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Lifetime measurements in 'Ge and a new interacting boson-fermion model interpretation
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The lifetimes of twelve low spin excited states have been measur€m using the Doppler shift attenu-
ation method in thd'Ga(p,ny) reaction at 3.0 and 3.5 MeV incident energy. New interacting boson-fermion
model calculations for this nucleus account well for the properties of all its levels known up to about 1.5 MeV
excitation.[ S0556-28189)03807-9

PACS numbgs): 21.10.Tg, 21.60.Fw, 23.20.Lv, 27.50e

I. INTRODUCTION spin levels, and thus offer a rich ground for comparison with
theoretical calculations. We were therefore able to reinvesti-
The nuclei with mas#é~70 belong to an interesting tran- gate the structure of'Ge in terms of the IBFM, based on the
sitional region’ with properties which vary rapid|y withor whole experimental information available at present. The
N. The capacity of different nuclear models used to describ&@ext two sections present the experimental method and the
such nuclei is much better assessed if a reasonable larg@sults. Section IV presents IBFM calculations and their
number of spectroscopic propertiganergy levels and their comparison with experimental data and Sec. V the conclu-

decay propertiésare available experimentally. sions of this work.
The *Ge nucleus, witiN=239, lies in the middle of the
28 to 50 neutron shell. Its low spin and excitation energy Il. EXPERIMENTAL METHOD

properties(up to about 1.7 MeV excitatignare rather well

determined, from the point of view of level position, spin-
parity values, and electromagnetic decay branching ratio{.‘\(;
This is the combined result of many experimental studies

inc[uding,B decay[1,2], (a,ny) reaction[3-5], (p,ny) re- accelerator in Bucharest.
action [6’7]’_ as We”_ as the neutron tra_nsfep,d) [8] and The target was a Ga pellet, isotopically enriched to
(d,p) reaction studie$9] (for othgr earller. works see Ref. 99.6%, of thickness 20—30 mg/énsticked onto a 0.1 mm
[.10].). However,_the experlmenta_ll information concerning theihick Ta backing. The Ta backing was mounted on a finger
lifetimes of excited states in this nucletterefore, on ab-  cooled by air circulated in the upper part of a Dewar with
solute electromagnetic decay ratessextremely limited: life-  |iquid nitrogen, thus maintaining the target at a temperature
times are known only for the isomeric states 5/at E,  of almost 0 °C.y rays were detected in two 20% efficiency
=174.9 keV and 9/2 atE,=198.4 MeV [10], and for four ~HPGe detectors with full width at half maximufFWHM)
other medium spin levels, as determined from a Doppleenergy resolutions of 2.0 and 2.2 keV at 1.33 MeV, respec-
shift attenuatior(DSA) measurement in then,ny) reaction tively, placed at 13 cm from the target. Singles spectra were
[4]. recorded simultaneously with both detectors at eight differ-
The level structure of 'Ge has been recently discussedent angles from 0° to 143° with respect to the beam axis,
within the frame of the interacting boson-fermion model-1choosing for each detector a random order of the angle se-
(IBFM-1) [11] in Refs.[1,2], and of the dynamical collective quence.
model[6]. Due to the relatively poor knowledge of the decay A continuous monitoring of the energy calibration was
properties(especially lifetimesthe comparison between the performed by measuring between runs a set‘%fo, 3'Cs,
theoretical calculations and experimental data is not too deand *%u sources. Thé%Co source was also kept in a con-
tailed and leaves ambiguities. In particular, it has been sugrenable position near the reaction chamber during all mea-
gested 1,2] that some of the low-lying levels have an “in- surements. Since the(n) reaction at our energies provides
truder” character(that is, they probably result from two- very low recoil velocities, the DSA method, based in this
particle—two-hole excitations of the core, and thus do notase on the observation of the peak centroid shift with the
belong to the IBFM spagetherefore a more detailed study angle, requires a very precise energy calibration. Thus, for
of their properties is of considerable interest. the final analysis we kept only the spectra which presented
In this work we present the first extensive lifetime mea-gain shifts smaller than the typical imprecission in the deter-
surements for excited states {fGe, using the DSA method mination of the peak centroids.
in a (p,nvy) reaction. Given the scarcity of such data in this The proton incident energies resulted as a compromise
nucleus, the use of such a nonselective reaction is expectdettween the requirement of being close to the threshold en-
to lead to a better characterization of many low-lying, low-ergies of the levels up to aboHlt=2.0 MeV (such that the

The "'Ge levels were populated via théGa(p,nvy) re-

tion at two incident energies of 3.0 and 3.5 MeV, respec-
ely. The proton beams, with intensities kept between 10
and 20 nA, were provided by the FN tandem Van de Graaff

0556-2813/99/6(2)/02430216)/$15.00 60 024302-1 ©1999 The American Physical Society



M. IVASCU et al. PHYSICAL REVIEW C 60 024302

15000 p .
2] ® ] Ga(p,ny)"*Ge, 3.5 MeV
4= ﬁ ~ « 0
o B é 0=15
10000 © @
] e
N 3 0
1 E N 8 x
wn g o Y~ (=] (-]
5000 ~ ] N T2
3 o T
H
&
§ 04 : , :
O 1500 503’ 600 ~ 800///
o ]
J ‘E_ 4
1000
<
500 2 o S < ©
o o H ‘0
B © =3 5
W
0 | T T /// T T T T T T T ' |
1400 1600 1700 1800 1900 2000
Energy [keV]

FIG. 1. Example of single/-ray spectra obtained at 3.5 MeV proton incident energy and an angle of 15°. The most important transitions
of "Ge are labeled with their energy in keV. Lifetime information could be extracted for the transitions labeled with bold n(seeers
Table | and Fig. 2 for those labeled with bold italics, information concerning the mixing ratio could be extrétédde 1l and Fig. 3.

recoils have a narrow velocity distribution close to the center A. Lifetime determinations

of mass velocity, and that of having sufficient cross section Figure 2 shows examples of the observed variation of the

for the levels of interegtin order to keep the measuring time y-ray peak centroid energies with the observation angle, for

for each angle reasonably short, up to 2—-3 h, to prevent gaiMiGe transitions for each we could detect a Doppler shit.

shifts of the electronic chajn The straight lines are fits to the data with the usual DSA
formula

IIl. EXPERIMENTAL RESULTS v
1+Fed7) Ecose , (n)

