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    The angular distributions of alpha particles elastically and inelastically scattered by 60Ni and 
 62Ni have been measured at 28.5 MeV. About 40 angular distributions, which include those corre-

 sponding to the so-called two-phonon triplet, have been obtained. Results were analyzed in terms 
 of the optical model and the DWBA theory. The observed cross sections for excitation of the 

 two-phonon triplet states were compared with the predictions of the coupled channel theory, and 
 a reasonable agreement between the experiment and the theory has been obtained. Inelastic 

 scatterings leading to the first 2+, the first 4* and the first 0+ states of 62Ni were analyzed using 
 form factors of a microscopic model. The so-called two-phonon states, some possible 3- states 
 other than the most prominent ones and possible higher spin (5-) states are discussed. 
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          c(E“,, O)/ ","Ni deduced levels/ J, r, deformation parameters/ Enriched 

          targets/ 

                          I. INTRODUCTION 

    The study of the inelastic scattering of medium energy particles has proved to be a 

powerful tool for determining the spin and parity as well as the detailed information on 
the wave function of the nuclear excited states. Especially, inelastic scattering of alpha 

particles by nuclei is known to excite strongly the states of collective character. 
    The first-order DWBA theory" has accurately explained both the angular distribu-

tions and magnitudes of cross sections for inelastic scattering leading to one-phonon 

states. This fact makes it possible to determine spin-parities of nuclear states. 

    However, the first-order DWBA theory is not adequate for describing transitions to 
so-called two-phonon states of nuclei. Buck') and Tamura') have successfully explained 

the second-order process using the coupled-channel equations. As the theory attempts 
to account for detailed properties of nuclei, accurate experimental data are desirable. 

    Many experimental studies of inelastic alpha scattering have been performed for 

medium weight nuclei. Several workers') have reported about the excitation of two-
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phonon states by inelastic alpha scattering. However, most of them have reported a 
two phonon 4* state and have not completely resolved the two-phonon triplet states. 

Experiments in which tho two-phonon triplet states are completely resolved are desirable 

for understanding the properties of these states. 

   Some of the authors and others5,6) have measured the angular distributions of alpha 

particles for all of the two-phonon triplet states of "Ni at 34. 4 MeV. This result has 
been analysed by Tamura') with the coupled-channel method and have been successfully 

explained as an interference effect between two possible modes for exciting the two-

phonon states, i. e., a direct transition and a multiple transition. Therefore, it is interesting 
to see how well the coupled-channel method predicts the angular distributions for the 

two-phonon triplet states measured at different bombarding energies and/or with diffe-

rent target-nuclei. Thus the present experiment was undertaken to investigate the angular 
distributions for the two-phonon triplet states of "Ni and "Ni at 28. 5 MeV under the 

condition of good energy resolution. 

   Nickel isotopes are single closed shell nuclei and are suitable for detailed comparison 

with the microscopic description of inelastic scattering'', where appropriate such analyses 

were carried out. 

   Octupole states other than the prominent one have been observed in some experi-

memts. V*" has calculated excitation energies and reduced transition probabilities of 

octupole vibrational states with the microscopic theory on the basis of an interaction 
consisting of pairing plus octupole-octupole force. The distribution of isoscalar octupole 

strength in many medium weight nuclei have been studied using (cr, a') experiments",'" 

and a prominent broad peak (F-,-2. 5 MeV) was observed"' at E0---,30/1--'12M eV. Howe-

ver no broad peak was observed in this excitation energy range in 208Pb or "Ca and 

lighter nuclei. The angular distributions of the (a, a') reaction exciting these peaks 

were in excellent agreement with / = 3 DWBA calculations. This low-energy octupole 

resonance (LEOR) was found"' to exhaust 20---,30% of the isoscalar E3 strength allowed 

by the energy weighted sum rule (EWSR). 

   It should be noted that no LEOR is found for "Ni and only three discrete states 

between 6 and 7. 9 MeV which exhaust only --,10% of the E3 strength allowed by 

EWSR were observed6'101 for "Ni. In this situation it is interesting to investigate 

octupole states other than the prominent one in Ni isotopes because one has a question 

whether this fact is general in this mass region or not. Thus the another purpose of 

the present experiment is to investigate possible 3- states and to compare them with 

the theory. 

   The experimental angular distributions covered a wide angular range (15°-110°) 

to investigate the behaviour of the optical-model parameters and to obtain more detailed 

informations concerning the inelastic scattering. 

