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ALICE

e ALICE: the heavy-ion experiment
e The quark-gluon plasma (QGP)
e Very few words about the LHC
e Heavy-ion collisions at the LHC
e ALICE:

e The spectrometer

e [nner Tracking System

e Time Projection Chamber
e Time of Flight detector

e Transition Radiation Detector
e Event centrality
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ALICE

e ALICE detector: http://iopscience.iop.org/1748-0221/3/08/S08002/
e ALICE performance: http://arxiv.org/abs/arXiv:1402.4476/
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http://iopscience.iop.org/1748-0221/3/08/S08002/

ALICE
All matter we know, is confined: S e
colored quarks and gluons are . faie)
confined in colorless hadrons @ty A
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ALICE

Asymptotic freedom — at VERY HIGH densities or temperature, strongly
interacting partons become free — deconfined phase of matter
Cabibbo, Parisi PLB 59, 67 (1975); Collins, Perry PRL 34, 1353 (1975)

Ordinary
nuclear

matter

Deconfined quarks
and gluons

Hadrons >
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Transition temperature

ALICE

e Hagedorn 1965: limiting temperature for hadronic systems ~ 140 MeV
e QCD on space-time lattice

— critical transition temperature from hadronic phase to the
deconfined, plasma phase

Energy " | RHIC T
density 14| €T o -

SPS 3 flavour
2 flavour

T, = (173 +/- 15) MeV
e, ~ 0.7 GeV/im® T [MeV] ]

o NORR 3 @
11T 1

hep-lat/0106019

100 200 300 400 500 600

e Energy density ~0.7 GeV/fm® — 5 * nuclear matter!
I=5= 1l
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ALICE

Status of matter in:

e Neutron stars and core-
collapse supernovae

The Big Bang

e First instants of our universe

e 102 sec: electroweak phase
transition

e lasting until 10~ sec: quark-
gluon plasma
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15 thousand miillion years

The Big Bang

1 thousand million years

Ll
300 thousand years =
v . c”‘ 4
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ALICE

Produced in the collisions of heavy nuclei at high energies
Since the early 1980s

Vs, from few GeV at AGS, SPS, GSI

up to 200 GeV at RHIC
UrQMD up to 2.76 TeV at LHC
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Under extreme conditions of temperature and density, they
produce a state of matter called

QUARK-GLUON PLASMA

where quark and gluons are deconfined,
followed by chemical freeze-out,
and kinetic freeze-out
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Collision phases

- Energy Stopping Hydrodynamic i -
Initial state Hard Collisions Evolution Hadron Freezeout
Thermalization: Expansion and Chemical freeze-out
equilibrium is cooling: (particle yields)
established (t < 10-15 fm/c) Kinetic freeze-out
(t<1fm/c) (particle spectra)

Compress a very large amount of energy in a very small volume
— “fireball” of hot matter, temperature O(10'2 K)
e ~10° x T at the center of the sun
e ~T of the early universe (us after Big Bang)

I=5= 1L
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Collision phases: notes

ALICE

Thermodynamic phases, phase transitions, temperatures ...

IF

the system behaves like matter, not individual elementary particles:
e [arge number of particles

e | ocal equilibrium (to define temperature, pressure, energy, entropy density, to
investigate equation of state, speed of sound ...)

e System lifetime > inverse rate of interactions

Fireball of deconfined partons expands and cools — passes the
deconfinement temperature again — hadronization:

o After the Big Bang: ~ 10~ sec
e |n the lab: much less energy, much shorter lifetime: ~ 1022 sec

I=5 1l
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Phase diagram

ALICE
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The Large Hadron Collider (LHC)

ALICE

e 27 km length
* 4 main experiments

Colliding systems:

e proton-proton
up to Vs=14 TeV

2010-2013: 7, 8 TeV
2.76 TeV
* Pb-Pb
up to Vs, =5.5 TeV
2010-2011: 2.76 TeV
* p-Pb
2012-3: Vs, ,=5.02 TeV

S.Masciocchi@gsi.de
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Physics at LHC

From proton-proton ...
e Generation of mass (Higgs)

e New elementary particles (supersymmetric)

e Matter dominance over antimatter (CP violation)
e Gravity unification (extra dimensions, black holes)

e Overall QCD aspects (multiplicities, charm, beauty ...)

