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The (Hep) reaction has been studied 8Ni using a beam of 18 MeVPHe particles. Angular distributions
of the outgoing protons have been measured for 65 levels including the new levels at 2.323, 3.231, 5.043, and
7.339 MeV and the analog states at 6.821 MeV';@ and 8.188 MeV (2;4) in the angular range
0,ab=5°—80°. Data have been analyzed in terms of the distorted-wave Born approxii2¥asA). The L
transfers have been obtaineld, limits have been assigned, and the normalization constant has been deduced
for several low-lying stategS0556-28187)03709-9

PACS numbeps): 25.55.Hp, 27.50te

[. INTRODUCTION The reaction products were magnetically analyzed under a
field strength of 12.45 kG and recorded in llford L4 nuclear

The (Hep) reaction is used to study the wave functionsemulsion plates of thickness 26m simultaneously over the
and spectroscopy of the final nuclear states and is expected amgles 5°—809lab) in a step of 7.5°. The plates were cov-
excite preferentially states with dominanp-pair correla-
tions. The differential cross sections of the reaction are there
fore strongly dependent on the wave functions involved.

The ®Cu levels have been investigated using various re
actions[1-15]. Park and Daehnick3] used the ¢,a) reac-
tion to study®‘Cu up toE,=2.9 MeV. The €Hep) or (a,d)
reaction is a useful supplement in the study of the leve
scheme of®Cu. The @,d) reactions, because of their rela-
tively high reactionQ values, favor larger angular momen-
tum transfers compared to those in tH&l€p) reaction.

The present work on th&Ni(*He p) reaction was under-
taken for two reasons. First the levels YCu have not been
studied using the3He p) reaction, except for the only other
measurement by Young and Rapapd®] at 13 MeV, but
no details are given. The second purpose was to examir
how well the shell model calculations in the model space o
2pPsp, 1fs,, and 24, orbits outside the®Ni core work for
at least the low-lying positive parity states &iCu. This is
because the two-nucleon transfer reactions are highly sens
tive to the details of the wave functions, as many different
configurations of the transferred nucleon pair can contribut
to the process.
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II. EXPERIMENTAL PROCEDURE

The experiment was carried out with a beam of 18 MeV ¢ T
®He particles from the Tandem Van de Graaff of AERE,
Harwell. The target was self-supporting, isotopically en-
riched to 99%°%Ni and of thickness 10Q.g cm™2. It was FIG. 1. Proton spectrum at 27.5° arising from the
placed at the center of a multichannel magnetic spectrograpl§Ni (3Hep)®‘Cu reaction.
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ered with 1 mm thick polythene foil so as to stop all particlesRajshahi and the energy spectra were obtained at various
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TABLE |. The optical model parameterdengths in fm and depths in MeVV’'=54.145-0.22,
V;=58.1270.3E, V,=58.731-0.5%, V3;=65.43-0.3(E, W;3;=10.54-0.06E, W’'=1.2+0.0%,
W,;=0.22E—2.7 or 0,r' =1.15-0.00E, W,=4.962- 0.0, W,4=12.39-0.25, a,y=0.789- 0.00&.

3He *He *He p P p P np n,p
Set H1 H2 H3 P1 P2 P3 P4 B1 B2
\% 93.86 157.1 178.7 \A V, V, Vs a a
o 1.15 1.20 1.113 1.16 1.17 125 r’ 1.17 1.25
a 0.75 0.708 0.774 0.75 0.75 0.65 0.57 0.70 0.65
W w W, W
4Wp 96.36 112.0 120.7 4w AW, 4 54.0 M3y
r 1.35 1.218 1.242 1.37 1.32 125 r’
a, 0.80 0.836 0.755 aw 0.544 0.47 0.50
Vg 6.04 6.20 7.5 545 A=25 A=25
rso 1.064 1.01 1.25 r’ 1.17 1.25
ag 0.78 0.75 0.65 0.57 0.70 0.65
o 1.4 1.4 1.4 1.25 1.3 1.25 1.25 1.25 1.25
Ref. b c c d e f g

@Adjusted for bound state.
bTrostet al.[17].
‘Sheparcet al. [18].
dMenetet al. [19].

