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introduction

introduction
available results and LHCb potential

proton–proton
largest statistics: 1 fb−1 at 7 TeV, 2 fb−1 at 8 TeV,
0.2 fb−1 + 1.6 fb−1 + 1.8 fb−1 + 2.2 fb−1 at 13 TeV
small samples: 900GeV, 2.76 TeV, 5 TeV
already published:J/ψ at 7 TeVW, 13 TeVW, Υ at 7 ,8 TeVW

double J/ψ at 7 TeVW and 13 TeVW

more in the pipeline - also beyond muon final states
proton–ion

actively analysed
ion–ion

already public (preliminary): coherent J/ψ W

more in the pipeline

fixed–target
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introduction

exclusive production of charmonia

Projectiles stay intact

There can be no net colour exchange

Figure 1. Kinematic reach corresponding to the acceptance of the four LHC experiments in
p-Pb collisions. The kinematic regions accessible in the fixed-target configuration at LHCb and
in e-p collisions at HERA are also shown.

interpretation of relativistic heavy ion collisions after the discovery, performed at the LHC, of
sizeable collective behaviour even in p-p collisions [3].

A comparison among the kinematic reaches of LHCb and the other LHC experiments in
p-A collisions, in terms of the Bjorken-x value of the nucleon in the nuclear target and the
squared parton-parton invariant mass Q2, is shown in Figure 1. Two regions are covered in
p-Pb collisions, depending on the orientation of the proton and lead beams. The so-called
forward configuration, when the proton beam points toward the detector (i.e., it enters the
detector region from its vertex detector), corresponds to values of x down to 10−5, where gluon
saturation is expected to occur. In the backward configuration, when the Pb beam points toward
the detector, measurements are sensitive to the anti-shadowing region up to x ∼ 0.1.

In fixed target collisions, the nucleon-nucleon centre-of-mass (c.m.) energy reaches 110 GeV
for proton beams of 6.5 TeV energy. Measurements at this energy scale, intermediate between
SPS fixed target experiments and beam-beam collisions at LHC, provides an additional test bed
to explore the energy evolution in the dynamics of nuclear matter. The detector acceptance
corresponds to mid and backward rapidities in the c.m. frame: −2.8 < y∗ < 0.2. As also
depicted in Figure 1, this gives access to large values of x in the target nucleon, where nuclear
PDFs are modified by the EMC effect and where the contribution of a possible intrinsic heavy
quark content in the nucleon could be substantiated.

2. p-Pb collisions
The experiment collected a first dataset of p-Pb collisions at

√
sNN = 5.02 TeV in 2013,

corresponding to integrated luminosities of 1.1 and 0.5 nb−1 in the forward and backward
configuration, respectively. After this succesfull experience, larger luminosities were delivered to
LHCb during the 2016 p-Pb run at

√
sNN = 8.16 TeV, with 13.6 and 30.8 nb−1 recorded. The

results published so far by LHCb focus on production of heavy flavour states, whose modification
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proton – proton single production

central exclusive production of charmonia
JHEP 10 (2018) 167

13 TeV data (204± 8 pb−1)
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proton – proton single production

more backgrounds
JHEP 10 (2018) 167

Feed down from several states into J/ψ is considered
ψ(2S) →J/ψ X using ratio of J/ψ events passing the selection per ψ(2S) →µ+µ− observed
χc →J/ψ γ extrapolated using simulation from exclusive J/ψ plus photon events
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proton – proton single production

central exclusive production of charmonia
JHEP 10 (2018) 167

13 TeV data (204± 8 pb−1)

also measured in 7 TeV data W

exclusive Υ also available W

(a)
p

p

γ

ψJ/

g g

(b)
p

p

γ

ψJ/

g

(c)
p

γ

ψJ/

g g

(d)

p

γ

ψJ/

g g

σJ/ψ = 307 ± 21 ± 36 pb

σψ(2S) = 7.8± 1.3± 1.0 pb

2 3 4
 rapidityψJ/

0

1

2

3

4

5

6

7

8

9

 [
nb

]
p

ψ
 p

J/
→

 p
p

  
dyσd

JMRT LO

JMRT NLO

=13 TeV)sLHCb (

2 3 4
 rapidity(2S)ψ

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2
2.2

 [
nb

]
(2

S)
p

ψ
 p

→
 p

p
  

dyσd
JMRT LO

JMRT NLO

=13 TeV)sLHCb (

210 310
W [GeV]

