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Heavy quarks (charm and beauty)
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Heavy quarks are produced in hard scattering processes 

mc,b >> ΛQCD  -> perturbative QCD (pQCD) applicable

Open heavy-flavour production measurements in pp collisions: 

Important test of pQCD-based calculations 

Sensitivity to low-x gluon PDF (pT → 0)

Sensitive to fragmentation functions

study of charmed hadrons ratio and baryon-to-meson ratio

J. Hamon,      
A. Rossi talk 🔗

https://indico.cern.ch/event/686555/contributions/2961451/
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Heavy quarks (charm and beauty)
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Open heavy-flavour production measurements in p-Pb collisions: 

Important to distinguish cold-nuclear-matter (CNM) effects, that can affect the charm/beauty 
hadron production 

As pp collisions, reference to study the hadronisation processes in the Quark-Gluon Plasma 
in Pb-Pb collisions                                           A. Rossi talk 🔗 

study of charmed hadrons ratio and baryon-to-meson ratio

Open heavy-flavour production measurements in pp collisions: 

Important test of pQCD-based calculations 

Sensitivity to low-x gluon PDF (pT → 0)

Sensitive to fragmentation functions

J. Hamon,      
A. Rossi talk 🔗

Heavy quarks are produced in hard scattering processes 

mc,b >> ΛQCD  -> perturbative QCD (pQCD) applicable

https://indico.cern.ch/event/686555/contributions/2960917/
https://indico.cern.ch/event/686555/contributions/2960917/
https://indico.cern.ch/event/686555/contributions/2961451/
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The ALICE detector
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ITS: vertexing 
and tracking 

|𝜼|<0.9 

TPC: tracking 
and PID 
|𝜼|<0.9 

TOF: PID 
|𝜼|<0.9 

V0 and ZDC: 
trigger and event 
characterization

Data samples:

pp collisions (Run 2) at √s=5.02 TeV: 990 M minimum-bias events, Lint=19 nb-1 

pp collisions (Run 1) at √s=7 TeV:  370 M minimum-bias events, Lint=6 nb-1 


p-Pb collisions (Run 2) at √sNN=5.02 TeV: 600 M minimum-bias events, Lint=292 ub-1


p-Pb collisions (Run 1) at √sNN=5.02 TeV: 160 M minimum-bias events, Lint=49 ub-1
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Open charm-meson reconstruction
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Focus on D-meson hadronic decay channels:

ALICE_PUBLIC-2018-006Reconstruction based on identification of displaced secondary 
vertices by few hundreds 𝝁m


Background reduction via topological selections and Particle 
IDentification (PID)

Invariant mass analysis

FONLL-based method to subtract feed-down from b hadrons
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pT-differential cross section of D mesons down to pT~0

Focus on D-meson hadronic decay channels:

Compatible with pQCD calculations

New reference for D mesons at 5 TeV 

ALICE_PUBLIC-2018-006

Reconstruction based on identification of displaced secondary 
vertices by few hundreds 𝝁m


Background reduction via topological selections and Particle 
IDentification (PID)

Invariant mass analysis

FONLL based method to subtract feed-down from b hadrons


Open charm-meson reconstruction
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D-meson particle ratios
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D-meson species ratios sensitive to fragmentation functions

Results reproduced within uncertainties by FONLL theoretical predictions also at other energies

ALICE_PUBLIC-2018-006
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D-meson particle ratios

The relative abundances of the four 
species are unmodified in p-Pb 
collisions with respect to pp 
collisions within uncertainties.
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D-meson particle ratios

The relative abundances of the four 
species are unmodified in p-Pb 
collisions with respect to pp 
collisions within uncertainties.


More differential measurement for 
Ds/D+ in p-Pb collisions 
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D-meson particle ratios

Ds/D+ yield ratio vs multiplicity for 
different pT interval

no indication of modification of 
Ds/D+ yield ratios in pp and p-Pb 
within uncertainties.

The relative abundances of the four 
species are unmodified in p-Pb 
collisions with respect to pp 
collisions within uncertainties.


