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Why measuring quarkonia with multiplicity?
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• In this talk, I will review of some of the quarkonia studies at LHC that are looking into this 
concept

• Measurements of hadron multiplicity produced along with the quarkonia may reveal new 
information:

- extra gluons from octet produce additional particles in the final state, but underlying 

event (UE) activity is very similar to that from the octet  see Lidia’s talk of yesterday

- general purpose generators are, in general, not able to describe underlying event 

activity of quarkonia events

✴ We need to have a good description of the UE 
✴ Charged particle multiplicity is a first proxy of the UE

→

• Quarkonium production mechanism in 
hadronic collisions is not yet fully 
understood

- Several approaches (NRQCD with 

different LDMEs parametrizations; 
ICEM) coexist


- New observables are needed! 
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From small to large systems: quarkonia

3

• Multiplicity dependent studies in small systems 
can help benchmark quarkonium studies in 

- Help understanding complex dynamics of large 

systems, many effects at play


• Study case: quarkonia final-state effects

- usually claimed to explain excited-to-ground 

state suppression

- in comover scenario, stronger effect in 

backward region of  due to higher 
multiplicity (JHEP 10 (2018) 094) 


- can we see this also in  at high-multiplicity?

✴  data would offers larger statistics to 

better characterise the mechanism


• Accurate quantification of this effect needed for 
interpretation of quarkonium data in 
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• Charged hadron multiplicity is becoming more and 
more used as a proxy for medium energy density


• An alternative to collision centrality, which has large 
biases in small systems


- Pro: use same variable across different systems   


- Con: less direct connection to phenomenology


• In  collisions, multiplicity can be related with 
multiple parton interactions (MPI)

pp

From small to large systems with multiplicity
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ALICE: PRC 91, 064905 (2015)

• Important notes: particle multiplicity is not a 
“universal” variable as it depends on:

- detector acceptance, also in relation with 

quarkonia kinematics

- charged particles  (soft-hard scale)

- if detector efficiencies and backgrounds are 

corrected

- charged particle definition (see ALICE-

PUBLIC-2017-005)

• Special care when comparing measurements from 

different experiments

pT

Phys.Rev.D 107 (2023) 7, 076012

https://doi.org/10.1103/PhysRevC.91.064905
https://cds.cern.ch/record/2270008
https://cds.cern.ch/record/2270008
https://doi.org/10.1103/PhysRevD.107.076012
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• Self-normalised production with multiplicity 
- Study multiparton interactions effect on 

quarkonia production


• Ratio excited-to-ground state with multiplicity 
- Study presence of final-state effects sensible to 

quarkonium binding energy/size

Observables studied so far
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Focus of this talk

• Azimuthal correlations with multiplicity  See talk by Chenxi tomorrow! →

• Quarkonia polarisation with multiplicity:

- How do charmonium production description 

depends on multiplicity  Test LDMEs 
universality


- Measurement of  polarisation by CMS 
(Phys.Lett.B 761 (2016) 31-52)

✴No significant dependence with multiplicity 

seen

✴Higher-mass feed-downs (  states) 

complicate interpretation

→

Υ

P

8 5 Summary
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Figure 6: Expected Nch-dependences of the lJ parameter for the sum of two processes, of
polarizations l0 and l1, of relative fractions changing linearly with Nch (see text for details).
The measured lJ values are also shown, for the U(3S) (left) and U(1S) (right).

