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Heavy lon Collisions: What for ?

Investigation of the hadron
matter states at extreme
temperatures and densities is
important for understanding of:

@ The fundamental properties
and QCD predictions such as:
§ Confinement
§ QCD mass generation
via broken chiral symmetry
@ The physics of the early
Universe evolution
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Phase Structure of QCD§
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Temperature T

qg-sC (3 Flavour)

qqx =0

Baryon density p

@® low T, large p: colour superconductor ?
> <qe>=0: quark-pair condensation (Cooper pairs)
c» a) 2 flavour SC: chiral symmetry restored
c» b) 3 flavour SC: chiral symmetry broken (again)

@ medium T, medium p: tricritical point ?
c» seperates 1st & 2nd order phase boundaries
o> leads to large event-by-event fluctuations



The OQCD Phase Transition

@& QCD prediction:

c»  increase of & => new phase of matter

@ o hadronic matter
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hadron gas

Heavy lon Collision

hard collisions

t =5fm/c




Evolution spatio-temporelle de la collision
Temps

Gel thermiquet ~ 100 f
T;~100 MeV

Hadronisation t ~5fm/
Gel chimique; T.~170 M eV

QGPt~05fm/c

.* Pre-équilibre
espace
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Signals & Observables
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Hard Probes I) J/Psi suppressio

normal
I
beams of martes
hard probes:
jets, Jly
— QGP

Measured / Expected JAy suppression
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Hard Probes II) Jet Qﬁuenchin
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® high p, partons:

— Vacuum: fragment into hadrons => JETS
— Matter: additional scattering => more gluon radiation
e normal ‘cold’ matter: small effect
* QGP: strong effect (up to several 10 GeV)
— observables of ‘jet quenching’
 leading parton looses energy
» BAEAYPesROWBs up in soft partons around jet axi$




SPS Experiments
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Expenments RHIC
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Heavy lons in LHC

® energy
— s = |5.5 TeV/A (Pb-Pb), 14 TeV (pp)
e beams
— possible combinations: pp, pA, AA
e initial emphasis on Pb-Pb, Ar-Ar to vary energy density
* pp and pA comparison runs
— later options: different ion species, lower energy AA and pp

Pb-Pb Ar-Ar pp
L [cm™s™] 10° 3x10°"to 10 |10% to 3x10™
Rate [kHZz] 8 8 to 250 7 to 200

Vladimir Samsonov December 2003 11



Initial Conditions

® pre- RHIC guess (QM2001)

— still expect conditions to be significantly different

—only LHC will give the final answer !

Central collisions SPS RHIC LHC
s2(GeV) 17 200 5500
dN./dy 430 700-1500 2-8 x103
e (GeV/IIMm3),o-1im 2.5 3.5-7.5 15-40
V{(fm3) 103 (?)7x103 2x104
t oep (fM/C) <1 1.5-4.0 4-10
t, (fm/c) ~1 ~0.5 <0.2

Significantgainine V, t
» % 10 SPS -> LHC
» % 3-5 RHIC -> LHC

Vladimir Samsonov December 2003
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Tracking Challenge

ALICE 'worst case scenario
dN/dy, = 8000

Alice event: 0, Run:0
Nparticles = 36276 Nhits = 1943104 128

Ty L]




Hard Probes @ LHC

e LHC: the full 'spectrum'’
— soft -> semihard -> hard (>> 20 GeV)

— high p, important in order to leave even tails of ‘hydrodynamics'

Viadimir Samsonov
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Jets in ALICE |h|<0.9

® ideal energy for jet-quenching:

around 100 GeV

— pQCD applicable
— Jets measurable above soft background

— energy loss still relatively large effect Pb Pb rates:
« DE/E ~ O(10%), decreasing with E !
p,jet> jets/event accepted
(GeV/c) jets/month
Reasonable
rate up to ET > 5 3.5102 4.9 1010
~300 GeV 50 7.7 102 1.5 107
First TRD studies~ 1Hz trigger rate 100 3.5 1073 8.1 105
for central PbPb collisions and
o J a > 100 GeV/c 150 4.8 104 1.2 10°
real jetstriggers 0.7/s 200 11104 58 10
falsetriggers 0.3/s
Vladimir Samsonov December 2003 15




e copious heavy quark production

Heavy Quarks & Quarkonia

— strange @ SPS »

charm @ LHC

et-quenching with heavy quarks

® peauty Y - ds/dy LHC ~ 20 x RHIC, even at LHC Y" is difficult

N(qq) per central AA (b=0)

o (pb)

Eda'fffd?|y

SPS RHIC LHC
¢charm 0.2 10 200
bottom 0.05 il
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ALICE Collaboration

CROATIA ROMANIA

~ 1000 Members

(63% from CERN MS)
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ALICE Subsystems