®Becchetti and Greenle¢20].
Perey[21].
9Watsonet al.[22].

less penetrating than protons. The total beam charge wamngles. A typical spectrum at 27.%fab) is shown in Fig. 1.
10,124 uC. Stop factors of 4 and 2 were used for the twoThe proton groups from the different levels ffCu for

most forward angles; namely, 5° and 12.5°, respectively. which the angular distributions of cross section have been

The plates were scanned at the University of Rajshahimeasured, are labeled. The overall energy resolutioth

TABLE Il. Spectroscopic amplitudes for populating the states of the final nucleus.

E, (MeV)

(37T AT (fs)? f52.Par f52, P12 (Par)® P32, P12 (P1)?
0.0 0 a —0.159 —-0.301 —0.050 0.081 —0.023
(17:3) b _0358 —0.036 ~0.050 0081 —0.023
0.663 0 a —-0.234 —-0.024 —-0.241 -0.210 —0.045
(1+:3) b -0.256 —0.024 -0.264 -0.231 —0.045
0.927 0 a 0.327 0.033 -0.122 0.195 0.032
(17:3) b 0.359 0.033 ~0.133 0.214 0.032
0.160 0 a 0.341 0.002 0.150

(2+;3) 1 a 0.039 —0.525 —0.095 —0.028 0.289

0.278 0 a —-0.138 —0.080 0.406

(2+;3) 1 a —-0.216 0.152 —0.053 —0.186 0.476

0.608 0 a 0.032 0.015 —-0.126

(2*;3) 1 a 0.136 —0.095 0.269 —0.502 —-0.193

0.745 0 a —0.095 0.269 0.006

(2*;3) 1 a —0.193 0.117 -0.317 0.006 0.029

0.362 0 a 0.092 0.418 0.034 0.094

(3%:3)

0.574 0 a 0.411

(4*:3) 1 a 0006 —0.626

6.821 1 a —1.036 —0.695 —0.574
(07:4)

8.188 1 a 0.264 0.089 0.406 0.062 —0.155

(2%:4)

aShell model spectroscopic amplitudeg].

®Modified set of spectroscopic amplitudes.
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FIG. 2. The measured differential cross sections for the reaction i —l? 2
to the analog states at 6.821 and 8.188 MeV excitation. The solid 2 =1
curves are the DWBA predictions using the optical parameter sets 3
H3, P1, andB2, and shell model spectroscopic amplitudes. 0 \ 2
- 1
width at half maximum(FWHM)] was found to be~37 Experiment Theory

keV. A number of levels were observed up t68.2 MeV
excitation with statistical uncertainties less than 10 keV. The
energy levels were obtained by a parabolic fit to several welfev
est&bllshedlgevel§ .'ﬁACU as W_e” as the Contamlll’(lsant levels culations and as observ¢82]. Levels shown underlined are either
Of_ N and “°F ansing, re;_pec_twely, from?C and °0. The ot opserved or weakly populated in th#Hep) reaction.

criteria used for the identification of levels were that they had

about the same width at different angles and that the excitgair in the singlet state§=0,T=1) was taken to be deeper
tion energies were consistent to within about 10 keV over thdy 2.225 MeV. A Thomas-Fermi spin-orbit terf@3] with
angles. A=25 was also used for the bound state wave functions.
Corrections due to the nonlocalif24,25 of potential in the
conventional form were applied using the nonlocality ranges
B(®He)=0.22 fm andg,=0.85 fm. No finite-rang¢26] cor-

The microscopic distorted-wave Born approximationrection was applied to the bound states, as the use of the
(DWBA) analyses were carried out using the casleucksa  finite-range parameter greater than 0.5 leads to absurd pre-
of Kunz [16]. The optical model potential was of the stan- dictions.
dard Woods-Saxon form for the real and volume imaginary To begin with, detailed DWBA analyses were performed
parts of the potential, and its derivative form for the surfaceby using the data for the reaction populating the 6.821 MeV
imaginary and spin-orbit terms. A Coulomb potential due to(0*;4) analog ground state. This state can be populated by
a uniformly charged spherical nucleus of radRs=r AY®  simple configurations, e.g(i) by theL=0 transfer only and
was added to the above potential. The optical potential padi) by the spin-isospin $=0,T=1) transfers only. More-
rameter sets for the entrance and the outgoing channels aser the shell-model configuration as can be seen in Table Il
well as the bound states are given in Table |. is also simple, both the transferred nucleons being in the