Changes in the LDMEs, in particular of the dominant 1
S
[8]
0 and 3

S
[8]
1 octet terms [7], are not the

only possible cause of variations in the measured U(nS) l parameters between low- and high-
multiplicity pp collisions; the effects of feed-down decays from heavier quarkonia should also
be considered. In fact, the polarizations reported here correspond to inclusive U(nS) samples,
not distinguishing mesons emitted in the decays of S- and P-wave bottomonium states from
the directly-produced ones. Assuming that all directly-produced S-wave states have identi-
cal polarizations, their decays to lighter S-wave states do not induce differences between the
measured (inclusive) polarizations and those of the directly-produced mesons. On the con-
trary, feed-down decays from P-wave states can significantly affect the measured values, es-
pecially for the U(1S) state, presumably the one affected by the largest feed-down fraction.
It is presently not possible to reliably evaluate the influence of the feed-down decays on the
measured U(nS) polarizations, for lack of information regarding the cb polarizations and their
feed-down fractions. Figure 6-right shows how the measured (inclusive) polarization is ex-
pected to change as a function of Nch if the directly-produced component (of polarization l0) is
complemented by a feed-down component (of polarization l1) that contributes with a fraction
f , decreasing linearly with Nch from 50% to 0 in the 0 < Nch < 60 range. The six curves cor-
respond to different assumptions for l0 and l1, reported in the legends, with l1 representing
an effective average of the cb1 and cb2 polarizations (the cb1 and cb2 lJ values must verify
lJ > �1/3 and lJ > �3/5, respectively [25]). In these scenarios the feed-down fraction is
assumed to become negligible at high Nch, where the inclusive lJ tends to the direct l0 value.
At low Nch, where the feed-down contribution is, hypothetically, the highest, the inclusive lJ

parameter crucially depends on the assumed cb polarization.

5 Summary
The polarizations of the U(1S), U(2S), and U(3S) mesons produced in pp collisions at

p
s =

7 TeV have been determined as functions of the charged particle multiplicity of the event in

• Quarkonia in jets  discussed yesterday by Lidia→

https://doi.org/10.1016/j.physletb.2016.07.065


Quarkonia with 
multiplicity from ALICE

6



Óscar Boente García Multiplicity-dependent quarkonium measurements 10/01/2024

Quarkonia production with multiplicity in ALICE
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- only  (hard  or , 
low statistics)


- prompt & non-prompt separation


- decay ; , , 

- inclusive measurement

J/ψ → e+e− ψ(2S) Υ

→ μ+μ− J/ψ ψ(2S) Υ

Multiplicity determination 
• Define activity classes with SPD (midrapidity)  or V0 (forward+backward)

• Average charged particle multiplicity in each mult. class measured at midrapidity (with SPD)

Central barrel 



Muon arm

|y | < 0.9

−4 < y < − 2.5

(figure from David Dobrigkeit Chinellato)

Multiplicity dependence of inclusive J/y production at
p

s = 13 TeV ALICE Collaboration

rapidity (y) range dNJ/y/dy is normalized to the J/y yield in the INEL>0 event class, hdNJ/y/dyi. The
INEL>0 event class contains all events with at least 1 charged particle in |h | < 1. In this ratio, most of
the systematic uncertainties related to tracking and particle identification cancel.

3.1 Event selection

All events selected in this analysis are required to have a reconstructed collision vertex within the longi-
tudinal interval |zvtx| < 10 cm in order to ensure uniform detector performance and one SPD tracklet in
|h |< 1. Beam-gas events are rejected using timing cuts with the V0 detector. Pileup events are rejected
using a vertex finding algorithm based on SPD tracklets [21], allowing the removal of events with 2
vertices. Because of the relatively small in-bunch pileup probability and the further event selection per-
formed in the analysis, the fraction of remaining pileup is negligible in the minimum bias events sample
and at most 2% in the high multiplicity triggered sample.
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Fig. 1: Distribution of the corrected SPD tracklets N
corr
trk (left) and V0 amplitude (right) for the MB events as well

as the HM- and EMCal-triggered events used in the analysis. The vertical lines indicate the used multiplicity
intervals (see Table 2; the first bin spans from 0 to the position of the first line). For the HM-triggered events, the
V0 amplitude distribution for a single data taking period is included for illustration (open squares).

Events are binned in multiplicity classes based on either the SPD or the V0 detector signals, as shown
in Fig. 1. Events corresponding to the onset of the V0 HM trigger are excluded; that onset is rather
sharp. The smearing seen in the distribution in the right panel of Fig. 1 is due to the different thresholds
used during operation. To illustrate this, the V0-amplitude distribution for a single data taking period is
included in Fig. 1 (right panel, open squares).

