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B decay in oddA and even-even proton-rich Kr isotopes

P. Sarriguren, E. Moya de Guerra, and A. Escuderos
Instituto de Estructura de la Materia, Consejo Superior de Investigaciones’ fiiastiSerrano 123, E-28006 Madrid, Spain
(Received 3 April 2001; published 13 November 2p01

B-decay properties of proton-rich oddland even-even krypton isotopes are studied in the framework of a
deformed self-consistent Hartree-Fock calculation with density-dependent Skyrme forces, including pairing
correlations between like nucleons in BCS approximation. Residual spin-isospin interactions are consistently
included in the particle-hole and particle-particle channels and treated in the quasiparticle random phase
approximation. The similarities and differences in the treatment of even-even andl nddei are stressed.
Comparison to available experimental information is shown for Gamow-Teller strength distributions, summed
strengths, and half-lives. The dependence of these observables on deformation is particularly emphasized in a
search for signatures of the shape of the parent nucleus.
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[. INTRODUCTION calculations of nuclei approaching the drip lines.
Different microscopic models to describe tfFestrength

One of the most exciting challenges in current nucleaare present in the literature. Models based on spherical
physics is the understanding of nuclear systems under esingle-particle wave functions and energies with pairing and
treme condition$1]. The opportunities offered by recent ex- residual interactions treated in quasiparticle random phase
perimental work using beams of exotic nuclei and the correapproximation(QRPA) were first studied in Re{4]. Defor-
sponding theoretical efforts to describe them are of greaation was included in Ref5], where a Nilsson potential
interest, especially for nuclear structure physics and nucleal¥@s used to generate single-particle orbitals. Extensions in-
astrophysic$2]. clludln'g Woods—Saxon—type potentig]6], residual interac-

The decay properties and cross sections for nuclear realions in the particle-particle channgf], Hartree-Fock HF)

tions of radioactive nuclei are fundamental to understan ;n?rr:\ f['je;gc\(’)v#haSerpoirii?;%orgg]'dfg dmst(ealr?ggggisstgﬁtafd in
various phases in the stellar evolution, including the energ PP ' P

eneration, the nucleosynthesis, and the abundance of el roaches in spherical neutron-rich nu¢lgj and based on an
9 ! S yn ' . .energy-density functiondl10] can be also found in the lit-
ments. Since this information cannot be determined experiy e

mentally for th_e extrgme ponditions of temp_erature and _den— In a previous worK11—13 we studied ground-state and
sity that. hold in the interior of the star, reliable theoret_lcal B-decay properties of even-even exotic nuclei on the basis of
calculations for these processes are mandatory. In particuldl, yeformed self-consistent HBCS+QRPA calculation

the decay properties of proton-rich nuclei are fundamental tQitn, density-dependent effective interactions of Skyrme
understand thep process(rapid proton capture nucleosyn- type. This is a well-founded approach that has been very
thesig, characterized by very large proton capture reactiorsyccessful in the description of spherical and deformed nu-
rates on proton rich nucl¢B]. Of special importance in this clei within the valley of stability{14]. In this method once
context are the waiting points likéKr, where therp pro-  the parameters of the effective Skyrme interaction are deter-
cess is inhibited and the reaction flow has to wait for themined, basically by fits to global properties in spherical nu-
relatively slow S decay to continue. The total half-lives of clei over the nuclear chart, and the gap parameters of the
the waiting points determine the speed of nucleosynthesiasual pairing force and the coupling strength of the residual
towards heavier nuclei as well as the isotopic abundances.neutron-proton pairing force are specified, there are no free

Decay properties and nuclear structure are intimately reparameters left. Both the residual interaction and the mean
lated. It is clear that a precise and reliable description of thdield are consistently obtained from the same two-body force.
ground state of the parent nucleus and of the states populatdthis is therefore a reliable method, suitable for extrapola-
in the daughter nucleus is necessary to obtain a good descrifiens to the unstable regions approaching the drip lines. It is
tion of the decay and, vice versa, failures to describe thevorth investigating whether these powerful tools designed to
decay properties would indicate that an improvement of theaccount for the properties of stable nuclei are still valid when
theoretical formalism is needed. approaching the drip lines.

From a theoretical point of view the physics of exotic One possible way to establish the validity of the known
nuclei, characterized by very unusual ratios of neutrons andpproaches as well as the limits of their applicability is a
protons, can be considered as a test for the already welbystematic investigation of nuclei covering the whole range
established models of nuclear structure that are used to dé&om stability towards the drip lines. Exploration of series of
scribe stable systems. Since the parameters and interactiois®topes moving away from the region of stability would
used in the usual shell-model or mean-field calculations aréulfill these requirements, allowing us to learn how the ad-
determined in order to reproduce the properties of knowrequacy of the description evolves in progressively more un-
nuclei, they may not always be appropriate for use in thestable nuclei.
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Following the same criteria as in our previous wptd—  chosen state is blocked from the BCS calculation, and we
13], we apply this formalism to the study of proton-rich assign to it a pair occupation probability of 0.5. The effect of
krypton isotopes, including even-even as well as odd-A isodoing several more iterations from the even-even case, in
topes for the first time. The reasons why this is a region oprder to see how the extra particle polarizes the core, was
special interest to studg decay have already been stressedstudied in Ref[22] without observing significant changes.
in Refs.[11-13. They include the larg® values in proton- \We repeated these calculations here looking for some effect
rich nuclei[15], the competition of nuclear shapigs16] that ~ ©on the GT strength distributions, but again the changes were
characterizes this mass region, and the possibility to apregligible. According to this procedure our spin and parity
proach systematically thB=Z isotope. Thus, we can test assignments are as follows: 5/Zor "’/Kr and "Kr (as de-
the validity of our formalism and look for discrepancies termined experimentallf21]), 3/2" for "*r from the most
when approaching the drip lines. recent experimental determinati¢®3]. For °%Kr and "'Kr

