ABSTRACT

COULOMB DISPLACEMENT ENERGIES

OF 1f.,, SHELL MIRROR NUCLEI

7/2

by Dennis Warren Mueller

*615 (3He, BHe) 311, Cen(lHe,

58

The Q-values of the

47 5

6He) Cr, qu(aHe,sHe)Slfe and

Ni(3He,%He) ¥ N1
reactions have been measured and the mass excesses of
of the TZ=—1/2 residual nuclei deduced. The exitation
energies of several levels below 7 Mey in the final
nuclei were measured. Angular distributions of the
J"= 7727, 3/é+.and 1/2*>levels were taken and compared
to those from the l+2Ca(3He,6He)39Ca reaction.

The measurements were made using the 70 MeV.igHe
beam from the Michigan State University Cyclotron. The
6He particles were detected in the focal plane of an
Enge split-pole magnetic spectrograph by two resistive-
wire gas-proportional counters and a plastic scintillator.

The Coulomb displacement energies of the 7/27,
3/2+and 1/2+ levels of the A=un+3, T=1/2 mirror nuclei
in the 1f7/2 shell were extracted and compared to
calculations. The new mass values were employed in the
Garvey-Kelson Symmetric Mass relation to predict the

mass of 32 proton-rich nucléi with T>1/2 from Vanadium

through Nickel.
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1. INTRODUCTION

Mirror nuclei are those nuclei which can be made
from each other by interchanging all protons and
neutrons. Under %he assumption that the nuclear
part of the nucleon-nucleon force does not depend
on whether neutrons or protons are involved, the
binding energies of two mirror nuclei differ only
by the Coulomb interaction of the protons. This
difference in the binding energy is called the
Coulomb displacement energy (AEC)A The Coulomb
displacement energies of mirror nuclei were first

measured by determining Eax Of the gt particles

emitted in the decay of the proton rich member of
mirror pairs. Then AE, is just Eﬁax+mocz + (Mn--MP)c2
where m  is the electron mass and (Mn—Mp) is the
neutron-proton mass difference.EVSS Currently,
however, accurate measurement of the masses of
nuclei in magnetic spectrographs can be used to
determine AEC to the accuracy of a few keV. The
experimental value of the Coulomb displacement
energy\between two isobaric nuclei differing by

one unit of charge is given by

CAE =M(Z,) - M(Z) + (M, - MP)

where M(Zs) [M(Z )] denotes the mass of the nucleus

with the greater [fewer] number of protons.
1



Historically, Coulomb displacement energies have

been employed to provide information on the nuclear

charge radius. Evans EVS?, for example, discusses

nuclear radii extracted from several different types
of data including Coulomb displacement energies.

He assumes a homogenously charged spherical nucleus

. 2
and finds AE, ~ 6/5 _Emi for the Coulomb energy

R
difference between two mirror nuclei differing by

one unit of charge. Here Z.e denotes the charge
of the neutron-rich member of the pair. Evans then

used the existing data on mirror nuclei to find

o~

R = 1.45 Al/sfm. And, he alsoc notes that since
the Beta transformed nucleon should be near the

nuclear surface, the radius may be as small as

R = 1.2 Al/gfm. Bohr and MottelsonB069 use the

. . s . . 5
semi-empirical mass formula of Welzsackerwe3

tN-2)2
A2/3

B.E. = bvol A~-D - 1/2 bs

surf ym

Z2e2

for the binding energy of the nucleus and find R = 1.24 Al/gfm

in agreement with Evans. With the discovery of
Isobaric analogue states in nuclei, it became possible
to extract Coulomb displacement energies between

two nucleii having the same mass number, Isotopic

spin and nuclear structure. This allows the extraction
of nuclear charge radii for all nuclear states, except
T =0, whose Isobaric analogues are known. However,
current results of electron scattering and muonic
X-rays yield more precise values for the nuclear

charge radius of the ground states of stable nuclej.



Nolen and SchifferNosg report that the charge radii

extracted from Coulomb displacement energies are
smaller by 2 to 7 percent than those measured by
electron scattering or muonic X-rays, and that this
discrepancy persists even when a better independent
particle model such as harmonic oscillator or Woods-
Saxon wells are used.

Nolen and Schiffer posed the problem differently
by saying in effect that Coulomb displacement
énergies cannot be used to extract accurate charge
radii, but rather, the radii accurately known from
electron scattering or muonic X-rays should be
employed as a starting point for calculating the
Coulomb energy shifts between nuclei. They found,
for example, that if the known charge radius of a
closed 11LOCa core and a Woods-Saxon or harmonic

oscillator wave-function for the orbiting nucleon

S . SRS
in Ca were used, that the calculated Coulomb

41

displacement energy for Ca -1

Sc is too small.

They found AE. calculated in this manner to be

8-10% smaller than the experimental values for a wide
range of nuclei. This discrepancy persists when

both the exchange and electromagnetic spin-orbit
terms are included. They suggested that a possible
solution to this dilemma was that the radius of

the particles outside the closed core was 6 to 20%

smaller than expected. After investigating different



shapes of the core charge diétribution, they
concluded that the calculated AEC depended most
strongly on the root-mean-square radius but very
little on the specific shape of the distribution.
After discussing several other possible corrections
to AE,, Nolen and Schiffer concluded that either
the rms radius of the last neutron is much smaller
than expected or that some large correction term
had been neglected. This discrepancy, called the
Nolen-Schiffer anomaly, has been the subject of
several theoretical papers in recent years. Au72, Sh?Sb,

Lo76, No71, No74, Sh73, Sh72, 0k71, Sa76
- These papers

have considered various possible solutidns to this anomaly
including vacuum polarization, higher order magnetic
terms, the finite size of the proton, the proton-

neutron mass difference and Isospin mixing in the

core. Also considered is the possibility that the
specifically nuclear part of the pP-p interaction-

differs from the n-n interaction, called charge-

symmetry breaking. Shlomo and collaborators_8h75b> Lo78

and SatoSa76

have made detailed calculations of the
Coulomb, magnetic, vacuum polarization, P-n mass
difference and Isospin mixing parts of AEC and
attempted to assign the remainder to a charge
symmetry breaking potential. Although improvements

have been made in the theoretical calculations of

Coulomb displacement energies, the predicted values



continue to underestimate the effect.

