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Structure	
  of	
  MaGer	
  

	
  
•  subsequent	
  heaIng	
  of	
  maGer	
  	
  
	
  	
  	
  	
  	
  releases	
  new	
  degrees	
  of	
  freedom	
  
	
  

•  what	
  is	
  the	
  nature	
  of	
  elementary	
  maGer	
  	
  
	
  	
  	
  	
  	
  where	
  the	
  relevant	
  degrees	
  of	
  freedom	
  	
  
	
  	
  	
  	
  	
  are	
  quarks	
  and	
  gluons?	
  	
  

	
  
•  the	
  elementary	
  building	
  blocks	
  of	
  maGer	
  	
  
	
  	
  	
  	
  	
  are	
  quarks	
  and	
  gluons	
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QCD	
  phase	
  diagram	
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deconfinement	
   chiral	
  symmetry	
  
restoraIon	
  

LaWce	
  QCD	
  (μB	
  =	
  0):	
  	
  
-­‐	
  deconfinement	
  and	
  chiral	
  symmetry	
  restoraIon	
  at	
  Tc	
  ≈	
  175	
  MeV	
  

Sz.	
  Borsanyi,	
  JHEP	
  1	
  (2010)	
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Quark-­‐Gluon	
  Plasma	
  

UrQMD,	
  Frankfurt	
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experimental	
  program	
  

•  CERN-­‐SPS	
  (since	
  1986):	
  
	
  	
  	
  	
  	
  Heavy	
  ions	
  on	
  fixed	
  targets	
  
	
  	
  	
  	
  	
  √sNN	
  ≈	
  20	
  GeV	
  
	
  
	
  

•  BNL-­‐RHIC	
  (since	
  2000):	
  
	
  	
  	
  	
  	
  Heavy-­‐ion	
  collider	
  
	
  	
  	
  	
  	
  √sNN	
  =	
  200	
  GeV	
  

	
  

•  CERN-­‐LHC	
  (since	
  2010)	
  
	
  	
  	
  	
  	
  Heavy-­‐ion	
  collider	
  
	
  	
  	
  	
  	
  √sNN	
  =	
  2.76	
  TeV	
  (5.1	
  TeV	
  in	
  2015)	
  
	
  
	
  
à	
  detailed	
  characterizaIon	
  of	
  the	
  QGP	
  properIes	
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LHC	
  

•  pp (√s = 8 TeV) 

•  pPb (√sNN = 5 TeV) 

•  Pb-Pb (√sNN = 2.76 TeV) 

•  4 large experiments 

•  ALICE dedicated for  
   heavy-ion collisions 

•  significant HI program  
  conducted by 
  ATLAS and CMS 

LHC	
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ALICE	
  detector	
  at	
  the	
  LHC	
  

8	
  

Time	
  ProjecIon	
  Chamber	
  

Run1:	
  
Pb-­‐Pb	
  at	
  2.76	
  TeV	
  
(2010:	
  10	
  μb-­‐1,	
  2011:	
  150	
  μb-­‐1)	
  
	
  
p-­‐Pb	
  at	
  5.02	
  TeV	
  
	
  
pp	
  at	
  0.9,	
  2.36,	
  2.76,	
  7,	
  8	
  TeV	
  

TransiIon	
  RadiaIon	
  Detector	
  

Inner	
  Tracking	
  System	
  

Muon	
  system	
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ALICE	
  TPC	
  

9	
  

AcIve	
  volume	
  ~92	
  m3	
  
	
  
Run1:	
  

	
  Ne-­‐CO2-­‐N2	
  (90-­‐10-­‐5)	
  
	
  Ne-­‐CO2	
  (90-­‐10)	
  
	
  	
  

Run2:	
  
	
  Ar-­‐CO2	
  (90-­‐10)	
  

	
  
72	
  MWPC-­‐based	
  readout	
  chambers:	
  

	
  -­‐	
  2x	
  18	
  IROC	
  
	
  -­‐	
  2x	
  18	
  OROC	
  

	
  
557,568	
  readout	
  cathode	
  pads	
  
	
  
pad	
  sizes:	
  	
  

	
  -­‐	
  4x7.5	
  mm2	
  (IROC)	
  
	
  -­‐	
  6x10,	
  6x15	
  mm2	
  (OROC)	
  

Figure 2.2: Schematic view of the ALICE TPC.

Figure 2.3: View of one of the endplates of the TPC; the di↵erent types of rods are indicated.

13

5 m 
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Pb-­‐Pb	
  event	
  display	
  

~5000	
  charged	
  parIcles	
  
in	
  a	
  central	
  Pb-­‐Pb	
  collision	
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ALICE	
  TPC	
  performance	
  in	
  Run	
  1	
  

11	
  

•  momentum	
  resoluIon:	
  σ(pT)/pT	
  ≤	
  3.5%	
  at	
  50	
  GeV/c	
  
•  dE/dx	
  resoluIon	
  7.6%	
  in	
  central	
  Pb-­‐Pb	
  
•  65	
  of	
  77	
  ALICE	
  papers	
  based	
  on	
  TPC	
  data	
  
•  readout	
  rate	
  ~300	
  Hz	
  in	
  central	
  Pb-­‐Pb,	
  limited	
  by	
  electronics	
  band	
  width	
  

	
  à	
  will	
  be	
  increased	
  by	
  factor	
  2	
  in	
  Run2	
  

June 10, 2014 17:30 WSPC/INSTRUCTION FILE paper
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Fig. 33. Distribution of the energy-loss signal in the ITS as a function of momentum. Both the
energy loss and momentum were measured by the ITS alone.

(! 130 samples) and with the truncated-mean method the resulting dE/dx peak1192

shape is Gaussian down to at least 3 orders of magnitude.1193

In the relativistic rise region, the dE/dx exhibits a nearly constant separation1194

for the different particle species over a wide momentum range. Due to a dE/dx1195

resolution of about 5.2 % in pp collisions and 6.5 % in the 0–5% most central Pb–Pb1196
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Fig. 34. Specific energy loss (dE/dx) in the TPC vs. particle momentum in Pb–Pb collisions at√
sNN = 2.76 TeV. The lines show the parametrizations of the expected mean energy loss.
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Heavy-­‐ion	
  collisions	
  at	
  the	
  LHC	
  

	
  
	
  
	
  
	
  
	
  

•  Day	
  1:	
  The	
  fireball	
  produced	
  at	
  the	
  LHC	
  
	
  	
  	
  	
  	
  is	
  the	
  largest,	
  densest,	
  and	
  longest	
  lived	
  

•  Perfect	
  laboratory	
  for	
  detailed	
  QGP	
  studies	
  	
  

12	
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  at	
  the	
  LHC	
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31	
  parallel	
  talks	
  and	
  	
  
80±5	
  posters	
  by	
  ALICE	
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J/ψ	
  as	
  a	
  probe	
  for	
  deconfinement	
  
Volume 178, number 4 PHYSICS LETTERS B 9 October 1986 

J/c/SUPPRESSION BY QUARK-GLUON PLASMA FORMATION ~ 

T. MATSUI 
Center for Theoretical Physics, Laboratory for Nuclear Science, Massachusetts Institute of Technology, 
Cambridge, MA 02139, USA 

and 

H. SATZ 
Fakultiit J~r Physik, Universitdt Bielefeld, D-4800 Bielefeld, Fed. Rep. Germany 
and Physics Department, Brookhaven National Laboratory, Upton, NY 11973, USA 

Received 17 July 1986 

If high energy heavy ion collisions lead to the formation of a hot quark-gluon plasma, then colour screening prevents ce binding 
in the deconfined interior of  the interaction region. To study this effect, the temperature dependence of  the screening radius, as 
obtained from lattice QCD, is compared with the J/q/radius calculated in charmonium models. The feasibility to detect this effect 
clearly in the dilepton mass spectrum is examined. It is concluded that J/~, suppression in nuclear collisions should provide an 
unambiguous signature ofquark-gluon plasma formation. 

