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Introduction

Will traditional particle production simulations represent observed
multiplicities for fixed-target events?

Monte Carlo based Glauber Model (MCGM) has been used at the Large
Hadron Collider (CMS, ATLAS, ALICE) and at RHIC (STAR, PHENIX,
PHOBOS, BRHAMS).

e Particles are produced by interactions between nucleons (protons and
neutrons) in heavy-ion collisions.

e Glauber Model generates collisions using overlapping 2D nucleons.

e  This works to model high energies used by LHC, /s ~13 TeV, and
RHIC, /s, 200 GeV, because nucleons pass through each other due to
relativistic effects.

At lower energies, nucleons become more opaque and have more
classical interactions like billiard balls.
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Methodology

MCGM Generates Au+Au nuclei and simulates binary nucleon-nucleon collisions
using 3 geometric parameters.

° Impact parameter b: randomly generated distance between the center of each
nucleus.

o b 2 2*(radius of nucleus) is seen as a miss and not recorded

° Number of binary collisions (N__): total number of each nucleon-nucleon
interaction.

° Number of participants (N__ ): total number of nucleons involved in all interactions

part

A Negative Binomial Distribution (NBD) is used to simulate particle production.

Kharzeev, D., Nardi, M,, et al., “Hadron production in nuclear collisions at RHIC and high density QCD", Phys. Lett. B507 (2008) 121-128

e Sampled N=xNy+(1 _x),,N”"" number of times.

(M.L. Miller et al., Annual Rev. NPS. 57, 205-43 (2007)) 2

e Xxisthe hardness parameter

o Determines the ratio of hard (transparent) interactions and soft (opaque)
interactions.

We have explored varying the hardness parameter, x:

° NBD parameters, gy and k, are scanned over a manually chosen range.
° Multiplicity distributions are generated based on the best fit
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Color of the nucleons corresponds to the nuclei to
which they belong. One red nuclei and one green.
Brighter colors are nucleons participating in collisions.
Dull color are spectators with no interaction.
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History

Collaborations at SIS18, RHIC, and the LHC use the
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Findings

Comparing model fits for two fixed target multiplicities.

O s, =3.0GeV.
a MCGM follows data curve well.

O  Small deviation at most peripheral events.

O s, =72CeV:

O  Still a good fit, but, larger deviation along
the multiplicity curve.

Varying hardness does not improve the fit.
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Findings

A closer look at the ys, = 7.2 GeV Multiplicity best 7.2 GeV BES-11 2018 Fixed Target Data
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Summary Ms TA R *

Conclusions:
A  The Monte Carlo Glauber Model methodology works well at 3 GeV.
d Thereis a larger discrepancy at 7.2 GeV.
Ongoing work:
[ New data sets covering a wide range of collision energies, \/sNN =3.0,3.2,3.5,39, 4.5,5.2,
6.2,7.2,7.7 GeV, to fit in fixed-target mode.

d Test with the multiplicity dependent efficiency parameter.



