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1. INTRODUCTION

The Gamma-ray Spectrum Catalogue has been a continuing effort of this
laboratory for the past ten years. The purpose of this effort has been to
provide a collection of experimental x-ray and gamma-ray spectra obtained
with pulse-amplitude spectrometers for general laboratory use in the analysis
of gamma-ray spectra. The first two editions of the Catalogue [1,2] con-
tained pulse amplitude spectra obtained with Nal scintillation spectrometers.
These data were intended to present an internally consistent set of response
functions obtained under specified laboratory conditions. The 2nd Edition
also contained extensive text and supplementary material for general labora-
tory use of the techniques of gamma-ray spectrometry.

The effort during the past several years has been to update this
collection of data to include experimental data obtained with semiconductor
detectors, principally lithium-drifted Si and Ge devices. The improved
energy resolution afforded by these detectors, together with refined elec-
tronics, offers the ability to measure energies and intensities of gamma rays
with high precision. Since tha utility of the high-resolution gamma-ray
spectrometer is related to the quantitative analysis of complex spectra a
isotopic assay, experimental techniques and reference data including preci
sion energies and intensities of gamma rays emitted in the decay of radio-
nuclides is essential. The current edition of the Catalogue, which is
currently in publication, contains experimental spectra for about 300
nuclides obtained with state-of-the-art gamma-ray spectrometers. These data
include results of experimental determination of the energies and intensities
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of all detectable photon transitions. This work carried out over a period
of the past seven years, represents the results of a long-range effort to
develop experimental techniques required to successfully apply high-
resolution photon spectrometry as a laboratory tool for both basic and
applied physics.

A typical experimental spectrum, as it appears in the Catalogue, is
shown in Figure 1. This experimental pulse-amplitude spectrum represents
the experimental response of a large-volume lithium-drifted Ge detector to
radiations emitted in the decay of 111-day 182Ta. The data are presented on
an 11-in. x 17-in, computer data plot, suitably annotated to indicate the
major features of the spectrunu The experimental values obtained for gamma-
ray energies and relative intensities are listed on the reverse side of each
plate as shown in Figure 2. In certain cases the low-energy region of the
photon spectrum has been measured using lithium-drifted Si detectors. A
typical example of such a measurement is shown in Figure 3.

As previously indicated the 2nd Edition of the Catalogue consisted of
two volumes. The first volume contained extensive text covering the experi-
mental techniques of gamma-ray spectrometry using Nal scintillation detectors.
The second volume contained the experimental spectra and associated experi-
mental data. The current edition will follow a similar format. The second
volume contains over 300 experimental spectra with results of gamma-ray energy
and intensity measureo&nts. This volume is presently in publication and will
be available as a U.S. ASC Report (ANCR-10G0-2).

The first volume of this edition will contain a description of important
experimental considerations in the use of Ge(Li) and- Si(Li) spectrometers for
the quantitative and qualitative measurement of gamma-ray spectra. This will
include a discussion of the factors which influence detector response (i.e.,
resolution, counting rate effects, electronic stability and linearity), and
the experimental techniques used for the analysis of gamma-ray spectra to
obtain precision energies and intensities. The characteristics of all spec-
trometers used for the experimental results contained in the Catalogue will
be included. In addition the first volume will contain selected sorted
information from the data file of gamma-ray energies and intensities. This
will include principal gamma-rays from all nuclides ordered by energy for
different ranges of half-life and mode of nuclide production. These selected
subsets of the data set form the basis for table look-up in computer tech-
niques for automated analysis of spectra. This volume is planned for pub 1 ^ n „._
cation within the next year. Recognizing the existing need for the large t!!/^i|
volume of experimental data represented by the Catalogue effort, it was feUi^r.j£) y
that the second volume should be made available at this time and not be held
up by the tedious preparation required for Volume 1.

