Lawrence Berkeley National Laboratory
Recent Work

Title
EFFECTIVE SINGLE-PARTICLE MAGNETIC MOMENTS AROUND 208 Pb

Permalink
https://escholarship.org/uc/item/9h01f9{9

Authors

Maier, K.H.
Nakai, K.
Leigh, J.R.

Publication Date
1970-10-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/9h01f9j9
https://escholarship.org/uc/item/9h01f9j9#author
https://escholarship.org
http://www.cdlib.org/

|

'f;mlx
p 5

Submitted to Physics Letters | UCRL-19593
SECZIVED Preprint

LAVIRERCE 2

RADIATION LABCRATORY

PHRRARY  aND
DOCUMENTS SECTION

EFFECTIVE SINGLE-PARTICLE MAGNETIC
MOMENTS AROUND 208pp

K. H. Maier, K. Nakai, J. R. Leigh,
R. M. Diamond, and F. S. Stephens

October 1 9‘7 0

~ AEC Contract No. W-7405-eng-48

K | Y
TWO-WEEK LOAN COPY
This is a Library Circulating Copy

which may be borrowed for two weeks.
For a personal retention copy, call

Tech. Info. Division, Ext. 5545

N J

LAWRINCE RADIATION LABORATORY

UNIVERSITY of CALIFORNIA BERKELEY

€6G61-TUDN

lo‘

-



DISCLLAIMER -

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



- . UCRL-19593

EFFECTIVE SINGLI~PARTICLE MAGNETIC-MOMENTS»AROUNDf208Pb-

K. H. Maier*,,K; NakaiT+, J. R. Leigh, R. M. Diamond, and F. S. Stephens

Lawrénce'Radiatidn Léboratory
- University of California
Berkeley, Californis 94720

Octcober 1970

An effective magnétib moment operator is_empirically'derived'for shell

208

model states around Pb. It reproduces all 8 measured moments to a few

tenths of a huclear magneton, but predicts too hiéh a hindrance for Ml-
transitions.
I. STATIC MOMENTS

The wellbkhowﬁ failure of the shell model to predict the experimental

208

magnetic moments around Pb, a region where it ig'particularly successful

otherwiéé, has stiﬁulatéd muéh fheoreficai\work'to éxplain the deviationé [148].
The_maiﬂ pdint éommon to all tﬁis wofk isvto consider. core excitations caﬁsed
oy tﬂe fesidﬁal‘intefaétion in which a pucleon is excitéd_from a filled level
in the core to its empty spiﬁ~orbit partner orbital [9]. As the effect is
lineér in the:amplitude of the admixture of thése core excitaﬁions, even small

admixtures, hardly detectable in other experiments, can produce significant

- deviations of:the g~factors, This is especially true in the case of the 208Pb

. ,. Lo . ‘,..‘ Tr . . o .
cgre_whlch cpnta;ps 26 part;cle§ in the hll/2 and‘v ll3/2 orbitals thgt can

. . o . o : -
~ Work:performed under the auspices of the U. S. Atomic Energy Commission.
"NATO fellow on leave from Hahn-Meitner-Institut, Berlin.

TrPresent'address: N. Bohr Institute, Risg, Demmark.
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-be excited fQ the empty T h and v i ‘levels. Taking these core

9/2 11/2

excitations into'aCCOUnt,'one can express the magnetic moment for -a single ' f

particle in the orbital j = & * 1/2: | : o , i

B (g +8g.) - (g, + 8g,) o
_ : -8 S ) L .2 P
.U = { (ggf Sgy) + T =t e, ((177,0), 2 + X (1) v

)

 Hére X stands fdr complicéted contribUtioﬁs ffom exchange integrals, while ﬁhe
othér terms ébnsfitﬁte the direct part. The theoretical studies done sé far
have'calCulafed.the moments stértiﬁg from a number of résidual intefaétions, but'r _v x
even the most recent and refined calcuiationé [5,7] have not'quite succeeded in’ o
rebroducing”fhe magnitude of the deviations from the SChmidt values, although . é
the'treﬁd invard from the}lattér was always feproduéed. Noﬁ, however, withvthe_

-résults'df the g;factor measurements of Yamazaki, et al. 110#12]‘on Po isomers

06

end of ours [13] on the 7~ level in “°°Pb and of that of the 21/2+ level in

207Bi.available,'in.addition to earlier work, we can try to check the validity
of the form of>this‘éxpression and the importance of the terms in it agéinst . - ;
the experimenﬁal data..

