Heavy lons @ LHC

® Heavy lon Physics
= (in VERY general terms)

®Heavy lon Physics at LHC
® LHC Project

® ALICE

= Collaboration
= Detector
= Performance

Pakistan March 2004 HI@LHC J. Schukraft
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\ S Heavy lon Collisions: What for ? @
@ T.D. Lee

Two outstanding puzzles that confront us today:

| ) missing symmetries

QCD mass generation via broken chiral symmetry (m_ , # 0)
Il) unseen quarks

confinement

The resolution of these puzzles is probably tied to the structure of the vacuum.

... iIn most high energy physics experiments, the higher the energy,
the smaller has been the spatial region we are able to examine.

In order to study the structure of the ‘vaccum’, we must turn
to a different direction; we should investigate some bulk phenomena
by distributing high energy over a large volume.

Rev. Mod. Phys., Vol 47 (1975) 267
Nucl. Phys. A553 (1993) 3¢
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The Dark Mystery of Matter |

Nucleus Neutron

What stuff is the Universe made of ??

@ Elementary Particles 0.1% @ Dark Matter 23%
= 12 (quarks, leptons) = made of
& only 4 relevant today (u, d, e, v) ® 730
= 13 (3 massive, 10 massless) Dark Energy 3%

=

: : o
@® Composite Particles (hadrons) 4% & of completely unknown origin

= hundreds.. | | = should be infinite or exactly 0
& only 2 are relevant (p,n), making nuclei

= (stars, galaxies) 0.05%

= (gas, planets, ..) 3.95%

We don't know how and why for ~ 5%
4 We don't even know what for the other 95%



[Vacuum | | low resolution |
medium resolution

high resolution

large scale

according to I. Pomeranchuk

The book of physics consists of 2
Volumes:

7 V1: Pumps and Manometers
. V2: Quantum Field Theory

The Vacuum is filled with the most
profound physical content.

the vacuum influences particles.

(
%U U \/ fw% Particles influgnce the vacuum, and
.

Quoted by L. Okun, Cern Summer School, August 2001




Effective Masses

free electron:

bare mass
Mg = 511 ke

electron in matter:

effective mass
Meff = Mg

® EVW Higgs mechanism
= symmetry breaking => Higgs VeV
= H coupling to particles => ‘true’ mass

for ‘elementary’ particles u,d,s,c,t,b, W,Z, ....

® QCD ‘Higgs’ mechanism
= chiral symmetry breaking
= gluon condensate
<0|gg|0> ~ 200 MeV/fm3
= coupling to partons => ‘effective’ mass
for hadrons (r,K,p,n,....)

@ QCD ‘true' mass

> m =5 m, =10 m, =150  [MeV]
m=15 m =43 m =170  [GeV]

> m,=m, =0 :Chiral Symmetry

@ QCD 'effective’ mass
> m, =m, =300 MeV (= 13 m,)
> m, = 500 MeV (=m,)




Deconfinement

Temperature
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Confinement}
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® Deconfinement in QGP

= long range QCD potential

screened by high parton density

= partons move freely over long

distance
‘colour conductor’
= no bound states possible
‘resonance melting’




=2 liquid == gas

T =~ 300°K
(ambient)

T ~ 10.000°K
(sun surface)

Ex~1eV

=2

T ~ 60x109°K
(supernova core)

ﬁ
E~5 MeV

Nucleons =S

0 ®o0
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Phase Structure of QCD

QuanksGluen|
Placing

- (Tri[:riticﬂl Poin t)

(an Order Trmsitiun)

1st Order Tmnsiti:m)

Triple Faint)

Temperature T
o)
Lol
g
=)

Baryon density p

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

@ medium T, medium p: tricritical point ?
> seperates 151 & 2nd order phase boundaries
» leads to large event-by-event fluctuations




Lattice QCD Results
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@ recent progress

T, ~175+8+8 MeV

= improved actions

g~ (62) T
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= improved symmetries
= larger lattices
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1 ¥ T -

Pl

P20 = 0 sy

_— E _"; _'

(T =1 Gew /i’ 4 i

-~— mg = 170

00 MeWV /T
1 ']

teed — 25 4

(c-3P) £ 0

P004 J. Schukraft




The QCD Phase Transition}

@ QCD prediction:

c» increase of £ => new phase of matter
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hadronic matter
g(nucleus) = 0.13 Gevifm?

glproton) = 0.5GevYi?

q's are confined

q’'s have large "effective’ mass
Ty = My e 113 rﬂp = 300 Mey
m, = 500 Mey

phase transition
hadrons & vacuurn' melt

1st or 2nd order transition ?
latent heat, critical fluctuations

Quark-Gluon-Plasma
gx 1-2GaViTr?
T= 150 Mey
p=5-10p(nucleus)
q‘s are deconfined
colour conductlvlty
q's have small ‘bare' mass
chiral symmetry restored
PPy, = My = 5 Mey
i, =150 Mey
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Signals & Observables

QGP

[Thermal Radiatior| Heawvy Meson Decayd
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Little Bang
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Hubble flow =
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S Hard Probes |) J/Psi suppression '@

Measured / Expected JAy suppression

normal
| —
matter

beams Of Perturbative Vacuum

hard probes: JE—— l

113

jets, J/y ....
Color Screening
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% Hard Probes Il) Jet Quenching ‘@

beams of

hard probes:
jets, Jy ...
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— flow: v § 24 4%
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~  peripheral

— pp data +fflow
PP _|_

@ high p, partons:

~ -

- -

-
=]

]
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—flow: w2 = 7. 4%

STAR 200 GaV¥ |a y<1.4
= Central 0-5% AR+AuU
—— pp data + flow

| -+
NS

I
t 4+

1 2 3
A (radians)

particle NOT +— LR
suppressed Pl

jet quenching measures

hadrons

' :f:rct'iiz.gem ‘radiation ‘ length of QGP
y’ suppressed dE ~ HDZ x |2

up = Debye screening mass

= Vacuum: fragment into hadrons => JETS
= Matter: additional scattering => more gluon radiatiot
& normal ‘cold’ matter: small effect
& QGP: strong effect (up to several 10 GeV)
= observables of ‘jet quenching’
& leading parton looses energy
& energy shows up in soft partons around jet axis

Pakistan 3/2004 J. Schukraft




Phase Diagram of Matter

NA3S. 64TV 32§+Au °

c» Surprises ?




