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EXECUTIVE SUMMARY 

Technical achievements 

Nuclear spin isomers store the highest densities of energy possible without nuclear reactions. 
For example, an isomer of ,78Hf stores 2.445 MeV per atom for a shelf life of 31 years. [1] In 
practical terms this means that a sample of the size of a golf ball would store the energy equal to a 
metric ton of chemical fuels or explosives. However, in nuclear spin isomers the energy is stored 
electromagnetically so that it would be released as x-rays and y-rays, if it could be triggered. Prior 
to our work it had been thought to be impossible to trigger the release of these great energy densities 
trapped in the internal electromagnetic excitations of nuclear spin isomers. Building upon our 
unique level of experience with nuclear spin isomers, during the course of the 3 years of our 
research for AFOSR we demonstrated how to trigger the 31-year isomer ofmHf. [2,3] The x-rays 
from a small device familiar from dental examinations proved to be sufficient; in fact it is "easy" to 
trigger nuclear spin isomers. These extraordinary results have sustained peer review, have been 
published in the leading technical journals [2-5] and have been precisely confirmed by independent 
work at AFRL - Albuquerque. 

A review of the technical background and that history of accomplishment was recently 
collected for an invited review paper [4]. It has been accepted for publication and describes in detail 
our research up to the current year 2001. As detailed there, our efforts in 1999 and 2000 were 
focused upon proof of the efficacy for triggering nuclear spin isomers; and upon the development of 
a powerful coincidence system of detection through which the phenomenology of the subsequent 
energy release could be described. Most recently, our successes in the use of synchrotron radiation 
(SR) to trigger nuclear spin isomers have revolutionized further the methodology for this type of 
research. Competing with a prestigious DOE Consortium comprising LLNL, LASL, and the 
Argonne synchrotron group, our Team succeeded at the Japanese facility SPring-8 to open 
completely new directions into isomer triggering. In contrast, the DOE Consortium produced a total 
failure, either because of flawed target design or because the Argonne synchrotron provided 
insufficient stability of the combination of intensity and x-ray energy needed for this completely new 
type of research. Critical "Comments" upon the DOE experiment have been submitted for publication 
and copies appear in Appendix I. In fact we have performed both the first and second successful 
experiments ever conducted on nuclear spin isomers with SR. 

In May, 2001 at the AFOSR Telluride Isomer Workshop we reported that triggering occurs 
primarily through a mechanism [6,7] mixing properties of the nuclear and atomic states in order to 
deliver the angular momentum needed to accelerate the decay of the isomer. In our work the process 
has been confirmed as a truly major effect, being characterized by a cross section about equal to 0.2% 
of the total for the photoionization of the L-shell electrons in Hf. As such, it means that triggering 
is very "easy" to accomplish, while nevertheless releasing about 250x the energy expended by the 
triggering event. The bandwidth for absorption of trigger photons is very "forgiving," being as great 
as 4 keV wide; and the size of the cross section together with the profusion of photons released by 
each trigger event promises that a self-sustained "detonation" propagated by photons would be a 



realistic objective. These results with SR triggering of 178Hf isomers are reviewed in the following 
material. 
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iaboration of 13 scientists from 8 laboratories in 5 countries, we conducted 
f the triggering of the 31-year 178Hf isomer with x-rays for the purpose of 

riggering with remarkable ease, some of those results were published in two 

1) Int. J. Laser Physics, 9, 6 (1999). [ LP ] 
2) Phys. Rev. Lett., 82, 695 (1999). [ PRL ] 

Most noteworthy was that the integrated cross section derived from the number of fluorescent 
photons and the illuminating flux in the continuum was found to be very large to a degree unexpected 
by nuclear theorists. At such large values a sample of sufficient size might be "detonated" by a chain 
reaction propagated by the photons released by the initial triggering of just a few isomers. The 
significance of such a possibility is so great that an immediate focus and controversy developed 
around the confidence limits of our initial work. Those concerns have been largely answered and 
strong confidence limits have been established to support the triggering of I78Hf isomers as originally 
reported. 