The paper is organized as follows. We first summarize inve take the spin and parity according to our calculations and
Sec. Il the method of calculation. The mean field and QRPASSIgNK"=1/2" in the first case anK™=9/2" or K~
with residual spin-isospin interactions are introduced and ex=3/2" in "'Kr depending on the oblate or prolate shape. We
plained separately for both even-even and édawuclei. describe the eve#-oddN parent nucleus by removing one
Gamow-Teller(GT) strengths, excitation energie®g val- neutron from the self-consistent field of the even-even
ues, and half-lives are also discussed. In Sec. Il we presefcleus and the odd-evenN daughter nucleus by removing
our results. We discuss similarities and differences in evenone proton. This is a proper way to describe both the parent
even and odd\ nuclei and analyze in detail thg-decay and daughter nuclei from the same mean field. TakifydN{
observables in Kr isotopes, comparing them with the availas the even-even nucleus for reference, the parentAodd-
able experimental data. Section IV contains the conclusiongucleus is Z,N—1) and it decays into the daughter nucleus
and some final remarks. (Z—1N). As an example, to describe th" decay of the

odd-neutron parent nucleu&Kr (Z=36N=237) into the
odd-proton daughter nucleuSBr (Z=35N=38), we use

Il. THEORETICAL FORMALISM the mean field of the even-even nuclel®kr (Z=36N

In this section we summarize briefly the theory involved =38). )
in the microscopic calculations. More details can be found in !N @ previous wor{12] we analyzed the energy surfaces
Refs.[11-13. Our method consists in a self-consistent for-as @ function of deformation for all the even-even isotopes
malism based on a deformed Hartree-Fock mean field opnder study here. For that purpose, we performed con-
tained with a Skyrme interaction, including pairing correla- strained HF.Ca}'CU'at'OnS with a quadrupole COHSU@B’IIJ
tions in the BCS approximation. We consider in this paper@nd we minimized the HF energy under the constraint of
the force SGZ17] of Van Giai and Sagawa, which has been keeping fixed the nuclear deformay'on'. Calculations in this
successfully tested against spin and isospin excitations jR@per are performed for the equilibrium shapes of each
spherica[17] and deformed nucldil8]. Comparison to cal- Nnucleus obtained in that way, that is, for the solutions, in
culations obtained with other Skyrme forces have been madgeneral deformed, for which we obtained minima in the en-
in Refs.[11,17], showing that the results do not differ in a €rgy surfaces. Most of these nuclei present oblate and prolate

significant way. The single-particle energies, wave functions€quilibrium shape$12] that are very close in energy. As we

and occupation probabilities are generated from this meafi@ve mentioned, single-particle energies, wave functions,
field. and occupation probabilities in the odd nuclei, are obtained

For the solution of the HF equations we follow the Mc- from the convergeq mean fields of the.even-even neighbor.
Master procedure that is based in the formalism developed ihherefore, calculations in the odd nuclei are done at the cor-
Ref.[19] and described in Ref20]. Time reversal and axial "esponding equilibrium shapes of the even-even generator.
symmetry are assumed. The single-particle wave functions !N this work, besides the odd-nuclei, we also consider a
are expanded in terms of the eigenstates of an axially synfl€W even-even |sotopé?Kr, which was not previously in-
metric harmonic oscillator in cylindrical coordinates. We usecluded in the isotope chain studied in Refs2,13. We then
11 major shells. The method also includes pairing betweeghow first in Fig. 1 the total energy dfKr as a function of
like nucleons in the BCS approximation with fixed gap pa-the mass quadrupole momedg. The results correspond to a
rameters for protond . and neutrons\,, which are deter- constrained HFBCS calculation with the Skyrme forces
mined phenomenologically from the odd-even mass differSG2 and Sk3. As one can see, we obtain two minima in the
ences through a symmetric five-term formula involving the€nergy profile: one is oblate and the other is prolate at about
experimental binding energi¢&1]. The values used in this the same value of the quadrupole moment. These two
work are the same as those given in Hag]. minima are separated by about 1 MeV, the oblate _bemg the

For oddA nuclei, the fields corresponding to the different deepest one with the two forces. ThuSKr follows nicely
interactions were obtained by doing one iteration from thethe trend observed fop’74’_76’7?<f isotopes in Ref[12], with
corresponding self-consistent field of the closest even-eve@n Oblate shape favored in a shape coexistent isotope.
nucleus, selecting the orbital occupied by the odd nucleon
according to the experimental spin and parity. For those
cases where this experimental assignment is not well estab- To describe Gamow-Teller transitions we add to the mean
lished we choose the orbital closer to the Fermi level. Thefield a spin-isospin residual interaction, which is expected to

A. Residual interactions

064306-2



B DECAY IN ODD-A AND EVEN-EVEN PROTON-RICH Kr ISOTOPES PHYSICAL REVIEW C 64 064306

™ 17 T 1T T purpose in this work. Instead, we have chosen the same cou-
pling constant £2%=0.07 MeV) for all nuclei considered
here. This value was obtaln@m] under the requirements of
improving in general the agreement with experimental half-
lives of even-even isotopes in this mass region while being
still far from the values leading to the collapse.

B. Even-even nuclei

The proton-neutron QRPA phonon operator for GT exci-
tations in even-even nuclei is written as

— 2 [XSala = Yok, &
wherea* () are quasiparticle creatidiannihilation opera-
tors, wy are the excitation energies, axd Y% the for-
ward and backward amplitudes, respectively. From the

QRPA equations the forward and backward amplitudes are
obtained a$27]

-400 0 400 800 o 1 o o~ o
2 = — +
QO (fm ) XWV wK_E’n'V[ZXGT(qWVM_ quVlvl+ )
FIG. 1. Total energy of %r as a function of the mass quadru- — ZKng(qﬁVM “K +qXVM ‘iﬁ)], ()

pole momentQ, obtained from a constraint HFBCS calculation
with the Skyrme forces SG@olid line) and Sk3(dashed ling The -1 -
distance between ticks in the vertical axis corresponds to 1 MeV but Y= ———[2x2%(q,,M ¥ +7q,,M )

L . wK+ €mry
the origin is different for the two forces.