Table 1 (ﬁpper part) summerizes the measured magnetic moments of good

shell-model levels around 208Pb. The dominant configurations are given in

columnv3;>and fér the sake of definiteness we will éonsider’only these
configﬂrations, as'aﬁy admixtures éhouid be small and aré not known well enéugh Y
to_élloy reliable cOrrectidns. The lower part of fhe table cénfains.thefothgr
megsured mqments that leﬁd theﬁsélves only with liﬁitations.fo this treatmeht;

206

~as they are elther based on =& Pb or 2'lvoPo core or serious doubts exist on

the purity of the wavefunctions. This will be discussed later.
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" neutron hole (207pp gs), and the 21/2° level in
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The'fifsﬁfpoiﬁt'wé can check goncérns,the importance of the ekchange
terms (X in eq. (1)). While the direct péft obejsvthe same algebra [1k] as
the simple single-particle operator, the exchange terms do not_[S]. The 8
' . 209_. -
protons (° 7Bi gs), the 17/2" level in

210 -
Po and one pl/2

ievelvin 210Pé.isfcomposed_of two h
209v .

¥ by
Po can be considered as derived from the g* level in

2O7Bi (ref. 15) can be thought

pfotdn and the Th level in 206

9/2 !

states have been measured. Column & of the tabie gi?es'their moments calculated

of as one h Pb. The g-factors of these three

from the meésuréd'values of their dohstituéhts according to the rules of the:

v single-particle opérator,-and hence assuming the'dominance of>the direct terms.

In aii3three cases, this gives‘the'méaSured moments within the expérimental
error éf 15-6; and 2%,\respectively., So the exchgnge terms are ﬁrobably.
unimpdrtaﬂf;:and we will neglect them in the foll6§ing; |

This leavés'us witﬁ»é siﬁple férmﬁia cdntainiqg the ﬁarameters Ggé,'
6?1,'énd‘gp; fhéﬁe;‘hqwevér, night be different for protons and for;neutrons
and mighﬁ.dépend'SIightly‘on'the ra&ial'wavefunctions. For further analyéis

we follow the works of Bodenstedt and Rogers [3] and Bohr and Mottelson .[4,6],

~who, in'agreement with the conclusions drawn above, omitted exchange terms.

Furthermoré, théy assumed that the only interaction of importance affecting'

g—factdrs isg 6fvthe}type (ci-oj)(Ti ). This interaction polarizes the

» ’[
| J |
neutrons and protons of the core oppositely to each other, so that due to their
opposite'sign of &> theveffects'from neutrons and protons add. For a force of

the type (di.cj) that should be of éimilar strength, the‘cbntributionssof

: neutrons‘and_protons,aré opposiﬁe in sign;,leading to a ten times smaller

effect on the moment. Bodenstedt and Rogers [3]“furthermore assume & long-
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range interection so that the differences in the radial‘wanefuncfions-of the
,sinéle—particle beeome unimportant. -Thus'they>get an effective magnetic-~
_ moment operater involving only the‘tvo parameters Sg;vand.g#; They snbuld
be equal in ﬁegnitude fof:all levele around one cofe but opposite‘in sign'for.
nentrons and‘protens; a8 the.emplitudes‘of ﬁhe admixed wavefuncfiens differ o
only in fheif signﬁ

The chosen force cannot produce any dev1atlons‘of gl - However,
Yamazakl, et agl. [12] determined 6gl = +0. 09 Of02 for the proton frqm a
210

9/2° m il3/2; 117 ) level in Po, as

. the g-factor ofbthis state should be essentially eQual’to (gln+ 6gl)5' We,

measurement of the g—factor of the ' 7 n

therefore, include a term in Sgl. This can be_caused‘by other types of
residual interactions [5] and by mesonic effects [12], so that no- simple
relation between Ggl and églp can be assumed a priori, and both perameters

must be considered.' We now can write the magnetic moment of a single-particle
' | 208

or hole stafe around the PY core, § = & * 1/2, as
o (g - 68 ) - (g, + 88, ) )
. - Sp s Lp - ®lp .2
protons: U =] { (gzp Gggp) + T } - gp ((1 Ygs)l)
(2)
' (g + Gg ) - (g 5g Y
. - sn Ln in .2
neutrons: W = { (gln Ggln) + 22 T 3§+ g, ( (4 YQS)l)
| (3)
w1th((1Ys)_)-=-——l—-_(j—é—lOlj%—)(jj»iOl.jj>. '
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-almost exclusively determined'by‘the moment -of the
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If we hegle¢£ 6gl£ at first and take ‘the value of Sglp = 0.09, we have
only the twovparametefs'gp and Ggs free.td'fit 5 single-particle moments,
three of them beiné measured directly, and two deduced from the mgasured

moments of a two—particle.lével and that of the other particle. In view of

‘the fact that the additivity of the moments seems to be really fulfilled,

tﬁese two_éhoulgvbé reiiable as well.