ACCOMPLISHMENTS AND NEW FINDINGS 

Objective 

The primary objective for the research was to confirm the triggering of l78Hf isomers by pulses 
of low energy x-rays to a very high degree of confidence and to use new technologies, such as tunable 

synchrotron radiation to investigate the details 
of the mechanism for triggering. That objective 
has been realized. 

Coincidence Detection 

Achievement by the Texas Group with 
its international affiliates accrued from a unique 
design [4] and implementation of the 
experimental system as shown in the adjacent 
figure. Four 10% Ge detectors were installed to 
support coincidence measurements of the y 
photons from decay of the l^Hf iSOmers 
triggered by the x-ray irradiation. Continuous 
A/D conversion of the signal from the 
spectroscopy amplifiers with virtual instrument 
technology eliminated "deadtime" of data 
acquisition.     A  5th  detector recorded the 
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spectrum of the x-ray irradiation by observing what was scattered from the isomeric target. Energies 
and times of detection of individual photons were recorded for each of the detectors. Operating 
currents and x-ray fluxes were continuously logged. The coincidence data acquisition system was 
proven for the collection of data "in-house," but is sufficiently versatile to be emplaced at a facility 
for synchrotron radiation, SR research. 

Coincidence Results 
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The adjacent figure presents a simple overview of the challenges and strengths of the use of 
coincidence techniques to enhance data analysis. Pairs of photons detected by any 2 of the 4 
detectors define a coincidence 
event. If they arrive within a 
selected period, usually set to be 10 
ns, the energies of each photon of 
the pair are used as the (x, y) 
coordinates in a 2D histogram. In 
effect, a "count" is recorded in a 2- 
dimensional map such as shown on 
the figure. As counts build 
significant totals at some of the map 
coordinates, the greater totals are 
indicated by greater density. A 
sample map is shown for 
illustration. Low photon energies 
start in the lower left. In the 
horizontal direction the scale is such 
that the full range 0-1000 keV is covered. In the vertical direction the scale has been stretched so that 
only the approximately 40 keV around the important Hf-lines and impurity calibration lines are shown 
in detail. In tiV illustration some structures can be seen that are localized in particular rows and 
columns that tell the energies of each of the photons collected at the same time to within 10 ns. The 
merit of a good coincidence system such as seen here is that there should never be a "line" with row 
and column belonging to different nuclides. The principal difficulty is that such a coincidence 
spectrum has 4 million pixels to examine for "new" lines that might show in the data collected during 
irradiation that are not found in the spontaneous decay of the isomeric nuclei. 

Once a region of interest is identified, the data can be analyzed by selecting a narrow "row" 
of interest in a display such as shown above. On the following page is shown such an example. In 
the upper right panel is shown the spectrum "sliced" out of the matrix along a row defined by the 
darkened line seen in the upper left panel. A "new" line at 129.5 keV which was found only during 
x-ray irradiation defines a coincident "row" in which is found only the 213.4 keV member of the 
ground state band (GSB) of the 178Hf nuclide. For comparison, the lower two panels show the same 
comparisons for the "row" gated by the 88.8 keV (8-, 8+) band that feeds the entire GSB by 
subsequent cascading of transitions from the top, down, all occurring in less than 10 ns. The lower 



right panel enlarged from that "row" shows the 
entire GSB as expected. From this preliminary data, 
it is indicated that a new line in the decay 
spectrum of the mHf isomer at 129.5 keV is 
excited only during the decay triggered by the x- 
ray irradiation and it cascades into the lower part 
of the GSB that subsequently cascades further 
only into the 213.4 keV transition. Confidence in 
this type of analysis is enhanced by the choice for 
comparison with the 129.5 keV line of a line such 
as 88.8 keV that is proximate in energy and 
comparable in detected counting rate. 

These data were not corrected for 
detector efficiency as they were used only to 
locate component lines of "new" decay cascades 
induced by the x-ray irradiation. At these lower 
energies the absolute intensities were strongly 
affected by three factors: the front shielding that 

had been designed to cut off energies below 90 keV, the slowed timing response of large Ge detectors 
to lower energy photons, and the settings of constant fraction thresholds. The combined effect was 
sharply lowered sensitivity with decreasing photon energy below 100 keV. The intensity of the 88.8 
keV line was actually much greater than that of the 129.5 keV line, but the counting rates actually 
detected are similar as seen in the illustration.. 