The bound state wave functions for each of the transferredame orbits. Of the various potential sets, the combination of
nucleons were generated by assuming a real Woods-Sax#h3 for the incoming channeR1 for the outgoing channel,
well with the depth adjusted to give each nucleon a separaand B2 for the bound state has produced the best fit to the
tion energy equal to half the separation energy of thelata, which is shown in Fig. 2.

(S=1,T=0) np pair. The binding energy of the transferred In the absence of a spin-orbit interaction, the experimental

FIG. 3. A comparison between the low-lying positive parity
els including two analog states given from the shell model cal-

IIl. DWBA ANALYSIS
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FIG. 4. The measured angular distributions are compared with F|G. 5. The measured angular distributions are compared with
the DWBA predictions using the coherent contributions from thethe DWBA predictions, full curve foL.=2 and broken curve for
L=0 and 2 transfers and the shell model spectroscopic amplitudes.=( transfers.

Cross-sectionre,6) is related toop (ST, 6), the predicted
cross section for spirS and isospinT transfers by the
DWUCK4 code through the expressipa7]

2Jf+1 2 2 O'Dw(ST, 0)
23,715 DsADst*(2S+ ) 5

D

Texd 0)=N

where the light particle spectroscopic amplitdulg and the
mixing factor for the interaction potentiddgs; have been
defined by Towner and Hard27,28. N is the normalization
factor for the reaction as defined by Naenal. [29].

Using b2,=b%,=% and definingR=|D0|%|Do;? and
N=N|D/?%/2, one can write the following relations for the
52Ni(*He p) reaction:

(i) oexd 0)=Nopw(01,6) (2a)
for the analog transitions,
(il)  oexf 0)=3RNopw(01,6) (2b)
for the unnatural transfers and
(i) oexd 0)=Nopw(6) (20)

for the naturall transfers with
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FIG. 6. The measured angular distributions are compared with FIG. 7. The measured angular distributions are compared with
the L=2 DWBA predictions. The predictions for the 0.160, 0.278, the L=2 DWBA predictions.

0.362, and 0.608 MeV states are calculated with the spectroscopic

amplitudes in Table II.

In the present workR=0.4 following Hardy and Towner

[28] has been used.

IV. RESULTS

demangd31] for the modified surfacé interaction(MSDI).

The low-lying positive parity levels including the analogs
of the ground and the first excited states obtained as above
are shown in Fig. 3 for a comparison with the knoyaosi-
tive parity) levels in ®“Cu (summarized by Singfs2]). Most
of the levels are reproduced to better than 150 keV or so. The
rather large difference in position between the shell model
47 level and the observation is disturbing. Thg kevel has
not been definitely identified. There are several levels excited

Shell model calculations are carried out using the coden different reactions without a definit#" assignment. One
OXBASH to extract the spectroscopic amplitudes for the mi-of these, in particular the one B}~ 0.663 MeV as discussed
croscopic DWBA analysis of the angular distributions to lev-later, may be a good candidate for this shell model level. The

els in ®*Cu having a dominant (&,,1fs,,2p,/,) configu-
ration outside the closed®Ni core [30]. The shell model

levels shown underlined in the figure; nameby,=0.344
and 0.739 MeV with1"=1" and 2" respectively are either

code uses the two-body matrix elements of Koops and Glaurot at all populated in the®Hep) reaction(present work
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FIG. 8. Same as in Fig. 6. -
FIG. 9. Same as in Fig. 6.
and (d,a) reaction[3] or very weakly excited. 0.927 MeV data. Better fits have been achieved using em-
The spectroscopic amplitudes obtained as above witlpirically modified sets of spectroscopic amplitud@sable
2ps,, 1fgp, and 24, active orbits are given in Table II. 1l), where the predictions are shown in broken curves. The

