Experiment 26
Fission Fragment Energy Loss

Measurements from 2520f

ORTEC"

ADAPTABLE EXPERIMENT: ORTEC cannot supply all the equipment necessary to implement this experiment.

Consequently, the Laboratory Manager will need to adapt and procure some items from other suppliers. See the
Equipment List for details

Introduction

In 1938 O. Hahn and F. Strassman discovered fission. In these studies they bombarded uranium with neutrons and
produced nuclides which were chemically indistinguishable from elements in the middle range of the periodic table. Later
scientists realized that the energetics of this process could be used as a power source. Theoretically, the fission process
is not as well understood as most other nuclear reactions. Nevertheless, because of the energy potential of this process
it has received more attention than any other nuclear reaction. Nuclear fission continues to be an efficient alternative to
other power sources because of its extremely high power density.

The advent of the high-flux isotope reactor yielded a wealth of heavy isotopes that decay by spontaneous fission. 252Cf is
readily available from commercial vendors as a fission foil source, and is an ideal candidate to be used in the study of
the fission process.

Figure 26.1 shows a production diagram for 252Cf. It is necessary to have a high-flux reactor to produce 252Cf. Most of the
species shown in Fig. 26.1 would rather decay to an appropriate daughter than absorb a neutron. The high-flux isotope

reactors produce such

a high neutron flux
that absorption occurs
before the isotope can
decay. Thus 252Cf is
ultimately produced.
Table 26.1 shows
some of the physical
properties of 252Cf,
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*Pu Fig. 26.1. Diagram Showing the Production of 2°2Cf.

Equipment Needed from ORTEC
¢ BF-023-300-60 Heavy-lon Partially-Depleted Silicon Surface
Barrier Detector.
¢ 142B Preamplifier.
¢ 710 Quad 1-kV Bias Supply.
¢ 480 Pulser.
* 575A Amplifier.
* 4006 Minibin Power Supply.
* EASY-MCA 8k System including a USB cable, a suitable PC
and MAESTRO-32 software.
¢ Coaxial Cables and Adaptors:
* One C-13 BNC to Microdot Vacuum Feedthrough, with
female BNC and male Microdot.
¢ One C-24-1/2 RG-62A/U 93-Q coaxial cable with BNC
plugs, 15-cm (1/2-ft) length.
e Two C-24-4 RG-62A/U 93-Q coaxial cables with BNC
plugs, 1.2-m (4-ft) length.
¢ Two C-24-12 RG-62A/U 93-Q coaxial cables with BNC
plugs, 3.7-m (12-ft) length.

e C-29 BNC Tee Connector.

* One C-36-12 RG-59A/U 75-Q Coaxial Cable with SHV
Female Plugs, 3.7-m (12-ft) length.
e ALPHA-PPS-115 or ALPHA-PPS-230 Portable Vacuum Pump
Station.
* TDS3032C 300 MHz, 2-Channel Digital Oscilloscope.

Equipment Required from Other Suppliers

» User-designed vacuum chamber with selectable filter wheel
and mounting for the 252Cf source and detector as illustrated
in Fig. 25.3.

* 5-uCi 252Cf radioactive source in a fission-foil form suitable for
measuring the fission fragments with minimal energy loss.

e Three Aluminum Absorber Foils in thicknesses of 0.125,
0.250 and 0.500 mg/cm?.

* Three Copper Absorber Foils in thicknesses of 0.125, 0.250
and 0.500 mg/cm>.

e Small, flat-blade screwdriver for tuning screwdriver-adjustable
controls, or an equivalent potentiometer adjustment tool.
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I

Light Group I

E. = 102.58 MeV
Table 26.1. Physical Properties of 252Cf. Heavy Group Mass., = 106.19 amu
Alpha Particle Energy 6.12 MeV 3-;;“7‘15174::‘; amu ]
Effective Half Life 2.65 years -
Alpha Decay Half Life 2.73 years 5
Spontaneous Fission Half Life (85.5 years % —
Gamma Emission Rate 1.37 x 107 photons/s/ug g L\/
Specific Activity 500 pCi/pg
Average Neutron Energy 2.35 MeV ]
Average Neutrons per Fission |3.76
Neutron Emission Rate 2.34 x 10° neutrons/s/ug | | |
Fission Rate 6.2 x 10%/s/ug Channel Number

Fig. 26.2. Typical Pulse Height Spectrum for a Thin
252¢t Fission Foil Source.

fission are studied there is ~200 MeV available to the fission products. Conservation of momentum will give the light
group about 30% more energy than the heavy group.

This energy difference is sufficient to easily separate the groups and perform energy loss measurements on both groups
independently.

