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Abstract
By observing the inelastic scattering of 50 ‘MeV alpha particles from

) L N ./ . ‘ s
samarium, we have made a definite correlation between reversed phase angular

distributions and double excitation of second excited rotational levels.

For the first time, we have also seen triple excitation of third excited .

rotational levels.
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The scatterlng of medlum energy alpha particles from intermedlate
weight nuclel show dlstinctive angular distributlons for elastic and inelastic,.
scattering. These angular dlstrlbutions are.marked by dlstinct diffraction -
maxlma'and mlnlma and result;from the strong absorption of the-lncident f
alpha.particles, Sinple excitations oflcollective‘levels in even nuclei
' yield,characteristic distributions for:eachAangularvmomentum transfer-(l.e., ,

- level spin)~at small angles and'asymptotically approachnthe Blair phase'rule‘
Y(BPRI) at large.-an;gles° _Specifically, even parity states (2 +)-asynp-.y

' ,totlcally produce dlffraction maxima in phase w1th the elastic scatterlng

/ minima. Such angular distributlons can be fit quite well by the Fraunhofer
hodell) modified by a slightly diffuse edgeg)° o | ~

More recently, however, several examples of lou lying states of known
even parity~have been observed to. give rise to angular dlstributions with -

3)

reversed. phases”’, . Moreover theseIdistributions_were‘found to have'flatter
'.envelopes than those of the simple excitation.:'The:combination ofbthese two

" properties define the characteristics of Blair phase rule two_(BPRIl) distribu-
tions; It was found that the states giving rise to such distributions could
often be thought of as. two-surfon levels, such as second rotational states. .
(h ) or twoephonon Vibrational states (o*, of h*ftriplet)' Thus: & corres-
‘pondence was made between (BPRII) angular dlstrlbutions and the "double

" excltation" of two surfon collective states. However, in no case was the

collective nature of the level well established.

sl

To explain these results, recourse was made to the extended optical

model of Rost and Austernu), It is known that two second order terms of the t vv3f

Lo
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se to double excitation. The first involves the

1t

transition matrix can give r
second order term in the‘expansioﬁ of the nﬁclear potential in powers of the
defo;mation. Although t‘is.term éan be simply handled in DWBA approximation,
'it hes been shown that this term alone cannot agcountAfor the experimental
'disfributions5>.. The second term, corresponding to aﬁ excitational cascade
through the one-surfon level, has ﬁeen calculafed only.after further aéproxima-

tions have been made. It was then shown that this term, with interference

6)

éffects from the first, can expiain BPRIT distridvutions. Austern and Blair

have developed such a theory in detail in which, however, the two terms cannot

be separated. Calculations using the coupled-channels method have given similar

7)

results . All these calculations’depend on the purity of the two-surfon

states; admixtures of this state with states of different character lead to

results that are more complicated to predict.
In order to investigate the validity of the correspondence between

double excitation and BPRIL, we chose to look.at the inelastic scattering of

152 154

50 MeV 2lpha particle from Sm and Sh. The reguirement of experimentally

accessible pure two-surfon states are well met by the rotational levels of the

rare earths. The deformations, B, of these two nuclei are known to be .30h

8)

and .351 respectively °.

' : 2 . . ,
Self-supporting samarium target foils about 300 ug/cm thick were obtained

. ) . '
by heating isotopic samarium oxide in the presence of lanthanum metal9’. Scattered

alpha particles ‘were detected in four cooled lithium-drifted silicon detectors;
energy spectra wore stored in a multichannel analyser. The total beam passing
through the target was collected and measured with a Faraday cup and checked

with a fixed angle

cq



4resolved from adjacent inelastic levels except for the 6" level of
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or counter. Target thicknesses were obtained by normalizing the elastic

S 4
moniv

cross section to Rutherford scattering at small angles. Total experimental

: - L . N |
" resolutions were about 45 keV, sufficient to resolve the 2 from the ground

state at most angles. Particular care was taken to reduce backgrounds and

lov energy tails by using a highly polished cylindrical—édged gold plated

analyzing slit located far from the target area. Similar care was taken

- with the counter collimators. Nevertheless, backgrounds proved to be our

most severe experimentael problem, and tails from the large elastic peaks at

- forward angles obscured much of the inelastic data below about 25 degrees.