                   IL EXPERIMENTAL PROCEDURE 

   Experimental procedures were similar to those of the previous work.121 

   A beam of alpha particles from the 105 cm Kyoto University cyclotron was analysed 
by a beam analysing magnet and brought into a scattering chamber. The average 
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alpha-particle energy in the target foils was estimated to be 28. 5 MeV. 

   Nickel 60 and nickel 62 targets were self-supporting metallic foils. Each target was 

prepared by electroplating onto a thin copper foil and then dissolving the copper foil 
with activated  acid."' The targets consisted of isotopically enriched "Ni and "Ni whose 

thicknesses were O. 76 and O. 72 mg/cm2, respectively. 

   The targets were placed at 60° with respect to the bombarding beam in order to 

minimize the energy spread due to the energy loss of alpha parricles in the targets for 

scattering angles; 20°-60° and Q values; 0 — -5 MeV. 

   Scattered alpha particles were detected simultaneously by two 0. 5 mm thick silicon 

surface barrier detectors. Alpha particles scattered at forward angles from 15° to 60° 

were detected by a forward detector, while those scattered at backward angles from 

60° to 105° were detected simultaneously by a backward detector. A defining aperture 
of I mm wide and 4 mm high was placed just in front of the forward detector and was 

situated 95. 4 mm from the target. A defining aperture of 1 mm wide and 5 mm high 

was placed just in front of the backward detector and was situated 57. 6 mm from the 

target. In order to reject electrons emitted from the target, a small permanent magnet 

was set in front of each defining aperture. 

   The beam direction was determined by taking data on each side of the beam. 

Because of the rapid variation with angle of the scattering cross sections, the direction 

could be measured with an accuracy less than 0.2°. 

   The over-all energy resolution (full width at half maximum) was about 70 keV 

which includes a beam energy spread of 45 keV, amplifier and detector noises of about 

30 keV, a target effect of about 30 keV and a kinematical energy spread of about 

30 keV. 

   The energies of scattered particles were calibrated using the positions of elastic peak 
and inelastic peaks corresponding to the first 2* state and the prominent 3- state, whose 

energies were well known. For "Ni most of the energy values were taken from Ref. 6. 
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          Fig. 1. Typical energy spectrum of alpha particles scattered by 60Ni at a 
                laboratory angle of 35.0°. The energy levels corresponding to the 

                peaks are shown in the upper part of the figure. 
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                    III. EXPERIMENTAL RESULTS 

   Typical pulse height spectra of the alpha paricles scattered by "Ni and 62Ni are 

shown in Figs. 1 and 2, respectively. 
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          Fig. 2. Typical energy spectrum of alpha particles scattered by 62Ni at a 

                 laboratory angle 35.0°. The energy levels corresponding to the 

                peaks are shown in the upper part of the figure. 
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         Fig. 3. Measured elastic scattering from 60Ni and 62Ni and the optical 
                model fits. The dashed curves are the predictions of the potentials 

                1 and 4 and the solid curves are those of the potentials 7 and 10. 
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   The angular distributions for elastic scattering are shown in Fig. 3 and those for 
inelastic scattering are shown in Figs. 4 and 5. 

   The angular distributions for the first  2* state and the prominent 3- state are out 
of phase and in phase, respectively, with the elastic angular distribution and are in 

agreement with the Blair phase rule.") 
   On the other hand, the oscillation in the angular distribution for the presumed 

second 2+ state is almost out of phase with that predicted for single excitation of a 2+ 
level, while those for the 4+ states are in almost accord with the predictions for single 
excitation of this multipolarity. The angular distribution for weakly excited 0+ state of 
"Ni fits reasonably well the predictions for single excitation but shows some indication 

of slipping out of phase with the single-excitation predictions at larger angles, while that 
for weakly excited 0+ state of "Ni shows some indication of slipping out of phase with 
the single-excitation predictions at all angles, 

   Several angular distributions, which were in phase with the prominent 3- inelastic 
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          Fig. 4. Measured angular distributions for Inelastic scattering leading to 

                 the various states of 60Ni. The solid curves are the DWBA predic-
                    tions. 

distribution were obtained. These are the 5. 39, 5. 60, 6. 16 and 6. 53 MeV peaks of 
60Ni and the 4 . 43, 4. 65, 5. 64 and 6. 53 MeV peaks of "Ni. 

