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Instructions: 
 
1) Use the calibrated cable to calibrate the time-to-amplitude converter.  You should 
derive from this exercise a parameter with units [ns/channel]. 
 
2) Determine the channel corresponding to zero time-of-flight, i.e., simultaneity. 
 
3) What is the theoretical shortest ToF that should be measured from the Am-Be 
source?  Neutrons from an Am-Be source have an average energy of about 4 MeV with a 
maximum (end point) of ~10 MeV. 
 
4) What do you measure for this quantity? 
 
 
You will need the kinematic expression for elastic scattering of neutrons off hydrogen, 
i.e.,  
 

sin2 θ = Ep1/En 
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The mass of the neutron is 931.5 MeV.  Use the expression for β given in the other half 
of the practicum. 
 
5) What are factors contribute to the uncertainty in measuring the end point of the 
neutron spectrum? 
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Test Setup, TAC principle 
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PMT: photomultiplier 
TAC: time to amplitude converter 
CFD: constant fraction discriminator 
MCA: multi-channel analyzer, a.k.a. pulse height analyzer (PHA) 
 
Detector thresholds, as set with the CFDs: ~250 keV electron equivalent (γ) 
Neutron threshold energy (proton equivalent): ~1 MeV 
 
Plastic scintillator detectors (2) 
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Measurement geometry 
Lead absorbers (2 mm thick) to stop the 60 keV photos from the Am/Be source are not 
shown.   
Dimensions ±0.5 cm 
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Time-of-Flight (ToF) 
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Calibration 
 
The 60Co source (1.2 µCi) emits two photons (1.17 MeV 
and 1.33 MeV), essentially simultaneously.  Place this 
source at the midpoint between the scintillation detectors 
to find the ToF zero. 
 

* γ2
γ1
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Delay the start or the stop signal to the time to amplitude converter (TAC) by a known 
amount (9.4 ns) to calibrate the time scale of the measurement system (ns/channel). 
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The Am/Be neutron source (10 mCi) emits both neutrons and gamma-ray photons, 
including a 4.4 MeV photon. 
 
Reference: Knoll, Radiation Detection and Measurement 
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ToF Spectra 
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