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Abstract 

The collective bands of 75Kr were extended up to spin 45/2 using the compound reactions 
5°Cr(28Si,2pn), 54Fe(24Mg,2pn) and 58Ni(2°Ne,2pn)YSKr. Lifetimes were measured by RDDS 
with nine OSIRIS detectors in coincidence. Mixing ratios were determined by measurements of 
internal conversion coefficients, angular distribution and correlations. Deviations between different 
measurements are explained by the short lifetimes leading to angle dependent intensity losses 
due to Doppler shift. Spins and parities were assigned from angular distributions, excitation 
functions and DCO ratios measured with the OSIRIS_12 spectrometer. The band head spin of 
the negative parity yrast band was established as 3/2 via DCO ratios and internal conversion 
coefficients. Further bands at low excitation energy were found. In accordance to Woods-Saxon 
cranking model calculations, these weaker populated sidebands are interpreted to be built on oblate 
deformed intrinsic states (/32 ~ - 0 . 2 ) ,  while the strongly populated bands are built on prolate 
deformed states (~2 ~ +0.4).  The interpretation of the lqp g9/2 yrare band, to be generated from 
oblate deformation, is further supported by A1 = 0 transitions into the yrast band and a similar 
oblate deformed g9/z structure in the isotone 73Se. The experimental level energies, branching 
ratios, transition probabilities and mixing ratios are compared to rotor model calculations. The 
deviations between experiment and rotor model calculations are interpreted to be based on mixing 
between prolate and oblate states. @ 1998 Elsevier Science B.V. 
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I. Introduction 

Neutron deficient nuclei with A ~ 70 -80  and N ~ Z show many fascinating features. 

Very different shapes are possible and a single nucleus may even exhibit quite different 
shapes at low excitation energies. 

This so called shape-coexistence effect and the strong shape variation as a function of 
particle number, excitation energy and spin may be interpreted as resulting either from 
stabilizing energy gaps between the single-particle states at large deformation [ 1 ], or 
from the proton-neutron interaction and varying numbers of active nucleons resulting 
from sub-shells and full shell valence spaces [2,3]. 

The first example of shape coexistence in the mass region A ~ 70 -80  was found 
in 72Se [4]. Bengtsson et al. [5], confirmed by Nazarewicz et al. [ 1], calculated for 

36Kr and 3sSr (N ~< 40) competing minima at quadrupole deformations fie ~ +0.38 
(prolate) and/32 ,~ -0 .30  (oblate). In agreement with these calculations, we found in 
69'718e clear experimental evidence for collective oblate deformation [6]. These results 

strongly support the interpretation of the level structure of the neighboring even-even 
nuclei 7°'725e [4,7] and 74"76Kr [8-10]. Their low spin (1 ~< 8) level structure is 

dominated by shape coexistence and mixing between prolate and oblate states. 
We recently identified 73Kr and established a level scheme for 73Kr [ l 1 ]. The neg- 

ative parity band is built on the 3/2--ground state (spin fixed by [12]) with large 
prolate deformation while the level structure above the g9/2 isomer might originate from 
oblate deformation. In contradiction to model calculations of Bengtsson et al. [5] and 
Nazarewicz et al. [ 1 ] a large oblate ground-state deformation could not be established. 

The nucleus 75Kr has been studied by Winter et al., Garcia Bermudez et al., Herath- 
Banda et al., Chishti et al., Winchell et al., Cardona et al., and by our group [ 13-19]. 
Our recent results complement the work done before. 

The ),y-coincidences were measured with a thick target (Section 2.1) and a thin 
target (Section 2.2). Both coincidence measurements yielded transition intensities (Sec- 
tion 2.3). Spins were determined by ratios of Directional Correlations of two y-rays 
emitted by an Oriented source (DCO) (Section 2.4). Mixing ratios 6 (E2/MI) ,  crucial 
for the determination of B(E2, d l =  1)-values, were evaluated by measuring internal 
conversion probabilities (Section 2.5). From TT-coincidences, intensities and DCO- 
ratios an extended level scheme was built up to spin 45/2, which includes low spin 
off-yrast levels at low excitation energy arranged in band structures (Section 2.6). Fur- 
ther, to compare experimental values with model calculations we measured picosecond 
lifetimes in coincidence (Section 2.7). 

The nucleus 75Kr appears to have a large prolate deformation, which is reproduced 
by Woods-Saxon cranking calculations (Section 3.1), because the level energies and 
B(E2, A I  = 2) transition probabilities can be reproduced by model calculations using 
large prolate deformations for both yrast bands (Section 3.2). The relations between 
intensities and mixing ratios, given by angular distributions and conversion coefficients, 
are compared to rotor calculations (Section 3.2). In our previous investigation of 75Kr 
we found inconsistencies between the level scheme, which appears to represent a strong 
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coupling scheme with large prolate deformation, and the electro-magnetic decay prop- 

erties, which hint on prolate-oblate shape mixing. This subject will be discussed in 
Section 3.3. 

2. Experimental methods and results 

The experiments were performed with 95 MeV 28Si and 75,80 MeV 24Mg beams from 
the HVEC FN tandem accelerator of the University of Cologne and with an 80 MeV 
2°Ne beam provided by VICKSI of the Hahn-Meitner-Institute in Berlin. High spin 
states in 75Kr were populated via the reactions 5°Cr(28Si,2pn), 54Fe(24Mg,2pn) and 

58Ni(2°Ne,2pn)VSKr. In all reactions 75Kr was produced with 20-30% of the total cross 
section. Enriched targets, several 100/xg/cm 2 thick, were used. The 5°Cr target (96.4%, 
300/xg/cm 2) was sputtered and the 58Ni target (99.9%, 1 mg/cm 2) was rolled onto 

the beam stopper, a bismuth-indium-copper sandwich [20]; the 54Fe target (94.3%, 
450/xg/cm 2) used in the recoil-distance Doppler-shift measurement was rolled as was 
the J81Ta recoil stopper foil. The enriched 54Fe target (94.3%, 800/xg/cm2), used in the 
internal conversion measurement, was rolled. Further, 1.5-2 mg/cm 2 12C was evaporated 
onto the Fe foil to stop the recoiling nuclei. Nuclei of the 24Mg+12C reaction decay in 

flight, therefore their transitions only produce an enhanced background. 
For the data analysis a number of computer codes developed at the University of 

Cologne were used subject to the quantities to be analysed ( [21-23]) .  

2.1. yy-coincidences measured with a thick target 

The yy-coincidences were measured via the reaction 2°Ne+SSNi at a beam energy of 
80 MeV with the OSIRIS spectrometer. The OSIRIS spectrometer consists of twelve 
detectors, each consisting of a Ge detector of about 25-28% efficiency surrounded by 
a BGO escape suppression shield [24]. The OSIRIS_12 spectrometer was used in a 
ring configuration mounted parallel to the beam. The detectors were positioned at the 

angles 25 °, 38 °, 63 °, 90 °, 117 °, 142 ° and 155 ° (see also Fig. 1 in Ref. [19]) .  The 
coincidence events were recorded in list mode and stored on magnetic tape. Various 

matrices were constructed off-line to study y y  coincidence relationships and Directional 
Correlations of two y-rays emitted by an Oriented source (DCO) for spin determination 
(see Section 2.4). The new transitions in 75Kr were obtained from the symmetrical 
sum matrix gained from the 66 possible detector combinations in the twelve detector 
measurement (123 x 10  6 events). 

The twelve-detector experiment was designed to search for weakly populated off-yrast 
levels at low excitation energy in 75Kr. This goal has been achieved. Fig. 1 shows spectra 
gated by two transitions which have been resolved in this measurement as doublets in 
75Kr (749,752 and 852,854 keV). Thus, the level scheme had to be rearranged in a 
new pattern compared to Ref. [ 19]. Despite some ambiguities, e.g in the excitation 
functions [25], in the old level scheme the feeding point of the 750-577-608 keV 
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Fig. I. Resolved doublets of the coincident transitions 852, 854 keV and 749, 752 keV presented in spectra 
gated by the respectively stronger transition. All four transitions populate the main negative parity band from 
the side. Contaminations are indicated by their origin. 

coincidences had been defined by the 844 keV yrast band transition, which now has 
been identified as a doublet in 75Kr. Likewise the feeding point of other transitions had 
been defined in Ref. [ 19] by the yrast band transition with the highest excitation energy 
observed in coincidence. 

The OSIRIS spectrometer had been combined with an inner shell of 48 BGO detectors 
providing a sum energy and multiplicity filter. Fig. 2 shows the sum energy and multi- 
plicity distribution for various channels of the 2°Ne+58Ni reaction. Since 75Kr has many 
transition energies in common with 73'74Br and other lighter nuclei, a lower threshold 
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Fig. 2. Distribution of sum energy and multiplicity measured with a 48 BGO ball for various reaction 
channels of the reaction 58Ni(2°Ne, X)Y at 80 MeV beam energy. Gating on strong and pure 9' transitions 
yields characteristic distributions in the (sum energy, multiplicity) matrix. Lighter residual nuclei can be 
suppressed when sum energy and multiplicity are required to exceed certain values indicated by the straight 
lines. 

was set on the sum energy and the multiplicity values to separate the heavier nuclei 

from the lighter. Thus, it was moreover possible to check that the intensity of  transitions 

newly attributed to 75Kr as well as the intensity of  already adopted 75Kr transitions 

is better conserved by the additional (sum energy, multiplicity)-condition than for the 

suppressed channels. An example for a newly identified transition is shown in Fig. 3 

(1 150 keV). 

