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. Physics performance

Rainer Schicker, Univ. Heidelberg FOUR SEAS CONFERENCE, 5-10 sept 2004, ISTANBUL



Deconfinement and screening

Deconfinement ~ screening of the static potential between heavy quarks

1.0 1 y(n/c'?
T =0: heavy quark bound states 0.5 1 bound state, e.g. J/y
described by confining potential 0.0 ¢
ng(r) =-da/3r+or -0.5 |
a=g%r)/4 x 1.0 | confined
T > Tc: no bound state in a Debye 15 L deconfined
screened potential: 20 |
ng(r,'zl') ~-a/rexp (-ur) o5 | o
a=0g4(T)/4r 50 | | | G
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ng(r,T) --> o confinement

ng(r,T) < % 1o confinement
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Heavy quark free energy - heavy
uark potential (Lattice QCD

. L FL(nT) [MeV
Singlet free energy F,(r,T) 500 1 Falr.T) (MeY] =
F.Karsch QM'04 of
. . 500 | T/T, ]
Singlet energy <=> “potential” energy 1 10§ ——
OF (r.T)/T o [ i =
_ I, r [fm]
Vl(raT)_ - T2 I 1500 L8 , , ____120,
oT 0 0.2 0.4 0.6 0.8 1
- potential is “deeper”: V(r,T) > F(r,T) 600 M“m__“]
- potential “barrier”” high above Tc Mo s Wt
- “potential’ screened at short distances 400 r
200
Or /T,
At what temperature do heavy oo | /7 1.40
qguark states really disappear ? 2.60 ——
400 } 4.50
1 1j2
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Quarkonia

Quarkonia rates sensitive to nuclear absorption and secondary scattering,
parton distributions, nuclear gluon shadowing

Expect quarkonia in AA collisions reduced relative to pp or pA

BUT copiously produced uncorrelated gq-pairs may form final state
quarkonium -> Is there quarkonia enhancement at LHC ?

Reference: total charm/beauty cross section

Charmonium ground state J/y, nc (F.Karsch QM'04):
— Still exist at 1.5 T, gradually disappear for T > 1.5 T, are gone at 3 T,

— Radial excitations disappear at T,
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Parton energy loss

. Parton energy loss in medium <AE> oc o, Cy( L?

.Cr Casimir coupling factor, 4/3 for quarks, 3 for gluons
.J medium transport coefficient oc gluon density and momenta
.L pathlength in medium

. Reduction of single inclusive high p, particles

.parton specific (stronger for gluons than quarks)
.flavour specific (stronger for light quarks)
JIdentify hadrons (7,K,p,A) + partons (charm,beauty) at high p,

. Suppression of mini-jets, same-side/away-side correlations

. Change of fragmentation function for hard jets (p, >> 10 GeV/c)
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Study parton energy loss

Compare p,-distributions of leading particles in pp, pA and AA collisions

1 dN,, /dp,
X
NCO|| dep/dpt

Nuclear modification factor: Raa(py) =

Dead cone effect for heavy quarks with momenta < 20-30 GeV/c (v<<c)
- gluon radiation suppressed at angles < my/E
- Dokshitzer and Kharzeev: dead cone implies lower energy loss

= D meson quenching reduced
= Ratio D/hadrons (D/rn’) enhanced and sensitive to medium properties
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Heavy Ions at LHC

- heavy 10n experimental programs -
al colli P HI LH
at SPS, RHIC, LHC fentrs) eoldions | BEo)| RADG €
s'2 (GeV) 17 | 200 5500
dNga/dy 500 | B850 |28 x 108
(GeV/im®) (25| 45 | 15-4
S(LHC) > S(RHIC) > 8(SPS) vf{ﬁ'ﬂﬂ} 1{]3 7}[1{]3 ﬂ}:_‘l_{]’l
V(LHC) > V(RHIC) > V(SPS)
t(LHC) > 1(RHIC) > t(SPS) Toce(fn/c) < 1]|15-40] 410
m{fm/c) ~ | w05 | < 0.2
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LHC new aspects I

