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Introduction 

Various forms of nuclear charge radius: (Isospin-independent) 

Liquid drop model (LDM) 

whereArR o ,3/1 fmro 12.1
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Introduction 

Various forms of nuclear charge radius: (Isospin-dependent) 

And there are many more in the literature: I. Dutt and R. K. Puri, Phys. Rev. C 81, 064608 
(2010); ibid. 81, 064609 (2010); ibid. 81, 
044615 (2010); ibid. 81, 047601 (2010); ibid. 
83, 047601 (2011). 
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~100 fm/c ~20 fm/c 

(10-22 sec) 

~100-1000 fm/c ~1014 fm/c 

 

Expansion 

Density = 

normal    

nuclear 

matter 

density 

Density more than 

normal nuclear 

matter density 

Density less than normal 

nuclear matter density 

Initial State 
Final State 

Heavy Ion Collisions (HICs) 

Incident energy = 30 MeV/nucleon – 2 GeV/nucleon 
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Nuclear Stopping 

Nuclear stopping measures the stopping strength of the participant zone 

of the projectile and target nuclei.  

 

The amount of nuclear stopping determines  

the energy and volume of the interaction  

region, which govern the reaction dynamics  

and the extent to which conditions might be  

favourable for formation of a high density,  

de-confined phase of matter. 


 



i

i

ip

ip
R

)(

)(2

||
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)()( 22 ipipp yx 

)(|| ipp z
,Where 

Anisotropic Ratio: 

Heavy Ion Collisions (HICs) 
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IQMD Code 

FORTRAN CODE  

C. Hartnack et. al. 

Mass, At. No., 

impact parameter, 

beam energy etc. 

INPUT 

x, y, z, px, py, pz, 

energy, iso, id, 

total collisions, 

blocked collisions. 

OUTPUT 

Secondary codes 

The Hot 

Thomas-Fermi 

INPUT 

OUTPUT 
Informative file contains properties (e.g. Temperature 

and anisotropy ratio and other properties of each 

nucleon at each time step 

Methodology 

Flow Chart of Simulations: 
Primary Models to 

Generate Phase 

Space of Nucleons 

Secondary Models to study the 

Thermalization 

D. T. Khoa et al., Nuclear Physics A 548, 102 (1992);  
R.K. Puri et al., Nucl. Physics A 575, 733 (1994). 
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START 

Initialization 
First one has to generate the nuclei. 

Propagation 
nucleons then propagate under the influence 

of mean field. 

Collision 
Finally, nucleons are bound to collide if they 

come too close to each other. 

C. Hartnack et. al., Eur. Phys. Journal A 1, 151 (1998). 

Giving input parameters: 

•Mass of projectile and target 

•Beam energy 

•Number of events 

•Number of time steps 

•Equation of state (Soft EOS 

  and Hard EOS) 

•Radius parameter 

•Cross-section parameter 

•Switches for: 

        Various potential ON/OFF 

        Delta decay ON/OFF 

STOP 

Methodology 
Isospin-dependent molecular dynamics (IQMD) model: 

C. Hartnack et al., Phys. Rep. 510, 119 (2012) 
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START 

STOP 

Initialization 
First one has to generate the nuclei. 

Propagation 
nucleons then propagate under the influence 

of mean field. 

Collision 
Finally, nucleons are bound to collide if they 

come too close to each other. 

Baryons are represented by Gaussian-

shaped density distributions: 

 
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L

tpp
L

trr

i

ii

eetprf
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


 Nucleons are initialized in a sphere 

with radius, in accordance with the 

Liquid Drop Model (LDM). 

fmARR oLDM
3

1



•Loop over number of events 

Methodology 
Isospin-dependent molecular dynamics (IQMD) model: 

C. Hartnack et. al., Eur. Phys. Journal A 1, 151 (1998). 

C. Hartnack et al., Phys. Rep. 510, 119 (2012) 

This can be replaced by any other form of radius. 
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START 

STOP 

Initialization 
First one has to generate the nuclei. 

Propagation 
nucleons then propagate under the influence 

of mean field. 

Collision 
Finally, nucleons are bound to collide if they 

come too close to each other. 

The centroid of each nucleon propagate 

under the classical Hamiltonian’s 

equation of motion: 

;
i
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H

dt
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The baryon-baryon potential is given by: 

Methodology 
Isospin-dependent molecular dynamics (IQMD) model: 

C. Hartnack et. al., Eur. Phys. Journal A 1, 151 (1998). 

C. Hartnack et al., Phys. Rep. 510, 119 (2012) 
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START 

Initialization 
First one has to generate the nuclei. 

Propagation 
nucleons then propagate under the influence 

of mean field. 

Collision 
Finally, nucleons are bound to collide if they 

come too close to each other. 

Two particles collide if the 

minimum relative distance  of the 

centroids of the Gaussians during 

their motion, in their centre of 

mass frame fulfils the requirement: 

 typesrr tot

tot

ji ,, 





“ type” denotes the ingoing 

collision partners (N-N,N-Δ,N-π,..) 