2.2. Coincidences  measured with a thin target 

A plunger measurement was performed with five OSIRIS detectors at 143 ° and four 

OSIRIS detectors at 41 o, arranged around the beam axis on a forward and backward cone 

pointing at the target. The y~,-coincidence experiment was designed to study lifetimes 

in the ps range with the Recoil Distance Doppler Shift method (RDDS) (see also 
Section 2.7). The coincidence events were recorded in list mode and stored on magnetic 

tape. Matrices were constructed off-line to study stop and flight peak intensities for six 
different distances and the four possible angular combinations. The coincidence matrices 
gained for the six different distances were added. Levels with lifetimes less than 0.5 ps 
decayed predominantly in flight. Thus, for the high spin transitions in 75Kr all intensity 
was concentrated in the flight peaks in contrast to the thick target measurement where the 
intensity was smeared out over several 10 keV due to Doppler Shift Attenuation (DSA) 
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in the thick target and the multitude of detector angles. The 143°-41 ° (21 x 106 events) 
and the 143°-143 ° matrices (10 x 106 events) were studied. No further information 
could be obtained from the 41°-41 ° matrix (6 x 106 events). As an example for the 

data quality in the OSIRIS_12 and OSIRIS_9 coincidence measurements the spectra 
gated by the 253 keV line are compared in Fig. 4. 

Our data confirm the measurements of Chishti et al. as well as of Winchell et 
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Fig. 4. Comparison of  a measurement with thick target and various observation angles from 25 ° up to 155 ° 
( top)  and a measurement with thin target and observation angle 143 ° (bottom).  All  lines marked by their 
transition energy are assigned to 75Kr. Bottom: stop peaks are marked by S and flight peaks are indicated by 
E 

al. ( [16 ,17 ] )  and extend the level scheme further. Especially, a forking in the neg- 
ative parity band was found which explains the disagreement between the works of  
Chishti et al. and Winchell et al. ( [16 ,17] ) .  Moreover, together with the thick target 
measurement (Section 2.1) we established additional low spin levels at low excitation 
energy arranged in band structures feeding into the yrast bands of the respective same 
parity. 
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Table 1 
Comparison of branching ratios in different experiments. 

Int.7(l~l--2) The errors take into account the error of the individual as well as of the added intensities. A = Int.,,(/---*/-1) 

Spin Ex E z, Branching B (%) 

(keV) (keV) OSIR1S_I2 OSIRIS_9 [161 [17] [181 (B) 

~ = +  

" 7 7 " =  - -  

9/2 378 378 26(1) 29(2) 24(4) 26(3) 27(1) 
191 74(2) 71(3) 76(12) 74(9) 73(2) 0.37(2) 

11/2 770 583 38(2) 45(2) 30(5) 42(7) 41(1) 
392 62(3) 55(3) 70(10) 58(10) 59(2) 0.69(3) 

13/2 1067 689 74(4) 75(4) 66(9) 70(14) 74(3) 
297 26(2) 25(2) 34(5) 30(6) 26(1) 2.8(2) 

15/2 1594 824 58(5) 62(13) 58(4) 50(10) 58(3) 
527 42(4) 38(8) 42(3) 50(10) 42(2) 1.4(1) 

17/2 1963 896 8 3 ( 1 2 )  8 6 ( 1 2 )  87(5) 83(27) 86(4) 
370 17(3) 14(2) 13(2) 17(6) 14(1) 6.1(5) 

19/2 2629 1035 73(10) 76(6) 43(14) 73(6) 
665 27(4) 24(4) 57(18) 27(3) 2.7(4) 

7/2 611 432 25(I) 28(2) 29(4) 28(5) 26(1) 
253 73(3) 72(2) 71(10) 72(12) 72(2) 0.36(2) 
234 2(1) 2(1) 

9/2 904 547 48(2) 47(4) 45(6) 50(12) 48(2) 
293 52(2) 53(3) 55(7) 50(12) 52(2) 0.92(5) 

11/2 1264 654 56(5) 62(7) 63(4) 61(4) 58(16) 61(3) 
360 44(4) 38(4) 37(2) 39(9) 42(11) 39(2) 1.6(1) 

13/2 1645 741 70(8) 71(10) 64(4) 71(14) 67(3) 
381 30(4) 29(4) 36(3) 29(6) 33(2) 2.0(2) 

15/2 2108 844 81(17) 81(7) 85(5) 82(26) 83(4) 
463 19(4) 19(2) 15(2) 18(6) 17(1) 4.9(4) 

17/2 2562 916 89(12) 88(6) 74(23) 88(5) 
453 11(2) 12(3) 26(8) 12(2) 7.3(1) 

2.3. Intensit ies 

The branching ratios for the yrast transitions up to spin 17/2 + and 11 / 2 -  were 

determined from spectra gated by their direct feeders in the symmetric OSIRIS_12 

matrix. A slight enhancement of the yield of E2-transitions due to the mean detector 

angle 52.8 ° was taken into account. The branching ratios determined from the OSIRIS_12 

and the OSIRIS_9 measurement, listed in Table 1, compare well with one another and 

also with previously published data. 

The relative intensities were determined from spectra of which the gates were set on 

low spin transitions in the (41 ° gate, 143 ° spectrum) matrix from the OSIRIS_9 lifetime 

measurement. Based upon the use of only one observation angle and a thin target, the 

transition intensity is concentrated in a stop and flight peak in contrast to the OSIRIS_12 

measurement (see also Section 2.2). 

The angular correlations in the OSIRIS_9 measurement were taken into account as 

follows. The AI  = 1 transitions feeding into the 5 /2  + band were normalized to the 
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392 keV intensity determined in the neutron coincident angular distribution published 

in Ref. [19]. The 297/689 branching ratio was taken from Table 1 and all E2 tran- 

sitions feeding into the 5/2  + band were normalized to the calculated intensity of the 
689 keV transition. For the transitions feeding into the 3 / 2 -  band, AI= 1 transitions were 
normalized to the 253 keV transition intensity and the E2 transitions were normalized 
to the 547 keV transitions intensity, either measured via neutron coincident angular 

distribution [ 19]. 

The relative intensities, measured with OSIRIS_9, are listed in Table 2. Intensities of 

weak negative parity sideband transitions could be determined only in the OSIRIS_12 

matrix. Additionally, the OSIRIS_12 intensities for high spin transitions from negative 

parity states are included for comparison. Due to Doppler shift the transition intensity is 

spread with increasing spin over more and more channels, which made the intensity de- 

termination increasingly difficult. The resulting intensity loss is evident when compared 

to the OSIRIS_9 intensities. 

2.4. DCO ratios 

To gain information about spin differences DCO ratios were analyzed in OSIRIS_12 

matrices. The DCO ratio was defined as 

Yield (gated by Yl at O1, 3/2 observed at 692) 
RDco = Yield (gated by Yl at 25 °, Y2 observed at 90 °) (1) 

Thus, to be independent of absolute values, each DCO value is compared to the (25 °, 

90 °) DCO value. Spins were determined via DCO ratios for the (90 °, 25 °) detector 
combination, mixing ratios were determined by using likewise the combinations (38 °, 
25 ° ) and (25 °, 38°). The DCO ratios were corrected for efficiency differences. The time 

window was about 200 ns. Therefore, low energy signals maintained full line intensity 
albeit late constant fraction triggering due to smaller leading edge slopes. 

For transitions of known multipolarity the DCO ratios of the (90 °, 25 °) combination 

were evaluated to obtain a standard. As expected, (A I  = 2 gate, AI = 2 spectrum) 

and ( A I  = l, AI  = 1) combinations gave RDco values around one, while (E2, AI = 1) 

combinations gave RDCO values between 0.3 and 0.6 (~0.7 for stretched E l ) .  Since 75Kr 
has many strong AI = 1 transitions, AI = 1 transitions were also applied as gates, despite 

the variable mixing ratios 6. Nevertheless, Rt)co(Al  = 1, AI = 1) ~ 1 values are well 
separated from RDco(AI  = I ,E2)  ~ 2 - 4  values, while (El ,  E2) combinations only 

give RDco ~ 1-2 .  The DCO ratios evaluated for 75Kr were compared to the standard 
values shown in Fig. 5. Because of the various gating possibilities, many multi-polarities 
and hence spins could be determined, see Table 2. 

Angular correlations were investigated concerning mixing ratios via the additional 
combinations (38 °, 25 °) and (25 °, 38°), both were normalized to the (25 °, 90 °) DCO 
value (see also Ref. [23]) .  For the 432-1791 keV coincidence the following values 
were determined: 0.68(5) for (90 °, 25°), 0.92(7) for (38 °, 25 °) and 0.94(7) for 
(25 °, 38°). From these values the following (L  + I ) / L  mixing ratios for the 179~ keV 
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Fig. 5. DCO ratios RDC O of those transitions for which multipolarity AI and parity-information A~- is known 
for the transition used as gate as well as for the transition of which the line intensity is evaluated in the 

Yield (~ated b), 71 at 90%72 ebservcd at 25 ° ) 
spectrum with RDC O = Yield (gated by Yl at 25°.y2 observed at 9(I ° )  " 

transition could be determined: 0.0(1) for 7/2--~3/2---~5/2, - 0 . 5  (1) for 9/2--+5/2---~5/2 

and +0 .12(5 )  for 11/2--~7/2--,5/2.  Assuming, that the 1791 keV transition is a pure 

El ,  see also Section 2.6, we can infer from the (38 °, 25 °) and (25 °, 38 °) DCO values 

0.52(8) and 0.53(8) for the 1791-607 keV coincidence a mixing ratio for the 607 keV 

transition. The multipole characteristic of  the 607 keV transition is a strongly mixed 

AI = 0 (8 = - 1 . 8 ( 7 ) )  or zll = 1 (6 = - 1 . 4 ( 8 ) )  transition. No agreement between 
experimental value and theoretical curve can be found for a 607 keV AI = 2 transition. 

