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T
Hyperfine Structures of Re186 and Re188 S

Richard G, Schlecht ¥ Matthew B. White,$ and Douglas w McColm

I

Lawrence Radiation Laboratory
Umvers1ty of California R RTINS NN
Berkeley, California = ' ° ( R

October-S,. 1964 B A

ABSTRACT SR

The atormc beam magnetm resonance "flop in" techmque has
$

been used to determine the hyperﬁne-structure separatmns of the 1sotopes

R¢18o and Rei_88 _The magnetic- d1pole 1nteract1on constant a and the

: electric quadrupole 1nteract1on constant b have been measured for these R

.

two ra.dioactive‘isotopes inthe J = 5/2 ground.state. * Beams were produc‘ed:x

+

3

. by electron bomba.rdment of n-radlated rhemum w1res. The spms of both

'1sotopes had been determined prev1ously to. be 1. For the 1nteractxon con-'

186

' stants of Re

we obta.1ned1" ‘

* 78,3058(24) Mc/sec

=1 '8.3601(50) Mc/sec.

;:Avi%(?/z 5/2) :e 265 292(14) Mc/sec

Av186(5/2 3/2)

+ 208,305(14) Mc/sec.
Réﬂ;88

i

we obtained‘
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/2) = + 212,698(47) Mc/sec.
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5 /2 ground state of two radioactive 1sotopes of rhenium,

value of the rhemum gJ, which was fxrst measured by Meggers, 3 were also
’ o186 188 |

\

'obtained The nuclear spms of R.e and Re

N ,,,

; andv electromc angula.r momenta in umts:fof ﬁ H

o
3
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" higher order multipole-moment terms have been neglected. In the absence .- -
~.of an external magnetic field, the term energies resulting from this Ham-

" iltonian are given by

1 _ 'c 3b [C(C+1) - 4 31(1+1) J(J’+i) S
S Wp=2 3 T[ 21(21-/1) JET-1) ] (2,)".;"-5‘

a .
1]

R(F ¢ 1) - J(J’ + 1) - 1(1 +1) - e (3)

1'+g._

RLE
o

where a, b, ‘and Av. are in the: same units,

The quahtatwe features of the energy-level d1agram for ’chls Ham—

N

iltonian when I 1 and J = 5/2 are given in Fig, 1. Also 1nchcated are the

five‘transitions that can be observed in each isotope with an.atomic-bear'n;
. machine with ﬂop-in’ magnet geometry, Since a closed-form solution of the
’t'secular equation to the above Hamiltonian 1s, in general, not poss1ble, a

. complete routme called HYPERFINE 3 (for, the IBM 7090) was used to f1t

the exper1mental data to theory. The HYPERFINE routme is able to fit any"

" combination of the five variables g3 gI, : a, b and < (the magnet1c octupole

1nteract1on constant) to the expenmental data. 4 Smce thls rout:ne 1s dlscussed
7,8, 9 Y | ‘

‘g'elsewhere 1t is, not reviewed here,
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11, - EXPERIMENTAL METHOD

- Since the atomic-beam machine used in the course of this exper-" -

’iment was fully described elsewhere, 10 we will discuss"only the essentiai

186 and R 188 were

‘ . features for this\experiment. - The isotopes' Re

§ pfoduced by bombarding a 20 -mil natural rhenium wire with a neutron flux"':'

186 188

.of 1014 neutrons/cm /sec. The isotopes Re and Re have half 11ves

.of 90 hours and 17 hours, respectively, and could therefore be d1st1ngu1shed
' ' 186 .

'(in a decay plot,. The Re isotope was produced by bombardmg the samples b

- for 72 hours and then allow:.ng them to decay for 5t6 9 days The amount

188

"of Re activity in the beam was less that 5%, as shown by decay plotsb of:"

'samples of the full beam and resona.nces. The Rem8 isotope was preferl-
ent1a.11y produced by bombard;ng the samples for 3 to 4 hours. - As defer i ‘
mined from decay plots, approximately 20% of the activity in the samples j,jf“:
"wastRe186. ‘The beams were produced by'heatfmg the wires by evlectron |
bombardment. The atoms. \&ere collected on‘i-mil fired-platinum foils
y v‘whzch were then placed m a continuous -flow methane beta counter to measnre'

their activity, A full beam count1ng rate of from 600 to. 1200 counts/mm for

. a 1-minute exposure was: deterrruned to be the most convement "The . magm-

vthe' Zeeman tran_snnon ‘frequency in K

. e
N

IV. RESULTS . - o

From Eq. (1) we see that the part of the energy due to the apphcatmn

of an external f1e1d H “in the z d1rect1on is g1ven by the Ham11toman

e
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o In the weak ﬁeld case, I and J remain coupled and. precess a.bout F

; Cie " The interaction energy due to the external field is then given »by

: : | c Wext = ” gF(Ho/_h)mF H, . ‘ (7)

" where'"

F(F+i) + (T +1)- LI+1) g EEL) -J’(J+1) +1(1+1)

ng_z 8y T ZE(FT D) , I . 2K(F +1) (8)

'.'_[‘heréfor'e in the low-field'approximation the tranéition frequéncie‘s-'fc’)r; thé'_"

|3; and y tra.ns1t1ons indicated in F1g. i (AF = 0 Am

g '—'* ‘,1)~_j3f1'.e- :

g1ven by

ve- gF(go/m H . :

