LUND UNIVERSITY

The nuclear potential energy surface and odd-particle effects for some nuclei in the

region 80

Ragnarsson, Ingemar; Nilsson, Sven Gésta

Published in:
Proceedings

1971

Link to publication

Citation for published version (APA):

Ragnarsson, I., & Nilsson, S. G. (1971). The nuclear potential energy surface and odd-particle effects for some

nuclei in the region 80. In Proceedings (pp. 112-122). Institut de physique nucleaire d'Orsay.

Total number of authors:

General rights

Unless other specific re-use rights are stated the following general rights apply:

Copyright and moral rights for the publications made accessible in the public portal are retained by the authors
and/or other copyright owners and it is a condition of accessing publications that users recognise and abide by the
legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study
or research.

* You may not further distribute the material or use it for any profit-making activity or commercial gain

* You may freely distribute the URL identifying the publication in the public portal

Read more about Creative commons licenses: https://creativecommons.org/licenses/

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove
access to the work immediately and investigate your claim.

LUND UNIVERSITY

PO Box 117
221 00 Lund
+46 46-222 00 00


https://portal.research.lu.se/en/publications/420bc62f-6019-4458-9169-7832c92f4042

+2H99

Institut National de Physique

Nucléaire et de Physique
INZ2 P 3 des Particules

LES NOYAUX DE TRANSITION

rapport sur [t actuel des études
expenmentales et Theor.ques

TRANSITIONAL NUCLEI

R progress report on
~ experimental and theorefical studies

Fysik -& astronomibini
liotek
~Lunds universize; et

Calloquc sur les noyaux de nanmmon‘ ‘
30 juin ~ 2 ;miici 1971

| Colloquium on intermediate nuclei
" june 30 - july 2, 1971

INSTITUT DE PHYSIQUE NUCLEAIRE D'ORSAY




THE NU CLE&R POTENTT ﬁL b

POR BOME WUCLEL ¥ THE 7 ?*""“’{m? A0 A =120

I Hagosrsson and 8, G, Wilsgon
Famd Institute of Technolopy
Luwd, Sweden ‘

Abstmct

’l‘ha nuclear potantial enarmy ﬁﬁfﬁ’ac@ fncluding the quadrupels and hexadekepols

degrees of freedom has been investigated for nuclel in the & = 40-80 and neighbouring regions,

. The estlmatiun of tha parameters of the single-particls pctenﬁial in those mass reglons i

diaeusaed in some detail and their influsnce on the propartiss of the potantial energy mxrface

is assessqd

kY
i

Introductioh

Foyx the daacriptim of trangitional nuelel static and dynamical aspects have to be )
considered simultaneously, As an example of 8 dynamic theory onae should mention the
well-known calculations by Baranger and Kumar [1} - In this theory both rotational and

vibrational dynamics are incorporated in torms of the ellipsoidal beta and gamma coordinates,

Our contribution td this problem is limited to the static parts of the problem, We

thus claim to ba ahle to caloulate an improved potential-energy.surface, in which, however,

‘we for the moment have only included the ¢ {or ;‘32) and the €4 degrees of freedom. A mora

complete caleulation, alse tneluding the garmma or axial asymmetry coordinate is presently
well under way tn Lund 6s in Basel and Dubnn., We thus caleulate the potential ensrgy

W (e, a‘i,‘andlater?' Vo

‘Making the tacit assumption that dynamics does not upset tha sitvation we furthermore posit

that the shape of the lowest minimum {8 directly related to the ground state properties of the

nuclelde in quastion,
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The single-particle potentinl and the choice of the corresponding parameters

Wa have studied s: siﬁgﬁtq—particls potential of the following type Eﬁ]

2 ‘2
% = I§ - o +
gﬂ'P’ _%mn (e, e‘L)? {1 . P, 2 ¢

cwnofag el - (2 >)

The cholce of the potentinl parameters « and u is 8 most eritical one in the region

épa;\)

A = 80-120 to which region of nuclei we have confined our interest in the present investigation.