E = EO
In two previous measurements we found out that all im- !
portanty rays from levels up to about 2.0 MeV iftGe have 5
rather small Doppler shifts, difficult to measure accuratelywhereE, is the unshiftedy-ray energyyp is the mean initial
We succeeded, finally, with one experiment in which thevelocity of the nuclei recoiling and being stopped into the
stability of the detectors and associated electronics had thH@arget material, and,(7) is the experimental attenuation
desired level. factor. Since we are relatively close to the threshold energies,
Figure 1 shows an example of the measugerdy spec- v has been chosen as the center of mass velocity. Working
tra. The calibration spectra taken with the standard sourcedose to the threshold ensures also that cascade feeding of the
between the runs at different angles have shown a good stéevels of interest is not important, and therefdfg,, will
bility, therefore the initial calibration of the runs was made depend only on the lifetime of the level.
using these spectra. Some promptays clearly displayed Table | centralizes the,, values extracted from various
Doppler shift effects, whereas others were found completelgxperimental runs. The-ray energies listed in this table are
unshifted(corresponding to “long” lifetimes of their levels  those from Refs[1,10]. These values agree rather well with
In the final spectra analysis we have used some of the urthose that can be read from Fig. 2. A systematic disagree-
shifted peak$174.95, 326.79, 499.9, and 808.25 kEM]),  ment, slightly increasing with the energy, occurs for the
together with the 1173.24 keV peak 6%Co (1332.50 keV  rays with the highest energi¢$598.5, 1743.4, 1937.4 kgV
formed a doublet with a line of’Ge) and the 1460.83 keV which are underestimated in our ca$&598.2, 1742.9,
40K (backgroundlline, to perform an internal energy calibra- 1936.8 keV, respectively This is due to our calibration
tion of each spectrum. curve whose highest point is at 1460.8 keV; nevertheless,
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FIG. 2. Examples of attenuated Doppler shifts measurega@y transitions in"*Ge. The straight lines are fits to the data with Ex,
resulting in theF,, values indicated for each transition. The characteristics of the run represented in each of the panels can be easily found
by identifying they-ray energy and th&(7) values in Table kwhich summarizes all the measureménts

this procedure does not affect the relative energies at differauclear stopping powers are weighted by two facferand
ent angles, which are of main interest in deducing Flie) f,, respectively, which are determined empirically; these
values. In general, more than one value could be determinegf@ctors may vary considerably with the combination recoil-
for one given level. “Missing” runs in Table | indicate in- ing nucleus-stopping medium. In our case we have used the
suficient accuracy of the centroid determinations; for ex-valuesf,=0.75 andf,,=0.55 determined in a relatively low
ample the run at 3.5 MeV with detector 1 was not suffi-energy experimerft®®Zn(«,nvy) reaction at 13.5 MeY[14],
ciently stable. From Table | one can see that when moréor a recoil-target combination very close to ours: Ge in Zn.
F(7) values have been determined for a certain deexcitinghe lifetimes resulted by using this stopping power are a
initial level these values are, generally, consistent with eaclfactor of about 2 larger than those obtained from the use of
other within the experimental errors. There is also no systhe “pure” LSS stopping power f=f,=1.0). In other
tematic variation of theF values with the incident beam similar low-recoil DSAM lifetime measuremen{d8] we
energy, which indicates that there is no important cascadkave found that using for the electronic stopping power the
feeding of the levels of interest. To make this point clearerformalism of Ziegleret al.[16] leads to lifetimes 10 to 20 %
Fig. 3 shows the level scheme &fGe which is relevant fo higher than the LSS ones.
the present lifetime measurements. From this figure, as well The procedure of extracting lifetimes from thér) curve
as from Fig. 1, one can see that the levels considered in thesually provides asymmetric errors. We have symmetrized
present experiment have rather unimportant cascade feedingpe resulting errors according to the procedure outlined in
with the exception of the 708.2 keV levels, which will be Ref. [15]. When more values of were available the final
discussed below. adopted valudlast column in Table)lis their weighted av-
Level lifetimes were determined from the,,, values of  erage. The final error in the lifetime contains also a 20%
Table | by comparing them with calculatéq 7) curves. We error added quadratically, to account for uncertainties in the
have used theoretical stopping powers in the calculations: thealculated stopping powers. As discussed above, Bhe
nuclear and electronic stopping powers have been treated 708.2 keV level, which has the smallest measuFgd)
according to the formalisms of Lindhard-Scharff-Schiottvalue (Table l), has the most important feeding from higher
(LSS [12] and Blaugrund13]. Usually, these electronic and levels, especially from the 1506.4 keV one. lts effective
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TABLE I. Summary of lifetimes measured if'Ge in the B. Mixing ratio determinations
present work. The adopted lifetime valugast column represent
the weighted averages of the values extracted from the appropria{?a
F(7) values, and correspond to the LER?] stopping power with
the coefficients,=0.75, f,,=0.55 (see text for other detajlsThe
final error in 7 also contains(quadratically a 20% error which
accounts for uncertainties in the stopping power.

The determination of multipole mixing ratios of mixed
nsitions was not the original purpose of our measure-
ments, but the data could be used to check existing values or
try to complete them. Multipole mixing ratioss(values in

this nucleus have been obtained mainly from three sources:
the (p,ny) study [7], the (a,nvy) studies[4,5], and the
e-decay study of oriented nuclg2]. With the exception of

the most recent measuremen® the results of all these

Run identification
E E E;(MeV)/

X Y L , -
kev)  (kew) detector nf F(7) (%) (9 \L/Jv:g(isnhs\é?[tl)gfn summarized, along with “adoptegiVal
708.2  708.2 3.0/1 1.682) <15.4 The (p,nvy) reaction study 7], performed at incident en-