-- probe initial partonic state
in a novel Bjorken-x range
(102 -107)
--> nuclear shadowing
--> high density saturated
gluon distribution (CGC)

-- Larger saturation scale
(Q=0.2 A6 \s3=2.7 GeV)
particle production dominated
by saturation region

/y=6 T
\ |

107

X
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LHC new aspects 11

-- Hard processes contribute 10°,
significantly to the total AA LO p+p y=0
cross section (c2d/gtt = 98 %) 102 . IR
--> bulk properties dominated i . (h7+/2 .
by hard processes Z10* |\ < eEY
--> very hard probes are = 17 GeV
abundantly produced &10°
N'L'J
. . 5 1 0®
-- Weakly interacting probes 10
become accessible (y, Z° W) g
1072 T
0 50 100 150
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Which multiplicity at LHC ?

Former estimate: dN/dy = 2000 — 8000, extrapolation from RHIC data possible
uncertainties - shadowing/saturation (decrease)

- jet quenching (increase)

- A-scaling (important soft vs. hard changes with energy)

IS T TrrrrT[ T 1||'|'||1"|' T 1'|1'1rr'| T T 5 T T oom]

S A=197, central -
* PHOBOS 200 GeV <05 y A A=197_6 % central
s+ RHIC comb. 130 GeV Yr<U. / ] A=2D8.centual o]
—_ . | ® PHOBOS 56 GeV A=170 /1 B A=20B. 6 % central =
E 100 L| © Nasses © /o _ 2| ® PHOBOS daa -
e : 0 ES66/E917 (AGS) / = ® PHENIX data .
2 " | o uas = ® STAR data -
) =
\n s CDF =2 10 - ] -
- =
el 3 I —
< | z ¢ - :
2"’ 50 ~ —_ 5 : i :
I - . )
LO [ goe™ | | | > ! - . Pep;PR/OLIDIOND.
1 1 1L 1 1 ey 1 1 11 3311 1 1 L2 1198 1 11 | __’ S ]_0: 1 5 103 1 S 1ﬂ+
10 100 1000 5000
Lr2
Vs > dN/dn ~ 2500 2 toev
—-— ~~
ch/ AT

(K.Kajantie, K.Eskola)
ALICE optimized for dN/dy = 4000, checked up to 8000
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ALICE @ LHC

PbPb collisions at
1150 TeV =0.18 mJ

B -
_—h
ESSS———-
LHC - B CERN
e FRInt 8 -TE== ATLAS ALICE

, Point 1 === Point 2

cvis S g
Point 5 rgq;,-_“ﬁ |
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Experimental conditions @LHC

. April 2007 start pp commissioning

. Initial Heavy-Ion programme at LHC

— Initial few years ( 1HI 'year' = 10° effective s)

. 2-3 years Pb-Pb L~10*cm?s!

. 1 year p-Pb 'like' (p,d or o) L ~10%° cm™ s-!

. 1 year light ions (eg Ar-Ar) L ~ few 10?7 to 10*°cm s-!

. regpprun at s=14 TeV L ~10%° and < 3x10°*°cm~ s-!

. Heavy Ion running part of LHC initial programme, early pilot run
expected by end of 2007
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Luminosity limitations

LHC Intensity Limit --> Pb losses due
to electromagn. processes (500 barn!)

Limit luminosity life-time:

1l exp 6.7h @10h <L>=0.44L,
2exp 3.7h <L>=0.34L,
3exp 2.7h <L>=0.28L,

SPS bunch intensity limit close to

nominal luminosity (limits possible

schemes to improve ratio <L>/L)

L,Max= 1.0 * 10%’ for Pb-Pb
0.6 * 10%° for Ar-Ar
2.0 * 10%° for O-O
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Energy densities for different 1ons
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ALICE physics goals

Global observables: - multiplicities, n-distributions

Degrees of freedom as function T: - hadron ratios and spectra, dileptons, direct photons
Early state signal collective effects: - elliptic flow