Ih this work, a method for measuring nuclear
reaction Q-values of multi-nucleon transfer reactidns
in a magnetic spectrograph is discussed. The
method is essentially an extension of the techniques

Ka73 A beam from the

described by Kashy et al.
Michigan State University Cyclotron is used to

induce charged particle reactions, such as 58Ni(3He,6He)55Ni.
The products from a reaction whose Q-value is to be
measured are magnetically analyzed in an Enge split-
pole spectrograph and compared to the magnetic
rigidities of similar reaction products from a

known reaction. The principal differences between
the current and previous methods are that more
rigorous particle identification has been made
possible and that detectors which can achieve better
spatial resolution have been developed. Previously
particle identification was achieved primarily by

the specific ionization of the detected ions in a
single gas-proportional counter and by the time

of flight of the particles through the spectrograph.
In the current work, a second proportional counter
was employed to give redundant AE information.
Also,use of thin (.23 mm) plastic scintillator

aided in reducing the background and better

design of the light pipes made the total light output

from the scintillator more useful. Finally, use



of event recording in the current work has proved to
be superior to taking live data. This superiority
results from being able to replay the data while making
Successive refinements in the requirements for
particle identification. Better resolution was
achieved by employing thinner resistive-wire
gas-proportional counters than previously, as well
as by using thinner targets. Continued refinements
in the present methods should help to push back the
frontier of unknown nuclei.

The results of employing this method to remeasure
the Q-values of the l+6Ti(3He,6He)U'3Ti, 50Cr(SHe,SHe)L"]Cr

5 5

l'LPe(?’He,,GHe)SlFe and 8Ni(3He,6He)55Ni reactions are
discussed. Also presented are the mass-excesses
deduced for the residual nuclei? the excitation
energies of several levels in these nuclei and
angular distributions for a few of tﬁe more strongly
populated levels. The high-intensity 70 MeV 3He beam
from the MSU Cyclotron made the latter possible
using runs of a few hours at each detection angle.
The current experimental results are of interest
since they allow accurate determination of Coulomb
displacement energies for the ground and a few
excited states of T=1/2 mirror nuclei throughout

a nuclear subshell. While the displacement energies -

between isobaric analogue states in heavier nuclei

b



are known, the current results include the heaviest
known mirror nuélei. The displacement energy of a
mirror pair is expected t§ depend only on the Coulomb
interaction and possibly a charge -symmetry-breaking
nuclear force, i.e., a difference in the nuclear
part of the p-p and n-n interactions. The displacement
energy of ainon-mirror isobaric analogue pair may
depend, in addition, upon a charge dependent nuclear
force, i.e., a difference in the T=1, p-n and n-n
interactions. Hence, it may be possible to extract
- the p-n and n-n difference by comparing the displacement
energies of higher T isobaric analbgue pairs to thoée'
of the T=1/2 mirror pairs.

The results for the Coulomb displacement energies
are compared to a shell-model prediction and to a
model for the Coulomb energies of excited particle-
hole states.Sh75 Finally, the current values of the
masses are used in the Garvey-Kelson symmetric mass rela-

tion to predict the masses of proton-rich nuclei in

the 1F
7792 shell.



2. EXPERIMENTAL PROCEDURE

INTRODUCTTION

The remeasurement of the masses of and the

43 47

determination of the levels of Cr, 5lre and 5SNi

Ti,
were made by comparing the 6He particles from the (3He,6Hg)

46.,.. 50 54

58, . 6
reactdion on Ti, Cr, Fe and . 8Nl to the He

particles from the (3He,6He) reaction on 27Al and
25Mg in a magnetic spectrograph. The low yield from
these reactions when using thin targets, 40 to 324ﬁg/cm2,
necessitated high beam intensities, 1 to 3 VA, long

runs, 5 to 30 millicoulombs of integrated beam

current and a powerful particle identificétion system.

' The Michigan State University Cyclotron proQided the
stable high-intensity beam of 70 MeV 3He particles
necessary for the measurements. The particle-
identification system consisted of two resistive-wire-
proportional counters backed by a plastic scintillator.
The two proportional counters provided redundant
information of energy loss in the gas, while the

signal from the plastic séintillator was employed

to give both time of flight in the spectrograph and

light-output information.

Angular distributions of the (3He,6He) on l+6Ti,

50 54 58

Cr, Ni were taken as far back as 27 deg.

Fe and
in the laboratory despite the low cross sections,
0.1 to 1.1 yb/sr, of even the most prominent peaks

in the spectra of the final nuclei. The low cross
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sections necessitated the use of thick targets,

about 1 mg/cm2, in obtaining the angular distributions.

’
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2.1 PARTICLE IDENTIFICATION

The reaction particles were identified by means
of their specific ionization in a double-wire gas
proportional counter, their time of flight through the
spectrograph and their total light output in a plastic
scintillator. Figure 2.1.1 illustrates the electronics
for this system.

The specific ionization of a particle with a

_given energy can be found in Nuclear Data Tables No70

and Reference Wi66. In a spectrograph it is convenient
to know the specific ionization as a function of
magnetic rigidity of the particles. Figure 2.1.2

is a graph of the specific ionization of various

ions in Propane versus magnetic rigidity. While
several ion specieés can be identified by means of

. c s i . : 7 7. .
their specific ionization, some such as 'Be and Li

or 6He and 6Li cannot be separated by this means.
This ambiguity arises from the considerable overlap
in the energy loss spectrum of particles with others
having nearly the same specific ionization.
Furthermore, particles with low specific ionization
have a small probability of having a large energy
loss in the gas due to the very long tail of the
energy loss distributioanés8 An anomalously large

energy loss from a prolific light ion can pPresent an
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ambiguity in identifying heavier ions from low cross
section reactions. A second proportional counter

is employed to provide redundant energy loss
information. The probability of a light particle
Producing an .anomalously large signal in both the
first and second detectors is small. For instance,
the calculated probability of an alpha particle
yielding an energy loss signal equivalent to that of

a 6He particle is about 3x10~% Kob8 for a single

proportional counter, while for a double proportional
counter this probability is about lx10—7. Experiment
indicates that the probability calculated aésuming a
vVaVilov distribution for a single proportional counter
is about an order of magnitude too small.

The time of flight of the reéction particleé in
the spectrograph is essential in particle identi-
fication. The speéd of a charged pafticle through
the spectrograph is directly proportional to its
effective radius of'éurvature,p.;nicm., while the length

of the flight path is: L = (54.7 + 3.61p - .00294p2y op Mi76

For 80 em. > p > 70 em., which cofrespbnds to a
distance of 25 cm. along the focal plane, the time-
of-flight in the spectrograph varies only by about 2%.
Therefore, the time-of-flight of an ion species is
about the same at all points along a detector in the
focal plane. Figure 2.1.3 shows the time-of-flight
spectra for several ion species. The time is measured
by using the anode signal from the photomultiplier

on the plastic scintillator as a start pulse and the
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r.f. signal from the cyclotron as the stop pulse
in a time-to-amplitude converter (T.A.C.). Thus,
in the time-of-flight Spec%rum, the fastest ion
species yields the largest signal from the T.A.C.
The time resolution is strongly affected by the
angular spread accepted by the spectrograph

entrance aperture. The data in Figure 2.1.3.

taken with a 2°%2° aperature, clearly shows that the
slower ion species have a broader time-of-flight
peak. The ratio of the widths of the proton to
triton peaks is 5:12 instead of 1:3 which is predicted
from the ratio of the velocities of the particles,
under the assumption of no contribution from the

beam or detection system. The small departure

from a ratio of 1:3 implies a contribution of less
than 1. ns. to the resolution from the beam and
detection system. Since the time-bf*flight of an

ion through the spectrograph is inversly proportional
to its charge to méss‘ratio, there is an ambiguity
in the identification of particles having the same
charge to mass ratio. This ambiguity is removed

by the energy loss in the gas of the proportional
counters as Figure 2.1.Y4 indicates. A 74. Mev.