Statistical QCD predicts that strongly interacting 
matter should at sufficiently high density undergo a 
transition from hadronic matter to quark-gluon 
plasma ~ . It is hoped that energetic nuclear colli- 
sions will allow us to study this transition in the lab- 
oratory :2. The experimental detection of plasma 
formation thus becomes crucial: what observable sig- 
natures does the predicted new form of matter 
provide? 

Signatures proposed so far include ~3 real or virtual 
photons, the Pa- distribution of secondary hadrons, 
and the relative production rate of strange particles. 
Non-thermal processes as well as uncertainties in the 
plasma evolution do, however, lead to considerable 
ambiguity for the signals considered up to now. We 
want to present here another type of signature for 
plasma formation, which directly reflects deconfine- 
ment and appears to provide a rather clear and 
model-independent test. 

* This manuscript has been authored under contract number DE- 
AC02-76CH00016 with the US Department of Energy. 

:~ For a recent survey see ref. [ 1 ]. 
:2 Fora recent survey see ref. [2]. 
:3 For surveys see ref. [ 3 ]. 

416 

The basic mechanism for deconfinement in dense 
matter is the Debye screening of the quark colour 
charge [4]. When the screening radius rD becomes 
less than the binding radius rH of the quark system, 
i.e., less than the hadron radius, the confining force 
can no longer hold the quarks together and hence 
deconfinement sets in. We shall investigate here the 
effect of such a deconfining medium on the binding 
ofc  and e quarks into J/~u mesons. 
The temperature dependence of the colour screening 
radius was recently studied in SU (2) [ 5 ] and SU (3) 
[6] gauge theory. There, one considers the interac- 
tion of a static quark-antiquark system in a purely 
gluonic thermal environment. The absence of 
dynamical quarks does, of course, change the screen- 
ing phenomenon considerably [ 5 ]: since the quarks 
transform according to the fundamental representa- 
tion of the colour gauge group and the gluons accord- 
ing to the adjoint, the quark colour charge cannot be 
screened directly. Nevertheless, the quark interac- 
tion is mediated by gluons, and at high temperature 
the dominant contribution will come from the 
exchange of one gluon, made massive by gluonic col- 
our screening. Moreover, we expect that the intro- 

0370-2693/86/$ 03.50 © Elsevier Science Publishers B.V. 
(North-Holland Physics Publishing Division) 

1940	
  citaIons	
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quarkonium-­‐suppression	
  

T = 0 :       VQQ(r ) = − 4
3
αs c
r

+ kr

Υ Ψ‘ Υ‘ J/Ψ 

sequenIal	
  melIng	
  à	
  QGP-­‐“Thermometer“	
  

r(fm) 

LaWce	
  QCD	
  (P.	
  Petreczky,	
  O.	
  Kaczmarek)	
  QGP 

c 

c 
_ 

similar	
  to	
  Debye	
  screening	
  
in	
  EM	
  plasmas	
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sequenIal	
  melIng	
   Quarkonium and the QGP - “sequential suppression”
2 A.Andronic@GSI.de

H.Satz, arXiv:1310.1209

LQCD results (still debated) ...−→

ψ χ ψc ’ Υ χbΥ’ ’χ b ψ Υ Υχ Υb ’
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Quarkonium and the QGP - “sequential suppression”
2 A.Andronic@GSI.de
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LQCD results (still debated) ...−→
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•  SequenIal	
  melIng	
  expected	
  in	
  a	
  wide	
  	
  
	
  	
  	
  	
  	
  	
  range	
  of	
  models	
  	
  

•  Feed-­‐down	
  affects	
  ground-­‐state	
  yields	
  

from	
  PHENIX	
  1402.2246	
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J/ψ	
  suppression	
  at	
  RHIC	
  -­‐	
  I	
  
7

partN0 50 100 150 200 250 300 350 400

C
P

R

0

0.2

0.4

0.6

0.8

1

1.2

1.4

, 1.2 <|y| < 2.2µµ → ψJ/

200 GeV, PRC 84, 054912 (2011)
 14.4%±global sys. = 

 6.2 ±>= 44.6 
coll

Peripheral (40-93%) : <N
39 GeV

 8.5%±global sys. =  
 3.7±>= 43.5 

coll
Peripheral (40-86%) : <N

FIG. 5: (color online) J/ψ RCP for 0-40% (central) relative
to 40-87% (peripheral) Au+Au collisions at 39 GeV. For com-
parison, RCP results from Au+Au collisions at 200 GeV are
shown with a peripheral bin of 40-93%, where the 〈Ncoll〉 value
is a close match. The solid error bars are the quadrature sum
of the statistical and type A systematic uncertainties, and the
boxes represent the correlated (type B) systematic uncertain-
ties.

TABLE V: PHENIX 39 and 62.4 GeV J/ψ RAA vs Cen-
trality with statistical uncertainties and Type A, B and C
systematics.

√
s(GeV ) Cent(%) RAA Stat Type A Type B Type C

39 0-40 0.439 0.043 0.020 0.077 0.083

40-86 0.793 0.157 0.011 0.139 0.151

62.4 0-20 0.292 0.039 0.004 0.042 0.085

20-40 0.388 0.047 0.008 0.056 0.115

40-60 0.519 0.067 0.014 0.073 0.153

60-86 1.100 0.150 0.010 0.155 0.323

III. DISCUSSION

The collision energy dependence of the various compet-
ing effects influencing the final J/ψ yields are all quite
different. Thus, the similarity of the J/ψ nuclear modifi-
cations RCP and RAA from 39 to 200 GeV is a challenge
for models incorporating the many effects. There was
a prediction that the maximum J/ψ suppression would
occur near

√
s
NN

= 50 GeV, as shown in Figure 7 [30].
As the collision energy increases the QGP temperature
increases, and thus the J/ψ color screening (labeled as
direct J/ψ suppression) becomes more significant. How-
ever, in this calculation, the regeneration contribution
increases with collision energy due to the increase in the
total number of charm pairs produced and nearly com-
pensates. This result is for J/ψ at midrapidity and rela-
tive to the total charm pair production (thus removing in

partN0 50 100 150 200 250 300 350 400

A
A

R

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

, 1.2 <|y| < 2.2µµ → ψJ/

(200 GeV) PRC 84, 054912 (2011)AAR
 9.2%±Global sys.= 

(62.4 GeV) = PHENIX data/our estimateAAR
 29.4%±Global sys.= 

(39 GeV) = PHENIX data/FNAL dataAAR
 19%±Global sys.= 

FIG. 6: (color online) J/ψ RAA at
√
s
NN

= 39, 62.4, and 200
GeV. The solid error bars are the quadrature sum of the sta-
tistical and type A systematic uncertainties, and the boxes
represent the correlated (type B) systematic uncertainties.
The global systematic uncertainties are quoted in the legend
for each energy’s results.

