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ABSTRACT

yray apactra dua to tadlatlva nautron captura In tha tharaal and raaonaaca

region are examined (or nonstatiatical affect*. Tha data appear* to ba con-

alatant with tha interpretation that generally dlract hard aphara captura dom-

Inata* In tha tharaal ration for A ,< *6 while valance captura playa a elgni-

flcant and tomtimu ooalnant tola in tha vicinity of tha paaka of tha 2P, 3S

and 3P alngla particle giant xaaonancaa. Additional evidence of valance cap-

tura 1* provided by data on 2*M«I
 MAr, and S Fa. On tha other hand, correla-

tion! batwaaa partial radlatlva width* and either tha (d,p) spactroacoplc fac-

tor* or tha raducad neutron width* ara reported. Since tha aagnltuda of tha

valance nautron contribution cannot account for theaa obaarvatlona, tha doorway

atata picture la Invoked.

I. IIRMDOCnOH AMD OaVBLOnBHT

Tlw interaction of low energy nautron* with nuclei foraa highly excited

narrow reeonant atataa juat abova tha nautron aeparatlon energy. Becaua* of tha

extreaa coaplaxlty of the Initial ccpturlng state* tha radiative decay aaplltude*

are randoaly distributed with zero aaan. In other words, tha radlatlva width*

for a single channel follow tha Tartar Thoaaa distribution. It la no* generally

recognized that these highly excited state* confora to a description In tana of

the statistical Model. Tula picture proved to ba vary successful, for eaaaplc,

in tlte determination of aplna of Initial aa wall as final states. Bovaver,

accumulating experlaaatal evidence derived fro* neutron captura data indicates

that nonststlatieal affecta, particularly la the aaaa region from A»24 to 142,

play a major and aomattmu dominant tola la a- aad p-wava neutron captun. Re-

cently, tha aubjact of nonstattatlcal affacta waa reviewed by Lane' ' and by

Mughabghab* ' and the thermal captura data analysed and intetpretad by Kopacky,

•work supported by tha V. S. Atomic Energy Commission



Spits, and Une < 3' 4 ).

This survey atteapts to describe our present understanding of non-

statlatlcal affects In radiative neutron capture In tha there*! and raaonanca

regions In tens of slaple reaction •sclianlsas. Son* of theee staple reaction

nechanlssa are: (1) direct or hard sphere capture, (2) channel capture of

Lane and Lynn or valance neutron aodel of Lynn and (3) the seal direct

capture of Brown or doorway state formation of Estrada and Feshbsch .

The doorway atate picture as applied specifically to (n,Y) reaction waa theorl-

tlcal developed by Lane*8'1 and Beer*10*.

Potential or Hard Sphnre Capture

The hard sphere or potential capture cross section for a neutron under-

going a transition from in Initial s state to a final p state Is expressed

by:<5>

o (bard sphere) • {f^fjj)1*

where R Is the effective herd sphere radlua In fa, e N la a dlaensionless

reduced neutron width of the filial atate and y " k^ft where kj_ In the wave

niaaber corresponding to the binding energy of the final state. Ibis relation-

ship exhibit* two Interesting features:

(1) The partial capture cross section (or reduced Y ray Intensities) are

correlated with the (d,p) apectroscoplc factors of the final atata and (11)

the Y ray Intensities follow an B energy dependence. One can thus •xperlatn-

tally study direct or hard sphere capture by asasurlng ths Y rsy Intensities with

the view of investigating their energy dependence end their correletlon with

the (d,i>) epsctroecoplc factors. This la conveniently cerrled out In the off

resonance region and at theraal energies. AC this point it is Important to

note that the nuwrieel •agnltude of hard sphere capture is about 0.9b in the

vicinity of the 38 alngle particle giant resonance; and for aaaa makers below

A-*0 it le of the order of a few allllbarna(S>.

Valence Capture

By considering ths aotlon of a neutron in a potential-well sad by neglecting



core excited proceases Lynn derived an expression for the partial electric

illpolc photon width from an Initial state 1 to a final state f:

r t t t
(2)

where und ef are dlMnaionleee reduced neutron width* of the initial and

2 2 2 2final statea and are given by 8^ " y / A and 6£ • Sd . The effective

charge of the nautroo (e) la expressed by e - ~- , H i f and I are the angular

•casntua vector coupling coefficient and the radial overlap integral respectively.

