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ALICE

e heavy-ion experiment at the LHC
- investigation of quark-gluon plasma properties

® central Pb-Pb collision
with total collision energy
above 1 PeV:
~3200 primary, charged
particle tracks in |n|<0.9

Run: 244918
Time: 2015-11-25 10:36:18

Colliding system: Pb-Pb
Collision energy: 5.02 TeV
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ALICE Masterclasses

® looking for strange particles in ALICE - Despina Hatzifotiadou

@ is strangeness production different in pp and Pb-Pb collisions
due to the presence of a QGP in the latter?
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> not discussed further today

® measurement of the nuclear suppression factor Ry,
for charged particles

® can we witness quarks interacting strongly and, thus, loosing energy
when propagating through a QGP?
-> current Masterclass workhorse at GSI
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Nuclear modification factor R,

_ yield (Pb—Pb)
® Raa (Ncon) yield (pp)

® ratio of transverse-momentum distributions of charged particles in
Pb-Pb and pp collisions, taking into account the collision geometry

® Raa<1 implies jet suppression :
in the quark-gluon plasma

® measurement

® hecessary concepts:
measurement of

® charged particle momentum
® collision centrality

® event-display based visual analysis
= Raa simply via counting of tracks

® ROOT based large scale analysis
- Raa as a function of momentum
and collision centrality Mt [t B
- students discover jet suppression! i : ‘ #
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R, Mmeasurement: pros & cons

@ advantages

® genuine heavy-ion physics observable
® doesn’t need any difficult concepts (only tracking and centrality)
® teaches the value of collaborative work

@ disadvantages

@ large-scale analysis difficult without programming experience
® challenging to complete the full measurement in time
® no use of particle identification techniques

® measures

@ various versions (all work well for their purpose)
® “full”, “copy and paste”, “demonstration” version

-> development of a new ALICE Masterclass on J/y

® main emphasis: particle (electron) identification
® other necessary concepts: decay, invariant mass, combinatorial background
® no programming skills needed
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J/wv measurement with ALICE

eJ/y

® bound state of charm quark and antiquark, m ~ 3.1 GeV/c?
® discovered in 1974 at BNL and SLAC (“November revolution”)
@ usually reconstructed via e*e- or u*u- decay (BR ~ 6%)
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dielectron channel

. ® electron identification via
AN | specific energy loss dE/dx
T measured in the ALICE
| | Time Projection Chamber
"1 (calorimetry and time-of-flight
| N H ignored for simplicity)
L o SE - ® Masterclass package mainly
Nobel prize for S. Ting and B. Richter (1976) develope..d by Steffen Weber
Rev. Mod. Phys. 49 (1977) 235 & 251 (WWU Munster)
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ALICE: dE/dx in the TPC

30T T

ALICE performance
pp, s=13TeV -
B=02T

20

Energy deposit per unit length (keV/cm)

IIII 1 1 :I.-IIIII 1 1 1 11 1 11
107 1 10

[~ALICE Detector

@ dE/dx performance as |
published by the PDG §
vs. Masterclass version .
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J/v Masterclass: the GUI

®inspired from R,, Masterclass
ey E— oworkflow
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J/v Masterclass: PID in pp

® with a bit of patience the electrons emerge
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J/w Masterclass: PID in pp

® with a bit of patience the electrons emerge
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J/y Masterclass: PID in pp

@ with a bit of patience the electrons emerge
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J/wv Masterclass: PID in pp

® with a bit of patience the electrons emerge
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J/w Masterclass: PID in pp

® with a bit of patience the electrons emerge
and can be selected

ALICE J/psi Master Class
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J/v Masterclass: m_in pp

® without electron identification
Browser Eve. File Ed;t gi;w l-l:tion.s Tools Help .o bse rvations

Tools l Viewer 1| Hulti View | Particle Identification Invariant Mass @I

Instructions |varlant Mass Distrlbull Posir Diff . EP - (EE + PP) H Hp.—
I Instrutions | | . i | D ——= | @ Nno signal visible

T 4§om;—l :':"""""""""""Mean 1.156 gmz_ ‘| T 'l""l-‘"‘+l""|Mean 5‘595‘
Previous  Current Next 350002—’ . - + 2000/ e e i on top Of
\;) 3501 / 3865 E e e F J’ 3]
J @-/ | 30000':— e F - - + + + 1 bl t - I
—HAnalysis Tools asoooz— A“ '5005_ “ {»- (e e e e ) _E com Ina orla
Lload Tracks I|7 30000;— ” «ooo:—+ + 3 baCkg round (CB)
E11Y PIDF Histagram |5000§— :‘ 500.:,_ H’* _Z
T || f M i, e ® like-sign pairs: a
EilI Tnvariant: fass Histograms E Lyl .——,’T‘ﬁﬁ—,—c_ ! . j e sl s i 1{- e +| P B B rf
Extract Signal ® ' # * ! 5'".. lGeV"C"ls ° ‘ : ° ! 5‘“- lGEV“c"f QOOd (nOt pe eCt)

—Steering > Invariant Mass Distrlbutl + Electrons Invariant Mass Distrlbutlon: Positrons + Positrons esti m ate fo r C B

Show Detector 2,:..,.,....,..,.I,...,....,E":;‘:ssz‘;: P R e o e
Background Color “g""“ E_ 4§ooo E_
Clear Histograms : sz_ e-e- Smg_ e+e+
Restart 5| E 30000~
25000 25000
—Quick Analysis ————— E E
Quick Analysis I|7 20000— 200001
N = I 3500 1s000E- " L 15000 -
Junp N Events | 10000 - - 10000 -
50005—' *‘—___ 50005—
T e P E
0 1 2 3 4 E) [ % 1 2 3 4 3
m,, (GeVic®} m,_ (GeVic*)
| Invariant Mass Distribution: Electrons + |Statistics |43,255 | (x=-0,0198714, y=-510,257, binx=0, binc=0, Sum=0) 7
T 2
Exit

[ 3¢2% parmstadt, 23.5.2019 14 R. Averbeck, IE == I




J/v Masterclass: m_in pp

® with electron identification

@®observations

® signal emerges

and can be
quantified

® yield
® S/B
® significance
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J/Iv Masterclass: pp vs. p-Pb

® combinatorial background grows with multiplicity
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® signal extraction much more difficult
® no good idea yet on how to add Pb-Pb collisions
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J/Iv Masterclass: pp vs. p-Pb

® combinatorial background grows with multiplicity
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® signal extraction much more difficult
® going to Pb-Pb collisions to make connection with heavy-ion physics
® being discussed
® not with signal extraction
® not with large-scale analysis a la R, measurement
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J/v Masterclass: next steps

®signal extraction part is ready
-> will be tested in a pilot run on June 7, 2019

® physics class from Eleonorenschule, Darmstadt
® 6 out of 22 students have experience with the ALICE Ry, Masterclass!

® QGP connection is being explored ...

®want to try (manual available in German only for the moment)?
-> https://github.com/zwound40/JpsiMasterclass.qgit
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