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A Large lon Collider Experiment (ALICE ALICE

Large Hadron Collider
* 27 Km accelerator at
CERN
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Large Hadron Collider (LHC) ALICE
CERN's Accelerator Complex Large HadrOn CO"ider
s * 27 km accelerator at
CERN

LHC NorthﬂArea

* last step of a complex

SPS
LAS A systems of accelerators
HiRadMat ' .
| —— * peculiar in the world

L * build step by step in

e the last 60 years

b |
e —on * important know-how
< e and R&D program
4 D p (antiproton) D elect - —+)- /antiproton conv

* |ot of other physics
program in parallel to
LHC, exploiting the
Injection lines
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Large Hadron Collider (LHC)

2017 LHC schedule

A Large lon Collider Experiment

Detectors ready to jain.technical and cosmic runs
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% LHC runs from

March to
beginning of
December, 24h [ 7
days

¥ 7/8 months of pp

collisions, 3 weeks
of Heavy ions
physics runs
(p-Pb, Pb-Pb,
special pp
collisions)




Ninef

A Large lon Collider Experiment (ALICE) ALICE

Overall view of the LHC experiments.

Large Hadron Collider
* 27 km accelerator at
CERN
* 7/8 months per year of
cERN pp collisions
g * ~1 month of Pb-Pb
collisions
* 4 main experiments on
the LHC
* ALICE
* ATLAS
* CMS
* LHCDb
* 3 more “specialized”
experiments
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Peculiarity of

Db_

P collisions wrt to pp?

AL

~ 6/7 particles produced on average per pp collision
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Peculiarity of Pb-

Run:244918
Timestamp:2015-11-25 11:25:36(UTC)
System: Pb-Pb

Energy: 5.02 TeV

~ 1600 particles produced on average per Pb-Pb collision
(~17 particles for p-Pb collision)
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P collisions wrt pp”?

ALICE

% Precise characterization of a state of matter that lasts less than a fm/c
(1 fm/c ~ 3 x 1024 seconds)

* This state of matter is partonic (made of quark and gluons), what we

measure In the detector are hadrons.
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Peculiarity of Pb-Pb collisions wrt pp*? ALICE

¥ Precise characterization of a state of matter that lasts less than a fm/c
(1 fm/c ~ 3 x 1024 seconds)

* This state of matter is partonic (made of quark and gluons), what we
measure in the detector are hadrons.

* Main goal of HIC: connect hadronic measurements of each event in their
“‘ensable” to intrinsic properties of this state of matter (density, temperature,
ViSCosity, ...)

% different from pp where we mainly have searches (Higgs, exotica) or SM high-
precisions measurements.

D. Caffarri - NIKHEF - The ALICE Detector 11



Niilet K
Peculiarity of Pb-Pb collisions wrt pp? ALICE

¥ Precise characterization of a state of matter that lasts less than a fm/c
(1 fm/c ~ 3 x 1024 seconds)

* This state of matter is partonic (made of quark and gluons), what we
measure in the detector are hadrons.

* Main goal of HIC: connect hadronic measurements of each event in their
“‘ensable” to intrinsic properties of this state of matter (density, temperature,
ViSCosity, ...)

% different from pp where we mainly have searches (Higgs, exotica) or SM high-
precisions measurements.

¥ Broaden set of measurements to access different properties and build a
detailed general picture Qf the medium:
* Flow measurements
* Jet quenching
* Strangeness enhancement
* Quarkonia suppression
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Peculiarity of Pb-Pb collisions wrt pp*? ALICE

NlmEF Studying the properties of the QGP
LSS

* Low-momentum
particles
* down to 150 MeV
* vast majority of
particles produced

Two main ways to probe the
QGP properties:

* Through bulk observables

T

%] The vast maijority of particles
are produced with pt <2 GeV/c

B
_—
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=
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P

* Particle
* Hard (rare) probes with pt > 6 ey .
Gevic p | |dentification
o High pr hadrons C1F AUCE Preliminary § e ., * look for different
o Jeis b o ] e d behaviors for
o Hoaw flavour (o, charm . mmaseor | RS different particle
mesons B 60-80% Pb-Pb : : ‘o .
‘ ‘ Species.

