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☞ What do we measure? 
 

"   global observables:        
    multiplicities, rapidity distributions 
"   geometry of the emitting source:      
    HBT, impact parameter via zero-degree  
    energy flow 
"   early state collective effects: 
    elliptic flow  
"   chiral symmetry restoration: 
    neutral to charged ratios, resonance decays 
"   fluctuation phenomena - critical behavior:  
    event-by-event particle composition and spectra  
"   degrees of freedom as a function of T: 
    hadron ratios and spectra,  
    dilepton continuum, direct photons 
"   deconfinement:                             
    charmonium and bottonium spectroscopy 
"   energy loss of partons in QGP: 
    jet quenching, high pt spectra,  
    open charm and open beauty 

soft 

hard 
probes 

ALICE, only dedicated HI experiment at LHC  
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☞ Experimental Challenges & ALICE Solutions 

1.  Extreme particle densities (Pb+Pb dNch/dη ~2000) 
           1000 times pp at LHC, 2-4 times Au+Au at RHIC 

 è    ALICE solution for particle densities: high granularity 3D tracking, 
         long path-length from interaction vertex (e.g. EMCal at 4.5m) 

2.  Large dynamic range in pT 
      from very soft (0.1 GeV) to fairly hard (>100 GeV) 
 è  ALICE solution to extend pT range: thin detectors, modest fields (low pT), 

         large lever arm for tracking & resolution at large pT 
         ALICE: < 10% X0 inside r <2.5m, B=0.5T, BL2 ~CMS  

3.  Measure & ID many hadrons 
        requires: secondary vertices, leptons ID, hadron ID 

 è  ALICE solution for extended particle ID: employ many technologies 
  dE/dx, Cherenkov & transition rad, TOF, calorimeters, muon filter, topological, … 

 +  Modest luminosity and interactions rates 
   10 kHz (Pb+Pb) 
 è ALICE rates allow slow detectors (TPC, SDD) and moderate radiation hardness 

Heavy Ion Challenges Guide Design of ALICE 
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The ALICE Detector ALICE Detectors & Acceptance

(charged particles)

µ arm

central barrel -0.9 < < 0.9
• = 2 tracking, PID (TPC/ITS/ToF)
• single arm RICH (HMPID)
• single arm e.m. cal (PHOS)
• electron id (TRD)
• EM calorimeter arms (EMCal + DCal)

forward muon arm -4 < < -2.4
• absorber, 3 T-m dipole magnet
10 tracking + 4 trigger chambers

multiplicity detectors -5.4 < < 3
• including photon counting in PMD

trigger & timing detectors
• 6 Zero Degree Calorimeters
• T0: ring of quartz window PMT's
• V0: ring of  scint. Paddles

= -1/2 ln (tan /2)

John Harris (Yale) for ALICE Collaboration      15 HEP Seminar, University of Chicago, 21 Feb. 2011
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Events in ALICE 

V. Manzari - INFN Bari 12th Pisa Meeting – 21 May 2012 5 

300 GeV (raw jet) 



2012 ALICE setup 
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ALICE setup after LS1 
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Material budget 

☞  Cumulative mid-rapidity material budget for ALICE, ATLAS and CMS 

	  	  	  	  	  	  	  ALICE	   x/X0	  (%)	   	  	  	  	  	  	  	  ATLAS	   x/X0	  (%)	   	  	  	  	  	  	  CMS	   x/X0	  (%)	  

Beam	  pipe	   0.26	   Beam	  pipe	   0.45	   Beam	  pipe	   0.23	  

Pixels	  (7.6	  cm)	   2.73	   Pixels	  (12	  cm)	   4.45	   Pixels	  (10.2	  cm)	   7.23	  

ITS	  (50	  cm)	   7.43	   SCT	  (52	  cm)	   14.45	   TIB	  (50	  cm)	   22.23	  

TPC	  (2.6	  m)	   13	   TRT	  (1.07	  m)	   32.45	   TOB	  (1.1	  m)	   35.23	  

Reconstruction and identification at low pT due to low material budget 

!!Current status in ALICE: 

!!About 1.1% X0 per layer in the central region 

B. Hippolyte P. Riedler, ITS upgrade meeting 
Oct. 4, 2010 10 
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Figure 13. Left: total integrated material budget of the CMS tracker in terms of radiation lengths x/X0
as a function of pseudo-rapidity, including the forward pixel detector. The contributions of the various
subdetectors are stacked. Right: material budget for the pixel barrel detector only, showing the various
categories of material.
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Material Budget

