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The well deformed atomic nucled8%Gd was investigated by means of radiative neutron capture and single
neutron transfer reactions. Nearly 70 secondamays from the(n,y) reaction studied with high-resultion
bent-crystal spectrometers at Grenoble are assign&dGal. About 200 levels with spin up t% are observed
in this nucleus below 2.3 MeV ifd,p) and(d,t) reactions investigated at the Tandem Van de Graaff accel-
erator in Garching using unpolarizéd8 MeV) and polarized22 MeV) deuteron beams, respectively. The
proposed level scheme for this nucleus is arranged into 21 rotational bands. Experimentally observed levels are
interpreted using predictions obtained within the quasiparticle-phonon model and the quasiparticle-rotor ap-
proach for a well deformed nucleus.
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I. INTRODUCTION studies of***€u[10]. Recently, thé>&d(n, y)1°%Gd reaction
] ) ~was studied with epithermal neutrons in isolate resonance
The experimental study of odd deformed nuclei prOV'deScapture[ll] and average resonance capt[#] yielding in-

the opportunity to acquire an extensive set of data for inveSgomation on primaryy rays and levels up to 3 MeV. A set of
tigating various nuclear excitation modes and their interplay, ¢ low-energyy rays was observed in th@, y) reaction at

n th|§ paper, we repqrt on rgsults 6f, ), (d.p), and(d,_t) isolated resonances. Most of thegerays were placed as
reactions obtained with precise spectrometers that yield des'econdary transitions among low-lying levéls]
tailed level scheme of th&%Gd nucleus with spectroscopic Many single quasiparticle states have been identified in

|nforma_t|on on th_e ex0|5ted states and their decay. : the level scheme of this nucleus, namely at low excitation
Previous studies of**Gd include the transfer.reacnons energies1]. However, discrepancies remain in the identifi-
(d.p) (1], ((.j’t) [1-3), (t,p) [4], and(n,_a) [5’5]' ana_ryy cation of rotational bandgl,9] and they decay of low-lying
rays following neutron capture were investigated with thero\ 015110, States with significant quasiparticle-vibrational
mal neutrong[7]. A tentative measurement with resor“"‘”C‘:‘components have not yet been identified in this nucleus. A

neptrons was anno'unced n R‘E?] with merely a,“St of number of states of quasiparticle excitations coupled ygith
primary y-ray energies available in Rg®]. Information on andy phonons have been reported in neighboring Adu:-
low-energyy rays in this nucleus existed only frogT-decay clei such ag61Dy [14] and55Gd [15]. The level structure of
these nuclei has been extensively studied experimentally,
namely'°%Gd [15], 1°'Gd [16], and®'Dy [14]. The system-
*Electronic address: carlos.granja@utef.cvut.cz atics of oddA rare earth nuclei in this region have been
TPresent address: Phys. Dept. Giessen University, Germany.  reviewed in Refs[17] and[18].
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Attempts to describe the structure &Gd were done %10 | GAMS2 (1] T07.667(2) —
using the collective model. An axially symmetric deformed ol _

Saxon-Woods potential coupled to a rotating cfk8] was

applied. Configuration mixing between single particle states 107
in single nucleon transfer reactions was examined within the
Nilsson model in a Saxon-Woods potential with quadrupole
and hexadecapole deformati@i20]. A calculation of single-
particle wave functions, form factors and level energies in a
deformed Saxon-Woods potential was applied to the
180G d(d, t)1°%Gd reaction21]. The experimental angular de-
pendence of the differential cross sections of this reaction,
that could not be satisfactorily described by the distorted
wave born approximatioODWBA) and the anomalous spec- )
troscopic factors(relative to Nilsson model predictiopns x10 | | GAMS2 [n=2]
were investigated in terms of multistep processes, vibrational 12| 799,991
admixtures and Coriolis couplinf22]. Calculations within 3
the coupled channels born approximati@CBA) were in-
sufficient to explain these discrepancig3,24. Recently,
the pseudoSU(3) shell model has been used to describe
negative-parity bands in the neighboring nucteiGd and
159,161by [25_27]

This paper is devoted to the spectroscopic information
obtained from the investigation df°Gd with (n, ), (d,p),
and (d,t) reactions. We aim at elucidating the structure of
excite_d ban_ds in _part_icular and the systematics for deformed -~ ;| pais ofy-ray spectra recorded with the GAMS2 spec-
nu,de' of this reQ'O” '_n genere[l15,1_8,28,29 quel calcu- trometer. Some peaks are labeled with their energy in kilo-electron-
lations are prowded in th|§ work in order to interprete the, g Background peaks are indicat@hlorine).
spectroscopic results obtained.

The setup, collection, and evaluation of spectroscopic retra were collected with time steps of 60 s in the range from
sults of the experimental investigations are given in the next50 keV to 1.5 MeV controlling the rotation of the bent
section. The level and decay schemes which are constructedystals by means of a laser interferomdi&2].
exclusively from the experimental results are given in Sec. Figure 1 shows parts of-ray spectra recorded with the
ll. The structure of*>%Gd interpreted in terms of rotational GAMS2 spectrometer in first and second order of Bragg dif-
bands is presented in Sec. IV. The energy systematics dfaction. The broad profile in the upper spectrum results from
guasiparticle states between adjacent Aduiclei is summa- source geometry of annihilation quanta arising in the target
rized in Sec. V. In Sec. VI, we report on results of the Cori-sample, foil, and holder. The energy resolution was
olis band mixing calculations based upon the intrinsic strucAE,(keV)=2.5X 105[Ey(keV)]2/n wheren is the order of
ture given by the quasiparticle-phonon mo@@PM). This  reflection[30]. Gamma rays if°%Gd, with energies precisely
model was used to interpret the experimental data, proposamown from a previous experimefi83] with the ultrahigh
configuration assignments for the observed levels and imresolution double-flat-crystal spectrometer GAM$34],
prove the knowledge about the structure of this nucleuswere used for calibration. The 626.322 keV transition in
Conclusions are given in Sec. VII. 156Gd [33] was used as the main calibration reference.

Gamma-ray spectra were converted from interference fringes
to gamma-ray energies by means of an interferometric func-
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Il. EXPERIMENTS AND SPECTROSCOPIC RESULTS tion [30,32.
A The 158Gd 15954 . Peaks in the spectra were fitted with the code GASPAN of
- 1ne (n.7) reaction Rie3 [35]. The intensities of they rays were corrected for

Low-energyy rays in*°%Gd were measured with the high self-absorption in the target and internal conversion. Their
resolution bent-crystal spectrometers GAMSP28] at the values were then normalized to the number of neutrons cap-
high flux reactor in the Institut Laue-Langevin, Grenoble.tured using the 601.969 keV transition 1#°Gd, previously
The target consisted of 55 mg @k enriched in'%8Gd to  determined in neutron capture at isolated resonaftgls
98.0% wrapped in aluminum foil. The stringent requirementsBackground lines includeg rays from Al and Cl(see Fig.
on energy resolutiofi30] required a very thin target of di- 1). Severaly rays previously assigned f§°Cm in the reac-
mensions 5% 4 0.07 mm. Traces of neighboring isotopes tion 2*4Cm(n, y)24°Cm [36] were observed in our experi-
with large cross sections, namel°Gd and °'Gd (6.1  ment. Thesey rays, namely the 831.35, 941.48, 982.90, and
X 10* and 2.5< 1C° b, respectively31]) were burned up in- 1013.59 keV lines, are properly assigned to neutron capture
pile in the high flux of thermal neutrons>610'*cm™2s®  in 27Al [37].
for about 3 and 1 days, respectively. The thermal neutron A total of 67 secondary rays in°%Gd are presented in
cross section of°8Gd is merely 2.2 §31]. Gamma-ray spec- Table I. About half of these rays are observed for the first
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TABLE |. Secondary y rays observed in the reaction TABLE I. (Continued)
158G d(n, y) 15°%Gd with the GAMS2/3 spectrometers. The placement
in the proposed level scheme is included. E,(keV) | (vs/100n)% Ei(keV) — E;(keV)®
E,(keV) | (7,/100n)? E.(keV) — E; (keV)° 790.9q16) 1.519) 858.5167.829
800.3914) 0.234) 800.45-0.0
95.68%5) 2.64) 146.316-50.627 804.73926°  0.734) 872.64-67.829
138-9956)C 0.4410 807.6@11) 0.434) 858.5150.627
146.3247) L.4417) 146.316-0.0 813.124) 0.157) 880.6367.829
159.54710°  0.347) 227.412-67.829 834.8514) 0.234)
172.36815) 0.276) 818.089— 646.697 858.395) 0.7517) 858.5110.0
181.849) 0.396) 933.086)° 1.2127) 1159.90-227.412
184.1637) 0.417) 330.479-146.316 1079.39- 146.316
273.85621) 0.178) 781.556-507.724 951.0629) 0.299) 1001622 50,627
313.8518) 0.233) 915.828-601.977 963.8510) 1.2q12) 1110.25-146.316
326.87318) 0.1%3) 974.726) 0.4528) 974.29-0.0
358.26428) 0.172) 1139.84- 781.556 1000.5111) 0.8211)
364.02920) 0.263) 1145.60- 781.556 1001.6119) 0.6610) 1001.62-0.0
416.095) 0.234) 974.29--558.211 1015.0214°  0.658)
466.61811)%°  1.4314) 588.517-121.899 1028.6211) 1.139) 1079.39550.627
y 974.29-507.724 1061.6311°  1.649) 1061.70-0.0
507.63920°"  3.6827) 558.211-50.624 1078.578)° 10015 1128.73550.627
f
507.721201" 5.2 507.724-0.0 1082.3715)  0.498) 1134.7-50.627
537.864)° 1.3915) 588.517-50.627 11284717°  1.166) 1128.73-0.0
551.38517)%°  2.0811) 601.977-50.627 1139.908) 1.9315) 1139.84-0.0
558.19511)°  2.6726) 558.211-0.0 —
581.719) 0.113) 1139.845558.211 *Transition intensitieggiven per 100 captured neutronare cor-

rected for target self-absorption.

582'856)”1 0.233) 633.60-50.627 ®Values derived from LeFit calculatiorisee Sec. Il
588.544)" 0.235) 588.517-0.0 ‘Observed also i~ decay of!5%Eu [10].

710.38-121.899 dUnresolved doubles.
596.06624)° 0.793) 646.697—50.627 “Observed also at isolated neutron resonance cafitate
601.9697)°¢ 4.3014) 601.977-0.0 'Doublet identified in Ref[13] and resolved with GAMS4.
633.786) 0.364) 633.60—0.0
646.759)°° 1.339) 646.697 0.0 time; a third of the 60y rays previously reported i~ decay
659.268)° 0.294) 710.38- 50.627 [;0] are observed in our data. All 15 secondaryays pre-

c viously observed at isolated neutron resonarit8sare con-
665.045) ce 0.2a3) 732.87-67.829 firmed. The peak at 507.668 kelgsee Fig. 1, previously
676.51224>"  1.7X8) 744.378-67.829 identified as a doublet by analyzing correlations between pri-
678.536) 0.254) 800.45-121.899 mary and secondary rays at isolated resonance neutron
681.716)° 0.735) 800.45—118.686 capturef13], was resolved in a parallel test run of the double-
693.736)° 0.496) 744.378-50.627 flat-crystal spectrometer GAMS4ee Table)l
700.16325)° 1.019) 818.89-118.686
713.64919)° 2.04) 781.556—67.829 15 15 .

