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5 cluding the correction for d1amagnet1c shielding. With these values, an |

-iii-
-‘..-"Mvag”netic" Moments-Of Rhenium-'18'6‘and Rhenium'-188.""'
and Analysxs of the Rhetuum Hyperflne Structure

' Lloyd Armstrong, Jr., and Rlchard Marrus -
,Lawrence Radiation Laboratory and Department of Physics
Umversny of Cahforma, Berkeley; Cahforma
. " November 4, 1964
'ABSTRACT'
"The nuclear moments Of rhenium-186 and rhenium-188 have been

measured by the method of triple resonance in an atomic beam. They are

" found to be }LI(186) = '+ 1.728(.003) nm and pl(iss) = + 1.777(.005) nm, in-

analysisvbased‘-on the wave function of Trees has been undertaken of the
' ,‘" hyperfine structufe (hfs) in the 685/2 ground state arising from‘-the half-
filled 5d _shell. Calculations are made of contributions arising from the
breakdow‘n‘of'Russell_-Saunderé coupling witlnin. the configuration (5d)5(65)'2

*. . and conﬁgurati‘on. mixing by (5d)6(6s). It is shown that the pri.ncip‘al cont'rif
C _ . ,

o bution to the magnetic dipole' hf's comes from relativisticeffects in 685/2 .

»_ Th1s is con51stent with the small value obtamed for the hyperfme anomaly L o

o 1865188 1(0.4)%. It is found that 1f the rad1al wave . functions of Cohen

., for 5d electrons are used to calculate relat1v1stlc correctmns, then good

' .agreement is obtained with the measured A constant. The correction

Tl factors of Ga31m1r are shown to be too small by a factor of four.

The quadrupole hyperf1ne structure is found to ar1se pr1mar1ly from

.:the cancellatlon of two off d1agonal matnx elements .a nonrelat1v1stlc

B element ( p5/2 IqJ[ DS/Z) and a relat1v1st1c: element ( SS/Z 'qu P5/2>

5:' N

vl
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- Unfortunately, the a:ccuracy ils insufficient to perrﬁit a reliable determinatio_xi
of even the _s'ign of the quadrupole moment;
. T}_xe measured nu'cle.ar moments are compared with thé predictions of
the Nilsson model._ Good agreéinent is found if frge—nucieoﬁ g facto:rs are L
used, and Aex‘cellent agréement is obtaine'gi with quenched g factoré.- , ' |

'(', . A N .
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INTRODUCTION

The research reported herein was undertaken for several reasons. o
'First, we hoped to demonstrate that the triple resonance method could = - t

be applied to radioactive nuclei with sufficient signal-to-noise ratio so

- ; that it can be regarded as a generally aPplicab'le technique for the direct S

determination of magnetic moments. Second the source of hyperfme '

- structure in systems with half- f1lled closed electronic shells is a subject’

of considerable interest It is therefore 1mportant to extend our experi- |

- .. mental knowledge to the case of rhemum, for Wthh the ground state is
85/2 arising from (5d)5(6s) Third 'the rhenium nuclei lie in a region B |

of 1ntermed1ate deformatmn on the bas1s of the N1lsson model and 1t is” | v

desirable to know 1f the model is still useful in understanding the prop- o
: verties of these nuclei. | |
Prior to th1s research much work had been done to clar1fy the ’
. ‘electronic and nuclear structure of the ground state. " Optical spectroscopy
: v‘"_showed the ground state to be 655/2, ar1s1ng from (5d) (68) ,» with a

1

L measured g5 factOr of - 1. 950 The entire optlcal spectrum of ReI was,

, =5 Asub_]ected to theoretmal analys1s by Trees. 2_ This analysis includes effectsi;'.'."

""1"':4'“_'.due to the breakdow_n of Rus sell-Saunder.s coupl'ing within the configuration-v-"

--;,,;.5::-'“(5d)5(6s)2 and admixing of the contiguration (5d)6(6s). The Trees analysis S
_'i :-reoroduces the energy-level spectrum to within 1%. We will show that it
;:can also pred1ct both the magnet1c dlpole and electric quadrupole hfs
‘ "provxded relativistic effects are 1nc1uded Subsequent atomxc beams work m:,: i

' shoWed that the nuclear Spms were I = 1 3 1n agreement with determlnatlons '

S by nuclear spectrOsc0p1sts from the beta decay. ‘ Recently the hyperfme- -

n structure constants of these 1sot0pes were also measured

!
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Relevant measurements have also been made on one of the stéble '
isotopes, rheniﬁm-185. The pucle.ar moment of this isotope has been N
.determin-ed by NMR to be p1(185) = + 3.144 nm. 5 An oi:tical spectroscopic
meaéurefnent of the hfs in this isotope has recently Be’en reported, and-

shows that A(185) = - 72(24) Mc. 6

With these measurements the sign of
the magnetic moment unambiguously determines the sign of the magnetic’

dipole constant for any other rhenium isotope.