Thé‘rgsﬁlt bf é least-squafe fit isbdgs;= +3.14 nm an§ g? = +3.27 nm
in agréement’with estimatgs:given by Bohr and Mottelson [4,6) aﬁd Bodenstedt
and ?ogers,[B,iG]. Thé:maghetic moments dérived-in this way are shown in
column 7_ahd réﬁroduce all'of the meésured homents in column 4 within a few__
tenths of a nuclear magnetoﬁ. Tﬁis agreement is very ﬁnlikely to bebaccidental,.
especially-gg we did.another fit in which Ggs, gp, églp, apd 6g£n were allowed |
tovVaryféimulténeously without. any restraints. The resﬁlt'is égs = +3.45,

g, = _+'h-'20” Sglp = ;fo.09, and ng;l = -0.03 (a1l in nm)_. The fact that 6g9'p'
turns out ekéétly as determined by Yamazaki EE,EL' [12] in a'direct way i;
exbééﬁeévéinceffhe same primﬁry data are used;-it is however still sighificant
as it shows fhaf_this h;parametéf fit‘giveS:reaéonable results. Thé fésuits .
for the otheilthreé parametérs-are reasonéble, too. The change;of iO% invégs
qnd 25%. in g#zversus the . values found for.Ggln = 0 indic?tes.ﬁhe accﬁracy with
which fhesglpdraﬁeters can:be determined from the presént dataj As.égin is
2O6Pb 7" level its value
depehds‘heavil& on the purity of the wavefunction of this state. So we must’
aséribe a rathér large error to it that certaihly'ihcludgs the possibility of
ngnj= 0. Tﬁe magnetic moments resulting from this Fit dQ»npf differ

sighificantlYffrom those given in_éolumn 7. The agreement with the measured

values is 'in both cases better than one might expect from such & simple model.
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I we now'lookfat the lower pdrt of the table, we find agréement for

the 8+ levels ih'208Po and 2123n{ The l/2fvgroupdstate of 2OSTl'and'the

+ : ' : ' ’
. 13/2 level in 205Pb are reasonably close to the predicted values while they

. _ S o : : : . o 20 oo
are far from the Schmidt values. These two levels are based on a 6Pb core

so one might expéét sdme deviatiqn. In sddition it is known that only 70% of
. . 205 _ v

the wavefunct;on of the 1/2

T1 gs is exhausted by the configuration of an s
proton hole couplédvto the 206P5 ground state [17]. Indéed, Azziz and |
Covello [17] répfoduce the ﬁeasured magnetic.moment exactly with a better
= 3;h5jwhichvis close énough to our valﬁe.

eff
Neutron pickup experiments [18,19] indicate that the 13/2% level in 20%py, is

206

wavefunction and using g,

'less'pure than the 7 level in

in 2.OSPb beléngs to a'206Pb core rather than & 208Pb one, we used the moment

_ 206
13/2

of the i
of the 1~ gfound state of 210Bi poses problems in hearlyvall shell-model

neutron derived from the
calculations, indicatiﬁg impurities of the wévefunction. The main component
of the wavefuncﬁion (m h9/2, v 89/2) gives a magnetic moment about 5 times

smaller and of opposite sign to that of the most likely admixed components.
Therefore this moment cennot be reliably predicted. The measured moment of

the 6 level in 206

Pb has the wrong sign for a shell-model level under any
reasonable assumption, so that the workers [20] concluded that this level

involves proton excitations.