— ITS
— TPC
— TRD

— TPC
— HMPID
— TOF
— TRD

Tracking (H=0.5 T; robust, redundant, from 60 MeV to 100 GeV)

4 cm <r < 44 cm, stand-alone tracking for low P-
90 cm <r <250 cm
290 cm <370 cm

Particle Identification

(Track curvature, dE/dx)
(Cerenkov ring imaging)

Forward detectors (centrality, multiplicity, timing, trigger, BG rejection)

— T0, VO, SIFMD, HPMD, ZDC

Viadimir Samsonov

Calorimeters (PHOS, EmCal?)
Forward Muon Arm

December 2003
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ITS (Inner Tracking System)
A low momentum spectrometer

Tracking and identification of low p; (< 100 MeV/c))
Primary & secondary vertex (resolution < 100 nm)
Assist TPC tracking

High particle densities ( e < 90 particles/cm?)

6 layers (R, =4, 7, 15, 24, 39, 44 cm) and 3 technologies
— Pixel (SPD)

2D
_ Drift (SDD

Analog readout
— Strip (SSD

Vladimir Samsonov December 2003 21



Inner Tracking System (ITS)

SSD

SDD

SPD

R,=43.6 cm
® 6 Layers, three technologies (keep occupancy ~constant ~2% for max mult)
— Silicon Pixels (0.2 m?, 9.8 Mchannels) Major
— Silicon Drift (1.3 m2, 133 kchannels) technological
— Double-sided Strip Strip (4.9 m2, 2.6 Mchannels) challenge!
Vladimir Samsonov December 2003 22
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System testing and setting up of series production

S - P| er Iadder ;

_ Str|p module C o | 7
— -|D it coollng system ‘

-, - st
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TPC (Time Projection Chamber)
Hadron/lepton spectrometer @ p; < 10 GeV/c

*Track finding (2-tracks resolution Dp <5 MeV/c)
‘Momentum measurement

(few % below 5 GeV/c, 9% @ 100 GeV/c)
Particle Identification dE/dx

(5.3 — 6.8 % depending on multiplicity)
*Track matching with ITS, TOF/TRD (> 90 %)

Vladimir Samsonov December 2003 24



HV electrode (100 kV)

TPC

field cage

Largest ever built
— 88 ms3,570k channels

readout chamber N L T

drift gas
90% Ne - 10%CO,

Central Electrode Prototype
25 um aluminized Mylar on AI fra

e
——

m-: W | mmmmmﬂwm !1

~ 3 m diamete



]
______________,
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TRD (Transition Radiation Detector)

High p+ electron spectrometer

Electron identification for p; > 1 GeV/c

ee/p discrimination (rejection factor 100 @ pT > 3 GeV/c): light
vector mesons, charmonium

Momentum resolution & matching to TPC:
5% @ 5 GeV/c, mass resolution 100 MeV/c2 @ U
*High pT (> 3 Gevic) hadron trigger (jet)

[h] Spatial Gas e [cm] # channels Occupancy

resolution MWPC XIX, [M] [%]
[rj . z] [nm]

0.9 400 Xe(85%) CO, | 6x4.8/14.3% 1.16 34
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n_ll';dr: c:tll:;de plan f’ electon

electrondrfit 0 ) f

direcilon :."-': ::::. 'J,{

radiator stack
(100 polypropylene foils)

¢ e e L amplification
Cl

region

L1t diit reglon

Transition Radiation Detector

o identify & trigger on electrons
e used also in tracking
o trigger on jets (high pt hardons)

currently ~60% funded

largest chamber: 1200 x 1600 mm



Tracking

robust, redundant tracking from 60 MeV to 100 GeV

modest soleniodal field (0.5 T) => easy pattern recognition
long lever arm => good momentum resolution

silicon vertex detector (ITS) 4cm<r<44cm

« stand-alone tracking at low p,
Time Projection Chamber (TPC) 90 cm <r< 250 cm
Transition Radiation Detector (TRD) 290 cm < 370 cm

[TPG tracking efficiency vs event size (in % of a full event) |

tracking efficiency [%]
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Dp/p ~ 16% at 100”GeV
(~ 11% at dN/dh = 2000)



Time of Flight (TOF)
Hadron spectrometer

Particle identification in the intermediate
momentum range (0.2 < p; < 2.5 GeV/c)

Multi-gap Resistive-Plate Chamber
(MRPC)

PSC/PPC /"  MRPC g

Vladimir Samsonov December 2003
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DOUBLE STACK OF 0.5 mm GLASS

Time Of Flight

cathode pick up pad ||
Edg? of active area Resistive layer (cathode
_% for p, K, p PID
5 gaps > : '. Resistive layer (anode) p’ K for p <2 GeV/C
f anode pick up pad

p for p <4 GeV/c

160 m?, 160 k channels
r=3.7m,s <100 ps

Resistive layer (anode)

