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Coulomb energy differences between mirror nuclei Witk 70 are calculated within the framework of the
nuclear shell model using an effective Coulomb plus isovector and isotensor interaction. Absolute binding
energies for proton-rich nuclei are predicted by adding the calculated Coulomb shifts to experimentally mea-
sured binding energies for the neutron-rich mirror. The location of the proton drip line is investigated, as well
as candidates for the exotic decay mode known as diproton emission. Taking into account the lifetimes of
competing decay modes and limits imposed by experimental setups, it is concluded that the best candidates for
the observation of correlated diproton emission*2fe, *®Ni, and %3Se.[S0556-28187)06505-9

PACS numbeps): 21.10.Dr, 21.10.Sf, 21.10.Tg, 23.5%&

I. INTRODUCTION hand, the decay rate for diproton emission is determined by
the probability to penetrate through the Coulomb barrier,
The structure of exotic nuclei, i.e., nuclei with extreme which, in turn, is exponentially dependent on the two-proton
isospin values, is one of the most exciting challenges in lowseparation energy. As will be shown here, the number of
energy nuclear physics today. Detailed theoretical studies afandidates for which the observation of diproton decay is
exotic nuclei, when confronted with experiments, will yield practical is limited to nuclei with two-proton separation en-
important information about the interaction between nucle-ergies between 0.9 and 1.4 MeV.
ons in the nucleus and the validity of our models for the One of the principal motivations for the construction of
structure of nuclei. In addition, the study of exotic nuclei is radioactive beam facilities is to study the properties of nuclei
essential to many fundamental issues in physics today, inear the limits of stability. Very few nuclei near the proton
particular, the weak interaction and nuclear astrophysics. Fatrip line have been identified, and the heaviest and most
example, it is believed that many of the heavy elements irproton-rich nucleus observed to date*®i [3]. Even more
the universe are produced by the radiative capture of neudifficult than the identification of an exotic nucleus is the
trons(r procesg[1] or protons(rp procesg[2] on unstable measurement of its mass, and, at present, predictions regard-
nuclei. The competition between beta decay and particle capng ther andrp processes must rely on theoretical estimates
ture traces out a path that synthesizes the known element®r nuclear binding energies.
The details of this path, and, hence, the abundance of the Several methods have been used to obtain theoretical es-
elements produced, depends on the temperature of the site, tiwates for absolute binding energies. One is the liquid-drop
well as explicit nuclear properties such as binding energiedfprmula and associated variants, such as the microscopic-
level densities, spectroscopic factors, and beta-decay lifenacroscopic approadh,5]. In general, these models are de-
times. termined by fitting a set of liquid-drop parameters while in-
An additional new feature of proton-rich nuclei that will cluding effects due to pairing and shell corrections to
be explored in the next few years is the possibility of a newexperimental data over a wide range of nuclei, and have been
decay mode known as diproton emission. Because of thound to reproduce known nuclear masses at the level of
pairing interaction, a nucleus with an even number of pro-approximately 800 keV(see, for example, Ref5]). Al-
tons (Z,N) is generally more tightly bound than a though the microscopic-macroscopic approach gives a good
(Z—1N) nucleus, but because of the symmetry energy anglobal description of nuclear binding energies and is the
Coulomb repulsion, it may be unbound relative to themethod of choice for heavy nuclei where detailed micro-
(Z—2N) system. The number of candidates for the observascopic calculations are not feasible, there are notable discrep-
tion of this decay mode, however, is sharply limited by theancies between experimental and calculated binding energies
two-proton separation energy. This is in part due to the factvith neutron number between 20 and 40, as is illustrated in
that 8* emission is a competing decay mechanism, and beFig. 1 of Ref.[5].
cause of the large Coulomb energy difference between the For lighter nuclei, however, more accurate binding ener-
parent and daughter nuclei, the beta-decay lifetimes are @fies can be achieved using the nuclear shell model, since, in
the order of 1-100 ms. In addition, a further constraint onmany cases, it is necessary only to compute the Coulomb
the observation of diproton emission can be imposed by thenergy difference between mirror nuclé8]. In this paper,
experimental apparatus, since, in many experiments, the patoulomb energy differences are computed for mirror nuclei
ent nucleus must live long enough to be identified. Generallyn the fp shell for 46sA<70. By then making use of ex-
speaking, these two practical constraints limit the observablperimental data for the neutron-rich members tabulated in
lifetime for diproton decay to 10°~10 3 s. On the other Ref.[9], absolute binding energies are predicted with an es-
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timated accuracy at the level of 50—200 keV. With thesethat any attempt to compute absolute binding energies from
binding energies, two-proton separation energies are coniirst principles in the shell model would include an uncer-
puted and rough estimates for the lifetimes for diproton detainty of at least 200—300 keV in tieecoefficient of Eq(1).
cay are made. Given the practical constraints on the decay From Eq.(1), the binding energy difference between ios-
half-lives mentioned above, it is found that the best candibaric analogs witT,= =T is given by
dates for the experimental observation of correlated two-
proton emission aré®Fe, “®Ni, and ®3Se. BE(A,T,T,=T.i)~BE(A,T,T,= —T,i)=2b(A,T,i)T.

This paper is organized into five sections. In Sec. Il, the e e ’ Y 2
systematics of Coulomb energy differences between analog

nuclei are discussed, while in Sec. Il a shell-model descr'pTherefore, the most accurate way to predict absolute binding

tion .Of these energy shifts is presented._andldates for th(gcpergies for proton-rich nuclei whose analog has an experi-
exotic decay mode known as diproton emission are presente X .
. . mentally measured mass is to compute thecoefficient
and analyzed in Sec. IV, and concluding remarks are colf : .
. or the multiplet (or the Coulomb energy differencend
lected in Sec. V. : L
add 2T to the experimental binding energy
BEexp{ AT, T,= —T,i) of the neutron-rich analog. The overall
[l. SYSTEMATICS OF COULOMB ENERGY uncertainty in the predicted binding energy is then of the