ergies up to 3 MeV, is similar to ours. They have analyzed
1026.6 10266 3.0/1 321) ~16 the meas.ureql angullar.-.ray angylar distributions for diff_er-
ent combinations of initial and findl™ values, by calculating
the magnetic substate populations with the statistical model.
10955 10955 3.0/ 86 0.90+0.20 Since the spin of the target nucleus is 3/2, the excited states
with spin <3/2 are expected to have little alignment, there-
1139.4 11394 3.01 2% 5.7£2.0 fore their y-ray angular distributions are practically isotro-
11394 3.012 2.5) pic. While for the transitions frond=1/2 states n@ values
could be derived, for thd=3/2 states the extracted values
1205.1  615.3 3.0/1 5(14) 1.6+0.4 have, usually, large errorg7]. With increasing spin, the
615.3 3.0/2 6.613) alignment also increases, therefore theay angular distri-
615.3 3.5/2 5.8.1) butions can providé values with an increased accuracy. As
in Ref.[7] & values have been proposed for most of the states
12125 1212.5 3.0/1 3(08) >1.7 Wlth Spin up to 5/2 an(Ex<_ 1.3 MeV, we have concentrated
mainly on the states of higher sp(A/2 to 11/2 and energy
1298.7 12987 3.0/1 128 061013 above 1.3f MeV, which had mixed transitions with peaks well
1298.7 3.0/2 11.6) resolved in the spectra. _
Angular distributions of they rays have been determined
1298.7 3.5/2 13Q) by normalizing the yields to that of the 808.3 keV transition
(1/2, —1/2;) which is expected to be isotropic. The deter-
1349.0 13490 3.011 1133  0.66+0.16  mineda, anda, Legendre polynomial coefficientsvith de-
1349.0 3.0/2 15@4) tector geometry correction taken into accouate given in
517.7 3.0i1 10.9) Table Il. For all transitions shown in Table Il the initial and
517.7 3.0/2 9.85) final J7 values are known. In order to determine thealues
517.7 3.5/2 11.a9 we have used the formalism of Yamaz#ki’] in which for
the m-substate population of the initial state we made the
1506.4  798.2 3.0/1 15@6)  0.73-0.23 simple assumption that it can be well approximated by a
798.2 3.0/2 14.61) Gaussian of widthr. We have first treated both and o as
798.2 3.5/2 11.62) free parameters. The values thus extracted from different
angular distributions, corresponding to the absolyte
minima were in good agreement with each other and were
15985 15985 3.01 887  0.79:0.21 well concentrated around the value=2.24+0.12 (their
1598.5 3.02 9.64) weighted average We have therefore adopted this value as
1598.5 3.5/2 123 one which describes well the alignment in our,1f) reac-
1423.6 3.01 1085 tion, and determined values from the analysis of the usual
1423.6 3.5/2 9.83 plot x? versusé, using this value ofr. The results are given
in Table Il. One can see that thevalues thus determined
1743.4 1743.4 3.0/1 1545  0.61+0.21 agree very well, in several cases, with previous values deter-
1743.4 3.0/2 15@3) mined from other measurements with comparable accuracy,
1743.4 3.5/2 8.a7 which is an indication that this simple procedure provides
correct mixing ratios for transitions from states with sgin
1937.4 19374 3.5/2 %22) 1.0-0.4 =7/2. One news value could be thus determined, in other
cases the transitiory rays belonged to complex peaks thus
3ncident proton energy and number of the detector. making the analysis more uncertain.

F(7) value, of 1.64-0.52 %, leads to an effective lifetime of

this level of 7.6 7€ ps. Due to the strong cascade feeding
this lifetime is considered as an upper limit, therefore we A first comparison of the experimental level scheme of
give for this levelr<<15.4 ps. "IGe with calculations based on the intermediate coupling

IV. THEORETICAL INTERPRETATION
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FIG. 3. Level scheme of'Ge, of relevance for the present lifetime measurements. This level scheme is very much simplified, showing
only some levels and transitions. The following levels are giyerthe levels from Table I, for which lifetimes have been derived in this
work (drawn with heavy continuous lingand(ii) other levelssee Ref[10]) up toE,=2.0 MeV (drawn with dashed lingsvhich feed the
levels from(i) or are fed byy rays of interest. For all these levels, only the transitions for wki¢h) values have been determin€thble
1) are shown, and also transitions which feed the levels of intéjegthese transitions are drawn: by a continuous line if the corresponding
branching is larger than 10%, by a dashed line if it is between 5 and 10 %, and by a dotted line if it is below 5%.

model was made in Reff5]. Only a qualitative description of some recent updates concernidg values[6] and & values

the first few negative parity levels was obtained, while the[2], as well as the present lifetimes and the spectroscopic
positive parity states were rather poorly described. More reinformation from the neutron transfer reactidids9).

cently, in Ref.[6] a dynamical collective model was used.  The IBFM calculations As in the previous calculations
While the properties of some levels are reasonably well exf1, 2] we have used the IBFM-1 version of this mod&L].
plained, a number of others have no theoretical counterparfhe calculations were made with the codmspa (for lev-
according to the authors, this is due to the fact that only theyg pgewm (for electromagnetic transitiong19] and SPec
yrast levels of the core were taken into consideration in thesgq (for one-nucleon transfer spectroscopic factof&Ge is

calculations. : ; 70,
. . . described as a fermiofmeutron coupled to a”™“Ge core.
Interacting boson-fermion modéBFM) calculations for (1) The "%Ge core We first described thd°Ge core

this nucleus have been presented in two papi/, both nucleus with the IBM-1 mode]21], as a system of seven

using the same parametrization of the Hamiltonian, in th .
IBEM-1 version of the mode[11], which does not distin- %osons. The model parameters have been determined such as
o describe the known experimental ddiavel energies,

guish between neutrons and protons. Particular to this ap% hi & val We h b ¥ i th
proach is that it treats some states in t6&e core as “in- ranchings and® values. We have been working with the

truder” states(i.e., not belonging to the IBM spageThe usual parametrization of the IBM-1 Hamiltonidnonmulti-
subsequent IBFM calculations did not account for two low-POI€ form: Eq. (1.39 of Ref. [22]. The adopted parameter
lying states, namelyE, =831.3 keV, 3/2 and 1212.5 kev, values ares'=1.088, ¢{(L=0,2,4)=—0.438, —0.361,
5/2-, which were consequently proposed as possibly result9-090,v2=0.134,v,=—0.072(all in MeV) and have been
ing from coupling of the valence nucleon to the intruder determined with the following procedure! is the energy of
excitations of the core nucleus. The comparison between ethed boson and is approximately equal to t€2;) energy.
periment and calculations has been limited to the few absdn a first approximation®,=v,=0) thec| values are sim-
lute transition rates measured in Rg4], some branching ply determined by the anharmonicities of the @5 ,4; lev-
ratios and known multipole mixing ratid4,2]. els. Then, in order to reproduce the observed experimental
The present work, in which lifetimes have been measured®(E2) ratios one needs to introduce the terms jnandv,
for a number of low-lying states provides new possibilities ofand slightly readjust the other parameters. The calculations
a more detailed investigation of the IBFM predictions. To dohave been performed with the codaINT [24].
this, we have used the whole presently available experimen- For the transition operators the parameters have been cho-
tal information, including the level characteristick0] with sen as follows. The IBM-1 Hamiltonian described above can
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TABLE Il. Multipole mixing ratios (L + 1/L) for transitions from some of the higher spin stateg'i@e,
as measured in the present experiment and compared to other existing walaad.a, are the normalized
Legendre polynomial coefficient®\g /A, and A, /Ay, respectively. The & values correspond to @ value
(width of the Gaussian magnetic substate populatadi?.24 (see text for detai)s

Ex(kevV) J7 J7 E,(keV) a, a, 52 s°
10382 3t I+ 448.4 0.22671)  0.01%6) +0.428) +0.496)°
9 839.8 0.25671)  0.000G1) +0.1018) +0.473%
1096.0 - 3~ 921.1 —0.214(45)  0.06825) —2.99(44) ~1.96°0%0
or —0.107)  or —0.23"°3%
1192.3 ¥+ g+ 993.9 0.588101) 0.11761) +1.2650) +1.3(5)¢
1406.7 I~ 3° 1231.8 0.23®3)  0.009654) +0.5915)
or +3.1544)
14220 2 3%~ 1247.0 0.318115  0.01128) +0.1510) —0.066)°
or +7.007)

