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Table I. Optical -model potential parameters.

Real central Surface imaginary Spin orbit
v 7y a W, 73 @ Vso 750 s
Particle (MeV) (fm) (fm) (MeV) (fm) (fm) (MeV) (fm) (fm)
d 137.1 1.25 0.76 14.3 1.42 0.72 6.0 1.1 0.91
P 60.03 1.17 0.75 11.3 1.32 0.657 6.2 1.01 0.75

nels as shown in Table I. A Saxon-Woods poten-
tial well was used for the bound-state calcula-
tions with R, = 1.254"% fm and a, =0.65 fm, the
depth of the well being automatically adjusted to
match the asymptotic neutron wave function to
the specified neutron separation energy. A
Thomas-type spin-orbit term was included and
the calculations were performed in the zero-
range local approximation. The incident energies
chosen were 6.0 and 12.0 MeV. The classical
Coulomb barrier for Bi would be about 14 MeV,
but more realistic figures based on the param-
eters of Table I would be 9.8 MeV for deuterons
and 11.0 MeV for protons. The ground-state-—
reaction @ value is 2.37 MeV for the reaction
considered; therefore the two energies chosen
for the calculations lie, respectively, just below
and above the Coulomb barrier.

The validity of the distorted-wave approxima-
tion in this region has been experimentally con-
firmed for the Pb (d,p) transitions.® The large
polarizations predicted by the present calcula-
tions and the simple features of the polarization
angular distributions suggest that experimental
measurements of this parameter in the Coulomb-
stripping region could be particularly useful ir

providing spectroscopic information free from
the usual ambiguities associated with the distort-
ing potentials.

It should be noted that while the differential
cross section for stripping under these conditions
is very small in the angular region forward of
60°, it then rises rapidly to values which for
some states studied by Erskine, Buechner, and
Enge* at E, =8 MeV exceed 1 mb/sr at 100°.

The proposition thus represents a viable experi-
ment.
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An isotope of element 105 with mass number 260 has been formed by bombarding 24°Cf
with N ions. The Z and A of the nuclide have been unambiguously identified by recoil-
milking the 30-second ®*Lr daughter. %6°105 has a (1.6+0.3)-sec half-life and decays by
alpha-~particle emission with groups at 9.06 (55%), 9.10 (25%), and 9.14 MeV (20%).
Branching decay by spontaneous fission is less than 20%. Some comments are made on

‘the earlier results of the Dubna group concerning a few alpha-particle events at 9.4 and
9.7 MeV which they claim to be due to element 105.

Using the same target of **°Cf that was instru-
mental in the discovery of the alpha-emitting iso-
topes of element 104,' rutherfordium,? we have
produced with moderate yield a 1.6-sec, 9.1-MeV
alpha-particle activity by bombardment with N
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ions at the heavy-ion linear accelerator (HILAC).
By the alpha-recoil milking of a known isotope of
element 103 we have obtained evidence that as-
signs this new radioactivity unambiguously to an
isotope of element 105.
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The procedures used in these new experiments periphery of a vertically mounted wheel which
were similar to those described in our previous acted as a carrier. The wheel was periodically
communications:’”® The 300-pug/cm? target of rotated to place the collected transmutation prod-
249Cf, which had been prepared by the molecular- ucts next to a series of solid-state Si-Au surface-
plating method in October 1968, is still in excel- barrier detectors in order to measure their al-
lent shape and appears to be unchanged by sever- pha-particle spectra. Half-life information was
al thousand microampere-hours of heavy-ion derived both from the relative numbers of counts
bombardment. detected at each station and from the decay of

