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Study	
  of	
  the	
  Quark	
  Gluon	
  Plasma
• Studying	
  the	
  QGP	
  expanding	
  fireball

 Phase	
  transi7on	
  to	
  a	
  deconfined	
  phase	
  (Quark	
  Gluon	
  Plasma)

• 2	
  years	
  of	
  ALICE	
  results	
  confirmed	
  the	
  crea7on	
  of	
  hot	
  hadronic	
  maEer	
  
at	
  unprecedented	
  values	
  of	
  temperatures,	
  densi9es	
  and	
  volumes
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•    At LHC: 
!  Heavy ion collisions at high energy 
!  High luminosity 
!  µb = 0 
!  Initial temperature and density the highest 
    achievable in the laboratory 
!  Large collision energy " abundance of 
    perturbatively calculable hard QCD 
    processes (heavy flavors, quarkonia, jets…) 



ALICE	
  detector	
  specifici9es	
  
• Excellent	
  tracking	
  performances	
  in	
  high-­‐mul7plicity	
  environment	
  and	
  parAcle	
  idenAficaAon

	
  	
  	
  	
   over	
  a	
  large	
  momentum	
  range	
  using	
  all	
  known	
  techniques
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TPC+ 
EMCAL

ITS

HMPID

TPC

TRD

Central barrel
mid-rapidity
Vertexing, 

tracking, PID
B = 0.5 T



ALICE	
  detector	
  specifici9es
• Muon	
  iden7fica7on	
  and	
  reconstruc7on	
  down	
  to	
  low	
  pT	
  at	
  forward	
  rapidity
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Muon spectrometer
-4 < η < -2.5

quarkonia down to pT = 0

2 calorimeters
EMCAL + PHOS

Forward detectors 
(VZERO, TZERO, ZDC, 

FMD, PMD)
Triggering, multiplicity and 

centrality measurement



Physics	
  target	
  of	
  ALICE
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•      Main physics topics uniquely accessible with the ALICE detector 



ALICE	
  running	
  scenario	
  and	
  upgrade	
  strategy	
  

11/02/2103 7L.	
  Massacrier	
  -­‐	
  ALICE	
  upgrades

•  !""#$%&'(!)*+,(#-../.0(12&.3#/$(4(2$55&26$.($7(!"#$%!"&$%&$"'()("831(
7$#&1&&.(-"(9$(:;:<(=<;<;(/.9&#326$.1(7$#(9#/00&#&'>&%&.91?(<;@(
/.9&#326$.1(7$#(A/./A-A(B/31(&%&.91C(
!  (D53.1(-.65(9E&()$.0(FE-9(G$8.(:(/.(9E&(3""#$%&'(!)*+,(#-../.0(
((((((12&.3#/$(

" "*+!,%*+!-."/0#1"234)"506#"!"7809:;<=0#"0>"?@5"(#'"AB/CD"

" "*+!E."&$%&$"80;;FCF0#C"()"GCHH"I"EJ!"?<K"
" "*+!L%*+!M.""&$%&$"80;;FCF0#C"()"GCHH"I"EJE"?<K"
" "*+!N."/0#1"234)"506#"*"
=!#>!#(#-.?(">DB(#-.(39(7-55(&.&#0H(3.'(DB>DB(#-.(9$(2$A"5&9&(9E&(<.B><(

0$35(8&#&(7$#&1&&.(3I&#()F:C(

•  ((J$19("EH1/21(1/0.35($7(/.9&#&19(23.(.$9(B&(1&5&29&'(BH(3.($.5/.&(

((((((9#/00&#(3.'(F#C:<8=0#"0>"(;;"80;;FCF0#C(/1(.&&'&'(=5$8("K?(E/0E(
((((((2$AB/.39$#/35(B32L0#$-.'C(



ALICE	
  running	
  scenario	
  and	
  upgrade	
  strategy
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LS2   Pb-Pb 
 2.85 nb-1 

   Pb-Pb 
  2.85 nb-1 

   pp run 
    6 pb-1 

LS3    Pb-Pb 
  2.85 nb-1 

   Pb-Pb 
  2.85 nb-1 

Pb-Pb 1.42 nb-1 

  p-Pb  50 nb-1 

2019 2020 2021 2022-2023 2024 2025 2026 

Low 
magnetic 

field 

Reference 
pp run at             

!s = 5.5 TeV 



ALICE	
  detector	
  upgrade
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ALICE	
  Detector	
  Upgrade
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TRD, TOF, 
PHOS : upgrade 

of the readout 
electronics 

•   Improve vertexing and tracking capabilities of ALICE at low transverse momentum