3Present values.
bPrevious measurements.
‘Adopted valug(Ref. [10]).
dreferencd 7].

also be transformed into an equivalent, multipole form: Eq.are completely independent of the detailed nature of the
(1.53 of Ref.[22]. By doing this transformation we found states, being determined only by the geometric properties of
for the quadrupole operato®@=(d's+s'd)+ y(d'd)@® a the operator§27]. For the parameters in th&l1 operator
value y which is close to the S(3) limit —\7/2. Then, for ~above we have used the valugl in uy) g,=0.093, A

the E2 transition operator we have used the samalue, in =0, B1=0.035,B,=—0.047.

the spirit of the extended consiste@tformalism[25]. Re- With theE2 andM1 transition operators specified above,
cent results also show that large values of the parameter & reaso_nable description of the experimefgE2) values,
are needed for transitional and even vibrational nj@é]. ~ Magnetic moment of the;2state and of the severB(M1)

A boson effective chargeg (which normalizes the above andd values, has been achievesee below Figure 4 shows
quadrupole operatpof 0.064eb (E2SD in the notation of the description of the level scheme biGe. Practically all
codeFBEM [24]) has been determined by normalizing to thestates up td,=3.0 MeV, as well as the higher spin mem-
experimentaB(E2;2; —0;) value[23]. bers of the yrast and quagibands are well described. It is

The lowest ordeM1 transition operator in the IBM-1 notable that in this calculation we have described tfj'e 0
model is proportional to the angular momentum operétor (1215 keVi and 2 (1708 ke states as well, whereas these
and thus it does not produdé1 transitions. There are, nev- States have been considered intruders in the calculations of
ertheless, several measuredl transitions rates and Refs.[1,2]. The present description is further validated by
S(E2/M1) value[23]. In order to account for this, we have the reasonable reproduction of theay branching ratios and

used the general second orddrl operator defined in Ref. absolute transition rates, given in Table Ill. With the excep-
[27]: tion of the higher lying 2 states, which are well reproduced

in position but whose branching ratios are not equally well

_ N A (1) A PN~ T reproduced, the other levels are generally well described.
T(M1)=(gp+AN)L+B1(Q1L)"+B2(Q.L) +C”d|‘(’2) Thus, in the present calculations we found no need of con-
sidering the § and Z states as intruders. The values speci-

here® 4. stand for the t s of thE2 ‘ fied above for the Hamiltonian and transition operators were
whereQ, andQ, stand for the two parts o operator g hsequently used in the IBFM-1 calculations foGe.

(d's+s'd) and @"d)®, respectively. The last term in Eq.  (2) The"'Ge nucleus "'Ge has been treated as a fermion
(2) contributes only taJ—J transitions. Previous investiga- coupled to the’°Ge bosonic core. The IBFM-1 Hamiltonian

tions[27,28 have shown that, in general, one cannot have @mployed in the present calculations has the general form
proportionality between the sum of the two middle terms inf11]
Eq. (2) and theE2 transition operator. On the other hand, we
had too little data to freely treat th®;,B,, and C param-

eters, so we actually used this restriction, although in this _ +
case the mixing ratios of transitions between different spins Higrw=Higw + 2 iEj8;a;+ Ve, ®)
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FIG. 4. Comparison between the experimental level schenf@G¥ and the one calculated with the IBM-1 model. Details concerning
the static moments and the electromagnetic decay scheme are given in Table Ill. The model parameters are given in text.

whereH gy, is the IBM-1 Hamiltonian of the coré&escribed For given quasiparticle energi&s and occupanciesjz,
above, the second term is the single quasiparticle energyhe Vg term is determined by the three strengths, T'o,
term andVge is the interaction of the odd particléermion)  and A, respectively. The odd neutron was allowed to oc-
with the bosons of the core. The main contributions/tg  cupy the shell model orbitals between the magic numbers 20
are[11] a monopole-monopole, quadrupole-quadrupole, anGng 50: D,,,2p1s5, 1f 70, 1512, 1902, as well as 2z, from
exchange interaction, for which we used a semimicroscopigha next shell. The quantitiess; ,ujz have been initially de-

parametrizatio29]: termined by a BCS calculatiofwith a standard pairing gap
o of A=12A"Y2MeV), starting from the spherical shell
Vinm=—Ao2 jv5(2j+1)ngn;, (4 model single-particle energies of Reehal and Sorefi3éh
However, we have finally lowered thepg;,,2p4,, doublet
. with 0.75 MeV with respect to the other states. The param-
Voo= 2 /T [Q(afa;) @1, (5 etersAy.I'y,A, were determined by repeatedly improving
both the level scheme and the decay scheme description. A
L e special mention is that in the BCS calculations we have ex-
Vexer= 2 UL [(afd)07(d"3;)071@, ()  plicitely considered the blocking of the unique parity orbital
1gq,; the practical effect of the blocking is an increase in

where the occupation of this orbital. We have found, similarly to a
previous investigation of thé®As nucleug 18], that this pro-
T =ToV5(ujuj —vjv;)Qjjr (7)  cedure was essential in allowing the description bath
negative and positive parity levels with tekame BF param-
- \/E eters Ag,I'g,Ag), Whereas in practically all cases reported
Ajj =—=——=Ao[Qj/j»Bjrj(Ujvjrtvjujr) in literature one accepts differetgometimes widely differ-
V2j"+1 end parameter values for the two sets of states. In our case

| e have used the valued'(=0.39 MeV and A,
=2.14 Me\?, and only slightly differentA, strength values
(Uvi 4O (—0.20 MeV for negative parity and 0.06 MeV for positive
IS L I b i1 . Qi ={jlIYol|i"). (9 parity states, respectivelythe role of the monopole interac-
. Ei+Ej —fow . tion is not, however, essential, as it leads only to a renormal-

+Qj/rjﬁjrj//(UjrrUj+UjIIUJ)],
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TABLE Ill. Comparison between experimental and calculatl®8M-1 mode) electromagnetic decay
properties of states if°Ge. Calculated branching ratios smaller than @efatively to a value of 100 for the
strongest oneare not given unless the experimental ones exist. The last part of the table shows the known
6(E2/M1) values.