_ _ . + 2k (A, M+ A, M), )

be the most relevant interaction for that purpose. This inter-
action contains two parts: particle-hol@t) and particle- with e, =E,+E, the two-quasiparticle excitation energies

particle (pp). Theph part is responsible for the position and in terms of the quasiparticl@p) energiesE; . HereM “x are
structure of the GT resonandé,12] and is derived self- given by

consistently from the same energy-density functiotaaid

Skyrme interactionpas the HF equation, in terms of the sec- o oK oK

ond derivatives of the energy-density functional with respect M= ;; (AmX 7, Y ) (4)

to the one-body densiti¢®5]. The ph residual interaction is

finally written in a separable form by averaging the Landau- 5

Migdal resulting force over the nuclear volume, as explained MﬁK:2 (A7 X2K+ 0, YK, (5)

in Refs.[11,12. The coupling strength(ghT is completely e

determined by the Skyrme parameters, the nuclear radius,

and the Fermi momentum. MK =3 (qY XK—q¥ Y¥), (6)
The particle-particle part is a neutron-proton pairing force w e e

in the J”=1" coupling channel. We introduce this interac-

tion in the usual way7,13,26,27, that is, in terms of a

separable force with a coupling constaf;, which is fitted

to the phenomenology. Since the peak of the GT resonance is

almost insensitive to thpp force, 2% is usually adjusted to  with

reproduce the half-livekr]. However one should be careful _

with the choice of this coupling constant. Since i force Ao =U 0 22k, Q=0 UrS k™, Qv =002k,

is introduced independently of the mean field, k&% is

strong enough, it may happen that the QRPA collapses, be- qm uu 2" 8

cause the condition that the ground state be stable against the

corresponding mode is not fulfilled. This happens becauswhereuv’s are occupation amplitudesi{=1—v?) and3 ;"

the pp force, being an attractive force, causes the GTspin matrix elements connecting neutron and proton states

strength to be pushed down to lower energies with increasingith spin operators

values ofxf5. A careful search of the optimal strength can

certainly be done for each particular case, but this is not our ST=(v|oy|m) . 9

M %% —Z (qy,X2K—qY,Yox), @)
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Explicit expressions for these matrix elements in the cylin- e -
drical harmonic oscillator basis can be found in Rdf1].
Note that the expressions for tikeand Y amplitudes(2),(3) BT —=2¢p [O-------
defined here differ from those in Refd.1,12 by the contri- T v i M
butions due t@p residual interactions that were not include
there.

The solutions of the QRPA equations are obtained by
solving first a dispersion relation, which is of fourth order in
the excitation energies. Then, for each value of the energy -
the amplitudesvl are determined by using the normalization
condition of the phonon amplitudes. The technical procedure agp [0
to solve these QRPA equations is described in detail in Ref. ... o-- T v
[27].

For even-even nuclei the GT transition amplitudes in the
intrinsic frame connecting the QRPA ground state n v
|0)(T',, |0)=0) to one-phonon states|wy) (I', |0)

K K even Z - odd N parent

=|wg)) are given by g [O

even-even parent odd-odd daughter

(o] Bk|0)=FMPx. (10
odd Z - even N daughter

The Ikeda sum rule is always fulfilled in our calculations. o _ _
FIG. 2. Schematic picture to illustrate the different typegsof

) decay in the extreme single-particle model. In the case of an even-
C. Odd-A nuclei even parent we have 2gp transitions. In the case of an odd neutron
The QRPA treatment described in the above subsection igarent there are two types of transitions. In the 3gp case the un-
formulated for the excitations of the ground state of an evenpaired neutron in the parent nucleus acts as an spectator. The 1gp
even nucleus. The GT transition amplitudes connecting thé&pe of transitions are those involving the unpaired neutron.
ground state of an even-even nucléQgp stat¢ to all one-
phonon states in the odd-odd daughter nucl@ap states (f1Bkli)3qp= (@, 1ap| B<|0,1qp)=FM <. (11)
are given in the intrinsic frame by E¢L0). When the parent
nucleus has an odd nucleon, the ground state can be ex- (i) The other type of transitions are those involving the
pressed as a 1qp state in which the odd nucleon occupies tiegld nucleon. We call them one-quasiparticle transitions. We
single-particle orbit of lowest energy. Then two types of tran-introduce as usugb,6,27 phonon correlations to the quasi-
sitions are possible, which are represented schematically iparticle transitions in first-order perturbation, taking into ac-
Fig. 2. count the part of the GT interaction that contains terms linear
(i) The first type of transitions are phonon excitations inin the 7],,7T=a,taw operator. The transition amplitudes for the
which the odd nucleon acts only as a spectator. We call thernorrelated states can be found in R&f7]. Here, we give the
three-quasiparticle transitions. In the intrinsic frame, theexplicit expression for the transition amplitude correspond-
transition amplitudes in this case are basically the same as ing to the Kr isotopes, that is, &" decay of an odd-neutron
the even-even case but with the blocked spectator excludgghrent nucleus decaying into an odd-proton daughter
from the calculation, nucleus:

<f|B;|i>1qp:<ﬂ'corr|B;|Vcorr>
=qu+2xéhT( qy,> [(MY$)2E (v,0k)+(M)2E (7,0)]— 02,2 MMM E (v, 04) +E, (7, 04)]
WK WK
+2Kggl'[awvz [MﬁKMiﬁ_Eﬂ-(V!wK)_MTKMTK_EV(W!O)K)]_qﬂ'VE [MiKMTK_EW(Vle)
WK WK

—M‘"KMﬁﬁEv(w,wK)]}, (12)

whereq’s andM'’s are given in Eqs(4)—(8). In this expressionE .(v,wy) is in principle given byE (v,wx)=1/(E,—E,
—wg) and a similar expression fd& (7, wx) changingy into 7. Nevertheless, in order to avoid accidental singularities, we
introduce a widthd=0.5 MeV in the same way as it was done for the first time in R&f.
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E.
(E,—E,—wy)?+d?