METHOD, OBSERVATIONS, AND DATA FITTING

The basic fngthod employed is the atomic-beam ﬂop-in méthéd of

Zacharias. For details of the application to radioactive atoms the reader .

is referred to the many review articles on the subject. 7 The method of “-

" beam pfoduction ié the wire-bombardmént technique reported pr‘e'viously.s' .
" Rhenium wires of 20-mil d‘iantxete.r were irradiated at the GETR at Vallecitos
~ and at the MTR in Idaho. Bombardment times were 4 hours for the 17-hour
. isotope and 3 days for the 90-hour iso.tope. Under these conditiohs stable‘ ;

" beams are obtalinable which last for many hours of running. Detection of

the radioactive rhenium is Sy éollection on freshly flamed platinum surfa;:es

"~ and subsequent counting in low-background beta counters (about 1 cpm)..

The triple resonance method has been described previously. 8 For

- application to the rhenium isotopes, three shorted coaxial hairpins were -

placed in the C-magnet _r.egion.‘ Thé hairpins are about 0.5'in. long, and
the spacing between them is about 4.5 in.. The C-magnet pole tips are:

' '.par'a>llel hypernom plates with 0.5 in. ,separ.a_tiox.;. ‘A schematic of the hairpin o

. e
Rt T
"y

arrangement is shown in Fig. 1.« |- = ;

-

) Lo
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The following procedure was used in searching for resonances.. The

A hajrpin was set on a flop«~in transition of the type AF =0, AmF

=1, and the s
. ‘singlel:: hairpin slgnal maxmnzed A signal-to-noise ratio of about 10:4 '

could be obtained. The B ha1rp1n was then set for resonance on the same -
_transition and the flop-in signal was minimized. The reduced signal was
- generally not much above machine background. With fixed frequencies in

the A and B hairpins, the frequency in the C hairpin was varied. In this

way we searched for resonances in transitions whlch in high field are de-~
vscrlbable by AmJ = 0 AmI =+ 1. Resonance is indicated by an mcreased
" s1gna1 at the detector and signal-to-noise ratms as h1gh as the single- loop
ratio could be obtained. At the.lhlghest fields ('500 gauss) line w1dths for
the A and B resonances were about 400 kc, ‘whereas the triple-resonanee.' v \\
~ line was only about 25 kcl wide. Some of the observed triple-resonance’ |
lines are shown in Flg 2‘ | | | | B
In Flg 3 we glve a schematlc of the hyperfme structure‘of both
.‘Hrhenium 1sotopes The flop-in trans1t10ns observed in the A and B ha1rp1ns S
.vare labeled by q, B, andy, and the C ha1rp1n tran31t10ns are denoted by
numbers. In Table I all the observations are tabulated

| Data f1tt1ng was done in the followmg way Our data were combmed

h vi_t:‘ w1th those of Schlecht et al. 4 and all the observat__rons f1tted to a Har_mltox_uan_-j' . o

" "":‘i_-";_ of the form .

:fc ATT 4+ TTT‘T)'(ZT‘TT 3(‘ ") + 3/2(‘ J) . I(I+1)J(J+1)]

.‘ ; ng 'I H glp‘ 1 .I-:I - S _f{, i

3-‘{‘5‘.;}'Th1s ﬁt was accomphshed by means of an IBM 7090 program in wh1ch A

‘B, gJ, and gI are treated as free parameters. The fmal results are, ' SEPR
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4- -
for Re?8%: A = - 78.3060(10) Mc/sec, for Re188; AL - g0, 4326(8) Mc/sec,
B .=+ 8.3595(16) Mc/sec» ,' o R B-£+ 'h.7,463(u),McAsec, e
g5 = - 4, 951988(39). , gy =.-_; q. 952072(60), R |
g = 9.34(2)_x 107%; | gy =-9.§1(3_) X 10',4- ST
. The sign of A is determmed from the measured sign of gI and kaler 8. R
185

results6 on stable Re » which show that for p031t1ve gI negative A obtams _
The sxgn of B is determmed from the s1gn of A and the measured B/A ratlo, s
whxch is negative. From these results the hyperfine anomaly can be ob- o
A