E, o J7 E, B(E2) (e?fm*) B(M1) (nn?) Br. ratio
(keV) (keV) expt. calc. expt. calc. expt. calc.
1039.3 2; 0/ 1039.3  3607) 360 100 100
12154 0; 2; 1761  82%1) 894 100 100
17079 2; 0 1707.9 179) 9.8 851) 58
27  668.6 19021028 366 0.0045'35  0.047 100 100
0, 4924 428240 327 4.81) 3.8
21535 4; 2] 11142 41103 693 10@1) 100
25 4456 182 0.8) 0.3
21574 2; 0, 2157.4 3.x10°® 12(2) 0.7
2) 11181 22.4 4x10°% 100100 27.6
0, 9420 231 46) 100
25 4495 442 0.070 38 575
2306.9 0 27 12675 >2.42) 42 10q7) 100
2, 599.0 >82(5 306 827) 17.1
24515 37 2 14122 5.6 34104 414 25.3
25 7436 287 0.02®) 0.020 1001) 100
47 298.0 52 6.%10°° 1.84) 1.5
25 2941 379 0.027 1 5.7
2535.7 2; 0 25357 0.1 21.6
27 1496.4 1.3 46104 10011) 52.8
0, 13203 14.8 9800 100
2, 8278 0.9 55%10° 2305 76.1
25 3783 180 40.6
2806.7 45 2 1767.4 32.7 88.8
25 1098.8 497206 394 1009) 100
4/  653.2 112 0.140 13) 89.7
2; 6493 283 5.2
3; 3552 230 0.031 33
29452 28 0f 29452 1.%x10°° 2.0
2] 1905.9 1.810°° 2.0x1074 16.1
0, 1729.8 9.6 100
2, 12373 19.3 58104 100 48.2
4f 7917 16.6 3.3
2; 78738 1.3 0.020 93.0
0; 6383 103 7.3
37 4937 41 2.%10°3 4.2
2, 4095 382 0.022 17.8
3046.8 3, 27 2007.5 2.6¢10°° 1.9x107° 182 14.9
25 1338.9 5.8 4K10%  546) 55.0
47 8933 2.0 261074 12(1) 5.4
27 8893 8.9 6.310% 1902 15.9
3] 5953 210716 0.024 10010 100
2, 5111 197 0.014 47.3
4; 2401 9.8¢107° 1.3x107% 132 ~0
24 1016 426 0.030 0.6
3297.3 6; 4; 11433 588120 967 100 100
4;  490.6 246 0.4
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TABLE Ill. (Continued)

E, Jr J7 E, B(E2) (e?fm*) B(M1) (nnt) Br. ratio

(keV) (keV) expt. calc. expt. calc. expt. calc.

3753.4 65 4 1600.0 60 100 100
43 946.7 4637353 586 100 70.5
6, 456.1 20.9 0.214 45.9
57 297.4 211 0.066 4.0

44320 8] 65 1134.7 7377 1094 100 100
6, 678.6 124 0.9

Ex (keV) Jiﬁ JF Ey (ke\/) 5exp 5calc

17079 25 2] 668.6 -3.6 58 -0.49

24515 37 2 1412.2 -2.2°33 —-1.40
25 743.6 —0.05(8) —0.74

2535.7 25 27 1496.4 —-0.75 —0.66

ization of the core energies and thus to an overall compregions, the energies and ordering of the known levels is cor-
sion (or dilatation of the oddA nucleus spectrum. rectly reproduced by the calculations. One should note that
The experimental and calculated energy levels are conthe particular pattern of the-= + states, such as the low-
pared in Fig. 5. The assignments of the calculated levels tying 5/2; and 7/ states and the closely packed
experimental ones is made by considering many differen13/2", 11/2" and 15/2,17/2" doublets would have re-
observablegsee discussion belowWith very few excep- quired parameters widely different from those used for the

2.5 1 71
Ge
E — Experimental 13/27 ——" /2
15,
17/2* }
T — Theoretical (IBFM) \
i
2.0
1
II ’
’ ,
% vr — __ V2 S
Z 3/ - 2/ K o/ U 5/2* S—_——
o —_— o 7/2" \ 1y ——
1/ 3/r —— s \,
— T —— 11/2° -7 5;2; —"
3T . 5 13/2—=_ 8/ ——
3> —_ — 7 — i
1.0 6/20 —— Y 9/2* '
« - ,_ \ v \
K P \\ \‘ )
w/zy ——/ v s
17z 3/2 —" \ —
3z ) s/ -—
7/2" —"
s — 5/2 ——_
A
\\
A)
| W
/2 — 9/2* —_
0.0 1,0 —-——
E T E T E T E T E T E T E T

FIG. 5. Comparison between the experimental level schenféGé and the one calculated with the IBFM-1. Double spin values are
given. The dashed lines indicate correspondences between the calculated levels and the experimental ones. For details see text and Tables I\
V, and VI.
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7=— states if blocking were not considered for i, or-
bital. Another remark is that'Ge can be also regarded as a
neutron hole coupled to th€Ge core(which has the same
number of bosons witH°Ge, N=7). By choosing this core
(as calculated in Ref.18]) and keeping the sam®-F pa-

PHYSICAL REVIEW C 60 024302

towards the 5/2 level, with a high partial lifetime of about
140 ps. Thus, it is likely that this level can be assigned as the
predicted 1/2 one, but this assignment is, again, only very
tentative.

We have thus considered, in Tables IV-VI and the dis-

rameters as above, we have obtained a very similar descrigussion above all the levels known hGe up to an excita-

tion.

tion of 1.5 MeV [10]. One could propose assignments of

For the electromagnetic transition operators, besides thevels calculated with the IBFM-1 to practically all of them.
parameter values taken from the core nucleus we have usethere are a few more levels up to this excitation endgegy

an effective fermion charge-=eg, and standard gyromag-
netic factorsg;=0 andg,= —2.68 uy (quenching of 0.7 of
the free nucleon valye We have also calculated neutron

above 0.8 MeV [10], which were evidenced in thed(p)
reaction studies, but nothing is known about them except the
excitation energy, so that no attempt could be made at

transfer spectroscopic factors for the theoretical levels. Thesgresent to speculate about their possible structure.

calculations, performed with the cod®Eec[20], used the
transfer operators defined, e.g., in RgF1] and did not re-

An examination of Table IV shows that the majrdecay
modes(branching ratiosof the excited states up to about 1.5

quire additional parameters; only the wave functions of theMeV are reasonably well reproduced by the calculations.

odd-A nucleus levels, and those of thé @.s. of "°Ge (for
the neutron stripping caser of "?Ge (for the neutron pickup

Even in the few cases when the strongest brafaivays
normalized to 10Dis not correctly predicted, one can see

case were necessary. Tables IV and V give details concernthat the main experimental branches are also predicted as
ing the electromagnetic decay of the states shown in Fig. &trong ones. The decay of the 831.3 keV, ;3/ate, as-
whereas Table VI shows the one neutron transfer spectr¢umed an “intruder” state in the previous IBFM calculations

scopic factors.