Experimental Facilities

. 4
AT
1

(1986 - 1998)
E.,< 15 GeV/IN, s ~ 4 GeV/N
400 . 4 big, several small

(1986 - 2003)

E,., <200 GeV/N, Vs <20 GeV/N
600 . 6-7 big, several small

(>2000)
Vs < 200 GeV/N
1000
2 big, 2 small

(>2007)
Vs < 5500 GeV/N
1000
1 dedicated HI, 3 pp expts

X5

X10

akistan 3/2004 J. Schukraft
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g Current hunting ground for
& Quark Gluon Plasma

"

The Relativistic Heavy Ion Collider

'{_"‘;-jI 4 I__-




4 Experiments,
~ 1000 people from ~ 100 Institutes
in ~ 20 Countries

| R

® STAR

= ~ people, ~ - Institutes
= hadronic probes

& particle spectra/ratios, HBT, jets
= large acceptance TPC, solenoid

® BRAHMS

= ~ /[ people, ~ '~ Institutes
= single inclusive hadrons
& central and forward region
= 2 spectrometer arms (tracking+PID)

® PHENIX

= ~ people, ~ -0 Institutes
= e.m. probes ()
W e,u,y, small area hadrons
= several special purpose spectrometer arms

® PHOBOS

= ~ 50U people, ~ 4 Institutes
= very low p, hadrons
w down to ~ 20 MeV
= Silicon telescope + TOF array
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Future place for studying the
Quark Gluon Plasma




Physics at LHC

@ Common Questions

—» generation of mass
elementary panticles => Higgs => ATLASICMS
composite panticles => QGP => ALICE

=» missing symmetries
SuperSymmetry: matter <-> forces => ATLASICMS
Chiral Symmetry: mass of light quarks => ALICE
CP Symmetry: matter <> antimatter => LHC-B

@ Different Approaches

—» 'Concentrated Energy'
=> (single) high mass panicles
—» 'Distributed Energy’
=> interaction between matter & vacuum

—» 'Borrowed Energy’
=> indirect effects of very high mass particles

=

Temperature: HI physics (ALIGE)

Enerqy: pp physics (ATLAS/CMS)

25
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g Physics@LHC: Caveat &

BIG Step ahead: SPS X 12 RHIC X28 LHC

® long distance QCD is difficult to predict e e e e

= Theory well known, not so its consequences or manifestation
= HEP@LHC: Theory unknown, but each candidate makes precise predictions

@ the fate of 'expectations’ at SPS and RHIC

= some expectations turned out right:

& SPS: strangeness enhancement RHIC: particle ratios, jet-quenching(?)
= some turned out wrong:

& SPS: large E-by-E fluctuations RHIC: multiplicity dN/dy
= a number of unexpected surprises:

& SPS: J/Psi suppression RHIC: elliptic flow, 'HBT-puzzle'

@ lesson when preparing ALICE at LHC

= guided by theory and expectations, but stay open minded !

® ‘conventional wisdom'
= soft physics: smooth extrapolation of SPS/RHIC necessary, but boring ???
I:>2Ohard physics: new domain at LHC

Pakistan 3/2004 J. Schukraft



&  Hard Processes at the LHC *

® Main novelty of the LHC: large hard cross section
~2% at SPS Pb
o | 51! 5% at RHIC

~98% at LHC K. Kajantie (OM02)

@ Hard processes are extremely useful tools
= happen at t = 0 (initial stage of the collision)
= have large virtuality 0 and small “formation time” At o« 1/Q
= probe matter at very early times (QGP) !!!

2|

Pb

‘ in pp can be calculated by pQCD — predicted

a,(0) e 1/In(Q* 1 Ayy) ol =0(a,)+0(al) + Qe F ...

in absence of nuclear effects: hard
Nhard _ szr X Nc

AA (pA) ollisions

' initial production not sensitive to properties of medium

formed in the AA collision
27

Pakistan 3/2004 J. Schukraft



&

Hard Probes @ LHC

@ LHC: the full 'spectrum’

= soft -> semihard -> hard (>> 20 GeV)

& difficult to overcome power law with Luminosity !
= high p, important in order to leave even tails of 'nydrodynamics'

Minimum bias

® (n*+m)/2

0

" T

—

s~ wt+m (arb. units)

"Lfactor 10 every 2-3 GeV

1/N 1/(2np,) d°N/dp,dn [c’GeV? ]

10 ;
.
10" soft semi-hard hard
1[1{ ' -
Py
10° %A"L;

o
PHENIX Preliminary ¢ [ &

0 2 4 6 8 10
p; [GeV/c]

AusAu (b<3) —» ' J-5= 20, 200, 5500 AGeV

K=2 CTEQSM, Q°zp, 72, T,,=24/mb

g-»T




S Jets in ALICE |nj<0 9 & ,

—]
® ideal energy for jet-quenching:’. \ —
around 100 Gev ;5' - \. »  Pythia 14 TeV
= pQCD applicable £ _.._*\\ bl
= jets measurable above soft background ;j 10° = '
= energy loss still relatively large effect 3
& AE/E ~ O(10%), decreasing with E ! 10% N
Reasonable |[]L" ll’.!I_ T 50 - I;UD - ._1 - Illﬂl:JD
rateup to E; | [IR) Pb Pb rates:  ©
~300 GeV p,jet > jets/event accepted
(GeVic) jets/month
~ 1Hz trigger rate for central PbPb ] 3510° 49107
collisions and 50 7.7 102 1.5 107
p.jet > 100 GeV/ec 100 3.5 10° 8.1 105
150 4.8 10* 1.2 105
real jets triggers 0.7/s y -
. false triggers  0.3/s 200 1110 2810

Pakistan 3/2004 J. Schukraft



&  Heavy Quarks & Quarkonia @

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

@ copious heavy quark production SPS | RHIC | LHC

= charm @ LHC ~ strange @ SPS charm 0.2 10 200
@ hard production => 'tracer' of
QGP dynamics (statistical hardonization ?) bottom - >

@ 2 m, ~ saturation scale => change in production ?
@ Jet-quenching with heavy quarks visible in inclusive spectra ?