Reconstruction and identification at low pT due to low material budget

Cumulative mid-rapidity material budget for ALICE, ATLAS and CMS

ALICE x/X0 (%) ATLAS x/X0 (%) CMS x/X0 (%)

Beam pipe 0.26 Beam pipe 0.45 Beam pipe 0.23

Pixels (7.6 cm) 2.73 Pixels (12 cm) 4.45 Pixels (10.2 cm) 7.23

ITS (50 cm) 7.43 SCT (52 cm) 14.45 TIB (50 cm) 22.23

TPC (2.6 m) 13 TRT (1.07 m) 32.45 TOB (1.1 m) 35.23

John Harris (Yale) for ALICE Collaboration      16 HEP Seminar, University of Chicago, 21 Feb. 2011
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PID with different detectors (1/2) 

ALI-‐PERF-‐4849	  

ALI-‐PERF-‐13158	  

TPC 
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PID at work 

Eur. Phys. J. C (2011) 71:1655 Page 17 of 22

the kaon pt. It reaches about 60% at 0.7 GeV/c and de-
creases gradually at higher transverse momenta, as the angle
between mother and daughter tracks becomes smaller. The
decay angle of kaon kinks allows their identification up to
high momenta, e.g. at pt of 5 GeV/c the values are between
2◦ and 15◦.

The contamination due to random associations of pri-
mary and secondary charged tracks has been established us-
ing Monte-Carlo simulations and it is systematically smaller
than 5% in the studied pt-range as also shown in Fig. 11.
Hadronic interactions are the main source of these fake
kinks (65%).

The systematic error due to the uncertainty in the mate-
rial budget is about 1% as for the TPC analysis. The quality
cuts remove about 8% of all real kaon kinks, which leads
to a systematic error of less than 1%. The main uncertainty

Fig. 11 (Color online) Upper panel: The acceptance of kaons decay-
ing in the fiducial volume of the TPC as a function of the kaon pt
for K+ (full-triangles) and K− (open-squares). Lower panel: The ef-
ficiency of reconstructed kaons from kinks as a function of the pt
(mother), separately for K+ (full-triangles) and K− (open-squares).
The contamination from wrongly associated kinks is also plotted for
both charges (lower set of points)

originates from the efficiency of the kink finding algorithm
which has an uncertainty of 5%.

3 Results

Figure 12 shows a comparison between the results from the
different analyses. The spectra are normalized to inelastic
collisions, as explained in Sect. 2.2. The kaon spectra ob-
tained with various techniques, including K0

s spectra [24],

Fig. 12 (Color online) Transverse momentum spectra d2N/(dptdy)
for |y| < 0.5 of positive (upper part) and negative (lower part) hadrons
from the various analyses. Only systematic errors are plotted
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☞ Transverse momentum spectra of positive and negative hadrons d2N/(dptdy) for |y|<0.5 
•  Comparison of different analysis (top) and combined spectra (bottom) 
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are compared in Fig. 13. The very good agreement demon-
strates that all the relevant efficiencies are well reproduced
by the detector simulation.

The spectra from ITS stand-alone, TPC and TOF are
combined in order to cover the full momentum range. The
analyses from the different detectors use a slightly differ-
ent sample of tracks and have largely independent system-
atics (mainly coming from the PID method and the contam-
ination from secondaries). The spectra have been averaged,
using the systematic errors as weights. From this weighted
average, the combined, pt-dependent, systematic error is de-
rived. The combined spectra have an additional overall nor-
malization error, coming primarily from the uncertainty on
the material budget (3%, Sect. 2.5) and from the normaliza-
tion procedure (2%, Sect. 2.2).

The combined spectra shown in Fig. 14 are fitted with the
Lévy (or Tsallis) function (see e.g. [26, 27])

d2N

dptdy
= pt

dN

dy

(n − 1)(n − 2)

nC(nC + m0(n − 2))

(
1+ mt − m0

nC

)−n

(2)

with the fit parameters C, n and the yield dN/dy. This func-
tion gives a good description of the spectra and has been
used to extract the total yields and the 〈pt〉, summarized
in Table 4. The χ2/degree-of-freedom is calculated using
the total error. Due to residual correlations in the point-by-
point systematic error, the values are less than 1. Also listed
are the lowest measured pt-bin and the fraction of the yield
contained in the extrapolation of the spectra to zero momen-

