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overheated supermagnet

the most expensive experiment of the world is broken

UBERHITZTER SUPERMAGNET

Das teuerste Experiment der
Welt ist kaputt

Der Schaden ist noch gréBer als zundchst
beflUrchtet - der nagelneue, Milliarden Euro
teure Teilchenbeschleuniger bei Genf muss fur
mindestens zwei Monate abgeschaltet werden.
Grund: Die Uberhitzung von maéchtigen
Elektromagneten, die den Teilchenstrahl im
Zaum halten mussen. Von Christian Stocker
mehr... | Forum




Prospects for First Physics
with ALICE

= commissioning without beam
= first pp running

= early heavy ion physics
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Start-up Configuration 2008

= complete - fully installed & commissioned

+ ITS, TPC, TOF, HMPID, MUONS, PMD, VO, TO, FMD, ZDC, ACORDE,
DAQ

m partially completed

¢+ TRD (25%) to be completed by 2009

¢+ PHOS (60%) to be completed by 2010

¢ HLT (30%) to be completed by 2009

+ EMCAL (0%) to be completed by 2010/11

m  at start-up full hadron and muon capabilities

m partial electron and photon capabilities



Overall Plan

= commissioning phase (ongoing since February)

+ fully commission trigger, DAQ, ECS
+ align and calibrate the entire system
+ use of beam gas interactions (10 Sep 08)

= first pp run (on the verge of being started)

¢ Iimportant pp reference data for heavy ions
¢+ minimum bias running
¢ unique pp physics to ALICE
= early heavy ion run (109 s @ 1/20 luminosity - 10d 2009)

+ establish global event characteristics
¢ bulk properties (thermodynamics, hydrodynamics... )
+ start of hard probe measurements



Alignment of Inner Tracking System (ITS)

Silicon Pixel Detector (SPD):
* ~10M channels
» 240 sensitive vol. (60 ladders)

\

" || silicon Drift Detector (SDD):
it » ~133k channels
e * 260 sensitive vol. (36 ladders)

Silicon Strip Detector (SSD):
\ X » ~2.6M channels
v » 1698 sensitive vol. (72 ladders)

ITS total:
2198 alignable
. sensitive
volumes

At







ITS Alignment with Cosmics

ITS tracking of cosmics: at IP2: p > 10 GeV/c, <p>~20 GeV/c

(Hebbeker, Timmermans, 2001)

¢ expect 10 w/wk in ITS
¢ uses LO SPD FastOR trigger (e=81% w. 97% purity)
+ robustness tested with “extreme” misalignment scenarios

provides partial alignment (5 weeks -> SPD - order 10 um)

d, resolution measurement via two-track matching of cosmics
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Importance for Weak Decays (D,B)

—n

= resolution of d, is the key parameter for the
reconstruction of weak decays of D- and B-mesons
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primary vertex

decay length: ct= 300-500 um (D*), ct=124 um (D°)



TPC Alignment Calibration

Cosmics pp Events
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® |aser system for drift velocity determination and ExB-measurement
= 100 samples, each with ~2300 tracks (fitted and extrapolated)
® 60-70 um precisioninxandy, 30 um —in z
initial requirement: better than 100 pm
m < (0.05mrad precision on rotation angles
initial requirement: better than 0.1 mrad
I |



" radius: 85 cm — 247 cm

" length: 2x2.5 m

= gas: Ne/CO, (90/10) 88 m3
= drift time: 88 us (500 bins)

= #channels: 560,000

" 560 million pixels

" max. trigger rate: 200 Hz

®180 space points/track
(Gyy,,<500um)

= can handle up 15000 tracks



tracking efficiency at small p
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ALICE Tracking Performance
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= robust and redundant tracking from ~100 MeV to 100 GeV

= Jdp/p <5% at 100 GeV

® in conjunction with excellent particle ID

J.P. Wessels - Prospects for First Physics with ALICE
I 4



NSo—2

tracking cosmics in magnetic
field

J.P. Wessels - Prospects for First Physics with ALICE
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pp Physics with ALICE

L ALICE detector performs very well in pp O start-up

a very low momentum cutoff (<100 MeV/c)
new x;-regime (10-)

Q p,-reach up to 100 GeV/c

O some collisions at 900 GeV
— connect to existing systematics

comparison to other experiments - pp nominal run
O excellent particle identification 0/ Ldt=310%cm2stx10’s
QO efficient min. bias trigger 30 pb! for pp run at 14 TeV
Nop collisions = 2-1012 collisions
O first physics in ALICE will be pp O muon triggers:
O provides important “reference” data for ~ 100% efficiency, < 1kHz