For the measurement of the charged-particle pseudorapidity density dNch/dh at midrapidity, |h |< 1, the
SPD tracklets are used [29]. Given the close proximity of the SPD detector to the interaction point (the
two layers are at radial distances of 3.9 and 7.6 cm), its geometrical acceptance changes by up to 50% in
the zvtx interval selected for analysis. In addition, the mean number of SPD tracklets also varied during
the 3-year Run 2 data taking period due to changes in the number of active SPD detector elements. In
order to compensate for these detector effects, a zvtx and time-dependent correction factor is applied such
that the measured average multiplicity is equalized to a reference value. This reference was chosen to
be the largest mean SPD tracklet multiplicity observed over time and zvtx. This procedure is similar to
what was done previously in Ref. [5]. The correction factor for each event is randomly smeared using
a Poisson distribution to take into account event-by-event fluctuations. In the case of the event selection
based on the forward multiplicity measurement with the V0 detector, the signal amplitudes are equalized
to compensate for detector ageing and for the small acceptance variation with the event vertex position.

The overall inefficiency, the production of secondary particles due to interactions with the detector ma-
terial and particle decays lead to a difference between the number of reconstructed tracklets and the

4

Green: multiplicity intervals used

SPD activity classes V0 activity classes

midrapidity  (Run 2)

  PLB 810 (2020) 135758

J/ψ

(SPD)

Muon Arm

https://indico.cern.ch/event/1103658/#2-discussion-on-event-activity
https://doi.org/10.1016/j.physletb.2020.135758
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 production with multiplicityJ/ψ
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• Midrapidity: faster than linear 
growth


- No difference observed when 
using SPD or V0 event activity 
classes


• Forward: mostly linear trend, but 
there is a  deviation from 
linear at 


• Inclusive measurement   harder 
to interpret, as non-prompt 
production comes from  decays


- Good prospects for Run 3, 
prompt & non-prompt 
separation with MFT


- MFT might be able to directly 
measure multiplicity in the 
forward region

4.9σ
s = 13 TeV

→

B

forward 5, 13TeV:

 JHEP 06 (2022) 015


midrapidity  (Run 1)

 PLB 712 (2012) 165-175


midrapidity  (Run 2)

  PLB 810 (2020) 135758


central : 
arXiv:2209.04241

J/ψ J/ψ Υ

https://doi.org/10.1007/JHEP06(2022)015
https://doi.org/10.1016/j.physletb.2012.04.052
https://doi.org/10.1016/j.physletb.2020.135758
https://arxiv.org/abs/2209.04241
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• Faster than linear increase reproduced by different approaches:

- Color string reconnection, gluon saturation, coherent particle 

production, 3-gluon fusion in gluon ladders/pomerons…

- Additional complexity to the simple MPI scenario


• Excited state  in forward shows comparable behaviour to 
 (JHEP 06 (2023) 147)

ψ(2S)
J/ψ

 production with multiplicity: model comparisonJ/ψ

9

 JHEP 06 (2022) 015

PLB 810 (2020) 135758

 , 5 TeV 2.5 < y < 4  , 13 TeV 2.5 < y < 4  , 13 TeV |y | < 0.9

https://doi.org/10.1007/JHEP06(2023)147
https://doi.org/10.1007/JHEP06(2022)015
https://doi.org/10.1016/j.physletb.2020.135758
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 production with multiplicityΥ(1S)
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ALICE forward 5, 13TeV: JHEP 06 (2022) 015

CMS midrapidity : JHEP 04 (2014) 103Υ

• ALICE  with forward muon arm:

- Linear trend, similar pattern as 

Υ(nS)
J/ψ

• CMS result at midrapidity:

- growth faster than linear, similar to J/ψ

° production as a function of charged-particle multiplicity ALICE Collaboration
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Figure 2: Self-normalized yield of °(nS) states as a function of normalized charged-particle multiplicity for
pT > 0. The error bars represent the statistical uncertainty on the ° yields, while the quadratic sum of the point-by-
point systematic uncertainties on the ° yield as well as on dNch/dh / hdNch/dhi is depicted as boxes. The dashed
line shown in the top panel represents a linear function with the slope equal to unity.
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https://doi.org/10.1007/JHEP06(2022)015
https://doi.org/10.1007/JHEP04(2014)103
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• ALICE measured ratios of  and 


