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ABSTRACT

The_ atomic -beam magnetic -resonance method has been used to study

91

some atom.ic. and nuclear properties of 84-day Sc46 and 58-day Y°*. The

results are:

46 : -2 . ' 2

Se - D3z | D5 /2
1 =4 '
gy = -0.7990 (6) gy = -1.1995 (13)
My . =-43,03 (2) a = +150.,576 v(',7) Mc/sec | a = +60.9"06 (3) Mc/seé
uncorr . ' »
ancorr - +0.119 (6) b = +14.38 (10) Mc/sec =~ b = +20.41 (7) Mc/sec
Y91
1=1/2
a =x68.34 (1) Mc/sec a = +34.35 (2) Mc/sec
M =+0.1634 (8) nm ' :
uncorr : Av = £136.686 (24) Mc/sec Av=+103.047 (30) Mc/sec
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NUCLEAR SPINS HYPERFINE STRUCTURES AND NUCLEAR
MOMENTS OF SCAND[UM 46 AND YTTRIUM 91

F Russell Petersenfand Howard A Shugart

Department of Phys1cs and Lawrence Rad1at1on La.boratory
University of Cal1forn1a., Berkeley, California -

Ap»rll‘ 12, 1962 -

I. INTRODUCTION
‘The ‘atomic -beam "rnegnetic _resonance method has been used to continue

?

hfs investigations of the radioactive yttrium  isotopes as well as to initiate

similar experiments on the radioactive scandium isdtopes. ¥ Both elements
have a 2D3”/‘2 electronic ground state which is separated from "'thev"r'iext"'li‘i'gher

B As a result, transi-
tions can easily be observed.in both states at the temperaﬁnré's 'req'ﬁi-fed?t'o' i
prodice an-atomic beam.

The. electromc g'factors are close to the LS couphng values of”

(2n Y= - -
gJ‘(/ D3/2 = -0:8 and gJ( D5/2) -1.2, and have. been prev1ously meastured
6,7 :

for the stable isotopes.by atomic: beam and other methods;
Investigation. of the ;hypeffine '{St;;ncture and nucl'ea'.ri-'rnor‘nents'of stable
Y89’and S(:‘*15 has already been carried out'by other laboratories, 8,9, 6,:10.

89..

thus fae.ilitating radioactive experiments. Experimental results for Y

and Y0 indicated that 7! could be expected to follow predictions of the shell

91

model with reasonable accuracy. ' Measurements on Y ‘should, theréfore,
tend to test the validity ‘of ‘the shell model in'this region of mass numbers.

Previous results for Scéé,,;'on'-the other hand, indicated that shell-model

predictions are somewhat anomalous. Thus, an investigation' of the proper-

ties of this odd-odd nucleus s_hould--iincreas_e an u‘ndevrstandin"g of the nucleon

coupling scheme,
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1. THEORY OF THE EXPERIMENT
For a free atom, the noncentral interaction be;vtwééﬁ.'ftll'_ié:ielectrons
and nucleus in the presence of an external fﬁ'a;g‘rieti'c" field H may be repre- .

sented by the Ha,mlltonlan S

v [3(I,aJ-)2_} 3/2(1-1J) 'I(I+1)J(J+1)]
M (Mc/sec)=al ] +b —= = 1-J

21 (21-1) J(2J - 1) (1)
g L H-g g I0H.

where L and .l arqthe'micl_ea.zﬁ and.elggt_ronic angular momenta. in units of
+f, a.and b are the ma..gne;tic_-_dipo_lgland,elec_:-‘.r.ic.v.quaidrupole hfs coupling con-
.. stants, and gy .and g:If"-are.,;'-_the' electronic and nuclear g factors de,ﬁ}ngd by . . .
pJ/.I‘_‘ and I'HI/I"‘ respectively, where the magnetic. moments g a.n_d:prare in- .
‘units of the.absolute value of the Bohr magneton, Poe - ‘The terms in this .-
Hamiltonian are, from left to right: the magnetic dipole in_t_e.r_a.ction.be.tweeﬁ
the nucl'_e_a;—mé.gne;,tic:_mo_ment and the electronic magnetic: field; the electric
quadrupole intg;ractio_n,betweeh..the,_nuclear ele_c_tr.ic. quadrupole moment and.
the gradient of the ‘elve’c_tr‘.ic; field produced by thé :.electro,ns-;-,the.;int,erac?ti_-on
b.th;een the .eléctr.onic magne‘tic' ‘;rn_p_r'r;evnt and the applied external field; #nd
the inte'r'a'cti_on,. ‘b'_'e_tween{.,ﬁthe'nucleaif.ljna_gnetic moment and the-aﬁplied; extérnal
field, . ,‘ | |
. Because of symmetry considerations in.the special case I or J= --1/2__,
b.is 0 and the .second term in-the Hamiltonian vanishes. - In this case, ‘,_the‘., :
: en_ergy, for any:hyperfine level specified by .the quantum mumbers F, m may.-