New beam pipe 
with smaller 

diameter
29 mm  17.2 mm

New high 
resolution, 

low-material-
thickness Inner 

Tracking System

TPC: replacement of the  
readout multi-wire chambers 

(MWC) with Gas Electron 
Multiplier (GEM) detectors and 

new pipelined readout 
electronics

Muon spectrometer  
upgrade of the 

readout electronics

Extension of 
EMCAL 

(DCAL) LS1

FoCAL project

MFT project VHMPID 
project

Upgrade of the 
forward detector 
triggers (ZDC, 
T0, VZERO) for 

high rate 
operations 



ALICE	
  Detector	
  Upgrade
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Upgrade	
  of	
  the	
  ITS
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Upgrade	
  of	
  the	
  ITS
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• 2 layout considered:
 Option A: 7 pixel layers
- Resolutions: σrϕ = 4 µm, σz = 4µm for all layers
- Material budget: X/X0 = 0.3% per layer

 Option B: 3 pixel layers + 4 strip layers           
   - Resolutions: σrϕ = 4 µm, σz = 4µm for pixels
                          σrϕ = 20 µm, σz = 830µm for strips

	
 - Material budget: X/X0 = 0.3% for pixels
	
 	
 	
 	
      X/X0 = 0.83% for strips

Layers radial position (cm): 
2.2, 2.8, 3.6, 20, 22, 41, 43

• Option A:
 Better standalone tracking
    efficiency and pT resolution
 Worse PID

• Option B:
 Worse standalone tracking
    efficiency and momentum
    resolution
 Better PID



Upgrade	
  of	
  the	
  ITS
• New	
  ITS	
  performances
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pT resolution improved by at least a factor 2 

Tracking efficiency significantly improved at low 
pT: almost a factor 2 at 0.2 GeV/c 

Pointing resolution significantly improved:
 Factor 3 in rϕ plane at 0.5 GeV/c

	
    120 µm  40 µm
 Factor 5 along Z axis at 0.5 GeV/c
   200 µm  40 µm    



Upgrade	
  of	
  the	
  TPC
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Upgrade	
  of	
  the	
  TPC
•  !"#$%"&'()*$+,&-."%/$
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Other	
  upgrade	
  proposals
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VHMPID

11/02/2103 L.	
  Massacrier	
  -­‐	
  ALICE	
  upgrades 18

•  !"#$%&'()%*+,"-./,%01#234"%56"-27312+-%

•  !"#$%&"'(&')*'&+,+(-"#+&'.$/,-0&1')2'&2.//%&)-3,/+.4,-&,-&"'(&$(-0(&
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FoCal
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FoCal
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MFT
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5 Si planes upstream the hadron 
absorber covering the muon 

spectrometer acceptance
Pixel size: 25 µm × 25 µm

monolithic pixel sensor technology 
considered (also candidate 

technology for ITS upgrade )

•  !"#$%&"'%()*(+",(*-./("0%"-%123/1/&0""
04/"1$%&"52/-0(%1/0/(6"

""""""7""04/"83*55/5"%9"04/"1$%&"52/-0(%1/0/(:"

•  !"#"$%&$"'()(*+%*+%,-"%./*+%,$0'1%(+%,-"%
2"$,"3%$"4(*+%!%&*))(5(6(,7%,*%8()"+,0+46"%
5",9""+%&$*.&,%./*+):%./*+)%;$*.%!%
0+8%<%8"'07)%0+8%./*+)%;$*.%=:%>%8"'07)%

•  ?.&$*2"."+,%*;%,-"%8(./*+%(+20$(0+,%
.0))%$")*6/@*+%

•  A"B"'@*+%*;%'*.5(+0,*$(06%50'14$*/+8%

! ";2/&"4/*<=">*<%(6"%?5/0"(/5%3$@%&"9%("5A&83/"1$%&5"*&+"+A1$%&5"*33%)5"*""
"""""+A5/&0*&83/1/&0"%9"-4*(1"*&+"B/*$0="2(%+$-@%&"%&"*"1%+/3CA&+/2/&+/&0"B*5A5"

! "D4*(1%&A*6"2%55ABA3A0="0%"+A5/&0*&83/"2(%120"*&+"+A523*-/+"-4*(1%&A*"2(%+$-@%&E"
"""""2%55ABA3A0="0%"2/(9%(1"*"50$+="%9""FG"/</&"A&"-/&0(*3"-%33A5A%&5"