1045 T T I|IIII

| ] |l' T
RHIC LHC “
109 = " ~
® Y do/dy LHC ~ 20 x RHIC g
=Y will probably need ? 10f - =
higher Lumi at RHIC =
= even at LHC Y" is difficult S el il
.% c
M
109 - .
: Y production
10-1 . I A |}|{| |VOgt’ h|ep-p|h/(72(|)5|3|3(?||

10 50 109 SO0 104K 5000 10060

30 Ve (GeV)

anidlall J/£uu4+ J. OUlIUniait
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’F% 10.0
=t .
=
V)
=
=
v 50
=
1.0

What multiplicity do we expect?

old estimates: dN_, /dy 2000 - 8000,
can we extrapolate from RHIC data ?

dN_ /dn ~ 2500

0 << O B F @

PHOBOS 200 GeV
RHIC comb. 130 GeV
PHOBOS 56 GeV
MNA4D (5PSE)

E806/E9 L7 (AGS)
LIAS

CDF

A=197, central
A=197, 6 % central
A=208, central
A=208, 6 % central
FHOBOS data
PHEMLX data
STAR data

[3¥]

&

jul

=]

= _
SoOmI» [

[ANcw/ AN im<
ELIJ
T T T TTT

s

10 100

Vs

L}

| I N T I

. hep-ph/OLO40LD

1000 5000 P

I~

5

100 s 10°

s [GeV]

(from K.Kajantie, K. Eskola)
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&

= still expect conditions to be significantly different

Initial Conditions
® my pre-RHIC guess (QM2001)

= only LHC will give the final answer !

Central collisions SPS RHIC LHC
. . . s12(GeV 17 200 5500
Significant gainin s, V, t (GeV)

- 3
~x 10 sps > LHC dN., /dy 430 ( 700-1500| 2-8 x10
~ ¥ 3-5 RHIC -> LHC & (GeVImM3) geqem 2.5 3.5-7.5 15-40

V(fm3) 103 | (?)7x10° 2x10*
16 RHIC e/ — Tacp (fm/c) <1 1.5-4.0 4-10
14 | E/T4 1l
12 | ' ] o (fm/c) ~1 ~0.5 <0.2
by LHG |
8 ]
3 flavour
6 2 favour 7 : >
| T, = (173 +/- 15) MeV ] Hﬂller ]
27 g, ~ 0.7 GeVAm® T[MeV] |
. 100 zt;n 3xlm 4!;10 5t-m ﬁﬁu




S The Soft Stuff @

® changes in expansion dynamics & freeze-out ARE expected
= will the measured transverse HBT volume (finally) increase ?

= thermal freeze-out temperature ?
= how will charm fit into particle ratios ? AGS RHIC LHC?

= will anisotropic flow change shape of freeze-out volume ?
= Event-by-Event fluctuations ?
& measurement accuracy increases ~ V#particles

Freeze-out Hyper surface

Biggest surprise
Iwould be none..

T (fmJc)

Pakistan 3/2004 J. Schukraft
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S Past-Present-Future E

® AGS/SPS: 1986 — 1994

= existence & properties of hadronic phase
& chemical & thermal freeze-out, collective flow,...

® SPS: 1994 - 2003

= ‘compelling evidence for new state of matter
with many properties predicted for QGP’

& J/Psi suppression (deconfinement ?)
& low mass lepton pairs (chiral restoration ?)

@ RHIC: 2000 - ?

= compelling evidence -> establishing the QGP ?
& parton flow, parton energy loss
= soft ~ semihard processes; hadron ~ parton phase

@ LHC: 2007 - ??

= (semi)hard >> soft, parton >> hadron phase
= precision spectroscopy of ‘ideal plasma ‘QGP
@& heavy quarks (c,b), Jets, Y, thermal photons

LHC: will open the next chapter in HI physics
significant step over & above existing facilities

| THE place to do frontline research after 2007

D

temperature T [MeV]

—
early universe
I

LHC

[ thermal freeze-out

hadron gas

lllllllllllllllll

RHIC plasma

...........................
quark-gluon

RHIC 1

chemical freeze-out

AGS

deconfinement
chiral restoration ]
SIS d

atomic
nuclei

neutron stars

energy and pressure

02 0.4 0.6 0.8 1 1.2 1.4

]
[

10

baryonic chemical potential pn_ [GeV]

1 e pressure PFﬂN\
T m ; I
B - >

e energy density e/T4

+» RHIC LHC
BEE /]

"

Hi

l.‘O l.‘5 2.0

temperature T/Tq



s LHC Status

® the long & winding road to LHC
= first discussion on HI in LHC: 1990
= LHC approved 1994 /1996
= start-up several times postponed

@ CERN financial problems
= some 20% cost overrun (~800 MCHF)
= solution:

& reduce non- LHC program,
bank loans, savings, 1 year delay

{ ' # [ 3. e
N |- = IS
4 fr. - Py il
i i R i | .
}' ) ol T ¥

i =
= LIX 15 cavem - August 29, 202 - CERN 5T-CE
P . ¥ W T o

® machine well into construction
= civil engineering almost finished

= many production magnets tested External Machine
Review Committee:
@ LHC Start-up: Aprll 2007 'Tight, but feasiblel