. be expressed as a function.of the magnetic field H by the familiar Breit-Rabi

- equation (for the case.l = 1/2) T
‘ /2

o - 2(z3+) T8 PMET 2T+1
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where
H

L weH
X—(—g.[‘l‘gJ)m— a.nd Av—-aFmax. : (3)

Hére, the positive sign is t‘al.('en.wiitl:i t.hie‘.F = J +l/2 levelsandthe negat1ve
sign with the F = J - 1/2 levels, ‘Fi}g‘ures 1 a.nd Zshowthe behav1oro£ the |
hype.r:fine levels for Ygl, for. whi‘ch the nucyleall.'--r moment has been assumed
to be rieg‘at'ive.

In thet‘g:'ene'ral case, including the second term of Eq. (2), a closed- ;
form expr‘ession for the eﬁ_érg‘y' c_anﬁot be found, anl'd digital computing
techniciués must be used to obtain t'}.;e.: énergy levels as a function.of the ex-
ternal magnetic field, ! .
‘The e:n‘ej'rgy-'lev'el diag‘r'ams for scandium are not shown because of the

la'rg“e mulfipiicity of leifels'; however; the' magnetic field ,deperidéﬁc'es of

several observable transitions are given in Figs, 3 and 4.

The interaction constants for a d -électron_ are theoretically related .

to the nuclear moments by the expressions1 1

2 .

2, g L(L+1)

’ a(Mc/sec) = 0 1 . <"l3'\ 'Fr(J’ Zl)’ .
1000 T(T+1) ) r/av -

(4)
b(Mc/sec) = £ g) (27 -1) /-%> R_(L,J,2).
o 10 h(ZVJ+2) \-'\.fr Jov o

Here; L is the electronic. orbital angular. m/omen'tum in units of H, Q is the
nuclear electric quadrupole moment in cmzv, e is the electronic charge, and
Ff(j’ Zi) and _Rr(L’ J, 'Zi) ‘are relativistic correction factorsgiven. by Casimir]'2
and tabulated by Kopfermann, 11

Since the fa.ctor<l3—> is dif.ficult to estimate-aCCu.rately,-' and since
the nuclear cons.tant:s.':fol;' the stable isotopes are known, the'nuclear magnetic

moment can best be calculated from the Fermi-Segr;-type relation
a

, 1 ’ |
(8r)) = () (e, - . (5)



4 | UCRL-10169

An uncertainty in.this equation which is usually less than 0.5%, ma.y'result
from assumlng 31m11ar electromc propertles for. the d electron of the two
1sotopes and from neglect1ng hfs anomahes In a like manner, the nuclear

. o o O

quadrupole moment may be Calculated from. the expressmn ST

If the quadrupole moment for the stable isotope is not known accurately,A
. a better calculatmn cons1sts of taking the rat1o of the 1nteract10n constants
for a given electronic state, with the {resultant_rela_.tmn ,