3He beam incident on a 13

C target produced the
reaction products for the plot of time of flight

versus energy loss shown in Figure 2.1.5. In this
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figure, particles having.a low specific ionization
were eliminated by means of a coincidence requirement
that their energy-loss signal be at least as large

as that OfﬁsLi ions having the same magnetic rigidity.
It is clear from Figure 2.1.5 that the combination of
time-of-flight and energy loss information is a
powerful particle identification scheme.

There is one further piece of information available
for particle discrimination and that is the total
light output of the particle in the plastic scintill-
ator. Because gamma rays and neutrons arrive at
the detector at all times, a gamma ray or neutron
could trigger the T.A.C. and produce a time—of-flight
signal equal to that of the particle of interest.
This time signal in coincidence with an anomalously
large energy-loss signal from a lightly ionizing
particle or with a large energy—loss.signal due to
pileup of light ions could cause misidentification
of the event. However, a low level discriminator
is used to analyze the anode signal before it can
start the T.A.C. This low level discrimination
helps to eliminate random time signals produced
by gammé rays andvneutrons since the light output
from these particles is generally smaller than those
for the particles of interest. Figure 2.1.6 shows

a plot of light output versus magnetic rigidity



ator, Be75 The +total light output is usefuyl for

redujidant pParticle identification,,as well as fop

backgroungd. Furthermore, lightly ionizing bParticles
bass through the thin scintillator bProducing only
Small light signals, thereby facillitating identi-
fication of the heavier Particles. Resolution of

the light output spectrunm is limiteq by the light

in the detector. A Plot of the light output

Versus position in a typical detectop is shown in
Figure 2.1.7. uysge of a two-dimensional gate for 1jght
a8 a function of Position can improve the usefulness
of the light output information. Such gates are

Mmade possible by the use of the computer Programs

III EVE ang pygy, Au76

been observed, angd the use of exotic transfep reactions

3 8. .
such as ( He,"1i), (3He,8B) and (SHe,QC) has been

made possible,
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Figure 2.1.1

detection system.

Block diagram of the electronics used in this

Note that only the second proportional

counter and the discriminator on the anode signal from

the P.M.

tube need be used as live gates.

All other

signals can be event recorded on magnelic tape.
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Figure 2.1.2 Specific ionization in propane versus magnetic

rigidity of various ions. The values of specific ionization

are from References No70 and Wi66.
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a 76.4 MeV “He beam on a 2l1lMg target. The magnetic field was such that
the ®Li ions from the ground state of 2lNa veached the detecton. Each

beak represents the yield from the same amount of integrated beam current.
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OF FLIGHT

TIME

AE o

Storage scope display of time of flight versus energy loss
The particles were produced by a 74 MeV

Figure 2.1.5
in the proportional counter.
beam impinged on an enriched BfOil'

were eliminated with an external gate.
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Figure 2.1.6 Light versus magnetic rigidity for particles stopped in
plastic scintillator. Except for 5He the curves are from Reference Be75.
The SHe data was taken in connection with this thesis at He energies of
65 Z2/A to 93 Z2 /A MeV, Also, at E 11 ZQ/A MeV, 9¢ was found to yield
one-half the.light of 3He and, at E 16 Z2/A MeV, 8B gaverabout two-
thirds the light of SHe.
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Figure 2.1.7 Light versus position for a four inch long
detector. The light signal from the PM tube was found to be

a function of position for various light-pipe designs.
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2.2 BEAM ENERGY

The 3He beam energy was measured by means of the
momentum matching techniqﬁé described by Trentelman
and Kashy.Tr70 The magnetic rigidity of alpha

: 27
particles from the Al(gHe,uHe) reaction was compared

to the magnetic rigidity of 6He particles from the
27Al(sHe,BHe) reaction. The uncertainty in the
beam energy deduced from this comparison is 28 XeV.

This uncertainty represents the sum in quadrature

of 16 keV due to uncerfainties in the masses,wa?l’ Oves

Ty keV.due to uncertainty in the angle and 19 keV -

due to the uncertainty in the relative magnetic
rigidities. The latter is a result of the uncertainty in
centroid determination of 4 keV for the alpha, particles
and 6 keV for the °He particles. Corrections were

made for small changes in the beam energy due to

drifts in the fields of the beam analyzing magnets.
Tabler2.2.1Agivesvthe calculated beam energy and
'unéertaiﬁty,for several sets of momentum matched
reactions. The uhcertainty in the beam energy
magnitude implies an uncertainty of 2 keV in the

mass measurements due to beam energy. The spread

in beam energy accepted by the magnetic analyzing
system was about 100 keV. Thus, a fluctuation of 20 keV
in beam energy would affect the mass measurement by

only about 7 keV.
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2.3 SPECTROGRAPH CALIBRATION

The momentum analyzing characteristics of the
Enge 90 cm. split pqle speétrograph have been cali-
brated for the region of the focal bplane where both
calibratiéﬁ and unknown particle groups are placed.
The beam energy was adjusted fqr momentum mqtched
reactions, thergby determining the magnetic rigidity
(Bp) of the reaétion products. Then a series of
other reactions‘were used to produce reaction pfoducts
which were placed in +turn at the same position on
the focal plane. As the field was increased a
proton NMR ﬁrobe meas&red the magnetic field in a
flat region of the spectrograph. - In all the measure-
ments a cycling‘procedure was used and the field set
on the increasing current side of the cycle.

It was found thét the magnetic field along the
Path responsible for the bending, fBdl, was, in
spite of the recycling procedure, sensitive to the
rate at which the spectrograph field energizing
current was increased.Sn67 This was ascertained
by recycling and then increasing the field directly
to the value where the momenfum<matched reactions
wefe observed. The procedure was then repeated
allowing the spectrograph to remain at several
intermediate field values as the field was increased.