Panos.Christakoglou@nikhef.nl
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* Need to reconstruct particles down to very low momentum.
* Particle |dentification information needed to “recognize” different types of
particles

D. Caffarri - NIKHEF - The ALICE Detector 14
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A Large lon Collider Experiment (ALICE) ALICE

* Need to reconstruct particles down to very low momentum.
* Particle Identification information needed to “recognize” different types of

particles

D. Caffarri - NIKHEF - The ALICE Detector

THE ALICE DETECTOR 17/ a. ITS SPD (Pixel)
e b. ITS SDO (Drift)
(1) c. ITS SSD (Strip)

d. voand TO

e FMD

LENDYOH WM
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m

. PHQS, CPV
10, L2 Magnet
11, Absorber
12. Muon Tracker
13. Muon Wall
14, Muon Trigger
15. Dipole Magnet
16, PMD
17. AD
16.20C
19. ACORDE
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A Large lon Collider Experiment (ALICE) ALICE

* Need to reconstruct particles down to very low momentum.
* Particle Identification information needed to “recognize” different types of

particles
THE ALICE DETECTOR

& ITS SPD (Pixel)
b. ITS SDO (Drif1)
c. ITS SSD (Strip)
d. voand TO

e, FMD

* Complex
detector formed of
19 sub-detectors. g

ITS
FNMD, TO, VO
TPC

TRD

TOF

HMPID
EMCal

DCal

. PHOS, CPV

* Cutting edge
technologies and :, rros.ce
. . 11, Absorber
trigger algorithms i e v
14, Muon Trigger

nave been (or are et
peing) developed. 2%

LE@NDO R WM
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Tracking and

Particle |
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Dentification

*“Track” a particle passing trough the detector means:
* measure its trajectory — track length, momentum
* try to define its vertex (where the particle was “born”)

* close to the interaction point = primary particles
* product of a decay or interaction with the material =& secondary particles

D. Caffarri - NIKHEF - The ALICE Detector

ALICE
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Tracking and Particle IDentification ALICE

*“Track” a particle passing trough the detector means:
* measure its trajectory — track length, momentum
* try to define its vertex (where the particle was “born”)
* close to the interaction point — primary particles
* product of a decay or interaction with the material =& secondary particles

* ldentify a track = try to understand which particle was produced.
* How? Using effects that are different for different mass of the particles:
* velocity (Time of flight method)
* different energy loss while passing trough the detector
* different radiation emitted interacting with a specific detector (transition
radiation)

D. Caffarri - NIKHEF - The ALICE Detector 18
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Tracking and Particle IDentification ALICE

*“Track” a particle passing trough the detector means:
* measure its trajectory — track length, momentum
* try to define its vertex (where the particle was “born”)
* close to the interaction point = primary particles
* product of a decay or interaction with the material = secondary particles

* [dentify a track = try to understand which particle was produced.
* How? Using effects that are different for different mass of the particles:
* velocity (Time of flight method)
* different energy loss while passing trough the detector
* different radiation emitted interacting with a specific detector (transition
radiation)
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Sethe-Bloch equation ALICE

2122 2
dE\ P Z 1 |1 n 2mec” B34y T nax g2 d(67)
dx ApG2 |2 I? 2
B [ | [ [ |
= |~ B u" on Cu i
°L100 | U\ E
; - Bethe-Bloch Radiative ]
% -/ Anderson- / -
= Ziegler A . i
5 3% 8 ~1/g2  relativistic rise  / i
B = = E
(=} T - ,
2 102 R ~21In He /. B
o0 10 -3 “ Radiative (YB)  Radiative 3
- Minimum  effects <4~ losses -
2 “Nuclear ionization reach 1% S eemem =T =
5 losses N\ | J-===TT" U, WA ]
¢ Without &
1 | | | |
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Y
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Muon momentum
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Sethe-Bloch equation

* charge of the particles traversing the chamber

IronF WZ”= 26 Thorium” Z =90

D. Caffarri - NIKHEF - The ALICE Detector 21



Sethe-Bloch equation

* charge of the particles traversing the chamber
* in the 1/(32 regime, <dE/dx> vs p is different for different particle species

LI I 1 1 L] T L L I
]
b, -

10" 1
D. Caffarri - NIKHEF - The ALICE Detector momentum p (GeV) 22



Kinematic variables

AY

C-Side

3
, /0 \L2X Muon-Side
A-Side 0 Vo
Shaft-Side
A
I

fransverse momentum pr —0p Sin(eCM>

rapidity relative to the 1. E+p.c

longitudinal angle of

emerging particle n=—In [tan (HC_M)]
2

An is Lorentz invariant under
D. Caffarri - NIKHEF - The ALICE Detector boost a|ong |Ongitudina| axis 23
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About particle reconstruction ALICE

* Today | will discuss only detector used to reconstruct charged particles.
* In particular in ALICE we mainly look at hadrons: 11, K, p

¥ Neutral and decay particles are usually reconstructed with ad hoc analysis
technigues.

