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The LHCb detector

Single arm spectrometer, designed for heavy flavor physics in pp collisions

the only LHC experiment fully instrumented in 2 < h < 5
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Excellent vertex, IP and decay time resolution

σ(IP)≈20 μm
Very good momentum resolution

δp/p≈0.5−1% for 0<p<200 GeV/c
Particle identification

K→K≈95% for π→K≈5% up to 100 GeV/c
μ→μ≈97% for π→μ≈1−3%

JINST 3 (2008) S08005

IJMPA 30 (2015) 1530022

LHCb can also operate p-Pb and Pb-Pb collisions
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The LHCb detector

• Can also operate in fixed-target mode: unique at LHC

– Injecting gas in the LHCb VErtex LOcator (VELO) tank, 
originally done to perform luminosity measurement.

– Can be used as an internal gas target

– Allows measurement of p-gas and ion-gas interactions
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beam
target

Gas

injection

Noble gas only : 
(very low chemical reactivity)

He, Ne,  Ar,  …

A = 4,  20, 40

Gas pressure:

10-7 to 10-6 mbar
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LHCb operations for heavy ion physics
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Colliding beam mode

Fixed-target mode

5.02 TeV

LHCb rapidity coverage

in the centre-of-mass system

Mid-rapidity

At sNN = 110 GeV y* = ylab - 4.77
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𝐬𝐍𝐍 = 𝟔𝟗 𝐭𝐨 𝟏𝟏𝟎 𝐆𝐞𝐕 𝐬𝐍𝐍 = 𝟔𝟗 𝐆𝐞𝐕 𝑠𝑁𝑁

𝑆𝑃𝑆
~ 20 GeV

𝒔𝑵𝑵

𝑳𝑯𝑪𝒃−𝑭𝑻
~ 70 GeV

𝑠𝑁𝑁

𝑅𝐻𝐼𝐶
= 200 GeV

𝑠𝑁𝑁

𝐿𝐻𝐶
= 5 TeV

• The LHCb fixed-target program fills the gap between SPS and RHIC energies

• Gives access to the large Bjorken-x region in the target
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Charm in fixed-target pA and AA collisions

• Nucleus-nucleus collisions : 2.5 TeV Pb beam on fixed target √sNN~69 GeV

– No secondary quarkonium production via regeneration at 70 GeV (𝜎𝑐 ҧ𝑐
70 GeV~

1

100
𝜎𝑐 ҧ𝑐

5 TeV)

– Investigate the Quark Gluon Plasma (QGP) color screening/phase transition 

– Thanks to unique capabilities, LHCb offers new opportunities for charm: J/y, y’, cc, D
0, D+/-, D*,Lc…

• Proton-nucleus collisions
– Serve as a baseline for nucleus-nucleus collisions, study of nuclear PDF (nPDF), nuclear absorption, …

– With LHCb, large rapidity coverage (~3 rapidity units) at large Bjorken-x in the target (x2) 

• Give access to nPDF anti-shadowing region and intrinsic charm content in the nucleon
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LHCb
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LHCb

BHPS with CTEQ6.5

ylab=5
ylab=3.5 ylab=2.5
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Bjorken-x = fraction of the nucleon momentum carried by a parton

5



• Data samples: two data sets presented here

Charm production in fixed-target proton-nucleus collisions
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LHCb SMOG recorded data

𝒔𝑵𝑵 = 110 GeV proton-Ar interactions 2015 

~ 4×1022 Protons On Target (17h)

𝒔𝑵𝑵 = 86.6 GeV proton-He interactions 2016

~ 4×1022 POTs (87h)

𝓛𝒑𝑯𝒆 = 𝟕. 𝟔 ± 𝟎. 𝟓 𝐧𝐛−𝟏
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Charm production in fixed-target proton-nucleus collisions

• Beam-gas events
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(R,Z) position of 

the Primary Vertex

𝑅 = 𝑋2 + 𝑌2

beam
target

Gas

injection

– Select events with Beam 1 only at interaction point

– Select events with Zvertex inside VELO  Zvertex  [-20 cm, 20 cm]
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Charm production in fixed-target proton-nucleus collisions

• J/y → m+m −and D0 → K∓p± inclusive cross sections in pHe @86.6 GeV
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𝝈 Τ𝑱 𝝍 = 𝟏𝟐𝟐𝟓. 𝟔 ± 𝟔𝟐. 𝟎 𝐬𝐭𝐚𝐭 ± 𝟖𝟏. 𝟔 𝐬𝐲𝐬𝐭 𝐧𝐛/𝐧𝐮𝐜𝐥𝐞𝐨𝐧
𝝈𝑫𝟎 = 𝟏𝟓𝟔. 𝟎 ± 𝟒. 𝟔 𝒔𝒕𝒂𝒕 ± 𝟏𝟐. 𝟑 𝒔𝒚𝒔𝒕 mb/nucleon

with fraction (cD0) = 0.542±0.024
𝝈𝒄ത𝒄 = 𝟐𝟖𝟕. 𝟖 ± 𝟖. 𝟓 𝒔𝒕𝒂𝒕 ± 𝟐𝟓. 𝟕 𝒔𝒚𝒔𝒕 mb/nucleon

