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the chiral quantum numbers of a mass term for
the g particle. Comparison with the actual value
of the g mass is not yet possible because of the
infrared divergences in that theory.

The author would like to thank S. Coleman,
R. Jackiw, S. L. Glashow, and all other physi-
cists of the Harvard theory group for discussions.

Note added. —In Eq. (22) the isospin indices
have been suppressed. The isospin structure of
this expression, however, is more complicated
than the compact notation suggests. There is al-
so a power of the coupling constant g in front of
the exponent. The full details will be published
soon.
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Microscopic crystalline monazite inclusions showing giant halo formation in biotite mi-
ca have been analyzed by the method of proton-induced x-ray emission. The observed
x-ray energy spectra are best explained by the presence of a number of superheavy ele-
ments.

Radiation damage induced by alpha-particle de-
cay of uranium and thorium isotopes and daughter
products can generate spherical halos that image
the known energies of the alpha groups when such
materials are contained in microscopic inclusions
in transparent materials such as mica. ' While
intensive studies of giant and other halos in cer-
tain micas' suggest a chemical origin for some,

giant halos (GH) have been found which exhibit
three-dimensional structure. This implies a ra-
dioactive origin, in which case the halo radii
would require o. energies up to about 14 MeV.

This work reports recent investigations of nor-
mal uranium/thorium halos and giant halos through
the use of ion-induced x-ray analysis with low-
energy proton beams. ' ' The experiment was de-
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FIG. 1. X-ray pulse-height spectra from the uran-
ium/thorium inclusion 19B and from giant-halo inclu-
sion 19D. The x-ray "window" is shown in the channel
number region 880 to 500.

12

signed around detection of I. x rays from ele-
ments between Z = 105 and Z = 134, as an x-ray
window exists in the spectrum between the last I
transitions of uranium, 21.54 keV, and the first
E transitions of the rare earths, 33.03 keV, as
shown in Fig. 1. The use of I. transitions is also
advantageous because the energies can be accu-
rately predicted and the cross sections for pro-
ton-induced ionization are large.

Protons of 4.7 and 5.7 MeV from the Florida
State Vniversi. ty tandem Van de Graaff accelera-
tor mere prepared in beams of effective diameter
of about 30 pm through the use of quadrupole mag-
nets and collimation. ' A Si(Li) x-ray detector
was used, with energy calibration achieved through
the use of standard sources, known elemental tar-
gets, and known elements occurring in the inclu-
sions. Stability of + 9 eV was maintained, while
absolute accuracy was maintained to + 20 eV. The
entire system has undergone numerous valida-
tions of precision and absolute accuracy. '

Runs were performed on six inclusions with
giant halos, five inclusions with uranium/thorium
halos, biotite mica foils, two giant halos with in-
clusions removed, and numerous thin-foil stan-
dards of relevant elements. While test foils pro-

vided useful confirmatory information, the most
severe tests involved comparison of the inclu-
sions without giant halos mith those that pos-
sessed them, as these inclusions mere very sim-
ilar in composition and should possess similar
x-ray and gamma-ray structure (see Fig. 1).
Analysis for all elements, phosphorus and heav-
ier, in both of these inclusions and others, has
provided qualitative confirmation of elemental
similarities in all inclusions studied to date.

Examination of the spectral region from 22 to
31 keV reveals systematic differences between
the GH inclusions and the U/Th inclusions. While
this region is always structureless for U/Th in-
clusions, x-ray peaks appear in spectra from GH
inclusions. Figure 2 shows comparison between
the three inclusions from mica chip 19. In (a,),
spectra from inclusions 19B (U/Th halo) and 19D
(GH) are presented, as is a smoothed background
derived from inclusion 192. All spectra have
been normalized to equal yields of La Kn x rays.
While the smoothed background and the spectrum
from inclusion 19B are statistically equivalent,
structure is apparent in the spectrum from inclu-
sion 19D. Locations of Xn, and KP, x rays from
known elements' and predictions' for Ln„LP

„

and LP, x rays from superheavy elements are
shown in Fig. 2(b). Figure 2(c) shows the spec-
trum of the U/Th inclusion 19B after subtraction
of a standard smoothed background derived from
inclusion 19A, normalized to the spectrum from
inclusion 194 shown in Fig. 2(d). In Fig. 2(e), a
similar subtracted spectrum is shown for inclu-
sion 19D.

