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B decay of oddA As to Ge isotopes in the interacting boson-fermion model
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The structure of odd-mass isotopes of As and Ge is described in the framework of the proton-neutron
interacting boson-fermion model. The energy levels and the electromagnetic properfigé"éhs and
69.71.7%e are calculated and compared with the experiment.Grtecay rates from the As isotopes to the Ge
isotopes are calculated. The calculated decays tend to be stronger than the observed ones. This may indicate a
mixture of components outside the model space in the wave functions of actual nuclei. The effect of the
higher-order terms in the decay operators seems small.
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[. INTRODUCTION d bosons only. Although the intruder state is the dominant
Nuclei in theA=70 mass region display a rich variety of component in one excited state, the anixtqre 'of t_he intruder
complex phenomena. The properties of these nuclei havcompone.nt even in the ground state is not insignificant. The

) . S : ftroduction ofs' andd’ bosons in IBM2 has successfully
been investigated in a number of experimental and theoreti-

" ) explained low-lying 0 states in this regiofil0]. Because our
cal wqus. Both the shape transitions and shape coexisten ain interest is focused gB-decay calculationgvhere there
occur in these nuclei. These features have been explameh

; ! ) : ve not been attempts to introduce such complex model
\g'thl thtigeilrﬂeor;\égrr:ousotsh:%egﬁzl mgdi?] lf‘érg::tti:'s \ggggr\:\_/ewe ignore those Dstates and describe other states in the
pply Ing . . g bo: usual IBM2 model[1]. The even-even Ge nucl¢iised as

fermion model[2] in a consistent description of a series of

even-even Ge and odd-As and Ge isotopes. The main ap- cores for the odd-mass As and Ge neighbare therefore

L : . ' . escribed as systems of proton and neutron bosons with the
plication we consider here is focused on the description 0E| A

. amiltonian

B-decay rates in odd mass nuclg-decay rates are very
sensitive to the details of wave functions. Each decay rate 1 -
involves matrix elements with wave functions of three nuclei H® = €i(Ng +Ng ) + K(Q2- Q%) + Z¢&[(dls! - dls)) - (d,s,
and therefore can provide a fine test of the nuclear model. 2
The proton-neutron interacting boson-fermion model -d s)]+ > gK([deT](K) _[a d 1) (1)
(IBFM2) [2] was proposedi3] and applied in the description T s T e
of B decay[4—7]. Recently this approach was very success-
ful in the analysis of8 transitions from spherical Rh to Pd where
odd-mass nucldig8] and from Cs to Xe @) y-soft isotopes ~ ~
of mass numbeA=125, 127, 1299]. QB =d's,+s'd, + x,[d!d,]?, (2

Il. EVEN Ge NUCLEI QB=d's, +sd, + y,[d!d,]? 3)

The strong variation in energy of the first excitetifate
in the even-even Ge isotopes, being lowest'f@e where it In Table | we present the IBM2 parameters for a series of
IS the lowest excned_state overall, suggests .the presence mjclei considered in this paper. The parametesscept for
an intruder state. This feature can be described in an IBM4Ge) are taken from Ref,11] where the same approach was
type Qf calculatlon by introducing asi boson, W'th an ap- applied to high-spin states. These parameters present a slight
propriate energy, into the standard model that involvesd readjustment of parameters in REE0]. The number of pro-

ton bosons for all core nuclei is @umber of proton pairs
abovezZ=28) while the number of neutron bosons is 4 and 5

are the boson quadrupole operators.

*Electronic address: brant@sirius.phy.hr for ®®Ge and°Ge, respectivelynumber of neutron pairs
"Electronic address: yoshida@res.kutc.kansai-u.ac.jp aboveN=28), and 5 and 4 for“Ge and’“Ge, respectively
*Electronic address: zuffi@mi.infn.it (number of neutron hole pairs beldw=50).
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TABLE I. IBM2 parameters. The unit is Mev except for the = 05} 4 ] = 9l ]
. . - Ge Z
dimensionlesy, and y,. The parametey,=-1.20 is fixed for all % 2 1 R .
nuclei. & s X x| © X x % x
g 0 Ty g 0
Odd nuclei  Core nucleus ¢4 K X, &  &=& g” $ % =1 AGe 1
Saalt: S B S SN
s, Ge 8Ge 1.42 -020 1.3 0.06 -0.10 68 70 72 74 68 70 72 74
as, "'Ge Ge 122 -011 1.4 008 -0.04 A A
73 7
A G 1.10 -0.11 1.7 0.10 -0.13 . L
7 S 74 € FIG. 2. The calculated electric quadrupole and magnetic dipole
Ge Ge 1.10 -0.11 16 0.10 -0.13

