
Lawrence Berkeley National Laboratory
Recent Work

Title
INELASTIC + PARTICLE SCATTERING IN THE RARE EARTH REGION AND DETERMINATION OF 
4

Permalink
https://escholarship.org/uc/item/4d88w96p

Authors
Hendrie, D.L.
Glendenning, N.K.
Earvey, B.G.
et al.

Publication Date
1967-06-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/4d88w96p
https://escholarship.org/uc/item/4d88w96p#author
https://escholarship.org
http://www.cdlib.org/


UCRL-17547 

University of California 

Ernest O. 
Radiation 

Lawrence 
Laboratory 

INELASTIC Q! PARTICLE SCATTERING IN THE RARE EARTH REGION 
AND DETERMINA TION OF 134 

D. L. Hendrie, N. K. Glendenning, B. G. Harvey, O. N. Jarvis, 
H. Duhm., J. Mahoney, and J. Saudinos 

June 1967 

TWO-WEEK LOAN COpy 

This is a library Circulating Cop~ 
which may be borrowed for two weeks. 
For a personal retention copy, call 
Tech. Info. Division. Ext. 5545 

o 

• 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
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~'r'''''-;~~'':O-·~-.>$(*,-:'~';-'';;';'';:il!J''';;':;''~;~l~'': ,.,,;;j) -'\4'%,l~~'-;:.v,' ~""",'-- - ',~', ~"-",.-~,~,.'~ '--,,;:,.-',,-t.'·";>~-_~~,' 

;~r::t"('~i~el~l~l~"--~'l~~a' pt.t~::i~is'c;~~,e~~'~~'l~':~.~~·'~a;e ERr~h:~~~ion a~~'-'~~~~~ml~~~~~~~':() ;t'~::;;fS':'~ 
iF~: Herid~ie,.N.K.Glendenlljng, j.G., Hamy, D.N. JarVis,H,.' DUh~, "j"~ MahOney'-'~~~< t'SB:Udi~~ 
~A~~~rel,l~CR~di8tion l,ab~ratory, Untve~sity ~f: caiifo~nla,',,'Berkeiey--, cai1for~da:.'" ':,,;; t:~i'·._::.:" 
~'~':';/The all~~Vl3iS: of the scut.t,eri~g, of,' 50 MeV' alpha particleslfrolll Sm15~ and Sml~4"sbo~eci that" 
i~;" , ,", - - ,-- '-, '2 :,' - ',.-: :-,,- .,':"_,c; i:'-"_,,-,,,"-
'Uie n:nltiple ',l1llclcnr cxc:ltnt.:ion,'l1lcchanJsltl , reasonably explains the ri,ngulo.r distrtbutions _ or'-,;;",-

-. . " ,. '., . 
excited stntes. Extension of .the sca~terinc ,.ork to other permanently deformed rare earth I,. 

~fi\h~1t--.:t giv'es ne,;' information about levels belonging-~o the ground .state rotational b8~d. In'_ 
~ . . . 
~~articulflr, the iuterference between direct and multiple excitation modes yields reliable meas-

l.,u·cment.s (If higher order deformations in these states.-',"''--' ~;, " 

, The experiments consisted of detection in 4 cooled lithium drifted silicon deteci ors of 

,~0 ~t~V alpha ~articles provided by the Berkeley 88". cyclotron which were elastically and inelas 
" tically scattered by thin metallic foils of the isotopically enriched rare earths~ , 'Jhe resolu-

t.ion \ .. as sufficient' and backgrounds were low ~nough to obt~in data for states up to E+ levels 

p'i' 'the ground state band~ The' data were analysed using a complex coupled rotational model 

c0upled-channels calculation~ . The inclusion of Coulomb, as well as nuclear, excitatj on up to 

8th order in the interaction (requiring use of partial waves up to £=90) was necessalY fpr 

~'eproduction of details of the angular _distributions. 'l'he amount of higher order dei ormations 

is then sensitively determined by the angular distributions to the higher spin states. The 
154' . 

quality of the resulting fits is shown in fig.l for 8m ,where we find ~4=+0.05±.01. The 

~ualitative difference for Yb176 is seen in fig. 2, where preliminary calculations iniicate 

t.hat. a ~4 =:0.04 is necessary.' Table I lists our results to date, most of which are t mtati ve" 

I" 

• These results may be understood on the basis of a calculation similar to that per:ormed by 

{arada3 in the actinide region. ~4 is determined by a perturbatio~ calculation using Nilsson 

)rbitals and a r4Y40 interaction; the result is shown in fig. 3. Although there is a rather 

trbitrary ch:ofce of zero, corresponding to a selection of contributing orbitals, the '~rend 

;owards more negative 134 deformation is unequivocal and in agreement with the experim!ntal 

-esults. In order to compare the ~ values from the scattering work with those derive,! from EM 
/' 

•. u _M ... ",,-," ......... . experiments, a scale factor of about 1.5 must be applied. Thi:; should 

", - .. :,,"~ -:;. ;t.-'::::-. -:-. 

,-

be noted in comparing fig. 3 with Table I. 

-- Table 

Nuclide '152 8m 8m154 

~2 0.205 0.225 
~4 +0~045 +0.050 

i 
, .oe 

Or-----------~~--~----------~--, 

J 

I 

Gd158 

0.230 
+0.045 

174 -
Yb 
0.245 

-0.040 

Yb176 

0.240 
-0.040 

~~178 
0.245'" 

-0.045 
______ ~ •• .., .• :i..'W': •• ~. '!.,~~';.~ ... ~~"..~~. 
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