   The angular distributions for the states whose angular momenta may be assigned to 

be five were also obtained. They are the 5. 01 and 5. 98 MeV peaks of "Ni and the 

4. 15 MeV peak of "Ni. 

   The angular distributions covering a wide angular range were obtained for the 

strongly excited states and shown in Fig. 6. 

   The 2. 32 MeV peak of "Ni is an unresolved group of the two-phonon 2+ and 4+ 

states. As is seen in Fig. 4(a) , the cross section of the 4+ state is about ten times as 

large as that of the 2+ state. Therefore in the following analyses this peak was assumed 

to correspond to the 4+ state only. 
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           Fig. 5. Measured angular distributions for inelastic scattering leading to 
                  the various states of 62Ni. The solid curves are the DWBA predic-

                      tions. 
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                       IV. DATA ANALYSES 

N. 1. The optical model 

   For the elastic angular distributions, an optical-model analysis was performed. 

   The optical potential used has the form 

                     U(r) — (V +iW) (ex + 1) 

                              x= (r— r °AY') /a, 

to which is added the Coulomb potential from a uniformly charged sphere of radius 

r il". 
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          Table I Optical potentials for 28. 5 MeV alpha particles on 60Ni and 62Ni 

      VWrgar, 
             (MeV)(MeV)(MeV)(fm)(fm)e/n 

     8<65° 
       60Ni 150. 28111. 3201. 57280. 56311. 31. 13 

             2 103.60315. 191 1.4879 0.5543 1.3 1.32 

             3 214.668 21.705 1.3946 0.5472 1.3 1.48 
       62Ni 4 48. 107 11.666 1.58940. 5600 1.30. 776 

             5 99.361 15.244 1.5023 0.5490 1.3 0.921 

             6 205.373 21.546 1.4112 0.5417 1.3 1.09 

     all 0 
       6°Ni 7 48.701 12.077 1.5985 0.5606 1.3 7.35 

             8 109.753 18.3161. 4772 0.5614 1.3 12.3 

             9 231.442 28.822 1.3701 0.5608 1.3 15.0 
       62Ni 10 49.102 12.469 1.5915 0.5557 1.3 6.31 

             11 109.757 18.869 1.4749 0.5570 1.3 11.3 

             12 237.172 29.947 1.3610 0.5605 1.3 13.2 

       The first set of potentials optimizes the fit to the data for 0<65° only, the second 
       set was fitted to all the data. 

   Fits to the data were obtained by varying the parameters of the potential so as to 

minimize the mean square deviation between the experimental and predicted cross 

sections. The minimization was performed using an automatic search routine."' 

   In the present analysis the quantity X2/point was calculated assuming the relative 

cross-section errors of 5%. As is well known,16' alpha-particle scattering does not yield 

a unique potential. Therefore, in Table I three sets of potential parameters of depth 

V of about 50, 120 and 200 MeV are given for each isotope. Table I lists also two sets 

of potential parameters which optimize the fit to the data for 0<65° only and to all 

the data. 

   The angular distributions predicted by the potentials 1, 4, 7 and 10 are compared 

with the experimental angular distributions in Fig. 3, where the ratio of cross section 

to the Rutherford scattering is presented. The dashed curves are the predictions of 

the potentials 1 and 4, and the solid curves are those of the potentials 7 and 10. The 

potentials 2, 3, 5, 6, 8, 9, 11 and 12 reproduced nearly the same angular distributions 
as those predicted by the potentials 1, 4, 7 and 10, respectively. 

 The potentials 1 and 4 were used for the following DWBA calculation except for the 

angular distributions covering a wide angular range. For the angular distributions shown 

in Fig. 6 the potentials 7 and 10 were used. 

IV. 2. DWBA Analysis 

   The DWBA analysis with the macroscopic form factor, which is the derivative of the 

Woods-Saxon potential, was applied to all the inelastic angular distributions using the 

INS-DWBA 2 code."' The calculated angular distributions using the first derivative 

Saxon form factors are shown in Figs. 4--6. Except for some of the so-called two-phonon 
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states, the agreement between theory and experiment is sufficiently good to enable us 

to make spin-parity assignments. All the curves include Coulomb excitation. 

   Martens and Bernstein") have analyzed the "Zr (a, a') reaction at 31 MeV and 

have pointed out that the long-range 1/24+1 dependence of the Coulomb form factor 

implies the need to consider large impact parammeters and correspondingly large angular 

momenta. Kumabe et al") have analyzed the ",","Zr (a, a') reaction at 34. 4 MeV and 

obtained the same conclusion. Thus all the present DWBA calculations shown in Figs. 

    have been carried out for Lni„=50 and Rmax=25 fm. 