Theae parameters are well determined for the deformed regions A = 160-180 and A 2220 as

weall an the small deformed reglon near A2 25, Ons might aleo in this determination of & and 4

208

40 48 , 66

' ; 18
make use of spectroscopic data { } for cloged amall ~ 1 auciai near ~ G,  Ca, Ca, “Ni

as Pb to study the vaciation of « snd ;.s ovar a largear region for ingtance aa a function of

Aorh 1/3 .
a&ditian to the dependence on A),
This A~dependence i8 shown in

fig. 1

figures repressnt alternative fite

. The sat of points in these

to exparimenis. The alternatives f

correspend to ditferent welghtings
balng given to the excited states
in the single-particle spectra,

Fig, 1, The single-particle,
model parameters
1/3 « and p a8 functions
of A7 7, In the deformed regions

(A = 165 and A = 242) the values
have baen chosen to fit the

-exparimentsl energy levels as

well as possible {2] . The dashed

{Actually one has reason aﬁﬁa to suapact at least a dependence on isogpin in

meemwe b inear entropolaiion . A
e, Plpgitied w2 and #

o Fltad 3o date n determed t«é&ans
u Fitted 2 $aie for aphorieal muciel

&

" 68

LX)

&

a3 +

[ihie

a8

&0s

404

a0z

e e Sl et

50 W8 Wo 40 A

S A S A

lines indicate a lnear extrapolation in A based on the heavy deformed regions while when we
have drawn the continucus lines we have somewhat arbitrarily taken the data i@r‘Am 26 into
gccocmi: The crosases indicate least- squa,m fits to spactroscopie data foy clogad shell

=~ 1 nuclel near 168

40cy, 480q, 561 and *08pp, The three different crosses above sach

other indicate that alternative weighta have been glven to the different statas in the single-
particle spec&ma The triangles represent values uged in the @alculatiena {see ﬁg&a 8; 8, % axd IG)
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Ganorally tha lowest excitations ave glven most walght, I fa not g straight-forwa rd problaem

(o abtain reliahle émz:sath functions for « and # from these grapha, Particularly uncertain

The axtrapolatinns to thfs superhsavy slement raglon, ,racanﬁy of intersat, depend
.ﬁfiﬁiéaﬁy on these empiriaal determinations of #and p, Tn feot whether the vaain emphasis ‘
1a balog put on the dats from the deformed reglon or on the data of the o and Ca regions leads ‘
to somewhat differant gap predictions connacted with & = 114, W= 184, And the different '
g}mdiétinﬁa made by the diffarent groups working on the problem of the prediction of aupérr»
-heavy element haif-livéa can be traced hack largely to the corresponding parameter fita,
Partieulary eritical 1g the apin-crbit splitting parametay . ' '

The total nuclear enargy and the ghell correction method

The total energy han been evaluated on the hasis of the Strutinsky shall correction
mothod [4] . One thus ealoulatos -

@ = E@y - <Z@p> + EP@/@ "’"‘Eswzﬂ + gmue,

The averaged enargy funcﬂon denoted(Z@A;} based on a smasred level density is
obinined by the uge of a smearing function contalning a sixth ordey polynomial corraciing for
unwanted longrange smearing effects, The palving enorgy 18 evaluated using the pairing

matrix aloaments

=g’ . 1 N-Z
Gp 2 A = gp ¥ gp A
6 . iN-7Z
Gn - A= gﬂ ..&ﬂ

In the reglon Z > &g and ths region 40 £ Z = 80 together with Yextrapolatedr shell

métieai parameisrs we have used gs = 28 2, g; = ~ 23, 8, g: = 26, 2, gi ==~ 38, 5 whils
for "modifted parameters® in tha region 40 % Z <50 we have instead used the following

values 22, 5, 0, 22,5, and - 18, 0, respectively for ihe listed parameteys. The numbayr of f
levels tncluded in the palring sum has in all cases boen taken ag m and m ‘ ‘ “
The latter description has been extended with o trivial modification to the few cases treateq |

with Z-<40, The Coulomb ang surface energies have been caleulated as in ref, [ 2] .