In all this, the matched reactions insured that the
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beam energy and Bp values remained unchanged. The

problem was clearly the edge fields. By limiting

the rate of increase of the current (15 min. from

zeré to 16Kg field), reproducibilities at the

1/20,000 level can be obtained on successivé recyclings.sn67
The magnetic rigidities of thé SHe particles

from the éalibration reactions 27A1(3He,6He) and

25 6

Mg(sHe, He) are nearly the same as those of the
6He particles from the reactions of interest.
Therefore, only small Changes in the magnetic field

are necessary and these small changes imply an

uncertainty in the mass measurements of less than 2 keV.
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2.4 DETECTOR CALIBRATION

A resistive-wire proportional counter was used to
detect the position of the reaction particles in the
focal plane. The detector was calibrated by performing
a least-squares fit of rho versus channel number

. . 12
for_the alpha particles produced in the +2¢(3pe "ye),

25 54

y ,
Mg(3He, He) and Fe(SHe,uHe) reactions. The

energy levels in the re81dual nuclei of these
reactions are well known A375 Sh76 En73, ND73

This procedure resulted in an rms deviation of about

4 keV of the onserved ffoﬁ the accepted values for

the excitation energies The gas gain of the detector
is adjusted so that the size of the signals is the
same for the 6He particles as for the alpha partlcles
ThlS is done in order to eliminate a shift in the
~electronically derived position from signals of
different sizes. The use of this method'of calibra-
tion resulted in uncertainties in the excitation
energies of about 2 keV per MeV of excitation energy
due to different calibrations used. This uncertainty
is added in quadrature to the uncertainty of 3 keV
from the residuals and the uncertainty of 2 to 20 keV

in the centroid determination for the low cross-section

(3He,6He) reactions.
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2.5 TARGET THICKNESS MEASUREMENTS

The mass measurement of the 4n+é,TZ = =-1/2
nuclei has been made on t&o sets of targets. The
first set, with the exception of the SOCP target,
J’consisted of 259 to 324’ug/cm2 carbon backings.
The thlckness of the self supported foils was measured
by means of the energy 1oss of 5.48. MeV alpha

particles from 241

Am. The energy of the alpha
particles was measured in a surface barrier silicon
detector. The thickness of the carbon—backed targets

was measured by means of the energy loss of 56 MeV

611 partlcles from the 12@( He,GLi) reaction.

A 217%:22 pg/cm carbon foil was eﬁpioyed to/measure
the cross-section for this reaction of 130:17ug/sr

at bLap © 10°,  The spectrographvwas used to measure
the energy of the 815 ions. The targets were rotated
so that the carbon backlng faeed elther towards or .
away from the spectrograph aperature. The difference
in the observed energypof the 6Li particles for the
two target orientations is just theGLi ehergy loss in
thevmetal[target. The size of the SLi energy'loss
was 12. to 27. keV. The specific ionization of

56 MeV 6Li particles is about twice that for 52.

MeV 6He particles.N070

Hence, use of the SLi energy
loss should yield an accurate determination for the
6He energy loss in the targets. The thickness of

the carbon backings was determined by measuring
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the relative yields of 8p; particles from the backings
and from a thick carbon foil, as well as the energy .
loss of the 6Li ions in tHe-backings and in the

thick foil The thlckness of the backlngs ranged

From 26 to L7 ug/cm Table 2.5.1 shows the thlckness,
method of measurement and energy loss correctlons

of the targets Notlce that these small energy-

loss correctlons 1mp1y only very small (less than

L keV) uncertalntles in the mass measurements.
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3 EXPERIMENTAL RESULTS

3.1 MASS MEASUREMENTS AND SPECTRA

b7

H

51 55

The mass excess of 43Ti Fe and Ni

Cr,
have been remeasured by the method descrlbed and

have been found to be con51stent w1th the results

of Mueller et al Mu75 The recent measurement
employed thln targets evaporated on carbon foils.

The target thlcknesses were measured by ‘means of

the energy loss of 6LJ. ions from the 12C( He, Ll)
reactlon 1nduced in the backlngs Tables 3. l 1

and 3.1.2 contaln the results of the recent measure—'
ments and those of Mueller et al. The recent

measurement employed thlnner targets than prev1ously

and also made use of a second callbratlon reactlon

25

Mg(sHe, He) as well as the 27Al( He, He) reaction

used previously. The magnetic rigidity of the 6He
particles from the QSMg(BHe,GHe) reaction leaving

2Mg in its first excited state have nearly the same
magnetic rigidity as those from the 58Ni(3He,6He)
reaction leavlng Soyi in its ground state. The
two calibrations gave consistent results. Table 3.1.3
shows-the error analysis for a single measurement.
Repeated measurements reduce the random errors
due to most sources except those from the uncertainties
ln calibration Q-value and target-thickness corrections.
The recent measurements increase the reliability

of the values for the mass excesses since a
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different calibration and thinner targets were
employed. In the case of u7Cr, the ﬁncertainty in

the mass excess of the 3/2° ground state is greatly
reduced since it has been resoived from the 5/27 and
7/27 states. During the analysis of this data, a
discrepency from the Mass 71 valuewa7lfor the mass

of 57Ni was observed. Appendix B discusses the result

of the measurement of the mass of 57Ni via the

5 8 . ") v‘,.
N1(3He,4He) reaction which removed the discrepency.

Figures 3.1.1 to 3.1.4 show spectra of the 6He
particles taken at laboratory angleé of from 4.5
to 27 degrees. Targets of approximately 1 mg/cm2
seif-supporting metal foils and a solid angle of
1.2 msr. were employed in the acquisition of these
spectra which are normalized to represenf the
yield from 10 millicoulombs of integrated beam
current. The resolution in these spectra is
limited by energy loss in fhe targets to greater
than 70 keV. The three most prominent peaks in
the spectrum of each nucleus have been identified
by comparison with the mirror nuclei as the lowest
lying 7/27, 3/2" and:1/2% states. Thin targets were

employed to obtain the high resolution shown in

Figures 3.1.5 through 3.1.7. These spectra indicate'

several levels that were not resolved in the thick
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target data. Of particular interest are the three
lowest lying states in u7Cr. The previously large
uncertainty in the ground sfate mass of u7Cr resulted
from the inability to resolve these states. This
uncertainty has now been resolved. Tables 3.1.4

through 3.1.7 list the excitation energies of levels

. b3 .
in Ti, u7CP, Slfe and 55Ni which have cross-sections

of greater than about 60 nb/sr at eLab = 109, Levels

with smaller cfoss sections are listed if the thick

target data verifies their observation.
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Table 3.1.1 Mass Excess (MeV)

a

Nucleus Previous Present Average
43... b
Ti ~29.328+0.012 -29.305+0.01Y4 -29.319+0.008
“Ter(gos.)  -3u.60840. 0u0C ~34.553+0. 015 ~34.561+0. 0129

(7/727) -34.386+0.012 ~34.371+0.013 -34.379+0.0010
Slre(g.s.) ~140.219+0.017 ~40.200+0.015 ~40.201+0.0129

(7/27) ~ -39.940+0.013 ~39.938+0.013 ~39.939+0.0010
>SN -45.33740.011°  -45.327+0.013 ~145.333+0. 0010
a) Reference Mu75

b)

c)

d)

é)

The average mass excess of qBTi includes the measurement
of Ref. Al67. (-29.32110.010 MeV)

In the measurement of Mueller et al., the "Tep g.s. was not
resolved. The separation of the 7/2~ and the ground state
was taken from the present measurements.