Because the DCO-ratio of  the 577-607 keV coincidence agrees well with a stretched 

M1 characteristic of  the 607 keV transition, we assign 8 = - 1 . 4 ( 8 )  to the 607 keV 

transition. The mixing ratios determined by DCO are included in Table 3. 

For yrast AI = 1 transitions in the yrast bands two mixing ratio regions were de- 

termined: 8 ~ - 0 . 2 ( 1 )  and 6 ~ - 3 ( 1 )  (see also Table 3). Despite some restric- 

tions concerning the usability of  the angular correlation mixing ratios (for some strong 

E2 transitions the expected mixing ratio equal zero lay outside the error margins of  the 
evaluated M3/E2  mixing ratio) these mixing ratios point, in conjunction with those from 

conversion electron measurements (see Section 2.5), at smaller mixing ratios compared 
to those determined by angular distribution in Ref. [ 19]. 

2.5. Mixing ratios deduced by angular distributions and internal conversion 

In the course of  our investigation of  75Kr we measured angular distributions in co- 
incidence with neutrons [ 19]. During the data analysis of  the OSIRIS_10 experiment 
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(Ref. C in Table 3) the alignment values oek, evaluated for an E2- and a A1 = 1 transi- 

tion depopulating the same level, were checked to agree within their error bars. Thus, 

at least for long lived levels the mixing ratio should be determined correctly. Yet, the 

determined mixing ratios were incompatible with rotor model calculations [19]. The 

quadrupole moment ratios R = Q0(,51 = l ) / Q o ( A I  = 2) were 4-6 times larger than the 
ratio R ~ 1 expected for a prolate deformed rotor. A measurement with a mechanically 
new setup without neutron detectors, nevertheless, supported the large mixing ratios for 
75Kr [ 19], while small mixing ratios where extracted for 74Br transitions in agreement 

with previous measurements. But, due to the high line density in the second experiment 

(Ref. D and E in Table 3) only a few angular distributions could be evaluated. 

A new program [22] now calculates errors of the width of the gaussian distribution 

of sub-states o- and mixing ratio ~ depending on the X2-contours, and the new fit of the 

angular distributions lead to minima at the same (o-, ,~)-point. Compared to Ref. [ 19], 
the errors are larger and asymmetrical. The X 2 contours for the 392 keV mixed E2 /MI-  

and the 689 keV pure E2-transition are shown in Fig. 6. The angular distribution mixing 

ratio of the 191 keV transition, which shows the same banana shaped X2-contours as 
those of the 392 keV transition, is later on used for comparison with mixing ratios 

obtained by internal conversion coefficients. A compilation of previously reported and 
reanalyzed angular distribution information can be found in Table 3. The previously 

reported angular distribution parameters [ 15] yield mixing ratios 6 ~ - 1 ,  consistent 

with our angular distribution analysis, while the respective parameters Ak /Ao  published 

by Ref. [14] agree well with our work. 
The (a2, tea) points determined from our angular distribution measurement (Ref. C 

in Table 3) were compared to the ALY-curve published in Ref. [26], which gives an 
upper limit for tea-values. Although the (oL2, a4)-error ellipses enclose the ALY-curve 
and with decreasing spin follow the curve in good agreement, the observed deviation in 

the upper direction is a hint on intensity loss due to Doppler shift, see also Ref. [26]. 
The very short lifetimes of 75Kr levels (see Section 2.7) lead to shifts of intensity 

caused by DSA, which affect the angular distribution intensities analyzed via Gaussian 

shaped lines. The intensity loss due to Doppler shift is hard to see in case of the 
689 keV transition. Nevertheless, even a relative intensity loss of 8% in case of the 

689 keV line, roughly determined from DCO spectra of 90 ° and 25 °, has certainly to be 

taken into account, because the overall intensity variation of an E2 angular distribution 
is only about 30%. Thus, angular distributions evaluated with undetected Doppler shift 
yield smaller alignment factors. Looking at the banana shaped X 2 contours in Fig. 6 
one easily recognizes: a larger alignment (which corresponds to a smaller o-) leads to 
a smaller mixing ratio ~S in case of a AI  = 1 transition while the ~ ~ 0 value of the E2 
transition remains unaffected. Taking a larger alignment into account, the mixing ratios 
measured via angular distribution would become reduced. 

Unfortunately, it is impossible to correct quantitatively the angular distributions with 
regard to the DSA effect. We can only surmise the angular intensity loss due to DSA. 
Already the 392 and 583 keV transitions are affected by DSA. Thus, neither we have 
a criterion how to check the correct development of otk in the rotational band nor can 
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Fig. 6. X 2 contours in dependence of the angular distribution parameters o- and 6 compared for an E2 transition 
(689 keV, top) and a mixed E2/MI transition (392 keV, bottom). 

the correct mixing ratio be evaluated from the measured angular distribution points, 

except for the 191 keV and the 253 keV transition. Assuming the width of the Gaussian 

distribution of sub-states o- might have to be smaller than the deduced value, with 

a c o n s t r a i n e d  ~r corresponding an alignment of a2 = 0.6, E 2 / M I  mixing ratios of 

6ang(191 keV) = - 0 . 2 9  and ~ang(253 keV) = - 0 . 2 7  are deducible from the measured 

angular distributions, see Table 3. In case of the 253 keV transition this c o n s t r a i n e d  

o- however is incompatible with the small alignment measured for the 432 keV E2 

transition. 

To gain mixing ratios independent of angular distributions we measured internal 

conversion coefficients of some low spin transitions in 75Kr. Because of the small 
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probability for internal conversion at Z = 36, we could only measure the conversion 
coefficients of four transitions: 179 keV (doublet), 187 and 191 keV. 

An excitation function was measured beforehand to optimize the reduction of inter- 

fering line intensities. To completely suppress competing 74Br transitions, the reaction 
54Fe(24Mg, 2pn)75Kr was investigated at 75 MeV beam energy where the cross section 

for 74Br is negligible. The remaining line intensities, which had to be taken into account, 

originated from 178 and 187 keV transitions in 73Br with known conversion probabilities 

a x  [ 27 ]. The estimate of their intensity, based on the y-intensities of feeding transitions, 
leads to an enlarged error of the 75Kr electron intensities. 

We used two Mini Orange systems (MOI at 135 ° and MO2 at 225 ° ) and a Ge 
detector at 45 °. At 90 ° above the reaction chamber a 7 BGO y-multiplicity filter was 

mounted to reduce the background. Each Mini Orange system consisted of a Si(Li) 

detector, cooled with liquid nitrogen, and three SmCo5 magnets, each formed as an 

orange slice, arranged at intervals of 120 ° around a central Pb absorber. Electrons 

emitted from the target are focused through the magnets on the Si(Li) detector, and 

gammas are prevented from reaching the detector by the central absorber. Details of the 
measuring principle are to be found in Ref. [28]. 

A protection foil in front of the Si(Li) and pile up due to ~ electron background 
reduced the energy resolution to 3.6 keV at 275 keV electron energy. The error of 

electron line intensities is based predominantly on the difficulty to fix the background, 

which leads to asymmetric errors. The difficulty arises from the combination of ~ elec- 

trons, transmission curve, Compton continuum of the 511 keV gamma generated by 

pair production in the magnets, high line density and long low energy tails. The small- 

est possible line intensity was determined with a linear background fit of an e x p ( - x )  
background slope, thus giving the lower error margin. 

The conversion probabilities Cex were evaluated with the Normalized Peak to Gamma 
method (NPG) [29] using the line intensities leXP and texP in the measured electron 

e -  "~' 

and gamma spectra: 

/exp . [ t ? , e _ ( E y ~ E x ) . ] - I  e- (Er  -- Ex)  
oq. = ,~7~-7p ~ - - -  , (2) 

I~, ( E r )  L ez , (Er)  J 

with x denoting the K and L shells. To calibrate the efficiency ratio ee-/ez, we used the 
known conversion probabilities of transitions produced in the same reaction 54Fe+24Mg 
(75Br: 119, 132, 153 and 154 keV, 75Se: 287 keV) together with the Coulomb excitation 
of ~8~Ta (136, 165, 302 keV) and 197Au levels (191,269, 279 keV). These transitions 

lead to electron lines in the right energy range 50-300 keV; the electrons are produced 
at the beam spot, and for J81Ta and 197Au the conversion probability is high due to high 
Z. Dead time and angular distribution effects were considered. Further, the differences 
between compound nucleus reaction and Coulomb excitation experiment were taken 
into account: alignment factors with regard to angular distribution coefficients [ 30] and 
binding energies with regard to ee-/e~,. 

