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Why heavy flavour production?  

 Heavy-flavour production provides an excellent QCD test tool.

‣  pp     :  test perturbative QCD predictions, baseline for p-A and A-A      
                  collisions
‣ p-A   :  assess cold nuclear matter effects (shadowing, multiple scattering, etc) -   

            baseline for A-A 

‣  A-A  :  probe the high density medium (QGP)
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Focus on open charm production; charmonium discussed  
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A probe for QCD medium in A-A collisions

Goal: Study the properties of the 
nuclear matter at extreme conditions of 
temperature and density  
➡  transition to Quark Gluon Plasma, QGP (a 

state where quark and gluons are deconfined)

Hard probes: 

• Produced at the early stage of the collision (large mass requires high Q2, Δt~ 0.1 fm)  

•  pQCD can be used to calculate initial cross sections 
•  Charm is abundant with respect heavier quarks (i.e beauty) 

•  Traverse the hot and dense medium: 
✓ Thermal production in the medium from QGP expected to do not play a major role (depend from 

initial temperature)     Phys. Rev. C56, 2707 (1997) 
✓ Thermal production from hadronic matter (i.e πN→ΛcD) expected to play a minor effect 
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 Loss of energy while travelling through the medium depends on: 
• Properties of the medium: density, temperature, mean free path 
• Path length in the medium (L) 
• Properties of the parton (Casimir coupling factor, mass of the quark (Dead Cone Effect))

Heavy quarks as probes for QGP - Energy Loss

time

probe IN probe OUT

Yu. Dokshitzer and D.E. Kharzeev, Phys.Lett. B 519 199-206 (2001). N. Armesto, C. 
A. Salgado and U. A. Wiedemann. PRD 69 (2004) 114003

M. Djordjevic, M. Gyulassy, Nucl. Phys. A733 (2004) 265.

Eloss(light) > Eloss(c) > Eloss(b)

January 29, 2014 HEP Seminar Liverpool - Charm physics with the ALICE Experiment

16“Dead cone” effect

Gluon radiation supressed:

“Dead cone” effect
Lower energy loss

Dokshitzer, Khoze, Troyan, JPG 17 (1991) 1602
Dokshitzer and Kharzeev, PLB 519 (2001) 199

HCPSS2013, CERN – A. Dainese

It depends upon the quark mass

Mass hierarchy → RAAB > RAAD > RAAπ
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€ 

RAA
D (pT ) =

dNAA
D /dpT

TAA × dσpp
D /dpT

Nuclear Modification Factor

Production of hard probes in A-A expected to scale with the number of 
nucleon-nucleon collisions Ncoll (binary scaling) 

Osservabile: Nuclear Modification Factor

=
QCD Medium
QCD vacuum

pp reference

PbPb measurement

Nuclear modification factor
Production of hard probes in AA expected to 
scale with the number of nucleon-nucleon 
collisions Ncoll (binary scaling)

Observable: nuclear modification factor

If no nuclear effects are present -> RAA=1

Effects from the hot and deconfined medium 
created in the collision -> breakup of binary 
scaling -> RAA≠1
!Parton energy loss via gluon radiation and 

collisions in the medium

!Quarkonia melting in the QGP

4

Tpp

TAA

coll

TAA
dpdN

dpdN

N
pR

/

/1
)( =

vacuum

medium
~

QCD

QCD

But  also cold nuclear matter effects (e.g. shadowing, Cronin 
enhancement) may lead to RAA≠1
!Need control experiments: medium-blind probes (photons, Z) + pA

collisions

What are the possibilities? 
•  If no nuclear effects present: RAA =1 
• Effects of the hot and dense medium 

produced in the collision breakup binary 
scaling: RAA ≠ 1

RAA(light) < RAA(D) < RAA(B)

But also cold nuclear matter effects may lead to RAA ≠ 1 (needs solid 
pA reference) 
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 Carries information on medium transport properties: 
  Degree of thermalization of charm quark in QGP (low pT) 
  Path-length dependence of parton energy loss  (high pT)    

 Quantified via the 2nd order Fourier coefficient v2 (Elliptic flow)

Interaction among medium  
constituents convert the initial 
geometrical anisotropy into 
momentum anisotropy of final-
state particles 

Reaction plane (RP)

Feasibility study of the measurement of D⇤+ production at central rapidity in Pb–Pb . . . 11
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Figure 5: Ratio of the FONLL D⇤+ cross sections at 7 TeV with respect to the 5.5 TeV (red) and at 2.76 TeV with
respect to the 5.5 TeV (black)