Fig. 13 (Color online) Comparison of charged kaon spectra, obtained
from the combined ITS stand-alone, TPC, TOF analysis, from the kink
topology and K0

s spectra from Ref. [24]. Only statistical errors are
shown

tum. The extrapolation to infinite momentum gives a negli-
gible contribution. The systematic errors take into account
the contributions from the individual detectors, propagated
to the combined spectra, the overall normalization error and
the uncertainty in the extrapolation. The latter is evaluated
using different fit functions (modified Hagedorn [28] and the
UA1 parametrization [29]) or using a Monte-Carlo genera-
tor, matched to the data for pt < 1 GeV/c (PYTHIA [15],
with tunes D6T [16], CSC and Perugia0 [30], or PHO-

Fig. 14 (Color online) Transverse momentum spectra of positive (top)
and negative (bottom) hadrons from pp collisions at

√
s = 900 GeV.

Grey bands: total pt-dependent error (systematic plus statistical); nor-
malization systematic error (3.6%) not shown. The curves represent fits
using a Lévy function
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Example of tracking performance 
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ALICE data taking till 2018 …. and beyond 

2010	   Pb-‐Pb	   O(10)	  µb-‐1	  
2011	   Pb-‐Pb	   O(100)	  µb-‐1	  	  
2012	   p-‐Pb	   ~	  30	  nb-‐1	  
2013-‐14	   LS	  1	   Long	  shutdown,	  increase	  E	  
2015-‐16	   Pb-‐Pb	   Design	  luminosity,	  ~	  250	  µb-‐1/year,	  	  

2017	   p-‐Pb	  or	  Pb-‐Pb	   Depending	  on	  integrated	  luminosity	  	  

2018	   LS	  2	   install	  DS	  collimators	  to	  protect	  magnets	  	  	  
ALICE	  upgrade	  	  	  

2019	   Pb-‐Pb	   Beyond	  design	  luminosity	  =>	  approach	  total	  of	  1nb-‐1	  

2020	   p-‐Pb	  

2021	   Ar-‐Ar	   High-‐luminosity	  (up	  to	  1029	  cm-‐2s-‐1)	  Yet	  to	  be	  
decided	  

2022	   LS	  3	   Stochas^c	  cooling	  ??	  

>2022	   PbPb	  luminosity	  producFon,	  pA,	  other	  ions?	  

approved 
program: 
1 nb-1 PbPb 
at full E + pPb  

goal: 
10 nb-1 

some further pp running for reference 
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Ø  Progress on the characterization of QGP properties is made by studying  
      multi-differential observables:   

§  Flavour, Centrality, Transverse momentum, Reaction plane, … 

Æ This requires high statistics (high luminosity) 

Ø  Physics plans focused on physics observables where ALICE unique features 
(PID, low material thickness, precise vertexing down to low pt, …), are essential 
§  precision measurements of spectra, correlations and flow of heavy flavour hadrons 

and quarkonia at low transverse momenta 

§  precision measurements of low-mass lepton pairs emitted from the QGP 

§  energy loss and flavour tagging of partons in the QGP via γ-jet and jet-jet with 
hadron PID 

§  search for the existence of heavy nuclear states such as the H dibaryon or Λ-neutron 
bound states and systematic study of production of anti-matter  

Æ This requires high statistics and precision measurements 

ALICE beyond approved physics programme 

Standard trigger strategy not applicable in most cases 
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Ø  Run of at least 10 nb-1 with PbPb 
•  run ALICE at high rates, 50kHz Pb-Pb (i.e. L = 6x1027 cm-2s-1), with minimum bias 

(pipeline) readout  (L max readout with present ALICE set-up  ~500Hz ) 
•  The Pb-Pb run would be complemented by p-Pb and pp  running 

•  Improve vertexing and tracking at low pt 

•  Contextually, submitted to LHCC the CDR for the ITS upgrade which is an 
essential part of the General Strategy 

Ø  It entails building 
•  New beam pipe 
•  New silicon tracker (improved tracking resolution and readout rate) 
•  High-rate upgrade of TPC endplates and readout electronics 
•  High-rate upgrade of readout electronics for TOF, CALs, Muons, DAQ/HLT 

Ø  This will allow a readout architecture with minimum-bias readout and event selection 
done by software algorithms in the online systems (DAQ/HLT) 

Ø  Targets LS2 

ALICE Upgrade Strategy 
☞  “ALICE at High Rate”  Æ  submitted to LHCC in March 
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•  50 kHz Pb–Pb collisions inspected with the least possible bias 