DIFFERENCES order

If the nuclear Hamiltonian is composed of only one- and
two-body parts, quite generally, it may be separated into OBE(A, T, T,=T,i)
three components. The dominant part, which is also respon- P —,
sible for most of the nuclear binding energy, is due to the =\(26bT)*+ S(BEexp( AT, T,==T.1))" (3
strong interaction and is isoscalar in nature. The other two
components are due to both the Coulomb interaction andihere b is the uncertainty in theb coefficient and
charge-nonsymmetric parts of the nucleon-nucleon interachEexpt(A,T,Tzz—T,i) is the uncertainty in the experimental
tion, and are isovector and isotensor in character. If the ishinding energy. In many cases, it is possible to estimate the
ovector and isotensor components are weak relative to thig coefficient with an uncertainty of the order of 30—40 keV
isoscalar component, then the binding energies for the menf17), and, therefore, it may be possible to predict the binding
bers of an isospin multiplet may be obtained within the con-energies of extreme proton-rich nuclei at the level of 100—
text of the isobaric mass multiplet equatidMME) [10-123 200 keV.
In Refs.[6—8], the procedure outlined above was used to
BE(A,T,T,,i)=a(A,T,i)+b(A,T,)T,+ c(A,T,i)Tg, predict the absolute binding energies of nuclei with
(1) 36=As<b55. Those three works approached E8) using
slightly different methods, but with about the same level of
whereT and T,=(Z—N)/2 denote the isospin and its third accuracy, as is indicated by the overall agreement between
component for the members of the isospin multiplet, andhem. In Ref.[6], Eq. (3) was evaluated using shell-model
Z, N, and A=Z+N are the number of protons, neutrons, calculations for the pure f§,,-shell nuclei and a weak cou-
and nucleons, respectively. The labeh Eqg. (1) represents pling approximation for those nuclei that spanned both the
all other quantum numbers needed to denote the state, subls, and Of;, orbits. In Ref.[7], all the Coulomb energy
as angular momentum, state number, etc. The coefficientdifferences were evaluated within the framework of the shell
a, b, andc separately depend on the isoscdlh3], isovec- model using the 05, and 0f;, orbits and an empirical
tor, and isotensor components of the nuclear Hamiltonianisospin-nonconservindINC) interaction [17]. Finally, in
respectively. Ref. [8], Eq. (3) was evaluated using a method based on a
In shell-model calculations, the isoscalar part of theparametrization of the Coulomb displacement enerpi&
nuclear Hamiltonian is usually determined empirically by fit- The overall success of these works, and agreement between
ting to experimental binding energies and levels that havéhem, is essentially due to their empirical foundations. In
had the Coulomb energy subtracted off in an average wagach, a set of parameters was fit to experimental data, and the
(cf.[14-16). The predictive power of these effective Hamil- models were then extrapolated to predict the masses of un-
tonians is indicated by the rms deviation between experimerknown nuclei. This work is an extension of RET] in which
tal data and calculated binding energies, and, to date, the beabsolute binding energies of proton-rich nuclei with
empirically determined Hamiltonian is that due to Wil- 46<A<70 are predicted by computing the Coulomb dis-
denthal[14] for use in the @55, 0ds;,, and Is;, orbitals, placements within the framework of the nuclear shell model.
where the rms deviation between theory and experiment is of Before continuing with the details and the results of the
the order 200 keV. For the most part, this interaction may beshell-model calculations, it is instructive to examine the sys-
thought of as indicative of the best accuracy that may béematic behavior of the Coulomb displacement energies. In-
achieved within the framework of the nuclear shell model.deed, one of the reasons for the success of the three different
For other model spaces, such as fipeshell (defined by the methods is the smooth behavior as a function of nucleon
0f, Ofsp, 1psp, and Ipyy, orbitaly, the effective shell-  numberA exhibited by experimentd coefficients. In addi-
model Hamiltonian is less well determined and the deviatiortion, for a given mass number, thecoefficients are essen-
between theory and experiment is somewhat larger and is dially constant to within 100 keV or so, as can be seen from
the order 300 ke\16]. With this in mind, we must conclude Tables 3-7 in Ref{17]. This behavior is easily understood
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from the liquid-drop model, where the Coulomb energy of a — T
sphere of radiuR=r,A® with chargeZe is given by

3 (Ze)?
Ee=5 R @

The Coulomb energy difference between analog nuclei is
then

S s
AE—3E2 z? A22—362AZN 5 <
c=g R £ l=g g A ) A
4_
3 e 3¢ s
:§E2AT:§EA (2T), (6) m  Expt. data A < 60

LD: Moller-Nix
—— fit: 0.710A%-0.946

where A=Z+N and the isospin is defined by

T=|Z—N]|/2. Hence, by comparing Eq$3) and (6), it is

seen that thd coefficient is expected to increase A%>. 0
For a comparison with experimenthl coefficients, we

turn to the more sophisticated liquid-drop parametrization of

Ref. [5]. Here the form of the “Coulomb” energy will be

outlined, and the Coulomb energy difference between analog FIG. 1. Dependence ab coefficients as a function of mass

nuclei will be evaluated using the parameters defined in RefaumberA. Experimental data are represented by the solid squares,

[5]. In macroscopic models, the “Coulomb” contribution to while the values from the liquid-drop formula and the[fgs. (9)

the binding energy i$5] and (10)] are represented by the solid and dashed lines, respec-
tively.
22 Z4/3 2 y
Ecou=C1 a1 Bs—Ca zmatT(kirp) £ —Ca(N—2), the microscopic point of view, deviations from constancy

) can be expected for two reasons. First, in some cases single-
particle orbits from different major oscillator shells come
where ¢;=3e?/5r, and c,=5/4(3/2r)?3c,. The first two into play, as in 15A<17, and second, near the limits of
terms in Eq.(7) are the direct and exchange Coulomb ener-stability, the single-particle orbits are nearly unbound, and
gies, the third is the proton form factor correction, and thethe Thomas-Erhman shifi9,20 needs to be accounted for
last is the charge-asymmetry energy. The fadgris the (see Sec. Il
shape-dependent relative Coulomb energy, which, to leading From Fig. 1, it is evident that the experimentakoeffi-

order for a spherical shape, is given by cients exhibit a globah?® behavior. On the other hand, Eq.
(9) tends to underestimate ttecoefficients forA<40, and
B.1 5 75 105 ® the rms deviation with the data is 138 keV. Within the con-
3=

text of a global parametrization, a slight improvement on Eq.
(9) can be obtained by fitting to the experimental data, and a
with yo=(ro/age) A3~ 1.657AY3, The proton form factor rms deviation of 102 keV is achieved with

f is dependent on the Fermi wave number

ki=(97wZ/4A)Y¥(1lr,) and the proton rms radius b=[0.7100*"~0.946 MeV, (10
r,=0.8 fm (see Eq.(8) of Ref. [5]), and for nuclei with o o ]