[1,2] is very well reproduced. In the case of the 1212.5 keV,

A few levels need more detailed comments. Thus, thé/2, state, the second state considered intrudéf jg], the

level atE,=886.9 keV has been populated in tBedecay
work[1] and assigned d8/2, 5/2°) presumably on the basis
of its log ft value of 9.1[1,10]. On the other hand, its prop-
erties look rather similar to those of tlkg =808 keV, 1/2
state: it is very weakly populated in the decay[logft
=9.148), compared to 9.B) for the 808 keV statg and
has strong branches towards the;1/&nd 5/2 states. The
calculated 1/2 state fits reasonably well thesedecay prop-
erties(note that in the3 decay this state is weakly populated
and consequently ity branches are determined with rather
large errorg10]). On these grounds we tentatively identify
this state with the theoretical L/2state. There is a fourth
experimental 1/2 level at E,=1288.7 keV which is well
fitted in energy by the calculated }/2evel (at 1373 keV—
Fig. 4). However, the association of these two levels ca
only be very tentative, since the calculated decay of thg 1/2
level resembles only very qualitatively that of the experi-
mental one: the 1288.7 keV state has the largest brélrGi)
towards the 3/2 state and a second weaker brarith) to-
wards 3/Z [10], whereas the calculated }/Xtates has in-
deed important branches towards the two stgi@sand 23,
towards the 3/2 and 3/Z states respectivelybut its most
important branch is towards the 3/Ztate. The level aE,
=1171 keV was observed only in thal,Q) reaction[9],
with anl =2 transfer, and very weakly in the(d) reaction
[8]. On this basis(Table VI), although itsy decay is not
known, we assigned it as the 5/2evel.

five strong branches are also reasonably well described.

In Table 1V, a direct comparison of calculated and experi-
mental transition probabilities can be easily made only for
the pureE2 transitions. Table V gives a more detailed com-
parison for those transitions for which more information
(other than branching ratipg& known: mixing ratio(at least
and absoluteB values. The absolute values of the mixing
ratios is reasonably well predicted and, in most of the cases,
the sign is also correct. In general, when the experiments
presents two possiblé values the one closer to the calcu-
lated value provides more corredg(E2) andB(M1) values.
The predicted absolut® values follow the experimental
trend well, in most of the cases the deviation between the
calculations and experiment being within a factor of 2-3;
one should emphasize that this result is obtained with tran-

Msition operators completely determined from the even-even

core data.

Table VI presents a comparison of the experimental and
calculated stripping (d,p)] and pickup[(p,d)] spectro-
scopic factors. The distribution of the strengths for the
P1/2,P32,f52,09, Orbitals up toE,~1.5 MeV is rather well
reproduced. Only theds, orbital strength appears to be
strongly underestimated both for stripping and pickup, sug-
gesting that the admixture of this orbital in the structure of
the lowest states is too small in the present calculations. In-
deed, all positive parity states below 2 MeV excitation are
strongly dominatedmore than 95%by the gq, orbital. In
the case of the negative parity states, only thg 1/3/2; ,

A last level to be discussed is the one at 1454.2 keVand 5/Z states are dominated by the, (95%), ps/» (81%),

assigned as (119 [10] or 1/2",3/2" or 5/2" [6] which de-
cays only to the 1/2 level at 808 keV. Thisy-decay pattern
does not fit any of the higher calculated 3/@r 5/2" levels;
on the other hand, if we assign it to the calculated, 1&el

and ds;, (97% orbitals, respectively. The 1j2and 1/
states have very similar configurations: 249+ 25%ps/,
+53%f5, and 21%p»+ 34%p,5+ 40%f 5, respectively,
which thus explains the similar properties of the 808 and 886

(at 1.6 MeVj, its decay towards positive parity levels is pre- keV states discussed above. Generally, all the other excited
dicted as very improbable: it would decay practically only states have rather mixed configurations, with important con-
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TABLE IV. Comparison between the experimental and calculéifeBM-1) decay properties of states in
"Ge. Calculated branches smaller than @e3atively to the value 100 for the strongest bage not given
unless the experimental counterparts exist. Spin-parity values in the second column are the adopted values
from Ref.[10] (see, however, the comment in the text for the 886.9 keV )stte underlined values are
those adopted in Ref6]. The third column gives th@™ value and the order number of the calculated level
assigned to that state. Since for most of ER/M 1 mixed transitions the mixing ratios are either unknown
or ambiguous, the@xperimental BE2) andB(M1) values(when availablg are given as if the transitions
were pureE2 orM1, respectively. More detailed information on the transitions with known mixing ratios are
given in Table V.

E, Jra gm g7 E, B(E2) (e?fm%) B(M1) (nn?) Br. ratio (%)
(keV) (keV) expt. calc. expt. calc. expt. calc.
1749 5/2 5/ 1/2; 1749 40.111) 17.6 100 100
499.9 3/2  3/2; 12 499.9 1.7 0.415 10@) 100
5/2; 325.0 145 2.x10°%  0.51) 0.2
708.2 3/2 3/2, 1/2; 7082 >272 163  >0.0096 0.132 10@ 100
5/2; 5333 >79 95  >0.0016 3.%10°% 7.05) 1.8
3/2, 208.3 0.5 0.213 3.9
7473 5/2 5/2, 1/2; 7473 146 62) 100
5/2, 572.4 217 2.X10°° 1002  39.2
312, 2474 144 54107 74(1) 0.7
808.3 1/2) 1/2, 1/2; 808.3 0 3.X10* 625 9.4
5/2, 633.4 79 10012) 100
3/2; 3084 18.9 6.%10°% 245 34.3
3/2, 100.1 179 0.023 4.1
831.3 3/2 3/2 1/2; 8313 0.40 0.0139 102) 100
5/2, 656.4 13.2 5.x10 4 3.2
3/2, 3314 118 8.%10°% 1.910 0.8
3/2, 123.1 134 0.0322 0.8
886.9 (3/2, 1/2; 1/2; 886.9 0 44104 6313 325
5/27) 5/2; 712.0 33.6 10@5  45.2
3/2, 387.0 69.6 0.0158 100
3/2, 178.7 4.9 0.0722 43.2
3/2; 556 102 0.0964 1.7
1026.6 5/2 52, 1/2; 1026.6 <90 62.4 36.210 33.8
5/2; 8517 <141 4.0 <0.007 0.0163 219 69.1
3/2] 5267 <7740 533 <0.135 0.091 10a) 100
3/2, 3184 3.7 0.135 29.4
5/2, 279.3 <36350 2.8 <0.199 4104 21.47) 0.1
3/2; 1953 <14500 429  <0.039 0.0645 1) 33
1095.5 3/2 3/2, 1/2; 10955 504112 120 0.0429) 8.6x10°* 100.q14) 100

5/2; 920.6 8930 44.2 0.005818) 0.0141 7.42) 90.3
3/2; 595.6 21252 23.4 0.005813)  0.0527 2.2 77.6
3/2, 387.3 27471 246 0.00297) 0.0401 0.309) 17.1
5/2, 348.2 1862517 9.6 0.015844) 6.0x10°% 1.22) 1.8
1/2, 287.2 2114530 58.5 0.01280) 7.4x10°* 0.526) 0.2
3/2; 264.2 123%75 15.6 0.006133)  0.0658 0.21) 8.4