Depending on the binding energy Ex, two y-transitions of the same 3,-energy but in 
nuclei of different Z lead to very different electron energies. To allow for this effect 
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Fig. 7. Internal conversion probabilities ceK, measured with two Mini Orange systems MOI and MO2, 
compared to theoretical values determined by rotor model estimate (via branching) and calculations (RTRP 
and AROVM2, see Section 3.2). The straight lines indicate aK-values for unmixed transitions. For a better 
comparison the internal conversion probabilities of the 179 keV doublet as well as of the 187 and 191 keV 
transitions are moved apart. The MOl-symbol marks the correct y-energy. 

ee-/e~,  has been transformed as follows: 

e~-(ES-) F I S - ( E e - )  1 ]  ez,(E s) (3) 
s_ + 14.3) = LIS(E  + 14.3) 5x s _ + 14.3) ' 

where S denotes the calibration standard with known conversion probabili ty Cex. Thus, 

the efficiency ratio ee-/e~, is adjusted to 75Kr (binding energy EK = 14.3 keV).  All 

corrections considered, we determined the internal conversion coefficients for K electrons 

of  75Kr shown in Fig. 7, the mean values are included in Table 3. 

If  a coincidence with a second y was required, measured by the 7 BGO y-mult ipl ici ty 

filter, the spectrum was cleaner and the error reduced, although high line density and 

low energy tails combined with the needed estimate of  73Br transition intensities limited 

the improvement.  

From the experimental  internal conversion coefficients CeK x° the absolute value of  the 

mixing ratio ~ was determined with 

2 CeK(M1) -- ce~¢ xp 
87 = ce---~K xg - -  • K~ E2----~ " (4) 

This sign-less mixing ratio 6 is also included in Table 3. 
Further, we have made an independent measurement in order to elucidate the nature 

of  the two 179 keV transitions. The investigation of  the /g-decay of  75Rb into 75Kr 

was carried out at the GSI on-line mass separator. The 75Rb atoms were produced by 

bombarding a 1.6 m g / c m  2 thick 58Ni target with a 84 MeV 2°Ne beam. The A = 75 

mass activity was separated, and moreover since a mass transport system was used to 

move the active source from the collection to the measuring point, only the first sixty 

seconds after transportation were considered for the present analysis, thus avoiding the 
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179 keV activity in the daughter nucleus. We measured the low 75Rb decay activity with 

a y - e -  arrangement using a Mini Orange spectrometer and a Ge detector, and a ",/-X 

arrangement using a 40% Ge-detector and a small 2 cm thick Ge detector with 0.6 keV 
resolution at 122 keV. This experiment was part of a chain of investigations of mass 

74,75/3-decays [31], which will be published elsewhere. 

From this/3-decay Mini Orange measurement an aK = 0.024(6) was obtained for the 

179 keV doublet in excellent agreement with the in-beam data. From the X-ray detector 

analysis a double fit of the complex gamma peak could be done leading to the following 

result: Iv(178.95(6) keV) = 90(4) and I~,(179.26(6) keV) = 43(4) in arbitrary units. 
The given errors include errors due to fit, calibration and shift. 

From these results and the El character of the 178.95 keV transition (see Section 2.6) 

an o~x(179.26) = 0.044(18) and a 161 = 0.6(4) value could be extracted. This result 
from a contamination free experiment provides a completely independent measurement 

of the E2/M1 mixing ratio 6, which again points to a larger E2 admixture. These results 

are also included in Table 3. 
Comparison with mixing ratios determined by theoretical model calculations ([ 19] 

and Section 3.2) and by angular distribution measurement shows us that neither determi- 

nation agrees with the internal conversion. Already the cex(191 keV)-value, determined 

from a mixing ratio evaluated via Alaga rules by the branching ratio, deviates from the 
measured aK (see Fig. 7). The banana shaped X 2 contours allow smaller E2/M1 mix- 

ing ratios 6 when the alignment dependent parameter o- is fixed to smaller values. For 
pure E2 transitions this parameter has smaller margins. Thus, the angular distribution 

coefficient 6 of a mixed AI = 1 transition can be pushed to agree with the mixing ratio 
determined from internal conversion probabilities. Because of the problems discussed in 

this chapter we do not propose adopted values for most of the E2 /MI  mixing ratios. 

The mixing ratios determined by internal conversion yield the adopted mixing ra- 

tios 6conv(187 keV) = -0 .55 (6 ) ,  6cony(191 keV) = -0 .56(7 ) ,  and 6cony (1792 keV) = 
-+-0.6(2). These values are considered as the most trustworthy, because three indepen- 
dent internal conversion measurements yield the same mixing ratio for the 1792 keV 

transition. 
Therefore, to include all known experimental information (internal conversion, DCO 

and angular distribution for the utmost maximum value) we will use for comparisons 

with theoretical calculations an experimental mixing ratio fi = -0 .6 (4 )  for transitions 
depopulating the higher excited levels. Due to this large experimental error of 75% the 
errors of the affected B ( E 2 ,  AI  = 1)-values (o(82/(1 + ~2)) have an error of 98% 
while the B(MI  )-values (ee l / (  1 + 62)) have only an error of 36%. Nevertheless, with 

18(191 keV) ]cony = 0.56(7) we infer for the 378 keV level a Q o ( A I  = 1 ) / Q o ( A I  = 2)- 
ratio of R = 2.54(26) which differs significantly from a theoretically expected R ,~ 1, 
see also Ref. [19]. 
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2.6. The level scheme 

The proposed level scheme, Fig. 8, was established based on yy-coincidences, intensi- 
ties, angular distributions and correlations, internal conversion coefficients and excitation 

functions. 
A ground-state spin and parity of I ~" = 5/2 + was assigned to 75Kr in all previous 

investigations. Arguments from/3+-decay data fix the the positive parity and with large 

probability spin 5/2  ( [ 14,19] ). However, a spin of 3/2 could not be excluded definitely 
until recently hyperfine structure investigations by Keim et al. using laser spectroscopy 

pinned down the ground-state spin to 5/2 [32]. 
The band-head spin of the negative parity band could not be determined until now 

because of a 179 keV doublet, although all investigators assumed consistently 3/2 

based on model calculations. Both yrast bands have nearly the same large deformation 

deduced from measured lifetimes (see Section 2.7). The sign of the measured mixing 

ratios points to prolate deformation for both yrast bands. Since both yrast bands have 
almost the same large prolate deformation, there is no reason why they should not 

decay into one another if they were of the same positive parity. But in the present 
investigation beside the known 358 keV transition only two new, very weak inter-band 
transitions (171 and 234 keV) were found. Further, 75Rb decays predominantly into 

levels belonging to the rotational band on the 179 keV state. Although a negative parity 
of the 75Rb ground state is not certain, again there is no reason why the 75Rb ground 

state should not decay in similar quantities into states of both yrast bands if there are 

no differences in deformation, spin or parity. In conclusion, the opposite parity is most 

probable for the second band-head. 

The conversion electron measurement yielded a mean cex = 0.028(3) for the 179 keV 

doublet, thus resembling a pure M1 transition. The similar relative intensities of the 

two 179 keV transitions imply a AI  = 0, 1 multipolarity for both. Therefore the band- 
head spin must be 3/2, 5 /2  or 7/2. The band-head spin 7/2  can be excluded because 
no such Nilsson single particle state with negative parity can be found for N = 39. 
The angular correlation between the 432 keV E2 transition and the 1791 keV transition 

yields a pure AI  -- 1 transition (~ = 0.0(1))  for the spin hypothesis 7/2 --~ 3/2 --~ 5/2. 
Thus, the 1791 keV transition could be a pure El, which would demand a mixed 

1792 keV transition or both 179 keV transitions have to be a pure M1 to reproduce the 

measured aK. In case of the 9/2 --+ 5/2 --~ 5/2 hypothesis a large quadrupole admixture 
(~- -  - 0 . 5 ( 1 ) )  for the 1791 keV transition is determined. This large admixture would 

have to be compensated by a pure E1 characteristic of the 1792 keV transition to result 
for the 179 keV doublet in the seemingly pure M1 characteristic determined by the 
conversion electron measurement. 

The spin of the 358 keV level can be limited to ( 1 / 2 , 5 / 2 , 9 / 2 )  because of the 
AI  = 0, 2 multipolarity determined by DCO for the 358 keV transition. The spin of 
the 611 keV level can be determined by the 234 keV inter-band transition to the 9/2  + 
level. The branching ratio of 2% and the 611 keV level lifetime lead to an E1 transition. 
Thus, the parity of the 6 l l  keV level is fixed as negative, and the spin is limited to 
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(7/2,  9/2,  11/2). The E2/M1 characteristic of the 253 keV and the E2 characteristic of 
the 432 keV transition then fix the spin of the 611 keV level. The 11/2-  is excluded 
because a band-head spin of 7 / 2 -  is not possible. A 9 / 2 -  would lead to a large 
M2 admixture for the 1791 keV transition, because of the mixing ratio determined by 
angular correlation analysis. This large M2 admixture would have to be compensated 
by a pure E1 characteristic of the 1792 keV transition to reproduce the Otx measured 
in the conversion electron measurement. But a positive parity of the 358 keV level is 
excluded by the E2/M1 characteristic of the 253 keV transition. Thus, by exclusion of 
11/2-  and 9 / 2 - ,  spin and parity of 611 keV level is fixed to 7 /2 - .  