The radial overlap Integrals are calculated by Lynn using a Saxon-Woods poten-

tial with a spin orbit coupling ten. It ie important to note that in these

calculations)> the radial wave functions are nomallaed throughout space. Re-

cently h»at and Hughcbghab derived a corrected expression for valence neutron

capture. In talc ntudjr, It M M shown that the wave functions of the alngle

particle states oust be normalized inside the nuclear surface. Thie criterion

would then Introduce a correction factor to the radial overlap Integrals as

calculated by Lynn. The normalisation procedure for the caae of 3p*3a tranal-

ticnu la illustrated in Figure 1. The 3p single particle initial state la taken

INITIAL NEUTRON BOUND STATE

NUCLEAR SURFACE
NORMALIZATION > 5.3
A* 100



as lightly bcuiul. Applied to aasa raglon A"100, tha noraalltetlon factor la

found to be 5.3. In addition, tha dapandanca of the radial overlap Integral, I,

with distance la shown. Note that aoat of the contribution to I la arising froa

the region outside tha nuclear aurfaca. The Interesting feature of this normal-

ization procedure la that as the binding of the initial neutron atate increases

the nonullxation factor decreases with a corresponding decrease In tha valance

capture contribution. This lapHes that certain M M regions, such «a the 3p

and 3a single particle giant rcaonancca, vlll be sore favorable to tha observa-

tion of valence capture than others.

In addition the reduced single particle width v of a raeliatlc po-
sp

tentlal such as a Saxon-Woods potential should be used. Vogt'"' baa dcaoo-
»

atratud that thla la axpreaaed by:

6.7 d2) (3)

where d Is the dlffuaeneaa of cite nuclear aurfaca. The auccaaa of tha valence i

neutron aodel in tha 3p giant resonance particularly la Tto aad Zr ralaad two

theoretical probleaa (i) why p*m, d and a-»p tranaltloas are decoupled froa the

giant dlpole resonance and (2) why excited target atates do not contribute! j

These problsae have been examined by Una aad Gyaraati at el and aolutloes j
I

have been proposed*

At this staga It should be pointed out that Borldy and Mshaux investi-

gated valance capture in the frostwork of tha shall aodel of nuclear (•actions

and derived expressions for the partlcal photon width. These will be dlacuaeod

by Ur. Hahaux in hla talk.

Rccauaa of tha previous discussion, the radiative decay aaplltude for

tha neutron resonant atate la expressed as n ava of various contributions:

rvlf * Cl rtlf « ° + C2 'tif1* iCt) * C3 rYif <">

* C r « (OI) <4)



where the tana on the right hand aide correspond to contribution* of hard

sphere capture, valence or channel capture, doorway atstf contribution and com-

pound nuclus foraatlon respectively. It la the purpose ot tola Investigation

to explore the experimental data and attsspt to find out In what aaaa regions

single particle effects dominnte.

Since the title of this paper la Ksview of Correlation Data, It is

appropriate at this stage to define the linear correlation coefficient of two

variables x,, y..

P - t

(5)

where

« (2J+1) S.. for e-wave capture

and ore the Mean valuas

The power appearing in the y ray energy will ba referred to aa :be natation

factor. Now let us turn OUT attention to the capture data to exaalae its

nonstatlatical aspects as reflected in the observation of significant corre-

lation coef fidenta between various channels. I would like to divide the experi-

mental data Into three parts dealing with bard sphere, valence, tad doorway

atate rapture.

II. Tlianal Capture Data or

the Question of Dlnct Veraua Valence Capture

Direct Capture: Evidence tram Tbenal Data

SOBS tlae ago It waa noted by Croshev and Collaborators ' that there

is a significant correspondence between reduced v ray intensities atid (d,p)

apectroHcopic factora In thermal neutron capture, y raya for the following target

nuclei: 2*Mg, 288i, 3 2S, and *°Ca. Such and eladlar observations hmrn been

theoretically inveetljated by Laaa and Wilkenaoa1* and later by loctelawiJS In
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caraa of the concept of panntage of nuclaar etatas. A datatlad and exhaustive