moments in even-even Ge isotopes are compared with the experi-
mental data. The symbol ¢ with the error bar shows the experimen-

o ) tal values whilex shows the results of the calculations.
The energy levels are shown in Fig. 1. The experimental

data are taken from Reffl2-15. Except for § states, the . -
: .~ duced transition probabilities show reasonable agreement as
agreement between the experiment and the calculation [5

very good. The observed first exciteti€tates are considered ong as the r_nelgnluides are !arge enougt Ge, the experi-
to be the intruder states arising from the particle-hole exci—mental B(E2;2,—2)) yalue IS Very small. This may mean

tation over the closed core. As we have already noticed, thegjat % has an appreciable mixture of the component outside
are outside of the model space of the simple IBM and can b f the model. The two main problems appearing in the

described quite well by introducing and d’ bosons[10]. present calculation of electromagnetic properties—the sign

. 72,7
The electromagnetic transition operators are of the electric quadrupole moments of &tates in Ge
and too small calculatedB(E2;2,—0;) values in
TE2 = eBQB + €5Q" (4)  "°7"2"Ge—do not appear in the calculation with a very simi-

lar parametrization in the model that includes and d’
bosons[10]. This indicates that the admixture of intruder
MD) 3 58 BB components in the ground state and in thespate is not
g™ = 4—(ng77+ g,L.). (5) insignificant and will influence the results of our calculations
7 of electromagnetic an@ decay properties of odd-mass iso-
The boson effective charge?=e2=0.0631e b, which was topes.
determined fromB(E2;0} —27) in "°Ge [13], was used for
all isotopes including the odd ones. The bogpfactors for
all isotopes arg®=0, g8=1.0 uy [11].

Figure 2 shows the electric quadrupole moments and the OddA As and Ge nuclei are described in the IBFNZ
magnetic dipole moments. The observed electric momentsy coupling an odd nucleon to the even-even Ge boson core.
are negative in%>’%Ge while the calculated values are posi- The Hamiltonian is written as
tive and small in magnitude. The calculated magnetic mo-
ments are systematically smaller than the experimental data. H=HB+HF + VBF, (6)

The branching ratios are shown in Table Il together with
B(E2) andB(M1) values. The calculated strongest branchesvhere HB is the IBM2 core Hamiltonian(1). HF is the
generally agree with the observed strongest ones. The rétamiltonian of the odd fermion:

and

IIl. ODD-MASS As AND Ge NUCLEI

3l 68Ge 70Ge 72Ge 74Ge
4 —0
0 e 4 4
B 4 .
— —0
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=3 e R 4 ‘ 4 .
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FIG. 1. The energy levels of the positive-parity states in the even-even Ge isotopes. The experimental levels labelezidonsidered
to be intruder states, which are ignored in the present study.
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TABLE Il. Branching ratios in the even-even Ge isotopes.

Nucleus Level(Mev) Transition B(E2)(W.u.) B(E2)(W.u.) B(M1)(W.u.) B(M1)(W.u.) I |

Y Y

(IBM2) (Expt) (IBM2) (Expt) (IBM2)  (Expt)
8Ge 1.777 227 28.3 0.49(21) 0.10 0.008014) 100  100(4)
2,—0; 0.11 0.141(25) 2.6 44.2(17)
2.268 42} 0.48 0.0
47 -2} 29.8 13.9(18) 100 100
Ge 1.708 22} 26.7 111(60) 0.12 0.0025%2 100  100(1)
25— 0] 0.14 1.0(5) 3.6 85(1)
2.154 £ -2} 0.53 0.0 0.82)
4727 33.2 24(6) 100  100(1)
"Ge 1.464 2-2; 31.7 62(11) 0.09 0.000145) 100 100.0(12)
25— 0] 0.04 0.130(24) 0.7 14.16(17)
1.728 42, 0.95 0.0
4727 32.7 37(5) 100 100
"Ge 1.204 227 23.3 45(5) 0.11 0.0010525 100  100(1)
2;—0; 0.02 0.75(9) 0.1 46(3)
1.464 £ -2, 0.51 0.0
452 25.6 37(5) 100 100
HF =2 &in;, (7 TE=eBQ8 +£Q0 + X ¢/ [a5]?, (13)
i ij
whereg is the quasiparticle energy of thia orbital whilen, where
is its number operatoVBF is the interaction between the F
S €
bosons and the odd particle: elfJ —_ %(uiuj _ viv]-)<i||r2Y(2)||j> (14)
\r
~ B ~
VEF = E Fij([a;raj](z) 'Qpr) + E Fi’j([aiTaj](z) 'QE)
ij ij and
+AX ning, + 2 AL{:[[dfa]Wa's,1?: - [s]d,, 1@ 3 _
= Mg, * 2 kit-LLO, 31787 Sp 'SP TMD) — 4—(g§L§+gELE+E el(lj)[ai’raj](l))' (15)
T ij '
+ Hermitian conjugate (8)
where