7 Expected statistical precision215

The expected significance and statistical error are calculated for the D⇤+ analysis assuming 8.5⇥109
216

events in the centrality class 0-10%. In figure 6 the significance as a function of pt is shown while in217

figure 7, on the left, the expected statistical precision of the measurement is reported. The right panel of218

figure 7 shows a comparison of the expected statistical precision of the Pb–Pb and pp measurements. To219

be noted that in this case the pp prediction is based on the expected luminosity of 0.6pb�1 and it shows220

that in the medium-low traverse momentum range the propose pp integrated luminosity is expected to221

be enough to build a solid pp reference for the Pb–Pb measurement, with a statistical error factor 2-10222

smaller than the Pb–Pb one.223

8 Nuclear modification factor224

9 Results225

this is an eqaution226

227

dN
df = N0

2p (1+2v1 cos(f �YRP)+2v2 cos2(f �YRP)+ .....)
(6)

RpA =ds d pT pA A⇥( ds
d pT

)pp
228
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nuclear modification 
factors for charm and 
bottom togheter as 
given by EPS09 set of 
nPDFs 

Study cold-nuclear matter effects, reference 
for Pb-Pb

Low-x region accessed at the LHC

Shadowing/saturation at low-x (Color 
Glass Condensate, CGC?)

J.Phys. G39 (2012) 015010

 Prog.Part.Nucl.Phys. 76 (2014)
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pp colllisions
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D meson production cross sections in pp at √s = 1.96 TeV

JHEP 01 (2012) 128.
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Good understanding, within the errors, of b  
     production at Tevatron (and LHC energies).

Charm cross section studies, more complex,   
     available since Tevatron Run II.

CDF Run II (5.8 ± 0.3 pb-1)

CDF, PRL91 (2003) 241804, 
FONLL:  M. Cacciari and P. Nason, JHEP 0309, 006 (2003)

FONLL, MC@NLO: Cacciari, Frixione, Mangano, Nason 
and Ridolfi, JHEP0407 (2004) 033

Measurements are at the edge of 
theoretical uncertainties.

Charm at Tevatron in pp at √s = 1.96 TeV - D mesons

D0 (cu)➝K+π- (BR ∼3.89%),   !
D+ (cu)➝K-π+ π+ (BR ∼9.13%),     
                   !
D*+(cd)➝D0(K+π-)π+(BR∼2.63%),
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D meson production cross sections in pp at √s = 200 GeV 
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FIG. 15: (color online) cc̄ production cross section as
inferred from D0 andD∗ production in p + p collisions at√
s = 200 GeV compared with FONLL calculations. The

D0 and D∗ data points were divided by the charm quark
fragmentation ratios 0.565 (c → D0) and 0.224 (c →
D∗+) [34], respectively, to convert to the cc̄ production
cross section.

GeV/c, MSTP(32) (Q2 scale) = 4, CKIN(3)
(min. parton p̂⊥) = 2 GeV.

c) This tune: MSEL = 1, PARP(91) (⟨k⊥⟩) =
1.0 GeV/c, PARP(67) (parton shower level) =
1.0.

The choice of modifying the primordial ⟨k⊥⟩ (the
Gaussian width of primordial kT in hadrons) and the
parton shower level parameters from default values
(2 GeV/c and 4, respectively) in this tune was sug-
gested by the matching of scales in heavy-flavor pro-
duction at lower energies [36], which has been noted
in PYTHIA [19]. The CDF tuneA parameters [32],
which were tuned to reproduce mid-rapidity jet and
“underlying event” results at Tevatron energies, are
included as defaults in PYTHIA v6.416. “PHENIX
tune” parameters are those used in the PHENIX
charm continuum contribution estimation from di-
electron measurements [37]. The default parton dis-
tribution function (CTEQ5L) was used in all three
cases.

All ground-state charmed hadrons (D0, D+, D+
s ,

and Λ+
c ) were added together in the rapidity window

|y| < 1 to obtain charm cross sections. The data
was then fitted with the PYTHIA calculations with
a overall scale factor as the unique free parameter.
The charm production pT spectrum with this tune
gives best χ2: 1.41 (this tune), 4.97 (default), 5.96
(PHENIX tune). This is the first direct D-meson
measurement that goes down to such a low pT , which
constrains the model parameters better.
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FIG. 16: (color online) cc̄ production cross section as
inferred from D0 and D∗ production in p + p collisions
at

√
s = 200 GeV compared with PYTHIA calculations.

Data are fitted with PYTHIA spectra with a overall scale
parameter for the purpose of shape comparison only.

