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In 1953 Hill a.nd Wheeler predic‘bed tha.t prolately deformed alpha- ‘

K emltting ‘ucled should exhibit enhanced emission rrom the polaz' regions,

S or. "tips , because’ or the lower Corulomb ba.rrier 1n ‘these regions.l Debbs |

: a.nd. co-workers have observed anisoﬁropic a.ngular distributions of alpha.

' .};jparticles from oriented ura.nium and neptunium nuclei.zl For I\Tp237 ’chey

3 determined the sign of the quadrupole coupllng- cons’ca.nt in neptunyl ion

| and showed that alpha particles are’ indeed emitted nreferentially along

.. the direction of ‘bhe engular momentum vector 3 corn irming ’che prediction ot

i Hill and Wheeler. Pryce3 has suggested that the quadrupole moment of Np©- 237

‘ "‘.."'13 negative ;. ¥hich would require a different interprete.tion of the orientation
o experiments, but this s;eems unlikely on the basis of the collective nuclear ’
.-model.- In this lc..tter we describe orienta.tion experiments on Cf2h9 and EZ> 3
'~, 'which provide ind.ependent confirma‘hion of the predictions yof Hill and . |

e .Wheeler, that 1s to sa,,r, the I=2 componen’c in the main-.alpha group is

. eppreciable and i& in phase (54> 0) with 't;he dominent L=0 wave.

Neodymium ethylsulfa,t;e was chosen as the crystal most suitable for -

- these experimenjb's, The ions Cr' ‘and, E+3 are’ ch_émicall& analogous to Dy+3.

»

‘I‘his work ves. supported und.er contra.ct with U. S. A’comio Energy Commission.

Presently on lea.ve a.t the Institute for Theoretica.l Physics s Copenhagen, |
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_and Ho' *3 s nuclei of whj.ch hs.ve been aligned in this lattice hc’ 2 This salt

R ‘can ea.sily ve cooled to 0. 025 K “where: fairly complete alxgnmcnt of ’chese nuclei

- could be ex‘pec‘éed. ‘I'he alpha ‘counters used in this: ex;pern.ment vere similar

' .to those descri‘oed by Walter, De,bbs ). and Rober‘t;s.6 In each experiment care: "
: i )
we.s 'oe.ken to grov the re,dioactive ions onLv :&n a. thin surface lsyer on a. y

small spot oxx the crys‘oala : I:o»irl tempera.tures Were obtained by stendard.
a.diabatic dema@etization techniq_ues, and- cher tempera.ture vas xneasured wi‘ch -
_'mutual 1nductance coils. "-""" “ o

At the lowest temperatures the a.ngular distributions of alpha. particles
bfrom both 1sotopes were highly anisotropic. _ In E 253, 5 as in H01'6,§ > it could. '
be ascertained by the’ temperature d.ependence of the a.nisotropy that the ’
aligrment was nearly com;plete even at tenrpera.tures as high'as 0.1 °K. - Every
' e.spect of the sign, magnitude 3 and. tempera.‘cu.re depend.ence of the nuclear

orientation parameters of these two isotaopes is consistent wi'bh 1654 *3

and B3

E having the. same electronic ground states as Dy *+3 er'xd Ho'S, ; respectively, in |

this lattice. For E°25 the temperature depend.ence of the alpha particle

- iintensity along the crystalline e axis is showm in Figme 1. Data were also
'taken at 90 to the ¢ axis. ! These showed a cha.nge in. counting rate on o

or:.entation of the E 253 nuclei of opposite sign ancl approximately ha:L'i‘ the .