The relative exitation of the 7/2” and 5/2” ground state
from the Bresent measurement was employed to deduce the
SlFe and Ter ground state masses.

This value represents an 8.2 keV increase in the mass of 55Ni
from thg value of Mueller et al."’® due to the measurement
of the °®Ni mass of Jolivette et al1.Jo
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Table 3.1.2 Reaction Q-Values

Q-Value (MeV)

Reaction Previous® Presentb
*675 (PHe, BHe ) *3p1 ~17.463+0.012 ~17.486+0.014
*%cr®He, e ) en(g. 5. ) ~18,313+0. 040 ~18.368+0.014
(7/27) ~18.535+0.012 ~-18.550+0.013
*"Fe (®He, ®He) Slre(g. 5. ) ~18.698+0.017 ~18.697+0.015
(7/27) ~18.969+0.013 ~18.971+0.013
*8y1 (®He®He) 55N ~17.555+0.011 ~17.565+0.013

a) Reference Mu7h

b) Q-Values measured relative to the 27A'L(sHe, He)qul(g.s.)
and . 25M"‘3”e, P”)zuMg(3 3082 reaction Q-Values of

~19.812+0.003 Mev*V09WaTl 414 14 765640, 004 MeyNOTH-HaTH,

Wa7l,En73 respectively.
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35

Error Analysis

Parameter

Uncertainty Effect on

>8N13He, ®He) ¥ON1
Q-Value (keV)

10.

Beam Energy (absolute)

Beam Energy (fluctuation)

Detection angle

Angular yield dependence
Peak Centroid

2uAl mass®

Target thickness
B-field scaling

B-field reproducibility

Detector Calibration
and linearity

38 keV 2.0

20 keV 7.0

.2° : 8.0

.25° 5.0

.3 ch 3.3

3 keV 3.0

10% ' 1.2
<1.0

1/20,000 field not changed
4.0

Overall uncertainty 13.5

a) Reference Ov 69
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Table 3.1.4 qui.Energy Levels
Ex(MaVv) Uncertainty (keV) Jn
0.0 0 7/2°
0.319 6. 3/2°
0.475 10. |
0.998 10. 1/2*
1.16 10.
1.47 10.
1.80 15.
2.25 10.
2.438 9.
2.99 15.
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y

Table 3.1.5 "cr Energy Levels

Ex(MeV) Uncertainty(keV) J"

0.0 0 3/2”
0.102 10 5/2°
0.182 7 7/2
0.478 7 372"
0.890 20

1.355 8

1.451 9

1.541 15

1.831 8 1727
2.131 9

2.406 10

2.557 10

2.609 10

2.661 10

2.848 10

3.430 10

3.504 11

3.747 11

4.169 12

4.295 12

5.409 15
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Table 3.1.6 “lre Energy Levels

Ex(MeV) Uncertaintyb(keV) J
0.0 0 5/27
0.262 6 7/2°
1.218 10
1.525 9
1.866 13
2.063 7 372"
2.489 8 - 172"
3.013 _ 9
3.127 9
3.310 10. :

3.964 12. (doublet)

4.456 ' 13.
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55

Table 3.1.7 Ni.Energy Levels

Ex(MeV) Uncertainty (keV) J"
0.0 0 7/2
2.089 6
2.1462 5
2.839 5
2.888 7
3.185 6 172"
3.502 15
3.592 15
3.752 7 3/2"
3.78Y 15
. 046 9
4. uuy 10 (doublet)
4.616 11
. 743 12
4.983 11
5.178 11
5.389 12
5.876 . 13
5.937 13
6.60 50

6.87 50
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3.2 ANGULAR DISTRIBUTIONS

Angular distributions of the (3He,6He) reaction

54
have been taken on 1 mg/cm2 uGTi SOCT, Fe, and

>
S8ys targets from 4.50‘to 27° in the laboratory.
The results have been compared empirically with
those of Nann et él.Na76, who measured the angular
distributions of the 7727, 3/2" and 1/2% 1evels

42Ca(3He,6He)39Ca reaction.

excited in the
Figure 3.2.1 shows the angular distributions of

the present work together with those of Nann et al.
The line in each distributién is a smooth curve
drawn to guide the eye and represents ah average

of the Ni and Ca shapes for each spin énd parity.
The data for the 7/27 levels follows the empirically
determined curves well. The structure in the data |
for the 7/2” level in Cr is not as pronounced as

for the other nuclei. This is at least partially
due to the presence of the unresolved 5/27 state.
The Fe data (see Figure 3.1.3) indicates that at

4.5 degrees the 5/27 level should have a yield
comparable to that of the 7/2” level. The 3/2%
levels are all well resolved and all have similar
angular distributions. The 1/2° levels exhibit

more structure in their angular distributions.than :

the 7/27 and 3/2% levels and the shapes of these
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angular distributions vary. However, the angular
distributions of the 1/2'+ levels all have minima
at approximately 6 and 23 degrees and, except for

Fe, have a maximum at 10 degrees.

13,,3

The‘angular distributions of the ~ C( He,BHe)lOC

. T o+
reaction to the J° = 0% ground state and the J" = ot

level at 3.35 MeV were meésured by Kashy et gl.Ka73

in order to investigate the reaction mechanism in

a case where both initial and final states are

known. A zero-range distorted-wave Born-approximation

calculation was performed which could not explain

the shapes and relative magnitudes of the 0% and

2% transitions. Recently G. Delic and D. Kurath
performed finite-range distorted-wave Born-approxi-

De76 which were more successful

mation calculations
in describing the qualitative features of the reaction,
particularly the ratio of ‘the integrated cross-
section of the 2+ to that of the 0+,0(2+)/0(0+).
In the finite-range DWBA calculation this ratio
was calculated by Delic and Kurath to be of the
order of 2-3 while the zero-range DWBA of Kashy
et al. gave .4. Experimentélly 627y /00t)=1.5 for the

integrated cross sections up to ecm+45°. In order to achieve

qualitative description of the shapes of the
angular distributions, Delic and Kurath used
different sets of optical model parameters for

the O+ and 27 transitions. The description of the



49

(3He,6He) reaction by DWBA as a direct thpree neutron
Process is still a state of the art description which
gives only qualitative results. In the current work ,
use was made of the angular distributions only

as an empirical aid in determining the spin and
parity of some levels. It is hoped that the data
presented here will be useful as multi-nucleon

transfer—reaction theory continues to improve.
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3.3 DISPLACEMENT ENERGIES

The measurement of the masses and excitation
energies of “these T, = =1/2 nuclei allows extraction

of the displacement energies for the lowest

7/27, 1/2% ana 3727 states of the T = 1/2 mirror

pairs. The experimental displacement energy, AE_, is:
AEC = M(Tz = +1/2)—M(TZ = +1/2)+.782 MeV

