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INTRODUCTION AND SUMMARY

This report covers unclassified work of the Physics Division for the
period September 20 to December 20, 1950. The classified section of the
Physics Division Quarterly Report appears separately (ORNL-939).

The additions to the research staff in the Physics Division are Drs.
M. K. Wilkinson (Neutron Diffraction), L. A. Rayburn (Neutron Diffraction),
S. Tamor (Theoretical Physics), H. B. Willard (Accelerator Group), and P. M.

Stier (Heavy Ion Research).

Neutron Diffraction. Utilizing the fact that electronic and nuclear
scattering are very nearly equal in the (220) reflecéion from Fe, 0, it has
been possible to obtain neutron beams with essentially 100% polarization. It
has also been demonstrated that the Fe,0, lattice shows antiferfomagnetic

coupling.

. ¥ ©
The coherent and total scattering cross sections of N'* have been measured
and their approximate equality (9.1 and 10.3 barns) shows weak spin dependence

of the nuclear forces in this case.

Nuclear Alignment program. Preparations are being made to utilize the
100% polarized neutron beams to detect possible changes in the manganese cross
section due to nuclear alignment. An a-c field is being utilized to flip the
direction: of the polarized neutron spins. Measurements of the entropy of
manganous'ammonium sulfate as a function of field and temperature have been
carried out as an aid in determining the degree of nuclear alignment. Accord-
ing to preliminary results, hafnium shows no superconductivity in the region
0.16 < T < 4.2, contrary to the resultstof Kirti and Simon. Further investi-

gation with hafnium of higher degree of purity is planned.

Short-period Activities. From internal conversion measurements the
205-Kev ¥ from erbium (2.5 sec) has been classified as (most probably) electric
dipole or quadrupole, in serious conflict with the interpretation resulting
from half-life data. /f- and Y-ray studies in the decay of Ag!®8% have been
made and a decay scheme has been proposed. Confirmation of Siegbahn’s assign-

ment of the 24-sec period to the ground state of Ag!!® has been obtained.



Short-lived ysomers. The half-life of the isomeric state of 7605186,
which emits a 137-Kev 7, has been measured and found to be 8 X 10710 sec.
Both the half-life and internal conversion data are consistent with electric

quadrupole radiation.

Physical Electronics. Long-lived Cadmium, The half-life of the long-
period activity in Cd''3 has been remeasured. . The new value, 3.5 £ 0.5 years,

necessitates a change in the activation cross section to 0.20 £ 0.0l barn.

Todinel31, Data from y-y and B-y spectra lead to a consistent decay

scheme with three B-chains leading from I'3! to the ground state of Xel3! via
the emission of six ¥ rays. The Fermi plot for the B’s in coincidence with
the high-energy ¥’s, after correction for 80-Kev radiation, is fairly st raight

and gives an end point of 255 * 10 Kev.

Hollow-crystal Spectrometer. Preliminary results obtained seem to
promise satisfactory perfofmance in reducing distortion due to extraneous

radiation as well as reduction of scattering losses.

Acceleration program. JImprovements in pulse-height selector, collimator,
and monitoring of the beam energy have been effected and the y-ray spectrum
from protons bombarding B!' has been obtained. The angular distribution of
the ¥’s in the neighborhood of one of the peaks in the spectrum shows definite

anisotropy.

Stable Isotope Cross Sections. Thermal-neutron cross sections have been
measured with the pile oscillator for a total of 22 stable isotopes of the
elements Mg, Si, Ti, Se, and Te.

Neutron Electric Dipole Moment. The upper limit on the effective charge
separation (neutron moment divided by electron charge) has been reduced to

3 x 10°*° ¢m by recent results.

Theoretical pPhysics. A simple and admittedly crude model has been used
in an attempt to account for y-raywidthsas observedinslowmeutronresonancesu
The widths as calculated for magnetic dipole and eiectric quadrupole are in
reasonable agreemeht with observations but the electric dipole widths are too
large by a factor of about '105. This would be understandable if for some

reason electric dipole emission could not occur,

The problem of possible restrictions on the S-decay interaction has been

studied with the following results: (1) The symmetry in the B— spectra in the-



absence of a Coulomb field is automatically ensured by the Lorentz invariance
of the B-decay Hamiltonian and does not have to be ppstulated ad hoc as was
done by Tolhoek and De Groot; and (2) the restriction on the choice of inter-
actions made by Tolhoek and De Groot has no real foundation and 1s unnecessarily

restrictive.

The elastic scattering of atoms by atoms has been set up as a classical

orbit calculation. Numerical work is in progress.

Heavy-ion Research. Progress in instrumentation (rebuilding of 1on source

and construction of target assembly) is reported.



PUBLICATIONS

The following contributions by members of the Physics Division have
appeared in the open literature during the period September 30 to December 30,
1950:

1. "A Study of the Slowing Down Distribution of Sb!24 _.Be Photo-neutrons in
Graphite, and of the Use of Indium Foils," L. D. Roberts, J. E. Hill,
and G. McCammon, Phys. Rev. 80, 6-10 (Oct. 1, 1950).

2. "A 3 X 10°%-sec Isomeric State in

482-483 (Nov. 1, 1950).

153 '
s3EU }"* F; Kf McGowan; Phys; Rev, 8o,

3. "Photo-Disintegration Cross Sections of Deuterium and Beryllium for the
Gamma Rays of Sodium 24 and Gallium 72," A. H. Snell, E. C. Barker, and
R. L. Sternberg, Phys. Rev. 80, 637-642 (Nov. 15, 1950).

4. "A 1.7 %X 10°%-sec Isomeric State in

80, 923-924 (Dec. 1, 1950).

53Er1669"‘ F. K. McGowan, Phys. Rev.



1. NEUTRON DIFFRACTION

C. G. Shull E. O. Wollan
W. C. Koehler

Scattering Cross Sections of Nitrogen. Measurements of the total and
coherent scattering cross sections of nitrogen obtained from neutron dif-
fraction studies of ZrN have been reported in ORNL-159. The values reported
at that time, 4.6 and 6 barns, respectively, for the coherent and total
scattering cross sections, were suspect because of impurities in the samples.
It was found that the samples contained a large metal impurity, for which
corrections were made. Since these results, if accepted, imply a strong spin
dependence of scattering for nitrogen, it seemed important to obtain better
samples of nitrogen containing crystals and to repeat the measurement. Accord-
ingly, D. LaValle of the Chemistry Division prepared for us a pure sample of

potassium trinitride in ample quantity for neutron-diffraction work.

Potassium trinitride is tetragonal with a = 6.094 A and C = 7.056 A. The
four molecules of the unit cell all lie in the special positions(l) listed

below:

4 Kin 0, 0, 4; 0, 0, %: %, %, % Y%, %, Y4
4 Nin 0, ), 0; %, 0, 0; 0, %, % %, 0, 4%
8 Nin u, u+ %, 0; % - u, u, 0; u+ 4%, u, %; u, % - ou, %;

a, Vo -u, 0; u+ %, 0,0, Y% -u, u, % @, u+% 4%

with u = 0.135. Although this would ordinarily be an inconveniently large
cell for the application of neutron diffraction techniques, the structure
factors are such that five reflections are well resolved. 1In addition, the
ratio of three nitrogen centers to one potassium is favorable to the determi-

nation of the nitrogen cross section.

From the observed intensities in the (110), (002), (200), (112), and (211)
reflections and the previously measured scattering amplitude of 0.35 x 10-12
cm for potassium, the scattering amplitude for nitrogen is 0.851 x 10~!'? cm,

corresponding to a cross section of 9.1 barns.

(1) ‘Wyckoff, R. W. G., Crystal Structure, Interscience, New York, 1948.