this ratio possible changes in the charm pair production
caused by initial state effects).
Recently, the same authors have completed new cal-

culations including cold nuclear matter effects, regener-
ation, and QGP suppression specifically for J/ψ at for-
ward rapidity [31, 32]. Figure 8 shows these results (in
the so-called “strong binding scenario”). The contribu-
tions of direct J/ψ and regeneration are shown separately
(and scaled down by ×0.5 for visual clarity). The in-
clusion of cold nuclear matter effects and the forward-
rapidity kinematics slightly reverse the trend seen in Fig-
ure 7 and now the total J/ψ RAA follows the ordering
RAA(200 GeV) < RAA(62 GeV) <RAA(39 GeV) (though
by a very modest amount). Also shown in Figure 8 are
the PHENIX experimental measurements that, within
the global systematic uncertainties, are consistent with
the theoretical calculations.
These results highlight the need for p+p reference data

at both 39 and 62.4 GeV from the same experiment. In
addition, the cold nuclear matter effects are likely to be
different at the different energies (an important input for
the calculations in Ref. [31]). The x distribution of glu-
ons for producing J/ψ at 1.2 < |y| < 2.2 changes as the
colliding energy decreases. In a simple pythia study,
one finds that the average gluon x1 and x2 for producing
J/ψ between 1.2 < |y| < 2.2 is 0.14 and 0.01 for

√
s
NN

= 200 GeV, 0.32 and 0.03 for
√
s
NN

= 62.4 GeV, and
0.43 and 0.05 for

√
s
NN

= 39 GeV. The large uncertain-
ties in the gluon nPDF for the anti-shadowing and EMC
regions [9] leads to an additional ±30% uncertainty in
the J/ψ initial production for the central Au+Au case.
Future measurements in p(d)+A collisions at these en-
ergies are clearly required in order to reduce this large

RAA:	
  Yield	
  in	
  AA	
  collisions,	
  normalized	
  to	
  pp	
  

•  significant	
  J/ψ	
  suppression	
  	
  
	
  	
  	
  	
  	
  observed	
  at	
  RHIC	
  

•  but	
  weak	
  energy	
  dependence	
  
PHENIX	
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  Yield	
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  AA	
  collisions,	
  normalized	
  to	
  pp	
  

our data. Additionally, the J= mean square transverse
momentum, restricted to pT ! 5 GeV=c, shows little de-
pendence on centrality. Various models of J= production
and suppression, which predict different transverse mo-

mentum and rapidity dependencies, can be significantly
constrained by the data presented here and recent results on
the open charm [16].
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J/ψ	
  are	
  less	
  suppressed	
  at	
  mid-­‐rapidity,	
  
despite	
  larger	
  energy	
  density	
  
	
  
What	
  happens	
  to	
  c-­‐quarks	
  azer	
  QGP	
  
lifeIme?	
  Must	
  show	
  up	
  in	
  final-­‐state	
  
hadrons	
  
	
  
à  J/ψ	
  regeneraIon?	
  
	
  
Several	
  regeneraIon	
  scenarios	
  on	
  the	
  	
  
market.	
  	
  
	
  
Most	
  drasIc	
  approach:	
  	
  
StaIsIcal	
  hadronizaIon	
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staIsIcal	
  hadronizaIon	
  	
  
Final	
  state	
  hadron	
  yields	
  (u,d,s)	
  are	
  consistent	
  with	
  thermal	
  producIon	
  	
  
at	
  the	
  phase	
  boundary,	
  characterized	
  by	
  T	
  and	
  μB	
  

Andronic,	
  Braun-­‐Munzinger,	
  Stachel	
  NPA772	
  (2006)	
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Figure 1. Hadron yields from ALICE at the LHC [11, 12, 13, 14, 15, 16] and fit with the
statistical hadronization model. In addition to the fit, yielding T=156 MeV, also results of the
model for T = 164 MeV are shown, normalized to the value for π+. The data point for the K0∗

is not included in the fit.

for the current LHC energy. This leads to a good description of the observed (anti-)proton
yields. However, employing this mechanism, the discrepancy for (anti-)cascades is increased.
Also, it has been noted by the authors themselves [22], that in UrQMD detailed balance is not
implemented for some of the important annihilation reactions. Already in [24] it was argued,
that implementing detailed balance would not lead to a depletion of the antiprotons. The effect
of annihilation alone and of then in addition including the back reactions with full detailed
balance was studied for full SPS energy [25] (and also AGS energy. There it was shown that
the annihilation plus back reaction nearly fully compensate for central collisions reaching the
equilibrium value for (anti-)proton yields. In a more recent study for collider energies it was
shown [26] that properly taking into account the back reactions reduces the effect of annihilation
in the hadronic phase to about one half. Here, (anti-)protons, lambdas, cascades and omegas
are equally affected, making the agreement for the last 2 species worse. Another argument why
one should not put too much trust in the quantitative changes of hadron yields in the hadronic
phase within the UrQMDmodel is the lifetime of the fireball. From 2-pion Hanbury Brown-Twiss
correlations an overall lifetime of the system including QGP phase and hadronization of 10 fm/c
is deduced [27] for central PbPb collisions at the LHC. Coupling UrQMD to a hydrodynamics
evolution the system, the integral time until thermal freeze-out is significantly longer.

Annihilation in the hadronic phase should affect nuclei as well and it can be seen from Fig. 2

Stachel,	
  Andronic,	
  Braun-­‐Munzinger,	
  Redlich	
  1311.4662	
  



Harald	
  Appelshäuser,	
  Kolloquium	
  Bonn,	
  July	
  10,	
  2014	
   22	
  

J/ψ	
  regeneraIon	
  

	
  
-­‐  all	
  ccbar	
  pairs	
  are	
  created	
  in	
  iniIal	
  	
  hard	
  collisions	
  
	
  
-­‐  all	
  J/ψ	
  are	
  dissolved	
  in	
  the	
  QGP	
  

-­‐  hadrons	
  with	
  charm	
  are	
  formed	
  at	
  the	
  phase	
  boundary	
  
	
  
-­‐  populaIon	
  follows	
  staIsIcal	
  laws	
  

-­‐  explains	
  weak	
  energy	
  dependence	
  in	
  SPS-­‐RHIC	
  regime	
  and	
  rapidity	
  dependence	
  at	
  RHIC	
  
	
  

A.	
  Andronic	
  et	
  al.,	
  PLB	
  652	
  (2007)	
  	
  	
  

data:	
  PHENIX	
  (RHIC)	
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J/ψ	
  regeneraIon	
  

	
  
-­‐	
  strong	
  dependence	
  of	
  J/ψ	
  regeneraIon	
  on	
  total	
  charm	
  cross	
  secIon	
  
	
  
-­‐	
  drasIc	
  enhancement	
  predicted	
  at	
  the	
  LHC	
  (full	
  energy)	
  

High hopes for charmonium at the LHC
6 A.Andronic@GSI.de
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• ”enhancement” at LHC

NJ/ψ ∼ (Ndir
cc̄ )2

What is so different at LHC?