. ‘tained dlrectly We fxnd

o ?.;‘-_,:,;-»,.';: o il ee 186,188 s
G B8 o A A s 004 ¢

'/g}_

shielding effect. 9, We write, in the usual way, ,
: - _- screened 1 = .
g &1 & - T-o '

) and use for 0 the value 1.00714 appropnate to Z 64 Thls gwes ‘ ('

| 'g1(186) = 9.44(2) X 107 and g;(188) = 9.68(3) X 10~%, and for the nuclear S

" moments j(186) = 1.728(3) nm and K(188) = 4.777(5) nm. j. R

Since the g values obtained for the two 1sotopes should be the
same, a weighted mean may be taken ‘We get gJ( 85/2) = -1, 952021(33)

Thls ‘value can be compared with the value predicted by Trees wave S s

, functlon of - 1. 946 The d1screpancy is of the r1ght order and 51gn, se s
. 'that it is probably due to re1at1v1st1c effects | | B ) ; .
‘.\-_f The comparxson between our-results and the theoretmal values ob- . .
‘ t.'aine'd.:wnh this fit is glven‘:m Table I It should be’ mentmned that it is : : )
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"~ the data of Schlecht et al. that essentially fix A, B, and g . The triple-

‘ resonance results cause only minor variations in these valoes but serve to L
‘ - - f1x 81 precisely. | | “ B |
. Since the gy term in the Hamlltoman is smaller by several orders
of magmtude than the other terms, itis 1mportant to ask if there are
" systematic effects which contribﬁte to gy We may write this term as
A - ggld + a)poT' H, where g; is the "true" nuclear g factor and a arises from
- systematic effects. There are two ‘p‘ossible mechsnisms we have considered.”
o .(a) Electronic perturbations: Such.effects'ari_se from mixing ’into

the ground state of other electronic states in such a way as to introduce .

a pseudo T H term. A perturbation calcolation shows 'thatthe order "of L e
- magmtude is less than 1074 ‘ - . : _ H‘A'.
“{b) Effects proportmna.l to the magnetic field: This would occur,
for example, if the magnetic fleld seen by the radioactive beam is dlfferent‘..v,
. from the field at the calibrating beam. This p_articular ‘mechanism‘is also
o .'found to be less than '1'0"4. Further evidence that'_theseveffects are small -
- ‘comes from the g3 value. If the particular mechanism were different in' -
" the two 1sotopes we would expect it to g1ve rise to different g5 for the two "
| isotopes. The agreement of th_e two 83 values to within 10 .5 suggests that
,: these vef'fe‘cts are small. | |
Fthé.lly;‘ a 'term which carxnot be written in'th.e' s,b'ove form wou'lcl.' ' :
B 'show up- in the X reﬂectmg the goodness of f1t. : For our expenment; )(2 -

1s small enough to suggest that the a.ss1gned errors are conservatwe. A

BN
L
e

i}



- the relatxon o

- However, the electric,ciuadrupole field'qj ¢an be gotten fr'om’ Bacco"r{dingﬁ o )
o moment, and qJ (3»-c.os O - 1>J _ ..J (1/r ‘. Since. Q is unknown the

e expenments glve no mformatmn about qJ

0 We have examlned in deta11 three sources which couldfco-nt»nb‘ute to 'the»

g analyzed the optical spectrum of rhemum and has expressed the energy

. ,-,...these elgenstates is .

.. _-6-:

HYPERFINE FIELDS.

A g ()

to the relatlon B=- equQ where Q is the spectroscoplc quadrupole

Hund s-rule state,'both <H ) and qJ are zero if relat1v1ty 1s neglected.