STOP 

Methodology 
Isospin-dependent molecular dynamics (IQMD) model: 

C. Hartnack et. al., Eur. Phys. Journal A 1, 151 (1998). 

C. Hartnack et al., Phys. Rep. 510, 119 (2012) 
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Motivation 

Knowledge about the nuclear parameters including 
nuclear charge radii is of great interest for low 
density and low energy exotic phenomena like 
neutron skin (difference  between the root mean 
square (rms) radius of neutron and proton) thickness, 
halo nuclei, understanding nuclear size, nucleon 
distribution and nucleon-nucleon interactions inside 
the nucleus. 

Observables of HICs at intermediate energies are also 
expected to be influenced by different radii 
parameterizations of nuclear charge radius.  

The additional isospin dependence through nuclear 
structure may alter the isospin physics. 
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System mass effects: 

The role of isospin dependent nuclear 

charge radii parameterizations on 

the production of largest fragment 

increases with increase in Atot. 

The role of isospin dependent nuclear 

charge radii parameterizations is 

dominating at higher colliding 

geometries. 

)(max

totAA 

Sangeeta et. al., Nucl. Phys. A927, 220-231 (2014) 

Result and Discussion 

Structural effects via nuclear radius: 

The percentage increase in radius due 

to different isospin dependent nuclear 

charge radii parameterizations with 

respect to RLDM are: 

RLDM > RNGO > RPP > RRR 
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Influence of isospin dependent radii on the variation of <MIMF > v/s Zbound   

Sangeeta et. al., Nucl. Phys. A927, 220-231 (2014) 

Result and Discussion 

Structural effects via Nuclear Radius: 

Thursday, 12 March 2015 THAPAR UNIVERSITY, PATIALA. 13 



C
o

p
yr

ig
h

t 
2

0
1

3
-2

0
1

4
 

Sangeeta, Acta Phys. Pol. B 47, 991 (2016) 

Result and Discussion 

Structural effects via Nuclear Radius: 
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Result and Discussion 

Isospin effects via Nuclear Radius: 

The behaviour of nuclear stopping as well as fragmentation has been found to be independent 

towards initial neutron-to-proton ratio of colliding partners with isospin independent nuclear charge 

radii. Also the effect of isospin content of colliding pair shows no effect on nuclear stopping even if 

one consider isospin dependent nuclear charge radii parameterization. Whereas, the N/Z dependence 

of multiplicity of fragments is slightly affected by including isospin dependent nuclear charge radii. 
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• There exist no isospin effects through nulear 
charge radii on the thermalization. 

• I next step, we compared the role of radius in 
mass symmetric and asymmetric nuclear 
reactions. 

 

Result and Discussion 
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Role of Nuclear Charge Radii Parameterizations on the time evolution of 
Average Temperature and Average Density: 

Result and Discussion 
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    The mass asymmetry of a 
reaction can be defined by 
asymmetry parameter: 

  AT  : mass of target 

AP :mass of projectile 

PT

PT

AA

AA






• η=0; symmetric collisions 

• η ≠ 0; asymmetric collisions 
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Role of Nuclear Charge Radii Parameterizations on the Correlation 
between Temperature and Nuclear Stopping: 

Result and Discussion 
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Conclusion 

Thursday, 12 March 2015 THAPAR UNIVERSITY, PATIALA. 19 

For mass symmetric reactions, the curves presenting the correlation, first increases 
with decrease in ˆb and then shows saturation effect. 

Whereas, in mass asymmetric reactions, the curve shows straight line behavior, which 
means < Tavg >max and < R > exhibits strong correlation at all the collision  geometries. 

The enhanced longitudinal momentum (due to increase in radius) of the particles 
contributes in raising the temperature of the system. 

The ratio of change in radius (while switching from RLDM to RRR) to the change in < R > 
as well as < Tavg >max is more for mass asymmetric reactions (and lighter reactions) 
compared to mass symmetric reactions (and heavier reactions). Because of these 
effects, the curves of correlation are lifted upward as we switch from RLDM to other 
three radii parameterizations. 

for symmetric reactions, the role of nuclear charge radii parameterizations 
on the correlation of temperature and nuclear stopping decreases with decrease in 
impact parameter; however, it remains almost same for asymmetric reactions. 
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Theoretical Models 

Most of the theoretical approaches use LDM radii 

parameterization with different values of ro. 

Time-Dependent Harteek-Fork (TDHF) fmr 12.10 

Inter Nuclear Cascade (INC)  fmr 18.10 

Quantum Molecular Dynamics (QMD) fmr 142.10 

Isospin-dependent Boltzmann-Uehling-Uhlenbeck (IBUU) fmr 12.10 

Isospin-dependent Quantum Molecular Dynamics (IQMD) fmr 12.10 

Some models preferred to use rms radii of particular nucleus e.g. 12C 

3/1ArR o

Fermionic Molecular Dynamics (FMD) 

Antisymmetric Molecular Dynamics (AMD)  

nucleus-nucleus optical potential models  

2.79 fm 

2.49 fm 

2.35 fm 
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The baryon-baryon potential is given by: ij
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Methodology 
Potentials in IQMD model: 


