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'BETA-PARTICLE AND GAMMA-RAY ANGULAR DISTRIBUTIONS FROM 186Re, 1883e,

- AND l9hIr POLARIZED IN IRON AT LOW TEMPERATURES+

W. D. Brewerff.and D. A. Shirley
Department of Chemistry and
Lawrence Radiation Laboratory
|- University of California,
" Berkeley, Californial 94720

January 1970

186. 188 _ 194

éggiigggg Nuclei éf Re, " "Re, and Ir have been polariéédvin iron at low
ﬁemperatures. The angular distributions of eléctrons from'thé first~férbiddeﬁ
beta decays wére obsérvéd as functions of particlé enérgy, using Li-drifted
gerﬁanium detectb%s. The anisotropies of the gamma rays Vhich'de—excite the

2f levels in thé aaughter nucléi were also measured. The-infofmation obtained
is sufficient té permit an‘analysis for the nuclear matriX‘elements and possibly
to use as a test of the conserved vector current hypothesié, but no detailed
analysis has as yet been made. The beta particle angular distriﬁutiohs of 

the Re cases were in general agreement with previous results, but the experimental

accuracy was greatly improved.

. o
TWork ﬁerformed under ‘the auspices of the U. S. Atomic Energy Commission. .
TrNSF G%aduate Fellow, 1968-69. Present Address: I. Physikalisches Institut,

Freie Universitat Berlin, Berlin, West Cermany.
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Introduction S o

. In recent years intefest has arisen ih the‘study of certain first-
.forbidden beta‘decays; ‘Analysis of these deceys yields the pagﬁitudes ef
the_nucleer matrix elements, which are not iny of inte?ést in nuclear
structﬁre_theory; but elsg.may provide aztest of the cdnserved vector
curfentli, Two @eceysrwhich,do not fol;ow'the E._appfoximation, and nay
thus give informaﬁion oﬁ the nuclear matrix.elements, afe those éf 186Re and

188Re;2)

~In botﬁ céses; thﬁvprincipal decay brench_is from a i_ state to

the O+ ground'stete'in the”daughter nuéleus:.in addition; aboui 20% ofveach
ﬂdecay proceeds to the 2 first exc1ted state of tne ~daughter. Bofh deceys ha&e
vbeen studled extenalvelj by observation of the Beta spectrum shapes?),
.measuremeﬁf'of electron pdlarizationsh), and Beta—banma correlations 5) Some
work on aﬁguiér distributions of electrens from polarized nuclei has also been
dene6)i ‘The last method gives a relatively sensiti#e measure of the matrix .
elemehts, altho;gh the experiments are difficult to perform and subject to
certain systematic errors.. Iﬁ the present work, the electron angular dng
.tributions'from.ﬁolarized 186Re and l88Re were.observed qsing an axial and an
eéuatorial Ge(Li).detector, with the intention of extending and improving
‘earlier resuits on these decays. The decay of 19'hIr was similarly studi%d?),
Observations of the enisotropies of the gamme raysrﬁhichvde—excite the 2+
levels in the‘daﬁghter"nuclei were also made, to determine the admixture of the
unique'(B. ) matrix elemsnt in the 1 = 2+ beta decays. Fig.vl shows deca&

iJ

schemes for the three isotopes.
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" Experimental