- only in forward region with muon arm, inclusive  

ψ(2S)/J/ψ Υ(nS)/Υ(1S)

ψ(2S), J/ψ

Excited-to-ground state ratio with multiplicity

11

: JHEP 06 (2023) 147ψ (2S), J/ψ

:  arXiv:2209.04241Υ

No significant deviation 
from unity is seen 

- Color reconnection (CR) in PYTHIA almost no effect


- Need more precision to distinguish decreasing trend of 
comover model

https://doi.org/10.1007/JHEP06(2023)147
https://arxiv.org/abs/2209.04241


Ratios  with 
event activity from CMS

Υ(nS)/Υ(1S)

12
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 cross-section ratios in  collisionsΥ(nS) pp
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• Study cross-section ratios of  as a function of multiplicity


• Use   (trigger requirement in high-statistics sample)


• Multiplicity : tracks with , , efficiency corrected

Υ(nS)
pT > 7 GeV

Ntracks ptrack
T > 0.4 GeV/c |ηtrack | < 2.4

JHEP 11 (2020) 001
JHEP 04 (2014) 103

Clear decreasing trend with 
multiplicity, decrease 

 > Υ(3S)/Υ(1S) Υ(2S)/Υ(1S)

More pronounced 
drop at lower pT

https://doi.org/10.1007/JHEP11(2020)001
https://doi.org/10.48550/arXiv.1312.6300https://doi.org/10.48550/arXiv.1312.6300
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• Use  to study dependence with local 
multiplicity and underlying event

- distinguish effects from feed-down and 

production (linked to toward & backward) 
from UE (transverse)

ϕμμ

 ratios: local multiplicity dependenceΥ(nS)
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applies to unaccounted effects coming from feed-down, i.e. from Υ(nS) states not produced

in the hard scatter, as discussed in the following section.

4.4 Dependence on the Υ(nS) isolation

The isolation of the Υ(nS) is defined by the number of tracks found in a small angular region

around its direction. The study is aimed at verifying whether charged tracks produced

along the Υ momentum direction, such as the “comovers” of ref. [47], could explain the

observed reduction in the cross section ratio. The number of particles (N∆R
track) in a cone

around the Υ momentum direction (∆R =
√

(∆η)2 + (∆φ)2 < 0.5) is counted, where

∆η is the difference in pseudorapidity between the Υ(nS) and the other particles. The

data sample is split into four categories: N∆R
track = 0, 1, 2, and > 2. In the last case, for

the lower multiplicity range 0–15, a strong decrease in both ratios was initially observed.

The source was identified as an enhancement of the Υ(1S) signal coming from the feed-

down process Υ(2S) → Υ(1S)π+π−. This was verified by reconstructing the Υ(2S) state

using the selection and procedure of ref. [48]. While the raw number of reconstructed Υ(2S)

events from the fit to the Υ(1S)π+π− mass spectrum is below 1% in all the Ntrack bins, this

component increases significantly, up to 25%, when we require tracks in the ∆R < 0.5 cone.

On the other hand, the contributions from Υ(3S) → Υ(1S)π+π− and Υ(3S) → Υ(2S)π+π−

decays remain negligible. A correction is applied to take into account both the number

of reconstructed feed-down events and the probability that an event is selected in that

multiplicity bin due to the presence of the feed-down π+π− pair. A sizeable (of the order

of 30%) correction is needed only for the Ntrack = 0–15 bin, when requiring more than

two particles in the cone. The ratios Υ(2S)/Υ(1S) and Υ(3S)/Υ(1S) vs. track multiplicity
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applies to unaccounted effects coming from feed-down, i.e. from Υ(nS) states not produced

in the hard scatter, as discussed in the following section.

