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Electromagnetic effects in pion emission

Introduction

Heavy ion collisions: spectator
Pb+Pb system
Vs =17.3 GeV
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@ Charged spectators in non-central collisions generate electromagnetic fields

@ These modify the trajectories of final state charged particles

@ Opposite charges affected oppositely — charge asymmetries in distributions
of produced particles — information on distance dg and spectator breakup
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Electromagnetic effects in pion emission
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EM effects dependence on spectator charge
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@ Shape of the EM distortion is sensitive to the space-time
scale of spectator fragmentation

@ Allow to get direct information about excitation energy of
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Electromagnetic effects in pion emission

Rspect = RO
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Spectator-pion distance

A. Rybicki, A. Szczurek, Phys. Rev. C
75, 054903 (2007)
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Ar+Sc exp/calculation Thanks to M. Kietbowicz

Spectator-pion distance
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Spectator surface expansion
was neglected by long time
for small systems and/or less
peripheral collisions
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Electromagnetic effects in pion emission

Pb + Pb Collision - Geometrical Scenarios

After collision - very deformed shapes of the spectator -
the deformation energy translated to excitation energy of the

spectator
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Pb + Pb Collision — Alternative estimations

The spectator mass and excitation energy could be calculated by:

ABRABLA code
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on of de-ex

Spectator de-excitation as a Stochastic Process

Stochastic (random) process

— is a collection of random variables
representing the evolution of some
system of random values over time.
Instead of describing a process which can
only evolve in one way, in a stochastic,
or random process, there is some
indeterminacy: even if the initial
condition (or starting point) is known,
there are several (often infinitely many)
directions in which the process may
evolve.( http://pl.wikipedia.org)

Langevin Equations

are stochastic differential equations
describing the time evolution of a subset
of the degrees of freedom. These
degrees of freedom typically are
collective (macroscopic) variables
changing only slowly in comparison to
the other (microscopic) variables of the
system. The fast (microscopic) variables
are responsible for the stochastic nature
of the Langevin equation.
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FIG. 33: Dlustration of the diversity of reaction mechanisms. Top: competing phenomena where
fossil quasi-target and quasi-projectile survive. Middle: competing phenomena where a
compound nucleus is eventually formed at the intermediate reaction stage. The excitation energy
and//or beam energy for which these mechanisms appear are given in the bottom part (Adapted

from (Lacroix, 2002b)).
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Dynamical description of de-excitation

Stochastic approach

Langevin equations
Dynamical effect
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N -z o ol el
Model Ingredients - Transport Tensors

The hydrodynamic approximation for incompressible Dissipation - irreversible
irrotational flow transformation of the available
energy into other form.

H. Feldmaier Rep.Prog.Phys.,50,915

o The Navier-Stokes equation solved in
Werner-Wheeler method gives the two-body inertia
tensor.

e The friction is calculated within one-body
mechanism taking into account the Pauli blocking.

o Nuclear shapes without neck - 'wall’ formula; other
- 'wall-and-window' formula
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amical description of de-excitation

Results: Fission of heavy nuclei at different viscosity

FF mass distribution variance FF kinetic energy distribution variance
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Isotopic Distributions: U + C—Cf (E;;;,=6.2 AMeV)

The charge variance is nescessary to reproduce
the isotopic distribution.
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A finite charge dispersion is nescessary to

reproduce the isotopic distribution.
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on of the spectator system

Pb + Pb Collision - Dynamic Evolution of Spectator

The eight Compound Nuclei have been evaluated in 4D Langevin code to
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Pb 4+ Pb Collision
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Pb + Pb Collision - Impact parameter b=10.5 fm

n of the spectator system

Mass spectator A=178 following predictions of A. Rybicki and A. Szczurek, PRC75 (2007)
054903;PRC87 (2013) 0549009.
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Dynamical evolution of the spectator system

Pb 4+ Pb Collision

Energy from surface expansion velocity
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Pb + Pb Collision - Time

Minimal time for evaporation of particle -
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Dynamical evolution of the spectator system

Summary

The moddeling of the heavy-ion collisions suffered of the lack of knowledge about time
evolution of the spectators and deexcitation channels.

Spectator-induced EM effects bring new information on the space-time evolution of the
system created in the nucleus-nucleus collision.

The space-time evolution (expansion) of the spectator system is an important
" technical problem” in corresponding phenomenological studies.

A first coordinated effort has been undertaken to investigate this problem from both
sides (experimental data on EM effects + phenomenological simulations, versus
dedicated nuclear theory). First results are encouraging: fission seems to be dominant for
very peripheral Pb+Pb collisions. Estimated excitation energies start to coincide.

These so-called " inter-disciplinary” studies would help us to improve both the
longitudinal evolution of the QGP and the excitation and decay of the spectator
system.

Studying the excitation energy and space-time evolution of the spectator system does not
really belong to the classical ultrarelativistic heavy ion domain: it is interesting whether
one can use the QGP as a "charged pion factory for spectator studies”.

First proposal in NA61/SHINE Collab., CERN-SPSC-2018-008: Addendum to the NA61/SHINE Proposal
SPSC-P-330 of Hadron-Nucleus and Nucleus-Nucleus Study Collisions at the CERN SPS Early Post-LS2
Measurements and Future Plans
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