The preliminary data available for presentation in this report represented the continuous 
collection of data for 30 calendar days of operation. While intended only to prove the principle, it 
also supported identification of a new linr characteristic of the triggering of the decay of the 178Hf 
isomer. Fortuitously, the emergence ofs'ich a strong 
new line provided the opportunity to perform 
additional tests to verify the unbiased statistics of the 
coincidences being detected. In the course of the 
direct digitization of the spectroscopy amplifiers, the 
arrival times of each photon at each detector is 
logged to a precision of 250 ps for the evaluation of 
possible coincidences. Thus it is possibly to separate 
out the time and energy records for the 100 ± 20 
pairs of photons contributing the apparent peak in the 
plots such as shown above. Shown in the adjacent 
figure is the distribution between the 6 possible pairs 
of the 4 Ge detectors of the coincident events in 
which a photon at 129.5 keV was detected at a time 
within 10 ns ofthat at which a 213.4 keV photon was 

Pair of Detectors 



detected in another detector. The 
distribution is uniform to within statistical 
errors as must be the case if those 
coincidence events are not artifacts from 
a few of the detectors. Shown in the next 
figure is the histogram for the distribution 
of the coincident events involving both a 
129.5 and a 213.4 keV photon among the 
possible "phase times" between the start 
of one pulse of irradiation and the start of 
the next one. Here the excess of counts 
collected during the period of irradiation 
is striking. Passing such tests based upon 
these histograms is a necessary condition 
to establish the 129.5 keV emission as a 
new transition induced by the irradiation. 
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NEET - Nuclear Excitation by Energy Transfer 

As often is the case in such interdisciplinary research, the explanation for an unexpected effect 
has rested unnoticed in the literature for almost a decade. In 1993, Ho et dl. [6] published an 
adaptation from multiphoton laser spectroscopy to the non-resonant excitation of discrete excited 
states of nuclei. Presented with the elaborate sophistication of style peculiar to laser spectroscopy, 
it passed largely unnoticed in the nuclear community. Described was the transfer of excitation energy 
from the electrons into excitation of nuclear states. This process is interpreted schematically as 
follows: 

In  the   left  two   columns   are 
sequences of energy levels for the excited 
states of the electrons of Hf that surround 

© T the nuclei. Most of those states are filled 
1°r with electrons. In the right most column 

are shown excited states of the 178Hf 
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being    excitation mechanism. The31-yrisomeric 

state is denoted 16+ and the reference 
value for nuclear energy is set to zero for 
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value of quantum number, K is denoted 

Conceptually, NEET begins with a photoionization event that creates a vacancy in one of the 
electron shells.   In this example a vacancy in the L, (2p3/2) shell is shown to result from the 
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photo ionizing transition shown by the arrow marked " 1." The vacancy is then filled by the downward 
transition of another electron shown schematically by the arrow marked "2." Instead of being 
radiated as an x-ray, the energy it releases is transferred to the excitation of a nucleon, raising the 
nucleus to an excited state as shown by the upward arrow marked "2." Since it is unlikely that the 
transition energies for electron and nucleus will precisely match, the nucleus will be "excited" to a 
non-stationary state for a lifetime limited by the uncertainty in time corresponding to the AE by which 
the transition fails to be resonant. If still another transition, such as indicated by the downward arrow 
marked "3," can occur before some other event destroys the quantum phase of the non-stationary 
state a final stationary (measurable) state can be reached. This can happen by coupling the 'excess" 
energy AE released by the downward nuclear transition "3" to excitation of a second electron shown 
by the upward arrow marked "3." If the transition energy imparted to that electron is enough for it 
to reach a non-localized (conduction) or free state, then the probability for that channel is increased 
by the significantly larger degeneracy associated with free states. That is where the enhancement for 
the overall process arises. The larger degeneracy associated with final states being free is about the 
same magnitude as the internal conversion coefficient for a Y-transition which arises from the same 
cause. 