B. The **8Gd(d, p)**°Gd reaction
726.478)° 0.122) 872.64—146.316 _ d.p) . _ .
732.688)° 0.154) 800.45- 67.829 The (((jj, p) reacttl)on was r?tud|ed_ Vr\:lth adn unpolarzed
739.84317)° 0.7412) 85851 118.686 18 MeV deuteron eam at the Munic _Tzan lem acce erator
[38]. The target consisted of a 133 cni=-thick layer of
744.37%20)°¢  0.6Q(14) 744.378-0.0 : :

51'235) 0'4&4) 818'8%67'829 Gd,0; (enriched in'%Gd to 97.0% evaporated on a 5.6-
751. . : : : ug cmi>-thick carbon foil. The reaction products were ana-
754.039) 0.295) 872.64—118.686 lyzed with the Q3D magnetic spectrograf@®] and detected
768.16) 0.283) 818.89-50.627 in its 1.8 m long focal plane. A long position sensitive detec-
781.55) 0.976) 781.556—0.0 tor consisting of two single wire proportional chambers, a
784.3525) 0.203) multiwire proportional chamber and a plastic scintillator with

AE/E,c particle identification for background suppression
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FIG. 3. Differential cross sections for tH&Gd(d, p)1°°Gd re-
action at 18 MeV. Level energigi kilo-electron-volt3 and tran-
ferred angular momentidn %) are indicated.
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2000 2200 2400 2600 2800 3000 3200 ror of the long position sensitive detector was estimated at
channel 0.5 keV. Particle identification was possible via a two-
dimensional plot of the energy loss in the proportional cham-
ber versus the energy deposition in the scintillator. The en-
ergy calibration made use of the well-established level
energies iN*%Gd deduced from the precise measurement of
low-energyy rays in the(n,y) reaction(see Table)l
Thus, well established reference levels were available up
to about 1.2 MeV. Above this energy, peaks were gradually
identified with new levels obtained by the Ritz combination
principle using thén, y) data. These levels were used in turn
| to calibrate thgd, p) spectra in an iterative procedure up to
U 2 MeV. Above this energy, an unambiguous identification of
peaks was increasingly difficult due to the high level density.
The fitting procedure of proton spectra was done with the
program GASPAN of Rief}35].
The differential cross sections for several levelsitGd
with different transferred angular momernitare shown in
Fig. 3. Predictions based on DWBA are includgge Sec.
Il E ). From the analysis of the differential cross sections, the
tranferred angular momenturn can be determined for a
given level. Consequently, the total angular momentum is
00 1000 1200 1400 1600 1800 2000 derived aSj:|i%. The parity of the level is given by'T
channel =(-1)". The differential cross sections for all measured levels

are given in Ref[41] together with the detailed description
FIG. 2. Proton spectra in th€"Gd(d, p)***Gd reaction at 25° ¢ thgeir analysis.[ 1109 P

and 55° with 18 MeV deuterons. Some peaks are labeled by the
corresponding level energgin kilo-electron-volt. Note that the _
peaks for the levels are marked with the transferred angular mo- C. The 1%%Gd(d,t)**%Gd reaction

mental. Background contributions of light elements in the target The (d,t) reaction was measured with the Q3D magnetic
(rkr_1arkedt_asr)]:_ap[;n?jz?lfrf bror:tdemlad and exhibit a different pos't'onspectrograpr[39] at the Munich Tandem acceleratf3sg]
(kinematic shiff at different angles. with a polarized 22 MeV deuteron beam. The target con-
was used40]. A Faraday cup behind the target integrated thesisted of a 125.g cn>thick layer of GgO; (enriched in

beam current. We recorded spectra at anglgs=13, 17,  '°%Gd to 98.2% evaporated on a 14g cm *thick carbon
21, 25, 30, 35, 40, 45, and 55. backing. This reaction was measured with a vector polarized

Parts of proton spectra measured at 86d 55 are pre- beam at angles,,=12, 16, 20, 25, 30, and 35 using the
sented in Fig. 2. The energy range recorded corresponded Munich Stern-Gerlach ion sour¢d2]. The angular distribu-
levels up to 3.5 MeV in">Gd with overall resolution of full tion was measured for levels above 650 keV. This experi-
width at half maximum(FWHM) =5 keV. A systematic er- ment made use of a neghut shortey cathode strip detector
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with single strip readou{43,44 which is able to handle
higher beam currents>1 uA). Overall energy resolution
was FWHM =7 keV. The systematic error of the cathode
strip detector was estimated at 0.2 keV.

Parts of triton spectra recorded at 20e shown in Fig. 4.
Peaks in the spectra were fitted with the cazlespPAN of
Rie3[35]. The experimental analyzing power is determined
from the relation

PRl

3Py, + o

1)

whereo, ando_ are the measured differential cross sections
with respect to the polarization of the beam. The vector po-
larization (along the direction transverse to the beamas
P,=70(10)% [45]. The effect of using a polarized beam can
be seen in the triton spectra shown in Fig. 4 for the™3d2d
5/2 levels.

The energy calibration at low excitation energy used well
established levels if®%Gd which are precisely determined
from the accurately measured secondamays in our(n, y)
experiment(see Table ). Additionally, we compared the
measurements of th&®Te(d,t)1%°Te and 1%9Gd(d,t)*°Gd
reactions under the same conditions. Both reactions were
measured in a separate short run at\ith equal settings of
the Q3D spectrograph magnets. According to the kinematical
shift, the ground state 0f°Te was seen in thé&>%Gd spec-
trum as an excited level at 1670 keV. Few excited levels in
125Te were correspondingly observed at higher energies and
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cross sections and analyzing powers of f&d(d,t)1%°Gd reaction atE4=22 MeV. DWBA calculations are
. Level energi@n kilo-electron-volt3 and transferred and total angular momeita) are given.
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served mainly as a control of polynomial extrapolation be-Table Il. A sample of the input files for theHuck3 calcula-
yond the last calibration poirgat 1841 keV up to 2.3 MeV. tions is included in Ref[41]. For a given incident particle
The differential cross sections for several levels populate@nergy, transferred and total angular momenta, and shell
in 1°%Gd with different transferred angular momeritare modeln;; configuration for each levetHUCK3 generates the
depicted in Fig. 5. Predictions based on DWBA are includeccorresponding differential cross section and analyzing power.
(see Sec. Il E For a given level, the transferred angular  The spectroscopic factd; for the stripping(d,p) reac-
momentuml is determined from the analysis of angular de-tion, and the spectroscopic strengs) for the pickup(d,t)
pendence of the differential cross section. From the analysigeaction, result from the measured and calculated differential
of the angular distribution of the analyzing power, the totalcross sections as
angular momentunj is unambiguously determined.

do_exp
o = Sief e dp), 2
D. The 189Gd(d,t)15%Gd reaction
The single neutron pickup reaction was also investigated do*P
with an unpolarized 25 MeV deuteron beam at andlgs Y =Gjjop Ve (d,Y). 3
=8’, 40, 45, and 50 using a similar sample, beam energy
and the “short” focal plane detectp43] as the(d,t) experi- The spectroscopic factor is related to the spectroscopic

ment with a polarized beam described in Sec. Il C. In a sepastrength byG; =(2j+1)S;. The shape and peak maxima po-
rate run, this reaction was studied at 20ith the “long”  sition of the differential cross section are determined by the
focal plane detectd®0Q] used in thgd, p) experiments. Parts value of the transferred angular momentlrtsing a polar-
of the triton spectrum recorded in this measurement arézed beam, the slight dependence on the total angular mo-
shown in Fig. 6. mentumj can be distinguished by means of the analyzing
power, see Eq(l).
E. DWBA analysis For few levels, the angular dependence of the differential
: cross section in théd, p) experiment could not be satisfac-
The differential cross sections and analyzing powsee torily fitted with DWBA. Some of these cases are indicated
Figs. 3 and pwere interpreted in terms of the distorted wavein Fig. 7 where the nearestDWBA fits are shown. Levels
born approximation. Calculations were performed with thewith the irregular differential cross section are indicated in
computer prograntHUCK3 of Kunz [46]. Parameters of the Table Ill. Below 1.2 MeV, these levels are namely 51.2,
optical potentials for deuterons, protons and tritons weres57.9, 684.1, 874.5, 938.6, and 1151.0 keV. We tentatively
taken from Refs[47], [48], and[49], respectively. The val- attempted to describe these irregular cross sections in terms
ues corresponding to our experimental settings are listed iof the coupled channels born approximation. Preliminary
calculations were performdd1] with the codecHuUCK3 [46].

ad = — The cases were considered where a vibrational phonon of the
L 2 ¢ @n20 || even-even core couples to a single quasiparticle state of the
- - a unpaired neutron in the deformed field. The lowest vibrations
10+ o zI< =
= gl = - . .
2 8ra ol NCEY TABLE Il. Optical parameters used in DWBA.
3 0 o~ = <
8 6w e <
JRE:! BN -SR-S B 5Gd(d, p)'*%Gd %%Gd(d,n™*Gd
= ;g 9 o© d p n d t n
2t © |
0 J " AA MAJ\ A M V, (MeV) 9424 5645 ®  118.64 14061 *
2000 2200 2400 2600 2800 3000 4W, (MeV) 49.46 34.46 50.29
3 " T " Wo (MeV) 20.80
10
*qo |_@b20 1146.04(25) Voo (MeV) 6.81 1240 \=25 7.30  9.50 A=25
8l g‘_ re (fm) 1.17 1.22 1.25 1.15 1.16 1.25
1964.6(3) — N
P | @ S o (fm) 1.33 1.32 1.29
2 % = 8 T 3 a ro  (fm) 1.20
S o4l @ 2 a9 ro  (fm) 107 1.01 0.88  1.10
N
) b - 5 p R (fm)  1.30 1.25 1.30 140
L N — —
a (fm) 0.74 075 0.75 0.88 0.75 0.75
0
1000 1200 1400 1600 1800 2000 a (fm) 091 064 0.89 0.65
channel Qg (fm) 0.82
_ _ . a, (fm) 066 0.75 1.00  0.80
FIG. 6. Parts of triton spectrum at 20° in tA&Gd(d, 1) 1%%Gd nlc 054 085 085 054 030 0.85
reaction with 25 MeV unpolarized deuterons. Some peaks are la-
beled by the corresponding level enei@y kilo-electron-volts. *Adjusted bycHucka.
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E - 557.9 20111 | construction of rotational bandsee Sec. Y. The selectivity
£ M ] OlF 0306 3 01 Fen 117 of the (d,t) reaction helped to make many definite assign-
g . L=1. Iy L=3 - ments on level spin and parity values.
£ 001 F 7 L=3- 0.01 | 3;_~ & 0.01 | *
g 5123 L= L=5 ) o
% i 874.5 938.6 ] B. Levels from previous publications
8 0.001 -t 0.001 L1 0.001 L1 ) _ 15
102030405060 102030405060 102030405060 Among 19 levels reported in the™ decay of'>%u [10],
81y [deg] 18 levels are confirmed in our data; we do not observe the

high-lying level at 1351.8 keV. All levels reported in the
previous(d,p) experimen{1] are confirmed up to 1.1 MeV
while at higher energies, 14 levels are not observed. Below
1 MeV, we observe in outd,p) data new levels at 51.2,
67.0, 212.8, 324.9, 601.8, 632.9, 819.5, 858.4, and
938.6 keV. All levels reported in the previodd,t) experi-

FIG. 7. Differential cross sections of tH&%Gd(d,t)1°%Gd reac-
tion with irregular DWBA fit. Level energyin kilo-electron-volt$
and transferred angular momenta are shown.

in the adjacent even-even nucléfGd and!®%Gd were taken

into account, namely the~land y vibrations at 977 and ment with unpolarized deuteror@vithin +5 keV) [1] are

988 keV, respectively[S0]. However, no significant im-  confirmed. The previously observed level at 327 KdYap-
prov_ement over the DWBA. approaCh was obtamgd. Th'spears in oukd,t) experiments as a resolved doublet w%ﬁ
confirmed that the applicability of CCBA to describe the - .
160Gd(d, ) 15°Gd reaction22,23 is limited. at 324.9 keVv ar@ at 330.8 keV. Newly observed levels in
' ' our (d,t) experiment lying below 1 MeV also include the

levels at 602.2, 633.4, 646.5, and 876.6 keV.
F. Levels from the transfer reactions

About 200 levels observed in the stripping and pickup C. Decay scheme
reaction experiments it*%Gd are presented in Table Ill. The

analysis of the differential cross sectiofad the analyzing is based on the low-energy rays observed in thermal neu-

powers in the(d,t) reactiorj resulted in assignments of tron capture listed in Table | and i~ decay of'5%Eu [10].
transferred and total angular momenta for most levels. In thg . y-decay scheme proposed for many levels below
cases where the asymmetries in the analyzing powers of 5 \jev is presented in Table V. Several transitions reported
(d,t) cross sections could not be unambiguously determine

: : n the 8~ decay of*>%Eu [10], which could be placed among
the two possible values of spin are proposed. Due to the laciase |evels, are included.

of reference lines in the calibration above 2.1 and 2.3 MeV
in the (d,p) and (d,t) reactions, respectively, we present
results only up to the indicated energies in the following.

The investigation of the depopulation of low-lying levels

IV. STRUCTURE OF 5%GD

A. Configuration assignments

Ill. LEVEL AND DECAY SCHEME Whereas level energies, spins, and parities are determined
by the combined experimental spectroscopic information, the
configuration assignments of levels are, to some extent,

The proposed level scheme is based on the following exmodel dependent. To this end, model predictions are used to
perimental information(i) the levels identified in théd, p) identify the levels observed in the experiments. The identifi-
and(d,t) reactions presented in Table I(ij) the secondary cation of intrinsic configurations and their associated rota-
v rays observed in radiative neutron capture and their placdional bands are in this work based on Nilsson model and are
ment among low-lying levelgsee Table ); and (iii) the  guided by(i) experimental systematics of band head energies
nearly 180 levels populated by primaprays from our pre- [17,1§ presented in Sec. V and our empirical band param-
vious(n, y) experiments at isolatg 1] and averaggl?] neu-  eters listed in Table VI(ii) Nilsson schemes provided by our
tron resonance capture. calculations and by other authors, see REf8.and 5; (iii)

A total of 276 levels in thé®%Gd nucleus observed in the the level energies and spectroscopic factors observed in the
(n,v), (d,p) and(d,t) reactions are listed in Table IV. Final (d,p) and (d,t) experiments and their comparison with
level energiegcolumn 1) are obtained as weighted averagesmodel predictions described in Sec. VI and summarized in
of the energies derived in the transfer reaction experiment$ables VIl and IX; andiv) the observed decay of low-lying
(column 3 and the energies deduced from the primgusay  levels which should be similar for members of the same band
experimentg 11,12 (column 5. Precise values of energies leading to related bands. We also made use of the the infor-
for most levels below 1.2 MeV were obtained thanks to themation provided by the low-energyrays reported in th@™
placement of the secondagyrays accurately measured. The decay of the”>*Eu nucleug10] compiled in Table V together
proposed values result from @& fit between the observed With our (n,y) results. Note that the spectroscopic factors
transitions and the proposed levels using the aageT of  given in Table IX for the(d,t) reaction for levels lying be-
Schreckenbacfb1]. In all other cases, the weighted averageslow 650 keV, the values of which we used in the interpreta-
of the experimental results are given. Final assignments dfon, were deducedassuming the samé™ values of the
level spins and paritieolumn 2 result from the combina- (d,p) reactiorj from only one measuremeigat angle 20
tion of spectroscopic resultsolumns 4 and Band from the  with an unpolarized beam.

