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Two puzzles in QCDTwo puzzles in QCD

quark confinementquark confinement
one half of fundamental fermions are not observable...one half of fundamental fermions are not observable...

generation of hadron massesgeneration of hadron masses
3 3 ×× m(u,d) ~ 12 MeV   m(u,d) ~ 12 MeV   ↔↔ m(proton) = 938 MeVm(proton) = 938 MeV

ll  th ht t  b  l t dll  th ht t  b  l t d→→ generally thought to be relatedgenerally thought to be related

With lt l ti i ti  lWith lt l ti i ti  l l  lli i   h  t  l  lli i   h  t  With ultrarelativistic nucleusWith ultrarelativistic nucleus--nucleus collisions we hope to nucleus collisions we hope to 
be able to access experimentally the phenomenology of be able to access experimentally the phenomenology of 
confinement confinement deconfinementdeconfinementconfinement confinement deconfinementdeconfinement
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Lattice QCDLattice QCD

In lattice QCD,  non-perturbative problems are treated by 
di ti ti    ti  l tti  A   lt  lt i l t       discretization on a space-time lattice. As a result, ultraviolet       
(large momentum scale) divergencies can be avoided

zero baryon density, 3 zero baryon density, 3 
flavoursflavours

εε changes rapidly around changes rapidly around TTcc

TT  170 M V 170 M VTTcc = 170 MeV:= 170 MeV:
→→ εεcc = 0.6 GeV/fm= 0.6 GeV/fm33

3 flavours; (q-q)=0

at at TT~1.2 ~1.2 TTcc εε settles at about settles at about 
80%  of the Stefan80%  of the Stefan--Boltzmann Boltzmann 
value for an ideal gas of q,q g value for an ideal gas of q,q g 
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QCD phase diagramQCD phase diagram
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NucleusNucleus--nucleus collisionsnucleus collisions

How do we test this in the lab?How do we test this in the lab?

How can we compress/heat matter to How can we compress/heat matter to 
such cosmic energy densities? such cosmic energy densities? such cosmic energy densities? such cosmic energy densities? 

By colliding two heavy nuclei at By colliding two heavy nuclei at By colliding two heavy nuclei at By colliding two heavy nuclei at 
ultrarelativistic energies we hope to be ultrarelativistic energies we hope to be 
able to recreate, for a short time span able to recreate, for a short time span 
( b t 10( b t 10 2323    f  f / ) th     f  f / ) th  (about 10(about 10--2323s, or a few fm/c) the s, or a few fm/c) the 
appropriate conditions for deconfinementappropriate conditions for deconfinement
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SPS: the “historic” signalsSPS: the “historic” signals
J/J/ψψ suppressionsuppression
NA50, NA60NA50, NA60 HyperonHyperon enhancementsenhancements

WA97, NA49, NA57WA97, NA49, NA57

excess excess dileptonsdileptons
NA38, NA45, NA50, NA60NA38, NA45, NA50, NA60
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RHIC: “Perfect Liquid”?RHIC: “Perfect Liquid”?

Transfer of spatial asymmetry to Transfer of spatial asymmetry to owowow Transfer of spatial asymmetry to Transfer of spatial asymmetry to 
momentum space provides a momentum space provides a 
measure of the strength of measure of the strength of 
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at low at low ppTT: : azimuthalazimuthal asymmetry as asymmetry as at low at low ppTT: : azimuthalazimuthal asymmetry as asymmetry as 
large as expected at hydro limitlarge as expected at hydro limit
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RHIC: High RHIC: High ppTT suppressionsuppression

AA 1YieldR
AApp

AA
AA Yield Nbin

R ⋅=

High pHigh pTT particle production particle production 
expected to scale with expected to scale with 
number of binary NN number of binary NN number of binary NN number of binary NN 
collisions if no medium collisions if no medium 
effectseffects

Clearly does not work for Clearly does not work for 
more central collisionsmore central collisionsmore central collisionsmore central collisions

Interpretation: energy lossInterpretation: energy loss
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RHIC: RHIC: AzimuthalAzimuthal CorrelationsCorrelations

STAR:STAR:
“  l        “  l          /  /

Adams et al., Phys. Rev. Let. 91 (2003)

“trigger” particle:     4 < p“trigger” particle:     4 < pTT< 6 GeV/c< 6 GeV/c
associated particles: passociated particles: pTT > 2 GeV/c> 2 GeV/c

awayaway--side jet still present in dAuside jet still present in dAu

but disappears in central AuAubut disappears in central AuAu

awayaway side jet “quenched”?side jet “quenched”?awayaway--side jet quenched ?side jet quenched ?

