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Abstract2

LHCb is a fully instrumented spectrometer covering the forward rapidity region at the3

LHC, which provides unique access to the small Bjorken-x region inside the nucleus.4

In this contribution, a selection of recent results from the LHCb heavy-ion program are5

presented, including a measurement of charged hadron production in proton-proton6

(pp) and proton-lead (pPb) collisions, χc2/χc1 production in pPb collisions, and coherent7

J/ψ production in peripheral and ultra-peripheral PbPb collisions. Comparisons with8

calculations and effects from the nuclear PDFs and dense QCD medium are discussed.9

1 Introduction10

The LHCb experiment [1,2], located at the Large Hadron Collider (LHC) at CERN, is a forward11

spectrometer fully instrumented between 2 and 5 units of pseudorapidity (η), thus covering an12

acceptance not accessible by the other LHC experiments. The detector consists of a silicon-strip13

vertex detector (VELO) surrounding the interaction region to determine the position of the14

collision point (primary vertex) and the decay vertices of B and D hadrons, a tracking system15

that provides a measurement of the momentum, p, of charged particles, two ring-imaging16

Cherenkov detectors for charged hadron discrimination, calorimetry and a muon system.17

LHCb has participated in most heavy-ion data-taking campaigns at LHC and so far has18

collected data from proton-lead collisions (pPb) at centre-of-mass energy of
p

sNN = 5.02 and19

8.16 TeV and lead-lead (PbPb) collisions at
p

sNN = 5.02 TeV. When acquiring pPb data the20

directions of the proton and lead beams are switched so that the forward region, with the21

proton going towards the LHCb spectrometer (η > 0), and the backward region, with the lead22

going towards the LHCb spectrometer (η < 0), can be accessed. These datasets allow for23

measurements to characterise cold nuclear matter effects and the dense QCD medium, such24

as those presented in these Proceedings.25

2 Prompt charged particle production in pPb and pp collisions at26

5.02 TeV27

The production of prompt charged particles is studied in pPb and pp collisions at the centre-28

of-mass energy
p

sNN = 5.02 TeV with respect to their pseudorapidity (η) and transverse mo-29

mentum (pT) [3]. Double-differential production cross-sections are obtained for particles with30
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Figure 1: Right: Nuclear modification factor measured as a function of pT by the
LHCb [3] and the ALICE collaborations [4] at

p
sNN = 5.02 TeV. Vertical error bars ac-

count for statistical uncertainty, open boxes for uncorrelated systematic uncertainty.
The correlated uncertainty from the normalisation is indicated with a filled black
(blue) box at RpPb = 1 for LHCb (ALICE).

p > 2 GeV/c, 0.2 < pT < 8.0 and different η coverage depending on the beam configuration:31

2.0< η < 4.8 for pp, 1.5< η < 4.3 for pPb (forward) and 2.5< η < 5.2 for pPb (backward).32

Prompt charged particles and their momentum are measured with the LHCb tracking system.33

Raw track yields need to be corrected with reconstruction and selection efficiencies. Addition-34

ally, background contributions originating from fake tracks not corresponding to real particles35

and non-prompt particles are determined to correct the yields. For most (η, pT) intervals, the36

total uncertainty of pp and pPb production cross-sections is around 3%.37

The measured cross-sections allow the nuclear modification factor RpPb ≡ σpPb/(Aσpp) for38

charged particles to be computed for the first time in the forward and backward regions at the39

LHC. The RpPb result is shown in Fig. 1. In the forward region, RpPb shows a suppression of40

charged particle production, in general agreement with expectations from nuclear PDFs [5]41

and saturation models [6]. In the backward region, an enhancement of charged hadron pro-42

duction is seen for pT > 1.5 GeV/c. This feature is not well described by nuclear PDFs [5]43

or by a pQCD calculation considering parton multiple scattering [7], which reproduced the44

enhancement observed by the PHENIX collaboration in the backward region of proton-gold45

collisions [8]. In Fig. 1, the LHCb result is compared with the ALICE result in the central η46

region [4], showing the continuity of the RpPb trend. The measurement places stringent con-47

straints to the nuclear PDFs and saturation models down to very low x for values around 10−6
48

with a total relative uncertainty in the RpPb determination down to 4.2%.49

3 Prompt-production cross-section ratio χc2/χc1 in pPb collisions50

The LHCb experiment has measured the ratio of the production cross-sections of χc2 and χc151