D. Caffarri - NIKHEF - The ALICE Detector 24



About particle reconstruction ALICE

* Today | will discuss only detector used to reconstruct charged particles.
* In particular in ALICE we mainly look at hadrons: 11, K, p

¥ Neutral and decay particles are usually reconstructed with ad hoc analysis
technigues.

¥ Two main classes of detector:
% Silicon detectors:
* lonizing radiation (charged particles) produces free electrons / holes in
semiconductor materials.
* very precise (~10-100um )
¥ quite expensive

D. Caffarri - NIKHEF - The ALICE Detector 25
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About particle reconstruction ALICE

* Today | will discuss only detector used to reconstruct charged particles.
* In particular in ALICE we mainly look at hadrons: 11, K, p

¥ Neutral and decay particles are usually reconstructed with ad hoc analysis
technigues.

¥ Two main classes of detector:
% Silicon detectors:
* lonizing radiation (charged particles) produces free electrons / holes in
semiconductor materials.
* very precise (~10-100um )
¥ quite expensive

* Gas detectors:
* lonizing radiation (charged particles) produces electrons / ions pairs
* different “regime” at which they can be operated —> different goals
* can be used for large scale detector
* different cons to be taken into account depending on the regime they are

operated (slow, ion back flow, ...)
D. Caffarri - NIKHEF - The ALICE Detector 26



Tracking Devices. Inner Tracking System

6 layers of Silicon detectors:
2 layers of pixels (SPD)

2 layers of drift (SDD)
2 layers of strips (SSD)

87.2 cm

Table 3.2: Characteristics of the six I'TS layers.
Layer Type 7 (cm) =z (cm) Modules Active Area per module Material Budget (X/Xg)

1 pixel 3.9 14.1 80 12.8 x 70.7 mm? 1.14
2 pixel 7.6 14.1 160 12.8 x 70.7 mm? 1.14
3 drift 15.0 22.2 84 70.17 x 75.26 mm? 1.13
4 drift 23.9 29.7 176 70.17 x 75.26 mm? 1.26
) strip 38.0 43.1 748 73 x 40 mm? 0.83
6 strip 43.0 48.9 950 73 x 40 mm? 0.86

High segmentation — efficient track finding in high multiplicity environment.
_ow material budget — tracking down to low-pT, limit multiple scattering.
* High track impact parameter resolution.

*
*

* Due to the technologies chosen, ITS allow also PID at low-pT

D. Caffarri - NIKHEF - The ALICE Detector 27



Ninef *

Tracking Devices. Inner Tracking System ALICE

rack f/' i * Separation of particle species from
100 MeV to 500 MeV
¥ Impact parameter resolution of 60
I @L[ um for particles of 1 GeV/c
IP :
g 300_ ‘ fE\ 700_ 1 [’ = _l_ T T T T T
= ALICE R :
S 250¢ charged particles S 600 Pb-Pb |5,,=2.76TeV
= ¢ : > f :
3 200F » pp (s=7TeV - £ s00- :
- : = p-Pb |sy, = 5.02 TeV 3 200k i
T 150F ® Pb-Pb |5 =276 TeV - CL%; : |
SR L E o E
1001 ‘s, - - b
: %, - 200 ]
L .:ﬁééA N B
>0 Sl _ 100F

I el He a0 ] WRRE- i 28

0 L oo | ! Lo | \ L - | e | | _-I
10! 1 10 %.07 0.1 3 4 5
p_ (GeV/c) p (GeV/c)
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Tracking Devices. Time Projection Chamlber  aLIcE

% Main ALICE tracking device:
* Inner radius 80 cm
¥ outer radius 250 cm
* length 510 cm
* |n| < 0.9

‘ - GAS VOLUME: 88 m3 :
End Plate DRIFT GAS 90% Ne - 10% CO2 Field Cage

outer TPC wall
158)

E'-‘

D. Caffarri - NIKHEF - The ALICE Detector inner TPC wall 29
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Tracking Devices. Time Projection Chamlber  aLIcE

% Main ALICE tracking device:
* Inner radius 80 cm
¥ outer radius 250 cm
* length 510 cm
* |n| < 0.9

