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4'K MASS FROM THE REACTION 4'Ca(d, 'He)47K''
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The Q value for the reaction 'Ca(d, 'He) 'K
was measured to establish the 4'K mass. The
Q value was found to be -10.304+ 0.012 MeV,
which implies a 'K mass excess of -35707
+ 21 keV ("C=0). In addition, the first excited
state of 4'K was established at 370+ 15 keV and
is tentatively identified as an s-hole state.

A 34.1-MeV deuteron beam from the Oak
Ridge isochronous cyclotron was scattered
from an 0.2-mg/cm CaO target enriched to
95.6 k in 4'Ca. The target had been evaporated
onto a thin carbon backing at Argonne National
Laboratory and had oxidized in transit to Oak
Ridge. A semiconductor ~-F- detector tele-
scope was used for mass identification of the
reaction products. For this experiment both
detectors were transmission-mounted, surface-
barrier detectors. The E and ~ pulses were
added at the amplifier input and bE vs (E+bE)
spectra were recorded on a 20000-channel,
three-dimensional, pulse-height analyzer. The
observed energy resolution for the reaction
'Ca(d, 'He)~'K was 90 keV (full width at half-

maximum), with the cyclotron beam spread
contributing about 80 keV.

A pulse-height spectrum of the 'He particles
observed at 8=20' from the (d, 'He) reactions
on "C, "0, Ca, and 'Ca present in the tar-
get is shown in Fig. 1. Each 'He group in Fig. 1
is identified by the state in the residual nucleus.
The strongest three groups, corresponding
to reactions proceeding to the ground state
of "N, the ground state of "B, and the third
excited state of "N, were used to calibrate
the energy scale. Eight separate determina-
tions of the Q value for the reaction 4'Ca(d,
'He)4'K were made at laboratory angles rang-
ing from 6=14 to 35'. From these measure-
ments we obtained the value Q = -10.304~ 0.012
MeV for the ground-state reaction. Similarly,
the first excited state of 4'K was established
at 370+15 keV. To determine the mass of 47K

from the measured ground-state Q value we

rely on the 'Ca mass. A recent measurement'
has redetermined the mass excess of 'Ca as
-44 240 + 14 keV, whereas the latest compila-
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FIG. 1. Pulse-height spectrum of 3He particles resulting from (d, He) reactions in a CaO target on a C backing.3 ~ ~ 48 i2
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tion' of relative nuclidic masses reports the
value -44216+ 9 keV. Using the latter value
with the deuteron and helium-3 mass excess-
es, ' we determined the mass excess of K to
be -35707+ 21 keV. The value presented in
the compilation of Ref. 2 is -36250+ 300 keV.

The ground state of 4'K has an isobaric ana-
log in 4~Ca, i.e., the lowest excited state in
47Ca with J~ = &+, 1'= &. Recently, JKnecke
has proposed a semiempirical formula which
can be used to predict the excitation energy
of any isobar ic analog state, and thus estimate
the masses of unknown nuclei. Using this for-
mula, for odd-A nuclei,

EF. , =
[ T(T + 1)-T'(T'+ 1) (,

a )

7

and his empirical value of a(47) =63 MeV, we

find ~9&»„=12.1+1.0 MeV. The energy dif-
ference' between the mirror nuclei ' K and
' Ca was adjusted for radius to give the 4'Ca-
47K Coulomb energy difference. From this
value and the n-p mass dUference, we find the
predicted mass excess of 4'K to be -36.5+1
MeV, which agrees with the experimental val-
ue. From our measurement of the 47K mass
and the Coulomb energy difference above, we

are able to predict more accurately the lowest
T = 2, J~ = 2 state in 4 Ca to be located 12.70
+ 0.12 MeV above the ground state.