More differential measurement for 
Ds/D+ in p-Pb collisions 
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D-meson nuclear modification factor (RpPb)
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RpPb =
( dσ

dpT )pPb

A × ( dσ
dpT )pp

D-meson RpPb compatible with unity 

Data described by models including Cold Nuclear Matter effects, as well as effects deriving from the 
formation of QGP in p-Pb collisions


data disfavour a suppression larger than 10-15% at high pT 


Ds RpPb compatible with non-strange D mesons within uncertainties

Models including CNM effects: 
- CGC: arXiv:1706.06728 
- FONLL (JHEP 1210 (2012) 137, arXiv:1205.6344) with EPPS16 nPDFs 

(Eur. Phys. J. C77 no. 3, (2017) 163, arXiv:1612.05741)  
- Vitev et al: Phys.Rev. C80 (2009) 054902, arXiv:0904.0032. 
- Kang et al.: Phys. Lett. B740 (2015) 23–29, arXiv:1409.2494. 

Models including the QGP formation:  
- Duke: Nucl. xPart. Phys. Proc. 276-278 (2016) 225–228, arXiv:

1510.07520.  
- POWLANG JHEP 03 (2016) 123, arXiv:1512.05186. 

RUN 2
higher pT reach and precision

and new pp reference at 5 TeV
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Open charm-baryon reconstruction
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Λc (udc) hadronic decay channels:

PID + cuts on decay topologies (BDT 
or rectangular cuts)

Invariant mass analysis

FONLL-based method to subtract 
feed-down from b-hadrons


Phys. Lett. B 781 (2018) 8-19 
PID + wrong sign pair e-Λ (e- Ξ-) 
subtraction


Λc (udc) and Ξc0 (usc) semi-leptonic decay channels:
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Open charm-baryon reconstruction
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Λc (udc) hadronic decay channels:

PID + cuts on decay topologies (BDT 
or rectangular cuts)

Invariant mass analysis

FONLL-based method to subtract 
feed-down from b-hadrons


PID + wrong sign pair e-Λ (e- Ξ-) 
subtraction


Unfolding e-Λ (e- Ξ-) pT spectra to 
obtain Λc (udc) and Ξc0 spectra


FONLL-based method to subtract feed-
down from b-hadrons (Λc only)


Phys. Lett. B 781 (2018) 8-19 

Λc (udc) and Ξc0 (usc) semi-leptonic decay channels:
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Λc   pT-differential cross section
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Combination of 3 decay channels in pp collisions and 2 decay channels in p-Pb collisions

Theoretical predictions underestimate Λc pT-differential cross section both in pp and p-Pb collisions

In GM-VFNS and POWHEG the fragmentation function is tuned to reproduce the results from lower energy 
e+e- collisions

RUN 2
higher pT reach 
and precision

GM-VFNS: B.A. Kniehl et 
al. Eur. Phys. J. C 72 (2012) 
2082    
POWHEG: S. Frixione et al.: 
JHEP 09 (2007) 126

JHEP 1804 (2018) 108
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Λc  nuclear modification factor (RpPb)
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𝝠c RpPb is consistent with unity as D-meson RpPb and with model predictions within uncertainties:

POWHEG+PYTHIA6 with CT10NLO+EPS09 PDF: Cold Nuclear Matter effects 

POWLANG with “small-size” QGP formation: hot medium effects, collisional energy loss 

RpPb =
( dσ

dpT )pPb

A × ( dσ
dpT )pp

POWHEG +PYTHIA parton shower: JHEP 0709:126,2007  
POWLANG: JHEP03(2016)123 
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Λc/D0 baryon-to-meson ratio 
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Is it a baryon/meson effect 
 
independent of quark content?  

