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S The Making of ALICE £

® Pre-History
= 1984: Large Hadron-Collider discussed Lausanne: pp machine in LEP tunnel
= 1986: start of “Heavy” lon Physics Light ions, 160 and 32S at SPS/AGS
= 1987: first mention of LHC as Large-Hadron Collider  La Thuile (large hadron = 208Pb)

® Conceptual Studies________ B _

=> 1990: RHIC approved fc LA g @ s
& call for experiments Lo | i
|:> 1990 Fl rSt |deaS devel‘ Eta;nston EUROPEENNE POUR LA RECHERCHE NUCLEAIRE La.rge Ha.dron Collider
\ . . EUROPEAN ORGAN!ZATI.ON FOR NUCLEAR RESEARCH Workshop
.. LHC is also capable as a collider for heavy ions .. proceepiNGs

Editors: G. Jarlskog
D. Rein

The physics potential of this possibility has not been considered ..
(~ 4 months after the very first 160 ion beam in SPS I)
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« La Thuile (Italy) and Geneva (Switzerland)
7 - 13 January 1987

<

an 1 Vol. 1

colld we {7

CLIC e'e”

C

The LHC is also capable of being used as a collider for heavy ions; for example, collisions of oxygen nuclei
<ould be obtained at a centre-of-mass energy of 128 TV and @ luminosity of 2.5 x 10° em™?s™ ! with the present




& First “ALICE” meeting, 27 years ago.. @

Conception of ALICE

e e P ———————— e ——

uring ultra-relativistic heav gttended by over 60 physicists sCattended by over 60 physicists.
Copies of the transparencies and other related material will be send to the paficipant: CSC
minutcs by mail.

experimental areas will be finalized by end ‘91

- The dcsign of th€experimental areas will be finalized by end '91. overall lay-out of an experiment
should exist by then, if the cav .7 L T
as well as the neced for a Letter of Intent by end start OfphySIES 707p er 9“9” fqreseen for 1998

schedule of the LHC, i.c. even ikafic start of physics operation, presently foreseen for 1998 sbould slip

somewhat, the extra time will be used l@ construction sc@f the machine (and the delec-
tors) rather then to delay the etart af canctmictinn

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

Alice 25 years J. Schukraft
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the LHC Birth of ALICE :
HIPC=
“Heavy lon Proto Collaboration”

Re: 'proto-collaboration' for _he:
meeting at CERN on 29th October 1991

Dear Colleague,

panying letters by C. Rubbia and W. Hoogland, the preparations for the

As vou can see from the accom -
g express their interest

LHC project at CERN have started in a major way. Prospective users are invited to
and nresent their mireant idans ebeod semes . S :
A meeting .. with representatives from all Institutions interested

To meet the overall time schedule of the LHC (0oral eXpression 11 INCIESL Viality 7&, fasa wams 2= ,.,..r.d_-
experimentation > '98), the interested community needs to strengthen and concentrate 1ts efforts In order

to present a viable and credible concept in less then 6 m fom now. To th_is ﬁ'and, am : 1:|
be organized at CERN on 29 October 1991, to which-representatives are mv:tedﬁ from 'all insti-

Ting (o
' . form a “proto-collaboration” .. establish formal structures

ion dc@ctor. It is expected, that-mthe course of the meeting Wewitfarm a common platform of the
heavy ion communit (‘proto-collaboration') and establish a formal structure which should enable us to
cony ; : : i it i

1 :rf(;l toward§ a Let . 9 - RE—6 € interest, 1t iS conceivable that we
could Iollow up in parallel the different options mentioned above and present our conclusions about the

most promising strategies at the March LHC meeting. i i
T e sl ke wan., LABLOIUULIVIL USL 10T MIEMOranaum by W. Hoogland: th orou g h Iy enth USIaStI £ &

. totally clueless
- Belyaev (Kurchatov Inst. Moscow), R. Bock (GSI Darmstadt), B. Dolgoshein (Moscow Eng. Phys.
Inst.), H. Enyo (Kyoto), J. Gago (LIP Lisbon), B. Ghidini (Bari), J. Gosset (CRN Saclay), K. Gulamov
(Tashkent Inst. of Physics), H. Gutbrod (GSI Darmstadt), K. Hansen (NBI Copenhagen), R. Kamermans
(Utrecht), P. Kienle (GSI Darmstadt), J. Kinson (Birmingham), L. Kluberg (Palaiseau), A. Komar
(Lebedev Phys. Inst. Moscow), P. Lehmann (IN2P3), G. Lovhoiden (Bergen), M. Martin (Geneva), I.
O'Imrlund (Lund), G. Paic (Zagreb), A. Panagioutou (Athens), K. Pretzl (Bem), E. Quercigh (CERN), L.
Rmf:ati (Torino), R. Ricci (Padua), N. Russakovitch (JINR Dubna), K. Safarik (College de France
Paris), R. Santo (Muenster), H. Satz (CERN), N. Schmitz (MPI Munich), J. Schukraft (CERN), B. Sinha:
(Calcutta), P. Sonderegger (CERN), R. Sosnowski (Warsaw), H. Specht (Heidelberg), R. Stock
( (Frankfurt), Y. Sumi (Hiroshima), I. Tserruya (Weizmann Inst.), C. Voltolini (CRN Strasbourg)