coapariaon between thaory and experiment vaa not poaalbl* at tha tlas bacauaa of

lack of adequata and reliable (n,y) end (d,p) data. With tha availability of

Intense neutron sources and highly cnrlcbad saaplea, particularly for laotopaa

with law natural abundance, a wealth of tharaal capture data la praseatly avail-

able. Figure 2 praaanta a auaawry of tba experimental data for tha «van-«ven

target nuclei, »>*%. 28'»S1. M ' * S , *•"*«, « . « . « . « . « c , ».S2.5*Cri

' Ml. IWo strongest y raya populating final p atatea with large S. are con-

sidered. In aoat caaaa ttiaae states happen to ba tha p,,, and p,., coapooanta

of the single particle p state, tha experimental ratio of the Intensities la

found and this la coapared with a calculated ratio baaed on tha relation

I a (2J+1) £ n, where n la aaauaed to be 1, 2, 3 at the top, center and bottoai

of Figure 2 respectively. Ulth the exception of *2Ca, S0>SZCr and poaelbly 5*Cr,
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Figure 2

the agreement ! • reaaonably good fot tha aajorlty of cases whan a reduction

factor, n » 1, la considered. On tha other hand for 50» s2>5*cr s|raaaiir be-

tween Maauraawnte and calculations la considerably laproved for a reduction



factor n * 2.S. These feature! of the esparlaaotal data (1) mall trot* stctlon

of tlie nuclei and (11) the £ energy dependence Indicate that hard aphere capture

la the dominant reaction aacnaalaa la tha aaaa region A<50. A detailed Method

of analyting nonatatlatlcal effecte la the atudy of the variation of tha correla-

tion coefficient p (Sdp, lYy/ Ey) with the reduction fector n. Tha tQi group

devoted conalderabla effort to tbla type of Investigation. Siallar type of anal-

ysis la carried out*21' for the following nuclei ^ ' ^ C r , *8Ii, and ^Ta end this

Is shown in Figure 3. As noted, the correlation coefficient la optimised for an

2.0 3.0 4.0 5.0 6.0 7.0

o

Figure 3

n In the range 2-3. This feature la Indicative of channel or valence aeutron

capture, which will se dlscuaaad In the nest sectloa.

Moat even-odd target nuclei with target apln I do not eshlblt atrong

correlatioo coefflelaata. Tbla la due to the fact that two channel aplae

1 + 'j and 1 - <% a n available for t-vava capture. If both of tbaae rhannsi

spins contribute, then the corielatlon coefficient la reduced* ' ky a factor

1/2 relative to the case for target nucLiua with epln 0. However the pioneering
(23)

lnvcstlgatlona of Spits at al showed thet tha correlation coefficient



opproachus unity (or n • 1.2. This waa Interpreted by Kopechy, Splta and

Lane in the frsaarrork of dlract capture. Other odd-evan target auclal which

are good candldatea of hard aphare capture a n Al, Cl, Si, T ana poaatbly

La
Tl. Figure 4 illustrates the variation of the correlation coefficient with

the reduction factor for these nuclei. Note that the correlation coefficient

0.8 0.18
I.I 0.43
0.8 2.2

1.0 2.0 3iO 4X) 5.0 6.0 7.0

Figure 4

for theee nuclei approaches unity for a •' 1. This lnfonatlon whan coablaad with

the aaall capture croaa atctlona of thaet nuclei, which la about the aaanltuda

predicted by dlract captur*. ladlcataa thai: the capture procaaa la not a raaoaance

phenoaenon and caa be latarprated la taraw of hard aphere capture. However,

**Tt raqulraa special attention. Note thae the knowi poaltlre energy resonance

of *9Tl coatdbute l.l«b to the theraal captura cross section out of • total

••assured capture croaa aactloa of 2.2 t 0.3 b»

Addltloaai nts of theraal cap t u n data ay Harlscotti at al
(23)

and Croshsv et al(26) ehowed that aonatatiatltAl effacta are not reatrlcted to

the aasa region of the M gieat reaoaaace. Thti naulta of Hwciecettl at a l 1



•honed that a high and algnlficant correlation coefficient* exiet between the

(n.t) and (d,p) raactlona for ll8la. M iHd, U 0 C a . Thla waa interpreted in

teraa of the conaon unique parent aeeuaptlon of Lane and Ullkanaoa. The data

in thla aaaa region la compiled and an analyele* ' elallar to that carried

out for the light
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ration la carried out hcra (Figure 5) . In ordar to abed
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further light on the reaction mchanlaa In thla aaa* region a study of the

dependence of correlation coefficient on the reduction factor la carried out.