A~50 and Z~A/2 may be accurately approximated by which is also represented in Fig. 1 by the dashed line. For the
f=—0.214 MeV. Usingro=1.16 fm andc,=0.145 MeV most part, Eq(_lO) leads to a global description (_)f the Cou-
from Ref.[5], the b coefficient derived from the Coulomb 0MP energy differences between analog nuclei with an ac-

energy difference between analog nuclei is curacy of the order 102 —N| keV. To improve upon this, it
is necessary to account for local nuclear structure via a mi-

b p=[0.7448%3—1.882+ 1.535A 13- 0.782A 1] MeV.  croscopic model, which is the topic of the next section.
©)

Shown in Fig. 1 is a comparison between E®). (solid
line) and experimentab coefficients(solid squares The ex-
perimental data comprise 116coefficients, and were taken In this section, the procedure for computing the Coulomb
from Tables 3-7 in Ref[17] and the known ground-state energy difference between analog nuclei within the frame-
analog mass differences tabulated in R6f.for A<59. In  work of the shell model is outlined. In Ref17], empirical
the figure, all theb coefficients for a given mass number isovector and isotensor, or isospin-nonconservitigC),
were averaged together, and error bar reflects both the stahlamiltonians were determined for several shell-model
dard deviation and the experimental uncertainties. Generallgpaces by constraining them to reproduce experimerdad
speaking, for a giver\, theb coefficients are roughly con- c coefficients. The primary components of the empirical in-
stant, with the mean standard deviation being 61 keV. Fronteractions were the Coulomb interaction and two-body is-

___’____’
Yo 8Ys 8Yg

Ill. SHELL-MODEL CALCULATIONS
OF COULOMB ENERGY DIFFERENCES
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ovector and isotensor interactions. In general, the empiricalith t(i) denoting the isospin of thih particle. With this
two-body isovector interaction was rather weak, while theconstruction, theT=1 two-body matrix elements are taken
isotensor interaction was found to to be consistent with theo be of the form

differences observed in the proton-proton and proton-neutron

scattering lengths. The deviations between theoretical and/=Vg+ScVe(3 110+ +182) + SV (Y + SVl (2,
experimentalb and c coefficients were of the order of 30 (16
keV and 15 keV, respectively.

In this work, proton-rich nuclei in the mass range WhereVc andV, represent the two-body matrix elements of
46<A<70 are investigated. For all but two casébe the Coulomb and original isoscalar interactions, respectively.
T=1/2, A=69 isodoublet and th&=1, A=70 isotriple, In this representation, the matrix elements of the isovector
the binding energy of the neutron-rich analog has been mea@nd isotensor nucleon-nucleon interactions are taken to be
sured and is tabulated in RéB]. The shell-model calcula- directly proportional to thd =1 matrix elements of the isos-
tions were performed using the shell-model computer codéalar Hamiltonian, i.e., the FPD6 interaction. In proton-
OxBASH [21] in proton-neutron formalism using the configu- Neutron formalism, the proton-protop), neutron-neutron
ration space defined by thef£,, Ofs, 1pss, and Ipy,  (NN), and theT=1 part of the proton-neutronpf) two-
orbitals (the fp shel) and the FPD6 Hamiltonian given in body matrix elements are given by
Ref.[16]. Here, instead of computing the coefficients, the

“Coulomb” energy differences between analogs were com- vPP=Vo+ScVe+ 5 SiPVot & S5PVo, 17
puted directly by adding the INC interaction to the FPD6

Hamiltonian. Because of the large dimensions present, some v("M=V,— %SE,”VOJr %5&2>\/0, (18)
truncations on the model space were found to be necessary.

For A<59, all configurations contained within thé £, and o PV =y 1 52y, (19

1p4,, orbits were included, and the truncations were based on

the number of particles permitted to be excited out of the, qgition to the two-body matrix elements in the active
07, and Ipy, orbits into the s, and Ipy, orbits. Gener- — \51ance space, the effect of the INC interaction between the
ally, this ranged from two to four particles so that the total, jence particles and the closed core must also be accounted
dimensions(with good angular momentunwere less than ¢, 44 is represented by the “Coulomb” single-particle
14000. ForA>60, the G, orbit was taken to be a closed gnergiese(p), with p denoting each single-particle orbit.
core, and the @, 1pgp,, and Ipy, single-particle energies qjowing Ref.[17], the “Coulomb” single-particle energies

of the FPD6 interaction were modified so as to reproduce thﬁnd the strengths of the two-body Coulonf.), isovector
levels of *'Ni under this assumptiofthe modified interac- (M), and isotensorg?’) components are determined em-
tion is denoted as FPD6. Fo_r the most part, 't. was found .pirically by fitting to experimentab andc coefficients.

that the Coulomb energy shifts were not particularly sensi® i, 1ot parameter for the INC interaction is the os-

tive to the applied tru_ncations, and in a fgw cases where th((?illator frequencyfw, since the Coulomb components are
effects of the truncations were tested, differences of only Acaled as a function’cﬁ\ by the factor17]

few keV were found. Therefore, the applied model-spacée

truncations are not expected to provide a significant contri-

bution to the uncertainty in the computed binding energies. S(A)=
The INC Hamiltonian used here consists of Coulomb plus

nucleon-nucleon isovector and isotensor interactions. Th

explicit form the Hamiltonian is given in Refl7], and is

only briefly described here. Assuming isospin to be a goo

guantum number in the two-nucleon system, the two-body

matrix elements of the Hamiltonian may be written in terms hwo(A)=45A"3—2502 Mev. (21)

of the T=0 andT=1 nucleon-nucleon channels as

ﬁw(A) 1/2

11.096 20

%enerally, hw is chosen to reproduce experimental rms
harge radii, and for many nuclei it can be accurately param-
trized by

It is important to note, however, that f&=45, Eq.(21)
underestimatedw as compared to values derived from ex-
perimental charge radii. Indeed, in R¢f.7] the value of
10.222 MeV was used foh=53 as opposed to the value of

where the explicit isospin dependence has been separatéd-208 MeV implied by Eq(21). In addition, thefp-shell

from the radial and spin degrees of freedom by the operato§NC interaction was refit in Refl22], where it was found
10 given by that better overall agreement between theoretical and experi-

mental Coulomb energy shifts was obtained using oscillator
|E)O):?11 —t(1)-1(2), (12) frequencies qerived from the rms chgrge radji of Hartree-
Fock calculations using the Skyrmd* interaction. These
values offiw are tabulated in Table I, and are used in the
present work.
(11 In Refs.[17, 27, the fitted INC interactions were able to
1=z [L(D+(2)], (14 reproduce the experimentalcoefficients forf p-shell nuclei
with a rms deviation of approximately 33 keV. However, the
I(12>=t2(1)t2(2)— 1t(1)-t(2), (15 most difficult parameters to determine for the INC interac-

