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INTRODUCTION

Often, the applications of nuclear techniques of analysis (NTA) are (or at least have
been in the past) seen as an a field quite separate from the basic research that initially
provided the underlying methodology. Alternatively, it is sometimes cynically observed that
NTA are an indulgence of nuclear physicists in their twilight years. Indeed, even the author
unwisely shunned the early NTA conferences, believing them to be a forum for a different -
far be it to say an inferior, activity to that catered for by the companion AINSE nuclear
physics conferences. Times, attitudes and perceptions do change though. Here, NTA are
championed as an essential section of nuclear research.

A review of a forty five year involvement in mainly nuclear research serves to highlight
the errors of both earlier viewpoints and to underscore the changing University attitudes over
the years to areas of endeavour like NTA. Research and applications are now closely
integrated at the ANU, providing good examples of the important synergies that prevail -
especially if both are pursued within the same laboratory.

Since it not possible to be in any way comprehensive, a number of episodes, perhaps
chosen with a dash of historical whimsy, are used to illustrate the changing role and expansion
of NTA. For those who feel the past is allowed to loom too largely, several current and likely
future developments are included.

MOISTURE MEASUREMENTS -1955

For various reasons of chance, the author - then a brash young student, newly-arrived
at ANU, became aware of the measurement of moisture in soils by means of the
thermalization of neutrons. One Sunday afternoon, a test arrangement was contrived to
demonstrate the technique to several staff from Land Research, CSIRO for possible
implementation in the field. It was almost certainly the first time that the arcane research
skills of RSPhysS were directed toward anything useful. Of course, in those innocent days,
none present for the trial would have comprehended such terms as intellectual property,
commercial-in-confidence and sunrise industry.

The simple method worked spectacularly well as water was poured into sand-filled
waste paper bins, housing a BF3 detector and a fast neutron source. Apparently the results
of the afternoon did lead to field units. However next day, the newly-fledged moisture-
measuring expert was in dire trouble. Not only was every bin in the laboratory filled with wet
sand, but spilled water and mud sullied the pristine control room of the Cockcroft-Walton
accelerator. An angry head technician had to be mollified. Far worse was the stern
condemnation of a senior academic - "such activity is entirely inappropriate in a research
laboratory". It would be fair to say that this would have been a unanimous, widely held view
then and for some years to come. Certainly, one pioneering and possibly promising career in
NTA was firmly nipped in the bud.



NITROGEN PROFILING -1967

A common technique for preparing nitrogen targets is the nitriding of tantalum. The
process provides robust targets, stable when bombarded with intense beams. The thickness
of the targets is readily measured using the 15N(p,ay) reaction at the 429 keV resonance.
Invariably, a slowly increasing yield of gamma rays observed above the resonance was
attributed to the tails of higher resonances. However, measurements in 1966/7 of the
14N(p,y) reaction above the two resonances at 2.38 and 2.46 MeV produced quite bewildering
results until a newly-acquired Ge(Li) detector was used instead of Nal. With the much
improved resolution, it became possible to observe gamma rays with the discrete energies
corresponding to the resonances when the bombarding energy was well above the resonant
energies. Clearly a substantial fraction of the tail yield was due to diffused nitrogen at
considerable depth. Regrettably, the significant finding was merely used to correct the results
in hand and never published. In the years thereafter, several measurements in other
laboratories using such targets have been shown to have been affected by the same problem.
The episode is indicative of the indifference researchers often had to wider use of what they
did. A solution to a problem, likely to be experienced more widely or applicable elsewhere,
was not disseminated.

In retrospect, it is surprising that Ge(Li) detectors are not used more widely for NTA
than appears to be the case. For example, it is generally considered that hydrogen depth
profiling using 19F or 15N beams is restricted in depth because of the existence of resonances
at higher energies. A Ge(Li) detector can uniquely identify resonances either by the Doppler-
broadened line shapes (which reflect the a-y correlation) for both reactions [1], and by the
relative gamma ray yields in the case of 'H^FjOc).

THE COMING OF AMS - 1985

Involvement by the author with a plainly identified NTA activity began in 1985 -
surely at the high noon of his career, when 3^C1 measurements using the 14 UD accelerator
were initiated in collaboration with Roger Bird as an ANU/AAEC/CSIRO joint venture.
Misgivings remained though. A strongly expressed intention to participate only until a
measurement capability was achieved, was in fact only honoured in part. Frequent interaction
with the AMS group, now led by Keith Fifield, that embraces a suite of cosmogenic and
anthropogenic isotopes (10Be, 14C, 26A1, 32Si, 36C1, 59Ni, " T c , 129I and the planetary
elements Pu and Np) has continued.

