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Symmetry Energy

Nuclear Equation of State (EoS)
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Symmetry Energy

Isospin Dependence of Strong Interactions
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Heavy-ion collisions

Powerful laboratory tool to explore EoS
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NSCL

In the heavy-ion business e S
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NSCL

-Well established for intermediate

energy stable and radioactive heavy
lon beams.

- NEW capabilities for reaccelerated
RIBs (~3-5 MeV/u): ReA3-ReA12
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Number of Isotopes
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» Estimated Possible
= New from FRIB
= Known Isotopes
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Erler et al. Nature 486, 509 (2012)
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FRIB

1) Elp,I)=E(p)+E Increase asymmetry,
) El.1)=Elp) Sym(p Increase sensitivity

2) Increase energy access to p > p,

AT-TPC under construction

Lynch and Tsang: n+/m- measurements

Program using Sn RIBs
- Isospin diffusion

- N/P, t/3He ratios

- Flow
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FRIB

1) E(p,1)=E(p)+E,,( p' Increase asymmetry,
Increase sensitivity

2) Increase energy access to p > p,

FRIB will provide access
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Using RIBs to explore EoS

Very few experiments using
RIBs for EoS studies.

ALADIN
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oy w | Radioactive Sn
N iy

Ogul, PRC 83, 024608 (2011)

NSCL
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Theorists seem to have
access to more intense RIBs
and radioactive targets.
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Test case at the NSCL

MoNA-LISA Experiment
32Mg + 9Be @ 73 MeV/u

Christian, PRC 85, 03427 (2012)
Christian, PRL 108, 032501 (2012)

~— Charged Particle Detectors

Sweeper Magnet —
— Tracking Detectors

— LISA  Reaction Target —

Focusing Magnet —

32Mg, & = 0.667 Measur.ing p.roj_ectile-like. fragments
1328, § = 0.64 (PLFs) in coincidence with neutrons.
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MoNA-LISA Experiment
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MoNA-LISA Experiment
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MoNA-LISA Experiment

32Mg Pre-fragment

Very n-rich
%
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MoNA-LISA Experiment

Pre-fragment
32Mg Very n-rich
Excited, E*
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Constrained Molecular Dynamics (CoMD) model:
- 3 forms of Esym(p) M. Papa, T. Maruyama, and A. Bonasera. PRC 64, 24612, (2001).

- Consistent model of dynamics and decay (time = 1500 fm/c)
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MoNA-LISA Experiment

How would the analysis have faired with a stable beam?
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Future MoNA-LISA Program

~— Charged Particle Detectors

Sweeper Magnet —
— Tracking Detectors

|

— LISA  Reaction Target

Focusing Magnet

Approved PAC experiment to make
further measurements with n-rich
and p-rich RIBs.

Thoennessen Yennello

Mclintosh

Bonasera
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Future ideas with FRIB
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Systematic flow measurements
allowed for critical constraints to be
placed on the EoS for symmetric
matter.

Develop a similar data set (sensitive
to k) over the energies and RIBs
offered by FRIB...

RHIC-type energy scans
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Summary

Huge opportunities for new experiments at the NSCL and
FRIB.

RIB provide a new path forward in constraining Eg,,

Working on a program using the unique capabilities of the
MoNA-Sweeper setup to explore E ., with RIBs.
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