- with N <82 we can by the same token

‘ for neutron values squal to 70 and

‘ Results of caloulations fw ev&n~ave*x nuelel

a -

We employ estimates of k- and x-values for the even-even surveys with 2 >40 -

- according to two variants exhibited by the solid and dashed lines of fig. 1 respectively, Ons

corresponds to a linear extrapolation in A on the basis of data of the two heavy deformed
ragiong only. This 1s eaﬁled "inearly axtm’polatsd“i The other variant corresponds Am valuag
of xand pwith 2 position rai&tim to tha dats ag e‘ﬂﬁmmd in ﬁg; 1. This variant {5 dencted
“modifled”, For the spscial eapes given I:yy flge 8, 8, 9 and 10 we hava choson parametars &éi

glven by the trisngles of fig, 1,

We give in fige, 2 and 3 a cut through the potentinl-energy surface for isotopes

of ﬁsz and of 5§Cs using linearly sxtrapolated « and # pax‘ameteraé

] T B g T 1 T T T
The ounset of prolate distortions Sm: Za 62 Linearly o
for N >88 s obvious for Z = 62 while &} polated & andy -
the N = 88 isotope appears non~- n ‘! -
Had?

deformed in view of the additional \
2 Negs § \

: LT ]
asgociated with the beta and gamma \

zera-point energy that should be

degreesn of freedom, One should
probably allow for 1-1, 5 MeV of

<'

| M eB2

such zero-point energy in this

tiol energy (MeV)
A
H

region,

Pol

. Nadld
In the case of Ce isotops ol

expect dsformed ground states only

smaller, ‘ - o _ A S o

"@h” ' . . ' b

In the 40 < 7 < 50 region
some neutron rich iactopes with
N >60 have recently been observed U E— } I I —

-84 -84 0 0.3 64
[ 5] and a pradiction of the , ‘ £

potential energy surface is there of Fig. 2 A cut through the potential energy surface for
some Sm~-isot ‘epes with N2 82, . For sach.

~valua ths energy has been mmimizsd with
msg@c& o e @

great intarest,
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Paternt

Flg, a.

In view of cur unsufficient Emawmdgsa of wand p

prmmepe— S i I
CeZabf Linsarly extmupotated
Hand p

Bame es fig. 2, for some Ce isotopes with N 5 82,

these entire reglons of nuclel see ref. E_"a] .

Wa gm rasulis of
ealenlations for Inotopes of 4 @Raﬂ
for the two variants of » and ¢ a3
indleated in fig, 4, Generally
digtertad fah@a@s are predicted for
N>80 in the linearly extrapolated
case, However, the neglacted

gamma degree of freedom there

appeara to play 2 major role,

For "modified” parametars, on
ﬁ:h!a other band, oblates appanr
clearly favourad for N > 64, No
stable deformation sre an the
whola axpected for N « 64 for
caleulations based on "modified

parameters”., Weo are thus unsble

to give reliable predictions in this

whole reglon of nuclel 40£Z < 50}

» For predictions ns to ground state shapes In

E

B3

2 00808 pon0ade
Eus 00538 0 ity

FiaBE

[} ¥ T ¥ ¥ T L] v ¥ ¥ T ¥ ¥ [ ] 1
But¥wedé &!ﬂm%‘f @Hirs - HurZad4 Madified if and u
polated & and - dpn 0070 poaidd

o 860 1o, 50,35
Mats

/

Nallh

i

b=

Folertied energy (Mevh

ey

Tz 8, ~
M een

-2 Hagit, "
- T T .
ol | ‘ + -
£ i i t i ] H [} ] 4 i ] § ¢ 1} H
{44 ~&2 g 67 8.4 ~fi.4 w3, 0.2 0.4
Plp. 4, Home as fig, 2 for gome neutronrich Ru~isotopea, A comparison

is made for the results obtained based on the "linear extrapolatedh
and "meoedified” «- and m-values, reapectively,
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The plot of masses based on the modified oscillator potential publighed in ref, [31
has been axtended balow A = 150 for both of the two parameter variants described. It turns out

" that the so-called "modified” vaciant gwaa by far the better masaes as seen {rom fig. 5.

