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B ground states and to within a few percenﬁ the values of gj and <Hz>m =3
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INTRODUCTION

In iﬁhis pépér we report the results of a continuing inves&igation of - o
the p::opertiéa c;f nuclear ground states in the rare earth region, Inte resfl:‘;i»'
inthis region eﬁzéms from the fact ﬁ:hba.fz a transition 6ccure frém épherical -
to :ellipsoidal nuclear cores, | -Thereforé, the properties of rare earth

‘nuclides can serve as tests for the various models of nuclear structure.

The method employed in this work is the atomic beam magneéic res.

 onance method., For the application of this method to radicactive species

the reader is referred to the mmy review az;;i‘alea.._?v The nugleér prvop-v
erties I (nuclear spin), By {magnetic momenﬁc), and 0 (quadrupole moment)
are inferreci quahﬂ:ita’les. The directly measured quantities are gF. the
splitting factor arisimg from the coupling of I and J; the magnetic diﬁmle

hyperiine constant (A}, and the electric quadrupole hyperfine constant {B). '

These are related by

F{F+i) + JI+4) « T{I+4)
2F(F+1) ’

Bp ™ By

ac-qrm (M) mesr
B=- éz <QJ>Q0

where < Hz> in3= 3 is the magnetic field at the nucleus, <q3> is the electric
field gradient parameter, and J and gy are the electronic angular mo-
' v'mentum and the associated splitting factor. A' In order to infer nuclear prop- _

erties, it is therefore necessary to know a considérable amount about the

electronic state, For rare earth elements, this is a2 muchinvestigated

- subject.  One knows by now the values of J for almost all rare earth

z
J



that the pxoducmon of Pr

. from the time of removal to permit the Pr

" ‘beam foil showed that &uring the experimenfz Pr
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Uﬂfortmaiely, there is still cnnm@:rmble uncer tainty in the proper value .

‘ ox <q3> No reliable informa%xon exists on ﬁ‘;he valuea of the ouadrupole
| _ shieldmg and a.ntisbzelding factors. although ahey are bclieved to be ewﬂ:e '
"flarge. Therefore it is mxpo&xaf ble eo obic,in reliable’ qua&rupole momen@:s '

o "-fram"the; hyperfine constants, .

. BEAM PRODUCTION, OBSERVATIONS, AND DATA ANALYSIS
143 . .0

L ,;he electronic structure of the low-lying states of Pr wé‘ré}foﬁnd in

: ea.glie’fihVeetiga.ﬁions. 5 Schuurmanns and Meggers suggested that ﬁhe-“

ground si:aﬁ:e of Pr 1 was probably f3 2, 4' 9 /z 6 Lew confﬁmed ﬁhié level

aasignment and established the g 5 valueaa - 0.734(2) in his work on the

hfs and nuclear moments of Pr‘lm. 7 The his constants and nuclear moments

of Prwz(w h) have also been measured, 8

The only stable isctope of prascodymium hae mass number 141, 20

143 proéeeds through 2 double neutron Capfmre on

141

N | Pr T Two successive hxgh cross sections ma.ke ﬁhxs method feasible,
” -'Siza.b?l‘e Pr w_aa bombarded aﬂ: the MTR in Arco, Idaho. for three -weeks ata

7 flese of 5>< 10%4 ne‘uitrons/cmz-éé:c. ' Two weeks were allowed to élapse

142 decay. A decay of a full

143 was the ddfxiizxantcom-

";‘ao:ine'h‘xiiﬁ the beam Two groups had reported half-life deéérnﬁnations of

| " 13, 76(5) and 43, 59(4) days, respectively. 9

o Flve ﬂop-in tranc. icas are observable. Three v.cre seen at2.818 G,

'm'two a.t 5. 567 G a.nd_ one traced out at 40,865 G. They all correspond to a

spin of 7/2. ‘Some of the data are illustrated in Fig. 1.
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enhances the ratis of the 6.8~-day Tb
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ng 149

- The half-life and B specﬁ:rum of the neociymiu.m isotope of mass

190

aumber 149 ha& previously been measured. The half life was found to . =

‘ o : 4 2 . .
- be 4.8 hours. Schuurmanns suggested the £7s” configuration and the

Hund's rule ground term, 51 4 6 Smith and Spalding established the ground-

it

level assignment and measured a 8y of 50.6032(1). The even-Z ’chét--- L

_acter of this element implies that J is inﬁegi‘al and the transitions are

therefore of the multiple-quantum type,

A 4-hour neutron ivrradiaﬁ:i_on of natural Nd was used to .produce ‘Néi?i-?.

