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In recent years a major focus of interest at Duke has been the
interpretation 6f data on resonance level spacings in nuclei of
intermediate weight. The primary source of this data hastbeen
S wave neutron levelvspaoings measured in the neutron totai cross
seotion.> ﬁéta'on 1/2+ level spgcingq obtainedlin phis manner have

yielded considerable information on the various. factors influencing

level spacings, other than the well-known dependence on excitation

energy. Newson, Bowman, and others1 have isolatgd-the predicted
effect of neutron excess and contributed 1nformafion on the efrect
of the shell structure of the target nucleus. These factors are
apparently,éu(floient to explain the variations in 1/2+ level
}apacings from nucleus to nuoleusvnéar mass number 50.'

Now there is no reason either of these effects should be spe-
cific to 1/2+ levels; and it therefore becomes of interest to
see Af 1é§ei'spaoings Ain other channels, measuer by other tech-
nlqueé,‘are consistent with the picture obtained from the neutron
data. For this reason we haio undertaken measuremqﬁts of level

spacings in the resonance inelastic scattering of protons.

We consider in particular 1n01astlo ocatterlng by Cr5 to its
r&rst excited state, shown schematically in figure 1. Since we
restrict ourselves to energies well below the Coulomb barrief, a

prbton'penotrating the target nuoleun,;s'moro or less bound by
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the barriof, and we expect sharp energy‘levelojto‘resuit; leading

to narrow resonances in the Bcattorlﬂg orosa-soofxon{' The spin

- and parity of the compound stato‘(Jv) then deferminc the angular
”;_distribution of 1its decay, and the shape of this"distrlbntion can,';'.
| conversely, be used to 1dent1fy the resonant channel, L
' Becausge of the steep energy dependence of the Coulomb penetra—i'F
: bility, we expeot ‘the 1nelaatio partial width for a given resonance '
to be muoh smaller than lts elaetic width. If we further assume :‘;ﬁ‘
o that the total wldth of tho rosonance 13 oonsiderably leas than .
" the target thickness, then tho peak yield of the resonance 18 .

:”f1 proportional to its 1ne1astio partial width"so that the penotraolh‘ﬂ'

fi‘tion factors approprlate to. the outgoing inelastio proton act to

'v.restrict che ohannela whlch are observable. Lovols ot sp1n and féyii

. parity 3/2* and 5/2+ should be. the strongest sinoe these can emit

lhjs wave 1nelastic protons. Lovels which, dooay via P wave protons
Eshoald be, on the averago, a factor 3 weaker, thoae whioh deaay
.?gjvia D wave protons, a factor 15 or 8o weaker; and 60 on.- Levels g
,5¥1ead1ng to X greater than 2 we oxpeot to be unobsorvably weak.AJ;ﬁff;
.ji . The parametera ot the compound atato affcot bothn the angular -
'igdistrabution or tho 1ne1ast1o proton and that of tho deexoitation
fj;,v ray. The Py distributzon, as. woll a8 being more easily measurod
ﬂ;containa more 1nformation ‘about ‘the apin and parity of. the compound

St
+

""state, This 1s beoause in' the p-p' distribution mosc of the lovels

;“wfemphaeized vy penetrabllitaos are 1sotropoo, while 1n the p-v

",{f'diatr1butlon they have etrong and charactaristio aniaotropies.»vfa

- .. The outgoing ohannol spin a' 18 the ooupling ot the spins ot
}%the-two,roa@dual'partiolea and thus, in gonoral,»takos on two .- _
4"‘idifferent=oa;uos..oaohﬁgifzng rise to a:qifforont”angular‘distfibu—




tion. Mixing of the two chamnnel spin modes produces a famlly of

possible angular distributions for each chamnnel. However, 8' must

couple i and J; and thus for S wave inelastic. partioles only one

' Resonance energies wvere alwaye reproducible within l'kev,“ahd the

. thigk‘deposited on a 10 nil Ta dacking; this was made up for us

' spot.

