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.1. Introduction

Much experlmental evidence has been accumulated in recent years to
show that some of the low lying levels of certain odd-A nuclei can be thought
f,°f as formed by a vector coupling'of‘the odd nucleon to collective modes of
vibration of the evenaeven'core;). Thus Cu63, on the basistof this model,

63 :

. _ . 6
- consists of a p3/2 odd proton coupled to Ni 2. The Cu ~ ground state i1s there-

fore 5/2—, and there‘should be four nearly degenerate excited levels with spins
bl/2 5/2 5/2 and 7/2 correspondlng to the vector coupling of the spin of the
‘evodd nucleon to the 2+ quadrupole v1brat10n of Ni62 at 1.172 MeV. - Further,
there should be four levels of spins 3/2, 5/2 7/2 and 9/2+ corresponding to -
the.coupling of the odd proton to the 3- octupole state of Ni62 at 5.77 MeV.
The model predicts that the sum of the cross sections for formatlon of the

members of a quartet by - inelastlc Q~scattering will be equal to the cross sec-

tion for exc1tat10n of the same core state in Ni62. The cross section for each

ThlS work was performed: under the ausplces of the United States Atomlc Energy -
Comm1551on and BUSHIPS. : :

fNATO Fellow, on leave from Laboratomre de Physique Nucleaire, Orsay, (8. et 0.).
. France. v
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cay of the'core state in Ni

quartet. Perey, Silva and Satchler

‘previously been described6).‘f
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member of the quartet will be proportional to (27 +-1). The center of gravity

of the quartetv(when the .énergies are weighted by 2J + 1) will lie just at the

~ energy of the core state. ' Since the same phonon is involved in the decay of

each member of a quartet, the reduced transition probabilities B(EN)¢ for de-

cay to the ground state shouid.be equal to each other and to the B(EA)¢ for de-

"~ Previous investigations by Coulomb excitation with 0l ionse) and -

a-partlcles5) -and by inelastic a—scatterlng at Saclay ) showed that the levels:

in Cu63 at 0.668, 0.961 and 1.327 MeV vere strongly excited and had B(E2)4

values approx1mately equal to that of the core state, as requlred by the model

. Fig. 1 shows the level schemes-of Cu65 and N162. None of the low lying states

of'Cu65 appear to have the correct properties to be the 3/2- member of the RN
5), from (p,p') studies, concluded that the
1.4k12-MeV level might be‘the missing member, but the ev1dence they present is

not compelling.

Having available an energy-analyzeu beam of helium ions at any required'

- ‘energy between 25 and 120 MeV at the 88f‘cyelotron and lithium drifted silicon ~ e

’ - | . _ .
counters of excellent energy resolution, we decided. to look again at the
'63 .

spectrum of a-partioles~seattered from Cu “ to see whether we could £ind the

i missing level. The core nucleus, Ni62, was - also 1nvest1gated.

2. Experimental
The beam-optical system, the counters and thé scattering chamber have

™

A few spectra were neasured with 25 MeV incident alphas, as well as

L complete angular distributions at 50 MeV. The lower. energy determinations were

made for the .purpose of 1dentify1ng levels, as the energy resolution was better .

at this energy. The best energy resolutione were uo eV (FWHM) at 25 MeV and
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96 keV at 50 MeV.. Thé incideﬁt béam was respénsibié for most of the energy
spread., . | | | |

The targets‘were pfeéared from separatéd isotbpeé;by rqlling oery.
vacﬁum evaporation. Their~thiéknessés were 1.5 and 0.109 mg/cm? in the case

62

of'Cu65 and 2.4 and 0.10 mg/cm2 for Ni The thinner evaporated foils were

- used in the 25 MeV experiments.

The scattered Q-particles were detected i; a 0.18 cm thick lithium
drifted silicon surface barrier couhter. . The pulses from the detector were
fed into' a pre-amplifier and linear amplifier system designed by F. S. Goulding
7). The energy spectra wére,measured with a Nuclealeata
ND-160 pulse ﬁéight analyzgr. . The infoimation from the analyzer Vas_punched
on paper tape and subsequently transferréd to magnetic tape. This mﬁgnetic
tape was ﬁsed to §lot accufaté graphs and to serve as the input tape for the
spectrum-~-analysis program VARMITa); This‘prograﬁ makes a least-squares.fit

to the experimental spectra by a series of Gaussian peaks whose heighﬁs,,posi-

i tions ‘and common width are adjustable parameters. ‘The final outpuﬁ of the
' progrém‘gives the-center of mass differential cross section for each.level‘at

each of the center of mass scattering angles.

3. ExperimentaeresultS'

63

A spectrum of 25 MeV a-ﬁarticles scattered'from Cu 7 is shown in fig. 2.

The levels .at 0.668, 0.961 and 1.327 MeV are strongly excited}; The levels at

© 1.412 and 1.547 MeV are weak (the latter is not even visible in fig. 2). Add-

itional strong levels.are seen at 2.51, 3.3,_3.5,'3.7 and 3.8 MeV.