... to lead-lead collisions

* Study matter within the first microseconds of
the Universe life (ALICE, but also CMS, ATLAS)

I=5= 1L
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ALICE

e 27 km long, 8 sectors
e 1232 dipole magnets (15m, 30 tonnes each) to bend the beams
e Cooled with 120 tonnes of He at 1.9 K
e pp: 2808 bunches/ring, each 1.15x10" protons (8 min filling time)
Design luminosity: 10%** cm2s™
e PbPb: 592 bunches/ring, each 7x10” Pb ions
Design luminosity: 10%” cm=s™
e Transverse r.m.s beam size: 16 pm, r.m.s. bunch length: 7.5 cm
e Beam kinetic energy: 362 MJ per beam (1 MJ melts 2 kg copper)

e Total stored electromagnetic energy: 8.5 GJ (dipole magnets only)
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ALICE
During the year:
e Proton-proton e March — October: pp collisions
e 0.9 TeV: Nov 2009, Mar (~ 1400 hours of stable beams)
2010 e November — December: 4 weeks

e 2.76 TeV: Mar 2011 of PbPb collisions (~ 200 hours)
° 7 TeV: 2010, 2011 Time in stable beams (2011) =
e 8TeV: 2012 g % T T T 7 %3
2 1400 <
i 40 -
e Pb-Pb g g
e 2.76 TeV: 2010, 2011 g 30| -
£ < "
w 20 F 5
* p-Pb E 400 5
e 5.02 TeV: (2012), 2013 o 10| oo &
” Il:)Mar IJ’-'qc:»r iMay l.Jun I Jul I1»*30.1-;11 1‘:‘:t:—;q:) iCJlt:t lI‘\Ii::n..* i[}ec 0 E

Month in 2011
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ALICE
Pb — Pb collisions
VS = 2.76 TeV
2010-2011: ~ 0.1 nb™!
I=5= 1L
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Heavy ions at the LHC

Pb — PDb collisions
Vs, = 2.76 TeV

2010-2011: ~ 0.1 nb'!

p — Pb collisions
Vs, = 5.02 TeV

(2012-)2013: ~ 30 nb™!
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ALICE
An old .
Foble!"! PbPb central collisions
SPS RHIC LHC
E_. [GeV] 17
dN_ /dy 500
E [Gev/fm®], _me ~2.5
tocp [fmMic] <1
Fireball initial temperature =220 MeV =4-700 MeV
>
Significant increase in relevant parameters (g, V, 1)
Factor 10 from SPS to LHC
=5 1L
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Pb-Pb collisions at \s,,=2.76 TeV

Pb ions accelerated to ~290 TeV — collision: 575 TeV !l

Pb+Pb @ sqrt(s) = 2.76 ATeV

2010-11-08 11:30:46

Fill : 1482

4 Run : 137124
AL I C E Event : 0x00000000D3BBE693
o
=5 1l
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ALICE

A Large lon Collider Experiment

Dedicated experiment to study heavy-ion collisions
35 countries, 120 institutes, 1300 members

ALICE

I=5= 1L
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The ALICE Spectrometer
ALICE