The modified annihilation operatod is defined byd,
=(-1)"d_,,. The symbols andp’ denoter (v) andv () if
the odd fermion is a protofa neutron. The creation opera-
tor of the odd particle is written a&', while the modified
annihilation operator is defined §§n=(—1)j‘maj_m. The or-

(1

1 . .
.)=—V—§(uiuj +Uin)<|||gI| +g§||]> (16)

G|

For the odd proton in Asg=1.5¢, while for the odd neu-

bital dependences of the quadrupole and the exchange intdfon in Gee/=0.5 e has been usefd1]. For the odd particle,

actions arg16]

L= (- viv)Q; T, (9)
. 10 \2
Abi=- Bk,iﬁj,k(m) A, (10)
where
Bij = (Up; +viu)Q;;, (12)
Qi = (3. il Y2l 5.07)- (12)

The electromagnetic transition operators are

the sping factor is reduced by a factor of 0.7.

As the ground states of parent odd As nuclei have nega-
tive parity and our main topic i transitions, in the present
work we shall limit our attention to negative-parity states in
odd As and Ge isotopes.

TABLE lll. Single-particle energie$MeV) of the proton orbit-
als in As.

Nucleus 212 Psy2 f512 P12 o2 ds2

895 -7.0 -15 0.5 1.6 3.9 7.9
as -7.0 -15 0.5 1.6 3.6 7.6
ps -7.0 -1.5 0.5 1.6 3.0 7.0
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TABLE IV. Parameters in the boson-fermion interactidvieV) Zosf Apg ] Zosf ]
for As isotopes. % ey
< )
g 0 8 0 = X
Nucleus r r A A ~ N ~
i x x lN\H AGe
9As 0.3 0.70 -0.3 0.25 L o4 N IR |
&Y . L L [< e L A A
"As 0.3 0.66 -0.3 0.25 69 71 73 69 71 73
"As 0.3 0.58 -0.3 0.25 A A
z o f ] Z of ]
E274 ¢ 4] £° y
A. As isotopes 5 1r 1 8 rs * 1
The oddA As isotopes are described by coupling an odd &0 g0
proton to the even-even Ge corgsee Table)l In order to 'N\” -1 Apg ] 'N: -1 AGe ]
obtain proton quasiparticle energies and occupation prob- g -2p . L1 g 2 -
abilities, the BCS equations are solved withA 69 71 73 69 71 73
=12/YA MeV and single-particle energies shown in Table A A

[ll. The set of single-particle energies is very similar to the ) o
one used in the shell model Monte Carlo calculations of Ref. FIG. 4. The calculated electric quadrupole and magnetic dipole
[17]. In the IBFM2 calculation for negative-parity states, moments are cor_npared with the e>_<perimenta| data. The symbol ¢
proton orbitals of odd orbital angular momentum are ir]_shows the experimental values while shows the results of the

L . _calculations.
cluded. The mass dependence of boson-fermion interactions

is presented in Table IV. In addition to the quadrupole andexperimental levels of negative parity fifAs, "*As, and

the monopole interactions between the odd proton and th&As, in Fig. 4 the electric quadrupole and magnetic dipole
neutron bosons and the exchange interaction, the quadrupaigoments for the 5/2respective levels, and in Tables V-VII
interaction between the odd proton and the proton bosons e branching ratios in these isotopes. The experimental data
used. are taken from Refd24-2§.

