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LHCb Detector at the LHC
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[ JINST 3 (2008) S08005 ]
[ IJMPA 30 (2015) 1530022 ]

Vertex Detector(VELO)
reconstruct vertices
decay time resolution: 45 fs
IP resolution: 20 μm

RICH detectors
K/π/p separation
ε(K→K) ~ 95 %, 
mis-ID ε(π→K) ~ 5 %

Dipole Magnet
bending power: 4 Tm

Tracking system
momentum resolution
Δp/p = 0.4%–0.8%
(5 GeV/c – 100 GeV/c)

Calorimeters
energy measurement
e/γ identification
ΔE/E = 1 % ⨁10 %/√E (GeV)

Muon system
μ identification ε(μ→μ) ~ 97 %, 
mis-ID ε(π→μ) ~ 1-3 %

b

SMOG

http://dx.doi.org/10.1142/S0217751X15300227

➜ Single arm spectrometer fully instrumented in forward direction 2<h<5
§ Designed for b-physics, becoming a General Purpose Detector
§ Forward and backward coverage for asymmetric beams
§ Precision in the forward region not achievable by others yet

Track reconstruction down to pT = 0

HERSCHEL @± 114 m  IP
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Ready to start in 2022 with a 
brand new detector! 



Luminosity uncertainty 3.5-5%
(J. Instrum. 7 (2012) P01010 )

=> will reach 2% 

LHC and LHCb
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➜ pp collider 2010-18@√s = 2.76, 5, 7, 8, 13 
TeV, L ≈ 9 fb-1 

➜ In 2013 & 2016 collected pPb/Pbp data @ 
√sNN=5 and 8.16 TeV, L=1.6 & 34 nb-1

➜ 109 minimum bias collisions, ≈1M J/y’s 
➜ PbPb collisions @ √s=5TeV, L ≈ 10 µb-1

successfully collected at LHCb for the first 
time in 2015; already 20x in 2018 (!)
➜ XeXe collisions @√s=5.4 TeV, L≈0.4 µb-1

➜ LHCb also able to collect data in “fixed 
target” mode (SMOG)

p p
Limited to 60-100% 
in centrality due to 
detector saturation

http://dx.doi.org/10.1088/1748-0221/7/01/P01010


Fixed Target Physics with LHCb
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SMOG used for fixed target physics:
Ø precise vertexing allows to separate beam-beam and beam-gas contributions
Ø strong acceptance effects as a function of the z position
Ø energy densities are achieved which are between those probed at the SPS and RHIC
=> The gap between the SPS and LHC can be bridged by a single experiment

SMOG :  System for Measuring the Overlap with Gas

§ injection of noble gas (He, Ne, Ar) 
into interaction region

§ very simple robust system 
§ used for a precise luminosity 

determination

𝑝~10!"/10!#𝑚𝑏𝑎𝑟



Phase Space Coverage and Running Modes
Kinematic acceptance & (existing/future) beam-target combinations

y*: rapidity in nucleon-nucleon centre-of-
mass system, with forward direction 
(positive values) in direction of the 

proton/beam
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p/Pb-GAS operation so far:

p-Pb
p-p
Pb-Pb
p-GAS
Pb-GAS

Ebeam(p) pp p-GAS p-Pb/Pb-p Pb-GAS Pb-Pb

450 GeV 0.90 TeV

1.38 TeV 2.76 TeV

2.5 TeV 5 TeV 69 GeV

3.5 TeV 7 TeV

4.0 TeV 8 TeV 87 GeV 5 TeV 54 GeV

6.5 TeV 13 TeV 110 GeV 8.2 TeV 69 GeV 5.1 TeV

7.0 TeV 14 TeV 115 GeV 8.8 TeV 72 GeV 5.5 TeV

Collisions √s (GeV) Length # p on target Year

pHe 87 84 h 4.6x1022 2016

pHe 110 18 h 3x1021 2016

pNe 110 12 h 1x1021 2015

pHe 110 8 h 2x1021 2015

pAr 110 17 h 4x1022 2015

PbAr 69 100 h 2x1020 2015

pNe 69 167 h 4x1023 2017

PbNe 69 170 h 6x1020 2018



Fixed target beyond 2022
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➜ New project SMOG2 up and running ! 

➜ SMOG2 (TDR) is a standalone gas 
storage cell covering z ~-500—300 
mm

➜ Up to x100 higher gas density with 
same gas flow of  SMOG1

➜ Precise measurement of the gas 
pressure => luminosity

➜ Possibility to run in parallel with pp 
cllisions, and inject not only noble 
gases



Overview of LHCb Results
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[here]

https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary_IFT.html


Proton-Lead 
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cc2/cc1 production in pPb
➜ cc  P-wave charmonium state

§ Responsible for 30% feed-down to prompt J/y (cc-> J/y(->µµ)g);

➜ Difficult analysis for photon reconstruction
§ 2 approaches, using calorimeter and conversions
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Phys. Rev. C 103, 064905



cc2/cc1 production in pPb
➜ First cc-measurement in 

heavy-ion data at the 
LHC

➜ Measured the 
production ratio of the 
two states, consistent 
with one and with pp 
measurement

➜ Statistics not great
➜ Remember in pp… 
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Phys. Rev. C 103, 064905