—EV_wK

Ew( Vin): (13)

For simplicity we speak of 1gp, 2qp, and 3qp states, but it should be clear that we always mean QRPA-correlated states.
Once the intrinsic amplitude& |8 |i) are calculated in Eqg11),(12), the Gamow-Teller strengtBgt for a transition
I;—1; can be obtained as

2

Bor= > Mg LM ) 2= ; [(1iKiLpl K )i | B, i)+ (=)' KiCli = Kipl 11K )i | B, | i )]

iVif
= Sk, kLK 20[1 K )by | By [ b )+ Sk, ol — 1)1 (L — K11 1K ) by, | B 1| k)1

+ 0k, i+ 1KLL KA i | Bl i )2+ Sk, - 1{LiKi L= 11K )2 e | BZ 1] bk ), (14)

in units ofgi/4rr. To obtain this expression we have used thegion, below typically 3—4 MeV in the odé- nuclei studied
initial and final states in the laboratory frame expressed irin this paper, must correspond to 1qgp transitions. Thus, the
terms of the intrinsic statelspy) using the Bohr-Mottelson low excitation energy regiofbelow twice the neutron pair-

factorization[28]. ing gap in a 8% decay from an odd-neutron nucleus, basi-
Equation(14) can be particularized for even-even parentcally tells us about the proton spectrum.
nuclei. In this casé;=K;=0, I;=1, andK;=0,1. We should also mention that in odd-nuclei we have
considered the transitions to the rotational states as well. We
+ 9/2.\ . 9 N 5 consider only those states built on tde bandheads, which
Bor= 4,19k b, Bo | #0) "+ 20k, (b, B1 | ¢0) 7} are not forbidden by the selection rules of the Gamow-Teller

(15) operator in the allowed approximation. This means that we
calculate according to Eq14) the GT strength correspond-
ing to transitions from an initial; =K, state to final states
characterized b¥i) |;=K; whenK;=K;+1, (ii) I ;=K; and

Concerning the excitation energy of the daughter nuclei td;=K;+ 1 whenK;=K;, and(iii) I;=K;, I;=Kg+1, and
which we refer all the GT strength distributions in this paper,| ;=K;+2 whenK;=K;—1.

we have to distinguish again between the case of even-even Accordingly, we have added to the excitation energigs

and oddA parents. In the case of even-even systems, thia standard Bohr-Mottelson rotational enef@g]. The pur-

D. Excitation energies,Qg¢ values, and half-lives

excitation energy is simply given by pose of the inclusion in our calculation of the transitions to
_ the rotational states is to take into account in a more reliable
Eex@n—@z-1n+11= 0~ Eq — By, (16 way the fragmentation of the GT strength and the density of

excitation energies. Thus, in our calculations we estimate the
whereE; andE, are the lowest quasiparticle energies for moment of inertia by using a mean value between the two
protons and neutrons, respectively. extreme macroscopic models, rigid rotor) and irrotational
In the case of an odd-nucleus we have to deal with 1gp flow (if) model, whose predictions are usually upper and
and 3gp transitions. Let us consider here our case of an oddbwer boundary values of the experimental moments of
neutron parent decaying k%" into an odd-proton daughter. inertia.
For 1qgp transitions, since the unpaired neutron state is the Qg values are also determined differently depending on
only neutron state involved in the transition, the excitationthe even or odd number of nucleons. TQgc value is given
energy is by Qec=[M parent— M daughter™ Me]C%, Where M’s are the
nuclear masseginding energies of the electrons have been
Eex1gpe.N-1)—(z-1N)=E7— Ewo- 17 neglectedl For the 3" decay of an odd-neutron parent we
have
On the other hand, in the 3gp case where the unpaired neu-
tron acts as a spectator, the excitation energy with respect to -m —
the ground state of the daughter nucleus is Qec@n-1-@- 10 =M™ M+ Met A rz-2n-2)
. e c 19 —Ayz-2N-2)" Enz-2n-2)
1) (7 — =w e .
ex,3gp €,N—1)—(Z-1,N) v,spect 0 +Ey(z—2,N—2)y (19)
This implies that the lowest excitation energy of 3gp type
is of the order of twice the neutron pairing gap. In the Krwhere\ is the Fermi level and is the lowest quasiparticle
isotopes under study hera~1.5-2 MeV [12]. Therefore, energyE= J(e—N\)2+AZ. The Q value for 8% decay is
all the strength contained in the low-excitation-energy re-simply Qg+=Qgc—2m.
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AL L spectrum is transformed into a continuous profile. The distri-
30 Kr oblate 1~ Kr prolate butions in those figures are given in unitsgff/4= and one
! i should keep in mind that a quenching of the strength is ex-
"""" M pected on the basis of the observed quenching in charge ex-
20F |77 MP, + i . ; e ; ;
T change reat_:tlons and spM1 transmons.m stable nuclei,
o | LG where gs o is also known to be approximately Qdsee.
T Therefore, a reduction factor of about 2 is expected in these
A strength distributions in order to compare with experiment.
i %.}_\ This factor is of course taken into account when comparison
YA ST to experimental half-lives, summed strengths, and GT
strengths is made.