Transmi§sion measurements on the same substance, after correction for ab-
sorption, .lead to a total scattering cross section of 10.3 barns for nitrogen.
Within the limits of the accuracy of the totdl cross section, little spin
incoherence is indicated. These values are in accord with the results of
A. W. MacReynolds, whose gas-scattering experiments (ORNL-782) were incon-
sistent with the previously reported lower values. We have also recently
learned of a measurement, as yet unpublished, at the Chalk River Laboratory

which is in agreement with the value of 9.1 barns.

Polarization of Bragg-reflected Ndutrons from Ferromagnetic Crystals, In
the last quarterly report a preliminary report was made on the polarization
produced in the neutrons scattered from ferromagnetic crystals. Some measure-
ments on the degree of polarization produced in neutron scattering from an
iron crystal (4% Si) were discussed, and it was shown that the polarization
analysis was rather sensitive to grain size and orientation effects in the
analyzing blocks. Since then we have obtained analyzing blocks of small grain
size and with essentially noorientation and we have looked at the polarization
produced in the (220) Fe O, reflection as well as that in the (110) Fe re-
flection. Theoretically the former should be 100% polarized and the latter
60% polarized according to the measured nuclear and magnetic scattering ampli-

tudes for these reflections.

A thin slice of Fe,0,, approximately 1 sq cm in area and 0.1 cm in thick-
ness, was cut along the (220) planes in a natural single crystal of magnetite.
This slice was magnetized in the gap of a permanent magnet (H = 4500 oersteds)
and a monochromatic beam of neutrons (A = 1.204 A) wa$ reflected from the (220)
planes with the crystal slice set in transmission orientation and with the
magnetization vector perpendicular to the plane of scattering. The degree of
polarization in the reflected beam was determined by passage through an ana-
lyzing block of polycrystalline iron which could be magnetized with a field of
8000 oersteds in the gap of an electromagnet. Single transmission measurements
were made of the analyzing block with the analyzing field off and on (with
field always parallel to the polarizing field in order to avoid any depolari-
zation of the neutron beam in the intervening space) for both the polarized
beam from Fe,O0, and for an unpolarized beam from a copper crystal. These
measurements permit evaluation of the degree of polarization after allowance
for depolarization effects in the analyzing block according to the formulas of
Halpern and Holstein. Analysis of the data showed the polarization in the

(220) Fe,0, reflection to be 100% within the experimental uncertainty of

10



perhaps 5%. This means that the relative intensities of the two neutron spin

states are in a ratio of at least 40 to 1.

Other crystal reflections are of interest as possible polarizing re-
flections. Some reflections from cobalt have very favorable amplitudes for
this purpose, but this material is difficult to magnetize and internal de-
polarization of the beam may result., The (110) reflection from an Fe crystal
is not too favorable for polarization purposes since by calculation the
expected polarization is only about 60%. We have studied this reflection with
an Fe crystal (4% Si) in the same fashion as for Fe3O4 described above and
find it to be about 41% polarized. This lower than calculated value could be
explained on the basis of extinction effects, depolarization, or silicon

impurity within the c¢rystal lattice.

The (220) Fe304 reflection is also interesting because the polarization
direction is just reversed from that obtained in the (110) Fe reflection,
This shows up in the sign of the singke transmission effect in the analyzing
block and results because only Fe®* ions at tetrahedral positions in the
magnetic lattice contribute to the intensity in the (220) Fe;0, reflection.
The iron atoms at the tetrahedral positions are coupled antiferromagnetically
to those at the octahedral positions, and, since the latter are in the majority
and consequently will be aligned in the applied field direction, the tetra-
hedral ions will be aligned antiparallel to the external field. The polari-

_zation observation constitutes direct proof of the antiferromagnetic nature of
the Fe O, lattice. Other Fe;0, reflections, also highly polarized, are normal

with respect to showing polarization parallel to the applied field direction.

It 1s possible by this method to produce a collimated beam of mono-
chrematic, completely polarized neutrons with an intensity of about 10°%
neutrons/sec. The beam can also be pulsed since the magnetization vector in
crystals of the ferrite series can be twisted around by high-frequency mag-

netic-field application.

11



2. NUCLEAR ALIGNMENT PROGRAM

S. Bernstein J. W. TB. Dabbs, Jr.
L. D. Roberts C. P. Stanford
T. E. Stephenson*

In the last two quarterly reports(lﬂz) an experiment was described for
the obserkVation of nuclear alignment in manganous ammonium sulfate. A total
of six experiments of this type were performed with inconclusive results, but
they did demonstrate that the experiment was a practical bne. To simplify the
equipment used, measurement of the temperature of the manganous ammonium sul-
‘fate and strong attempts to obtain maximum neutron polarization were not
attempted. Since temperature measurements were not made, it is not certain
that the manganous ammonium sulfate sample remained cold (~0.2°K) during the
entire activation of about 3 hr. Either a warming of the sample or a small

polarization could account for the smallness of the observed effect.

The logical next steps were then to install temperature measuring equip-
ment and to increase the neutron polarization to the maximum possible value.
As described in the last quarterly report,(é) nuclear alignment is observed
as a change in effective cross section of the aligned maganese nuclei when
the sample is activated with polarized as compared to unpolarized neutrons.
This observed change of cross section would be doubled if the aligned manganese
nuclei were activated first with neutrons polarized with parallel orientation
and then with antiparallel orientation. Work has been proceeding along each

of these lines.

The design of the temperature-measuring equipment presented some mechani-
cal problems which have now been solved, and shop work on this apparatus is

essentially complete; it will soon be installed.

In the above work, the neutrons were polarized by transmission through

magnetized iron. However, recent work by Shull and Wollan has demonstrated

*+ Relph Allen, en ORINS fellow from the Univeysity of Texms, hgs been eodded to the group.

(1) Bernstein, S., Roberts, L. D., legsy J. W. T., Jt., Capehart, J. B., Stephenson, T. E.,
#ud Stanfodd, e ¥, “Alighment of Nugiei,® Physics Division Quarterly Progress Report for Périod
Ending June 15, 1950, ORNL-zP2u p- 64 (Oct. 4, 1950).

(2) Roberts, L. D., Debbs, J.#W, T., Jr., Stephenson, T. E., Bernsteiu, S., Stanford, C. P., and
Cochren, L. W., "Neutron Physice &nd Low Temperatures, Nuclear Alighment,* Physics Division
Quarterly Progress Report for Period Ending September 20, 1950, ORNL-865, p. 32 (Jan. 8, 1951).

(3) Bernstein et al; op. cit., ORNL 782; Roberts et al., op. cit., ORNL 865.
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that much larger neutron polarizations may be obtained in beams refleected from

a magnetized magnetite crystal, and work along this line is being pursued.

The magnetite crystal mentioned in the last quarterly report has been
cut. The section we are working with at present is 4 mm thick and has a face
area of 12 sq cm. The (220) planes form the two crystal faces. The crystal
is mounted in the polarizing magnet so that the magnetic field is parallel to
the (100) direction. Preliminary tests using the Bragg reflected beam from the
(220) planes have produced a monocenergetic beam of about 5 X 10% neutrons/min

with high polarization. Study of the crystal is continuing.

In order to reverse the direction of neutron polarization in the neutron
beam, as mentioned above, the beam is subjected to an alternating magnetic
field perpendicular to a steady magnetic field after the fashion of Bloch and
of Ramsey and Purcell. The oscillator frequency is determined by the strength
of the steady magnetic field, and the amplitude of the oscillating magnetic
field is determined by the time spent by the neutrons in this oscillating
field. When the oscillating field is of proper frequency and strength, the
neutrons will absorb enough energy from the field to flip over or reverse
their polarization. Preliminary tests were made of the equipment with a
partially polarized heterogeneous -energy neutron beam. Results indicated the
need of increased amplitude in the a-c magnetic field. Tests will continue
with more oscillator power, monoenergetic neutrons, and higher neutron polari-

zation.