Thus, it is posﬁible to account for all the measured magnetic moments

of g&bd shell-model levels around_zOBPb using a surprisingly simple effective

.operator with & few reasonable parameters. This in turn means that the

assumputions involved are likely to be valid. They are: (i) The wavefunctions

: . + '
Pb. Based on this, and since the 13/2 level

Pb 7  level for the fit. The energy
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of the levels considered are guite pure, (ii) the exchahge terms are unimportant,

(iii) the interaction causing the polarization of the .core is predominantly of

the type (Oi-CJ)(Ti.TJ) end of long range. The open question now, of course,

~is how tq'explain theoreticélly this empiricelly-~found opeiatdr and the

magnitude Of_the parameters involved. More measurements to further test this

expression aré-gertainly indicated, and it would be of interest to have enough
o . o f 6

 data near other doubly-closed shell nuclei, for instance ”~ Ni, to check if this’

approach would hold there as well.

IT. M1-TRANSITIONS
It is interesting now to comsider allowed (AL = 0) Ml-transitions

briefly. The wavefunctidn of a single particle.or hole, j, with the admixtures

. of importahge for Ml-properties can be written (ref.‘7)

37 = 132 0" )+ ]2 % 1) 0 v el Pty (s

Here j' is the spin-orbit partner of J and the 1 level in 208Pb has the

-1 1 )

structure (v\113/2 s V 111/2)-or {m hll/2 . h9/2 In flrsp order, the

second term leads to the deviations of the static moments without affecting

‘ transitions, and only the third term is effectiVe~fbr Ml-trangitions fram J -

to ! or.yicefversa._ That is, applying the single-particle Ml-operator to the

J
J

assumed residﬁ&l interaction yields:just the effective operator we have used

first th.térms of'eq,_(S) and calculating €7 in perturbation'theory from the

g:Jo) far_(eXCept_fpr 581) [3]; For Mli-transitions, the'sameihéSjtovbe>dQne fo

‘the first and third terms.

It might seem that different operators result for the static case and
for transitions, since the relevant admixtures of the wavefunction are

’
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different. ﬁowéver, doing the calculationg explicitly, as Harada and Pittel
have done [7j, results in very similar'operatofér Inserting their eq. (7)
into their eq. (8) for momenis and into eq. (9) for transitions shows the two
correction terms proportlonal o (s) “and (i (Y s)l ’, respectively. The

factorS'ln front of these two matrix elements in eq. (8) are equivalent to the

Gg and g that we have empirically determlned. "If one now looks at transitions

J
.j'

different energy denomlnators, these factors are identical. Therefore if the

(eq- 9) of ref 7), one flnds by evaluatlng €9, that except for slightly

approach used so far is really valid the same opefétor should describe the

transitions too if.one sets.

2 o o 2
: A : _ A :
Sgs(trans) ST Ggs(sﬁat) and‘gp(trané) = Z 2 gp(stat)
SR I A - ” 3,3 '
- 208, . .
: Here A is the energy dlfference between the l and O levels in Pb which is

about 5 8 MeV and A can be taken dlrectly from the spectrum and is smaller

J»d'
than 2 MeV for the cases to be con51dered below Theféfpre §gs and gp should
only be increased by a few percent for transitions.

For a transitlon between 51ngle-part1cle levels from j = 2 +1/2 to
= £ - 1/2 the B(Ml)—value calculated with the effective operator becomes

(in units of %; (§%Z

o ®

. 1 1y 5 , ' L
_ B(yl’.2-+.§if L - 5).= r§E~:—i7- { lgs + 685) - (gg +.5g2) + uvﬁﬁ' 8P } (6)

nThé.sign in ffoanOf’§gé'and gp hes been chosen for neutronsg; for protoﬁs it

has to be reversed. For the unperturbed operator the same equation holds with
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Sgs = ng = gﬁ'; O."Contrary to the static case in which_Ggs and gp give

contributions of opposite sign, here'they‘both decrease B(M1), in asgreement
with the calculations of ref. T. Using_Ggs = 3,14 om and g, = 3.27 mm as

before, thefB(Mi)—values»fdr ?hé f7/2 > f5/2 and Ps/p ™ Pyyo transitions.in
2OYPb are reduced by a factor of more than 100 relative to the s.p. value,

~while experimentally these factors are only 4 (ref. 21) and 3 (ref. 22),

’ + + -
respectively:. For the 1 + 0 +transition in 206Pb, the experimental reduction
is 2 to 3b(réfé.‘23;2h).' Mbtteison 4] has pointed out already>that the
208

measurgd lifetime [25] of the 4T - 5+ transition,,which Showérnb hindrance
at éll, poses a severe problem tc the core-polarization picture. This
difficulty how:seemé to be more general and might indicate the limits of this
rather simplé'modelp. Of.coursé, it éhoula be pointed out thaf if B(Ml) valueé
had -also Been ﬁsed invthe origihal parameter déterminations, poorer fits would
héve beeh:aéﬁievéd.fbr the static moments, but better fits to the transition
moments; |

' We want to thank Dr. J. Quebert for his help and Drs. M. Weigel and

M. Redlich forvvery veluable discussions.

\
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Table I;

Mégnetic moments of shell-modei states around
. Col. 4 gives the experimental values and the errors exceeding 3%.