An excellent detailed account of the sometimes stormy path of development of AMS
is already available [2] so that it unnecessary to dwell on it further here. However, two
aspects are noteworthy. First, AMS was quickly implemented because of the infrastructure
in place in the laboratory for "proper" nuclear research programs. Aside from the accelerator
itself, with near ultra-high vacuum throughout and foil stripping, detectors were provided by
the heavy ion reactions group, fast chopping at the ion source was a contribution from the
gamma ray nuclear structure group, and a high quality GVM control system had been
developed by a group that investigated ion-solid interactions. Problems with specific
isotopes that arose were overcome using equipment established for research purposes or
techniques developed for them.

Subsequently though, the flow of benefits was reversed. Developments required to
enhance AMS capability have generally provided at least equal benefits to research
capabilities. In particular, the upgraded injection system installed in 1991, replacement of
damaged coils (a legacy of events in 1974) in the 90 degree analyzing magnet in 1995 to



restore the mass-energy product to 200, the multi-sample (32), high-intensity SNICS source
that came into operation in'1996, and an upgraded terminal stripping configuration in 1998
stemmed largely from initiatives by Fifield and others with AMS needs foremost as
justification. A number of current nuclear research projects (and ERDA mentioned below)
would not have been feasible without one or other of these developments. With perceived
benefits for the two areas of activity, proposals for funding of the new equipment were
treated more favourably than would have been the case for. either acting alone.

Secondly, John Carver, the Director of RSPhysSE, was a strong advocate of the
attraction of external income. Thus he embraced the AMS project enthusiastically from the
outset. Often, to the dismay of the Department of Nuclear Physics, his presentations on the
work of the School concentrated very much on AMS, the "more important" research
achievements being accorded scant mention. So much for the intellectual snobbery of 1955!

ELASTIC RECOILS - FRIEND OR FOE?

In recent times, there has been substantial interest in elastic recoil analysis of thin
films, whereby constituent elements ejected after the scattering of heavier beams are detected
and identified. Facilities have been established at ANSTO, using time of flight techniques, at
CSIRO, North Ryde with alpha particles to obtain hydrogen profiles, and at ANU with a
large solid angle gas ionization detector. With the latter, simultaneous depth profiles are
obtained for a wide range of elements with 250 MeV 197Au beams. For example,
measurements of high temperature superconductors span elements from hydrogen to barium.
Recoil analysis has become a powerful technique and a worthy addition to the armamentarium
of NTA. However it is hardly a new phenomenon. Elastic recoils have been intertwined with
many measurements undertaken at ANU over the years - most commonly as a curse, until the
transition to become a blessing as an analysis tool.

Hydrogen recoils have always been a familiar problem for users of magnetic
spectrometers. At forward angles, reaction products of interest would be swamped by the
recoils that extended over a wide region of the focal plane or, in the case of narrow range
devices, over a considerable range of magnetic field. Because of their relatively low energy,
such recoil protons are highly dispersed. A typical measurement with a deuteron beam [3] is
shown in Figure 1.
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Figure 1. Elastic recoil protons produced by 18 MeV deuterons.



The sought after tritons (less than 1 % of the yield) were largely obscured by the profile of
hydrogen in the target of 54Fe evaporated onto a carbon foil. Separation of the inelastic
deuterons and tritons was dependent on companion energy loss information. "True"
researchers were of course indifferent to the hydrogen composition of carbon foils, or of
anything else for that matter, but did manage to extract some profit from the kinematic
effect. Comparison of the recoil proton energy produced by a heavy ion beam with alpha
particles from a source provided a reasonably accurate measure of the energy of the beam [4].

Far greater problems from elastic recoil effects lurked within ionization detectors,
although recognition of them was a slow process. Universally, it was found that the detection
of monoenergetic ions with a gas detector yielded a well-defined peak containing about 99.8%
of the incident particles; the remainder were within a continuously distributed tail extending to
low energies. Usually unimportant, such an effect tended to be attributed to recombination of
some of the initial electron-ion pairs in the gas, but otherwise was ignored. It became evident
at ANU both that the magnitude of the tail was essentially independent of ion type and
therefore unlikely to be due to recombination, and that the anomalous events could not be
ignored, First, attempts to identify the exotic nucleus 20N and measure its mass were
frustrated by a background from tails in the gas-filled, focal plane detector due to the much
more prolific 17O. Secondly, AMS was being established at about the same time. It was
found that the ultimate sensitivity for the detection of 36C1 was determined by the presence
of anomalous events from the intense flux of 36S ions, detected simultaneously in a small,
multi-anode gas ionization detector. Though both problems stemmed from anomalous events
within gas detectors, the nature of the troublesome events was quite different. For the
former, the prohibitive background was due to 17O ions within the tail that yielded only about
80% of their actual energy, so that both their apparent energy and dE/dx mimicked an 20N ion
for any given magnetic rigidity. With AMS, the equivalent energy-degraded tail could be
readily distinguished from 36C1 ions. Instead, a background arose from 3 6S ions which
deposited their correct total energy, but lost more of that energy than normal prior to the final
sensing electrode (designated Eres for residual energy), and therefore correspondingly less
beneath that electrode (Fig. 2).
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Figure 2. A 36C1 measurement showing background events if only the residual energy (ER) is
measured.