Having thus fixed 7 / 2 -  of the 611 keV level, spin and parity of the 358 keV level 
is fixed to 5 / 2 -  by the 253 keV transition. And the E2 characteristic of the 432 keV 

transition fixes the 3 /2 -  of the 179 keV level. In summary, there are many interwoven 
experimental facts which fix spin and parity of the first excited state in 75Kr to 3 /2 - .  

The spins of the low energy levels feeding into the yrast bands were determined 

by DCO ratios (see Table 2), angular distributions (see also Ref. [ 19] ) and excitation 
functions [ 19,25 ]. All spins in parentheses were proposed, as usual for deformed nuclei, 
based on the assumption of increasing spin and E2 transitions. The braces denote a spin 
determination based on not fully definite DCO ratios. 

The transition 848 keV between the 2957 keV and the 2109 keV level was seen 
neither gated by the 463 keV nor gated by the 381 keV transition and thus has been 
rejected. 

2.7. L i fe t imes  

The nucleus 75Kr has been interpreted as to have a large prolate deformation of 

/32 ~ 0.4 (Ref. [13-19]) .  On the other hand, the conversion electron measurement 
yielded mixing ratios of ~ ~ -0.6,  unexplainable by rotor models (see Ref. [ 19] and 
Section 3.3). Therefore, we searched for other deviations from expected features gen- 
erated by prolate deformation as for instance B(E2) and B(M1) values. To reduce the 
high line density of heavy ion reactions we measured the lifetimes in coincidence. Even 
better, if the chosen gate transition precedes the investigated, only the experimentally 
observed feeding has to be considered in the lifetime analysis. 

The lifetimes were measured as described in Section 2.2. The measurement was 
performed with a plunger system described in Ref. [33] (self-supporting 54Fe target 
and lSlTa recoil stopper). The recoil distance Doppler shift was measured for six target- 
stopper distances (96, 47, 39, 30, 19, 12 #m) .  Due to the recoil velocity, u / c  = 

2.25(3)%, flight and stop peak were separate down to 250 keV. 
The distances were measured in-beam by the capacity between target and stopper 

foil. The capacity as a function of distance was calibrated off-beam by measuring the 
distances in the 0-200/~m range (0.1 #m error) with a magnetic transducer. For target 
currents of more than 80 nA the capacity values wildly leaped to higher values. This 
was explained after the experiment by a bump on the target foil caused by thermal 
expansion at the beam spot [34]. During the lifetime measurement we held capacity 
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Table 4 
Lifetimes, reduced transition probabilities and quadrupole moments for 73'75Br, 72Se and 76Kr. 

Because of the reduced possibilities for systematic errors, due to the gating from above, the rDDCM-Values are 
taken as adopted values. Legend: Ex = excitation energy (keV), E~, = transition energy (keV), ~" = lifetime 
(ps),  'rsinglc: deduced from singles data, 7DSA: deduced from coincidence data, TDDCM: deduced by DDCM 
from coincidence data, this work 

Spin Ex E r rsingle rDSA rDt)CM B(E2) IQ, I 
(keY) (keV) (ps) (ps) (ps) (e2b 2) (b) 

73B~ ~ = + (K = 3/2) 13/2 1057 583 

17/2 1862 804 
75Br, ~ = - (K = 3/2) 7/2 518 518 

11/2 1150 632 
17/2 1897 747 
19/2 2756 859 

72Se, ~ = + (K = 0) 2 863 863 

4 1637 775 

6 2467 830 

76Kr, ,/7" = -Jr (K = 0) 2 424 424 

4 1035 611 

6 1859 824 

4.8(4) a 5.7(11) 0.21(4) 2.8(5) 
2.2(5) a 1.3(3) a 1.0(5) 0.2(1) 2.8(14) 

14.7(10) b 10.2(7) 0.17(1) 3.4(3) 
3.9(7) b 3.3(l) 0.24(1) 3.1(2) 
1.8(9) b 1.1(1) 0.32(3) 3.3(3) 
1.2(3) b 0.9(2) b 0.8(2) 0.22(6) 2.6(7) 
3.4(3) c 2.6(l) 0.065(3) 1.81(7) 
4.0(5) c 
4.8(6) d 

5.2(5) c 
5.7(12) f 

3.1(6)g 
2.4(3) c 4.5(13) f 2.1(1) 0.14(1) 2.2(1) 
2.7(3) c 
3.8(5) d 
2.7(3) e 

1.2(3)g 
2.6(5) c 1.6(3) d 1.4(1) 0.15(1) 2.2(2) 
2.2(3) e 2.6(7) f 

~<0.7g 
36(1) h 31(3) 0.19(2) 3.1(3) 
34(2) h 

35(3) i 
53(7) 1 

4.9(4) h 5(2) k 3.0(3) 0.32(3) 3.3(3) 
4.2(10) i 
4.8(9) i 
8.2(23) I 

1.5(2) h 1.18(13) m 0.8(3) 0.3(1) 2.9(11) 
0.8(2) i 1.25(12) k 

a Ref. [37], b Ref. [38], c Ref. [39], a Ref. [40], e Ref. [41], f Ref. [42], g Ref. [43], h Ref. [441, 
i Ref. [45] , i  Ref. [46],k Ref. [8 ] , lRef .  [471, m Ref. [48]. 

and event rate stable. Thus, an unreproducible distance reduction due to a target bump 
was avoided. 

For the determination of the lifetimes we used the Differential Decay Curve Method 
(DDCM)  developed by Dewald et al. [35] .  In the simplest case a direct feeder is used 
as a gating transition. Gating on the flight peak of a feeding transition for different 
target-stopper distances the flight and stop peak intensities Int st°p and Int Flight of  the 

investigated transition are determined in those spectra, where the feeding transition 
occured in flight. For this simple case the lifetime is evaluated with the equation 
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Table 5 
Lifetimes, reduced transition probabilities and quadrupole moments for 75Kr. 
Because of the reduced possibilities for systematic errors, due to the gating from above, the ~'OOCM-Values 
are taken as adopted values if determined. The error of the B(E2)-value takes into account the error of  
the branching ratio, therefore also the lower limits of B(E2) and IQtl are given with errors. Legend: Ex 
= excitation energy (keV), E~, = transition energy (keV), ~- = lifetime (ps), "/'single: deduced from singles 
data [18], ~'DDCM: deduced by DDCM from coincidence data, this work 

Spin Ex Er r~in~l~ ~'DOCM B (E2) I Qt] 

initial final (keV) (keV) (ps) (ps) (e2b 2) (b) 

75Kr, 77 = q.- (K = 5/2)  

75Kr, "n- = - (K = 3/2)  

7/2 5/2 187 187 52(5) a 
9/2  5/2 378 378 31(3) a 

11/2 7/2 770 583 4.6(12) a 
13/2 9/2 1067 689 <3.6 a 
15/2 11/2 1594 824 
17/2 13/2 1963 896 

3/2 5/2 + 179 179 3000(500) a 
5/2  3/2 358 179 62(15) a 
7/2 3/2 611 432 15(2) a 
9/2  5/2 905 547 3.6(10) a 

11/2 7/2 1265 654 <4 a 
13/2 9/2  1646 741 
15/2 11/2 2109 844 

20.0(16) 0.14(I)  3.8(4) 
2.50(16) 0.20(1) 3.4(2) 
1.9(1) 0.20(1) 3.1(2) 

<0.5 >0.25(1) >3.1(2) 
<0.9 >0.13(1) >2.2(1) 

8.42(35) 0.17(1) 3.4(2) 
2.9(6) 0.27(6) 3.6(8) 
1.1(3) 0.38(11) 3.9(11) 
1.0(3) 0.25(8) 3.0(9) 

<0.6 >0.26(1) >2.9(2) 

a Ref. [18]. 

Int st°p (t j) 
7"(t j )  = in tF l igh t ( t j_  I ) _ in tFl ight( t j+  1) × ( t j - - I  -- t j + l )  , ( 5 )  

where tj denominates the flight time for the plunger distance j .  Further information 

about DDCM can be acquired in Refs. [35,36]. 

To test systematic errors, lifetimes for nuclei of various evaporation channels were 
determined. Table 4 lists lifetimes rDDCM for 73'75Br, 72Se and 76Kr and compares them 

to previously published data. Lifetimes measured in coincidence agree well with our 

values. Deviating lifetimes measured via single spectra can be explained by wrong as- 

sumptions about feeding times, feeding patterns and/or unknown and thus unconsidered 
feeders (Ref. [8,37-48]).  For instance, in 72Se the transitions 1303, 1338, 1450, 1537, 

1571 and 1713 keV all depopulate longer lived states (showing little Doppler shift) 
and feed into the yrast band. Further, a transition with E z, = 2098 keV populating the 
7037 keV yrast state was found also showing little Doppler broadening. Such longer 

lived states were also found in 73Br. The influence of such an unconsidered feeding 
transition has been shown by Dewald et al. [35]. 

The overall comparison of 73'75Br, 72Se and 76Kr lifetimes reveals: when measured in 

coincidence the deduced lifetimes are obviously shorter. The same applies to lifetimes 
of 75Kr states. Fig. 9 shows the 689 keV transition intensities gated by the flight peak 
of the direct feeders 527 and 896 keV for the distances 12, 19, 30, 39, 47 and 96 # m  
and the derived lifetimes. Table 5 lists lifetimes, measured in coincidence and evaluated 
by DDCM, and compares them to lifetimes published by Cardona et ai. [18]. The 
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deviations can be explained by the previously unknown and therefore not considered 
feeding from the new sidebands at low excitation energy (see also Ref. [35] ). 