4.4 Dependence on the Υ(nS) isolation

The isolation of the Υ(nS) is defined by the number of tracks found in a small angular region

around its direction. The study is aimed at verifying whether charged tracks produced

along the Υ momentum direction, such as the “comovers” of ref. [47], could explain the

observed reduction in the cross section ratio. The number of particles (N∆R
track) in a cone

around the Υ momentum direction (∆R =
√

(∆η)2 + (∆φ)2 < 0.5) is counted, where

∆η is the difference in pseudorapidity between the Υ(nS) and the other particles. The

data sample is split into four categories: N∆R
track = 0, 1, 2, and > 2. In the last case, for

the lower multiplicity range 0–15, a strong decrease in both ratios was initially observed.

The source was identified as an enhancement of the Υ(1S) signal coming from the feed-

down process Υ(2S) → Υ(1S)π+π−. This was verified by reconstructing the Υ(2S) state

using the selection and procedure of ref. [48]. While the raw number of reconstructed Υ(2S)

events from the fit to the Υ(1S)π+π− mass spectrum is below 1% in all the Ntrack bins, this

component increases significantly, up to 25%, when we require tracks in the ∆R < 0.5 cone.

On the other hand, the contributions from Υ(3S) → Υ(1S)π+π− and Υ(3S) → Υ(2S)π+π−

decays remain negligible. A correction is applied to take into account both the number

of reconstructed feed-down events and the probability that an event is selected in that

multiplicity bin due to the presence of the feed-down π+π− pair. A sizeable (of the order

of 30%) correction is needed only for the Ntrack = 0–15 bin, when requiring more than

two particles in the cone. The ratios Υ(2S)/Υ(1S) and Υ(3S)/Υ(1S) vs. track multiplicity

– 11 –

JHEP 11 (2020) 001

- Similar trend for the three regions, main 
differences at low  


- Decrease also observed in transverse 
region 

✴ could indicate of correlation with UE 


- keep in mind correlation between 
different  estimators

NΔϕ
track

NΔϕ
track

https://doi.org/10.1007/JHEP11(2020)001
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• Define a cone around :  


• Need to correct for some feed-downs:

- significant bias at low multiplicity from  

Υ ΔR = (Δη2 + Δϕ2) < 0.5

Υ(2S) → Υ(1S)π+π−

 ratios: dependence on isolationΥ(nS)
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Figure 6. The ratios Υ(2S)/Υ(1S) and Υ(3S)/Υ(1S) are shown as a function of the track multi-
plicity Ntrack: in four categories based on the number of charged particles produced in a ∆R < 0.5
cone around the Υ direction (left), and in different intervals of charged particle transverse sphericity,
ST (right). The outer vertical bars represent the combined statistical and systematic uncertainties
in the ratios, while the horizontal bars give the uncertainty in

〈
Ntrack

〉
in each bin. Inner tick marks

show only the statistical uncertainty, both in the ratio and in
〈
Ntrack

〉
.

for the production of accompanying particles. On the other hand, it is also true that, if we

expect a suppression of the excited states at high multiplicity, it would also appear as a

shift in the mean number of particles for that state (because events at higher multiplicities

would be missing). Furthermore, if we consider only the events with 0 < ST < 0.55, where

none or little dependence on multiplicity is present, the mean number of charged particles

per event is exactly the same for the three Υ states (
〈
Ntrack

〉
= 22.4± 0.1). This suggests

that the different number of associated particles is not directly linked to the difference in

mass between the three states.

5 Summary

The measurement of ratios of the Υ(nS) → µ+µ− yields in proton-proton collisions at√
s = 7TeV, corresponding to an integrated luminosity of 4.8 fb−1, collected with the

CMS detector at the LHC, are reported as a function of the number of charged particles

produced with pseudorapidity |ηtrack| < 2.4 and transverse momentum ptrackT > 0.4GeV. A

significant reduction of the Υ(2S)/Υ(1S) and Υ(3S)/Υ(1S) production ratios is observed

with increasing multiplicity. This result confirms the observation made in proton-proton

and proton-lead collisions at lower centre-of-mass energy [7], with increased precision. The

effect is present in different ranges of pµµT , but decreases with increasing pµµT . For pµµT >

7GeV, different observables are studied in order to obtain a better description of the

phenomenon in connection with the underlying event. No variation in the decrease of the

ratios is found by changing the azimuthal angle separation of the charged particles with

respect to the Υ momentum direction. The same applies when varying the number of

– 13 –
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• Aiming to see if comovers are affecting 
the ratio 

• No significant differences between different 
track multiplicity in the cone are seen


• My thoughts:


- Rather high  may result on reduced 
comover effect (?)