In summary, the NEET transfer process adds transition strength because it increases the 
density of final states by an amount which can be as large as the internal conversion coefficient for 
a y-transition of the same energy. For soft transitions this can be orders-of- magnitude and that is 
how conflict is avoided with "sum-rules" that might otherwise seem to limit just how large could be 
cross sections for triggering isomers to release their stored energies. With transfer, the maximum 
value for cross section arises not from nuclear sizes, but rather from atomic sizes which are much 
greater. Ho [6] estimates upper limits for the NEET branch to range from 0.1% to 0.4% of the 
cross section for photoionization of an atomic electron. 

NEET Excitation of 178Hf Isomers with Synchrotron Radiation 

In 2000 Kishimoto et al. [7] reported unequivocal proof of the NEET process. In that work 
they excited the ground state of ,97Au with synchrotron radiation (SR). They observed the excitation 
and decay of the 1 /2+ - 3/2+ (Mossbauer) transition of 197Au at 77.351 keV by resonant absorption 
of SR at 80.989 keV. Although that absorption satellite for exciting the nuclear transition was not 
explored by tuning the SR energy to other "off-resonant" values, it was reasonably concluded that 
excitation through K-shell photoionization was responsible with a branching probability for NEET 
of(5.0±0.6)xl0-*. 

As a vehicle for the further demonstration of NEET spectroscopy, the 16+ state of "^Hf"2 is 
particularly attractive. It is a 4-quasiparticle state having 2.446 MeV of excitation and a half-life of 
31 years. If NEET were excited by SR there would be the possibility for exoergic emission of y- 
photons with energies exceeding those of the irradiation. Then, the experimental arrangement could 
be facilitated by the use of layered absorbers to selectively remove x-rays scattered from the 
irradiation. Moreover, our previous reports of the use of x-rays with energies below 20 keV to 
accelerate the decay of the '"HP2 spin isomers further encouraged planning for the use of this isomer 
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in a NEET experiment. 

Being currently reported [5] are the first successful examples of the irradiation of '^Hf12 

isomeric nuclei with synchrotron radiation. Moreover, in this work the SR was tuned over the range 
of energies 9-13 keV; selected because it contains much of the transition strength for photoionization 
of the L-shell electrons of Hf. A branching ratio of 2 x 10"3 was found for the excitation of nuclear 
transitions from absorption of SR by the L-shell electrons. Those events led to the emission of 
exoergic y-photons. 

Two targets were used in these experiments. One was composed of two separately 
encapsulated samples of 5.8 x 1012 '""Hf"2 isomeric nuclei each. The other target contained three 
sealed samples of 1.3 x 1013 each. They were irradiated with the tunable output from a bending 
magnet in the BL01B1 beamline at the synchrotron radiation source SPring-8 in two separate 
experimental series separated by weeks. Passed through a monochromator the output beam reaching 
the target was 2 mm x 5 mm in size and provided (3.0 ± 0.6) x 1010 photons cm"2 s"1 with a nominal 
spectral bandwidth of 0.5 eV in the first experiment It was tuned from 9.0 to 13.0 keV in steps of 
about 5 eV, remaining at each energy 10 sec. The basic scan was repeated four times. Of particular 
importance was that the first target was optically thin to SR between 9 and 13 keV when mounted 
at 45°. The target constructed for the second experimental series, was designed to give higher signal 
rates. It was mounted in grazing incidence inclined 12° with respect to the line of the SR beam which 
was adjusted to have cross sectional dimensions of 1 mm x 5 mm. Tuning range intervals found to 
be interesting in the first experiment were reexamined with 0.5 eV steps in SR energy. Data were 
collected for 50 s at each x-ray energy and each scan was repeated 3 or 4 times, depending upon 
limitations imposed by the periodic reinjection of the synchrotron current. 
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The performance of the target is of critical 
importance in such experiments. Spontaneous decay 
of the population of isomers produces energetic y's 
able to escape from millimeter thicknesses of target 
structure and mounting. However, if not optically 
thin to the SR at the x-ray energies used, the 
spontaneous emission from the entire target can 
readily "drown" any component ofNEET contributed 
by the outer micron thickness of sample exposed to 
the SR. Several attempts at demonstrating NEET 