! "H%)"1*55"+A1$%&6"1%(/"2(/-A5/"50$+="%9"04/"3%)"1*55"</-0%("1/5%&5"B/-*$5/"%9"
"""""04/"(/+$-/+"B*-.8(%$&+"*&+"04/"+(*5@-*33="A12(%</+"1*55"(/5%3$@%&"

•     Physics cases: 



MFT
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•	
  MFT	
  expected	
  performances	
  on	
  invariant	
  mass	
  resolu7on,	
  offset	
  distribu7on,	
  background
	
  	
  	
  	
  rejec7on:	
  



Expected	
  performances	
  on	
  
different	
  physics	
  topics
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Physics	
  performances:	
  Heavy	
  flavours
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Charm meson production: D0 # K- !+    
Beauty meson production: B # D0 (# K- !+) + X 
Charm baryon production: "c # p K- !+  
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Current D meson RAA

D meson RAA for Lint = 10nb-1

Signal over background ratio significance

•  !"#$%&'()*+,(*'--*.*&"/,#*/0123"/*
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BD0	
  (K-­‐	
  π+)	
  +	
  X
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Impact parameter distribution for 
prompt and secondary D0

•    Resolution on the impact parameter of the D0 meson improved by a
     factor 2
•    Statistical uncertainty on the fraction of D0 coming from B smaller than
     10% down to pT = 1 GeV/c with Lint= 10 nb-1

Statistical uncertainty on the 
fraction of D0 from B

•  !"#$%&'#"()*+&*'&,&-%.*+&/%("0.&1*&23&45&6378&

•  !*+$&9:'%)-%&*'&,&-%.*+&4(;&5&<33&=-8&

•  >#"()*+&*'&?#*-?1&"+/&/:.?9"(%/&23&-%.*+.&("+&@%&-%".A#%/&@0&%B?9*:)+$&1C%&
/:D%#%+1&.C"?%.&*'&1C%&:-?"(1&?"#"-%1%#&/:.1#:@A)*+.&*'&?#:-"#0&"+/&.%(*+/"#0&
-%.*+.&&
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Signal over background ratio 

•    For central collisions, improvement of the signal over background ratio 
    by a factor 400 (2 < pT < 4 GeV/c) from current to upgraded ITS  

•    In high rate scenario, !c measurable down to 2 GeV/c in central collisions 

Relative statistical 
uncertainty 

!c/D0 ratio for Lint= 10nb-1 



Heavy	
  flavours	
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  flow
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J. Aichelin et al. arXiv:1201:4192 

Current D meson measurement :  
large uncertainties 

New ITS. High rate New ITS, low rate 

ITS upgrade and large luminosity (10nb-1) 
needed to reach high precision on prompt D 
meson v2 and D from B meson v2 
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•  Study of charmonia production mechanisms: 

!  High statistic measurement of J/! in wide rapidity range and pT range 
"  Test recombination scenarios: statistical hadronization vs transport model: 

New high precision measurement needed (10 nb-1):  
-  J/! nuclear modification factor at mid-rapidity 
-  High precision measurement of J/! v2 

"  Improve actual measurement precision:  
-  Electromagnetic production of J/! in UPC 
-  J/! polarization 

"  Study novel observable: 
- J/! low pT excess in hadronic Pb-Pb collisions 

!  Study !’ production 
"  Nuclear modification factor 
"  v2   
"  !’ production in UPC 

!  Access to "c under study 

!  Measurement in e+e- (central barrel) and µ+µ- (muon spectrometer) 



Nuclear	
  modifica9on	
  factor	
  of	
  J/ψ
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•   J/! RAA vs <Npart> 

!  Different pattern of J/! suppression 
    between RHIC and LHC at forward and 
    mid-rapidity vs <Npart> (all pT) 
!  Less suppression observed at LHC 
!  Transport model and statistical hadronization 

            can reproduce the data 
!  J/! production mechanism at LHC 
    determined by regeneration in the QGP or 
    by generation at chemical freeze-out 

•   J/! RAA vs pT 

!  Transverse momentum dependence of J/! 
    RAA different between RHIC and LHC 
!  Less suppression at low pT at the LHC 
!  Transport model assuming 50% of low pT    
    J/! produced by recombination of charmed 
    quarks in the QGP can describe the data 



Nuclear	
  modifica9on	
  factor	
  of	
  J/ψ
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• Measurement	
  of	
  the	
  nuclear

	
  	
  	
  	
  	
  	
  	
  	
  modifica7on	
  factor	
  of	
  J/ψ	
  versus	
  pT	
  

and	
  rapidity	
  already	
  feasible	
  with	
  a	
  
good	
  accuracy	
  before	
  LS2	
  upgrade	
  
in	
  the	
  muon	
  spectrometer	
  
(systema7c	
  uncertainty	
  dominant)