- Could it be interesting to study UE activity 
for the different categories (for instance 
using )

pμμ
T

NΔϕ
track

https://doi.org/10.1007/JHEP11(2020)001
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• Sphericity:


• Interpretation:

-    isotropic event


-    jet-like event


• No suppression at high multiplicities with 
low  (jet-like events)

- could indicate that suppression 

mechanism is connected to UE


• Events with low  have a higher  on 
average

- could  biasing be also behind this 

difference? 


• Sphericity not infrared safe, other 
alternatives (JHEP06(2010)038, 
JHEP08(2020)084)

ST = 1 ⟹
ST = 0 ⟹

ST

ST pT

pT

 ratios: dependence on event isotropyΥ(nS)
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for the production of accompanying particles. On the other hand, it is also true that, if we

expect a suppression of the excited states at high multiplicity, it would also appear as a

shift in the mean number of particles for that state (because events at higher multiplicities

would be missing). Furthermore, if we consider only the events with 0 < ST < 0.55, where

none or little dependence on multiplicity is present, the mean number of charged particles

per event is exactly the same for the three Υ states (
〈
Ntrack

〉
= 22.4± 0.1). This suggests

that the different number of associated particles is not directly linked to the difference in

mass between the three states.

5 Summary

The measurement of ratios of the Υ(nS) → µ+µ− yields in proton-proton collisions at√
s = 7TeV, corresponding to an integrated luminosity of 4.8 fb−1, collected with the

CMS detector at the LHC, are reported as a function of the number of charged particles

produced with pseudorapidity |ηtrack| < 2.4 and transverse momentum ptrackT > 0.4GeV. A

significant reduction of the Υ(2S)/Υ(1S) and Υ(3S)/Υ(1S) production ratios is observed

with increasing multiplicity. This result confirms the observation made in proton-proton

and proton-lead collisions at lower centre-of-mass energy [7], with increased precision. The

effect is present in different ranges of pµµT , but decreases with increasing pµµT . For pµµT >

7GeV, different observables are studied in order to obtain a better description of the

phenomenon in connection with the underlying event. No variation in the decrease of the

ratios is found by changing the azimuthal angle separation of the charged particles with

respect to the Υ momentum direction. The same applies when varying the number of
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1
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event charged particle
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• New LHCb measurement: arXiv:2312.15201


• Measure multiplicity dependency of  ratio in  collisions at 

• Key points:


- Exploits huge LHCb dataset in  from Run 2  double-differential study in  and 


- Charmonia measured precisely down to very low 

- Separation between prompt and non-prompt (from  hadrons) charmonia

- Event multiplicity variable: normalised number of PV tracks

ψ(2S)/J/ψ pp s = 13 TeV

pp → y pT

pT

B

 with multiplicity from LHCbψ(2S)/J/ψ
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 Prompt & non-prompt signal extraction for ,  and 4 < NPV
tracks < 20 2.8 < y < 3.5 6 < pT < 8 GeV/c

http://arxiv.org/abs/arXiv:2312.15201
http://arxiv.org/abs/arXiv:2312.15201
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• High precision using full 2016 dataset of !2 fb−1

 cross-section ratioψ(2S)/J/ψ
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CGC+NRQCD, NLO NRQCD: PRL 113, 192301

