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FIG. 1. Two-dimensional plot of dE-E with the calculated ‘Missing Fourth’ 
signal in red for detector 9. Low energy alpha particles were the bulk of the 
additional particles recovered in this experiment. 
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Position-sensitive Dual-Axis Dual-Lateral (DADL) detectors in the Forward Array Using Silicon 
Technology (FAUST) allowed the recovery of data outside of the range of the ADC. These methods will 
be used in all subsequent data analysis to maximize the quality of data recorded. This analysis focuses on 
light charged particles (LCP). Cesium Iodide calibrations have also been completed for Z=1 and Z=2. 

FAUST is comprised of sixty-eight ΔE-E telescopes arranged to provide coverage of particles 
emitted from quasiprojectiles (QP, the excited source resulting from heavy ion reactions) [1]. Each 
telescope consists of a 2x2 cm 300 µm thick DADL silicon diode backed by a CsI(Tl)-photodiode 
detector [2]. Described here are the new methods for calibration of data from the successful campaign 
with this position-sensitive upgrade. These CsI calibrations are themselves dependent upon successful 
particle identification (PID), which has been described previously [3]. The silicon energy signal has been 
corrected for its dependence upon the position of incident radiation across the face of the detector (Figure 
1) and then calibrated to an energy (MeV) scale. 

The data was taken with FAUST for reactions of 40 MeV/nucleon 40Ar+58Fe,70Zn and 40Ca+58Ni 
at the Texas A&M Cyclotron Institute. A representative ΔE-E plot, derived from Si and CsI(Tl) signals 
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FIG. 2. Linear relationship between the CsI raw and the CsIE pulled from CycSrim for Detector 
33. Shown for protons (pink points) and alphas (black points). The point-down triangles are two 
calibration beams, protons (green) and alphas (blue). 
 
 

and demonstrating the excellent p-d-t differentiation for raw signals, is shown in Fig. 1.  
The highest energy protons deposit the lowest amount of energy in the silicon detectors. Because 

the signals get split based upon the position of the incident ionizing radiation, these signals can be above 
or below the effective range of the ADC, depending upon the energy threshold and offset for at least one 
side, if it hits near the edge of the detector. Some of the four Si signals may be outside of the range of the 
ADC. The high-gain preamps ameliorate, but do not entirely eliminate this problem. The equivalence 
between the energy deposited in the front and back can be used to calculate the lost signal, which is called 
the “Missing Fourth”. This is the method that was used to generate the red points on Fig. 1. It is clear that 
these calculated energies result in particles on the appropriate PID lines on the dE-E plot.  

All LCPs have been identified for this data set. Protons and alphas were used to calibrate the CsI 
energy spectra in a particle-type dependent manner. Fig. 2 shows that the energy calibration is very 
different for the Z=1 (red points, pink line) and Z=2 (black points, red line). The point-down triangles are 
from the 10 MeV/nucleon p-alpha calibration beam. The calibration points fall nicely on top of the 
calibration fit. This is a typical fit for a representative CsI detector. The data set is particle identified and 
energy calibrated. (A preliminary position calibration is also complete.) 

Proton-proton correlation functions will be extracted from this data set. Simulations are being run 
to compare correlation functions in momentum space calculated using different forms of the asymmetry 
energy to the experimental data. The shape and magnitude of the correlation function is predicted to be  
impacted by this form [4]. 

 



IV-39 

[1] F. Gimeno-Nogues, et al. Nucl. Instrum. Methods Phys. Res. A399, 94 (1997). 
[2] S.N. Soisson, et al., Nucl. Instrum. Methods Phys. Res. A613, 240 (2010). 
[3] L. Heilborn, Progress in Research, Cyclotron Institute, Texas A&M University (2015-2016), p. IV-

61.  
[4] L.W. Chen, V. Greco, C.M. Ko, and B.A. Li, Phys. Rev. Lett. 90, 162701 (2003). 

 