The very short lifetimes in 75Kr hint at a large prolate deformation. Comparing the 
quadrupole moments Qt listed in the Tables 4 and 5, measured via the B(E2) value 
determined from rDDCM, evidently 75Kr is more deformed than its neighboring nuclei, 

and thus it is one of the most deformed neutron-deficient nuclei in the mass region 
A ~ 70-80.  

3. Interpretation of 75Kr 

The strong coupling band structure and large quadrupole moments point obviously 
at a large deformation. Therefore, we used the Cranked Shell Model (CSM) to gain 
insight concerning deformation, aligning pairs and critical frequencies. And we applied 
two different rotor models to reproduce excitation levels, B(E2) and B(M1) transition 

probabilities. 
To compare the experimental deformation f12 derived from measured transition quad- 

rupole moments with those used in model calculations as cranking model or rotor 
model, one has to consider the charge distribution used. Usually the experimental f12 is 
calculated for axially symmetric deformation with flp,sharp(y = O) = 91.7Qo/ZA 2/3 for a 

sharp nuclear surface. This would give super-deformations 132 ~ 0.5 for the rotational 
bands in 75Kr (/32 = 0.47(2) for positive parity and/32 = 0.49(3) for negative parity. 
Thus, 75Kr is one of the most deformed nuclei found in the nuclear chart. But, the 
diffuse nuclear surface is better described by a Woods-Saxon-potential leading to [49] 
/3p,diff ---- flp,shaW[l _ (4/3)zrZ(a/Ro)2] which reduces the ]32 by a factor of 0.87 to 

/3p,aiff 0.41(2) for positive 0.88 in the mass region A ~ 70-80.  Thus, we get 2 = 
/3p,diff 0.43(3) for negative parity. The deformation of the positive parity yrast and 2 = 

states, obtained by B(E2) values, agrees well with the deformation values published in 
Ref. [32] for the ground state of 75Kr: assuming a strong coupling scheme the intrinsic 

quadrupole moment was determined as Q0 = 3.1 (4) b corresponding to/32 = 0.43(5). 

3.1. Cranking model 

The kinematic and dynamic moments of inertia, Fig. 10, present a straight line up 
to ho) = 0.6 MeV for 75Kr. Thus, up to spin 21/2 rotor model calculations should 
reproduce all experimental features. In order to understand the structure of 75Kr, cranking 
calculations based on the deformed Woods Saxon potential have been performed. Details 
of these calculations are given in Ref. [ 1 ]. The used model calculations GAMLAT for 
the Total Routhian Surfaces (TRS) were performed with pairing and were minimized 
with respect to the hexadecupole deformation ]34 at each (f14,'~) mesh point. The 
TRS, Fig. 11, show a stable absolute minimum at prolate deformation (y = 0 °) and a 
second minimum at oblate deformation (y = -60° ) .  The oblate minimum disappears 
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Fig. 10. Moments of inertia. (top) Kinematic moments of inertia j(1) in the four main bands of 75Kr (different 
in parity ~ and signature o~) compared to the even isotopes 74'76'78Kr. (bottom) Dynamical moments of inertia 
j(2) in the four main bands of 75Kr. Legend: (parity 7r, signature or): (+ ,+) ,  ( + , - ) ,  ( - , + ) ,  ( - , - ) .  

at 0.6 MeV rotational energy, the same energy where the loss in pairing correlations 

occurs. 

Compared to the CSM-values of/32 = 0.37 (positive parity) and/32 = 0.35 (negative 
np,diff = 0 .41(2)  for positive and Bp,diff 0 .43(3)  parity) the experimental  values ~2 2 = 

for negative parity are more than 10% larger. This deviation might be due to the pn- 

interactions not incorporated in the CSM calculations. 

Calculations of  the Routhians with JXGAMAVR, SWGEST and SFBAVR, Fig. 12, 

show that the first aligning nucleons are of positive parity, thus they must originate in 

the g9/2 shell. For protons, only the calculations for the ground-state band (minimum 

at/32 = 0.37,/31 = 0.0, y = 0.0) are shown (Fig.  12, left).  For the negative-parity band 

(minimum at /32 = 0.35, /31 = 0.01, y = - 2 . 0 )  the figure is very similar and results 

in the same critical frequency. For neutrons, the calculations were performed likewise 

with the respective TRS minimum values. In the negative parity band the al ignment of  

a g9/2 pair occurs simultaneously for protons and neutrons at ha) = 0.53 MeV (Fig.  12, 
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(/32,/34, 7)  = (0.35, 0.01, - 2 ° ) ,  the prolate minimum calculated for negative parity, the proton Routhians are 
showing nearly the same slopes. The neutrons are calculated for the respective minimum without (middle, 
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middle). In the positive parity band, on the other hand, the g9/2 neutron blocks the 

[422] 5 /2  single particle state shifting the g9/2 neutron alignment up to h w  = 0.67 MeV 

(Fig. 12, left). 
These theoretical findings agree qualitatively with the behavior of  the experimental 

alignment ix shown in Fig. 13 (upper part). The core parameters £7"°f = 1 lh2/MeV 
and @If = 6h4/MeV3 were taken from Ref. [50].  Therein the adapted g-reference was 
determined from regions of near constant deformation found in 75Br, 77Rb and 78Kr. The 

parameters were adjusted until the alignment curves in these regions were approximately 
constant. Thus, the Coriolis alignment of  the single particle spin should be accounted 
for. Both yrast bands show a step in the alignment enhancement at hw = 0.6 MeV. 
The gradual enhancement below 0.6 MeV can be attributed to the Coriolis anti pairing 
effect. Thus, combining the alignment gain of about 2h through the Coriolis anti pairing 
effect and the alignment step at h~o ~ 0.6 MeV up to 6h, the total alignment gain 
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dix ~ 5h must originate from an aligning g9/2 pair. The g9/2 band shows a second 
enhancement at hw ~ 0.8 MeV, which according to CSM calculations can be explained 
by the alignment of an g9/2 neutron pair hindered at low excitation energy by an 
occupied/2 = 5/2 state. Therefore, the first alignment affects a proton pair. The positive 

signature partner of the negative parity band is not observed above the alignment step 
at hw ~ 0.6 MeV. The large alignment enhancement in the negative signature partner 

of the negative parity band, saturating at ho~ = 0.7 MeV and ix = 8h, is explained 
according to CSM calculations by a simultaneous alignment of both a g9/2 proton- and 
a g9/2 neutron-pair in the region hw = 0.6-0.7 MeV leading to a negative parity 5qp 
band. This interpretation accords with interpretations of neighboring nuclei (74Kr [ 10], 
75Br [51], 76Kr [50]) .  

The negative parity lqp yrast band is populated by a strong 1019 keV transition which 
depopulates a 2 3 / 2 -  (4129 keV) level. Upwards the sideband is yrast. The lowest level 

of the 3qp sideband is observed at 2957 keV with 17/2-.  There are a number of negative 
parity 3qp band heads reported in neutron-deficient A ~ 80 nuclei, e.g. 77'79'81Br, 79Kr 
and 79'81'83Rb. Those bands are interpreted by Tabor and D6ring to originate from a 

z r ( p f )  ® "rr(g9/2) @ ~'(g9/2) configuration [52]. One might compare the characteristics 
of those sidebands with the present negative parity band in 75Kr. The configuration 

7r (p f )  ® 77"(g9/2) ® /"(g9/2) should decay into both the yrast bands of either parity. 
This is definitely not the case for the sideband on the 2957 keV level. In contrast to the 
characteristics of a 7r(p f )  ® zr(g9/2) ® P(g9/2) band, the d l =  2-transitions are stronger 
than the AI = 1-transitions and a signature splitting can be observed. We conclude, that 
the negative parity 3qp sideband in 75Kr probably has another configuration. 

The negative signature partner of the negative parity lqp sideband ends at a rotational 
frequency hw ~ 0.4 MeV, while the positive signature partner shows at this frequency 
an up-bending of about dix = 4h. This alignment occurs at a definitely lower critical 
rotational frequency than for the negative parity yrast band (Fig. 13, lower part). The 
1019 keV transition is represented by the open square in Fig. 13 at hw = 0.5 MeV 
and ix = 4.5h, the 844side keV transition by the open circle at hw = 0.42 MeV and 
ix = 5h. Further, the 3 qp sideband depopulates through two quite different paths. 
The 3qp sideband of negative signature, labeled "787 keV side" in Fig. 13, decays as 
expected via a strong branch into the lqp negative signature yrast band (1019 keV, 
23/2~-(4129 keV)--~19/2~-(3110 keV)).  Curiously enough, the 3qp sideband of posi- 
tive signature, labeled "809 keV side", does not decay into the positive signature yrast 
(unfavoured) band but decays via the 844side keV transition into the yrare lqp sideband. 
Thus, we suspect a fundamental structural difference between the lqp positive signature 
main band and the lqp and 3qp sideband of positive signature, a difference larger than 
expected for a prolate deformed nucleus. 

The theoretical Routhians, calculated for protons and neutrons without blocking at 
/32 = 0.31 and 3/ = - 5 0  ° given by the second minimum in the TRS, show for the 
protons a loss in pairing correlations with a strong interaction at hoJ ~ 0.65 MeV 
and a neutron pair alignment at hw ~ 0.48 MeV. Thus, a calculation with oblate 
deformation reproduces the low energy up-bending in the negative parity sideband. The 
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strong interaction between the proton states might explain the hidden second up-bending. 