(compared to RHIC)

σcc̄: ∼10x, Volume: 2.2-3x

AA et al., PLB 652 (2007) 259

this was for full LHC energy... is a generic prediction of (re)generation models
(Liu et al., PLB 678 (2009) 72; Zhao, Rapp, NPA 859 (2011) 114)

A.	
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  et	
  al.,	
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  652	
  (2007)	
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Figure 5. Left: The fraction Pv of cd̄ D mesons created in a vector state to vector and pseudoscalar
prompt D mesons [10, 13–15, 38–41]. The weighted average of the experimental measurements
reported in ref. [42] and of the LHC data [13–15] 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 [14–16, 46–48]. 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 [49] (and its uncertainties) is represented by solid (dashed)
lines.

different collision energies and for different colliding systems [10, 13–15, 38–41], as shown

in figure 5 (left).1

The weighted average of the experimental measurements reported in ref. [42], with

average 0.594±0.010, and of the LHC data [13–15] shown in figure 5 is Paverage
v = 0.60±0.01

which is represented by a solid yellow vertical band in the figure.

The expectation from näıve spin counting amounts to PSpin counting
v = 3/(3 + 1) =

0.75, showing a deviation from the data. The argument of näıve spin counting originates

from heavy-quark effective theory assuming large enough heavy-quark masses, leading to a

negligible effect due to the mass difference between D∗+ and D+. In the PYTHIA 6.4.21 [29]

event generator the value for Pv is set by an input parameter (PARJ(13)) with a default

value of PPythia
v = 0.75. We note, that there is only one parameter defining the probability

that a charm or heavier meson has spin 1. Calculations combining the Lund symmetric

fragmentation function with exact Clebsch-Gordan coefficient coupling from the virtual

quark-antiquark pair to the final hadron state functions predicts PLund frag
v ≈ 0.63 [43]

in good agreement with data. We note that in this model, due to the Clebsch-Gordan

coefficient coupling, spin counting is automatic while differences in the hadron mass are

taken into account in the fragmentation function by an exponential term. On the other

hand, in the Statistical Model [20, 21], the ratio of the total yields of the directly formed

1The Pv value of reference [38] was corrected by the BR of reference [33] in reference [42].

– 13 –
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forward	
  rapidity:	
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  à	
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   mid-­‐rapidity:	
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à	
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  J/ψ	
  –	
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  at	
  the	
  LHC	
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  dependence	
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   arXiv:1311.0214	
  

à qualitaIvely	
  new	
  picture	
  of	
  J/ψ	
  –	
  suppression	
  at	
  the	
  LHC	
  
à  strong	
  indicaIon	
  for	
  significant	
  regeneraIon	
  

forward	
  rapidity:	
  J/ψ	
  à	
  μμ	
   mid-­‐rapidity:	
  J/ψ	
  à	
  ee	
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7Reminder

RAA:	
  normalized	
  parIcle	
  producIon	
  in	
  Pb-­‐Pb	
  relaIve	
  to	
  pp	
  (≠1?)	
  
RpPb:	
  normalized	
  parIcle	
  producIon	
  in	
  p-­‐Pb	
  relaIve	
  to	
  pp	
  (=1?)	
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à  significant	
  suppression	
  also	
  in	
  p-­‐Pb	
  
à	
  consistent	
  with	
  models	
  including	
  shadowing	
  and/or	
  energy	
  loss	
  	
  

• Strong suppression at mid and 
forward rapidity
• No suppression at backward rapidity

• Data are consistent with models including shadowing and/or 
energy loss

• Color Glass Condensate (CGC) inspired model underestimates 
the data

Systematic uncertainties:
- Colored boxes  : uncorrelated
- Shaded areas  : partially correlated
- Box around unity : fully correlated

9ALICE | QM2014 | 20/05/2014 | Javier Martin
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forward/backward	
  rapidity:	
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  à	
  μμ	
   mid-­‐rapidity:	
  J/ψ	
  à	
  ee	
  

CharacterisIc	
  difference	
  of	
  pT	
  dependencies:	
  
	
  
-­‐  in	
  p-­‐Pb:	
  suppression	
  at	
  low	
  pT	
  à	
  nuclear	
  parton	
  distribuIons	
  
-­‐  in	
  Pb-­‐Pb:	
  enhancement	
  at	
  low	
  pT	
  à	
  regeneraIon	
  

à	
  hot-­‐medium	
  effects	
  in	
  Pb-­‐Pb	
  show	
  up	
  relaIve	
  to	
  p-­‐Pb	
  (and	
  Pb-­‐p)	
  

J/ψ	
  in	
  p-­‐Pb	
  vs	
  Pb-­‐Pb	
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 productionψnuclei in Pb-Pb and 2->1 kinematics for J/

ALI−DER−61849

à	
  strong	
  indicaIon	
  of	
  J/ψ	
  regeneraIon	
  at	
  the	
  LHC	
  

J/ψ	
  enhancement	
  at	
  the	
  LHC	
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ALICE	
  –	
  past,	
  present	
  and	
  near	
  future	
  	
  

Run	
  1:	
  2010-­‐2013	
  
	
  -­‐	
  0.15	
  nb-­‐1	
  Pb-­‐Pb	
  at	
  √sNN=2.76	
  TeV	
  
	
  	
  	
  	
  i.e.	
  twice	
  the	
  design	
  luminosity	
  (at	
  50%	
  design	
  energy)!	
  
	
  -­‐	
  reference	
  pp	
  data	
  at	
  √s=2.76	
  TeV	
  
	
  -­‐	
  30	
  nb-­‐1	
  p-­‐Pb	
  at	
  √sNN=5	
  TeV	
  
	
  à	
  striking	
  new	
  phenomena	
  observed	
  

	
  
2013-­‐2014:	
  LS1	
  	
  

	
   	
  -­‐	
  detector	
  compleIon	
  and	
  upgrades	
  (TPC	
  readout,	
  TRD	
  compleIon)	
  
	
  
Run	
  2:	
  2015-­‐2017	
  

	
   	
  -­‐	
  1	
  nb-­‐1	
  Pb-­‐Pb	
  at	
  √sNN=5.1	
  TeV	
  
	
   	
  -­‐	
  reference	
  data	
  pp,	
  p-­‐Pb	
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LHC	
  Run	
  2–	
  Quarkonia	
  and	
  HF	
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Quarkonia:	
  
-­‐	
  ϒ(2s,3s)	
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-­‐	
  low	
  pT	
  J/ψ	
  regeneraIon	
  
-­‐	
  J/ψ	
  collecIvity	
  
-­‐	
  ψ’	
  puzzle	
  

Heavy	
  Flavors:	
  
-­‐	
  Ds	
  RAA	
  
-­‐	
  	
  ...	
  

Z. Conesa del Valle Quark Matter 2012 : 12 - 18 August 2012

! Expectation: relative enhancement of the strange/non-strange D 
mesons at intermediate pT - charm in-medium hadronization ? 