Phys. Lett. B
718 (2012) 431

https://doi.org/10.1016/j.physletb.2012.10.068


arXiv:1706.07122
submitted to PLB

➜ First analysis of run2 pPb sample !
➜ Double differential in y and pT
➜ Prompt and non-prompt J/y separated through pseudoproper time distribution 
➜ Measured: differential cross sections & nuclear modification factors

25.11.2021 G.Manca, IFIPAE 2021 12

J/𝜓 in 𝑝Pb collisions@8.16 TeV
LHCb-PAPER-2017-014
PLB 774 (2017) 159

Results compared with pp 
results properly scaled 

http://arxiv.org/abs/1706.07122


➜ Double ratio of 
𝛶(2S) and 𝛶(3S) 
over 𝛶(1S)
§ Consistent with the 

comovers model

➜ Ratio of  𝛶(1S) over 
non-prompt J/y
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Double Ratios & open/hidden beauty
LHCb-PAPER-2018-035
JHEP11(2018)194



Beauty Nuclear 
modification factors
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LHCb-PAPER-2018-048
LHCb-CONF-2018-004

*

Preliminary

Preliminary

Preliminary

APb = 208



Baryon to meson ratio
➜ Ratios Lc/D0 in pPb collisions at 8.16 TeV 
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Double open charm in pPb
➜ Search for DPS in pPb collisions at 8,16 TeV, L~30nb-1, pPb & Pbp
➜ Measured the cross sections and kinematic correlations between 

different pairs of charm hadrons
➜ Confirmation of enhancement of DPS in pPb w.r.t. SPS
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•Phys. Rev. Lett. 125 (2020) 212001



Open charm in pPb at 8.16 TeV

➜ Analysis being refined for D0, being refined for other open charm 
states
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Fixed target 
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Charm production in fixed-target

➜ D0 and J/y production studied in fixed target 
configuration

➜ Probing the intrinsic charm content of the nucleon

25.11.2021 G.Manca, IFIPAE 2021 20

LHCb-PAPER-2018-023

arXiv:1810.07907

http://arxiv.org/abs/1810.07907


Charm production in pAr & pHe 
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BUT ! See 
arXiv:2109.08084

Charm in pAr at 110 GeV Charm in pHe at 86.6 GeV

Yields agree reasonably with theory in shape and 
value
• Phenomenological parameterisation for J/y

(JHEP 1303(2013) 122)
• HELAC-Onia model, calibrated on collisions 

data (STAR) (EPJC 77 (2017))

D0D0

http://arxiv.org/abs/2109.08084
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Event display (I)

F. Bossù (LAL) PbPb plots 7 / 10

Lead-Lead



(Ultra) Peripheral PbPb Collisions
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➜ Two nuclei collide with each-other with impact parameter  
larger or barely smaller than the sum of their radii 
➜ Photon induced interactions enhanced by strong EM field of nucleus.

§ Coherent: g interacts with nucleus as a whole
§ Incoherent: g interacts with the nucleons in the nucleus

[Arxiv:2107.03223, 2108.02681]

➜ Measurement of coherent s in UPC
2.5.                  18                135.              606.  (MeV/c)  

➜ Measurement of yield in PC 

➜ pQCD calculation
[PRC 93 (2016) 055206]

➜ Color dipole models
[PRD 96 (2017) 094027]       
[PRC 97 (2018) 024901]
[PLB 772 (2017) 832]

12.                  150                1800            22x103

(MeV/c)  

Hadronic

Coherent

[W. Zha et al. Phys. Rev. C97 (2018) 044910 / Phy. Rev. C99, 06901(R)] 



Centrality determination in LHCb

➜ A proxy of the impact parameter b of the 
collisions can be given by “centrality” 
classes, defined as percentile of the inelastic 
PbPb/PbNe cross section as f( 𝑠 )

➜ We use the energy deposit in the 
Electromagnetic calorimeter to extract the 
centrality value through the Glauber model

➜ We use the MC Glauber model to derive N 
participants (<Npart>), N binary collisions 
(<Ncoll>), impact parameter (<b>), N 
ancestors
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arxiv:2111.01607 CERN-LHCb-
DP-2021-002

➜ PbPb @ 5 TeV c.o.m. Energy ➜ PbNe @ 69 GeV c.o.m. Energy 

First centrality 
measurement
in fixed target 
collisions at 

LHC!



Upgraded LHCb
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(slide from B.Audurier at ECT* workshop in Trento, Nov 2021)



Heavy-ion prospects
➜ In LHCb-CONF-2018-005
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(slide from B.Audurier at ECT* workshop in Trento, Nov 2021)



Summary and Outlook
➜ LHCb successfully participated in heavy ion data-taking in 2015,2016 & 

2018
§ Collected good statistics  → could benefit from larger data samples
§ Many measurements performed; first ones with PbPb collisions ever!!

➜ Charmonium production in PbPb ultra peripheral collisions: refined analysis, good
agreement with theory; 2018 results on the way! 

➜ J/y studies in PbPb peripheral (hadronic!) collisions using centrality for the first 
time ! Results with 2018 dataset compared with theoretical predictions, discussion
with theorists very lively

➜ More new results soon with these data 

➜ Many results also studied in view of the new detector in Run3/4
§ Yellow report on the way LHCB-TDR-12 – 17; CERN-LHCC-2018-026; LHCB-TDR-019
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LHCb simulation - Upgrade
EPOS 100%-30% PbPb 5 TeV
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https://cds.cern.ch/record/2703801