ﬁelds (1) Breakdown of L S couphng w1thm the conﬁguratlon (5d) (6s)
(2) Admlxture of the conﬁguratmn (Sd) (6 ) 1nto the ground state. :

(3) Relat1v1st1c effects In order to calculate these effects, a rehable

L
L

wave functmn 1s needed for the ground state. Fortunately Trees2 has f;'

Lot

L

levels in terms of the L s elgenstates of : the conﬁguratmn (Sd) (6s) and

(5d) (68) The wave functmn of the ground state expressed m term ofv
a -z> T ) - NTTOE |4y + ma'r*w . W1<43p>4pd P
- ~N0.005 ]5 D) «/o 503 |1 D) + ~/’o‘o’6"]3 F) ST

The calculatmn of the flelds at the nucleus may be perforrned by
I3

e E

fn'st expandmg the wave functmn mto smgle -partxcle coordmates accm-dmg SR

o [N
Lo Ee
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" to the notation of Condon and Shortley. 10 Iz this notation the 655/2'1eve1

"is written as 2+ 1+ 0+ 5t -2+,-for example. The evaluation of the fields -

- at the nucleus then proceeds in a manner similar to that'sho'wn-previ'ouSJ.y‘ Lo

241

. for Am 1

'» and the veader is referr‘ed to the Am paper for details. lit “
is essential in this calculation to a‘seux;e that our notation for the states is .
: consi_etent with the phases of I‘reee.‘ To'do this 'we 'i‘ra,ave used ﬁfstsorder,
perturbation theory to ealculate the phases o‘f'fhe admixihg ccefficients
. (see reference 11-for details) and have chosen the phases so that agreexnentv
with Trees is obtamed ‘This procec\\“u is rehable, since the coeff1c1ents
are quite small.
There are two parameters rela zing to the radial wave functions

that require evaluation. One necds to know <1/r >5d and "I'(O) l ‘Ve
. have evaluated these quant1t1es in’ the fohe,nng way. Cohen has produced o

‘Hartree-Fock solutions to the Dirac equation for the ground states of E o

" a

- tungsten (Z 74) and of platmum (Z 78). 1z The radial functions' are'

: L avail.a’ble for 5d3/2 and have been used to evaluate the a.pole a,nd quadrupole "

:" <1/r°> 8 from ‘the relations. |

<1/ 3>d1pole _ .2 [ FG 4
"o,ao{+]jo r r"'-

: 2 2
<i/ 3>quadrupole ___‘[o F"+ G~ dr .
0 r3 v

These values are given in Table II.  To fiud the values 'appropriate to
~‘rhenium, we liave performed a 1inear inte:‘*‘,,;lolation. Ar approxiaszly h
linear 1nterpolauon has recently been usi d with much success in pred1ct1ng

' i’many of the propert1es of rare earth atorns and ione. 13 The Value of ..
]\II(O) l6 was determmed from th« opt1cal cbata of Schuler and Korschmg Kt . :




E _'mu‘“‘ mi""“g inVﬁlVlng unpaired s electrona can glva large contrlbutions AN

- “ it aeema reasonabla to assume that the dipole ﬂald pred&cted Irom the

L. UCRLe17s0; -

. . B . Y] B B : oY R
Toe . . - - R
. o e o ". . . L K ;"8”

These workeru measured the hyperﬁne atructuu ln thc atatoa 897 /2 p,nd ‘
© - Pg /z arising from the conﬂguuuon (d ap) of Rew” Tho values obtained
- are A(%P 1/2)® 113.46 mK and A( Py /z’ = 409 96 mK To detormino a6

. we_hava used a model for the coupl!ng in whlch ds couplee ‘to 6_85 /2 and ol

685/2 cdupleo with bs to 1

‘ 832 Thia then couples with- Pi /2 in j~j coupling
h to giva the obaerved statea. . From thla model we predlct o o v
A( P., /2) = A( Pg /Z) s 36 B givlng for a6 = 0. 8 mK, Although thie
model is adm!.ttedly naive we havo tried other ascumptions for the coupling,
. alwaye obtalning about tha aame runlt. We beliavo the valuo for "6 to '
| be relatively independent of the coupllng. In addition we havo calculatad

_' k 6 Irom Cohen s lntegrala for 691/2 ¢ using the expreulcn i
]m(o) lbs b v / S ar. e

‘x c’ e »f-;‘,'