A. The level scheme
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TABLE IlI. Spectroscopic information fot®Gd from (d,p) and(d,t) reactions. The level energies and spin-parity values deduced are
given along with the cross sectigat 6,,,=30°) and the corresponding spectroscopic factor or spectroscopic stisegtiqs(2) and(3)].

Uncertain assignments are given in parenthesis.

(d,p) (d,t)
EgkeV)?  do/dQ(ub/sn® J Si(10%)° E,(keV)? do/dQ(ub/sn® Jm G;(109)
0.0 197 1/2,312 62 0.0' 511" 66"
51.29) 7 (5/27,7127)° 3 51.08)" 22" g
67.07) 3 3/2°,5/2 2 66.29)" 6" 3
119.29)" 63" 91
122.46) 242 5/2,712 91 122.16)" 672" 184"
146.86) 71 512,712 27 145.46)" 106" 36™
185.66) 85 712,912 118 184.46)" 307" oo™
212.86) 24 9/7,11/Z 70 212.36)" 55" 177"
227.36) 328 512,712 121 227.85)" 257" 66™
274.Q7) 4 11/25,13/2 27 273.79)" 6" 61"
324.98) 8 9/2,11/2 40 324.96)" 18" 33
331.46) 35 9/7,11/2 70 330.68)" 22" 71M
372.86) 44 11/2,13/2 373 372.66)" 121" 756"
456.58) 28 9/2,11/2 78 456.46)" 26" 47
507.97) 626 1/2,3/12 219 508.16)" 251" 30
557.98) 66 (1/27,3/2)8 (58) 558.210)" 23" pal
589.06) 182 512,712 67 588.67)" 63" 5
601.812) 1 3/24,5/2 3 602.213)" o" g
632.910) 10 712,912 12 633.47)" 4" 5
646.510)" 7" 3
684.17) 12 (9/27,11/2)° (32 684.127) 188 (11/2)° (979
705.q7) 332 (5/127,712) (110 705.34) 42 712 117
744.76) 61 3/2,5/2" 31 744.13) 1367 3/2 920
759.88) 29 9/2,11/2 (74
781.66) 38 1/2 12 781.325) 454 1/2 126
800.46) 50 3/2,5/2 36
819.47) 10 3/2,5/2 15
819.58) 1 11/2,13/2 7
835.58) 16 (712,912 (5)
858.48) 4 3/2°,5/2 2 858.86) 39 3/2 27
874.511) 6 (1/2%)® (4
876.q9)" 5" 3 876.65) 47 (7/2+,9/24)° (163
926.87)" 3" 3 926.64) 24 717 662
938.68) 10 (9/27,11/2)° (29) 938.17) 12 1M
948.96) 360 512,712 716 948.85) 19 712 47
962.46) 11 3/2 7
974.46) 58 112 20 973.99) 1341 1/2 359
1001.28) 7 3/2°,5/2F 3 1001.5624) 276 3/2 173
1014.98) 3 1/2¢ 2
1043.17) 12 9/2,11/2 26 1043.26) 3" 2N
1060.811) 8 3/2°,5/2F 4 1059.35) 101 5/2 78
1079.98) 24 1/2,312 8 1079.94) 80 1/2 37
1093.47) 13 11/2,13/2 88
1111.58) 34 1/2,312 12 1110.5627) 105 3/2 194
1120.35) 23 712 92
1128.85) 71 3/2 43
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TABLE lll.  (Continued)

(d,p) (d,1)
EkeV)?  do/dQ(ub/sn® Jm Si(10°%° E,(keV)? do/dQ(ub/sn® Jm G;(10°73)
1134.66) 260 5/2,712 42 1134.96) 25 (712)¢ (52
1139.8127) 95 1/ 170
1145.216) 21 1/2,317 8 1146.0425) 335 3/Z 615
1151.Q9) 34 (1/2® 7
1160.47) 28 3/2,5/2° 13 1159.9(28) 207 5/2 108
1170.94) 26 1/2 6
1178.85) 16 5/ 55
1190.56) 18 5/2 9
1194.28) 8 712,912 9
1202.65) 57 9/2 206
1203.57) 34 9/2,11/7 66
1216.98) 2 1/ 3
1229.88) 22 712,912 24 1229.16) 7 9/2" 68
1239.19) 8 (512°,712) ®) 1239.54) 90 (712)¢ (123
1253.15) 10 5/ 58
1283.86) 44 (712*,9/2%)° (47
1284.14) 58 3/ 100
1296.67) 6 1/2,3/2 2 1296.46) 7 3/2 9
1303.76) 11 5/2,712 3 1303.25) 16 71z 75
1315.84) 4 1/2 1
1322.211) 1 (3/2*,5/2%) 2
1325.14) 3 5/2,712 5
1344.28) 7 (3/2°,5/2)° 4 1343.5428) 100 5/2 320
1356.89) 5 (3124 4
1365.96) 15 9/ 121
1373.G48) 6 9/ 45
1379.210) 5 1/2 1
1392.36) 18 (1/24¢ 3
1394.16) 26 (5/12°,712)° 8
1406.910) 2 5/2 4
1414.85) 25 5/2 14
1419.412) 20 (712%,9/12%) a7 1419.46) 30 9/2 91
1430.46) 174 3/Z,5/2 66 1429.%5) 101 5/2 45
1442.85) 26 (9/2)¢ (190
1454.49) 7 1/2 2
1467.88) 7 3/2°,5/2 3
1468.97) 3 (a/2)¢ 3
1478.17) 19 3/2,5/2 8 1478.25) 5 3/2 3
1488.25) 17 712 79
1491.87) 31 712,912 33
1493.810) 3 5/2,712 5
1509.18) 17 3/2,5/2 7 1508.45) 37 5/2 16
1521.27) 103 1/2,3/2 28 1519.96) 7 (1/2)® 9
1532.44) 12 712 49
1540.68) 39 (3/2%,5/2%)° 8 1541.95) 29 5/2 13
1548.59) 2 (3124 3
1560.47) 93 712,912 102
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TABLE lll.  (Continued)
(d,p) (d,1)

EkeV)?  do/dQ(ub/sn® Jm Si(10°%° E,(keV)? do/dQ(ub/sn® Jm G;(10°73)

1561.35) 16 3/ 25
1571.27) 48 712,9/12¢ 44

1571.44) 100 1/2 23
1579.66) 1 112,317 8

1580.27) 54 5/2 28
1584.312) 39 3/2",5/2 10
1593.78) 66 3/2°,5/2¢ 153 1592.59) 8 5/2 4
1603.16) 582 1/2,31Z 186 1603.14) 15 3/Z 25

1611.18) 2 5/ 8
1621.67) 70 3/2°,5/2¢ 23

1622.34) 16 (11/2)® (143
1628.%8) 60 3/2°,5/2¢ 23

1631.45) 9 (9/24¢ (20)
1637.77) 105 (1/2°,3/2)® (44) 1637.97) 6 (3/2)¢ 8

1644.18) 4 5/2 13
1646.28) 69 3/2,5/2° 21
1655.711) 68 3/2',5/2 23 1656.26) 35 3/2 16
1668.18) 51 3/2,5/2 18 1668.47) 25 5/2 9

1672.97) 4 (7124 (20)
1675.510) 37 3/2,5/2° 13

1682.96) 1 512,717 5
1685.48) 31 3/2°,5/2¢ 12

1690.86) 22 5/2 9
1693.56) 96 (5127,712)¢ (31)
1702.16) 52 5/2,717 16 1702.85) 12 71z 21
1713.711) 1713.q15) 2 (512 (1)
1718.78) 35 3/2°,5/2¢ 10 1719.512) 2 (3/2)° )
1728.312) 14 5/7,717 3 1729.17) 3 5/ 10
1745.110) 10 (3/2F,512")° (5 1745.99) 2 (5/2)° 1)
1751.Q10) 712¢,9/12¢ 44

1753.612) 3 1/2f 1
1759.Q@9) 12 1/2,3/2 4 1759.88) 1 3/ 1

1773.87) 5 3/ 8
1783.29) 104 1/2,31Z 34

1783.87) 6 (712)¢ 15

1792.Q9) 2 (1/24¢ 1

1807.210) 4 71 9
1809.212) 54 512,712 16
1813.412) 54 (3/2%,5/2%)° 13 1813.47) 25 3/2 12

1823.819) 2 1/ 3
1826.29) 20 1/2 7

1830.84) 5 3/2 2

1840.@8) 920 1/2 19
1846.68) 28 5/2,717 8

1850.819) 4 1/2 1

1859.417) 3 5/ 7
1874.210) 14 (3/2F,512°)° (6) 1868.28) 17 3/2°,5/2 8
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TABLE lll.  (Continued)

(d,p) (d,1)

EkeV)?  do/dQ(ub/sn® Jm Si(10°%° E,(keV)? do/dQ(ub/sn® Jm G;(10°73)

1874.210) 12 5/2 5
1885.47) 21 1/2,3/2 6 1883.%8) 18 (1/2)® (20)

1891.423) 5 3/2°,5/2" 2
1892.48) 54 1/2,312 20

1899.810) 8 3/2°,5/2" 3

1908.59) 10 5/2 2
1910.417) 10 (1/27,312)¢ 4

1917.%7) 12 3/ 4
1918.48) 26 a/2-,3/2)° 10

1925.915) 5 a/27,3/2)° 2
1927.98) 25 1/2,3/2 8

1930.614) 3 5/ 11
1933.311) 25 5/2,71Z 6

1938.47) 7 (7124 25

1946.18) 6 1/ 5

1954.65) 7 3/ 9
1958.16) 50 1/2,312 14

1964.63) 405 5/2 146
1971.G9) 26 (172 (14

1972.58) 30 5/2 11

1980.310) 26 1/2 5
1983.@8) 152 1/2 80

1989.219) 6 3/ 8

1997.37) 71 1/2 15
1997.37) 197 1/2,317 56
2003.28) 25 3/2',5/2 7

2006.514) 12 5/2 26
2011.19) 48 (1/27,312)° (20) 2012.914) 5 3/ 8
2032.610) 22 (5/27,712)° (5 2032.75) 73 5/2 28

2039.35) 59 3/2 25
2042.Q6) 77 (3/2%,5/2H)° 17)

2044.%15) 17 5/Z 42
2048.76) 173 (1/2°,3/2)° (41)

2051.99) 16 1/2 4
2058.@8) 222 5/2,712 51

2073.16) 21 1/2,3/2 24
2074.16) 38 (5/2°,712)° (11

2081.98) 14 1/2 20
2088.110) 27 (3/2F,5/2%) 12
2092.412) 29 (3/2*,5/2")° (5) 2092.78) 76 5/2 27
2100.88) 25 1/2,3/12 8

2105.16) 31 3/2 13

2115.110) 21 3/ 18
2121.712) 63 5/2,712 14

2125.814) 6 3/Z 9

2136.q7) 15 3/2°,5/2 7

2149.99) 25 5/2 10
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TABLE lll.  (Continued)

(d,p) (d,1)
EkeV)?  do/dQ(ub/sn® Jm Si(10°%° E,(keV)? do/dQ(ub/sn® Jm G;i(10°73)

2162.G20) 24 5/2 10
2169.420) 16 3/2 7
2176.q20) 8 (5/124°¢ 6
2186.320) 11 5/2 7
2194.311) 22 3/2 10
2203.111) 22 3/2 10
2212.89) 23 5/2 10
2221.710) 8 5/2 7
2233.112) 5 3/

2242.37) 93 5/2 30
2252.816) 32 5/2 12
2260.28) 12 3/2 7
2271.921) 8 5/2 3
2284.515) 11 3/2 6
2297.312) 15 3/2 7
2306.G20) 7 3/2 6
2316.6(12) 21 3/2,5/12 11

alues averaged over all spectra. A systematic error of 0.5 keV is included.

Pvalues given at,,=30°.

