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Proton-induced x-ray studies of selected monazite grains show no evidence for primor-
dial superheavy elements. It is demonstrated that the recently reported evidence for su-
perheavy elements in monazite inclusions in biotite mica showing giant halo formation is
due to a misinterpretation of the observed x-ray spectra.

Crystalline monazite inclusions showing giant
halo formation in biotite mica were recently in-
vestigated by Gentry et al.! by the method of pro-
ton-induced x-ray emission. The resulting x-ray
spectra have been interpreted as evidence for pri-
mordial superheavy elements with Z=116 (or
127), 124, and 126; the deduced abundances of
these elements in the inclusions are of the order
of 102 to 10° ppm.,

In an attempt to verify these results, we have
performed a systematic investigation of monazite
crystals (typical grain diameters =1 mm) from
different occurrences by means of ion-induced
x-ray analyses with a low-energy proton beam of
E,=2.0 MeV. In particular, we investigated some
of the monazite grains (referred to as M1) left
several years ago by Dr. Gentry at the disposal
of Professor Kirsten of Heidelberg; according to
Dr. Gentry, these grains were picked up in the
vicinity of a biotite layer where some giant halos
were found.? From the intensity of the character-
istic x-ray lines (Fig. 1), it can be deduced that
the chemical composition of the monazite grains
M1 agrees, except for a difference in the uranium
content of =50%, with that of the normal and giant
halo inclusions investigated by Gentry et al.!; this
result is expected for monazite crystals from the
same ore body. However, no evidence for pri-
mordial superheavy elements in the monazite
samples M1 or in all other monazites investigat-
ed has been found. The detection limit for ele-
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FIG. 1. (a) X-ray spectrum observed in the bombard-

ment of the monazite grains M1 with a 2-MeV proton
beam using a 3-mm-thick Si(Li) detector, a lead colli-
mator, and an aluminum absorber of 0.7 mm. (b) The
gap region of the spectrum shown in (a) between 21 and
30 keV, The dashed line represents the expected Lo,
line of element Z =126 assuming an abundance as quot-
ed in Ref, 1 for this element in giant halo inclusion 19
D. Pile-up peaks are expected around 25.9, 28.5, and
29.2 keV,

1515



VOLUME 37, NUMBER 22

PHYSICAL REVIEW LETTERS

29 NOVEMBER 1976

Ey(keV)
26 27 28 29 26 27 28 29 26 27 28 29
2500;_[ T T T _'I T T T T 1 T T T ]
? Ep=5.0MeV o Ep=57Mev o Ep=70Mev .
w | .
Z 20001~ T w7 2723 keV O
< o* . o’
E) 27.23 keV o NBYY | ., -
w 15001 e ) IR
« 009t b o0%s 000 (Raed
w heoten,®t * |
% 1000} ; o} -
%) o o | %0 509
2 4 000 oopgposc™ | g
8 500 “oogooco%ooo%%oo"% ° 0%00060% Lf’oc%"@?oo e -
(&) |
|
fo ! ! L1 | - ] il
7700 1800 1900 1700 1800 1900 1700 1800 1900

CHANNEL NUMBER

FIG. 2. Portions of the x-ray spectra obtained at
three different proton energies from the monazite
grains M1 and a thick Ce,0, target using a 3-mm-thick
Si(Li) detector and a 0.7-mm-thick aluminium absorb-
er. All spectra were normalized to equal intensities of
the Ce K ,line measured for the monazite at E, =5.0
MeV.

ments around Z=125 was of the order of 100 ppm.

In similar experiments performed at higher
proton energies (E,>5.0 MeV, a y-ray line at £,
=27.23 +0.04 keV has been observed, which also
appears in the x-ray spectra obtained by bom-
barding a thick cerium target (Fig. 2). Thisy
ray, being observed recently also by Fox et al.®
in the proton bombardment of an isotopic enriched
40Ce target, is very likely due to the y decay of
the first excited state of '“°Pr (Peker, Sigalov,
and Kharitonov?*) produced in the reaction '*°Ce(p,
n) 19Pr*; within experimental errors, its energy
is identical with the energy of the line tentatively
interpreted in Ref. 1 as being due to the La, X ray
of element Z=126. The intensity ratio observed
at a proton energy of £,=5.7 MeV for the mona-
zite grains M1 as well as for the thick Ce,O, tar-
get amounts to 1(27.23 keV):I(Ce Ka,,)=(2.5+0.5)
X107,