SPD SDD SSD TOC VoC

LHC Point 2 ACORDE
52 m EMCal

underground

HMPID

ZDC

TOA, VOA

PMD

TRD
TOF

=y
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The ALICE Spectrometer

Central barrel
In| < 0.9
L3 magnet: 0.5 T

Time
Projection
Chamber

Time Of

Flight

Transition
Radiation
Detector

ALICE

Total weight :16000 T
Overall diameter : 16 m
Overall length :26 m

o Mainetic field :0.5Tesla

Inner Tracking System

ElectroMagnetic
Calorimeter

Muon spectrometer
-4<n<-25

S.Masciocchi@gsi.de

Results from the LHC, ALICE - 1, May 2, 2014 24



ALICE

The ALICE coordinate system is defined as follows: x-axis is perpendicular to
the mean beam direction, aligned with the local horizontal and pointing to the
accelerator centre; y axis is perpendicular to the x-axis and to the mean beam
direction, pointing upward; z-axis is parallel to the mean beam direction. The
positive z-axis is pointing in the direction opposite to the muon spectrometer

- Azimuthal angle ¢
y » Rapidity y
* Pseudorapidity n

n=-In[tan (2 0)]

Beam axis

I=5= 1L
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Minimum bias, low momenta *

ALICE

The focus of ALICE is on maximal coverage of the (transverse)

momentum spectra, because much of the most interesting physics for us
sits at low momentum:

e \ery moderate use of triggers (which are rather aimed at selecting
high momentum, rare probes)

e Mostly so-called minimum bias data taking
e — huge data volumes

e Low value of the magnetic field (0.5 Tesla) for optimal tracking of low
p, tracks

I=5= 1L
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ALICE Minimum Bias Trigger

Silicon Pixel Detector (SPD):
inner: 3.9cm radius, |n|<2
outer: 7.6cm radius, |n|<1.4

Scintillator Hodoscopes:
VOA: z=3.3m, 2.8< n <5.1
VOC: z=-0.9m, -3.7< n <-1.7

Plus coincidence with beam pickups

(N_ /dn (Pythia)

10—

ALICE detector n acceptance
TPC (full tracking)

_|_|_:SPD outer layer

SPD inner layer
VOA

{FMD A

==

| To A

0

2

Pseudorapidity n
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The Inner Tracking System

ALICE
Strip ) ( Drift ) ( Pixel )
®
I=5= 1l
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The Inner Tracking System

ALICE
SSD P
SDD - :
SPD
: R =43.6 cm ‘
I
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(5

Beryllium beam pipe

4 m long
58 mm inner diameter
0.8 mm thickness

Innermost SPD layer at
radius of 3.9 cm

ACE - 1, May 2, 2014



The Inner Tracking System

87.2 cm

Silicon vertex detector

3 technologies:
* 10 million pixels

e 133 k drift detector channels
e 2.6 million microstrips

Excellent tracking and vertexing!

ﬁx}r = distance between 2 half
tracks in the xy plane at y=0

-E12m SPD sasssss Ot al|gn|E||::|
| saclors
o ——=half-staves
1CH}D: — modules
oo O—48.3

T 0.5 um
200 K

Boo o0 100 '

i 2000
track-to-track Ayl [um]

F Y
Vertex spread distribution atys = 2.36 TeV
E1000 T 'IQIXIMICI S DATJ!\ﬁtpau*amaters-XI T 1
= /Ly MC Opy = 70+ 19 |
© @ x DATA 0=613+t33 7
£ 800 Ay DATA B=1.140.1 =
7] DATA fit parameters - Y i
a Geo = T8+ 15 ALICE Performance
= DY - -
43 600 0=579+35 —
= =11+ 0.1 7
3 B ]
Q i f(ntracklets) = 6 ® o l
e - |
§ 400_ ® Vntracklets”
é - _
X 200 -
L ' 3 =
0 i 1 1 | 11 | 1 1 | 1 1 11 | 1 11 1 | 11 1 1 | 1 1 1 1 | 1 1 11 |_
0 5 10 15 20 25 30 35 40

Tracklet Multiplicity
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Material thickness

% of radiation length

Resolution is dominated by the multiple scattering experienced by
particles in the detector material

8

7 . SSD (Outer layer)
N c 12
= SSD (Inner layer) g

6— < 0]
— Thermal shield/Support g I

5 T 4
- SDD (Outer layer) "g

af- e
— SDD (Inner layer) C
| — 4_

3 -
u Thermal shield/Support C
- ol

21— -
- SPD (Outer layer) NI P B P P NS S
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Spatial resolution - 1