   Trial calculations for a complex form factor including Coulomb excitation effect 

were also made. Calculated differential cross sections are only a few percent larger 

than those for real form factor but the patterns of calculated curves are vary similar 

to those for the real form factor, so that additional complication was not included in the 

remainder of the calculations. 

   The deformation parameters ia'is were determined by normalizing the individual 

calculated cross sections to the corresponding experimental data. The assumed spin-

parities and deformation parameters of the excited states together with corresponding 
spin-parities obtained by other workers6,26-25) are listed in Tables II and III. 

                          Table 11 Excited states of 60Ni 

  Present workj' 

   level(a, a') (p, P'r) (t, p)* "Cu* (p, P'7) 
  (MeV) 13'J'                            34 MeV') 12 MeVb) 12 MeV') decayd) 12 MeV') 

 1.33 0.200 2+2+2+2'2+ 

2.162+2+2+ 

2.290+0+0+ 

2.504+4+4+ 
  3.11 0.061 2+2+, (4+)24+4+2+4+ 

  3.35 0.035 2+2+2*(3+)2+2+ 

  3.70 0.042 4+4+1+, 2+1+(4+) 

 4.04 0.160 3-3-3-3- 

 4.302++4+ 4+2+(+4+) 2'2+ 

 4.50 0.038 2+2+2+2+2+ 

 5.01 0.080 5-5-4+5- 

 5.11 0.072 4+4+4+ 
 5.25 0.047 2+4+4+ 

 5.39 0.049 3-3- 

 5. 60 0.062 3-3-(0+, 3-) 

  5.80 0.041 2+2+ 

    5.98 0.035 5- 

  6. 16 0.072 3-3-3-I-, 3- 

    6. 34 0.046 2+ 

  6.53 0.038 3-3-3- 3-

   * include summaries of previous works 
   ") Ref . 6. b) Ref. 20. °' Ref. 21. d) Ref. 22. ') Ref. 23. 
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                          Table Ill Excited states of 62Ni 

     Present workJ' 

      Level(p, Pr') (n, r)" (t, p)* (7, r') 
      (MeV) Pt ' 12 MeV')12 MeV') 7.6 MeVd) 

    1.17 0.184 2+2+2'2' 
  2.020+0+0* 

   2.302+2+ (4+) 
  2.324+4+ 

    3.03 0.022 2+2+ 
     3. 16 0.044 2+2'2+0, 1, 2 

     3.27 0.075 4+1+,2+4+0, 1, 2 
    3.50 0.030 2+2+2+0, 1, 2 
    3.75 0.156 3-3-3- 

   4. 011+, 2+0, 1, 2 
     4. 15 0.064 5-2+, 3+ 

     4.43 0.023 3-1+, 2+ 
    4.65 0.054 3-2, 30+ 
        4.79 0.042 2+ 

  5.001, 2 
    5.31 0.053 2+(3-) 

   5.64 0.090 3-3- 
         5. 93 0.051 2+ 
      6.53 0.058 3- 3-

         * include summaries of previous works 
         ') Ref. 20. b) Ref. 24. c) Ref. 21. d) Ref. 25. 

N. 3. Coupled-channel calculations 
   Normally, the DWBA theory is carried only to first order in the deformation and 

therefore cannot predict differential cross sections for two-step processes such as the ex-

citation of the two-phonon states. The two-phonon and one-phonon cross sections can 

be compared to results obtained from coupled-channel calculations. Datails of the formalism 

of the coupled-channel calculation have been described by Tamura."' The present 

calculations have been made by using Tamura's code " JUPITOR 1"*. 

   A real coupling including Coulomb excitation effect was used. A search was made on 

parameters po2, /32/, j%/ and R,')'/ to find best fits to the experimental data. Here 9O2 and 

Q2/(I=0, 2 and 4) appear linearly in the coupling matrices and connect 11; denotes 
the ground state) and 2t, and 2; and P states, respectively. The parameters i%r and 

ie,T1 appear quadratically and linearly, respectively, in the coupling matrices and both 
connect the 0: and P states. The parameter Nil' was chosen to be (i502P2/)"2• Therefoe 

we still have two free parameters 132/ and ATI. 

    The present calculations were made referring to Tamura's (a, a') work') on "Ni. 