These values ara also shown {n Tahle ll. When Cohen L axpronlons are P

!
used along with the known nuclear moment of R.em7

, we obtatn a‘” = o 7"mx
This is tn good agreemant with the value obtained lrom Schuler and Koxsching.
- . The large va.lue of ]W(O) |6s ralat&ve to <1/r3>5‘i should be noted. This

ia typical and ia conﬂrmation of the tact that emall amounta ot conﬁgu-

to the hyparﬂne atructure. The magnitude ot the contributlous to the hyper. )
,ﬁne structure 19 ahowu in Table .[II. o 4 o >.
Although the magnettc dlpole Ms {s of the right magnitudq to explun =

: the exparlmentnl. rosult. it aeems to be of the wrong sign. Accordingly.

| Trees wa\ro lum;tion is also o! the wrong aign, and to look fot other contri- ,
' 'bntions. We are ther_eiore led to cons.lda,rvre_lativlatie effects. We. ahow that

they reﬁ'era.g the aign of the dipole fleld and laégcly cancel the quadxupole ,t‘ie__ld
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T : In order to calcﬂate _relativis_tic effects in a complex atom the

' following relativistic matrix'elements are needed:

L e N 2, 2m{l41 = F, 8 ml )
RS <‘e,8 my Mg le | s my mg) = eCiyf (1 ] \ f z— dr - eCZ(—_T‘_T .
S ) (l+2—)( ’*‘2') o T . (l "7)(1 +2‘)
(= FG. Z ["F,G.+FG,
X /0., ——d dr' - eC, c:2 21—1' [(z +m+~z-)(1 -zn+2-)] | —r _,d;i . :
'wher'e_ H, is the magnetic field operator, and
<)2 s'm, ms]§(3 cos 0 - 1)]2 ..s m, ms> o
| o g 3mP - @D (e FE 4 G
=Cl- 3 ———— » —T—dr
B a2 B 3 |
T
2, 2 R
- C?‘[ 1 ‘3m? - (1 -2.)(2+Z) 1 °°.‘F_ + G- a“
27 , ' -3 :
(2 -—)(2+ ). 0 r.
) ‘ m[(2+7+m)(2.+-2—-m)] e FF_+GG
- 2Cc,C - ’ r - Zdar .
172 (ef -1)(et+1)(2k+3) _[ r3 - '
. Here C, and C, are the Clebsch-Gordan coefficients in the expansion
. . . ! . .’ 1 g ‘ N 1) : } : - »
b amy m,) = Gyt shmemgim,) + Gyt 0ot memy tm,)
" """;Y',V,'The charge on the electron is -e, and F, are the small and G, the large
","* components of the D1rac equation for J = £ & -2- - The phase convention Of

Edmonds has been used 15 ) . ' ; SRR

In Table III we ta.bula.te the most 1mportant contributions to the hfs.
_ :Interestxngly, there is a large contrlbutlon to the d1p01e effect commg from'
6 5/2, a.lthough it 1s still zero for the quadrupole 1nteract10n ~This occurs

. because the d1pole 1nteract10n mixes the large and small components, whereas

e .,x»
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the quadrupole interaction operates on the large and small components
separately. Accordingly, the largest relativistic .contribution to the.
' quadrupole f1e1d comes from the off-diagonal element < SS/Zqul P5/2>

In evaluatmg the radial 1ntegrals emermg the relativistic calculation we L

" were handicapped by the fact that there are no calculations of the 5d5/2v

wave functions for tungsten. 'I'h.is was compensated for by scaling down

the platinum integrals b)} the same .factor'as was used for the 5d3/2

integrals. These are given also in Table II.

"We have made calculatione to ;ee if these results are consistent

‘wi.th.the apparently small value for the hyéerﬁne anomely. . To determirie_
this, we have used the model of Bohr and Weisskbpf to' eatimate the nucleé.r
. size effect. 16 These a,uthors glve an expression for the size of the anomal}d\ :
in terms of the orbital and spin g factors and the fractions of the magnetic i
i inoment arisiﬁg from 'spin ané orbital motion. Using values for these
qﬁantities obtained from the Nilsson wave furictions_ (see next eeetion); we

f d'186 188

= 0.48%. This is consistent in sign and magnitude with our .
. result.
i ’ :
The total contribution to the hyperfine structure is given in Table III. -

"+ It is seen that good agreement with the measured A value is obtained. The

quadrupole field arises from a cé,ncellation of the nonrelativistic and rela~-

o S tivistic parts. A value of Q = 1.7 barns would be obtained for the quadrupole.