2
H:UT=O|g°>+kZO o1 (11)

19=2 +t(1)-1(2), (13
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TABLE I. Values of#iw used forfp-shell nuclei. TABLE Il. Comparison between theoreticaith FPD8) and
experimental excitation energiés MeV) of the firstJ"=2" state
A fiw (MeV) A hw (MeV) in even-everN=2Z fp-shell nuclei.
40 10.603 60 10.156 Az Expt. FPD&
41 10.603 61 10.087
42 10.603 62 10.017 *%zn 1.004 0.825
43 10.608 63 9.954 SGe 0.902 0.700
44 10.614 64 9.890 *se 0.854 0.600
45 10.603 65 9.786 Kr 0.709 0.707
46 10.592 66 9.681 "°sr 0.26% 0.752
47 10.581 67 9.589 80zr 0.289 -
48 10.570 68 9.496

% rom Ref.[25]

49 10.560 69 9.460 bErom Ref.[26]

50 10.550 70 9.424

51 10.539 72 9.331 collective behavior that would necessitate the inclusion of

52 10.528 73 9.168 orbits from the next major shell, such as thgg@ orbit.

53 10.507 74 9.203 Given the results in Table Il, thép shell is sufficient to

54 10.486 76 9.032 describe the nuclei studied in this work.

55 10.470 77 9.100 In general, Coulomb energies are computed using har-
56 10.454 78 8.923 monic oscillator, or sometimes bound Woods-Saxon, single-
57 10.376 79 9.869 particle wave functions for the protons, with the length scale

58 10.298 80 8.816 chosen to reproduce experimental rms charge radii. Near the
59 10.227 drip line, however, this approximation can be inadequate.

Because they are loosely bound, the proton single-particle
wave functions are pushed out of the nuclear interior, and as
tion are the Coulomb single-particle energies for thfig,0 a consequence, the Coulomb energy is reduced. This shift in
and 1p,,, orbits, as there is very little experimental datathe Coulomb energy was first noted by Thonja8] and
available that is sensitive to these quantities. In R22], Ehrman[20] in the A= 13 system, and is most important for
these single-particle energies were fit upon by making aslight nuclei where the Coulomb barrier, which acts to confine
sumptions regarding spin assignments for excited levels ithe wave function in the nuclear interior, is smaller, and for
’Cu and *9Zn. In retrospect, these levels are probably notorbits with little or no centrifugal barrier, e.g., ttsg), orbit-
appropriate for determining parameters for heavier nuclei beals. This effect is well illustrated by the single-patrticle states
cause of uncertainties in spin assignments and the fact that A=17, where the Coulomb displacement energy of the
the levels comprising the assumed doublet at 1.040 MeV ig™=5/2* (the 0dg, orbit) ground state is 3.543 MeV, while
®'Cu [23] are unbound, and strong Thomas-Ehrman shiftghe shift for theJ™=1/2" state, which is a 4, single-
[19,20 may apply (see below. Also, shell-model calcula- particle state that is bound by only 107 keV, is 3.168 MeV.
tions for theJ"=1/2" and 5/2 states in®%Zn indicate that The influence of the centrifugal barrier is also apparent in
these levels are predominantl;p?,2 configurations. On the these nuclei, as the Coulomb shift for th&=3/2 state(the
other hand, the the beta end-point energies for 5&Ba[9] 0d;/, spin-orbit partner of the ground statevhich is un-
and %As [24] are sensitive to the f§, Coulomb single- bound by 4.5 MeV, is 3.561 MeV. On theoretical grounds,
particle energy and were used to help fix this parameter. Ithere are also self-consistent calculati¢@3] that suggest
regards to the fi,;, single-particle energy, however, no data that Thomas-Ehrman shifts for nuclei near the drip line may
exist that will definitively set this parameter. For this reasonbe as large a few hundred keV. Because of the empirical
the value obtained in Reff22], which also happens to repro- nature of the INC interaction, however, it is not clear how
duce theb coefficients for the assumed I/2states in much of the Thomas-Ehrman effect has been absorbed into
A=57 and 59, is used. the interaction by the fit. In addition, for nuclei near the drip
Two additional concerns that affect this work af® line, the estimate of the theoretical uncertainty is of the order
whether thefp shell alone is sufficient to describe the nuclei of 100—250 keV, and the effects of the Thomas-Ehrman shift
in question and?2) the effect of the Thomas-Ehrman shift on are likely to lie within the quoted uncertainties for the abso-
the Coulomb displacement energies near the drip line. As fite binding energy.
measure of the appropriateness of just tipeshell for the The parameters for the INC interaction used in this
calculations, we examine the the excitation energies of thwork are €(0f;,)=7.487 MeV, e(1psp)=7.312 MeV,
first J=2" states inN=2Z, even-even nuclei in the region €(0fg,)=7.337 MeV, ¢e(1py,)=7.240 MeV, Sc=1.006,
60<A<80. Shown in Table II, are the experimenitab,26  S{M'=0.0, andS{?)=—4.2x10 2. Last, because of the dif-
excitation energies of the these states in comparison with thiiculties associated with determining thefsf and 1ps
values obtained with the FPDénteraction(FPD6 modified  single-particle energies, the uncertainties in the theoretical
as indicated above after closing thé-Q orbit). Overall, estimates of theéb coefficients for nuclei withA>60 are
there is good agreement between the calculated and expenicreased from 33 keV to 45 keV.
mental values untiA=76, where there is a sudden drop in  Shown in Table Il are the results obtained for proton-rich
the excitation energy, which is an indication of the onset ofuclei whose binding energies are unknown in the mass re-
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TABLE lIl. Predicted binding energies, one- and two-proton separation ene(§jeand S,,, respectively, and g-decay end-point
energies for proton rich nuclei with 46A<70. The absolute binding energies were computed with theoretical Coulomb energy shifts added
onto the experimental binding energy for the neutron-rich analog, also listed in the table.