Of thoae nuclei, only 1 M»a la etudled ext.enelvely by (d.p) reactlone for

the purpose of deriving apeccroatopic factora over a broad region of excitation

energy. Detailed atud« (21) of the correlation coefficient for 13*aa ahorni that

& la aaxlalxed for n - 1.6, thua augg*etlng bard apbere capture playa a dominant

role. On the other haa4 the lerge theraal eroaa aaction of T4d (o^ -

18.7 i .7b) aakea i t difficult to interpret the U2Hd tbenal capture data la

teras of hard aphare capture. The paraactera of a bowxd level a n «stracted(

In order to aaaaaa the laportaace of valence neutron capture. The reeulte

of the anelyal* ahow that valance neutron contribution la not eufflciaatlv large

to account for the obearved data. Vaaalbly ajora coaplex reaction aarhaniaaa

»uch ae doorway etate contribution are required ban .

It la lntareatlng to coapaca the Ca data with that of i3*la. Spectre-



acoplc factora for Ce are uot yet deteralned. However since both of thce*

nuclei contain II neutrona It would be expected that 8 ^ of the levels of Gc

at 2509 and 1971 ksV are alallar to theae of 137aa at 2179 and 264t kav (Figure 6)
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(in the basis of this assumption, one calculates aa intensity ratio of 2.9.

This :Ls to be coopered to an experimental ratio of 1.9. It must be noted

that spectroscoplc data for Ce la required in order to confirm these results.

The summary of the. experimental data In the mass ration f goa Al to Zn

la illustrated in Flgura 7, where am__ Is plotted versus the atomic maker.

We note thet an interesting general trend easrgea froa this study. The data

seen to fal l Into three groups characterized by n-1.1, 2.4, and 4.8. It la

tempting to Interpret this trend as a change of the reaction •acbaniaai for s-wave

neutron capture *ith aaaa nuabar. In the aass region froa Tig to Ca, hard

apher* capture vhlch la characterlaad by n |MS - 1 . 1 dominates. As we proceed

to tlw aaas region comprising Tl, Cr, Fa Hi laotopsa valence or channel cap-

ture ( n ^ • 2-3) plays a dominant role and finally at aaaa numbers above UH1

both of these single particle components diminish and the influence of the

giant dlpole resonance seta In. These observations are consistent with

theoretical expectations which show that the "direct" and valance componeata

peak at A a 45 aad 55 respectively.

10
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III nnWDWE OF VALESCI QUTUM

Now let ua turn our attention to the rcaonance capture data with the view

of discussing valence neutron capture In the 2p, 3a, 3p giant resonance*.

(I) 2p Giant Resonance:

Tlie neutron single particle 2p atata la located above the neutron sepa-

ration energy at about A"30. Kaaonance neutron capture In ilg prorldea ua

with the beat Illustration of the Importance of valence neutron capture In

thle aasa region. The neutron reaouences of Sfg at 63, 263, and 430 keV are

known to be extraordinarily strong p-veve resoiiancea. Since data oa radiative

transition* i.s the 83 kaV resonance a n available froa both neutron capture27

28and threshold photoauclaar reactions, calculations of partial radiative uldths

due to neutron capture In this resonance are carried out by Hughabghab in

tha framework of the valence neutron aodel. Since a strong transition to

11



the dj^ 2 croiuKJ atata or
 2T»g la observed, tha spin of tha 83 kav taaonanca la