VII. SUMMARY

In summary, measurement on the charmed me-
son (D0 and D∗) production cross sections via their
hadronic decays in p + p collisions at

√
s = 200

GeV has been reported. The charm pair produc-
tion cross section at mid-rapidity extracted from
this analysis is dσ/dy|cc̄y=0= 170 ± 45 (stat.) +38

−59

(sys.) µb. The charm total cross section at
√
s

= 200GeV is estimated as 797 ± 210 (stat.) +208
−295

(sys.) µb. The reconstructed charmed mesons
cover the pT range from 0.6-6 GeV/c. The charm-
pair transverse momentum differential cross sections
from this analysis are consistent with the upper
bound of a Fixed-Order Next-to-Leading Logarithm
perturbative QCD calculation. When comparing to
PYTHIA model calculations, we found that a cal-
culation with smaller primordial ⟨k⊥⟩ and parton
shower level compared to CDF TuneA settings de-
scribes the shape of the pT distribution of data.
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Charm via D mesons hadronic decays at LHC

6<pt<8
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!
Fairly similar reconstruction strategy between the 
different experiments at LHC:  !!
It consists in the resolution of the secondary (decay) 
vertex. Once the topology is reconstructed topological 
selections are applied in order to reduce the 
combinatorial background. D mesons cτ∼ 123-312 µm  

!
       
!

Selection cuts complemented by the Particle  
Identification (PID) in ALICE.       

D*+➝D0(K+π-)π+

Nuclear Physics, Section B 871 (2013)

ALICE:  D0➝K+π-

 JHEP 1201 (2012) 128 

!
 Wide range of rapidity covered: |y|<0.5 (ALICE) (|y|<2) and 2.0<y<4.5 (LHCb)     
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Figure 2: Invariant mass distributions for D0 (top) and D+ (middle) candidates, and mass difference distribution
for D∗+ candidates (bottom), for three pt intervals. The curves show the fit functions as described in the text. The
values of mean (µ) and width (σ ) of the signal peak are reported (for D0 and D+ they are expressed in GeV/c2).

The D∗+ candidates were filtered by applying kinematical selections on the final decay products and cuts
on the topology of the D0 decay. The single track minimum transverse momentum was set to 0.4 GeV/c
for the D0 decay tracks and 80 MeV/c for the soft pion track. The variables used to select the topology
of the D0 decay are the same as for the D0 analysis described above. However, a selection with higher
efficiency could be applied in this case, because the background in the region around ∆m≈ 145 MeV/c2,
which is close to the phase space boundary, is much lower than that around the D0 mass. In particular,
for D∗+ candidates with pt > 6 GeV/c, the topological cuts could be opened so as to select about 90%
of the signal passing single track cuts.

The particle identification selection used the specific energy deposit and the time-of-flight from the
TPC and TOF detectors, respectively. In order to assign the kaon or pion mass to the decay tracks,
compatibility cuts were applied to the difference between the measured and expected signals. For both
dE/dx and time-of-flight, a 3σ compatibility cut was used. Tracks without a TOF signal were identified
using only the TPC information, and tracks with incompatible TOF and TPC indications were treated as

LHCb: 2.0<y<4.5

ALICE: |y|<0.5

 JHEP 1201 (2012) 128

Wide rapidity range: |y|<0.5 (ALICE),  
|y|<2 (ATLAS) and 2.0<y<4.5 (LHCb) 

Fairly similar reconstruction strategy  
between the different experiments
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Reconstruction of the secondary decay
vertex. Once the topology of the decay is 
reconstructed  topological selection can 
be applied to reduce combinatorial

In addition ALICE complements selection 
cuts with particle identification (PID)
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Charm via D mesons hadronic decays at LHC

6<pt<8

Results are in agreement with pQCD within errors
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D0, D+ and D*+ cross section at √s = 7 TeV,  |y|<0.5

!
 Large pT coverage [1,24] GeV/c and well described by pQCD predictions.     