The beam characteristics were complicated by the simultaneous production

149 454 147

Pm™"", and Nd

ing rates of the 2<h compdnené and of all the longer-lived cofnponenﬁs were

 approximately équal.

Transitions were observed in three J. states at two settings of the
magnetic field, All the data were consistent with a auclear gpin of 5/2.
Sample results are shown in Fig. 2 and tabulated in Table I. It was'importa.nt

447

to establish that the resonances had a 4.8-h half life, since Nd 2lso has

a spin of 5/2. Fortunately, the latter has a much longer ha_lf life and is

easily distinguished.

Tbi 64 y

 This _radidacfr.ive i'eoftope was produced by neutron bombardment on Gd

metal at the MTR at Arco, idaho. The reacfzion is

Gat®%a, y)calt? _3.-.3,5?1%319 b6 (7= 6.84). ** A 10-day bombardment |

164 ¢4 the longer-lived radiocactive Gd

iso%opee, and performing- thé‘experimehﬁ: 2 to 3 days after removal fr_om,the o

pile allowed timé for the 48-h C}d159 to decay. A datisfactory bearxi was

. At the incevption of an experiment the coiz_n’t; -
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_ . half life had been measured elsewhere.
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pro&uced by ai@cfsron-bomba.rdme% heaf,mg of a tantalum oven in which ﬁhe
164

Gd metal conﬁammg the radioactive isotops Tb was pkced

&39 13 14

' _ Wath the J and 33 va,lues S:'ouncl at heidelberg for Th & sp'in'

’ search wae pex:formed &t two' magnetic fields, Figure 3 shaws the dam. a\‘:

5.566 gauas. "Only the transitions in the J‘ 2 44/2 and 13 3f2 wer‘eﬁ.clearly seen“.

 The re‘sultl;i_'pdlcates 1=3/2. Adecay of one-of the'zjesonance‘.butfons shows that the

- halflife agrees with the reported value.

Hol6t

The pux:pose of mvestwaﬁmg H@iéi‘ was to determme both the nuclear

and electronic angular momenﬁ:a.. The ‘alue of gJ,- -4, 19516(;0) was meas-_ L

i66 i5

ured m conjunchon with the epin of Ho This is close to the Russell-

‘Saunders value ' ‘-‘3.2,, for 11 f electrons couphng to a 4315/2- ground state.

However, ‘experiments on Ho%é’ could not establish the 'J value, and the

10

‘possibility existed that the configuration was 4f 5d. In Russell-Saunders

B coup_liﬁg»ﬁhis"‘*cbixﬁguraﬁon gives rise to a 6L21/2' ground state.

10

Even with J established as '15/2, éhcg £°7d configuration cannot be

ruled out because one need not assume R-3 coupling between shells. The

" shells may be j-j coupled to one another, e. g o (518 2133/'2)45/2 . However,

this coupling gives rise to a value of 8y that is far from the experimental |

 * value and is not plausible. In the light of these considerations the J = 15/2 =

- ’meaaur.‘ed in this experiment, t’ogeﬁhéi with the previously measured

gi-—--i.iQS +6{10) lends strong support to the configuration assignment 4{11632.
' 'Natural dysprosium, in the form of pellets, was bombarded in the

60-inch Crocker cycictron. Protons at 12 MeV and 30 pA nroduced the |

"' purest 2.5-h activity, at a level sufficiently intense for the experiment. The

16 In the early stages of the work

the activity was observed in x-ray counters, the x rays accompanying the
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half life that had baen asmgned previoushr.

is Ef17o(n, vIEr
' in 4958,

| ﬂnrd—order spm-orblt correctwns. The electromc ground state is then

_as predicted by Hund‘s rule. The nuclear spin of Er
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electron~capture mode of decay. Subsequently, it proved both feasibic and

convenient to count the Auger elecirons that are zlso emitted by the excited

o atom.

; Fiwz*e & shows t.’ne -»esulta oﬁ a aearch et 5 567 gauss. Five' of the -

. ewm "'ia§-in exc,.mait lons were observcd at az,m fi:‘;fvm ;md ‘e‘,hree more were

eeenat 8246 gause. They am covreapcna f.o a epin of 7/2 with J = 15/2

. The éﬂed ronic atructure oi ea-bium ig mocussed beiow in connecuon
" 'with Eéi‘“.: 'Toproduce Eriés; 100 -a,bunda.mﬁ Ho165 was bombarded in &he

465

60-inch Cﬁ'iot‘kér' cyclotron, The m-oductts of the Ho®® (p, n)z‘r reaction

| ‘decayec. wxeh a pwe 9.8h hdlf life Thw is conamﬁenﬁ wzﬁh i.he 9 9(i)h

17 Holmmm was in ﬁ:he form of

' d.scs a,nd the erbmm beam was pr@duced by boning direcﬂy ou& of s:he holmxum.