In the last two quarterly reports measurements of the entropy of manganous
ammonium sulfate in the temperature region below 1°K were discussed. The
results were in approximate agreement with appropriate theory: however, the
study extended down to a minimum temperature of 0.6°K only., and it was neces-
sary to introduce a surprisingly small value of the Debye characteristic
temperature. In the past quarter these measurements of the entropy have been
considerably extended, some 30 demagnetizations having been made covering the
temperature region from 4.2 to 0.15°K and a magnetic field region from zero to
6000 oersteds. The Debye characteristic temperature has been determined as
146 * 3°K, which is a quite reasonable value. All measurements in the region
covered are consistent within our experimental accuracy (1 to 5%, depending on

region) with the expression, in cgs units,

a T) 3 A(H2
S =R 1n 6 - — + 232R Sy fuk
1§ 2

2T
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where

a = 0.033R (specific heat constant)
6 = 146°K

A = 4,34 (Curie constant)

R = gas constant.

The T - T* correlation of Cooke(4) was used.

The above entropy function would be expected to hold rigorously only at
such values of (H, T) at which saturation effects are negligible (H/T < 1000
oersteds/degree and T > 0.3°K). However, as mentioned above, we find that
this function describes these results even toH/T as large as 6000 oersteds/de-
gree and T as low as 0.15°K. This circumstance permits the calculation of
nuclear alignment obtainable from an adiabatic partial demagnetization from
H/T values as high as 6000 oersteds/°K to the critical field Hk1 = JZ7Z\Z 800
oersteds. Assuming the hyperf{ne structure coupling given by Bleaneyy(S) this
calculation yields a value for the fraction of nuclei aligned of 0.08. It is
expected that demagnetizations from higher initial values of H/T (e.g., 2 x10%
oersteds/degree) will yield larger values of nuclear alignment, perhaps by a
factorof 2, The above entropy function could not possibly be expected to fit
in such a case; apparatus is therefore being built to measure directly the
electron magnetic moment, the absolute temperature, and thus the entropy as a
function of final magnetic field for these more extreme initial conditions,
In addition to the above, Dr. Albert Simon and Dr. M. E. Rose, of the Theoreti-
cal Physics Group, have kindly consented to calculate the partition function
for manganous ammonium sulfate based on the constants given by Bleaney. This
will give valuable additional information onoptimum demagnetization conditions
for maximum nuclear alignment and will provide the necessary theoretical

interpretation for the above experimental program.

Hafnium Superconductivity. 1In 1935, Kirti and Simon(G) demonstrated that

hafnium is a superconductor with a zero-field transition at 0.35 + 0.05°K.

(4) Cooke, A. H., “The Establishment of the Absolute Scale of Temperature Below loK,,"” Proc. Phys. Soc.
A62, 269 (1949).

(5) Bleaney, B., “Nuciear Specific Heats in Paramagnetic Salts,” Phys. Rev. 78, 214 71950).

(6) Kirti, Ne, and Simon, F. E., YExperiments at Very Low Temperatures v .ained by the Magnetic Method,
II, New Supraconductors,” Proc. Roy. Soc. London A151, 610 [(1935).
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However, they did not determine the transition temperature as a function of
applied magnetic field. Because hafnium has the lowest transition temperature
of any superconductor, and because it is desirable to determine this magnetic
field—transition temperature relation, equipment has been set up for this
study. A sample* (2 cc) consisting of chromium potassium alum (1.8 cc) and
hafnium metal (0.2 cc) was pressed, and the susceptibility-temperature re-
lation in zero field was investigated)as a preliminary step. A total of
seven demagnetizations were made using this hafnium, covering the temperature
range of 0.16 to 0.7°K. No transition was observed in the susceptibility-
temperature curve, and the minimum temperature reached on demagnetization
agreed, within experimental error, with the value obtained with samples of
pure chromium potassium alum of the same volume and shape and under as nearly
the same initial conditions as could be obtained. In view of the above, and
the fact that no susceptibility anomaly was found between 1.1 and 4.2°K, it
may be concluded that this sample shows no superconductivity in the region
0.16 to 4.2°K., This hafnium metal was prepared by a chemical reduction
process, and, since superconductivity phenomena are very sensitive to sample
purity, it seems that, even with the thorough annealing, its purity (chemical
or physical) was not sufficient. The sample used by Kurti and Simon was pre-
pared by the hot-wire technique of Van Arkel and De Boer, and, although it may
have had a higher zirconium content than our sample, it was undoubtedly more
pure in every other respect. It is planned to obtain a hafnium sample prepared

by this hot-wire technique and continue this investigation.

Neutrons and Superconductivity. Beams of unpolarized and partially
polarized neutrons were passed through a cylindrical sample of tin at tempera-
tures above and below its superconducting transition temperature of 3.69°K
and the transmission through a magnetized iron analyzer was measured. No
measurable change in either polarization or transmission was observed when
the sample went through the superconducting transition. These results would
perhaps permit certain conclusions to be drawn regarding domains inside a
superconductor, but since the neutron polarization used was rather modest,
these conclusions should await repetition of the experiment with a more
highly polarized beam.

* This semple . was kindly furnished by Peul J. Hagelston, of Y-12, and was snneaied 42 hr at 1000°C and

8 x 10-% mm Hg.
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3. SHORT-PERIOD ACTIVITIES
E. C. Campbell

Radiations from the 2.5-sec Activity in Erbium (Max Goodrich,* E. C.
Campbell, and J. H. Kahn). The radiations from samples of erbium oxide,
activated for a few seconds in the QOak Ridge Graphite Reactor by means of a
fast pneumatic tube, have been investigated with a recording scintillation
spectrometer. The complete pulse-height spectrum was recorded photographically
within about 5 se? after the irradiation was completed. No measurable activity
(i.e., greater than a few percent of the total) was found ocher than the 2.5-

sec period first reported by Der Mateosian and Goldhaber. (1}

Readings, approximately proportional to the differential counting rate;
plotted as a function of pulse height, were obtained from the photographs by
means of a special microphotometer. Figure 1 shows three such microphotometer
records in which the pulse-height scale has been converted to energy by com-
parison with known radiations. Curve A, obtained with 1500 mg/cm? of lucite
absorber in front of a 1-in. thick sodium iodide (thallium-activated) crystal,
exhibits two peaks due to photoelectrons ejected in the crystal by two groups
of photons. The more energetic group of phogons is assumed to be gamma rays
from an isomeric transition in erbium and the less energetic group tobe erbium
K X-rays resulting from internal conversion for the same transition, The
results from several such records give 210 + 10 Kev and 55 Kev for the two

photon groups.

Results consistent with these have been found in a study of the internal
conversion spectrum. Curve B shows, to a different energy scale, the spectrum
obtained with an anthracene crystal when no absorber is used. If the two
broad peaks at about 125 and 175 Kev are due to conversion electrons from the
K and L shells, respectively, the transition energy, after correcting for a
small amount of absorption, is about 205 Kev. Since it was necessary to have
a sample thickness of at least 1 mg/cm? to give sufficient counts for a photo-
graph, self-absorption made the resolution extremely poor. Nonetheless, some
half-dozen such curves gave an average of 200 Kev with a mean deviation of
about 10 Kev. The uncertainty in the correction for the absorption and in the
location of the poorly resolved peaks suggests, however, that the results are

somewhat less reliable than those obtained with the sodium iodide crystal.

