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In recent years a major focus of interest at Duke bas been the 

interpretation t;>f data on resonance level spac1ngs i.n nu~lei ~r 

intermediate W~1ght. The primary SOUrce of ' thiB ~~ta hasbbe~n . 

s wave neutron level spacings measured in 'the neutron total oross 
. . ' .. . 

,section. · Data on 1/2+ level spacings obtained 1n thi$ manner have 
. ' ' I ' ,' 'I • .• I.' . 

yielded consid~rable information ~n the various .·;raQtors. 'influencing 
0 

0 1 ' • ' ' 
0 

' j ' ) 0 I ! ~ 0 : ,. ' 
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' 

level spacings_·, , other than th~ well~kno~. depen~e~ce on ,excitation . 

energy. Newson, ·Bowman, and other~l have .. ·isolated ·the predicted . 
,,,:, 

effect of neutron excess· and contributed information on the effect 

of the shell structure or the target nucleus. These factors are 
; , I , : 

apparently sufficient to explain the variations in l/2+ level ·· . . \ ' . ' 

spacings from nucleus , to nuoleua near mass number 50. ·. . ' ' . 
Now there is no reason either of these effec.ts should . be spe­

cific to 1/2+ levels; and it • therefore becomes ot interest to 

see 1f level 'spacings 1n other channels, · measured by other tech-
I • ' I • • 1 ' 1, 

niques, are consistent with the p1c·ture obtained from· ·the neutron 
. '' 

data. For ~h~s reason we have undertaken measurements or level 
1 J I , I 

spacings 1n the resonance inelastic acat~er1ng . of protons• 

We _ consider in particular - ~ela~tio s~atter1nS by ~r5° to its 
, ... 

~&rst excited state, shown schematically tn figure 1. 
,t ' , I , 

Since we 

restrict ourselves to energies well below the Coulomb barrier, a 

pr .oton ·penetrating tlse ~arget nucleus 1a more or less bound by 
, • ' ' f : ' 'j ' \ 1 

•, .. 
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the barrier, and we· expect sharp energy levels to· resuit1 leading· 

to narrow resonances in the scatter1llg cross ·.Sec:ti.on. 'l'he spin 

and parity of the compound state. (.J~) then determine the, angular 

distribution of its decay,. and tl)e shap~ of. this .·dist~ibution can, . 
. , I 

conversely,· be used.~o i~entify.the resonant cha~el~ I 

·Because of ·the steep ene~gy dependence of the Coulomb penetra-· · 

bility, we expect 'the inelastic partial width for a given resonance 
. . . . . 

to be much smaller. than its. elastic. width. It we further assume 

that the tota~ width of the.resonance 1s considerably less than. 

;·, : the target thickness, then the peak y~eld of the resonan.ce is . . . 
\ ;:.. • • .. • ' • •• I • • . • • • • I ·~ . 

. · ~~ ... ··<~·:::, :; .. proportional ·to' its inelastic .Partial··width:' so that the· penetra- :; .. :·:~.: ·1: 
' ' '. ~ ·!:~:>·, :.;:-~.:~~':,:_.,' •, I ' • ~ '• • ' : ' ' ~ ' . • ' ',. ' • ' ' . ,•' ', :·:·:, }·.~~.·;~:. 

·;+':;:·; .. : tion factors appropriate to. th~ outgoing 1nelr.a.st1c proto·n act. to ... ;;; .. ' ...... 
' ' • ,'.;, ' ' ' f \ ' ' ' I • ' ,(\~ • I : • l ~ ' I i I I ' ' " • :, '.,i • • ' ~ 

.·. ·, · ·· restrict the channels· which are observable. · Level.s of spin and . : ;.·.;. · 
t ,'<I,: , 
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. . parity .3/2+ "an(f 5/2+. should. be. ~h~t strongest sino~. thes'e ·can 'emit ·::' .... 
: .• _ _::.~·:.;~:· •• ; t ; d . . .. , ' ,· . ~ \ . . . . · .. ·i . . : .· • .•. ' ' ·. ~·· ' ~ . '<~· ·.·.= .•1 

.. ··:<i.-"i .: : · · S wave inelastic protons. Levels which, deoa1 via P wave protons,·,.;· .. ·: 

·.:·: ... <·;:·;:::::}.:.· .·.: shoul~ ~ •• on t~e~ averag~, a f~otor'' ~e~ke:r; ,.t~os~ wh.ic~·· ~-~aay,~\:::':(' 
_..::!.::· ... ;.'>·:··.·;via D wave::protons~ a factor 15 or.:·so weake~; and so on~ ... ~·ev~i~ ··.:·.>·. 
·. ,:::,.· .. ::::: .:.':·leading t~ ~" gr~ater than 2 ·'·we exp'ect 'to. be' uli~bservably. ~eak·~ : .. ': . : .. ~.· .. ; 
:·~!·.··:".>;'({·~;>~:;<::·~.' h ' ' ' . ,·· '' :: I ' t f • • ' ',\; .·~·· ·.~·' 
··<:.;;.::' :',: · The parameters ot the compound •tate affect· botba the .angulnr. · · ·. 