The element-105 reaction recoils were ejected the activities while the wheel was stationary at
from the target a short distance into helium gas each position,
at 620 Torr. They were pumped through a small To measure the alpha-recoil daughters of these
orifice into a rough vacuum to impinge upon the activities, each detecting crystal facing the
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FIG. 1. A series of alpha-particle spectra produced by bombardments of **°Cf with N ions. The alpha peak at
9.00 MeV is that of 28Fr, the daughter of 23-msec **%Ac produced from the lead impurity in the target. Most of

the 2'Po derives from electron-capture of 7.2-h

2pg,
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wheel was periodically shuttled to a position op-
posite another similar detector where at high
geometry the two detectors together could ana-
lyze the daughter alpha-particle activity which
had recoiled off the wheel into the crystal. At
each detecting station there were four detectors,
two “mother” crystals which alternately faced
the wheel and two “daughter” crystsls to alter-
nately face the “mother” crystals when they were
shuttled off the wheel. Five stations were ar-
ranged at 39° intervals so that the same position
on the 45-cm diameter wheel would not be re-
examined by the detectors until all steps of the
digital motor had been used.

The information from each of the many detec-
tors was amplified by modular units developed in
our laboratory and processed and stored by a
PDP-9 computer and ancillary devices. Alpha-
particle spectra were analyzed in 512-channel
segments covering the range from 6 to 12 MeV
with spontaneous-fission discriminators set to
detect pulses greater than 30 MeV. The spurious
count level was essentially eliminated by the use
of judicious shielding and electronic-gating tech-
niques.

The bombardments were made at a beam level
of 4 pA measured as '°N*7 through the 4.7-mm
diameter target. The 156-MeV beam energy of
the HILAC was reduced to the proper energy,
usually about 85 MeV, by the use of beryllium
degraders mounted very close to the target.

This energy was measured by detecting the par-
ticles scattered at 30° from the target through a
thin window in the target chamber.

The alpha-particle spectra displayed in Fig. 1
resulted from a series of bombardments of the
249Cf target with '°N ions. The individual spec-
tra show the total of counts recorded at each of
the five stations by the two movable detectors
when facing the whel. The sum of the five spec-
tra is plotted topmost. The wheel-cycle rate
was one second and the shuttle period 50 sec.

The complex group of peaks above 9 MeV is as-
signed to 2%°105; by use of the SAMPO computer
program? it can be resolved into alpha-particle
groups at 9.06 (55%), 9.10 (25%), and 9.14 MeV
(20%). For alpha-energy calibration the 6.773-
MeV peak of 2*Fr and the 7.443-MeV peak of
211po were used. The absolute accuracy of the
energy values is estimated to be 0.02 MeV. Cal-
culations based on spin-independent (I =0) equa-
tions of Preston® give hindrance factors 7, 20,
and 33, respectively, for these transitions. The
half-life of this activity is 1.6+ 0.3 sec. The
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branching by spontaneous fission is less than
20%, or alternatively, assuming that ®®°Rf is a
very short-lived fission emitter, the electron-
capture branching is less than 20 %.

The 8.87-MeV peak as well as its 8.81-MeV
satellite belong to 0.7-sec 2°"Lr and the complex
peak at 8.6 MeV belongs to 4.0-sec 2%%Lr,5"8
Several of the pealis with a lower alpha energy
are present because of lead and mercury impuri-
ties in the target. Bombardment of lead and
mercury targets with °N ions insured that the
new activity was not produced by these impuri-
ties. Measurements were also made of the ex-
tent to which atoms carried by the gas jetting out
of the orifice could be deposited directly on the
crystal faces of the detecting stations. The
abundantly produced ?**Ra was used as a tracer
and it was found that stopping the wheel reduced
the observed amount of activity by more than a
factor of 10°,

The measured relative cross sections for the
9.1-, 8.87-, and 8.6-MeV alpha activities at four
different bombarding energies are plotted in Fig.
2. The peak production rate of the 9.1-MeV ac-
tivity is about 1.5 alpha counts per microampere-
hour which corresponds to a cross section of 3
x1073% cm? assuming a recoil-collection yield of
50%. The dashed curve in Fig. 2 is a calculated
excitation function for the reaction **°Cf(*°N,
41)?%°105. It was calculated using the formalism
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FIG. 2. Excitation curves for Lr and element-105 ac~
tivities produced in bombardments of 24°Cf with ®N ions.
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FIG. 3. A series of alpha-particle spectra from the same bombardment as those in Fig. 1, but recorded by the
detectors in the off-wheel position. The spectrum in the inset is that of **Lr produced by the reaction *cf(!!B,
4n)®81r. The energy scale in the inset is the same as that in the main figure, but the full scale for counts per

channel is 100.

of Sikkeland® and the same parameter values as
in Ref. 9.