13000 with isomeric targets have recently failed [8,9] for 
lack of optical transparency at the resonant energies 
for NEET and particular attention to the conditions of 
the target structure used in this work was warranted. 
In the second series of experiments the SR intensities 
were continuously measured in-line with ionization 
chambers placed before and after the isomeric target. 
The adjacent figure shows the SR flux (corrected for 
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ssage through the first ionization chamber) that was incident upon the target 
e several intervals of SR energy examined. Also shown is the resulting 
the target obtained from both ionization chambers. Despite the considerable 
during the experiment, agreement can be seen between the absorption 

coefficients extracted for the target for the different 
conditions and with the attenuation calculated for 
the geometry and measured density of the plastic 
encapsulations of the samples stacked into the 
target. 

A Si drift detector (SDD) was used both to 
confirm the location of the target activity in the SR 
beam and to survey the level of scattered SR in the 
detector environment. As shown to the left, the 
level of elastic scattering was sufficiently low to 
facilitate gating upon photons selected to record 
the intensity of La fluorescence from the Hf 
component of the target. On the right is shown the 
means used to locate the activity of the target in the X-ray Fluorescence (channels) 

SR beam. The data were obtained by moving the 
target vertically with a stepping motor while the 
absorption coefficient was measured with the 
ionization chambers and the intensity of La 
fluorescence from the Hf component was 
monitored by the SDD. The slit limiting the 
vertical dimension of the SR beam was narrowed 
to 0.1 mm during this adjustment. After the 
activity was located the slit was set as shown to 
the right. The process was repeated in the 
horizontal direction and showed the activity to 
extend 4.6 mm in that direction. The activity had 
the form of an elliptical annulus in each sample 
and the samples had been assembled into the 
target slightly out of register to prevent the Hf 
components from shadowing each other and that 
accounts for the morphology seen. 

A Ge spectrometer 10 mm thick x 16 mm 
dia. was placed 25mm from the target at right 
angles to the beam and was shielded with layered 
foils of Cu, Cd, and W. It was connected to a 
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EG&G 673 spectroscopy amplifier from which the output was continuously digitized and recorded 
to permit subsequent reexamination of the electrical pulses describing the detected photons as 
described above. The spectrum of the target was composed of only the well-known decays of '^Hf"2 

and of the 172Hf impurity and its daughters. Of the former, only the (4,2), (6,4), and (8,6) members 
of the ground state band, GSB at 213.4,325.6, and 426.4 keV, respectively, and the lowest member 
of the 8- band at 216.7 keV were recorded at significant counting rates because of declining 
efficiency of the Ge-detector for higher energy y's. Of the lines from the impurities, only the two, 
125.8 and 181.5 keV could be recorded with significance. Data were analyzed withameshof 8.8 
y channels per keV. When the monochromator changed energies, a digital signal was sent to a second 
channel of the data logging system to correlate the signals from y-photons with the energies of the 
irradiation. Regions of interest (ROfs) associated with each of the spectral features were identified 
in the 4096 channel histograms of the numbers of y-photons detected during each period of irradiation 
with SR. For simplicity, in most cases the sums for the ROrs for 213.4 and 216.7 keV were used to 
study the excitation functions of the '^HP2 sample. The ROI for the 181.5 keV impurity line 
provided a convenient indication for the null effect. 

The most pronounced evidence for 
NEET is shown to the left. Raw data are shown 
in the form of counts collected in ROI(216.7) 
during 60 s periods of irradiation. The energy 
of the SR x-rays was incremented in 3 steps of 
0.5 eV each during those periods. The intervals 
over which total counts were collected for entry 
into Table I are indicated. The corresponding 
feature at the L3 edge for photoionization was 
examined in 0.5 eV steps with 50 s duration 
repeated 4 times. The results are shown to the 
right in terms of fractional increases over the 
average counting rates observed at the lower 
x-ray   energies  just   below  the   L3   edge. 
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Numerical values of the counts are reported in Table I. 