The DWBA calculations for the transitions to the ground angular distributions for the three states need ot and
(17;3), 0.663 MeV (1";3), 0.927 MeV (1";3), 0.160 2 transfers.
MeV (2*;3), 0.278 MeV (2";3), 0.608 MeV (2";3), The angular distributions for the analog staf@®] at
0.745 MeV (2";3), 0.362 MeV (3";3), 0.574 MeV 6.821 and 8.188 MeV excitations, are well fittéelg. 2) by
(4%;3), 6.821 MeV (0";4), and8.188 MeV (2";4) states the DWBA calculations using the shell model amplitudes in
were made using these amplitudes. Table Il. The ground state analog is known to be a doublet at
The measured and the predicted angular distributions arg,=6.810 and 6.826 MeV32], but these are not resolved in
shown in Figs. 2, 4—17. Error in the absolute cross sectionthe present work.
arises mainly from the target thickness. Repeated extraction The cross section data for the 0.160, 0.278, 0.362, and
of the peak area revealed no more than 5% uncertainty frori.608 MeV states in Fig. 6 are also reproduced well by the
the background subtraction and even less for strong grouds=2 DWBA predictions using the shell model amplitudes in
and those appearing in the clear regions of the spectrum. THEable Il. Figures 6—11 show the angular distributions to
total uncertainty in the absolute cross sections is less thaother final states, fitted to tHe=2 DWBA predictions using
25%. The predicted cross sections for the ground, 0.663 ansimple np-orbital configuration. The orbital effects have
0.927 MeV states witd™, T=1";3, have been compared to been found to be small.
the data in Fig. 4. The solid curves which are the DWBA The predictions using the shell model spectroscopic am-
predictions with shell model amplitudes in Table Il, produceplitudes for the 0.745 MeV (2;3) and 0.574 MeV (4,3)
poor fits to the ground state data and even worse fits to thstates have been compared to the angular distribution data in



56 84Cu LEVELS FROM THE®Ni(®Hep) REACTION . .. 1989

j } | 1 T T T T
52 Ni(*He,p)®*Cu B2 4 He.p)GL.C'u
B . L=2 transitions 1 L=2 transitions ]
| 23 | .
107 E 2.718 MeV = (3.472 + 3.513) MeV
— E ] _ 1072 = .E.
2 _ r .
E 10? £ - .
5 :
9 5 ; 1
e 1 a 3.686+3.713
o L 1
N D 107 A
> D ik -
— o2 o 10'E 1
0 3.130 MeV :§ ]
-2 J |
10 3.189 MeV c :
L 1
_2 - 7
" 3.231Mev 10°2 Z
Pl - ]
102E 1
— L_' ]
- 3.265MeV
[ d 3 1072E
| | | I 1 I I
0 40 80 !
Ocm.(deg) 0

0 80
O mldeg)

FIG. 10. Same as in Fig. 6. o
FIG. 11. Same as in Fig. 6.

Figs. 15 and 16, respectively. The first one needs betl2
and 4 transfers while the data for the latter can be fitted with

a purelyL =4 transfer. o Results on the levels of*Cu are summarized and com-
Figure 12 displays the DWBA predictions for=0 trans-  pared to compiled results of previous woftg] in Table III.
1.952, 2.455 MeV and the unresolved 2.80.827 MeV  and those given in Ref32] are also displayed in the table.
states, where the fits are reasonable. The angular distribyhe states irf4Cu at the 2.323, 3.231, 5.043, and 7.339 MeV
tions for the 1.509, 2.762, 3.397, 3.607, 3.902, and 4.138ycitations not found in the literature have been identified,