ALICE

Resolution on the impact parameter of charged tracks to the primary
interaction vertex:

—~ 300 —
g 3
= : ALICE
S 250¢ charged particles
= [
S r d ]
8 200F L ppVs=7TeV -
% ! " p-Pb \s, =5.02 TeV
T 150F ® Pb-Pb |5, =276 TeV -
100 .3 :
a . -
s, ]
’ ei‘=“
S0¢ ...a!ff*;fw _
i ML ] LIPS
0 : . MR | X MR | N :
10" 1 10
P (GeVic)
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Spatial resolution - 2

ALICE

Resolution on the impact parameter of identified particles to the
primary interaction vertex:

£ 600 .
= ALICE
= 500 = pp 's=7TeV
[e) I
o 400 5 2 e data, pions
3_‘ I m data, kaons
T 300 - A data, protons -
® m A o MQC, pions
- o o MC, kaons N
200 - o m A A MC, protons
i o m A
100 F Sy 82 :
i 8 & 1
LT _E_ I TR
0.3 0.4 1 2 3 4

P, (GeV/c)
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ALICE

e \Very low momentum cutoff (~0.1 GeV/c)
e p,reach up to 100 GeV/c

e Excellent particle identification
e Efficient minimum bias trigger

e Excellent vertex capabilities

Event display of a pile-up event at 900 GeV

I=5= 1L
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Pile-up In pp

Events become a real
“mess’.

We need to learn to
handle this in
reconstruction and in
analysis ! (e.g.
normalization to cross
sections)

Command EventCrl |

First | Prev | [ 253 4] v70z  mest | Last | I Retresh | Il T mutoload Time:[ 5 3 |

ESD event info: Run#: 146105 Ewent type: 7 (PHYSICS EVENT) Period: 1 0Orbit: 161062 BC: alZ ;I
Actiwe trigger classes: CBEAME-E-NOPF-ALLNOTRD CINT1-E-NOPF-ALLNOTRD CGCINT1-&GC-WOPF-ALLNOTED DINTl—E—N[_I
Trigger: B0 ( CSH1-B-NOPF-aLLWOTED )

Event# in file: 253 Timestamp: 2011-03-19 18:41:30, MagField: -5.01e+00 j

R (cm)

Z (cm)

S
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Time Projection Chamber

ALICE

e The heart of ALICE
e Tracking
e Particle identification

e The largest ever built in the
world: ~90 m?

e Designed to track up to 8000
particles per rapidity unit!!!

e Badly challenged by LHC
(background, rates) but anyhow
exceptional performance!

ESI
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TPC Working Principle

\ Charged track B o e e L B e L

Position and time

drifty = const

rﬁ¢
=1
13
=3

Drift volume

\

 Charged track ionizes gas molecules
* lonized electrons drift (because of E-field) to readout

 Read out measures the 2d position (x,y) as a function of
time (z = time*drift velocity) => 3d tracking

The ALICE TPC

Jens Wiechula (+ Peter Christiansen) 7



Magnetic Field (measure particle momentum)

Structure of a TPC

Field cage High voltage electrode (negative)

-
s

Electric field (elctron drift)

Driftgas

e

m JiI S

\ Y \/ \ y A
Multiwire proportional chamber (0V)
The ALICE TPC Jens Wiechula (+ Peter Christiansen)

|

Voltage divider



cathode plane

Amplification in the TPC

Qaﬂde track
gating plane

drifting electrons from
primary ionization

« Two coordinates (x,y)

\ i ol
'r PN
& L
- P

el
L4 11
L]
r i
¥ []
|
\
b
.