. E‘wure 5 shows dae:a. ta.ken a.ﬁ 2 818 ﬂauss. Another four uom -in transi-

tiona corresponding to 3 6 I = 5/2 were o‘buerved at 6 919 gauss. -

Eri’m_

By bombardment with $9.9% pure Er metal with thermal neutrons at

'the Gen_eral Electric reactor at Vallecitos, California, for péridda of 40 to

171,

12 h, epproximately 1 Ci of radioactivé Er was produced The reaction

171.- " The half life of thisl' isotope {7 = 7.52 h) was reported

i8 The gy value was determined initially by Smith*? using stable
Ee166 '

68 while a more accurate value was obtained recently from the radio-

- active Er169 [gJ= - 1.46381(5)]. "? The last value coincides very well with

the p}edictioh of Judd and Lindgren®® using the configuration (4@12(63)2 and

3{{6.

"“ez = 5/2) was
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¢aminants in the beam included Er

Er™-

“decayed 'alighﬁ:ly diff‘erently.' In this way they were separated from the Er"

 both possibilities:
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measured by Cabe"as, uaing the atomic-beam mac’nealc resana"xce techmque

171

A beam of the radioa.ctwe Er*'" was obtained by electron-bombardmen&

’ heating of a tantalum oven containing the metal, The possible ra,dioactive cocn-

163 ,169

(# = 75 min), Er 0% (7= 401n), E
{7 = 9.4 4}, and Tmﬂi {7 = 4.9 yr). The gquantity of Er%‘% and Tmi?" is
negiigible owing to their very short and very long half lives, fémpectively: the -

his on .Ez!-‘v%g is known, and so it caused no trouble in the data 'anéiysis. 19

165 174

Er 7, howevar,' has the same spin (I = 5/2) & Er’ and &heréfore the same

Ep factors. . The h&if lives are similar, and althaugh ca}lcula.tzona predict the

165 174

intensity to be 1/25 or less than Exr"'*, resonances attributable to it

were éeen. Their amplitudes were 1/40 or less of ¢those of Er“i, and they

174

R data.

A total of 43 resonances were recorded. These were analyzed by the
hyperfine compu%ei-"program and values of A and B were obtained. The ﬁsz

of resonances with the correspondmg magnei:ic ficlds (expressed in gauss as

39

well as K reeonance frequenczes} is in Table II, and a hyperfme level dzagram

 is shown in Fig.6. A sample resonance is_shown in Fig. 7. The resulw are:

Al = 497.0(2.9) Me,
IBl = 3646{106) Me,
B/A> 0.

Since the xz resulting {rom as'éuming a positive &y in the hyperfine
program is vexy similar to that resulting from a negative &y the average of

the two convergences is quoted together with an uncertainty which includes

z' (1 52, for
137 forgI<O)
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... sion, as shown in Fig. 6. g .

~ hyperfine atructure. ‘The reaction is

" A few months were allowed to elapse before running to allow the 9-day Er
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| Measugemeua on Er 469 E:a.ve detexmmed directly the m..clear magneﬁzc =
| ‘i momeﬁt and i:h@ hyperf..ne constants. By use of theae vcdues and the rerm-‘ .
_',.f'.i'vSegré ;.elaﬁion, me nuclear m&gr\euw mamen’c was determined to bo e
pi =% 0 70(5) nm, If we c,ssume that @he elsctmc Aeld grc»dient <q > arises
- omy irom ﬂ;he coupi szg of the :E r:siwitmng ‘m tm Hund's ul:e t@z’m, we infor
- for the quudz-upole momen& a value of Q = 2 4%{2) barns. chever, i ig well |
esﬁu'bhshed fahat shxe?d.ng and anti..ohieldmz’ ﬁactera hm quaﬁ:e iarge’ in ﬁhe rare

/earﬁ:h regmn an& i:ha.t fchm vaﬁue may be in error by aa much as a factor of

3.‘ 4 The value fox' the nuciear momen& includes the correci:ions for dza.-

mawnemc shielding,

 Figure 8 ghows the hfs level ordering at zexro magnetic field as a

- function- of é{S-B/A).‘ZLi The experimental value of ¢ implies some inver~

A S-Week irradiafnon at the MTR at Arce, Idaho, on Er metal produced

it to permit the measurement of ite

22, 23

a Bufﬁcieni: quantity of radicactive Tm"

AErﬂO(m. \.I)Er:wi _'1___5:}3_) it (7= 1.9 yr). |
169

to decay. Identification of the isotope was made by collecting the atoms on a

~ platinum foil and taking a y spectrum with a 200-channel Penco analyzes with

" a Thl crystal.

