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Outline 
The LHCb detector at the LHC
Physics motivation
Quarkonium in proton-lead run at LHCb

§ !(nS)
§ J/y

Conclusions and outlook 
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LHCb Detector at the LHC
Single arm spectrometer in the forward direction
§ 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
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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 %

Production

b

bb

ϑ b ϑ b



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

=> will reach 2% 

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

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

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

successfully collected at LHCb for the 
first time in 2015 (see S.Belin talk on 
Tue); next run => end 2018
LHCb also able to collect data in “fixed 
target” mode (SMOG - see talk of 
F.Fleuret on Thu)

p p

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


Setup for Proton-Ion physics

503.10.2018 G.Manca, HP2018

p-Pb

Ep=6.5 TeV
Pbp

Pb-p
Pb p

EN= 2.56 TeV

Rapidity coverage
pp: 2 < y < 5

Forward production
y = 0.47 in lab

p-Pb: 1.5 < y* < 4.5
Data taken in 2016: ~13.6/nb

Backward production
y = -0.47 in lab
Pb-p: -5.5 < y* < -2.5
Data taken in 2016: ~20.8/nb

• Common range for measurements: 2.5 < |y*| < 4.5
• Centre of mass energy in 2016 : 8.16 TeV, L=34 pb-1, about 20x 2013 !



Why is pPb interesting? 
Study of nuclear effects initial and final state
§ Nuclear effects on parton densities (shadowing/antishadowing)=> EPS09,EPPS16
§ Energy loss of incident partons (JHEP 1303 (2013) 122)
§ Saturation: Color Glass Condensate (Ann.Rev.Nucl.Part.Sci.60:463-489,2010)
§ Nuclear break-up, Comovers (Phys. Lett. B749(2015) 98, arXiv:1411.0549)

Partons largely unconstrained at LHC collisions energy in the forward 
region => LHCb can explore the low-Bjorken x region with high precision, 

especially @low Q2 , down to 0 pT

Crucial for understanding PbPb collisions
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Eur. Phys. J. C (2017) 77: 163.

Q 2
saturation ∝ A 1/3 nucleus



New differential analysis of Run II pPb sample ! (20xdata w.r.t. Run I)

Cross-section, RpPb , RFB measured for all !(nS) states

§ double (single) differential in y and pT for !(1S) (!(2S)) 

§ Nice signal of !(3S) in p-lead collisions ! 
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!(nS) analysis in "Pb collisions LHCb-PAPER-2018-035
To be submitted to JHEP

Local p-value < 10-13
Local p-value < 10-7

Preliminary Preliminary



Variable size bins in pT and y*
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!(1S) double differential s LHCb-PAPER-2018-035
To be submitted to JHEP

Preliminary Preliminary



Integrated over 
y* as a function 
of pT
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!(1S) integrated cross section LHCb-PAPER-2018-035
To be submitted to JHEP

Integrated over pT as a function of y*
§ Slight suppression in the forward pPb

region

Preliminary Preliminary

Preliminary



Integrated over y* as a function of pT
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!(1S) Nuclear Modification factor
LHCb-PAPER-2018-035
To be submitted to JHEP

Integrated over pT as a function of y*
§ suppression in the forward pPb region 

confirmed

MODELS:
EPPS16: Eur. Phys. J. C (2017) 77: 163
EPS09: JHEP 04 (2009) 065, arXiv:0902.4154.
nCTEQ15:  Phys. Rev. D93 (2016) 085037.
Comovers: arXiv:1804.04474; Phys. Lett. B749

(2015) 98, arXiv:1411.0549

Preliminary

Preliminary Preliminary



Integrated over y* as a function of pT
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!(1S) Nuclear Modification factor
LHCb-PAPER-2018-035
To be submitted to JHEP

Integrated over pT as a function of y*
§ suppression in the forward pPb region 

confirmed

MODELS:
EPPS16: Eur. Phys. J. C (2017) 77: 163
EPS09: JHEP 04 (2009) 065, arXiv:0902.4154.
nCTEQ15:  Phys. Rev. D93 (2016) 085037.
Comovers: arXiv:1804.04474; Phys. Lett. B749

(2015) 98, arXiv:1411.0549

Preliminary Preliminary

. . . . ..
. ALICE Y(1S)@8.16 TeV

(ALI-PREL-152189)
overlayed by hand

Preliminary



Differential in pT and integrated over y*
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!(2S) Results LHCb-PAPER-2018-035
To be submitted to JHEP

Nuclear modification factor

Preliminary Preliminary

Preliminary



Differential in pT and integrated over y*
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!(2S) Results LHCb-PAPER-2018-035
To be submitted to JHEP

Nuclear modification factor:
Compared to ALICE

Preliminary Preliminary

Preliminary

. .
ALICE Y(2S)@8.16 TeV(ALI-PREL-152189) overlayed by hand.