2. .
:-431.“50 D FAZ) 0 (e b (7)
S Gl RAL,J,2y) J(23-1) 2 |

The foregoing theory has assumed that the electronic states are not
- mixed by the interaction. These effects have been discussed by.Schwart_z]‘3
-and the necessary corrections to the interaction constants are contained in

reference. l. =
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Il ISOTOPE PRODUCTION AND IDENTIFICATION
. Scandium‘-.4v6 was produced by an n, y-.reactiion on :the' pure s.tableu

metal. lnitlal lrradiations yvere d_one invt_he Live'rrnore' pdothypé ‘r.ea'icto‘r; E
and la’te‘rf, in the General 'El:'ectr.ic test reactor at the Vall'e'c':iﬁtos Atom1c
Labo_rattory,_.: .Eacn sample, cons_isting "6f -approximately:ZSO mg'of. metal,
was bombarded_‘for 1 to 2 weeks with a .flux.'ofv(Z to 9) X 101'3- n/cmz-sec..l

| Yttr1um-91 a f1ssmn product, was purchased as carr1er -free YC13
in HCl solut1on from Oak RJdge Natmnal Laboratory. To’ each 250 .mC
91

sample of Y » approx1mately 30 mg of stable yttrmm in HCI solution was ’

added Hydrated YCl1 crystals were then formed by vacuum evaporation

3
of the solut1on The water of hydrat1on was removed by shght heat1ng in. a
lligh‘vacuum. The anhydrous YCl3 was then'reduced.'by'calvci'ur'n.,in'-a;_ SO
tantalum oven. at elevated tempera'tures. An 'lncrease. in.tempe rature. eva-
porated the CaCl2 slag, leavmg the pure yttrlum metal |

| The decay schemes and ‘half- l1ves of both 1sotopes have been establ1shed
by prsvroushexpeﬁmenters; 14 As a result pulse -height ana1y51s of the
Y- ray spectrum and observat1on of the decay rate over several half-hves

¢

were used to ver1fy 1dent1ty of each 1sotope.

1V. APPARATUS
The atomic -be'a'.'bm magnetic-resonance apparatus and radioactive.

technique 'usedfhave been de scrijbed'p‘r'e'viously,vlsyso that only'a- brief des-
cription is included here, | |

*Thé atomic -beam ‘apparatus-used the’ ”ﬂop-ln'.' ‘geometry consisting
of the u'sbual three-magnet system (A and B magnets finh'orrio‘geneous;‘ with
gradients in the same directlon, ‘C-magnet homogeneous), - ‘Atoms :.in‘.the
beam were not r.efocu'sed'unl"e'-'s:s tr.anSiiti'bns"weire’-'tindil.c::ed in the C-field "

=% 1/2 <> ¥ 1/2 in the high fields

region corresponding to.the change my
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of the A and B ‘m_agnet_s‘_, T_his eqndition together with the transition selection
rules (AF = O :l:l Am = O i 1) 11m1t the number of observable trans1t10ns
For ytt’rlum-_:91_the pOSS1ble tran51t1ons are shown in Flgs 1 and Z The

46

behavior of selg_e'c'ted Sc ‘re sonance frequenc1es w1th magnetm f1eld 1s shown

in Flgs 3 and 4, The strength of the magnet1c C field was measured by
observation ef the AF =0 ”flop-ln" transitions in Rb85 nd. Rb “
Scandmmbeams were brodueed from srnallr'(.3/8r-'in., -square) ‘tantalum
ouens h;eated by el_eetronborvnbardment.” Beeause ot’. the bulklness of the
requctte.n;_reaction ing‘redients,: the yttrium {_ov’ens. were syli_»ghtl-y. .“lv_a__rger__(l/Z
in, st_luare)_ but of similar desi‘gn,‘ In both.case’s.,b vsharp‘-e‘égﬁe}d\ tant__alurn‘ ]
cruc,ibles :_W_erve_used 1n51dethe oven :bl_oek to prevent .the mo‘lten_metal from
creepi'ng up the:(i)_ven walls. The slits th(rough-v\-yh_ich t_vhe.beam eme rgt:d Were :
ac_l»jvust_e___d to be 4 to 5>mils wide. | - -
The radioactive bzeam ‘vjvas detected_by cjo‘llec_ting"_the atoms'on sulfur—
‘ coated_‘ _“'bu‘ttonsﬁ"' »wh‘ivc_h'.were _subsequently heounte_d ‘in losv -bac»:k:gr_c”)und: cohti-
nuous - flow methane B counters Undeflected scandium beam 1ntens1t1es
Var1ed from lOOO to ZOOO counts/mln for l‘ mlnute expesures undeﬂected |
yttrium beam intensities var1ed from 100 to 300 ceunts/mln for the .same
exposure time, Normally, 60 to 70% of the scandium beam could be deflected
by the magnet system, The deflectability for. yttri'um usually ranged from
.30 to 60%; the reason. it was . lower was probably‘an_ incomplete reduction
reaction, .. Resonance-signal intensities ranged from 1'0,to 30 counts/min with
a 30% apparatus background for 10-min exposure s_fo_r scandium and from
5 to. ’l-OI_CQun'tS,/rn_.in ‘with:a 30% apparat_us_ background for 15 -min exposures
for;v:yzttr%ium.{_p Counter backgrounds were normally about 2.5 ,cpunts/min.
;Radio frequencies from 1.to 850 Mc/sec_ were:produced. by fqur.:signal