174

‘Using the same experimental technique as for Er” 7, a total of nine

¥ rescmances were found and served to give reasonable valuevs of A, 8y and

2

gI “Table III gives a list of the resonances and a ¥~ fit.
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. The results of these measurements are

A= 372.4(5.9) Me,

By = - 1.44116(10) .

' When publizhed data®® are used on Tmmg

, the nuclea.r moment of

becomes

: pl(corr) =& 0,227(5) nm,

| .The Fernu-Segw rvelation was used to cbtain the a‘bove values,

Figure 9 shows a typical resonance. Bacauae of the long half life, j

the isotope was id@n&iﬁed_ by examining a y specﬁ:rmn of a platinum button
| 171

. on which the beam was deposited, Figure 10 chows the v spectrum of Tm™ .,

The 22.5-keV peak represents the iodine escape peak of the K x rays of Ybﬂ_i,

i.e., the 67-keV level is highly converted, giviag ® 53-keV x rays {67 keV
minus the binding energy of K electrons in Y‘bi?i). Thesge = 53+keV x rays

sometimes knock out the K electrons of I iathe Thl erystal, yielding elec-

( trons with energy ® 25 keV and x rays of iodine Wl‘:.h 38 keV. The K x rays

of iodine are not detected {escape), while the energy of the = 25-keV electrons
is recorded. Thus, within the limite of the experiment, we see that the

22.5-keV peak corresponds to those electroms. The = 84-keV peak is strange,

and mayl'eifr:her represent a contaminant of the 99.9% pure Er or a real rota-

22,23
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DISCUSSION

Nuclear Spin ‘Vaiﬁes-
143 is ¢

‘I‘heias@ odd nucleon in Pr thae 5%th pr‘oﬁon Two 'shell-modei

seaﬁes, de /2 and g7 /20 are avmzame. Evidence from oihm: mm&c,? indicates

¢that these levels are close together and that the act usﬂ ordering depends on -

*#1 15 5/2, indicating that the g, 2

147 149

_¢he pucleus. For instance, the spin of Pr

level lies ?;o_we_r. HoWever, the spins of Pm and Pm are both 7/2,

43 . 2 ,
b . Martin et al, Sa;'gue in favor of a

_ s i o ) . 143
ci?.t_,j/2 assigament, Isu;.ce &he beea decay from. the h9/2 level of Ce!
14

implying that dS /2 ties lower, _Fo;r Pz
to the
is not observed anu Al 3 would make G:Iue ﬂ:ranszﬁwn.
lfforbiC}den. Kondaza.iz%remcts a spm of 7/ 2 on &he bagis of x- ray mulm-
’pclaritvieg, ft values, and the. spin-orbit coupling model.  The measured apin

141 is sufficient to

. of 7/2 indica.ﬁes that the addxmon of two nucleons to Pr
. depress the dS/ shell belo»v the g,?/z |
Neocdymium-149 lieg right in the transition region between single-
pareicle and collec&ive motions, A sharp change in nuclearlstrnc‘éure is known

| ﬁc occur in gomg from 88 to 90 neutrons. 27 ‘, The measured spin of 5/2 reflects

o ;'ﬁ:ha abruptnesa of this trgnm&iom._ No shel_l—quel state with j = 5/2 is available

: inl this region. . On the other hand, an enei'gy—level diagram for neutronnumbers

‘ 8_?. < N'< 126 showé that a [523] 5/2—staée is available for small deformations. 28
| The remaining motopes are well thhin ﬁhe collectwe region, withvalues
_of the deformaﬁion paramei:er 6= 0.3, Thexr‘ :esultam: nuclear angular mo-
menta are due to the coupling of the last o&d nulcleon to the deformed nuclear

2T

~ core. In all cases their measured spins agree with those predicted. The

T results are summarized in Tab}_.e .
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- Magnetic Moments -