L]
*+ Research Participant, Oak Ridge Institute of Nuclear Studies; on leave from Department of Physics,
Louisiana State University.

(1) Mateosian, E. der, and Goldhaber, M., ““Nuclear Isomers Produced by Slow Neutraon Chptun‘e”" {(Abstract),
Phys. Rev. 76, 187 (1949).
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If it is assumed that the low-energy peak of curve A is due entirely to K
X-rays from internal conversion, and that the detection efficiency of the
crystal is the same for the two groups of photons (the efficiency is known to
approach 100% in this energy region for the 1-in.-thick crystal), an experi
mental value for the K conversion coefficient can be obtained. For each of
the several curves taken, Ne/N7 was found in this way to be in the region of
0.05 to 0.10. According to the calculated conversion coefficients of Rose
et al.,(?) electric dipole and electric quadrupole radiations of energy 0. 4nc 2
have coefficients of 0.041 and 0.153, respectively, for Z = 67. The coef-
ficients for the corresponding magnetic radiations are (.34 and 1.62. For
Z = 68 the coefficients would be only slightly different since the dependence
on Z is small. The results found indicate, therefore, that the radiation 1is
electric dipole or possibly electric quadrupole and disagree seriously with
the published(3:4) multipole order of 4 as determined from the lifetime of the

excited state.

The explanation of the disagreement is not clear. The calculations of
Rose require Ne/N7 to be 1.65 and 26, respectively, for electric and magnetic
radiation of multipole order 4. The lower one of these is more than ten
times the observed ratio of the number of K X-rays to the number of gamma rays.
The effect both of Auger processes and of differential absorption in the
lucite would be to make the observed number of X rays too small, but the pro-
duction of Auger electrons at such high Z is known to be quite small, and
measurements with absorbers of different thickness as well as calculations
from X-ray absorption tables show that the X rays are absorbed only a few
percent more than the gamma rays. It should be mentioned that order of magni-
tude estimates of a, from the curves B and C agree roughly with the values
found from the X rays. The area under the K conversion electron peak of curve
B is about four times as great as the area under the gamma-ray curve C. For a
conversion coefficient of approximately 2 (required for ! = 4 transition), a
detection efficiency of 50% would have to be assumed for the 2.5-mm-thick
anthracene crystal, whereps X-ray absorption tables indicate that the effi-

ciency is provably only a few percent. Thus the evidence all points toward a

(2) Rose, M. E., Goertzel, G., Spinred, B., Harr, J.., end Strong., P., pr lyate communicetion.
(3) Mateosisn and Goldheber, op. cit.

(4) Axel, P., and Dancofi, 8. M., “Classif ication of Nuclee: lecmers,” Phyr:., Rev. 76, 892 (1949).

18



real discrepancy between the multipole order determined from the lifetime and
that determined from the conversion coefficient. Tt is possible that the decay
may not be simple. If the nucleus first decays from the metastable level to
a level only a few Kev below it and then to the ground state, values can be

assigned which more nearly resolve the difficulty.

pecay Scheme for Ag!®® (Max Goodrich). The radiation from 2.4-min
silver first found by Fermi and his collaborators¢3’ has been widely listed in
“nuclear tables, from cloud-chamber measurements made in 1936,(¢’ =5 a beta-
ray of 2.8 Mev end point. No observation of gamma rays is listed. 1In view of
the improvement of techniques since that time, it seemed desirable to make new

measur ements of these radiations.

Samples of natural AgNO, were irradiated in the Oak Ridge Graphite Reactor
by use of a fast pneumatic tube for known times from a few seconds up to a few
minutes. After irradiation, the samples were placed in an inactive holder,
allowed to decay for a known time of from 5 to 10 min, and examined with a
scintillation spectrometer. Readings were taken with a single-channel dif-
ferential analyzer at half-minute intervals, corrections being made for decay
at the 2.4-min half-life rate. When, owing to the decay of the sample, the
background became an appreciable fraction of the activity, the readings were
stopped, the sample was allowed to decay to background, and a new irradiation
of the same length of time was made. The readings were then continued with
some overlap of points. A logarithmic count-rate meter monitored the total
radiation and provided a check that the activity was sensibly the same after

each irradiation.

“

Measurements made on a sample about 10 mg/cm? in thickness using an
anthracene crystal as phosphor are shown in Fig. 2 and reproduced in a Fermi
plot in Fig. 3. Two beta rays are clearly evident with end points at 0.83 and
1.47 Mev. The "feet" on the points of Fig. 2 were obtained with the statistics
alone, no estimate of the error due to extrapolation for decay being included.
Because of the difficulties of the method, the uncertainty in the end points
is at least 0.05 Mev. No beta ray higher in energy than the 1.47 Mev exists

to more than a few percent of the total activity.

(5) Amaidi, Eey, D'Agostino, Oe, Fermi, E., Pontecorvo, Bey Raesetti, F., and Segre, Eo, “Artificial
Redioactivity produced by Neutron Bombardment. 11.” Proc. Roy. Sou. London A149, 522 (1935).

(6) Naidu, Rey and Siday, Re Ee,'8-Ray Spectrca of Some Induced Radicactive Elements Resulting from
Neutron Bombardment,* Proc. Phys. Soc. London 48, 232 (1936
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The gamma-ray studies were made with a NaI(Tl) crystal as phosphor. A
lucite absorber of 2.25 gm/cm? thickness was used to stop the beta rays. A
source of about 60 mg/cm? thickness gave sufficient activity to make the
measurements. The data, reproduced in Fig. 4, show photoelectron peaks for
gamma rays at 0.615 * 0.02, 0.420 £ 0.02, and 0.188 * 0.0l Mev. Using the
pulse-height spectrum of the Cs'®7 0.663-Mev gamma ray (obtained with the same
Nal crystal) normalized to fit the 0.615-Mev gamma ray at their photoelectron
peaks, the relative contribution of the 0.615-Mev gamma ray was de-ermined.
Similarly, the I'2% (.428-Mev gamma ray spectrum was used to dete.mine the
contribution of the 0.420-Mev gamma ray to the remainder of the total spectrum.
When detection efficiencies of the crystal for the gamma rays, estimated from
preliminary measurements to be 70, 80, and 100%, in order of de-reasing energy,

were applied, the relative intensities obtained were, in the same order, 4:1:1.

The proposed decay scheme, shown in the inset of Fig. 4, is consistent
with both the energies and the intensities of the radiations observed in this
work. The indicated relative intensity of the two beta rays was calculated
from the decay scheme and the ratio of total beta rays to total gamma rays as
measured with the monitor and agrees approximately with the relative intensities

as obtained from the Fermi plot.

Spectrum of Ag'!'® (Max Goodrich). From studies of the radiations of the
295-day silver activity, Siegbahn(7) has proposed a decay scheme in which the
activity originateé in a metastable level 116 Kev above the ground state. A
small complex fraction of the beta radiation, with end points of 2.86 and 2.12
Mev, is placed with its origin in the ground state and is presumed to be the
beta radiation of the well-known 24-sec activity. Seigbahn’s data suggested

110 oround state

that still other low-intensity beta rays may comnect the Ag
with excited levels of the Cd!!? nucleus. Confirmation of the assignment of
the 24-sec period to the ground state has been found.‘®’ Further confirmation
is provided in the present work by the measurement of the energies of the beta

and gamma rays in the 24-sec activity.

Using a scintillation spectrometer, direct measurement of the spectrum of
the short-lived radiations has been made with the fast pneumatic tube installed

at the Oak Ridge Graphite Reactor. The apparatus, details of which will be

(7) Siegbehn, K., *The Disintegration of aglll,» Phys. Rew. 77, 233 (1950).