=35 first short heavy ion run: end 2007

Pakistan 3/2004 J. Schukraft



*® LHC Magnets




i)

S Heavy lons in LHC e

® energy

= Epeam = 7 X ZIA [TeV]

= Vs = 5.5 TeV/A (Pb-Pb), 14 TeV (pp)
® beams

= possible combinations: pp, pA, AA
& constant magnetic rigidity/beam ('single magnet')
= expected heavy ion running
& ~ 6 weeks heavy ion runs, typically after pp running (like at SPS)
@ initial emphasis on Pb-Pb
& pp and pA comparison runs
& intermediate mass ion (eg Ar-Ar) to vary energy density
= later options: different ion species, lower energy AA and pp

o Iuminosity Pb-Pb Ar-Ar
= low L runs:

pp

21 27 27 29 29 30
o avoid pile-up in TP | Flem™s] 10 3x10°"to 10 |10 to 3x10

= high L runs: Rate [kHz] 8 8 to 250 7 to 200

& max rate in muon arm
37
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o ALICE Acceptance

@® central barrel -0.9 <n <0.9
= tracking, PID

-6
= single arm RICH (HMPID)

= single arm em. calo (PHOS) -4
-3

@ forward muon arm 2.4 <n <4
= absorber, dipole magnet > -2
tracking & trigger chambers % 1

&
@® multiplicity -5.4 <n <3 ~ 0

= including photon counting in PMD ¢

@ trigger & timing dets
= Zero Degree Calorimeters 3
= T0: ring of quartz window PMT's
= VO0: ring of scint. Paddles

A

PHOS
~12 <1 <0.12

| A¢

= 100°

HMPID
-.45 < n < 0.45

Ad = 57° |

/FMD 5.4 <7 <-1.6

/PMD 2.3 <n <-3.5

/]

|
NN

/:

!

ITS+TPC+TRD+TOF:

0.9 < n < 0.9 -

[/

SRRRERNNRN

FMD 1.6 <n <3

Muon arm 2.4 <n<¢4

\—VT

v

Azimuth 90 180°

270°

360°

>



o

ALICE Collaboration

~ 1000 Members

(63% from CERN MS)

Countries

Institutes

ROMANIA

GREECE
NETHERLANDS

SLOVAKIA

POLAND
CZECH REP.
NORWAY “—HUNGARY

1200
ALICE
1000 -
800
600
400 -

200 ~

Collaboration statistics

TRD

Lol

MoU

0
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&  ALICE Design Philosophy @

@ General Purpose Heavy lon Detector
= one single dedicated HI expt at LHC
& ATLAS/CMS have some interest, but priority is pp physics
& AGS/SPS: several (6-8) 'special purpose expts'
o RHIC: 2 large multipurpose + 2 small special purpose expts

@ cover essentially all known observables of interest

= comprehensive study of hadrons at midrapidity
& large acceptance, excellent tracking and PID

= state-of-the-art measurement of direct photons
& excellent resolution & granularity em calo (small but expensive !)

= dedicated & complementary systems for di-electrons and di-muons

= cover the complete spectrum: from soft (10's of MeV) to hard (100's of GeV)
& more recent design feature, still incomplete ...

@ stay open for changes & surprises
= high throughput DAQ system + powerful online intelligence ('PC farm')
& flexible & scalable: minimum design prejudice on what will be most interesting

42
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o Reality is more difficult.. @

@ technical and financial constraints lead to compromises
= acceptance is limited to about Ay = 2
= fragmentation region is not addressed
& in any case, difficult at LHC (beam rapidity = 9)
= robust tracking <-> rate capability
& limited by pile-up in TPC to some 8 kHz in AA
= no large area calorimeters
o at least, not yet...

43
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L3 magnet

@ still largest magnet
= magnet volume: 12 m long, 12 m high
= 0.5 T solenoidal field










S ALICE R&D ®

1990-1996:Strong, well organized, well funded R&D activity

® Inner Tracking System (ITS) ® PID
= Silicon Pixels (RD19) .. = Pestov Spark counters
= Silicon Drift (INFN/SDI) v = Parallel Plate Chambers;
= Silicon Strips (double sided) ./ = Multigap RPC's (LAA)
= low mass, high density interconnects = low cost PM's ot
= low mass support/cooling v = solid photocathode RICH (RD26) <

® TPC ® DAQ & Computing
= gas mixtures (RD32) v/ = scalable architectures with COTS|
= new r/o plane structures ﬂ = high perf. storage media | 7

= advanced digital electronics
= low mass field cage

= GRID computing 9

® misc
® em calorimeter = micro-channel plates
= rad hard quartz fiber calo.
= VLSI electronics v

= new scint. crystals (RD18)S 7

* R&D made effective use of long (frustrating) wait for LHC
47 « was vital for all LHC experiments to meet LHC challenge ! | -...... 5000  scroican




S Time of Flight Detectors

@ aim: state-of-the-art TOF at ~1/10 current price !
= requirements: area > 150 m2, channels ~ 150,000, resolution ¢ < 100 ps

= existing solution: scintillator + PM, cost > 120 MSF !
& R&D on cheaper fast PM's in Russia failed to deliver

@ gas TOF counters + VLSI FEE

= Pestov Spark Counter (PSC)
& 100 um gap, > 5 kV HV, 12 bar, sophisticated gas
& o <50 ps, some 'tails' (?), but only (!) ~ 1/5 cost
& technology & materials VERY challenging

= Parallel Plate Chamber (PPC)

& 1.2 mm gap, 1 bar, simple gas & materials

& 1/10 cost, but only o = 250 ps l‘

& unstable operation, small signal : L
= Multigap Resistive Plate Chambers (MRPC) e ) . | 1 |1

& breakthrough end 1998 after > 5 years of R&D !

& many small gaps (10x250 um), 1 bar, simple gas & materials

& ~1/10 cost. 6 <100 ps . siole construction & operation,.. .