“For levels with ambiguoug assignment, the values shown correspond to the snjallaiue (i.e., j=1-1). The S values for the largej
values are derived from the ratios I/3/2°=2.0, 3/2:5/2"=1.65, 5/2:7/2° =155, 7/2:9/2*=1.85, 9/2:11/2=1.9, and
11/2":13/2"=2.5 (about 5% errox.

dvalues averaged over all spectra. A systematic error of 0.2 keV is included.

CIrregular DWBA fit.

'Based on the measurement at 40°.

9Assuming same spin and parity @, t).

hBased on the measurement at 20° with unpolarized deuteron beam.

'Assumingl values taken frongd, p) andj values taken from final assignmerttee Table IV.

IAssumingJ™ from construction of rotational band.

Level assignments above 1.2 MeV should be considered B. Rotational bands with negative parity
as tentative. The level density increases with increasing level | o 3[521] ground-state band Levels at 0.(%)
energy and the experimental information on spin and parit 52 7 9 1 RE
%0.621%), 121.899), 212.62), and 324.9 ke(A).

between different experiments becomes less compatible. In This orbital also appears as the ground state in a number

addition, the _model structure _of the levels becomes more neighboring nuclei, namely irfS5155m, 153155153,
complex with increasing excitation energy and, therefore, thq55,157,15by 157,159.16E;, and 161163 [50]. We include a

interpretation of experimental data becomes more uncertain. .
In the following, states are characterized by the main NilssoﬁlewIy observed level at 324.9 keV as t&emember of this

: o : d. The angular dependence of the corresponding differen-

component and also by the dominant vibrational admmturéﬁan . .

(if there is any in terms of the quasiparticle-phonon model. "".‘I cross sept!on could not be fitted acceptably by DWBA
All levels observed below 700 keV have been arrangedN'th any definite transferred angular momentum. The value

_ . . . 5 -

into rotational bands. New levels below 1 MeV are observed®! |=3 gives the best fitsee Fig. 7. The 3 level at

at 324.9, 330.479, 633.60, 684.16, 835.5, 876.5, 880.6$0-627 keV is not populated by primagyrays in any of the

915.828, and 938.7 keV. The 710.38 and 732.87 keV leveldD,”) experimentq11,13 even though higher-lying ™ lev-

reported iny-y coincidences i3~ decay of'*%Eu [10], are  €ls, such as those at 146.316, 588.517, and 872.64 keV, are

confirmed by secondary rays in radiative neutron capture populated by primaryy rays in 24 keV neutron captufé2]

(see Table V. The level 710.38 keV is assigned to the band(see Table IV. The weak population of this level in the

3[651] (see Sec. IV ¢ Levels with new assignments include transfer reactions agrees well with our model calculations.

the previously unresolved doublet at 328 and the 855 keV The %[523] band Levels at 146.316), 227.4125),

level [9]. In the nucleon transfer reactions and in tney) 330.47&65), and 456.4 ke(/%).

experimentg11,12 a large number of levels are newly ob-  The 2[523] orbital appears as the ground state’#Gd

served namely above 1 Meléee Tables IV and V and rather as a low-lying particle state'fGd. The previous
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TABLE IV. Level scheme of'®%Gd. Final levels result as combination of levels observed in the transfer reactions and levels populated
by primary y rays from our previougn,y) experiments11,12. Levels reported in previous studies @f,p), (d,t) [1], and (n,y) [9]
reactions are included for comparison.

Final (d,p),(d,1) (N, Ypri) Previous studies
E.(keV) J7 E,(keV) J7 E.(keV) J7 E,(keV) Jm
0.0 3/22 0.0 1/2,31Z 0.0 1/2,3/1Z 0.0 3/Z
50.6279)" 5/272 51.1(6) (5/12°,712)° 50.669) 5/2
67.82924)° 5/2+2 66.7(6) 3/2,5/2 67.656) 5/2* 67.797) 5/2
118.68628)" 712+ 119.29) 118.9215) 712
121.89924)° 71278 122.44) 5/2°,712 121.9313) 712
146.3166)" 5/27@ 146.14) 5/2°,712 146.9423) 5/2 146.398) 5/2
185.Q4) 9/2%8 185.Q4) 712,912 185.44) 9/2*
212.66) 9/27® 212.64) 9/2°,11/7 212.3q23) 9/2°
227.41221)° 7127® 227.64) 5/2°,712 227.4910) 712
273.96) 11/22 273.96) 11/2,13/2 273.42) (11/2
324.95) 11/22 324.95) 9/2°,11/2
330.47913)° 9/27® 330.85) 9/2°,11/7 328.43) 9/2°,11/7
372.14) 13/2+ 372.14) 11/2,13/2 372.42) 13/2°
456.45) 11/2® 456.45) 9/2°,11/7 456.0q2) 11/
507.72416)" 1/ 508.14) 1/2°,317 507.7%5) 1/2,317 507.13) 1/
558.21112)° 3/27# 558.06) (1/27,3/12)° 558.363) 1/27,3/2 558.22) 312
588.51727)" 5/2°8 588.85) 5/2°,717 589.76) 5/2 589.043) 5/2
601.9779)° 3/2+@ 602.Q9) 3/2%,5/2 601.877) 1/2%,3/12 602.1317) 37124
633.6012)"° 712+ 633.26) 712,912
646.69723)° 5/2+@ 646.510) 3/2,5/2 646.9310) 5/2¢ 647.42) (5/2%
684.1625) 11/2@ 684.1625) 11/2°¢ 681.q10) 11/7
705.34) 71278 705.34) ra 705.02) v
710.3§8)"¢ 7/28
732.875)¢ (5/27,712)
744.37816)° 3/2+ 744.2227) 3/2 744.487) 1/2%,3/2 744.3811) 3/2
759.88) 9/27@ 759.88) (9/27,11/2)° 761.05) 9/2
781.55617)° 1/22 781.3523) 1/2* 782.088) 1/2%,3/2 782.36) 1/2
800.454)° 5/2+8 800.46) 3/2+,5/2° 800.5911) 5/2 801.q15 (5/2)*
818.897)° 5/2+8 819.47) 3/2+,5/2° 818.5915) 5/2* 818.214) (5/2)*
819.58) 11/2,13/2 819.58) 11/2F,13/2
835.58) 9/2+8 835.58) (712%,912%) 837.45)
858.517)° 3/2+@ 858.15) 3/2 858.5310) 1/2+,3/12 859.720) (5/2*
872.645)° 5/2°8 872.7125) 5/2 872.7Q14) 5/2
874.511) (1/2% 874.511) (1/2h°
876.54) 712+ 876.54) (7/12+,9/2H)°
880.6324)° 1/2%,3/2+,5/2" 880.44) 1/2+,3/2,5/2°
915.82810)" 1/2,3/2 915.36) 1/2,3/2
926.6329) ra 926.6329) v 924
938.15) 11/28 938.15) (9/27,11/12)°
948.3528)° 71278 948.84) ra 948.5(22) v
962.46) 3/2 962.46) 3/2
974.295)° 1/2% 974.25) 1/2 974.398) 1/2%,3/2 973.14) 1/2
1001.6213)° 3/2+ 1001.5323) 3/2 1001.5%12) 1/2%,3/2 1001.65) 3/2
1014.98) 1/2 1014.98) 1/2
1043.25) 9/27@ 1043.25) 9/2°,11/7 1044.Q5) 9/2)
1059.65) 5/2+ 1059.65) 5/2
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TABLE IV. (Continued)

Final (d,p),(d,t) (N, Ypri) Previous studies
E.(keV) Jm E,(keV) N E.(keV) NG E,(keV) Jm
1061.7Q7)° 1/27,3/17 1061.8%7) 1/2°,317 1060.98) 1/2,3/2
1079.394)° 1 1079.94) 1/ 1079.5@4) 1/2°,317 1079.31)  (1/2,3/2
1093.Q7) 13/2+2 1093.Q7) 11/2+,13/2
1110.257)° 3/28 1110.6625) 3/ 1110.398) 1/2,317 1110.71) 3/
1120.35) 712+ 1120.35) 712
1128.736)° 1/2+ 1128.5911) 1/2+,3/2¢ 1128.5221) (1/2,3/2*
1128.85) 3/2 1128.85) 3/2
1134.74) 71278 1134.74) ra
1139.844)° /22 1139.8127) 1/ 1140.0810) 1/2,317 1139.q5)  (1/27,3/2%)
1145.606)° 3/2@ 1146.0225) 3/ 1145.998) 1/2,317 1145.44) 3/
1151.Q9) (1/2% 1151.Q9) (1/2h°
1159.908)° 5/2 1159.9825) 5/2 1159.5921) 5/2* 1160.q5) (1/2,3/2,5/2*
1170.94) 1/2 1170.94) 1/2*
1178.46) 1/2*,3/2°,5/2 1178.46) 1/2%,3/2°,5/2"  1179.610) (5/2)*
1178.45) 5/272 1178.45) 5/2
1190.56) 5/2 1190.56) 5/2*
1194.28) 712,912 1194.28) 712,912
1202.85) 9/2 1202.65) 9/2 1202.q3) (5/27,7/2)
1203.87) 9/27® 1203.587) 9/2°,11/7
1216.98) 1/2° 1216.98) 1/
1229.35) 9/2+8 1229.35) 9/2
1239.44) 71272 1239.44) 7/12°¢ 1238.@3) (712)
1253.15) 5/2°8 1253.15) 5/2 1250
1283.86) (712%,9/2%) 1283.86) (712+,9/29)° 1282 (7124
1284.3812) 3/ 1284.14) 3/ 1284.4%13) 1/2,3/2 1283.9 (1/2,3/2*
1296.85) 3/ 1296.55) 1/2
1303.44) 71278 1303.44) ra 1301.@5) 9/2)
1315.8028) 1/2 1315.8028) 1/2
1322.211) (3/2%,5/2%) 1322.211) (8/2%,5/2%)
1325.1227) 5/2 1325.1028) 5/2°,717 1325.38) 1/2,3/2,5/2
1343.8221) 5/2 1343.7126) 5/2 1344.44) 1/2%,3/2°,5/2 1341 9/2)
1356.69) (3/2% 1356.69) (3/2h°
1365.96) 9/27@ 1365.96) 9/2 1365
1373.48) 9/2 1373.48) 9/2
1379.210) 1/2 1379.210) 1/2
1392.36) (1/2% 1392.36) (1729 1392.610) (1/2,3/2*
1394.16) (5/12°,712) 1394.16) (5/127,712)°
1394.4%15) 1/2%,3/2F 1394.4515) 1/2+,3/12
1400.25) 1/27,3/17 1400.25) 1/27,317 1400.q12)  (1/2,3/2*
1406.910) 5/2 1406.910) 5/2
1414.85) 5/2* 1414.85) 5/2* 1415
1418.44) 1/2+,3/2 1418.44) 1/2+,3/12
1419.35) 9/2 1419.35) 9/2
1430.9%16) 3/2%,5/2 1429.94) 5/2 1431.2417) 1/2+,3/12 1424.Q44) 3/27,5/2°
1442.85) 9/27 1442.85) (9/2)°
1446.56) 1/27,3/2F 1446.56) 1/2+,3/12 1446.714)  (1/2,3/2*
1554.49) 1/2 1454.49) 1/2
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TABLE IV. (Continued)