LHCb result in reasonable agreement with

NLO pQCD (MNR) predictions and other measurements

LHCb result in good agreement with

NRQCD fit and other measurements

New results

J/y

D0

LHCb-PAPER-2018-023 

in preparation

8



Charm production in fixed-target proton-nucleus collisions

• J/y differential yields (pAr@110 GeV) and cross sections (pHe@86.6 GeV)
– Plain and dashed red lines, phenomenological parametrization: JHEP 05 (2013) 155

– HELAC-ONIA predictions for pp (blue lines) and pA (yellow boxes): EPJC(2017) 77:1 

– HELAC-ONIA underestimate the J/y cross section (pHe) by a factor 1.78

– Good shape agreement with phenomenological predictions
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New results

pAr @ 110 GeV

yields

pHe @ 86.6 GeV

Cross sections

LHCb-PAPER-2018-021 

in preparation
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Charm production in fixed-target proton-nucleus collisions

• D0 differential yields (pAr@110 GeV) and cross sections (pHe@86.6 GeV)

– HELAC-ONIA predictions for pp (blue lines) and pA (yellow boxes): EPJC(2017) 77:1 

– HELAC-ONIA underestimate the D0 cross section (pHe) by a factor 1.44

– Good agreement in rapidity shapes between data and predictions
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New results

pAr @ 110 GeV

yields

pHe @ 86.6 GeV

Cross sections

LHCb-PAPER-2018-021 

in preparation
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• D0 cross sections (pHe@86.6 GeV) .vs. Intrinsic charm

– HELAC-ONIA predictions for pp (blue lines) and pA (yellow boxes): EPJC(2017) 77:1

– With 𝑥2≃
2×𝑚𝑐

𝑠𝑁𝑁
exp(−𝑦∗) y*∈[-1.73, -2.53]  ⟺ x2 ∈[0.17, 0.37] 

– HELAC-ONIA does not contain intrinsic charm contribution

– No evidence of substantial valence-like intrinsic charm contribution   

– Predictions for intrinsic charm welcome

Charm production in fixed-target proton-nucleus collisions

Hard Probes - 2018 Frédéric Fleuret - LLR/LAL - LHCb 

New results

BHPS with CTEQ6.5
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BHPS with CTEQ6.5

0.17 < x2 < 0.37
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Intrinsic charm

With Intrinsic charm

-2.53  <  y*  <  -1.73

HELAC-ONIA (no intrinsic charm)

LHCb-PAPER-2018-021 

in preparation
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Charm production in fixed-target proton-nucleus collisions

Conclusions

• The LHCb detector

– Has unique capabilities for heavy flavor measurements at LHC

– Can operate a fixed-target program, unique at LHC

• Current results

– Performed J/y and D0 measurements
• in 𝒔𝑵𝑵 = 110 GeV p-Ar collisions

• in 𝒔𝑵𝑵 = 86.6 GeV p-He collisions

– No evidence of strong intrinsic charm contribution

• Short-term Future of fixed-target physics

– pNe data at 69 GeV (recorded in 2017): x10 more statistics than pAr/pHe

– PbNe data at 69 GeV (to be recorded in 2018)
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Charm production in fixed-target proton-nucleus collisions

Conclusions
• Middle-term future (starting 2021)

– Possible SMOG upgrade: SMOG2

– Install a Storage Cell (SC) upstream of the vertex detector (length=20 cm, diameter=1 cm)

– Increase the density of the target gas up to a factor 100

– No overlap with pp collisions: reduced background and possibility for parallel running with pp collisions
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Supplemental material
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Open charm production 
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~0.1 𝒄ത𝒄 @     20 GeV

~1 𝒄ത𝒄 @     70 GeV

~10 𝒄ത𝒄 @   200 GeV

~100 𝒄ത𝒄 @ 5500 GeV

Phys. Rev. Lett. 94, 082301 (2005)

In central Au+Au collisions @ 200 GeV

𝑵𝒄ത𝒄~𝟓𝟗𝟕 ∙ 𝟏𝟎−𝟑𝒎𝒃 × 𝟐𝟐. 𝟖 𝒎𝒃−𝟏~𝟏𝟑

𝝈𝒄ത𝒄
𝟓𝟓𝟎𝟎 𝑮𝒆𝑽~𝟏𝟎 × 𝝈𝒄ത𝒄

𝟐𝟎𝟎 𝑮𝒆𝑽~𝟏𝟎𝟎 × 𝝈𝒄ത𝒄
𝟕𝟎 𝑮𝒆𝑽~𝟏𝟎𝟎𝟎 × 𝝈𝒄ത𝒄

𝟐𝟎 𝑮𝒆𝑽
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Fit of J/y cross section

• NRQCD approach used to fit the data: Phys. Lett. B638 (2006) 202-208

– The NRQCD matrix element are related to the nonperturbative transition probabilities from the QQ state to 
the quarkonium H
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