48
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& Inner Tracking System (ITS) @

SSD

=97.6 cm

SDD

SPD

¢ -
L 4

R _=43.6 cm

® 6 Layers, three technologies (keep occupancy ~constant ~2% for max multi)Ut

= Silicon Pixels (0.2 m2, 9.8 Mchannels)
= Silicon Drift (1.3 m?, 133 kchannels)

= Double-sided Strip Strip (4.9 m2, 2.6 Mchannels)

Major
technological

., Material Budget: <1% X, per layer ! challenge!



é’_lISjlg.c.tLo.njs.sJJ_e_\Lngpmems @

ALICE PIXEL C,HIP (all fuII-custom deS|gns in rad toI 0 25 um process)
50 pm x 425 pum pixels -

8192 cells

ALICE SSD FEE

Area: 12.8 x 13.6 mm? HAL?2S5 chip:

13 million transistors 128 channels

~100 pW/channel Preamp+s/h+
serial out

o -

ALICE SDD FEE
Pascal chip:
64 channel preamp+ 256-deep

analogue memory+ ADC
\ |
t |

Ambra chip: - Analogue
64 channel ’ memory
derandomlzer -

chip

SSD tab-bondable
Al hybrids

=N




Strlp module
assembly

System testing and setting up of series production
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S |TS Support Acceptance Test @ \




&S TPC Y ecrose (00K

field cage

@ largest ever
= 88 m3, 570 k channels readout chamber

=10 ] L

| drift gas

Central Electrode Prototype 90% Ne - 10%CO,

25 pm aluminized Mylar on Al fi,

-
.”. U H,\ 1 :
[, 1J i] b'i

—
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TPC R/O chambers .

@ Chamber production ends spring




S ALTRO: Better-Smaller-Cheaper '@

Baseline Tail Baseline

a A ) Zero 0 Data 10001101 01000101110
Correction Cancellation gi0004 Correction Suppression Format 100110+ [VIUlti-Event = 'oto00t011010
Il
10- bit 11- bit CA2 18- bit CA2 11- bit 10-bit 40-bit 40-bit
20 MSPS arithmetic arithmetic arithmetic arithmetic format format

DIGITAL PROCESSOR &
4 PQFP 100 ONTR ) IAIE
8 SSOP 28

A
N IRARRRRRARARIRRANRRR.  guqmnamnangnnangnn
B ALTRO ATRO  E
: 1999 model 1999 model d
= 4 channels 4 channels :
.......... i IIELTLTTLEETTLL T I ] . .
o = : .
~ & B RARARRARR RARARRARR B T T AR P
: B ALTRO ALTRO E
:; : 1999 model 1999 model d
; : E 4 channels 4 channels :i
: n ? ALTRO1E
.......... sufnngonag BunnoRaBEsn00G00a0 I
Integrated ADCs
v

1998 1999 2001
5 channels per chip: 1 channels per chip: 4 channels per chip:




f)T PC Electronics: ALice TPcE READOUT CHIP (ALTROIS

Adaptive
+ q Baseline
Correct.
|

Adaptive

Baseline

Correct.
|

Multi-Event
Memory

10 bit 14 bit CA2 18 bit CA2 11 Dbit 40 Lt 40 Lt
20 MSPS arithmetic arithmetic arithmetic format format
ALTRO OUTPUT .
FILTER DISABLED Takenup in TT
Database,
lively customer
ll A interest !
ALTRO . L - r,.r-r‘ N (both Industry
)
test result and research
labs)

ALTRO OUTPUT
FILTER ENABLE \

Y W \'rﬂ\'ﬁ'u—' T ‘ﬁwh—‘

THE TEST INPUT SIGNAL IS A CONVOLUTION OF

THE SIGNAL MEASURED ON THE TPC PROTOTYF
WITH THE AMPLITUTE AND ARRIVAL TIME
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S

, 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)
& stand-alone tracking at low p,
= Time Projection Chamber (TPC)

4cm<r<44cm

90 cm<r<250cm

= Transition Radiation Detector (TRD) 290 cm < 370 cm

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

8

8

tracking efficiency [%]

8 8 8 8 8 8 8B 8 8

in TPC vs. multiplicty

Full event: 84210 prim. tracks ? :

1 | L I I | I 1 L | L 1 1 ] 1 L 1 | i I L |

80 100 120
relative event size [%]

=
B

)

)

e N N R iy I |

—» ITS+TPC+TR

— Ap/p (%) for IS IRGTRY

-~ B=0.4T s

; TPC 4

:— —— =

- P f o

- . "

n —— —h—

s —a—

E — TPC+ITS+TRD

| —— :::_7

="'=__1i|11| ATETE

0 20 30 40 50 60 70 80 20 100
n r(‘n'I/C]

Ap/p ~ 9% at 100 GeV

kraft




S Vertex Finding @

TR 7 IV = W 1Y [ L

@ little material + good resolution + close to vertex

Entries/evt

. | ; =2921+ 925
= primary vertex: " B =1806 +01583 _
@15 pum (r(l)) X 9 pum (Z) lﬂ;— Ztrue =5 cm
[F]=
L - O \
= secondary vertices: g = O
@ heavy quarks (100's um) 5 F
n B
& hyperons (cm) £
af- . Pb
dg < cut > resonances = LTS Primary vertex
dy > cut = D,B mesons N o B o B o R B et
_ . Multiplicity (-0.5< ¥ <0.5)
0 220 :
‘E 200" P=Ter i - +  Kalman filter
® E 180 *"-. » Riemann method
2 160 '
s = . |
................................... ;. ...J".I g ::3 ' . lmpact Parameter (i0 (rd))
100 '
all_ § 80
M E 8 60F
%J.*"éﬂn v e iy ' E- 40
MY i AT E 200 e B R =
0 200 400 600 800 1000 L
do (um) 10° 1 10



