Solar Physics Summer School
UNH, June 2006

Energetic Particle Practicum
Neutron, Gamma Time-of-Flight 

________________________________________________________________________


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 q = Ep1/En
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The mass of the neutron is 931.5 MeV.  Use the expression for b 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?

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 (g)

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.
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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).

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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Figure 1-11 Thick target yicld of neutrons for alpha particles on beryllive. (From
Anderson and Hertz ')

The neutron yield from this reaction when a beam of alpha particles strikes 4 larget
that is thick compared with their range is plotted in Fig. 1-11. Most of the alpha particles
simply are stopped in the target, and only 1 in about 10* reacts with a berylfium pucleus.
Virtually the same yield can be obtained from an intimate mixture of the alpha particle
emitter and beryllium, provided the alpha emitter is homogeneously distributed throughout
the beryllium in a small relative concentration. All the alpha emitters of practical interest
are actinide clements, and investigations have shown that a stable alloy can be formed
between the actinides and beryllium of the form MBe,, where M represents the actinide
metal. Most of the sources described below therefare arc metallurgically prepared in the
form of this alloy, and each alpha particle has an opportunity to interact with berylium
nuclei without any intermediate energy loss.

Some of the common choices for alpha emitters and properties of the resulting
neutron sources are listed in Table 1-6. Several of these isotopes. notably 28R and PAc,
Jead to long chains of daughter products that, although adding to the alpha particle icld.
also contribute a large gamma-ray background. These sources are therefore inappropriate
for some applications in which the intense gamma-ray background interferes with the
measurement. Also, these Ra-Be and Ac-Be sources require more elaborate handling
procedures because of the added biclogical hazard of the gamma radiation.

The remaining radivisotopes in Table 1-6 involve simpler alpha decays and the
gamma-ray background is much lower. The choice between these alternatives is made
primarily on the basis of availabilit, cost, and half-life. Because the physical size of the
Sources is no longer negligible, one would like the hal-lifc to be as short as possible,
consistent with the application, so that the specific activity of the emitter is high.

The P”Pu,/Be source is probably the most widely used of the (,n) isotopic neutron
sources. However, because about 16 g of the material is required for 1 Ci (3.7 x 10°* Ba)

NEUTRON SOURCES

TABLE 1-6 _ Characteristics of Be(a, n) Neutron Sources

. Neutron Yield per 10° Percent Yield
E, Primary Alpha Particles with £, < 1.5 MeV
HalfLife (McV) Calculated Experimental Caiculated Expecmental
M0y 514 & 57 i 9-33
138d 530 73 69 13 2
874y 548 kil
433y 548 82 70 14 15-23
18y 579 1007 18 29
162d 610 18 n 26
1602y Multigle 502 2%

+daughters
)

26y Migle 702 3
+ danghters i * *

From Anderscn und Hert 4 Al oxher data 2s caleuated or cited n Geiger snd Van der Zwan'™,
‘Does nat include 2 4% contribution from spontansous fission of **Cm.

of activity, sources of this type of a few centimeters in dimension are limited to about 107
n/s. In order (o increase the neutron yield without increasing the physical source size,
alpha emitters with higher speciic actvites must be subsituted. Therefore paieey
incorporating *'Am (half-life of 433 years) and **Pu (half-life of 87.4 ycam' are also
widely used if high neutron yiclds arc needed. Although limited experience has been
gained to date, sources utilizing **Cm (half-life of 18 years) might well represent the near
ideal compromise between specific activity and source lifetime,

The neutron energy spectra from all such alpha,/Be sources are similar, and any
differences reflect only the small variations in the primary alpha energles. A plot of the
spectrum from a *Pu/Be source is shown in Fig, 1-12. The various peaks and valleys in
this energy distribution can be analyzed in terms of the excitation state in which the *C
product nucleus is left. !¢ The alpha particles lose a variable amount of encrgy before
reacting with a beryllium nucleus, however, and their continuous energy distribution
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