In view of our negative result as to the pres-
ence of superheavy elements expecially in the
monazite crystals M1, and because of the occur-
rence of a y-ray line for proton energies E, <5
MeV which may interfere with the observation of
the L, line of element Z =126, we re-examined
the x-ray spectra for the normal and giant halo
inclusion published in Ref. 1 and came to the fol-
lowing conclusions: (i) There are no statistically
significant differences between the structures ob-
served in the “gap” region between E =23 keV
and E, =29 keV of the x-ray spectra obtained for
the normal halo inclusion 19 B and the giant halo
inclusion 19 D [ Figs. 1 and 2(a) of Ref. 1; the
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spectra were recorded using a proton beam of E,
=5.7 MeV?3|. The differences quoted in Ref. 1 are
due to the normalization of the underlying back-
ground, which is unjustified since there is no rea-
son to assume that the background in the gap re-
gion for 19 D is equal to that for 19 B if the two
spectra are normalized to equal counts in the La
Ko lines. In fact, the differences disappear if the
background in the gap region for 19 D is assumed
to be enhanced by 6-8% compared to the back-
ground observed for 19 B. Such an increase of
the background is consistent with the background
enhancement observed at x-ray energies < 50
keV (see Fig. 1 of Ref. 1). Note, furthermore,
that Fig. 2(c) of Ref. 1 is obviously inconsistent
with Figs. 1 and 2(a) of Ref. 1. (ii) If the back-
ground is property subtracted, the intensity of the
line around 27.2 keV observed by bombarding the
giant halo inclusion 19 D as well as the normal
halo inclusion 19 B with 5.7-MeV protons is of
the order of 300 counts, which is in agreement
with the estimated intensity of the 27.23-keV line
from the y decay of '*Pr* using the measured in-
tensity ratio 1(27.23):1(Ce Ko, ,) and considering
the finite thickness of the monazite inclusions as
well as the slightly different detection efficien-
cies. Thus, we conclude that the 27.23-keV line
which constituted the main evidence for primordi-
al superheavy elements in giant halo inclusions’
has to be ascribed to the reaction '%°Ce(p, ny)'"*°Pr.
This conclusion is in disagreement with that of
Ref. 3 which states that this y ray is too weak to
change significantly the results of Ref. 1. How-
ever, their intensity argument is based on the
analysis of Ref. 1 where the intensity of the 27.23-
keV line is grossly overestimated because of the
unjustified background subtraction. All other
structures in the gap region are either not satis-
tically significant or can be interpreted without
stretching the point as K x rays of known ele-
ments.

Therefore, we conclude that the experiments
of Ref. 1 do not present any evidence for the exis-
tence of superheavy elements in nature.®

We wish to acknowledge the permission of Dr.
Gentry, Oak Ridge National Laboratory, to use
the monazite samples M1 for the present investi-
gation. We are, furthermore, indebted to Profes-
sor Herrmann, Mainz-Darmstadt, and Professor
Ramdohr, Heidelberg, for stimulating discus-
sions.

'R. V. Gentry, T. A, Cahill, N. R. Fletcher, H. C.
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’In contrast to his former information, Gentry recent-
ly informed us that the monazite samples (M1) are from
the same ore body, but more than 10 km away from
where the biotite with giant halos have been found,
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6A more detailed account of our investigations will be

published elsewhere.

Commensurate Ordering in Tetrathiafulvalene-Tetracyanoquinodimethane
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Is is suggested that the first-order instability in tetrathiafulvalene-tetracyanoquinodi-
methane [(TTF)-(TCNQ)] at 38 K is related to the fourth-order umklapp coupling which
concerns the wave vectors of the star involved in the three-dimensional periodic order-
ing. Within the anharmonic TCNQ interchain-coupling model, we predict that the config-
uration of chain deformation changes abruptly at 38 K, provided that this coupling is at-

tractive.

The recent structural investigations® on (TTF)-
(TCNQ) have revealed the existence of a peculiar
three-dimensional ordering of the Peierls de-
formations (g,=0.295b*) in the temperature range
between 54 and 38 K.

Between 54 and 49 K, the most unstable wave
vector has a component in the direction of alter-
nating chains equal to a*/2; below 49 K, this
component starts to decrease. This effect was
thoroughly discussed in the recent work by Bak
and Emery,? where it was attributed to the bilin-
ear coupling of the intrinsically different Peierls
deformations on TCNQ and TTF chains. A simi-
lar explanation was also mentioned. but only
briefly, in an earlier paper by Saub, BariSié,
and Friedel.® Here we accept such an interpreta-
tion of the 54-K and 49-K transitions, but for the
third transition at 38 K we wish to suggest an al-
ternative explanation to that proposed in Ref. 2.

At 38 K, g, jumps to the commensurate value
g,=a*/4 and remains pinned to this value at low-
er temperatures. In Ref, 2, this effect was at-
tributed to the fourth-order umklapp coupling in
which the (a*/4, ¢,) wave on TCNQ chains, taken
to the third power, is umklapp-coupled to the (a*/
4, -3¢q,) wave of the TTF chains. However, the
full crystal symmetry also allows the fourth-or-
der umklapp coupling of the waves involved in the
star (+a*/4,+q,) [Fig. 1(a)]. In principle, four
coupled waves can belong either to TCNQ or to
TTF chains and mix together in the fourth-order
invariants, Obviously, this alternative does not
imply any additional scattering at 38 K such as
that expected at -3¢,=0.115b* for the mechanism

of Ref. 2.

We have performed the actual calculations in
the model which retains only the coupling of the
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FIG. 1. (a) The star of wave vectors (xq,,tq,).
(b) The phase-shift chain deformations corresponding
to the solution with only two waves ¢,,¥* being diffe -
rent from zero. (c) The “amplitude-wave”’ configura-
tion involving all four waves in the star with the same

amplitude,
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