B(GT)

30k PKr oblate | 75Kr prolate |

A. Effect of the residual interaction

201 T 1 We can see in Fig. 3 the effect of the residual interaction
P treated in the QRPA on the uncorrelated calculatidotted
lines denoted by MF We do that on the example df"Kr
for the oblate and prolate shapes that minimize the energy
Y obtained with the Skyrme force SG2. The coupling strengths
. of the ph and pp residual interactions argghf 0.37 MeV
5 10 15 and k2%=0.07 MeV, respectively. Botph andpp residual
ex interactions reduce the GT strength. The residual forces pro-
duce also a displacement of the GT strength, which is to
isotopes plotted versus the excitation energy of the correspondin%gher ENergies in the case of the repulgmeforce and to
daughter nucleus®™Br, respectively. The calculations are per- OWel ENEIGIES N the case of the attractpe force.

formed in HF-BCS approximation(dotted lines denoted by MF These effects are common to even-even and Adsle- )
and in QRPA including only theh residual interactior(dashed topes. Nevertheless, we observe that the effect of the residual

line) and including bothph and pp residual interactiongsolid in'Feraction in oddA nucl_ei i_S very sm_all_ in the I(_)W-energy
line). tail of the GT strength distribution. This is especially true for
the pp force. The reason for that can be understood from the

These expressions can be compared to that correspondifigct that the lowest-lying transitions are affected by the re-

B(GT)

ob & + M -
i : \

0.0 b=

FIG. 3. Gamow-Teller strength distributiofg3/4=] in ">7Kr

to an even-even nucleug (N): sidual force only through the weak correlations with phonons
treated in first order perturbation.
Qec,zN)—(Z-1N+1)=Mz—M,+ M+ X7 7 o8~ Ny zN) This feature has also important consequences when one
considers the half-lives because they depend only on the dis-
“Erz-anEnen- (20 tribution of the strength below th&gc-energy window.

Therefore, thep interaction will affect the half-lives differ-
— . . . ently if we deal with even-even or oddl-nuclei. In Fig. 4 we
the standard definitiofsee for instance Ref12]), involving hav)e/ plotted the half-lives of th&.72737ky isotopgs as a

sums over all possible final states within tkge window functi fth R A f his i
reached in the decay and including standard quenching facl-JnCtIon 0 the strengt Gr- AAS We can see rom this \gure
tors [29]. the.half—hves decrease ywth increasing valuescft, butin
a different way depending on the isotopes. We can see that
e half-lives of oddA nuclei have a very smooth, almost
flat, behavior with thep force, while the half-lives of even-
even nuclei present a stronger dependence omp théorce.
Decreasing of half-lives withc®5 can be understood from
the fact that thep force is attractive and therefore tends to
concentrate the strength to lower energies. The reason for the
In this section we present and discuss the results obtainegimoother decrease of half-lives in the ofldsotopes is re-
for the GT strength distributions, half-lives, and summedlated to the smaller effect of thep force in the low-energy
strengths in the proton-rich Kr isotopes. The results corretail of the GT strength distribution in odd-nuclei, previ-
spond to QRPA calculations with the Skyrme force SG2 andusly discussed.
they have been performed for the nuclear shapes that mini- The optimum value okg% to reproduce the half-life de-
mize the HF energy. Before discussing the figures we notepends, among other factors, on the nucleus, shape, and
that the GT strength distributions are plotted versus the exSkyrme interaction and a case-by-case fitting procedure
citation energy of the daughter nucleus. The distributions otould be carried out. Since the half-lives are practically in-
the GT strength in Figs. 3, 5, and 6 have been folded wittsensitive to this force in odé- nuclei, this fit could be re-
I'=1 MeV width Gaussians to facilitate the comparisonstricted to even-even nuclei. In R¢fL3] we considered this
among the various calculations, so that the original discretelependence in various even-even isotopes in the mass region

The half-lives for theB*/EC decay are obtained using

The Fermi integrals required for computation of half-lives
have been obtained numerically for each value of the charg
of the daughter nucleudsand the maximum energy available
W, in B decay, as explained in Rdf30].

Ill. RESULTS
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FIG. 5. Decomposition of the total GT strength distribution into

B. Comparison of even-even and oddkx GT strengths their 1qp and 3qp contributiorisee text

To further illustrate the relative importance of the differ-

ent types of contributions to the GT strength in odlawclei, the stable isotopes by increasing the number of neutrons, the

we show in Fig. 5 the GT strengtiisolid) decomposed into GT resonance appears at lower excitation energies and con-

their 1qp(dotted and 3qp(dashedl contributions. The pic- @iNS less and less strength. Also Qgc window, repre-
ture emerging from the analysis of this figure is that the gTS€nted by the vertical line, becomes smaller and smaller.
strength distributions in odé- nuclei can be divided into We can observe also the similarity between the even-even
two different regions. One is the energy region below twiceand oddA partners. If we compare the strengths for an even-
the pairing gap, where the individual excitations are detereven (N,Z) nucleus with that of the corresponding odd-
mined by the quasiparticle protameutron energies in the A(N—1,Z) nucleus, we can see that they are about the same
case of an odd-neutrdiodd-proton parent nucleus. This re- once the low-energy region of about twice the neutron pair-
gion is of relevance fop* decay since it appears within the ing gap (between 3 and 4 MeV depending on the gase
Q window. The other region at higher energies is dominateguppressed.
by 3gp excitations, where the odd nucleon acts as a spectator. We can also observe that the different profiles of the GT
The strength contained here is much larger than in the lowstrength distributions corresponding to the various shapes of
energy region because many more configurations are pogrgiven isotope can be used in certain cases as a signature of
sible but only in the very-proton-rich isotopes this is accesthe nuclear shape.
sible by 8* decay.