The level structure of odé- As and Ge nuclei has been  The main features of the low-energy spectra of édéds
already discussed within the frame of the IBFN2I. In this  isotopes have been reproduced reasonably well. A reasonable
model there is no distinction between neutron and protoragreement between theory and experiment is obtained for
bosons. Therefore, instead of two different paramegegg,  Most transitions, with leading branches being reproduced.
and x,,), only one, somehow average, value is used. In thélowever, for some weaker transitions there are discrepancies
IBFM1 calculations for’’As [18], ‘Ge [19-21, "*As [20], between the calculated and experimental intensities by about
8Ge[22], and "®As [22,23, x¥ was negative. In IBFM2 lan- an order of magnitude. The main discrepancy appears for the
guage this is obvious for Ge isotopes. Neutrons interact witfiransition 1/2—3/2; in "*As, which is much too large in
proton bosons for whichy, (Table | is negative. For As the calculation. The calculated branching ratios’iAs are
isotopes this means that an importémteven dominantpart ~ very close to those calculated in IBFMR0]. The °Ge
of the quadrupole interaction comes from the interaction be¢°H,d) "*As reaction datg27] show that the 5/2 ground
tween protons and proton bosons. Our calculatiofeble  state of*As has stronds,, component while the 1/2state
IV) are in agreement with these results. In fact, we havéwas a sizabl@,, component. These experimental results are
found that with the quadrupole interaction between protonsn accordance with the calculated wave functions, where the
and neutron bosons alone, a systematic description of Agercentage ofs, andp;, components is 93 and 7 in 5/2
isotopes was not possible. and 57 and 35 in 1/2 In 3As the percentage qfg, fs/p

In Fig. 3 we present the comparison of calculated andandp;, components i$93, 1, 3 in 3/2], (1, 94, 6§ in 5/2],

69As 71AS 73AS
92
o2
9/2 9/2
3/2 12 =—— 7/2
172 = 9/2
= ! ME e o 3 83 — 3
3 | i === 2 9 33 —1
@ |13 - & 53 ===yl 33
172 .. 573 2 — 5/2
— 32 113 7/2 172
h— 2
172 JUPSES bpumm— %7% 1/2 — :{’ﬁ 1/2 ig
0-% =l 52 % —_—l 52 g%% e 32
IBFM exp IBFM exp IBFM exp

FIG. 3. The energy levels of the negative-parity states in As.
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TABLE V. Branching ratios iff°As.
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TABLE VII. Branching ratios in"?As.

Level (MeV) Transition I (IBFM2) I (Expt.) Level (MeV) Transition I (IBFM2) | (Expt)
0.098 3/2—5/2] 100 100 0.067 5/2—3/2] 100 100
0.164 1/2—3/2; 100 100 0.084 1/2—-5/2; 0.0
1/2;—-512; 75 1/2,—312; 100 100
0.497 3/123—-1/2 36 28(4) 0.254 1/3—1/2; 71.2 2.85(24)
312,312, 100 100(6) 12,=5/2 0.2
o5 a4 o Wgovz 12 esee
0.789 5/%—>3/2E 38.2 10.7(12) 312,112 2.0 10.1419)
5/23—>1/21 17.4 15.9(16) 312,512 0.6 <0.6
5/2,—312; 59.4 100(10) 3/12,—3/2; 100 100(10)
5/2—512 100 28(4) 0.575 1/3—3/2, 0.1 56.1(12)
0.864 7/12—5/2; 0.2 9.0(5) 1/2;—-112; 5.8 100.012)
712,312, 0.0 1/2;—1/2; 45 16.2(4)
712,312 1.3 5.5(6) 1/12;—5/2; 0.3
712,512 100 100 1123312 100
0.578 5/12—-1/2 0.0
5/12,—312, 243 1.0(5)
(16, 56, 23 in 1/2;, (73, 5, 1§ in 1/2,, and(11, 79, 10 in 5/2,—112, 0.8 1.4(7)

3/2, states. This composition of wave functions is consistent 5/2,—1/2] 50.7 <0.6
with (3H,d) and(d,3He) reaction data. Both reactions indi- 5/2,—5/2; 64.9 71(20)
cate that the dominant components in the wave functions are 5/2,—3/2] 100 100(12)
fg;o in 5/2] andpg), in 3/2; while the 3/2 is weakly popu-  0.655 312512, 0.2 <7
lated. The data also indicate that thg, strength is shared 312,112 0.0
between 1/2 and 1/Z levels. We notice that in Fig. 2 the 312,312 57 13.4(3)
sigrl of the. e>7<£)erimental electric quadrupole moment for the 312,112 100 100(9)
5/2; Igvel in “As was assumed negau@nly the absolutg 3/2,-1/2; 16.3 19.4(6)
value is known. This is done on the basis of the occupation 3/2;—5/2] 12.7 7.0(4)
_ o 312,312 52.7 9.51(13)
TABLE VI. Branching ratios in"“As. 0.770 5/2—3/2, 0.0
Level (MeV) Transition I (IBFM2) | (Expt) ggz: i;% 8:3 2
0.143 1/2—-5/2] 100 100 5/2;—312, 4.0 9(2
0.147 317112 0.0 5123—112 0.5 15(2)
3/2;5/12; 100 100 5/%3—-1/2 0.4 <1
0.506 3/2—3/2; 100 100(5) g; §§ - 2; 2} fé% 1%%9(2
351l I 219 61 7/5:5/22, 0.2 2
3/2,—5/2] 8.2 712312, 0.0
0.829 313312 9.3 712512, 55 0.70(14)
3/23—312 100 100(14) 712,312 0.1 4.6(5)
3123—112 30.3 9.3(7) 712,512 100 62(3)
3/2,—5/2; 294 712,312 5.0 100(5)
0.870 5/2—-3/2; 0.0 0.929 9/12—-712] 0.2
5/12,—3/2, 28.8 9/2,-5/2; 0.0
5/2,—3/2] 36.4 40(1) 9/2,—512, 0.2
5/2,—1/2] 27.0 1.8(7) 912, =512 100 100(3)
5/2,—5/2] 100 100.97)
0.925 712512, 0.0
712, —312 0.0 probabilities of proton configurations. The protéy, quasi-
712,—312, 0.0 particle configuration in As isotopes is particle like, which
712,—312; 1.1 5.8(16) results in a negative quadrupole moment in the state where it
712,512 100 100(3) is the dominant component. Consistently, the state that is