‘¢ 7

T by” A ‘end B. - The flat background of higher-energy ¥ rays was counted
:Jin/B and auhtracted from the A ocount' at esoh energy to give the
'=nét yield of the 780 kev v ray.A 'The B count 2150 served as a
”'running monitor on any competing deoay to the seocond exelted atate,'

.~7.wh1ch would have madé 1nterpretacion ‘of the angular distribution

withiin several hundred eV for extended periods was quite feasible.
The' target was a layer of 99% enriched Crso_between 1.5 and 2 keV

11nch NaI scintillator mounted on a turntable centered under the target'

_channel spin 1is posslble. Henoe for 3/2+ and 5/2+ levels we

expact a unique distribution except to the degree that D wave
emission competes. " This D wave oompetition we expeot ‘to be of the

order of 5 to 7 per cent. Cey

Experimental technique was quite straightforward. 'Tﬁe'proton

: beam from the Duke 3 MeV.Van de Graaft was passed through our 1

'
meter elentrostatio analyzer for energy measurement. Calibratioon

'vof the analyzer was checked before and after the taking of the

inelastic scattering data by running a L17(p,n) threshold.

stability'of the system was such that maintaining a constent energy

by”bak Bidge National Laboratory., v rays were detected in a 2x2

L}

/figure 2 shows & typical Q speotrum on and off resonance. Pulses

were analyzed with two differentiel windows gated as indicated

‘.' e . !
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date considerably wore dirricult. ‘No evidence of pp decay was |

‘seen in ‘the energy region studied. Lo - " .

B ?1gures 3 and 4 show the y:eld of the reaction. Cr5 (P.Pl..78 MeV)
from 2.1% to 2,85 MeV at an engle of 130 + In this anergy span

we observe 53.regpnances. . Angular distributions of the ¥ ray
yield have been studied on all but two or three of .the weakest,

 resonances. ‘
There 1s a small but dorinito yiold between reaonancas. Pre-

" sumably .this ar&oea in part from. tails of faraway‘resonances, in

. part from unobservably weak,resonances in npntavgredfchanncls,

« - perhaps in part from e direct ‘component, . We havehlookod;éﬁ tﬁ;:

o angulér’distribution‘ot this ‘"nonresonant® yield only sketchily. ?
It is _symmetric sbout, 90°, or nearly eo, ‘and m4ldly pesked at 0°;
T4t shows no narked energy . dependonce. Angular dtstributions

t* the weake:-resonances,havo:had to be correeted for. this nonresonant .
‘“baokground“ and for this purpose 1t:hae been assumed.incoherent,

- ' Pigure 5 'shows an angular distribution displaying the chasrace

i~ teristio shape of a 5/24 resonance, Note that this.is taken on a

."ﬁ quite weak resonance. Figure 6‘§h6wa anotheyr resonarnce angular

"’distributiqn; this,with.tho,shgppsexpeoted toria,3/2f3;evel. 4.>

Analysls ot the abgular diatribution data’ for apin and parity
‘assignments 19 not complete; however, we have been able to isolate |
3/2+ end .5/2+ levels fairly,unambiguously. In the energy region
studied we: bserve 10 3/24 and 12 5/2+:1eveis.‘»Accept1ng the
peak ylield as a measure ‘of tha 1nolast1c -partial width, we are

1

able to oatimate the number or rosonanoes missod 1n oaoh ohannol

b tLo .




due to low yield. Incorporating this ocorrection we arrive at

level spacing values of 47 # 13 keV for 3/2+ levels and 39 + 10 keV
for 5/2+ levels. T o R

! * 3

Coréectlng these numbers tdr.qxoitétion energy eand ‘spin debendenoo, '

we can arrive at a prediction of thé S ﬁayo lpvoi\spaoing whioch
| should\be-obsgrveﬁ in the cr50 noutroﬁ erbsa section. For this
we prediot 17 t 4 keV. Recent measurements by Parrell, Bilpuch,
and Newsoniét Duke give a figure of 18.5 & 2.5 keV?"While with .
- data on cnly one target nucleus we are not in a position to mako‘,
.any cpnolusive statements abput the various factors affecting °
level spacings, the excellent sgreement between our predlotibn and

' the recent neutron. experiment is quite encouraging. - -
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