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introduction the mesons

charmonia

Charmonium system 1

Charmonium System

Updated August 2019.
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The level scheme of meson states containing a minimal quark content of cc. The name of
a state is determined by its quantum numbers IGJPC (see the review “Naming Scheme
for Hadrons”). States with unestablished quantum numbers are called X and are drawn
according to our best estimate of their likely JPC . States included in the Summary
Tables are shown with solid lines; selected states not in the Summary Tables, but with
assigned quantum numbers, are shown with dotted lines. The arrows indicate the most
dominant hadronic transitions. Single photon transitions, including ψ(nS) → γηc(mS),
ψ(nS) → γχcJ(1P ), and χcJ (1P ) → γJ/ψ, are omitted for clarity. For orientation, the
location of the thresholds related to a pair of ground state open charm mesons is indicated
in the figure.

P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020)
June 1, 2020 08:27
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in the figure.

P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020)
June 1, 2020 08:27
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the measurements the particle formerly known as X(3872)

multiplicity-dependent χc1 (3872) and ψ(2S) production

χc1 (3872) →J/ψπ+π−

ψ(2S) →J/ψπ+π−

corrected for b-feed-down

differential in nVeLo tracks

χc1 (3872) fraction lower at
high multiplicity

Theoretical interpretation from:
Esposito et al arχiv:2006.15044
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√
s = 8 TeV Phys. Rev. Lett. 126 (2021) 092001

https://arxiv.org/abs/2006.15044
 https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2020-023.html


the measurements χc1 and χc2

charmonia

Charmonium system 1

Charmonium System

Updated August 2019.
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The level scheme of meson states containing a minimal quark content of cc. The name of
a state is determined by its quantum numbers IGJPC (see the review “Naming Scheme
for Hadrons”). States with unestablished quantum numbers are called X and are drawn
according to our best estimate of their likely JPC . States included in the Summary
Tables are shown with solid lines; selected states not in the Summary Tables, but with
assigned quantum numbers, are shown with dotted lines. The arrows indicate the most
dominant hadronic transitions. Single photon transitions, including ψ(nS) → γηc(mS),
ψ(nS) → γχcJ(1P ), and χcJ (1P ) → γJ/ψ, are omitted for clarity. For orientation, the
location of the thresholds related to a pair of ground state open charm mesons is indicated
in the figure.

P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020)
June 1, 2020 08:27
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the measurements χc1 and χc2

prompt production ratio σχc1
/σχc2

in proton lead collisions

χc1,χc2 →J/ψ γ

promptly produced

calorimetric photons and
converted photons

nuclear effects affect χc1 and
χc2 in a similar magnitude
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√
sNN = 8.2 TeV Phys. Rev. C103 (2021) 064905 and JHEP 10 (2013) 115

https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2020-048.html
https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2013-028.html


the measurements χc1 and χc2

prompt production ratio σχc1
/σχc2

in proton lead collisions

χc1,χc2 →J/ψ γ (→e−e+)

promptly produced

calorimetric photons and
converted photons

nuclear effects affect χc1 and
χc2 in a similar magnitude
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the measurements double charm production and double parton scattering

double charm production in proton lead collisions

select pairs of D0, D0, D+, D−, D+
s , D−

s

and J/ψ

sort them into pair production and “DPS”
categories σC1,C2 = α

σC1σC2

σeff

D0D0 D0J/ψ
pPb 0.99± 0.09± 0.09 0.64± 0.10± 0.06
Pbp 1.4 ± 0.11± 0.14 0.92± 0.22± 0.06

ppex.pol. 4.4± 0.5 3.1± 0.3
(all numbers in barn)

5− 0 5
)ψ/J, 0D(y

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2

 [
b]

Pb
p

ef
f,

 
σ

d'Enterria et al.
0D0D

0Dψ/J

LHCb

 = 8.16 TeVNNs

Albert Bursche (South China Normal University) charmed mesons from ions 30th July 2021 8 / 15

August 28, 2017 0:13 ws-rv9x6 Book Title
DEnterriaSnigirev˙DPS˙TPS˙pp˙pA˙AA˙ws17 page 11

Double, triple, and n-parton scatterings in high-energy proton & nuclear collisions 11

The most naive assumption is to consider that the NPS cross sections

in pA collisions can be obtained by simply A-scaling the corresponding pp

NPS values, as done via Eq. (21) for the SPS cross sections. We show

next that DPS and TPS cross sections in proton-nucleus collisions can be

significantly enhanced, with extra A4/3 (for DPS and TPS) and A5/3 (for

TPS alone) terms complementing the A-scaling, due to additional multiple

scattering probabilities among partons from different nucleons.