Differential in pT and integrated over y*
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!(2S) Results LHCb-PAPER-2018-035
To be submitted to JHEP

Nuclear modification factor:
Compared to !(1S) 

Preliminary Preliminary
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Ratio of !(2S) over !(1S)
§ Differential in pT

§ …and y*
pp results @8TeV
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Ratios
LHCb-PAPER-2018-035
To be submitted to JHEP

JHEP 1511 (2015) 103

Preliminary Preliminary

Preliminary

pp

pPb Pbp

pPb/Pbp

pp



Ratio of !(2S) over !(1S)
§ Differential in pT

§ …and y*
pp results @8TeV
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Ratios
LHCb-PAPER-2018-035
To be submitted to JHEP

JHEP 1511 (2015) 103

Preliminary Preliminary

pp

pPb Pbp

pPb/Pbp

pp

Integrated Double Ratios



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

comovers model

Ratio of  !(1S) over 
non-prompt J/y
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Double Ratios & open/hidden beauty
LHCb-PAPER-2018-035
To be submitted to JHEP

Preliminary Preliminary



Integrated cross sections in the 
region 

§ pT < 25 GeV/c and 

§ 1.5 < y < 4.0 (-5.0<y<-2.5) 
for pPb (Pbp) sample
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!(nS) s integrated results LHCb-PAPER-2018-035
To be submitted to JHEP



First analysis of run2 pPb sample !
Double differential in y and pT

Prompt and non-prompt J/y separated 
through pseudoproper time distribution 

Measured: double differential cross sections

03.10.2018 G.Manca, HP2018 19

J/! analysis in "Pb collisions
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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

Results compared with pp results properly scaled 
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J/! analysis in "Pb collisions LHCb-PAPER-2017-014
PLB 774 (2017) 159

http://arxiv.org/abs/1706.07122


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

Results compared with pp results properly scaled 
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J/! analysis in "Pb collisions LHCb-PAPER-2017-014
PLB 774 (2017) 159

http://arxiv.org/abs/1706.07122


First analysis of run2 pPb sample !
Double differential in y and pT

Prompt and non-prompt J/y separated through pseudoproper time 
distribution 
Measured: RpPb for prompt and non-prompt 
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J/! analysis in "Pb collisions

MODELS:
HELAC: Eur. Phys. J. C77 (2017)1; Comput.Phys.Comm.184(2013) 2562, Comput. Phys. Comm.198 (2016) 238.
EPS09: JHEP 04 (2009) 065, arXiv:0902.4154.
nCTEQ15:  Phys. Rev. D93 (2016) 085037.
EnergyLoss: JHEP 03 (2013) 122, arXiv:1212.0434.
CGC: Phys. Rev. D91 (2015) 114005

FONLL: JHEP 05(1998) 007, JHEP03 (2001) 006

LHCb-PAPER-2017-014
PLB 774 (2017) 159



First analysis of run2 pPb sample !
Double differential in y and pT

Prompt and non-prompt J/y separated through pseudoproper time 
distribution 
Measured: RpPb for prompt and non-prompt 
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J/! analysis in "Pb collisions

MODELS:
HELAC: Eur. Phys. J. C77 (2017)1; Comput.Phys.Comm.184(2013) 2562, Comput. Phys. Comm.198 (2016) 238.
EPS09: JHEP 04 (2009) 065, arXiv:0902.4154.
nCTEQ15:  Phys. Rev. D93 (2016) 085037.
EnergyLoss: JHEP 03 (2013) 122, arXiv:1212.0434.
CGC: Phys. Rev. D91 (2015) 114005

FONLL: JHEP 05(1998) 007, JHEP03 (2001) 006

LHCb-PAPER-2017-014
PLB 774 (2017) 159
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Summary and Outlook
LHCb successfully participated in pPb data-taking in 2016
§ Collected good statistics  → benefit from large data samples in 2016
§ Measurement of J/ψ, Y performed, ψ(2S) and cc production upcoming & 

others ongoing
Ø See also open beauty and charm results in Y.Zhang’s talk on Thursday! 

Results compared with several theoretical predictions, discussion with theorists
ongoing

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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Back up 
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Running in pPb
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Multiplicities
d
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PbAr Simulationpp 2012 Data

Figure 9: Pb-Pb event display with large number of reconstructed tracks (1130) and J/ candidate.

10

PbPb 2015 Data
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pPb 2013 Data



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 (pilot run) 87 30 m 2012

PbNe(pilot run) 54 30 m 2013



Centrality Determination in LHCb

Crucial variable for physics measurements
We use energy deposition in electromagnetic calorimeter (as well as number of 
VELO clusters)
Definition of Ecal event “activity classes” first step towards centrality determination
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PbPb data studies are ongoing
Large multiplicities observed are new for LHCb and  the detector response needs 
to be understood in detail

https://twiki.cern.ch/twiki/bin/view/LHCb/LHCbPlots2015
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As a function of pT and y*
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!(1S) Forward-Backward Asymmetry
LHCb-PAPER-2018-035
To be submitted to JHEP

For back-up

Preliminary Preliminary



Efficiencies
§ Measured with proton-lead simulation 
§ Factorised as 
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!(nS) analysis in "Pb collisions LHCb-PAPER-2018-035
To be submitted to JHEP



Systematic uncertainties 
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!(nS) analysis in "Pb collisions LHCb-PAPER-2018-035
To be submitted to JHEP



!(2S) nuclear mod factor 
Integrated over y* as a function of pT
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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: RFB for prompt and non-prompt 

Overall suppression is observed at low momentum
y(2S) measurement in the pipeline in this sample
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J/! analysis in "Pb collisions LHCb-PAPER-2017-014
PLB 774 (2017) 159

http://arxiv.org/abs/1706.07122


Comparison with ALICE 
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ALI-PUB-157567



First analysis of run2 pPb sample !
Double differential in y and pT
prompt and delayed J/y separated 

through pseudoproper time distribution 
measured RpPb
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J/! analysis in "Pb collisions arXiv:1706.07122

http://arxiv.org/abs/1706.07122