110

(8) Miakel, J., ®®The Genetic Relationship in Ag o Phys. Rev. 79, 403 (1950)-
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published later, uses a No. 5819 photomultiplier tube with either an anthracene
or a NaI(Tl) crystal. The beta-spectrum is complex and has been found by
Fermi analysis to contain components having end points of 2.8 * 0.1 Mev and
2.1t 0.2 Mev. The gamma spectrum shows a relatively strong line at 0.66 t
0.02 Mev, a very much weaker line at about 0.9 Mev, and a suggestion of other
extremely weak lines. Within the limits of error, the two beta rays and the
strong gamma ray can be identified, respectively, with the 2.86- and 2.12-Mev
beta rays and the 0.656-Mev gamma-ray observed by Siegbahn. The gamma ray at
about 0.9 Mev is probably the sum of Siegbahn’s 0.885- and 0.935-Mev lines.
Its presence (5% of the 0.66-Mev line) indicates that the spectrum does contailn

a weak component going to one of the upper levels of the product nucleus.

The lower energy beta ray constitutes the larger fraction of the total
beta-ray activity. Estimates made of this fraction from the extrapolated
Fermi plots, and also from the ratio Nﬁ/Ny along with Siegbahn’s decay scheme,
gave values of from 60 to 70%.
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4  SHORT-LIVED ISOMERS

F. K. McGowan

An excited state in 7605186 with a half-life of (8 £+ 1} ¥ 10°'° gsec has
been observed with the delayed-coincidence scintillation spectrometer.: The
data have been analyzed by a graphical method which is analogous to a method

of analysis recently reported by Newton ~1!7

Re'®% (90 hr) is known to decay 1in 90% of its disintegrations by /5
emission into 05185_§2) A 25% partial 8 spectrum of 930 Kev end point 1is
followed by a 137-Kev gamma ray, and the remaining 3" disintegrations lead
directly to the ground state. For the 137-Kev gamma ray Metzger and Hill
measured a, = 0.35 + 0.1 and Ny/N, = 0.6 £ 0.1.-

Curve 1 of Fig. 5 shows the number of coincidences as a function of delay
time obtained with a source of Re!8%., This delayed-coincidence resolution
curve was recorded by exciting one channel of the delayed-coincidence apparatus
by 250- to 450-Kev nuclear beta rays and the other channel by the L and M
internal conversion electrons of the 137-Kev transition.: Without changing the
apparatus a resolution curve for prompt events was obtained with a source of
Aul98  The prompt coincidences are (1) between 110- to 150-Kev nuclear beta-
rays and conversion electrons of the 411-Kev transition and (2) between 110-
to 150-Kev Compton recoil electrons from the 411-Kev gamma radiation and 250-
to 450-Kev nuclear beta rays.  Curve 2 shows the result of such a measurement.
Since curves 1 and 2 overlap appreciably, the half-life of 0s'%%* cannot hbe
determined accurately from the slope of curve 1 at a large positive delay

time.

Newton®®’ has given a general discussion of the evaluation of delayed
coincidence experiments.  In the ideal experiment it is desired to excite one

channel of the apparatus by the radiation announcing an excited state in a

(1) Newton, T. D., “Decay Constants from Coincidence Experiments,” Phys. Rev. 78. 490 (1950).

(2) Metzger, F. R., and Hill, R, D., “Disintegration Scheme ofRe186

Meeting, Paper E8; pe 12 (1950).

»* Bull.¢Am. Phys. Soc. 25, Chicago

(3) Op. cit.
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nucleus and to excite the other channel by the radiation emitted in the decay
of the excited state where lifetime is to be measured. If the excited state
has a lifetime much too short to be measured by the coincidence apparatus,
a prompt—coincidence curve P(T) is obtained, where T is the delay time in-
troduced in the delayed-coincidence apparatus. If there is a measurable life-

time a delayed-coincidence resolution curve, F(T, A), is obtained, given by

@x

-

F(T, \) = J he-Me P(T - t) dt

1]

Since the energy resolution of the scintillation spectrometer is relatively
poor compared to the best magnetic beta-ray spect;ometersy the delayed-coinci-
dence resolution curve in Fig. 5 for Rel86 —> (g186 is F(T, M) plus possibly
some prompt-event counts not related to the Re!®® ————> 051%6* decayand
prompt events due to scattering from one to the other detector. Prompt events
from scattering are, of course, greatly reduced in number when the delayed-

coincidence scintillation spectrometer is used,

Delayed-coincidence resolution curves F(T, \) were computed graphically,
using for P(T) curve 2 of Fig. 5 and values of A equal to ornear that obtained
in the usual way from the slope of curve 1l at a large positive value of T.
The prompt curve P(T) represents the response of the apparatus to simultaneous
emission of radiation of the same energy that gave curve 1. The computed
curves F(T, A) for T, = (9.0, 8.0, and 7.0) x 10°1% sec are shown in Fig. 6
and have been normalized to the experimental delayed-coincidence resolution
curve at T = 6 X 10"° sec. The agreement between the computed curve for
T, = 8.0 x 10°1% sec and the experimental curve is exceedingly good. The
difference between the two curves for T < § X 109 sec yields a resolution
curve of prompt events not related to the Rel!88 — > (Qg!86" decay; the shape
of the resulting residual curve agrees with the experimental resolution curve
for prompt events of Fig. 5. It appears that the initial state of the 137 -Ke~
gamma-ray transition from 0s!'®® is metastable with a half.1ife of 8.0 x 10°*°

S€cC.
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The energy and half-life of this isomeric state suggest that the tran-
sition corresponds to forbiddenness |l = 2. Recently a few relativistic calcu-
lations without screening for L; shell internal conversion(4) have been com-
pleted for Z = 92, 84, and 49 for electric and magnetic dipole and electric
quadrupole radiation. For a gamma-ray energy of 137 Kev and Z = 84, the com-

puted ratios (NK/NLI) i(2‘l 5 (NK/NLI) 9 and (NK/NLI)n g'2)l
e )] g

-pofe e1(2)2=poﬂe -pole

are 8.5, 2.0, and 19, respectively,(s) Since Metzger and Hill measured
(N¢/Np) = 0.6 for the 137-Kev transition in ,40s'8%, it appears that electric

quadrupole radiation occurs.

(4) Gellmen, H., Griffith, B. A., and Stenley, J. P., “Internal Conversion in the LI Sheli,” Phys0
Rev. 80, 866 (1950); table of LI shell internal conversion coefficients, privately cicculated:
computations performed at the Computation Centre, McLennan Leboratory, University of Toronto.

(5) Rose, M. E., et gl., Tebles of K-Conwersion Coefficients.
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5. INVESTIGATIONS WITH THE SCINTILLATION SPECTROMETER

P. R. Bell R. C. Davis
J. M. Cassidy G. G. Kelley

Long-lived Cadmium. The long-lived beta emitter identified in the last
quarterly report(!) as Cd'!3 has been followed further, and estimates of its
half-life have been made. Decay of an old samp le measured on a mica-window
tube for 83 days gave the results shown in Fig.: 7. The straight line was
fitted by least squares and gives a half-life of 3.5 years. By fitting lines

by eye it would seem that this value could be in error by 0.5 year at most.:

The irradiated Cd''? sample described in ORNL-865 shows both the 43-day
and the 3 5-year activity when run on the scintillation spectrometer. By
measuring the areas, the relative intensities were found at various times.
Assuming the shorter half-life to be 43 days, a half-life of 1.9 to 2.3 years
for the Cd*!3 results. This value 1is much less reliable than that found from
direct decay measurement since the 43-day activity is still much larger than
the 3.5-year at the last measurement.’ As a consequence of the changed half-
life, the cross section estimated in the previous quarterly report must be in-
creased. The isotopic cross section for activation of the 3.5-year activity
by thermal neutrons is now 0.020 % 0.01 barn based upon the 43-day activation

cross section of 0.14 barn.