dominated by a holelik@s/, quasiparticle must have a posi-
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TABLE VIII. Single-particle energiesMeV) of the neutron or- TABLE IX. Parameters in the boson-fermion interactidheV)

bitals in Ge. for Ge isotopes.

Nucleus f212 P32 fsp P2z Qo2 s Nucleus r I A A
5%Ge -4.0 -0.4 0.9 1.4 2.4 6.4 %Ge 0.3 0 -0.2 0.6
"Ge -4.0 -0.2 0.6 1.4 2.4 6.4 Ge 0.3 0 -0.2 0.6
SGe -4.0 0.0 0.3 1.4 2.4 6.4 “Ge 0.3 0 -0.2 1.35

tive quadrupole momertgs is the case for the 37 2evel in

Following the arguments therein, we have used the; B&2
75
AS).

signment for the level at 886.9 keV excitation energy. On the
basis of calculated decay properti@here only in few cases

the strongest branch was not correctly predicted, but the
main experimental branches were predicted as the strong

In the oddA Ge isotopes we couple an odd neutron to theoneg, we are positive that at least up to 1.2 MeV excitation
even-even Ge core&see Table )l With the single-particle  energy the wave functions are good enough for calculations
neutron energies shown in Table V{#gain, very similarto of g transitions. There was an argument that 3/&
the set used in Ref17]) andA=12/YA MeV, neutron qua- 0.831 MeV and 5/2 at 1.212 MeV are coupled to the in-
siparticle energies and occupation probabilities are obtainettuder state of the core and therefore outside of the model
in the BCS calculation. For negative-parity states, neutrorspacd19]. This may explain the disagreement seen in higher
orbitals of odd orbital angular momentum are included in the3/2” and 5/2 states. However, contributions of intruder
IBFM2 calculation. The mass dependence of boson-fermiomomponents can be expected in many states of odd-mass Ge
interactions is presented in Table IX. Here we use the quadand As isotopes that we have investigated. On the basis of
rupole and the monopole interactions between the odd newlectromagnetic decays alone, it is not possible to positively
tron and the proton bosons and the exchange interaction. determine which of them are predominantly based on the

In Fig. 5 we present a comparison of the calculated andhtruder configuration.
experimental levels of negative parity fiGe, "‘Ge, and For "*Ge a unique correspondence between the IBFM2
3Ge, in Fig. 2 the electric quadrupole and magnetic dipoleand experimental negative-parity levels can be achieved only
moments for the 5/2respective levels, and in Tables X, XI, up to excitation energy of 0.5 MeV. At higher excitation en-
and XII the branching ratios in these isotopes. ergies the spin assignments are unreliable but the number of

The calculated wave functions of 5/and 1/Z levels in  low-spin levels up to approximately 1 MeV corresponds to
%Ge are dominated by, and p;;, neutron components, the theoretical prediction.
respectively, in accordance with the transfer reaction data.
With the exception of the 5/2evel, the whole decay pattern
for negative-parity levels up to 1.5 MeV excitation energy is IV. B DECAY FROM As TO Ge NUCLE
reasonably well described. The_ established correspondence |, ihe framework of IBEM2 the Fermk, t*(k) and the
between calculated and experimental levels enables a dgs, ..
tailed calculation ofB transitions into these levels.

The structure of 'Ge is well described, too. The decay
pattern(Table Xl is very similar to the one obtained in the
IBFM1 calculation[21]. We have adopted the same assign-
ment of calculated to experimental levels as in R&fl].