208

Pb.

All moments are given in nuclear magnetons.

‘model for the configuration of col. 3 using the free nucieon moments
using the formallsm of the single-particle operator from the measured values of the configurations constltulng
- Col. 7 shows the predictions for the effective operator (Eq 2-4) with the

these levels.
contributions from the terms in Gg R gp, and Ggl given in co.. 8-10.

Ccl. 5 shows the predictions of the shell-

The values of col. 6 are obtained

: _ : : : S h Cohtribﬁtionsiffdm
Level B Dominant U T O | o wOTE Sg g - bg
_ .x Configuration Experiment Schmidt added‘exc?_ s p tp
o MeV ‘ L Vtatlon
9/27 Bi gs Thy/s +4.08 2,62 13.98 1.28 | -.37 :
1/27 20Ty, gs - v 131/2_l +0.59% 0.6 0.57 - o2 45 0
5727 ey | 0,570 v f5/2_l - +0.65(5)° | 1.37 0.63 |-1.12 .38 Q
-1 o ' .
i - -1.91 -0.62- . - .0
Vi, (-0.75) | 1.91 0.62: ; 57T | -.27
. d
L. . . . -1, . .54
miiss (1.9) 8.79 8.03 1.57 .27 5
206 - . A e
7 | Pp 2.200 Viigp s VP, -0.15 51.26 -0.05
g 2205, 1~ 1 50 (n h9/2)2 7.307 L.66 | 7.26] T7.07
- 210 | g o |
11 Po 2.8 X 113/2,-n hg /o 12.0 10.66. 12.0
.= 209 ~ 2 - — h
17/2 Po | 1.50 | (m h9/2) Bf’ VP 7.L8(43) _¥.9 7.89] 7.6k
+ 207, N P -1 -1 e :
21/2 Bi 2.102 |(v 113/ 5 VP )7-,w h9/2 3.41 1.15 | 3.39) 3.39
' (continued)
€ - < Q 7

-21-
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Table 1. (continued)

: _ . : : : Co?e : Contributions from
Level - " Dominant o u ‘ u : excie 5gs ' g : dgg :
: = Configuration : Experiment Schmidt added . P : P
v _ : . tation
MeV . ‘ »
i+ 205 o ' -2 1. oL : ' -
: 1/2 Tl 'gs . (V pl/2) . ('n’ 51/2) +l.63 ) 2.79 +1.22 —1.57 . 0 | ) ._0
Lo, 205 ' 1 -2 N | : i | , - ‘ . o
;3/2 R | 1.0138 | (v Py/p) (v 113/2) -0.98 -1.91 -0.62 | 1.57 | -.27 0
- 210 S f e
. . +.
1 Bi gg | m h9/2, v g9/2 + .0k + .08 i+ 538
- 206 , -1 S | 3 - .
6 Pb 2.385 | (v pl/e) , (v.;13/2) + .13(07)¢ |- k1 - .18
+ 208 |- ... |, 2 -2 . .k
8. | Po 1.532 A h9/2) , (v pl/e) o T.22 L.66 {7.26| 7.07 y
v o L
. 1 w
8" Z1%n |~ 1.690 o ( h9/2)h ‘ 7.05" L.66 17.26] 7.07 i
aC. M. Lederer, J. M., Hollander, and'I.rPerlman,.Table of Isotbpes.
bRef. 16.. ,

c L s ‘ ' - 207 - 206 i . .
Derived from the measured values of the_l/2 Pb gs and the T ~~Pb level assuming a pure configuration.
dDeriVed from the measured velues of the 9/2—: 20931 gs and the ll-u’2lOPo level assuming e pure configuration.
“Ref. 13.
fRef. 11.
Eref. 12.
hRef. lO,'
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United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents

that its use would not infringe privately owned rights.
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