M. Cacciari, M. Greco and P. Nason, JHEP 9805 (1998) 007;  !
M. Cacciari, S. Frixione, N. Houdeau, M. L. Mangano, P. Nason, G. Ridolfi, arXiv:1205.6344

B.A. Kniehl, G. Kramer, I. Schienbein, H. Spiesberger, arXiv:1202.0439, DESY-12-013, MZ-TH-12-07, LPSC-12019

ALICE

 JHEP 1201 (2012) 128 
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ALICE Coll., JHEP 1201 (2012) 128

M. Cacciari, M. Greco and P. Nason, JHEP 9805 (1998) 007;  
M. Cacciari, S. Frixione, N. Houdeau, M. L. Mangano, P. Nason, G. Ridolfi, arXiv:1205.6344

B.A. Kniehl, G. Kramer, I. Schienbein, H. Spiesberger, arXiv:1202.0439, DESY-12-013, MZ-TH-12-07, LPSC-12019
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ALICE
D0→K-π+ D+→Kππ D*+→D0π+

http://arxiv.org/find/hep-ph/1/au:+Cacciari_M/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Frixione_S/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Houdeau_N/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Mangano_M/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Nason_P/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Ridolfi_G/0/1/0/all/0/1
http://inspirehep.net/author/Kniehl%2C%20B.A.?recid=1087276&ln=en
http://inspirehep.net/author/Kramer%2C%20G.?recid=1087276&ln=en
http://inspirehep.net/author/Schienbein%2C%20I.?recid=1087276&ln=en
http://inspirehep.net/author/Spiesberger%2C%20H.?recid=1087276&ln=en
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Charm via D mesons hadronic decays at LHC

D*+, D0, D+ and Ds production 
cross section were measured at 
LHC in a wide rapidity and pt 
range.

Results are in agreement with 
pQCD within errors. Note: 
same models as ALICE used 
for the comparison
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LHCb analyzed D0, D+, D*+ and 
D+s hadronic decays in a data 
sample of 15nb-1

Differential cross-section dσ/dpT 
analyzed in bins of pt and 
rapidity in the rapidity range 
2.0<y<4.5

D0➝K+π- D+➝K-π+π+

D*+➝D0(K+π-)π+ D+s➝�(K-K+)π+

Prompt D meson cross-section at forward rapidity

LHCb

Nuclear Physics, Section B 871 (2013)

Charm cross-section evaluated in  
2.0<y<4.5 and extrapolated to the 
full phase-space
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Nuclear Physics, Section B  871 (2013)

Charm cross-section evaluated 
in a wide rapidity range 
2.0<y<4.5 
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Heavy-flavour decay electron: charm and beauty

Total heavy flavour electron yield scaled by the beauty fraction  to have 
the beauty cross-section

Heavy-flavour decay electrons: charm and beautyWhat about RHIC results 

Disagreement STAR-PHENIX  
     factor 2 in cross section 
     measurement.

Data in agreement with binary 
     scaling - negligible initial state 
     nuclear effects.

Charm with non photonic electrons.

High suppression of charm, at the 
     level of light quark. Predictions   

     contradicted!.

EPS2009 - Krakow                                            Alessandro Grelli                                                                              8 03/12/09 - Pavia                                                            Alessandro Grelli                                                                                       8

 Phys.Lett. B721 (2013) 13-23 

ALICE
!

ALICE data recorded during the 2010 pp run. Beauty 
and Charm contributions separated in range 1<pT<8 
GeV/c at mid-rapidity |y|<0.8

!
Exploit the large displacement of B-decay electrons. 
Cut on impact parameter and or secondary vertex 
reconstruction.

!
Total charm cross section in pp at √s = 7 TeV 
calculated. Good agreement with the D meson 
result.

B mesons cτ∼ 500 μm 
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Heavy-flavour decay electrons in pp at √s = 7 TeVWhat about RHIC results 

Disagreement STAR-PHENIX  
     factor 2 in cross section 
     measurement.

Data in agreement with binary 
     scaling - negligible initial state 
     nuclear effects.

Charm with non photonic electrons.

High suppression of charm, at the 
     level of light quark. Predictions   

     contradicted!.
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!
ALICE (black) and ATLAS (blue) measurements 
performed in different rapidity regions. 

!
Excellent electron identification required.

!
Electron background from non semileptonic 
heavy-flavour hadron decays evaluated and 
subtracted from the inclusive spectra.

ALICE: Phys.Rev. D86 (2012) 112007 

ATLAS: Phys. Lett., B707:438–458, 2012

!
Good agreement between the different 
measurements.

