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Heavy Ions in LHCb
• LHCb is the only LHC experiment fully instrumented in

• p-Pb collisions for two periods:
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• Initial purpose: heavy flavour physics

• Contribution to heavy ion physics

• Remarkable tracking system:
- Vertex Locator (VELO)

- Silicon Tracker

- Outer Tracker 

- Muon System

2013: 
2016:

for tracks with
p:

IP:

Event display of a Pb-Pb collision in LHCb

Can characterize charged particles tracks with excellent momentum and impact parameter (IP) resolution:

�p/p = 0.5� 1.0%, for 0 < p < 200GeV

(15 + 29
pT [GeV] )µm

p
s = 5TeV, L ⇠ 1.5 nb�1

p
s = 8TeV, L ⇠ 30 nb�1

2 < ⌘ < 5
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• Nuclear modification factor:

• Incoherent superposition of nucleon-nucleon collisions

• In this analysis, prompt charged particle production is studied

Observables
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• Nucleon-nucleon center of mass system boosted by

- Three different observables can be measured in different ranges:

RpPb, 1.5 < ⌘ < 4.5

RPbp, 2.5 < ⌘ < 5.5

RFB =
RpPb

RPbp
, 2.5 < ⌘ < 4.5

ycms = 0.465

Beam 1: 
protons
E𝒑 = 𝟒 𝑻𝒆𝑽

Beam 2:
Pb-ions 
EPb = 𝟏. 𝟓𝟖 𝑻𝒆𝑽

p+Pb configuration (forward)

p Pb

Beam 1: 
Pb-ions 
EPb = 𝟏. 𝟓𝟖 𝑻𝒆𝑽

Beam 2:
protons
E𝒑 = 𝟒 𝑻𝒆𝑽

Pb+p configuration (backward)

pPb

Figure 1: Visualisation of the forward (left) and backward (right) beam configuration for
proton-ion collisions. The nucleon-nucleon centre-of-mass energy in both configurations isp
sNN = 5.02TeV.

2 Proton-lead data taking39

After a short pilot run of proton-ion collisions in 2012, where a small data sample40

with a luminosity of L ⇡ 0.6µb�1 was collected, a period of four weeks dedicated to41

proton-ion data taking followed in January/February of 2013. During that time, the42

LHCb detector collected L ⇡ 1.7 nb�1 of proton-ion collisions in di↵erent configurations.43

The instantaneous luminosity during that time was on average Linst = 3 · 1027 cm�2s�1.44

45

In proton-ion collisions, two di↵erent beam configurations have to be distinguished.46

Depending on the orientation of the beams, either the proton or the lead remnant is47

travelling through the LHCb detector after the collision. The two configurations are48

visualised in Fig. 1. In the forward configuration the proton beam is pointing downstream49

the LHCb detector. Proton-lead collisions in this setup are further referred to as p+Pb50

collisions. The collected data in this configuration amount to an integrated luminosity of51

L ⇡ 1.1 nb�1. In the opposite backward configuration the lead ion is pointing downstream52

the LHCb detector. This results in a larger particle density accompanied by larger detector53

occupancies. Collisions in this beam configuration are referred to as Pb+p collisions. The54

collected integrated luminosity in this configuration is L ⇡ 0.6 nb�1.55

The asymmetric beam configuration of the proton and the lead beam results in a boost56

of the nucleon-nucleon centre-of-mass system in the direction of the proton by ⇡ 0.46557

units of rapidity. As a result, two di↵erent (pseudo)rapidity regions in the nucleon-nucleon58

centre-of-mass system are probed with the LHCb detector. In the forward configuration59

the coverage is 1.5 < ⌘

cms

< 4.5, in the backward configuration 2.5 < ⌘

cms

< 5.5.60

During the data taking, also the magnetic field has been reversed. The collected61

integrated luminosity of the entire proton-ion data sample is given in Fig. 2, indicating the62

di↵erent periods of p+Pb and Pb+p collisions together with the corresponding magnet63
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RpPb = 1

RpPb =

d2�pPb

dpT d⌘

A
d2�pp

dpT d⌘
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Implications of the analysis
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Charged-particle transverse momentum distribution in p–Pb ALICE Collaboration
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Fig. 2: The nuclear modification factor of charged particles as a function of transverse momentum in minimum
bias (NSD) p–Pb collisions at √sNN = 5.02 TeV. The data for |ηcms| < 0.3 are compared to measurements [8] in
central (0–5% centrality) and peripheral (70–80%) Pb–Pb collisions at√sNN = 2.76 TeV. The statistical errors are
represented by vertical bars, the systematic errors by (filled) boxes around data points. The relative systematic
uncertainties on the normalization are shown as boxes around unity near pT = 0 for p–Pb (left box), peripheral
Pb–Pb (middle box) and central Pb-Pb (right box).

