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A single arm general purpose detector at forward rapidity !

The LHCb detector

JINST 3 (2008) S08005

IJMPA 30 (2015) 1530022

pseudorapidity acceptance   Ɫ

Vertex detector: 

IP resolution ~ 

20 ʈm
Decay time 

resolution ~ 45 fs 

RICH: ὑ/“/ὴseparation

‐(ὑᴼὑ) ~ 95%

Mis-ID: ‐(“ᴼὑ) ~ 5% 

Muon system: 

‘identification: ‐(‘ᴼ‘) ~ 97%

Mis-ID:‐(“ᴼ‘) ~ 1 3% 

Tracking system: 

ɝὴȾὴ= 0.5 1.0%

(5 200 GeV/c)

Electromagnetic 

+ hadronic 

calorimeters

Dipole magnet 

Bending power 4 Tm
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The LHCb detector

üALICE
Å central

Å forward coverage for 

muononly

üATLAS & CMS
Å central detectors

ü LHCb
Å forward detector

Å tracking, particle-ID 

and calorimetryin full 

acceptance !



LHCbὴPbdatasets

ÅRapidity Coverage

Åώz: rapidity in nucleon-nucleon cms

Åώ πȢτφυ

ÅForward: ρȢυ ώz τȢπ

ÅBackward: υȢπ ώz ςȢυ

ÅCommon region: ςȢυ ȿώzȿ τȢπ

Å ί υȢπςTeV (2013, Run I) 

ÅὴPb(ρȢπφnb-1) + Pbὴ(πȢυςnb-1)

Å ί ψȢρφTeV (2016, Run II) 

ÅὴPb(ρσȢφnb-1) + Pbὴ(ςρȢψnb-1)
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LHCb: frontier experiment in phase space 

5/7/2019 Xianglei ZHU, Recent results on heavy-ion physics from LHCb 6

Eur. Phys. J. C77 (2017) 163

Graphic by T. Boettcher 

Thanks to the boost, the high resolution, the low-pT reach and 

the fast read-out 
Å disentangle initial state from other phenomena 

Å constrain initial state

Å sensitive to the physics on the saturation scale 
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Heavy quarkoniumproduction in ὴPbcollisions



5/7/2019 Xianglei ZHU, Recent results on heavy-ion physics from LHCb 8

J/‪measurement in ὴPbat 8.16 TeV

PLB 774 (2017) 159

Prompt ὐȾ‪and ὐȾ‪-from-ὦ
are extracted by 
simultaneous fit of mass and 
pseudo-proper time:

Forward® Backward®

ὸ ὤȾ ὤ ὓȾȾὴ

Total yields:

Prompt         from-ὦ
Forward : σͯȢψ ρπ; ḐφȢχ ρπ
Backward:ḐυȢφ ρπ; ḐχȢρ ρπ
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J/‪forward-backward ratioin ὴPbat 8.16 TeV

Ὑ
„ ώz ȟὴ

„ ώz ȟὴ

Forward-backward ratio:

ÅClear forward-backward 

asymmetry for prompt ὐȾ‪, 

in particular at low ὴ

ÅFor ὐȾ‪-from-ὦ, Ὑ is 

closer to unity

ÅAgreement with ὴPb5 TeV

data within uncertainties

PLB 774 (2017) 159



PromptJ/‪Ὑ in ὴPbat 8.16 TeV
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Nuclear modification factor:

ÅForward: suppression at low ὴ up to 50%, converging to unity at high ὴ

ÅBackward: Ὑ closer to unity. Intriguing low values at low ὴ

ÅOverall agreement with theory models. Compatible with ὴPb5 TeV data

PLB 774 (2017) 159
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Nuclear modification factor: PLB 774 (2017) 159

J/‪-from-ὦὙ in ὴPbat 8.16 TeV

ÅForward: suppression at low ὴ up to 30%, converging to unity at high ὴ

ÅBackward: Ὑ slightly above unity

ÅOverall agreement with theory model. Compatible with ὴPb5 TeV data



 ὲὛsignals in ὴPbat 8.16 TeV
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JHEP 07 (2014) 094

Å Run II ὴPbsample ~20 data w.r.t. Run I

Å Cross-section, Ὑ , Ὑ measured for 

all 3 lowest  states  

Forward Backward

JHEP 11 (2018) 194
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 ρὛὙ at 8.16 TeV

ÅSuppression in the forward 

ὴPbregion confirmed

Forward Backward

JHEP 11 (2018) 194

Nuclear modification factor:
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 ςὛὙ at 8.16 TeV

Forward Backward

ÅMore suppression in the 

forward ὴPbregion

JHEP 11 (2018) 194

Nuclear modification factor:
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 ςὛ to  ρὛratio in ὴPbat 8.16 TeV

Forward Backward

JHEP 11 (2018) 194
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 ὲὛ double ratios in ὴPbat 8.16 TeV

Ratio of  ρὛover 

non-prompt J/‪

JHEP 11 (2018) 194
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Open heavy flavor production in ὴPbcollisions



Prompt Ὀ measurement in ὴPbat 5 TeV
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Forward® Backward®

Prompt Ὀ fraction 
extracted from 
fitting impact 
parameter (IP) 
distribution

Ὀ ᴼὑ “

JHEP 10 (2017) 090



Prompt Ώ measurement in ὴPbat 5 TeV

Prompt Ώ fraction 
extracted from 
fitting impact 
parameter (IP) 
distribution
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JHEP 02 (2019) 102Forward Backward