1/2; 208.6 101 0.0423 2.7
5/25 68.9 6.6 0.546 1.2
1096.1 7/2 7/2; 5/2; 921.2 534 3.8104 100 100
3/2; 596.2 93.5 2.0
5/2, 348.8 93.5 0.0695 12.0
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TABLE IV. (Continued).
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E. J™@ J* J E, B(E2) (e?fm%) B(M1) (nn?) Br. ratio (%)
(keV) (keV) expt. calc. expt. calc. expt. calc.
1139.4 3/2 3/2 1/2; 1139.4 5820 0.6 0.005819) 4.1x10°* 100.05) 100

5/2, 9645 114) 0.2 0.00073) 2.2x10°° 8.52) 0.2
3/2, 6395 6423 17.7 0.0018) 3.1x10°% 6.13 153
3/2, 4312 19%69 39.0 0.00269) 4.7x10°° 2.6 6.9
5/2, 392.1 519186 1.1x10°° 0.005620) 1.7x10 % 4.3@3) 0.2
1/2, 3311 730280 58.3 0.005621)  0.0137  2.64) 8.4
3/2; 308.1 408185 123 0.002713) 5.5x10°° 1.003) 3.0
1/2; 2525 109 5.5%10 4 0.3
12125 5/%) 5/2, 1/2; 12125 <49 64.8 85.615 100
5/2, 1037.6 <77 7.4 <0.00584) 4.5x10°° 6218 48.0
3/2; 7126 <812 0.16 <0.0289 9.%10° 100.q18) 30.0
3/2, 504.3 <2865 359 <0.0512 0.0186 535  20.7
5/2, 4652 <1975 445 <0.0300 3.%10% 2885 9.0
112,  404.2 94.0 0.6
3/2; 381.2 69.1 1.%10°3 1.1
5/2; 185.9 82.4 0.090 4.9
1298.7 3/%) 3/2; 1/2; 1298.7 30%66) 9.9 0.035¢78) 2.9x10°* 1002) 93.1
5/2; 1123.8 10.029) 1.4 0.00083) 8.1x10°* 1.63) 38.6
3/2; 7988 1.0 2.%K10°° 1.1
3/2, 590.5 2028704  38.0 0.0497173 3.8x10°* 134 7.8
5/2, 551.4 4883220 7.0x10°® 0.010347) 2.3x10°* 2.29) 1.1
1/2,  490.4 34.1 1.610°3 7.6
3/2; 4674 33.8 0.0332 100
1/2; 4118 42.3 0.0103 21.9
5/2; 2721 0.8 2.410°3 1.4
3/2, 203.2 7.0 0.0282 6.9
3/ 159.3 382 0.274 32.2
1378.7 7/2°, 7/2; 5/2; 1203.8 0.1 1.&610°° 4.4
52* 3/2; 8788 35 12.2
5/2, 631.4 106 1.x10°%* 100 100
3/2; 547.4 83.5 27.5
5/2; 352.1 59.7 3.610°3 14.6
7/2; 2826 3.1 1.%10°3 4.2
5/2, 166.2 470 7.%10°4 0.7
1406.6 5/, 7/2, 5/2; 1231.7 17.7 5510 ° 1002) 100
712- 3/2, 906.7 179 64.24) 55.6
- 3/2, 698.4 118 2862 9.9
5/2, 659.3 311 0.0389 9@  99.9
3/2; 575.3 123 3.9
5/2;  380.0 349 0.0453 1194 19.3
3/2, 3111 1.9 62 ~0
7/2; 3105 87.2 0.0124 2.8
5/2, 194.1 22 0.0602 32
1415.9 1/Z, 3/2; 1/2; 14159 5.4 2.610* 100 68.4
3/2, 5/2; 1241.0 0.5 6.610°° 40 2.7
5/2- 3/2; 916.0 0.9 510 20 100
3/2;, 707.7 2.6 1.%10°4 2.3
5/2, 668.6 0.9 5.410 4 4.3
1/2, 607.6 83.3 14103 20.0
3/2; 584.6 44.2 3.x10°3 21.2
1/2;  529.0 31.0 3.x104 35
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TABLE IV. (Continued).

= Jre Jam o ar E, B(E2) (e?fm%) B(M1) (nn?) Br. ratio (%)
(keV) (keV) expt. calc. expt. calc. expt. calc.
5/2;  389.3 29.9 1.x10°° 0.5
3/ 2765 31.2 0.0211 11.3
35 117.2 15.9 0.0904 37

14220 9/2  9/2, 5/2; 1247.1 15232 88.8 1006) 100
5/2, 6747 770193  78.7 233) 4.1

5/2; 395.4 362 1.3

7/27 3259 514 4x10°3 1.5

1506.4 5/2, 7/2, 5/2; 13315 12440 0.34 0.015849) 2.7x10°% 1003) 69.9
712° 3/2, 1006.5 27789 2.7 552) 182

T 3/2, 798.2 468150 175 20.221) 37.7

5/2, 759.1 388128 7.0 0.015752 2.1x10°% 18.921) 100

3/2; 6751 27093 24.6 7.310 229
5/2;  479.8 3.8 0.001 11.1

3/2, 4109 338 2.6

7/2; 4103 11 3.x10°3 205

5/2, 293.9 125 1.x1074 21
7125  127.7 49.7 0.090 17.8

2348.8 13/2 13/, 9/2, 926.8 654 100 100
525.1 5/ 5/ 9/2f 326.7 554 100 100
589.8 7/2 7/2 9/2] 3914 417 0.0307 1008 100
527  64.7 354 0.121 <07 1.6

1038.2 9/Z 9/ 9/ 8398 19.6 8.610 % 3515 534
5/2] 513.1 285 34.9

7/2{ 448.4 212 0.0196  1@B0) 100

1171 5/2 5125 9/ 973 41.2 10.1
5/2] 646 339 2.x10°3 13.1

7/2; 581 388 0.118 100

1172.4 13/2 13/ 9/2] 9740 735140 504 100 100
1192.3 11/2  11/27 9/2] 9939 638127 136 0.0449) 0.0130 100 100
7127 6025 526 13.3

1205.1 5/Z  5/2; 9/2] 1006.7 0.5 0.6

5/2 680.0 538136 135 0.017%44) 2.4x10°° 18.48) 25.7
7/27 6153 48201210 77.3 0.1282322 0.0497 100.(6) 100

1349.0 1/2 12 5/2; 8239 637153 667 100 100
1474 (5/2)* 5/2; 9/2] 1276 4.3 31.7
5127 949 2.7 7.6¢10°4 24.8
7127 884 30.3 2%10°% 100 100
9/2; 436 170 5.8
5/2; 303 166 0.0514 45.3
5/2; 269 203 0.0384 23.8
1477.0 112 11/2 9/2; 12786 16631) 156  0.017636) 4.2<x10 % 10009 100
7127 8872 820170 5.8 866) 0.5
13/2f 304.6 3x10°® 0.0129 0.8
2298.7 17/27) 17/2f 13/2f 1126.3 911 100 100
2314.2 15/%9) 15/27 13/2] 1141.8 85.5 0.0113  7180) 275
11/27 1121.9 829 10a4) 100
11/ 837.2 113 3.2