BEtheory BEgQS{OQ Sp SZp QEC
Az T, Jm (MeV) AZ-analog (MeV) (MeV) (MeV) (MeV)
48Mn 2 4+ 364.186132 465¢c 396.61Q1) 0.156146) 3.234139 17.007134
“bFe 3 o 350.144199 46Ca 398.762) 1.408224) 0.328215 13.26(239
4Mn 3/2 512 382.32699) A1Tj 407.0721) 0.35%101) 5.237100 12.02@q100
4TFe 5/2 712 365.973165 43¢ 407.2542) 1.787211) 1.943177) 15.571192
4Co 712 71z 348.349231) 4ca 406.0482) —1.795(304) —0.387(254) -
“8Mn 1 4% 397.10166) 48y 413.9043) 1.97368) 6.74066) 13.57966)
B =) 2 o 385.106132 487 418.6981) 2.780(165 3.131(134) 11.213148
“8Co 3 6" 365.153199 485 415.487) —0.820(258) 0.96239 -
48N 4 o* 348.854264) 4Ca 415.9914) 0.505351) —1.290(330) 15.51(830
“Fe 3/2 712 399.80299) 4oy 425.4571) 2.701(119 4.674100 12.963102
“Co 5/2 712 384.184165 4o 426.8411) —0.922(211) 1.85892 -
4N 712 712 365.83@231) 495¢ 425.6184) 0.677304 —0.143(284) 17.57284)
4Cu 9/2 312 344.413297) 4“Ca 421.138%) —4.441(397) —3.936(376) -
50co 2 6" 400.06@132) S0y 434.79Q1) 0.258165) 2.959148) 16.585145
SONi 3 o* 385.693199) 50T 437.78Q1) 1.509258) 0.587238 13.585238)
S0cu 4 5" 362.299264) 505¢ 431.67416) -3.531(351) -2.854(330) -
0zn 5 0" 340.823330 S0ca 427.4919) —3.590(444)  —8.031(423) -
5ico 3/2 712 417.86499) Sicr 444.3061) 0.164116) 4.317102 12.868100
SINi 5/2 712 401.684165) Sty 445.8411) 1.624211) 1.882192 15.398192
Sicy 712 312 382.477231) ST 444.1531) —3.221(304) —1.712(284) -
52Co 1 6" 432.91266) 52Mn 450.8512) 1.39868) 6.28366) 14.00367)
52Ni 2 o* 420.478132) 52Cr 456.3451) 2.614165) 2.77§8145 11.652148)
S2cu 3 3" 399.399199 52y 453.1521) —2.285(258) —0.661(238) -
527n 4 o* 380.321264) 521i 451.9617) —2.151(351) —5.372(330) -
S3Ni 3/2 712 435.55899) 53Mn 462.90%2) 2.646119 4.044100 12.956101)
S3cu 5/2 312 418.83%165) S3Cr 464.28%2) —1.643(211) 0.97(92 -
53zn 712 712 397.948231) 3y 461.6313) —1.451(304) —3.736(284) -
S4cu 2 3" 434.906132) 54Mn 471.8442) —0.652(165) 1.994148 -
547Zn 3 o* 418.60%199) S4cr 474.0041) —0.230(258) —1.873(238) 15.51@38
%Ga 4 3 393.891264) 54y 467.74415) —4.057(351) —5.508(330) -
55Cu 312 312 452.99799) SFe 481.0571) —0.153(111) 3.70(102) 13.568100
557Zn 5/2 5/2 435.071165 5Mn 482.0711) 0.165211) —0.487(192) 17.14492
%Ga 712 312 414.644231) s5Cr 480.2501) —3.961(304) —4.191(284) -
S5cu 1 4+ 467.89966) %6Co 486.9061) 0.55267) 5.16666) 15.30767)
567Zn 2 o* 454.214132) S6Fe 492.2541) 1.217165 1.064141) 12.903148
%6Ga 3 3 432.226198) 56Mn 489.31%1) —2.845(258) —2.680(238) -
S6Ge 4 0 412.381264 SéCr 488.50710) —2.263(351) —6.224(330) -
57Zn 3/2 712 469.44099) 5Co 498.2871) 1.541(119 2.093100 14.461100
5Ga 5/2 312 451.874165) STFe 499.8861) —2.340(211) —1.123(192) -
5Ge 712 5/2 430.634231) 5"™™Mn 497.9923) —1.592(304) —4.437(284) -
%8Ga 2 2 468.039132) S8Co 506.8562) —1.401(165) 0.14048 -
S8Ge 3 0 451.578198) S8re 509.9481) —0.296(258) —2.636(238) 15.67@38
S8as 4 3" 426.697266) 58Mn 504.48@30) —3.937(352) —5.529(331) -
Ga 3/2 312 486.04099) SN 515.4531) —0.920(111) 1.35@00 -
SGe 5/2 712 468.097165 5Co 517.3081) 0.058211) —1.343(192) 17.16192)
5%As 712 312 447.648231) 5%Fe 516.5261) —3.930(304) —4.226(284) -
50Ga 1 2 500.08@66) 80%cu 519.9383) 0.08077) 2.971(66) 14.13067)
50Ge 2 0 487.127132 60N 526.8421) 1.087165 0.167141) 12.171148
60As 3 5* 465.094198) 80Co 524.8001) —3.003(258) —2.945(238) -
5Ga 1/2 31z 515.17948) 617Zn 525.22316) 0.18749) 5.30748) 9.26250)
61Ge 3/2 31z 501.41%135 ficy 531.6412) 1.335150 1.415141) 12.982143

6lAs 5/2 312 484.381225 61N 534.59%1) —2.746(261)  —1.659(246) -
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TABLE lll. (Continued.

