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neodymium'ethylsuizﬂa:"b.e.e the value. A = 0,047 (7) om

Unive'réity of California :
.7- Berkeley, Californis

'I’he angu.'har distributi,ona of K- and. of (IAM)- comversion electrcns from

[y
4 4‘,«.

¢ oriented Ce 3'7mxm.<.‘.lei were obaervedo Precise simultaneoue mtensity measurements 25}

on conversion electrona and ‘y rays from the same sample pravided an accurate ,
direct d.etermination of the particle parameters ) ba ’ associated with tha 255 keV
1someric transition in Cel37 The K- electron result, " = 1 061 (18) ’ 13 in lezp-

cellent agreement with a theoretical prediction baged on a point nucleus model._

A more caref‘ul determination of the temperature dependence of anisotropy

of the 255 keV vY-ray yiel&ed for the hyperfine structure constent of Cely{m

-1

; than the older w)alue of 0.0120 (12) e _foma'iﬁ thie laboratory and 1s to be

preferred on the basia of internal wmm Using B.’Leaney 8 value of
(r'B )hf - h.,hl& a.n. » the derived magnetic noment 1 changed from O 96 (09) mm.
Other radial 1ntegrals give different valuea. A poesible dia--
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'_Speciel experimental technxques end counters have been developed to make auch”

i

meaauremente possible. These are deecribed 1n Section II.

138m

wee choeen.

o

the engular dietribution of convereion electrons from oriented Ce




' m Fig. ls Sodium iodide counters vere mounted at 0° and 90 outsids the cryestat.




electron etates. _

and the 255-kev 1Bomer1c transit&on u mzm.y ,_
%v .
Vi converted (eK/‘v & 6) 9 The existing decay scheme

10 u ahown.tnFig. 5. Aside

F

Theoretical values of the particle parameters have been given




i

"-'13 required.. g A large NE?: crystal was selected and waa aanded to produce a face

The 03137111 activity uaa taken up in a amall d.rop of

, water and. vas deposited on an area or 1 mm2 on this face.

'l'he water drop waa

about o 01 X higher than that oi' the 'bu.lk cryatal)a Heat-—exchanga gaa was then

Y b o7 P Thd




j _‘,v._Aﬁ:er small 'eorrections were med.e for source decay and background, the normalized

1ntensit1es ’ W(G), Were celculated for the 255 keV ‘Y -ray pea}:, the 215 kev

‘K-electron peak, a.nd the (IrtM)-electron peak et 2&9 keV. 'me resulte obtained

: from the 90 data were in good agreement with those from the O data. Eowever ¥
i"t;he 90 counter gave poorer reaolution and. results of lower etetistical accuracy.

j»'me poorer reaolution required larger bac.kground corrections ) enteiling possible

] eystematic ez'rors. For thie reason the 0 reeults elone were ueed to derive

perticle parameters. ’“*

(R LN

:m Figs. 5 and 6 1-w(o) ’ for each electron peak,is plotted egainet

vway dependent on owr knowledge of the temperature ecale for NES. It 13 neceeeary

.for our interpretation » however ) that there should be no srosa temperature 1n-

lhomogenietiee over the 1 mm2 active area. The long "varm up" timee of houra and

Here B © are orientation ﬁmctions s Pv are I.egéndre polynomisls, and F, "

are the angular correlation coefficiente.llf_ 'L‘he 8,, are attenuation 9961_‘-_- -

ﬁcients which aceount for the eolid. angle subtended by the cou.nter. The com-_

posite parameters Q describe ; respectively, the reorientation in

and Uv



:

“hhe tra.ns:l.tiona taken singly. 'l'hus :l.f n succeasive unobserved tranai.tionsw '_

and mltipolari.ties. They ariae i‘rom angular momentum consewa.tion and are
| found. 1n the theory of angu_lar com'elation in mnltiple cascades and 1n t.he theory

vof the angulax' distribution of ’y—raya from oriented nucleio The U( ) may be

-'calculatedamctly o o ‘ A

| ‘I’he (1) (attenuation) factora arise from mteractions of mtemediate
'nuclear states with extranuclear fieldeo' They are less well understood. 'Foz" ' ke
1ntermediate-etate li.fe'i:imea of .‘L nsec or .‘Longer it ia not pOBs:lble in practice ;

to predict the value of. Q( ) w::.th any confidence, though a theory ia available ’

for the obse_vaed

H

rays,' aod for,all radiations (of pum cm mi:ced mltipo.‘l@rity)




__}electrons may be substantially different i‘rom unity, especiqlly for low energies
20

. and/ or multipolarities .

In contrast to “y-rays, the electrons are spin-l/a
particles and are eJected from discrete atomic (or molequar) orbitale. Ihey
undergo a phase ghift on leaving the electromagnetic potentiel of the atom.

Bieaenharn and Rose have tabulated particle parametere for K converaion electrons
y

e

‘_ eJected from relativistic atomic orbitals ’ ueing the point-nucleue appro:dmation.
;_ Church et al. 19 have pointed out a eign error in the theory

Some b are eensitive tc certain aubtle featureq of nuclear >gtructure .&, e

L of particular importance 1s the "penetration matrix element" for hindered ML =~ 7
tranaitiona.,alm Thus 1t 1is desirable to cneck the theory of perticle parametere—"'-' ¢
'_:by ineesuring several b with high aceuracy. That the theoxy has not been very

critically tested is evid.ent from the fact that, until the recent work of Geiger ,2? Lo

' all the theoretical mixed-tranaition particle parameters 1in the literature had the B
, wrong aign. o . ', S T o }
; ';' For pure multipolarities several particle-parameter measurements of 5-« s .
23,24 - '

~
B N .
R A T T

10% accuracy have been reported They are get out in Table X+ These

meeeurements werle mede by observing the angular correlationa of successive
radiationa and are thue lese direct than nuclear orientation experiments s in.“
which only one transition is studied. Angular correlation expezimenta » and those
nuclear orientation experimenta that involve intermediate states, are alwaye sub--
Ject to whatever uncertainty the perturbation factors Qv entail. ihe effecte o
of theee two featurea (observetion of two radiations end intermediate etate 'per- ) ”.;

turbation) can be eliminated by direct compariaon of conversion-electron and photon ) TG

inteneitiee for the transition of interest.25 ' K '\ i v : ‘

: A serious difficulty encountered in a preciee experimental teet of the

.G
“3

particle paremeter theory is the extreme censitivity o:t‘ both Fa and. b

W

| amall adnuxturee of higher multipolarity in the transition. Except for traneitione '




(2N
-

i.fahx _l.O"h and would, change the theoretical ba by leas than the experimental.error‘
| There vere no intermediate states in this experiment » so the U Q ;
"factors in B, (2) can be replaced by unity. The_r B,
version electrons an(i Y ~ray.emission, mxe s
2 j'and"‘PV(l) = 1. for all v. "‘I’he BI

"’tonian for 083* in NES (SGction V‘) s and all B

@

ﬁ‘c:sr&n:y'w(())gY » end m. (2) may be simplified to




o 831 (13) 2 + 0. 35h (18) nub“
o. 802 (4) B, e o-_m(u) _n;,

"with the data in Figs. 7 and 8. From all the o data ve obtain the values

'i,_(atandard deviations) ba(K) o 1 061 6), 2(wx) = 1.059 (8). ‘The largest known

systematic errors ariae from uncertainties 1n the backgroun& end golid angle‘?'“

correctiona. These uncertainties add up to about two standard deviations.' 

e

Fordira sl e

ar
S

by (1) = 1.059 (20)

[ ..