From the data of Table I the cross sections, 
a for excitation can be readily expressed as a=fA/F; 
where f is the fractional enhancement over 
spontaneous emission, A is the rate coefficient for 
spontaneous emission (A = 7.09 x 10"10 s"1), and F is 
the irradiating photon flux. Values of flux were 
taken from the above figure and were corrected for 
the absorption from the encapsulation. For the 
3-sample target at 12° inclination, the effective 
average fluxes over the activity for the SR energies 
shown in the adjacent figures, respectively, were 
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reduced from multiplication by 0.72 and 0.58. Resulting fluxes and cross sections are summarized in 
Table II. As seen, the confidence factors exceed 4a for all 3 measurements reported in this work. 

TA1JI.I." I. Coni|wirison of ehe gamma emission from isomcric Hf nuclei and from impurities in the largc-i. Data 
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irradiated with "Haseliur" energies proximate tu lliose ill the structure. 
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TAUI.E II.   Integrated cross sections obtained for the three structures for excitation of the 1'*Hr",J jsomcric population hj- 

NKKT. 

Featurr KIT. Photon flux 
(Clll_3S_l) 

Enhancement 
f 

Cross section 
(cmJ) 

L       Al., 1.2x10" 0.030 ( 0.0073) 1.77( 0.43)xl0-JJ 

L]    AK, 1.2x10" 0.033 ( 0.076) l.95( 0.451x10"" 

4 2.7x10'" 0.012 ( 0.0028) 3.15( 0.74)xl0_" 

The photoionization cross section at the L, edge is 7.5 x 10~20 cm2, so these excitation bands 
represent about 2 x 10"3 of the photoionization probability. Though large, such a value still conforms 
to the upper limits for NEET of a few x 10"3 calculated [6] for neighboring nuclei. The work reported 
here appears to extend the first proof of the NEET process for nuclear excitation to the isomeric 
nucleus '"Hf"2. Particularly notable is that in this case of isomer excitation, probabilities approach 
the theoretical maxima of a few x 10"3 for L-shell photoionization. 
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Excitation of the New Line by NEET 

Further confirmation of the excitation of 
the new line originally found in coincidence 
measurements was obtained during the use of 
the synchrotron radiation source, SPring-8 to 
irradiate samples of 178Hf isomers at 
considerably greater intensity. The adjacent 
figure shows the clear appearance of the "new" 
line   in   single-photon   spectra   [4].      The 
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enhancement is sufficient to determine the transition energy to be 129.4 keV in agreement with the 
results found in the coincidence work described above. 
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SIGNIFICANCE OF ACCOMPLISHMENTS 

The greatest significance of the accomplishments realized with support from this Grant was 
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that the excitation function for triggering the '"Hf2 nuclear spin isomer was examined for the first 
time. Prior to this year triggering had been done only with broad-band x-ray sources which emitted 
a continuum of x-ray energies. This year we succeeded in triggering samples of mUfn2 nuclear spin 
isomers with narrow-band, tunable x-rays obtained from the most powerful synchrotron radiation 
source in existence, Spring-8 in Japan. Two measurement series were made possible by the grant 
from the Japan Synchrotron Radiation Research Institute (JASRI) of beamtime having substantial 
commercial value. In the first series we tuned through the range of x-ray energies from 9000 to 
13,000 eV in 5 eV steps to locate the particular energies for which triggering occurred. In the second 
we tuned with much higher resolution of 0.5 eV through the regions of greatest interest. 

The most significant result was that we found that more than 90% of the triggering of the 
mj|fm2 nuggar Spm iSOmer occurred for x-ray energies corresponding to the L-shell edges for 
photoionization of the electrons surrounding the nuclei. This indicated the mechanism for triggering 
was the NEET process predicted in 1993 by Ho, but subsequently forgotten. He predicted that a 
branch of the order of a few x 0.1% of the probability for photoionization was available for 
transferring electron excitation into nuclear excitation, but he could not predict whether it would be 
realized in some actual case. In 2000 with the same synchrotron, Kishimoto showed for the ground 
state of 197Au that 0.000005% of the photoionization events branch into nuclear excitation, a very 
small fraction of theoretical upper limits. For nuclear spin isomers the coupling is far better and we 
found 0.2% probability for the branching of photoionization of Hf electrons into nuclear excitation. 
In this case the potential of the process was fully realized. This result with tunable synchrotron 
radiation confirms all previous results we obtained in earlier work. 