Figure 6 C_Onta'ns a summary _Of _the results on GT C. Low-energy GT strength and comparison to experiment
strengths obtained in this work. In this figure we can see our
HF+BCS+QRPA Gamow-Teller strength distributions pre- ~ Now we concentrate on the energy region bef@y: and
dicted by the Skyrme force SG2 for the whole Kr isotopic discuss the possibilities to discriminate between different
chain including oddA and even-even nuclei. shapes by3*-decay experiments. We also compare with the

The trend observed in the GT strength distributions ofavailable experimental data. We perform this detailed analy-
both oddA and even-even isotopes is similar. We can seesis by plotting not the folded strengths as it was done in the
that the most unstable isotopes have the largest strengtipsevious figures, but the individual excitations as they come
which are also placed at higher energies. As we move intérom the calculation. The GT strengths have been quenched
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FIG. 6. Gamow-Teller strength distributiopga/4] as a func- FIG. 7. Gamow-Teller strength transitions in tj8& -decay of

tion of the excitation energy of the daughter nucléMeV]. The "2Kr as a function of the excitation energy of the daughter nucleus
results correspond to the Skyrme force SG2 in QRPA for the vari-"?Br.
ous shapes of the even-even and édHrypton isotopes.

strength below 1.836 MeY32] compared to our results with

with the same factor used to calculate the half-lives. In Figs’.[he t.WO shapes, where oblate_shape seems to be favored.
Figure 8 shows the results iffKr. Experimental data are

Z;g‘\vlyg(rc?gs;s;ivtg@se results for the even-even ISOLOPES 1 Ref. [33]. We can distinguish two regions in this iso-
o T, tope. At energies below 2 MeV we find that the oblate shape
Figure 7 for "Kr includes the results from our QRPA o it much more strength than the prolate shape and the
calculations with the .for.ce SG2 with oblate and prOIateopposite happens beyond 2 MeV. Therefore, measuring the
shapes. BeIOV\_/ an excitation energy of about 2 Mev We CasT strength distribution in“Kr up to Qg would help to
see that the distribution of the GT strength predicted by thejiscriminate between the two shapes. If the strength is con-
oblate or prolate shapes is qualitatively very similar although:entrated below 2 MeV, it will correspond to an oblate shape,
the prolate shape gives somewhat larger strength. We obtaiphile if it is concentrated between 2 and 3 MeV, it will
peaks at 0.5 MeV and 1.5 MeV in both cases and they are iBorrespond to a prolate shape. A comparison of the strength
agreement with preliminary data on this nucl¢8%]. There-  contained below 1 MeV is made in Table I. The experimental
fore, it will be hard to distinguish between the two shapessummed strengtf83] lies between the predictions of the two
On the other hand, if we look into the energy range from 2shapes but it is closer to the strength produced by the oblate
MeV up to Qgc, We can see a strong double peak that apshape.
pears in the oblate case between 2 and 2.5 MeV. The strength In Fig. 9 we show the results fof’Kr corresponding to
in this region is about 3 times larger than the strength of thehe spherical and prolate shapes that minimize the energy in
first peak at 0.5 MeV and it is almost absent in the prolatethis nucleus. Experimental data are from R&4]. In this
case. The appearance or absence of this peak at 2 MeV coutdse, an isolated single peak in the measured strength at very
be the signature of an oblate or prolate shape, respectively. ldw excitation energy would be the signature of a spherical
is also worth mentioning the huge peak appearing in theparent, while a peak close to tf@gc limit would be the
prolate case very close to tl@@-c value. If it could be seen signature of a prolate parent. Comparison with the available
experimentally, it would be a clear signature in favor of adata seems to favor the spherical shape. This is also true if
prolate shape. We can see in Table | the total measured Giie compare the total GT strengths contained below 1 MeV,
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o . FIG. 9. Same as in Fig. 7 for the decay BKr. Experimental
FIG. 8. Same as in Fig. 7 for the decay ¥Kr. Experimental data are fronj34].

data are fron{33].
roduce similar strength in the very low excitation energy
ge below 0.5 MeV, which is compatible with experiment.
At higher energies the prolate shape does not generate
trength up to 4 MeV while the oblate shape generates two

In Fig. 10 we can see our results for the oblate and prolat .
shapes of 3Kr compared to the experimental data from Ref. unch_es at 1 MeV and 3.5 MeV that compare better with
P P P © experiment. Above 4 MeV, the strength increases and the

23]. The first thing to mention is that the experimental data .
[23] st hing on 1S xpert rolate shapes produces two bumps at 4.5 and 6 MeV, while

have been taken differently in the two energy ranges belo .
and above 3.5 MeV. Below 3.5 MeV the data have bee h_e oblate shape produces a V.V'd? peak from 4.5 t0 6.5 M_eV
ith a huge strength at an excitation energy of 5.5 MeV. It is

extracted from direct detection of the gamma rays. Beyonéfv

this energy they have been extracted from proton delayeﬁlsglwcmh met.m'?n'n? tr?att_the structgre of t?e GdT ttrip3|t|pr;s
detection and have big errors. A new effort to measure extn the tt?lore |tcat1' calcu ? |onsfc;r?n i € lart1atyze ah'régb'ntﬁ
perimentally the entire energy range up@gc with large accountine rotationai nature ot the final states reacned by the

efficiency gamma ray detectors is under way at ISOLDE‘FD{HOW.eOI GT transition. As we h.ave already nj.ezntioned,isince
[35]. Until these data become available and confirm thd" thls gase we are considering the tran3|t|9(1i§=3/2 )
present measurements, the data measured above 3.5 MeVK¢ With K¢=1/2,3/2,5/2, when we reach a final state with
should be considered as partial because part of the strengfiy =1/2~, we consider the rotational states with
escapes observation due to the high level defj&ity. The  =1/27,3/27,5/2". The strengths of these states are given by
summed GT strengths in the two energy regions can be sedfe geometrical Clebsch-Gordan factors in Bl and their
in Table I. The experimental data appear between the predi@Xxcitation energies by the rotational energies. Similar argu-
tions of the oblate and prolate shapes, the oblate one beirgents apply to the transitions #7=3/2", where we con-
larger. sider the rotational states with;=3/2",5/2". For Kf
Comparison to the data of the GT strength distributions=5/2", the only case to account for is=5/2". On this
below 3.5 MeV shows that both oblate and prolate shapebasis we can now see that the two peaks below 0.5 MeV in

as can be seen in Table I, where the strength generated by t
spherical shape is much closer to experiment.
Next Figs. 10—13 correspond to the oddauclei ">7Xr.
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TABLE I. Comparison of the GT strengths contained below some given excitation energy between
experimental measuremerit§32] for "?Kr, [23] for "*Kr, [33] for 7“Kr, [36] for "Kr, and[34] for "®Kr),

and theoretical calculations.