The theoretical value® of 1,055 for Dby(K) 1 tn

excellent"agreemeht ﬁlth

hresult. No theoretical“Valueavare aveilable for the L and M a:hel.‘l.s..v-:-'v'~

Ve conclude that the theory 18 accurate to about 2% for this case.

energiee and/or mnltipolaritiea),

are sensitive to details of nuclear and

but n may '




_ cryetal vas @own, homogeneous in CelB?m éctivity to avoid uneven local hea‘tmg

of the crystal. This vas corrected to absolute temperature ueing the 'I‘«»T cor-
"relation of Meyeg: and ‘making a demagnetization currection for cryatal mhape.b
'I'he results (corrected for background and source decay) are shown 1n Fig. 9‘

.
magnitudes and signs of the coefficients of the PQ and Pu temsa '.i;‘he aolid curve

.7:

??;f ,‘t?*zi; + B@x?; * 81

0.0

. and. B e smeemeben CIL
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In Fig. 11 is plotted the anisotrcpy € = 1 - W 0) as a ﬁmction of

w(n/2)

%..’ At all temperatures the aniaotropiea measured were larger than ‘those of Haag
et al. » requiring that the hfs constant be somewhat larger than thetr ,derived. ’

‘value of As O 0129 (12) e 1.‘ v 'I‘he theoretical curve shown in Fig. u 15 for |

l .

’s'

‘_-Al = O, 011&7 e '.l‘he detailed egreement of theory with experiment is etill poor.

The theoreticel curve shows deﬁnite discrepancies P being too high in the region )
'i-' <2 and to low for 4o < 1 < 50- . Similar deviations vere found previouely.

.'( In general the form of the € vs % plot depends upon the Fv ,-the ratio S

of the hyperﬁne atructure constants A end B, and the temperature measurement. .

10<

e ke T e s

R e

The small admisaible E5 achnixture allovs very little change in F, and Fh ' ';;? S A

and we have found it impossible to obtain a better fit by altering the A to B o _.,'f'

r vratio. Thus the measurement ind.icates aystematic errors in the temperature ecale,
giving temperatures too 1ow by about 0.01° K in the region of O. 05 K, and teo

high by about - 0.001 K at 0.02 K. Further evidence for such errors has 'been §

found 1 atudiea of electric quad.mpole hyperﬁne coupling in rare earth 1ons.26. ‘

Eowever, taking the theoretical cuxrve shown as the ‘best ﬁt to our data

-1 for the h.fe constant of Ceu 7m

¥

1n NES Th:Le ‘error 13 statistical and no contribution :from the temperature acale

- We may derive & new Value of A = 0.011&7 (7) cm

'; , errors is meluded. We note that this new value of A is to 'be preferred over .

the earlier result on the mtemal evidence or a larger aniaotropy at each
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derive Eq. 8 has been eeriously challenged 'by Bleaneyae and by Freeman axxd '

f_v‘x-' APPLICATI‘ONS’” "_.;' .

[ —

" are parity sensitive. For emmple ’ except for very’

The ratio F (e)/Fa('y) for mixed transitiona is 1n some multipmar;ty :
‘ Ly
regions extremely sensitive to the mu.ltipolarity mi:d.ng rat:to and ('_Cl

give thie ratio vith higher accuracy than any other method,, B

- For transitions of a given multipolarity the b ’ are 1ndeendent
of the mitial-cand final-state spinso A familiar dilemma m 'both'
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z Glendenin, Anal Chem- 27, (1955)

‘tnose po:lnta for whieh ('y) 18 zero. g
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Exiating decay scheme for ce3-37m

(warm) of (a) the conversion electrons and (b) the 'y-raya,

' the 255 kev t.ransi.tion, at 0 to the ¢ axis. For comparison the .'

- warm counts have been scaled t.o give the same peak count.

o . Plot of [1-w(o)] for K electrons vs [l-w(o)] for ‘y-rays.

Value of ba - 1 061. The dotted une haa a slope of uni'by

“10.

'Y“rayso
determined valua of ba' w 1.059.
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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.
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