MeV states have been reproduced well by the calculationge angular distributions measured alfdlimits deduced.
with theL =1 transfer(Fig. 13. In Fig. 14 theL =3 DWBA

predictions are compared to the data of the 2.990, 4.257,
5.043, 5.320 MeV states where the fits are certainly reason-
able. The normalization factoN as defined in Eq(1) has been
The angular distribution for the’fle p) reaction populat- deduced for several transitions to the low-lying shell model
ing the 3.066 MeV state has been compared to the separaséates[30], where the angular distributions are reproduced
predictions with the. =1 and 3 transferéFig. 15, the latter ~ well by the DWBA predictions using the shell model spec-
being dominant at higher angles. troscopic amplitudes. The results are shown in Table IV. The
Figure 16 shows the angular distribution for the 1.602 andN value deduced from the data of the ground analog state at
3.302 MeV states which are well reproduced with the4  the 6.821 MeV excitation, agrees favorably with the value
predictions assuming simple orbital configurations for thel21x10* MeV? fm? as suggested in the write up of the
transferred pair. The angular distributions of the 4.316cHuck3a code[33]. Nevertheless, thBl values from the dif-
4.430, and 4.571 MeV states given in Fig. 17 have beefferent transitions vary over a range differing by an order of
fitted satisfactorily with thede=5 DWBA calculations. magnitude. Moreover the DWBA predictions for the ground

V. DISCUSSION

A. Normalization factor and shell-model amplitudes
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FIG. 12. The measured angular distributions are compared with  FIG. 13. The measured angular distributions are compared with
L=0 DWBA predictions. L=1 DWBA predictions.

(1*;3) and 0.927 MeV (1;3) transitions using the shell
model spectroscopic amplitudes, are not close to the data f
the former and far from the data for the lattgig. 4). The
poor fits for the two transitions may be ascribed(iforeac-
tion processes other than the one-step transfer may not ha
a nonnegligible contribution to the reaction and(e) the
model space (Bs;, 1fs,, and 2q) in the shell model
calculations may not be adequate even for the low-lyin
states in®“Cu.

&jsagrees with th& =1 obtained in thed,a) work [3], but
conforms to theJ™ assignment in Ref[32]. In the unre-
solved (2.801+2.827 MeV group, the latter state being
§gonger,L=O can be attributed to the 2.827 MeV state. The
present work in conjunction with the compiled wofk2]
would than assigd™=1" to the 1.241, 1.299, 1.952, 2.455,
gand 2.827 MeV states.

2. L=1 transitions

B. Spin-parity assignments Six transitions withL=1 transfer, shown in Fig. 13 have
_ y been observed. The present work supports the assignment of
1. L=0 transitions J™=2" to the 1.509 MeV state]™=(1",2") to the 2.762

Six transitions withL=0 transfer(Fig. 12 have been and 3.902 MeV states anti” limit (0~ —27) to the 3.397,
identified. TheL=0 assignment for the 2.455 MeV state 3.607, and 4.137 MeV states.
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L=3 DWBA predictions. FIG. 15. The measured angular distributions are compared with

the DWBA predictions. The solid curve in the top for the 0.745

MeV state is obtained using the shell model amplitudes in Table II.
Thirty five L=2 transitions(Figs. 2, 6—1] have been The solid curve fromrL=1 and the broken curve fdr=3 in the

observed up to~E,=8.2 MeV. This is by far the largest bottom are the predictions for the 3.066 MeV state.

number amongst all the transitions studied in the present

work. This may be ascribed to the fact that the angular moz,4 2 608 MeV states, and puig limits (1*—27) to the

mentum transfet = kiR~ kRy| (k andR being the wave 3565 3472 and 3.513 MeV states. The present work also
number and the nuclear radius, respectiyely the nuclear confirmsJ™= 2" of the 8.188 MeV state and its status as the

surface for the reaction up te E,=8.2 MeV is in the limit analog of the first 2 state ofNi on the basis of the level

(2-3. ) position and J” value. The assignment o™ limits

The observed. =2 transfer in the present work does not (1" —3") to the 0.878, 1.320, 1.551, 1.741, 2.047, 2.092
conform to the compiled spin-parity82] J7=0" for the 5 546 2290, 2.323, 2.369, 2.414, 2.515, 2.679, 2.718, 3.130,
0.878 MeV state, (2,37) for the 1.551 and 2.679 MeV 3 1g9 3231, 3.686, 3.713, 3.973, and 4.028 MeV states and
states. There may be two separate states of OppOSIte parltlﬁ.ﬁa dominant state of the group at the 3.802 MeV excitation

near to each of the latter two excitations. It is possible tha,ows naturally from theL=2 transfer observed for the
the stronger of the composite group (1.7#41L775) MeV  qsociated transitions.