hadrons

is this what happens?

q

hadrons
leading
particle

1010
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So, where do we stand?So, where do we stand?
SPS SPS (1994 (1994 –– 2003)2003)

first evidence: “historic” QGP signaturesfirst evidence: “historic” QGP signaturesfirst evidence: historic  QGP signaturesfirst evidence: historic  QGP signatures
strangeness enhancementstrangeness enhancement
J/J/ψψ suppressionsuppression

RHIC RHIC (2000 (2000 –– now)now)
t  l  t   id l h d d i  b h it  l  t   id l h d d i  b h isystem close to ~ ideal hydrodynamic behavioursystem close to ~ ideal hydrodynamic behaviour

evidence of interaction of fast partons with medium evidence of interaction of fast partons with medium quenchingquenching

Th   Th   The next stepThe next step
LHCLHCLHCLHC

study the properties of the medium with “calibrated”, calculable study the properties of the medium with “calibrated”, calculable 
hard probeshard probes

1111

→→ heavy flavours, jets, …heavy flavours, jets, …
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HMPID
TRDTOF

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

HMPID

ITS
PMD

M on ArmMuon Arm

PHOS
12

ALICE SetALICE Set--upupPHOS
TPC



ITS and TPCITS and TPC
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Silicon Pixel Detector (SPD)Silicon Pixel Detector (SPD)

Two layers:
r = 4 cm
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r = 7 cm
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TOF supermodule TRD supermodule
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High Momentum Particle ID (HMPID)

(Ring Imaging Čerenkov)(Ring Imaging Čerenkov)
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installation
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muon spectrometer
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Zero Degree Calorimeters (ZDC)

6 calorimeters:                      

ZP

6 calorimeters:                      
8 m (EM) and 116 m (ZP, ZN) 

from IP
ZP

ZN

trigger on spectators 
measurement of v1        

 bl k k   
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grey, black tracks in pA
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Alignment of the ALICE ITSAlignment of the ALICE ITS

2200 volumes 2200 volumes 13k degrees of freedom13k degrees of freedom
Millepede, “hierarchical” alignmentMillepede, “hierarchical” alignment

~ 50 k cosmic events (SPD trigger ~ 0.1 Hz)~ 50 k cosmic events (SPD trigger ~ 0.1 Hz)
Hit distribution in the 6 layers of the ITS
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Distance between                                   Distance between                                   
upper and lower                                       upper and lower                                       
track segmentstrack segmentsafter 

alignment

before 
alignment

σσ = 56 µm= 56 µm
(40 µm in simulation                                                     (40 µm in simulation                                                     
with no misalignment)with no misalignment)

alignment

before
Distance between hit Distance between hit 
and track in the           and track in the           

after 
alignment

before 
alignment overlap regionoverlap region

σ = 22µm= 22µm
(15 µm µm in simulation                                            (15 µm µm in simulation                                            

ith  i li t)ith  i li t)with no misalignment)with no misalignment)
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ALICE TPCALICE TPC

Cosmics Laser Krypton

vdrift

ExB

vdrift
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11 September 2008: RF capture11 September 2008: RF capture
(first data for Physics!)(first data for Physics!)(first data for Physics!)(first data for Physics!)

11 September 2008, ~ 22:35 first capture11 September 2008, ~ 22:35 first capture
beam  2 kept in orbit for over 10 minutes! beam  2 kept in orbit for over 10 minutes! 

series of injections with tens of mins RF capture during nightseries of injections with tens of mins RF capture during night
i  ALICE  673 t  i  t t li  ALICE  673 t  i  t t lin ALICE: 673 events in totalin ALICE: 673 events in total
first data for Physics (beam 2 background)first data for Physics (beam 2 background)

run 58338run 58338run 58338run 58338
event 27event 27
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Expected Physics Capabilities Expected Physics Capabilities p y pp y p
an example: heavy flavoursan example: heavy flavours
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LHC is a Heavy Flavour Machine!LHC is a Heavy Flavour Machine!
cccc and and bbbb ratesrates

ALICE PPR (NTLO + shadowing)ALICE PPR (NTLO + shadowing)ALICE PPR (NTLO + shadowing)ALICE PPR (NTLO + shadowing)

shadowingshadowingsystemsystem NN xNN x--sect (mb)sect (mb) total multiplicitytotal multiplicity

115  115  // 4.64.60.65  0.65  // 0.850.856.6  6.6  // 0.20.2PbPb--Pb 5.5 TeV (5% cent)Pb 5.5 TeV (5% cent)