@Adopted values from ENSDFRef. [10]); underlined values have been proposed in R&f.
PAssigned valuegcomparison with the IBFM calculations

024302-13



M. IVASCU et al. PHYSICAL REVIEW C 60 024302

TABLE V. Comparison between calculated and experimeB{&2), B(M1) andd(E2/M 1) values. Included here are only the mixed
transitions for which at least th&value has been measured. For thealues we quote either the adopted valle3, or more recent results;
in some cases the values from Réf} are given. In many cases two possible values were given for the experimeanrte] when the lifetime
of the state is available, we gi\&(oL) values corresponding to both values. Generally, the theoretical values are placed on the same line
with the experimental values for which the agreement appears to be better.

B(E2) (e?fm%) B(M1) (nn?)
E, (keV) Jr J7 E, (keV) Bexp SIBEM expt. calc. expt. calc.
499.9 32, U2 499.9 +0.11(2)° +0.009 1.7 0.415
or —2.31)
7082 312, 12 708.2 ~2.90°97¢ >250(20) >0.001G3)
or 0.199) +0.22 >10(9) 163 >0.0092) 0.132
747.3 5/2,  5/2; 572.4 —-0.07(7y -155 217 2.X10°5
32 247.3 —2.14703% -1.07 144 5.410*
or —0.187)
1026.6 5/ 1% 1026.6 E2 <90 62.4
5/2; 851.7 0.0732¢ +0.11 <128 4.0 <0.007 0.0163
32 526.7 -0.163)° -0.34 <233 533 <0.138 0.091
5/2, 279.3 -0.12"51% +0.19 <1980 2.8 <0.258 4.%10 4
or2.48"%22 <34000 <0.036
1095.8 3/, U 1095.5 -3.22° +3.41 458102 120 0.00389) 8.7x10°4
or +0.23 256) 0.04Q9)
5/2; 920.6 =37 >55 <3.6x1074
or +0.3614) +0.43 10.274) 44.2 0.004716) 0.0141
1096.0  7/2; 5% 921.1 -2.9944¢  +28.9 534 3.%x10°°
or —0.107)
1139.4 3/ U 1139.4 —0.455)° +0.11 9.439) 0.6 0.004416)  4.1x10°°
or —6.8(14) 57(20) 1.1(4)x10°4
5/2, 392.1 0.06-0.09 +0.008 7(3)x10°* 0.15 0.0014 2.x10°°
or —4.3"17 10.939) 3.8(15)x10°°
1212.8 5/, 1% 1212.5 E2 <24 64.8
5/2; 1037.6 -0.106)° <2.0 <0.007
or 2.1(3) +0.35 <76 7.4 <0.0014 461078
312, 712.6 -0.19'55% —0.024 <64 0.16  <0.038 0.010
or —1.8"593 <798 <0.0096
3/2, 504.3 0.31°32F +0.19 <595 35.9 <0.067 0.0186
1298.F 3/, 12 1298.7 0.083)° 0.5(7) 0.0368)
or —1.8911) —-2.01 23650 9.9 0.007918  2.9x10°*
1406.7  7/2; 5% 1231.8 +0.5815"° +0.58 17.7 0.0056
or +3.1544)
589.8  7/2f 91 391.4 —0.23(4Y -0.38 417 0.0307
1038.2 9/2; 9/2f 839.8 +0.473%® —-1.05 19.6 8.XK10 4
712f 448.4 +0.496)° -0.39 212 0.0196
1192.3 112 9% 993.9 +1.32P +0.85 39892 136 0.016840) 0.0130
1205.% 5/  5/2f 680.0 0.07°33® 2.622.3 0.01711)
or1.15' ;% +1.36 305220 135 0.007%61) 0.0024
712F 615.3 -2.65L 41901080 0.016549)
or —0.239) -0.20 247170 77.3 0.12136) 0.0497
1477.0 112 9% 1278.6 +4.7(8)° +2.07 15932) 156 875x1074 0.0042

3 ifetime (or limit) determined in present work.

®Adopted valug10].

‘Referencd?2].

dPresent work.
®Malanet al. [7].
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TABLE VI. Comparison between experimental and calculatedregion with the DSA method in thep(ny) reaction. Life-

one neutron transfer spectroscopic factd2ss). times(or lower limits) could be determined for twelve states
with excitation energy below 2.0 MeV and low spin values
Ex J7 (d.,p)? (p.d)® (up to 7/2.
(MeV) expt. IBFM expt. IBFM The structure of this nucleus has been investigated within
- the interacting boson-fermion model. A reinvestigation of
0.0 12 0.62 0.82 0.86 117 the core nucleus®Ge based on all presently available ex-
0.500 3/, 036 049 161 222 perimental data, has shown that up to about 3.0 MeV exci-
0.708 312, <0.07 0.14 0.14 0.73 tation its properties are well described by the IBM model.
0.831 312 0.02 0.01 0.19 Using this core, both the negative and the positive parity
1.096 312, 0.14  0.004 0.29 0.004 states in"'Ge have been reasonably described withstime
0.175 5/2; 1.49 1.39 3.72 4.03 set of IBFM parameters, essential for this being the blocking
0.747 5/2, 0.12 0.06 0.38 0.20 of the unique parity orbitadig;,. Assignments of the experi-
1.027 5/2; 0.03 0.16 0.13 mental levels to the calculated ones have been made on the
1.212 5/2, 00005 019 0.04 basis of a7ITI existing experimental data, including excitation
0.198 972 4.15 6.30 1.97 1.79 energies,) vaIues,.y'-decay brgnthng ratios, mixing ratios,
0.525 5/2F 0.52 0.23 0.18 0.0005 @absolutey-ray transition probabilities, and one neutron trans-

fer spectroscopic factors. The calculations account well for

1171 (5/2) 0.78  0.05 0.0 _ . .
< the properties of the experimental levels of low spin known
1.205 5/2; 0.32 0.003 0.0 . . - .
La74 5jot 011 0.04 0.0 in this nucleus up to about 1.5 MeV, and the higher spin
' % : ' : yrast states below 2.5 MeV. Thus, all levelsiGe up to 1.5
aReferencd9]. MeV can be rather satisfactorily explained by the coupling of
bReferencd8]. the odd particle occupying the valence shell orbitals to col-

lective excitations of the core. Other excitation modes may

tributions from the orbitalspy;,, Psp, and fs, and very D€ present at higher energies, where, however, more com-
small contribution from the -, orbital. plete experimental data are still required both quantitatively

and qualitatively.
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