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The making of …                      1990 - 2009                          
ALICE  

A Large Ion Collider Experiment



 Experiments at LHC are
 Big

 Heavy

 and took a looong time …
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~ 8000 tons
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ATLAS superimposed to

the 5 floors of building 40



The Life of Collider Experiments
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The Making of ALICE

 Pre-History 
 1984: Large Hadron-Collider discussed                        Lausanne: pp machine in LEP tunnel  

 1986: start of “Heavy” Ion Physics (Sept 1986) Light ions, 16O and 32S at SPS/AGS

 1987: first mention of LHC as Large-Hadron Collider LRPC La Thuile (large hadron=208Pb)

 Conceptual Studies
 1990: RHIC approved for construction at BNL; 

 call for experiments LoI

 1990: First ideas developed for HI@LHC (Aachen WS)

 Conclusion Theory (Convener H. Satz)

‘Heavy Ion Collider best possible tool for statistical QCD. 

LHC is unique in many respects’

 Conclusion Experiment (Convener H.J. Specht)

‘A general purpose detector for all observables seemed 

impossible at LHC. Actually, such a detector concept 

could be developed’
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.. LHC is also capable as a collider for heavy ions ..

The physics potential of this possibility has not been considered .. 
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First “ALICE” meeting, 27 years ago..

attended by over 60 physicists

start of physics operation foreseen  for 1998

.. should it slip, we stretch the construction schedule ..

experimental areas will be finalized by end ‘91
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Challenges

 Challenges for the Heavy Ion community in early ’90’s
 huge extrapolation from SPS to LHC (32S at 20 GeV -> 208Pb at 5500 GeV)

 x 7 in mass, x 300 in energy  (3 GeV Adone -> 1 TeV e+e- ILC)

 => large uncertainties in what to expect   (e.g. 2000 < dNch/dy < 8000)

 limited experience in building large detectors

 ‘pilot’ detectors (1986- 1990) assembled largely from existing detectors

(Bevalac, ISR, CERN fixed target expts, ....)

 no previous example of a truly ‘general purpose’ heavy ion detector

 AGS/SPS/RHIC: several complementary special purpose experiments

 significant conceptual (& sociological) challenge to unite  
all observables & people in a single experiment

 resources (money and people) incredibly stretched (~ 500 people, ~ ½ in ALICE)

 ongoing data analysis of SPS light ion program

 building 2nd generation experiments for SPS Pb beam (to start in 1994, until 2000)

 RHIC approved in 1990, dedicated to HI, attracting significant EU participation

 little left for LHC preparations… ca 1991
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Detector Design Criteria

 Experimental Constraints & Solutions

 extreme particle density (dNch/dh ~ 2000 – 8000)

 high granularity, 3D(x,y,z) detectors, large distance to vertex

e.g. emcal at 4.5 m (typical is 1-2 m !) 

 large dynamic range in pt:            from very soft (0.1 GeV) to fairly hard (100 GeV)

 thin det, modest field (low pt), large lever arm + resolution (large pt)

ALICE: < 10%X0 in r < 2.5 m (typical is 50-100%X0), B= 0.5T, BL2 ~ like CMS ! 

 both partons & hadrons matter:  hadrons are part of the signal, not of the problem

 PID: use of essentially all known technologies (7) + vertex detector for HF quarks

dE/dx (gas + silicon), Cherenkov & transition rad., TOF, calorimeters, muon filter,    

topological reconstruction

 modest Luminosity and interaction  rates < 1/1000 of pp@1034

 allows slow detectors (TPC, SDD), moderate radiation hardness



The Making of ALICE

 Pre-History 
 early 80’s: LHC first discussed

 1986: start of Heavy Ion Physics at SPS & AGS 

 1990: RHIC approved

 Conceptual Studies
 1990: First ideas developed for HI@LHC (Aachen)

 1992: Expression of Interest (Evian)

 1) modified LEP experiment (Delphi): impossible

 2) pp experiment (CMS): seemed promising

in particular for hard probes 

=> Atlas & CMS heavy ion groups

 3) dedicated general purpose HI detector

=> ALICE
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First slide of H.I. Evian presentation
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Early Designs

1990 Design (Aachen)

open axial field magnet

(AFS/ISR, + NA38 muons)

1992 Design (Evian)

no muons 

thin (<17%X0) and small solenoid
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Evian Workshop 1992

Summary by C. Rubbia:

Construction: ‘94  

1st beam: ‘98  
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The Making of ALICE

 Pre-History 
 early 80’s: LHC first discussed    

 1986: start of Heavy Ion Physics at SPS & AGS 

 1990: RHIC approved

 Conceptual Studies
 1990: First ideas developed (Aachen)

 1992: Expression of Interest (Evian)

 Design and R&D
 1993: Letter of Intent (central detector) 
230 people, 42 Inst.