• Upgrade	
  will	
  allow	
  a	
  detail	
  RAA	
  
measurement	
  vs	
  <Npart>	
  and	
  pT	
  in	
  
the	
  central	
  barrel

• Good	
  accuracy	
  of	
  measurement	
  up	
  
to	
  ~	
  6	
  GeV/c	
  with	
  complete	
  TRD	
  
electron	
  iden7fica7on

• Measurement	
  of	
  J/ψ	
  from	
  B	
  decay	
  
feasible	
  in	
  the	
  central	
  barrel	
  a]er	
  
the	
  upgrade
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•  J/! elliptic flow vs pT (and centrality) 
!  Recombination and statistical hadronization models require 

  thermalization of charm quark in the QGP " non zero elliptic flow expected for 
  charmed hadrons and quarkonia 

!  First measurement of elliptic flow at LHC energies 
!  Hints for non-zero J/! elliptic flow in the pT range 2-4 GeV/c, centrality range 

  20-60% (significance 2.2!). Flow magnitude described by transport models. 
!  Precision data needed to extract information on the QGP properties and the 

  amount of regeneration 
•  Muon spectrometer: Lint = 1nb-1 reach 5! significance on present measurement 
  Upgrade: precise measurement of v2(pT) as a function of the rapidity 
•  Central barrel: flow measurement only possible with the upgrade 
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  J/ψ
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• Distribution of J/ψ decay products expressed as:

• θ and ϕ polar and azimuthal angles, λ parameter
  describing the spin state of J/ψ in a given reference frame
• First polarization measurement in pp collisions: : λθ and λϕ
   consistent with 0 in helicity and Collins-Soper reference
   frames
• Challenging measurement of J/ψ polarization parameters
   in Pb-Pb collisions at low pT

€ 

W (θ,φ) =
1

3+ λθ
1+ λθ cos2θ + λφ sin2θ cos2φ + λθ φ sin2θ cosφ( )

Phys. Rev. Lett. 108 (2012) 082001

Absolute error on λθ 
and on λϕ parameters 

lower than 0.1
(factor 3-4 

improvement in the 
upgrade scenario 
with respect to the 

1nb-1 scenario)
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• J/ψ	
  low	
  pT	
  excess	
  in	
  hadronic	
  Pb-­‐Pb	
  collisions

 Low pT excess observed below 300 MeV/c in Pb-Pb nuclear collisions
 Understanding the phenomena : coherent J/ψ photo-production during the
    nuclear collision? How can coherent photo-production and hadronic interaction
    cohabit? How photo-produced J/ψ can interact with the QGP?
 Study with better precision the low pT excess observed versus the centrality of
    the collision 
 Low-pT excess can be studied in most central collisions with Lint = 10 nb-1
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• ψ’	
  over	
  J/ψ	
  double	
  ra9o	
  vs	
  Npart

 CMS	
  measurement	
  (3	
  <	
  pt	
  <	
  30	
  GeV/c)	
  
enhancement	
  of	
  ψ’	
  produc7on	
  with	
  
respect	
  to	
  J/ψ	
  in	
  Pb-­‐Pb	
  compared	
  to	
  pp	
  
collisions.	
  ALICE	
  data	
  seems	
  to	
  
disfavour	
  the	
  enhancement

 No	
  firm	
  conclusion	
  on	
  ψ’	
  
enhancement	
  or	
  suppression	
  with	
  
centrality	
  within	
  current	
  sta9s9cal	
  and	
  
systema9c	
  uncertain9es

 Key	
  measurement	
  which	
  allows	
  to	
  
disentangle	
  between	
  sta7s7cal	
  
hadroniza7on	
  model	
  and	
  transport	
  model
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  measurement
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• Challenging	
  measurement	
  due	
  to	
  low	
  cross	
  sec7ons	
  and	
  small	
  
branching	
  ra7o	
  in	
  dileptons

• 2	
  scenarios	
  considered	
  for	
  the	
  es7ma7ons	
  of	
  the	
  rela7ve	
  
sta7s7cal	
  error	
  on	
  ψ’	
  in	
  the	
  muon	
  spectrometer	
  :
 Produc7on	
  yields	
  given	
  by	
  sta7s7cal	
  models

 Scaling	
  from	
  pp	
  collisions	
  to	
  Pb-­‐Pb	
  with	
  the	
  number	
  of	
  binary	
  collisions