We have recently discovered certain isomeric
transitions in the heavy-element region that are
able to transfer their ground-state daughters
from the wheel to the mother detectors. This is
accomplished by the feeble recoil energy impart-
ed to them by the photons or electrons emitted in
such transitions. We have also detected this
transfer in some cases of electron capture. We
felt that it was important to prove that the recoil

transfer involved in this experiment was due to
the much greater energy (some 10° times) im-
parted by the emission of an alpha particle. We
found that we could reduce the isomeric-transi-
tion recoil by a factor of more than 10 by biasing
the wheel negative a few volts relative to the ad-
jacent detector faces and by adding a modest gas
pressure (ca. 10 Torr) of argon in this region.
The mother-daughter experiments were conduct-
ed in this fashion. In addition, one experiment

-was conducted in which the potential was reversed
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and the gas removed to enhance the possibility of
detecting a 1.6-sec isomeric transition in 2*®Lr
and none was found.

The alpha-particle spectra shown in Fig. 3
were recorded simultaneously with those dis-
played in Fig. 1, but by the detectors in the off-
wheel position, i.e., they arose from the decay
of alpha-recoil-daughter atoms embedded in the
movable detectors. We believe that the alpha-
particle events with an energy of 8.2 to 8.6 MeV
belong to the daughter of the 1.6-sec, 9.1-MeV
activity for the following reasons: (1) The num-
ber of recorded events at successive detector
stations diminishes with a half-life of 2+ 1 sec;
and (2) the ratio of counts in the 9.1-MeV peak in
the mother spectrum to those between 8.2 and
8.6 MeV in the daughter spectrum is 234:84=2.8
+ 0.4 and agrees well with the calculated value
2.7. The 8.4-MeV daughter activity decays with
a half-life of 30+ 10 sec, which value is based on
the distribution of counts in the four 12.5-sec
time subgroups of the 50-sec shuttle period. In
the inset above the sum spectrum in Fig. 3 there
is shown an alpha spectrum of 30-sec ?*°Lr pro-
duced by the reaction ?*°Cf(*'B, 4n)**°Lr.® Be-
cause of the similarity of the sum spectrum with
the spectrum in the inset, and the good agree-
ment of the half-lives, the daughter activity is
assigned to %°Lr and therefore the 9.1-MeV
mother activity has to be 2%°105. We find, in ac-
cordance with the Dubna group,° that the main
feature of the alpha-particle spectrum of the 20-
sec ?*Lr is a predominant group at 8.37 MeV. It
would be very difficult to explain the spectrum in
Fig. 3 on the basis of the genetic sequence 2%°105
- 25Lr, Another argument against the mother-
daughter pair being ?5°105 - 2*Lr is that we did
not observe the 9.1-MeV activity in a 36-pA-h
bombardment of **°Cf with **N ions.

We have also made time-correlation measure-
ments to show that the 30-sec, 8.4-MeV alpha
particles follow the emission of the 1.6-sec, 9.1-
MeV mother activity on the wheel. Preliminary
results do indeed confirm this assumption but,
unfortunately, a relatively high background from
3.2-sec, 8.4-MeV 2°®No interferes. Further
measurements are being made in which this in-
terference is substantially reduced by a more
elaborate mode of operation.