5gaps—» |

: ' Resistive layer (cathode)
: : cathode pick up pad
Multigap Resistive Plate Chambers

fuII szeTOF modles under test

5
o

llllllllllllllllllllll
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HMPID

(High Momentum Particle Identification)

*High momentum hadron spectrometer

eHadron identification p; > 1 GeV/c
Discrimination p/K p; < 3 GeV/c, K/p p; <5 GeV/c

pions STAR data

kaons

protons

Vladimir Samsonov December 2003 32



High Momentum Particle Identification

charged particle

collection
elecirode

pad cathode
(coverad with

sl film
STAR data
Ef

i 1
|
¥ ! L

1 W ¥ N D X B N8

x fpads)

container

Pl

CgFaradiator

quartz window

MWPC

frontend
electronics
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PHOS
(Photon Spectrometer)

® singlearm em calorimeter
— dense, high granularity
crystals
e novel material: PbWO,
— ~18k channels, ~8 m?

— cooled to -25°

PbWO,: Very dense: X,<0.9cm

Good energy resolution (after 6 years R& D):
stochastic 2.7%/EY?

noise 2.5%/E

constant 1.3%

m 1995 Warm. a=285 MaV' b=0 c=0.02
1995 Coal. a=1668 Mal' b=0 c=0.02
\ 1996. Cool, a=65 MeV b=0.033 c=0.07
I". m 1997 Cool, a=33 MeV b=0.037 c=0.07
\» 1988 Cool a=30MseV b=0.03 c=0.01
'-,'. 2000. APD. Preliminary
A\

[l )

December 2(
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PHOS

emass production of crystals started

— Apatity, Russia PHOS256 Qennl Prototype
» Light Read-out L) B

— APD's (Avalanche Photo Diodes)

— FEE stlll In deS|gn phase

Collaboration:
- Russia + Norway
- China (?)

P Needs strengthening !

35



Particle Identification

® stable hadrons (p, K, p): 100 MeV <p <5 GeV
— dE/dxin silicon (ITS) and gas (TPC) + Time-of-Flight (TOF) + Cerenkov (RICH)
— dE/dx relativistic rise under study => extend PID to several 10 GeV
« decay topology (K°, K*, K-, L)
— still under study, but expect K and L decays up to at least 10 GeV
« leptons (e, m), photons, p°

Alice uses ~ all
known techniques!

B oK electrons in TRD: p > 1 GeV

TPC + ITS o
(dE/dx) 8 e muons: p > 5 GeV
ooeP pl in PHOS: 1 <p < 80 GeV

TOE elp 777/ p/K

HMPID VX

(RICH) K/p
0 1 2 3 4 5 p(GeV/c)

K/p

TRD elp ]

PHOS  g/p° -]
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av,y! || _Dimuon Spectrometer

Study the production of the J/Y,Y', U, U’
and U"” decaying in 2 muons, 2.4 <h < 4

Resolution of 70 MeV at the J/Y and
100 MeV at the U

RPC Trigger Chambers

T llll:i T T 17T

Entries/ 100 MeV/10™ s
o
vl

I
0 5 10 15

m, + - (GeV)

5 stations of high
granularity

pad tracking
chambers,

over 800k channels

—

NEE |
¥

X

Absorber

Tracki
Complex absor ber/small .
chambers

angle shield system to _ \
minimize background il

(90,1500 yertex) Dipole Magnet: bending power 3Tm 7

Trigger chambers
Filter




Muon Chambers
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Pa3paboTtaHo 1 n3rotosneHo obopygoBaHue Ans
Npon3BoACTBa MOAYyNeN MIOOHHbLIX KaMep

L
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O6opyaoBaHa M NoAroToBrieHa K HaYany cepuMmHOro npou3BoAcTBa
TPEeKOBbIX KAMep MIOOHHOIO CMeKTpomMeTpa Ynctass cOopoyHas 30Ha.




Muon Magnet

*Dipole Magnet
—0.7Tand 3 Tm
— 4 MW power, 800 tons
— World’s largest warm dipole
* Progress:
— Coil production in progress in France
— Yoke finished end 2002 in Russia




Forward Detectors

PM D Photon Multiplicity Detector
2.3<h <35,

measures Neparged @A Npnotons
2 gas detectors, honeycomb-cell

proportional chamber, sandwichinga | -

passive converter

&

L=l

VO Interaction trigger
(centrality trigger and beam-gas rejection)
1.6<|h| < 3.9
Two arrays of 72 scintillator tiles readout
viafibers

4

TO, -

FM D Forward Multiplicity Detector
16<h<3- ¥A<h<- b

4 rings of silicon pad detector disks (slow
readout) with 12k analog channels

TOR Measure event Time (T,)
for the TOF (~ 50 ps time res.)

26<|h|<33

Two arrays of 12 quartz counters.