Effects associated with x-ray detection (sum
peaks, escape peaks, Compton edges, etc.) and
atomic processes (satellite lines from multiple
vacancy formation, radiative Auger emission, '
etc.) were investigated. All spectrum defects as-
sociated with x-ray detection are negligible,
while any significant atomic and nuclear process
should be equally observed using either type of
inclusion.

Searches, both experimental and theoretical,
for gamma rays mhich could explain the structure
in the spectra from GH inclusions have been neg-
ative. Careful consideration was given to all
known target components by means of runs on
foil targets and U/Th inclusions.

All statistically significant peaks mere consid-
ered in the region between 22 and 31 keV. Peak
locations mere derived from Gaussian fits with
fixed, measured widths for singlet lines and con-
voluted pairs for unresolved Ee&, doublets. Re-
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FIG. 2. Comparison of x-ray energy spectra in the
window region. The spectra from Fig. 1 are shown in
(a). The smoothed background shown in (a) was sub-
tracted, after normalization, to obtain the difference
spectra of (c), (d), and (e).

suits are given in Table I including an additional
inclusion, GH15.

Evidence for or against a potential elemental
source fall into three categories: (a) absolute
and relative energy differences between observed
and known or predicted lines; (b) intensity ratios,
known or predicted, ""between several transi-
tions arising from a given element; and (c) the
value of y' derived from fits to known and pre-
dicted transitions using known widths and shapes.

The evidence for the presence of element 126
generates a high level of confidence. The struc-

ture near 27250 eV is seen in five out of the six
giant halos, and closely coincides with the pre-
dicted location of the 126 I.o. , transition. In the
spectrum of GH15, the difference between ob-
served and predicted energies is +26+ 58 eV,
while in GH19D, it is —13+ 58 eV. Its full width
at one-half-peak maximum (FWHM) is close to
the observed width of singlet lines at this energy,
350 eV, and X' fits are good, 1.23/pt. for GH19D
and 0.31/pt. for GH15. Weak structure is seen
close to the predicted location of the 126 Lo., line
in GH15, with an approximately correct intensity
ratio. Alternative explanations of the structure
are improbable. The In Kp, transition can be
evaluated through the presence or absence of the
stronger In Kcr transitions, and no more than 5%
of the observed strength can thus be explained.
A Te Kn doublet would have an energy well dis-
placed from the observed peak, +173+32 eV in
GH15 and + 146+ 32 eV in GH19D, while its dis-
tinctive peak shape results in poorer y' fits, such
as 2.45/pt. in GH19D and 0.92/pt. in GH15. At
the location predicted for the Te KP, line, no
counts are observed in any of the inclusions. (An-
alyses of bulk monazites from the same ore body
by spark-source mass spectrometry" indicate
the absence of tellurium to & 2 ppm. ) Possible
assignment of 27250 eV structure to 115 LP, is
disallowed by the absence of the stronger 115 L~,
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at its predicted location.
The line at 27.73 keV can be attributed to ele-

ments 116 (LP,) or 127 (Ln, ). The evidence for
the presence of element 116 is based upon the
simultaneous presence of two transitions, 116
Ln, and 116 LP„eachwithin one standard error
of its predicted energy (Fig. 2). Each line close-
ly coincides in FWHM and peak shape with a sin-
glet x ray, )i'=0.6/pt. and 1.12/pt. , respectively,
in GH19D. However the intensity ratio is a fac-
tor of 4 away from predicted values, although
background subtraction questions make such cal-
culations difficult. A preferable alternative for
the 27.73-keV line is the L,cv, transition in 127.
This provides a better )i' for the peak, 0 56/.pt
and considerable 127 content would bring the 116
Ln, /LP, intensity ratio into accord. Alternative
explanations for a major contribution to the line
at 27.73 keV are improbable. The Rh Kp, could
provide strength at the 116 Lo, location, but ab-
sence of the stronger Rh Kn lines limits contri-
butions from this source to a few percent. The
Te Kn doublet is well displaced from the 116/127
location, —321+42 eV, the Te KP, is not observed
(- 2+ 115 counts), and its distinctive peak shape
is not in accord with the Gaussian shape of the
line, )f' = 2.8/pt.