185 187 193

Isotopically enriched ~“Re, Re, and Ir were obtained as

powdéréd’métals and alloyed with iron by melting. Two alloys of each. Re
iéotopé gnd oné of the Ir wefebmade, having concentrations of from 0.2 to 0.8
at.%. The alloys were‘hammeréd and rolled t? about 2 mg/cm? thicknéss and
vere irradiafed for one hour each in a flux of 2.S><lOl thermal neutrons/sec—cm2
During ifradiatiOn the foils‘were'maskéd with Cd so that the activation occurred
primarilybin a wgll—defined small spot in the center of each piepe. After
irradiation, they were etched, annéaled 6-10 hrs. at 900°C, coated on one side
with 7 mg/cm2 of copper; and éoldered at the edges to wires in thermal contact
with a cooling.sélt slurry. The copper backing served to prevent thermal
inhomogeneities in the foils. The sealt slﬁrry, containing cerium meagnesiun
nitrate, was demagnetized from an initial H/T of 40 kOe/deg K and could cool the
source folils to éa. 5 mdeg K and maintain them below ;O mdeg for up tQ six hours.
The two Ge(ii) detectors used to count the beta pafticles were enclosed
in vacuﬁm—tightléﬁpper housings equipped with £hin‘(i mg/ch)‘aluminized mylar
windows . Thé'détectors had sensitive depths of about 2.5 MeV for eleétrons ana
showed excellent stability of pulse height and resolution, and moderately good
résolution. (5 keV FWHM for 1 MeV electrons,vcorrected‘for scattering in the

207

source.) ‘A typical spectrum from Bi is shown in fig. 2. The detector
operating temperature was about 16.S°K,8) and the copper housings, which were
thermally anchored at 1°K, prevented warming of the éource foil by radiation

from the detectors. The gamma rays were detected by_3X3” NaI(Tl) scintillation

counters in axial and equatorial positions relative to the polarizing magnetic

field, which was produced by a small superconducting Helmholtz coil. The Tolarizing
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field could be raised to 3 kOe, and fhe samples were completely polarizedi
.Below 1 kOe. |

Because of the low temperatures attaihable with the nuclear orientation
apparatﬁs,'the-Rebnuclei were essentially completely.polarized during tﬁe first
"h—S hours of each.experiment.< The'same was true of the Ir nuclei for about the
first hour bfreachvrun‘ Thus exact knowledge of the source foil temperatures
was not peeded,_and the resulte obtained were insensitive to small variations
of temperature or internal.field within the foils. This simplified the experi-
ments and also increased the accuracy obtainable, by eliminating thermometry.
Thevspectra'from_the four detectors.were collected in a 1600 channel analyzer

and stored on magnetic tape for subsequent analysis.

Results
The angular distribution of electrons from'first—forbidden beta decays
. ' ' _ : -+
of polarized nuclei was given by Morita and Morita.g) For a1l > 0 decay
10))'

(and describiqg.the'nuclear orientation by statistical tensors B, (Ref.

their formula reduces to

W(1>0,6) = 1 - B/ P (cos e)( ili/b§°i) +.B232(°°se)(b§?i/bioz)
=1+ BlPlAl(l+O) + B A(150) . _f;. | (1)

Here W(6) is the anisotropy at.angle 6, Pk(cose)v are the Legendre polynomials
of rank k, and the bﬁkg, are particle parameters which are functions.of the
nuclear matrix elements-and the lepton functions associated with the d=cay .

- 4 S
For a1 =+ 2 decay, an L = 2 component is present as well as L = 1, and a

more complicated expression results:
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(o) - Gra)elt) + (1)e]

2 [+ - (375 )80} ]

| | | (2)
N O N B A |

* B2P2(.c§se) Elibg??—lf/y_gbéé j,2]

W(1»2,0) =1 +»BlP1(cose)

=1+ BlPlAl(l+2) +BéP2A2(l+2).

In the decays observed in this work, the two types of transitions are mixed
(except at the highest energies) and the. combined anisotropy iIs observed.
Denoting the intensity ratio I(1»2)/I(1»0) by r, one has for the observed

anisotropy:

W(r.0) = W(1~0,6) + ruw(1-2,8) _ -(Al(l'}o)‘LrAl(l»Z))
Tavs = r - 12 1+

, A (3)
(A2(1+0)+rA2(1+2)) .
+B,P, T =1 + BlplAl(;») f B

2P2A2(r)

o . i o (r) (r) .
These three equations define the coefficients Al and. A2", whlch_were
measured. These coefficients may be compared directly with theory. The
anisotropies from two field directions and two counters were used to determine
Al and A2, in four independent ways; the values obtained were generally in
good agreement and were averaged to obtain final values, which are shown in
Table 1 for the three casas studied. The anisotro data were corrected for

