
Asy-EoS 2012 Slide 1 

Sensitivity of collective flow to the density dependence of the 

symmetry energy 

Zach Kohley 

 
National Superconducting Cyclotron Laboratory 

Michigan State University, E. Lansing, MI 

 

 

International Conference on Nuclear Symmetry Energy 

and Reaction Mechanisms (ASY-EoS) 

Siracusa, Sicily, Italy 

Sept 4, 2012 



Asy-EoS 2012 Slide 2 

Outline 

• Motivation 

• Experiment 

• Esym(r) sensitivity of theoretical 

models to IMF flow 

• MoNA Experiment 

• Summary 

• Acknowledgements 

26 

Ono and Randrup., EPJA30(2006)109 



Asy-EoS 2012 Slide 3 

Motivation 

26 

The nuclear EoS 

and its isospin 

dependence are 

deeply embedded 

into many facets of 

nuclear science. 
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Experiment 

Beam Energy: 35 MeV/u 

Reactions: 70Zn+70Zn, 64Zn+64Zn, & 64Ni+64Ni 

NIMROD-ISiS 

• 14 Concentric Rings (DE-E) 

• 3.6-167 degrees 

• Neutron Ball 
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W.K. Wilson et al., Phys. Rev. C 45, 738, (1992). 

Impact parameter selection from 

neutron-charged particle 2-D histograms. 

 

Rxn plane defined using azimuthal 

correlations method. 

LCP Flow & Emission 

Kohley et al. PRC 83, 044601 (2011) 
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IMF flow 

Kohley et al., PRC 82, 064601 (2010) 

R=1 

R=0 

Mass Dependence Charge Dependence 
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IMF flow 

Kohley et al., PRC 82, 064601 (2010) 

Antisymmetrized Molecular Dynamics 

(AMD) 

A. Ono and H. Horiuchi, Prog. Part. 

Nucl. Phys. 53, 501, (2004).  
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Sensitivity of simulations 

Stochastic Mean-Field Model 
SMF 
(Colonna, Rizzo, Baran, Di Toro…) 
 
-Rooted in BLE 
 
 
 

- should provide accurate description 
of one-body dynamics 
- uses test particle method to solve 
BLE 
- “stochastic” nature of the collisions 
(last term in eq. above) is included 
through agitation of spatial density. 
- Mean-field (no nn-interaction) do 
not get natural production of light 
clusters. 
 

- 100 test particles per nucleon  
- Ran for 220 fm/c and phase-space 
coalescence applied. 

 
 

 

Constrained Molecular Dynamics 
CoMD-II 
(Papa, Bonasera) 
 
- Improvement beyond typical QMD 
simulations. 
- Constrains the occupation density to 
fulfill Pauli principle. 
 
 
 
 

- Advantage is good description of 
Pauli blocking with N2 computational 
increase in comparison to N4 (AMD) 
- Special care to conserve total 
angular momentum. 
 

- Fast computation allows for time 
evolution till 3000 fm/c 
- System decays dynamically. 
- Gemini++ still applied but has very 
minimal effect. 
 

Antisymmetrized Molecular 
Dynamics: AMD-DS 
(Ono) 
 
- Wavefunction for a reaction with A 
nucleons represented by a Slater 
determinant of Gaussian wave 
packets, 
 
 
 

- Fermionic nature of nucleus is 
respected at all times. 
- Many improvements to reproduce 
the clustering observed in 
experiments.  AMD, AMD-V, AMD-DS 
and now AMD + clust. 
 

- Main issue is computationally 
expensive. 
- Was coupled to statistical decay 
Gemini++ after 300 fm/c. 
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Sensitivity of simulations 

Kohley et al., PRC 85, 064605 (2012) 
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Sensitivity of simulations 

Kohley et al., PRC 85, 064605 (2012) 

 = 0.61 +/- 0.14 
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Sensitivity of simulations 

Kohley et al., PRC 85, 064605 (2012) 

L~62 
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Sensitivity of simulations 

Tsang et al., PRC 86, 015803 (2012) 

(NuSYM 2011 Paper) 

WAIT… The significance of the agreement is outweighed by 

the differences in the sensitivity of the models to L. 
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Sensitivity of simulations 
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Sensitivity of simulations 
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MoNA-LISA Experiment 

Thoennessen 
Yennello 

Bonasera 
Tsang 

Lynch 

Develop new program: 

Measuring projectile-like fragments 

(PLFs) in coincidence with neutrons. 
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MoNA-LISA Experiment 

Sweeper Magnet: 

- 4 Tm, bends fragments ~43o 

- Large acceptance; +/- 8% Br 

- CRDCs for tracking (Mass, Energy) 

- CsI Hodoscope 

 
ZPLF to define impact parameter 
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MoNA-LISA Experiment 

Kohley et al., NIMA 682, 59 (2012) 

17C(-p)16B15B+n 

For accepted experiment 

coverage in lab from 0-45o 
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Summary 

- IMF flows useful probes of EoS (~linear form Esym) 

 

- Sensitivity of Esym(r) dependence on treatment of reaction 

dynamics. 

- Constrain “weight” one-body vs. many-body effects 

 

- New program to use MoNA-Sweeper for reaction studies. 

 
Theory 

SMF: Maria Colonna 

CoMD: Aldo Bonasera 

AMD: Roy Wada and A. Ono 