see [27] for details). The calculations within IP-Sat are consistent with the data, while those within rcBK
slightly underpredict the measurement. The prediction of Albacete et al. [28], for the rcBK Monte Carlo
model (rcBK-MC), is consistent with the measurement within the rather large uncertainties of the model.
The CGC calculations of Rezaeian [29], not included in Fig. 3, are consistent with those of [27,28]. The
shadowing calculations of Helenius et al. [30], performed at NLO with the EPS09s Parton Distribution
Functions and DSS fragmentation functions describe the data well (the calculations are for π0). The
predictions by Kang et al. [31], performed within a framework combining leading order (LO) pQCD and
cold nuclear matter effects, show RpPb values below unity for pT ! 6 GeV/c, which is not supported by
the data. The prediction from the HIJING 2.1 model [32] describes, with shadowing, the trend seen in
the data, although it seems that, with the present shadowing parameter sg, the model underpredicts the
data. The HIJING model implementation of decoherent hard collisions (DHC) has a small influence on
the results; the case of independent fragmentation is included for this model and improves agreement
with data at intermediate pT. The comparisons in Fig. 3 clearly illustrate that the data are crucial for the
theoretical understanding of cold nuclear matter as probed in p–Pb collisions at the LHC.

In summary, we have reported measurements of the charged-particle pT spectra and nuclear modification
factor in minimum bias (NSD) p–Pb collisions at √sNN = 5.02 TeV. The data, covering 0.5 < pT < 20
GeV/c, show a nuclear modification factor consistent with unity for pT ! 2 GeV/c. This measurement
indicates that the strong suppression of hadron production at high pT observed at the LHC in Pb–Pb
collisions is not due to an initial-state effect, but is the fingerprint of jet quenching in hot QCD matter.
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• Charged particle multiplicities can yield information of Cold Nuclear Matter (CNM) effects
in p-Pb collisions, revealing the key experimental signatures

• CNM effects are also expected to show in Pb-Pb collisions, thus this measurement acts 
as baseline

• LHCb can access uncovered phase space regions not accessible by any other 
experiment

doi:10.1103/PhysRevLett.110.082302

calculations. However, CGC works based on the LO hybrid formalism predict a flat suppression
up to the highest transverse momenta explored in the di↵erent works. First phenomenological
applications of NLO corrections to the hybrid formalism indicate that they actually go in
the right direction of pushing up the nuclear modification factors at moderate p

t

(see Fig. 11
bottom-left), although, as already discussed, at large enough p

t

they become unstable. This
instability blurs their physical interpretation and calls for further studies.
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Figure 11: Left: ALICE data129 for the charged hadron nuclear modification factor at mid-
rapidity as a function of p

t

. The theoretical results correspond to the CGC calculations
of85,117,130, the nuclear PDF approach EPS09131, the cold-nuclear matter predictions of132,
and the HIJING Monte Carlo 133. Right: rapidity (top) and transverse momentum dependence
(bottom) of R

pPb

within rcBK approaches refs.83,85 vs LO131 (bottom) and NLO134 (top) EPS09
predictions.

3.2 Double Inclusive

It is clear from the discussion above that presently available data on single inclusive hadron dis-
tributions and nuclear modification factors, although suggestive of the presence of saturation
e↵ects, do not allow for a clear discrimination between CGC-based analyses and other ap-
proaches. This inconclusive situation triggered the study of other observables sensitive to more
exclusive dynamical features like di-hadron azimuthal correlations discussed in this section.
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J. L. Albacete, C
. M
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doi:10.1016/j.ppnp.2014.01.004
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• Minimum bias trigger 

• Events with 1 
reconstructed Primary 
Vertex (PV)

• PV position in fiducial 
luminous region

Track and Event selection

• Long tracks within fiducial 
acceptance: 

• No clone tracks

• Cuts in pseudo impact 
parameter and ghost 
probability

Event 
Selection

Track 
Selection

Background 
Sources

Fake Tracks: Not real particles, but reconstruction artifacts 

Secondary Particles: Non-prompt particles

2 < ⌘ < 5

5

p > 2GeV



Event 
Selection

Track 
Selection

Simulation

Boost
y~0.465

Corrected 3D 
Multiplicities

Unfolded 
Multiplicities

xSection and RpPbReal Data
2013: p+Pb/Pb+p
2015: pp
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Data   
Simulation

Background estimation
in (pT,    , #VeloTracks)

Response Matrix
(pT, , #VeloTracks)

⌘

⌘

General analysis picture

6



Óscar Boente Nuclear Modification Factor for Charged Particles at 
LHCb 09/05/2018

• Charged particle multiplicities in p-Pb are essential for the 
interpretation of CNM effects in Pb-Pb collisions

• The measurement of the RpPb for charged particles is a feasible 
measurement at LHCb

• We expect to have good impact in the community, considering the 
unique acceptance covered by the detector 

Thanks for your attention!

Conclusions
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• Proton-lead data 5 TeV, taken in 2013  in two configurations

- Both samples in two magnet polarities magnet up (MU) and magnet down (MD)

• Proton-proton data 5 TeV , taken in 2015
- Only MD data

Data Samples
Real Data

Simulated Data

Backward
Forward

• Proton-lead
- Generation with EPOS (Hijing also available)

- 5·106 events/configuration and polarity, fixed to one primary vertex (PV) per event

• Proton-proton

- Generation with Pythia

- 106 events

p+Pb; L ⇠ 1.1 nb�1

Pb+p; L ⇠ 0.4 nb�1
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