Ώ ᴼὴὑ “



PromptὈ forward-backward ratioat 5 TeV

ÅCompared to Helac-Onia calculations incorporating different nPDFs

ÅModel parameterisationconstrained by existing LHC ppcross-section 
measurements

ÅConsistent with nPDFpredictions within uncertainty

ÅData show smaller uncertainties than nPDF calculations
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Ὑ
„ ώz ȟὴ

„ ώz ȟὴ
Forward-backward ratio: JHEP 10 (2017) 090



Prompt Ώ forward-backward ratio at 5 TeV
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ÅConsistent with nPDFHELAC-oniacalculations within uncertainty

Ὑ
„ ώz ȟὴ

„ ώz ȟὴ
Forward-backward ratio: JHEP 02 (2019) 102

syst.

tot.



Prompt Ὀ nuclear modification factor at 5 TeV
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ÅὙ suppressed at forward rapidity 

Åslight increase with increasing pT

ÅὙ closer to unity at backward rapidity

5/7/2019

Ὑ ώᶻȟὴ
ρ

ςπψ

ϳÄ„ ώᶻȟὴ ÄώᶻÄὴ

ϳÄ„ ώzȟὴ ÄώzÄὴ

ÅMeasurements consistent with models with 

nPDF, CGC

ÅData has smaller uncertainties than theory

Forward Backward

JHEP 10 (2017) 090



Charmed baryon to meson ratioat 5 TeV

ÅSensitive to charm 
hadronizationmechanisms

ÅCalculations based on 
measured ppcross-section
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Ὑ ϳ

„ ώzȟὴ

„ ώzȟὴ

Forward Backward

JHEP 02 (2019) 102

syst.

tot.



Open beauty signals in ὴPb at 8.16 TeV
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Phys. Rev. D 99 (2019) 052011

ὄ ᴼὈὑ ὄ ᴼὐȾ‪“

ὄ ᴼὈ ὑ Ώ ᴼΏὑ



Open beauty Ὑ at 8.16 TeV
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Forward Backward

ÅForward: suppressed, increases with 

ὴ
ÅBackward: 1

ÅData are consistent with nPDF

calculations and ὐȾ‪from b decay

ÅBeauty suppression is comparable 

to charm

Phys. Rev. D 99 (2019) 052011

tot.

stat.



Open beauty forward-backward ratio at 8.16 TeV
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Ὑ
„ ώz ȟὴ

„ ώz ȟὴ
ÅὙ for ὄmesons ρ, consistent with nPDFcalculations

ÅὙ for ὄ and ὄ are similar

ÅὙ for Ώ suffers larger statistical uncertainty

Forward-backward ratio:

tot.

stat.

Phys. Rev. D 99 (2019) 052011



Open beauty particle ratios at 8.16 TeV
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Forward Backward

Å║Ⱦ║ about 1-„from 1, explained 

by systematic uncertainties

Å☻╫Ⱦ║ πȢτ, decreases at high ὴ, 

and is compatible to ɤȾὈ in the 

same region, similar to ὴὴdata 

[JHEP 08 (2014) 143]

tot.

stat.

Phys. Rev. D 99 (2019) 052011
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PbPbcollisions with LHCb

https://twiki.cern.ch/twiki/bin/view/LHCb/LHCbPlots2015

Ion-Ion runs: 

ü 10 ʈÂ PbPbat 5.02 TeV (2015) 

ü 0.4 ʈÂ XeXeat 5.44 TeV (2017)

ü ~ 200 Ἢ PbPb at 5.02 TeV (2018)

ÅCollision centrality measured by the 

calorimeter

ÅSaturation in the Vertex Locator for 

the most central PbPbcollisions

ÅLHCb current tracking algorithm 

efficient up to 50% most central 

collisions

ÅPhysics studies limited to 50% less 

central events
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Ὀ and ὐȾ‪in PbPb(2015)

Ὀ ᴼὑ “
https://twiki.cern.ch/twiki/bin/view/LHCb/LHCbPlots2015

ὐȾ‪ᴼ‘‘



ὐȾ‪in PbPbultra peripheral collisions

Interaction between the magnetic field of the ions

ᴼCoherent ὐȾ‪photo-production, sensitive to nPDF, é

No additional particle production
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LHCb-CONF-2018-003

2018 PbPbrun: ~20 times more luminosity and include other final states in 

exclusive ‎-induced reactions 

ᴼConstraint on model space



The LHCb fixed-target experiment
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JINST 9 (2014) P12005

PbNedata were just taken in 2018

Unique fixed-target configuration at the LHC

Inject noble gas (He, Ne, Ar, é) inside the Vertex Locator ~ ρπmbar

Å Installed for beam-gas imaging

Å In parallel with collider data 

taking

Å Fully benefit from LHCb

excellent performance 

ᴼNew physics opportunities with 

ὴ-nucleus and Pb-nucleus collisions

Heavy-ion and cosmic ray related physics

Fixed-target kinematic region

ί ᶰφωȟρρυ'Å6

Backward rapidity region



Charmproduction in fixed-target ὴHe collisions 
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PRL 122 (2019) 

132002