Final (d,p),(d,t) (N, Ypri) Previous studies
E,(keV) Jm E,(keV) J7 E,(keV) J7 E,(keV) Jm
1468.3117) 3/2 1467.88) 3/2°,5/2¢ 1468.3318) 1/2+,3/2 1467.1412)  (1/2,3/2*
1468.97) (1/2) 1468.97) (1/2)°
1477.7911) 3/2 1478.24) 3/2 1477.7%11) 1/2+,3/12 1477.89)  (1/27,3/2Y)
1488.25) 712+ 1488.25) 712
1491.87) 712,912 1491.87) 712,912
1493.810) 5/2°,712 1493.810) 5/2°,717 1493
1505.17) 1/2%),3/2% 1505.17) 1/2%),3/2%
1508.64) 5/2 1508.64) 5/2
1520.8611) 1/ 1520.45) 1/ 1520.9012) 1/2,317 1519.81117) 3/2)
1532.44) 712 1532.44) 712
1540.4626) 5/2 1540.94) 5/2 1540.14) 1/2%,3/2°,5/2 1538.4 (1/2,3/2,5/2*
1545.53) 1/2,3/2 1545.53) 1/2,3/2 1545.31) (1/2,3/2,5/2*
1548.59) (3/2% 1548.89) (3/2°
1557.110) 1/2%,3/2F 1557.110) 1/2%,3/2
1560.47) 7/2,9/2 1560.47) 7/2,9/2
1560.6210) 3/2° 1561.35) 3/ 1560.5810) 1/2°,3/2 1560.98)  (1/2%,3/2%)
1571.27) 7127,9/2F 1571.27) 7127,9/2¢
1571.9112) 1/2 1571.44) 1/2¢ 1571.9712) 1/2,3/2 1572.410) (1/27,3/2")
1579.2119) 1/2+,3/2 1579.2119) 1/2+,3/2 1581.912)  (1/2,3/2F
1579.46) 1/278 1579.66) 1/2°,317
1580.27) 5/2 1580.27) 5/2
1582.39) 1/20),3/29) 1582.39) 1/20),3/20
1584.5117) 3/2 1584.312) 3/2+,5/2° 1584.5117) 1/2+,3/12
1593.1219) 1/2%,3/2F 1593.1219) 1/2+,3/12
1593.26) 5/2 1593.26) 5/2
1603.3010) 3/2® 1603.0928) 3/ 1603.3411) 1/2,317 1603.22) 3/2)
1611.18) 5/2 1611.18) 5/2
1615.16) 1/2%,3/2F 1615.16) 1/2%,3/12
1621.67) 3/2%,5/2 1621.67) 3/2t,5/2
1622.34) 11/2°8 1622.34) (11/2)°
1627.24) 5/2 1628.58) 3/2t,5/2 1626.15) 5/2 1625.%8) (1/2,3/2,5/2*
1631.45) (9/2% 1631.45) (9/2°
1635.410) 1/27,3/2F 1635.410) 1/2%,3/2
1637.85) 3/2° 1637.85) 312)° 1638 (5/2)
1642.5010) 1/2°,317 1642.5010) 1/2°,317 1642.G6)  (1/2,3/2
1644.18) 5/2 1644.18) 5/2
1646.28) 3/2*,5/2 1646.28) 3/27,5/2¢
1656.64) 3/2 1656.15) 3/2 1657.Q5) 1/2+,3/12 1655.q12) (1/2,3/2*
1668.35) 5/2 1668.35) 5/2
1669.815) 1/2%),3/2% 1669.815) 1/24),3/2
1672.97) (7124 1672.97) (7129)° 1670
1673.3111) 1/2°,3/2 1673.3111) 1/2°,317 1673.86)  (1/2,3/2
1675.810) 3/2%,5/2 1675.510) 3/2t,5/2°
1682.96) 5/2°,712 1682.96) 5/2°,717
1685.48) 3/2,5/2 1685.48) 3/2,5/2°
1690.65) 5/2 1690.86) 5/2 1690.27) 5/2
1693.56) 5/272 1693.56) (5/12°,712)° 1692
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TABLE IV. (Continued)

Final (d,p),(d,t) (N, Ypri) Previous studies
E.(keV) Jm E,(keV) N E.(keV) NG E,(keV) Jm
1702.54) 712 1702.54) 717
1704.10) 1/2,3/2 1704.610) 1/2,3/2 1706.211)  (1/2,3/2*
1713.215) (512%) 1713.215) (5/2H°
1719.112) (3/12% 1719.112) (3/2h°
1721.7419) 1/2,3/2 1721.7419) 1/2,3/2 1722.412)  (1/2,3/2*
1729.46) 5/2 1729.46) 5/2 1730.Q1) (5/2)*
1745.75) (5/2%) 1745.75) (5/2)°
1746.G48) 1/2°,3/2F 1746.48) 1/2%,3/2 1747.G12)  (1/2,3/2*
1751.410) 712,912 1751.410) 712,9/2 1751.@5) (712)
1753.612) 1/2 1753.612) 1/2
1758.6910) 3/ 1759.56) 3/ 1758.6610) 1/2,317 1757.9 (1/2,3/12°
1772.5714) 1/2,3/2 1772.5714) 1/2,3/2
1773.87) 3/ 1773.87) 3/
1774.16) 5/2 1774.16) 5/2 1773.7  1/2,3/2,5/2
1782.5311) 1/27,317 1783.29) 1/2°,312 1782.5211) 1/2°,312 1781.9 (1/2,3/12°
1783.87) (712) 1783.87) (712)¢
1792.Q9) (1/2 1792.Q9) (1/2h°
1807.210) 712 1807.210) 712
1808.5@29) 1/2,3/2 1808.5Q29) 1/2,3/2
1809.212) 5/2°,712 1809.212) 5/2°,717 1809
1813.46) 3/2 1813.46) 3/2
1825.2716) 1/ 1823.819) 1/ 1825.2816) 1/2°,317
1826.29) 1/2 1826.29) 1/2
1830.9919) 3/2 1830.87) 3/2 1831.54) 1/2,3/2
1840.G7) 1/2 1840.@8) 1/2 1839 (3124
1840.915) 1/27,3/17 1840.915) 1/2,317 1839 (3124
1841.G3) 5/2 1841.03) 5/2 1839 (3124
1846.68) 5/2°,712 1846.68) 5/2°,712
1851.95) 1/2 1850.816) 1/2 1852.35) 1/2%,3/2°,5/2
1859.414) 5/2 1859.414) 5/2
1869.0219) 3/2 1868.46) 3/2t,5/2 1869.0920) 1/2%,3/2 1867
1872.16) 5/2 1874.212) 5/2 1872.46) 5/2
1880.710) 1/2,3/2 1880.710) 1/2,3/2
1883.669) 1/ 1884.67) 1/ 1883.649) 1/2,317 1885
1891.2621) 3/2*,5/2 1891.49) 3/2,5/2 1890.56) 1/2,3/2,5/2
1892.48) 1/27,317 1892.48) 1/2°,312
1896.830) 1/2%),3/2% 1896.830) 1/2%),3/29 1896 (1/2,3/2
1900.14) 3/2 1899.810) 3/2+,5/2° 1900.14) 1/2+,3/12
1908.39) 5/2 1908.39) 5/2 1909
1910.417) (1/27°,3/2) 1910.417) (1/2°,3/12)°
1917.57) 3/2 1917.87) 3/2
1917.65) 5/2 1917.65) 5/2
1918.48) (1/2°,3/2) 1918.48) (1/2,3/12)° 1918.510) 1/2,3/2 1922
1925.915) (1/27,3/2) 1925.915) (1/27,3/12)°
1926.Q9) 1/2%),3/2% 1926.Q9) 1/2%),3/2%
1927.98) 1/27,3/17 1927.98) 1/27,317
1930.614) 5/2 1930.614) 5/2
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TABLE IV. (Continued)

Final (d,p),(d,t) (N, Ypri) Previous studies
E.(keV) J7 E,(keV) J7 E.(keV) J7 E,(keV) J7
1933.311) 5/2°,712 1933.311) 5/2°,712
1938.47) (7/12%) 1938.47) (712H°
1945.8823) 1/ 1946.18) 1/ 1945.85%24) 1/2,317
1954.5022) 3/ 1954.65) 3/ 1954.4625) 1/2,3/2 1953
1958.16) 1/27,317 1958.16) 1/2°,317 1960 (7124
1964.64) 5/2 1964.64) 5/2
1971.4718) 1/2%) 1971.Q9) (1/29)° 1971.4918) 1/20),3/20)
1972.58) 5/2 1972.58) 5/2
1980.310) 1/2 1980.310) 1/2 1981.610) 1/2%,3/2 1978 (1/2%
1983.38) 1/2% 1983.08) 1/2 1983.55) 1/2%,3/2
1989.219) 3/ 1989.219) 3/ 1992 (3124
1996.44) 5/2 1996.44) 5/2
1997.37) 1/2 1997.37) 1/2
1997.36) 3/2° 1997.36) 1/2°,317
2003.28) 3/2+ 2003.28) 3/2,5/2
2006.514) 5/2 2006.514) 5/2 2007
2007.54) 1/2+,3/2F 2007.54) 1/27,3/2
2011.6613) 3/ 2012.28) 3/2 2011.6%14) 1/27,3/12
2032.74) 5/2(4) 2032.74) 5/2%) 2030
2033.0018) 1/2°,317 2033.0018) 1/27,3/12
2038.317) 1/2°,312 2038.317) 1/27,3/12
2039.6315) 3/2 2039.35) 3/2 2039.6816) 1/27,3/2°
2042.Q6) (3/2",5/12% 2042.46) (3/2",512%° 2042 (5/2%)
2044.515) 5/2 2044.515) 5/2
2048.76) 1/22 2048.76) (1/27,3/12)°¢
2050.9119) 1/2 2051.99) 1/2 2050.8620) 1/2+,3/12
2053.413) 1/27,3/17 2053.413) 1/2,317 2053
2058.@8) 71278 2058.@8) 5/2°,712
2074.1612) 1/2°,317 2073.76) 1/2°,317 2074.1812) 1/2,317 2071
2074.16) (512°,712) 2074.16) (5/12°,712)°
2081.98) 1/2 2081.98) 1/2 2081 (7124
2087.49) 1/20),3/20) 2087.89) 1/20),3/29
2088.110) 5/2+ 2088.110) (8/2*,5/2%) 2089
2092.57) 5/2 2092.57) 5/2
2100.86) 1/27,317 2100.88) 1/2°,317
2103.@8) 5/2 2103.08) 5/2
2105.16) 3/2 2105.16) 3/2 2106
2110.65) 1/20),3/20) 2110.85) 1/20),3/20)
2115.110) 3/ 2115.110) 3/2
2116.75) 1/2+,3/2F 2116.75) 1/27,3/2
2121.712) 5/2°,712 2121.712) 5/2°,712
2121.75) 1/20),3/29) 2121.75) 1/20),3/29
2125.814) 3/ 2125.814) 3/2
2134.312) 1/20,3/29 2134.312) 1/20,3/20 2134
2136.810) 3/2°,5/2° 2136.Q7) 3/27,5/2¢ 2137.65) 1/2%),3/2%
2149.910) 5/2 2149.910) 5/2
2150.94) 1/2,3/2 2150.94) 1/2,3/2
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TABLE IV. (Continued)

Final (d,p),(d,t) (N, Ypri) Previous studies
E.(keV) J7 E,(keV) J7 E.(keV) J7 E,(keV) J7
2153.410) 1/2,3/2 2153.410) 1/2,3/2
2158.5916) 1/2,3/2 2158.5916) 1/2,3/2 2157 (1/2,312
2162.q20) 5/2 2162.q20) 5/2
2162.48) 1/2°,317 2162.68) 1/2°,312
2165.3917) 1/2,3/2 2165.3917) 1/2,3/2 2166
2169.220) 3/2 2169.220) 3/2
2176.220) (5/12% 2176.220) (5/2H°
2178.710) 1/27,317 2178.710) 1/27,312
2182.3912) 1/27,317 2182.3912) 1/27,317
2186.Q20) 5/2 2186.420) 5/2
2187.9823) 1/2°,317 2187.9823) 1/27,3/12
2190.814) 1/20,3/20) 2190.814) 1/20),3/29
2193.85) 3/2 2194.311) 3/2 2193.76) 1/27,3/2° 2194 (1/2,312
2200.810) 1/20),3/20) 2200.810) 1/20),3/29
2203.111) 3/2 2203.111) 3/2
2203.84) 5/2 2203.84) 5/2
2206.610) 1/2,3/2 2206.10) 1/2,3/2
2210.6727) 1/27,317 2210.6727) 1/27,3/12
2212.89) 5/2 2212.89) 5/2
2215.0127) 1/2,3/2 2215.0127) 1/2,3/2
2222.q4) 5/2 2221.710) 5/2 2222.Q5) 1/2,3/2,5/2
2234.3214) 3/2 2233.112) 3/2 2234.3414) 1/27,3/12
2242.37) 5/2 2242.37) 5/2 2238
2252.427) 1/27,3/2F 2252.4127) 1/27,3/2
2252.816) 5/2 2252.816) 5/2
2257.0214) /27,317 2257.0214) 1/2°,312
2261.2322) 3/2 2260.28) 3/2 2261.3423) 1/27,3/2°
2271.921) 5/2 2271.921) 5/2 2274
2280.97) 1/27,317 2280.97) 1/27,312
2283.7120) 3/2 2284.515) 3/2 2283.7020) 1/27,3/2°
2287.8Q018) 1/27,317 2287.8Q18) 1/27,317
2297.312) 3/2 2297.312) 3/2 2295 (1/2,312
2300.84) 1/2,3/2F 2300.84) 1/2,3/2
2303.44) 5/2 2303.64) 5/2
2306.420) 3/2 2306.420) 3/2
2315.2217) 1/2°,3127 2315.2217) 1/27,3/12

®From construction of rotational bandsee Sec. 1.

PAccurate values determined by fit of secondaryy rays(see Table V.
“Anomalous DWBA fit of differential cross section.

YDetermined by placement of secondaryays.

identification of the levels of this rotational bafit] is con-  588.517%), 705.32), 759.82), and 938.7 ke(A)).
firmed. The spectroscopic factors observed in (thgp) re- The newly observed level at 938.7 keV is proposed as the
action for this band are in reasonable agreement with outt member of this band. The spectroscopic factors observed
Coriolis band mixing calculations. The levels of this band areagree qualitatively with the model calculations for bédhp)
according to our calculations built upon the intrinsic configu-and (d,t) reactions. The lowest three levels of this band are
rations that apart the maig'[523] component contains non- strongly populated by primary rays[11,19 and strongly
neglible contribution of th§[512] state. depopulated by secondany rays in the(n,y) experiments
The 3[521] band Levels at 507.724), 558.2113), (see Table V. The resulting band parameta#, a) are pre-
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TABLE V. Gamma-—decay of levels if?°Gd observed in thén, y) reaction. Several transitions reported in Biedecay of'>€u[10] are
included.E;, J7 andE;, Jf denote the energy, spin and parity of the initial and final level, respectiglindicates the gamma-ray energy.
Gamma-ray intensitiek, are given per 100 neutrons captured or per B0@ecay, the latter quantities are presented in parenthesis.