Here 13,;;r was chosen under the condition that the ratio i%r/i302 is equal to that obtained 

* The code has been rewritten for a FACOM 230-60, IBM 360/75, HITAC-5020E by M. Wakai, 
 S. Igarasi, 0. Mikoshiba and S. Yamaji. 
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by Tamura.') For the 41 and 2t states the Poi. values obtained by Tamura') were used 

in the present calculations and gave a fairly good agreement with the experimental 
data for the 4P states. However, for the op states a little modification of po'i values was 

needed to get good fits. 

   In coupled-channel calculations2607) for the inelastic proton scattering, the optical- 
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      Table  11/ The values of the parameter p used in the coupled-channel calculations 

 _ 

    targetAur01302(fm)I32115911801 

     6°N10.2000 .31600.1100.148-0.030 

                           20.1550.176+0.020 

                           40.1900.195+0.040 

      62Ni0 .184 0. 292-00.1020.137-0.020 

                           40.1740.179+0.040 
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model parameters were taken to be the same as those fixed in the fit to the elastic data 

with the exception of W for which different value was used to each channel. However 

for the inelastic alpha scattering the values of W used for the two-phonon channels are 

not known. Therefore we used W=1. 0 Wop, for all channels. Calculated curves for the 

two-phonon states are shown in Fig. 7. The n-values used are listed in Table IV. 

1V. 4. Microscopic analysis 
   Microscopic analyses for nickel isotopes have been developed by Glendenning and 

Veneroni") and by Madsen and Tobocman.") The angular distributions for the 2j, 

4; and 0 states of "Ni were analyzed here using form factors calculated from the 

microscopic model by Glendenning and Veneroni") and the INS-DWBA 2 code. In 

this microscopic description, the incident particle is assumed to act through a Gaussian 

force V° exp( —13 r2) with the nucleons of the nucleus. The nuclear ground state is 

the BCS vacuum of quasi-particle pairs, and all the excited states are considered as 

two quasi-particle configuration mixings. The resultant form factors have been given in 

Ref. 28. 

   Figure 8 shows the calculated angular distributions and the experimental data. The 

form factors calculated from the microscopic model are compared with the derivative 

form factors of the macroscopic model in Fig. 9. The required depths of the potential 

of the Gaussian shape interaction Vo were 102, 126 and 147 MeV for the 2t, 41 and 0j 

states, respectively. 

                           V. DISCUSSION 

V. 1. Elastic scattering 

   For alpha scattering, it is well known") that there are several sets of optical model 

parameters which give almost equally satisfactory fits to the experimental data. 
   A native picture of the alpha-nucleus interaction could envisage it as a simple 

superposition of four nucleon-nucleus optical potentials, suitably averaged over the internal 

motion of the alpha particle. Such a potential would have a real depth of order 200 

MeV. A similar potential is obtained by averaging the known alpha-nucleon potential 

over the dansity distribution of the target nucleus. Experiments"-") in alpha-elastic 

scattering have been carried out at higher energies. These cross-section data have been 

analyzed by the respective authors in terms of the optical model, and results show that 
for data obtained at higher energies or extending over a large angular range, or both, 

the number or discrete sets of optical-potential parameters is smaller. For example, at 

80 MeV for "Mg, with data limited to angles below 90°, Singh et al.") found four sets 
while with data up to 165° only one set was obtained. A potential determined uniquely 

in each higher energy work has a real depth of about 120 MeV.",") Therefore the 

present automatic parameter search has also been carried out for V=--120 MeV as is 
shown in Table I. As is seen in Table I, however, the present case shows a preference 

for the sets of potential parameters of depth V of about 50 MeV in all the cases. 

   For nickel isotopes, the set of potential parameters of depth V of about 200 MeV 

gave the best results for the 24 MeV data,") while the sets of about 50 MeV gave best 
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results for the 34 MeV date and the 50 MeV data.") 
   Some of the authors and others") have investigated the elastic scattering of 109. 2 

MeV 'He particles by "Ca, "Ni, "Zr and 16Sn over a wide angular range, and they 

have found that the unique potential which fits the data has a real well depth of 

about 100 MeV. 

V. 2. Spin-parity assignments 

   For the strongly excited levels at 1. 33 and 4. 04 MeV for 60Ni and at 1. 17 and 
3. 75 MeV for "Ni, the DWBA curves based on the one-phonon form factor produce 

excellent fits to the data. These levels are, of course, the well known 2+ and 3-

collective levels. The fits to the remaining levels are not so definite. The fact that the 

high energy-resolution works have found many more levels in "Ni and "Ni in the energy 

range above 3 MeV indicates that the present peaks are groups of levels dominated by 

particulary strong ones. Such peaks dominated an assumed 2+, 3-, 4+ or 5- state are 
shown in Figs 4 and 5. 