In view of the many applications of Ge(Li) gamma-ray spectrometers for
isotopic analysis of radioactivity, a number of specialized experimental
spectra have been included in the Catalogue. These include gamma-ray spectra
of gross fission products, rare gases and their daughter nuclides associated
with fission, and the natural radioactive decay chains. The fission product
gamma-ray spectra have been measured as a function of Irradiation time and
decay time for 2 3 5U thermal fission. A typical exaaple of this class of
experimental data is shown in Figure 4, which presents the gross gamma-ray
spectrum of short-lived fission product rare gases and their associated
daughter nuclides. This particular spectrum represents data obtained from



a sealed gas sample, measured 8 minutes after collection. These composite
spectra are valuable in determining possible interferences in the analysis
of complex spectra of gross fission product nudities.

The large volume of data obtained from this experimental effort is
utilized in many ways. It provides a base for the generation of files of
gamma-ray energies and intensities for automated analysis of gamma-ray
spectra. Present plans are to include it in the input to the data bank of
the Nuclear Data Group at the Oak Ridge National Laboratory and to provide
sorted output of selected data in magnetic tape format for general user
applications. It is presently intended that the effort will continue to
obtain data on additional nuclldes and to improve the precision of energy
and intensity measurements on nuclides presently in the file. It is felt
that this apptcach to the measurement and compilation of selected types of
nuclear data represents an appropriate method of obtaining specialized data
sets for particular applications. It is essential that user acceptance of
these data be the indicator for justification of continued or expanded
effort in base technology for experimental nuclear gamma-ray spectrometry.

2, EXPERIMENTAL MEASUREMENTS

In the development of experimental techniques for the use of Nal
scintillation spectrometers, the concept of a standard detector and experi-
mental source-detector geometry was developed. The 3-in. diameter x 3-in.
cylindrical Nal. (Tl) detector was adopted in a standard geometry and the
detector response characterized with considerable precision. With a known
sensitive volume and standard geometry it was possible to achieve a. labora-
tory standard spectrometer which has been adopted in many laboratories
throughout the world. Unfortunately the 3-in. x 3-in. semiconductor radia-
tion detector has eluded us to the present and the state-of-the-art has not
made it possible to produce detectors with precisely defined sensitive
volume,. Over the past 6 or 7 years we have steadily progressed through small
volume planar devices of 1 or 2 cm3 volume to high-quality coaxial-drift
detectors with sensitive volumes approaching 100 cm^. For this reason and
other factors related to the performance of low-noise electronics required
to achieve good energy resolution, it has not been practical to consider a
standard semiconductor laboratory spectrometer concept. Since the data con-
tained in the present data file have been collected from early in 1966 to
the present time, a variety of high-quality spectrometer systems have been
used in these experimental measurements. The characteristics of the detec-
tors used are presented in Table I. During this period considerable effort
has been expended at this and other laboratories in the development and
refinement of electronics to utilize the energy resolution afforded by semi-
conductor detectors and to develop techniques for the analysis of pulse-
height data to obtain precision values for the energies and intensities of
gamma rays. The experimental techniques developed at this laboratory have
been described in the literature [3,4,5].

All data in the Catalogue were obtained using spectrometer systems which
have been carefully calibrated to establish electronic system linearity and
stability using both computer-controlled pulse generators [6] and multiple
source techniques. All energy and intensity measurements are made using
techniques developed at this laboratory and described in recent publica-
tions 17]. The analysis of all data Co obtain energies and intensities



accomplished using the computer code GAUSS V, which has been evolved
from non-linear regression techniques developed for the analysis of Nal
data [4,8].

The determination of precision values for gamma-ray energies is
accomplished using internal source calibration techniques. Over the past
several years, a program has been developed at this laboratory to re-examine
the reference energy scales used in gamma-ray spectraccopy and to provide a
series of precisely-measured gamma-ray transitions for use as calibration
standards. To date two groups of energy measurements covering the energy
range from 30 keV to 1300 keV have been published 19,10]. These measurements
provide a large number of precise gamma-ray transition energies for use in
energy measurements. At higher energies, a few well measured transitions
exist and work is progressing to provide more reference line up to 5 MeV.
Above the pair threshold, the field-increment effect [5] introduces many
geonetrie problems which affect the precision of energy determination. This
is particularly true when measurements are madw using large volume closed-
end coaxial detectors. Because of this, all energy measurements are made
using only full-energy peaks in the spectrum.

