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Abstract

As part of our NSF nuclear-related research, we have 
developed a simplified 252Cf fission-neutron ToF advanced 
laboratory experiment to provide undergraduate and 
graduate students with an introduction to fission and

N-ToF Detectors and Electronics  Setup

Unlike past experiments which used a thin source and fission fragments to provide the ToF start signal, we are using the prompt gammas that 
accompany the fission as this greatly simplifies both the type of  source and type detectors needed, including the cost. The scintillators were 
assembled by one of us (LB) from 2 in. dia. × 2 in. long (50 mm dia. × 50 mm) fast plastic scintillator modules (Eljen EJ-200) coupled via optical 
grease to 2 in. (50 mm) RCA/Burle 8575 PMTs.  Several of these PMTs were obtained surplus from a high-energy physics group and tested with a 
LED light pulser. The NIM-based electronics set up is shown in  Figs. 3 and 4.  The NIM modules used are generally available in an advanced-graduate students with an introduction to fission and 

neutron-ToF techniques. The experiment utilizes low-cost 
sealed, depleted 252Cf well-logging neutron sources together 
with plastic scintillators and simple NIM-based electronics. 
The technique is adapted from methods in use at UM for 
evaluating neutron detectors using digital pulse analysis.  
The teaching apparatus described also is  suitable for other 
neutron-related experiments such as neutron activation, 
including nuclear forensics. 

physics teaching laboratory.  The 1-D MCA is an Amptek Pocket MCA, Model 8000A with a USB computer interface, but again most any MCA can 
be used.  As typical in most n-ToF measurements, in order to reduce excessive start signals, the neutron signal may instead be used as the trigger, 
and the ɣ signal delayed so that the n-ToF spectrum, while still valid, is reversed.

In order to compare the measured n-ToF spectrum with the expected fission neutron spectrum, one needs to account for the detection efficiency 
of the n-ToF scintillator as a function of En.  Since we are not interested in determining the absolute neutron fluence from the 252Cf source (which in 
any case can be determined using suitable neutron activation foils), as noted the geometry-dependent and energy-dependent efficiencies of the γ
detector are not needed. As usual, the threshold of the n-ToF detector can be determined with the use of a series of standard γ-ray sources (e.g. 
137Cs, 22Na, 60Co, …). We have generated such efficiency curves (and a table) for a typical standard-size 2 in. dia. x 2 in. plastic scintillator using 
various simulated electronic threshold settings in ɣ-ray energy equivalent units (Fig. 5).  Students can use these, interpolated as needed for 
threshold used, or scaled for different detector volumes, to compare the measured n-ToF and energy spectra with known 252Cf fission-neutron 
spectra. 

252CF Source and Moderator
In our set up, the source is located at the bottom of a 15 1/2 in. x 15 1/2 in. x 32 in. (39.4

cm x 39.4 cm x 81.3 cm) paraffin-loaded plywood box (Fig.1 and 2) previously used with an
AmBe source for n-activation, n-diffusion and n+p capture ɣ-ray measurements These can
be done still as the neutrons emission for this source (initially about 4x105 n/sec total) is
comparable to the previous AmBe source. The measured dose measured at contact to the
source box near the source was determined to be 10 mrem/hr for gammas and 30 mrem/hr
for neutrons. The corresponding dose rates at 1 m from the source when in the box were
less than 0 1 mrem/hr and 0 5 mrem/hr for gammas and neutrons respectively However at

Fig.3

less than 0.1 mrem/hr and 0.5 mrem/hr for gammas and neutrons, respectively. However at
1 meter, the dose is approaching background levels (at our location about 0.05 mrem/hr)
and hence the shielding provided permits safe operation by students located at that
distance and beyond over a typical lab period.

In the n-ToF experiment the plug (Fig.2) is removed and a plastic scintillator + PMT
detector is placed directly above the hole in the paraffin. An additional plastic scintillator +
PMT detector is then located directly underneath the box in close proximity to the 252Cf
source and provides the prompt ɣ-ray start for the n-ToF signal (Fig.2). Otherwise the plug
when inserted serves to hold foils suitable for neutron activation experiments. Experimental Results

Fig. 6 displays the initial n-ToF spectrum, in this case a 17-
hour run, but shorter runs (2-3 hrs.) also produce useable 
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data. (A matching spectrum with the brass shadow bar in 
place indicates little if any scattered neutrons in the ToF
spectrum). Applying the appropriate corrections for the 
known flight paths of the ɣ rays and neutrons as well as the 
neutron detector efficiency one can then convert the n-ToF
spectrum to a neutron kinetic energy (En) spectrum. It is 
found that a good description can be obtained for fission-
neutron spectra with the Watt distribution which has the form 
N(En)= N exp (-En/T) sinh [sqrt(2En)]. Using the spectrum 
parameter T of Smith et al. with N adjusted to fit the 
spectrum at about En =2 MeV we obtain the fit shown in Fig. 
7. This is seen to be a somewhat better than a fit using a 

Conclusion

[Supported by NSF-ARI CMMI 0938909(S.Pozzi principal PI), NSF PHY-0652591 and NSF  PHY-0969456]Fig. 1    Fig. 2   

g
simple  Maxwell-type distribution (Fig. 7) Fig. 7 

The reasonable agreement obtained with accepted  252Cf fission models for the prompt neutron spectrum (except for absolute fluence which 
was not determined) indicates that the simplified n-ToF teaching experiment described here can serve as a good introduction for students to 
fission and the detection of the associated fission neutrons. A paper describing this work has been accepted for publication in the  
Am.J.Physics.


