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Gamma-rays from a **’AmO, source
in an Al,O; matrix



Introduction and summary

Americium isaminor actinide making an important component of high level nuclear waste. A
considerable number of studies have been performed or are ongoing to determine cross sections for
neutron-induced reactions on *Am. Recently, two measurements of the neutron-induced capture
reaction on ***Am were performed at the n_TOF facility of CERN. One of these measurements used
the CsDg detectors, the other used the BaF; calorimeter. In both cases, a sample from IRMM was used
that had been prepared at ITU [1]. This sample consisted of **AmO, which was dispersed in a matrix
of Al,Os. The material was pressed into adisk, calcined and enclosed in an aluminium container. It
contained about 40 mg of 2 Am. The samples had been prepared for measurements of the
2Am(n,2n)**°Am reaction cross section [2]. Further details about the sample and these measurements
may be foundin[1,2].

During the measurements at CERN it was noted that several high energy y-rays were emitted by the
sample. This presented the question as to the exact energies and origin of these y-rays. For this purpose
the sample was returned to IRMM and y-ray spectroscopy with a high purity germanium (HPGe)
detector was performed. The energy and origin of most y-rays was determined in thisway. Here we
report about these measurements paying attention only to y-rays that are not known from the decay of
#IAm [3] and to the y-ray energy range from 844 keV to 13 MeV.

There are two mechanisms leading to gamma-ray emission. First there is the natural activity of **Am
and the three known actinide impurities: ’Np (0.021), ©*2*%2% (0.000094) and ?****pu (0.0017;
fractions by weight). Of these **Am dominates the spectrum, even after applying absorbers to
completely stop the 59 keV transition. From the main impurity, 2’Np, no gammas are found but there
are those of its daughter, 2**Pa. For the other actinide impurities and their descendants no gamma-rays
were found in the measurement. The second source of gamma-rays are a pha-induced reactions. For
energies below the maximum alpha energy of 5.485 MeV, Q-values, thresholds and main characteristic
gamma-rays are given in table 1 for the likely candidate reactions. Reactions conclusively identified
are “Al(o,007)?’Al, and ZAl(0,p)*°Si and these explain nearly everything besides the **Am and **Pa
gammas already discussed. Thereisaclear indication for the ?’Al(c.,n)*P reaction, but for the
Z'Al(o,y)*'P reaction the evidence is not conclusive due to an overlap with gammas from *Si. No
evidence was found for o-induced reactions on the isotopes of oxygen.

The measurements are described in the section Experiment. A table with y-ray energies and figures
with the y-ray spectra are given in the section Results. The origin of these gammas is indicated there as
well. Only three y-rays remain unattributed.

A spectrum taken at CERN with a germanium detector showing many additional lines cannot be
confirmed. Most likely this was taken under very poor background conditions.



Table 1: Q-valuesfor alpha-induced reactions with thresholds below 6 MeV. Values are rounded to 1
keV. The gamma-ray energy for the transition from the first few excited states to the ground state are
given, aswell. The product nuclei are stable except for *P which decays with a half life of 2.5 minutes
to *°Si. All decay gamma-rays are very weak except for the 511 keV annihilation radiation from the -
decay.

Reaction | Q-value| Threshold| Main gammas
(keV) (keV) (keV)

| “Ala,y)*P | 9669] 0] 1266
| “Al@,p*si| 2372] 0] 2235
Al o)7AI] 8441 969] 844
| O(,y)*Ne| 4730] 0] 1634

_O(,y)*Ne| 7348] 0] 351 1305
_O,n"Ne| 587] 0] 1634
_O(,y)*Ne| o668] 0| 1275
_O(a, ') "0

°O(a, n)"Ne |  -696 851 351, 1395

Experiment

The americium sample was measured on a HPGe spectrometer (coaxial type with 94% relative
efficiency). The sample was placed approximately 10 cm from the detector cap. Lead and copper
filters (1 cm in thickness each) were placed between the sample and the detector in order to suppress
low-energy y-rays. Data acquisition was done using the IRMM’s DAQ-2000 system.

The measurement was performed twice, each time covering a different energy region by
varying the coarse gain of the spectroscopy amplifier:

1) 200-2700 keV —the gain was set to 50 (the measurement lasted 16 h),
2) 1100-13000 keV — the gain was set to 10 (the measurement lasted 23 h).

The energy calibration was done using a *°Co calibration standard (1173.2 keV and 1332.5 keV
lines and their summing coincidence peak 2505.7 keV) and the annihilation peak at 511 keV. After the
measurements, the energy calibration was refined with several peaks from the spectra of the americium
sample, see Fig. 1. Results show that alinear fit works well also at the higher energies.
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Figure 1: Theenergy calibrations of the HPGe detector. Thefitswith alinear function are
shown aswell.

Results

The evaluated decay data for observed y-rays coming from a-interactionsin aluminium are listed
according in Tables 2-5. The y-rays of %*Pa, the daughter of **Am arelisted in Table 6. Thelevel and
decay schemes highlighting the observed transitions are shown Figur es 2-5.

Table 7 summarizes the observed peaks, their structure, net peak areas and corresponding
count rates for both measurements. Many of the observed peaks are very broad. Thisis due to overlap
of gammas from different origin and/or to the Doppler effect which is significant for these light nuclei.
The somewhat higher count rate for the 1454.2 keV line in the case of the measurement with the gain
set to 10 could be caused by the contribution of 1460.8 keV of “°K, which was clearly separated in the
case of the measurement with the gain set to 50.