generators in -conjuction with suitable wide-band or traveling-wave.-tube
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amplifiers; ‘The oscillators ‘and their ‘ranges were as féllows: Tektronix, -
type 190, 0.35to’50 l\?/['c"/'s_e'c.;'*"‘Hewlet't:-’13’3.''c"k‘a.rd“,'E -ﬁddel:'608C, 10 to' 480" Mc/sec;
Airbbrne"In'strurfi"e‘nt’s,"' type 124C, 200 to 2500 Mc/sec; and Gertsch,’ model

| FM:%4, 7500 to 1000 Mc/sec. vFre“'quenc:ie“s‘W"ere‘rnea'sured'_‘by'usi'ng_“a"Her'ett-‘
Packard Transfer Oscillator, model 5404, .i:n,-:C:otju‘r‘!:"“ftidn'W'i"th',“éi" rnédel 524B
electronic counter, The lOO-kc/sec’ .in-terne.l 'r:efer‘ence-'crystél;in the ¢ounter
was checked against a seperat‘e".labdratoryt' standard which was monitored
weekly against WWV time signals and against a National Company Atornichron.

All frequencies were recorded to the nearest kilocycle per second,

v Vo RESULTS _
- For transitions of the type F =1 +.J, AF = O -and Am = - 1, the
.. frequency separations at low ma_.gne.t1c fields for the two o,bservable electronic

states are given.by

- |
kot 3
v D3jp)= -8~ zw+3
and T o T ()
L |J.0H 5 -
"‘ Ds/z) EITH 7S

v;/here uhlgher order terms in H have been neglected Thus, at e.\'g1ven ma.g-
netic fleld-H, observat1on of an increase in 31gna1 ’1nten51ty at a frequency

: eorrespondmg to one ovf the‘assumed ve.lues for I g1ves a prel1m1na.ry 1nd1ca-
‘t1on of the value ‘of the nuclee,ﬂr’s'pln. The results were I(Sc ) = .4 and

I(Y ) —“ 1/2, 1n un1ts of ’ﬁ These p:rellmlnary results ‘were subsequently
ver1f1ed by observatlon of the proper f1e1d dependence for the AF 0_

tra.ns1t10ns

RN L LT g
ERSUE R . by

As the ma.gnet1c f1eld H wa.s mcreased the h1gher order terms '
whmh have been omltted in Equatxon (8),bec0me 51gn1f1- S

cant, S1nce these terms are functlons of the zero- f1eld hfs separatlons, the
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quadratic. shift was used to obtain preliminary estimates. o__f_the hy_pe_r_fine A
interaction constants a and b. . These prelimina_ry estimates were used in,
‘the HYPERFINE computer routine, which.uses a least-squares procedure.
to_flt- any-_c:ombination-of., thevconstants- a,b, . gI, and gJ vt_o,\f_the:‘ observed data. 1
.Table I summarizes the various physical constants used in the computer
routine and for subsequent calculations.

Fo‘r“Sc__“l,_é_,c 18 resonances corresponding to 13 transitions out of 23
.possible ones__._.i_n _the;“ZI‘D3/2 state and 18 resonances corre spond_ing_tof_?