\'

anode plane

L

Z (drift time)

il

The ALICE TPC

given by the projection
on the pad plane
* Third coordinate (z)

given by the drift time
and drift velocity (z =

Drift
e Anode: 1400-1650V
e Cathode:
TE'"G"‘ « Gating: -100 £ 90V

pad plane

« Gas gain = 2.10¢

Jens Wiechula (+ Peter Christiansen)

open closed




ALICE TPC Layout:
The worlds largest TPC

field cage

readout chamber

—

..........
...........
__________
g

Large data volume:

570,132 pads x 1000 time bins
~700 MB/event (before ZS)
Pb+Pb - 60 MB/event (after ZS)
p+p - 1 MBJevent (after ZS)

The ALICE TPC Jens Wiechula (+ Peter Christiansen) 10



Time Projection Chamber

=  Optimized for dN/dn = 8000

* |=5m, @ =56m, 88 m3, HV electrode (100 kV)
270 k channels,

« up to 80 Mbytes/event (after O
suppression)

 Features:
- lightweight: 3% X, total matenal for
perpendicular tracks
- Drift gas:Ne (86) / CO, (9.5) / N,(4.9)
+ ~1ppm O,
« novel digital electronics (ALTRO)
= highly integrated, digital shaping; tail

cancellation;0-suppression; Baseline
restoration

 Powerful laser calibration system

fiekl cage

readoul chambsar

I=5= 1L
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ALICE - TPC

ALICE

The TPC readout chambers

=510
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ALICE — TPC

ALICE
One readout chamber: Photograph of the inside of the ALICE TPC, showing the
the wires are visible strips of the field cage and the central electrode. The

image of the trapezoidal Inner ReadOut chambers (IROC)
and Outer ReadOut Chambers (OROC) are reflected on
the central electrode
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ALICE — TPC

ALICE

f[[ﬂ'lﬁ'ﬁ i)

AL

S.Masciocchi@gsi.de
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ALICE - TPC -

Ly
=

The TPC as
assembled above

ground on its way to
the ALICE cavern
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Tracking efficiency - TPC

ALICE

TPC efficiency

05H ALICE |n|<0.8 (MC) -
0.4f -
03k e Pb-Pb\s=2.76 TeV, centrality 0-5% E
i 0 Pb-Pb\s,=2.76 TeV, centrality 80-90% :
0.2F ]
—— pp Vs=8TeV
0.1F =
0.% T B B R R R
0 2 4 6 8 10

P, (GeV/c)

Fig. 19. TPC track finding efficiency for primary particles in pp and Pb—Pb collisions
(simulation). The efficiency does not depend on the detector occupancy.
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ITS — TPC matching efficiency

> T T LR L | T T L LR | S ™1
(&) i (&) i
c 1F 4 < 1F -
@ [ pessssmmSAAAN_A-—A-saamangA— ] § F e ASASmEAmEAcERic AL, o o 0 oo o o
S [ L ecessemoiooo See - - ‘
= g g8 = i
00_8—3:& - 00.8_*’5*9*&%%0—0—0—0—0—0—_5
c r c - — g —0 0 4
i, - i, -
B al | 8ol
2 06 pp Vs =7 TeV ] go-ﬁ - Pb-Pb s, = 2.76 TeV, min. bias
[P =P
30-4 N —=— at least 2 ITS hits (Data) 30'4 i —=— at least 2 ITS hits (Data)
= I —=— at least 2 ITS hits (MC) = —=e=— atleast 2 ITS hits (MC) ]

02 —«— atleast 1 SPD hit (Data) § 0.2 —«— atleast 1 SPD hit (Data) ]

i ——e— at least 1 SPD hit (MC) 1 i ——o— at least 1 SPD hit (MC)
10" 1 10 10" 1 10
P, (GeV/c) P, (GeV/c)

Fig. 20. ITS-TPC matching efficiency versus pr for data and Monte Carlo for pp (left) and
Pb—Pb (right) collisions.
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Track Momentum Resolution