E Jr = J7r E, L, E Jr E; J7 E, L,
(keV) (keV) (keV) (keV) (keV) (keV)
50.627 g- 0.0 8- 50.7 858.51 g 0.0 8- 858.39 0.8
67.829 * 0.0 8- 67.8° (19.2 50.627 5~ 807.60 0.4
50.627 2~ 17.° (1.6 67.829 37 790.90 15
118.686 'y 50.627 37 67.8° (19.2 118.686 1° 739.843 0.7
67.829 37 51.¢" 872.64 - 0.0 - 871.4 (0.21)
121.899 '3 0.0 2 121.¢' (0.4 67.829 g* 804.739 0.7
50.627 27 71.4 (1.1 118.686 g* 754.03 0.3
146.316 8- 0.0 3T 146.32% 1.4 146316 5~ 72647 0.20
50.627 27 95.68% 2.6 227.412 17 645.7 0.4
67.829 %* 78.6" 9.1 880.63 g*,g* 67.829 %* 813.12 0.2
185.0 2% 67.829 37 118.2 118.686 17 763.1° 0.3
212.6 2 121.899 1I° 90.4' (0.6)
227.412 - 0.0 - 2278 (1.6
50.627 5~ 176.9 1.3
67.829 g* 159.547 0.3 948.35 . 67.829 g* 880.8' 0.3
118686 L° 108.8 (0.28 118686  ° 829.7 0.6
121.93 17 105.8' 0.7 185.0 g* 763.F°¢ 0.3
146.316 2~ 80.4 1.2 227.42 17 720.9' (0.16
330.479 8- 146.316 2~ 184.163 0.4 974.29 i 0.0 8- 974.72 0.5
22741 17 102.58 0.7) 507.724 17 466.618 1.4
507.724 2 0.0 - 507.727 5.2 558211 £~ 416.09 0.2
558.211 - 0.0 - 558.195 2.7 100162  2* 0.0 - 1001.61 0.7
50.627 37 507.639 3.7 50.627 27 951.06 0.3
588.517 s” 0.0 $° 58854° 020 1061.70 1~ 0.0 $° 1061.68 1.6
50.627 3~ 537.86 1.4 146.316 3~ 915.7 (0.1
12193 17 466.618 1.4 1079.39 1- 50.627 3~ 1028.62 1.1
601.977 g+ 0.0 8- 601.969 4.3 146.316 2~ 933.08 1.2
50.627 3~ 551.388 2.1 1082.54 8" 0.0 8- 1082.37 0.5
67.829 g* 534.12 0.3 67.829 g* 1015.02 0.7
633.60 'y 50.627 27 582.85 0.20 118.686 L° 963.85 1.2
646.697 2t 0.0 - 646.7% 1.3 146.316 3~ 936.F (0.29
50627 S~ 596.068 0.8 507.724 1~ 575.5 (0.2
121.93 I~ 524.77 0.9 1110.25 - 67.829 g* 1043.7 (0.5
146.316 2~ 963.85 1.2
710.38 i 50.627 3~ 659.26 0.3 1129.19 i 0.0 8- 1128.47 1.1
121899 17 58858° 020 50627 &7 107857 1.0
212.6 2” 498.7 0.3 1139.84 1- 0.0 8- 1139.90 1.9
732.87 801" 67.829  2° 665.04 0.20 781.556 1° 358.264 0.2
118.686 17 613.4 (1.3 1145.60 g- 50.627 27 1095.18 0.8
744.378 gt 0.0 3" 744.37% 0.6 781556 17 364.029 0.3
50.627 2~ 693.7% 0.5 1159.90 2t 0.0 2° 1159.4 (0.0
67.829 g* 676.512 1.7 50.627 27 1109.6 (0.26
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TABLE V. (Continued)

E Jr E; iy E, l, E Jr =H J7 E, l,
(keV) (keV) (keV) (keV) (keV) (keV)
781.556 1 0.0 g- 781.56 1.0 118.686 1° 1038.2 (0.19
67.829 g* 713.649 2.0 1394.45 %*g* 872.64 27 521.4 0.19
507.724 1~ 273.856 0.20 14002 1737 50.627 3~ 1350.8 0.12
800.45 g* 0.0 2- 800.39 0.20 1431.0 %*g* 0.0 2- 1430.8 2.0
67.829  2* 732.68 0.20 1468.31 g 0.0 8- 1468.6 (0.29
118686 ° 681.7P 0.7 1520.86 1- 0.0 8- 1520.6 0.7
12193 17 678.53 0.3
818.89 2t 50.627 37 768.15 0.3
67.829 37 751.23 0.5
118.686 g* 700.163 1.0
185.0 g* 633.78 0.4
646.697 g* 172.368 0.3

dObserved in8~ decayonly. Transition energies and intensitiggiven in parenthesjsare taken from Ref[10].
®Observed inB~ decayalsa Transition energies and intensities are taken from Table 1.
“Multiply placed (doubley.

cisely conserved with increasing spin. The level spacing pat- The 151[505] band Level at 684.16 ke(}gl).

tern observedwith decoupling parameteai=0.46) is very The differential cross sections of the transfer reactions
closely reproduced in neighboring odd-A nuclei frdfiGd  populating this level suggest the transferred momentumn is
through'61Gd and'®'Dy and '%%r [52-56. The recent sug- =4 or =5 in the (d,p) reaction, and the total angular mo-
gestion to rearrange the level spacing in this band known imentumj :g" or 151‘ in (d,t) reaction. Our choice is based
157Gd [54] by lowering the level and yieldinga=-0.13  on the previous identification of this state #f°Gd at
[16] is not supported in our analysis. 681 keV[1]. The corresponding experimental spectroscopic

TABLE VI. Evolution of the experimental effective rotational paramet&rand decoupling parameteasof rotational bands if®%Gd.
Corresponding values obtained in the model calculation with the Coriolis interaction indlsele®ec. jland the pure Nilssoa values
are given in the two rightmost columns.

Band Energy A values(in keV) anda-parameters
KINn,A]  (keV) %—3/2(—5/2) 3/2-5/2-7/2) 5/2-7/2-9/2) 7/2-9/2-11/2) 9/2-11/2 11/2-13/2 Coriolis  Nilsson

3[521] 0.0 10.12 10.18 10.10 10.19 12.1

[642]  67.829 7.27 7.43 8.05 7.59 14.9

°[523] 146.316 11.58 11.45 11.45 12.3

i[521] 507.724 11.40.47  11.3%0.47) 11.350.46) 11.20.45 11.60.37 (0.37)
[651]  601.977 8.96 8.8

11633  633.60 14.16 13.87 115

3402 744.378 11.22 11.02 11.6

1[660] 781.556  8.86L.9) 7.0350 (5.09
3[512]  872.64 10.85 10.55 10.6

14000 974.29 10.2¢-0.14 10.15-0.14  10.44-0.16 9.6(-0.35 (-0.35
3537  1110.25 13.64 11.71 14.04 11.2

I[514 11347 7.66 6.9

1[530] 1139.84 11.80-0.83 14.24-0.49  11.30-0.36 9.9-0.45 (1.24
(5100 1579.6 13.08-0.39  12.76-0.41) 10.1-0.53 (-5.90
512  1637.8 12.88 9.2

(651  1983.3 11.86-0.44 11.8-0.44 (1.59
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factors confirm the proposed identification of this level as as interpreted in the model calculations as a state composed
hole state in'*%Gd, in agreement with the systematics of this of the £[514] component with a significant contribution of

orbital in neighboring odd-A nuclei. , the I[503] Nilsson configuration with non-negligible
The 5[5192] band Levels at 872.64), 948.387) and quasiparticle-octupole-phonon admixtures. This orbital has
1043.2 ke\f(z). S _ _ been previously reported only #73Gd at 636 keV[52].
The previous identification of this band #¥°Gd [1] is The 1[510] band Levels at 15796), 1603.362)

confirmed. The level at 1186 keV, previously proposed a
the 151_ member of this bandl], was not observed in our
experiments. While thé level is not observed in the transfer
reaction experiments, thé level exhibits a large spectro-
scopic factor in theéd, p) reaction. This is explained, at least
partially, by the model prediction. According to our calcula-
tions the intrinsic structure of this band is regarded as a mix
ture of the2[512] and 2[523] Nilsson configurations. This
band is well reproduced in the neighboring nu¢@Gd and
161Dy [55]. In *5%Gd merely the member has been identi-
fied [54]

The 2[532 band Levels at 1110.23), 1178.63),
1239.4%5, and 1365.9 ke(2).

91693.5 ke2), and 1728.3 kelZ).

The previous assignment of thglevel at 1603 keV to
this band[1] is confirmed. TheZ and  levels at 1638 and
1751 keV[1] are not observed in our experiments. We pro-
pose three newly observed levels to this band including the
band head. The spectroscopic factors observed for these lev-
els and the rotational band parameters derived from our ex-
periments are in good agreement with the model values. Our
rotational band paramete®=12.9 keV, a=-0.39 agree
with those reported fot®%Er (A=12.3 keV,a=-0.38 [56]
but differ from those reported fot°*Gd (A=15.3 keV, a
=0.1), '*1Gd (A=11.0keV, a=-0.18, and Dy (A
=11.7 keV,a=-0.09 [53,55,56. Our QPM calculations in-

The previous identification of this band #°Gd [1] is . A . .
p d includi h | b - | dicate that the corresponing intrinsic configuration has a
confirmed including the newly o servetg evel at complex structure.

1365.9 keV. The observed spectroscopic factors are in agree- 9 1
ment with the interpretation of this band. Our calculations The ;[514] band Level at 1622.3 ke(/‘;).

show that due to the Coriolis interaction the levels of this
band should be interpreted as mixtures of §18632] and 2 . ) . 0

P éi | reaction that describes the population of this level indicates
_9

1 . . . .
5[530] configurations. We find that admixtures of thlgb30 + Z o S
21530 g %][ ) eitherj=3 or%l . Our tentative interpretation is based upon

configuration into the experimentally observed levels arethe large experimental spectroscopic factor. This orbital has
typically 25-50%. The% state is, within the model used, 9 P P P '

interpreted as an almost ideal superposition of both com‘igur—]Ot been previously reported in neighboring oiduclei

. : . . . 7 [50].
rations. Such an interpretation expla|_ns the lowering oféthe_ The 3[517] band Levels at 1637.@), 1702.4%). and
level and consequently the change in the moment of inertia 2

within this band. This band is well reproducedGd [16] 1809-25;)- . _ _
and 155Gd [53]. The systematics of this orbital in adjacent These levels are tentatively assigned to this band based on

odd-A nuclei supports the proposed identification. the large spectroscopic factors observed in () reac-
The 1[530] band Levels at 1139_&%), 1145.6(15%), t|_on. Th|.s identification is supported by their excitation ener-

1253 ﬁﬁ 1303.41) and 1442.8 kel) gies which are close to th§510] band[57], and also by our
Th. 3! q8 I. 2|’ : I- 2 dto this b QPM calculations predicting the corresponding intrinsic state
©2 and; 'eVels prewousyass;gr;e o this bejig are with non-negligible quasiparticle-phonon admixtures in the
suitable energy region. The level spacing and the rotational

confirmed in this work. Additionak, 7, and 151 levels re-
ported at 1238, 1301, and 1390 k¢}] are not observed in and parameteA=13.0 keV, derived from the experimental
ata are in reasonable agreement with the level spacing and

our experiments. Instead, we propose to assign three new
measured levels to this band as indicated. The spectrosco Cind parameters reported for this band“§fDy and 15Gd
factors measured for these three levels are in reasonab £, 55. The 3[512] orbital appears very close to te510]
agreement with the model calculations. As mentioned earlie rbital .also i%153Gd 52] PP y

(see§[532] band, our calculations indicate strong Coriolis 0 The 217701 b dE_ ’ Is at 1997 @) d 2058 f)%)

coupling of the3[530] and $[532] configurations. The ob- €,770] band Levels a 3/ an 2

served rotational band paramet@fs=12.9 keV,a=-0.56 We tentatively propose these two levels as can(Ijlde_ttes.of
agree well with the values recently reported f87Gd (A rotational Ievels' to this 'bar]d. The proposed identification is
=10.5 keV,a=-0.5) [16]. These values differ from the ro- base_d on the high eXCIta.Clon enhergy an_d the I_arge spectro-
tational band parameters previously reported ¥Gd (A scopic factors observedlln_ the,p) reaction which corre-
~5.6 keV,a=—0.10 [54], 161Dy (A~9 keV, a~—1.5[14]), spon? to thg: model predlptlons, see also REfg] and[58].
155G (A~ 13 keV, a~~1.0 [15]), and 15%r (A=8.9 keV, The 5 and ; levels of this band are expected to be only
a=0.53[56)). weakly populated58].

