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Vous avez dit ALICE.... ? —~

/
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A Large lon Collider Experiment

Le défi a relever... ALLce

* Pres de 10.000 particules traversent le detecteur lors de chaque collision
.. jusqu’a 90 particules par cm2 au plus pres du point d’interaction

 Mesurer chacune de ces particules :
= |es compter,
= localiser leur trajectoire,
= |dentifier leur nature (cf le livret PDQG),
= Etablir leur (Energie, quantité de mouvement).

* Localiser I’origine de chacune des particules avec une preC|S|on du

micron %
)
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Run-244318

Timestamp:2016-11-28 11:25:34UTC)
System: Pb-Pb
Energy: 6.02 TeV
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M ZEsms

Timestamp 20 &1 1-10 1421 2:268(UTE)
Col dirg system:p Ph

Energy: 8§02 TeV
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A Large lon Collider Experiment
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Etranges particules étranges #c:
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e e R

 Hadrons (baryons ou mesons)
contenant au moins un quark
etrange

~ais
-

|
|

 Nous nous intéressons aux
particules etranges neutres
qui parcourent une certaine
distance (mm ou cm) avant
de se desintégrer
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A Large lon Collider Experiment

http://pdg.Ibl.gov

Mean life 7 — (0.8954 4+ 0.0004) x10~%s (S —1.1)  Assum-
ing CPT

Mean life 7 = (0.89564 = 0.00033) x 10~'%s  Not assuming
CPT
cr = 2.6844 cm  Assuming CPT

CP-violation parameters [7]

Im(7+_p) = —0.002 L 0.009

|m(?’)000) = 0.001 £+ 0.016

m000| = |A(KE — 3a%)/A(K] — 39| < 0.0088, CL =
90%

CP asymmetry Ain 7wt n et e™ =(—-0.4 = 0.8)%

’
Scale factor/ p

K2 DECAY MODES Fraction (I;/[)  Confidence level (MeV/c)

Hadronic modes
(30.6940.05) %

(69.20 1.0.05) %

(35 t12)x10°7

N JOURHEY OF DISCOVWzRY
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A Large lon Collider Experiment
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-7 \vé—/‘“ I JOURNEY OF DISCOVERY
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a» http://pdg.Ibl.gov

") =0(3™)

Mass m — 1115.683 = 0.006 MeV
(mp— mz) / mqg—=(—01£11)x10 2 (S'=1.86)
Mean life 7 — (2.632 = 0.020) x 10 125 (S — 1.6)
(taA — Tﬁ] /A= —0.001 = 0.009
cr = 7.89 cm
Magnetic moment u = —0.613 = 0.004 up
Electric dipole moment d < 1.5 x 10 '® ecm, CL = 95%

Decay parameters

pr~ o_ = 0.642 + 0.013
prt o, =—071 + 0.08
= ¢_ = (—6.5+ 3.5)°
~_ = 0.76 [
A_ = (8+4)r
ag = 0.65 L 0.04
ga/gy — —0.718 + 0.015 ]

P
Fraction (I';/T) Confidence level (MeVic)

(63.9 £0.5 )% 101
% 104
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Décroissance en forme de V auce

Une particule neutre (invisible) donne naissance a 2
traces de courbures opposees

ALICE® | MC@IPHC | Mars 2018 | Yves Schutz
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A Large lon Collider Experiment

HLICE

Decrmssance en cascade

Une particule chargée suivie d’une decroissance en V

ALICE® | MC@IPHC | Mars 2018 | Yves Schutz 12



A Large lon Collider Experiment

Trouver les Vs ?

Rechercher 2 traces de courbures opposeées
Issues du meme vertex, qui n’est pas le vertex de
I’interaction

ALICE® | MC@IPHC | Mars 2018 | Yves Schutz 13



Rechercher 2 traces de courbures opposées
Issues du meme vertex, qui n’est pas le vertex
I’interaction
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A Large lon Collider Experiment

Identifier les Vs ?

e Calculer la masse invariante
- Conservation de I’energie : E=F 1+ L

- Conservation de la quantite :
de mouvement : P =p+p; (P =mV)

- Energie totale : E’ = p*c? + m°c?