A typical laboratory data system in use for the simultaneous acquisition
and analysis of pulse-amplitude spectra is shown in block form in Figure 5
and as a photograph in Figure 6. This system employs a processor-controlled
graphics display oscilloscope for the application of interactive graphics
techniques to the analysis of data and editing of data files. A 1200 Baud
asynchronous data link provides access to other laboratory spectrometers and
will provide a link to the laboratory 360/75 system for remote batch terminal
operation.

3. SOURCE PRODUCTION

The measurement of gamma-ray spectra of over 300 individual nuclides
has involved the use of a number of large experimental facilities. To pro-
duce a relatively pure sample of a given nuclide usually requires a selection
of one of several possible nuclear reactions, a tailored radiocheinical pro-
cedure for purification of the desired nuclide, and a selection of measure-
ment time to optimize the experiment. Since spectra of both neutron and
proton deficient nuclei are of interest, this required the use of both
nuclear reactors and accelerators. The facilities used for the production
of source material for measurement are listed in Table II, which indicates
the facility and types of reactions used. The major reactor facilities at
the NRTS have fast pneumatic shuttle facilities as well as in-tank irradia-
tion facilities for individual samples. Portable shuttle facilities were
utilized at particle accelerators for production and measurement of short-
lived nuclides. In the use of accelerators, particle energy was also
employed as a variable to enhance the production of a single nuclide. In
all cases, either spec-pure or mass-separated material was employed for
irradiations. Following irradiation, the sample material was chemically
purified and decay data utilized to identify all observed transitions with
the nuclide In question.
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TABLE I

CHARACTERISTICS OF DETECTORS USED FOR CATALOGUE DATA

No.

1

10

Type

Ge(Li)
planar

•Je (Li)
planar

Ge(Li)
planar

Si (Li)
planar

Ge(Li)
closed
coaxial

Ge(Li)
closed
coaxial

Ge(Li)
closed
coaxial

Ge(Li)
closed
coaxial

Ge(Li)
closed
coaxial

Ge(Li)
open
coaxial

Sensitive
Volume

2.5 cm2

x 4 mm

2.5 cm2

x 8 nnn

4.55 cm2

x 8 mm

30 iwn2

x 3 mm

35 cm3

3.3 cm diam.
x 4.0 cm

55 cm3

4.0 cm diam.
x 4= 9 cm

65 cm3

4.3 cm diam.
x 5.5 cm

70 era3

4.5 cm diam.
x 5.2 cm

80 cm3

4.6 cm diam.
x 5.44 cm

50 cm3

4.03 cm diam.
x 4.30 cm

Applied
Voltage

800 V

800 V

1500 V

100 V

1750 V

3000 V

3300 V

3100 V

2500 V

Resolution Resolution
(FWHM) (FWHM) Drift

(electronic) (1.332 MeV) Depth

1.3 keV
(ext. FET)

0.65 keV
(cooled FET)

0.85 keV
(cooled FET)

2.5 keV

1.78 keV

1.85 keV

0.98 keV 1.90 keV
(cooled FET)

0.71 keV
(cooled FET)

0.85 keV
(cooled FET)

1.88 keV

1.88 keV

1.0 keV
(cooled FET)

1.3 keV
(ext. FET)

1.93 keV

2.0 keV

8 mm

8 mm

8 mm

0.22 keV (Fe K x-ray) 3 mm
(cooled FET)

12 mm

18 mm

19 mm

3500 V 0.87 keV 1.90 keV 18 mm
(cooled FET)

18 mm

12 mm



TABLE II

FACILITIES USED TO PRODUCE ISOTOPIC SAMPLES

Reactor

MTR

ETR

Maximum Thermal
Neutron Flux

2 x 10 1 4 n/cm2/sec
(thermal)

8 x 10lh n/cm2/sec
(thermal)