0.160.16 // 0.0070.00711 // 1111.211.2 // 0.50.5pp 14 TeVpp 14 TeV

cc bbPbPb/pp PbPb/pp

PbPb PbPb

2626

pp pp
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Parton Parton ElossEloss by gluon radiationby gluon radiation
2 ˆ  LqCE Rsα∝Δ

Casimir coupling factor

average energy loss distance travelled in the medium

Energy loss for heavy flavours is expected to be reduced:Energy loss for heavy flavours is expected to be reduced:

transport coefficient of the medium

→ R.Baier et al., Nucl. Phys. B483 (1997) 291 (“BDMPS”)

Energy loss for heavy flavours is expected to be reduced:Energy loss for heavy flavours is expected to be reduced:
i)i) Casimir factorCasimir factor

light hadrons originate predominantly from gluon jets              light hadrons originate predominantly from gluon jets              light hadrons originate predominantly from gluon jets,             light hadrons originate predominantly from gluon jets,             
heavy flavoured hadrons originate from heavy quark jets  heavy flavoured hadrons originate from heavy quark jets  
CCRR is 4/3 for quarks, 3 for gluons is 4/3 for quarks, 3 for gluons 

ii)ii) d dd d  ff t ff tii)ii) deaddead--cone effectcone effect
gluon radiation expected to be suppressed for gluon radiation expected to be suppressed for θθ < M< MQQ/E/EQQ

[Dokshitzer & Karzeev,[Dokshitzer & Karzeev, Phys. Lett. Phys. Lett. B519B519 (2001) 199](2001) 199]

2727

[Do sh tzer & Karzee ,[Do sh tzer & Karzee , hys. Lett. hys. Lett. B5 9B5 9 ( ) 99]( ) 99]
[Armesto et al., Phys. Rev. D69 (2004) 114003][Armesto et al., Phys. Rev. D69 (2004) 114003]
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Impact parameter measurementImpact parameter measurement
e.g.: D0 → K-π+

→→ full reconstruction of D decaysfull reconstruction of D decays
b/  tib/  ti→→ b/c separationb/c separation

→→ control heavy flavour purity of control heavy flavour purity of 
nonnon--photonic samplephotonic samplep pp p

expected resolution (ITS)expected resolution (ITS)
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DD00 →→ KK--ππ++

expected ALICE performance expected ALICE performance 
S/B ≈ 10 %S/B ≈ 10 %S/B ≈ 10 %S/B ≈ 10 %
S/S/√√(S+B) (S+B) ≈ 40                           ≈ 40                           
(1 month Pb(1 month Pb--Pb running)Pb running)gg

→→ similar performance in ppsimilar performance in pp

2929

ppTT -- differentialdifferential
→→ similar performance in ppsimilar performance in pp

(wider primary vertex spread)(wider primary vertex spread)
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B B →→ ee±± + X+ X
Expected ALICE performance (1 month PbExpected ALICE performance (1 month Pb--Pb)Pb)

ee±± identification from TRD and dE/dx in TPCidentification from TRD and dE/dx in TPCf ff f
impact parameter from ITSimpact parameter from ITS

S/(S+B)S/(S+B) S per 10S per 1077 central Pbcentral Pb--Pb eventsPb events( )( ) S per 10S per 10 central Pbcentral Pb Pb eventsPb events

pt > 2 GeV/c ,  200  < |d0| < 600 μm 80% purity
8 × 104 e from B

pt > 2 GeV/c ,  200  < |d0| < 600 μm 80% purity
8 × 104 e from B

3030

8 × 104 e from B8 × 104 e from B

FA FA -- La Thuile La Thuile -- 3 March 20093 March 2009



Expected performance on D, B RExpected performance on D, B RAAAA
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study of medium properties with “calibrated” probesstudy of medium properties with “calibrated” probes
FA FA -- La Thuile La Thuile -- 3 March 20093 March 2009



Expected pp performance Expected pp performance vsvs statsstats

e.g.: e.g.: DD00 →→ KK--ππ++

forforLL > 10> 102828 cmcm--22ss--11forforLL > 10> 10 cmcm ss
(1 bc per orbit @ 10 TeV)(1 bc per orbit @ 10 TeV)

O(10O(1077)events/day)events/day
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ConclusionsConclusions

Ultrarelativistic nucleusUltrarelativistic nucleus--nucleus collisions allow us to nucleus collisions allow us to 
recreate in the laboratory a highrecreate in the laboratory a high--density QCD mediumdensity QCD medium

At the LHC we shall finally be able to study its properties At the LHC we shall finally be able to study its properties 
with “hard”, calibrated probes with “hard”, calibrated probes 

The ALICE experiment is well equipped and ready for this The ALICE experiment is well equipped and ready for this 
d td tadventureadventure
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