“A Large Ion Collider Experiment”
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The Making of ALICE

 Pre-History 
 early 80’s: LHC first discussed    

 1986: start of Heavy Ion Physics at SPS & AGS 

 1990: RHIC approved

 Conceptual Studies
 1990: First ideas developed  (Aachen)

 1992: Expression of Interest (Evian)

 Design and R&D
 1993: Letter of Intent

 1990 – 2002+: Detector R&D
TOF: PPC

TOF: Pestov counter
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ALICE R&D

 Inner Tracking System (ITS)

 Silicon Pixels (RD19)

 Silicon Drift (INFN/SDI)

 Silicon Strips (double sided)

 low mass, high density  interconnects

 low mass support/cooling

 TPC 

 gas mixtures (RD32)

 new r/o plane structures

 advanced digital electronics

 low mass field cage

 em calorimeter

 new scint. crystals (RD18)

 PID  particle Identification

 Pestov Spark counters

 Parallel Plate Chambers

 Multigap RPC's (LAA)

 low cost PM's

 CsI RICH (RD26)

 DAQ & Computing

 scalable architectures with COTS

 high perf. storage media

 GRID computing

 misc

 micro-channel plates

 rad hard quartz fiber calo.

 VLSI electronics

1990-2002+:Strong, well organized, well funded LHC R&D

• R&D made effective use of long (frustrating) wait for LHC

• was vital for all experiments to meet LHC challenge !
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Early Prototypes (1991-1998)

1998: TPC FC proto (1:2.5)

Pestov TOF

PHOS  PbWO4
cooled with a household freezer

Silicon Drift Detector SDD



Paper and Committee work..

25y Evian CERN J.Schukraft15

UA1 proposal (154 p.)
sub. Jan ’78, approved June ‘78

Alice:

EoI

LoI + 1 Add

TP + 3 Add

13 TDR’s + 4 Add

3 Vol PPR

------------------------

4586 p.

Delphi LoI, TP, 7 Addenda (500 p.)
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The Making of ALICE

 Pre-History 
 early 80’s: LHC first discussed    

 1986: start of Heavy Ion Physics at SPS & AGS 

 1990: RHIC approved

 Conceptual Studies  
 1990: First ideas developed  (Aachen)

 1992: Expression of Interest (Evian)

 Design and R&D
 1993: Letter of Intent

 1990 – 2002+: Detector R&D

 1995-2008: Technical Proposals & Technical Design Reports

 Construction & Installation & Comissioning
 2000 – 2007: Bulk of construction finished only in 2010/11 (TRD/EMCAL)

 2002 – early 2008: Installation

 2007 – 2009: detector commissioning in situ  


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Spring Cleaning in 2001

2001: Dismantling L3
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The ALICE
magnet end 2001:  

ready for the experiment to move in!
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TPC 
2002-2006:  ~ 5 years of

TPC Construction & Assembly
single unique piece, ‘artisan’ production
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First TPC Tracks
16 May 2006

First cosmic and laser tracks !
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Inner Tracking System
~ 10 m2 Si detectors, 6 layers 

Pixels, Drift, double sided Strips

Strips

Drift

Pixels
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TOF strip production
~ 150 m2, 150,000 channels

PHOS module
~ 20,000 PbWO4 crystals

Zero Degree Calorimeter
~ 100 m in the machine tunnel

V0 trigger detector
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Muon Magnet Coils

Sept 2003: Arrival of Dipole Coils after ‘Tour de France’

fitting barely under the bridge..

and barely over L3 …
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Muon Chambers

~ 100 m2, > 106 channels
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Landslides and other Disasters
2007: Landslide closed the Mt Blanc tunnel
2 days before transport of emcal frame => several weeks delay

2004/5: Political Landslide in Ukraine
almost closed the microcable production plant in Kharkov

Broken Wire

2006: Broken wire in TPC
surgical operation to replace chamber

2006: SPD is feeling the heat…
March: Fire in SPD production clean room

May: delamination of sector by overheating

Delaminated Pixels
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Fast Forward to
 September 2008:
 LHC starts with a ‘Big Bang’

 November 2009:
 Start of Physics @ LHC
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ITS tracks on 12.9.2008

7 reconstructed tracks, common vertex 

Magnet accident  19.9.2008
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First collisions at LHC: 23 November 2009

Monday, 23rd November, ~15:30

in the ALICE Control Room
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some anxious minutes waiting for collisions..

~ 15:35

http://chapelan.web.cern.ch/chapelan/cern/ALICEcollides/browse/big/img_4431.jpg
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The first ‘event’ pops up in the ACR

~ 15:47
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Relief and jubilation.. 

Collisions in ALICE !!

.. and some celebration..
~ 15:48

Physics exploitation of ALICE

had started for good !

http://chapelan.web.cern.ch/chapelan/cern/ALICEcollides/browse/big/img_4487.jpg


2009: 4ph/s <  8

2016: 4ph/s ≈ 1 - 3

h/s versus time 

1/4p

LHC

‘Jet Quenching’

Atlas

LHC > RHIC

Heavy Ion Physics@LHC: a ‘Smashing’ Success

 QGP precision measurements

 almost frictionless ideal liquid: 1/4p < h/S < 2/4p h/S = shear viscosity /Entropy

 very strongly interacting:          q = 1.9 ± 0.7 GeV2/fm q = opacity (‘stopping power’)

 Deconfinement  

 sequential Y suppression => resonance melting

 J/Y enhancement via charm quark recombination => color conductivity

 Surprise: ‘QGP-like’ signals in pPb and pp !?

 collective ‘flow-like’ correlations

 strangeness enhancement
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25 years after EvianALICE Collaboration  1993 2017

Members ~230 ~1900

Countries 19 42

Institutes 42 180


