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Input of the Glauber modelling
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% nuclear charge densities (measured in low-energy electron-ion scattering experiments)

% energy dependence of the inelastic nucleon-nucleon cross section (measured in high-energy p+p collisions)



Nuclear charge density
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Inelastic nucleon-nucleon cross section

at RHIC (o)) = 32.3,
35.6, 40, and 42 mb at

JSNN = 19.6, 62.4, 130,
and 200 GeV,
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Inelastic cross section c,, (mb)

Inelastic nucleon-nucleon cross section
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Optical limit of the Glauber model

Side view Beam-line view

Projectile B Target A

iIncoming nucleons see the target as a smooth density;
does not locate nucleons at specific spatial coordinates
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Glauber Monte Carlo modelling
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% colliding nuclei are assembled by distributing the A nucleons of nucleus A and the B nucleons of nucleus B
in a three-dimensional coordinate system according to the respective nuclear density distribution

* random impact parameter is then drawn from the distribution do/db = 27b

% a sequence of independent binary nucleon-nucleon collisions

* NN collision takes place if the nucleons’ distance in the plane orthogonal to the beam axis satisfies j < \/giNll\T/n



Glauber Monte Carlo modelling
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one of the most typical applications of the Glauber model is to provide
the initial conditions for the number density (or entropy or energy densities) of the medium
formed in nuclear collisions as input for hydrodynamic calculations



Glauber Monte Carlo modelling

:These expressions are generally the same for:

7 - large mass numbers A (and B) |
:- sufﬁ(:lently smaII melastlc nucleon nucleon Cross sectlon }



GMC versus optical limit

® Optical approximation
O Glauber Monte Carlo
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GMC versus optical limit
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Systematics

| show only a weak energy |
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Relating GM to experimental data

* Neither Npart nor Ncoll can be measured directly in experiment

¥ Mean values of such quantities can be extracted for classes of measured events
via a mapping procedure

* Measured distribution is mapped to the corresponding distribution
obtained from Glauber calculations.

% This is done by defining centrality classes in both the measured and calculated distributions and
then connecting the mean values from the same centrality class in the two distributions.



do/dN_ (arbitrary units)

Relating GM to experimental data
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do/dN_ (arbitrary units)

Relating GM to experimental data
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Relating GM to experimental data

Biatas, Bleszynski and Czyz argued (in 1976) that the average multiplicity in a collision of two
nuclel with the mass numbers A and B is

Wag NNN

N —

NAB —

Estimates of the charged particle multiplicities obtained from the wounded nucleon model,
1 5 WaA NN, compared with the measured multiplicities, Nag, for different reactions studied by
the NA49 and PHOBOS Collaborations. The last column shows the ratio of the measured

multiplicity and the model prediction.

Expt. Eiab/A[GeV] /Snn [GeV]  Naa  Waa 3 Waa Nnn r

NA49 40 8.8 693 349 875 0.79
NA49 80 12.3 1029 349 1059 0.97
NA49 158 17.3 1413 362 1307 1.08

PHOBOS (9000) 130.0 4200 355 2902 1.45




Relating GM to experimental data
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do/dN_ (arbitrary units)
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Relating GM to experimental data
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the mapping procedure is robust to an overall scaling
of the simulated Nch distribution compared to the measured
distribution

once a centrality class is defined in simulation,
the mean values of quantities such as Npart
can be calculated for events that fall in that centrality bin
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Estimating Geometric Quantities

Au+Au
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Optical-limit calculations do not naturally

contain the terms in the multiple-scattering integral,
where nucleons hide behind each other.

This leads to a slightly larger cross section
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Estimating Geometric Quantities
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Estimating Geometric Quantities

Au+Au at /SNN =200 GeV
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Thank you!

All kinds of feedback regarding this course is welcome: radoslaw.ryblewski@ifj.edu.pl
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Self-study for this lecture:

On Glauber model: W. Florkowski, Phenomenology of Ultra-Relativistic Heavy-lon Collisions (World Scientific,
Singapore, 2010), Sec.3

Progress in the Glauber Model at Collider Energies, https://arxiv.org/pdf/2011.14909.pdf

Glauber Modeling in High-Energy Nuclear Collisions, Annu. Rev. Nucl. Part. Sci. 2007.57:205-243.
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