Experiment 26.1. Energy Calibration for Fission Fragments

In all of the earlier experiments in the AN34 Series, the energies measured were <10 MeV. In this experiment, heavy
ions will be measured having energies >100 MeV.* When the energy of a fast moving heavy ion is studied with a surface
barrier detector, the measured energy is always less than the theoretical value. This phenomenon is called the pulse-
height defect. For alpha- and beta-particle measurement the effect is also present, but is so insignificant that it is usually
ignored. For heavy ions this pulse-height defect is produced by the following: entrance window effects, nuclear collision
effects, and plasma effects. The entrance window effect is ~0.4 MeV for this experiment. It is accounted for by the dE/dx
of the fission fragments in the gold entrance window of the detector. For 6 MeV alphas, this loss would be ~4 keV. In the
nuclear collision effect, the fission fragment can interact with the nucleus with a fairly high probability. The average
energy produced during this collision is lost to the production of electron hole pairs, and a decrease in pulse height
results.

The final decrease in pulse height is produced by the plasma effect. When the fission fragment enters the surface barrier
detector it loses energy very rapidly, creating a dense cloud of electron hole pairs in a narrow region. This plasma tends
to cancel out, for a short period of time, the electric field that is trying to separate the electron hole pairs and produce a
pulse. During this short time a small fraction of the electron hole pairs can recombine with a subsequent loss in pulse
height.

Many papers have been written on this
phenomenon. Reference 9 is a good summary of

measurements in regard to this effect.
the average pulse height defect is 16 MeV for
both the heavy and light fission products.

Procedure

1. Set up the electronics as shown in Fig. 26.3.
There are four positions on the foil wheel.
Place the three aluminum absorbers in three

For 252Cf

480
PULSER

Fission Foll Wheel

Fig. 26.3. Electronics
Arrangement for Fission
Fragment Energy Loss
Experiment.
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*See the detector manual for comments on detector damage rates for neturons, etc.
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of these positions. Line up the remaining open port with the detector and source. Evacuate the chamber with the
vacuum pump and apply the recommended bias.

2. Adjust the gain of the 575A Amplifier so that the 6.12 MeV alpha from the source is being stored in the first quarter
of the MCA. Record the position of the peak. Turn on the 480 Pulse Generator and enter a X10 with one of the
attenuators. Set the pulse height dial at 612/1000. Normalize the pulse generator with the CAL control so that the
pulser peak falls in the same channel as the 6.12 MeV alpha. This technique was carefully outlined in Experiment 4.
The 480 is now calibrated for 10 MeV full scale. In order to change this calibration to 100 MeV full scale, it is only
necessary to change the attenuator from X10 to X1. Now 500/1000 on the pulse height dial corresponds to 50 MeV,
etc.

3. Set the 480 Pulser at 50 MeV and adjust the 575A Amplifier so the pulse is being stored at approximately 3/8 of full
scale in the MCA. Make a calibration curve for 20, 40, 60, 80, and 100 MeV. Plot the calibration curve as in
Experiment 4.

4. Turn off the 480 and accumulate a spectrum for the fission fragments from the 252Cf source. The spectrum should
resemble Fig. 26.2. Readout the MCA and plot the spectrum. Determine the centroid energy for both the light and
heavy groups. What is your measured pulse height defect?

5. Rotate the foil wheel and place the thinnest aluminum foil between the source and the detector. Accumulate a
spectrum and determine the centroids for the two peaks. From your calibration curve determine AE, the energy loss
for both groups. Record these values in a data table as AE (measured) for both the light and heavy groups. Continue
for the rest of the aluminum foils in the absorber kit. Your data table should also have an entry for AE (theoretical) for
each foil and each group. This value is calculated in the exercise that follows.

6. Turn the bias down and carefully let the system up to air. Remove the aluminum absorbers and replace them with
the copper absorbers. Pump back down, turn the bias on, and repeat step 5 for these copper foils.

EXERCISES

Figure 26.4 shows the mass distribution of the fission fragments from 252Cf. To
compare our experimental data to the theory, assume that the light fragment

has a mass of 106 amu and use the theoretical dE/dx tables for 12%Pd. For the
heavy mass the average is 142 amu, and therefore, the dE/dx for 'gaNd will be

used. From ref. 6, the dE/dx (theory) of '%3Pd at 102.58 MeV is 44.05
MeV—-cm?/mg.

Percent Yield

Assuming that the light mass passes through a 0.250 mg/cm? aluminum foil, the
theoretical energy loss would be:

AE (theory) = 44.05 MeV-cm?/mg x 0.250 mg/cm? = 11.01 MeV.

These procedures were covered in Experiment 5. Calculate AE/Ax (theory) for | | | |
. . . . 0.001
the rest of the aluminum foils and all of the copper foils. Record these values in 70 %0 o 130 150 170
. Fragment Mass (u)
your data table and calculate the percentage difference between your ) N .
. . . Fig. 26.4. Mass Distribution of Fission

experimental values and the theoretical calculations. The dE/dx (theory) values F ts for 2520t

for the fragment and foils used in this experiment are shown in Table 26.2. ragments for ’

Table 26.2. dE/dx (theory) (from ref. 6).
Fragment Energy [dE/dx (theory) Aluminum [dE/dx (theory) Copper

Light '3Pd | 102.58 44.05 MeV-cm?/mg 30.77 MeV-cm?/mg

Heavy '&Nd| 78.67 43.99 MeV-cm2/mg 28.6 MeV-cm2/mg
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