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Background 
 

Light exotic nuclei are perfect proving 

grounds for predictions of modern ab initio 

theoretical approaches [1,2], that describe 

nuclear structure starting from bare nucleon-

nucleon and three-nucleon interactions. 
 

Resonance scattering is an efficient tool to 

study nuclei near the drip line [3]. 
 

A new setup, consisting of ionization 

chamber, silicon array, and array of 

proportional counters, has been developed at 

the Cyclotron Institute to conduct resonance 

scattering experiments with rare isotope 

beams.  
 

The main objective of this project was to 

calibrate and to test the performance of the 

proportional counter array, which is a key 

element of the new setup for resonance 

scattering studies. The known excitation 

function for 12C+p resonance scattering was 

used as a benchmark. 
 

 

Techniques 
 

Thick Target Inverse Kinematics [4] approach 

is the experimental technique of choice for 

resonance scattering experiments with rare 

isotope beams. 
 

Excitation functions for resonance elastic 

scattering is measured by stopping the beam 

of radioactive ions in the thick gas target and 

detecting light recoils (protons in our case). 
 

Energy spectrum of protons detected at 

forward angles carries information on  

excitation function for elastic scattering. 

Experimental Design 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Experimental setup for resonance scattering 

experiment with rare isotope beam consists of 

three main components: 

ionization chamber at the entrance of the 

gas filled scattering chamber 

array of silicon detectors 

array of position sensitive proportional 

counters 
 

The main focus of this work is the array of 

position sensitive proportional counters. It is 

used for particle ID and for measuring the 

location of the hit. 
 

Energy of the recoil is measured in silicon 

array. 
 

Ionization chamber is used for beam 

diagnostics, and it counts each incoming beam 

ion. 

Results/Discussion 
•In the proton energy spectrum shown below, the peak at 

3.5 MeV corresponds to the known resonance in 13N. 

 

 

 

 

 

 

 

 

•Proportional counter demonstrated the capability to detect 

protons that have energy loss of only 15 keV in the active 

volume of the PC. It showed very good energy resolution, 

adequate for clean proton ID. 

 

 

 

 

 

 

 

 

•The technique for position calibration of the PC array was 

developed. 

 

 

 

 

 

 

 

 

•Histogram on left represents position in PC that 

corresponds to hits in quad. 3, histogram on the right 

represents hits in quad. 4. Multiplying the two together 

yields an overlap to find the resolution of the wires. Using 

                  , the intrinsic resolution was found to be about 

4mm. 

 

 

 

 

 

 

 

•Accurate position calibration of PC allowed us to 

determine the beam entrance angle with respect to optical 

axis of the chamber (5 deg) and introduce the corresponding 

corrections in the analysis of the excitation function.  

Conclusion 
•This project focused on the calibration of the 

proportional counter array used to identify and track 

protons in a 12C+p resonance scattering experiment 

against known resonances in 13N. 

 

 

 

 

 

 

 

 

•The intrinsic resolution of the wires was found to 

be about 4mm. 
 

•Corrections were introduced to account for an 

offset angle of 5 degrees from the optical axis of the 

chamber. 
 

•The proportional counters proved to be 

indispensable and very useful tools to measure 

excitation functions for resonance elastic scattering 

for rare isotope beams using thick target inverse 

kinematics technique. 
 

•First run has been done at TRIUMF where the 

elastic scattering excitation function for 8He+p was 

measured. A series of experiments is planned at the 

Cyclotron Institute to study the structures of 10N, 9C, 

and 21O as well. 
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Figure 2: Proton energy spectrum to find highest energy protons. 

Figure 1: Diagram of our experimental setup highlighting the scattering 

chamber, silicon detectors, and proportional counters. 
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Figure 6: Energy diagram for 13N. 

                                                      

Figure 5: Multiplication of right and left histograms 

of Wire 2, Detector 2 with Gaussian fit.   

Figure 4: Histograms of Wire 2.  

Figure 3: dE-E spectrum for observed protons. 