ATLAS and ALICE
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ALICE: Rhys.Rev.D86 (2012) 112007

ATLAS: Rhys.Lett. B707:483-458,2012 

Beauty fraction from two independent 
methods: 

Different azimuthal correlation shape of 
charm and beauty electrons. 
Impact parameter methodPhys.Lett. B721 (2013) 13-23
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Total charm cross-section
Measurement of charm production at central rapidity in proton–proton collisions at . . . 13

vP
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ATLAS (LHC, 7 TeV)

ALICE (LHC, 7 TeV)

ALICE (LHC, 2.76 TeV)

CDF (Tevatron, 1.96 TeV)

ALEPH (LEP, 91.2 GeV)

CLEO (CESR, 10.55 GeV)
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PHENIX
STAR
HERA-B (pA)
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Figure 5: Left: The fraction Pv of c d D mesons created in a vector state to vector and pseudoscalar prompt
D mesons [8, 11, 12, 34–37]. The weighted average of the experimental measurements reported in Ref. [38] and
of the LHC data [11, 12] shown in the figure is Pv = 0.60± 0.01, and is represented by a solid yellow vertical
band. Right: Energy dependence of the total nucleon–nucleon charm production cross section [12, 13, 42–44]. In
case of proton–nucleus (pA) or deuteron–nucleus (dA) collisions, the measured cross sections have been scaled
down by the number of binary nucleon–nucleon collisions calculated in a Glauber model of the proton–nucleus
or deuteron–nucleus collision geometry. The NLO MNR calculation [45] (and its uncertainties) is represented by
solid (dashed) lines.

points denote the extrapolation uncertainties alone, whilst the uncertainty bars are the overall uncertain-
ties. Note that in case of proton–nucleus (pA) or deuteron–nucleus (dA) collisions, the measured cross
sections have been scaled down by the number of binary nucleon–nucleon collisions calculated in a
Glauber model of the proton–nucleus or the deuteron–nucleus collision geometry. At

√
s = 7 TeV, our

result and preliminary measurements by the ATLAS [12] and the LHCb Collaboration [13] are in fair
agreement. The curves show the calculations at next-to-leading-order within the MNR framework [45]
together with its uncertainties using the same parameters (and parameter uncertainties) mentioned before
for FONLL. The dependence on the collision energy is described by pQCD calculations. We observe
that all data points populate the upper band of the theoretical prediction.

6 Summary

The measurement of the production of D mesons at mid-rapidity, |y| < 0.5, in pp collisions at
√
s =

2.76 TeV from the hadronic decay channels D0 → K−π+, D+ → K−π+π+, and D∗+ → D0π+, and their
charge conjugates, has been reported. The transverse momentum distributions are in agreement with
pQCD calculations, even though the central prediction of FONLL [7, 27] (GM-VFNS [6, 31]) seems to
underestimate (overestimate) charm production. The pt-differential cross sections are also in agreement
with a rescaled reference computed from the cross section measured at a higher collision energy

√
s =

7 TeV with high statistics. The rescaling to the lower collision energy [20] was performed by applying
the collision energy dependence as computed by FONLL calculations. These two measurements, taken
together, validate the

√
s–scaling procedure and provide a reference for studying the QCD matter effects

on charm quark production in Pb-Pb collisions at
√
s = 2.76 TeV [33]. An extrapolation to the full

phase space using the shape of the distributions from FONLL yields the total production cross section of
c c pairs at LHC energies. The dependence on the collision energy is described by the pQCD expectations.
The fraction of c d D mesons produced in a vector state is compatible with values from lower energies

JHEP 1207 (2012) 191 
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Charm p-A @ 5.02 TeV
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Production of D mesons in p-Pb collisions

Nuclear modification factor in p-Pb collisions 
is compatibile with unity and with theoretical 
calculations including gluon saturation

Initial state effects play a small role for pT> 2 
GeV/c

Production cross-sections of prompt D0, D*+, 
D+ and D+s measured in the rapidity intervall 
-0.96<ycms<0.04

 arXiv:1405.3452

Phys. Rev. Lett. 113, 232301 (2014)
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Charm in A-A
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D meson flow vs D meson RAA at LHC

 Simultaneous description of D-meson RAA and v2 → understanding of heavy-  
      quark transport coefficients of the medium (challenging for models)

BAMPS: Uphoff et al. arXiv:1112.1559.,  O. Fochler, J. Uphoff, Z. Xu and C. Greiner, J. Phys. G38 (2011) 124152.  
Aichelin et al. Phys. rev. C 79 (2009) 044906,  
W.A. Horowitz et al. J. Phys. G38, 124064 (2011).,W. A. Horowitz and M. Gyulassy, J. Phys. G38 (2011) 124114. 
W. M. Alberico et al. Eur. Phys. J. C 71, 1666 (2011). M. He, R.J Fries and R. Rapp, arXiv:1204.4442 [nucl-th]

 Phys.Rev. C90 (2014) 034904 Phys.Rev.Lett. 111 (2013) 102301 

 JHEP 09 (2012) 112

     28/1/2015                                                              Alessandro Grelli                                                                                16                                                           
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!
 D0 production measured by STAR Collaboration in Au-Au collisions at √sNN = 200 GeV/c

!
Total charm production cross section at mid-
rapidity per nucleon nucleon collisions from pp 
to Au-Au show a binary collision scaling. 