With 50 MeV O-particles, it was not possible to resolve the 1.412-MeV

‘level from the 1.327-MeV level. However, both the l.thfMeV and 1.547-MeV —

le&els.appear to be only weakly excited. The angular distributions for



,excitatlon of the l l72*MeV 2+ level of Ni

"sections for excitation of the quartet of levels in Cu
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~scattering of 50 MeV a—particles to excite the 0. 6684 0. 96}'and 1. 327'MeV

levels of Cu65 are shown in flg 3 as well as the angular dlstributlon for
62

1

Prev1ous workers ) had observed a quartet of octupole levels, but the
improved energy resolutlon in the present experlment showed that there are

actually five levels that are apparently'formed by an £ = % process. They lie

L

) ati2.5l; 3.32, 3;51, 3.74 and 3.83 MeV.  Their .angular distributions are com-

.pared with that,for'excitation of the 3.77-MeV octupole‘level of Ni62 in fig. U.

- k. Discussion
4.1 QUADRUPOLE LEVELS -

' The simple core-excitation ﬁodel requires that the sum of'the cross

63 should be equal to

the cross sectlon for excibatlon of the 1.172-MeV level of N162. Furthermore,

'the cross sections of the individual levels of Cu65, divided by (2J + l), should

be equal to the cross section for the 1.172-MeV level of 1% aividea by 20.

Table 1 shows the extent to which ﬁhese;predictions,are realized. At both the
.0 . | . : ’ .
;274 and 570 diffraction maexima, the sum;of the cross sections for excitation of

the three known quadrupole levéls is elightly less than thatvfor excitation of

62

~ the 1.172-MeV level of Ni ~. The weighted Cu63fcross sections are very.close

_“to that for the 1.172-MeV level of Niée; Only the weighted cross section of

the 0.668-MeV level at the 27° maximum appears to.be significantly different,

. but inspection of the experimental results shoWS'that'the'boint,at 270 seems

' “to be too high. " A smooth curve drawn through all the exberimental points gives

o(27°) equal to 1.3 mb and hence o/(2J + 1) equal to 0.65.

'The‘last‘column of table 1 gives the ratio of reduced electric quadru-

- pole transition orobabilities for decay B(E2)) for theicuééilevels to that
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of the l;l72-MeV.é+ level of Ni62{ The averages.of<the values obtained at’the‘,
two angles are: '6.668;Mev level, 1.0; 0.961-MeV level, 1.1; 1.327-MeV level,
oo.9. The quadrupole strengthvof the 1.327-MeV level appears to be slightly
lower than the strength of the. other two levels.
Thankappan and'True9) have made caleulations_of_several properties of
) the levels of Cu63. Their model permits the odd nueleon to occupy the p5/2,
‘pl/aiand fs/elorbitals; excitation of the core iSfrestrieted to a single quad-
rupole phonon. The odd particle interaction with the core contains a dipole-
uipolevtern and a quadrupole-quadrupole term. Thevrelative strengtns of these-
_two'interactions were varied to obtain best agreenent with the levellenergies,‘
iand the ratios of the reduced electric quadrupole transition probabilities for
.‘Cu63 relative to that for the 2+ level of N162 were calculated. The theoretical
results are compared with the results of the present experiment in table 2.
"The values obtained by the present authors and quoted by Thankappan and True
are sliéhtly different fron the values in table 2. They Were obtained by anal-
B ysis of'tne angular distriputions_in the_smooth cut-off approximationlo).l The
reduceulouadrupole transition strength for the 1.547-MeV level is about l/lOtn i
of the values for the'other‘levels. The;l.th-Mev level is equally weak.
In a separate\experimentll) the scattering of a-particles by Ni62 was
" studied at several particle energies. Values of B(E2) for decay of the 1. l72—-’
:MeV level were obtained by analysis w1th the Blair and Austern. approx1matlon )
*- The values (including the result of the present experiment at 50 MeV) are shown

2 _1s in excellent agreement with values

in table 3. The mean value-—l60 e
: obtained by (a,a ) ‘at; 43 MeV ) (170 € % ) and by Coulomb exc1tation5) (160 egfmh),
‘and is in excellent agreement with the theoretical values obtained by Thankappan

‘ zand True9) for the O. 668- 0.961- and 1. 327-Mev levels of Cu 63 (169, 166 and

153 lemh respectively) " Their . calculation showed that the lowest 5/2 level



- quadrupole levels, quite a small amount of conflguratlon mixing can lead to a
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of Cd63 should have a B(E2) for decay to the ground state that is approximately

three times smaller than'the 1/2-, 5/2- and 7/2- levels, end should be pushed

;up to an energy of 2.02 MeV. The experlmentally known level at 2.012 MeV might

_ thefefofe be:the 5/2—level: 1t is certainly more weakly exc1ted thah the low-

lying quadrupole levels 3)