belong toL=2. The component states of the composite
groups (3.472 3.513) MeV and (3.686 3.713) MeV have
individually almost the same maximua(6). Hence each of
the 3.472, 3.513, 3.686, and 3.713 MeV states belongs to the There are six transition§Figs. 4 and b with L=0+2
L=2 transfer. The relative strengths for the componentransfers. Of these the ground, 0.663 MeV, and 0.927 MeV
states of the composite group at (3.763.802) MeV could states have well-know[B82] J”. The present work confirms
not be estimated as it presumably contains more than twthe J7=1" for the 2.907 MeV state and assign$ 1o the
states. 1.907 and 7.339 MeV states. It may be mentioned that the
The present work confirms the spin-parity assignmentsd™=1" assignment to the 0.663 MeV level is from the stud-
J7=3" to the 1.359 and 2.875 MeV states, 1o the 1.440 ies of the f,ny), (polarizedn,y), and @d,p) reactions and
and 1.689 MeV states,2to the 2.146 MeV states, makes a this J” is adopted [32]. The L=4 transition in the
collective assignment with Reff32] of J7=3" to the 1.853  %5Zn(d,a)®‘Cu reactior{ 3] to this level would mean that the

3. L=2 transitions

4. L=0+2 transitions
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T 512 R T o I ] T T T T
I'_\JI-(I.Het’p) th R ®2Ni(*He,p)®Cu n
_ Ll =4 transitions —- - L=5 transitions 3
5 10°F ‘ 3 q - ]
3 - E 3 - -
E I 0.57, MeV n E = -
¢ - 7 e = ; 4.316 MeV 1
~ L ~ 2 E |
3t \ 3 °F NS
2 5 1602 Mev 3 - 4.430 MeV -
107 1 B ]
J 1072 =l
i F 4.571 MeV n
10°°F — ]
= 3.302 MeV E >
- 3 1072 F =
4 n n

B | ! 1 1 | 1 i 1

0 40 80 0 40
B (deg) B¢ (deg)

L—T%V\llgAThe crpetfasure_(lj_hangulzr. (i.istrib?tiotr;s %resgzr&pi;edt V;’ith FIG. 17. The measured angular distributions are compared with
= predictions. The predictions for the 0. evstate | _5 pweA predictions.

uses the shell model amplitudes in Table II.

level is a close doublet witi™=1" for one of them. The in the (*He,p) regcti_on(present wprk_and @a) r<_aaction[3]

other level, as seen in thala) reaction, is then a good would therefore indicate the excitation of two different levels

candidate for the missing"™=4, shell model levelFig. 3). aroundg,~1.60 MeV.

5. L=3 transitions 8. L=5 transitions
There are four transitions observed with=3 transfer Three transitions have been identified with the=5
transfers(Fig. 17. The observed.=5 transfer does not

(Fig. 14). L=3 for the 4.257 MeV state disagrees with its N . i : .
spin-parity assignmend”=1",2% from y work [12]. The agree +Wlth7the compiled spin-parity wasagﬁnm?r[&’z]
present work assignd”=2" to the 2.990 MeV using the =(17,2,3") for the 4.316 I\/|+eV state)”=(1",2") for
results of the previous wor82] and makes a new assign- the 4.430 MeV state, anﬂi’f=9_ for th? 4.571 MeV state.
ment of theJ™ limit as (2~ —4") for the 5.043 and 5.320 There may be states of opposite parities near to e_ach of the
MeV states. three states. The present work makes a new assignment of
the J™ limit (4 ~—6") for the three states, and further indi-
cates clearly the nonexcitation of high spin negative parity
) » ] states, known to exist at low excitatidbelow E,~3 MeV),
There is one transition observelig. 19 for the 3.066  through a single step process. The nonobservation of the
MeV state,L=1 being dominant. The mixedl transfers 1 594 and 2.377 MeV levels with™=6- and 7", respec-