3/2. Therofore tba Important valance neutron transitions hara ara p 3 / 2 •» d&.,

and P 3 / 2 •» •1y2. Hot* that tha waak ttanaltioo to the d ./2 atata of
 2*Kg at

r.x - 976 kev aay glva a alngatura of valance neutron capture. Thla la due

to the tact that the angular •oaantua vector coupling coefficient for a

p3/2 * d3/2 tr*Mltton i* reduced by a factor of 9 relative to a Pj.j •* dj.j

transition. Tha raaulta ara praaantad In Figure 8 and are coapared with

neoaurencnte of Bargqvlat at al . In deriving tha maaaured radiative widths

k'roa the intensity values, a correction due to tba r-*ay annular anlaotropy

la atdu, and a total radiative width of 5 t 1 aV was adopted froa tba experi-

mental data. As shown, tha agreeaant between the predictlone (r u • 0.93 aV)

and ncnuureaanet (r lf • 0.90 aV) la raaarkably good for the ground atate

transition p ^ 2 - <tJ/2. Tba thraahold photonautron rasult la r lf • 1.1 aV

for this transition. On tha other hand, tha partial radiative width for tha

p3/2 '* 8l/2 tr»u>ltlon Is enhanced by a factor of 2.6 over toe predictions

of the aodel.
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figure S
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In this M M ration, Jackaon and Toohey'30' using tha (y,o) raactlon

waaurad cha ground atata radlatlva vldtha of 31 taaonancM In tha energy rang*

375-1315 keV. A corralatlon coefficient p (r u, T a
2) - 0.86 la raportad.

This is attrlbutad <:o doorway atate contributions. Allen and Hacklln raportad

28total radiative -JliHhs for SI. Their data Indicate that there '• a sug-

geatlon of a corralatlon between r add Y n for p-vave raaonances.

(11) 3S Giant Resonance

below the 3S giant resonance, tharaal capture data of Ar provides us

with a good exaaple of tha dominant role of valence neutron capture. A

capture croaa section of 5b and a coherent scattering aaplltuda of + 73.7b,

Indicate that tha themal capture spectra of Ar a n dominated by the effect

of a strong bound s-wsve resonance. It la therefor* necessary to determine

Its r.sraaatera which ara required In the calculation of partial radiative

widths In tha fraaawork of the valance neutron aodal. This la achlavo] by

(32)carrying out a paraaatrlc Ut Co tha total cross M o t i o n w ' (Figure 9) which

la renomallsed to tha recoeawnded values of o and o(.
(24) Mot* that tha

o

UJ

v>

TOTAL NEUTRON CROSl'- SECTION

E0 > -10 k«V
r£» 92 tv
ry»i.3«v

I02 10* 10° I01 102

ENERGY («V)

Figure »

10"
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shape of tha cross aactlon In tha kaV ration determines reasonably wall tha

position and htnea accurately tha paraaetere of tba bound level. A display

of the energy level dlegraa of ^ A r and tha y ray Intensities dua to thanal

neutron capture as Matured by Von Wlllc(33) are shown In Figure 10. One

SMJ
I

m. IV////MW
11////>•'//.

M«0

ISi?

I/I" 0.0*
i/f* o.si
M f 0,014

— V*"O4J

— W 0.11
" i/i*a••

— s/t* as*

10

laawdiately racognlus that Bl transitions feeding final p atataa are strongly

corrclstad with tha (d.p) data. In view of this tba partial radiative widths

ara calculated In tha fraaavork of the valance neutron aodtl. A coaparison

between aeaaurad aad predicted partial radiative widths Is displayed In Figure 11

which demonstrates the ramirkable agreeaant between the two sete. It is Inter-

esting to point out that a detailed analysis ' of the Ax y ray Intensities

shows that P is opltlalsad for n M x - 1.2, e result which cannot be understood

In terwB of channel or valence captun for which *mx - 2-3. At tba peak of

the 35 Riant resonance M C r aad \n ware presented previously aa good candidates

for valence capture. ' Here we report Fe aa aaother candidate for valence

capture. As shown in the previous discussion, a ^ , " 2 . * for the thenal Inten-

sities of Fe, laplylng valence or channel effect*. Analyals in tens* of the

positive neutron energy resonances of Fe indicates that Fe thanal croas

section la accounted far largely la tens of the 7.8 keV resonance; and aa a

result the radiative width for this resonance la 2.4 eV. Because of this

14
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ittformtloa and neglecting interferences effects, the thermal T ray lntanaltlaa

provide a representation of tha capture spectra of tha 7.8 kaV rMoaan.ee of

S4Pe. In figure 12, tha energy l m l ulegre* and y tmy intanalUa»(2S) of 55Fe

are rcpraaentad on the laft hand alda. A coaparlaon of tha aaaearad partial

radiative width* la aade with tha calculated values In the fraatwork of the

valence neutron awdel. Aa daaonatrated In Figure 12, valence neutron transitions

play a daalnant tola.