Simply, ionizing L-shell electrons of172!!/"3 nuclear spin isomers has a 0.2% chance for 
triggering the release of the stored energy of the nucleus. Since there are many straightforward 
ways to ionize atoms, this result strongly encourages most application strategies. 
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Appendix 1 

Reprint of the Manuscripts 

"Comment on 'Search for X-Ray Induced Acceleration of the Decay of the 31-yr Isomer of 
,78Hf Using Synchrotron Radiation'," 

by C.B. Collins 

Submitted to Phys. Rev. Lett. 

'Comment on 'Search for X-Ray Induced Acceleration of the Decay of the 31-yr Isomer of 
I7*Hf Using Synchrotron Radiation'," 

by A. C. Rusu, N. C. Zoita, and F. Davanloo, 

Submitted to Phys. Rev. Lett. 
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■i "Search for X-Ray Induced Acceleration of the 

yr Isomer of 178Hf Using Synchrotron Radiation" 

C. B. Collins 

Center for Quantum Electronics, Univ. of Texas at Dallas, P.O. Box 830688, Richardson, TX, 

75083-0688 

(August 15, 2001) 

In a recent Letter [1] Ahmad et al. reported an attempt to accelerate the decay of the 

31-yr isomer of 178Hf by exposing a sample to the "white" beam of x-rays from a tapered 

undulator insertion device at the SRI-CAT 1-1D beamline of the Advanced Photon Source 

(APS) at Argonne National Laboratory. Such an acceleration of the decay of that isomer as 

the result of exposure to Bremsstrahlung continuum had been previous detailed [2]. 

Utilizing 60 h of beam time, a target containing approximately one order-of-magnitude 

more 178Hf isomeric population, and about 4 orders-ofTmagnitude greater spectral flux den- 

sity of x-rays than used in any preceeding work; the experiment of Ahmad et al. [1] failed to 

produce any acceleration of the spontaneous rate of decay. They concluded that all previous 

work had been in error by 5 orders-of-magnitude. 

The analysis of Ahmad et al. [i] was based entirely upon computations of the complex 

irradiation environment and upon estimations of the target parameters. No fiducial mea- 

surements of flux were made in even the most critical energy range below 20 keV [2] where 

the spectral flux density was computed to vary with a gradient of an order-of-magnitude 

per keV. 

The activity in the target had been chemically extracted from a beamstop with an original 

concentration of about 10-9, but no assay of the resulting yield was presented nor were any 

measurements made of potential contaminations of the final activity by heavy metals. The 

collateral burden of ground state Hf had to be about 104 times the activity and that alone 

must have caused attenuation within the 1.6 mm thick target of over 9 orders-of-magnitude, 



although this was not anticipated even in the computation. The purpose of the Comment 

is to present evidence for a conclusion alternative to that published by Ahmad et al. [1]. 

Recently, another sample 178Hf isomeric nuclei was exposed for a total of 120 h to the 

tunable beam of x-rays from a bending magnet inserted in the BL01B1 beamline of the 

SPring-8 synchrotron radiation, SR source [3]. X-ray energies were tuned through the 

range 9 to 13 keV with 0.5 eV resolution and interesting regions were reexamined in a 

confirming experiment conducted weeks later. All fluxes and target parameters, such as 

absorption coefficient, were continuously measured with ionization chambers placed along 

the beam line, before and after the target. Nothing was calculated and all measured values 

were traceable to standards. Typical performance is shown in Fig. 1. 