The[514] band Levels at 1134.) and 1203.5 ke\2).

We propose this identification based on the spectroscopic
factors observed in the transfer reactions which are qualita- The 2[642] band Levels at 67-82@, 118.6869,
tively well reproduced by the model predictions and the ex-185.03), 273.4%), and 372.7 ke{A)).
citation energy expected for this orbital in this regid8]. The previous identification of this band #%°Gd [1] is
The intrinsic configuration on which this band is built upon confirmed. Coriolis band mixing calculations predict that

Similarly to the % level at 684.16 keV discussed earlier
(see%l[SOS] band, the differential cross section of ttid,t)

C. Rotational bands with positive parity
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these experimentally observed states should be considered @s8.51 keV as th<§+ state of this band based on the spec-
the band built upon th&[642] configuration with admixtures  troscopic factors and the resulting level ordering. In our
of the %[651] and %[633] Nilsson orbitals(each typically model calculations, the levels of this band appear as mixtures
with 10%—-20%. The spectroscopic factors observed forof several quasiparticle configuratiorisee 2[651] band.
these levels agree with the calculated values. Together witfihis rotational band is well reproduced #°Gd [15] and

the 3[651] orbital, the 3[642] orbital appears as a particle with a reversed level ordering i¥'Dy.

state in'5315Gd, and as a hole state #715%1%6d. The The 1[400] band Levels at 974.29), 1001.623),
2[642] orbital becomes the ground state'fiDy. This rota- 1059.65, 1120.3%), and 1229.8).

tional band is well reproduced #%’Gd [16] and, to a lesser The%l level was previously assigned to this bajid. A

extent, also in'®'Dy [55] and *>°Gd [53]. previously reported level at 1061 keM[1] is now proposed
The $[651] band Levels at 601.9%%), 646.6913), and  as theS member of this band based on precise spin assign-

710.38 keVZ). ment deduced from théd,t) reaction. Additionally, theZ

The previous identification of this band f%Gd [1] is  and? states are identified. These assignments are based on
confirmed including the newly observed level at the observed spectroscopic factors and the resulting rota-
710.38 keV which is reported ip-vy coincidences in8” de-  tional band parameters. This rotational band is well repro-

cay of ®Eu[10] and confirmed by our secondapyray data  duced in1%5Gd [15] and 'Gd [16] and, with a reversed
(Table V). Coriolis band mixing calculations indicate that the ordering, in'®'Dy [14,55.
observed levels should be considered as mixtures of the main The 1[404] band Levels at 1532.4 ke(\g) and

component with thé[660], 2[642], and2[633] Nilsson con- 1631 4 kzé\@)_

figurations; these admixtures depend on the level spin and The |evel at 1960 keV previously assigned as%heem-
their sum is 20-40%. These effects can, at least qualitativelyyar of this band1] is not observed in our experiments. Our
account for their iregular and weak population in the tranSinterpretation is based on the spins, energies and spectro-
fl%r reactions. This rotational band is well reproduced ingcopic factors observed, which agree with our model values

Dy [14] in contrast to _the |rregu_lar and inverted 1I5e7vel S€-and with the values presented in Ref§7] and [58]. The
quence reported for this band i*°Gd [15] and **'Gd  pang head of thé[404] rotational band has been observed at
[16,59. 1297 keV in155Gd [15], at 1416 keV in'®Dy [55], and at

The E[?Ef”] band Levels at 633.6¢) and 1825 keV in 1®'Gd [54]. Rather large quasiparticle-
1093.0 keV). uadrupole-phonon admixtures into the intrinsic state the

These newly observed levels are proposed for this bangand is built upon are predicted in our QPM calculations.
based on their spectroscopic factors and excitation energies. The 5[402] band Level at 1964.6 kel2)

The final spin assignmen{3able IV) are selected according
to the model values of spectroscopic factors. The two experi
mentally observed levels appear due to the Coriolis 'meracépectroscopic factor observed in the,t) reaction which

tion as states that, aside the mg[633) component, contain - 5 ree with the model values and the values reported in Refs.
also non-negligible admixtures of thg660], 5[651], and [57] and[58].

2[642] Nilsson configurationgsee3[651] band. The7[633] The 3[651] band Levels at 1983.3), 2003.23), and
orbital has been reported at 1231 MeV 1¥Gd [59], at  0gg 1 keVd).

We tentatively assign the level at 1964.6 keV as §1e
state of this band based on the excitation energy and the large

510 keV in**Gd [50], and at 772 keV in'®'Dy [50]. A 3 The group of levels around 2 MeV previously assigned to
level at 1146 keV has been assigned to this band®¥8d  this band[1] is confirmed. The excitation energies and spec-
[15]. . 5 troscopic factors observed for these levels in (thg) reac-
The 3[402] band Levels at 744.37§), 800.433), and  tion reasonably agree with the model valdsse also Refs.
876.5 ke\%). [57] and [58]). This band is reported with a similar level

The$ and? levels previously assigned to this bafidare  ordering (E;-1,,=1490 keV,A=5.7 keV, a=1.30 in *'Dy
confirmed. We propose the newly observed level af55] and with a different level spacingg;-1,,=1434 keV,
876.5 keV as thg member of this band based on its excita- A=7.3 keV,a=-0.5) in 1%5Gd [15]. In **%Gd [52], this or-
tion energy and spectroscopic strength. 'gh‘ﬂember exhib- bital is reported with the bandhead at 731 keV and with an
its the largest experimental spectroscopic factor in(thg)  irregular level ordering.
reaction. The lowest two levels of this band are strongly
populated[11,17 and depopulated in thén,y) reactions
(Table V). The spectroscopic factors observed for the three The effective rotational parametefsand decoupling pa-

D. Rotational band parameters

levels are in agreement with the model predictions. rametersa (for K:%) for the rotational bands were calculated
The %[660] band Levels at 781.55((%), 818.8§§), and  from two or thregfor Kzé) adjacent levels using the expres-
858.51 keV3). sion
The lowest two levels previously assigned to this bgtjd

+ 7+

— _1\J+1/2
are confirmed in our data. Th% , 3, and 133+ levels at E=Eor AN+ D+ (-7 a0+ 1/2)] @

1001, 1282, and 1056 keM.,9] are not observed in our ex- The band parameters deduced with this equation are listed in
periments. We propose the newly observed level affable VI. The experimental values obtained reflect the regu-
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TABLE VII. Levels in %Gd proposed as candidates for
quasiparticle-vibrational states. The energy predicted in QPM cal-
culations is included; the dominant configuration and its percentage
is given.

EexgkeV) Eyn(keV) J™ Configuration
1128.73 1850 112 3/2521{Qg1+Q32}95%
1159.90 1879 5/2 3/2[521]Q3,93%
1782.53 1785 1/2  5/2642]{Qs3+Q3,164%

E. Comments on quasiparticle-vibrational states

Many of the low-lying levels observed in th&%Gd
nucleus and most of the observed secondarsays have
been identified among low-lying states which exhibit domi-
nant quasiparticle characters. Nevertheless, the possibility
that collective vibrations are in some degree present in ex-
perimentally observed states cannot be exclu@&j espe-
cially at higher energies; fol°>Gd see, e.g., Ref60].

From the spectroscopic results obtained in this work, we
make the following tentative suggestions regarding possible
candidates for quasiparticle-vibrational states'3%Gd. The

spin(in /2 unit9 of levels as well as band assignments in terms Ofobservedy decays of levels at 1128.73 and 1159.90 keV to
Nilsson states are given. Also, the experimentally observed rotage ground state rotational baisee Table Y and the rela-

tional band parametera (in kilo-electron-volt3 and a are indi-
cated. The dominant character of orbitals, either libleor particle

(P), is denoted as subindex.

tively strong population of these levels by primayyrays
[11,12 suggest quasiparticle-vibrational admixtures to these
levels. The latter level is observed in tha,t) reaction with
a rather large spectroscopic factor. Both these levels would

larity of the bands. The corresponding values deduced frongorrespond to the coupling of the octupole ghonon(the

the model calculations with Coriolis interaction includede

Sec. V) and the Nilssora-values are presented in Table VI
for comparison. The rotational band parameters given irg+
Figs. 8 and 9 are arithmetic averages of the correspondingt

values given in Table VI.

2088.1 5+
2003.2 31 &
19833 1 19626
172[651], 5/2[402],,
A=119
a=-0.44 1631.4 o+
15324+
7/2[404],,
A=9.1
1229.3 9*
11203 7
1093 + Aleuo
B 1059.3 ———5"
1001.6 = ?
8765 8585 3" ;
800.5 ', 818,9_5: 1/2[400]H
a3 104 g 7816 1 A=10.3
3/2[402],, 646.7 st 6336 7t 1/2[660] , a=-0.15

A=111 502 7/2[633], A=89

3/2[651],, A=7.8 a=1.91

3727 _ .+ A=90
2739 7,
185 L
118.7—+
O I
5/2[642]
A=786

FIG. 9. Positive-parity rotational bands 1%d (see caption of

Fig. 8).

lowest vibration in'58Gd observed at 977 ke¥50]) to the

_ground stat€[521] orbital in %%Gd yielding a pair o " and

states. However, the QPM calculations place these levels
higher energies. Thé' level observed at 1782.53 keV in
the (d,p) reaction is suggested as a possible candidate of a
quasiparticle-vibrational state based on its relatively strong
population by the primary rays[12], excitation energy and
spectroscopic factor measured. This identification agrees
with model calculations which predict a complex state with
dominant§[642]{Q33+Q32} components in this energy re-
gion. These levels, as candidates for quasiparticle-vibrational
states, are listed in Table VII where we include the proposed
configurations and corresponding excitation energies derived
from the model calculationgSec. V).

V. SYSTEMATICS OF ADJACENT NUCLEI

An essential result of nuclear spectroscopic studies is the
establishment of the systematic behaviour of nuclear excita-
tions. Single particle excitations identified with their Nilsson
assignments represent the basis for the shell model interpre-
tation of deformed nuclei. The systematic variation of ex-
perimental band head energies of predominantly single par-
ticle bands in the odd-mass Gd isotopgs 64) is displayed
in Fig. 10. Excitations with dominant particle and hole char-
acter are plotted with positive and negative energies, respec-
tively. The level energies are taken from the following refer-
ences:'>Gd [52], 1%%Gd [15,53, 1°'Gd [54,59, and 15'Gd
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O
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5/27[642] . X
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st 3/2*[651]
127 41—
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E 1/27 54— 3/2'[[532!]
O
s | 7/2'1404
' 9/27514]
5/2¥[402]
153Gd 155Gd 157Gd 1SQGd 161Gd
[55]. Figure 10 appears very similar to a corresponding plot VI. MODEL CALCULATION

of single particle excitations in the Dy isotopgk4]. Even
details are reproduced, for instance, the increase and de-
crease of the excitation energy of the521], 5[512], and The low-lying states in odd- deformed nuclei can be
3[523] particle states with the neutron number. This systemsatisfactorily described within the adiabatic approximation of
atic information should help to perform precise calculationsthe separation of intrinsic and rotational motion. In order to
for deformed nuclei. describe the intrinsic nuclear motion and vibrational admix-
Similarly, the systematics of the band head energies ofures to quasiparticle states in particular, we adopt the QPM
single particle excitations across odd-mass nuclei Wth based on the assumption that the experimental data reflect
=95 is shown in Fig. 11. The level energies are taken fronthe fragmentation of quasiparticle and quasiparticle-phonon
the following references*®>’sm [50], 1®'Dy [14,55, 16%€r  states[29]. To this end, we assume an axially symmetric

A. Formulation

[56], and'®5Yb [50,61. average nuclear field in which nucleons move and interact

oL 1127770} —— _

7271657] 3/27[512]
0 -
D | 1/27[510
o 7
= 7/27[514]
(U —
o [
5/2_[512]_K

- esEs—

gr 1/271521]
s 5/27[523]
0 . .
E © 3/27[521] i FIG. 11. Systematics of quasi-
w 5/2*[642] particle states for theN=95

11/27[505] isotones.

