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yray spectra dus to radiative neutron capture in the thermsl and resonance
region «re examined for nonstatisticsl affects. The dsts appears to bs con-
sietent with the intexpretation that generally direct hard sphare capture dom- o
inetes in the thermal region for A < 46 while valence cspture plays a eigni-
ficant and sometinss dominant role in the vicinity of the peaks of the 2P, 35
and IP single particle giant resonances. Additional evidence of valence cep-
tura is provided by daca on “H.. 36At. and 5‘!-. On the other hand, correle~
tions betweea partial radiative widths and either the (d,p) apsctroscopic fac-
tors or the reduced neutron widths ars rxeported. Since the magnitude of the
valence neutron contribution canmot account for these observations, the doorwsy

state picturs is inwvoked.

I; INTRODUCTION AMD DEVELOTMENT _
The intexaction of low energy neutrons with nuclei forms highly excited
narrow resonant etates just ebove the neutron ssparation energy. Because of the
axtrems complexity of the initial cepturing states the radiative decay smplitudes

are domly diatrib d with zero mean. In other words, the radiative widthe

for a single chanral follow the Porter Thowas diatribution. It e now ganerally
recognized that these highly excited states conform to a deacription in terms of
the stetistical lod.l. This picture proved to ba very aucceseful, for exsmple,
in the determination of apine of initial as well as final states. However,
accumulating experimsintsl evidence derived from neutron capture data indicates
that nonstatistical afZecte, particularly in the sass region from A=24 to 142,
play a major and aometimes dominant role in #~ &nd p~wave osutron capture. Re-
cently, the subjact of nonstatistical effects vas reviewed by u_(l) and by
Hush-bmb(z) sud the thermal capture date analysed and interpreted by Eopecky,
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Spits, and Laneu").

This survey attespts to describe our present understanding of non—
statistical effects in radistive neutron capture in the thermal and resonance
regions in terms of II-)IQ reaction wechanisms. Soms of these simple reaction
nechaniemsé are: (1) direct or hard sphers capture, (2) chamel capture of
Lane and l.ynu(s) or vnhnéa neutron model of l.ynn“) and (3) the semi direct
capture of Bro\m") or doorway state formation of Estrads and hlhbuh(e).

The doorway state picturs ss spplied specifically to (n,y) reaction was theori-

(8) Qo)

tical developed by Lane aod Beer

Potential or Hard Sphers Capture
The havd sphers or potential capture cross sscticn for a nsutron under—
going a traneition from un initial s state to & finsl p state is sxpressed

by:

o (hard sphere) = :'2::)‘5 ( W)
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vhere R is the effective herd sphere tadius in fm, 6, 1is a dimnsicnless
reduced neutron width of cthe fiual state and y = I:"Ll where km_ in the wave
nusber corresponding to the binding snergy of the final state. This relation-
ahip exhibite two interssting features:

(1) The partisl capture cross section (or reduced y ray intensitiss) are
correlated with the (d4,p) spectroscopic fectars of the final state and (11i)
the y ray intsnsities follow an BV energy depandence. One can thus sxperimen-
tally study direct or herd aphers capture by msasuring the y ray intensities vith
the vicw of investigating their smergy dependsnce end their correlstion with
the (d,p) spactroacopic fectors. Thie is convenisntly carrisd out in the off
resonance region and st thermsl energies. At this point it is important to
note that ths numarical magnitude of herd sphere capture is about 0.9 in the
vicinity of the 38 single particle giant resonance; and for mass nuabers below

Av40 1t 1a of the order of a few willibarns‘S).

Veslence Capturs
By considering the motion of & nsutron in a potentisl-well sad by neglecting

ot it




core excited processes Lynn derived an axpression for the partial slectric
dipole photon width from an iritial state £ to a fivel otate £:

160> 2

2
l"“ (Bl) » =5~ 8,

- 2
¢ (el H“) (2)

vhere 0, und 6,2 ure dimensionless reduced neutron widths of the initiel avd
final states and ere given by 912 - 1:1112” and efz - sdp. The affective
charge of tha nauytrou ('i), is exprassed by e = l:-z- . Hu aud 1 ave the anguler
mmentum vector coupling coeificisut end the radiel overlep integral respectively.
The radinl overlap integrels ers calculated by Lynn using e Saxon~Woods poten-
tial with a lpin orbit coupling term. It is importemt to note that in these
calculetions, the radial weve functions are normalized throughout space. Re~
cently Lane and Mughabghad darived e corvected expresseion for valeace neutron
capture. In thig etudy, it was shown that the wave functions of the single
particie stetes wust be normalized inside the nuclear surfece. This criterion
would then introduce a correction factor to the radisl overlap integrals as
calculated by Lynn. The normslization procedure for ths case of 3p+3e tranei-
ticns is 1llustrated in Figure 1. The 3p single particle initial state ie taken
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as lightly bound. Applied to mass region Av100, the normsliszetion factor is

found to be 5.3. In addition, the depandence of ths radial overlsp integral, I,

with distance is shown. JNote that most of the comtributiocn to I is arieing from
the region outaide the nuclear surface. The interesting featurs of this normsi-
ization procedure is that as the binding of the luitl;l neutrun state incresses
the normalization factor decreasss with a corresponding decrsass in the valence

capture contribution. This implies that certain mass regious, such &8 the Jp

and Js single particle giant resonances, vill bs mora favorsble to ths obsarve-

tion of valence capturs than others.