Vladimir Samsonov December 2003
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Computing Phase Transition

The Problem:

*Online: storing up to 1.2 Gbyte/s
— whole WWW in few hours on tape !
—~ 10 x RHIC!

o Offline: 1800 kSI95
— 300,000 PC's in 2000 (500 Mhz)
—~ 100 x RHIC !

The Answer:

cheap mass market components
Industry & Moore's law

The Challenge:

make 10,000 mice do the
work of one elephant

new computing paradigm:

The GRID

Viadimir Samsonov Dec
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ALICE Running Scenario (endorsed at LHCC WS)
1 LHC year = 107 s of pp + 10° s of AA

Year 1 (2007)
— pp: detector commissioning & physics data

— PbPb physics pilot run: global event-properties,
observables with large cross-section

Year 2 (in addition to pp @ 14 TeV, L< 3.10% cm2s1)
— PbPb @ L~ 10%’ cms!: rare observables

Year 3

— p(d, a)Pb @ L~ 10%° cms1: Nuclear modification of
structure function

Year 4 (as year 2)

Year 5
— ArAr @ L~ 104%7-10%° cms: energy density dependencies
Options for later

— pp @ 5.5 TeV, pA (A scan to map A dependence), AA (A
scan to map energy-density dependence), PbPb (energy-
excitation function down towards RHIC), ....

Vladimir Samsonov December 2003 44




HOekabpb 2003, ceccua ODPBI

Vladimir Sam

Cnacunbo 3a BHUMaHue
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B 2003 roay npoBeaeHa paboTta no NnoaroToBke
Npon3BOACTBA MIOOHHLIX KaMep

Pa3paboTaHbl U U3rOTOBMEHbLI
ycTpoucTBa ANnA Npeun3voHHOU
obpe3Ku neyaTHbIX nnaTt, AnA
nHctutyta Caxa (Kanbkytra,
Unaua) un INFN (Karnmnapu,Utanus)

g OOGopyaoBaHa n noaroToBneHa K
Havany cepuMmHOro npom3BoAcTBa
TPEKOBbIX KaMmep MOHHOIO
CreKkTpomMeTpa Yncrtasa coopo4vyHasa 30Ha.

qg Yyactue B NU3roTtoBrneHuum,

Pa3pa6oTaHbl U U3roTOBNEHbI 4 TECTUPOBaAHUU U aHaANM3e NPOTOTUNOB
BbICOKOBOJIbTHbIX UCNbITaTeNbHbIX Mozyrien TPpeKoBbIX Kamep

CTeHAOoB Ans moAynen g BbinonHeH npoekt MiooHHOro

dunbTpa
PaspaboTaHa, nsrotoBsrieHa v

McnbiTaHa HAMOTOYHasA MallUHa

Pa3paboTaHbl n U3roTtoBsieHbl 4
aBTOMaTU3NPOBAHHbLIX YCTPOUCTB
ONSA U3MEPEHUA HaTAXKEeHUs
NnpPoOBOJIOK B moayne

Pa3paboTaH, M3rotoBneH u
UCNbITaH CTeHA AN UCNbITaHUN
MoAayneu ¢ nomoubio B-4acTuy
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TPC

0.9 800 - 1100 Ne(90%) 3.5-5 0.56 40-15
CO.
GAS VOLUME
HV electrode (100 kV) 88 m3
field cage DRIFT GAS . .
90% Ne - 10%CO, Co, msu_latlon

readout chamber Drift volume

400% /cm

N~

Central electrode
P

Readout plane segmentation
18 trapezoidal sectors
each covering 20 degrees in azimuth

5m

A
v

End plate
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[h] Spatial Gas e [cm] # channels Occupancy
resolution MWPC XIX, [M] [%]
[rj , z] [mm]
0.9 400 Xe(85%) 6x4.8 / 1.16 34
N 14.3%
17 b e atiE o b
i! 4]
L hambeinds perindule, 17 GfTecanl umbecy
AT
[ s
Ir Lt
3 15
b L

Supermodule (x108): 7m long

Module (x5): 6 layers of chambers

Viadimir Samsonov

December 2003

ALICE-TRO, cvervew of different chambers

n one supermadule
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US proposal: large emcal

slarge area electromagnetic calorimeter (a la STAR)
— hadronic energy in TPC + em energy in calorimeter
— trigger on jets, improve energy resolution, ¢jet coincidences

(with PHOS) o . HEDIf
T Proposed = ent = 20
EMCAL ™ e~ 100]
In|<0.7 1 o o
Df ~120° ./

s(P,) ~15%

/" 100 GeV Jet in
Central PbPb

l g ‘ 3 0894



Trigger Counters TO/VO/PMD
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Entries/evt

Vertex Finding

little material + good resolution + close to vertex
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Fundamental Theory
Lattice QCD
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