é Particle ldentification

@ stable hadrons (w, K, p): 100 MeV < p <5 GeV

= dE/dx in 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-, A)

= still under study, but expect K and A decays up to at least 10 GeV
® leptons (e, n), photons, n°

Alice uses ~ all
known techniques!

electrons in TRD: p > 1 GeV
TPC+I1Ts M K

dE/d . Kp muons: p > 5 GeV
( ) W T el n%in PHOS: 1 <p < 80 GeV
TOF e in 777/ /K
K/p
HMPID R ok
(RICH) ”
! 1 2 3 4 5 p (GeV/c)

TRD e /m I
PHOS  y/nf - ]

63 1 10 PakingzoopJ(ﬁtﬁry/ C)




DOUBLE STACK OF 0.5 mm GLASS
cathode pick up pad

Edgé G ETATD T2 / Resistive layer (cathode

v/ )
J

Resistive layer (anode)

S gaps >

7 |

J

J
J
J
J

b §
J

anode pick up pad

Resistive layer (anode)

Sgaps—, | |

Resistive layer (cathode)
7\ cathode pick up pad

Multigap Resistive Plate Chambers

full size TOF modules under test
= I/ \:'fp - ': ..,,* - j | i 1'&

5

llllllllllllll

| nammmm'r rFrmmmaw: i

/ @\ Time Of Flight @

for 7, K, p PID
n, K for p <2 GeV/c
p for p <4 GeV/c

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

1
=
g =
=]
|—]
|
-
| =3
=
| .
B
L
[

-7

96 readout

i pads per
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O TOF Test Results

Entries/50 ps

1200 -

1000 .|~ | STRIP 10 H.V. +-6 kV

800 |-

600 |- o = 53 ps minus 30 ps jitter

of timing scintillator = 44 ps

400 |

200 |

0 [ | ‘ [ |

-1000 -500 0 500 1000
Time with respect to timing scintillators [ps]

Typical time spectrum

@ other expts using ALICE MRPC technology

= HARP @ CERN (expt. finished)
= STAR @ RHIC (proposal)

= FOPI @ GSI (planning)
65

Efficiency [%]

100
80
60 : .
..................... | T ostip A2
40 : = strip 10
20 ..................... ................... :
0 : :
5.0 5.5 6.0

Applied voltage [kV]

Resolution [ps
sEEell [ps]

6.5

75 X .................. = stip12 |
70 ................... .................. e Stnp'lo
65 ................... e
60 ' :
55
50
45
40 5

5.0 5.5 6.0

Applied voltage [kV]

N

Typical performance
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The STAR Barrel TOF
MRPC Prototype

4 Prototype Tray
\"7’ Construction

+ at Rice University E—
: - | B
MRPC design developed at " 28 MRPC
CERN, built in China ( { Detectors;
24 made at

omb thickness = 4mm

ckness = 1.1mm

ickness = (.54mm

pard thickness = 0.5 mm

[ rebord
inner glass length =20.0 ¢cm - electrode (graphite)
er glass 06¢ D glass
PC board length = 21.0 cm |:| honey comb

c ~ 50 ps, 2 meter path

Strong team including 6 completed Prototype 28 module MRPC ' ‘
Chinese Institutions in place  TOF Tray installed in STAR Oct. 02 in

place of existing central trigger barrel tray




The STAR Barrel TOF MRPC Prototype

Prototype modules met all
performance specs in the STAR
environment and produced
important physics on PID’d

Cronin Effect

STAR Preliminary
dE/dx vs p from TPC

TPC dEidx (GeViem)

STAR Preliminary
MRPC TOF (d+Au)

p (GeV/c)

Proposal reviewed and

approved by STAR and

has been submitted to ,
BNL Management

p (GeV/c)



S High Momentum Particle Identification !

RICH charged particle

container

CgFaradiator

Y quartz window
collection
electrode
pad cathode
|covered with
WWPC
sl film
I frontend
electronics
STAR data
r 3. G -1
T _E, kil -
= - -
F i o N
. o
i . . 1 ]
& pads) % [pads)
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STAR data

protons

.c:“-"'

~ July 2002 Back home again &-




JEdX vs Pmod |

12
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10
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Protons
Kaons
Pions
Electrons

[
— (3,

Meomentum (GeVic)
= :

-2

-2.5
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° o

[ dE/dxin TPC |

(Mevic) 0
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Mass (GeV/c")
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1l =0 dE/dx relativistic rise ? .
g —n-K ~
:‘g 12 —K-p |
& 10

: TRD @ combine TPC and TRD dE/dx capabilities

= pion ID up to several 10 GeV ?
= K/p on a statistical basis ?

_-_____‘_____‘——_
A LA e P P P T T T
0274 6 8 10 12 14 16 18 20 o 2r
P, (GeVic) =k
551.3_—
O g '
= —ﬂ-K 13-_
e 5 T L
% | K-p . nt
g | i
%4__ TPC 1.4
3 L
, 8<p<10 :
i 1.2
GeV/c - o
1
i rotons
Jll'(/ _Il1llll:-II|III|III|II1|III
\ / 0.8 1 1.2 1.4 1.6 1.8 2
Djll.\llllllllllllIJIlIJIlJIllJillIJIJ!lI ma,TFC
2 4 5] g 10 12 14 16 18 20
P, (GeVic)

Pakistan 3/2004 J. Schukraft



[

o Photons & Leptons &

® Photons

= LHC: high particle density + large combinatorial background for n0, n
< high granularity => dense material + large distance from vertex
& good resolution => scintillation crystals

= compromise: acceptance ( ok for n -> yy @ 1GeV) %::: T o
® Muons Yol | \\
= classical muon spectrometer (NA50, Phenix) 2_,H \
< high performance cha_mbers: mir'r' \-\m\&
~ 106 channels, very thin, small dead area
@ goal: Am/m ~ 1% @ 10 GeV (separate Y") m: L
OBt 00 0 e et mevie 5

