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The extracted p-p source size increases with the number of participating 
nucleons. The red line corresponds to the function r=A1/3, close to the 
radius-mass relationship for normal nuclei.
Asymmetric systems seem to follow a different radius-mass relationship, 
probably indicating different density of the emitting source.

Symmetric 
Systems 

• 36Ar + 45Sc
• 86Kr + 93Nb
• 124Sn+124Sn

Asymmetric
Systems

• 3He + 107Ag
• 14N + 197Au

Systematics of p-p Source Sizes
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Collective flow in the colliding system 
affects the d-α correlation functions. 
Standard Koonin-Pratt equation 
overpredicts the height of the second 
peak at 84 MeV/c (dashed line, left 
panel).

The effects of collective motion can be 
corrected by means of MonteCarlo 
simulations.

After correction, the shape of the d-α
correlation is well reproduced (solid line 
on the right panel).
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d-α correlation function

The correlation function peaks arise from the short-range nuclear 
attraction between the two particles.

The tails at low q-values are due to the mutual Coulomb repulsion.

Nuclear matter at high density and high temperature is formed when two 
heavy ions collide at velocity above 1/3 of the speed of light. Two-particle 
correlation functions provide a powerful tool to determine the space-time 
properties of the particle emitting sources produced during the reaction. This 
information is crucial to gain insight into the properties of excited nuclear 
systems and the nuclear equation of state, such as the density dependence of 
the symmetry energy term.

Physics from Correlation Functions
Pre-equilibrium 
emissions

Long lifetime emissions
Evaporation, secondary decays
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The size of the fast pre-equilibrium emitting source is measured by the 
width of the peaks in the correlation functions

p-p source size (fm)

Size of the fast source

Slow source contributes significantly at very small q-values in the 
correlation functions. In d-α correlations, the effects of the slow source are 
observed at q<30 MeV/c.

d-α correlation(zoom)

1+R(q) for different slow source sizes

However, in p-p correlations, the effects of the slow source are 
observed at q<10 MeV/c – very difficult to study.

Slow source

Single particle yields

21 ( ) 1 4 ( , ) ( )R q dr r K q r S rπ+ = + ⋅ ⋅ ⋅∫
S(r) = probability distribution for emitting a pair of protons with space-time distance r

The “emitting source function”, S(r), is extracted from 1+R(q) by a 
numerical inversion of the Koonin-Pratt equation:

Imaging Correlation Functions

14N+197Au   E/A=75 MeV

Imaged correlations

Imaging

Emitting sources

Source size from the r1/2 value of the profile

Two-particle correlation functions are used to image the emitting sources 
produced during heavy-ion collisions.

The size of the fast p-p sources measured in several nuclear reactions 
increase with increasing size of the colliding systems. 

Correlation functions between complex particles (such as d-α)  are strongly 
affected by position-momentum correlations induced by the presence of 
colletive motion. By taking these effects into account, one can study the 
shape of complex correlation functions that will provide access to the space-
time properties of the multifragment breakup stage of the reaction.

Reaction models predict that p-p correlation functions are sensitive to the 
density dependence of the symmetry energy.

Shape of correlation functions
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The shape of the two-particle correlation peaks is mainly 
determined by the fast emissions (pre-equilibrium).
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Peak width (shape):
Size of two-proton fast 
source S(r)

G. Verde et al., 
PRC65, 054609 

(2002)
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The 4π is currently on 
display in the BPS

Sensitivity to Symmetry Energy
The density dependence of the asymmetry term of the EOS of nuclear matter is poorly constrained.  
Theoretical reaction models predict a different shape for the correlation function when different 
asymmetry terms are employed.  A stiff symmetry energy leads to faster and more enhanced 
proton pre-equilibrium emission.
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