Extraction of the inelastic cross sections vas aided by use of a computer

program which approximated the spectra by a .series of gaussian peaks plus

backgroundlo). -Sample samarium spectra at larger angles are shown in fig; 1.
The inelastic differential cross sections to the 2%, 4¥ and 6% levels

152 15k o o ’ ’ |
of 8m and Sm are shown in figs. 2 and 5. These levels were all cleerly

l52$m.

This level could not be separated from the o léﬁel at 920 kéV, but we do not

. expect significant contridbution from the 0" level. Inspections of the 2+.and

b Fqistributions for both target nuclei shows the expected BPRI distribution

for the-2+ levels and BPRII distributions for the h+'levels. Both the reversed

- phase and the flatter angular distribution of the yt levelé are apparent. In

addition, the cross sections are roughly in the ratio to be expected from the
e 2 .. . e X b .

additional factor B8 which would multiply the double excitation cross section.
Therefore we caﬁ establish a definite correspondencevbetween known two-surfon

levels and BPRII distributions for these nuclei.
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We consider next the anguler distridutions of the 6 levels. These

N

distributions have still another reversal of phase. The envelopes of their

P

) ) v : i RS , »
oscillations are even flatter than those of the 4 levels. The magnitude of
: L X o g 1
their cross sections is reduced from that of the X
: o a2 L. 15k e vt AR £ ax .
factor of 8. 1In addition, the Sm data at about 25° indicates a minimum

levels again by about a

where one would not be expected for e direct /=6 ﬁransition} We denote
these characteristics by BPRIII and, by analogy with the Iy levels, félate
them to "triple excitation” of the previously known G*threefSu?fon members of
the ground state rofatibnaiébands.

Extension of the Austéfn-Blair model to include tri?le excitétiOn in
the Fraunhofer limit. ?rovides qualitative agreement with ;ur results. How-
ever the Ausférn-Blair model does not include'cou;omb excitation,'which is
certainly important for the excitation of the ot level, bﬁt probably not for
the other statés. Meore important, deformations as.largé as tﬁosekin the
samarium isbtopss lea@'to such strong coupling of the 2% and elastic chanﬁelS'
that the DWBA appreoach is inépprbpriate. A coupledéchannels'prbgram with
coulomb excitation‘is indicated for more quantitative caiculations. |
Thé precise measu:eﬁent of small amounts of higher order multipolg

defdrmatibns awaits such an improved theory. The constancy of the phase
reversals and depth oﬁ the minima shown ﬁy our data are evidence tﬁat any

such higher dfder;terms are small. By means of the Austern~Blai? model, we’
can place upper iimits on these higher multipole‘mix£ures. Thésé limits are
0.1 for éh with a positive'sign and 0.0j for 66-with 2 negative sign. These
’limits are smaller by a factor of 3 for st'with.tﬁe Qppoéite sign. The limits

compare with those of reference 1l.
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The régularity of the multloln excit auwon dlﬁtrioution alédvargues"for

a implification of the excitation rocess. In addition’to,the two paths»avail-

s}

.
.

able to the double excitstion, a triple excitation ngnt also proceed via a
mixed. single-excitation, double-excitation cascade through either the 2 or 4F
states. We feel that such a complicated mixture of excitation mechanisms would

result in en angular_distribution more featureless than the sharply structured

petterns we see. The derivative relationship 'of ref. 5 seems to'apply to these

results. . . o s

5
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Fig@réj Capt i;m;:, ',

‘. Fig. 1. Egergy spécﬁré for the inelastié'spafférihé of 5d MeV élphas from |
l528m and.lshSm plotted on ﬁ‘logarithmic scale. Positions of ekcited
states.are‘inaicatedp |

Fig. 2. Differéntial éréés,éectiohszor the 2, u+; end 6" meﬁbers of the
gréuga state.rotational band sf lﬁsz.A Relative érrors are, ih_general,
smallef than the data‘points.. o |

Fig. 3.  Diffefential crosé'gections forvﬁhe 2+,ih*, and 6" members of the

15k

ground state rpt&tional band for Sm,'-Relative.errors are, in general,
~ smaller than the data points. We did not find excitation of the 0" state

at 1.012 MeV.
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