# First measurement of Ds+ dN/dpT and RAA

# Suppression by a factor of 3-5 for pT~8-12 GeV/c  
# Similar to that of the D0, D+, D*+
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future	
  opportuniIes	
  at	
  LHC	
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azer	
  compleIon	
  of	
  Run	
  2	
  (1	
  nb-­‐1	
  Pb-­‐Pb	
  at	
  √sNN=5.1	
  TeV)	
  	
  
there	
  will	
  be	
  high-­‐precision	
  data	
  available	
  on	
  some	
  of	
  the	
  key	
  
observables	
  	
  
	
  
BUT	
  there	
  will	
  be	
  major	
  opportuniIes	
  at	
  the	
  LHC	
  to	
  be	
  explored	
  

with	
  increased	
  Pb-­‐Pb	
  luminosity	
  in	
  Run	
  3	
  (O(10/nb)	
  Pb-­‐Pb	
  at	
  
√sNN=5.5	
  TeV)	
  and	
  significant	
  detector	
  upgrades	
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future	
  opportuniIes	
  at	
  LHC	
  

Jets 	
   	
  -­‐	
  precision	
  measurements:	
  	
  
	
   	
   	
  γ-­‐Jet,	
  b-­‐Jet,	
  Z-­‐Jet,	
  mulI-­‐Jet,	
  	
  
	
   	
   	
  PID	
  fragmentaIon	
  funcIons,	
  
	
   	
   	
  TeV-­‐scale	
  jet	
  quenching	
  	
  

	
  

ϒ	
  spectroscopy	
   	
  -­‐	
  1s,	
  2s,	
  3s	
  states,	
  onset-­‐behaviour	
  
	
  

Charmonia 	
  -­‐	
  low	
  pT	
  J/ψ	
  over	
  wide	
  rapidity	
  range,	
  ψ‘,	
  Χc	
  
	
  

Heavy	
  Flavors 	
  -­‐	
  comprehensive	
  measurement	
  of	
  D,	
  D*,	
  Ds,	
  Λc,	
  B,	
  Λb:	
  
	
   	
   	
  Baryon/Meson	
  raIos	
  down	
  to	
  low	
  pT,	
  RAA,	
  v2	
  
	
   	
   	
  accurate	
  normalizaIon	
  for	
  quarkonia	
  

	
  

EM	
  radiaIon 	
  -­‐	
  low	
  mass	
  dileptons	
  
	
  

ExoIca 	
   	
  -­‐	
  anI-­‐	
  and	
  hypernuclei	
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à	
  enter	
  10	
  nb-­‐1	
  regime	
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ALICE	
  –	
  upgrade	
  strategy	
  

Dedicated	
  heavy-­‐ion	
  experiment	
  
	
  à	
  upgrades	
  focus	
  on	
  heavy-­‐ion	
  physics	
  

	
  
Strengthen	
  the	
  uniqueness	
  of	
  ALICE	
  

	
  à	
  improve	
  low	
  pT	
  tracking,	
  vertexing,	
  and	
  PID	
  capabiliIes,	
  reduce	
  	
  	
  	
  	
  	
  	
  
material	
  budget	
  

	
  
Many	
  of	
  the	
  key	
  observables,	
  though	
  „rare“,	
  do	
  not	
  allow	
  low-­‐level	
  triggering	
  

	
  à	
  high	
  rate	
  capability	
  of	
  detectors	
  and	
  readout	
  systems	
  	
  
	
  

à emphasizes	
  complementarity	
  to	
  ATLAS	
  and	
  CMS	
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  upgrade	
  LOI	
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à comprehensive Letter of Intent  
     endorsed by LHCC 

hGps://cdsweb.cern.ch/record/1475243/files/LHCC-­‐I-­‐022.pdf	
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•  full	
  exploitaIon	
  of	
  Run3	
  physics	
  potenIal	
  requires	
  significant	
  TPC	
  upgrade	
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example:	
  low-­‐mass	
  di-­‐electrons	
  

TPC	
  readout	
  rate	
  	
  
500	
  Hz	
  

TPC	
  readout	
  rate	
  	
  
50	
  kHz	
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ALICE	
  –	
  core	
  upgrades	
  

LS2	
  (2018-­‐19):	
   	
  -­‐	
  Upgrade	
  Inner	
  Tracking	
  System	
  (ITS)	
  	
  
	
   	
   	
  à	
  improve	
  vertex	
  resoluIon	
  	
  
	
   	
   	
  	
  	
  	
  	
  	
  and	
  low	
  pT	
  tracking	
  capability,	
  
	
   	
   	
  	
  	
  	
  	
  	
  faster	
  readout,	
  reduced	
  material	
  budget	
  

	
  

	
   	
   	
  -­‐	
  Upgrade	
  TPC	
  with	
  GEM-­‐based	
  readout	
  chambers	
  
	
   	
   	
  à	
  conInuous	
  readout	
  at	
  50	
  kHz	
  collision	
  rate	
  in	
  Pb-­‐Pb	
  

	
  
	
   	
   	
  -­‐	
  Upgrade	
  of	
  readout	
  electronics	
  and	
  online	
  systems	
  
	
   	
   	
  	
  	
  	
  HLT,	
  DAQ,	
  trigger	
  
	
   	
   	
  à	
  1	
  TB/s	
  into	
  online	
  systems	
  	
  
	
   	
   	
  à	
  parIal	
  event	
  reconstrucIon	
  (20	
  GB/s	
  to	
  tape)	
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present	
  MWPC-­‐based	
  readout	
  chambers	
  employ	
  
a	
  gaIng	
  grid:	
  
	
  
azer	
  100	
  μs	
  of	
  electron	
  driz	
  Ime,	
  the	
  gaIng	
  grid	
  	
  
needs	
  to	
  be	
  kept	
  close	
  for	
  ~200	
  μs	
  to	
  prevent	
  	
  
back-­‐drizing	
  ions	
  into	
  the	
  driz	
  region	
  
	
  
à  total	
  Ime	
  ~300	
  μs	
  limits	
  maximal	
  readout	
  rate	
  	
  
	
  	
  	
  	
  	
  	
  to	
  ~3	
  kHz	
  
	
  
ignoring	
  the	
  GG	
  closure	
  Ime	
  (i.e.	
  keeping	
  it	
  open	
  all	
  	
  
the	
  Ime)	
  leads	
  to	
  excessive	
  space	
  point	
  distorIon	
  	
  
due	
  to	
  space	
  charge	
  accumulaIon	
  in	
  driz	
  volume.	
  
	
  
à  novel	
  technologies	
  required	
  to	
  block	
  ions:	
  MPGDs	
  
	
  
à  allows	
  	
  for	
  ungated	
  („conInuous“)	
  readout	
  
	
  	
  	
  	
  	
  	
  N.B.:	
  on	
  average	
  5	
  events	
  pile	
  up	
  in	
  the	
  TPC	
  

	
  	
  	
  	
  	
  	
  	
  at	
  50	
  kHz	
  and	
  td,max	
  =	
  100	
  μs	
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TPC	
  upgrade	
  -­‐	
  limitaIon	
  of	
  the	
  present	
  
system	
  

they can be set to an appropriate potential to minimize the dis-
tortions of the field. A temperature sensor (PT1000) is glued on
the back side of each skirt sector, thus allowing for temperature
measurements inside the volume of the TPC.

