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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   𝟐 < 𝜼 < 𝟓
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The LHCb detector

 ALICE
• central

• forward coverage for 

muon only

 ATLAS & CMS
• central detectors

 LHCb
• forward detector

• tracking, particle-ID and 

calorimetry in full 

acceptance !



LHCb 𝑝Pb datasets

• Rapidity Coverage

• 𝑦∗: rapidity in nucleon-nucleon cms

• 𝑦cms = ±0.465

• Forward:               1.5 < 𝑦∗ < 4.0

• Backward:         −5.0 < 𝑦∗ < −2.5

• Common region: 2.5 < |𝑦∗| < 4.0

• 𝑠𝑁𝑁 = 5.02 TeV (2013, Run I) 

• 𝑝Pb (1.06 nb-1) + Pb𝑝 (0.52 nb-1)

• 𝑠𝑁𝑁 = 8.16 TeV (2016, Run II) 

• 𝑝Pb (13.6 nb-1) + Pb𝑝 (21.8 nb-1)
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LHCb: frontier experiment in phase space 

11/13/2018 朱相雷，Heavy-ion physics with LHCb 6

EPJ C10 (2017) 1140

Graphic by T. Boettcher 

Thanks to boost, resolution, low-pT reach and fast read-out 
 disentangle initial state from other phenomena 

 constrain initial state

 sensitive to physics of the saturation scale 
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Heavy quarkonium production in 𝑝Pb collisions
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Separation of prompt J/𝜓 and J/𝜓-from-b



Prompt J/𝜓 𝑅𝑝𝑃𝑏 in 𝑝Pb at 8.16 TeV
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J/𝜓-from-b 𝑅𝑝𝑃𝑏 in 𝑝Pb at 8.16 TeV
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J/𝜓 𝑅𝐹𝐵 in 𝑝Pb at 8.16 TeV



𝛶(nS) signals in 𝑝Pb at 8.16 TeV
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JHEP1407 (2014) 094

arXiv: 1810.07655

• Run II 𝑝Pb sample ~20xdata w.r.t. Run I

• Cross-section, 𝑅𝑝𝑃𝑏, 𝑅𝐹𝐵 measured for 

all 𝛶 states  

Forward Backward
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𝛶(1S) 𝑅𝑝𝑃𝑏 in 𝑝Pb at 8.16 TeV

arXiv: 1810.07655

• Suppression in the forward pPb region confirmed

Forward Backward
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𝛶(2S) 𝑅𝑝𝑃𝑏 in 𝑝Pb at 8.16 TeV

Forward Backward

arXiv: 1810.07655

• More suppression in the forward pPb region
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𝛶(nS) to 𝛶(1S) ratios in 𝑝Pb at 8.16 TeV

arXiv: 1810.07655

Forward Backward
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𝛶(nS) double ratios in 𝑝Pb at 8.16 TeV
arXiv: 1810.07655

Ratio of 𝛶(1S) over 

non-prompt J/𝜓
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Open heavy flavor production in 𝑝Pb collisions



Prompt 𝐷0 measurement in 𝑝Pb at 5 TeV

• Reconstructed through 
decay channel:

𝐷0 → 𝐾−𝜋+

• Inclusive 𝐷0 mesons from 
fitting invariant mass dist.:
• Signal: 

Crystal Ball+Gaussian

• Background: linear

• Prompt 𝐷0fraction 
extracted from fitting 
impact parameter dist.:
• Prompt: simulation

• 𝐷0-from-b: simulation

• Background: sideband in 
data
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Forward  Backward  𝐷0

𝐾−

𝜋+

PV

𝐈𝐏

JHEP 10 (2017) 090
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Prompt 𝛬𝑐
+ measurement in 𝑝Pb at 5 TeV

• Reconstructed through 
decay channel 

𝛬𝑐
+ → 𝑝𝐾−𝜋+

• Inclusive 𝛬𝑐
+ baryons from 

fitting invariant mass dist.:
• Signal: Gaussian

• Background: linear

• Prompt 𝛬𝑐
+ fraction 

extracted from fitting 
impact parameter dist.:
• Prompt: simulation

• 𝛬𝑐
+-from-b: simulation

• Background: sideband in 
data
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Forward  Backward  𝛬𝑐
+

𝐾−

𝜋+

PV

𝐈𝐏

𝑝
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Prompt 𝐷0

differential cross-section in 𝑝Pb

• Data consistent with nPDF predictions

• Theoretical calculation with Helac-Onia:
• Fit to existing LHC pp cross-section measurement
• Incorporate nPDF

• nCTEQ15 under predicts cross-section at lowest pT

• Data more precise than nPDFs
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Eur. Phys. J. C77 (2017) 1

Comput. Phys. Commun. 184 (2013) 2562

Comput. Phys. Commun. 198 (2016) 238

JHEP 10 (2017) 090



Prompt 𝐷0 at 5 TeV
forward-backward production ratio

• 𝑅FB does not need results from 𝑝𝑝 collisions.