¥ Bl % ¥ 5 ¥ ¥ v A T k) T v ¥ ¥ R L ' ¥
' B s T
Bresent el sel. 2 BHEP, MASS - THEQR, M65S 4
i
. L
8 )
K W ,,-"" ] N
& 9&: PRI
i LA K
9
- -
of b ;]
) 3, A 4. A i) 4. 8, 2 4 A, ) 2 4 'y ] L £
) 110 #o i) 160 209 0 #a 280
A
- Fig. 6. "The difference between the experimental and theoretical mass values.

_For Z =63 the results of ref. 2 have been taken over. For Z <62 the
crosaes correspond to "lnearly extrapolated” «~ and u - values
while the points correspond to the "modified values.

The "medification” seems to bring ahout an enlargement of the Z = 40 gap (see fig, 7.)

Some preliminary saiculatiqns have also been parformed for nuclei lig‘ht.ar than
& = 40, It twms out that, based on a set of singla-pavrticla potantial parameters intermediate
bétwaen "extrapolated” and "“modified" (cf. fig. 1), oblate distortions are expected in the
region, around % = N = 36. We give as an example in fig. 6 the potential enargy surface for
some isotopes of Kr (Z = 36). Of these the interesiing isatﬁpes with N = 38 or 36 should bs
exparimantally accassible with present technique. The anergy minima have distortions that
correspond: te e betwasn - 0, 2 and - 0, 35. Tha corrasponding eémvaluas ara amall, The
offects of the zarc-point fluctuations on the shallow minima remain to be Investigated as tl;a

entire sffect of the gamma degres of freadom,

‘The same observation as to the predictions of a preponderance of oblate shapes

. connactad with 4 and N near 36 have aarlier hean made by. Dickman et al, [ 7 J



Potential energy (MeV)

(B R

P

¥

i sp=U072
£=36 !Ap:ﬁf}.éﬁ
g«gNEQQ@@
f&ﬁ:&'@,ﬁﬁ
: Nedl
2 1. Walbl N
3k N=38 |
Na3l /
2 | N=36
.Navﬁé
LR -
@
=} b= =1
=9 f- o
B i i £ & 5 & J ]
046 02 ¢ 02 04
£
Flg @, Same as lg, 2 for some neutron-~

_ deficient Kr-igotopes. The « -~ and
w0 ~values are glven according to the triangles

of fig, 1,
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oyo=v

The single~proton scheme for the "mﬂﬁjﬁad“_ﬁammm@m o
and Am110, Note the [404 8/2+] and [505 11/2-] levels

geing steeply downwards on the ohlate alde,

CPig 7.
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Theoretical éi udies Indlcate that more atsbly deformed shapes can bs obiained lu

this mass region for odd-A or odd-odd nuslal due o the association of thg add yarﬁc‘l& with

partleular orbitale of certaln, nsually high, spins, Particularly favmax*ﬁ?ﬁa in this regpooct

are the orbitals f 7/2 7/32,

£58/2 8/2 and h 11/2 11/2 assocciated with M and 7 valuas near

15, 35 and 55-60 respectively, The first orbitsl, when occupled by the odd sautron in ggﬁis

ie found to be asgociated axperimentall Iy with a X = 7/2 band, of which two members have

been observed, Thig shape isomerie state is also borns out in theoretical saloulations

publighed by ﬁagﬁars‘sgm and Nilsson [ﬁﬂ

Wa give in fig. 7 the

Eingmmglroim lavel gchame around
= 40 {"mﬁ{iuies:%” w and gﬁ.} axhibiting

both of the mentionsd g 8/2 8/2 or
[404 9/2] and the 1 ¥1/2 11/3 or
[505 ’iif’z}?k‘bitaisﬁ the lattec.only
partially, -,

In 'Fig, 6 the low-lying
energy~surfaces of ;;:EF' are

axhibited, Timss'aiwu}d hs compared
to that af %ir g 6).

