/y



Quarkonia production in PbPb collisions: 
additional plots - I
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Quarkonia production in PbPb collisions: 
additional plots - II
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Quarkonia production in PbPb collisions: 
additional plots - III
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Results – I: prompt production cross-sections vs. 
pT(µµ) and |y|. Comparison with NRQCD predictions
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Fair agreement with NRQCD (based on LDMEs) in the whole pT - |y| range. 



Results – II: non-prompt production cross-section vs. 
pT(µµ) and |y|. Comparison with FONLL predictions
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Theory predicts: for J/y a slightly harder pT spectrum; for y(2S) higher yields wrt data



Results: scaling 7-8 TeV

07/07/18 Production of exotic and conventional quarkonia and open 
beauty/open charm at ATLAS

38



Results: non-prompt J/y fraction vs. pT(µµ) from √s = 
2.76 to 13 TeV compared with CDF at √s=1.96 TeV
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No significant difference btw √s = 7 TeV and √s = 13 TeV data. 
Significant difference btw the √s = 7 TeV data and lower √s data.



Production measurements of y(2S) and X(3872) 
decaying to J/y p+p− at √s = 8 TeV

• Data sample
• 11.4 fb-1 @ 8 TeV

• Search in the J/y p+p- with 
J/y à µµ channel: 
• Dimuon trigger (pT>4GeV)
• Measurement of proper decay

time è prompt/non-prompt
discrimination

• Attempt to discriminate short 
and long lifetime components
for X(3872)

• Analysis of m(pp) spectra
• Analysis vs. pT and y in 

the range |y|<0.75 and   
10<pT<70 GeV
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X(3872) “exotic” candidate:
CMS data disagrees with D0D0* molecule
hypothesys

X(3872) = D0D0* + cc1(2P)
NRQCD incorporates this recipe CMS ok See ATLAS-CONF-2016-028.
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Prompt X(3872)

 [GeV]
T

X(3872) p
10 20 30 40 50 60 70

Th
eo

ry
 / 

D
at

a

0
0.5

1
1.5

2
2.5

NLO NRQCD Data

 [GeV]
T

X(3872) p
10 20 30 40 50 60 70

dy
[n

b/
G

eV
]

T
/d

p
s2

)d- p+ p)- µ+ µ(
y

J/
®

Br
(X

(3
87

2)
6-10

5-10

4-10

3-10

2-10

Data

FONLL rescaled to X(3872)

Branching fraction uncertainty

ATLAS Preliminary
-1=8 TeV, 11.4 fbs

Non-Prompt X(3872)
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Results – I: prompt and non-prompt y(2S) and X(3872) 
production vs. pT: comparison with theory
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y(2S): well described by NLO NRQCD (prompt) and FONLL (non-prompt)
X(3872): well described by CMS-like mixing (prompt) not by FONLL (non-prompt) 
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Results – II: short vs. long-lived X(3872) non-prompt
production; m(pp) spectra
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Analysis of m(pp) spectra:
ày(2S): good agreement with Voloshin-Zakharov formula l=4.16±0.08
àX(3872) evidence of r-dominance in the decay

Double-exponential non-prompt
time distributions tried for X non-prompt:
ày(2S): a single-exponential is ok
àX(3872): short-lived (due to Bc) and
long-lived (due to B, B*, Bs) 
R = (SL)/(LL) = (25±10(stat)±2(syst)±5(spin))%
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