Extensive investigations were made over a number of years using two focal plane
detectors, useful because both several energy loss measurements and as many as three
position determinations could be made along each ion trajectory, and a small special purpose
AMS detector developed initially for 36C1 identification. In the present context, the outcome
of some truly elegant observations [5] is obvious. The anomalous events proved to be due the
consequences of hydrogen and carbon recoils produced when some of the incident ions were
scattered by the hydrocarbon stopping gas (initially isobutane, later propane). The overall
effects become complex because the elastic recoils are produced over a wide range of energies
as the incident ions are slowed and stopped, and of course all kinematically allowed scattering
angles are possible. After scattering, the direction and dE/dx of the primary ions differ from
those of the unscattered ions and the elastic recoils will in general not deposit all of their
energy in the gas. For large scattering angles, either the primary ions or the recoils may strike
the detector electrodes. However, it is possible to provide a schematic typical response for
any section of the anode plane with identification of both the location and the nature of the
scattering (Fig.3).

A solution was devised to both problems in the form of a narrow electrode within the
anode, such that at an appropriate gas pressure, the electrode sampled the energy loss at the
Bragg peak of the interfering ion type. A typical measurement with the electrode is given in
Figure 4. Clearly, no 36S ions lose less than normal energy under the electrode, but still yield
the correct total energy. Accordingly, the region where the 36C1 events occur is free of any
36S-induced background. Thus a highly successful AMS detector that has remained
unchanged for more than a decade to measure thousands of samples at optimum sensitivity,
and an almost background-free measurement of the mass of 20N eventuated from a joint
venture involving both applied and basic research.
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Figure 4. - see text

A similar cycle of inter-related benefits has flowed from elastic recoil analysis
(ERDA), now that elastic recoils have been harnessed for good purpose. Again, ERDA was
established in a short time at ANU, using the existing infrastructure and the experience gained
with focal plane and AMS detectors. Nonetheless, a new class of problems quickly emerged.
With a large acceptance solid angle and a range of heavy ions differing widely in mass and
energy to be detected, shortcomings in earlier detector designs became apparent. In particular,
energy loss and spatial measurements were found to be critically dependent on the entrance



window geometry and associated field configuration. These and other problems have been
solved, leading to much improved and species-independent spatial determination, and
innovative alternatives methods for the simultaneous measurement of several energy losses
and the total energy of ions. Usually, the total energy is obtained by summing all of the
signals from the anode, necessarily divided to measure energy losses of ions along their
trajectory. This entails careful gain matching for optimum results. Instead, a second grid
electrode, between the usual Frisch grid and the anode has been demonstrated [6] to provide a
true total energy measurement with a resolution only slightly inferior to that obtained by
summing the anode signals (currently four in the ANU detector, with the possibility of one
more). Such a development immediately suggests an inversion, whereby a divided second grid
is used to measure the energy losses, for which the resolution is not critical, so that an entire
undivided anode can provide a simple total energy measurement. The concept has already
been tested successfully, but not yet put to actual use. Clearly, the fresh approaches
stimulated by ERDA to the design of gridded ionization detectors will certainly be reflected in
any new detectors built for ERDA, AMS or heavy ion research at ANU or elsewhere.

Further, a second activity within the ERDA program promises future mutual benefits
too. A large, high-resolution Bragg detector has been built for heavy ion RBS and possible
ERDA use. The latter would require companion spatial information for kinematic correction,
a feature not previously available from such detectors. Investigations into the feasibility of
using gridded electrodes within the Bragg detector have been encouraging. It would seem likely
that the scattering angle can indeed be measured. More importantly though, the gridded
electrodes can also provide energy loss information to supplement the total energy and Bragg
peak information normally obtained. Thus it may be possible to eliminate the troublesome
anomalous events described above from Bragg detectors as well. Until now, the inability to
identify and reject such backgrounds has meant that Bragg detectors are less than ideal for
AMS.

SUMMARY

NTA have achieved respectability in the last decade or so, becoming a worthy partner
of basic research in nuclear physics. The field continues to expand productively, with both
AMS and ERDA now well-established. Two old war-horses, the 2 MV and 3 MV Van de
Graaffs of the early sixties at ANU and ANSTO, both of which did much to pioneer NTA in
Australia, are about to be replaced with modern counterparts - ample proof of the essential
role that NTA now play in many disciplines.
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