!
Total charm production cross section at mid-rapidity per nucleon nucleon collisions from pp 
to Au-Au show a binary collision scaling. 

central

semi-central

peripheral

 arXiv:1404.6185STAR
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Comparison with charged hadrons and non-prompt J/Psi

The suppression of D mesons reach 
factor 5-6 at 10 GeV/c.  Non-prompt 
J/Psi suppressed by factor 2.5 for 
pT>6 GeV/c

 Average D0, D+ and D*+ RAA  
      measured in the pT range [1,36] GeV/c    
      with ALICE.  
      Non-prompt J/ψ released by CMS  
      collaboration.
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J. Uphoff et al, arXiv:1408.2964
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non-prompt J/psi, κ=1, XLPM=0.3
charged hadrons 0-5% (ALICE)

D mesons 0-7.5% (ALICE)
non-prompt J/psi 0-20% (CMS)

Figure 10. Nuclear modification factor RAA of charged
hadrons, D mesons, and non-prompt J/ψ at LHC for XLPM =
0.3 in comparison to data [76, 77]. Note that the impact pa-
rameter b = 3.6 fm represents approximately a centrality class
of 0-10%, while the data is only available for slightly different
centrality classes.

is given for XLPM = 0.3. Simultaneously, the RAA of
charged hadrons at LHC is nicely reproduced, not only
the magnitude of suppression but also the shape and es-
pecially the rise with pT (see also Fig. 10). For the same
value also a significant light parton elliptic flow is ob-
served due to a small shear viscosity over entropy den-
sity ratio of about 0.2 − 0.3 at late stages. However, it
is important to mention that the exact value of XLPM is
not theoretically motivated and, thus, a free parameter.
Nevertheless, we expect that a more sophisticated LPM
implementation boils effectively down to an XLPM < 1.
It is planned for the future to improve the implementa-
tion of the LPM effect in BAMPS and study the impact
on observables such as the RAA.
If we set the same value XLPM = 0.3 also for heavy

quarks, the experimental data of the D meson nuclear
modification factor is also nicely reproduced, as can be
seen in Fig. 10. Since we employ the standard De-
bye screening in this section to heavy quark interactions
as well, both heavy and light partons are treated con-
sistently. Although the dead cone effect is present in
our matrix element, the RAA of D mesons and charged
hadrons are comparable, as it is also the case for the data.
There are two reasons for that: first, as described in de-
tail in Sec. III, the LPM cut-off produces a second dead
cone that overlays the dead cone due to the heavy quark
mass and effectively annihilates its influence. This leads
to a similar suppression of light and heavy quarks. How-
ever, gluons are still stronger suppressed. The second rea-
son lies in the fragmentation process. The D meson RAA

is not really modified by the fragmentation, whereas the
fragmentation of light quarks and gluons shifts the light
hadron RAA closer to the light quark curve (see Ref. [49]
for details) and, thus, also to the D meson curve. Con-
sequently, due to the interplay between these two effects,

both the D meson and charged hadron RAA take very
similar values.
Recently, the same observation was made by Djordje-

vic [12] within an extension of the WHDG framework.
Also in this model, the suppression of light and charm
quarks is comparable, whereas gluons are more sup-
pressed. However, analogously to what we have observed,
mass effects in the fragmentation function result in a sim-
ilar suppression of charged hadrons and D mesons.
In Fig. 10 we depict besides the charged hadron and

D meson RAA for XLPM = 0.3 also the RAA of non-
prompt J/ψ for the same parameter. Non-prompt J/ψ,
which stem from B mesons, are less suppressed than D
mesons or charged hadrons. Because of the large mass of
bottom quarks, the dead cone due to the mass is larger
than the dead cone due to the LPM cut-off. This leads
to a smaller suppression of bottom quarks compared to
charm quarks. The experimental data of non-prompt
J/ψ is slightly smaller than our curve but still larger than
the D meson data (however, note the slightly different
centrality classes).