BEtheory BEZQSLOQ Sp S2p QEC
Az T, Jm (MeV) AZ-analog (MeV) (MeV) (MeV) (MeV)
52Ge 1 o 517.72@91) 62Zn 538.11910) 2.541102) 2.72891) 9.66495)
62As 2 1t 499.816180) 52Cu 540.5294) —1.599(225) —0.264(192) -
625e 3 o 484.239270) 2Ni 545.2591) —0.142(351) —2.888(301) 14.79825
5Ge 1/2 3/2 530.597110 5Ga 540.930100 2.431(113 5.374111) 9.551(148)
63as 312 317 516.321135) 637n 547.2322) —1.399(163) 1.14@43 -
635e 5/2 3/2 499.88%225) 8Cu 551.3821) 0.069289 —1.530(262) 15.65262)
bips 1 o* 530.315%90) 84Ga 551.1474) —0.282(142) 2.14@4) 14.853266)
b45e 2 o 517.411180 64Zn 559.0942) 1.090225 —0.309(202) 12.12201)
5As 1/2 3/12 545.52246) %5Ge 556.010L0) —0.428(254) 45910 -
%5se 3/2 3/2 531.473135 %Ga 563.036) 1.158162) 0.876174) 13.267143
5Br 5/2 12 514.58@225) 85zn 567.0202) —2.831(288) —1.741(262) -
f6se 1 o 548.09195) %Ge 569.29(80) 2.569105 2.141267) 10.087112
56Br 2 o* 529.78@180) %Ga 572.1763) —1.693(225) —0.535(201) -
66K 3 o* 514.579270) 6zn 578.1382) —0.001(351) —2.832(325) 14.41@25)
57se 1/2 5/2 560.882110 5As 571.610100 1.922125 4.872110 -
5Br 3/2 12 546.35%135) 5Ge 578.3965) —1.736(165) 0.83343 -
57Kr 5/2 12 529.935%225) 5Ga 583.40%2) 0.155289 —1.538(262) 15.63@62)
58y 1 3" 560.36%135) 8As 581.910100) —0.517(174) 1.408.47) -
8K r 2 0" 547.668180) 58Ge 590.7986) 1.313225 —0.423(204) 11.91225)
%8Rb 3 1" 526.980270) %8Ga 591.68(2) —2.955(351) —2.800(325) -
59Br 1/2 3/ 575.73754) 95e 586.62(B0) —0.663(305) 4.12@14) -
5%Kr 3/2 5/2° 561.477139 59As 594.18030) 0.075193 —0.442(176) 14.51@48
Rb 2 4t 559.398187) Oas 603.52050) —1.042(232) —0.967(230) -

gion 46<A<69. The table lists the experimental binding represent the theoretical uncertainty of the binding energies
energy of the neutron-rich analog, the predicted binding enlisted in Table Ill. The open circles show the comparison
ergy, and one- and two-proton separation energies, as well agth the previous shell-model calculations of Ormand in Ref.
the Q value for electron captureQgo). The ground-state [7] (A<48) and the open triangles the comparison with the
spins were taken from Ref25] and are also listed in the binding energies of Cole in Rei8] (A<52), while the solid
table. Wherever available, experimental binding energiesquares represent the comparison with the binding energies
tabulated in Ref[9] were used in conjunction with theoret- obtained from the unified macroscopic-microscopic model of
ical values to comput&®gc and the separation energies.

In addition to the nuclei listed in Table Ill, predictions for
the “Coulomb” energy differences for the th@=1/2, A S S e S B R S B

A=69 isodoublet and th& =1, A=70 isotriplet, for which [ . ow

the binding energy of the neutron-rich member has not yet - \-\I|I \ \

been measured experimentally, are given in Table IV. The 3 LR Bt -\T ]
theoretical uncertainties fgk=70 include an uncertainty of .- " a

20 keV in thec coefficient of Eq.(1). < o _gg A
Shown in Fig. 2 is a comparison of the binding energies 2

reported here with those from three other theoretical studies;; [

This comparison is illustrated by the difference § -1

ABE=BE(this work —BE(other work, which is plotted in : /'

the figure as a function of mass number, with the ordering .

—u— Moller-Nix [5]

the same as in Table Ill. The error bars plottedA&E=0 2r © Ormand[7]
L A Cole [8]
TABLE V. Predictions for the “Coulomb” energy difference s o5 70
for the T=1/2, A=69 andT=1, A=70 nuclei. A
ZA-2TIA J” ABE (MeV)

FIG. 2. Difference between absolute binding energies listed in

59Br-6%se 312 —10.883(45) Table 11l with those of Mdler and Nix[5] (solid squares Ormand
"Kr-"9Br 0" —11.241(50) [7], and Cole8] (open triangles The error bars aABE=0 denote
0Br-"9se o —10.801(50) the theoretical uncertainty of the binding energies listed in Table
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12 e e TABLE V. Comparison between experimental and predicted
F beta-decay half-lives for odd-odi,=Z Fermi transitions. The pre-
dicted Qg-value is also given.

A theory: 45 <A< 71
—— LD: Moller-Nix

M — — it 0.710A%%.0.946 4 y ZA Qec (MeV) t1 (M9 5% (m9)
[ m  Moller-Nix 1

62Ga 9.19150) 1152) 116.12)2
66As 9.59250) 94(2) 95.82)P
] By 10.01950) 76(3) 79.1(8)¢

3From Ref.[29].
bFrom Ref.[24].
°From Ref.[30].

As a further illustration of the systematic trend for the
Coulomb energy shifts, we examine the half-lives for the
Fermi transition between analog=0", T=1 states in
V ] N=Z, odd-odd nuclei withA=62, 66, and 70. The partial
) S T S S S R half-life for the 8 decay from the parent ground state to the
40 >0 60 70 ith state in daughter nucleus is given by

K

[ —

FIG. 3. Dependence of theoretidatoefficients for nuclei listed L= C;\2/|/\/[o_>i|2f(Hi '
in Table Il (open trianglesas a function of mass numbér. For
comparison, the b coefficients derived from the unified whereK=273(In 2)%7/(m3c*) andK/G2=6170+4 s[28].
microscopic-macroscopic model of Mer and Nix [5] are also  The statistical rate functiofi, .; depends on the beta end-
shown (solid squares The systematic behavior as expected from point energy and here it is evaluated using Bd) of Ref.
Eqs.(_9) and (10) is represented by the solid and dashed lines, re{7]. For a pure Fermi transition betwe@r=1 analog states,
spectively. the transiton matrix elementM,_; is given by