4.1. DPS cross sections in pA collisions

The larger transverse parton density in nuclei compared to protons results

in enhanced DPS cross sections, pA→ ab, coming from interactions where

the two partons of the nucleus belong to (1) the same nucleon, and (2) two

different nucleons7–15 as shown in Fig. 3. Namely,

σdps
pA = σdps,1

pA + σdps,2
pA , (23)

where

Fig. 3. Schematic diagrams of double-parton scatterings contributions in pA collisions
where the two colliding partons belong to the same (left) or a different (right) pair of
nucleons in the nucleus. The corresponding cross sections are described in the text.

(1) The first term is just the A-scaled DPS cross section in pN collisions:

σdps,1
pA→ab = A · σdps

pN→ab , (24)

(2) the second contribution, from parton interactions from two different

nucleons, depends on the square of T
pA
,

σdps,2
pA→ab = σdps

pN→ab · σeff,dps · FpA, (25)

with FpA =
A− 1

A

∫
T 2

pA
(r) d2r = (A− 1)/A · Taa(0) , (26)

where the (A − 1)/A factor accounts for the difference between the

number of nucleon pairs and the number of different nucleon pairs, and

lead ions

√
sNN = 8.2 TeV

protons

protons

√
sNN = 8.2 TeV

lead ions

√
sNN = 8.2 TeV Phys. Rev. Lett. 125 (2020) 212001

 https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2020-010.html


the measurements double charm production and double parton scattering

build the double production
cross section ratios

keep one state identical in
nominator and denominator

fragmentation similar to
proton collisions
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√
sNN = 8.2 TeV Phys. Rev. Lett. 125 (2020) 212001

 https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2020-010.html


the measurements fixed target

SMOG System for Measuring Overlap with Gas
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Built for a Precise
Measurement of the
Beam Profiles
(Luminosity)
√
sNN = O(100 GeV)

LHCb Acceptance
becomes Central or
Backward

Injected Helium, Neon
and Argon so far

year Beam 1 Beam 2 SMOG
√
sNN amount

2012 p p Ne 87 GeV < 1h
2013 Pb p Ne 54 GeV < 1h
2015 p p He 110 GeV 8h
2015 p p Ne 110 GeV 12h
2015 p p Ar 110 GeV 3d
2015 Pb p Ar 69 GeV few hours
2015 p Pb Ar 69 GeV 1.5w
2016 Pb p Ar 110 GeV 2d
2017 p p He 110 GeV 10h
2017 p p Ne 110 GeV 20h
2017 p p He 86.6 GeV 170h
2018 Pb Pb He 86.6 GeV 170h
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the measurements fixed target

charm production in proton helium and proton argon

first charm fixed target
measurement at the LHC
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the measurements fixed target

charm production in proton helium and proton argon
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the measurements coherent photonuclear J/ψ production in ultra peripheral lead collisions

coherent photonuclear J/ψ production

in ultra peripheral lead lead collisions
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√
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lead ions

√
sNN = 5 GeV arχiv:2107.03223
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the measurements coherent photonuclear J/ψ production in ultra peripheral lead collisions

photonuclear J/ψ production periphereal collisions
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the upgrade run 3

LHCb upgrade

Many interesting upgrades are being
installed

Readout allows for better triggering
on hadronic and neutral final states

New SMOG2 allows for higher gas
pressure and better knowledge of this
pressure

Improved granularity will allow tracking in lead lead collisions. The maximal
centrality will be pushed from 60% to 30%.

LHCb will be able to reconstruct oxygen oxygen collisions at full centrality
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conclusion

conclusion

LHCb can analyse all data LHC can deliver

Mapping out charmonium production requires large luminosity

New SMOG2 will increase luminosity and determination thereof

With the upgraded LHCb detector will be able to reconstruct events at higher
centrality of about 60%

Thank you for your attention!
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