M( T, = ¥1/2) refers to: the mass of the level

in the TZ = *#1/2 nucleus and .782 MeV is the neutron-

proton mass difference. Table 3.3.1 lists the

experimental displacement energies of the T = 1/2

mirror pairs in the 1f7/2 shell having J = 7/27,

1/2+ and 3/2* extracted from the current results

those of Mueller et al., and recent measurements

. of the corresponding T, = +1/2 nucleiq07u’NO75’ Jo76, No76
For a homogeneously charged sphgre of radius R-and
charge Ze, the Coulomb energy is E, = 3/5[%(Z-1)]e?/R.
- Thus, the Coulomb energy difference of.two nuclei

of charge Z< and Z<+1, where Z. denotes the

charge of the T, = +1/2 nucleus, is AE, = 6/5 x
e? Z. /R. By dividing AEC by Z. the principal

Z dependence of the displacement energy is removed,

and the systematics can be examined in finer detail.
Table 3.3.1 lists the experimental reduced displace-

ment energies E /Z. - Figure 3.3.la shows a plot
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of AEC/Z< for the lowest J" = 7/27 levels of +the

T = 1/2 mirror pairs in the 1f shell. The

7/2
solid line indicates the results of a shell model
calculation performed by W. Chung and B.H. WildenthalCh75

who used the two-particle Coulomb interaction of

Bertsch and Shlomo.Sh7L1L The calculation assumed a

bure lf7/2 configuration and no change in the
radial form factor for the nuclei from A = 41 to 55.
There is a good agreement between the prediction
and experiment for both the size of the Coulomb
pairing interaction and the general dependence

of the reduced Coulomb energy on A. The magnitude
of the effective Coulomb pairing interaction for
mass A is deduced from the masses of the nuclei

by taking the difference between AE, for A and the
average of AEC for A-1 and A+l. From the present
data the average value of the Coulomb pairing
interaction in the lf7/2 shell is 62%10° k&V.

This small value would have been difficult to
extract from less accurate mass measurements.

Using the same procedure on the masses derived

from the shell model calculation, a value of 44 keV
is obtained for this pairing term, which is
approximately 20 keV less than the empirical value.
It is.interesting to note that the by keV pairing

deduced from the shell model results is significantly
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less than the 70 keV value entered in the two-body
matrix elements of the shell model clode. This
is due to seniority mixing since a good seniority
scheme would have returned 70 keV as the Coulomb
Pairing interaction.

A plot of AEC versus A for the lowest 5/2+
level in the d5/2 sheil is shown in Figure 2b.
It is clearly seen that the 1f7/2 mirror states

show considerably smaller Coulomb-pairing variations

than is seen in the 1d$/2 shell. It has been pointed

Shé5

out by Sherr et al. that the size of the Coulomb

energy difference varies more slowly than A“l/3 in

this region. The present data indicates an A~1/D

dependence where 65n57 throughout the 1f shell.

7/2
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Table 3.3.1

Displacement energies and reduced displacement energies

of the T=1/2 mirror pairs in the lf7/2 shell.
A g" AE_(MeV)  AE_/7 Refs.
b1 7/2” 7.278+0.005 0.3639+0.0002 Wa7l
3/2" 7.364+0.009 0.3682+0.0005 Wa7l,En73
1/2% 7.323+0.007 0.3662+0.0004 Wa71,En73
43 7/2” 7.642+0.009 0.3639+0.0004 Wa7l,present
3/2° 7.809+0.011 0.3718+0.0005 Wa7l,En73,present
172" 7.947+0.013 0.3784+0.0006 Wa7l,En73,present
45 7/2” 7.906+0.018 0.3593+0.0008 Wa7l,Mu75
u7 7/2° 8.262+0.010 0.3592+0.0004 Wa71,Sh74 ,present
3/2" 8.445+0.013 0.3672+0.0005 Wa71,Sh74 ,present
172" 8.397+0.013 0.3651+0.0005 Wa71,Sh74,present
49 7/2” 8.487+0.018 0.3536+0.0008 Jo73,Mu75
51 7/2° 8/846+0.011 0.3538+0.0004 - Wa71,No76,present
3/2" 9.069+0.013 0.3628+0.0005 Wa71,No76 ,present
172" 9.036+0.013 0.3614+0.0005 Wa71,No76,present
53  7/2° 9.07340.023 0.3489+0.0009 Wa7l,Mu75
55 7/2° 9.477+0.010 0.3510+0.0004 Jo74 ,present
3/2" 9.703+0.012 0.3594+0.0004 Jo74,No75 ,present
1/2% 3.743+0.012 0

.3609+0.0004 - Jo74,No75,present
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4.1 BFZ MODEL FOR DISPLACEMENT ENERGIES

Sherr and Bertsch have employed the Bansal-French-
Zamick model (BFZ) to calcﬁlate the Coulomb displace-
ment energies of excited particle-hole states in
light nuclei and report that typically the level
shifts are reproduced to within 50 keV.SD7% The
BFZ model can be employed to find displacement
energies by finding the difference between the
binding energies of the particle-hole state and
of its analogue. Under the assumption of charge
symmetry and charge independence of the nucleon-
nucleon interaction, the difference in the binding
energy of the analogues is due to Coulomb effects.
Under this assumption in the BFZ model, the binding
energies of the nuclei can be replaced by their
Coulomb energies, and only the Coulomb part of the
particle-hole interaction need be considered.

For an m-particle-l-hole state the hole con-
figuration is designated by H and the remaining
core configuration by C. Then, the particle-hole
state can be represented by H & C, and the Coulomb
energy of a state with isospin (T,TZ) is given by :

2
E = I(0(Cy) T,C) T(H) T ()| T T,)

X (EC(Ci) + EC(Hi) - UiuiC)
The Ui and ui are the numbers of proton holes and

proton particles and ¢ is the Coulomb interaction
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of a proton hole with a proton particle in a
different shell. The'index'i is used to designate
the constituent states necessary for a state of

. good isospin. In this model it is necessary to
distinguish between A = Ln+l and A = Hﬁ+3 T = 1/2
mirror nuclei. For the latter case, the excited

state H & C, is given by

{(1n) @ (a+)T=0y T=1/2

For example in this model the nucleus qui in its 3/27 excited

state has the configuration:

TZ=O‘

(d,,,) t Ts1/2 (¢

3/2 T =172
YA

172

The real nuclei which have the d3/2 neutron hole in a uoCa

core and 2-—f7/2 protons and 2~f7/2 neutrons outside the l’OCa

hu 13

core are 39Ca and Ti respectively. The mirror of usTi is “Sc

+ s . .
whose 3/2 configuration is

' T =-1/2 T =0
Z Z
in this model. The recal nuclei having these (c13/2)"1 and

oy
}Tl.