- BY
electronic dead time, radioactive decay, finite polarization in the "warm"
counts, solid angle of the counters, and scattering of the electrons.
- ‘ - . - - ‘ - R i + . i R}
The anisotropies of the gamma rays which de-excite the 2 states in. these

decays are given by:
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Ww(e) ; 1+ BéUQFQPQ(cose) ,

- where B

> ~and P2 areAthe same as in the beta-particle expressions, F, is the

2 .

usual gamma~fay'angulhrvdistribution'coefficient, and U is a reorientation

2
: . : + : .
parameter of the emitting_statelo), If the emitting 2 state is preceeded only

_ R A | A . ,
by the 1 =+ 2 %beta decay of interest, which is supposed to be a mixture of

'L =1and L = 2 beta transitions, then the average value of _U2 seen in a

measurement of the.aﬁiSOtropy is given by

(L =1) = 0.5916

U, =0 2

L= 1) -R/Q+R), U

- where UZ(L = 1) is the value of the reorientation parameter for a pure L = 1

. beta decay and R "is the ratio of (L = 2):(L = 1) beta intensities in the
186

actual'decay.: In the case of Re, the above approximation holds: the 137 keV

+ ’ . . . - .+
2 state in the 18605 daughter is fed 99.7% by the 1 =+ 2 beta decay and only

0.25% by gamma decay from the 767 keV state. In the l88Re and 9LIr decays, the

situation is complicated and allowance must be nade for attenuation of the

. . - +
- observed anisotropy by preceeding gamma transitions as well as by the 1 2

194

 beta deéay. ‘The 328 keV transition in the ‘Ir decay was studied by Reid

gg_gl,ll) géing-Ge(Li) gamma detectors which could resolve the 301 keV and the
293 keV lines from the 328 kéV line being studied. These authors give an
anaiysis forithe observed value of U2 ‘Which assumes L = 1 for 1 =~ 2+ beta -
bfanches. The present measurements of tﬁe 328 keV transition in l9hlr were
made with Nal scintillation detectors which could not résolve the thrée lines

: in the 300 keV region, and thus the results aré dependent on the valﬁes'of the
- M1-E2 mixing ratios assumed for the 293 and 301 keV lines and are less accurate

than those of Ref. ll)
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For the analysis, the gamms ray spectrum photobeaks were divided into
ten intervals and the anisotrépy in each interval was calpulated. To avoid
errors from scattering, only the four intervals nearest thé céﬁter of the
peak were used to obtain final values. The gamma anisotroﬁies were corrected
for dead'timé,.aecay, solid angle, and hackground. Data weré also avéraged
where necessary'when the axial and eéﬁatorial anisqtrdpies,gévé différént values
for the ratio R.A.Final axial anisotropiés for the thréé isotopes are shown
ih Table 2, along with thé calculated anisotropies used in deriving values
of R, and thé derived R values.

The large range in the calculated anisotropy for lghIr is due to the
aforeﬁentioned sensitivity to the mixing ratios of the unresolygd gamma
lines near_3OO keV. The observed anisotropy in this case has a rather large

uncertainty and it is possible only to set a general limit on values of R

" which are consistent with the data.

Comparison with Previous Results

Nucléar'polarization expefiments have been performed previously on
both the Re isotopes studied in this work: Kogan gghg;,6) measured the
angular distribﬁtion of electrons from l86Re polarized in'iron, usiné an
Géntﬁfacene scintillafor as beta particle detector; their fesults were sub-
sequently analyzed by Sott and Vindu%ka6). Velues of A, at several energies

may be inferred from their data as shown in Table 3.

The angular distribution of electrons from polarized 188Re was studied

1.

by Sott, Stone, Templeton, and Vinduska (SSTV)S). Their values for A, and

A, at twvo energies may be derived from Ref. ) (see Table L).