B. Open heavy flavor at RHIC and LHC with
improved screening

In the previous section we employed the standard De-
bye screening to ensure a similar treatment of light and
heavy partons. In contrast, we study in this section the
effect of the improved screening procedure (κt = 0.2) on
heavy flavor observables.
Figure 11 depicts the RAA and v2 of heavy flavor elec-

trons in non-central RHIC collisions for various parame-
ter sets. The suppression with standard Debye screening
(κt = 1) andXLPM = 1 is smaller than the data, since too
many radiative processes are forbidden due to the LPM
cut-off. Lowering the LPM parameter to XLPM = 0.3
as in the previous section gives a good agreement with
the RAA data of heavy flavor electrons at large pT , while
the neutral pions at RHIC are also well described for the
same parameter [49].
However, for both values of XLPM the elliptic flow of

heavy flavor electrons is significantly smaller than the
data. Qualitatively, this effect is also present for light
quarks. Although the gluons build up a sizeable elliptic
flow at RHIC, the light quarks have a significantly smaller
flow [49] due to the smaller color factor (4/9 smaller com-
pared to gluons) in the cross section. The elliptic flow of
heavy quarks cannot be larger than that of light quarks
for the same parameters. Hence, the v2 of electrons that
is comparable to that of charged hadrons cannot be de-
scribed.
Setting κt = 0.2 leads to a large binary cross section

and a small mean free path of the heavy quark. Due
to the implementation of the LPM effect (see Sec. IID),
most of the radiative processes are forbidden. Thus, the
total rate or energy loss for running coupling and im-
proved screening is completely dominated by the binary

Work is ongoing. The comparison of D mesons and non-prompt J/Psi is being refined. 
Although not conclusive we start to have an hint of a different behaviur of  charmed and 
beauty mesons
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Intrinsic charm
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In the last few years most of the neutrino collaborations (i.e IceCube ) started to have 
a good statistic to study high energy extra galactical neutrinos

One of the main sources of background is due to atmospheric neutrinos originated 
from charm decays: 

It cames from high energy (TeV scale) p-A collisions. Mostly are p-O collisions 

Charm is produced at forward rapidity. Typically much forward than what we can 
reach at LHC, however there is a partial overlap in rapidity (~3<y<4.5) 

The general idea is to profit from collider and fixed target esperiments to 
extrapolate the results and estimate the contamination

If the charm production is well described by pQCD then the background can be 
estimated with some confidence. But what about the non-perturbative part? 
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Intrinsic charm (IC)

In 1980 in order to explain the experimental data on charm production it was 
proposed, in addition to the usual perturbative component an additional 
“intrinsic” (long time scale) charm component in the proton.

Several works proposed the probability to find this 
"uudcc" component in the proton to be rather small 
ranging from  0.5  to 3%. 

      In general the problem has to be threated as non 
      perturbative so the probabilities are based on many  
      non-trivial approximations. 

Several experiments (i.e. European Muon 
Collaboration (CERN), SELEX and D0 
(TEVATRON) ad at HERA) investigated charm 
production and proposed, in same cases, the 
possibility of the effect of the IC as one of the 
explanations of the results. Nowever, no clear 
conclusion was ever made. 

Phys. C 20, 71 (1983)!
Nucl. Phys. B461,181 (1996)!
arXiv:1305.3548!
Phys. Rev. D 73, 114015 (2006)
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Modification of the charm distribution
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Phys. Rev. D 89, 073004 (2014)

Recent studies, based on the most up-to-date informations on PDFs and on the 
HERA (Zeus + H1 data) results point to and intrinsic charm contribution small if 
any (<2% for BHPS model)
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Experimental data at TeV energies
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Available experimental data at TeV energies

D0 coll. @ TEVATRON

No clear evidence of intrinsic charm in data.

At TeV energy scale the D0 collaboration measured 
the differential cross section of γ+c(b) jets and their 
ratio (g,c and b PDF for 0.01<x<0.3).

Data point were compared with NLO calculations and 
models based on IC calculations.

Results, for pT> 80 GeV/c, point toward the possibility 
of an underestimated g→cc component (gluon 
splitting) or to an intrinsic charm contribution.
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At TeV energy scale the D0 collaboration measured the differential cross 
section of γ+c(b) jets and their measurement. ratio (g,c and b PDF for 
0.01<x<0.3). 

Results, for p > 80 GeV/c, point toward the possibility of an underestimated 
g→cc component or to an intrinsic charm contribution. 

 



What about RHIC results 

Disagreement STAR-PHENIX  
     factor 2 in cross section 
     measurement.

Data in agreement with binary 
     scaling - negligible initial state 
     nuclear effects.

Charm with non photonic electrons.

High suppression of charm, at the 
     level of light quark. Predictions   

     contradicted!.

EPS2009 - Krakow                                            Alessandro Grelli                                                                              8 03/12/09 - Pavia                                                            Alessandro Grelli                                                                                       8

What about RHIC results 

Disagreement STAR-PHENIX  
     factor 2 in cross section 
     measurement.

