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• 	 PEERTIAL POLAR EMISSION  IN TIIP ALPHA DECAY 
OF.DEFOBNED Cf9 and..E23 	0 

Q,O. Navarro, J. 0. Rasmussen,** and. D. A. Shirley 

Lawrence Radi4tion Laboratory and Department of Chmistry, 
University of California, Berkeley. 

ebruarr6, 1962 

In 1953  Hill and Wheeler predicted that prolately deformed alpha-

emitting nuclei should exhibit: enhanced emission ibrom  the polè.r regions, 

or fttjp3tt  because of the lower Coulomb barrier in these regions 1  Dabba 

aM co-workers have observed anisotropic angular distributions of alpha 

particles from oriented uranium and neptunium nuclei. 2  Pr Np237  they 

determ.ned the sign of the quadrupole eoupl.ng constant in neptunyl ion 

and showed that alpha particles are indeed emitted preferentially along 

• 

	

	 the direction of the angular iomentvm vector, coiirxiing the prediction of 

Hill and. Wheeler. Pryce3  has ,suggested. that the civadrupole  moment oe 27 

is negative, which would req.uire a different interpretation of the orientation 

experiments, but this senis unlikely on the basis of the collective nuclear 

• 	modsl In this lcttei' we describe orientation experi.ments on 
Cf29  and E25  

• vhich.provide independent confirmation of the pred.ictions;of Hill and 

• 0 • Wheeler, that is to say,the L=2 component inthè maina1pha group is 

appreciable and is in phase (e> o) with the dominant. I.=O wave. 

. 	Neodymium ethylsulfate was chosen as the crystal most suitable for 

these ecperimets. The ions CI aM E 3  are chemically analogous to Dy 3  

* This work was supported under contract Vith U. S. Atomic Enerr Commission 
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d 	nuclei of which have been aligned in this lattil  ces 	This salt 

- - 

	

	can easily be cooled. to .O2 °IC,where fai2ly coiplete alignment of these nuclei 

could be expected.. 'the alpha counters used. in this experiment were similar 

to those described. by Walter, Dabbs, and. Roberts.6 - . In ,each experiment care 

- - 	 was taken to grow the radioactive - ions only in a. tin surface layer on a 

small spot on the crystal. Lo'w temperatures Were obtained. by standard 

adiabatic demagnetization teclmiq.ues, and the temperature was measured with 

mutual inductance coils. 

At the lowest teiperatures the angular distributions of alpha particles 

from both isotopes were highly anisotropic. In B253 	l66 1 5  it could. 

• - be ascertained by the teerat'ure deendeuce of the anotropy that the 

• 	,". 	alignment was 'near1.f icompiete even at temperatures as high' as O.l°K. -. Every 
• 	 - aspect of the sign, magnitude, -and. temperature dependence of the nuclear 

orientation parameters of these two isotopes is consistent with Cf 3  and E 3  

having the. same electronic ground states, as Dy 3  and. I 43, respectively )  in 

• ,' 	 this lattice. For j253  the temperature d.ependenca ôf'tlae alpha particle 

• 	. . 	'- intensity along the crystalline c axis is shown- in Figure 1, Data were also 

• taken at 90 to the c axis-. tThese showed a change- in counting rate on 
• 	 - 	253 	. - 	•' 	 . 	- --------orientation of the E 	nuclei of opposite sign and approximately ha1 the 

magnitude as that along the c axis, indicating an angular. dependence proportional 

to ?2(cos  o). Because of the large solid angle corrections (13%  of the co-

efficient of the P2  'term), we cannot determine with any precision the contribu- 

-. tions of higher-order terms in the angular -distribution.  

- -. .. In the etbyisulfate 'lattiCe the dcminant spim-Hamiltonian term affecting - 

- 	nuclear orientation is expected. to be of the f'orm S z for both. B 3  and. Cf 3 , 

and this alone zould. z'equire "axial" nuclear aligmnont (states with I 	±1 
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- 
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would lie lowest). Combining this with the observed enhancement of alpha 

particle intensity along the c axis on orientation, we preferential 

alpha emission.* alox the nuclear spin dire etion. in. both cases Since the 

groun states of bQth Cf29  and. E253  d. 	 have spins greater than 1/2 and spin 

projections K equa], to the spin, so that the nuclear spin is along the 

prolate 	?89 alpha emis&ion must take place preferentially from the 

tips of these prolately deformed. nuclei, In both cases the direction of 

orientation can also be established completely unambiguously from experiment, 

for E253  from the magnitude and temperature dependence of the anisotropy, and. 

in Cf2  from the sign of the anisotropy of the (muo.ng 39 1 -kev r-ray and 

knowledge of its dipole ebaracter with' -1 spin sec1uence. 

The E253  d.ecar scheme has been given br Aaro ct ali who estimate 

an L=2 to L=O intensity ratio of 18 in the miti alpha groups The estimate 

is based on the decay intensity to the first excited. state together with the 

apprQximate branching relations of Bohr Fr8man, and Motteison 0  A 25% 

erhancement of the 1)-wave admi.ture has been pi ed.icted forU 233  by tkig 

into account effects die¼to  the uadrupole moment and Coriolis forcosU) 

A similar enhancement is e.pected or 	Using the 1:8 1)- to S-wave ratio, 

assuming them to be in phase, iioring the small L components, and. assuming 

an isotropic average contribution Xrom. the percent alpha intensity to othei 

groua e calculate a limiting (T -iO)  angular distribution for E253  of 

1 + 0 98 P2(cos 9). There is also predicted a small negative P(cos e) term 

of magnitude more dependent on 	intensity assumptions. Our expeiimentul 

limiting anisotropy is 25 per<nt less than theoretical, probably indicating 

that not all the 253  scoma have gone into cxystalline  sites eq.uivalent to 

the Xd. atoms of the bulk crystal. The Cf29  data are not yet accuate enough 
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