Iodine'3!. Zeldes, Brosi. and Ketelle of the Chemistry Division have

located a gamma ray at 0.72 Mev and the missing 0.9-Mev beta-ray branch leading

to the 12-day xenon metastable state. The other five gamma rays from 1'3! are
well known., The energies are
Kev

Yy 80.1

7, 165

Ys 28 4

Y, 364

s 638

Ve 720

The gamma-gamma and beta-gamma coincidence spectra were run using two scintil-
lation spectrometers in coincidence. NaI-TlI crystals werc used for the gamma-

gamma Tuns.

(1) Bell, P.:R,¢ Cassidy, Je Mej and Davis, R, C.y ® Split-crys-al scintillavion Snectiometer. '’ Pliystcy
Division Cuarterly Progress Report for Period Eniing Sept:nber 20, {450, ORNL 865, p. 21 (Jau.:8,
1951).
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Figure 8, curve A, shows the gross gamma-ray spectrum given by one of the
spectrometers. Figure 8, curve B, shows the gross coincidence curve corggcted
for accidentals.: By this is meant the spectrum of pulses in one spectrometer
that are coincident with any pulse produced in the other spectrometer.: The
correction for accidentals, Fig. 8, curve C, is obtained by delaying one of the
spectrometer pulses sufficiently so that no immediate coincidence can occur.:
The counts will then all be due to random coincidences. The prominent peak
due to the 364-Kev gamma ray is absent from the coincidence curve as well as
the weak peak due to the 720-Kev gamma ray. This shows that the 364- and
720-Kev gamma rays are not in coincidence with any other gamma rays.- On the
other hand the 284-, 638-, and 80-Kev gamma rays are each in coincidence with

at least one other of the three.

Figure 8, curve D, shows the spectrum of gamma rays coincident with
gamma-ray pulses above 525 Kev in the other crystal. The 284-Kev gamma ray is
now missing from the spectrum, only the 80-Kev and X-rays remaining. - This
proves that the 638- and 284-Kev gamma rays are not coincident and that the
80-Kev ray is in coincidence with both khe 284- and 638-Kev transitions. The
points labeléd E in Fig. 8 are those found when the second spectrometer is set
for coincidences with gamma rays above 675 Kev. The resultant pulses at the
higher energy seem to be accounted for by the random background.- The counts
at the X-ray peak are more than the random background but dare probably from

beta-ray excited X rays.:

The coincidence information leads to a consistent decay scheme, shown in
Fig.: 9, with no ambiguity. This is essentially the same as that of Kern,
Mitchell, and Zaffarano(?) except for the crossover 720-Kev gamma ray which

they did not see."

The energy generally reported for the lowast energy beta ray, around
300 Kev, cannot fit this decay scheme because of the well-known gamma-ray
energies and the 600-Kev major beta ray. This lower energy beta ray is dif-

ficult to measure in magnetic spectrometers and may well be in error.

The split-crystal spectrometer using anthracene was arranged in coinci-
dence with a gamma scintillation spectrometer using Nal as shown in the sketch

(approximately to scale) in Fig. 10. The gamma spectrometec: was set to produce

2) Kern, B, D., Mitchell, A, C. G., and Zaffarano, D. J., ° The Nuclear Spectra of Sb12% T
(2)

ce!, and 131, Phys. Rev. 76, 94 (1949).

125%
€ °
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all pulses representing greater than 525 Kev energy, and the spectrum of
pulses from the split-crystal spectrometer that are in coincidence with the
gamma rays was measured. Figure 11, curve A, shows the very peculiar Fermi-
Kurie plot obtained.. This is, unfortunately, due to the 47 geometry of the
split-crystal spectrometer.: The inner beta ray is, of course, in coincidence
with the 638-, 720-, and 80-Kev gamma rays. The 80-Kev, gamma ray is highly
internally converted so that if a beta ray is emitted, a coincident conversion
electron is often emitted and the amplifier gives a pulse equal to t.ue sum of
their energies. The xenon X rays accompanying the conversion electrons are
also detected in the anthracene with good efficiency so that any beta ray
whose following 80;Kev gamma ray is converted will have an energy 80 Kev
greater than expected.. The 80-Kev gamma ray itself is also detected with fair
efficiency and adds to the number of beta rays displaced upward 80 Kev. After
80 Kevwas subtracted from the energy of each point in the beta coincidence
spectrum, the Kurie plot was remade and curve B resulted. The last 80 Kev of
this spectrum should be useful. The beta end point is about 255 £ 10 Kev. To
check this result the gamma spectrometer was set up to avoid the 638-Kev
gamma-ray pulses.: Some of the pulses from the 720-Kev gamma ray remained, and
a beta coincidence spectrum was run. Curve C shows the result. The statistics
are poor on the points since only a few counts remained, but the maximum
energy is 255 + 10 Kev. These values agree well with the value 248 to 252 Kev

obtained from various published values. (37

Hollow-crystal Spectrometer. The difficulties found upon occasion with
the split-crystal spectromgter, caused solely by its property of converting
all electrons emitted by the sample, cause some concern. As long as all
particles are counted, coincident beta rays or beta rays and conversion
electrons result in a distorted spectrum.: The ordinary scintillation spec-
trometer, even when using anthracene, gives much poorer Kurie plots than the
split crystal owing to the scattering out of beta rays before their whole
energy is lost, thereby producing a small pulse where a larger one should be.

This effect is prevented in the split crystal, and straight Kurie plots result.-

An attempt has been made to get the same effect without leaving the
source inside the crystal. A crystal % in thick and 1 in. in diameter was

used.. A flat-bottomed hole % in. in diameter and 3/8 in. deep was drilled in

(3) Way, K., et al., Nuclear Data, National Bureau of Standards Circular 499, 1950.
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the 1-in.-diameter face using a sharp end mill operated by hand. After
polishing with toluene, the undrilled face was cemented to the standard light
piper and the crystal and light piper were covered with 0.0002-in.: aluminum

foil except over the hole, where thinner foil of 0.2 mg/cm? was used.

A lucite collimator 5/16 in. thick was placed above the crystal and a
P3? source on thin film was placed above the collimator so that the beta rays
could fall only on the bottom of the hole. It was expected that few of the

scattered beta rays would find their way out of the hole after onceentering it.

A fairly good spectrum was obtained as shown in Fig. 12." Experiments on

this method of spectrometry are continuing.
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6. ACCELERATOR PROGRAM
W. M. Good G. Robinson
C. D. Moak H. Willard

In the last quarterly report (ORNL-865) preliminary results were given to
show the feasibility of employing a scintillation spectrometer to single out
gamma rays when several are present and to,study them separately. The reaction
B!! + H'— C!'? + ¥ furnishes gamma rays of energies of approximately 4, 12,
and 16 Mev. ‘This study has been continued to obtain reproducibility, which
was previously found to be poor because of troubles with the pulse-height

selector and because of certain troubles with the target.

The pulse-height selector previously used has been replaced with a new
one after the design of Jordan and Bell of the Physics Electronics Section.-
This pulse-height selector has given noticeably better reproducibility. Tt
was further found that, with 250 pa on the target, there was build-up on the
target of not only carbon, but also aluminum from the aluminum collimators and
zinc from the target assémbly; The collimators now being used are tantalum,
the collimating tube is refrigerated to trép 0oil from the main accelerator
tube, and the target backing is stainless steel. These measures have removed
the erratic behavior arising in the target itself. Finally, the accelerating
voltage, which is as yet unstabilized, was monitored to keep energy variations
down to 1/3 %. This had the effect of keeping the target position more

nearly fixed, as did also counterbalancing the rotating counter assembly.