Excitation of the isomeric nuclei by transfer of energy from the surrounding electrons, 

NEET, [4] was observed to lead to the exoergic emission of characteristic 7-rays of 178Hf. In- 

tegrated cross sections were extracted from the data with the expressions of Ahmad et al. [1], 

in this case using only measured values. Results for cross sections integrated over only two 

intervals of 50 and 400 eV, respectively are shown in Fig. 2, together with "upper limits" 

proffered by Ahmad et al. [1]. The "upper limits" appear at least five orders-of-magnitude 

too low and vitiate arguments based upon those limits that all previous measurements were 

in error. 
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FIGURE CAPTIONS 

Fig. 1- Irradiation environment, (a) Absorption coefficient of the SPring-8 target measured 

in-line as a function of SR energy during different irradiations, (b) Measured values 

of SR flux. 

Fig. 2- Upper limits on integrated cross sections for 2 undulator settings reported in Ref. 1, 

together with SPring-8 results identified by the nominal spectral feature over which 

cross sections were integrated. 
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Comment on "Search for X-Ray Induced Acceleration of the Decay of the 
31-yr Isomer of l78Hf Using Synchrotron Radiation" 

Recently, Ahmad et al. [1] described their unsuc- 
cessful attempt to stimulate the decay of the 31- 
yr isomer of 178Hf. They were trying to reproduce 
what previously was reported [2] in this field. Thick 
targets (1.6 mm thickness), containing 1015 isomeric 
nuclei, were exposed to a "white" X-ray beam at the 
SRI-CAT 1-1D beam line of the Advanced Photon 
Source (APS) at Argonne National Laboratory. No 
evidence for an X-ray induced acceleration of the 
decay was observed; and so the energy-integrated 
cross section for the process was supposed to be more 
than 5-orders of magnitude below values previously 
reported [2].   The authors presented no estimates 

of erxor. fir uncertainty in their work. The purpose 
of this Comment is to estimate the errors of Ah- 
mad et al. [1]. Our calculations are based on the 
SHADOW code [3] used also at APS [4]. The in- 
put data were the parameters reported by [1] and 
specified by APS technical notes [4]. The integrated 
flux spectrum without tapering is presented in Fig. 
la, for the case of a 20 mm gap (A' =0.965) and a 
2.3 x 10~° sr pinholc aperture corresponding to thr 
target surface located at 37 m from the undulator. 
The flux broadened by tapering (Fig. lb) had to bo 
corrected for about 7 m air absorption, according to 
description of the 1-ID beam line. 
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One can immediately see in Fig. lc that the re- 
sulting shape of the flux incident upon the target is 
similar with that calculated in [1], but is one order 
of magnitude smaller. Moreover, in [1] there was 
no discussion of the real sample composition even 
though self-absorption in the target could be very 
strongly dominated by residual heavy metals carry- 
ing the chemically separated activity. Without this 
critical data, we could use only the photon absorp- 
tion of the Al additive. The expression (2) from [1] 
was corrected for low energy photon absorption (<r 
= d p n e A / T / 4>) and the resulting sensitivity 
at 8 kcV is 2 x 1Q-23 cm2kcV instead of 5 x 10~28 

cnrkeV (the latter value having been presented in 
[1] as the sensitivity of measurement for the same 
energy). There is a three order of magnitude differ- 
ence in that case. 

In summary, probable errors in the work of Ah- 
mad et al. [I] of at least three orders of magnitude 
arise from values of the incident flux and absorp- 
tion in the target from just the Al binder. Addi- 
tional orders can be reasonably expected from ab- 
sorption caused by residual heavy metals associated 
with the activity. Such elemental composition and 
homogeneity of targets are critical especially for low 
energy photon interactions since a strong absorption 
on r thick" targets completely compromises such an 
experiment. Moreover, the fact that the use of well 
established modelling techniques produces results so 

different from those of Ahmad et al. [1] raises some 
real questions about the exclusive use of modelling 
tools for quantitative analyses without also using ex- 
perimental techniques for renormalizing, or at least 
for checking the final results for systematic errors 
and/or some over-simplicity of the models. To be 
significant, the experiment [1] needs to be repeated 
with careful absolute measurements of the photon 
flux and use of a target optimized for transparency 
below 20 keV. 

C. A. Rusu, N. C. Zoita, and F. Davanloo 
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