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LHCb experiment
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250 mrad

JINST 3 (2008) S08005
IJMPA 30 (2015) 1530022Aiming for precision measurements in 𝑏, 𝑐 flavor sectors

Acceptance: 2 < 𝜂 < 5
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LHCb experiment
Hadron PID
Muon system
Lumi counters
HCAL
ECAL
Tracking

LHCb fully instrumented in the forward region 2 < 𝜂 < 5
Ø Heavy ion studies in a unique kinematic area: low 𝑝), large 𝑦, very small or large x 
Ø Complementary to other LHC experiments
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250 mrad

Vertex Locator (vertex reconstruction)
• Impact parameter resolution: 20µm
•Decay time resolution: 45	fs (𝜏4~1.5	ps)	

Tracking system
(particle reconstruction)
• 𝜖 Tracking ~96%
• 𝛿𝑝 𝑝⁄ ~0.5%-1% (5-200 GeV)
• 𝜎 𝑚4→KK ≈ 22	MeV

New J. Phys. 15 (2013) 053021

𝐵QR − 𝐵TQR oscillation

𝒑𝒑 collision
point

Magnet
Bending power: 4 Tm
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RICH detectors (𝐾 𝜋⁄ /𝑝 separation)
• 𝜖 𝐾 → 𝐾 ~95%
• Mis-ID 𝜖 𝜋 → 𝐾 ~5%
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Open charm tagging
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• Suppression of hadronic backgrounds 
ØDisplaced tracks and vertex
ØParticle identification for kaons and protons

• Separation from non-prompt production using impact parameter



Open charm production in 𝒑𝒑	collisions
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JHEP 03 (2016) 159
JHEP 09 (2016) 013 
JHEP 05 (2017) 074

JHEP 06 (2017) 147 

4.98 ± 0.19 pb-1

8.60 ± 0.33 pb-1

𝑠� = 13 TeV

𝑠� = 5 TeV



Prompt yield extraction
• Almost background free
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𝑠� = 5 TeV



Cross-sections
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POWHEG: JHEP 11 (2015) 009
FONLL    : EPJ C75 (2015) 610
GMVFNS: EPJ C72 (2012) 2082



Cross-section ratio among states
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Measuring relative fragmentation functions of charm hadrons, not uniform with 𝑝)
𝐷R 𝑝) spectrum softer, due to large feed-down contributions?

𝐷`/𝐷R 𝐷Q`/𝐷R

𝐷∗`/𝐷R
𝐷Q`/𝐷`



Cross-section ratio 13/5 TeV
• Nearly identical trigger, reconstruction, selections
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Precise measurements and predictions, in good agreement with each other
Ratio increases with 𝑝), consistent among different species
Sensitivity lost to study model details?



Parton distribution function
• LHCb results reduce uncertainty by 10× at small x
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Phys. Rev. Lett. 118 (2017) 072001



Open charm production in 𝒑Pb collisions
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Data:
𝑠cc� = 5 TeV (2013)

Forward:				1.06 ± 0.02 nb-1

Backward: 0.52± 0.01 nb-1

p
Pb

Pb p



𝐷R production
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arXiv:1707.02750



𝐷R production
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arXiv:1707.02750

HELAC:  EPJ C77 (2017) 1



Nuclear modification
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arXiv:1707.02750

Data agree with theoretical calculations using nPDF

Pb
p

𝑫𝟎



Nuclear modification
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arXiv:1707.02750

CGC1: Phys. Rev. D 91 (2015) 114005 
CGC2: arXiv:1706.02728

Data agree with theoretical calculations
using nPDF or CGC

Pb
p

𝑫𝟎



Nuclear modification

QGP	France	 (Yanxi	ZHANG) 1911/10/2017

arXiv:1707.02750

𝐽/𝜓 in pPb at 5 TeV:      JHEP 02 (2014) 072
𝐽/𝜓 in pPb at 8.16 TeV: arXiv:1706.07122

𝐷R

𝐽/𝜓

Data agree with theoretical calculations using nPDF and CGC
𝑅ijk for𝐷R and 𝐽/𝜓 are similar



Nuclear modification
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arXiv:1707.02750

Nuclear modification for𝐷R consistent with 𝐽/𝜓, stronger effect for𝜓(2𝑆)



Forward-backward ratio
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arXiv:1707.02750

Ratio with respect to 𝐽/𝜓

2.5 < 𝑦 < 4



Λn` production
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LHCb-CONF-2017-005



Λn` production
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LHCb-CONF-2017-005

Production more suppressed 
in forward sample



Forward-backward ratio
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LHCb-CONF-2017-005

Consistently smaller than one, agree with calculations using nuclear PDF
Size of systematic uncertainties comparable with theory band