moment. From the collective model this would imply an ,intrin.sic quadrupole '
- moment Qo =40 Q = 17 bargs. This is considerably larger than woulc} l';e |
predicted by assuming a deformation parameter 6% 0.2 and using '

Q. = -5-Z5R = 6.0 barns. A Sternhe1mer anti- sh1eld1ng fa,ctor?7 R =- 0.51
: ha.s been calculated for (5d) in tungsten and might apply here, or perhaps

inaccuracies in the matrlx elements might explaln the d1screpancy
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et

The excellent agreement of our theoretxcal results w1th the measured

' d1pole constant and anomaly leads us to beheve that our model is probably

T S _‘" c'orrect and that the Cohen wave func‘tmns gwe a good measure of the rela-_
-';';_-.ti"vistic corrections for 5d electrons. We have also 'evaluate‘d the relativistic -

DA

g correctwns, usmg the correctzon factors of Casimir. For the value of = -

o zeff for d electrons we hav’e chosen (Z - 11) or Z ¢ = 64 and the <1/r )5d

is the same as used in the calculation of the nonrelatlvistic hfs. The hfs .-

d

’=";<computed in this way is too small by a factor of four to explain the effect. .f-‘-

.

" Schwartz 17 showed that although the Casimir factors agreed with results )

" for p electrons based on a Thomas-Fermi potential, the agreement was .
.probably fortuitous. Recently, the relativistic corrections in europium

R . oo
- . !

‘were .calcu_lated»for- 4f electrons ‘and the revsults of Casimir were shown to - :

. be too small by an order of magnitude. 20 Our result is, therefore, 'n'ot";”’ fj‘-'j

S -

surprxsmg, and we feel Just1f1ed in concludmg that the Cas1m1r correctlon

£actors are too small for 5d electrons to gwe rehable results._f_ |

7 ' NUCLEAR S'TRUCTURE"

1

Mottelson and Nilsson21 have calculated equ1l1br1um values of the

S deformatlon parameter 5 for odd-A nucle1 in the region 154<°A < 195,

- using the collectxve model with a- harmomc osc1llator s1ngle —part1cle po-

: tent1al Expenmental values of 6 were. then obtamed from values of Q

based on observed EZ trans1t10n probab1l1t1es. Agreement between calcu-
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The predicted value of 6 for 25Re is 0.19, which agrees favorably
" with the value 0.22 obtained from the measured quadrupole moment ofﬂReﬁBs,

This 6 and the measured ground-state spins of 5/2+ for both Re185 and

Re"187 led to the assignment of [402]5/2 to the 75th proton.

Because both Re186‘and Reigg have I = 1-, the 111th and 113th
‘neutrons have been assigned to the [512] 3/2 state. This'assignment' 'fi;tS"_'-
the Mottelson Nilsson energy level dlagram exactly if 6186> 0.22,
0.19 < §18 <0. 22 The ordering 5188,< 6186 is supported by the results a
“of our experiment. The quadrupole constants B are a measure of the’

_'deformation, and B188 < B186 implies that 6 88 < 6186 For the proposed o

~ state assignments, an mcreasmg nuclear moment implies smaller defor-

o

. mation (see Table IV). Therefore, the results |-LI(188) >p.1(186) supports S

' the cenelusion 6,88 < 6186 h |
" The rriagnetic moment By has_been‘ calculated with these stavte as s‘i'g-‘n-iv_.

ments and the wave functiens of Nilsson and ‘Mottelsonv The calculatlon
was done for various pos1t1ve values of 5 using both free-nucleon g

" factors and the ciluenclled g factors_’(gsp = 4.0, Bgn = ° 2.4l) suggested by

. Chiao and Rasmussen. 22 The results are shown in Table Iv. ' The value

i Z/A was used for the core g‘factor,. ng. Clqia’e has suggested, 'en'the' basis . - "

- of different pairing e‘rxergies"for neutrons ahd protons, that 'gR for odd%odd L

nuclei should be g = (3/4)Z/A. If this were done,.veach‘of: the results

7 in Table IV would be lowered by 0. 05 nm.