6. L=1+3 transitions

suggesti”=2" for the state. tively, and found in the®Ni(a,pny)®Cu reaction[14] are
_ . such examples. The configurations of the levels are sug-
7. L =4 transitions gested to bd mpg,, vgep] and [ 7y, vggyl, respectively

There are three transitions observed witk 4 (Fig. 16). [14].
The DWBA prediction using the shell model amplitudes in
Table Il, gives a satisfactory fit to the data for the 0.574 MeV
with J"=4". TheL =4 transfer observed for the 1.602 MeV VI- CONCLUSION
state does not agree with=0+(2) from the d,a) work DWBA calculations using the shell model spectroscopic
[3]. The present work suggests the limit as (3" —5™) for amplitudes and with various sets of optical potential param-
the 1.602 and 3.302 MeV states. As many as five levels areters have produced a bad fit to the data for the 0.927 MeV
known to exist aroundE,~ 1.60 MeV with either parity hav- state and could not give a satisfactory fit to even the ground
ing J values ranging over 1-[82]. The differentL transfers  state data. Figure 4 shows the best possible fits amongst the
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TABLE lll. Summary on the levels ofCu.

Gr. Exct. energy aem(6)
No. (MeV) [ ub/sr] L transfer J7
a b c d a f b e
00 0.000 0.000 404 260 4@ 0+(2) 1t
01 0.160 0.159 14.2 5.3 2 +20) 2t
02 0.278  0.278 6.2 2.7 2 2 2
03 0.362 0.362 16.4 7.8 2 4 *3
04 0574 0575 10.0 45 4 4 @) 4%
05 0.608 0.608 10.2 4.7 2 2 +2
06 0.663 0.663 4.6 21 4 1"
0.739 2 3t
07 0.745 0.746 450 17.7 424 2+(4) 3"
08 0.878 0.878 4.9 3.0 2 () (17-3%)
09 0.927 0.927 1065 303 4@ 0+(2) (D*
10 1.241 1241 146 44 0 2) 1) 2+ 1t
1.243 =3)
11 1.299 1.298 1204 26.2 0 +@ ) 1t
12 1.320 1.320 215 7.8 2 0-2 1*,2%
13 1359 1.354 8.6 4.4 2 #(2) (39 3*
14 1.440 1.438 18.4 7.8 2 +42) (0t 1t
15 1509 1499 136 5.3 1 (1+3) 2 2
16 1551 1551 37.3 148 2 2 B) (17-3%)
17 1.602 1.607 19.0 9.7 4 +02) (2%,3,4) (37-5%)
18 1.689 1.683 213.0 91.9 2 +@ (<3) 1t
19 1.741 1.739 324 (3-5%) (17=3%)
1.742 16.6 2 (-39
20 1.775 1.769 95 B5)* (17-3%
1.779 12"
21 1.853  1.852 9.5 33 2 4 t12%) 3*
22 1.907 1.905 47.3 11.0 +20) (0+2) (1%,2) 1*
23 1.952  1.940 6.1 2.1 0 420) (1-3)* 1t
24 2.047 2.042 273 113 2 +42) (<3) (17=3%)
2.050 17,2,3
2.053 <4)
25 2.092 2.092 10.4 6.0 2 +20) (1-3)* (17=3%)
26 2.146 2145 52 1.9 2 #(2) 2% 2+
27 2,246 2244 200 8.7 2 2 (<3) (1*=3%)
2.251 (4,5,6
28 2290 2301 296 126 2 2 <@3) (1*=3%)
29 2328 2323 365 125 2 (1-3%)
30 2369 2360 9.4 3.7 2 <3) (17=3%)
2.376 (1)
2.378 (7)
2.381 =3)
31 2414 2417 8.4 3.4 2 <3) (1*—3%)
32 2.455 2457 26.5 6.2 0 1 (1%,2,3) 1t
33 2515 2507 420 125 2 3) (1*-3%)
2.522
34 2.608 2.607 16.0 6.5 2 4 *3
35 2679 2670 22.1 9.2 2 (31 (17,27) (17-3%)
36 2718 2726 14.4 6.0 2 2 (12,39 (17-3%)
37 2762 2757 115 46 1 (127):(3%) 17,2
38 2.801  2.807 8.5 (1,27)
4.3 0
39 2.827 2830 10.6 (0+2) (<3) 1+
40 2875 2.869 157 7.0 2 4 3 3*
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TABLE lll. (Continued.