ATR

EBR-II
fast

Facility

U. of Colorado
cyclotron

GGA Linac

LRL Linac
Livennore

SREL electron
synchrocyclotron

ORNL production
cyclotron

10 1 S n/cm2/sec
(thermal)

1011+n/cm2/sec
(fast)

Particle

proton. He3

electron

electron

proton

proton

20-35 MeV
proCons

20-30 MeV

100 MeV

590 MeV

20 MeV

Facilities Used

Fast pneumatic shuttle
In-tank capsule

Pneumatic shuttle
In—tank capsule
Gas loop experiment

In-tank capsule

In-tank capsule

Reactions

p,xn; He3,xn;
P,Y

y,xn;

p,xn; spallation

p,xn



FIGURE CAPTIONS

1. Plot of a typical experimental gamma-ray spectrum as it appears In the
Catalogue. This spectrum is fox* 111-day 1°2Ta measured with a 65 cm3

Ge(Li) detector.

2. Experimental values for gamma-ray energies and intensities for the 182Ta
spectrum. These values are tabulated on the reverse side of each plate.

3. Plot of the experimental spectrum of low-energy photons emitted in the
decay of 109Cd. These data were obtained using a high-resolution Si(Li)
spectrometer.

4. Gamma-ray spectrum of the rare-gas fraction of gross fission products
measured after an 8-minyte decay with a 65 cm3 Ge(Li) spectrometer.

5. Block diagram of an on-line data acquisition and analysis system used
for processing of data for the Spectrum Catalogue. This system employs
a Digital Equipment Corporation PDP-9 computer.

6. Photograph of computer data analysis system showing interactive display
console with function keyboard and control panel.





73-182-1

Nuc I ide:

Detector

GAMMA RAY ENERGIES AND IHTENSiffES
182Ta

55 cm3 coaxial (c) Ge(Li)

Half Life: H 5 . o day

Method of Production: Ta(n,y)

Ey(KeV)

W x-rays

67.750

84.680

100.105

109.8

113.673

116.418

152.434

156.387

179.393

198.356

222.110

229.322

264,072

927.6

1001.61

1113.08

1121.272

1157.40

1189.022

1221,376

1230.989

1257.390

1273.703

1289.126

1342.71

1373.807

1387.376

AE

± 0.001

± 0.002

± 0.001

± 0.1

± 0.002

± 0.002

± 0.002

± 0.002

± 0.003

± 0.004

± 0.003

± 0.006

±0.006

± 0.1

± 0.06

± 0.08

± 0.026

± 0.06

± 0.027

± 0.027

± 0.02S

± 0.028

± 0.028

± 0,029

± 0.03

± 0.03

± 0.03

I

(relative)

HlOO

6.04

30.40

0.27

3.93

0.90

15.62

6.01

7.04

3.40

17.05

8.42

8.40

1.50

5.34

0.83

79.94

2.22

37.41

62.10

26.02

3.50

1.49

3.24

0.61

0.51

0.15

AI

± 3.0

* 0.51

± 2.1

± 0.C3

± 0.18

± 0.10

± 0.85

± 0.42

± 0.50

± 0.20

± 0.90

± 0.64

± 0.62

± 0.15

± 0.42

± 0.09

± 3.2

± 0.20

± 1.9

± 2.4

± 1.2

± 0.2

± 0.11

± 0.2

± 0.06

± 0.05

± 0.04

1

2

1

4

2

3

1

1

1

2

1

1

1

4

3

3

1

3

1

1

1

1

1

1

2

2

3
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PDP/ 9 LABORATORY DATA SYSTEM

MODEM
1200 BAUD

SERIAL DATA
INTERFACE

(ASYNCHRONOUS)

ADC
INTERFACE

(2)

DIGITAL
CONTROL

PANEL

FUNCTION
KEYBOARD

18-BIT

D/A CONVERTER

PDP / 9
16K 18-BIT MEMORY

CHARACTER
PRINTER

r~
339

PROCESSOR
CONTROLLED

SCOPE

RM09
DRUM

128 K WORDS
DEC

TAPES

INDUSTRY
COMPATIBLE

MAGNETIC
TAPE
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