It is seen from Table v that with quenched g factors, p.I(188) is LT

-pred1cted very well by a deformatxon of 0 2, and }11(186) by a deforma.tl.on

Y

: " .of slightly less than 0 3 'l‘hle is in good agreement w1th. the deformatlons 2

“assumed.
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Table I

UCRL-11750

A = - 78.3060(.0010) Mc

B =+ 8.3595(16) Mc

Transition

Re186 Data Fit

gy = - 1.951988(39)

g1 X '104 = 9.341(23)

H Frequency Residual

F mp F' m’F (gauss) (Mc/sec) (Mc/sec)
7/2 1/2 5/2 -1/2 199.9229 24.735(5) 0.0002
3/2  -3/2 5/2  -1/2 299.8773 16.647(6) 0.002
3/2  -1/2 5/2 1/2 299.9612 59.380(5) 0.008
/2 1/2 5/2  -1/2 299.8598 3.169(4) - 0.003
3/2  -1/2 5/2 1/2 399.7824 54.343(4) - 0.001
3/2  -3/2 5/2  -1/2 399.7974 22.334(4) - 0.004
7/2 1/2 5/2 -1/2 399.8003 6.936(4) - 0.003
3/2  -1/2 5/2 1/2 499.8241 51.064(3) - 0.002
3/2  -3/2 5/2  -1/2 499.8241 26.026(3) 0.001

Re188 Data Fit

A = - 80.4326(8) Mc gy = - 1.952072(60)

=+ 7.7463(11) Mc g = 9.607(.029)

Transition
H Frequency Residual

F mp B rn'F (gauss) (Mc/sec) (Mc/sec)
7/2 1/2 5/2  -1/2 99.9675 92.755(3) - 0.0004
3/2  -1/2 5/2 1/2 299.8889 61.835(1) 0.0003
3/2  -3/2 5/2  -1/2 299.8819 15.895(2) 0.001
7/2 1/2 5/2 -1/2 299.8714 3.938(1) 0.00008
3/2  -3/2 5/2 -1/2 399.7780 21.837(2) 0.0002

Fit to the observed triple resonances according to the Hamiltonian

— 1 .12 T TH I H
AT T + B srmrrret3@ D + 3/20 7) - 10+0)3(3+1)] - gyu T H- g TH.
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Table II. Numerical parameters (in units of a;.3)."

.’ <1/ >d1pole

B <1/ >Quadrupole -
. l\Il(ov)l6s

R jw'F_G-
L. ef  ———me—ar
T o. r°

dr

W

4.7 -
5
19,7 -

L 1a0m

Pt

24.7 .

29.7 "

" Re

6.0

6.6

‘8.3 .

90

5.0

5.4

The values for Re are obtamed by 11near 1nterpolat10n,

These are evaluated from Cohen 8 wave functmns in the case of W and Pt
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v . Table Il. Contribution to the hyperfine coﬁstants

..A and B in rhenium.

-~ Magnitude

Source . AlMcfsec) - B(Mcfsec)
. Breakdown of L-S coupling |
within (54)°(6s)2 o o336w® | 133.0Q°
| Gonfigurafion mix‘ing - - g ‘ ‘_ s T
(5d)§’(6s) | N 11.2 Mo o - 0.30Q

Relativistic c‘orrection'sv. S -83.5 M o -.28,.0('2‘ S

‘1_"’I.>Total calculated ) R 3 _ . . 38.7 Mo R T 47Q e

Total experimentai - ERRURS - 46.0 “I‘ L 8.0

' b Q in bar_ﬁé. .
D ; ¥
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Tabl_e IV. Nuclear moments calculated w‘v‘ith Nilsson wave functions.

' Free nucleon g factors . 2.1 1.92 1.84

Quenched nucleon g factors _— 1.89 - 1,77 172

- Proton state [402t](5/2+)a Neutron state [5424] (3/2;). o _ “ ': c, ) .

o
. .
v ) ~
# .
. Al
-
. . s
: ¥
&
. { 3 .

N 2 . 3 "1‘
4 - . S
’ -

] T o

f
< r
i
PN <,
. . .
. . F
' “ BN
'
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'FIGURE CAPTIONS

Schematic representation of the hairpin arrangement for .
triple resonance experiment.

Some observed triple resonance lines.
186

]

JH =500 g (5/2 1/2) — (3/2 3/2) -

it H, 300,‘g:_>(5/2 42y e (3/24f2) e

188

;‘Ht; -3°0 g, (1/2 '.-:1'/2) «»(5/2 -1‘/2) M“'.:"’”
Breit-Rabi diagram fo_{r\fl 4 5 5 o

.o
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Schematic of magnets and hairpins

MUB-4246

Fig. 1
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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.