The ?SBE energy surface has been
sbinined under ths condition that the
odd particle s restricted to orbitals
with prescribed spig and parity, Of
special interest is the stata with

= 9/2+, As [404 9/2] 1s the only

= 8/a+,

this gives rise to vary Iavge

avaeilable orbital with o

"apecinlisation snergies” away

from equilibriwm, vepuliing in s
very desp polential enargy minimium,
which ghould fmply an agsociated,

well deformed nuclany shapa, aa other

Potential energy (Me¥)

L

73
b 1

@
i

b

palat LA
He all072 4y « G082

Flg. 8,

The potential ensrgy surface for

13
Er when

tho odd partiele is essocinted with diffsrent
values of () and parity. Only the lowest states are
indlcated. The «~ and p-values are the saame as those
in fig. 6. For each e-valus the snerpy iz mintmized

with raspset to ¢

4




121

siates with @= 9/2+ can only be obisined through the breaking of pairs and should be rather
distant in energy. Theans axcitations of higher seniority have besn neglected in these

oanlculations,

Hecent sxperimental resulis [9} may elsc indicate that s lowrlying 13/2 isomer in
. th
im&u coryesponds to £= 5 and s indeed the {5@5 1/ glm’i}ital being occupied by the 5P

nautron for oblate shapea, An

exporimental identification of v i ¢ g,”
eS8
the I = 13/2 member of the , i L o Hes jf -
Fd
rotational band should obvioualy X @ ,ﬁ;g&‘ "
ba of very great interast, & |- \“‘\‘ éé'f / “
. . A5 jj R PalT
. N, P
In fig. 9 we give projacted o i T S 7
potential-energy surisces asgoclated . gf
: /
with N = 59, The 11/2-orbital i wE o 3 A
! @%ﬂu y
found to give g relatively low-lying : X : Vs
T g KE P S
minima for all the leotenss plotted, £ el P
= o 4%
Fven though some other low-gpin E? e
states may be assoclated with aoft é ¢ ;f '
e &
spherical ghapes, tha 11/3-state twh e .
< Deta Pl :
ghould occur as a shaps lsomer In & E‘& “ e
the spectrum. .
The extrs hindrance dus
to the particular oblate shape
associated with the 11/2-ginte has
not been quantitatively estimated.
A factor of 100 or lega may be
expectad from experiense in other . \ .
g i ‘
reglong of nuelsl ~Q4 =02 8 a2 04

Similgr plota are shown

for % = B1, B3 and b5 in fig, 10 Fig. 8, - Sawe ag fig. 8. for some nuclel with N=§9,

' : The low-lying states are in all cases similar
to thogs of * Zr and therefore just the lowsst ona are
Ese&s 11/2]. B ' ghown for the other nuclei, Only the € dagros of freadom

' ‘ has heen included. The « - and g ~velues hove baen chosen
as indicated by the triangles in fig. 1. ée:? = 0, 068 ,.
P = 0. 4B, 0 = 0,068, b0 = 0,36} :

sesoniated with the saive orbital
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Potential energy (adev)
)
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§
P
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~0.2 o a2 -0 ] a4z -02 8 0.2
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Flg, 10, Bame an fig. 8 for ecme neutron deflcient nuclel with % = 61, 83 and 55,
Only the lowest state and the 11/2-ptate have been drawn and just the
€ degree of fresdom hae been siudied, The parameters are the same
ag in fig. 8, {, e. for thess heavier nuclei the u-vaiuoa have probably been chosan
somewhet amall {ses fig, 1.). ’
The mentionad orbitals {3@3 7 ?} . E:f%é}é. EP;’Z} and E&’b{iﬁ 11/ 2} ave thus highly
tavourable in the generation of oblate shape lsomers provided the anergy surface due to
ke even-aven cora is already associated with a waak oblate mintmum or gensrally vary aoft

1o distortions,
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