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SEARCH FOR CORE-EXCITED STATES IN m15. UCRL-11378 

B. O. Harvey, J. R. Merl'Wethel", and A. :SUSs1ere de 'l!rerc;/ 

Univ. of' caJ.if." lAwrence Rad:tat1on lAboratory" Berke~y 

n. J .. Horen 

U ,8 It Naval Radiological Deferu;e Le.boratory . ~ . 

Di:f':f'erentiaJ. cross-sections for the scattering of 4o.2 ... MeV a~pha. . 

...i5 16 particles by Ir and. 0 have been measured. T he elastic cross section 
.' v 

for ~5 contains a dee;p minimUln at about 88 degrees in the center of 2118.SS 

. system, analogous to that :previously reported for the scattering of 41 .. 
-'. 16. . 

MeV alpha pa.rticles by O. • Al;pha. groups which con-espend to exci ta.tton 

of' levels in 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. 

Pre11m.inary a.naJ.ysis of the data indicates that the, levels at 5.276 and 

7.57 14eV are formed by the couplins of the odd ~/2 nucleon to e. core 

excitation 'whos'e description is sim:\.lar to that which gives rise to the 
16 '. 

6.13-1I.teV leve! (3") in 0 • Analogously, the 7 .31 ... l>1eV level in :r5 appears 

to be formed by the coupling of the P!/2 nucleon to a core excitation 

whose description is aim1la.r to that 'Which gives rise to the 7.12-MeV 

].eve! (1-) in 016• 

------ - ----------- ----
.' '.-. ~ .. - .. ;..:. ' ... ,.~-".: .. 
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Tlle inte:r'j;>retation of the leV'el 5tructu::rCS of odd-A nuc.lei in 

terms of :the 'Weak coupling of the odd nucleon to collective excitations 

of the even .. even Core has been the subject of a. llumber ot theoretical 

and experi1.i1.ental investigations. In order to test the ability of this 

model to interpret some ot the levels in light nuclei" we lm.ve studied 

. the acatteri~" of 4O.2 .. MriV alpha. particles by rfl5 and 016. :tfL5 \-las 

cr.osen because l)it might be considered as ha:ving one hole in a. 

doublYcloaed s.hell" 2) it has a ground state spin ot 'l./2, e.nd. 3) with 

the exce:pt1on of the two 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 obta.inable 'With our gas target system. In addition" previous 
. J.6 .. 

investigators llave suggested that the 6«13-MeV (:~-) level in 0 can be 

described incollect1ve tenn.s. Hence, if the core excitation model is 

valld f'or;'5, one 'WOuld expect to observe two states with spins and 
I 

l1er1ties 5/2+ and 7/2+ whose "center of grs.vit~/'· lies at an energy of' 

about 6.13 MeV. The two levels in z(-5 at 5.276 MeV (5/2+) and 7.57 MeV 

(7!2+ probable) appeared as llkely candidates. 

Gaseous targets of nitrogen enriched to 99.7 per cent in ~5 and. 

natural OXYSen; contained ina. 7.6 em d.1m:o.eter celi at a. pressure of 

about 10. em Rg, 'Were bombarded -with 40..2 l-leV alpha. :po.rticles from the 

Berkeley 224-<,.ll1 varinble energy cyclotron. A 11thium-dr11'ted silicon 

detector "ras used to mea.sure angul.a.r diGtributions of the sca.ttered 
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parlicles out ~ center ·of mass angles of about lO;P and 700:f'~ r 5 and. 

016, res~ctively. ';Che overall resolution, including the angul.a.r resolu

tion of the gas target system, varied trom a.bout 100 to 250 keV. 

The ~ distributiOns tor excita.tion of the levels in r 5 a.t 

energie.a Of 5.276 (5/2+), 7.;;1 (3/2-1-), and. 7.::51 (7/2+) MeV are show in 

'Fig. 1. For comparison, the distribut.ions for excitation ot the levels 

1n 016 at energies of 6.13 (3-) and 7.12 (1-) MeV are also show. The 

deep m1 nimum in the elastic distri but10n for ~ is simi) or to· that re

:ported. by Yavin and Farwell [1] for the J3catteriilg of 41. ... MeV alpha 

16 ' particles by 0 • The an~~ distributions for excitation of the 5.276-

MeV (5/2+) and. 7.57-MeV (7/2+) levels in It-5 are in ;phase with theels.a-

tic grOup, as 'Well. as that vlhich leads to eY..c1tation of the 3- level. in 

016 a.t an energy of 6.13 loieV. Except for an as yet unexplained syst,ema-
.~ 

tic error/, the sUnt of the dif'l'erential. cross sections tor excitation of 

these tl~o states in It5 is equoJ. to that for excitation of the 6.l3-MeV 

. ~ 6 . level in 0 • These results are indicativa that the 5.27 - and 7 .. 57-MeV 

levels in r 5 Bl.·lse from. the coupling of th~ odd. Pl/2 nuoleon to a. ~ore 
excitation 'WhOse descri:ption is similar to tho.t 'Which gi't"es rise to the 

6.1;-MeV level in 0
16• 

It is interesting to note that the angular distribution for 

excitation of the 7.31-HeV level' (3/2+) in ~ in similar to that for 

excitation of the 7.1.2 ... MeV (1-) level in 016• In addition., the differen .. 

tial. cross section (after being increased by 20 per cent*) is abont t'Wo" 

·16 t thirds that for exciting the 7.12-MeV level in 0 • Henoe, it is eropt-

ing to consider the 7.31-J.1eV level in ,~5 a.s one member of a dOublet 

'Whioh arises from the coupling of the odd. Pl/211UCleon to a 1- core 

excitation. 

A more detailed discussion of these results will be presented 
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4: Our measured.xf5 elastic cross section 'Was about 20 per cent lower 

than that "for 016 _ 

[11 

'. j' 

',',' 

).: .. 

.'," 

'. '~ . 

,." . 

'.: ~~,. , " 

0", 
.,1.: 

'\: 

~, '" . , .. 

.,", .. ,.(" 
',-:' 

.... ,. 

',', 



.' W'd"" H '.J.' (.~ -$ 'i l .- 'f- .... -p-''''d, 

4. UCRL-11378 

Fig~ 1.. .A.ngu.l.ar distributions tor scattering of 4o.2-MeV alpna. ;partie-loes 

'Which lead to excitB.tion of levels 111 xq15 at energteso£ 5.27 (5/2+), 

7.3~ (3/2+) and·7.57 (7/2+) MeV, and in Ol6 atenerg1en ot 6.13 (;.;) and 

7.l2 (1 ... ) MeV. The absolute aroes sect10ns tor the n15 data are probably 

20 per cent too low. (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 Co~~ 
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 respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting 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 contractor 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 such contractor. 
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