B. Ge isotopes

Tellers, t*(k)o(k) transition operator$28] can be
constructed by the transfer operat¢?s3,16,28

Al = gal + Z gs'Tda), ]9 (An;=1,AN=0), (17)

69Ge 71Ge 73Ge
9/2
B2 __ g "
9/2 5%2 9/2 7;2 —_—
i — i —
3/2 = 32 3 32 9/2
1} 22 /2 3/2 7%2 —_ e
= 172 5/2  5/2 PR
> | 2 (IR (P &z
= |52 33 33 —
R |12 33 M—_ "
i e 7 — s
3/2 L PN
— 32 5y - 5/2 3¢2 """ gﬁ
/2 _ 12
L5/ == 52 2 . 2 Y2 ... 12
IBFM exp IBFM exp IBFM exp

FIG. 5. The energy levels of the negative-parity states in Ge.
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TABLE X. Branching ratios ir°Ge.

PHYSICAL REVIEW @0, 054301(2004)

TABLE X. (Continued)

Level (MeV) Transition | (IBFM2) I (Expt) Level (MeV) Transition I (IBFM2) I (Expt)
0.087 1/1Z—-5/2; 100 100 512,712 3.1
0.233 3/12—1/2; 43.2 48.3(13) 5/2,—-3/2, 100 39(6)
3/2,—-5/2; 100 100(3) 5/2,—3/2] 7.2 22(6)
0.374 3/13—3/2; 0.7 4.6(8) 5/2,—1/2] 35.1
3/12,—1/2] 100 100.0(15) 5/2,—5/2] 12.4 100(11)
3/2,—5/2; 0.1 31.5(8)
0.862 712—3/2, 0.4 0.76(13) _ _
712,312 0.1 8.4(21) Bl = 65", + > 6;[d,19 (Anj=-1,AN=1).
7/2,—512; 100 100(3) i’
0.933 513712 0.0 (19
5/2,—312, 0.5 32 . . .-
SIZEHSI? 16.7 g) The former creates a fermion, while the latter annihilates a
2 1 ' fermion, simultaneously creating a boson. Either operator in-
5/2§H1/23 35.5 24(7) creases the quantity;+2N by one unit. The conjugate op-
5/2,—512 100 100(5) erators are
0.995 1/12—5/2, 0.0
112,312 7.9 9(6) A = (= DIMATIY = (5 + X ¢ sLdT )
1/2,—312] 26.8 41(9) i’
112,—112 0.7 X(An;=-1,AN=0), (19
1/2,—5/2; 100 100(21)
1.160 3123112 0.0 ~ : . . e~
() = (= 1)i-mrt( T = _ o 90
312,512 0.2 B = (- 1)"™By} = - 6jsan, E 0;.[day I
312,712 0.0 .
312,312 24.0 X(An=1,AN=-1), (20)
3/2§_>3/2E 7.3 23(3) where the asterisks mean complex conjugate. These decrease
8/ —112 100 10003 the quantityn;+2N by one unit.
3/2,—-5/2 19.5 20(3) The IBFM image of the Fermt, t*(k) and the Gamow-
. —3/2 . eller transition opera *(k)a(k) are
1.196 5/2—312 0.0 Teller t t peratok, t*(k) o(k)
5/2—1/2, 0.0 -
5/2,5/2 05 OF =2 —\2j +1[PYPY], (21)
512,712 6.8 !
5/2,—3/2, 0.1 100(9) o
5/2;—3/2; 100 16(3) 0%T=2 7, [PI P, (22)
5/2;—1/2; 0.5 'l
5/2;—5/2; 0.7 56(3) where
1.307 3/13—5/2; 0.0
312, —312; 0.6 10, 1
3/2‘—1*>1/2£ 4.3 ﬂj’j__EO EvJ |0'|||§,J>
312,512, 1.1 —— 11
312712, o1 =-5n22) + DR+ OW(j'31:3). (23
3/21‘_’3/23 91.4 44(22) The transfer operatorB" are chosen from Egg17)~(20
p S q
3/2,—312 97.9 13(7) depending on the nuclei.
3/2,—1/2 100 100(4) The ft value is
3/2,—-5/2; 8.5 92(4)
1.415 5/23—3/2, 0.7 f = 6163 (24)
5/2,—5/2; 0.0 (Mp)? + (GAIGy)XMgp)?
5/2,—3/2; 16.3 o o
512,112, 0.0 (in units of secony where(G,/Gy)<=1.59 and
5/2,—512, 2.1
L (Me?= (a1 [OF 12, (25)
21+ 1
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TABLE XI. Branching ratios in"'Ge.