10

210

310

 [
nb

]
p

ψ
 J

/
→

p γσ = 13 TeV)sLHCb (
= 7 TeV)sLHCb (

ALICE
H1
ZEUS
Fixed target exp.

Power law fit to H1 data

JMRT NLO prediction

210 310
W [GeV]

1−10

1

10

210 [
nb

]
(2

S)
p

ψ 
→

p γσ = 13 TeV)sLHCb (
= 7 TeV)sLHCb (

H1

 power law scaled by 0.166ψJ/H1 

Albert Bursche ultraperipheral exclusive production 17th October 2019 6 / 17

https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2018-011.html
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2013-059.html
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2015-011.html


ion–ion collisions 2015 preliminary ultraperipheral J/ψ

coherent J/ψ differential coherent cross section
LHCb-CONF-2018-003
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ion–ion collisions 2015 preliminary ultraperipheral J/ψ

coherent J/ψ differential coherent cross section
LHCb-CONF-2018-003
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ion–ion collisions 2015 preliminary ultraperipheral J/ψ

coherent J/ψ differential coherent cross section
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ion–ion collisions 2015 preliminary ultraperipheral J/ψ

coherent production of J/ψ
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ion–ion collisions 2015 preliminary ultraperipheral J/ψ

colour dipole model
LHCb-CONF-2018-003

Three parametrisations for
the dipole nucleon cross
section
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ion–ion collisions 2015 preliminary ultraperipheral J/ψ
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ion–ion collisions 2015 preliminary ultraperipheral J/ψ
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ion–ion collisions 2015 preliminary ultraperipheral J/ψ
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ion–ion collisions 2015 preliminary ultraperipheral J/ψ

colour dipole model
LHCb-CONF-2018-003

Similar Model
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ion–ion collisions 2015 preliminary ultraperipheral J/ψ

colour dipole model
LHCb-CONF-2018-003

IP-Sat with

Gauss LC wavefunction

Calculations with and without
nuclear fluctuations

H. Mäntysaari, B. Schenke
Phys. Lett. B772 (2017) 832

0 1 2 3 4 5
y

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

5

/d
y 

[m
b]

σd
ntysaari et al.aM

IS fluct. +GLC

no fluct. +GLC

LHCb Preliminary

=5 TeVNNsPb-Pb 

Albert Bursche ultraperipheral exclusive production 17th October 2019 11 / 17

https://cds.cern.ch/search?ln=en&cc=LHCb+Conference+Contributions&p=LHCb-CONF-2018-003


ion–ion collisions 2015 ultraperipheral J/ψ paper

paper using 2015 dataset
the pathfinder

turning the preliminary result into paper

Improved on most systematics (not lumi)

Use of full simulation instead of smearing MC truth for templates

Use of Herschel for better control of the background

Luminosity uncertainty remains the limiting factor

Internal review is progressing well
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ion–ion collisions 2018 ultraperipheral J/ψ paper

paper using 2018 dataset
the precision measurement

Use the experience gained on 2015 to improve the result
using an order of magnitude more data

Start improvements at the trigger

Will include J/ψ/ψ(2S) cross section ratios

Considering meson/non-resonant ratios as complementary luminosity
determination

Luminosity still to be determined

Internal review started
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ion–ion collisions 2018 ultraperipheral J/ψ paper

conclusion

Many published results in proton–proton and more to come

Work has started to analyse proton–ion and ion–ion data

Theoretical predictions remain crucial for the interpretation of the results and for
the results themselves
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