Comparison with 𝐷R
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LHCb-CONF-2017-005

• Scale agrees with predictions considering
only nPDF, similar nuclear effects
• 𝑝)distribution may be different in forward, 
to be confirmed with more statistics

Forward Backward

• Different proton PDF for HELAC-EPS09 
and HELAC-nCTEQ15 calculations
• nPDF uncertainties ~1%

•Analysis being updated for 𝑅io measurement



Prospects
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𝑫𝟎 PbPb (2015)

𝑫𝟎 and 𝚲𝒄` in pPb (2016 ℒ~13/21 nb-1)



Prospects: open beauty
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~1.5 K

~1 K

pPb 2016 (ℒ~13/21 nb-1)

~1.5 K



Summary
• LHCb contributes to heavy ion studies,  in a unique kinematic range
• Precise measurements of charm cross-sections in 𝑝𝑝 and 𝑝Pb

ØStrong cold nuclear effects observed in 𝑝Pb
ØHelping to constrain (n)PDF

• New 𝑝Pb data of good quality, being analyzed, more results coming out
• And SMOG data, unique at LHCb (talk by Frederic Domini Fleuret)
• Suggestions on measurements?

ØQuarkonia, open heavy flavor, W/Z, DY ….
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Thank you for your attention



Additional material
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LHCb experiment
Aiming for precision measurements in 𝑏, 𝑐 sectors 

JINST 3 (2008) S08005
IJMPA 30 (2015) 1530022
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250 mrad

Vertex Locator
(vertex reconstruction)
• IP	resolution:	20µm
• Decay	time	resolution:	45	fs
(𝜏4~1.5	ps)	

RICH detectors
(𝐾 𝜋⁄ /𝑝 separation)
• 𝜖 𝐾 → 𝐾 ~95%
• Mis-ID	𝜖 𝜋 → 𝐾 ~5%

Bending magnet
bending power: 4 Tm

Tracking system, TT  T1-T3
(particle reconstruction)
•𝜖 Tracking ~96%
•𝛿𝑝 𝑝⁄ ~0.5%-1% (5-200 GeV)
• 𝜎 𝑚4→KK ≈ 22	MeV

Calorimeters (ECAL, HCAL)
(𝑒/𝛾 identification)
• 𝛿𝐸 𝐸⁄ ~1%⨁10% 𝐸� (GeV)

Muon system
(𝜇 identification)
• 𝜖 𝜇 → 𝜇 ~97%
•Mis-ID 𝜖 𝜇 → 𝜇 ~1−3%

LHCb

Herschel
-7.5m, -20m, -114m

Herschel
20m, 114m



LHCb heavy ion data taking
• LHCb able to collect pp, pPb, PbPb, and p- or Pb- gas collisions

Ø At different center-of-mass energy ( 𝑠cc� ) and rapidity coverage
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GAS targets: He, Ne, Ar, Kr, Xe Different sizes of colliding system

11/10/2017

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

LHCb rapidity coverage in rest frameCollider mode: forward/backward rapidity

Fixed target mode: mid or backward rapidity, 
energies between SPS and RHIC

Data already available

5,  8 TeV



LHCb heavy ion data taking
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• 2013 pPb runs: collected about 2 nb-1 

data at 𝑠cc� = 5 TeV

• 2015
Ø Several fixed target data taking periods

ØFirst participation in PbPb data taking 
successfully at	 𝑠cc� = 5 TeV, ~150 h

pPb 2013

PbPb 2015(p-He, p-Ne, p-Ar, Pb-Ar with 𝐸i = 6.5	TeV)



pPb data taking (2013)
• pPb data collected at nucleon-nucleon (NN) center-of-mass energy 𝑠cc� = 5	TeV
• NN center-of-mass system shifted by Δ𝑦 = 0.47 in proton beam direction

p Pb

Pb p

p+Pb collisions (forward)
Rapidity coverage: 1.5 < 𝑦∗ < 4
data analyzed: 𝐿{|}~1.1	nb��

Pb+p collisions (backward)
Rapidity coverage: −5 < 𝑦∗ < −2.5
data analyzed: 𝐿{|}~0.5	nb��

𝑦∗: rapidity defined in NN center-of-mass frame

Two beam configurations:
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On average, multiplicity higher for Pb+p collisions in LHCb



Gluon-Quark PDFs

LHCb

LHCb
LHCb

LHCb
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Cross-section ratio among states
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𝐷Q`/𝐷∗`

𝐷∗`/𝐷`
𝐷`/𝐷R

𝐷Q`/𝐷R



Cross-section ratio 13/5 TeV
• Nearly identical trigger, reconstruction, selections
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