= challenge: integrate with central barrel !
& very complex & sophisticated absorbers

® Electrons (later addition to ALICE)
= combine TPC tracking with e-ID: Transition radiation detector TRD
@ large area (800 m2) , high granularity (> 108 channels)
@ challenge: triggering on high p, electrons

requires on-line tracking in < 6 us !!!
72
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Photon Spectrometer o

for photons, neutral mesons

and y-jet tagging
® single arm em calorimeter
PbWO0,: Very dense: X, < 0.9 cm = dense, high granularity crystals
Good energy resolution (after 6 years R&D): & novel material: PbWO0,
stochastic 2.7%/E!2 = ~ 18 k channels, ~ 8 m?
noise 2.5%/E

constant 1.3% = cooled to -25°

I',I B 1995 Warm. a=285 MeV b=0 =0.02
\ 1985, Cool. a=166 MaV' b=() e=0.02
I". 1996, Cool. a=65 MeV b=0.033 c=0.01

'|II B 15997, Cool. a=33 MeV b=0.037 ¢=0.01
\® 1998 Cool a=30 MeV b=0.03 c=0.01
\ 2000, APD. Preliminary

LEd i T
Energy,GeV



o PHOS @

® mass production of crystals ongoing (> 20% available)
= Apatity, Russia
® Light Read-out , Electronics PHOS 256-Channel Prototype

= APD's (Avalanche Photo Diodes) R ﬂ h—;l - ,
= FEE close to production '

_‘!1 i.-.;-—-;_:,n"_"‘i“‘l’{ =

Collaboration:
- Russia + Norway

- China (tbc)

Needs strengthening !
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Dimuon Spectrometer . \

@ Study the production of the J/¥, ¥', Y, Y' and
Y"” decaying in 2 muons, 2.4 <n < 4

® Resolution of 70 MeV at the J/¥ and 100 MeV
atthe Y

RPC Trigger Chambers

\

S stations of high
granularity
pad tracking chambers,

over 800k channels -

/ Absorber

Complex absorber/small :
. Masnet Trigger chambers
angle shield system to AN Filter

minimize background Dipole Magnet: bending power 3Tm
(90°cm from vertex)

L

iy

Tracking

chambers
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Alumlnum from Armenlai
all :

Graphite from India,
Support structure from ltaly
Assembly team from Russid,™

W e
x R o |
L 4 x -
-

: Etruscan polyethylene
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bt |



6 Muon Chambers i o | Statiéih 3-4: Slats
1 ..,.J_ '

—_—
L, a8

Juadrants

5
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&  Muon Magnet

@ Dipole Magnet
= 0.7 Tand 3 Tm

= 4 MW power, 800 tons
= World's largest warm dipole

= T T — 1

i 1




o US proposal: large emcal &*

@ large area electromagnetic calorimeter (a la STAR)
= hadronic energy in TPC + em energy in calorimeter
= trigger on jets, improve energy resolution, y-jet coincidences (with PHOS)

htEDIf
Proposed ™
EMCAL
m|<0.7
Ad ~ 120°
o(Pr) ~15%

______

0
100 GeV Jetin ¢ I-_':":’ l! |||['I
Central PbPb 2, .,'.' ".‘.."'l
I ‘ A lr' '1“!
AT TedLiY- cU . I'
e . 3 08




[

S Forward Detectors &

PMD pre-shower detector

2.3 <n <3.5, measures

ncharged and nphotons
(DCC's)

V0 1.6<m|<3.9

Interaction trigger (beam-gas
rejection), centrality trigger and
beam-gas rejection. Two arrays of 72
scintillator tiles readout via fibers

TO,

FMD Measure Multiplicity and n
dist. over 1.6 <n<3,-54<n<-1.6

Silicon pad detector disks (slow readout) with
12k analog channels (occ.>1)

TOR 2.6 <|n| < 3.3 measure

event Time (T) for the TOF (~

50 ps time res.) Two arrays of 12
quartz counters. Also backup to VO

80
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& Triaager Counters TO/VO/Accorde '@

Accorde: large area Scintillator + PM
trigger on Cosmic rays

] - [ o L ]
- + 4 A . LI e 3AF L B
. ".-":-':.—U%:t:. {1?2?%-. b 1'-1'..’;575'!-_3&&:1_._1 =

E‘ 1

1
2 o T T B .
£ 1 r.‘.'r.:_-'irli-";'rhg,m i
] e "'"I ! r II I
I




o PMD for STAR (India) @

® Photon Multiplicity Detector
= searching for non-statistical fluctuations (‘Centauro’s’ from Cosmic rays)
& high granularity pre-shower detector
& innovative cell geometry gas detector

 STAR-PMD design is identical to
ALICE-PMD TDR version

 Installed at STAR, first physics runs in 2003




o

- Zero Degree Calorimeter

..;l
Fo W by el _)
]

® 6 small & dense calorimeters
= trigger on impact parameter (spectators)

= located between 8m (em calo) and 116 m (ZP, ZN) from IP

e ’

/P

Proton | Neutron EM

ZDC (ZP)|ZDC (ZN)| ZDC
Dimensions |, 2 1x150| 7x7x100 [7x7x21

(cm’)
Absorber brass W-alloy lead
Fibre angle o 0 o
wrt LHC axis 0 0 45

Fibre & (um) 550 365 550
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o High Level Trigger (HLT) ®

‘@ Task: BE FLEXIBLE !

= selective R/O (Rol, eg e*e" pairs)
= event selection

< high mass lepton pairs (e, n)

@ jets (high p, tracks)
= data compression

o factor 2 to > 10 with
online tracking in TPC

@ online PC farm
= FPGA co-processors in RORC
= ~ 500 - 600 dual CPU PC'’s

= test clusters running
(Heidelberg, Oslo, Bergen)

= FPGA algorithm development

84
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s Computing Phase Transition

The Problem:

@® Online: storing up to 1.2 Gbyte/s

= whole WWW in few hours on tape !
= ~10 x RHIC !