- transitions out of 22 possible ones in the ZD state were observed. A,

5/2
sample AF = x1 transition is. shown in Fig, 5. Because of health problems
associated with the high-energy-y ;.ray, activity of this isotope, we decided

‘to concéntrate on only those transitions. which' ‘could provide the most infor-

‘ ‘mation with a given amount of eff'oft-'Anamel'y AF = & 1,'-Ar’n:=-’:t:*l]tr.ans-itions
which were field-independent at high magnetic fields. By this method, "we
were able to determine th'_e:_ ’signs' of the nuclea¥r :nd'omentrs;as well as measure
.the:constants a, b, and gy- Tables II and III summarize the field-independent _
points of these transitions and show the trans.ition.,frequencie s for both a
.positive and. a negat1ve‘nuclear magnet1c rnoment as predicted by the final
“values of the 1nteract1on'constants o

A summary of all observed experirnental data‘ as fitted by the“‘

" HYPERFINE rout1ne is shown in Tables v and V The residual represents
the difference between the exper1mental resonance frequency and the value

of thls freeluency predlcted by the f1nal computed atom1c and nuclear constants.
The welght factor is the rec1proca1 of the sum of the Squares 'of~ the frequency
uncertainties due to re sonance line width.and magnetiC. field uncei'taintYl

From the computer analys1s the f1nal values for. the 2D3/2‘ state

are g; = -0. 7990(6), a = +150 576(7) Mc/sec, and b = + 14.38(1"0) Mc/sec;
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“fine se’parations (in Mc/sec) are’ ’D,;

appropriate physical constants for Sc4_5 and Y
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and, for the ?‘D5/.2 state, g5 = -1.1_995?'(13),' a =‘-_I-_60.906 (3) Mc/sec, and

b = +20.41 (7) Mc/sec, ‘From these coupling constants; the zero-field hyper-

3/2
11/2 9/2 ='838.057 (79)

9/2 7/2 » = 674. 124 (39) '

5/2 -

Avis/pi11/z = 405-841 (39)

Bv /a9, T 336:186(16) .
Bvo/p7/, = 2T10:12018)

| A”7/2 s/z = 207-0-'4,7‘(2‘3)' .
Av /2 3/2 = 146.250’(21).”‘

Smce the observable trans1t10ns in Y9 have m1n1mum f1eld dependence

at zero f1e1d the s1gn of the nuclear magnetlc moment could not be deter-.

m1ned by the techmque used for Sc46. Tables VI and VII summanze the

’observed data as f1tted by the HYPERFINE rout1ne. A sample AF = :!:1

_transition is shown in Fig. 6. The f1na1 values of the magnetlc d1pole ‘

interaction constants of yttrium-91 are: t:-a( D ) = +£68.34 (1) Mc/sec

3/2
and a( D5/2 :!:34 35 (2) Mc/sec. The zero-ﬁeld hypeffine-structure

separations for each electromc state are Av( D3/2) = :i:136 686 (24) Mc/sec

and A DS/Z) = i103 047 (30) Mc/sec

With the aid of Eqs. (5), (6), and (7), the following uncorrected nuclear

moments were calculated from the. measured.interaction constants-and the

89

46 _
HIuncorr( ) = +3.03 (2) nm,

(sc? ) = +0.119 ('6) b,
(Y91

uncorr

I"'Iuncorr ) = £0.1634(8) nm.



-10- _ UCRL-10169

VI DISCUSSION

For Sc 6, the shell model predlcts an. f7/2 proton conflguratmn and
a(f,7/2 5/2 neutron conf1gurat1on The rev1sed coupl1ng rule proposed by
Brennan. and Ber.nste1n21 predicts I —Ip + I_n - 1 = 5. Thus, the measured
spinl = 4 is a violation of this rule but no.t‘:ofrthe 'much weaker "rfulé'\’"

I +L|>1> |1 -1 |proposed by Nordheim. %% The directly measured

spin agrees with previous results inferred. from B- and y-ray spectroscopy.
If we use jj coupling to combine the magnetlc-moment effec_ts of the proton
..and neutron groups and use the g factors from.the nucleon. groups of ne1gh- _
boring odd-A nuclei, we obtaln Py = +3.26 1 nm, th'ls result a_grees reasonably
well with the corrected 'experimental value ,p.I = +3.03 nm, |

Since the 39th proton in Y9 is a 51ngle partlcle in a. pl/2 level we
-would expect the shell model to predict the nuclear sp1n of this 1sotope with
‘a great deal of certainty., The measured sp,1‘n'I ="1/2 confirms this predlctlon‘.
‘We.should also expect-the -nuciear' magnetic- moment to be: ver'y 'uearly equal
- to thie: mornent of Y89 -If we assume the sign of the moment to be negative,
then the slightly more negative exper:_lme'ntal value follows a trend similar,

foriinstance, to the odd-A silver iso.fopes.' i
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Table I, .Summary of physmal constants used in. ana1y51s .
- " of the Sc*0 and Y91 exper1mental data R
M /M= 1836.12
N oL L
_po/h =.1.399677 Mc/gauss -sec.

