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HIGH-SPIN STRUCTURE OF 57NiAND NUCLEI NEARBY� ��M. Laha, P. Bednarzyka, W. M�zy«skia, J. Styze«aK.H. Maierb, K. Spohr, M. Rejmundd;e, H. GraweeG. de Angelisf , D. Bazzaof , F. Brandolinif , and S. Lunardifa The Niewodniza«ski Institute of Nulear Physis, Kraków, Polandb Hahn-Meitner-Institut, Berlin, Germany University of Paisley, Paisley, Sotland, U.K.d Warsaw University, Warszawa, Polande GSI Darmstadt, Darmstadt, Germanyf INFN, Laboratori Nazionali di Legnaro, Legnaro, Italy(Reeived February 8, 1999)Nulei, 57Ni, 58Ni, 57Co, from the losest viinity of doubly magi 56Nihave been investigated in a series of in-beam -spetrosopy measurements.New experimental results onerning the struture of 57Ni are disussed indetails. The observed exitations are qualitatively interpreted in the frameof shell model.PACS numbers: 23.20.Lv, 23.20.En, 27.40.+zAlthough the nulei around doubly magi 56Ni have been heavily in-vestigated up to now, due to their importane for the shell model theory,the region, speially the nulei from the losest viinity of 56Ni, is still notenough explored both from the experimental and the theoretial points ofview. The situation, however, is hanging as a number of new investigationshas been reported very reently. We also have performed a series of in-beam-spetrosopy measurements aimed to study exitations in nulei from thatregion.In the �rst experiment performed in HMI Berlin, the 68 MeV 20Ne pulsedbeam from VICKSI aelerator bombarded 1.0 mg/m2 40Ca selfsupportingtarget, populating 57Ni-nuleus via (20Ne,2pn)-reation. The experimental� Presented at the XXXIII Zakopane Shool of Physis, Zakopane, Poland, September1�9, 1998.�� This work was partialy supported by the Polish State Committee for Sienti� Re-searh under grant no. 2 P03B 112 08.(743)



744 M. Lah et al.setup onsisted of the OSIRIS -deteting system and the Reoil Filter De-tetor (RFD) [1℄. In this ase, where fusion-evaporation dominates, the mainrole of the RFD was to enable a preise event-by-event Doppler-orretionof the observed -lines. These data were also used to onstrut the DCO-matrix, where oinidene events from 5 detetors plaed at 25Æ and 38Æwere sorted against those from the other 5 detetors at 63Æ and 90Æ.In the seond experiment performed in LNL-Legnaro, we used (28Si +32S)-reation leading to the same ompound nuleus. Targets in hemialform of ZnS and with the thikness of 0.5 mg/m2 were prepared on both athin (1 mg/m2) and a thik (10 mg/m2) Au-bakings and bombarded with84 MeV 28Si-beam in two independent measurements. The detetion systememployed the GASP -spetrometer and ISIS array. The DCO-matrix fromthis experiment ontained events from detetors at 90Æ versus those at 36Æand 144Æ.The 57Ni nuleus was previously investigated in many experiments [2℄,but almost exlusively light partile indued reations were employed. Onlya few of the measurements were performed using -spetrosopy methods.Thus very little was known about high spin levels and -deexitation in57Ni. When starting, our study the known yrast struture was limited toonly three states [3℄: 7/2� at 2577 keV, 11/2� at 3865 keV and 15/2� at5320 keV, depopulated by three -transitions of 2577.5 keV, 1287.6 keV and1455.1 keV respetively. Our oinidene spetra gated on these transitionsrevealed many new -rays on�dently assigned to 57Ni. Detailed analysis ofthe spetra identi�ed higher lying states extending the 57Ni level sheme upto 9.5 MeV. The observed - oinidene relations established also manynon-yrast states and their ompliated deay mode. The dedued sheme of57Ni exitations is presented in Fig. 1.Several weak transitions observed in oinidene spetra are not inludedinto the level sheme. Two transitions, 734 keV and 1057 keV, are mostprobably loated above 7815 keV level feeding it diretly. A asade of1722 keV and 1614 keV -rays onnets levels at 7039 keV and 3702 keV.The other two transitions, 723 keV and 1629 keV, depopulate probably thesame level at 7144 keV. All these -rays are very weak in 57Ni deexitation.Moreover, there are muh stronger transitions of similar energies in otherreation produts, therefore, -oinidene spetra gated on them are notonlusive and onsequently their �rm plaement in 57Ni level sheme annotbe established.In order to get the spin assignment of the levels, the DCO-matriesfrom both experiments were analysed with a speial are. For a pair oftransitions, 1 - 2, two values of DCO-fator were usually extrated. Onewas de�ned as a ratio of 2-intensities, I"30"2 =I"90"2 , observed in DCO-spetragated on the 1-transition. The seond one was obtained from the spetra