• Compared to Helac-Onia calculations incorporating different nPDFs

• Model parameterisation constrained by existing LHC pp cross-section measurements

• Consistent with nPDF predictions within uncertainty

• Data show smaller uncertainties than nPDF calculations
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Comput. Phys. Commun. 184 (2013) 2562

Comput. Phys. Commun. 198 (2016) 238
Eur. Phys. J. C77 (2017) 1

JHEP 10 (2017) 090
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𝑅FB =
𝜎(+ 𝑦∗ , 𝑝T)

𝜎(− 𝑦∗ , 𝑝T)



Prompt 𝛬𝑐
+ at 5 TeV

forward-backward production ratio
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Comput. Phys. Commun. 184 (2013) 2562

Comput. Phys. Commun. 198 (2016) 238
Eur. Phys. J. C77 (2017) 1
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• 𝑅FB does not need results from 𝑝𝑝 collisions.

• Compared to Helac-Onia calculations incorporating different nPDFs

• Model parameterisation constrained by LHC pp cross-section measurements

• Consistent with nPDF predictions within uncertainty

• Data uncertainties comparable to nPDF calculations

𝑅FB =
𝜎(+ 𝑦∗ , 𝑝T)

𝜎(− 𝑦∗ , 𝑝T)

arXiv: 1809.01404



Prompt 𝐷0 at 5 TeV
nuclear modification factor in 𝑝Pb
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•𝑝𝑝 reference directly measured by LHCb

•𝑅𝑝Pb suppressed at forward rapidity 

• slight increase with increasing pT

•𝑅𝑝Pb closer to 1 at backward rapidity

JHEP 10 (2003) 046

Eur. Phys. J. C77 (2017) 1

Comput. Phys. Commun. 184 (2013) 2562

Comput. Phys. Commun. 198 (2016) 238

JHEP 10 (2017) 090
11/13/2018

𝑅𝑝Pb 𝑦∗, 𝑝T =
1

𝐴
×

Τd𝜎𝑝Pb(𝑦
∗,𝑝T, 𝑠NN) d𝑥

Τd𝜎𝑝𝑝(𝑦
∗,𝑝T, 𝑠NN) d𝑥

,  A=208

•Measurements consistent with models 

with nPDF, CGC

•Data has smaller uncertainties than 

theory



Prompt 𝐷0 at 5 TeV
nuclear modification factor in 𝑝Pb
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•𝑝𝑝 reference directly measured by 

LHCb

• forward

• significant suppression 

•backward

•closer to 1

•hint of enhancement at large 

rapidity

•Measurements consistent with 

models with nPDF, CGC

•Data has smaller uncertainties 

than theory

JHEP 10 (2003) 046

Eur. Phys. J. C77 (2017) 1

Comput. Phys. Commun. 184 (2013) 2562

Comput. Phys. Commun. 198 (2016) 238

JHEP 10 (2017) 090

𝑅𝑝Pb 𝑦∗, 𝑝T =
1

𝐴
×

Τd𝜎𝑝Pb(𝑦
∗,𝑝T, 𝑠NN) d𝑥

Τd𝜎𝑝𝑝(𝑦
∗,𝑝T, 𝑠NN) d𝑥

,  A=208
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Charmed baryon/meson production ratio
𝑅 Τ𝛬𝑐

+ 𝐷0 at 5 TeV

• Sensitive to charm hadronisation mechanisms

• Model based on measured pp cross-section

• nPDF effects mostly cancel

• EPS09LO & EPS09NLO similar

• nCTEQ15 slightly lower.