~ :~~,'~i~~;>.,.,:~·~:,.'';:: , : ,t ~ ', .·' • • •, I \' ~ :, : ' ' .· ' • I' ' • • • . 

.. . . '/:'i.<;. ···.·:.distribution of the inelastic prqton and that ot the deexcitation : · · 
:·~: ••• :'·.~·.,~:~:~:~·~: ·, ' J : \' ' • : ' '! ' ' ' ' • ~ ' • ' ' ' I.· • ', 'I,·' • 

··.-:-· .. ~ .... ·' 'Y ray. 'l'he p~ distributton, ~s, well .a~ be1ng mo.r• easily .measured• · 
,' ~ 
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0 
• ' ' ' • • 1 • ., • ', I • I ' ' :' '. : I ' , 

·. ::.,.}·~·;'.~:;:·.:.i·.· ... contains more information ·abou·t.·the· ·spin and ·paritJ ,ot th~ com~ound··!· 

<.: ... ~·.-.~:::~:</':><stat~.·· This 1s beo'ause in' the ·p-p* 'diatribution···.mo'at· 'of the io~e~s,. 
,', ' ~;{ 1 
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. ·".emphasized· by,penetrabllitt•ui are""iaotrop~o. 'while '1n 'the ··p-~ . ·, .' ·. 1 
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'·'.·: .... > .... :. ·.· distribution they .have strong and obaracter1stio anisotropies~ ·. ·:. 
,' ! • . . ·: .• '• \.' ·. </: ' . . ' • , • . ' • 
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• • • ~ • • • ' • 
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,. • -. I , ' .' 

, · . : · , . ~~ outgoing o)lannel.. sp~ a• 1a .the o~up~1ng· o.t the spins ot · 
: .. ,· . . . . ' ' > . ' 

> · · :·<the two .. residual· part1clell and thus, .1n general 1 . ·takes m1· two >. .. · 
~. . 

· different ·values, .each g1v1ng r1se to a:.dttterent ·angular distr1bu-
• •t • : ' J • :"f. ' ~ ~ : • ~ •' 1 t I 
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tion. Mixing of the two channel spin modes produo~s a family of 
! • • • ' ' ' 

possible angular distributions for each channel •. noweve~. a' must . , ' ' ; .. 
couple ..2. and J; and thus for S wave inelastic. partiol.es only one 

I • ' 
' ' 

channel spin is possible. H_ence for .3/2+ and ·5/2+ levels. we 

expect a unique distribution' except to the degree t~at ~.wave 
' 

emission competes. This D wave competition we expeot'to be of the 
! ,• ': 

order of 5 t~ 1 per cent. ' . I I • \1 

Experimental technique was quite straightforward. The proton 

.. . b~am from the Duke 3 MeV . Van ·de Graaff was passed through. our l 

J •' 

·· meter eleatroste.tia analyzer ·for energy measurement. 
'·I 

Cal1bratioon · · 

or the analyzer was oheokc=d bef·ore and after the tak~ng o~ the 

' 1nelastio scattor.ing data by running a Li7 (p,n) threshold. 
' ' 

Resonance energies were always reproducible within 1 kev,.·and the 
I 

. . . I 
sta~il~ty ·of the system was. suoh tha~ maintaining a constant energy j 

wit~1n seve;ral hundred. eV for exte~ded periods was quite feasible •. , 1 

The?target was. a layer of 99% enriched cr5° between 1.5 and 2 keV .. 

thi~k.doposited on a 10 mil Ta baok1ng; th1a was made up ror us 

by/~ak B1dge National Laboratory.·· y raya·were·detected.' in a 2x2 

. inop.·'.Nai scintillator mo\mted on a turntable centered'· under 'the target 
I • 

spot.·· · .. 

:.;/Figure, 2 .shows a typical ; spectrum on and off resonance. 
,· I .. • 

Pulses 

were. 'analyzed With two differential WindOWS gated as indicated 
} . 