&
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‘It is clear that the values for Al ere in agreement within quoted

errors in both.cases.' The A2 values for l88Re reported by SSTV are

systematically higher'than those found in the present work. No explanation
for the diéérepanéy is immediately appaient; howvever, in SSTV only one (si
_surface—barrier) beta pérticle detector was used, while in the present work

two Ge(Li) detectors were used, thus redﬁcing the likelihood of systematic

. . . . R ’ ' : [
errors in the angular distribution measurements.

The anisotropy of the 137 keV gamma ray from 186Re polarized in iron
was measured by Kogan and coworkers previouslyl2). One can derive the product

U2F2 from their results, and the comparisbn with the present work is as

follows:
12,
)

Ref. This Work

. =U.F 0.266%0.021 0.258+0.007

Thé two reéults_show excellent agreement. There is no previbus work on the
Eeta‘particle.angﬁlarvdistribution from~19hIr or. the gamma—ray anisotropy

from l88Re, although we note that the reéult of a finite admixfure of thé‘unique
matrix elementvin the 17 + 2+vbranch of the latter deéay‘is in agreement with

& recent analysis of spectrum shapes and angular correlation data by André

: . 1 9Lk . ’
and Liaud 3). The 9 Ir gamma-ray result from the present workx is that the
. - @,
. . . . . - ot :
admixture of the unique matrix element in the 1 -+ 2 transition to the 328 keV
' 11 o

level is small or zero. This is in agreement with the results of Ref.
in which an analysis assuming pure L = 1 beta transitions gave consistent
results. (The actual anisotropy from the present work, when corrected for

o

interference from the 301 and 293 keV gamma rays, is slightly greater than that
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.11). Since a large A, term was found in the beta particle

194

angular distribution from ~~ Ir;’hoWever, it seems clear that the & approxi-

found in Ref.

mation is not obeyed in this decay.

The errors quoted in Tables 1-k were derlwed from the calculated
statistical errors in the anisotropies and from estimates of the errors in.
measurement of experimental goemetry, decay corrections, etc. based or

1L

calculations and on the observed scatter in the data™ ).

Conclusions

It is felt that the use of very thin.source foils and mountings, the
use of two farticle.detectors, the thickness and stability of the Ce(Li)
particle detectors, and the low temperatures available with our cryostat have
éli contributed to improving the éccuracy of the B8 ahgﬁlar’distributibn
results over that previously obtainable in nuclear orlentauloq eXperinents:
Statlstlcal accuracy was also 1noroved by collecting a rauher large &z ount.
of data for each isotope.

The three parameters determined in each case in this work are in
principle sufficient to determine matfix element ratios améng the (maximum'of)
four nuclear matrix elements entering each decay (if one mﬁkes the assu<atio
(k)/b(o) k=1 or 2) has the same valus for the 17> 0"

1,1°

transitions as for the 1 > 2 tran51t10ns, and 1f one knows the 1nt nsity

that (b

ratio r to reasonable accuracy throughout the energy range considered). A
more accurate analysis, however, would take into account all other available
results such as spectrum shapes and angular correlation measurements

(particularly for the two Re cases) and find the best genersl fit for thes matrix

elencnts, It Is hoped that.such an analysis cen be accomelished in the Tuture
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. Table 1

Beta angular distribution coefficients Al(r) and Ag(r),_defined.in egs. (1-3).

18§Ré , o _‘1'88Re o o ;thr
_ Energy® Al(r) Az(r)" Energy Al(r) Aé(r) iEnergy Al(r) Az(r)
(k) , ’“‘TIT”T.7f7”7Kk§V§" B I SRR