   As is seen in Tables II and 11I for most of these levels spin-parity assignments are 

in good agreement with previous assignments. Angular distributions for the 4. 01 and 

5. 00 MeV peaks of "Ni are peculiar and completely lack the usual oscillatory behaviour. 

Therefore, spin-parity assignments for these levels were impossible and the angular 

distributions are not shown in the figures. 

   In Fig. 6 the predicted angular distributions at large angles (>65°) are almost in 

phase with the experimental data, but their cross sections are not in such good agree-
ment with the experimental data. 

V. 3. The so-called two-phonon states 

   As is seen in Fig. 8, the general patterns of the angular distributions calculated from 

the microscopic model") for the 21 and 41 states are in agreement with the experimental 

data, but the angular distributions are shifted about two degrees toward smaller angles. 

On the other hand, the predicted angular distribution for the Ot state seems to be in 

phase with the experimental data, but shows an abnormal pattern. 
   As is seen in Fig. 7, the angular distributions obtained from the coupled-channel 

calculations for the 4+ states of "Ni and "Ni are in fairly good agreement with the 

experimental data, although they are shifted about one degree toward smaller angles. 

   The predicted angular distribution for the 0 state of "Ni is in phase with the 

experimental data, while that of 62Ni shows some indication of the shift in phase. And 

the overall slope of each predicted angular distribution shows a distinctly less sharp fall 

with angle. 

   The predicted angular distribution for the 2t state of "Ni is not in such good 
accordance with the experimental data. 

   It is concluded that the results of the present coupled-channel analyses for "Ni 

and "Ni at 28. 5 MeV are similar with those" for "Ni at 34. 4 MeV. 

V. 4. Octupole states 

   V*" has calculated excitation energies and reduced transition probabilities of 3- 
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            Table V Electromagnetic transition rates in single particle (Weisskopf) 
                     unit and EWSR fraction for inelastic scattering. 

            ExperimentTheory 

    levellevel                                  S 
                33(%)      (MeV)G(MeV) 

     6°Ni 4.0418.6 13.04.0726.1° 

                                                4. 0826.7b) 
        5.391.71.6 

        5.602.82.7 
        6.163.84.06.254.0° 
        6.531.11.2 

                                            7.300.20a' 
     62Ni 3.7517.7 12.33.8227.5° 

         4.430.390.3 
        4.652.11.8 
        5.655.96.1 
       6.532.53.06.265.0° 

                                            7.330.25'' 
    58Ni 4.4513.7°) 

      6.071.9°' 

                                               5.8° 

       7. 554.0°' 
     7.92.7° 

           a) Ref. 9. b) Ref. 8. 0 Ref. 6. 

states, assuming a pairing plus octupole-octupole force which acts between particles. 

The B(E3) values have been separated into two parts by cosidering isospin dependence 
and assuming that the inelastic alpha scattering gives rise ZIT=0 excitation only. 

   Predicted excitation energies and predicted values of the electromagnetic transition 

rate G3 in single particle (Weisskopf) unit are compared with the results of the present 

work in Table V. Following Bernstein,"0" the electromagnetic transition rate G3 in 

single-particle (Weisskopf) unit was calculated from the 13 value obtained experimentally 

using the vibrations of a Fermi charge distribution. The ratios of the inferred electro-

magnetic transition rates for a Fermi charge distribution to those for a uniform charge 

distribution were taken from the table of Bernstein.") 

   The EWSR fraction S1 for a state with energy Ex is determined",") from the 

deformation parameter 131 according to 

                            S1= 31E251, 

where for 1>0 the sum rule limit :5/ is given for a uniform mass distribution by 

                       St =l(21+1) 4247                                     2
mR23A. 

Here A is the mass number, 772 is the nucleon mass and R=1. 2A'13. 
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   The EWSR fractions S3(%) calculated are shown in Table V. The values of 

S3(%) for "Ni were calculated from the 34 MeV (a, a') date and are also shown in 

Table V. It may be concluded that for Ni isotopes several discrete octupole states 

between 4. 5 and 8 MeV exhaust only -.JO% of the E3 strength allowed by EWSR. 
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