Parton energy loss in deconfined state: - jet quenching, high pt spectra, open charm & beauty
Study of deconfinement: - charmonium and bottomonium spectroscopy

Study of chiral symmetry restoration: - neutral to charged ratio, resonance decays
Fluctuation signals — critical behaviour: - event by event particle composition, spectra
Geometry of emitting source: - HBT, impact parameter by zero degree energy flow

Study of pp collisions in energy domain

-> Large acceptance -> good tracking capabilities
-> wide momentum coverage -> PID of hadrons and leptons
-> good secondary vertex reconstr -> Photon detection
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PID in ALICE

ALICE uses almost all
(dE/dx) Y oelm
[—
TOE e/n N /K -
e
HMPID /K Kip
(RICH) 0 1 2 3 4 5 (GeVie)
TRD e/n ]
PHOS v IO ]
MUON SPECTROMETER 0
] 10 100 p
(GeV/c)
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ALICE acceptance

o 1 2 3 20 100 py

Muon arm 2.4 <n <4

PMD 23<n<35

FMD 5.4<n<-1.6
1.6 <n<3
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Inner tracking system ITS !&

6 layers of Si detectors
pixels, drift, strips

vertex reconstruction
(primary and secondary)
PID via dE/dx
-0.9<n<0.9

multiplicity and n reconstruction
2<n<?2

Rainer Schicker, Univ. Heidelberg FOUR SEAS CONFERENCE, 5-10 sept 2004, ISTANBUL



Chi2/ndf =4.693 /5
s0 Constant = 90.6 + 7.334
v Mean =0.4976 + 00003671

I Sigma = 0.006021 + 0.000326

0.56
(GeV))

Chi2 / ndf = 62.76 / 7
— Constant = 11.38 + 2.061

20— e Mean = 1.321 + 0.0008125
- Sigma = 0.005506 + 0.0006055

::._:_A—>p7c in pp event

For the moment restrlcted Inside
the beam pipe R < 2.5cm

Loss due to vertexing itself only 1% s
B=2T Position Mass Momentum  Efficiency
resolution resolution resolution
KOS 200-300 um 6-8 MeV 1.5-1.8%
A ~500 pm 3-4 MeV 1.3%
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Time Projection Chamber

HV electrode (100 kV)

for tracking and PID via gas volume
dE/dx . | 88 m3
-09<p<09 3

| driftgas
/90% Ne - 10%CO,

Field Cage
Inner Vessel

~ 3 m diamet€
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Tracking

LS

|TPC tracking efficiency vs event size (in % of a full event) I
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Transition radiation detector

for e PID, p>1 GeV/c
for e and high pt trigger, p>3 GeV/c
-0.9<n<0.9

ooy e 5 e Supermodule in space frame
; / : (100 polypropylene foils) 1
7 r
Full scale prototype

T ] iNEEEE

p | [ [ [ mali
x - = | .
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TRD signals: pions, electrons

p=1.0 GeV/c - fibres-17um

. =" 80| .
Pulse helght _E, 60 piOﬂ <pulse helght> ; 90 p=1.0 GeW/c - fibres-17um, X=0.3 g/cm®
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o 40 ~— f ’ b
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Time-Of-Flight

Resistive plate chambers PID for &, K, p
DOUBLE STACK OF 05 mmGLASS n, K for p <2 GeVic
t
btmiess o, Pforp<4Gevic
\ ; 0.9<n <09
> )
5 gaps : w ',' anode pi(‘l( up pnde _ WIS
5 gaps | > ~__Resistive layer (anode) _ || | S
— 4 Resistive layer (cathode)
prad
1200
1000- | | STRIP 10 H.V. +- 6 kV
Zs00 |-
-?2600 B o =53 ps with 30 ps jitte]l
S of timing scint, = 44 ps
400 -
200- |-
Time oL — o |
SpeCtru m 1000 Tit_nseo?vith respect to timingss(c):(i)ntillatorsl[(;)%(]) 2 fu I I o TO F 4 Od . IeS . nde 4 teSt
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High Momentum Particle
Identification