The measured spectrain the whole energy range are shown in Figure 6 for again of 50 and in
Figure 13 for again of 10. Detailed views for each spectrum are given in Figures 7-12, and 14-17.
Different colours are used to distinguish different reactions. In the high-energy region, which we paid
attention to, the only strong y-ray remaining unidentified is 4300 keV. Although a gammarray of 4302
keV is emitted by an excited state in *°Si, the picture is inconsistent since gammas emitted by the same
level with similar or higher intensity are not observed (3039 keV overlaps with 3043 keV, 6537 and
2768 keV are not observed). There are five unidentified weak and narrow peaks at 7124, 7303, 7400,
7634, 7913 keV, see Figure 17 and Table 7. It islikely that these are due to a capture reaction, but the
target was not identified.

For comparison, the spectrum of the americium sample measured at CERN in December 2010
is shown in Figure 18. It covers the energy range from 1400 to 2650 keV. The line at 2235 keV (*Si)
corresponds to what we observed, but other lines are redundant most likely as aresult of alarge
background emphasizing for example the 2614.5 keV of *®TI. Some lines that we clearly observe are
not seen in this spectrum, most likely because they are weak and do not show on alinear scale after a
short measurement.



Table 4: Level and decay data for observed gammas from

Elever [keV] | Ey [keV] | Iy [%]
843.76 843.74 | 100
1014.45 | 1014.42 | 100
2734.9 1720.3 | 100
2982.00 | 2981.82 | 100
3004.2 3004 100

Eievel [keV] Ey[keV] | ly [%]

2235.322 | 2235.23 | 100

1263.13 | 100
3498.49 3498.33 | 98
1534.12 | 100
3769.48 3769.22 | 85
3787.72 | 1552.36 | 100
1311.8 89
4810.31 2810 100
4830.85 | 2595.39 | 100
5231.38 1732.7 | 100
5279.37 3043.2 | 100
1989.02 | 96
S487.5 3252 100
5950.73 3714.9 | 100
6503.41 1271.9 | 100
6537.5 3039 100
Eievel [keV] Ey[keV] | ly [%]
708.7 708.7 100
1454.23 | 1454.23 | 100
1973.27 | 1264.57 | 100

Eievel [keV] Ey[keV] | Iy [%]

1266.15 1266.12 | 100

2233.7 2233.6 | 100

Ey [keV] | Iy [%]

311.9 38.5
300.129 | 6.63
340.476 | 4.45
415.764 | 1.73
398.492 | 1.391
375.404 | 0.679

Table 2: Level and decay data for observed gammas from the #’Al(o,oy)?’Al reaction [4].

Table 3: Level and decay data for observed gammas from the “’Al(o,p)*°Si reaction [5].

the (o,n)*°P reaction [5].

Table5: Level and decay data for observed gammas from the Al(o.y)*'P reaction [4].

Table 6: Decay data for observed gammas from **Pa decay [6].



Table 7: The observed peaks, their possible origin, net peak areas and count rates.

peak E - gain 50 gain 10
structure [keXl] Isotope area cnt/s area | cnt/s
narrow, single 708.7 30P 70236.9 | 1.24
narrow, single 843.74 27Al |12005.3| 0.21
narrow 955.8 ? 2972 0.05
narrow 962.1 ? 6043 0.11
narrow, single 1014.42 | 27Al 9685.8 | 0.17
1263.13 | 30Si 83659 | 1.47 | 123780 | 1.52
broad, multiple 1264.57 | 30P
’ 1266.12 | 31P
1271.9 30Si
broad, single 1311.8 30Si 10549 | 0.19 | 14777 | 0.18
narrow, single 1454.23 | 30P 22967 | 0.40 | 38889 | 0.48
broad, single 1534.12 | 30Si 14595 | 0.26 | 22068 | 0.27
narrow, single 1552.36 | 30Si 5851 | 0.10 | 9526 | 0.12
broad, multiple 1720.3 27Al 37769 | 0.66 | 59675 | 0.73
1732.7 30Si
broad, overlaps with Compton | 1989.02 | 30Si
broad, maybe multiple 2233.6 31P 351738 | 6.19 | 509136 | 6.25
2235.23 | 30Si
broad, single 2595.39 | 30Si 29897 | 0.53 | 46330 | 0.57
broad, multiple 2981.82 | 27Al 18736 | 0.23
3004 27Al
broad, multiple 3039 30Si 32249 | 0.40
3043.2 30Si
broad, single 3252 30Si 8153 | 0.10
broad, single 3498.33 | 30Si 61709 | 0.76
weak 3714.9 30Si
broad, single 3769.22 | 30Si 9939 | 0.12
broad 4300 ? 3584 | 0.04
broad, single 4810 30Si 8147 | 0.10
narrow 7124 ? 144 0.002
narrow 7303 ? 106 | 0.001
narrow 7400 ? 279 0.003
narrow 7634 ? 123 | 0.002
narrow 7913 ? 309 0.004
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Figure 6: The whole americium spectrum measured with gain = 50.
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Figure 7: A detail (300-500 keV) of the americium spectrum measured with gain = 50.
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Figure 8: A detail (500-800 keV) of the americium spectrum measur ed with gain = 50.

12



counts/s

Figure 9: A detail (800-1100 keV) of the americium spectrum measured with gain = 50.

counts/s

Figure 10: A detail (1100-1400 keV) of the americium spectrum measured with gain = 50.
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Figure 11: A detail (1400-1600 keV) of the americium spectrum measured with gain = 50. The
1460.8 keV lineisclearly separated from 1454.2 keV.
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Figure 12: A detail (1600-2700 keV) of the americium spectrum measured with gain = 50.
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Figure 13: The whole americium spectrum measured with gain = 10.
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Figure 15: A detail (1600-2700 keV) of the americium spectrum measured with gain = 10.
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Figure 16: A detail (2700-4000 keV) of the americium spectrum measured with gain = 10.
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Abstract
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