ALICE® | MC@IPHC | Mars 2018 | Yves Schutz 15



A Large lon Collider Experiment

Identifier les Vs ?

e (Calculer la masse invariante

- Conservation de I’energie : E=E +E,
- Conservation de la quantité de mouvement : J— pl’ NE pz’
- Energie totale : E? = p262 + m?*c*

Calculer la masse de la particule initiale a partir
des masses, energie et quantites de mouvement
des particules finales

m2=m12+m22+2(E1E2—]71’-172’)

ALICE® | MC@IPHC | Mars 2018 | Yves Schutz
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A Large lon Collider Experiment \ l.;;%,,
Identifier les Vs ? ALICE

m? =ml2 m22 2(E1E2—]71’-172’)

* |dentification realisée par des

détecteurs spécialisés > 752
 Rayon de courbure de la K

trajectoire des particules dans 5 _‘

un champ magnétique : L

p Q - ; p SEY
ALICE® | MC@IPHC | Mars 2018 | Yves SchutZ"!!" 17
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A Large lon Collider Experiment
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Exercice Partie 1: analyse visuelle ne

« Trouver Vs (K?, A, A) a partir de la topologie de
decroissance (2 traces de charges opposees issues du
meme vertex)

e Calculer la masse invariante

* Classer les particules trouvees selon leur masse

MasterClass Application

 Remplir histogrammes et tables

ALICE® | MC@IPHC | Mars 2018 | Yves Schutz 18



A Large lon Collider Experiment

Exercice Partie 1: analyse visuelle ALICE

N JOURNEY OF DISCOVWzRY

K9 A, A

MasterClass Application
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© 0 s
0 et —l
O s
=+ |B
s o e
PR P —

e Discuter :

- La valeur du pic de masse

m o, o]l fls o e
042 044 046 048 05 052 054 056 058
Invariant Mass (GeV/c?)

Lambdas Anti-Lambdas
Enties 39 Eniries 23
Mean 1.125
-

06 122 124 126 128 13 132 134 136 138 14
Invariant Mass (GeV/c?)

Mean 1,124

| L 0.0 I
102 104 106 108 11 112 114 116 118 12 102 104 106 108 11 112 114 116 118 12
Invariant Mass (GeVic’) Invariant Mass (GeV/c?)
-
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A Large lon Collider Experiment

= = - = _II%
Exercice Partie 2 : analyse statistique auice

e Ajuster les histogrammes a un bruit de

fond (eq. polynome d*ordre 2) plus le s
signal (eq. gaussienne) ‘

[ Y el g gt

00.35 0.4 0.45 0.5 0.55 0.6 0.65

M. (GeV/c?

» Trouver le nombrede K9 AetA 2

-

\‘ u=1115.45+ 0.06 MeV
c=1.88+0.07 MeV

L’analyse se fera pour des
collisions Pb-Pb de differentes
centralites

ALICE® | MC@IPHC | Mars 2018 | Yves Schutz 20



A Large lon Collider Experiment

Pourquoi I’étrangete ?

 L'augmentation de la production d’etrangete est
interprétee comme une signature de la formation du QGP

PD-Pb at |5, = 2.76 TeV

AQ+D ALICE

p—

) relative to pp/Be
=
|m}

) relative to pp/Be

part
part

z z
—~ ~
g g
© °
> >

* Augmentation d’autant plus importante que le nombre de quarks étrangers est éleve

 Augmentation d’autant plus forte que I’énergie des collisions est élevéee (SPS, RHIC,
LHC)

ALICE® | MC@IPHC | Mars 2018 | Yves Schutz 21
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Géomeétrie d’une collision Pb-Pb

N JOURNEY OF DISCOVWzRY

* Collision peéeriphérique
e Grande distance entre les centres des noyaux
* Petit nombre de participants

e Peu de particules produites (faible
multiplicite)

e Collision centrale
* Petite distance entre les centres des noyaux

* Grand nombre de participants

/_\;‘(
2

@‘—"  Beaucoup de particules produites
<P (multiplicite élevee)

ALICE® | MC@IPHC | Mars 2018 | Yves Schutz
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A Large lon Collider Experiment
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Géomeétrie d’une collision Pb-Pb e

N JOURNEY OF DISCOVWzRY

+ Data
e Distribution de I'amplitude du signal Glaber it
mesuré dans des scintillateurs
plastiques

10000

Centrality  dN,/dn (Npan)  (dN/d71)/((Nper)/2)