PHYSICAL REVIEW C70, 054301(2004)

TABLE Xl. (Continued)

Level (MeV) Transition | (IBFM2) I (Expt) Level (MeV) Transition I (IBFM2) I (Expt)
0.175 5/2—1/2; 100 100 3/2—5/2, 10.4 4.3(3)
0.500 312512 4.2 0.5(1) 312 —3/2; 0.4 2.6(1)
312112 100 100.0(4) 312312 100 6.1(3)
0.708 3/2—3/2; 0.7 312:—5/2; 3.3 8.5(2)
312,—5/12; 0.0 7.0(5) 312 —1/2; 27.8 100.0(5)
3125,—112; 100 100(2) 1.212 5/2—3/2; 0.0
0.747 5/2—312; 0.0 512,712 0.0
5/2,—-312; 2.4 74(1) 5/2,—3/2, 9.6
5/2,—5/2; 30.3 100(2) 5/2,—5/2; 0.6
5/2,—1/2] 100 62(2) 5/2,—3/2; 0.8
0.808 1/2—512, 0.0 5/2,—112, 0.0
112,312, 2.2 5/2,—5/2, 25.5 28.8(5)
1/2,—312; 40.9 24(5) 5/2,—3/2, 25.7 53(15)
1/2,—5/2; 100 100(12) 5/2,—3/2] 14.8 100.0(18)
1/2,—112; 66.6 62(5) 5/2,—5/2] 33.7 62.1(8)
0.831 3/13—1/2, 0.0 5/2,—1/2] 100 85.6(15)
3/2;—5/2, 0.0
3/2;—-312, 0.8 .
3/2;,—312; 1.6 1.9(10 2_ GT|[1.\|2
o e Mop? = = 1010l (26)
3/12%—112 100 100.019)  The coefficients#;, 7;:, 6, and 6, appearing in Egs.
1.027 5/2—3/2; 0.4 1.0(5) (17)<20) are[2]
5/2;—1/2, 0.0
5/2;—5/2, 27.0 21.6(7) {= uji,, (27)
5/12,—3/2, 05 Kj
5/2;—312; 100 100(10)
> - 10 1/2 1
5/2;—5/2; 52.8 21.0(19) g = _Ujﬂj’](-—) , (28)
5/2;—1/2; 9.1 36.2(10) N(2j+1)/ KK]
1.095 3/2—5/2; 0.0
3/2,—3/2 18.2 0.2(1) gl (29)
312,112, 0.1 0.52(6) T UNK
4 i
3/2,—512, 1.1 1.2(2)
312,312, 0.6 0.30(4) 10 \¥?2 1
3/2;‘!3/% 0.8 2.0(2) Oy = “J‘Bi’i(zj—J,J KK (30
3/12,—5/2] 8.2 7.4(2) _ _ ' ,
312,112 100 100.0(14) N is N;T orN,, depe_ndlng on the transfer operator, &K,
1.096 717312, 0.0 andK{ are determined by
;;2:2;2 8; TABLE XII. Branching ratios in"*Ge.
712,512, 0.5 Level (MeV) Transition 1,(IBFM2) I,(Expt)
712,312, 0.1
712, —312; 0.0 0.364 3/13—512 0.0
712, —5/2; 100 100 312,112 100 100.0(18)
1.139 312712 0.0 0.392 33312 12.9
3125312, 0.0 312,512 41.1
312512 0.0 3/2,—-1/2; 100 100.021)
3/2—3/2 5.1 1.0(3) 0.741 712312, 0.1
3/12%—112, 9.2 2.6(4) 712, —312; 1.2 25.7(17)
712,512 100 100(3)
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TABLE XIV. log 10ft values for levels irf'Ge.
8 I - 8| s -
27 x 41 =7} * . Level logyoft(IBFM2) log;oft(Expt.
(=3 (=1
£6 X 4 &6 1 3/2; 6.52 7.19(1)
5 | 8/21 = 5/2; | 5 | 5/21 = 3/25 ] 3/2, 7.79
3/2; 5.73
4 1 1 4 1 1
69 71 69 71 312, 5.21 6.33(1)
A A 312 7.34 6.94(1)
5/2; 4.60 5.85(1)
8 | 5/21 = 5/21 4 8 | 8/2r =3/27 5/2, 6.08
=7t 1 w7} . 5/2; 5.63 6.87(2)
S S 2 5/2, 5.55 6.84(2)
06 PO w6 - & b -
2 . < 712; 7.60 8.79(25)
5 1 - 5 -
%
4 * 1 4 1 1
69 B 71 69 B 71 tively (the ground states of pareffiAs and*As nuclei are