@ Offline: 18 MegaSI2000
= 100,000 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

85

~

Rate (Hz

Level-1

10°

10° |

104

10° |

- LHC-b ‘

ALicE @—
ALICE DC Ili

NA49 *

10° 107

Event Size (byte)

H1/Zeus

LEP~ UA1
... |®




o ALICE Data Challenges e

Raw Data Simulated
Data

==
GEANT3
GEANT4

! FLUKA

Performance Monitoring

ROOT I/O l -

ROOT A WJfﬁ

DAQ

Regional
TIER 1 TIER 2



5 ADC Performance Plan: @

3000

2500+

E DAQ
B Mass Storage

2000+

Mbytes/s
o
o
<

1999 2000 2001 2002 2003 2004 2005 2006

87
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% 2002: ADC IV Hardware Setup @

CPU servers on GE 4 Gigabit switches 3 Gigabit switches 20 DISK servers
TEEDOO 01-12 13-24 25-36 37-48 LXSHARE 01D-12D13D-24D25D-36D
g l'?:" o lh"'=~=--..‘z-_/ f - ﬁh/ o ‘*m*/ oy "*m*/
FH
TOTAL: 32 port TOTAL: 18 ports

G —— G —— G —— G ——
g g g g

49-60  61-72 73 ] o -
7371 20-100 CERN Backbone /
CPU servers on GE 4 Gigabit switches (4 Gbps) 10 TAPE servers
(distributed)

Fkotal: Up to 192 CPU servers, Up to 36 DISK servers, 10 TAPE servers
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E“"'
B
a=

ADC IV performances @

1800
1600
1400
1200
1000

MBytes/sec

0

kBytes/sec

40001 . .
3000
2500
2000
1500
1000[—
500(—

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

Qg 1
18:05 05/Jul'02 min

Y10° | Total kBytesRecRate .

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

08 g
11:26 mrﬂunmz hour

kByl¢sRecRate

1.8 Gbytes/s:

target 1 Gbyte/s

In stable
operation

Data recording to disk
350 MBytes/s.
target 300 MBytes/s

Outperforming the plan, with commodity hardware!



o ADC Il (2000)

___rate [MBIs] vs time e
Ment= 4014966
120 Mean =452 7a+05
£ FMS = 2.6126+05
100 [
80 =
60 I3
401
20
L ' I
Eﬁ.ﬂ‘I 08501
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S Offline Framework @

C++}

+ HEP use cases:

v' Simulation &
Reconstruction

v Event mixing

v Analysis

Pakistan 3/2004 J. Schukraft



3 million volumes




& ALICE GRID is there: ALIEN

® The CORE GRID functionality exists

@ Distributed production in action for the PPR
93
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O Production Status &

Total jobs per site

ALICE Productions

0% O CERN
B Torino 100% 1
OLBL 90% 1
O Lyon 80%
W Catania 70% 1
6% O osC 60% |
42%
(]
5% O Padova a0 | e
o -
30% |
@ GSI
20% 1
O Utrecht
10%
O Zagreb o
B Budapest 2001-02 | 2002-02 | 2002-03 | 2002-04
500
15 u Prague 450 Number of concurrent jobs
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. © Hadronic Observables
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Heavy Quarks

@Hadronic charm: D -> Kn
= uses sec. vertex & PID
= acceptance to ~ 0 p, => o,
= full kinematic reconstruction
& => 'quark quenching’

= under study: D*, D%, B_, A,, ...
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ALICE's Heavy Quark Shopping List
probe channel acceptance
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Di-Muons
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® high statistics

® low background
@ high resolution
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* oy =94.5 MeV/c?

at the Y

» Separation of Y, Y, Y"
* Total efficiency

~ 750/0

- Expected statistics
(significance - 1 yr):

central min. bias
J/y 310 574

W' 12 23
Y 39 69
Y 19 35
Y 12 22

from min. bias events:
~ 8k Y and ~700k J /vy /yr
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g Energy Loss of Partons *

@ jet quenching = medium induced gluon bremsstrahlung
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S Energy Loss of Jets @

@ jet quenching = energy loss of leading particle
= |ost energy appears in soft particles => change of jet fragmentation function !

& total jet-energy does not change ! => calorimeter only is insufficient
10 'r L [

® ALICE handles on ‘jet quenching’ g eweraneen ]

= |leading hadrons 0->50GeV) [ 8.
@ inclusive p, spectra & correlations

® PHENIX 2° (130 AGeV) |
= dhfidy=2000-3500
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# STAR K (200 AGeV) 3

T,.da"™

@ identified hardons (nt, n%, n, A, K%)
= leading heavy quarks (0 -> 20 GeV) 4
@ inclusive b, ¢, D, B o
@ b, c tagging in jets (high p, electrons in TRD) 0.1 | ;
= hadron correlations (5 —> 50 GeV) ' :
& ‘same’ side, ‘opposite’ side .
= jet fragmentation function (40 -> 200 GeV) e at 7, 20, 5500 AV =
& TPC,TRD,emcal 0.01 2 o T T T oo
= jet correlations (-> 50 GeV) pr [GeV]

& y-jet (PHOS-emcal-TPC)
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S Energy Loss of Charm *

® Charm p, spectrum in AA relative to pp
= excellent & quantitative tool to investigate QGP properties
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Hadron Correlations

@® ‘minijets’ can be seen in correlations0.
= ‘opposite side’ jet completely quenched at RHIC
= should reappear at some high pt at LHC

< direct measure of energy loss ??
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S Jet Fragmentation Functions @

‘ Leading particle p; > 5 GeV

‘ Jet spec.troscopy: 105? Particles 1< AR<2
= longitudinal fragmentation function mi_ Particles AR <01
= transverse fragmentation function
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® LHC is

= very sig
= exceller
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