Λc/D0 ratios in pp and p-Pb collisions are compatible within uncertainties 

All theoretical predictions underestimate our measurements, except Shao tuned on LHCb pp data   

Similar trend as a function of pT as the baryon-to-meson ratio in the light-flavour sector 

PYTHIA8 Monash: P. Skands et al., Eur. Phys. J. C (2014) 74:3024  
Enhanced colour reconnection (CR): J. R. Christiansen and P. Skands, 
JHEP 08 (2015) 003
DIPSY: JHEP 08 (2011) 103 
HERWIG7: Eur. Phys. J. C58 (2008) 639-707 
Shao et al: Eur. Phys. J. C 77 (2017)   

p-Pb RUN 2
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Λc/D0 ratio in pp and p-Pb collisions higher than previous measurements in e+e- and ep collisions at lower 
centre-of-mass energy 


Λc/D0 in different experiments and collision systems
PYTHIA8 Monash: P. Skands 
et al., Eur. Phys. J. C (2014) 
74:3024  
Enhanced colour 
reconnection (CR): J. R. 
Christiansen and P. Skands, 
JHEP 08 (2015) 003  
DIPSY: JHEP 08 (2011) 103  
HERWIG7: Eur. Phys. J. C58 
(2008) 639-707 


JHEP 1804 (2018) 108
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Λc/D0 ratio in pp and p-Pb collisions higher than previous measurements in e+e- and ep collisions at lower 
centre-of-mass energy 

LHCb results in pp collisions suggest a decreasing trend of Λc/D0 ratio towards mid-rapidity, not reproduced 
by the relatively flat theoretical curves

In the beauty sector, a larger fraction f(b->Λb) was measured in pp and pp collisions at LHC and Tevatron 
with respect to e+e- at the LEP     

Λc/D0 in different experiments and collision systems

Violation of the universality of the fragmentation functions 
arXiv:1612.07233 

JHEP 1804 (2018) 108
PYTHIA8 Monash: P. Skands 
et al., Eur. Phys. J. C (2014) 
74:3024  
Enhanced colour 
reconnection (CR): J. R. 
Christiansen and P. Skands, 
JHEP 08 (2015) 003  
DIPSY: JHEP 08 (2011) 103  
HERWIG7: Eur. Phys. J. C58 
(2008) 639-707 
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First Ξc
0 production measurement at the LHC (BR unknown)


Not feed-down corrected, includes Ξb → ΞcX→ e+Ξ-νe 

Baryon-to-meson ratio Ξc0 ➔ e+Ξ-νe/D0 larger than model predictions (0.83-4.2%: range of the BR in prediction 
bands)

PYTHIA8 with enhanced colour reconnection closer to data 

Ξc
0

  pT-differential cross section and baryon-to-meson ratio

Phys. Lett. B 781 (2018) 8-19 


D0 from Eur. Phys. J. C77 (2017) 550 
PYTHIA 8 Monash: P. Skands, S. Carrazza, and J. Rojo, Eur. Phys. J. C74 (2014) 3024 

Enhanced colour reconnection: J. R. Christiansen and P. Z. Skands JHEP 08 (2015) 003 
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Conclusion
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D-meson particle ratios compatible between pp and p-Pb collisions and well reproduced by pQCD 
calculations


𝝠c production in pp and p-Pb collisions underestimated by theoretical models

D-meson and 𝝠c RpPb compatible with unity

First Ξc

0 production measurement at the LHC (BR unknown)

Baryon-to-meson ratio:


𝝠c/D0 and Ξc0/D0 higher than theoretical predictions

𝝠c/D0 higher than previous measurements at e+e- and ep collisions


similar trend as a function of pT as the baryon-to-meson ratio in the light-flavour sector 

Is it a baryon/meson effect 

 
independent of quark content? 

Violation of the universality of the fragmentation functions? 

Looking forward to further measurements with the Run 2 data samples: 
full 2016+2017+2018 sample of pp collisions at √s=13 TeV available soon  
𝝠c  analysis in pp collisions at √s=5 TeV
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Backup
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Additional plot on baryon-meson ratio
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Run 1 p-Pb Λc   pT-differential cross section
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Shao et al: Eur. Phys. J. C 77 (2017)   
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LHCb measurements
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D-meson particle ratios
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The measured D-meson ratios do not show a significant pT dependence within the experimental uncertainties, thus suggesting a 
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More differential D-meson measurements in p-Pb collisions
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p-Pb and Pb-Pb collisions