7 modules, each ~1.5 x 1.5 m?

charged particle

container

| CeFiaradiator |

B R H quartz window |

collection
electrode

pad cathode
covered with
sl filmn

] frontend
2lectronics

pions STAR data

o B0 EHES

kaons

3 0 13 ™ W™ W m W |\ W M &l @\ a3

protons S
p>1GeV

1} 0.2 04 0.6 0.8 1 1.2 1.4
mass [GeV)




For photons, neutral mesons

and y-jet tagging -0.5 < p< 0.5
PHOS 256-Channel Prototype
i

) Thre striprunit i

RN RN )
PbWO, crystals EEE ey
Excellent energy resolution:
stochastic 2.7%/E!/2

noise 2.5%/E
constant 1.3%

The prototype with the CPV-detector
mounted on top of it.
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Rainer Schicker, Univ. Heidelberg FOUR SEAS CONFERENCE, 5-10 sept 2004, ISTANBUL



Forward Detectors

V0 1.6 <|n | <3.9 Interaction trigger, cen-

trality trigger and beam-gas rejection. Two

PMD

arrays of 72 scintillator tiles fiber readout

N \\/
] = =1
__________________________________ B L
H = ;E_
E = i
— AN
1, . /.
il | y—
FMD Measure Multiplicity and n distribution. T0g 2.6 <|n|<3.3; T, for the TOF
Over 1.6 <m <3,-54< n <-1.6; Silicon pad (~ 50 ps time res.) Two arrays of 12
detector disks (slow readout) with 12k analog quartz counters. Also backup to VO
channels (occ.>1)
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Muon spectrometer

S T
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Muon absorber

Front Absorber (2.5 <p <4, A~10):

@ Reducing forward flux of charged particles (100).

@ Decreasing the hadronic muon background (limit of 90 cm to IP due to
the central barrel).

@ Minimizing multiple scattering.
Beam shield (4 <u <7):

@ Reducing low energy background from the pipe
[ron wall (2.5 <p <4, A~7.2):

@ Reducing low energy background in the trigger chambers which are less
constrained by multiple scattering.
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. 820 tons
. Warm dipole (~4MW)
. B=0.7T,|Bdl~3 Tm

Non-Bending Plane Xy
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Muon trigger system

Fast decision (<I ps) for p, cut:

@ Low p, (~1 GeV/c) for J/'¥Y, High p(~2 GeV/c) for Y's
Reducing trigger rates below 1kHz:

@ PbPb (@ LHC ~ 8 kHz, CaCa @ LHC ~30 kHz

Compromise between quarkonia efficiency and background rejection:

@ Hadronic muons, soft-background, open heavy flavor decay.

T
™~

Py=

Rainer Schicker, Univ. Heidelberg FOUR SEAS CONFERENCE, 5-10 sept 2004, ISTANBUL



CPC for stations 3.4.5

. Lengths from 80 cm to 2.4 m
. 140 CPC slats (19 types)

. Different densities 5x25 mm? to 5x100 mm?.

I ANA L

Bending plane: HV=1600V I

]
S 10°
3 X c= 97.8+0.1%
cg% j,! llll c =43+ 0.4 um
Tail = 1.70 25
& [\ | rMS = 97 um
*R? \
2 P
10 P i
P Yl 7l 17
N | 1
- I U
il I
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Muon signal J/Y — ptu~

Full PbPb
LHC run statistics

~5% of full statistic
PbPb LHC run

Counts (1/25 MeV)

A
3 3.2 3.4 3.6 3.8
Invariant Mass (Gew/iC™)

10% Central PbPb collisions at LHC

CR,unts (1!2%Me\*)
:
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Q
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10000

S000

sS/B ~-0.12
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The ALICE collaboration

After more than 10 years of
life, still healthy and growing !

1200

ALICE URID

1000 -~

Collaboration statistics

800 -

MoU

600 -

400 4

200 -

Lol

0

T T T I I T

1990 1992 1994 1996 1998 2000 2002 2004

‘937 members

77 Institutions

-Discussion with China,Japan
US
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