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1. Safety

2. Comments on
neutron sources and detectors
digital signal processing

The purpose of this activity is to familiarize you
with neutron detection techniques with the use of
digital signal processing methods.
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Hazards:

Sealed gamma ray and neutron sources
High voltage

Compressed 3He cylinders

 The EBSS team operates the sources, cables and the HV
Use your brain !
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Neutron detection

Neutrons don't carry electric charge !

The principal mode of interaction of neutron with material are:
= scattering

= reactions (radiative capture)

Scattering is a fundamental for “fast” neutron detection
(~keV or larger)

Capture requires “thermalization® (slowing-down) of neutrons
down to very low energies.
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VANDLE

The Versatile Array for Neutron Detection at Low Energies
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Beta-xn channels in very n-rich nuclei
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Neutron spectroscopy

Total absorption
spectroscopy

High Resolution
spectroscopy
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Fast Digital Filters

Averaging filter (Trapezoidal filter)
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Simple to implement in “real-time” system
Energy and “time-over-threshold” operations
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Proportional

gas (3He,BF3) counter
Inside moderator
(HDPE)

Neutron slowing down
may take 100pus
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Figure 1.49 Thermal Neutron Induced Pulse Height Spectrum
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YB+n>"Li'+a 0=2310MeV 94%
YB+n>'Li+va 0=2.792MeV 6%
Li+n> H+o Q=4.78 MeV
3He+n—>3H+p 0=0.764 MeV

The importance
of thermalization of neutrons:

Gas:
Boron Trifluoride (BF,) and *He

Solids:
B,Li

Cross Section (barns)
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Image by MIT OpenCourseWare.
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Neutron detection in scintillator

Neutron scatters of hydrogen and transfer parts of

its kinetic energy onto charge particle (proton).
The jonization induced in the material is detected.
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Fig. 7.8a,b. Response of NE 102 plastic scintillator to different particles ({a) from Gooding and Pugh [7.6);
(b) from Craun and Smith [7.7])
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Neutrons :

Photons:

V=c=const
TOF=const
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Neutron pulse-shape discrimination Iin
organic and inorganic scintillators
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The #°Cf source

Table 11-7. Characteristics of ~>>Cf

Total half-life 2.646 yr
Alpha half-life 2,731 yr
Spontaneous fission half-life B85.5yr
Neutron yield 2.34 X 1012 n/sg
Gamma-ray yield 1.3 X 103 y/5g
Alpha-particle yield 1.9 X 10! gys-g
Average neutron energy 2.14 MeV
Average gamma-ray energy 1 MeV
Average alpha-particle energy 6.11 MeV B0l soion soovn [N
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Neutron energy spectrum
(Maxwellian distribution)

N(E)= E"2 exp (—E/1.43 MeV)
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