3.2. Rotor model 

The Cranking Model showed the development of intrinsic states in 75Kr as a function 

of the rotational energy. Now the energy levels and the B(M1) and B(E2) transition 
probabilities shall be reproduced by models coupling a quasi-particle to a rotating core. 

The Rigid Triaxial Rotor + Particle (RTRP) model couples a particle roaming de- 

formed orbitals to a rigid rotor (constant moment of inertia) [53]. At first, the single 

particle energies are calculated for the deformation e ~ 0.95/3 and triaxiality 3'. For pos- 

itive parity the following shell model states, given according to their increasing single 

particle energies, and their/'2 sub-states are considered: 1s1/2, ld5/2, 2s1/2, ld3/2, 1g9/2, 

2d5/2, lg7/2, 3sl/2, and 2d3/2 as for negative parity: lp3/2, lpl/2, lf7/2, 2p3/2, lf5/2, and 
2pj/2. Nilsson states are mixed by small deformation or triaxiality. Up to fifteen of these 
mixed states can be selected to calculate energy levels and electro-magnetic characteris- 
tics. The Coriolis attenuation has been estimated as 0.5 for the high spin g9/2 orbit by 
using the self-consistent attenuation factor Ix = 1 - i x / I x  [54]. For the low spin negative 
parity band the Coriolis attenuation can be ignored. The core is taken into account via 
its 2 + energy, which is represented for 74'76Kr by an estimated undisturbed mean level 

energy of E(2 +) = 224 keV [8]. Data from /3+-decay of 75Rb concerning low spin 

levels in 75Kr constricted possible triaxiality values to less than 15 ° for negative parity 

and to less than 20 ° for positive parity (see also Refs. [ 15,19]). To include effects due 

to a possible triaxiality the rotor model calculations (Table 6) were performed with a 

triaxiality value 3, = 15°- 
The RTRP model calculations (Table 6) are compared to calculations with the Asym- 

metric Rotor with Variable Moment of inertia, where the coupled particle can occupy 
only two shell model states (AROVM2) [55-58]. The fit of model parameters has 
been described in Ref. [ 19] where the shells chosen for the negative parity band were 
f.~/2 and PJ/2. The RTRP calculations showed however that at deformation /32 ~ 0.37 
the p3/2,.(2 = 3/2 state is preferred (Table 6b). Therefore the negative parity band was 

calculated here with the P3/2 shell. 

A crucial value to select the best theoretical reproduction of the experiment is the 
ratio of total transition probabilities 

A = T(E2, I --+ I - 2) _ _ Int.~,(l ~ 1 - 2) (6) 
T(E2,  I - - - ~ I - I ) + T ( M 1 )  Int.z,(l ---* I - 1 ) ' 

which can be compared with the ratio of the measured 3,-intensities. When looking at 
B(M1) values and mixing ratios 6 one should keep in mind that variations between 
states of different signature depend on the triaxiality 3' taken into account, the smaller 
the triaxiality the smaller the variations. 

The positive parity band on the g9/2 intruder state is reproduced by AROVM2 as 
well as by RTRP albeit the AROVM2 level energies are compressed due to a Coriolis 
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interaction calculated program-inherently to large by an incomplete parameterization. 

On the other hand, the intensity ratios calculated by AROVM2 agree better. 
The transition probabilities in the negative parity band cannot be reproduced by 

AROVM2 calculations at all. In AROVM2 calculations only two shell model states 
can be occupied by the single particle. But no combination of any two of the three 
shell model states near the Fermi surface (fs/2, P3/2 and Pl/2) is capable to reproduce 
the experiment as can be seen when comparing the intensity ratios. Other AROVM2 
calculations confirm, that large M 1 transition probabilities between negative parity levels 

are generated by transitions between the shells P3/2 (J = L + 1/2) and Pz/2 (J = L -  1/2). 
In accordance, in RTRP calculations the B(M1) values dropped if the Pl/2 state was 
excluded. As the RTRP calculations agree well with experiment when the Pl/2 state is 

taken into account, it has to be concluded: all mixing Nilsson states must be considered; 

but especially the f5/2, P3/2 and Pl/2 states are needed to describe the K = 3/2 negative 
parity band. 

Now looking again at the sidebands, calculations were done trying to reproduce the 
yrare levels by triaxiality. These comparisons were done only with AROVM2, because 
RTRP solely calculates the yrast band. As mentioned before, the possible triaxiality is 
constricted by /3+-decay data of 75Rb to less than 15 ° for negative parity and to less 
than 20 ° for positive parity [15,19]. Under these conditions no agreement could be 
found for the yrare band between experimental level energies combined with spins and 

AROVM2 calculations. In case of the g9/2 sideband the strong signature splitting could 
not be reproduced, even if a calculated band-head spin of 5/2 is considered because 
of possibly ambiguous experimental spins. Although AROVM2 failed to reproduce the 
branching ratios in the negative parity band, it agrees in excitation energies and spin with 
the experiment. Therefore, also for the negative parity sideband triaxiality is deemed 
to be excluded because the unambiguous yrare band-head spin of 5/2 could not be 
reproduced. The yrare band-head spin was calculated by AROVM2 for all parameter 
sets equal to the yrast band-head spin. 

3.3. Prolate-oblate mixing 

3.3.1. Opposite deformation of favoured and unfavoured yrast band 

In order to explain the measured large Qo(AI = 1)/Qo(AI = 2) ratios we discussed 
in Ref. [ 19] prolate-oblate mixing. The predictions from our simple model can now be 
compared with experimental findings. The model assumed the yrast bands of opposite 
signature to be of opposite deformation: for example the favoured band to be predomi- 
nantly prolate and the unfavoured to be predominantly oblate. Under these assumptions 
the following predictions could be made (see Ref. [19]): low spin sidebands should 
exist and the individual B(E2) transition probabilities should be reduced compared to 
neighboring even-even nuclei, the B(E2, AI = 2) values being more reduced than the 
B(E2, AI = 1). 

The sidebands have been found indeed with the OSIRIS_12 measurement. But only 
for negative parity this sideband starts at the predicted [ 19] spin I + 1 (I  = yrast band- 
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head spin). The low spin negative parity level scheme would be reproduced very well 

by prolate-oblate mixing between a strongly coupled deformation aligned K = 3/2 band 

with /32 ~ +0.4 and a weakly coupled rotational aligned a = 5/2 band with/32 ~ - 0 . 2  
(o~ = quantum number for spin coupling to the rotational axis, K _= quantum number for 
spin coupling to the deformation axis [54] ). The second aspect of reduced B(E2, zll -- 
2) values cannot be confirmed. On the contrary, the B(E2, AI = 2) are somewhat 

larger than calculated. This fact is explainable by a larger prolate deformation. As 

for the experimental B(E2, AI = 1) values, they depend crucially on the experimental 

mixing ratios. The mixing ratios unambiguously fixed by internal conversion electron 

measurement yield very large B(E2, AI = 1) values in the low spin region of the g9/2 

band, which is calculated as originating from a pure [422]5/2 state. This feature is 

unexplainable, neither by pure prolate deformation nor by the prolate-oblate mixing 

model discussed here, unless assuming unreasonable large deformations. 

3.3.2. Opposite deformation of yrast and yrare band 

We now recall the TRS calculations of the cranking model (Fig. 11). There two 

potential energy minima were to be seen: an absolute minimum at large prolate defor- 
mation and a second minimum at somewhat less oblate deformation. The yrare band 

head energies are nicely reproduced by the energy offset of the oblate potential energy 
minimum compared to the prolate minimum. At hw = 0.2 MeV, representing the first 

E2 transition, the energy offset is 800-900 keV for positive parity and 600-700 keV for 

negative parity. The experimental sideband-head energies are well in the error margins 

of about 140 keV for the calculated band-head energies. These error margins were deter- 
mined by comparing theoretical and experimental band-head energies given in Ref. [ 1 ]. 
Moreover, since the B(E2, AI = 2) and the yrast level energies can be reproduced very 
well by rotor model calculations using large prolate deformation, we regard the yrast 
bands of either parity to be generated by a prolate deformed core. 

There are further fingerprints from experiment, which induce us to regard the lqp 

yrare bands as originated from oblate deformation. The loss of pairing correlations 

at comparatively low hoJ in the negative parity sideband can be explained if oblate 
deformation is assumed. In case of the 9/2 + yrare band we even have an experimental 

hint for oblate deformation: in the isotone 73Se the 9/2 + ground-state band exhibits 
the same pattern of a strong signature splitting. Here the mixing ratio of the first 
A1 = 1 transition has been determined revealing a positive sign, from which an oblate 
deformation for the low spin levels has been infered [59]. Thus, we now consider the 
low spin level scheme to be dominated by prolate-oblate shape coexistence. 

