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Nuclear Collisions

~ 100 MeV

Initial State 1s modeled as
energy density

T = 200 MeV
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Geometry Observables

Fourier Series of Initial State 2-Particle Correlation
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Hydrodynamic Evolution
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Trento Matches Experiment

Trento can match experimental data despite different
choices for evolution
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Canceling Medium Effects

Mostly linear response cancels out across
different models that have varying viscosity

Fewer Fluctuations

More Fluctuations Centrality (%)
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Why Initialize Charges?

= Early Universe The Phases of QCD
LHC Experiments °

‘ RHIC Experiments

- Beam Energy Scan (BES) is on-going
+ Search for QCD critical point

- As you go to low beam energies, hydro
phase runs for shorter time than hadron
phase

+ This means transport coefficients will
become more important

- There are many unknowns in these
systems

* Using LHC data we can start to constrain
transports for lower energies

- Another limiting factor, hydro must be
3D for low energy systems and makes
them harder to study

Temperature

Quark-Gluon Plasma

Future FAIR/NICA
Experiments

- i

Superconductor

Nuclear /
Matter Neutron Stars
-

900 MeV
Baryon Chemical Potential




Structure of the Proton

-
S T |
o ©
ueq
p— 0]
gWamb
STV o
.mmeu_u
EE R
uamp
n = a
mmm
e
)
1&
e S
|
—
=
>
S
<
I
— | e
@)
%
=
&
l
~||l»
M
¢
=

U01INQG1.4351(J U0I0.4]

107"

102

103




Introducing Conserved Charges
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Initial I
Conserved N

* g (1/b)
Charges & |
In g (1/g)
Nuclear Quark Splitting

Noronoha-Hosler
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Flow Chart

External Input:

e(ZL) Qo(ZL)

Randomly Seed “Gluon” Position and Energy
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Input
Energy Density, e(x,)
Saturation Density, Q.(x,)
Quark Splitting Prob.
(Model agnostic)
Quark Spatial Corr. Func.

{ Below Threshold J l Sample g — qq Splitting Outcome }
[ Remains a Gluon J Splits into Quarks of a Given Flavor }

v @ Sample g, g Displacement ]

{ Transfer Energy Without Modification } Redistribute Energy and Charge }
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Final Output:
e(FL) p(TL)

PC, MM, MS, DW, JNH
arXiv: 1911.12454 [nucl-th]

Output
Energy Density, e(x,)
BSQ Charge Densities, p(x )




Quark Multiplicities

An increase in low energy gluons leads to a
proportional increase in all flavors of quark
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Transferring a Gluon

Gluons are subtracted proportionally so, when
deposited, structure remains
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y (fm)

Distribution of Quark Pair

gaussian blobs;
energy contains
information about

Quarks deposited as

momentum fraction
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Final Densities

Energy Density (GeV / fm3) Baryon Density (fm™>)
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https://github.com/pcarzon/ICCING

Effect on Energ
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Ellipticity
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Geometry effects at
central collisions

Number effects at
peripheral collisions
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Triangularity

Triangularity sees larger effect
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&, 1s not well defined for
charge geometries, thus
selecting on positive
charge only. Currently
working on new
estimators of this
geometry.
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Pre-Hydrodynamic Evolution
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- Early evolution of quarks
using KeMPoST method

- Greens Functions
introduce time
dependent quark radius

- WIill be released 1n a
future version of ICCING

Carzon, Plaschke, Martinez,
Schlichting, Sievert, Noronha-
Hostler to appear soon




Hydrodynamics with BSQ Charges

Contains BSQ evolution

EOS: Noronha-Hostler, Parotto,
Ratti, Stafford [PRC100 064910
(2019)]

Modular Hydro Code with

many new features
planned

Will be made open-source
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T (MeV)

Hydrodynamics with BSQ Charges
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Fluid cells with ugz # 0 survive Hydrodynamic evolution!!!!

Almaalol, Carzon, Cruz Camacho, Dore, Mroczek, Plumberg, Spychalla,
Sievert, Noronha-Hostler to appear soon




Thank you!
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https://github.com/pcarzon/ICCING
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Algorithm: Selecting Quark

Up and Down behave similarly, Strange has a
shallower increase and levels out further




Strange 1s 1n Hot spots!
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