Heasiireaente of total radiative wldtha with a large liquid sclntlllator

by Stlegllts at al3* aad Spencer and leer37 snowed that the total radiative

widths of e^avc resonances are correlated with their reduced neutraa widths

for the Ti, Cr, Fa aad HI isotopes, tax 40 resonances of the even-even nuclei

p(f t. r
0^) » 0.4 * 0.10 with l.bt probability that this value could occur

randoaly 37

IS
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(111) 3P Claat Kaaoeaaca:

Hie bast evidence of tba laporcanu at valence nautron capture was

initially provldad by the lnvaatltatlons of Hutbaa>bab at a l 2 > U la tha aaaa

region apannlng tha 3p glaat taaonanca. At tha paak of tha 3p glaat raaonance,

w and Zr p-tmw* capturt data baat cnaapllflaa tha doarinaat rola of valance

neutron capture. Figure 13 daaerlbaa tha y ray apaetra due to naatroa capture
96In the 302 «V p-wave raaonanea of Zr. The strong Y ray with energy 5572.1
97IceV populate* tha ground atata of Zr, which la characterlted aa a sura alngle

particle state. Tha bottoa of Figure 13 shorn tha ranarkabla agreement be-

tween predicted and aaaaurad partlcal radiative wldtha.

The Y ray spectra due to p-wave neutron capture In the neutrea resonances of
98Mo at 12, 429, 612 and 818 aV resonances ara daaerlbed In Figure U . The strik-

ing siallarlty of tha 429 sad 612 aV resonances la at variance with tha statist ical

mdel. Tliis feature svggaata that the nuclear structure properties of these

two resonances ara quite alaller. Mote that > ray traaaltlooa la the a-wave

resonance are not enhanced. Figure 15 illustrates the doalnaaee of valesce

neutron p-wave capture l a *Tto fraaonaacas at 12, 42*, 612, 816, aad 27COeV.

16
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On tha othar hand tha coaprahenelve investigations of Kaaaoa aad

r* ' carried out for U p-wave resonances of TIo shewed that valance

neutron capture pla>« a significant but not aa doartnant a role aa In ^fc>.

Waaaon and Slaughter( ' reported a corralatlon coefficient of 0.51 for the

p-wave resonances for the 7126kaV y ray populating tha first excited Sj/ 2

state of Ex • 942 kaV. This corralatlon coefficient la largely due to the

large reduced width of the 23.9 kaV resonance. It la Interesting to nota

that other r rays corresponding to transitions to dj. ?
 and '5/2 £*n*1 »tates

do not exhibit any correlation with the initial capturing state.

To study tha corralatlon of r ,, with the apaceroecopic factora of tha

final states, ac averaging of the partial radiative wldtha for four p ^ 2 •nd

twelve tj/2 resonances la carried out. The variation of the correlation

coefficient with tha reduction factor, n, la Illustrated in Figure 16. Note

that for an tj anargy aspaaaaaca of the partial radiative wldtha, p.., aad

17
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the (d,p) data.

Keasuraaaate of capture y ray apactra fron Individual raaooaneaa of M>

have been carried out. A significant correlation coefficient between partial

radiative widths aad spectroacoplc factora is report for p- but not »-vav«

#40)

raaonancea. / Tbia wae interpreted in taiaa of doorway atata contri-

bution.

Additional support for the laportanca of valance neutron transition*

In the 3p giant raaonanea coaaa froa the threshold photonautron work of Toohey

and Jackson.' ' The (y,n) reaction was exploited to study the (round atata

redlatlvn widths of Ir + n resonances. In their detailed analysis, Toohey

and Jackson show that the valance neutron contribution, in this caaa for

p.,, -» d, i, tranaltlon, la aa laportent as coapound nucleus fonsatlon.

In p-wave captura la the 2.96 aV resonance of M , (Figure 17) the
109

tranaltlon Pj,j •» BJ.J feedlag the flxat excited atata of Pd la wall de-

scribed^ by the valance neutron aodel. In contrast, the tranaltlon pop-

ulating the djy2 ground atata seeae to be Inhibited. The Investigations of

p-wav* neutron captura which ware carried out in the 3p giant resonance indicate

that valence neutron captura playa an laportant and eoaetlaee doerfnaat role.

