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Noncentral collisions 

The IVS source 
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Velocity distributions 

(LAB) for the 40Ca + 
197Au reaction at 35 

MeV/nucleon projected 

on a direction parallel to 

the beam;. 
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          Relative contributions 

of the IVS  source in 

the emission of 

different ejectiles – 

model prediction with 

no experimental 

limitations.  

(a) 40Ca +197Au; 

(b) 40Ca + 40Ca 

      Calculations 

performed for 

different angular 

momentum 

thresholds. 



Invariant  velocity plots for deuteron, triton, lithium, carbon and oxygen 

fragments detected in the most  peripheral collisions (top row, bin 1; 

middle row, bin 2) for the 129Xe +natSn reaction at 50 MeV/nucleon. The 

presented projections (bottom row) refer to the plots for bin 2. 



Two different methods are used to estimate the velocities of PLF 

and TLF sources. 

  Method I assumes that the most probable velocity of the 

heaviest fragment detected in a sample of events for a given 

impact parameter bin is a reasonable estimate for the mean 

source velocity of that sample. 

 Method II, in this method one attributes all fragments (Z   3) 

to PLF or TLF sources in a way that maximizes the "thrust" 

value: 



 




k k

TLFj jPLFi i

p

pp
T 





Upper row: mean multiplicities of p, d, t, 3He,  particles and fragments with Z  15 

detected in the forward CM hemisphere for the first five Etr12 bins. Lower row: 

contribution of the specied above fragments to the midvelocity component. The 

solid and open squares correspond to methods I and II, respectively. All presented 

results correspond to the 129Xe +nat Sn reaction at 50 MeV/nucleon. 



 (a) The percentage of charge emitted in the forward hemiellipsoid of momentum tensor for 

midvelocity emission (squares) and evaporation process (circles) obtained with method I for 

eight Etr12 bins. The numbers in boxes label the incident energies. The dashed lines specify the 

Etr12 region for which the subtraction method gives unreliable results. (b) The percentage of 

charge in midvelocity component as a function of incident energy for the four most peripheral 

Etr12 bins. (c) Same as (b) but for statistical emission. 



IVS 

Fragments distribution in  „ternary” 

events; zatomic numbers Z of the three 

heaviest fragments in a given event are 

displayed as a function of their 

longitudinal velocities for 124Sn + 64Ni 

at 35 MeV.  

 

Longitudinal velocity distributions for  

Z_imf =4, 8,12,18 in coincidence with 

PLF and TLF 



Trigger: 

charged particle multiplicity, 

M  3  

124Sn + 64Ni and 112Sn + 58Ni reactions 

 at  35 MeV/nucleon 



  
Selection of well defined events 

for non-central collisions 

ZMAX – charge of the heaviest  fragment 

MAX – kinetic energy per nucleon of the heaviest 

fragment  



Comparison between 

experimental data and 

QMD/GEMINI model 

predictions for non-

central collisions 

ZIMF=3-10 



Impact parameter estimators 

CHIMERA/GEMINI 

code predictions 

velocity of the heaviest fragment in 

units of the projectile velocity in the 

CM system 
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Yield per event of light particles 

 neutron richness of the 

system leads to increase of 

triton, 6He, and 7,8Li 

production, while reducing 

number of emitted protons 

and 3He nuclei.  

 the yields of 2H,  4He, and 
6Li particles are almost the 

same for both systems. 



Invariant velocity plots 

of isotopically identified fragments 

C
M

 



An increase of neutron-rich isotopes 

production when moving from the 

PLF to the midrapidity region 

The ratios of isotopes for Be, B, and C ions 

 as a function of parallel velocity 



Properties of detected IMFs as a function of parallel velocity 

of the fragment  

ZIMF= 4 - 8 

Curves for neutron-rich system are located higher 

than the curves corresponding to neutron-poor 

system 

Fragments observed close to CM are more neutron rich 

than fragments located in the PLF region 

Number of fragments for the neutron rich 

system is greater then for the neutron-poor 

system 

N/Z ratio corrected for limited angular 

range of observed isotopically 

identified fragments 



N/Z ratio of IMF's as a function of parallel velocity of the 

fragment  (model predictions) 