Expt Oblate Prolate
"2Kr (Eqy=1.836 MeV) 0.5+ 0.1 0.5 0.8
Kr (Eqy=3.5 MeV) 0.10+ 0.02 0.19 0.06
3Kr (4.0 MeV=<E,,<6.5 MeV) 0.83+ 0.60 0.98 0.42
"Kr (Eex=1 MeV) 0.20 0.23 0.12
TKr (Egy=<2.2 MeV) 0.08 0.0Q'sph 0.05
"Kr (Egy=<1 MeV) 0.16 0.18(sph 0.05

the prolate case are the members of a rotational Hand bidden transitions that correspond tod=1 with parity

=K;=3/2" andl;=5/2" ,K;=3/2". Similarly we can iden-

change, that is, states 1/8/2",5/2". Although we have not

tify the low-lying structure in the oblate case as the member§alculated their GT strength, their excitation energies have
of several rotational bands. This can be seen more easily ig€en plotted in the figure. We can see that the agreement
Fig. 11, where we have plotted the excitation energies in thavith experiment is very reasonable in the oblate case. We get

daughter nucleu$®Br of the states reached /" decay. In

this figure we have also added by dotted lines the first for

concentrations of states at the same energies and the total

number of states is similar. In this figure we can follow more

easily the structure of the bands. For example, in the prolate
case we can see that the lowest 3f2as a 5/2 associated,

0.20 .
the next 1/2 has two states 3/2and 5/2 associated and so
on.
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FIG. 10. Same as in Fig. 7 for the decay GKr. Experimental
data are fron{23].
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data are fron{36].

75 . _ states for GT decay were reported to the ground statéRf
'fjr' Inh Fig. |12 We can see tt(wje G-L strengths in thle dprOI?teand to excited states at 9 and 207 keV. However, the spin-

g;f F&ﬁ”ﬁa casi:s 2coSmN[|)a\r/eT;0 the expgrlrtnentatlh ata [)0 rity assignment of these states, as well as the assignment to

: aken up 1o 2.o Mev. The summed strenglhs can be, . ground state of the parent nucletd&r, are still contro-
also compared in Table I. The spherical shape does not pro- ~ * o i
duce any strength in th@.c window except a small bunch versial[38]. We can see in Fig. 14 the results of our mean

EC : ; ;

of states around 3 MeV. On the other hand, the prolate shap{éeld calculations with the force SG2 for the oblate and pro-

72 ; P
generates strength at the right position although a little bt Shapes of “Kr. The vertical axis is the neutron
smaller than experiment. This shape also predicts som@ccupation probability and the horizontal one is the neutron

strength close t®¢¢, which is not present in the spherical single-particle energy. The deformed s_ingle—_particle s?ates
case. Figure 13 shows the experimental low-lying energy@'€ labeled byK™. We can see that the picture is compatible
spectrum compared to our calculation for the prolate shapeVith several spin and parity assignments for the odd-neutron
In our results we can identify the origin of these excitations.isotope "Kr. If we consider the neutron level closest to
We have a low-lying 3/2,5/2",7/2" rotational triplet and a Fermi level in Fig. 14, the spin-parity assignment would be
5/2,7/2" doublet. They correspond well with the experi- 9/2" for the oblate shape and 3/Zor the prolate shape. On
mental energies. We should remember that the spacing in thibe other hand, the assumption taken in RR&87] was 5/2,
rotational energies is determined by the moment of inertiawhich is also close to Fermi level. We therefore consider
and we are using a rough estimate. Using a moment of inethese two possibilities for each shape.
tia a little bit larger, the energy levels become compressed We show in Fig. 15 the results for the GT strengths from
and agree better with the experimental spacing. We haveur calculations assuming the above mentioned possibilities
also added by dotted lines the energies of first forbidderfor the spin and parity of the parent nucleus, 5/2s was
transitions. taken in Ref.[37], as well as 9/2 in the oblate case and
Experimental information on the decay &fKr is avail-  3/2” in the prolate case. We can also see the spin and parity
able for the low-lying state$37]. In that reference, final of each GT excitation.
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Skyrme force as shown in Refll] and replace the spin
Neutron s.p. Energy [MeV] matrix elements between proton and neutron states given in

Eqg. (9) by the overla . Of course, onlyK=0 com-
FIG. 14. Neutron single-particle energies and occupation prob d. (9) by p5{v|77> K

abilities of the intrinsic stateK™ calculated with the force SG2 for por\}snt: \:jwltthltth\QveH Il ding to F it .
the two shapes, oblate and prolate, which minimize the energy in efin at the hall-lives corresponding to ~ermi transi-

72r. \, are the neutron Fermi energies. f[ions are negligYLb7I?7€;137 compared to the GT half-lives except
in the isotopes’®"*727Kr, where they are comparable and
therefore one should not neglect their contribution. We can
) ) ~see in Fig. 16, the new results for the total half-lives once the
_ ExperimentaQegc and T, values are plotted as circles in contribution from Fermi transitions have been included.
Fig. 16 for the krypton isotopes considered in this work. Thetney are given by the vertical lines located at the right side
data have been taken from RE21], except for the isotopes i ihe half-lives of the?®7:727Kr isotopes. The agreement
"9"Kr, where we have used the more recent data from Refy ;. experiment improves in the cases Gf Kr but we are

