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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 Light ions, 16O and 32S at SPS/AGS

 1987: first mention of LHC as Large-Hadron Collider 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 ..

(~ 4 months after the very first 16O ion beam in SPS !!) 
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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

Conception of ALICE 
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Birth of ALICE :

HIPC=

“Heavy Ion Proto Collaboration”

A meeting .. with representatives from all Institutions interested 

.. form a “proto-collaboration” .. establish formal structures

thoroughly enthusiastic & 
totally clueless
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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 ILC)

 => large uncertainties in what to expect

 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: handful of 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…



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 possible
for selected hard signals (mm)

 3) dedicated general purpose HI detector

=> ALICE

Alice 25 years J. Schukraft8



Alice 25 years J. Schukraft9

Early ALICE Designs

1990 Design (Aachen)

open axial field magnet

(AFS/ISR, + NA38 muons)

1992 Design (Evian)

no muons 

thin (<17%X0) and small solenoid

No PowerPoint or

Spell Chacker
in 1992
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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.

Christening of ALICE :

“A Large Ion Collider Experiment”

Runner up: Lion Codec

Large Ion Collider Detector



Final touches on the LoI
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8:00 am, 1st March 1993

ALICE

Letter of Intent

ALICE MARGOT

French Champagne
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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: Pestov counter

TOF: PPC
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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: Technical Proposal ALICE approved in 1997

 1996 TP Addendum 1: add muon spectrometer

 1999 TP Addendum 2: add electron-spectrometer (TRD) 

 2006 TP Addendum 3: add jet calorimeter (EMCAL)

 !! ALICE upgrades underway continuously since 1996 !!

 1998 – 2008: Technical Design Reports
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LoI Detector (1993)
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Mega-ALICE (1994)
2 muon arms + assorted forward detectors (later outsourced to ‘Felix’ proposal)
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TP Design (1995)

Note the approx. zero mass support structures, cables and services !
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27 October 1999

The ‘L3’ magnet

formally changes hands
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HMPID

Muon Arm

TRD

PHOS

PMD

ITS

TOF

TPC

Size: 16 x 26 meters

Weight: 10,000 tons

Added since 1997:

-V0/T0/ACORDE

- TRD(’99)

- EMCAL (’06)
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ALICE Collaboration (ca 2003)
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(63% from CERN MS)
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~100 Institutes

~ 150 MCHF capital cost
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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 – first beam: detector commissioning in situ  
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Spring Cleaning in 2001

2001: Dismantling L3
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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

..after concentrated preparations..

.. and tense anticipation..

Monday, 23rd November, ~15:30

in the ALICE Control Room

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

~ 16:41
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Relief and jubilation.. 

Collisions in ALICE !!

.. and some celebration..
~ 16:42

http://chapelan.web.cern.ch/chapelan/cern/ALICEcollides/browse/big/img_4487.jpg
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‘First Physics’ in the making

After years of looking at simulated data, there was no holding back:

First physics results examined, 

ca 1 hour after data taking finished (284 events !)..

~ 18:00

Online dN/dh !
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 It took:
 20 years to built ALICE

 40 minutes to take the data

 1 hour to get the prel. result 
(10%)

 2 days for the final result

 ……

 and 3 days to agree on the 
Authorlist
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What did we measure ?

 Did we make a discovery ?
 discovered strong violation of ‘Stocks law’:

 ‘For heavy ion experiments using a TPC, the number of tracks/event is equal to 
the number of authors/publication: T/A ~ 1’ 

 discovered accidentally by NA35, confirmed by NA49 (SPS) and Star (RHIC)

 badly broken at LHC: T/A = 3x10-3± 0.13x10-3 (stat) ± 0.5x10-3 (syst)

 discovered that time travel is possible:

 first publication was submitted 7 days BEFORE first scheduled collisions !

 p

dominated by data

dominated by Author list

National Geographic News (4 Dec.) 

‘….a machine called ALICE....

found that a (!) proton-proton collision 

recorded on November 23 

created the precise ratio 

of matter and antimatter particles 

predicted from theory..’

The average number of charged particles

created perpendicular to the beam

in pp collisions at 900 GeV is:

dN/dh = 3.10 ± 0.13 (stat) ± 0.22 (syst)



LHC > RHIC

2009: 4ph/s <  8

2016: 4ph/s ≈ 1 - 3

h/s versus time 

1/4p

LHC

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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^

Strangeness Enhancement

pp, 
pPb

PbPb

W(sss)

?PID v2
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ALICE, a ‘smashing’ success
Thanks to the 

enthusiasm and dedication 

of its may members



Spares
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RICH proto-2:

Proto-2 @ CERN, tested in 1997, ready to use

Arrival at BNL, August 1999 Into STAR, November 1999

July 2002: Back home again

STAR datapions

kaons

protons

p > 1 GeV

Sabbatical at RHIC

The first Physics Result from an ALICE detector !
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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

 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 R&D activity

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

• was vital for all experiments to meet LHC challenge !

V

V

V

V

V
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RHIC

RHIC

RHICRHIC
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Members of the ALICE Technical Board 2002
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The ALICE
magnet end 2001:  

ready for the experiment to move in!
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Evian Workshop 1992

Summary by C. Rubbia:

Ascot = 395 M  CHF

CMS =  395 M  CHF

ALICE = 395M  FF

XXX
Start of construction; ’94

Start of physics: ’98