® Challenges for the Heavy lon community in early '90’s
= huge extrapolation from SPS to LHC (32S at 20 GeV -> 208Ph at 5500 GeV)
& X 7 inmass, 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 pu A
@ AGS/SPS/RHIC: handful of complementoses

@ significant conceptual (& sociological) chg
all observables & people in a sif

= resources (money and people) incredibly sg&
& ongoing data analysis of SPS light ion pr N
< building 219 generation experiments for S
& RHIC approved in 1990, dedicated to Hl,
& little left for LHC preparations...

NA35 64TeV



The Making of ALICE =

= 1992: Expression of Interest (Evian)
& 1) modified LEP experiment (Delphi): impossible

2) pp experiment (CMS): seemed possible
for selected hard signals (up)

& 3) dedicated general purpose Hl detector
=> ALICE

Dt

S< 395 MFF
(387 CL)

Expression of Interest
for a dedicated heavy ion experiment
at the LHC

R. Boskovic Institute, Zagreb, Croatia
Inst. of Exp. Physics, Slov. Acad. of Science, Kosice, CSFR
Physics Inst., Czech. Acad. of Science, Prague, CSFR
IPN, Lyon, France
Lab. de Phys. Corpusculaire, College de France, Paris, France
CRN, CNRS-IN2P3 & Univ. of Strasbourg, France
G.S.l., Darmstadt, Germany
Inst. fuir Kernphysik, Univ. of Frankfurt, Germany
Phys. Dept., Univ. of Giessen, Germany
Phys. Dept., Univ. of Heidelberg, Germany
Phys. Dept., Univ. of Marburg, Germany
MPI-Physik, Miinchen, Germany
Phys. Dept., Univ. of Miinster, Germany
Phys. Dept., University of Athens, Greece
Variable Energy Cyclotron Centre, Calcutta, India
Weizmann Inst., Dept. of Physics, Rehovot, Israel
Phys. Dept., University and INFN, Bari, Italy
Phys. Dept., University and INFN, Catania, Italy
Phys. Dept., University and INFN, Padova, Italy
Phys. Dept., University la Sapienza and INFN, Roma, Italy
Phys. Dept., University and INFN, Torino, Italy
NIKHEF, Amsterdam, the Netherlands
Univ. of Utrecht (RUU), the Netherlands
Univ. of Bergen, Norway
Inst. of Nucl. Physics, HEP Lab., Cracow, Poland
JINR, Dubna, Russia
INR, Moscow, Russia
ITEP, Moscow, Russia
Kurchatov Inst., Moscow, Russia
C.l.LE.M.A.T Madrid, Spain
Div. of Cosmic and Subatomic Phys., Univ of Lund, Sweden
CERN, Geneva, Switzerland
Phys. Dept., Univ. of Geneva, Switzerland
Phys. Dept., University of Birmingham, U.K



o Early ALICE Designs @
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1992 Design (Evian)
no muons
thin (<17%2X,) and small solenoid

Fi

1990 Design (Aachen)
open axial field magnet
(AFS/ISR, + NA38 muons)
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The Making of ALICE

Christening of ALICE :
“A Large lon Collider Experiment”

® Design and R&D

= 1993: Letter of Intent (central detector) Letter of Intent

for

230 people’ 42 InSt' A Large Ion Collider Experiment

Runner up: Lion Codec
J Large lon Collider Detector




Final touches on the Lol ’ | z ==




ALICE MARGOT [
French Champagne [t S
e e
Letter of Intent




s The Making of ALICE
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= 1990 — 2002+: Detector R&D

- 10 CM
40||||l~l||||||\|\



The Making of ALICE

Mexico City, Mexico, Centro de Investigacion y de Estiidios Avanzados®':
(. Herrera Corral, E. Linares and H. Mendez.

= 1995: Technical Proposal ALICE approved in 1997 AL' lCE
@ 1996 TP Addendum 1: add muon spectrometer
@ 1999 TP Addendum 2: add electron-spectrometer (TRD)
& 2006 TP Addendum 3: add jet calorimeter (EMCAL)
& 11 ALICE upgrades underway continuously since 1996 !!
= 1998 — 2008: Technical Design Reports

T
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o Mega-ALICE (1994)

PQ

2 muon arms + assorted forward detectors (later outsourced to ‘Felix’ proposal)

| ALICE WITH MUON ARM LARYQUT |
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Note the approx. zero mass support structures, cables and services !