[37]. These values are compared to our theoretical result§ti|l above the experiment. Nevertheless, it should be men-
represented by the vertical lines. The extreme values of the%e '

i ; in 70
vertical lines correspond to the results obtained from the'oqgg dth;t lL;er usfeg:ﬁt ef)r(c?r?qm:jrn?:lgu\ll:tlili)?\sm Wgr’ ot
various shapes using the forces SG2 and Sk3. This has be t with tic : tal half-life. Th t,h di 9
done in order to have a better idea of the theoretical spread §g"¢€Ment With the expe_nmen?g:\ ali-ie. Thus, the discrep-
the results. The agreement is in general good for I3th ancy found in the half-life of “Kr is entirely due to the
and half-lives. This is notorious because there is a very largdiscrepancy in th&g value.

D. Qgc values and half-lives

range of variatior(seven orders of magnitugéor half-lives. We can observe in Fig. 16 a nice trend that can be fol-
Qcc values are well reproduced with the exception’®r, lowed by the auxiliary dotted lines joining the experimental
where we obtain a value below experiment. data of even-even isotopes on one hand and thefodd-the
We can also see that the calculations fail to account fopther. The growin@Qgc trends in the two lines of Fig. 16 are
the half-lives of the most unstable nucléiKr and "*Kr.  dictated by the increase ok (—\,) as one approaches the

Nevertheless, it should be mention that the calculations corgroton drip line. This behavior can be qualitatively under-
respond to GT transitions neglecting possible contributionstood in the case oRgc from their expressions given by
from Fermi transitions. But Fermi transitions might play a Egs.(19),(20). As we have mentioned earlier, the only ex-
significant role to obtain the total decay rates in nuclei whereception to this trend appears in the experime@ak value
N~Z. Indeed, we have calculated the Fermi strength distriof "°Kr, which is clearly above the theoretical value. Since
butions and evaluated the corresponding half-lives. The caln this case the daughter nucle(f8r is odd-oddN=2Z, one
culation of Fermi transitions follows closely that of Gamow- may argue that the observed jump from the regular trend in
Teller transitions. One should simply use an isospin-isospifQg: and T4, is due to an extra neutron-proton binding,
residual interaction with a coupling strength derived from thewhich is not taken into account in the present calculation.
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| of odd-A deformed nuclei, which is not present in the spheri-

cal limit. The GT strength corresponding to transitions to

107~ 4; 7] states in a given band is reduced by geometrical factors in-
(l) - volving angular momenta. The energy separation depends on

12 T T T T T T T T transitions involving the state of the odd nucle@mp tran-
e . sitions. Thus, the excitation spectrum up to twice the pairing
10F ca QEC [MeV] gap parameter of neutroriprotons in the 8* decay of an
i 7 odd neutron(proton parent gives information on the proton
8 7] (neutron states. When this low energy strength in the édd-
i d) 7 nuclei is removed, the resulting GT strength distribution is
o ‘v._@ (l) 7] very similar to that of the even-even neighbor displaced to
B O 1 higher excitation energyH,,~24).
4 - . 4) ] In odd-A deformed nuclei, for each allowed intrinsic GT
HL i transition, one has a set of transitions to rotational states with
L <P i decreasing strength at higher energies. This is a characteristic
]
1

10 [ 2. i
3 the angular momentum of the transition with a global scale
107~ é J> 7 determined by the moment of inertia.
10°F - We have found a reasonable agreement with available ex-
1 q ‘ﬁ N perimental data. We have also discussed what can be learned
10 o from future comparison of our results with experimental data
10°F |I H - from ISOLDE that are expected very soon. This comparison
10 F o _ would be interesting for several reasofi$:From our study
? | : | | : | | of the dependence on the shape of the GT strength distribu-
70 7172 73 74 75 16 77 tions we conclude that information on the shape of the parent
nucleus can be gained when data in the wh@}g. window
Kr becomes available. We have identified particular narrow re-

gions in the excitation spectra of various nuclei where data

FIG. 16. ExperimentaQgc values(top) and half-lives(bottom  could be more conclusive on the nuclear shaipeCompari-
for the Kr isotopes are given by circles. T.he solid vertical linesgon to data would be desirable before considering further
correspond to our theoretical QRPA calculations. The lengths of then o g retical refinements, such as the effects of the continuum,
;’ert'cal lines 'ng'cite thz d:ferem r_g;sulti we obtain frr?r_n using theyhe neytron-proton pairing at the mean field level, or exten-
orces SG2 and Sk3 and the possible shapes in each isotope. g of the RPA(iii) An important point will be to check
whether our calculations produce the same level of agree-
ment in all the isotopes or some special characteristics can be

We have applied a self-consistent deformed+HFCS  found inN=Z nuclei. For the moment, an interesting feature
+QRPA formalism with density-dependent effective Skyrmefound is the deviation between theory and experiment in the
interactions to the description of the-decay properties of half-life of “%Kr. From the present calculation, this deviation
proton-rich odd and even Kr isotopes. This approximationcan be attributed to the difference between experimental and
has the appealing feature of treating the excitations and théeoreticalQg¢ values, which in turn can be a signature of
ground state in a self-consistent framework with basically ngn extra binding in th&l=Z odd-odd daughter nucleus.
free parameters. Our spin-isospin residual interaction con-
tains a particle-hole part, which i; derivec_i self-consisfcent_ly ACKNOWLEDGMENTS
from the Skyrme force, and a particle-particle part, which is
a separable force representing a neutron-proton pairing force. We are thankful to M.J.G. Borge, Ch. Migh&. Gelletly,
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