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Motivation
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• Heavy quarks in heavy-ion (HI) collisions 
- Large masses (mq ≫ ΛQCD) → produced in the early stages of the HI collision with short formation 

time ( tcharm ~ 1/mc ~ 0.1 fm/c << τQGP ~ O(10 fm/c) ), traverse the medium interacting with its 
constituents.  

- Heavy quarks cannot be destroyed/created in the medium and their interactions with QGP don’t 
change flavour identity 

• Open Heavy-flavour in p-Pb and Pb-Pb collisions 

• Measurement of beauty production in ALICE 
- Measurements of beauty production are done via electrons from semi-leptonic decay of beauty 

hadrons, thanks to excellent vertexing and impact parameter resolution of Inner tracking system 
(ITS) and eID capability in ALICE 

shadowing: K.J. Eskola et al., JHEP 0904 (2009) 65 , gluon saturation, Color Glass 
Condensate: H. Fuji & K. Watanabe, NPA 915(2013) 1, I. Vitev at al., PRC 75 (2007) 064906 

➡  natural probe of the hot and dense medium created in HI collisions

p-Pb collisions 
- Control experiment for the Pb-Pb 

measurements 
- Address cold nuclear matter effects 

‣ nuclear modification of parton distribution 
functions 

‣ kT broadening 
‣ energy loss in cold nuclear matter

Pb-Pb collisions 
- Study the interaction of heavy quarks with the 

medium via parton energy loss (radiative vs 
collisional) which depends on : 
‣  color charge 
‣  parton mass  
‣  path length in the medium  
‣  medium density and temperature  

➡expect: ΔEg > ΔEu,d,s > ΔEc > ΔEb 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R. Rapp, Phys. Rev. C 73 
(2006) 034913

Dokshitzer and Kharzeev, PLB 519 (2001) 199
M. Gyulassy and X.-n. Wang, Nucl. Phys. B420 (1994) 583

A. Andronic et al., Eur. Phys. J. C76 no. 3, (2016) 107 
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Electrons from B Hadron Decay via IP cut method

3. Minimum impact parameter cut to increase 
S/B ratio

2. Beauty hadron has cτ ≃ 500 μm and hard momentum spectrum, which 
leads to larger impact parameter of decay electrons than those from 
background.
➡ Electron tracks from beauty hadron decays 
features broader impact parameter 
distribution compared to that from 
background

4. Subtract remaining background(nonHFE 
and charm hadron decay electrons) based 
on ALICE measurement 

5. Correct subtracted electron spectra for 
acceptance and efficiency

1.Charged particle tracks selected fulfilling track quality and eID cuts (composed by electrons 
from photon conversion, Dalitz decays, charm hadron decays, beauty hadron decays)
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Beauty in the barrel:
B , e + X

1) Electron PID (TPC+TRD): reject most of the hadrons

2) d0 cut: reduce charm and bkg electrons (Dalitz, " conv.)

3) Subtract (small) residual background (ALICE data + MC)
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Beauty 2009, Heidelberg, 08.09.2009                           Andrea Dainese                                             

Beauty in the barrel:
B , e + X

1) Electron PID (TPC+TRD): reject most of the hadrons

2) d0 cut: reduce charm and bkg electrons (Dalitz, " conv.)

3) Subtract (small) residual background (ALICE data + MC)
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3. Get Impact Parameter distributions of 
electrons from different sources from MC 
as template for each pT bins

4. Fit templates of impact parameter 
distributions of signal and background 
contributions 

5. Correct subtracted electron spectra for 
acceptance and efficiency
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Electrons from B Hadron Decay via IP fit method

2. Beauty hadron has cτ ≃ 500 μm and hard momentum spectrum, which 
leads to larger impact parameter of decay electrons than those from 
background.
➡ Electron tracks from beauty hadron decays 
features broader impact parameter 
distribution compared to that from 
background

1.Charged particle tracks selected fulfilling track quality and eID cuts (composed by electrons 
from photon conversion, Dalitz decays, charm hadron decays, beauty hadron decays)
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Nuclear modification factors of b→e
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• Nuclear modification factor of beauty-decay electrons in p-Pb collisions is compatible with 
unity within uncertainties 

• Suppression of beauty-decay electrons for pT > 3 GeV/c in 0-20% central Pb-Pb collisions  
• Suppression measured in Pb-Pb collisions can be due to the parton energy loss in the hot and 

dense medium 
• Results with smaller uncertainties will be published soon

‣ RpA =  

‣ RpA ≠ 1 : Address possible cold nuclear matter effects 
4

Open heavy-flavours in p-Pb collisions

� Control experiment for Pb-Pb

� Investigate cold nuclear matter effects

  

� Investigation by means of the nuclear
    modification factor      
                                                                                                             K.J. Eskola et al., JHEP 0904(2009) 65
                                                                                                             D.E. Kharzeev et al.,arXiv:1025.1554[hep-ph]
                                                                                                             F.Dominguez et al., arXiv: 1109.1250[hep-ph]
                                                                                                             R.Vogt, Phys.Rev C81 (2010) 044903
                                                                                                             F. Arleo et al., arXiv: 1204.4609[hep-ph]
                                                                                                             C. Lourenco et al., JHEP 0902 (2009) 014  

• nuclear modification of parton distribution functions:
        shadowing/ gluon saturation at low Bjorken-x[1]                                
                               [1]H.Fujii and K.Watanabe, Nucl.Phys.A915(2013) 1  
• energy loss[2]                    [2]I. Vitev, Phys. Rev. C75(2007) 064906

• kT broadening via multiple soft scatterings 
  in the initial state[3]       [3] X.N. Wang, Phys.Rev. C61(2000) 064910
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Z.Zhang, FCPPL2015, April 8-10, Hefei, China

, A: number of nucleons in the nucleus ‣ RAA = 

‣ RAA ≠ 1 : medium effect at high pT

Why%Heavy9Flavour%in%AA%collisions?%%

ALICE%Heavy9Flavour%Results% D.%Caffarri%%%%%%%%%%5%%

HF%in%Pb9Pb%collisions%
Study$the$interac0on$of$heavy$quarks$with$the$medium$via:$$
!  Energy%loss%%%

$ %Colour9charge%dependence$
$
$

$ $Quark9mass%dependence$
% % % %ΔE(light)%>ΔE(c)%>%ΔE(b)%%"%%RAA%(π)%<%RAA%(D)%<%RAA%(B)%%%

$
$
$
!  Collec`vity%in%the%QGP%%

% %Ini0al$spa0al$anisotropy$$"$$momentum$anisotropy$of$par0cles$
$ $Charm$hadron$v2$"$charm$quarks$par0cipate$in$the$collec0ve$

$$$$$$$$$$$$$$expansion$of$the$QGP? $Energy$loss$path$length$dependence?$

ΔE ∝CR
gg CR = 3 
qg CR = 4 / 3Y.L.%Dokshitzer,%et%al.,%J.%Phys.%G%17,%1602%(1991);%%

Y.L.%Dokshitzer%and%D.E.%Kharzeev,%Phys.%Leh.%B%519,%199%(2001).%

RAA =
dNAA / dpT

Ncoll × dNpp / dpT
=

dNAA / dpT
TAA × dσ pp / dpT

?%

HP13%Cape%Town,%6/11/2013%

, <Ncoll>: number of binary collisions 

p-Pb √sNN= 5.02 TeV Pb-Pb √sNN= 2.76 TeV
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Thanks for your attention!