Figure 13 shows the relative intensity of the gamma-ray spectrum versus
energy in arbitrary units. The energy interval studied in obtaining the
angular distribution of the gamma rays is indicated by the dashed horizontal
segment. The resulting angular distribution is shown in Fig. 14. Any inter-
pretation that this angular distribution is that of the 12-Mev gamma ray must

await the more detailed study of the spectrum with improved resolution.
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7. STABLE-ISOTOPE CROSS SECTIONS

H. Pomerance and T. Arnette

The pile oscillator has been used to measure the thermal-neutron cross
sections of some stable separated isotopes procured from Y-12. The values
given below are based on the value 95 barns for gold using ﬁeutrons of 0,025
ev. The errors are estimates based on the sample size and the relative contri-
butions from the other isotopes present in the samples. The chemical analyses
were not sensitive enough to rule out boron contributions in.the Mg and Si
samples, and the possibility of boron cannot be easily included in the estimate
of error. The atomic cross sections are obtained by multiplying the nuclear

(isotopic) cross sections by the relative abundances.

Cross Sections of Some Stable Isotopes

CROSS SECTIONS (barns)
I SOTOPES .
ISOTOPIC ATOMIC
Magnesium 24 0.027+ 30% 0.027
25 0.27 + 30% 0.097
2 0.06 + 100% 0.006
Silicon 28 0.08 t 30% 0.075
29 0.97 + 30% 0.012
30 0.41 + 100% 0.013
Titanium 46 0.57 + 30% 0.046
47 1.62 + 0% 0.13
48 7.98 £ 8% 5.86
49 1.80 t 25% 0.10
50 0  £0.2 0
Selenium 74 . 4 = 0% 0.38
76 ‘ 82 t 10% 7.39
77 40 £ 10% 3.01
Tellurium 120 70 t 100% 0.07
122 2.7 t 35% 0.07
123 393 + 8% 3.49
124 6.5 t 0% 0.30
125 1.5 + 10% 0:10
126 0.88 + 25% 0.14
128 0.16 t 100% 0.09
130 0,53 + 50% 0.18

S
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For titanium and tellurium the sum of the atomic values can be compared
with measurements made with natural material; for the others the value for the

natural material was used in the calculations of the isotopic cross sections.

Sum Natural
Titanium 6.13b 5.83b
Tellurium 4.44 4.53
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8. NEUTRON ELECTRIC DIPOLE MOMENT

James H. Smith

Work on determining the magnitude or setting an upper limit to the magni-
tude of the spin-oriented electric dipole moment of the neutron has reached
its final stages. No such dipole has been found, but certainly, if any exists,

it is less than the electronic charge times 3 X 10°17 cm.

A new iron-mirror polarizer has been installed, and the better polariza-
tion it affords will probably allow a limit of 10°'° cm to be set on the ef-

fective charge separation.:
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9. THEORETICAL PHYSICS

Ml E. ROSe and T- A. Welton

Work on the tables of Fermi functions for beta decay is being extended by
making tables of correction factors for (1) screening and (2) finite size of
the nucleus.. The computation of the uncorrected functions has been completed

by the computing panel.:

A survey of all the experimental literature bearing on angular momentum
of excited nuclear states and the multipolarity of emitted gamma radiation is

underway.

A Theory of Radiation Widths of Slow-neutron Resonances (T. A. Welton).
The radiation widths of all known slow-neutron resonances lie remarkably close
to 0.1 ev (within a factor of 2, roughly). This near constancy is quite re-
markable in view of the supposed complication of the wave functions for the
compound nucleus in its excited and ground states. In the following discussion
it will be assumed that the constancy of the width is, in fact, a strong
reason for arguing that quantum mechanical details are relatively unimportant
in the description of the radiation process.. The radiation process will
accordingly be described in a simple semiclassical fashion, using only some

elementary results of nuclear theory.:
We define:
C=Aw (1)

where Fr is the radiation width and » is the transition probability per unit
time from a state in which the incident neutron is present inside the nucleus
with its full incident energy to a state where it has radiated a quantum and
is accordingly unable to leave the nucleus. We estimate W. classically by
arguing that, with the neutron inside the nucleus, the nucleus is largely un-
disturbed except for the continual interchange of a single "excited™ nucleon
with other nucleons which form the "undisturbed" structure of the nucleus\ On
this picture an "excited" neutron is constantly interacting with a proton, or
an "excited™ proton is interacting with a neutron, either of which processes
will cause the emission of electric dipole radiation, accompanying the accele-

ration of the proton. At the same time the spin of the excited nucleon will
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constantly precess because of the spin dependence of the nuclear forces, which
process will give rise to the emission of magnetic dipole radiation. The
third process to be considered is the emission of electric quadrupole radiation

when an excited proton accelerates by interaction with another proton.

We write, in general,

-1 & (2)
w = — —
Ao dt
where w is a mean frequency of the emitted radiation and dE/dt is the classi-

cal rate of energy emission. We now specialize Eq. (2) for each of the three

radiation mechanisms. For electric dipole radiation, we have

(3)

where Ialz is the mean square acceleration of the excited nucleon and @, 1is

a characteristic nuclear frequency. To any accuracy possible here, we can
write
s
: =V
ol =
U (4)
[V
wh_ .
MR®

where V is an average well depth for the internucleon potential, R is the
range of the potential, M is the nucleon mass, and @, is evaluated as the
reciprocal of the time required for two nucleons to accelerate to coincidence

when they start from rest a distance R apart.

We use the relations, where m is the electron mass,

1 e
R:.._...
2 me?
2mc? = 10° ev
A R
Mc? 1000 )
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and obtain

[w.R)’ (5)

2
:ul ®,

From above,

2
e
— = 10° ev
R
w R / V
2 =V — =0.2
c Mc

so that I' = 8000 ev.  This result is higher than the correct one by a factor
of nearly 10%, and we must tentatively argue that electric dipole radiation is

greatly reduced by a mechanism not yet clear.:

The Fr resulting from magnetic dipole radiation is easily estimated in

an .analogous fashion. We then have

Lir] 2

[#3]
s

r (6)

2
r T 303

where @  is a characteristic spin precession frequency and iMlz is the mean
square vdlue of the second time derivative of the magnetic moment of the

precessing spin.. To the accuracy of the preceding work, we write

2

e ()

Feo 5mc? = 2.5 Mev (7)

s

where e#/Mc is approximately the static moment of the nucleon anddﬁ% is taken

to be approximately the difference between singlet and triplet deuteron
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energies. We then have

wks f.e{ 2 el - w R i A 2
e iw | w7 |

3 2

= 106 (_5 mcR A
L + McR
2

= 108 x 125 x "R L

| x|\ H

1 1

= 1.25 x 108 x = 0.13 ev (8)

2 X 137 (1840)2

which agrees quite well with experiment.

Finally, we estimate the Fr arising from electric quadrupole radiation.

We have:

e? ;b 2
1'“ T cm——— . 9
r 3205wh |(x )l (9)

where w  is the previous[y defined nuclear frequency and |(x2)|? is the mean
square value of the third time derivative of the squared interproton distance.