TSR Vo [ Te el 0 electron trigger:

W unique pp physics in ALICE e.g. ~ 25% efficiency of TRD L1

Q muItlpI|C|ty distribution 0 min. biaS triggers:

A baryon transport 20 events pile-up (TPC)
O measurement of charm cross section N = 109 collisions

major input to pp QCD physics pp minb




Day 1 - Charged Particle Acceptance

= operating with fast
multiplicity trigger LO

Jo ALICE detector n accept from Silicon Pixels
- = efficiency studied
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Inelastic Cross Section

J.F. Grosse-Oetringhaus

®  previous experiments triggered on and published
non-single-diffractive events (NSD)

m ALICE will measure full inelastic cross section | trigger efficiency
ND-INEL: 98.2%

Gtotal — Gelastic T Gnon—diffractive T Gsingle—diffractive T Gdouble—diffractive SD : 55.4%
insensitive Iy DD : 58.4%
ALICE trigger
a) non diffractive b) single diffractive ¢) double diffractive
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Charged Particle Multiplicity

J.F. Grosse-Oetringhaus
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m extend existing energy dependence

= unique SPD trigger (LO) for
min. bias precision measurement

= new look at fluctuations in pp
(neg. binomials, KNO...)



P+ Spectrum
of charged
tracks
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Only a few ten thousand events are necessary for these analyses
J.P. Wessels - ProSpects for First Physics with ALICE
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based on Pythia for LHC

significant samples of strange

particles in 70 million
minimum bias events:

KO : 7x106
A 7x10°
=: 2x104
Q: 270

detailed study of
flavor composition

First Strange Particle Studies
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Baryon - Antibaryon Asymmetry

P. Christakoglu

= experimental challenge: distinguish between the two pictures
baryon number transport via quark exchange

baryon number transport via string junction exchange

G.C. Rossi and G. Veneziano, Nucl. Phys B123 (1977) 507
B.Z. Kopeliovich and B. Zakharov, Z. Phys. C43 (1989) 241

= large rapidity gap at LHC (> 9 units)

>
9 = predicted absolute value of the second case ~ 3-7%

= additional prediction: asymmetry multiplicity dependent

N, - N.

N, + N,

HERA point plotted at
rapidity 9.6 -7.4 =22

{1 Baryon asymmetry

L gluons

2

4 ;
1 valence quarks '

-3 =1 1

‘M

B.Z. Kopeliovich, B. Povh, Phys. Lett. B446 (1999) 321 with H1 data
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reconstruction
efficiencies
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= systematic error of asymmetry below 1% for p > 0.5 GeV/c:

contributions from uncertainties in the cross sections,
material budget, beam gas events

= statistical error < 1% for 10° pp events (< 1 day)
= can be extended to A,A (asymmetry larger)
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Baryon - Antibaryon Measurement in ALICE