ALICE
E_l— 0.25_
:,_ - ALICE, Pb-Pb, \s, =276 TeV, |n|<0.8
-E- L e TPC-ITS p_ resolution
0.2 fit (p,>1 GeV/c)
- ' syst errors
0.15-
0.1
0.05- 3 :
ALICE Performance
22/05/2011
| | | | | | | | | | | | | | | |
00 20 40 60 80 100
P, (GeV/c)
I=5= 1L
S.Masciocchi@gsi.de Results from the LHC, ALICE - 1, May 2, 2014 50




Track Momentum Resolution

ALICE

—_ _\ I | L | L LI LI L | L I L
5 0016 ALICE ~
~— - ]
> - p-Pb, \ls,y =5.02 TeV, Ini<0.8 s
D 0.014— —
S - = TPC standalone tracks i
”";.- 0.012 ~ @ TPC tracks constrained to vertex ]
¥ [ O TPC+ITS combined tracks 7
- [ TPC+ITS constrained to vertex -
0.01 — —
B a5 %
0.008 — - _._-I-l-_: _._' E _D_-E-
B - _]
B --FI-'I'"""'.-.-.- -0-'.';4:"& ]
0.006 -I-..—-—H—I-'l"‘-‘m ...++-4:|-'D' |
- -9- -D- ]
B o _ 1 ]
| -0 F ]
0.004 — P et —]
| & F -
i e Tue i ]
-0~ |
-EI-D- _
0 _l 111 I L1l l - J L1 11 l 111 | 111 | .| | L1 11 | L1011 I 111 I_
0 01 02 03 04 05 06 07 08 0.9 1

-1
1/p_((GeV/ic) )

Fig. 23. (Color online) The pT resolution for standalone TPC and ITS-TPC matched tracks with
and without constraint to the vertex. The vertex constrain significantly improves the resolution
of TPC standalone tracks. For ITS-TPC tracks, it has no effect (green and blue squares overlap).
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Decay reconstruction

ALICE

/

Poaic /v /DA ITS, ITS, TS,

prim |

Fig. 28. Secondary vertex reconstruction principle, with K g and Z~ decays shown as an example.
For clarity, the decay points were placed between the first two ITS layers (radii are not to scale).
The solid lines represent the reconstructed charged particle tracks, extrapolated to the secondary
vertex candidates. Extrapolations to the primary vertex and auxiliary vectors are shown with

dashed lines.
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Mass Resolution

x10°
§2] SERLRLRRS MMM UMMM _930
S | 0-5% centrality =
o 5 3.0<p_<3.2 GeV/c S
| M =498.07 + 0.04 MeV/c? 251
[ 0, =5.34 + 0.06 MeV/c?
T | 20}
3l |
. 0 15}
| Ks |
2r | 10}
1t
oLl T

0.4 045 0.5
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Mass Resolution
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Fig. 24. Invariant mass spectra of pTp~ (left) and ete™ (right) pairs in ultraperipheral Pb-Pb
collisions. The solid and dotted lines represent the background (exponential) and peak (Crystal
Ball®?) fit components, respectively. The bremsstrahlung tail in the eTe™ spectrum is reproduced
in simulation. The mass resolution is better than 1%.
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Primary vertex resolution

ALICE
g 800 | SPD ALICE
~ B © X ]
@ [P ~ySPD pp \s =7 TeV
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Fig. 27. Transverse width of the final vertex distribution (solid points), decomposed into the
finite size of the luminous region op and the vertex resolution o/+/(d N, /dn)?. For comparison,
the widths of the preliminary (SPD) interaction vertices are shown as open points.
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Decay length

PP s = 900 GeV slope (cm)  CTppg
(x20) 7.9+0.1 7.89

7.7+x0A1

2.72+0.03 2.68

counts
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Fig. 30. Distance of the A, A, and K g decay vertex from the interaction vertex, scaled by p/m.
The slopes of the distributions are consistent with the known lifetimes.
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ALICE material budget

ALICE

Via the reconstruction of photon conversion in the detector material
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ALICE material budget

ALICE

10'3 \\IIIIIIIIIIIIIIllllll‘\ll‘\IJ_:

—— Data
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Fig. 67. (Color online) Radial distribution of the reconstructed photon conversion points for
|n| < 0.9 (black) compared to MC simulations performed with PHOJET (red). Distributions for
true converted photons are shown in yellow. Physics contamination from true 7% and n Dalitz
decays, where the primary ete~ are reconstructed as photon conversions, are shown as dashed
blue histograms. Random combinatorics and true hadronic background are also shown.
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ALICE material budget o
ALICE

Material is mapped also by hadronic interaction vertices: they are found at the
analysis level by identifying groups of two or more tracks originating from a
common secondary vertex

r (cm)

II|I'III-IIII'I|IIII|IIIItIIIIIIIIII

20 F
105 ALICE pp \(s=7TeV '
0 : I . L 1 | L | 1 | I L] | e o | 3 I' -IT I.l
-300 -200 -100 0 100

1 | L ! ! !
200 300
Z (cm)

The ITS layers (r < 50 cm), the inner TPC containment vessel (60 cm <r<70
cm), and the inner TPC field cage (r ~ 80 cm) are visible.
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Particle identification
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Energy loss: Bethe-Bloch

The Bethe-Bloch-Formula

.Z

<d_E

dx>=—4:rcNApmeczz

» dE/dx first falls « 1/B2

(kinematic factor)

*a minimum is reached at By=4
(Minimum lonising Particle - MIP)

* then again rising due to the In
Y2 term (relativistic rise:
contributions of more distant
particles due to the relativistic
expansion of the transverse E-
Field)

* at high y the relativistic rise is
cancelled by the “density al

effect” (fermi plateau:
polarisation of medium screens o 10
more distant atoms; described by

the & parameter)

a) Argon
6 cms
1 atm.

Relative ionisation

solid line: Allison and Cobb, 1980 7
dashed line: Sternheimer (1954)
data from 1978 (Lehraus et al.) -
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Minimum lonising Particle (MIP)
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ITS dE/dx
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Fig. 33. Distribution of the energy-loss signal in the ITS as a function of momentum. Both the
energy loss and momentum were measured by the I'TS alone.
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TPC dE/dx

ALICE
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N
o
o

Pb-Pb |5 y=2.76 TeV

TPC dE/dx (arb. units
I
o

lI|IIl|llI|IIlIllI|IIl

T TR

Fig. 34. Specific energy loss (dE/dz) in the TPC versus particle momentum in Pb—Pb collisions
at \/snnN = 2.76 TeV. The lines show the parametrizations of the expected mean energy loss.
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TPC dE/dx
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Time Of Flight (TOF) detector

ALICE

Custom crates<, :

Multi-gap Resistive-Plate Chambers (MRPC)
Intrinsic time resolution better than 40 nsec
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TOF matching efficiency
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Fig. 37. Matching efficiency (including the geometric acceptance factor) at TOF for tracks recon-
structed in the TPC in p—Pb collisions at \/syn = 5.02 TeV, compared to Monte Carlo simulation.
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Time Of Flight (TOF) detector

ALICE
e B T T :nf rw"“_"_-.__ EE 5 T J.!I JI1I _._I. | .=.I .l. |. ._|
= __ .
O
|_
! PERFORMANCE .
" 03/07/2012 T
Pb-Pb ﬁ_z 76TeV -
e R S L Y
p (GeV/c)
== I

S.Masciocchi@gsi.de Results from the LHC, ALICE - 1, May 2, 2014 67




Transition Radiation Detector
ALICE

- For electron/pion separation
 For trigger on electrons at
medium/high p,

TRD in Numbers

Supermodules 18

Stacks 5

Layers 6

Readout pads 1.2x106
I=5= 1L
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Transition Radiation Detector