Vv2(1-6c), wheredc is a small correction due to isospin-

Moller and Nix[5] (46<A<70). While the results of Refs. symmetry breaking. Recent calculatid@g] indicate that for
[7, 8] are in agreement with those reported here, those ofhese nucles: is expected to be of the order 1-2 %, and for
Moller and Nix are in severe disagreement for some nucleithe purpose of comparing with experimental data, will be
The origin of these differences is twofold. First, in the taken to be equal to 1.5%. In general, Gamow-Teller transi-
Moller-Nix study, the Coulomb energy difference betweentions to excited states may also take place, and would tend to
analog nuclei is considerably smaller than in this work. Thisdecrease the total beta-decay half-life. However, not only are
is illustrated in Fig. 3, where thie coefficients for the nuclei the matrix elements for these transitions much smaller than
listed in Table Ill(open trianglepare plotted as a function of for the Fermi transition, but since they occur to states in the
A in comparison with those derived from the "Néw-Nix daughter nucleus at a higher excitation energy, the statistical
massegsolid squares In the mass region 52A<64 the rate function is also much smaller. Hence, to a good approxi-
Moller-Nix b coefficients are generally 100-200 keV mation, the beta decay of these nuclei may be taken to be
smaller than those determined here. In addition, thélévto  pure Fermi. Listed in Table V are the predict®dvalues for
Nix b coefficients are also in disagreement experimentaklectron capture as well as a comparison between the experi-
trends, as is evidenced by tR&n->°Cu binding energy dif- mental[24,29,3Q and predicted beta-decay half-lives. Given
ferences, where the Mer-Nix b coefficient is 9.683 MeV, the fact that the statistical rate function strongly depends on
which is 200 keV smaller than the experimental value ofthe beta end-point enerdyo the fifth powey, the excellent
9.88140) MeV [9]. The second reason for the large dis- agreement between the experimental and predicted beta-
agreement in Fig. 2 can be attributed to poor reproduction oflecay half-lives for all three nuclei is a good indication that
the mass of the neutron-rich analog nucleus. For examplehe overall systematic behavior of the Coulomb energy dif-
the Mdler-Nix >°Cu mass excess is54.8 MeV, whichisin  ferences is well reproduced here.
considerable disagreement with the experimental value of This section is concluded with a discussion 6tAs,
—56.3515(17) MeV tabulated in ReB]. which is important from an astrophysical point of view. Be-

Also shown in Fig. 3 is a comparison between the theo-cause of the long beta-decay half-life fiGe, if %°As were
reticalb coefficients and the systematic trends expected fronsignificantly proton unbound®Ge would then become a
the liquid-drop model of EqQ9) (solid line) and the fit of Eq.  “waiting point” in the rp process and would inhibit the
(10) (dashed ling For the most part, the shell-modelco-  production of heavier elements. If, however, the half-life of
efficients derived from the nuclei listed in Table Ill are in ®°As is dominated by beta decay, thye process will proceed
good agreement with the fitted parametrization of Bd),  through %°As primarily by proton capture t§°Se, although
although they tend to be somewhat smaller than the systenphotodisintegration may begin to play an important role if
atic trend in the regionA<50 andA>66. Note that for ®As is proton unbound31].
A<50, this is a continuation of the trend for experimental From Table IlI, %°As is found in this work to be unbound
data as is observed in Fig. 1 for 4@<50. to proton emission by 0.42854) MeV, with most of the

(22
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uncertainty due to the uncertainty in the binding energy forr , are the classical inner and outer turning points, respec-

*Ge (0.250 MeV). On the other hand°As has been ob- tively, the normalization facton’is determined by
served experimentally32] with a beta-decay half-life of

190" 3% ms. From the fact that no protons were observed in _

the stopping detec'tor during this experiment, .it may.be_ i'n— Nfrmdr i coL
ferred that the partial half-life for proton emission is signifi- 0 k(r)
cantly longer and must be greater than 1 s. The partial half-

life for proton emission may be estimated using the WKB
approximation, which is outlined in some detail in the next
section[see Eq(23)] and, in particular for proton emission,
in Ref. [33]. A shell-model calculation within thép shell 2 m*(r)

assuming a closed fg,, orbit and the FPD® interaction kD=V7z |Qzp— Vap(r). (25)
yields 0.13 for the spectroscopic factét. Using the poten-

tial parameters of Ref[33], a partial half-life for proton

emission longer tha 1 s requires the one-proton separationIn Eq. (25), the asymptotic energy of the diproton is
energy to be greater than0.23 MeV, which is in agree- Q2p=—Sz, V2p(r) is the average diproton potential, and
ment with the value given in Table Ill. Because of the ex-m*(r)/m is the proton effective mass. As in Ref27],
treme sensitivity on the separation energy, however, it may,(r) is approximated by ¥,(r), whereV,(r) is the self-
never be possible to give a reasonable prediction for the paconsistent proton potential for theZ{2N) nucleus ob-

tial half-life for proton emission without explicitly measuring tained from a Hartree-Fock or a Hartree-Fock-Bogoliubov
the masses for botf'Ge and®As. With the present uncer- calculation. Here, the half-lives were computed using
tainty of 0.254 MeV, a range of 16 orders of magnitude isHartree-Fock potentials using a Skyrme-type two-body inter-
found for the half-life, i.e., between 1x410°'? and action. It was found that the various Skyrme interactions
1.6x10* s. On the other hand, supposing that the bindinggive half-lives that are in agreement to within a factor of 2,
energy of %Ge could be measured to within a few keV, a and the results reported here were obtained using the Skyrme
theoretical uncertainty of-50 keV remains fo®°As, which ~ M* interaction. In addition, the half-lives computed using
for a separation energy of 0.2 MeV leads to a range of Ed.(23) were found to be approximately an order of magni-
nearly four orders of magnitude in the proton partial half-tude shorter than those obtained usingrtireatrix represen-

frd’k’—z—l 24
0r(r) 7= (24

andk(r) is the wave number given by

life. tation with Ry=4 fm (as was used in Ref§6, 7]). On the
other hand, if the channel radius is chosen to be equal to the
IV. IDENTIFICATION OF CANDIDATES classical inner turning pointr,,, the r-matrix approach
FOR DIPROTON EMISSION yields half-lives that are within a factor of 2 of the WKB
method.

In this s_ection,_the parf[ial hglf-lives_for d.ipFOtO” emi_ssion The spectroscopic factof can be evaluated within the
are examined, W'th. the intention .Of 'den_t'fymg.Can.d'datesframework of the shell model. For diproton emission the
amenable to.expenment_al.detectlon while t_aklng.mto a.c'spectroscopic factor can be estimated using the cluster-
count theoretical uncertainties. As was mentioned in the in
troduction, the range of observable lifetimes for diproton
emission is limited by competing decay mechanisms and ex-
perimental setups. In general, all candidates for diproton 07 =G2[A/(A—K)TN(W o] ghe W), (26)