* Ne/CO2/N2 gas admixture | .
¥ drift VelOCity 27cm/ US End l't T DRIET GAS S0% Mo = 0% C02 Field Cage
* low electron diffusion
* low radiation length

outer TPC wall

158)

D. Caffarri - NIKHEF - The ALICE Detector inner TPC wa-ll 30
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Tracking Devices. Time Projection Chamlber  aLIcE

% Main ALICE tracking device:
* Inner radius 80 cm
% outer radius 250 cm E
¥ Iength 510 cm Readout Chambers
* |n| < 0.9

* Ne/CO2/N2 gas admixture . | E
* d”ft VelOCity 27cm/ US End late T gQISF\TI%L:sMg(:)%ESNT 10% CO2 Fie Cage
* low electron diffusion
* low radiation length

¥ Read out planes: MWPC
* 18 sectors ~ 20° angle
* up to 159 space points to reconstruct a
particle
* collected charge =~ mass of the particle

outer TPC wall

158)

D. Caffarri - NIKHEF - The ALICE Detector inner TPC wa.ll 31
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Tracking Devices. Time Projection Chamlber  aLIcE

* Main device to measure trajectory g i sotTovmas E
and momentum of particles S ol T et o v E
o ° oo 5 TPOuTS cansranes o e ;
—— = pT O] I pr 0.008 |- '*.i"‘::ﬁ*%

T 0.006 W*“*““:agﬁaﬂﬂ —f

* 0.8% precision on the momentum ook Lemnmmem E
determination for tracks with pT ~1 GeV 0_002;@@55@ -
*1.8% for tracks with pT ~10 GeV N AT T R NI I:

0 01 02 03 04 05 06 07 08 0.9 1
1/p, ((GeV/)™)

* Energy deposited by particles

M 200_-.2 B _
while traversing the TPC is i\ 7P -2 T6TeY
different for different particle 5 o ARG
masses o "2ou\ W\ 8 . _

¥ Good separation of particles™: :
¥ /K up to 0.7 GeV/c ——— o
* K/p outto 1.1 GeV/c O
(*) can be use with other ad hoc techniques for high momentum particles e e 1 =Rt 7891p0(GeV/02)0

D. Caffarri - NIKHEF - The ALICE Detector 32
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2D detectors: Time of Flight ALICE
* Velocity measurement, that associated to . P (3
the momentum one, allows to measure the =2 ( 72 1)

mass of the particle.

Cathode pickup
glectrodes

: . -
* Gas detector based on Multigap A 7 .
Resistive Place Chambers to measure the o wmoe— e =
exact time the particle pass through it. ‘T"' Jf \
VA A
* Time Of Flight resolution about 85-100 ps : "%
* Good separation of different particles:
* /K up to 1.5 GeV/c b 1/ "
¥ K/p up to 4 GeV/c

p (GeV/c)
D. Caffarri - NIKHEF - The ALICE Detector 33



P|D detectors: Time of Flight

* Velocity measurement, that associated to . p? [t
the momentum one, allows to measure the =2 ( 2 1)
mass of the particle.

. e Ie:‘.r:} trod r S .,‘ / N "'.,_

* Gas detector based on Multigap JL /( R
ReSiStive Place Chambers to measure the ['\Hlulhdlljrl‘ m (—1’4 — j]H[”u
exact time the particle pass through it. . ‘ﬂ*“ fffffffff / fffffffffffffffffffffffffffffff

¢ A
- - - ,'\10005‘\‘ Y I {\‘:‘;_i‘\;-_-l “\|4— I l|:>b_lpbI 3

* Time Of Flight resolution about 85-100 ps s sof: LR e 7oy

800F ! Voo 410 =

>
810%

TPC dE/dx (a.u
~
S
[

% Good separation of different particles: w00 of B
* /K up to 1.5 GeV/c ol
¥ K/p up to 4 GeV/c 0
* measurement of d, t, ... also possible o S i
a p/Z 3(GeV/c)
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Trigger and centrality detectors

* VO detector

¥ Two arrays of plastic scintillators

¥ located at z ~340 cm (VOA) and -90 cm (VOC)
¥ 2.8<n<51(VOA) -3.7<n<-1.7 (VOC)

¥ segmented in four rings and eight sectors each

% Fast detector used for:

* triggers (i.e. selecting online “interesting” events)
* centrality and event plane determination

)

102 = ALICE Pb-Pb \s\, = 2.76 TeV
+ Data

—— NBD-Glauber fit
Pk xI[f Npart +(1 -f)Ncou]