0%-5% 1601 + 60 382.8 + 3.1 8.4 + 0.3 Peripherique Central
56-10% 1294 + 49 329.7 * 4.6 7.9 + 0.3
10%-20% 966 +37 260.5 * 4.4 7.4 + 0.3
209%-30% 649 =23  186.4 * 3.9 7.0 + 0.3

30%—40% 426 =15 1289 =33 6.6 = 0.3

40%-50% 261 =9 85.0 = 2.6 6.1 =0.3
50%—-60% 149 = 6 528 =20 57*0.3
60%—70% 76 = 4 30,0 1.3 51 0.3
70%—-80% 3522 15.8 £ 0.6 44 *+04

-
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A Large lon Collider Experiment

Resultats

Augmentation de I’etrangete : le nombre de particules produites
dans les collisions Pb-Pb normalise au nombre de nucléons

participants et au nombre de particules produites dans les
collisions proton-proton

Y

. : particules
Nparticules produites =

N, collisions X efficacite
N,

mesure

efficacite =
N, ,produit

N\
\))

sy

%
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A Large lon Collider Experiment

Results

e  Npp(K%) = 0.27

Augmentation = production / (Npart x Npp / 2)

Q * Npp(A) = 0.0617

¥

centrality  <Noparss  Nevents NKs 7 __Ks enhancapgfen Nlambda  efficiency L Yield .ambdz \  Lambds enkancemant Nantilambda efficantil  yicihag
J-10 360 213 .25 0 0.2
20--20 260 250 .25 i" 0 0.21
20-20 186 302 5 ? ' 0.22

30-40 129 310 29| | : 0.22
40-50 85 302 29 - 0.22
50-60 52 160 .29 0.2
&0-70 3n 315 3 0.2
10-80 16 350 y of

Production = Nb / (Ncollisions x efficacité)

ALICE® | MC@IPHC | Mars 2018 | Yves Schutz 25



Pour en savoir (encore) plus ..ax:

A Large lon Collider Experiment

Main Menu

Installation

Support Material

Students section

Evaluation

Instructions for the

Institutes

Description of Exercises
o English
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W JOU LHEY OF DISCOVERY

Looking for strange particles in ALICE
1. Overview

The exercise proposed here consists of a search for strange particles, produced from collisions at LHC and recorded by the ALICE experiment. It is based on the recognition of their VO-decays, such as K% — n*'n", A p +

and cascades, such as ¥ — A+ (A — p + m). The identification of the strange particles is based on the topology of their decay combined with the identification of the decay products; the information from the tracks is
used to calculate the invariant mass of the decaying particle, as an additional confirmation of the particle species.

In what follows the ALICE experiment and its physics goals are first presented briefly, then the physics motivation for this analysis. The method used for the identification of strange particles as well as the tools are described
in detail; then all the steps of the exercise are explained followed by the presentation of the results; then all the steps of the exercise are explained followed by the presentation of the results as well as the method of
collecting and merging all results. In the end the large scale analysis is presented.

2. Introduction.
ALICE (A Large lon Collider Experiment), one of the four large experiments at the CERN Large Hadron Collider, has been designed to study heavy ion collisions. It also studies proton proton collisions, which primarily provide

reference data for the heavy ion collisions. In addition, the proton collision data allow for a number of genuine proton proton physics studies. The ALICE detector has been designed to cope with the highest particle
multiplicities anticipated for collisions of lead nuclei at the extreme energies of the LHC.

3. The ALICE Physics

Quarks are bound together into protons and neutrons by a force known as the strong interaction, mediated by the exchange of force carrier particles called gluons. The strong interaction is also responsible for binding
together the protons and neutrons inside atomic nuclei.

Even though we know that quarks are elementary particles that build up all known hadrons, no quark has ever been observed in isolation: the quarks, as well as the gluons, seem to be bound permanently together and
confined inside composite particles, such as protons and neutrons. This is known as confinement. The exact mechanism that causes it remains unknown.

Although much of the physics of strong interaction is, today, well understood, two very basic issues remain unresolved: the origin of confinement and the mechanism of the generation of mass. Both are thought to arise
from the way the properties of the vacuum are modified by strong interaction.

The current theory of the strong interaction (called Quantum Chromo-Dynamics) predicts that at very high temperatures and very high densities, quarks and gluons should no longer be confined inside composite particles.
Instead they should exist freely in a new state of matter known as quark-gluon plasma.

http.//aliceinfo.cern.ch/public/MasterCL/MasterClass\Webpage.html
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