P. Christakoglu

100

80}

s R S

~~~~p GEANT3—GHEISHA

pGEANm-FLUKA
20 f-)éFLUKA ........................
0 | l l I | |
0 0.2 0.4 0.6 0.8 1 1.2
P [GeV/c]
ASYMMETRY
10

D o N W s 3 N MW

. m unaertalntles

03 04 0506 07 08 09 1 11 12
P [GeVi/c]



Heavy Flavor Precision Measurements

A. Daiinese

= DY— K+minpp from reconstructed secondary vertices
= B —> e+ Xinpp (depends on initial TRD overage)
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Heavy Flavor in Muon Channel

muon channel: Jy, Y — piw
(2.5 <y< 4)
60000 J/y and 2000 Y

initial sample sufficient to study
production rates of J/y and Y
states in muon channel
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fully commissioned detector and trigger

O alignment and calibration available from pp

first 10° events: global event properties
O multiplicity, rapidity density
a collective flow

first 10° events: source characteristics
O particle spectra, resonances
O differential flow analysis
4 interferometry

first 107 events: high p,, heavy flavors
O jet quenching, heavy flavor energy loss
O charmonium production

yield bulk properties of created medium
O energy density, temperature, pressure

O heat capacity/entropy, viscosity, sound
velocity, opacity

O susceptibilities, order of phase transition

Heavy lon Physics with ALICE

 early ion scheme

A 1/20 of nominal luminosity

0 [Ldt=5-1025cm?2 st x 106s
0.05 nb! for PbPb at 5.5 TeV
I\IPbe collisions — 2:108 collisions
(400 Hz)

O muon triggers:
~ 100% efficiency, < 1kHz

O centrality triggers:
bandwidth limited
Noppominp = 107 events (10Hz)
Noppbeentral = 107 €vents (10Hz)




and scaled p+p collisions
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J. Phys. G 30 (2004) 1540

1000

10000

Estimated Charged Particle Multiplicity Density

integrated multiplicity distributions from Au+Au/Pb+Pb collisions

dN_,/dy = 2600

saturation model
Eskola hep-ph/050649

dN/dy = 1200

In(N s) extrapolation

= ALICE designed (before RHIC) for dN_,/dy = 3500

design checked up to dN_,/dy = 7000




Elliptical Flow - Day 1 Physics

L
N eccentricity vs. particle multiplicity in overlap region 1
C

N SR
> 0.25 HYDRO limits data increase linearly
- AGS SPS RHIC . = hydrodynamical limit I
0.2 o reached at RHIC
: : — ‘ideal fluid’
0.15} -
i § = clear predictions from
- . hydrodynamics
01 — 5 E,/A=11.8 GeV, E877 .
- ? £/ GV, NAS . = sensitive to equation-of-state
0.05 [ i —@— E,,/A=158 GeV, NA49 .
. - @ —fa— \[5,4,=130 GeV, STAR ]
B f —=f=— \[5,,=200 GeV, STAR Prelim. |
0'....1....1....|...................'
0 5 10 15 20 25 30 35
(1/S) dN_, /dy

= very robust signal - no PID necessary
= event plane resolution < 10°



Tracking Challenge

with part of
the event
removed
displaced
vertices can
be seen

= > Al




Reconstruction of Resonances

(p,0,K* KO, AEQ...)
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4™ moment of the net charge

Fluctuations are associated
with phase transition

Multiplicities at LHC allow for measurement
of event-by-event fluctuations

<p.>, T, multiplicity, particle ratio,
strangeness, azimuthal anisotropy, long
range correlations, balance function, ...

Resolution /T
0.5%form
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Events

Event-by-Event Fluctuations
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Lattice computations
at small chemical
potential (S. Ejiri,

F. Karsch, K. Redlich)
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Jet Production at LHC

107 events

= first measurement up to 100 GeV
(untriggered charged jets only)

= detailed study of fragmentation possible
" sensitive to energy loss mechanism

" accuracy on transport coefficient <*g> ~20%

o 45
3. E — lIdeal R=1.0 pt=0.0
~ 4 A EMCAL + tracking R=0.4, pt=1.0
g" a5 O Tracking R=0.4, pt=1.0
& _E Annual ALICE run statistics
& E <Einpu>~125 GeV
25 ~
£ 25E pb+Pb 0-10%: <Go=50
= p+p norm @ |
1.5
iE-
0.5 ;—
o 3 . g
§=In(Ef:c"/p)

J.P. Wessels - Prospects for First Physics with ALICE
I 4

pjet> jets/event Pb+Pb
(GeV/c)
S) 3.5102
50 7.7 102
100 35103
150 48104
200 1.1 104
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Transition Radiation Detector (TRD)

= electron ID in central barrel p>1 GeV/c

= fast trigger for high momentum particles

540 modules -> ~760m?
= |length: 7m
M = X/X,~21%
BN . 25 m? Xe/CO, (85:15)
| - 65 kW LV power

a0
B0
40
2

o]
30
%

= 1.2 million channels

30 million pixels




Charmonia via Di-Electron Measurement

W. Sommer

m  electron ID with TPC and TRD

m expect 2500 Y per PbPb year
with good mass resolution and S/B

es/(Events*GeV/c)
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suppression depends on Tp/T.

suppression 1
quenched QCD T-=270 MeV

suppression 2
unquenched QCD T-=190 MeV

JIVY:
excellent sensitivity to different
suppression scenarios stat. err~5%

= if production enhanced compared
to pp

direct signal for deconfinement

Jhy produced via stat. hadronization

Quarkonia Suppression (u-Channel)
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= commissioning phase

+ fully commission trigger, DAQ, ECS

+ align and calibrate the entire system

+ further use of beam gas interactions
= first pp run

¢ important pp reference data for heavy ions

Summary & Outlook

¢ unique physics to ALICE

= minimum bias running

= fragmentation studies

= baryon number transport

= heavy flavor cross sections

= first few heavy ion collisions

+ establish global event characteristics
¢ important bulk properties

= first long heavy ion run
+ quarkonia measurements

Outlook

¢ jet suppression studies

= high luminosity heavy ion
running (1nb-1)
+ dedicated high p, electron triggers
¢ jets > 100 GeV (EMCAL)
¢ Y - states
¢ v - jetcorrelations

2

= pA & lightion running

+ flavor dependences