High-Spin Struture of 57Ni and Nulei Nearby 745

   0  

2577  

3865  

5320  

6420  

7454  

8345  

9494  

2443  

3713  

4940  

5514  

 4711

3230  

 769  

 3362

 3702

 4026
 4186

 4502

 5369

 5663

 7815

 7039

 6159

194.3

379.4

 151.4

483.7

229.7
438.6

293.6

768.8

25
77

.5
12

87
.6

14
54

.8
11

00
.5

21
34

.8

10
33

.7

19
24

.2

89
0.

8
11

50

57
3.

8

12
27

.1

90
6.

0

14
80

.0

19
39

.9
20

40

24
95

.0

88
0.

5
77

5.
7

16
56

.5

16
49

.4

11
36

.0

10
75

.4
12

70
.1

18
08

.7

24
43

.5

16
74

.5

32
30

.1

24
61

.1

84
5.

7

24
56

.7

21
33

.6

47
6.

3

13
43

63
7.

0

78
8.

4

12
72

.0

19
24

.8

25
93

.6
11

39
.6

91
4

82
3.

7
16

08
.8

75
4.

6

33
62

.6

32
57

.6

65
8

34
17

.6

11
60

.6

11
24

.4

29
33

.3
80

0.
2

72
2.

5

 9/2

 9/2

 7/2 –

 9/2

 11/2
 11/2

 13/2,11/2

7/2 –  

5/2 –  

3/2 –  

5/2 –  
7/2 –  

9/2 –  
11/2 –  

13/2 –  

15/2 –  
15/2 –  

17/2 –  

19/2  

17/2,19/2 

Ni57
28 29Fig. 1. The level sheme of 57Ni as dedued from our experimentsgated on the 2-transition and alulated as the intensity ratio of the 1-line,I"90"1 =I"30"1 . The mean value of both gives the measured RexpDCO-ratio for the1�2 ombination. The experimental errors were estimated as 10% for thestrong transitions and up to 25% for the weak -rays.The experimental RexpDCO-ratios were ompared with the theoretial valuesalulated with the improved version of the program developed by Krämer-Fleken [4℄. In most ases the RexpDCO-ratio ould be reprodued by severalRthDCO-values alulated for di�erent spin ombinations and appropriate Æ-transition mixing ratios. Therefore an additional information was neededto extrat unique spin assignment for the individual level. In our DCO-analyses we have used the E2-harater of the three lowest yrast transitions[3℄. Furthermore, we were helped by the fat that eah state branhes toseveral other levels whih ruled out some of the possibilities. Also the rig-