In 1968 there was published a paper by Flerov
et al.,''*!? which purported to show the discovery
of two alpha-emitting isotopes of element 105
produced by the bombardment of 2**Am with **Ne
ions. The transmutation products were carried
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by a gas stream through an annular solid-state
detector to a collecting surface. In the gross
spectrum they observed peaks with energies of
8.3, 8.7, 9.0, and 11.6 MeV which were ascribed
to known reaction products from lead and ameri-
cium. Delayed coincidences were observed be-
tween alpha-particle pulses of 8.8 to 10.3 MeV
with those from 8.35 to 8.6 MeV, a region which
is occupied by ?*°Lr and, supposedly, **"Lr. In
particular they seemed to find a statistically
meaningful correlation for “peaks” at 9.4 and
9.7 MeV. They came to a preliminary conclusion
that they might be detecting 26105 with E,=9.4
0.1 MeV, 0.1<T,,,<3 sec, and 2®°105 with E,
=9.7+0.1 MeV, T,/ >0.01 sec. The rate of pro-
duction of these events was extremely low; only
ten delayed coincidences were observed in 400
KA h. We have shown in Fig. 4 a compilation of
their data on the coincident events arranged ac-
cording to their energy range. Their gross al-
pha spectrum is also shown and for comparison
we have plotted the high-energy part of some of
our data on the same energy scale. There ap-
pear to be similar continua above 9.2 MeV in
both cases but they are not necessarily due to
the same effect. In our experiments this high-
energy tail for the most part is due to one or
more very light nuclides produced by the interac-
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FIG. 4. A comparison of the alpha-particle spectra
produced in the Dubna experiments (Refs. 11 and 12)
with those reported in this paper.
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tion of the !®N ions with the Be substrate of our

target. We have searched for delayed coincidenc-

es between these high-energy alpha particles and
the various lawrencium peaks. We found none
that was statistically significant.

In addition to these negative findings it is un-
likely that the 9.4- and 9.7-MeV “groups” can be
due to 269105 or %9105 for the following reasons:
(1) Our present work shows that 2°°105 has an en-
ergy of ca. 9.1 MeV and (2) the daughter of 26'105,
27Lr, was excluded from the Dubna delayed-co-
incidence measurements because its energy and
half-life are not the same as ?**Lr, as assumed.
In view of these considerations it is difficult for
us to ascribe any significance to the meager data
of the Dubna group regarding alpha-emitting iso-
topes of element 105.

In honor of the late Otto Hahn we respectfully
suggest that this new element be given the name
hahnium with the symbol Ha.

In a complicated research effort such as this
we obviously are indebted to many people but in
particular we would like to express our gratitude
for the continued essential and patient assistance
provided by R. G. Leres, A. A. Wydler, C. A.
Corum, A. E. Larsh, and D. F. Lebeck. The ex-
periments were made possible by the excellent
performance of the accelerator and for this we
must thank F. S. Grobelch and the HILAC operat-
ing and maintenance staffs. As always we ap-
preciate the interest and suggestions of G. T.

Seaborg.

*Work done under the auspices of the U. S. Atomic

Energy Commission.
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STRIPPING REACTIONS ON NUCLEI OF THE 1p SHELL INITIATED
BY VECTOR-POLARIZED DEUTERONS *
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Physikalisches Institut der Universitit Erlangen-Niirnberg, D 8520 Erlangen, Germany
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Stripping reactions on target nuclei with spin generally involve at least two values of
the angular-momentum transfer j of the captured nucleon. The probabilities p; for trans-
fer of a neutron with total angular momentum j were determined using vector-polarized
deuterons to initiate a number of (d,p) reactions with Z=1 on °Li, *Be, "B, !!B, and !‘N.
The results exhibit in general a rather good agreement with shell-model calculations by

Cohen and Kurath.

Stripping reactions are an important tool in nu-
clear spectroscopy. The angular distributions of
the emerging particles, i.e., the proton in a (d,
p) reaction, yield two essential pieces of infor-
mation': The angular momentum of the trans-
ferred nucleon is related directly to the location
of the stripping peak, and the spectroscopic fac-
tor S.,,¢ results from the comparison of the mea-
sured peak cross section with the calculated one

by a distorted-wave Born-approximation (DWBA)
code. This value of S.,,. can be used to test nu-
clear-structure calculations.

Recently it has been shown? that stripping reac-
tions with vector-polarized deuterons allow, in
addition, the determination of the total angular
momentum j=/+% of the transferred nucleon.
This is due to the fact that the analyzing power
A(6) 3 depends strongly on j in the region of the
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