The evidence for the presence of element 124
is less strong than that for 126 because of the
possible presence of the Ke, , line of Sb. Struc-
ture at the location 124/Sb, near 26 300 eV, is
seen in three of the six GH inclusions and never
in the five U/Th inclusions. The energy predict-
ed for the 124 La, provides a good match to the
observed energies, —15+ 54 eV for spectrum
GH19A-2, and the observed FWHM, 355 eV, is
close to that of a singlet x ray at that energy,
350 eV. The y' for a fit to the 124 Ln, line is
0.5/pt. At the predicted location of the 124 Lot,
line, excess counts are present in GH19A-2, 41
+ 40 counts versus a predicted 50+ 5 counts.

The Sb E6» doublet matches the energy of the
line in GH19A-2 reasonably mell, —47+ 23 eV,
but the characteristic shape and FWHM of 492 eV
result in a poorer y', 1 78/pt W.eak ev. idence
against the presence of Sb is contained in the ab-
sence of the Sb KP, peak. Sb is not seen in bulk
monazites from the same ore body to & 2 ppm, as
analyzed by spark-source mass spectrometry, "
while secondary ion mass spectrometry on other
GH inclusions likewise has not indicated any sig-
nificant amount of this element. " Possible ex-
planations of the 124/Sb line by the 106 LP, and/
or the 113 LP, suffer from poor agreement in en-
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ergy, and the predicted 106 LP, is not observed.
The Cd KP, x ray could provide counts at the lo-
cation of the 124/Sb line, but absence of the
stronger Cd Kcy, line limits such contributions to
11+15 counts in GH19A-2. Weak structure at
the location of either the 114 LP, or the 125 Lo. ,
structure is seen in some of the giant-halo inclu-
sions.

Using extrapolated cross sections for ion-ex-
cited x rays, "the mass of superheavy elements
present in monazite inclusions showing giant
halos could be as high as several hundred pico-
grams. Improved control of the ion-beam optics
should allow more detailed studies to be made of
giant-halo inclusions, including those used in the
present study, which should confirm or deny the
evidence for superheavy elements.
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Experimental Determination of the Charge Density of the Bond-Forming Electrons in N2$
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High-precision total differential scattering cross sections for 40-keV electrons incident
on N2 have been measured. In order to observe binding effects in the scattering cross
sections, the data have been compared to a theoretical set of intensities based on scatter-
ing from noninteracting nitrogen atoms placed in the proper geometric relation. The re-
sulting difference function has been Fourier transformed according to the procedures de-
scribed by Kohl and Bartell. The charge-density-difference map which is the result of this
deconvolution process is compared with the Hartree-Pock model.

During the last few years, a new electron dif-
fraction unit utilizing counting techniques has
been designed and built at the University of Tex-
as at Austin. The unit was conceptually based on
a unit described by Fink and Bonham' and by Bon-
ham and Fink' and will be described in detail in
another publication. ' Two major improvements
have been achieved; the present uncertainty in
the scattering angle is +2 arc sec, and the scat-
tered intensity is recorded with an average of
O. i%%. The resulting data for 40-keV electrons in-
cident on N, are of sufficient accuracy to warrant,
for the first time, a critical comparison between
theoretical predictions of bonding-electron rear-
rangement in molecules and the corresponding
experimental results. An experimental charge-
density map showing this bonding-electron rear-
rangement has been constructed, and is corn-
pared to the Hartree-Fock model (which appears

to be inadequate to describe certain features
found in the experimental charge-density map).
Even if the necessary assumptions in the develop-
ment of the charge-density map prove to be faulty,
future theoretical charge densities, when trans-
formed to scattering cross sections, can be di-
rectly compared to the present data.

Experimental scattered intensities, generally
expressed in terms of the Rutherford cross sec-
tion as s'I(s), may be compared to theory by sub-
tracting the scattered intensities predicted by the
independent-atom model (IAM), i.e., the scatter-
ing from a molecule made of noninteracting atoms
in the proper. geometric arrangement with vibra-
tional and rotational averaging taken into account.
The difference between the experiment and the
model calculation is called a ho function and can
be expressed theoretically for I, in terms of the
atomic charge densities as

ba(s) = (wap )s (I,„-I,h„,)= —2Z f r AP(r)jp(sr) dr+ J r &P,(r)j p(sr)dr,

where s = (4w/X) sin8/2 is the momentum transfer, Z is the atomic number, and b p(r) and b p, (r) are
the radial parts of, respectively, the electron-nuclear and electron-electron charge-difference func-
tions reflecting the rearrangement of the charge densities when the chemical bond is formed.

The transformation from the momentum space in which the cross section is determined to real space
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