[3/2*[651]
3/2*[402
o 1/27[400] 1/27[530]
- 1/2*[660

-05

)] T
o
O I
T el327532 ——2[404]
' 92 [514—
s 5/2"[402—
157Sm 159Gd 161 Dy 163Er 165Yb
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through pairing as well as residual interactions. The short- B. Results and discussion
range pairing of protons and neutrons is solved in the con- Results of our calculation on the structure of individual
stant pairing gap approximation. The long-range separablgytrinsic states in thé®Gd nucleus are presented in Table
multipole-multipole residual interactions between nucleonsy|||. This table contains the experimental and theoretical
are treated microscopically within the random phase approxihand head energies as well as the structure of the intrinsic
mation(RPA). The rotation of the whole system in the labo- states up to 1.8 MeVabove 1.8 MeV many complex states
ratory frame is taken into account using the standardyith quasiparticle-vibrational components appedihe ad-
quasiparticle-rotor model. _ . mixture of the dominant quasiparticle configuration and ad-
Assuming that the odd proton and neutron quasiparticlegjtional quasiparticle-phonon admixtures are indicated. The
move independently, we first generate the system of quaskyicyjations carried out show that most of the low-lying

particle states for the even-even core in the average Nilsso(rlu:-<1 MeV) instrinsic states if®%Gd can be understood as

potential. We adopt the potential parameters as reCoM Imost pure quasiparticle states. However, with increasin
mended in Ref[29] and the quadrupole and hexadecapole P q P : ' 9

deformation paremeter§=0.25 andB,4,=0.08. All proton exgitation energy, the mpdel prfedict_s more complex configu-
and neutron shells with the main quatum numblgrs2—7 rations; states with dominant vibrational components should

are included in the calculation. Pairing gaps are taken ali€ Preferentially above 1.8 MeV in this nucleus. These re-
A,=0.87 MeV andA,=0.75 MeV for protons and neutrons, sults agree with a similar description 61°Gd [60]. An in- ,
respectively. Fermi levels are approximated by the modeferesting result of our calculations is that the lowest two in-
particle energies of the ground state in the159 nuclei trinsic states With]”:g_ in 1%9Gd should be considered as
159Gd and®°Th. In a next step, phonon excitations of the combination of the§[523] andg[512] Nilsson states. Simi-
even—even core are evaluated by solving the RPA equatiofgyly, the lowest intrinsic state with"=2 " that is assigned as
We restrict ourselves to quadrupole and octupole charge inye 1[514] state contains non-negligible contribution of the
dependent excitations. The exper|meqtal energies of quadrq[503] Nilsson configuration. The quasiparticle-phonon ap-
pole and octupole one-phonon states in the even-even neigR-

boring core!58Gd are used to deduce the strengths of théfroaCh fails to reproduce the intrinsic states with a dominant

L 5 1 i - identifi
residual multipole-multipole forces. Their values are namely2[770]’ 21402, or 5[651] configuration that are identified

E,-=977 keV, E,=1187 keV, andE,z=1196 keV for the xPerimentally near 2 MeV.

band head energies of the octupoleahd quadrupoley and In the Coriolis band mixing calculations we obtained rea-
8 bands in thé>®Gd core, respectivelf50]. For the collec- sonable agreement between experimentally observed levels

tive modes with vanishing spin projection onto the intrinsicand their model counterparts. All low-lyin@ <1 MeV) ro-

symmetry axis, we obtained, for example, the following Va|_tational bands were reprodqced with discrepancies lower
ues of the strength of the residual multipole-multipole inter-han 20 keV. These calculations reveal that the two near-

actions: x,,=1.67 keV and x3,=0.0582 keV. Finally, the 1ying rotational bands assigned as téESS()] and 3[532]
quasiparticle-phonon interaction is analyzed and the QPNpands should be interpreted as bands built upon mixed qua-
secular equation is solved. At this step, the quasiparticle erfiparticle configurations. Also, the states that we have as-
ergies are adjusted in order to improve the agreement béigned as members of the rotational bands built upon the
tween experimental and model energies. The resultant intrinz[ 5101 and 5[512] Nilsson orbitals should be, due to the
sic wave functions contain both quasiparticle andCoriolis interaction, regarded as states with strongly mixed
quasiparticle-phonon components exhibiting in such a waguasiparticle content. Similarly, we found that the experi-
vibrational admixtures into specific states. mentally observed levels that can be interpreted as members
States of rotational bands and their structures are calcwof the rotational bands built upon t%@633], 2[642], 2[651],
lated in the quasiparticle-rotor approach assuming the oddnd%[660] Nilsson configurationgfrom i,5,,) have complex
valence neutron is coupled to the rigid rotator. The Coriolisstructures and are strongly coupled by the Coriolis interac-
band mixing calculation of the states is performed in a stantion. Calculated values of the moment of inertia and decou-
dard manner. Our model space includes 14 negative parityling parameters of all rotational bands included in the Co-
bands and 9 positive parity bandsitfGd. In our calcula- riolis mixing analysis are given in the last column of Table
tions, the intrinsic energy parameters, inertia parameters, angl to be compared with the experimental results obtained
also decoupling parameters of experimentally observegiith the simple rotational Eq4).
bands are varied to achieve the best agreement with experi- As a final test for the model interpretation of the experi-
ment. Due to the Coriolis interaction, resultant wave func-mentally observed levels, we calculated the spectroscopic
tions of a given spin and parity can be written as a lineafactors of the pickup and stripping processes. The calculated
combination of the intrinsic quasiparticle states with possiblejalues obtained in the Coriolis band mixing calculation are
quasiparticle-phonon admixtures. summarized and compared with the experimental results in
We use the Nilsson model asymptotic quantum number§able IX. With few discrepancies, we find that the relative
K[Nn,A] as labels of individual quasiparticle states. Phononvalues of most of the experimentally observed spectroscopic
states are listed &, , where\ is the multipolarity of the factors in a rotational band are satisfactorily reproduced by
phonon andu is its projection on the intrinsic symmetry the model factors labeled by the main quantum nunier
axis. The basis of the quasiparticle-phonon states are writteflom the dominant Nilsson assignment of a state. For ex-
asK"[Nn,A]Q, .. Experimentally observed levels are usually ample, experimentally observed spectroscopic factors of
assigned by its dominant quasiparticle component. particle-hole structures of the lowest five rotational bands are
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TABLE VIII. Structure of low-lying intrinsic states if®%Gd. Experimental band head energies are compared with values obtained in

QPM calculations. Percentages of the main components of the quasiparticle-phonon admixtures are given. Only components greater than 5%

are included. Level energies are given in kilo-electron-volt.

J7 Eexp Emn StructureK[Nn,A]Q),,

3" 0.0 0 3[521]83%

s 67.829 89 2[642]84%

8" 146.316 93 5[523]42% +3[512]30% + 3[642]Q30}8 % +{ $1615]Q33 7%
i 507.724 497 5[521]71%

3 601.977 578 2[651]77%

* 633.60 672 11633168% +H3[521]Q3,16%

u- 684.16 695 2505185 % H 2[402]Q33}9%

N 744.378 755 21402181 % +{3[4001Q,,}8%

L 781.556 799 5[660181%

8- 872.64 1088 2[512141% +3[52345%

L 974.29 989 5[400]70% + 3[402]Q,213% + 3[521]Q31} 7%

3" 1110.25 1126 2[532]73% +{ 3[402]Q3012%

1" 1134.7 1177 11514147 % +1[503]121% + 5[606]Q33112% + Z[633]Q30}8%
1" 1139.84 1172 5[530182% + 5[400]Q30}6%

s 1186 21402122 % HF505]Q3355% + 5[ 400]Q225%

1 1532.4 1526 11404168% +3[4021Q,}22%

1" 1579.6 1714 2[510139% H 3[642]Q43}20% + 3[642]Q3,}8 % +{2[512]Q,,}5%
8- 1622.3 1643 2[514183% +H{ 2[411]Q35/6%

2" 1637.8 1770 2[512163% +H{ 2[5141Q,,}8%

N 1785 {3[521]Q4,183% H 3[521]Q30}5%

®Energy of rotational band levesee Sec. V.

well reproduced in our calculatiorisee Table IX. It should  spin up to%l have been measured up to 2.3 MeV. Most of
be noted that, in a more realistic picture, the spectroscopithese levels are proposed with definite assignments of spins
factors with other main quantum numbexsand/or higher and parities thanks to the measurements done with a polar-
order nondiagonal effects stemming from quasiparticlejzed deuteron beam. The DWBA formalism served as a use-
phonon admixtures to a state under consideration may| tool to describe the differential cross sections of these

modify the cross sections. reactions populating the vast majority of the levels reported.
Several differential cross sections exhibited discrepancies
VIl. CONCLUSIONS with the DWBA predictions which may be due to higher

order and multistep processes. A detailed description by the

In this work, the(n,y), (d,p), and(d,t) reactions mea- CCBA formalism is suggested as an attempt to describe these
sured with greatly improved resolution and sensitivity havecases of anomalous angular dependencies of cross sections.
been used to study the structure of #i#&d nucleus. A well The interpretation of the structure of this nucleus has been
established level scheme of this nucleus has been constructpebvided for low-energy low-spin levels in terms of single
confirming previous interpretation of levels lying below quasiparticle excitations and their associated rotational
1.2 MeV and introducing many changes and new levelhands. Essentially all levels below 800 keV have been iden-
namely above this energy. From our sets of extensive dataified. Several levels exhibiting large spectroscopic factors in
and including the results from primanyrays from previous the transfer reactions and lying between 800 keV and
(n,y) experiments, we have identified a total of 276 levels in1.8 MeV remain unidentified. In total, 68 experimentally ob-
159Gd. served levels have been grouped into rotational bands. We

The(n, y) reaction was studied with high resolution bent- have confirmed or newly identify 12 negative parity bands
crystal spectrometers. We have observed 67 low-energy and 9 positive parity bands. Tentative assignments for four of
rays in 1°%Gd; among these 35 rays are newly observed. them have been suggested for the first time.
Based on a precise fit of the highly accurate meastrealy The intrinsic structure of levels was described within the
transition energies and the proposed level energies, 59 @fuasiparticle-phonon model. Most of the experimentally ob-
these transitions have been placed among low-lying levels.served low-lying levelfE<1 MeV) can be interpreted as

In the (d,p) and (d,t) reactions, about 200 levels with members of rotational bands developed above states with
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TABLE IX. Spectroscopic factoréx1073) of negative and positive parity bands 1#°Gd. Experimental valuegrom Table IIl) are
compared with predictions of the Coriolis band mixing calulations. Only absolute values of the f§ptursNg,d With main quantum
number of the dominant Nilsson assignment of a state are listed; quasiparticle-phonon admixtures are not taken into account. Also experi-
mental level energie@n kilo-electron-volt§ are compared with the model results.

(d,p) (d,n? (d.p) (d,n*

State m B BN §® g §°  §' State 1T B EN s g §° S

27521 2° 0.0 0 31 75 17 296 27[e42 3"  67.829 74 1 2 05 24
27 50627 50 3 25 13 73 I* 118686 119 25 11 70
17 121899 121 59 149 23 860 2% 1850 184 64 105 417
27 2126 214 70 259 18 977 gr 2739 2712 27 40 128
47 3249 325 24 12 3 223 LT 3727 368 149 352 54 1449

27523 27 146316 146 27 86 6 101 3'esy 2T 601.977 624 3 6 1.0 73
17 227412 227 78 252 8 506 5% 646697 621 14 05 239
27 330479 331 70 333 7 267 I* 71038 7093 8 80
37 4564 41 108 4 280 2* 789.7 1 49

27521 i 507.724 509 219 407 15 171 1'[e33 1" 63360 625 7 18 06 38
3" 558211 558 29 153 05 80 8* 793 33 192
2° 588517 589 67 255 10 179 g 800 19 78
7 7053 704 71 240 15 236 L* 10930 1068 35 187 137
27 7598 759 74 188 21 206
47 9387 939 15 67 9 108

U7s05) Y7 68416 684 17 98 82 1507

27512] 5 87264 873 22 18 37402 3" 744378 745 31 115 230 1379
17 94835 948 462 419 6 131 2% 80045 800 16 6 237
27 10432 1044 26 222 022 8 I* 8765 878 3 19 20 330

275321 2~ 111025 1116 6 5 49 24 1'ee0] ° 781556 756 12 6 63 71
27 11786 1176 41 9 628 3" 85851 868 2 4 7 63
17 12394 19 16 16 763 2" 81889 835 7 25 146
27 13659 1348 48 12 1238

17530 17 1139.84 1142 9 8 70 i'400] i 97429 975 20 90 180 983
27 114560 1158 4 34 154 476 3* 1001.62 1000 3 49 43 783
27 12831 1251 10 112 2% 10596 1060 4 14 13 249
17 13034 1.9 9 92 I 11203 1120 14 12 325
27 14428 1455 10 19 42 2% 12203 1229 13 3 7 77

17514 17 11347 1134 27 220 7 49 I°l404 1* 15324 1486 47 6 1145
27 12035 1204 66 329 43 2% 16314 1574 4 2 99

27514 - 1517 7 78 27402 27 19646 1964 35 24 1130
47 16223 1622 55 12 1440 1 2027 20 745

5100 i~ 15796 1606 8 9 3 165y i" 19833 1972 80 245 72
27 160330 1599 93 30 6 6 3* 20032 2027 215 89
27 16935 1642 31 15 14 2% 20881 2076 281 143
17 17283 1668 19 76 110

375120 2" 16378 1674 22 21 20 4
27 17021 1754 16 13 26 8
17 1809.2 1825 10 32 93

o 3 1925 8 1
27 19973 1997 28 69 6
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TABLE IX. (Continued)

(d,p) (d,H)? (d,p) (d,H)?

State I ESXP EN o 8§ s State |7 gexp EN 5P g §° o
2" 2177 37 4
I 20580 2056 33 36 4

*Experimental values below 650 keV are deduced from one angle measurac'ﬁ&n(GHIZj +1).
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