—
<
W

10°F | 2

events (a.u

_\\ £=0.801,1=29.3, k=16 [ . ]
E 0 500 1000
2 \W _

—
Q
-y

) =)
[} [3,]
i
- 50-60%
40-50%
30-40%
20-30%
10-20%
- 5-10%
0-5% 3
’*1// ]

IIIIIIIIIIIIIIIIIIIII
0 5000 10000

VO amplitude (a.u.)
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Trigger and centrality detectors ALICE

% TO detector

¥ Two arrays of Cherenkov counters
* located at z ~350 cm (TOA) and -70 cm (TOC)

¥ Detector used for: TO prototype.
* triggers (i.e. selecting online “interesting” events)
¥ measurement of the particle arrival time at TOA, TOC.
* Important to measure interaction time (for TOF!)

D. Caffarri - NIKHEF - The ALICE Detector 36
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Others: Muons and Electrons ALICE

* Muons
% in ALICE only in the forward rapidity with an ad hoc spectrometer

& ITS SPD (Pixel)

THE ALICE DETECTOR :
b. ITS SDO (Drif1)

| A
TR TRl S I RS I BAY y |6 c. ITS SSD (Strip)
(9 e~ N d. voand TO

e i T T e. FMD
_ [iimnnnmng il

TOF =J a =3 | : ~

HMPID P e & / . ,

EMCal ' B LA 2,
DCal . o\ o Ny 4 1

. PHQS, CPV
10, L2 Magnet
11, Absorber

12. Muon Tracker

13. Muon Wall
14, Muon Trigger

DE@NDO A WM

15. Dipole Magnet
16, PMOD

17. AD

18.ZDC

19. ACORDE
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Others: Muons and Electrons ALICE
* Muons
* in ALICE only in the forward rapidity with an ad hoc spectrometer
¥-4<nN<-2.5

* 1 hadron absorber (to stop pions and kaons)

* 1 dipole magnet 3Tm

* 5 tracking chambers

* 2 trigger chambers

* mainly used to reconstruct muons from charm and beauty decays

D. Caffarri - NIKHEF - The ALICE Detector 38
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Others: Muons and Electrons ALICE
* Muons
* in ALICE only in the forward rapidity with an ad hoc spectrometer
¥ -4<n<-2.5

* 1 hadron absorber (to stop pions and kaons)

* 1 dipole magnet 3Tm

* 5 tracking chambers

* 2 trigger chambers

* mainly used to reconstruct muons from charm and beauty decays

* Electrons

* like all other hadrons, reconstructed only in the central barrel |n| < 0.9

* Transition Radiation Detector (separate e from 1, intermediate pT)

* Electro Magnetic CALoremeter (electrons deposit their entire energy in the
calorimeter)

D. Caffarri - NIKHEF - The ALICE Detector 39
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Summary ALICE

¥ ALICE is the dedicated heavy ions experiment at CERN
* Mainly designed for low-pT particles and Particle Identification
* 19 sub-detectors with different scopes constitute the full experiment.

THE ALICE DETECTOR R 17/ /4 a. ITS SPD (Pixel)

Ul b. ITS SDO (Drift)

TS TR R I RS ST A 3 J16)1 c. ITS SSD (Strip)
" - 2) = d. voand TO

e, FMD

ITS
FMD, TO, VO
TPC
TRD

LENDYNH WM
-f
o
m

PHQS, CPV
10,13 Magnet
11, Absorber
12. Muon Tracker
13. Muon Wall
14, Muaon Trigger
15. Dipole Magnet
16, PMD
17. AD
18.Z2DC
19. ACORDE
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Sack up slides
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— combined hadronic

2D

LSS

ALICE

e 20 - L AL DL LA B L A B DL L BRI
© [ ] ]
\’é 18l n-K Inl<0.5 - K-p Inl<0.5 -
< 16 — TPC 1 — TPC 1
[ — ITS — ITS
14} — TOF ] — TOF ]
[ HMPID ] HMPID ]
12 : --- TPC 0.6<Inl<0.8': --- TPC 0.6<Inl<0.8':
10F Pb-Pb conditions ] Pb-Pb conditions ]
HMPID o ' 0-10% central yl < 0.8
TOF i T T . 25< P, <3.0 GeV/C.
TPC | mee R -
ITS ._.. PR | 1 1 e a1 1 1 P E
0 1 2 3 4 5 6 7 6 7 ]
Py (GeV/c) R (GeV/c) .

dE/dx - (dE/dx)_ (a.u.)
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o
—

—lectron ID ALICE
EMCAL E/p measurement

g o I(a) electlrons | | | I(b) pionsI pp \!I§=7Te\/I | EMCAL Pb SCIH’[I”a’[OI’

g 015 ! 25 <p; (GeVic) <30 | sampling calorimeter

- s _ Nl <0.7,14<d<m

An=A¢p = 0.014
Cluster Bt > 300 MeV

0 15 20 0.5 1 15 2
E/p E/p
TRD TRD: six layers of radiator and drift chamlber.