L

4.2 OCTUPOLE LEVELS -
Table 4 shows thevdifferential oross seétlons for excitation of the 3-

62

level of Ni ° at 3.77 MeV and the five f = 3.levels of Cu6§;f The sum of the

cross sections fon'the Cu63 levels (omitting the 2.51-MeV,level) is in good
‘ ‘ 62

agreement with the”croés section 'for excitation of the 3.77-MeV leveloof Ni

" Two explanations have been advanced for the appearance of five octu-

63

. .Sincelthere are at least two oétﬁpole levéls in Ni

(at 3.77 and about 5.65 MeV), the weak coupling model would predicﬁ‘the appear-

3. Some of the observed levels might- be

unresolved multlplets. In the calculatlon of Beres and Lemmef‘), _ quasi-par-

ticles were considered to be coupled to a core, and pwo quartets of octupole

levelslappéared_in Cu63. !

)
1

. Alternativély;sone of the octupole levels might belong to a completely

©  different configuration, for example an odd particle in the. g9/2 orbital

coupled to the O+ state of the core.’ As shown by lhankappan and True for the

large enhancement of the transition_probabilities; The 2.51-MeV level of C.u63

could be excited in inelastic”a-particle scattering by promotion of the p5/2

odd proton to the g9/2 shell with a transfer of three units of angular momen-

_tum, and the tran51tion could be enhanced. Blair has found that a level ( &,

63 15>.
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Q-particles.

| . Table 1
Summary of dlfferential cross sections an% weighte
for excitation of quadrupole levels of Nib2

and Cu

UCRL-11895

differential>cross éections

by- scattering of 50 MeV

Angle Target Level '(8) 9(0) B(E2)¢ (Cu65)
(C. of M) Energy (mb/sr) (a7 + 1) B(E2)) (Wib<)
- (MeV)
27° R ;%2 1172 12 0.60% ---
63 - ‘ b
Cu 0.668 1.5 0.75 1.25 (1.1)
| | 0.961 . k.0 0.67 1.1
| 1.327 43 ' ofsu 0594
S LSk 0u23 . 0.05° £ 0:08
Cse®? ——— 9.82 0.61 - ———
37° -:-2'1 Ni§?_l '” 1.172 . 5.8 0.29% ——-
w068 o5 0.7 0.93
" 0.961 1.8 0.30 1.03
1.527 2.0 0.25 0.86
i .
: ~ 1847 10,09 © 0.02° 0.08
D e st 70-27

‘ aThe Ni62 cross sectlons a
o(08)/(27 + 1) for the Cub?

re divided. by 20 to permit direct comparlson w1th
levels

leth cross section read from smooth curve (see text).
®Assuming a spin of 3/2 for the 1.547 MeV level.

ANot including the L.547 MeV level.

—_—— — Tt e

|
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Ratios .'of_x"ed(ic‘:eéi_fq'\i?-@ruPOlé transition probabilities lfog the levels of =
g "~ Cu® relative to the 1.172 MeV-level of Ni62 - . = %

_Level evnerg'y_ ' o - B(E2)¢
(Mev) - B(E2)y (NidZ)
- Cale (9) "Exp.

0.668 R Y 1.0
© 00961 - . 1.00° 1.1

1327 - o2 o9 ¢
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.. .. Table 3

Reduced quadrugole.transition'probabilities B(E2).for'decay of the 1l.l72-MeV
2+ level of Ni%? measured by scattering of Q-particles -of various energies.

0-Particle ~ B(E2), eeﬁﬁ+
Energy (MeV) ‘
) B I ' 150
| 50 - }80
85 . 145
100 SV 170

Mean ' 160
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CTable b
_»'i:*ﬁ_-;'Different%%l éroés sections at 22° (centér ofvméss) fofaoctupole‘levels of
M Ni and Cu63 excited by scattering of 50 MeV'a-particles; v

.Nuéleus-

Ni

62

. Lev

el enefgy,,

(MeV)

R
:., 5.65 .

i de
.+ (mb/sr) -

9.6
L 2.6

1.2

63

w83 .

B> "Cu§5 (6mi££ingvé,5 MeV)

- a2.51

3.32
3.51

3.7
S 383 L

~

b5
2.8
a5

1.8
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Figure Captions
63

Experimental energy levels of Ni62 and Cu “. Many levels in Ni 2,

. not reievant to the present work, are omitted. "See ref. 9.

Energy spectrum of 25 MeV CQ-particles scattered from Cu65 at an angle

of 35° (lab system).

- Angular distributions for excitation of the 0.668-, 0.961- and 1.327-

L3

MeV levels of Cu63 and the 1.172-MeV level of Ni62 by scattefing of .

50 MeV C-particles.

- Angular distributions for excitation of the 2.51-, 3.32—,'3.51-,

"3.7h- and 3,8L-MeV levels of Cu63 and the ground state and 3.7T7-MeV

level of Ni62 by scattering of 50 -MeV Q-particles.
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