Good precision 
reached in the upgrade 
scenario even in the 
hypothesis of low ψ’ 
production in thermal 
model scenario
Possibility to study ψ’
      elliptic flow
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•	
  Dielectron	
  channel	
  :	
  measurement	
  even	
  more	
  challenging
•	
  Good	
  significance	
  only	
  reached	
  with	
  the	
  upgrade	
  at	
  Lint	
  =	
  10nb-­‐1

•	
  5%	
  precision	
  can	
  be	
  reached	
  on	
  the	
  number	
  of	
  ψ’	
  in	
  the	
  pp
	
  	
  	
  scaling	
  hypothesis
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B = 0.5 T B = 0.2 T
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Requires a run at lower magnetic field 
(B = 0.2T) to enhance acceptance at 
low pT  ! Lint = 3 nb-1 
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Low-mass region Mee < 1 GeV/c2 dominated by systematic uncertainties from 
subtraction of combinatorial background. Mee > 1 GeV/c2 large systematic 
uncertainty from charm subtraction. Difficult analysis of thermal radiation spectrum
New ITS will help to suppress background by a factor ~ 2

Excess spectraDilepton inv mass

•  !"#$%&$'($)$*(+,-./+.,&(0.11(1#$%&/.(+,(23*23(%455+1+4,1(.&(6177(8(9:9(;$<= ((
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  Dilepton inv mass Excess spectra

Statistical precision achieved with high-rate upgrade allows for a detailed and 
differential investigation of dilepton production

•  Expected e+e- invariant mass spectra in  
  Pb-Pb collisions at !sNN = 5.5 TeV:  

!  New ITS and current TPC 
!  Low interaction rate 
!  B = 0.2 T 
!  2.5 " 107 events in centrality 0-10%, 
    5"107 events in centrality 40-60% 
!  « Tight » cut on impact 
    parameter  

•  Expected e+e- invariant mass spectra in 
  Pb-Pb collisions at !sNN = 5.5 TeV:  

!  New ITS and new TPC 
!  Low interaction rate 
!  B = 0.2 T 
!  2.5 " 109 events in centrality 0-10%, 
    5"109 events in centrality 40-60% 
! « Tight » cut on impact parameter  



Dielectron	
  v2
• Inves7ga7on	
  of	
  dilepton	
  collec7vity

• Pb-­‐Pb	
  collisions,	
  40-­‐60%	
  centrality	
  range

• Absolute	
  sta7s7cal	
  uncertainty	
  of	
  the	
  ellip7c	
  flow	
  coefficient	
  v2	
  of	
  the	
  e
+e-­‐	
  

excess	
  spectrum	
  as	
  a	
  func7on	
  of	
  Mee
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Current ITS, no high-rate upgrade New ITS,  high-rate upgrade

Significant improvement on v2 measurement precision with new ITS 
and high-rate upgrade (one order of magnitude)



Temperature	
  from	
  dielectrons

11/02/2103 L.	
  Massacrier	
  -­‐	
  ALICE	
  upgrades 42

New ITS, high rate:
Significant improvement in 

precision

! 

dNee

dMee

 " e #M ee /T fit( )
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Conclusions
• ALICE	
  upgrade	
  program	
  approved	
  by	
  LHCC	
  and	
  ALICE	
  upgrade	
  LeEer	
  Of	
  Intent	
  available	
  

at	
  hEps://cdsweb.cern.ch/record/1475243/files/LHCC-­‐I-­‐022.pdf
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•  Ambitious Detector upgrade 
  will take place during LS2 

!  New ITS 
!  TPC chambers and R/O 
!  Smaller beam pipe 
!  HLT/DAQ/Offline 
!  Upgrade of the readout of 
    all the detectors to run at 
    50kHz interaction rate in 
    Pb-Pb 
!  MFT, Focal, VHMPID, 
    Trigger detectors (T0 
    VZERO/ZDC) 
    project under discussion. 
    ALICE decision expected in 
    march 2013 

Summary of the physics reach with the 
upgrade for observables of interest " 

https://mmm.cern.ch/owa/redir.aspx?C=16kROPJtFk6d43ytxgOf2Z503IrT1c8IyHwcmNiM-ORo14xTqJ046wn4wLSozwfcAbZMG-_a5i4.&URL=https://cdsweb.cern.ch/record/1475243/files/LHCC-I-022.pdf
https://mmm.cern.ch/owa/redir.aspx?C=16kROPJtFk6d43ytxgOf2Z503IrT1c8IyHwcmNiM-ORo14xTqJ046wn4wLSozwfcAbZMG-_a5i4.&URL=https://cdsweb.cern.ch/record/1475243/files/LHCC-I-022.pdf