'+ Neglecting the nuclear terms, we have the so-called Zeeman tr'axisitiori_
. frequency o v o o , o o

i

“?J” H)  p(F+ 1)+ 3T +1) - 1(1+1) “

- L

v h 2.F(I‘+ )

(10)
. Then the magnetic field was increased until these frequencies began to de -
viate from the Zeeman transition frequencies, Deviationé were first 's_eer'x ”
"ia'.t about 40 gaués. : Atthird-order pertdrbation pr.ocedure ;’vas then used to‘,.
- predict the transition frequencies at higher fields, Wheﬁ enough pointvs.haé :
- béén-observed, the HYPERFINE-?:% progréxn was used to determine initiali-,'
.values of a a.nd b An IBM 650 computer program called JO- 9 was then
h.used to predlct the transztmn frequenC1es at even higher. f1e1ds, usmg the

a. and b values ca.lculated by HYPERFINE 3 This procedure was con-
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(F -5/2,‘mF—.-1/2) and (F=5/2,m  =1/2)+>(F=3/2, m —1/2)

we could begln searching for the direct transitions (F= 7/2 m

.Note tha.t' both direct transitions are ¢ transitions (AmF = O); yvhereas
S the | a, B, and y transitions are m transitions (AmF = % 1), The w-halrpm 4
© that was used to produce the a, [3, and y transitions was also used to produce
‘:,.j the direct transitions. The part of this hairpin that carried the rf '_curr,entv; “
"‘v-.l'.;"consisted of a strip of metal whose plane was perpendicular to the external
V.A.magnetlc field. Therefore the only places where the radio- frequency rnag- '- :
. netic field was parallel to the external magnetic field were at the edges of the
.r‘."‘, strip. . In this way separated oscillating fields, necessary for. one to observe'
‘-:a Ra.mhey pattern, were produced. "This type of hairpin construction wae ,. |
: descrj.bed by Schlecht and McColm, 1 Ramsey patterns were observed for
. both direct tran'sitione‘ in both isotopes. It was determined that the transi‘tiou

N

F =. 1/2) attained a minimum transition .’

frequency at approxlmately 12 gauss, Both direct transitions were observed

.if_,.‘_:'(F = 5/2 mp = 1/2)+> (F = 3/'2 m

for each 1sotope at this f:.eld in order to reduce the effect of the field error 1n

* the above transition. S \ d
' Resonance curves representative of those obtained are shown in Figs.
-2 and '3 A w-transition is shown in Fig, 2 and‘a a-transition in Fig. 3.

" Since the osc111at1ng fields are 180° out of phase, the Ramsey pattern in Flg. 3

T

shows a d1p at the tran51t10n frequency rather than a. peak _ " " {

Tables I and II glve the ﬁnal HYPERFINE-3 output for the 1sotopes

. s Rei,s() and Re188, respectwely. A measure of how well the exper1mental
i pomts f1t theoret1ca1 pred1ct1ons based on the a and b values already obtamed
2 is the value of the goodness of fit parameter x;. Slnce x should have the AN

.';’_'Hvalue N - N, where N is the number of observat16ns and ..N' is the numbér -

u,




;6- N B U“CRL-M70.5 ) |
o of va.;i"iables,"therefore fer the Re188 data x should be 6 and for the

SR Re186; xz ‘svhold be 5. - The values of 0.4 and 4. 3, whlch were obtamed

‘ _f',by. HYPER;FINE'-3 fer Re 188 and Re186, respectively, indicate 'that_ . ‘

: pessimistic values of the frequency errors were used. ‘Thus the .ffequeney'.i_.‘;

AR

'"‘;‘ errors as given by the HYPERFINE- 3 _program are also pe881m1st1c.

However, for secunty, twice these values have been used a.s the exper-

l,";imental errors. Therefore we obtain for Re186

£ -

the values

©
T

'+ 78.3058(24) Mc/sec

o
il

T 8.3604(50) Mc/sec.l

‘iand gI >O
F_orﬁ :;Re 188 we obtam the values

+ 80.4320(32) Mc/sec

as
b=F 7.7455(60) Mc/sec

.8 = - 1.95203(8)

;
o

) ‘Foxi' pure Russell-Saunders. ceuplipg,. the giafé,ctor is giveﬁ__byiz

: s J’(J’+1)+S(S+1)—LL+‘1)
g v~vgJ;"1_+_,(_gsT) T AU (

Ty

where gs is the g factor of the electron, -.ivTherefo'fl'e,'“,the‘ gJ value for

: ';." S . gJ gs = - 2.00229. ':';:,;‘"




A(7/2, 5/2)=7/2a + 21/20 b.

Ay(s/z, 3/2) 3/2b

Av186 /2, 5/2) = + 265.292(14) Mc/sec .

Av186 (5/2, 3/2) = + 208.305(14) Mc/sec .

A"ies (,.7/2",.; 5/2)
:'A“’iss (5/,27. 3/2)
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I=1 , J=5/2

MU-29246

Fig. 1



Counts/minute

-14-

T
Re 186

~Hp=99.950 G
(7/2,~1/2)—
— (7/2,-3/2)

!

% |

I [ I I

221.460

470 480 490 500 221510

v (Mc/sec)

MU.-31479

Fig. 2



"

Counts/minute

-15-

T

Rel86_

Ho=12.000 6
(5/2,1/2)+(3/2,1/2)

2 -
|
0 | | | | ] J | |
204.090 10 .I30 .50 .70 .90 .20 .230 .250 204.270
v (Mc/sec)

Fig. 3

MU-31481



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.