5/2] levels. The hierarchy of values for transitions into dif-
FIG. 6. The logoft values of theB decay from the As to the Ge I;Srent states of each angular momentum is reproduced for
isotopes. The symbol » shows the experimental values with their € (except for the transition to the 3/2evel, which is

errors, while the symbok shows the results of calculations with Predicted to have a rather small lg§ value. The same is
the conventional operators. The symbol shows the results of true for "‘Ge. We notice that the theory predicts that the

calculations with the additional-boson number conserving terms. smallest logft value among all 3/2levels in"'Ge has the
3/2, level. This result is in agreement with the experimental
5 \1/2 data. The only available experimental gk value in*Ge is
K= (2 ﬁjj’) 3D for the 1/Z level (logyoft=5.4). The corresponding theoret-
I ical value(4.27) is the smallest calculated.

and the conditions Although the calculated distributions of thefeeding are
' in agreement with the experimental data, a systematic effect
> (odd;ed||AY]leven;d)? = (2 + 1)u?, (32)  can be seen. For most decays the calculategyibgalues
@l are smaller than the experimental values. Some previous
works introduced overall normalization factors to account for
> (even;Q||BJ”'||odd;aJ>2 =(2j + 1)v]-2. (339 the absolute values of th@transition rate$3]. In contrast to
al this approach, which is common in shell model calculations,

e do not introduce any adjustable parameters in the
B-decay operators. If one takes the transition operators with-
out normalization parameters, then the difference between
the calculated and experimental values is caused by the tran-
sition matrix elements, which in our case have to be overes-
timated. This may indicate that other components are ad-
mixed in the wave functiongfor example, those involving
intruder states which would decrease the amplitudes of the
present IBFM2 components, leading to an increase of the

When the odd fermion is a hole with respect to the boso
core,u; andv; are interchanged in Eq&27)—«33).

The systematics of lggft values is presented in Fig. 6. In
Tables Xl and XIV the calculated lggft values are com-
pared with the experimental values®%iGe and"'Ge, respec-

TABLE XIII. log 1oft values for levels irf%Ge.

Level logift(1BFM2) logsoft(Expt) theoretical log,ft values. If this is the case, then the differ-
3/2; 5.88 6.05(2) ences between the IlBFMZ a;g]d experimental jigvalues
312 7.90 7.21(5) Dzave to be Iarggr fof'Ge and .Ge(wf_uch are neighbors of
312, 507 6.79(4) Ge where the intruder'devel is the first excited stat¢han

3 ' ' for ®°Ge. Our calculations indicate this trend.
312, 6.46 6.71(6) Bareaet al.introduced to the particle transfer operator the
312 6.73 7.02(6) additionald-boson number conserving terrf9]
512 4.26 5.49(2)
5/2, 6.65 6.94(7) > ¢l[@), x dH x qY. (34)
5/2; 5.33 6.65(5) i3
5/2, 5.49 6.80(6)
712 7.54 6.98(5) The coefficients¢fj, are determined so that the matrix ele-
712, 6.54 6.81(5) ments of the fermion operatc@}'.and the IBFM t_ransfer
712, 5.96 6.20(5) operator between states of seniority2 andv=3 in the

corresponding spaces are equal. As a result of including

054301-9
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these terms, the transfer operator of ELy) is modified as
S Ujﬁj'j<

. K'K
i ]
1 ~
+ o2 oy [la)ddlg,
i’

10

Ui =
N(2j +1)

A:rgj): Sa
jm
Kj

1/2 ~ o
) sT[daj,]%)

(35)

with the same normalization conditiori81) and (32) The

PHYSICAL REVIEW C70, 054301(2004)

topes of As and Ge. Nuclei in this mass region display a
complex structure. The overall agreement between the ex-
perimental data and IBFM2 calculated properties is very
good for the excitation energies and electromagnetic transi-
tion properties. For the3-decay rates that involve matrix
elements with wave functions of these nuclei, providing a
fine test of the nuclear model, the calculated values are sat-
isfactory but for most decays the calculated;lftvalues are
smaller than the experimental values. The effect of the addi-

results of the calculation with this transfer operator aretional d-boson number conserving term in the particle trans-

shown by the symboK> in Fig. 6. The effect of the addi-
tional terms is small. The overall normalization facﬂéf

fer operator, in the case of nuclei considered here, was small.
This may indicate that other components in the wave func-

may be reducing the effects of the additional terms. In facttions, like those involving intruder states, are admixed in the
this factor was introduced in a phenomenological study ofwave functions of low-lying states in odd-mass nuclei in this

transfer reactions in order to compensate for the effect of th
truncation higher-order tern{80].

V. CONCLUSIONS

enass region.
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