5 (Re‘fs,: “1"1,' 1‘6.)
I= 5/2

“pI s 348190(5) nm.
~‘uncorr - _

o
[1 2]
“-.
!

= -2.00238(4)
:3035.735 (2) Mc/sec

1/2 Av

b87 (Refs 11, 16)

3/2

B
Iuncorr -

v
i

2

+2. 7413970(47)nm

gy = -2.00238(4) |
SJ_/Z { Av = 6834.685:(2) Mc/sec

> (Refs. 17, 18, 10, 6)
1=7/2 | gy = -0.800(4)
' 2
1) = +4,74916(12) nm D {a = +269.560_(20)Mc/sec
suncorr 3/2 b = -26.37(10) Mc/sec
uncorr = "0-22(1) b i g; = -1.20(1)
_D5/2 a = +109.034(10) Mc/sec
' b = -37.31(10) Mc/sec
89(Refs. 19, 20, 9, 7, 8)
I=1/2 gy = -0.79927(11)
| 2D3/2 a = -57,217(15) Mc/sec
i = =0,136825(4) nm > 85 =-1,20028(19)
uncorr DS/Z_ {a = -28.749(30)Mc/sec
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- Table I, Reglons of m1n1mum f1eld dezpendence of some of the
D

observable AF =] transitions in the
S¢46, The calculations were perforried

/ electromc state of
for a= 150 576 '

Mc/sec.and b = 14.38 Mc/sec

Designation  Transition = (8v/8ﬁ) o H_(af)plj?x)" __ v(gI ) V(gI ) )

in-Fig: 3. = Fp,m«F, » ™, (Mc/sec- ' {gauss) (Mc/sec) (Mc/sec)
: : .gauss) .- :

i 9/2,-5/2>7/2, -3/2 0 .368.8  535.904 535.477
i 9/2,43/2+1/2,-5/2 0 4149 - 584.494 . 584.975
‘b .9/2,-3/2+»7/2,-1/2 0 .231.8 631.084 630.816
g 9/2,-1/2e7/2,-3/2 0 189.1.  664.264 664.483
0 781 670.460 670.369

£ 19/2; -1/2+>1/2, 1/2
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Table III, Regions of minimum field dependence of some of the .
observable AF = #1 transitions in the / ‘electronic state of
for a = 60. c)06 Mc/sec

Sc46, The calculatlons were performed
‘and b = 20.41 Mc/sec.

UCRL-10169

Des1gnat1on - Transition - (8v/8H) H(approx)

, v(gI )

V(gI )

in Flg' 4‘ . Fl’ml FZ’ ) (Mc/sec x (gauss) (Mc/sec) ‘(Mc/sec)u
' ' ga.uss) ‘

| B _13/2 -7/2«»11/2 -7/2 -r 1510 v_"_-.3~8C.).‘_960 | “38‘0..96.0

| 11/2, -5/2«=9/2,-5/2  -- - 130.3 -°301.825 301.825

, .9/2, . 1/2<7/2, 3/2 0 : _,1?.4‘ 268,652 268,629

- 9/2,-1/2 ~1/2, 1/2 0 © B5.1 | 255.143 255,079

C. 9/2,+3/2 «—1/2,-1/2 0 _ 88.6 . 219.023 218.921

st



Table IV. Summary of»Sc46‘ resonances in the 2D

3/2 state,
Direls};girgl?.t;oh (gi:s) (gilj.:s) }}1 mi F, ™, Yobs 5¥obs Residual ‘Weight
' - - {Mc/sec) {Mc/sec) . (Mc/sec)‘ - factor

