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FIG. 1.  Si1 signal vs Si2 signal. 
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The ability to isolate low density matter in near Fermi Energy collisions and the high degree of 
alpha clustering which is observed suggest that we search for evidence of Bose Condensates which are 
predicted to occur in the density and temperature range which we explore in near Fermi energy collisions 
[1-3]. We have initiated a search for evidence of Bose Condensates using the NIMROD array. Our first 
experiments, carried out at the end of 2008 employed 10, 25, 35 MeV/u beams of  40Ca and  28Si incident 
on 40Ca, 28Si , 12C and 180Ta targets . The first three targets allow an exploration of collisions of alpha 
conjugate nuclei. In the 180Ta case the projectile excitation and decay is of primary interest. Before a 
more sophisticated analysis is performed the mass, charge and energy of detected fragments must be 
determined.  

The identification in mass and charge [4] for all systems is now complete. The energy calibration 
consists of several steps and the first one is the super-telescope calibration. The Si1-Si2 silicon detectors 
are “self-calibrating” as we  employ  range energy tables to  established from the punch through points of 
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FIG. 2. The energy deposited in CsI detectors by p (black points), d (red points) and α 
particles (green points) versus CsI slow signal. The solid black, red and green lines 
correspond to the Tabacaru function for p, d, and α, respectively. 
 

various identified species. In  Fig. 1 the signals from both silicon detectors of a typical super-telescope 
are plotted. We note that the position of the punch through points can be very precisely determined. 

Once the super-telescope calibrations are established, we  calculate the energy deposited in CsI 
scintillators behind them. Relating the deposited energy to channel numbers allows us to find the 
calibration parameters of light particles stopped in CsI scintillator. The green low energy points in Fig. 2. 
show the energy deposited by α particles in the CsI versus the light output of the Slow signal. The other 
green, black and red points show the elastic scattering points of p, d, and α particles on Ca target at 
energies 25MeV/A, 30MeV/A and 55MeV/A obtained in a later calibration run. We applied the global fit 
to the spectra, using a formula based on the Tabacaru’s prescription [5]: 

 

 

 

 
 
The solid black, red and green lines in Fig. 2. correspond to the modified Tabacaru function for 

p, d, and α, respectively. The Tabacaru parameters allow us to transform the light output from the CsI to 
energy in the scintillator using one function that depends on light output, charge and mass. 
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FIG. 3. The comparison between the reference energy spectra (black lines) and calibrated spectra (red lines) for 
protons (left) and alpha particles (right) stopped in the detectors placed in the second Ring of NIMROD array. 
 

 
To determine the energies of light particles  detected in the other detectors in the same NIMROD 

ring, we used the energy spectra of the super-telescopes as a reference spectra and applied a χ2 based 
fitting procedure to determine calibration parameters. In Fig. 3 we show the comparison between the 
reference energy spectra (black lines) and calibrated spectra (red lines) for protons (left) and alpha 
particles (right) stopped in the detectors placed in the second Ring of NIMROD. The other rings showed 
similar results. 

 
The calibration procedure for heavier fragments is in progress. To determine the energy of the 

heavier fragments we use the energy loss in the silicon detectors to determine the initial energy. The 
procedure for the heavy fragment calibration is  to use the spectra  from the super-telescopes as reference 
spectra and perform the χ2 minimalisation to establish the calibration of the other silicon detectors.  As 
soon as the calibration of the heavier fragments is completed, we will begin the advanced analysis. 
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