• Slight increase with increasing 𝑝T

• Forward:

• Consistent at lower 𝒑T

• Below theories at higher 𝒑T

• Backward: 

• Consistent for all 𝒑T
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Eur. Phys. J. C77 (2017) 1

Comput. Phys. Commun. 184 (2013) 2562

Comput. Phys. Commun. 198 (2016) 238

Forward

Backward
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𝑅 Τ𝛬𝑐
+ 𝐷0 =

𝜎Λ𝑐+(𝑦
∗, 𝑝T)

𝜎𝐷0(𝑦
∗, 𝑝T)

arXiv: 1809.01404



Charmed baryon/meson production ratio
𝑅 Τ𝛬𝑐

+ 𝐷0 at 5 TeV
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Comput. Phys. Commun. 184 (2013) 2562

Comput. Phys. Commun. 198 (2016) 238

Eur. Phys. J. C77 (2017) 1
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• Sensitive to charm hadronisation
mechanisms

• Model based on measured pp cross-section

• nPDF effects mostly cancel

• EPS09LO & EPS09NLO similar 

• nCTEQ15 slightly lower

• Flat across 𝑦∗

• Consistent with theories for all 𝒚∗

𝑅 Τ𝛬𝑐
+ 𝐷0 =

𝜎Λ𝑐+(𝑦
∗, 𝑝T)

𝜎𝐷0(𝑦
∗, 𝑝T)

arXiv: 1809.01404



Open beauty signals at 8.16 TeV
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Open beauty 𝑅𝑝𝑃𝑏 at 8.16 TeV
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𝑦



Open beauty forward-backward ratio at 8.16 TeV
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Open beauty particle ratios at 8.16 TeV
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The LHCb fixed-target experiment
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JINST 9 (2014) P12005



Charm production in fixed target 𝑝He collisions 
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arXiv:1810.07907
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PbPb collisions with LHCb

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

Ion-Ion runs: 10 𝜇b−1 PbPb at 5.02 TeV (2015) and 

0.4 𝜇b−1 XeXe
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𝐷0 in PbPb (a first look)

Reconstructed through 𝐷0 → 𝐾−𝜋+ + CC decays

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



Summary

• The current heavy flavor measurements in 𝑝Pb collisions and 
fixed-target collisions provide precise and unique constraints 
on nuclear modifications in proton-nucleus collisions at low-
x & high-x

• More measurements with the current dataset, especially with 
the high statistics 𝑠𝑁𝑁= 8.16 TeV 𝑝Pb data are still yet to 
come…
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backup
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LHCb detector upgrades phase I (2021-) 
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• replace full tracker for 5 times higher pile-up in pp 

• inspect 30 MHz rate in software trigger in pp 

• magnet stations for low-pT tracks & TOF for low momentum 
PID in consideration for Phase I consolidation or Phase II 
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Open charm measurements in pPb 8 TeV
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𝛬𝑐
+

𝐷0

forward

forward

backward

backward

backward

backward

• Precision measurements of charmed hadrons in pPb

• Accuracy improvement in 𝑅 Τ𝛬𝑐
+ 𝐷0

• Measurements as functions of multiplicity

• Analyses ongoing

11/13/2018

𝛬𝑐
+

𝐷0

𝐷+

𝐷𝑠
+



朱相雷，Heavy-ion physics with LHCb 4011/13/2018

J/𝜓 and 𝜓(2𝑆) 𝑅𝑝𝑃𝑏 in 𝑝Pb at 5 TeV

→ nuclear modification factor
inclusive prompt delayed

LHCb: JHEP 03 (2016) 033



• Relative suppression is calculated as:

• Intriguing stronger suppression of prompt ψ(2S) than that of prompt J/ψ

• Expect similar suppression for ψ(2S) from b and J/ψ from b

 R compatible with 1 within large uncertainties

• Results for inclusive ψ(2S) compatible with ALICE measurement

𝜓(2S) relative suppression wrt J/𝜓

11/13/2018 朱相雷，Heavy-ion physics with LHCb 41

[ ALICE: JHEP 12 (2014) 073 ]

[ PHENIX: PRL 111 (2013) 202301][LHCb: JHEP 1603 (2016) 133 ]
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J/𝜓 and 𝜓(2𝑆) 𝑅𝐹𝐵 in 𝑝Pb at 5 TeV

→ forward-backward asymmetry
LHCb: JHEP 03 (2016) 033
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Υ production in 𝑝Pb at 5TeV

 Low statistics due to low production rate LHCb: JHEP 07 (2014) 094
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Υ production in 𝑝Pb at 5TeV

LHCb: JHEP 07 (2014) 094

→ Υ(1𝑆) nuclear modification factor and fwd/bwd asymmetry 
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Two particle correlations in 𝑝Pb collisions



朱相雷，Heavy-ion physics with LHCb 4611/13/2018

Definition of event activity

• Data sample used in analysis:

• Minimum-bias events: 
1.1 × 108 for 𝒑+Pb and Pb+𝒑 each.