2.6. Endplates
The function of the endplates is to align the cylinders for the

field cage vessels and to hold the readout chambers in position.
The four cylinders are screwed to the flanges that connect the
field cage vessels and the containment vessels, and are made
gas-tight with O-rings. The aluminum structure of the endplate
is 60 mm thick and the spokes are 30 mm wide. The cut-outs
for the readout chambers are equipped with provisions for the
alignment of the chambers relative to the central electrode and
are independent of the endplate itself (see Sec. 3). Gas tightness
is achieved by a sealing foil and a double O-ring; one on the
chamber and one on the endplate. The endplates also provide
feed-throughs and flanges for gas, laser and electrical connec-
tions.

2.7. I-bars
The TPC is installed at an angle of 0.79 degrees with respect

to the horizontal due to the inclination of the LHC accelerator
at the ALICE collision hall. This puts a gravity load on the
endplates and leads to a displacement of the inner field cage
with respect to the outer field cage. The elastic deformation of
the endplates is removed by pulling on the inner field cage with
a pair of I-bars. In Fig. 4, the I-bars are shown attached on the
right hand side of the TPC and were designed so that they do not
obstruct the area around the beam-pipe. The I bars are attached
to the outer ring of the endplate and can push or pull on the
inner field cage ring in order to re-align the field cages. During
assembly in the ALICE detector, it was necessary to pull on the
inner field cage with a force of 3 kN and an alignment of about
150 µm was actually achieved.

3. Readout chambers

3.1. Design considerations
Large-scale TPCs have been employed and proven to work in

collider experiments before [9], but none of them had to cope
with the particle densities and rates anticipated for the ALICE
experiment [5, 6].

For the design of the Read-Out Chambers (ROCs), this leads
to requirements that go beyond an optimization in terms of mo-
mentum and dE/dx resolution. In particular, the optimization
of rate capability in a high-track density environment has been
the key input for the design considerations.

The ALICE TPC has adopted MWPCs with cathode pad
readout. In preparation of the TPC TDR [3] alternative
readout concepts had also been considered, such as Ring
Cathode Chambers (RCCs) [10] or Gas Electron Multipliers
(GEMs) [11] as amplification structures. However, those con-
cepts seemed, though conceptually convincing, not yet in an
R&D state to be readily adopted for a large detector project,
which had to be realized within a relatively short time span.

3.2. Mechanical structure

The azimuthal segmentation of the readout plane is common
with the subsequent ALICE detectors TRD and TOF, i.e. 18
trapezoidal sectors, each covering 20� in azimuth. The radial
dependence of the track density leads to di�erent requirements
for the readout-chamber design as a function of radius. Con-
sequently, there are two di�erent types of readout chambers,
leading to a radial segmentation of the readout plane into Inner
and Outer ReadOut Chamber (IROC and OROC, respectively).
In addition, this segmentation eases the assembly and handling
of the chambers as compared to a single large one, covering the
full radial extension of the TPC.

The dead space between neighboring readout chambers is
minimized by a special mounting technique (described in
Sec. 3.4) by which the readout chambers are attached to the
endplate from the inside of the drift volume. The dead space
between two adjacent chambers in the azimuthal direction is
27 mm. This includes the width of the wire frames of 12 mm
on each chamber (see Fig. 9) and a gap of 3 mm between two
chambers. The total active area of the ALICE TPC readout
chambers is 32.5 m2. The inner and outer chambers are ra-
dially aligned, again matching the acceptance of the external
detectors. The e�ective active radial length (taking edge e�ects
into account) varies from 84.1 cm to 132.1 cm (134.6 cm to
246.6 cm) for the inner (outer) readout chambers. The mechan-
ical structure of the readout chamber itself consists of four main
components: the wire planes, the pad plane, made of a multi-
layer Printed Circuit Board (PCB), an additional 3 mm Stesalit
insulation plate, and a trapezoidal aluminum frame.

3.2.1. Wires
The wire length is given by the overall detector layout and

varies from 27 cm to 44 cm in the inner chambers, and from
45 cm to 84 cm in the outer chambers.

GROUND

Figure 9: Cross section through a readout chamber showing the
pad plane, the wire planes and the cover electrode.

At constant potential, the gas gain increases with decreasing
anode-wire diameter. Thus, a small anode-wire diameter is pre-
ferred. Owing to their superior strength, gold-plated tungsten is
preferable to copper–beryllium (an alloy of 98% Cu and 2% Be)
for the thin anode wires. However, for the thicker cathode and
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Triple'GEM+principle+of+operation+

� Fast%electron%signal%(polarity!)%
� %
�����
����	�%
� ��������	�
���������
�electrods�%
�%Gas%gain%about%a%factor%3%lower%than%
in%MWPC%

GEMs%are%made%of%a%copperAkaptonAcopper%
sandwich,%with%holes%etched%into%it%

Electron%microscope%photograph%of%a%GEM%foil%

20%

GEM:	
  	
  
	
  
•  micro-­‐paGerned	
  gas	
  detector	
  for	
  electron	
  	
  
	
  	
  	
  	
  	
  	
  mulIplicaIon	
  

•  proven	
  to	
  work	
  reliably	
  in	
  high-­‐rate	
  	
  
	
  	
  	
  	
  	
  	
  applicaIons	
  
	
  
•  in	
  a	
  TPC	
  with	
  conInuous	
  readout:	
  	
  
	
  	
  	
  	
  	
  back-­‐drizing	
  ions	
  into	
  driz	
  space	
  
	
  
à	
  IBF	
  can	
  be	
  minimized	
  by	
  opImizaIon	
  of	
  	
  
	
  	
  	
  	
  	
  	
  GEM	
  geometry	
  and	
  field	
  configuraIon	
  	
  	
  	
  	
  	
  
	
  
à  requires	
  significant	
  R&D	
  effort	
  

à build	
  on	
  experience	
  from	
  R&D	
  for	
  PANDA	
  
	
  	
  	
  	
  	
  	
  and	
  ILC	
  TPCs	
  

+	
  

-­‐	
  

GEMs	
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design	
  specificaIons	
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Main	
  TPC	
  performance	
  goals:	
  
	
  
-­‐  enable	
  conInuous	
  readout	
  at	
  50	
  kHz	
  collision	
  rate	
  in	
  Pb-­‐Pb	
  

-­‐  efficient	
  charged-­‐parIcle	
  tracking	
  and	
  dE/dx	
  resoluIon	
  <8.5%	
  
	
  
à  new	
  readout	
  chambers	
  (gain	
  2000	
  in	
  Ne-­‐CO2-­‐N2	
  (90-­‐10-­‐5))	
  

	
  -­‐	
  ion	
  backflow	
  (IBF)	
  ≤	
  1%,	
  i.e.	
  ε	
  <	
  20	
  
	
  -­‐	
  energy	
  resoluIon	
  σ(55Fe)	
  ≤	
  12%	
  

	
  