To our accuracy we have

| (32)[? = w, SR (10)

and therefore

2 (, 5
P o= L @R
32 R

"

1
—x 10% x (0.2)5 = 1.0 ev
32

This width is too large by a factor of 10. In extenuation, it must be pointed
out that the parameter w R/c here enters to the fifth power, and the result is
easily reduced to 0.1 ev by a slight decrease in this parameter.: This reduc-
tion would not appreciably help the gross disagreement obtained in the electric

dipole case.
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We then tentatively conclude that the radiation widths are to be ex-
plained on the basis of magnetic dipole and electric quadrupole radiation,
which arises in a simple semiclassical manner. We expect that the radiation
widths will not vary appreciably with neutron energy over a range of perhaps a
million volts. We further expect that radiation widths with proton bombardment
should also be about 0.1 ev.: We can make a further prediction that '  should
continue to be about 0.1 ev even for nuclei of rather low mass number (but

greater than 20, for example).

We must postulate a mechanism for suppressing to high accuracy (1 part in
10%) the electric dipole radiation to be expected when a proton and a neutron
interact. Levinger and Bethe¢!) suggest in this connection that the systematic
adherence to the alpha-particle model would accomplish the desired suppression.:
We cannot agree that this mechanism is at all applicable to the situation in
question., The alpha-particle model cannot give a complete description even of
the ground states of heavy nuclei, for which A > 2Z.,: For the states arising
from the introduction of an excited particle, the alpha-particle model seems
even less appropriate.’ It is felt that the desired mechanism must lie in the
nature of the neutron-proton force. A possible assumption is that the ex-
change character of the force is such that interchange of neutron-proton
identity occurs with such frequency that the dipole moment oscillates with
frequency too high to give radiation of energies of nuclear magnitude.- This

proposal i1s being pursued further.

The De Groot—Tolhoek Symmetry Principle in B Decay (L. C. Biedenharn
and M. E. Rose). A recent paper{?) in Physica examined the consequences of

the following symmetry principle:

"The processes of negatron and positron emission must be symmetri-
cal, apart from Coulomb interactions, in such a way that, if this
Coulomb interaction 1is neglected, the expressions for H,  and Hﬂ+
are equal (possibly with exception of the sign) in any two cases of
negatron and positron emission in which the wave functiofs.of the
emitted (positive and negative) electrons and neutrinos are physi-
cally equivalent and if, further, Y (p) and ¢;(n) for negatron emis-
sion are respectively the same as ¢f(n) and Y (p) for positron emis-
sion. ™

Despite the many premises in this principle, it is intrinsically believable

since positrons should not be distinguishable from negatrons in the absence of

(2) Groot, S.:R.;dey and Tolhoek, H.:A.; ‘*On the Theory of Beta Radioactivity.: I. The Use of Linear
Combinations of Invariants in the Interaction Hamiltonian, ' Physica, 16, 456, especialiy p.-470
(1950). -
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electromagnetic interactions.: Yet, since the original paper of Fierz in 1937,
the contrary has been the (theoretical) conclusion (for theories that mix
interactions S with V anddor A with T). Using the notation of De Groot and

Tolhoek, the spectra in the case of zero nuclear charge should vary as follows:

P,(E) = (G?/2n%)pEq*[(C,2+ C2) [[1|2 + (¢l +¢c}?) |[o)?

. 1

+ 2 JBrg1? 7 (2/E)(C,Cy |12 + €yC, o)) ()
where they define the C;’s as the constants for mixing the éovériants (1 =S8,
2 =V, 3=T, 4=A4A, 5=P) and the integrals denote the nuclear matrix
elements. The plus sign refers to positrons, the minus sign to negatrons. The
1/E term distinguishes the spectra. To eliminate this difficulty, De Groot
and Tolhoek postulate their symmetry pr{nciple and draw the conclusion that
only (S,A,P) or (V,T) can be mixed.: ‘

We have reinvestigated this problem and come to different conclusions,

namely:

1. The symmetry principle is contained in the requifement that the
usual formulation of 5 decay be invariant to the extended Lorentz
group — in particular, to time reflection.

2. The conclusion that either (S,4,P) or (V,T) may mix is a result
of the unduly restrictive reality requirement that De Groot and
Tolhoek impose on the covariants.

The requirement of relativistic invariance for the [S-decay interaction
Hamiltonian is the basic guidepost of the theory.: For investigation of in-
variance for the extended Lorentz group, we must first investigate the proper-
ties of Dirac particles under time reflection.: This has been done, and the
results have been submitted for publication as a letter in Physical Review.
For our present problem we need only the result that the correct operator for

time reversal 1is 7173K0 where K, = complex conjugation.

The symmetry principle has the result that 72K0 A, 72K0 = €,4, (’)’2[(0 is
the charge conjugation operator and the Ak’s are the covariant operators for
B decay) where € = *1 and must be the same for the covariants A, to mix. If,

as De Groot and Tolhoek have done, the additional requirement that ¢+Ak¢ be
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real is made, then we find that the only groups that satisfy both requirements
are (S,A,P) and (V,T).: But the reality requirement is unnecessary; the only
necessary reality requirement is that the interaction Hamiltonian invariant be
real.- Under time reversal it is readily shown that Hﬁ(creation)-————é‘HE
(annihilation) so that for invariance we need H = Hyg + Hﬁ" Invariance to the
extended group therefore implies reality for H and, as a result, wecan always
satisfy the symmetry principle for any combination of covariants. Therefore,

the choice of an interaction in 5 decay is as wide open as it was before.

‘A report is planned whiclk will give the above arguments in detail, along

with results from the investigation of time reversal in the Dirac theory.

Elastic Scattering of Atoms by Atoms (Stephen Tamor).: The elastic
scattering of atoms by atoms is being investigated in the energy region of 20

ev to 1 Mev. ghezinteraction is approximated by a screened Coulomb potential
e
142

of the form e/, In this energy region the Born approximation is not
valid except fg; extremely small angle scattering. However, the problem seems
to be ideally suited for a classical orbit calculation since, at these ener-
gies, the De Broglie wavelength of the atom is much smaller than the screening

radius.

Cross sections are being computed numerically for atoms of Z % 10. These
results will be compared with the data of Evans and Stier (experiment now in
progress).  The angular distribution will serve as a qualitative check on the
correctness of the assumed interaction, while the magnitude of the cross

section will enable us to determine the value of the screening parameter a.
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10. :HEAVYY-ION RESEARCH

G. E. Evans P. M . Stier
V. DiRito

A large proportion of the time of this group during the last quarter has
been spent in the design and construction of experimental equipment, which
will 'be used in conjunction with Cockcroft-Walton accelerator facilities. An
additional accelerator tube for the use of this group is being erected by the
high-voltage group, and should be available for experimental use early in the

next quarter.

The furnace-type ion source previously reported (last quarterly report)
has been rebuilt to improve beam stability and is being bench-tested.: A
target assembly has been constructed which will allow bombardment of radio-
active metal targets with an ion beam. Any metal sputtered from the target
surface by the beam will be collected on cooled fins and counted.: The deteri-
oration of target surfaces will be studied by varying the energy and type of
ion beam and the type and temperature of the target. An instrument which will
automatically record resistances in the range 0.1 to 1000 ohms has been built
and is being calibrated. This instrument will be used to record the resistance

of evaporated targets during radiation or heat treatments.:

An automatic temperature-controlling device for target assemblies has
been designed, and is being built by the instrument shop.: This device will
hold a target at any temperature from -178%]§o +25°C, or will vary the tem-
perature at a controlled rate.  The target assembly for low-temperature

bombardments has been completed.

A windowless target for gases, employing differential pumping at a series

of pinholes, has been designed, and component pumps are on order.

Experiments using the Van de Graaff accelerator have been postponed tem-

porarily during the conversion of the accelerator to a dual polarity machine.
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