Erbium-471 is far enough from closed ghella that it can be 'nié:ely’
described by the stroang-coupling appxmﬁ;ma‘éians of the éollective model., With
a deiormatma = 0 3. whach ig about fshe same as o&her rare ear@hs - the odd- _:v

. parﬁac.‘ke sé:ate asszgnmene is ESiZ} 5/2- ' Uagmg iree n\zc.e.aan & f.a.ctars, we

. hawe calculated fche momem for various deformations. The results are not

.ay gensitive to i:he deforma.?;wn, and meld

ey = - 0.95 nm, 60,3,

-0.9% nm, = 0,2,

M1
" Thes'e ‘are somewhat larger in 'ﬁialgniéade than the measured value
pp =% 0.70(5) nm. Although no d'eterminatibn of 'fthe:'s‘ign' was made in this
' experiment, we can infer it {n the £ono€wing_way. Ouadrupole moments in
" the rare eé.rfh region are usually positive. Using the positive sign for O
aﬁd”thevxheajs‘uréd'.positive' sign for B/A, we find that thev magnetic moment '.
is negative. o
“The -r’ﬁagnetic moment of thulium ¢an be determined in the same way.

- We mus;t. ‘however, know the dévc'oupling' parameter (a) as well as the defor-

| x;né@:iqn;' since I=4/2. The value of a has been found from the rotational
" spectra to be : ax= - 0’.86%7 Using'. free nuéieon g factors and assuming the

'atate asszgnmen& to be [411] 1/2+, we fmd |

e=-0.300, ﬁwos
p == 0,432, ' 6= 0.2,

This is in good agreemém with the measgured value. '
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Z

-

" i - o gy e e 440 i
s T R T IS s P S ey

!

UCRL~14345

- 5.566

: : o T Obacrved Caiculated .
_ A Element _ﬁz, z J ¥ (pavss) frequency  frequency

P S - N 'if?.i /2 9fz 8 2.848  4.625 1622
| | /2 efz 1 2.818 £.676 1,674
‘ '7/‘_2" 9/z 6 2.818 1758 1.751
/2 92 & 5.%7 3210 3.203
2/z 9/z 7 5.567 3.312 3,306
7/2 9/ 8  40.865  6.253(50)  6.253

60 N& 449 5/2 4 13/2  2.818 1.470 4,464
52 & 41/2  2.848 1,568 1,564
5/2 5 i5/2 2,848 - . 2.365 2.367

5/2 5 13/2  2.818 2.550 2.550

5/2 6 | t7/2 2.818 2.980 2.980
5/2 4 13/2 5.567 - 2.894 2.891

5/2 4 11/2  5.567 3.089 3.089

5/z2 & 9/2  5.567 3.447 3.417

5/2 4 7/2 5.567 4.028 4.028

5/2° 15/2  8.867 4.675 4.675

5/2 5 /2 5.567 5,035 5,035
5/2 6 17/2  5.567 5.885 5.594

65 T 464 3/2 4/2 7 40.865 18.140 i8.442
| ,3/2 1i/2 6 10.865 20.300 20,302

3/z  43/2 8 5.566 9.265 9.264

32 43/2 7 10.280 10.282

P
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Table I (comtinued).

I _ o ~ H  Observed  Calculated
. & Element . A I & E {zause)  frequemncy - fregusnecy

ey

e u o Ho 464 7z 48/2 L8567 . 6.400(70)  6.352
o | L7fz a2

1
| 0
wv afee a8l 9 ,":-‘-:2-%.56‘? . 7.150{80)  7.443
| . .
7

PN

8567 . 6.740{90)  6.694
/2 a5z 5.867 . 7.870(100) © 7.760
7/ 45/2 5,567 8.765(120)  £.800

7/ 48/2 4% 8.246 9.3t5(50)  9.444

7/ 7 45/2 10 8.246  9.940 9.943

7/2'" ‘45/2 9 - ‘_,8.246_' " 40.580 10.582

| 68 oo Ero 168 8/2 6 17/2  2.818  5.241 3.242
'- - | 5f2 .6 15/2  2.848 © 3.493 3.494
s/ .6 - 43/2 2.818 3.862 . 3.862

5/2 - 6 . 4i/2 2.848 - 4.434 4.430

5/2 6 . 17/2 6.949  7.958 7.953

8/z . 6 S 45/2 6.919 - 8.577 8.572

/2. . 6 . 43/2 6.949 -  9.484 9,475

8/2 © 6 . 14/2 6,919 © 10.879 . 10.870
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Table II, Erbium-174 resonandes and resulia of 3:__3 tent {