à  new	
  readout	
  electronics	
  

	
  -­‐	
  conInuous	
  readout	
  
	
  -­‐	
  negaIve	
  signal	
  polarity	
  

à  novel	
  calibraIon	
  and	
  online	
  reconstrucIon	
  schemes	
  
	
  -­‐	
  online	
  data	
  compression	
  by	
  factor	
  20	
  
	
  -­‐	
  space	
  charge	
  distorIons	
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142 The ALICE Collaboration

Country
Funding Agency City Institute

Croatia Zagreb Department of Physics, University of Zagreb
Denmark Copenhagen Niels Bohr Institute, University of Copenhagen
Finland Helsinki Helsinki Institute of Physics
Germany BMBF Bonn Helmholtz-Institut für Kern- und Strahlenphysik, Rheinische Friedrich-

Wilhelms-Universität Bonn
Germany BMBF Frankfurt Institut für Kernphysik, Johann Wolfgang Goethe-Universität Frankfurt
Germany BMBF Heidelberg Physikalisches Institut, Ruprecht-Karls Universität Heidelberg
Germany BMBF Munich Physik Department, Technische Universität München
Germany BMBF Tübingen Physikalisches Institut, Eberhard Karls Universität Tübingen
Germany BMBF Worms FH Worms, Worms
Germany GSI Darmstadt Research Division and ExtreMe Matter Institute EMMI, GSI

Helmholtzzentrum für Schwerionenforschung
Hungary Budapest Wigner Research Center for Physics, Budapest
India Kolkata Bose Institute
India Bhubaneswar Institute of Physics
India Bhubaneswar National Institute of Science Education and Research
India Indore Indian Institute of Technology
India Mumbai Indian Institute of Technology
India Kolkata Variable Energy Cyclotron Centre
Japan Tokyo University of Tokyo
Mexico Mexico City Instituto de Ciencias Nucleares, Universidad Nacional Autónoma de

México
Norway Bergen / Tonsberg Department of Physics, University of Bergen, Vestfold University Col-

lege, Tonsberg
Norway Bergen Faculty of Engineering, Bergen University College
Pakistan Islamabad Department of Physics, COMSATS Institute of Information Technology

Islamabad
Poland Cracow The Henryk Niewodniczanski Institute of Nuclear Physics, Polish

Academy of Science
Romania Bucharest National Institute for Physics and Nuclear Engineering
Slovakia Bratislava Faculty of Mathematics, Physics and Informatics, Comenius University
Sweden Lund Division of Experimental High Energy Physics, University of Lund
USA DOE Omaha Creighton University, Omaha, Nebraska
USA DOE Houston University of Houston, Houston, Texas
USA DOE Berkeley Lawrence Berkeley National Laboratory, Berkeley, California
USA DOE Livermore Lawrence Livermore National Laboratory, Livermore, California
USA DOE Oak Ridge Oak Ridge National Laboratory, Oak Ridge, Tennessee
USA DOE West Lafayette Purdue University, West Lafayette, Indiana
USA DOE Knoxville University of Tennessee, Knoxville, Tennessee
USA DOE Austin The University of Texas at Austin, Austin, Texas
USA DOE Detroit Wayne State University, Detroit, Michigan
USA DOE New Haven Yale University, New Haven, Connecticut
USA NSF San Luis Obispo California Polytechnic State University, San Luis Obispo, California
USA NSF Chicago Chicago State University, Chicago, Illinois

Table 12.1: List of institutions participating in the TPC upgrade.

TPC Upgrade TDR 
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TPC	
  Upgrade	
  TDR	
  submiGed	
  to	
  
LHCC	
  in	
  March	
  2014	
  

	
   	
  CERN-­‐LHCC-­‐2013-­‐020	
  
	
  

ALICE	
  TPC	
  Upgrade	
  TDR	
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TDR	
  baseline	
  soluIon:	
  4-­‐GEM	
  stack	
  	
  Preparations for GEM4 Gas-Studies Conclusion

The Large Pitch GEM

MB, Julia Bloemer, Korbinian Eckstein, Andreas Hönle — Ion Back-Flow measurements at TUM 20/22

Triple'GEM+principle+of+operation+

� Fast%electron%signal%(polarity!)%
� %
�����
����	�%
� ��������	�
���������
�electrods�%
�%Gas%gain%about%a%factor%3%lower%than%
in%MWPC%

GEMs%are%made%of%a%copperAkaptonAcopper%
sandwich,%with%holes%etched%into%it%

Electron%microscope%photograph%of%a%GEM%foil%

20%

280 µm 

Standard	
  GEM	
  (S)	
  
Large-­‐pitch	
  GEM	
  (LP)	
  

2 mm

2 mm

2 mm

2 mm

GEM 1

Cover electrode

GEM 2

GEM 3

GEM 4

Pad plane

Strong back

Edrift

Et1

Et2

Et3

Eind

Baseline	
  soluIon	
  (S-­‐LP-­‐LP-­‐S)	
  
employs	
  standard	
  (S)	
  
and	
  large-­‐pitch	
  (LP)	
  GEMs	
  	
  
	
  
UGEM1<UGEM2<UGEM3<UGEM4	
  

(S)	
  

(LP)	
  

(LP)	
  

(S)	
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TDR	
  baseline	
  soluIon:	
  4-­‐GEM	
  stack	
  

IROC	
  

OROC	
  

•  large-­‐size	
  single-­‐mask	
  foils	
  

•  1/layer	
  in	
  IROC,	
  3/layer	
  in	
  OROC	
  

Assembly

Final product

Raw material is cut o�

HV tests � foils are more stable after
gluing/heating procedure

Loading resistors are soldered (top, segmented
side)

SMD (1206) resistors
10 M� and 1 M� for the bottom foil in the
GEM-stack

flaps used for HV connection (with Kapton
wires) after mounting GEMs on the Alubody

P. Gasik (TU Munich) ALICE TPC Upgrade 6 XII 2012 9 / 27

Full	
  IROC	
  prototype	
  	
  
B.	
  Ketzer	
  (U	
  Bonn)	
  L.	
  FabbieW	
  (TU	
  München)	
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ε	
  =	
  20	
  ε	
  =	
  10	
  

IBF	
  performance	
  in	
  MPGD	
  systems	
  
Further#R&D#with#4#GEMs#

•  Use#also#Small?
Pitch#foils#

•  Configura3on#S?S?
LP?SP#reaches#IBF#
=#0.5%#at#σ#=#12%#

•  R&D#s3ll#ongoing#
•  2GEM#+#MM#

factor#≈#3.5#bener#

•  How#about#
discharges?#

1.07.2014# ALICE#Week#?#Plenary#7# 10#

IBF=0.5%	
  can	
  be	
  reached	
  
in	
  4GEM	
  systems	
  
	
  
AlternaIve	
  technology:	
  
2GEM+MM	
  

En
er
gy
	
  re

so
lu
Io

n	
  
(%

)	
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space	
  charge	
  distorIons	
  

•  at	
  small	
  r	
  and	
  z	
  distorIons	
  reach	
  	
  dr	
  =	
  20	
  cm	
  and	
  drφ	
  =	
  8	
  cm	
  	
  