TR produced when particles (y>103) traverse many
Interfaces of two media of different dielectric
constants composing the radiator.

TRD dE/dx + TR (arb. units)

On average, for each electron with a momentum
above 1 GeV/c, one TR photon (energy range: 1-30
T pPb|s,e502TeV keV) is absorbed and converted in the high-Z gas

b (GeV/c) mixture (Xe-CO?2) in each layer of the detector.
D. Caffarri - NIKHEF - The ALICE Detector 43




Centrality Measurement

* The collisions geometry (i.e. the impact
parameter b) determines the number of
nucleons that participate in the collisions (Npart)

i participants

¥ Each nucleon can interact with many before colion afer collson

different nucleons and have multiple
collisions (Ncol) " Pb
. P e
* Ex - pPb collisions: .

the proton hits on average 6.9
nucleons of the Pb nucleus -'

2> <N,,>=6.9 +/-0.6

¥ How determine Npartand Ncon 7 Glauber model

* Nucleons travel in straight lines

¥ Collisions don't alter the nucleons trajectory, only energy

* No guantum-mechanical interference

* Interaction probability for two nucleons is given by the nucleon - nucleon
(pp) cross section.
D. Caffarri - NIKHEF - The ALICE Detector 44




Centrality Measurement

*Inputs to the Glauber model.: o R
* Distribution of the nucleons in the nuclei: Py — _
* measured by e-ion scatterings experiments N }

* parametrized by Woods-Saxon distribution _er .

% e I Cu .-"-,: }

(r) = 1 Nuclear = | | i}

P = Fo 1+ exp (’”"V“j/ radius R 04 - il

/ ™~ Skin 02| |

Density in ] _

the center depth a o NI N9,

012 3 45 678 91
Distance rto center (fm)
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Centrality Measurement

*Inputs to the Glauber model:
* Distribution of the nucleons in the nuclei:
* measured by e-ion scatterings experiments
* parametrized by Woods-Saxon distribution

o i totall, ilnlellastic, ellalsticl): I | S
* Nucleon-nucleon cross-section E - Crgssgs;cfggg r:;g datal e, G\ [COMPETE RRPL2u(21 fit L
. . . G“:‘ [PDG p-p, p-p datal == " T [Fit: 0y (8)=5.17+12.88 s7440.09 In(s/29.2)21
* measured in pp collisions or from ool v s — o i
extrapolation : AlcE oo 8
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Centrality Measurement

*Inputs to the Glauber model:
% Distribution of the nucleons in the nuclei:

* measured by e-ion scatterings experiments

* parametrized by Woods-Saxon distribution

* Nucleon-nucleon cross-section
* measured in pp collisions or from
extrapolation

% Output of the Glauber model:
* multiplicity is inversely proportional to
the impact parameter
* knowing the multiplicity of the event we
know the impact parameter ( and Npart, Ncoll)

D. Caffarri - NIKHEF - The ALICE Detector
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Centrality Measurement

¥ MU'tIpllClty distribution: @ ]ALidE'PIbiF;b'\E,\;N':'SjOb =TV 173'

% peak: most peripheral, SEE . PR e ’

background contamination El P KN + (N -

% Plateau: mid-central g [\ TR

* Edge: most-central, shapeisa 2" f| % S0 1000 =
product of intrinsic fluctuations -
and detector acceptance/ | i
resolution el o | ;i
“OIT .S'T S | 8 | ;¢ lﬁ 1 -

0" 5000 10000 15000 20000 25000 30000 35000
] o ] ] ] VOM amplitude (arb. units)
* Fit of the multiplicity distribution: ~ # charged particles

* Number of ancestor fNpart + (1-f) Neol

* Each ancestor emits particles

according to negative binomial

distribution (Py,k) % Slice in % of the hadronic cross section
¥ for each class, possible to extract

<Npart> and <Ncoi> form the fit
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