‘
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Restaurant ““ILe Pirate’’

01210 Ferney-Voltaire
TéeEL 04 50 40 63 52 - Fax 04 50 40 64 50

R.CS, Bourg B 412 124 588

TR o1 TS T T o1 TS o1 TR o T o1 15 15

27 October 1999
The ‘L3’ magnet
formally changes hands

27 OCTOBRE 1999

TABLE : 12
Couvert : 8
EMPLOYE |
2 SANCERRE 400. 00
1l MUSCADET 96 130. 00
4 CAFFE 80. 00
4 THE / INFUSION 80. 00
2 EAU MINERALE S50. 00
8 MENU FRUIT DE MER 2560. 00
dont TUA : 563.68

TOTAL

LE PIRATE VOUS REMERCIE

18



Size: 16 x 26 meters
Weight: 10,000 tons

Added since 1997:
-VO/TO/ACORDE

- TRD('99)
- EMCAL ('06)

ALI|ICE S



é ALICE Collabora

42 countries, 176 institutes, 1800 members

20

~ 1000 Members

~30
~100

& Large lon Collder Experiment

ALICE COLLABORATION ALICE

AS NOVEMBER 2016

(63% from CERN MS)
Countries

Institutes

- Gl
~ 150 MCHF capital cost e
¢ ’ The CERN Experimental Programme - =~
(+ free magnet) Grey Book database ' ._ o ) - G T‘ _— =
1200 . : . : s
ALICE TRD ogramme » ALICE ; - - Welcome Experiments & Project:
1000 A . . .
Collaboration statistics
800 - ALICE SYNONYM:
ALICE - A Large lon Collider Experiment RESEARCH PROGRAMME:  LHC
600 - APPROVED: 06-02-1997
BEAM:
400 STATUS: Data Taking
200 - Lol Overview Institutes Participants
(0}
0 : : : : : : SPOKESPERSON: Federico ANTINORI NUMBER OF INSTITUTES: 167
1990 1992 1994 1996 1998 2000 2002 ZoLlentS DEPUTY SPOKEPERSON(S): Boris HIPPOLYTE NU H 19
Tapan Kumar NAYAK NUMBER OF PARTICIPANTS: 2802
s CONTACT PERSON: NUR . el

TECHNICAL COORDINATOR: Werner RIEGLER



THE THOUSANDTH ALICE MEMBER

From left to right: Lodovico Riccati, Toru Sugitate and Jurgen Schukraft.

OI@]G ALICE Collaboration Board accepted, as full members, nine
new institutes, bringing the number of scientists from 982 to 1015. To celebrate this
event, Lodovico Riccati, Chair of the Collaboration Board, and Jurgen Schukraft,
Spokesperson of the ALICE Experiment, presented a small award to the thousandth

collaborator, Toru Sugitate, from Hiroshima University.



The Making of ALICE

® Pre-History
= early 80’s: LHC first discussed
= 1986: start of Heavy lon 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

E@ Alice 25 years J. Schukraft









‘f’% Fast Forward to

® September 2008:
= LHC starts

> ITS tracks on 12.9.2008
o 7 reconstructed tracks, common vertex

® November 20009:
= Start of Physics @ LHC

Magnet accident 19.9.2008

T yTars J. Schukraft

25



& First collisions at LHC: 23 November 2009

A/

)

.. and tense anticipation..

> Monday, 23@ November, ~15:30
..after concentrated preparations.. in the ALICE Control Room



http://chapelan.web.cern.ch/chapelan/cern/ALICEcollides/browse/big/img_4431.jpg
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... and some celebration..



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

"

Online dN/dn !

\»,.

«

O

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

First physics results examined, I
ca 1 hour after data taking finished (284 events !)..

i

S
N



The European Physical Journal

volume 65 - numbers 1-2 - January - 2010

@ Springer

® [t 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

Alice 25 years J. Schukraft



s What did we measure ? =

The average number of charged particles
created perpendicular to the beam
in pp collisions at 900 GeV is:

National Geographic News (4 Dec.)
‘....amachine called ALICE....
found that a (1) proton-proton collision

recorded on November 23
dN/dn 0.13 (stat) + 0.22 (syst)

~ T

dominated by data

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

& ‘For heavy ion experiments using a TPC, the number of tracks/¢vent is equal to
the number of authors/publication: TIA~ 1’

