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This picture assumes the production of the cc pair at early times
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in pp collisions at
p

s = 7 TeV. The measurements are shown as a function of pT and in several bins of rapidity. Cal-
culations from POWHEG [152] (matched to PYTHIA [151]) and MC@NLO [47, 153] (matched to HERWIG [46]),
are found to reproduce the data. Measurements from both lifetime- and lepton-based tagging methods are shown.

2.2.4. Prompt charmonium
In this section, we show and discuss a selection of experimental measurements of prompt charmonium production

at RHIC and LHC energies. We thus focus here on the production channels which do not involve beauty decays; these
were discussed in the Section 2.2.3.

Historically, promptly produced J/ and  (2S) have always been studied in the dilepton channels. Except for the
PHENIX, STAR and ALICE experiments, the recent studies in fact only consider dimuons which o↵er a better signal-
over-background ratio and a purer triggering. There are many recent experimental studies. In Figure 9, we show
only two of these. First we show d�/dpT for prompt J/ at

p
s = 7 GeV as measured by LHCb compared to a few

predictions for the prompt yield from the CEM and from NRQCD at NLO9 as well as the direct yield10 compared to
a NNLO? CS evaluation. Our point here is to emphasise the precision of the data and to illustrate that at low and mid
pT –which is the region where heavy-ion studies are carried out– none of the models can simply be ruled out owing to
their theoretical uncertainties (heavy-quark mass, scales, non-perturbative parameters, unknown QCD and relativistic
corrections, ...). Second, we show the fraction of J/ from b decay for y close to 0 at

p
s = 7 TeV as function of

pT as measured by ALICE [108], ATLAS [170] and CMS [171]. At low pT, the di↵erence between the inclusive
and prompt yield should not exceed 10% – from the determination of the �bb, it is expected to be a few percent at
RHIC energies [111]. It however steadily grows with pT. At the highest pT reached at the LHC, the majority of the
inclusive J/ is from b decays. At pT ' 10 GeV, which could be reached in future quarkonium measurements in
Pb–Pb collisions, it is already 3 times higher than at low pT: 1 J/ out of 3 comes from b decays.

(a) (b)

Figure 9: (a) Prompt J/ yield as measured by LHCb [172] at
p

s = 7 TeV compared to di↵erent theory predictions referred to as “prompt NLO
NRQCD”[173], ”DirectNLO CS”[57, 58], “Direct NNLO? CS” [61, 62] and “Prompt NLO CEM” [174]. (b) Fraction of J/ from B as measured
by ALICE[108], ATLAS [170] and CMS [171] at

p
s = 7 TeV in the central rapidity region.

For excited states, there is an interesting alternative to the sole dilepton channel, namely J/ + ⇡⇡. This is particu-
larly relevant since more than 50% of the  (2S) decay in this channel. The decay chain  (2S)! J/ +⇡⇡! µ+µ�+⇡⇡
is four times more likely than  (2S)! µ+µ�. The final state J/ + ⇡⇡ is also the one via which the X(3872) was first
seen at pp colliders [175, 181]. ATLAS released [136] the most precise study to date of  (2S) production up to pT of

9Let us stress that the NRQCD band in Figure 9(a) is not drawn for pT lower than 5 GeV because such a NLO NRQCD fit overshoots the data
in this region and since data at low pT are in fact not used in this fit. For a complete discussion of NLO CSM/NRQCD results for the pT-integrated
yields, see [67]. As regards the CEM curves, an uncertainty band should also be drawn (see for instance [169]).

10 The expected di↵erence between prompt and direct is discussed later on.
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2.5 < η < 4

20 < pT < 30 GeV

J/ψ in jets in pp

8

Recent measurement by 
LHCb: J/ψ in jets
z = J/ψ pT / jet pT

prompt J/ψ are produced 
with far more jet activity 

than predicted by models
PRL 118 (2017) 192001

J/ψ
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Starting point for my thesis in CMS

Start with pp data and then move to PbPb


Different kinematic ranges

Similar results to LHCb
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z distributions in pp and PbPb
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pp and PbPb have similar trends

Suppression in PbPb in all z bins
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RAA of J/ψ in jets

Less suppression for isolated J/ψ compared to J/ψ with larger jet activity

Rising trend as a function of z
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NRQCD vs LHCb