Positive parity 

The yrast band is interpreted as to be generated from a rather pure [422]5/2 state at 
large prolate deformation. The sideband on the 9/2 + state with a very large signature 
splitting must be a Coriolis interaction disturbed band, generated either by a low f2 g9/2 
single particle state or a weakly deformed s2 = 9/2. Looking into a Nilsson scheme [ 1 ] 
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we find above the magic nucleon number for small oblate deformation Z, N = 34 at 

/32 ~ -0 .18  three crossing Nilsson states: the [310] 1/2 and the [30113/2 of the t"5/2 
state and the [404]9/2,  which can explain the 9/2 + yrare band head and agrees with 
the prolate-oblate shape coexistence point of view. The [41317/2 found at larger oblate 

deformation/32 ~ -0 .26  would lead to a 7/2  + band-head spin, which was excluded by 

DCO ratios. The other possibility of a [440] 1/2 state with a small prolate deformation, 

rotational aligned by a strong Coriolis interaction resulting in an a = 9/2 band head 

spin, cannot be altogether dismissed. But this configuration should mix strongly with 

the [422]5/2  and is moreover not supported by the TRS calculations. These not only 

show a second minimum at oblate deformation but this minimum in fact disappears at 
ho) ~ 0.5 MeV. This agrees very well with the highest rotational energies detected in the 
sidebands (1051 and 1095 keV). All these arguments together induce us to interpret the 

positive parity 1 qp yrare band as to be effected by a small oblate deformation/32 ~ -0 .2 .  

The observed transition probabilities further strengthen our conviction. The intra-band 

al  = 1 transitions {15/22} --~ 13/22 and {11/22} ~ 9/22 are energetically favoured 

compared to the inter-band AI = 0 transitions {15/22} ---+ 15/21 and {11/22} ---+ 11/21 

if both have to occur through an E2/MI  transition. But, the intra-band transitions were 

not found. Thus, the AI = 0 inter-band transitions have to have a relatively strong E0 

transition probability indicating a shape change [60,61]. 

Negative parity 

When discussing the negative parity l qp yrare band the 3qp-sideband has to be 

taken into account, because this band decays with a strong branch (844si& keV, 17/2 2 
(2957 keV) --~13/2 2 (2113 keV)) into the lqp-sideband. Surprisingly the 3qp signature 
partners show very different inter-band connections as discussed in the next to last 

paragraph of Section 3.1. Neither the positive signature yrast nor the negative signature 
l qp yrare are connected to the 3qp-sideband although those transitions are as favoured 

by energy as are the observed connections. This feature would be explained by a prolate- 

oblate mixing as discussed in Section 3.3.1 and Ref. [ 19]: a prolate 3qp-sideband would 

decay only into predominantly prolate levels while the predominantly oblate band would 
not be connected to unmixed prolate high spin levels. But as mentioned in Section 3.3.1, 
the B(E2, AI = 2) values are not reduced in the lqp yrast band. 

The possibility, that the negative signature lqp band on the 7 / 2 -  belongs to another 
structure, separate from both yrast and oblate positive signature lqp band on the 5 / 2 - ,  

can be excluded as long as a population of an unseen 3 / 2 -  band-head level has not 
been proved. A [303] 7/2 band can be excluded, because this Nilsson state reaches the 
Fermi level only at deformations /32 > 0.6. Thus, the resulting band structure should 
evolve a strong coupling scheme. In this mass region the maximum negative parity 
single particle spin reachable is s2 = 5/2  of the t"5/2 state, from which the lqp-sideband 
must be generated. 

We now study the possibility that both lqp-sidebands belong to the same oblate 
structure. Comparing the transition probabilities (~E3) ,  the l qp intra-band transitions 
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are more than 10 times less probable than the AI  = 1 inter-band transitions, which 

might explain the unconnected signature partners in the yrare band. Although a prolate 
deformed lqp-sideband cannot be excluded, this was dismissed because of the quite 
different decay paths of the 3qp-sideband. 

For the sake of simplicity we consider the lqp-sideband to be a weakly coupled, 

rotational aligned [310] 1/2, ce = 5/2 band of oblate deformation, although we expect 
the lqp yrare band to be as mixed as the yrast band. To explain the different decay paths 

of the 3qp-sideband one could suppose the 3qp-sideband to be prolate-oblate mixed. But, 
in the whole neutron deficient mass region A ~ 70 -80  no oblate deformation has been 

found above the first pair alignment, 

Remember now the reduced alignment frequency (Fig. 13, bottom), which was in- 

terpreted as to be due to a g9/2 neutron pair alignment at oblate deformation. By these 
aligned neutrons 75Kr is driven to prolate deformation. Therefore, a change from oblate 

to prolate deformation, maybe via triaxiality, in the lowest three levels of the 3qp- 

sideband could be the source of the the quite different decay paths. The 844side keV 

transition marks the neutron pair alignment, the 927 keV transition continues the oblate 
lqp-sideband. As soon as the the nucleus reaches prolate deformation, the 1019 keV 
transition into the prolate yrast band is strongly favoured. 

In conclusion, in case of the negative parity bands no definite description of the 
prolate-oblate shape coexistence can be given. Nevertheless, all three descriptions de- 

mand two states of opposite deformation /32 ~ +0.4 and /32 ~ -0 .2 .  
All in all the experimental facts are best reproduced by the third interpretation of a 

predominantly prolate lqp yrast band and a predominantly oblate lqp yrare band with 
a transition from oblate to prolate deformation in the lowest levels of the 3qp-sideband. 

4. Summary 

The present investigation showed the strong influence of both the single particle gaps 
at Z, N = 36 and Z, N = 38 on the structure of 75Kr. This can be deduced from the single 
particle configurations of the experimental band heads and the deformations determined 

from lifetimes. The neutrons prefer prolate and the protons favor oblate deformation. 
The pn-interaction might be the origin of the drive to large quadrupole deformation, 
which is even more enhanced and stabilized by the single neutron above the N = 38 

shell gap at/32 ~ +0.4. 
The lifetimes measured in coincidence yield very large deformations (/3z ~ 0 .4-0.5  

depending on the model used) for the yrast bands. The lifetimes in the yrare bands 
could not be determined because of insufficient statistics. 

The alignment frequencies hint at different structures of the yrare and the yrast bands 
of either parity. The positive parity lqp yrare band is not observed above h w  ~ 0.6 MeV, 
while the yrast band continues up to spin 45/2. The yrast bands of both parities show a 
large upbending up to 6h beginning at h w  ,.~ 0.6 MeV. A part of this gain is explained 
for both parities by cranking calculations as an aligning g9/2 proton pair at large prolate 
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deformation. The positive signature partner of the negative parity yrast band is not 
observed after this first alignment, while in the negative signature partner of the negative 
parity yrast band the g9/2 neutron pair aligns simultaneously with the g9/2 proton pair 
at hw ..~ 0.6 MeV in accordance with the interpretation of neighboring nuclei (74'76Kr, 
75Br). In the positive parity yrast band the g9/2 neutron pair alignment is blocked up to 
hw ~ 0.8 MeV, 

The g9/2 lqp-bands have band-head spins of 5/2 ( lqp yrast) and 9/2 ( lqp yrare), 
respectively. The positive parity lqp yrast band is explained by both the rotor model 
calculations RTRP and AROVM2 as a rotational band on the [422]5/2 Nilsson state. 
The deviations between the RTRP and AROVM2 calculations for the negative parity 
band show: the negative parity lqp yrast band is built on a band-head configuration 

strongly mixed from f5/2, P3/2 and Pl/2 with band-head spin 3/2. Probably, the lqp 
yrare band with band-head spin 5/2 is mixed as well. 

For the lqp yrast bands of either parity the band-head spins, B(E2, AI = 2) and 
B(M1 ) transition probabilities can be reproduced by the RTRP rotor calculation using a 
large prolate deformation. But, the experimental mixing ratios determined by conversion 
electron measurement and the resulting B(E2, AI = 1) transition probabilities are more 
enhanced than expected for a prolate deformed nucleus. Additionally, the lqp yrare 
bands cannot be explained by triaxiality, and for the positive parity lqp yrare band 
favoured AI = 0 transitions between yrare and yrast band hint at a shape change. 

Although for numerous yrast band AI = 1 transitions the angular distribution measure- 
ment yielded mixing ratios 6 ~ -1 ,  there remain some doubts on the accuracy of the 
DSA-affected angular distributions. Therefore, up to now only the E2/Ml-mixing ratios 
6(187 k e V ) = - 0 . 5 5 ( 6 )  and 6(191 k e V ) = - 0 . 5 6 ( 7 )  have been fixed unambiguously. 
For the 1792 keV transition a mixing ratio 6 = +0.6(2) was adopted. The resulting 
exceptionally large B(E2 ,  AI = 1) transition probabilities in the low spin region are 
interpreted for either parity to be due to prolate-oblate mixing between a prolate yrast 
and an oblate yrare lqp band. Further investigations of high precision are needed to 
elucidate this subject. 

The negative parity lqp-sideband shows a pair alignment already at hw ~ 0.4-0.5 
MeV, which can be interpreted by cranking calculations as aligning g9/2 neutrons at 
smaller oblate deformation. The prolate shape is energetically favoured and the oblate 
can be maintained only until the first alignment. The experimental data agree well 
with cranking model calculations although the calculated values of deformation and 
pair alignment frequency for the yrast bands are about 10% to small compared to the 

experiment. This deviation might be due to the pn-interactions not incorporated in the 
CSM calculations. 

Because of all these experimental facts together and the good agreement with cranking 
model calculations, the lqp yrare bands are interpreted to originate from small oblate 
deformation (positive parity: [404]9/2, 132 ~ -0 .2;  negative parity: [301] 1/2 rota- 
tional aligned to o~ = 5/2, /32 ~ -0 .2 ) .  Thus, for the first time a prolate-oblate shape 
coexistence has been found in the extended level scheme of 75Kr. 
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