& discovered accidentally by NA35, confirmed by NA49 (SPS) and Star (RHIC)
< badly broken at LHC: T/A = 3x103+ 0.13x10°3 (stat) + 0.5x103 (syst)
= discovered that time travel is possible:
& first publication was submitted 7 days BEFORE first scheduled collisions !

dominated by Author list

31 Alice 25 years J. Schukraft



@ Heavy lon Physics@LHC: a ‘Smashing’ Success @

® QGP precision measurements

R e A

= almost frictionless ideal liquid: 1/4w <n/S < 2/4n n/S = shear viscosity /Entropy
. : N 5 . :
= very strongly interacting: g=19%0.7 GeV4fm q = opacity (‘stopping power’)
® Deconfinement Strangeness Enhancement
= sequential Y suppression =g [T H#ﬂl 0 [ﬁtMJ
= J/¥ enhancement via charm qeatsresomt ' & 1rﬁﬂlﬂ” nd
510 _
® Surprise: ‘QGP-like’ signals 2 8 _*W% D 0
. . . - . L ASR [%2)
= collective ‘flow-like’ corrdlati ' ;
= strangeness enhangement g f [D ¥ j[ﬂl
_ IH'} / PbPb '¢8)
0 1 |
c S i [ﬂ’ b
& 1=fE PPE .
S ~ ; ot Q(sss) |
E " ALICE ' IIAnI oa(mmomy) 1= 0 5 L ﬁ# i
T p-Pb vsm=5.02TeV ] . = ]
02 (0-20%) - (60-100%) 1 B 7] : ** ) ALICE
[ ®h an 1 Een B - o . E=TTeV
“BE & o . B E B if 0 pPb Em=502TeV |
- _‘___‘:_*___,___: 0 : | ! ) O Pb-Pb, 5., =278 TeV
b =F*+«+ L ideal nvar - —— PYTHIAS
sl W T _n Particles That Flock: —— ey il
r—tﬁ-*_ ' Behavior i?::::o Il::;teion phySiCS Partlc]e physics: Alice in strangeland
T T T S e Hadron Collider e oo T e
P, (GeVio): pu.'? ek s ik Wy i e e B
32 ’ {dN /d r-'rl’l'|r;-| as



: - 4 _:_\.-};,‘.‘ »r ::" " § : ‘
LICE, a ‘smashing’ success . Sgdy}
Thanks to the e :

enthusiasm and dedication
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% RICH proto-2: Sabbatical at R

Au+Au 200 GeV
[0%-5%]
i =+ x50

o0, o = x20 November 1999
Ty _._'{']_—EI— "E"p X2

— o T +p X1

/ﬁg : |

3 July 2002 Back home again

" -

: Proto 2 @ CERN tested In 1997 ready to use




o ALICE R&D =

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

® Inner Tracking System (ITS) ® PID
= Silicon Pixels (RD19) | RHIC = Pestov Spark counters
= Silicon Drift (INFN/SDI v = Parallel Plate Chambers

= Silicon Strips (double sided) 7 || RHIC = Multigap RPC's (LAA) ik RHIC

= low mass, high density interconnects = low cost PM's

= low mass support/cooling v = Csl RICH (RD26) RHIC *

® TPC ® DAQ & Computing
= gas mixtures (RD32) \/ = scalable architectures with COTS v

= new r/o plane structures = high perf. storage medja
= advanced digital electronlcs * R"”C = GRID computing *

= low mass field cage

® misc
® em calorimeter = micro-channel plates
= new scint. crystals (RD18)* = rad hard quariz fiber calo.
= VLSI electronics v/

« R&D made effective use of long (frustrating) wait for LHC
36 - was vital for all experiments to meet LHC challenge ! R




Members of thLICE Technicl Board 2002 |

i




AT

R
L=y
-4 .

fomath =

L\ —-—
o

D 51

ST L

A =g

V)

:




Evian Workshop 1992
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ECFA

European Committee for Future Accelerators

CERN

European Organization for Nuclear Research

Towards the*LHCExperimental

Progra e

+ -8 March 1992

Evian-les-Baiqs, France

GENERAL MEETING on LHC

Phys‘cs Objectives
ExpréSsions of Interest
Detector R&D
Machine .

Organizing Committee :

. G. Fligge (Chairman)
M. Aguilar-Benitez
«  J.V. Allaby
J.J. Aubert
J.E. Augustin
J. Dowell
P. Eerola
K. Eggert
- J. Engelen
» W. Hoogland
&% L. Mandelli
pic F. Pauss
K. Potter
% J. Schukraft
& A. Vorobyov

+

Cost (MCHF)

Summary by C. Rubbia:

LHC detector Costs

B LHC Detector Cost
B Existing L3 Cost

Start of construction; '94
Start of physics: '98

Ascot =395 M
CMS = 395 M
ALICE = 395M

Alice 25 years J. Schukraft