746 M. Lah et al.orous requirement of the onsisteny of all our results eliminated some ofthe ambiguities. This analyses of the big number of RexpDCO-ratios for manypossible 1�2 ombinations resulted in unique spin assignments of almostall states.The big RexpDCO-values for the 1100.5 keV -ray paired with eah of theyrast transitions exlude its �I = 2 and �I = 0 nature and thus determinethe spin I = 17=2 for the 6420 keV yrast state. The spin of the 7454 keVlevel annot be �rmly established, sine from the DCO-results the 1033.7keV transition an be interpreted as �I = 0 as well as �I = 1 transitionand the other two branhes are too weak in our data to extrat their RexpDCO-ratios. The spin assignment I = 19=2 for 8345 keV level is based on twoDCO-ratios involving 1924.2 keV transition depopulating this state, namely:RexpDCO(1924�906) = 1.22(20) and RexpDCO(1924�1287) = 1.28(25). The theo-retial values alulated with the initial spin I = 19=2 and Æ(1924) = 0:1are RthDCO = 1:215 and 1.373, whereas the assumption of the initial spinI = 21=2 would give RthDCO = 0:878 and 0.999, respetively. Intensity ofthe seond -ray depopulating this level is too small and therefore DCO-results annot onlusively support our spin assignment. Also the spin ofthe highest lying exitation remains unde�ned beause of insu�ient statis-tis of the depopulating transitions. Muh higher statistis was olleted in(28Si+32S)-experiment, but these DCO-data an be used only for the spindetermination of the states with longer half life, where Doppler-e�et doesnot in�uene the shape of depopulating transitions. The spins of almostall intermediate levels below 5.6 MeV were established primarily from thatmeasurement.Detailed theoretial interpretation of the observed exitations in 57Niis not possible without the advaned large sale shell model alulations.Qualitatively, one an understand the harater of the lowest lying yrastlevels omparing them to the known exitations of the 56Ni ore nuleus[5℄. The oupling of the valene neutron from the �p3=2 or �f5=2 shell tothe 2+, 4+ and 6+ levels of the ore forms the negative parity multipletsup to maximum spin 17/2�. The struture of higher lying yrast states aninvolve the high spin (8+) and (10+) exitations together with the p3=2 orf5=2-neutron. An alternative possibility of their interpretation may be theoupling of the neutron from the high-j g9=2-orbital to the 6+ exitation of56Ni giving the multiplet of positive parity states. Laking information onthe single �g9=2 energy and the level parities prevents any further, even suhqualitative onlusions on the struture of the states above 7 MeV.In the 57Ni nuleus one an expet the level of �g9=2 harater in the en-ergy region 3.5�4.5 MeV, beause it should lie somewhat higher then analo-gous 3054 keV state in 59Ni [6℄ and have not very di�erent energy as the levelat 3510 keV in 57Cu [7℄, whih an be interpreted as a �g9=2 single partile



High-Spin Struture of 57Ni and Nulei Nearby 747state. Our data identi�ed three levels with the spin 9/2 above 3.5 MeV. Itseems that the best andidate for the �g9=2 exitation is the state at 3701keV. Although its parity was not de�ned from the experiment, the speialfeatures of that level allow to speulate about its nature. The �rst intuitiveargument omes from the inspetion of the level struture observed abovethis state. The level sequene resembles the shell model oupling to the 2+and 4+ exitations of the ore as expeted above single partile state. Thespeial harater of the 3701 keV level is also shown by the fat of its diretpopulation via proton deay from the (�g9=2�g9=2)-deformed band in 58Cu,reently reported in Ref. [8℄. The suggested interpretation of 3701 keV levelhas to be on�rmed by the theoretial alulations.The reations used in our experiments populated several other nulei inthe 56Ni region with su�ient ross setions to investigate their struture.From the analysis of the data we obtained preliminary results on the exi-tations in 58Ni expanding the known level sheme up to 9 MeV. The mostomplete information olleted from our measurements onerns the stru-ture of 57Co-nuleus. High spin levels identi�ed up to 11.3 MeV revealed veryompliated deay pattern. The life time for many of these states was mea-sured using the DSA-method. Its low spin exitations were investigated alsoin an additional experiment performed in IFJ-Kraków, where 57Co-nuleuswas produed in 55Mn(�,2n)-reation.Summarizing, we have obtained experimental results o�ering new andneeded information on the struture of nulei from the losest viinity of56Ni. Their detailed interpretation, however, needs advaned shell modelalulations. REFERENCES[1℄ K. Spohr et al., Ata Phys. Pol. B26, 297 (1995) and K. Spohr, PhD-thesisUniversity of Bonn (1995).[2℄ M.R. Bhat, Nul. Data Sheets 67, 195 (1992).[3℄ M.G. Saint-Laurent et al., Z. Phys. A334, 365 (1989).[4℄ A. Krämer-Fleken et al., Nul. Instrum. and Methods A275, 333 (1989).[5℄ J. Blomqvist et al., Z. Phys. A322, 169 (1985).[6℄ S. Juutinen et al., Nul. Phys. A504, 205 (1989).[7℄ E. Stiliaris et al., Z. Phys. A326, 139 (1987).[8℄ D. Rudolph et al., Phys. Rev. Lett. 80, 3018 (1998).