567 0.5318 0.0115 1199  0.6318 0.0518 1234  0.6958  0.1058
*5 $0.0033 *0.0016 *10 *0.00k9 #0.0070 %10 +0.0111 *0.0223
619 0.5544  0.0122 1295  0.6498 0.0436 13ko 0.71k2  0.1229
‘*5 . %0.0034 #0.0020 *10 $0.0050 *0.0115 *10 +0.011k *0.0283
672 0.5805 0.0187 1391  0.6658 0.0559 1L46  0.7369 0.1257
t5 $0.0035 *0.0022 *10  *0.0052 #0.0120 *10 +0.0118 %0.0295
T2k 0.607h  0.0227 1487  0.6807 0.0700 1551 0.7516 0.1082
15 $0.0036 $0.0027 10 $£0.0055 %0.0070  #10 $0.0120 *0.0265
17 0.6437  0.0362 1583 0.7028 0.0730 1656 0.7749  0.1168
£5 £0.00L0 #0.0030 $10 +0.0056 #0.0088 *10 = *0.012Lk %0.0292
830 0.6809 . 0.0371 1679 0.7180 0.0722 1761  0.7964 0.1076
t5 +0.00k2 *0.0035 10 +0.0058 *0.01k5 *10 +0.0128 £0.0377
882 0.7228 0.028% 1775  0.7525 0.1008 1867  0.8518 0.1570
5 £0.0046 *0.0080 10 +0.0058 £0.0130 %10 +0.0136 *0.0565
935 0.780k  0.036L4 1871 0.7906 0.0738 1972 = 0.9015 0.1433
t5 +0.0048 *£0.0130: *10 +0.0065 $0.0280 *10 = #0.0162 *0.07L5
987 0.8351 0.0075 1967 0.8376 0.0570 2077 0.9505 0.1971
t5 £0.0053 *0.0175 *10  *0.0075 #0.0400 *10 = #0.0210 #0.1200
1040 0.9473 -0.071k 2063  0.9237 -0.0350 2182  1.14k19  0.1952
x5 £0.006L %0 0 0.0330 *0

.0200 %10 £0.0097 *0.0250 %10 * .1500

a"bl?he average'energies are given for the déta intervals from which Al(f)
and A2(r) were calcglatéd, and the intervals were equal and contigubus.
For example, 1679%10 means "the interval from 1631 to 1727 keV, whose
midpoint is known to * 10 keV". The axial anisotropy data from which

these coefficients were derived are plotted against beta particle enefgy in

fig. 3.

.

¢

o
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Table 2

Normallzed axial Y-ray intensities for the 2+(E9)O+ transitions following the:
_ 1 19k
decay of oriented 186 e, 88 e, and 9 Ir.
91
186Rev 188Re 19 My
W(axial,obs.) ~ 0.828%+0.005 0.902%0.016 ‘ 0.822£0.047

N
(o

n

-0.0103 =
+0. 0985) (0.2262)

: .’\)
N

W(axial,calc;)‘ 1-(0. 396 +0. ooos)u 1.001i—(o.3725io;0005)ﬁé_ (17

R . 0.158%0.015 -0.380%0.071 <0.0L
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Table 3

‘Comparison of resﬁlts for '186Re with those of Kogan et al. (see Ref. 6)). S
- Energy . (Kogan) - A (This Work)
900 keV 0.78£0.11 0.738%0.005
700 keV 0.60 0.59%0.00k
- 550 keV 0.7 ’ 0.525%0.003



D

Table L

Comparison of 188Re results with those of Satt et al. (see Ref.

UCRL-19536

®y).

Energy A, (ssTV) A, (This Work) A, (s87V) A, (This Work)
1.3 MeV 0.64£0.03 0.650%0.005 0.12%0.07 0.044*0.012
1.65 MeV 0.718+0.006 0.27+0.12 0.072£0.01kL

0.76+0.04
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Figure Captions

Fig. 1. Decay schemes of isotopes used in this work.

Fig. 2. Responée of the particle detectors to 201

Bi. The expected and observéd
intensities of the conversion electron lines afe sﬂown‘in the table. The
deﬁector témperégure was 16.5°K;

Fig. 3. Axial.beta—par;tic.le asymmetries W+(Ax.) =‘ W(m) and W (Ax.) =W(0) vs.
particle energy. The signs correspond to diréctions_of the polarizing

field applied to the sample. 'The upper energy scale is for the l86Re

l9hIr data. . The

. : o 8.
points, while the lower scale refers to the 18 Re and
statistical errors were smaller than the symbols used to represent the

~data points.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, 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 informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

- B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, 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 Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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