Kk 10,021 ~ 0.041 11/2 -1/2 11/2 -9/2  3.085 0,035 40,009 - 721.3
Kk 200,080 0,089 11/2 -7/2 11/2 -9/2  71.000 0.075 0,015 144.0 .
k 399.§07 0.120 11/2 -7/2 11/2 -9/2' 164.450 0.200 -0.035 22,7
1 10,055 0.041 9/2 -5/2  9/2 -7/.?__ 1,950 0.050 0,012 389.6
T zoo.irz_z 0._0{9 9/2 -5/2 9/2 -7/2  53.800 ~ 0,080 +0,006 139.2
1 395.842 0.210 9/2 -5/2  9/2 -1/2 156.'050 0.22'5' -0.028 14.4
m 5.000 0.075 11/2 -1/2 9/2 -1/2 836._0_3‘6- 0.070 -0.010 173.5
a , 5‘.033 0.082 9/2 9/Vz> 7/2  7/2 618,750 . 0.250 ~0.047 14.6
b‘." ‘5_'.' 033 0.082 92 1/2. /2 5/2 677,800 0.200 +0,062 23.0
c _' g 5.0133  o.osé 9/2 5/2_ 7/2 3/2 676.800 o.zoo" 40,119 ' 24.0
d “ 5.033 0.682‘ 9/2 3/2 7/2- 1/2  675.800 0.200 +0,175 24.6
.e‘ ' . 5.033 0.082 9/2 1/2 1/2 -1/2 674,680 0.075 +0.108 ‘176..0\
£ 5.'6__33; 0.082 9/2 -1/2 /2 12 673,600 0.100 -0.100 99.5
f v 73109 0.075 9/2 -1/2  1/2 1/2 670,460 0.020 +0.000 2500.0°

18§.21_o 0.161 9/2 -1/2 1/2 -3/2 664.275 , 0,020 +0.012 2500.0

231,738 0.079 9/2 -3/2  1/2 -1/2 631,075 0.020 -0.009 2500.0
i-b 415.‘1__03 , 0.16?{: 9/2 -3/2 7/2 -5/2 584.500 0.030 '+0,007 1111.i
j 368.912: 0.163 9/2 -5/2. - 1/2 -3/2 535,895 0.015 -0.009 '. 4444.0 |

Magnetic field and uncertainties are the averages of those computed from Rb

85

and va87 calibrations.

EVACE



Table V. Summary of Sc:46

resonances in the ZDS/Z state,

Designation o H *

in Fig. 4 S s(gé.uss_)

' Jo.021
 30.887
75,346
150,414
199.988
10.056
30.854
75.275
150,419
200.030
10.056
6.058
15i.062
4,707
130,373
19.955

©19.982

Q » » U 0D @B W &8 =5 59 9 95 9 O Q0 Q Q Q.

88.521

P o . . - -
Magnetic field and uncertainty are averages of those computed from Rb

sHt
(gauss) .

0.064
0.061
0.125
0.068
0.063
0.064
0.061
0.113
0.068
10,070
0.064
0.074
0.154
0.085
0.127
0.042
0.042

0.083

13/2
13/2
13/2
13/2

13/2
11/2
11/2

11/2

11/2

S 11/2

9/2

13/2

13/2
11/2

11/2

9/2

9/2

9/2

-7/2

-1/2

e7/zA

-17/2

-1/2

-5/2
-5/2
-5/2
-5/2
-5/2
-3/2
-7/2
-7/2
-5/2
-5/2

1/2
‘f/z

-3/2

13/2

13/2

13/2

13/2
13/2
11/2
11/2
11/2

11/2

11/2

9/2

11/2
11/2:
'9/2'
9/2

7/2
7/2

7/2

-9/2'

-9/2
-9/2
-9/2
-9/2

-7/2

-7/2

-7/27

-j/z‘

-1/2
-5/2
-7/2
-7/2

-5/2

-5/2

3/2

'3/2

-1/2

85

Sv

Vobs obs
{Mc/sec) (Mc/sec)
6.600 0,035
21.125 0.200
54,900 0.250
123.400 0.250
177.300 0,375
5.975 0.050
' 19.430 0.100
53,200 0.200
131.600° 10,300
200,800 0.425
4.815 0.050
404,300 0,150
380,965 0.020
334,750 0,050
301.835 0.020
268.660 0.030
268.660 0.030
219.012 0.020
and Rb87 calibratic;ns.