Measurements: PR C95 (2017) 034904  (refs. 
therein)

http://arxiv.org/abs/arXiv:2312.15201
http://@article%7BMa:2014mri,%20%20%20%20%20author%20=%20%22Ma,%20Yan-Qing%20and%20Venugopalan,%20Raju%22,%20%20%20%20%20title%20=%20%22%7BComprehensive%20Description%20of%20J/%5Censuremath%7B%5Cpsi%7D%20Production%20in%20Proton-Proton%20Collisions%20at%20Collider%20Energies%7D%22,%20%20%20%20%20eprint%20=%20%221408.4075%22,%20%20%20%20%20archivePrefix%20=%20%22arXiv%22,%20%20%20%20%20primaryClass%20=%20%22hep-ph%22,%20%20%20%20%20doi%20=%20%2210.1103/PhysRevLett.113.192301%22,%20%20%20%20%20journal%20=%20%22Phys.%20Rev.%20Lett.%22,%20%20%20%20%20volume%20=%20%22113%22,%20%20%20%20%20number%20=%20%2219%22,%20%20%20%20%20pages%20=%20%22192301%22,%20%20%20%20%20year%20=%20%222014%22%20%7D
https://doi.org/10.1103/PhysRevD.85.092004
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• Three multiplicity variables:

- : tracks in forward direction used in primary 

vertex (PV) reconstruction

- : tracks in backward direction used in PV 

reconstruction

- 


• VELO not forward-backward symmetric:

- more tracking stations in the forward region

- Use region of  to ensure 

constant acceptance and self-normalised ratios

- Tracks not efficiency corrected (VELO efficiency 

in forward)

NPV
forward

NPV
backward

NPV
tracks = NPV

backward + NPV
forward

−60 < zPV < 180 mm

> 95 %

Event multiplicity determination at LHCb

20

Backward Tracks


≈ − 3 < η < − 2

⟵

Forward Tracks


2 < η < 5

⟶

LHCb JINST 3 (2008) S08005
VELO performance JINST 9 (2014) P09007

backward-track modules forward-track modules
VELO XZ profile

https://doi.org/10.1088/1748-0221/3/08/S08005
https://iopscience.iop.org/article/10.1088/1748-0221/9/09/P09007
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•  and  integrated result in  and pT y 0.3 < pT < 20 GeV/c 2.0 < y < 4.5

 with multiplicity from LHCbψ(2S)/J/ψ
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Figure 2: The Normalised production ratio as a function of NPV
tracks/hNPV

tracksiNB, integrated
over the full pT-y range with �60 < zPV < 180 mm, integrated over the full pT-y range of
2.0 < y < 4.5 and 0.3 < pT < 20 GeV/c. The error bars represent statistical uncertainties and
the boxes represent systematical uncertainties.
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Figure 3: Normalised production ratio as a function of NPV
bwd/hNPV

bwdiNB (left, with �30 < zPV <
180 mm) and NPV

fwd/hNPV
fwdiNB (right, with �180 < zPV < 180 mm), integrated over the full pT-y

range of 2.0 < y < 4.5 and 0.3 < pT < 20 GeV/c.

Notably, the trend is weaker as a function of NPV
bwd than NPV

fwd and NPV
tracks. This suggests217

a correlation between the relative suppression and local particle multiplicity, with NPV
bwd218

being measured in a di↵erent rapidity range from the charmonia production region. This219

implies that the ratio should remain constant across di↵erent multiplicity regions. However,220

NPV
bwd is not entirely independent from NPV

fwd, with which it exhibits a correlation with NPV
fwd221

of 0.54 for J/ and 0.51.222

To estimate the impact of this correlation between NPV
bwd and NPV

fwd, the mean NPV
fwd value223

within each NPV
bwd bin for prompt J/ and  (2S) are calculated. Then, the normalised224

8

• No significant dependency for 
non-prompt ratio

- expected in principle as both 

 and  decay from  
hadrons


• Decreasing trend seen in 
prompt ratio

J/ψ ψ(2S) B

Normalised = divided by multiplicity-integrated σψ(2S)/σJ/ψ

arXiv:2312.15201New!