emission have largg end points, and as a consequence, the

B-decay haIf—.Iives are expect_ed to be of the c_:rder of 1-10Qyherek, \, andG? are parameters dependent on the model
ms([7]. Also, in several experiments, such as in R8l, the  gn5ce and the emitted cluster, andis a two-proton cluster
initial nucleus must live long enough to be identified. In thisyave function in which the relative motion of the particles is
case, the limiting time is determined by the time of flight in governed by the 8 state, and is obtained by diagonalizing
the experimental apparatus. In general, these two conditiong, SU3)-conserving interaction within the shell-model con-
impose a practical limit on the observable half-life for dipro- figuration spacg35].
ton emission to be in the range 16-10°° S. _ Ofall the quantities in Eq(23), the diproton decay rate is
In Refs.[6, 7], the diproton decay half-lives were esti- o<t sensitive to the two-proton separation enegy. In-
mated using -matrix theory[34] while taking the channel geeq, it was illustrated in Ref7] that an uncertainty of
radiusR, to be 4 fm for all cases. In contrast, in REZ7]the 4+ 100 keV in a separation energy of the order 500 keV can
half-life for *éNi was estimated using the Wentzel-Kramers-1aad to a range of nearly six orders of magnitude in the
Brillouin (WKB) approximation. Because of uncertainties ginroton decay half-life. In contrast, the spectroscopic factors
associated with the choice of the channel radius, the WKB, ¢ expected to be of the order of 0.5—0[8% and should
approximation for the diproton decay half-life will be used ot |ead to any more than an order-of-magnitude decrease in
here. Following Ref[27], the WKB expression for the par- he decay ratéincrease in the half-life Given that the the-
tial decay width is oretical uncertainties in the separation energy for each of the
) h? Fout diproton emitters considered in this work are all greater than
[ap=16 Nﬂ ex _zfr' drk(r) |, (23 175 keV, an accurate estimate of the spectroscopic factor is
" not needed in order to obtain an order-of-magnitude estimate
where 62 is the spectroscopic factor for finding the diproton of the diproton half-life for the purpose of identifying the
in the correlated_=0 state,u is the reduced mass;, and  best candidates for experimental observation. Hence, the life-

overlap approximatiofi35], namely,
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TABLE VI. Half-lives for diproton emitter candidates. Also listed are the theoretical predictions for the one- and two-proton separation

energies.
4 S (MeV) Szp (MeV) typ () ti (9 tis (9
Ref. [7]
38Tj 0.438164) —2.432(132) x 10716 4x10°16 2x10°%
“SFe —0.010(198) —1.279(181) 108 1078 1074
e\l 0.502164) —1.137(210) X103 10°° 4
This work
48N 0.505351) —1.290(330) 4108 5x10°° 0.09
AN 0.677304) —0.143(284) X 10 6x 10" o
557n 0.165211) —0.487(192) 510 2x10° 3%x10%°
5%Ge 0.058211) —1.343(192) 103 10°° 0.3
835e 0.069288 —1.530(262) 610 ° 3x1077 5% 1072
645e 1.09(225) —0.309(202) 5 10* 6x 10t 4x107°
65K r —0.001(351) —2.832(325) x1012 2x10° %8 6x10 1
57Kr 0.155288 —1.538(262) %103 10°° 0.2
B8Kr 1.313225 —0.423(204) x10* 8x 10" 5x10%
8%r 0.075193 —0.442(176) X107 2x 104 100

times reported here are evaluated assuntifig 1 with the  three previous works. While the results of Ormdidi (only
understanding that they are probably too short by a factor ofor A<48) and Col€e[8] (only for A<52) are in good agree-
2-4. ment with those reported here, those of IMoband Nix [5]

Listed in Table VI are the half-livest{,=% In2/T',;)  are not. It was found that the disagreement with thdl&te
associated with diproton emission for all nuclei in Table Il Nix masses is due to differences in both the Coulomb energy
that are predicted to be unstable to two-proton emissioshifts and the binding energy of the neutron-rich analog. For
while being bound to proton emission. Also, for the purposethe most part, the data presented in Fig. 1 are the only data
of comparison, the half-lives fot®Ti, “°Fe, and*®Ni given  that are explicitly sensitive to a parametrization of the Cou-
in Ref. [7] are also listed in the table. Given the practicallomb energy. Given the importance of analog symmetry and
limitations on the half-life for the experimental observation the overall success of the IMME, any global parametrization
of this decay mode, the best candidates ®fe, “Ni, and  of binding energies should include a proper description of
3Se. Of these three, perhaps the bedPiz since it is likely  the Coulomb energy differences. Towards this end, perhaps
that it has already been identified experimentfHy On the the best approach is to determine the parameters of a
other hand, bot?°Ge and®’Kr have half-lives that are long microscopic-macroscopic model using the neutron-rich bind-
enough to make them marginal candidates for experimentahg energies, while fixing the parameters of the Coulomb
observation. plus isovector part so as to reproduce the Coulomb energy
shifts between mirror nuclei. Even in this limit, however, it
has to be noted that the systematic parametrization is capable
of reproducing the experimenthlcoefficients of the IMME

In this work, Coulomb energy differences between mirroronly at the level of approximately 100 keV.
nuclei with 46< A<70 were computed within the framework ~ Finally, two-proton separation energies were also com-
of the nuclear shell model using an effective Coulomb plusPuted, and half-lives associated with correlated diproton
isotensor interaction. Absolute binding energies for proton€mission were computed using the WKB approximation.
rich nuclei are predicted by adding the Coulomb energy dif-Given prgchcal constraints on the half-life fo_r_the o_bserva—
ferences to the experimental binding energy of the neutrontion of this decay mode imposed by competition with beta
rich analog. With these binding energies, proton separatiof€cay and experimental setups, the best can4dgd§tes for ex-
energies are computed, and the location of the proton dri@grlmental observation are predicted to ti&e, “Ni, and
line is delineated. Se.

The computed Coulomb energy differences were also
compared with systematic trends predicted by the liquid-drop
model and a fit to experimentdl coefficients assuming a
A?? dependence. It was found that the shell-model calcula- Discussions with B. A. Brown, W. Nazarewicz, and M.
tions were in good agreement with the systematic trendsThoennessen are gratefully acknowledged. Oak Ridge Na-
except forA<50 andA=66. As a further test on the sys- tional Laboratory is managed for the U.S. Department of
tematic trend of the shell-model Coulomb shifts, half-livesEnergy by Lockheed Martin Energy Research Corp. under
for the Fermi transitions in odd-oddN=2Z nuclei with  Contract No. DE-AC05-960R22464. This work was sup-
A=62, 66, and 70 were computed and found to be in excelported in part by NSF Cooperative Agreement No. EPS
lent agreement with experimental data. The shell-mode®550481, NSF Grant No. 9603006, and U.S. DOE Contract
binding energies predicted here were also compared withlo. DE-FG02-96ER40985.
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