Residual
(Mc/sec)

+0.023
+0,161
' 20.068
-0,054
-0.066
+0,022
40,069
-0.005
© 40,070
-0.082
-0.033
-0.070
" 40,003

-0.067

+0.010

+0.007

. +0.007

-0.011

Weight

factor

327.6
23.9
13,7
14.9
~6.9
248.6
85.3
20.3
10.3
5.2
281.5
43.8

2499.9

322.4
2499.9
1111.1

1111.0

2499.9

-8T-
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Tabl.e VI.‘ Summa_ryv of resoné.nc_es in the VZD3/2 state

‘gjils) (ggﬁzg) F, m F, m, Y obs %obs Residual

_ . _ (Mc/sec;) V(Mc/sec) S (Mc/sec-)

‘j 4,645 0.085 2 1 2 0 3,906 | 0.100 o011
30.447 0,061 2 1 2 o 26275 0,100 +0,040
49.915 0,104 2‘_ 12 __o: 43,850 ~0.150 . -0,038
100242 0126 2 1 2 0 92200 0.300  -0.426
199.803 0,155 2 1 2 0 197,100 0.300 40,052

T 49848 0050 1 0 2z 0 | 147,550 p,zOo‘ o069

49,902 0,149 1 0 2 0  147.500 0,200 -0.141
5.051 0106 1 0 2 0 136,775 £ 0,050 0,027
3,088 0,107 1 o 2 0  136.7% 0.025 40,006
3014 © 0.107 I 0 2 o 136,730 0,025 +0,003.

- * Ma.gjne'tié field and uncertainty are the averages of those computed from Rb'

85

Weight

factor
66.0
77.3
31.5
9.4
8.5
247

22,8

396.2

1577.1

1578,2

-and Rb8'7 'cali'bfation_s.

-61-
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Table VII, Summary of Y’" resonances in the

2
D5/2 state,

gt

(gauss)

5.058

4,964

3,022

sH T

{ gau ss)
' 0.106
0.106

0.107

T Magnetic ‘field and uncertainty are:"airef;:a,ge-s-‘ of those . computed .frornw'lii‘t‘j8

Sv

Residual Weight
. (Mc/sec) - . factor

v
NI m. -F- - m. - - .,Ob_.s .. - obs
I 2 2 " (Mc/sec) (Mc/sec)
c 3 0 103,375 0,100
o7 "3 0 103350 0,100
0 "3 0 103,18 0.050

5

-0.021  ~ .97.9
-0.033° . .98.0°

+0.014 - 388.0

and Rb8 7 calibrafions‘. '

C02-

69101-TIDN

e
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. FIGURE CAPTIONS
Fig. 1. Ener"gy-,leyel. diag'r’amp’f_the; hyperfine. 'st_ruct'ure in the 2D3/2'

state bf'Y.gl; The nuclear magnetic moment has been assumed to be

_negative (a.= - 68.34 Mc/s;ec).

Fig, 2. ’Energy_-'l_\evel_ diagram of the hyperfine structure in the ZVDS/2 state

91

of Y'".- The nﬁcle,ar magnetic mo_mént has been assumed to be ne:g.é-

k ]
_ tive: (a. =,:-34.35‘M,c/sec‘).
o .46
3/2 state of Sc ™,

. The ide'ntification,of'.levels is given.in Tables II a,ndvIV'.

Fig, 3, Frequency depei&dence of transitions in.the 2D

Fig. 4. Freguency depenc?ence of transitions. in the | D5/2 state of.Sc46

The identif_ication_:.of levels is gi\}en.in Tables III and V.,

9/2,

Fig. 5. A sample _res,onance.co'.rresponding'.to the transition F, m

-1/2 «— 7/2, 1/2 in.the"zD3/2 state of sc46'at H = 78.1 gauss,

Fig. 6. A sample_,resv.ona_',nce.ﬂco.r.responding-t'o ,-the'.tra,nsifion F, m=

91

2,0 «= 3,0 in the 2__D5/2 state of Y at H = 3.0 gauss,
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NORMALIZED COUNTING = RATE ({arbitrary units).
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This report 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.