1
(f.]/?)u configurations about a lOCa core are 39K and
Then, the Coulomb displacement energy of the lowest 3/2+ level

in these A=43, T=1/2 mirror nuclei in this model is

N N ’ .'.
ME,(43,3/27) = AL_(39,3/2%) + 2c(3/2,7/27)

.. .
wheroe ABC(39,3/2 ) is the Coulomb energy difference of the
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39

+ —
3/2 ground states of 39Ca and K, and c(3/2+,7/2 )

is the Coulomb interaction of a d3/2 proton with an

1f7/2 proton. This method can be extended to the
lowest 1/27 states by employing AEC(39,1/2+) and
c(1/2+,7/2—). The results of calculations using
this method for the A = Un+3, T = 1/2 mirror nuclei
with m-particle-l-hole states are given in Table 4.1.1
Three different methods of determining c were
employed. First, the values of c(3/2+,7/2’) =289keV.
and c(l/2+,7/2~) =286 keV determined by Sherr and
Bertsch were used.Sh7® Those values of c predict
AEC to be progressively smaller compared to the
experimental values as the shell is filled. That

is A= AECcalc - AE, exp. becomes smaller as A
increases. Second, a least squares fit of ¢ to the

data was performed. The values obtained were

c(3/2% 7/27y = 295 kev and c(1/2%,7/27) = 302 xev.

These values improved the overall agreement with
experiment, however the systematic trend in A still

exists. Finally, the slope of AEC versus A was

fit. This leads to the even larger values of c(3/2+,7/2‘)=
316 keV and c(l/2+,7/2-) = 321 keV which remove

the systematic trend of A. However, this is achieved

at the cost of over-predicting AEC by approximately

125 keV throughout the shell. This large difference

may be due to the unusually large displacement

39, 39

energy of ~K-""Ca, which has been ascribed to the
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large binding energy of these nuclei.'™W/°P

Figure 4.1.1 is a graph of AE vs A for the 3/2°
C

+ .
and 1/2 1levels in the A = Yn+3, f7/2 shell nuclei.

The solid line represents the calculated values of
AEC using c(8/2+,7/2”),[c(l/2+,7/2“)] = 296 keV

[302 keV]. The dashed line represents the calculated
AE, with c(3/2,7/27) [c1/2%7/27)7 = 318 xev

[321 keV] with 126 keV [117 keV] subtracted from

all the calculated 3/2° [1/277 1evels. The dashed
curves exhibit remarkable agreement with the data.
The values 126 and 117 keV subtracted from the
calculated values of AEC agree with the increase

of ABC in mass 39 expected due to the large

39, Mu75b

K Finally, the

neutron separation of

f7/2-d3/2 and f7/2—281/2 Coulomb interaction was
calculated using both harmonic oscillator and
Woods-Saxon wave functions. Table 4;1.2 summarizes
these calculations which exhibit approximate agree-
ment with the experimentally derived Coulomb inter-

actions.
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Table 4.1.2 Coulomb Interaction Between Shells

a)

Exp. H.O. W.S.
(keV) (keV) (keV)
Direct Exchange
f7/2—d3/2 316 308 338 -16
f7/2~281/2 321 29y 328 - 6

a) Calculatiog2made using the oscillator parameter
vV =,258 fm-
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Figure 4.1.1 Plot of the Coulomb displacement energies of the

lowest 3/2+ and 1/2+ levels of the A=4n+3, T=1/2 mirror

pairs in the f7/2 shell. The lines are the results of the

calculations discussed in the text.
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4.2 MASS PREDICTIONS

The current mass-excesses of the nuclei in the

/

f7/2 shell can be used to update the mass predictions

based on the Garvey-Kelson symmetric mass relationKe66
of the proton-rich f7/2 shell nuclei. This method,
based upon an independent particle model, takes into
account size, shell and pairing effects. In the

cases where prediction and experiment can be compared,
égreement at the 150 keV level is found with the
largest deviations observed when nuclei from more
than one sub shell are used in the relation.

Table "4.2.1 lists the calculated mass excesses of

23 Tz < -1 isotopes from V through Ni which

are predicted to be stable against alpha particle
emission and against one or two~-proton emission.

Also listed are the Ffirst two isotopes predicted

to be unbound to one or two-proton emission.

48, .
In view of the predicted particle stability of Ni

.
and que, it appears that the experimental observation

of nuclei all the way out to the proton drip line
will require some rather exotic heavy ion reactions

and pose quite a challange to the experimentalists.
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Table 4.2.1 = Predicted mass excess using Garvey-Kelson symmetric

mass relation.®

Mass excess Separation energyb (MeV)
Nucleus (MeV) One proton - Two protons

T,=-1
hy ~23.83 1.81 6.31
46cpe -29.56 5.02 6.64
48Mn -29,31 2.03 6.81
50re -34,50 4.13 . 6.22
5200 -34,38 1.48 6.34
Slyi -39.27 3.92 5.53

=3

Tz" 2
43y ~17.92 0.10 3.87
H5cp ~19.64 3.14 4.95
47Mn ~22.65 0.32 5,34
49pe -24.76 2.76 4.79
Sleo -27.40 0.19 .32
S3Ni -29.66 2.59 .07

T ==2

VA
?Qv - 8.02 ~0.37 2.09
thop ~13.54 2.96 3.06
46Mn ~-12.62 0.22 3.36
48re ~18.17 2.82 3.14
50¢o -17.73 0.26 ©3.02
S2Ni -22.68 2.58 2.77
-5 :

Tz"“f
hly 0.08 -1.81 0.43
43cr - 2.14 1.45 1.08
45Mn - 5,17 ~1.14 1.82
Y7re - 7.15 1.84 2.06
48¢co - 9.95 ~0.93 1.89
S1ni -12.02 1.59 1.85

T =-3

pA

"2epn 6.17 1.25 ~0.56
tHivn 6.35 -1.26 0.19
Hbre 0.53 1.60 0.46
48Co 0.97 -0.84 1.00
SONi - .13 1.49 0.56



Z
L .
tope 13.58 0.08
HONi 7.61 0.67

T =ey

A
: ,
s 16.43 0.50

-1.18
-0.17

-1.31

a) Masses used in the relation are the present experimental
results, Mass 71 mass values of A.H., Wapstra and N.B. Gove,

Nucl. Data A9, 267(1971), for the °

Coc mass excess is

-54.0275%0.0022 MeV from P.L. Jolivette et al. Phys. Rev.

Cl0, 2449(1974) and for the mass excess of 49

Cr 1is

~15.327%0.0029 MeV from P.L. Jolivette et al. private
communication and Phys. Rev. Cl3,.439 (1976).

b) Negative binding energy indicates nucleus unbound to

particle emission.

c) Exparimental mass excess is -29.4620.03 J. Zioni et al.