Angular distributions for the (d, 'He) reac-
tions populating the ground and first excited
states of 7K are shown in Fig. 2. In analogy
with the reaction "Ca(d, 'He)"K, ' we have as-
signed a (1d„2) ~ proton state to the ~7K ground
state and a (2s„,) ' proton state to the first
excited state. The distorted-wave Born-approx-
imation predictions shown in Fig. 2 use optical-
model potentials extrapolated from optical-
model analysis of deuteron and helium-3 scat-
tering on nearby nuclei at the appropriate en-
ergies. ' As expected, the quality of the fits
is poor, but the spectroscopic factors extracted
from comparing the predictions to the data,
as shown, are S(1d»,) = 3.55 and S(2s»,) =1.15.
These numbers are in excellent agreement
with the corresponding "Ca(d, 'He)"K spec-
troscopic factors' and thus substantiate our
assignment of a (2s~&,) ~ proton configuration
to the first excited state.

The appropriate elastic scattering and addi-
tional 'Ca(d, 'He) measurements are being

made, better to assign spins and spectroscopic
factors to these states and to more tightly bound

proton states.
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FIG. 2. Angular distributions for the reaction Ca(d,
He) ~K to the ground and first excited state of ~K. The

upper curve is an / = 1 distorted-wave Born-approxima-
tion prediction; the lower curve an / = 0 distorted-wave
Born-approximation prediction.
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Nuclear fission thresholds are fairly well
known from the shape of cross-section curves
as a function of energy. The thresholds yield
directly the height of the saddle-point energy
above the nuclear ground state. What is not
so well known experimentally is the shape of
the nucleus at the saddle point. Some informa-
tion about this shape is known from (I) spontan-
eous fission lifetimes and the threshold behav-
ior of the fission cross sections, and (II) the
angular distribution of fission fragments. Both
cases listed under (I) measure the quantity

h(uf, where &uf = (C/B)' is the inverted oscil-
lator frequency at the top of the fission barri-
er. The position of the maximum does not en-
ter. Both measurements yield' 8(uf = 0.4-0.5

MeV for even-even fissioners above the includ-
ing uranium. Ca.se (II) is model dependent and

is based upon the variation in the statistical
distribution of levels with deformation. ' The
purpose of this note is to propose an experi-
ment which yields a measure of the saddle-
point configuration in an easily interpretable
manner.

To date, a.ll induced (as distinct from spon-
taneous) fission experiments consist of depos-
iting energy into a "compound nucleus, " and
then observing the decay through the fission
channel. We propose introducing a Coulomb
field which, ideally, distorts the "cold" nucle-
us up to a saddle point, after which the nucle-
us slides down the potential hill to scission.
If the distorting potential is introduced suffic-
iently slowly, the interpretation of the exper-
iments will involve only electrostatics and nu-
clear statics.

Consider a head-on collision between a pro-

jectile (1) and a target (2). Let the reduced
mass and center-of-mass energy be denoted
by rnid~ and E. Then the classical turning point
d (which we will choose to be outside the range
of nuclear forces) is given by

F~ = Z~Zme /d.

(This neglects the target distortion. ) For pre-
sent purposes, we calculate the electric polar-
ization energy for a target assuming pure quad-
rupole distortion only; that is, the target con-
tains only monopole and quadrupole moments.
(The projectile is assumed to be unpolarized. )
We will further consider only prolate, axially
symmetric distortions, with the target axis
perpendicular to the trajectory. (We ignore
the tendency of the Coulomb field to introduce
nonaxial symmetry or oblate deformation. ')
The electric polarization energy is given by

V = -2Z eq/d3I (2)

where Q is the expectation value of the oper-
ator qr'P, for the target. If we further assume
that the projectile moves very slowly (we pre-
sent below calculations which do not make this
assumption), then the condition for fission is
that Vq plus the target deformation energy e(Q)
have no maximum at closest approach. Since.
Vq is linear in Q, it follows that the position
of the inflection point in Vq+ e is determined
by &. The threshold occurs for

Zp
2d3 dQ inflection

or, taken together with (2), the "infinitely slow"
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