•  correcIons	
  to	
  a	
  few	
  10-­‐3	
  (500	
  μm)	
  are	
  required	
  for	
  final	
  resoluIon	
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50	
  kHz	
  Pb-­‐Pb,	
  Ne-­‐CO2-­‐N2	
  (90-­‐10-­‐5),	
  gain	
  =2000,	
  IBF	
  =	
  1%	
  (ε	
  =	
  20),	
  tdion	
  =	
  0.16	
  s	
  	
  
à	
  ions	
  from	
  8000	
  events	
  pile	
  up	
  in	
  the	
  driz	
  volume	
  	
  

dr(cm)	
   drφ(cm)	
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space	
  charge	
  distribuIons	
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Figure 7.7: Calculated space-charge density maps based on raw data from real minimum bias heavy
ion collisions, simulating an ion pileup from 2,000, 6,000 and 130,000 interactions. All
histograms are normalized to 10,000. Left column: xy projection at z = 10 cm. Right
column: rz projection at � = 0.05. In these plots on the horizonal axis the full drift length
|z| = zROC = 250 cm corresponds to a time of tiond = 0.16 s.

method [14]. The originally proposed analytical approach could not provide a 3D solution2616

with su⇥cient space granularity. The CPU time to produce the electric field map could2617

so far be reduced to �1 s. However, in order to use this method for online distortion2618

corrections an additional improvement of the computing speed will be needed.2619

138

Study	
  of	
  space-­‐charge	
  distribuIons	
  and	
  variaIons	
  in	
  space	
  and	
  Ime	
  based	
  on	
  real	
  	
  
Pb-­‐Pb	
  raw	
  data	
  
	
  
In	
  Ne-­‐CO2-­‐N2	
  (90-­‐10-­‐5)	
  at	
  50	
  kHz,	
  8000	
  „ion	
  events“	
  pile	
  up	
  within	
  160	
  ms	
  
	
  
Significant	
  fluctuaIons	
  O(1%)	
  of	
  the	
  space	
  charge	
  distribuIons	
  need	
  to	
  be	
  considered	
  

8000 evs 
projecIons	
  are	
  shown	
  in	
  small	
  slices	
  	
  
in	
  z	
  and	
  φ,	
  respecIvely	
  

x	
   z	
  

y	
  y	
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online	
  distorIon	
  correcIon	
  	
  

sector
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

 (c
m

)
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ϕ
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Measured residuals

Real residuals
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  <	
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φ
	
  (c
m
)	
  

à	
  spaIal	
  fluctuaIon	
  paGern	
  well	
  described	
  	
  	
  	
  	
  	
  	
  à	
  residual	
  fluctuaIons	
  significantly	
  improved	
  
ϕ	
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ITS 

TPC 

TRD 

•  use	
  external	
  track	
  reference	
  from	
  	
  
	
  	
  	
  	
  	
  	
  	
  ITS-­‐TRD	
  interpolaIon	
  
	
  
•  update	
  interval:	
  5ms	
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online	
  tracking:	
  momentum	
  resoluIon	
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•  momentum	
  resoluIon	
  azer	
  first	
  reconstrucIon	
  stage	
  factor	
  1.5	
  -­‐	
  2	
  worse	
  than	
  ideal	
  

•  pracIcally	
  fully	
  recovered	
  azer	
  second	
  reconstrucIon	
  stage	
  	
  	
  

ε	
  =	
  20	
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TPC upgrade - time schedule 
ID Task Name

1 LS1
2
3 Read out chambers
4 R&D
5 Design and prototyping
6 Signal cables choice
7 Detector ĐŽŶĮŐƵƌĂƟŽŶ ĚĞĮŶĞĚ
8 Pad plane design ĚĞĮŶĞĚ
9 Chamber body design ĚĞĮŶĞĚ

10 Chamber bodies ƉƌŽĚƵĐƟŽŶ
11 Pad planes ƉƌŽĚƵĐƟŽŶ
12 GEM foil ƉƌŽĚƵĐƟŽŶ
13 GEM foil QA
14 ROC assembly
15 ROC ƚĞƐƟŶŐ
16 End of ROC ƉƌŽĚƵĐƟŽŶ
17
18 FEE
19 Design and prototyping
20 SAMPA veƌŝĮĐĂƟŽŶ
21 SAMPA ĮŶĂů ůĂǇŽƵƚ
22 SAMPA ƉƌŽĚƵĐƟŽŶ and ƚĞƐƟŶŐ
23 NƵm. of channels per FEC ĚĞĮŶĞĚ
24 FEE ƉĂƌƟƟŽŶ ůĂǇŽƵƚ ĚĞĮŶĞĚ
25 FEC preseries
26 FEC ƉƌŽĚƵĐƟŽŶ and ƚĞƐƟŶŐ
27 CRU prototype
28 CRU ƉƌŽĚƵĐƟŽŶ
29 &ƵůůǇ ĞƋƵŝƉƉĞĚ IROC prototype
30 End of FEE ƉƌŽĚƵĐƟŽŶ
31
32 Service support wheel
33 FEC frame design
34 FEC frame ƉƌŽĚƵĐƟŽŶ
35
36 HV system
37 HV system design
38 HV system ƉƌŽĚƵĐƟŽŶ
39
40 �ŽŶƟŶŐĞŶĐǇ
41
42 LS2
43
44 /ŶƐƚĂůůĂƟŽŶ and ĐŽŵŵŝƐƐŝŽŶŝŶŐ

01/07
01/04
01/04
01/04

31/12

01/05

01/07
01/04

31/12

Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1
2013 2014 2015 2016 2017 2018 2019 2020

45 TPC on ƐƵƌĨĂĐĞ
46 hŶŵŽƵŶƟng FEE and services
47 ROC replacement
48 Alignment and sealing
49 FEE ŝŶƐƚĂůůĂƟŽŶ
50 Pre-commissioning on ƐƵƌĨĂĐĞ
51 ZĞŝŶƐƚĂůůĂƟŽŶ in cavern
52 Service ĐŽŶŶĞĐƟŽŶ
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Heavy-­‐Ion	
  program	
  from	
  LHC-­‐Run1	
  concludes	
  with	
  major	
  new	
  
results	
  to	
  characterize	
  the	
  nature	
  of	
  hot	
  and	
  dense	
  elementary	
  
maGer	
  
	
  
Significant	
  improvement	
  of	
  data	
  quality	
  expected	
  in	
  Run	
  2	
  
	
  
ALICE	
  plans	
  a	
  major	
  upgrade	
  of	
  their	
  detector	
  systems	
  to	
  enable	
  
full	
  exploitaIon	
  of	
  the	
  LHC	
  physics	
  potenIal	
  in	
  Run	
  3	
  
	
  
A	
  technical	
  soluIon	
  for	
  TPC	
  readout	
  chamber	
  upgrade	
  based	
  on	
  
GEMs	
  is	
  demonstrated	
  in	
  a	
  TDR	
  to	
  the	
  LHCC	
  
	
  
R&D	
  is	
  ongoing	
  to	
  assess	
  all	
  technological	
  opIons	
  and	
  opImize	
  
the	
  present	
  soluIon	
  
	
  
ALICE	
  TPC	
  upgrade	
  project	
  benefits	
  significantly	
  from	
  close	
  
collaboraIon	
  with	
  RD51	
  
	
  
	
  

summary	
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