. magnitude as tha.t along the c axis ’ indicat:.ng an angular. dependence propor’cional

o f_‘co P (cos 6) . Because of the la.rge solid angle corrections (13% of the co-

B

efficient of the- Pz uerm) , we' cannot. determine with any precision fhe con‘crlbu-
el tions of higher-order terms in the sxgulsr distribution. ' |

| - Inm the ethylsulfate Lattice ‘c.he domina.nt spin-Hamiltonian tem affecting
, nucl.ear crientetion 18 expected ‘bo be of the form ASZ IZ for ‘both Et3 and ct 3

o end this elone would require exial" huclea.r e.lignmcnt (sta‘aes with IZ

. T
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'w;)uld iie 1owest) Comblning this with the observed. enhancanent of a.lpha--‘__; v
5 | particle intensity along the ¢ a.xis on orientation, we. fmﬁ preferential
. | ' alpha emission a.long the nuclee.r spin direction :'s.n “both - cases. ‘Since the .
| ground states of both Cf 1;9 and E253 have spins gree.ter ﬂha.n 1/2 end s;oin. ) |
! 2N - projections K equal, 'bo 'bhe spin, 50 - that the nuclear spin is along ’che

- : prolate a.xis ,7’_ 2 alpha emiss:!.on must bs.ke place ;preferen‘hially fram the -

tips of ‘bhese prola.tely defarméd nucleio In both cases the direc‘aion of

orienta‘oion can a.lso be established completely unambiguously from eyperimen’c )

for EZS 3 frcm the ma.gnitud.e &nd tanperature d.e;oendence of the a.nisotropy 'y and.
ey 2!+9

in or® fram the sign’ of 'bhe a.niso‘bropy of ‘bhe (fonomng) 394-kev Y-ray d.nd
hxovleage of its dipole cha.r&c'ber with I *-’If-l spm sequencea 3
b The E253 d.ecay scheme ha.s been given ’by Aua.ro e‘b a.Il.a8 who estimate S
- a.n L-a to L=O intensi’oy rafbio of 148 in the main alpha group¢ : ‘I‘he estimate

; :I.s based. ‘on the d.eca.y intensity to the first exci'ced. sta.te together with the

. ,.approximate branching relatione o.t‘ Bohr; Fr&man ‘and Mo’ctelsonslo A 2; 4 -
rnhancement of the D-wave admixture has been pred.icted. for U233 by ‘o‘...king oo
‘_-in‘co account effects d.ue “bo the q,uud.rupole momen’c. and’ Corlolis forccs;ll’lg
'-:A‘ similar enhancement :Ls expected for E%73, '.Using the l:8 D- to S-wave ratn.o s
-ésuming them to be. in pha.se, ignoring the sma.ll 1’:—=l» components 5 a.nd. assumingf_}l
f";'a.nj._.‘i.soi;ropic .averag'e;'-- contribuﬁion-.frmnv t'he ‘-4_v’-.p_e"rce'r;t e.lpha 'mtehéit:)f'to' ‘other. -“;‘
E'groups we. calcu.la.te a limiting (T -'0) e.ngum dn.stribution xor E 25 3
.:}J.T+ 0.98 P (cos 6).. There 13 a:Lsd predicted a sma.ll nega‘bive Pu(cos 8) term
of magnitude ‘more dependen‘b on Lnla m’ceneity assumptions. Our expermental -
f?';'lmiting anisotropy ig 25" percen‘b less than’ ‘cheoretica.l, probably indicating o

\

."._;. tha'b not a.ll the E25 3 a'coms have gone 'mto cxysta.lline sites eq_u:.valent to o

21+9

the Nd. a.tcms of the bulk erystal. The Cf da.te. a.re not yet accurate enough '
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~ Tto permit a quantitative mterpretation ’ although 1t :Ls clear tha.t the

hypexfine splitting 1s considerably less than i‘or 1325 3 ;
It is a plea.sure to thank Dr. 5. G. Thompson, who participated in
ea:cly stages of this research, Ray Ga.tti ‘and Llad. Phlllips g for prov:\.ding

e ca.rrier-free E 53, a.nd Proi‘essor B. B. Cunningham a.nd Dr. J. C‘ Wallmenn,

who: lent us their entire supp],v of Cf h9 BT
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FIGURE LEGEND

'Fig :L.‘ Normalized total alpha.-pa.r‘bicle intensity along t.he ¢ axis
from E 5 3 oriented. dn neodymimn ethylsulfate at Jow tempera‘cures.
: The upper curv? is the best £it using the theoretica.l temperature o
.dependence for the spin Hamiltonien ZIZ ; with both A and. the :
low temperature‘limiting asymptote e.dgustable.__ e SR
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