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A-3a SEARCH FOR CORE•EXCITED S'lWI'ES IN ~- UCRL~11378 

. t 
B. G. Harvey, J. R. Meriwether, and Aa. Bussiere de :Nercy 

Univ. of Cal.if ., La-wrence Radiation laboratory, l3erkelt:y 

'and 

D. J. Horen 

U ,S. Naval Radiologice.l Defenae Laboratory 

ABSTRACT. 

Differential. cross-sections for the scattering of 4oy2•MeV alpha 
~ ~ . 

particles by rr and 0 have been measured. T he elastic cross section . v 

for ~5 contains a deep minimum at about 88 degrees in the center of mass 

· system, a.naJ.ogous to that :previously reported for the scattering of l~l-
·- 16 . 

MeV a.l,pba particles by 0 • Al]?ha. groups which correspond to excitation 

of levels 1n r 5 at 5.276, 6.328, 7 .16, 7 .31, and 7.57 MeV {as well as 

others) have. ·been observed; and their angular distributions determined. 

Pre1.1.tninary analyais of the data indicates that the .levels at 5.276 and 

7. 57 MeV are formed by the coupling of the odd ~/2 nucleon to a core 

excitation ·whose descri]?tion 1s sinrl.lar to that which gives rise to the 

6.13-MeV level (3-) in o16• Analogously, ti~e 7.31-MeV leve~ in r-5 appears 

to be formed by the coupling of tbe p1/ 2 nucleon to a care excitation 

whose description is aimila.r to that which gives rise to the 7 .1.2-MeV 

;J.eve~ (l.-) in o16• 

... ~ .... ... :. ~.~·· .' ~ · ......... ··t-·· ·'--# ....... . 
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The interpretation of the level structures of odd-A nuclei in 

terms of ~he weak coupling of the odd nucleon to collective excitations 

of the even .. even core has been the subject of a 11umber ot theoretical 

and experimental. investigations. In order to test the ability of this 

model to interpret some of the ·levels in light nuclei., we ha.ve studiec;i 

the scattering. of 40.2 .. t-feV alpha. particles by Ifl-5 and 016. J?-5 '\o1a.s 

chOsen because 1) it might be considered as having one hol.e in a 

doubl.y closed shell_, 2) it has a. ground state spin of l./2, nnd 3) with 
·' 

the exception of the t"i-ro. levels at 5.276 and 5.,04 MeV, the energy spac• 

ings of the first few levels are comparable or greater than the energy 

resolution obtainable with cmr gas target system. In addition, previous 
•, l.6 

investigators ha.ve suggested that the 6.13-MeV (3-) level in 0 can be 

deac~ibed in ·coUective terms. Renee, if the core excitation model ia 

valid for It-5, one wuld expect to observe two states With spins and 
I 

parities 5/2+ and 7/2-+ ~hose "center of gravity". lies at an energy or 

about 6.13 MeV. The ·t-wo levels in ~5 o.t 5.276 MeV (5/2+) and 7.57 HeV 

(7/2+ probable) appeared as likely candidates. 

Gaseous targets of nitrogen enriched to 99· 7 per cent in r5 and 

natural oxygen, contained in .a 7.6 ern diam.eter cell. at a. pressure of 

about· 10 em Hg, were bombarded with 40 .• 2 MeV alpha. porticles from the 

Berkeley 224-cm variable energy cyclotron. A lithium-drifted silicon 

detector was used to measure angular diotributions of the scattered 
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pa.rticl.ee out to center .of mass angles ot a.bout 105° and 70° for Jil5 and. 

Olf;J 1 respectively. T.he overall resolution, including the a.ngula.r reaolu• 

tion Of the gas target system, varied from about lOO to 250 keV. 

The a.ngula.r distributions £or excitation of the levele in rt-5 at 

energies of 5.276 (5/2+)1 7.51 (3/2-t·) 1 and 7.57 (7/2+) MeV are show in 

Fig. 1. For comparison, tb.e distributions for excitation of the levels 

in o16 at energies of 6.13 (3-) a.nd 7.12. (l•) MeV are also shovn. The 

deep minimum in the elastic distribution for ~ is similar to that re­

ported by Yavin and Farwell [l] for the scatterii:lg of 41-MeV alpha 

particles by o
16• The angul.."U." distributions for ex.cita:t:.ion of the 5.276-

MeV (5/2+) a.nd 7·57•MeV (7/2+) levels in r 5 are in phase with the .elas• 

tic group 1 a.s -well as that 1-1hich leads to e:r-..c1 tation of the 3- level. in 

o16 at an energy of 6.13 1-!eV. Exceyt for an as yet unexplained systema• 
I 

... 
tic error/ the sum of the differential. cross sections for excitation of 

.these t1~o states 1n ~5 is equa.J. to that for excitation of the 6.13-MeV 

. ~ 6 . level 1n 0 • These results are indicative that the 5.27 - and 7 ·57-I-ieV 

leveln in rr5 ro.·ise from. the coupling of th~ odd pl/2 nucleon to a. ~ore 
excitation whose description is similar to tba.t '-ihich gives rise to the 

6 . ~6 
.13-MeV level in 0 • 

It is 1nterestins to note that the angul..ar distribution for 

excitation o:f the 7 .:;1-HeV level, (3/2+) in ~ is similar to tba.t for 

excitation of the 7 .12 ... MeV (~-) level 1n o~6 • In add1 tion, the d11'feren-

tia.l cross section (after being increased. by 20 per cent* ) is about tlio• . . 

16 thirds that for exciting the 7.12-MeV level in 0 • Hence, it is tempt-

ing to consider the 7. 31-MeV level in r?-5 a.e one member of a doublet 

'-ihich arises from the coupling of the odd p1/ 2 .nucleon to a l• core 

excitation. 

A more detailed diacusaion of tP~se results ~ be presented 
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t On leave from Laboratoire Joliot•Curie1 OR.§A'Y1 FRANCE. 

* Our measured ~5 elastic cross section was about 20 per cent lover 

than that for o16• 

(1] A. I. Yavin and G. W. Farwell, Nucl .• Pbys. 1&J l (1959)• 
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Fig, 1.. Angular distributions tor scattering ot 4o.2-MeV alp~ particles 

"Which lead to excita.tion of levels in x(-5 at energies of 5.27 (5/2+), 
. 6 

7.)~ (3/2+) a.nd·7·57 (7/2+) MeV, and in o1 at energien or 6.13 (3~) aX.ul 

7.12 (l•) MeV. Tb.e a'ba·olute croaa se~t1ons tor tlle tr5 
data. are probably 

20 Pel:" cent too ~ow. (See footnote to text.) 
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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 resp~ct to the use of, 
or for damages resulting from the tise of any infor­
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person 'cting 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 con~ractor 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 surih contractor • 