• Comover interaction model 
describes decreasing trend

- Estimates break-up of  and 

 from partons or hadrons 

- Sets  as 

reference (no suppression)

-  preferentially broken as a 

result of 

ψ(2S)
J/ψ

< Nch >NB = 1

ψ(2S)
EJ/ψ

b > Eψ(2S)
b

Phys. Lett. B731 (2014) 57

http://arxiv.org/abs/arXiv:2312.15201
https://doi.org/10.1016/j.physletb.2014.02.011
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• Non-prompt data compatible with one 

• Prompt data shows a pronounced 
decreasing trend

: dependence with multiplicity classifierψ(2S)/J/ψ

22
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• Non-prompt data compatible with one


• Prompt data shows a decreasing 
trend less pronounced than for NPV

fwd

Multiplicity from 
forward tracks

Multiplicity from 
backward tracks

,  0.3 < pT < 20 GeV/c 2.0 < y < 4.5

http://arxiv.org/abs/arXiv:2312.15201


Óscar Boente García Multiplicity-dependent quarkonium measurements 10/01/2024

• Non-prompt data compatible with one 

• Prompt data shows a pronounced 
decreasing trend

: dependence with multiplicity classifierψ(2S)/J/ψ
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• Non-prompt data compatible with one


• Prompt data shows a decreasing 
trend less pronounced than for NPV

fwd

Multiplicity from 
forward tracks

Multiplicity from 
backward tracks

,  0.3 < pT < 20 GeV/c 2.0 < y < 4.5
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prompt •  and  are correlated


• Migrate  to 
 according to 

correlation


• Correlation could explain 
observed trend with backward 
multiplicity

NPV
fwd NPV

bkw

NPV
bwd /⟨NPV

bwd⟩NB
NPV

fwd /⟨NPV
fwd⟩NB

http://arxiv.org/abs/arXiv:2312.15201
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prompt

• Significant  dependence for prompt 
ratio

- Gradual variation, little decreasing trend  

at high   consistent with CMS 
observation with 


- Possible explanation: As event 
multiplicity bulk is rather low- , could 
indicate that effect emerges from 
interaction between comovers and the 
charmonium

pT

pT →
Υ

pT

 vs mult.: kinematic dependenceψ(2S)/J/ψ
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• No significant  or  dependence for 
non-prompt ratio


• No significant  dependence for prompt 
ratio

pT y

y

http://arxiv.org/abs/arXiv:2312.15201
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• We discuss several measurements to help describing interplay between quarkonium 
hadroproduction and the underlying event:

- quarkonia self normalised ratios: faster than linear trend seen by ALICE ( ) and CMS 

(  at midrapidity:

✴a variety of mechanisms are able to explain the data


- CMS observed a decreasing trend of  and  with multiplicity, which 
could be linked to the underlying event, but confirmation is needed


- new LHCb measurement shows a decrease of  ratio with multiplicity, which can be 
explained by comover break up


• We need to better understand UE in events with quarkonia production:

- for example, measuring isolated quarkonia relies on a good UE description by generators

- need to propagate knowledge from measurements to generators (RIVET and tuning)


• Important to gradually build a global picture between systems of different size  evolve from 
self-normalised ratios to direct multiplicity measurement

- self-normalised ratios do not allow to compare multiplicities across different systems due to 

different 


• Many improvements achievable with Run 3 data (new ALICE MFT, much larger statistics 
thanks to new trigger scheme; LHCb, larger statistics, easier access to unconventional 
quarkonia with new trigger, upgrade of fixed-target program)  see Rita’s talk for more details!

J/ψ
Υ(nS)

Υ(3S)/Υ(1S) Υ(2S)/Υ(1S)

ψ(2s)/J/ψ

→

⟨Nch⟩NB

→

Conclusions
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• No significant  dependence for non-
prompt ratio


• No significant -dependence for non-
prompt ratios

pT

y

 vs mult.: non-prompt kinematic dependenceψ(2S)/J/ψ
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 production with multiplicityψ(2S)
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Forward: JHEP 06 (2023) 147

https://doi.org/10.1007/JHEP06(2023)147
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 production with multiplicity:  dependenceJ/ψ pT
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midrapidity  (Run 2)

  PLB 810 (2020) 135758

J/ψ

https://doi.org/10.1016/j.physletb.2020.135758