Nucl. Phys. Al181, 465(13872).
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APPENDIX A

DETECTOR DEVELOPMENT

Previously resistive-wire-proportional counters
have been used successfully at the Michigan State
University Cyclotron Laboratory and elsewhere.Fu73
However, position resolution has been limited for
particles incident at 45° to the counter to full
widths at half maxima of 1.8 mm. for 35. MeV protons,
0.8 mm. for 25 MeV deuterons and 0.6 mm. for 25 MeV
alphas. There are three difficulties to be overcome
in improving these counters. The first is the lack
of isolation between the preamps at each end of the
coil, which limits the signal-to-noise ratio.

Second is straggling which causes an uncertainty

'in the position of particles with non-normal incidence.
Straggling affects the position since a particle
with non-normal incidence that loses more energy

on one side of the wire than on the other would have
its position signal shifted. Third is small angle
scattering by the entrance window of the counter

and by the gas in the counter. The effect on
observed resolution caused by both straggling and

by small angle scattering is calculable and can be
reduced by employing a thinner detector; however,

the signal-to-noise ratio is made worse by using
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a thinner detecfor. The effect due to straggling
can be reduced by using higher gas pressure in the
detector, but this increases the small angle
Sscattering in the gas and necessitates using a
higher voltage on the central wire. Finally, the
size of all three effects is dependent on both the
pParticle type and its energy. The design and per-
formance of +two variations of +the resistive-
wire-proportional counter will be discussed.

The first detector to be discussed was designed
to give best results for 50 MeV. 6He particles. This'
detector has an active’region that is 1.0 cm.
thick by 1.4 cn. high by 18 cm. long. The entrance
window is .013 mm. thick aluminized Kapton which
defines the front surface of the active region of
the counter. The exit window is 250Aug/cm2 Al leaf
which defines the back surface of the counter and
Separates it from a second Proportional counter.

The central wire is .0076 mm. diameter nichrome
wire that has a resistance of 3400 ohms (19 ohm/mm).
This wire is thinner than the .0124 mm. diameter
wire previously used, and has approximately 1.6
times the resistance per unit length of that
previously used, thereby improving the signal-to-
noise ratio. Also, the:wire is of better quality,

and it gives uniform charge multiplication along
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its entire length. The block diagram of the elec-
tronics for this detector, shown in Figure 2.1.1
also illustrates the electronics for the particle
identification system used in conjunction with this
detector.

The contribution to the FWHM of the observed
peak from straggling is proportional to the square
root of the counter thickness and inversely
Proportional to the square root of the pressure of
the gas used in the counter. A calculation of the
contribution from straggling for this counter and
a pressure of .67 atm. of propane gives .25 mm.

for 50 MeV 6He particles at u5° incidence.Ma75
The contribution to the resolution from small angle

scattering is calculatedJan’ Ma7s, Mi?uto be less
than .1 mm. for scattering from the Kapton window

and less than .03 mm. for the bropane. in the gas,
the rms. deviation in position due to scattering

in the first 5 mm. of gas was calculated. Scattering
in the second 5mm. of gas was neglected. For 77 MeV

alpha particles, and therefore, for the more

S0pey bue particles, the signal-to-noise

ionizing
ratio is not a limiting factor in this detectonr.
This was. checked experimentally,by.measuring the

resolution as a function of amplifier gain.
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The amplifier gain was varied by a factor of 5§

while adjusting the gas gain by changing the high
voltage and no change in resolution was observed.

The resolution deteriorated at gains above and

below these limits. Figure 3.1.7 shows a spectrum of
6He bParticles in which 30 keV resolution was obtained.
This corresponds to .6 mm. full width at half
maximum. The energy loss in the 82 ug/cm2 SOCP
target contributes only 6 keV. (~.1 mm.) to the

bPeak width while small angle scattering in the

target contributes only 2 keV to the width. The

sum of the contributions to the resolution from

the target and from the detector is only half that
obtained experimentally. This indicates a significant
contribution to the peak width Ffrom the incident

beam and that a better dispersion matching situation
could improve the resolution substantially.

The second detector is a novel design which
employs a thin coil of 7000 ohms resistance, which
defines the active region of the counter, and a
central wire. The coil has a rectangular cross-
section, dimensions of 1.27 cm. high by 0.4 cm.
wide by 6.2 cm. long and turn spacing of 1.3 mm.
Nichrome wire of .178 mm. diameter was used for both
the coil and central wire. Photographs of the

detector are shown in Figure A.1l, and Figure A.2
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shows a block diagram of the electronics. Windows
of aluminized Kapton were used. The detector is

filled with a gas mixturg,of 5% COZ’ 9.5% He

and 85.5% Ne at two atmospheres absolute pressure.

A bias of +900 volts is used on the central wire

and -400 volts on the coil. 1In operation the

center wire acts as awproportional counter producing
charge multiplication, and the coil picks up the
complimentary positive signal. The position is

then determined by division of the signal from one
end of the coil by the sum of the signals from

both ends of the coil. The results of testing this
counter indicate that the observed peak width varies
with position periodically as the turn spacing.

The bottom half of Figure A.3 shows a proton peak
that is 3 times as broad as that in the upper half.
The only difference in the experimental setup between
the two was that the spectrograph field was changed
in order to move the peak position .6 mm. (one half
the turn spacing!). Moving the peak an additional
.6 mm. causes the peak to become broad again. This
experimental evidence suggests that the use of

such a coil-type counter is of questionable value if
the turn spacing is the same size or larger than

the peak width being observed.
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APPENDIX B

MASS OF °/Ni

In order to check an inconsisfency found during the

58

analysis of the (3He,6He) data, the Ni(3He,uHe)57Ni Q-value

was measured. The experimental technique used was that which
is described in the main body of this thesis. The magnetic

rigidities of the alpha particles from the 58..(3

Ni‘°He, *He) °°Ni

5

reaction were compared to those from the 2Cr(gHe,uHe)SlCr

reaction. The targets employed were isotopically-enriched

evaporated targets on Carbon backings. The target thicknesses

241

were measured by means of the energy-loss of Am alpha

particles. Several runs were made on both the 58Ni and 52Cr

targets. Table B.1 1lists the target thickness, the Q-value of

57Ni determined from the

57

the reactions and the mass excess of

average of all the runs. The result for the” 'Ni mass excess is

24 keV more positive than the Mass-71 valuewa71, and the error

has been reduced from 7 to 4.6 keV.
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Table B.1
Reaction Target Thickness , Q-Value Mass Excess of
(ug/cm?) (MeV) Residual Nucleus
' (MeV)
>201(3He, *He) °Ler 50(10) +8.5378(22)2  -51.4u60(10)2)
58\i (3He, *He) ¥ 90(10)  +8.3603(40) _56.0804 (1 g)P)>C)
a) Mass excesses of -55.4149(19) and -51.4460(10) MeV for SlCr

from Ref. Jo74 were used.

b) The mass excess of -60.2268(21) MeV for 58Ni from Ref. Jo7u
was used.

c) The previous value for the 57Ni mass excess was —56.104(7);wa7l
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