N/Z ratio for primary fragments 

belonging to the IVS 

N/Z ratio for secondary 

fragments (Z=4-8) originating 

from decay of hot PLF, TLF and 

IVS 



Experimental details 

Ring Counter : 

Si (300 m) – CsI(Tl) (2cm) 

2.1  lab  4.2 

δZ/Z ~ 0.25  

Mass deduced† 

Beam 

LASSA : 0.8 

Mass resolution up to Z=9 

7  lab  58 

114Cd + 92Mo at 50 A.MeV 

 Detection of 

charged particles in 4p 

† EPAX  
K. Sümmerer et al., PRC 42, 2546 (1990) Projectile 

48 

B. Davin et al., NIM A473, 302 (2001) 



114Cd 

92Mo 

Overlap zone is 

highly excited 

1. PLF* and TLF* are 

relatively unexcited. 

2. <VPLF*> nearly unchanged 

from beam velocity. 

3. Impact parameter is the key 

quantity in the reaction. 

PLF* 

TLF* 

Select PLF at very forward angles 2.1  lab  4.2  

Participant-
Spectator 
model 

L.F. Oliviera et 
al., PRC 19, 826 
(1979) 

Zprojectile 



PLF* decay following a peripheral collision 

PLF* = good case: (as compared to central collisions) 
 System size (Z,A) is well -defined 

  Normal density 

 Large cross-section (high probability process) 

r  r0 

Circular ridge  

PLF* emission 

“Isotropic” 

component Projectile velocity 

Other emission 

(mid-rapidity, ...) 

Examine emission 

forward of PLF* 

Select 15≤ZPLF≤46 with 2.1  lab  4.2  



The PLF source 

The PLF velocity vector is approximated by calculating the CM 

velocity of fragments with Z  Zmin = 3 and is given by: 
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Galilean invariant 

velocity plots (linear 

scale) in the rest frame 

of the reconstructed PLF 

with the parallel velocity 

axis oriented by the PLF 

CM velocity, for dierent 

groups of particles (ptr < 

4.5GeV/c) in the  40Ca + 
40Ca  reaction at 35 

MeV/nucleon. 



Projection of the 

distribution of previous 

figure for the class of 

heaviest fragments (Z > 5) 

on the vII axis for 

consecutive windows of p tr. 



Mass (a), and excitation 

energy (b) distributions of 

the reconstructed PLF of 

consecutive ptr windows. 

Experimental points and 

model predictions  for the  

40Ca + 40Ca reaction at 35 

MeV/nucleon. 



Angular 

distribution of Z > 

5 decay fragments 

in the reference 

frame of the 

reconstructed PLF. 



The charge distributions of the 

decay products for consecutive 

bins of the PLF excitation energy 

per mass unit, E*/ A, for the 40Ca + 
40Ca  reaction at 35 MeV/nucleon.  

Experimental points and model 

predictions: with the experimental 

filter (solid lines) and without the 

experimental filter (dashed lines). 

The model distribution have been 

normalized to the same surface. 



The energy distributions of 

protons and  particles emitted 

from the PLF for different bins 

of the PLF excitation energy in 

the 40Ca + 40Ca  reaction at 35 

MeV/nucleon.  

The solid lines are the model 

predictions. 



J. Pochodzalla et al.,  

Phys. Rev. Lett. 75, 1040–1043 (1995) 

  

 Double Isotope Ratio Temperature 
S. Albergo, S. Costa, E. Costanzo, and A. Rubbino, 

 Nuovo Cimento A 89, 1 (1985) 



Caloric curves 

 Collection of 

measured caloric 

curves. The curves in 

the right panel have 

been offset by 2 MeV 

for each successive 

curve, starting with Ar 

+ Ni. 



Caloric curves for five 

selected regions of mass. 

Measurements of 

temperature versus 

excitation energy per 

nucleon are represented by 

symbols. 



Pressure and collective flow 

dynamics 

• The blocking by the spectator matter provides a clock with 
which to measure the expansion rate.  

pressure 

contours 

density 

contours 



Transverse directed flow 

• Sensitive to EOS, in-medium 
cross sections and momentum 
dependence. 

• Experimental uncertainties: 

– impact parameter 
determination 

– acceptance correction 

– reaction plane 
determination:  

• Problematic for low 
multiplicities and at energies 
near Ebal. 
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