ALICE

cathods pads pion alactron

y * For electron/pion separation
l.'é“”a’)l‘f@‘l”’%'wﬂ @"’%r@”w emplification  For trigger on electrons at

reg o
' [ ] L]
weee A )IF Wil - medium/high p.
|
cathode . ;
Wires —
=
dit E 1201 O edE/dxTR -
; ‘on = Y e dE/dx _
reg L X Py
Gy 100 | A& mdErdx A
.E II \
= :' -eaeﬁ IIL
3 a0 | .%:F%?@_a_aé, '.
Ll | |“ Q. g i y |
clusters suanj 2 [1) ) | o
> \] e e N
enirance = 40 &
wind g 2%
<C X
) , u 2R Ahﬁ
Radiator |7 p=2 GeV/c
z { ,-"’/,.' % us 1 15 2 2.5 3
pion TR photon  slsctron Drift time (us)

S.Masciocchi@gsi.de Results from the LHC, ALICE - 1, May 2, 2014 69




|dentified Electrons

ALICE

ALICE work in progress

Transition Radiation Detector o0 paLHC
e Electron/pion discrimination -
e Electron trigger

(high pT, particle ID)
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From an inclusive electron spectrum (cocktail
subtracted) we will measure the charm and beauty

production cross sections .
S
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Transition Radiation Detector
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Transition Radiation Detector
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Fig. 56. The most probable TRD signal as a function of 8. Measurements performed in test
beam runs, pp collisions at /s = 7 TeV, and cosmic rays are compared.
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Combined PID

ALICE
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Fig. 46. Separation power of hadron identification in the ITS, TPC, TOF, and HMPID as a
function of pr at midrapidity. The left (right) panel shows the separation of pions and kaons
(kaons and protons), expressed as the distance between the peaks divided by the resolution for
the pion and the kaon, respectively, averaged over |f| < 0.5. For the TPC, an additional curve is

shown in a narrower 7 region. The lower panels show the range over which the different ALICE
detector systems have a separation power of more than 2.
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Di-muon mass distribution (2.4<y<4.0)
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Fig. 81.
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Invariant mass distribution of pTp~ pairs measured by ALICE for pp collisions at

Vs=TTeV (L=1.35 pb~!, corresponding to the full 2011 dimuon-triggered data sample).
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Di-muon mass distribution CMS

ALICE
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Di-muon mass distribution ATLAS
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Also a matter of background
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The ALICE Spectrometer

Central barrel

In| < 0.9
L3 magnet: 0.5 T

Time
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ALICE - TPC
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ALICE - TPC
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ALICE — TPC and ITS
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ALICE — TRD
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From proton-proton ...

ALICE

. to Pb-Pb collisions !!!

Pb+Pb @ sqrt(s) = 2.76 ATeV

2010-11-08 11:30:46
Fill : 1482

. Eun :t1%71020‘:)00000D3BBE693
vent : Ox!
ALICE
=E=II
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Geometry of a Pb-Pb collision

Central collisions — high number of participants
— high multiplicity T
Peripheral collisions — low number of participants
— low multiplicity
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reproduced by Glauber model fit
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http://arXiv.org/abs/arXiv:1301.4361

ALICE on the computing GRID

ALICE
A Large lon Collider Experiment
35 countries, 120 institutes, 1300 members
/2 active computing sites
=
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GSI TIER 2/3 in GRID
ALICE

DCSC KU @ Limine: e GSI: very important TIER2

# NDGF

| center, central role in ALICE
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ALICE

e 2013-14: LHC long shutdown 1
Detector consolidation in preparation for ...

e 2015-17: RUN2 FULL ENERGY !!
pp @ 14 TeV, Pb-Pb @ Vs, = 5.5 TeV « 20 kHz !!!

e 2018: LHC long shutdown 2

e >2019: HIGH LUMINOSITY — 50 kHz Pb-Pb collisions

LHC experiment upgrades to cope with the higher rates!!
New vertex detectors

Faster readout, pipelining, continuous readout, TPC with
GEM
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This Physics ...

ALICE

... Is hot and dense! (many open questions and mysteries)
And these are extremely exciting times!!!

Pb+Pb @ sqrt(s) = 2.76 ATeV
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t : 0x00000000D3BBE693
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