Looking for strange particles in ALICE
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Today’ s periodic system of the fundamental building blocks
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What are strange particles ?

meson baryon

ds, ds uds

hadrons (baryons or mesons) containing at least one strange (s) quark
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We will be looking for neutral strange particles, which travel some
distance (mm or cm) from the point of production (collision point) before

they decay into two oppositely charged particles

KO, —> i~ 1=0.89x1010s
ct = 3x101% cm s1x8.9x10 1t s
2.67 cm from the point of interaction

A — T=2.6x1010s

TP ct = 3x101% cm s1x2.6x1010 s
_ _ 7.2 cm distance from the point of interaction
A —> 1

Weak decays : strangeness is not conserved
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How do we find VOs ?

We look for two opposite tracks, having the same origin, which is not the interaction
(collision) point
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How do we find VOs ?

s L .

fiducial zone

We look for two opposite tracks, having the same origin, which is not the interaction
(collision) point
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How do we identify each V0?

T+

K% — - A —> mp? anti A— p*

K = mt+q S T
E+P P=QBR

P momentum

VO decay - Q electric charge
y. : B magnetic field
a neutral particle (no track) gives suddenly two tracks .
R radius of curvature

Identify VOs from the decay topology
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How do we identify each V0O?

Calculate the (invariant) mass
Energy conservation
Momentum conservation

Total energy

c=1 E2=p2+m?

E=E,+E, E?=p.?+m? E,2=p,2+m,?
17Es 17 = P1 17 BEo 2 2

K!' = ot +q T T
E+

E = E,+E,

P=P1TP;
E2 —_ p2Cz + mzc4

E2=p?+m? m2=E?-p?=(E+E,)? -(p,+P,)* = my? + my? +2E,E, -2 p, .p,

Calculate the mass of the initial particle from the values of the mass and the

momentum of the final particles

Particle Identification (done by a number of PID detectors)
Radius of curvature of the particle tracks due to magnetic field == p, p,

— m; m,

P=QB:R (P momentum, Q electric charge, R radius of curvature, B magnetic field)
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Strangeness enhancement in lead-lead collisions

« Analysis of large event samples from lead collisions

* Find number of K, A, anti-A

« Calculate particle yields

« Calculate strangeness enhancement taking into account
particle yields in proton collisions



Strangeness enhancement : one of the first signals of QGP
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Counts

Fit functions describing the invariant mass distributions
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Geometry of a Pb-Pb collision

« Peripheral collision
— Large distance between the centres of the nuclei
— Small number of participants
— Few charged particles produced (low multiplicity)

« Central collision
— Small distance between the centres of the nuclei
— Large number of participants
— Many charged particles produced (high multiplicity)
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Distribution of the signal amplitude of
VO (plastic scintillators )

red line : described by model (Glauber)

Centrality of Pb-Pb collisions

Centrality  dNo/dn (Npar) — (dNo/d 1)/ ((Nga)/2)
0%—5% 1601 =60 3828 £3.1 8403
5%—-10% 1294 £ 49 329.7 £ 4.6 7.9+0.3
10%-20% 966 £37 2605 =44 74 =03
20%-30% 64923 1864 £3.9 7.0+0.3
30%—40% 42615 1289 %33 6.6 = 0.3
40%-50% 261x9 85.0x 26 6.1 =03
50%—60% 149%6 52820 57203
60%—70% 76 = 4 30.0x 1.3 51203
T05%—80% 35x2 15.8 = 0.6 44 = 0.4

03.11.2023

o ETTrTrr T
E - + Data .
= . :
— Glauber fit C
10 :\\*‘M . .
S— g 500 7000 5
> il WWW _;
5 18| & g 2 -
o @2 3 2| 8§ |2 -
-2 I | AT T I | T I | R T I T I T R
10% 5000 10000 15000 20000
VZERO Amplitude (a.u.)
peripheral central



Strangeness enhancement calculation

Yield : number of particles produced per interaction = Nparticles(produced)/Nevents
Efficiency = Nparticles(measured)/Nparticles(produced)*

Yield = Nparticles(measured)/(efficiency x Nevents)

Ks-Yield (pp) = 0.25 /interaction ; A-Yield(pp) = 0.0617 /interaction ; <Ng,> = 2 for pp

Strangeness enhancement: the particle yield normalised by the number of participating
nucleons in the collision, and divided by the yield in proton-proton collisions**

*assumption on efficiency values : to match yields in Analysis Note
Measurement of Ks and A spectra and yields in Pb—Pb collisions at VsNN=2.76 TeV with
the ALICE experiment

*pp yields at 2.76 TeV from interpolation between 900 GeV and 7 TeV
Analysis Note “Ks, A and anti/A production in pp collisions at 7 TeV”
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