-45- UCRL-14345

[

:g;i} positive and negative, -

: gg ' a‘gMc ' Aa (M) b?;jicé Ab{Me)  x?
positive 496.300. 2463 3622.473 .80.456  4.52
negative 197,608 2.213___ 36569.895 62,169 4,37,
L B . Residual {Mc) | |
IVKQMG:)' COHEG) We.m {dic) gibﬁ _ \gg‘(@ Tranaii:ii@n Machimv
U 20.000440) 25.388(45)  58.460(26) "-1'1’:3;».‘-0‘.0@@3' 000 e o~ A"_
$40.000{400)  4£47.684{58) z'vz.mnew@) 0.437  0.124 o B
470,000({130) ""am.zé?{é?) 340.700(140) -0.048 0 -0.060  © a B -
U 245,0000440)  157.448(68)  364.100(440)  0.046 0,007 a B
249.900{440)  173.694(65) ,.ée‘z‘.éoem@y 0.0'6_4, . . 0.058 o ‘B
410;006‘&156); 242.716061)  564.300(200) ;;0.@2%3 1 -0.135 s B
' 80.000(100) - 79.432(73)  197.500(160)  0.042.  0.036 B B
uo.oeo(ﬁoo;”' 99.549(64)  248.940(200) = 0,048 - 0.047 B B
140,000{100) C117.684(58)  294.900{200) 0.431 °0.435 8 B
470.000(150)  134.257(80)  336.900(240) ©0.040  0.050 B B
| 140.000(400)  117.684(58)  330.850{200) -0.022  -0.047 y B
470.025(150)  434.270(80)  380.000(300) -0.419  -0.415 vy B
o 210.075(150)  154.708(74)  442.400{250)  0.060  0.054 v B

" Transitions

@ Fei7/2 . mp=-3/2ee-1/2

p F=15/2 me, = - 42 = 5/2
1/ 20 - 3/2

vy F=13/2 mgs=
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Table IiI. Thulium-171 resomances and xz .ﬁt‘.‘a‘

o
S %

a {Mcj - gj S Ha - &gy }(_"5 L _.»;:;1'

Y 372.0740 . -4.444185 . 5,9403 - 0.600097 4.25

vK.(Mc) : “H {G) - veﬁrp {Me) Residual irammhga

©139.980(20) - 147.672(23) ' 464.950(30).  -0.039 = @&
160.000(50) - - - 128.875(27) : . 180.750(50) -0.049 &
| 340.000(60) ~ - - 200.654(35) ' 282.230{400)  -0.054

1_@ )

350.000(100) -+ 217.808(42) - 306.700(50) 0.049
| 80.030(50)  79.154(37)  142.360(50) = 0.081
120.440(100)  405.890(61) 490.450{100) 0.003
15 ﬁéo,oco(w  117.684(23) 244.650(50) -0.011
" 209.950(50) | 4B46es(2s) o 278.425(50)  0.009

I TR R N

310,000(80)  200.654(38) - 360.750(50) 0,020

Residual = Vexp * Vtheo '
Transitions o . F=4 mp = 0 o w1

a ' ' _
- Data taken on Machine B,
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Tabie Iv. Comp&rmcn of meaam'ed and %:hecre*«tscal spin values.

Element

Pz
Nd
Tb

- Ho

Er

449

% m’w
Nilegon state or shell-

' v g model state
A Measured oid Qdd

apin proton neutzron

i%g ?/E wwi?/z
5/2 [523] 2 -

o

161 3/2 [¢18]5+

161 /2 [523]< -

165 5/2 [523]3 -

o
2l
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FIGURE CAPTIONS =
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i64
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Cbservations in I*Io‘%i.

UCRL-14345

-.@ Me {H= 5.566 G}

165

Four &ransiﬂ;ioma observed in B .

of g (= -~)

Hyperfine structure diagram {partial schematic) for Er

Aipha transition at Vg™ 359 000 Mc (H~Zi7.”08 G, F- 4 m

Gammea gpectra of Tmi“

produced' from Er

470

B, Y)E

ri?i

1714

0@ - 4}

75; s T 17t
g

g Resonance due to an alpha transition at V:C = 245,00 Mc (H= 157 G)

. Zero-field hfs level ordering for éj) = 5/ 2, (f') = 6, 28 a function:

h
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This reéport was prepared as an account of Government
sponsored work. Neither the United States, nor -the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.