• High-multiplicity events: 
events with VELO hits larger than 2200, 
1.1 × 108 for 𝒑+Pb and 1.3 × 108 for Pb+𝒑.

• Use VELO-hit multiplicity to measure the 
event activity

• proportional to number of charged particles

• Hit-multiplicity in Pb+𝒑 greater than 𝒑+Pb

• Relative activity classes

• from low (50-100%) to very high 
(0-3%) event activity

• Common absolute activity classes for Pb+𝒑
and 𝒑+Pb

• 5 bins in 2200 < 𝒩𝑉𝐸𝐿𝑂
ℎ𝑖𝑡𝑠 < 3500

Phys. Lett. B762 (2016) 473

http://cds.cern.ch/record/2110456/files/EventBinning_VCl_pA.png
http://cds.cern.ch/record/2110456/files/EventBinning_VCl_Ap.png
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The ridge in 𝑝+Pb collisions 

𝒑𝐓 range : 1.0 - 2.0 GeV/c

At low event activity (50-100%)

• Δ𝜙 = 𝜋 : away side ridge present

• Δ𝜙 = 0 : No sign of near-side ridge

At high event activity (0-3%)

• Δ𝜙 = 𝜋 : away side ridge present

• 𝚫𝝓 = 𝟎 : near-side ridge is evolving 
and clearly visible!

50 - 100% 0 - 3%

Phys. Lett. B762 (2016) 473
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The ridge in Pb+𝑝 collisions

At low event activity (50-100%)

• Δ𝜙 = 𝜋 : away side ridge present

• Δ𝜙 = 0 : No sign of near-side ridge

At high event activity (0-3%)

• Δ𝜙 = 𝜋 : away side ridge present

• 𝚫𝝓 = 𝟎 : near-side ridge elongated 
over large 𝚫𝜼 !

𝒑𝐓 range : 1.0 - 2.0 GeV/c

50 - 100% 0 - 3%

Phys. Lett. B762 (2016) 473
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The ridge evolution

• Average the 2D-yield in the range of 
2.0 < Δ𝜂 < 2.9, to exclude short-range 
correlations (jet peak)

• Subtract the zero-yield-at-minimum (ZYAM)

The correlation yield increases with event 
activity.

The away-side ridge decreases towards 
higher 𝑝T.

On the near side, the second ridge emerges 
with a maximum in the range 1 < 𝑝T < 2 
GeV/c.

Near side is more pronounced in Pb+𝑝 than 
in 𝑝+Pb.

𝒀 𝚫𝝓 ≡
𝟏

𝑵𝒕𝒓𝒊𝒈

𝒅𝑵𝒑𝒂𝒊𝒓

𝒅𝚫𝝓
=

𝟏

𝚫𝜼𝒃 − 𝚫𝜼𝒂
න

𝚫𝜼𝒂

𝚫𝜼𝒃
𝟏

𝑵𝒕𝒓𝒊𝒈

𝒅𝟐𝑵𝒑𝒂𝒊𝒓

𝒅𝚫𝜼𝒅𝚫𝝓
𝒅𝚫𝜼
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Phys. Lett. B762 (2016) 473
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The ridge evolution

• Compare both hemispheres (Pb or 𝑝 direction) in common absolute 
activity ranges.

• Five identical activity ranges for the 𝑝+Pb and Pb+𝑝 configurations 

(2200 < 𝒩𝑉𝐸𝐿𝑂
ℎ𝑖𝑡𝑠 < 3500), the same particle production in 2.0 < 𝜂 < 4.9.

Strength of near-side ridges in both hemispheres are compatible with 
each other!

Different probed rapidity ranges in both beam configurations show no 
sizable effect. 𝒑+Pb: 𝟏. 𝟓 < 𝒚 < 𝟒. 𝟒; Pb+𝒑: −𝟓. 𝟒 < 𝒚 < −𝟐. 𝟓

Phys. Lett. B762 (2016) 473
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