Gr. Exct. energy ol 6)
No. (MeV) [ublsr] L transfer J7
a b c d a f b e
41 2.907 2896 16.7 54 (0+2) (0+2) (1%) 1t
42 2.990 2985 151 8.6 3 (127) 2”
3.013 (1,27)
43 3.066 3.051 10.0 50 H(Q3) (<3) 2”
3.072 (2—47)
44 3.130 3.126 28.2 10.4 2 <3) (1t-3%
45 3189 3.190 239 9.4 2 8 (1*-3%)
3.191 «4)
3.207 0,1,2
46 3.2319 20.0 55 2 (1-3%
47 3.265  3.258 9.7 4.7 2 0,1,2 (1*,2%)
48 3.302  3.290 9.2 4.8 4 (3-5%)
3.313 0,1,2
49 3.397 3412 412 15.9 1 <3 (07—27)
50 3.472 3475 164 2 0,1,2 (1*,2%)
11.3
51 3513 3511 137 1,2 (1*,2%)
52 3.607 3.603 257 12.2 1 <@3) (07-27)
53 3686 3.687 123 2 (1-3")
12.4 (<3)
54 3713 3712 177 (1-3%)
55 3.767  3.763
97.0 347 2 (1-3%
56 3.802  3.799 (9)
3.803 «3)
57 3902 3900 603 214 1 (127) (17,27)
58 3973 3987 295 13.0 2 {+3%)
59 4028 4.034 518 18.5 2 0,1,2 (1*-3%)
60 4137 4141 454 17.3 1 6-27) (07-2)
61 4257 4264 17.1 8.5 3 (12 (27-4")
62 4316 4328 29.0 151 5 (1.2 (47-67)
63 4.430  4.433 27.0 15.9 5 (127) (47,67)
4.444 «3)
64 4571 4570 240 17.5 5 t9 (47-6")
65 5.049 35.0 18.4 3 (2-47)
66 5320 5.320 320 16.5 3 (24)
6.810 (0%)
67 6.821 6.826 4833 1316 0 () 0*
68 7.339 28.0 87  0Or(2 1t
69 8.188 8.170 2819 1155 2 1?2 2+

3Present work.

®Nuclear datd32].
®Maximum cross section.

daverage 5°—80°.
®New assignment o ™.
f(d,a) reaction[3].

INew level.

various possible choices of the optical model potentialsspread of an order of magnitude. This suggests that the shell
However, the fits greatly improve with a modified set of model calculations in the model spacepg2, 1fs,, and
spectroscopic amplitudes. Moreover, the normalization fac2p4;;) may not be adequate for generating the wave func-
tors deduced from the transitions with satisfactory fits have dions for the states iff?Ni and 5“Cu. Another possibility is
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TABLE IV. Normalization factors for different transitions. and 4.571 MeV states where the obserlettansfers do not
conform to the compiled™ values in Ref[32]. This may be

Ex N=N|Dg|?/2 ascribed, in some cases at least, to different states with exci-
(Mev)  JTT AT oeplopw  (MeVZfm®)x10'  tation energies very close to the above mentioned levels. In
an odd-odd nucleus such &4Cu, where the level densities

0.160 253 0+1  1.870.29 226.%35.1 . o ; . o
0278 23 0+1 017002 20.6:2.4 gr;af exp?ctled toI b_e hllgh, tlhIS is ml))t an |Ir11;)tpss||ble pro|p<t)sc|jt|9n.
0362 33 0  273-080 275.2-80.7 pth :rr::t r‘;gitei(')z;”g €vels may be selectively populated in
0.574 43 0+1 0.27+0.03 32.7%3.6 '

0.608 23 0+1 0.22+0.03 26.6-3.6

6.821 04 1 0.94+0.03 113.7-3.6 ACKNOWLEDGMENTS
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