quarkonium states in pPb collisions for the first time at LHC [9]. The study relies on data from52

collisions at
p

sNN = 8.16 TeV in the forward and backward configurations with a integrated53

luminosity of 14µb−1 and 21µb−1, respectively. Candidates of χc2,χc1 mesons are identified54

using the radiative decay χc → J/ψ(→ µ+µ−)γ. The J/ψ meson is identified by its decay into55

two muons, and the distance between the dimuon vertex and the primary vertex is used to se-56

lect exclusively prompt candidates. The photon is detected with two independent techniques:57

directly from signals in the electromagnetic calorimeter, and detecting electrons from photon58
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Figure 2: Left: mass-difference spectrum of converted χc1 and χc2 candidates in
the forward configuration data, superimposed with a fit to χc1 and χc2 signals and
combinatorial background. Right: cross-section ratio, σ(χc2)/σ(χc1) as a func-
tion of centre-of-mass rapidity y∗, in pPb [9] at 8.16 TeV and pp collisions atp

s = 7 TeV [10].

conversions within the detector material. The latter provides a better mass resolution but poor59

statistics, as seen in Fig. 2 (left).60

The measurement of the χc2 and χc1 cross-sections ratio benefits from the cancellation of61

efficiencies similarly affecting both states, since they have very close decay kinematics. The62

result of this ratio in the forward and backward regions for both γ detection strategies is63

presented in Fig. 2 (right). The ratio is compatible with unity showing no rapidity dependence,64

and is compatible within uncertainties with the pp collisions ratio at 7 TeV [10]. This indicates65

that nuclear effects have a similar impact on both states, within uncertainties.66

4 Coherent J/ψ production in ultra-peripheral and peripheral PbPb67

collisions68

LHCb has measured the production of coherent J/ψ from data of ultra-peripheral PbPb colli-69

sions taken in 2015 with an integrated luminosity of L = 10.1 ± 1.3µb−1 [11]. Candidates70

for J/ψ are selected by requiring no significant activity in the calorimeters and the HeRSCheL71

counters [12], which indicates the presence of rapidity gaps. The J/ψ signal is extracted with a72

fit to the dimuon mass distribution, and then the yield of coherently produced J/ψ is obtained73

with a template fit to the log(p2
T) distribution that includes contributions from coherent and in-74

coherent J/ψ production, non-resonant background and feed-down from ψ(2S)→ J/ψπ+π−75

decays. The result of the cross-section with respect to the rapidity is shown in Fig. 3 (left),76

where the result is overlaid with several phenomenological predictions (see [11] for details).77

Additionally, the production of coherent J/ψ can be studied in peripheral PbPb collisions.78

Photo-produced J/ψ mesons, which distinctively have low average pT, are a possible expla-79

nation for the enhancement of RAA for J/ψ mesons at low pT previously observed by other80

experiments in peripheral ion-ion collisions [13,14]. LHCb has studied this system with data81

of PbPb collisions taken in 2018 corresponding to an integrated luminosity about 210µb−1.82

The J/ψ signal is extracted with a fit to the dimuon mass and then the contribution of coherent83
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Figure 3: Left: differential cross-section as a function of rapidity for coherent J/ψ
production compared to different phenomenological predictions [11]. Right: double-
differential yields of photo-produced J/ψ candidates as a function of pT. In both
figures, the inner bars represent the statistical uncertainty while the outer bars show
the total uncertainty.

J/ψ is separated from the hadro-produced J/ψ with a fit to the log(p2
T) distribution. The re-84

sulting coherent J/ψ yields are corrected for detection efficiencies and are studied with respect85

to pT, y and the centrality of the collisions, which is determined by the energy collected in the86

electromagnetic calorimeter. Fig. 3 (right) shows the pT distribution of coherently produced87

J/ψ, determined precisely for the first time. The measured distribution is compared with a88

phenomenological prediction [15].89

5 Conclusions and outlook90

The presented measurements demonstrate the unique capabilities of LHCb for the study of91

strongly interacting matter and nuclear effects in different systems. For the upcoming LHC92

Run 3, important increases of the data sample sizes of pPb and PbPb events are expected,93

which will improve the current precision and will make new analyses possible. The centrality94

reach in PbPb, currently limited to around 60% most central collisions, is foreseen to increase95

up to 30% most central collisions, opening new horizons to study deconfined matter in this96

system.97
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