R. Bain et al. PRL 119 (2017) 032002

GFIP: Gluon Fragmentation 
Improved PYTHIA 

FJF: Fragmentation Jet 
Functions

Fixed order calculations are not enough to understand the J/ψ puzzle

Better agreement with LHCb results than LO NRQCD

J/ψ could be produced in parton showers

Two comparable approaches:
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Low z
Later time
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J/ψ produced later in 
parton shower

Larger degree of 
interaction with the QGP
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Conclusions
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I measured the jet fragmentation function of 
the J/ψ meson in pp and PbPb collisions

Prompt J/ψ RAA showed a rising trend with z

These results support the interpretation 
of jet quenching as a relevant 

mechanism for J/ψ suppression
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Ratio of J/ψ produced in jets in our selection over the total number of J/ψ
Less than 7% are produced in jets in our selection

Under-predicted in PYTHIA8
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CMS measurement at 8 TeV: 

(85 ± 3(stat) ± 7(syst))% of J/ψ (EJ/ψ>15 GeV) are produced with a jet (EJet>19 GeV)

PLB 804 (2020) 135409
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Elliptic flow in PbPb

Unexpected non zero v2 
for prompt J/ψ at high pT

Similar to other 
hadrons at high pT

Path-length dependence of energy loss
42



Moved from CMS to ALICE

J/  in jets cannot be done in ALICE


But similar tools can be used in many analyses
ψ → μμ

From CMS to ALICE

16

-> seperation of prompt and nonprompt J/ 

-> efficiency calculation studies

ψ



• Tag-and-Probe (T&P) is a data-driven efficiency calculation technique

• Simulations are not ideal → need data calibration


• based on the decays of known resonances, e.g. J/ψ
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• Muons are measured in two subsystems in CMS

• The silicon tracker: very precise momentum determination but busy environment

• The muon chambers: very clean signal

• Together they give very precise and clean muon detection


• pT > 3 GeV for  < 1.2, pT > 1.5 GeV for 2.1 <  < 2.4|η | |η |

19

Muon systems in CMS
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Standalone muon
Tracker muon

Global muon

• Three types of muons are defined in CMS

• Standalone muons: reconstructed in the muon chambers

• Tracker muons: tracker + first layer in the muon chambers

• Global Muons: tracker + muon chambers

• Works in favor of efficiency measurements like Tag-and-Probe

Tag-and-Probe in CMS



• For the tracking efficiency we can look at standalone muons and 
check if they are reconstructed in the tracker as well (Global muons)


• For 2018 PbPb run: very good efficiency that only depends on rapidity 

• Small differences between data and simulation

20
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• A Large Ion Collider Experiment optimized for collisions of heavy nuclei 
at ultra-relativistic energies


• Goal: studying the physical properties of the Quark-Gluon Plasma

• Made of many detectors: ensemble of cylindrical detectors in the barrel + 

a muon spectrometer in the forward region
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• MCH: Muon CHambers, tracking stations

• MID: Muon ID, trigger stations

• Front absorber: suppresses particles except for muons


• Muon measurements in -4 <  < -2.5 

• Resonances can be detected down to zero transverse momentum

η
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• Muons can come from the interaction point or from decay in flight

• Limitations of the muon spectrometer:


• High background from /K decays

• No secondary vertex reconstruction

• Limited mass resolution

π
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• The Muon Forward Tracker is added for run 3

• Granular silicon detector placed in front of the absorber at 40 cm from the 

interaction point

• Improvements:


• The S/B ratio

• Precise determination of production vertex

• Better dimuon opening angle resolution
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• In Run 3 analyses will use global muons: reconstructed in the three 
subsystems (MFT, MCH and MID)


• An important part of the reconstruction: matching between MCH and MFT

• The efficiency is going to be calculated in simulation

• T&P studies are needed for calibration

24

Global 

Dipole

MID

MFT
Absorber

MCH

Tag-and-Probe in ALICE



• For now we only have MC simulation


• Using the nonprompt J/  simulations in pp and PbPb


• The efficiencies are still very preliminary and need some work 
that affects muon measurements in general


• Main issue: fake matches between MFT and MCH detectors

ψ
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