•  HI run 2011: online cluster finding data compression factor of ~5 for TPC 

- min. bias event size ~20 MB → ~ 4 MB after data reduction 

•  We assume for 2018 a bandwidth to mass storage ~ 20 GB/s 

•  Two HLT scenarios for the upgrade: 

1.  Partial event reconstruction (clustering and tracking):  
Factor of ~20  (ready) → Rate to tape: 20 kHz 

        Æ clusters (associated to tracks) information recorded on tape 

2.  Full event reconstruction:  
additional reduction factor ~3 → Rate to tape > 50 kHz 

   Æ track parameter information recorded on tape 

•  If smaller bandwidth or higher interaction rate, matching between data throughput and 
bandwidth might be achieved with online event selection based on ITS+TRD +TOF 

ALICE at High Rate - Readout Architecture 

V. Manzari - INFN Bari 12th Pisa Meeting – 21 May 2012 16 



inter. L0 

t0+10µs t0 t0+ ~1µs 

Fast Trigger Processor (FTP) 

L1 L2 

t0+ ~1s 

L3 

t0+ >10s 

Event Processors (EPN) 

FTP ≡ Fast Trigger Processor 
FLP ≡ First Level Processor 
EPN≡ Event processor Node 

L0	  

Bandwidth	  to	  tape	  
20	  Gbyte/s	  

Readout and Online Systems Architecture 
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ITS upgrade options 

☞ Two design options are being studied  
A.  7 layers of pixel detectors 

•  better standalone tracking efficiency 
and pt resolution 

•  worse PID  
B.  3 innermost layers of pixel and 4 

outermost layers of strip detectors  
•  worse standalone tracking efficiency 

and momentum resolution 
•  better PID 

7 layers of pixels 

Option A 

3 layers of pixels 

4 layers of strips Option B 

>  700	  krad/	  1013	  neq	  per	  year	  
	  	  	  	  	  	  	  Includes	  safety	  factor	  >	  4	  

See P. Riedler 
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1 - Get closer to the IP 
      -present beam pipe: ROUT = 29.8 mm, ΔR = 0.8 mm 
      -reduced beam pipe: ROUT = 19.8 mm, ΔR = 0.8 mm 
 

2 - Reduce material budget 
      -present ITS: X/X0 ~1.14% per layer 
      -target for new ITS: X/X0 ~0.3 – 0.5% per layer 
 

3 - Reduce pixel size 
      -currently 50µm x 425µm 
      -new O(20x20µm2 – 50 x 50µm2) 



TPC upgrade with GEMs 
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Figure 2.1: Cross section trough a readout chamber showing the pad plane and the wire planes.

Wire planes Thus the ALICE-TPC readout chambers employ a commonly used scheme of wire planes,

i.e., a grid of anode wires above the pad plane, a cathode wire grid, and a gating grid. All wires run in

the azimuthal direction. Since the design constraints are different for the inner and outer chambers (see

below), their wire geometry is different, as shown in Fig. 2.2. The gap between the anode wire grid and

the pad plane is 3 mm for the outer chambers, and only 2 mm for the inner chambers. The same is true

for the distance between the anode wire grid and the cathode wire grid. The gating grid is located 3

mm above the cathode wire grid in both types of chamber. The anode wire grid and the gating grid are

staggered with respect to the cathode wire grid. Henceforth we abbreviate the wire geometry of the inner

chamber by (2-2-3), and that of the outer chamber by (3-3-3).

Inner Chamber

3mm

3mm

3mm

1.25mm

2.5mm

2.5mm

2mm

2mm

3mm

1.25mm

Gating Grid

2.5mm

Cathode Wire Grid

2.5mm

Anode Wire Grid

Pad Plane

Outer Chamber

Figure 2.2: Wire geometries of the ALICE TPC outer (left) and inner (right) readout chambers

Anode wire grid Because of the expected high particle multiplicity and the relatively large gas gains

required for the readout chambers (see below) a small anode wire pitch was chosen for the ALICE TPC

to minimize the accumulated charge per unit length of the anode wire and hence the risk of rate-induced

gas gain variations. This led to the choice of a 2.5 mm pitch for the anode wires. There are no field

wires since they would reduce the signal coupling to the pads, as they pick up a significant fraction of the
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Simulations position and momentum resolution 

!"#$%&'#()$*"+',"%(

 (c/GeV)
T

1/p
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

 (c
/G

eV
)