The general tread of the data appears to Indicate that p + a tranaltloae retain

their strength battar than p -» d transitions. Additional evidence for this

behavior la provided by the y ray transitions In bound p-levela. Soae of the

lntereatlng probleaa ralaad are the following: can thla aspect of the data be

explained in tares of the initial and/or final states? Is the structure of th»

Initial etata aa laportant aa the final atatel Additional experimental and

tharoatlcal lnvaatlgatlon are required In order to ahed additional light on thla

Interesting aad exciting field of capture y ray apectroacopy.

<lv) 4S GIANT USOMNCE

A* pointed out previously, In the naaa region of the *S giant raao-

nance, the thenal capture data of the ga, Ce, aad Md laotopea establish a

correspondence between the (n,y) aad (d.p) data. The results of Be in-

dicate that hard aphere capture is doalnant. However the 142Md data cannot

be interpreted in taraa of either bard aphere or valance capture. Poealbly

21



doorway atata process** coea Into play beta. Iha fragBcntiition of tba initial

and final single particle aeataa Bakes th« observation of noastatlstlcsl

affecta a difficult taak. Th» exparlr.untal probleae aaac slated with thia aaaa

region have bean pointed out. * Many atteaete' ' were Bade for • aaarch

of possible nonatatiatleal affacta In thia aaaa region. The lnveatlgatlon of

the reaction •achansla In Yb(n.Y) Yb bava been discussed In detail

prevloualy (2) The raaulta of these lnvaatliatlona are arlMd In Figure 18.

H- 4 WJOWNCGS J">i*
»• f FWM. SIMtS (IITMNSITKXItl
"• <com irrl|.T8i>

0,,,-O.M

Figure 18

Aa indicated, analysis of nine y raya fro» four raaonaacaa ahow that • algnlfl-

cant correlation coefficient p(I\

.(9)
tJJ. ' ni

) - 0.5* la obtained. Aa aatabllahed

by Lane the exiatencc of a correlation coaffielaat betveen reaonaacaa 1»-

pllea the praaance of a background tern In the capture croaa aectlon. Dr Chrlen

will dlacuaa the INL afforta for a aaarch for thia background croaa aactlon in

the Uy and Kb region.

In a recent affort to aaarch for nonatatiatlcal effecta, .i»ia it al% '

•adc uae of the aathod of integrated lntenalty ratio where the ratio of the

total lntanaity of E > 5 HaV to that for E < 1.5 la obtained for each reao-

nance. If one aaauaaa that the low r ray enerjy apectrua la constant, then

22



thla ratio, K, glvae a asaaura of Er „ . A significant correlation coefficient

between R and tt, is reported for Tb. However, JUbon et al' * aeaaured the

Y rey apectra froa Individual resonances of Tb and their results do not eub-

49stantlate the findings of Jain et al. Such contradictory results exeapllfles

the experlaental probleas associated with the determination of nonatatlatlcel

efface* In thla aaaa region.

IV SUMMIT

Reliable and extensive theraal and resonance capture apectra data are

now available, which Indicate that the capture process for low energy neutrons

la not in coaplate accord with the extreat ataclstlcal aodel via coapound

nucleus Conation aa postulated by Bohr. Detailed examination of the theraal

capture data, particularly for the odd leotopea, ahow that correlation

coefficients approaching unity can be derived for reduction factors of the

Y rey energy of. either 1 or 2.S. These respective values are precisely what

la expected froa "direct" and channel valence capture, thue presenting one

verification of the Lane and Lynn theory of capture. In resonance capture In

the neighborhood of the 2p» 3p, and 3a giant reeooaacea, quantitative celcu-

letlone show that valence capture playa a significant and often a doainsnt

role. In those cases Jbere the Magnitude of the valence coapoaent la in-

adequate to explain the correlations, doorway state processss are invoked.

However, In contrast to the valance aodel, the doorway or 2 p-lh picture le

still qualitative In nature. Detailed theoretical calculatlone and farther

experlaental Investigations are required In ordar to abed additional light

on thla faacinatlng field.
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