·· · by·'.:A end B.. The flat background ot bigher-onergy "f rays was counted . . ' 
i . 

in./B and subtracted· from· the A oount' at es.oh energy to give the 
.·· 

/ i • 

' n't yield ot the 780 keV 'Y ra1• 'The B count also served as a 
~ • • #I :~ I. • • I • I I 

ru~n1ng mon1..~or on any oomp'et1ng: decay to the second excited state. 
' ,;! :' .. .·.. .. . ·' . 
· ,.wh1~n would ha~e made iDtexwpretat1on _ot the angulat- distribution 

·. \ 
;,. ~ , . \ .,, 
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data considerably ~ore 41tt1oult. No 
• ; 0 • • • • •• '· 

i j II 

ev1denoe ot·P2.deCaJ was 
~ • • • • < • : \. 1 ' l ' fk I i; :& 

seen 1n the .energy region studied .. · 
.. ' ! . 

, 1 I 't , 0 I f \ •, I • 

Figures' and 4 show the 71el~ ot the reaot1on.er5°(p,p1,.78 MeV)_ 
1 

• : I I 

from 2.15 to 2.S5 MeV at an angle-of 1)0° •. · In,tb1a energJ·Spnn . . . 

we obse1~e 5,.res~nances •. Angular 41str1but1ons or tb~ y rar 

,-1eld have been studied ·on all ·but two or three ot.tbe weakest. 

resonances • 

There 1~ a small but det1n1te yield between resoncu1oes. · Pre-
• \ ' I • ' • • ~ • • 

. ' . 
. sumably ~this. ar1o~s 1lt ·part .trom, ta1ls .. of .faraway .res~nanoes~ ·in 

· · part ; from ·unobserv~blf weak. re~onanoes 1n n~ntav~red -: ob.annols, 

· · · ·. ·. ·:~perhaps 1n' part. trom a direct ;oompon,nt •. ' We bave ... looked' at the. 
' . . . 

,. ' · -: angular d1str1bu~1on :or tl)1s :anonreson~t". yield. only sketchily • 

• . 1 ·~. • ·It 1s.symmetr1c about. 90°, .:or nearly_'ao, '!and m1ldly·peaked at 0°;. 
: t ~ • 

'• . . 
.... • ' ; t • ~ 

r ' 

-~ .. . . 
the weaker. resonanoes.bave,bad to be corrected tor.tb1s nonresonant. . . ' ' . '. 

-.
11baokground" and tor ·tb1s purpose 1t ·has been assumed-. incoherent. ·. 

·• · ·~ P1gure 5 : ebows an aDg\alu diatr1but1on d1apla)'1ng ·the .charao~. ·. · · · 

;·. ,.- ; t ter1stio shape ot a 5/2+ resonance. · Note that this .. 18 taken on a · 
. . . 

··: ·- !, quite weak ~~sonanoe~ Pipre 6 .sbowa anotbel'. reaonatice angular 

:···-distribution; ~b1s w1t~ .the. sbape expooted tor! a,'J/2+ level • 
. ' f • f • • • • ~ ' . ' • , ' 

' ' 1 1 l I • 

Analysis ot the abgular d1atrlbu.t1on data· tor ·sp·in and parity· 
' ' J • I I' . I ' I • ' I o • 

·assignments 1s not compl~te:, ho~ever, we ~ve ~aen_able to isolate · 

'/2+ and.5/2+ le,els ta1rlr. unamb1guouslJ~ ~ tbe energy reg1on 

studied we ·observe 10 )/2+ and 12 5/2+: levels •. ~Accepting the 
·, . 

·· peak r1eld·' as· a measure 'ot the 1nolast1o ·partial ;Width, we are 
( •' ·.• • ~- • ; ' • ' I • ' • .l • • • , 

able to ost1mate the number ~ot're'sonanoee ·ms.ssecl'ln' eaob obannel 
0 I ' ~ 

; ' \' 
! . .t 

' I 
I !t 
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due to low yield. Incorporattos tbia oorreot1on ~• arrive at 

level spacing val~es.of 47·t.l)·k~V-tor 3/2+ levels and 39·±· 10 keV 
; ' I ' .' I •, • 

for 5/2+ levels. 
. ~ . . . . 

Correcting tbeae numbers tor exoitat1on energy and'sp1D dependence, 
. . . : . . . : . . ~ . . 

we can arrive at a pred1o~1on or the S wa~e level spactng whiob 
' i 

sh~~ld bs observed 1n tbe cr50 neutron cross seot1on. For th1a 

we predict 17 t.4 keV •. Beoent m~asurements b7 Parrell, B1lpucb, 

and Newson. ~t Duke &1ve a· figure ot·l8~5 ·• 2.5 keV~ ·wn11e with, 

data .on only cne target nucleus we ~· not 1n a pos1t1on to make 

any opno~us1ve statements abp~t the·varloua taotora atfeottng ' 

level spacings• the excellent agr~ement between ()UJ- pred1ot1on and 

· the recent neutron. experiment ·1a· qu1te encouraglng.·· · · · 
. ·, ' I 
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