Data in agreement with binary 
     scaling - negligible initial state 
     nuclear effects.

Charm with non photonic electrons.

High suppression of charm, at the 
     level of light quark. Predictions   

     contradicted!.

EPS2009 - Krakow                                            Alessandro Grelli                                                                              8 03/12/09 - Pavia                                                            Alessandro Grelli                                                                                       8

Intrinsic charm at LHC energies
LHCb coverage

Studies, based on Pythia8, show that if an intrinsic 
charm exists we can see it as a large signature in the 
D mesons production at forward rapidities (LHCb 
range)

LHCb published D mesons up to a pT of 8 GeV/c.  
The IC effect is expected to be strong (factor 2 to 3) 
in the region 10<pT<25 GeV/c. Next data taking and 
the comparison with ALICE central rapidity results 
will pose strong constaints on the hypothesis of IC 

A strong effect of about factor 2 at pT of 400 GeV/c 
is expected to be seen in the cross section of γ 
produced in association with charm jets. CMS and 
ATLAS may be able to verify it.
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Intrinsic charm at LHC energies
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Charm production has been measured by several experiments in pp at different center of 
mass energies. Results agree with perturbative QCD calculations within uncertanties.  

At LHC the measurement of charmed D mesons in p-Pb collisions shows that the cold 
nuclear matter effects play a marginal role in the charm production 

In A-A collisions charm is qualitatively and quantitatively  a good probe for the QGP. 
The nuclear modification factor and elliptic flow were measured. LHC data, once 
compared with p-A results, shows an RAA compatible with final state effects. Movere, 
charm has a non zero-positive elliptic flow.

The possibility of an intrinsic component of charm in the proton is a long standing 
issue. If such component exists it may represents a major source of background for 
neutrino experiments. At LHC we have the chance to put strict constraints on it. 
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 D0 production measured by STAR Collaboration in Au-Au collisions at √sNN = 200 GeV/c
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D0 production measured by STAR Collaboration in Au-Au collisions 
at √sNN = 200 GeV 

Phys. Rev. Lett. 113, 142301 (2014)
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FIG. 3: (Color online) Panels (a)(b): D0 RAA for peripheral
40−80% and semi-central 10−40% collisions; Panel (c): D0

RAA for 0−10% most central events (blue circles) compared
with model calculations from the TAMU (solid curve), SUB-
ATECH (dashed curve), Torino (dot-dashed curve), Duke
(long-dashed and long-dot-dashed curves), and LANL groups
(filled band). The vertical lines and boxes around the data
points denote the statistical and systematic uncertainties.
The vertical bars around unity denote the overall normaliza-
tion uncertainties in the Au+Au and p+p data, respectively.
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GeV/c [8].
The integrated RAA is calculated as the ratio of the

integrated yield in Au+Au collisions divided by the in-
tegration of the p+p reference as above scaled by the
number of binary collisions in the given pT region. Fig-
ure 4 shows the integratedD0 RAA as a function ofNpart.
The red squares represent the integrated RAA over the
whole pT region, which agree with unity, indicating that
the charm production cross section scales with the num-
ber of binary collisions. This is consistent with charm
quarks originating predominantly from initial hard scat-
tering at RHIC. The integrated RAA above 3 GeV/c are

represented as black circles, and show a strong centrality
dependence. No suppression is seen in peripheral colli-
sions, but a clear suppression, at the level of ∼0.5, is
seen in central collisions. An enhancement is observed
from the RAA integrated over the intermediate pT region
0.7−2.2 GeV/c, shown as blue diamonds.
In summary, we report the first D0 production mea-

surement via D0 → K− + π+ decay at mid-rapidity in√
s
NN

= 200GeV Au+Au collisions. The charm produc-
tion cross sections at mid-rapidity per nucleon-nucleon
collision from p+p to Au+Au show a number-of-binary-
collision scaling, which supports that charm quarks are
mainly produced in the initial hard scatterings. The cen-
trality dependence of the pT distributions as well as the
nuclear modification factor show no suppression in pe-
ripheral collisions, but a strong suppression, at the level
of RAA ∼ 0.5, in the most central collisions for pT >
3 GeV/c. This is indicative of significant energy loss of
charm quarks in the hot dense medium. An enhance-
ment in the intermediate-pT region is also observed for
the first time in heavy-ion collisions for charmed mesons.
TheD0 RAA is consistent with model calculations includ-
ing strong charm-medium interactions and hadronization
via coalescence at intermediate pT.
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