1/
pt

0

0.002

0.004

0.006

0.008

0.01

0.012

0.014
TPC only track

TPC constrained track

TPC-ITS combined track

MWPC

 (c/GeV)
T

1/p
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

 (c
/G

eV
)

1/
pt

0

0.002

0.004

0.006

0.008

0.01

0.012

0.014
TPC only track

TPC constrained track

TPC-ITS combined track

GEM

!-).-%(/0-%"01(23.+.44(5678(

•  9:;(<.=$)$%>$(0.*.?+$(@")(A2B("%+C(&)->D.%8(
•  <.=$)$%>$(<.#.%.*3$*(E3$%(>"%*&)-.%$<(&"(0$)&$F(")(>"#?.%$<(E.&3(/GA(
•  <.=$)$%>$(4)"?-?+C(%$8+.8.?+$(E3$%(AHI(.*(-+*"(.%>+'<$<((
•  $F.*,%8(4-<(4-J$)%(KLM(

Position resolution 
somewhat 
deteriorated, 
But momentum 
resolution recovered 
with inner (and outer) 
trackers 

!"#$%"&'()#"*+%"&'

0

0.02

0.04

0.06

0.08

0.1

0.12

0 50 100 150 200 250
z(cm)

r
(c

m
)

MWPC 4x7.5
GEM  4x7.5

=0.88=0.75

85!r!132 cm

0

0.02

0.04

0.06

0.08

0.1

0.12

0 50 100 150 200 250
z(cm)

r
(c

m
)

MWPC 6x10
GEM  6x10

=0.88=0.75

135!r!198 cm

0

0.02

0.04

0.06

0.08

0.1

0.12

0 50 100 150 200 250
z(cm)

r
(c

m
)

MWPC 6x15
GEM  6x15

=0.88=0.75

198!r!274 cm

•  ,-.#'#/"0'1234'0"(#)'5"#$%"&'()#"*+%"&'6+)'7"'8$##$&9'#$&9*)')*):7("&'!;<'

''''''=>6$9$7?*@A'&"7'#8""7/'()#5"&#)'7"'#$&9*)')*):7("&')&/?&:)#'B+:7+?%"&#C'

•  D7'#/"(7'6($EA'5"#$%"&'()#"*+%"&'6)7)($"(?7)#'6+)'7"')8)(9)&:)'"F'GH5?6':*+#7)(#'

•  -I):7#'8?$&*J'7(?:K#'"+7#$6)'7/)'&"8$&?*'?::)57?&:)'

V. Manzari - INFN Bari 12th Pisa Meeting – 21 May 2012 20 



Ø  Furthermore, three major proposals are under consideration to extend the scope of ALICE: 
MFT, VHMPID and FOCAL (a decision will be taken by September 2012) 
•  b-tagging for low pT J/Ψ and low-mass di-muons at forward rapidities 

•  complement muon arm with tracking in front of absorber: secondary vertex measurement, 
better background rejection, improved mass resolution 

•  New  high momentum PID capabilities: π, k and p well beyond 10 GeV/c 
•  Low-x physics with identified γ/π0 at large rapidity 

ALICE Upgrade 

MFT	   FOCAL	  
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5 layers of high-granularity 
pixels layers 

High-granularity SiW Calorimeter 
of ≈2 m2 at a distance of 3.5 m 
coverage: 2.5 < η < 4.5 

VHMPID	  

F o c u s i n g R I C H w i t h C S I 
photocathodes combined with DCAL 



Conclusions 
Ø  After two years of operation with pp and Pb-Pb collisions, ALICE has demonstrated 

its excellent capabilities to measure high energy collisions at the LHC 
☞   Tracking in very high multiplicity environment from very low to very high pT 

☞   Particle identification over a wide momentum range 

Ø  ALICE general upgrade strategy: 
•  Minimum bias readout of all central detector at 50 kHz 
•  Factor ~3 improvement in secondary vertex resolution 
•  Very high standalone tracking efficiency down to low pt       

•  Above 95% for pT > 200MeV/c)  
Ø  It entails 

•  Replacement of ITS 
•  Major upgrade of the TPC (replace MWPC with GEM + new readout electronics) 
•  Upgrade of readout electronics for TRD, TOF and Calorimeters.  
•  Major upgrade of the Hardware Trigger and online systems (DAQ, HLT) 

Ø  After a couple of years of studies, ALICE is confident that this ambitious proposal 
can be turned into a real detector to be ready for physics in 2019 

Ø  Strong support from the whole ALICE Coll. and Funding Agencies for R&D phase 
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Thank you for your attention! 