In additfon the raduced single particle width '209 of a realistic po-
tential such as a Saxon-Woods potential should ba used. Vogt a2 lias demon-

L]
atrated that thie is expressed by:

(3

2 12 2
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where d 1a the diffusensss of the nuclear surface. Ths success of the valence
neutron model in the 3p giant resonsnce particularly in ”lb and ”z: raised two
theoretica’ probluﬁ (1) vhy p+s, d and s+p transitions are decoupled from the
glant dipole resonsnce and (2) why sxcited targst states do not contribute?

These probless have been exsmined by un-“ apd Gyarmati et 0115 and eoclutions

have been proposed.

At this stags it ehould be pointed out that Boridy end Mshewx'®“17 fnwesci-

gated valence capture in the framswork of tha shell modsl of nuclesr reactions
and derived expressions for the partical photon width. These will bs discussed

by Ur. Mahsux in his talk.
Becguse of the previous discussion, the radistive decay ssplituds for

the peutron resonant state is expressed as n sva of various comtributions:

5. ] s k]
Pygg = Gy Tygg M) 0+ Gy 0 yy? (O +Cy T 0 (08)
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where the terms on the right hend side correspond to contributions of hard
sphere cupture, valsnce or channsl capture, doorway stste, contribution snd com
pound nuclus formstion vespeccively. It is the purpose of this tmlimtion
to explore the experimental dats and sttempt to find out in vhat msss regions
single particle =ffscts dominate.

Since the titls of this paper is Neview of Correlatim Data, it is

appropriate st this stags to define the lineer correlation coafficisnt of two

variables Xyo Yy

P =L R Uy
(5)

g
[t aq3p’io,5%]
where

X - (2J+1) sdp for s-wave capturs

T
iy 2
e K° *Ya

x, and ;1 cre the mean valuas
The poser appsaring in the y ray suergy will bs referred to as :he reduction
factor. Now let us turm our attention to the capiure dats to examine its
nonstatistical aspecta as raflected in ths obssrvation of significant corve-
lation coefficients batwoen verious channele. I would liks to divide the experi-~
mental data into three parts dealing with hard sphere, valencs, and dourvay
atate capture.
11. Thersal Capturs Dats or
the Question of Direct Varsus Valence Cespture

Direct Capture: Evidencs from Thermal Dats

Some time ogo it was notsd by Groshev and Oondoroton(“) that there
is a significant correspondance between reducad y ray intensitiss amd (d,p)
apectroscopic factora in thermal neutron capture y raya for the following targst
auclet: 2%ug, 2851, 3%, and “ca. Such and stmilar cbssrvations mive tsen
theorstically investigated by Lans and Wilkensos'? and latar by Bockelman®® 1a
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terms of the concept of pamutage of nuclear .uin. A detsiled and axhaustive
comparison betwesn thsory nd experimsnt was cot possible at the tims bacause of
lack of adequate and relisble (n,v) and (d,p} deste. With ths evailability of
intense neutron sources and highly enrichad samples, particularly for isotopes
with low natural abundsnce, a weslth of thermal capturs data is preseatly svail-
able. Figure 2 presents s sumsary of the experimental data for the sven-even

target nuclei, 26.26“'. 28.303‘.. 32.368. 36.60”' m.u.u.u.uc‘. 50.52.506"

60'62111. Two strongest y rays populating final p states with large S ap are con-
sidered. In most cases thass states happen to ba the P12 and P32 components
of the single particle p state. The experimental ratic of the intensitias ie
found and this is ccqn'c'd with a cl'lcullnd zratio basad on the relation

lY a (2J41) ET“, vhare n is assumed to be 1, 2, 3 at tha top, center and botcoi

of Figure 2 raspactivaly. With the exception of “ca. m'SZCr and possibly ‘“Cr.
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the agreement is ressonsbly good for the majority of casas vhen a reduction

50,52,54

factor, n = 1, is conasidersd. On the other hand for Cr agrssssnt be-

tween messuremsnts and calculstions is conaidersbly improvad for a reduction
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factor n = 2,5. Thase features of the experimental dsta (1) emall cross ssction
‘of the nuclei and (11) the E » enexgy dependence indicate that haxd sphere capture
ie the dominant reaction mechauism in the mess r;.lon A<50, A detailed method

of analyeing tonstatisticsl effects is the study of the veriation of the corrsla~

tion coefficient p (Sdp, “1.1, E?) with the reduction fector n. The RCN group
devoted considerable sffort to this typs of investigation. Similar typs of snal- s
yais {s ‘carried out(zn for the following nuclel so"“c:. “1‘1. and “l'o and this ‘»

is shown in Figure ). As noted, the correlation coafficient is optimized for sn
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n in the rangs 2-3. This festure is indicative of chennel or valence ssutron ;
capture, which will be discussad in the next sectiom.

Most sven=ocdd tergst nuclei with targst spin I do not ezhibit etroug

correlation coefficients. This is dus to ths fect that two chamnel apime
1 4+'5and I ~% are aveilable for s-wave capturs. If both of these chamnel

spins contribute, then tha correlation coefficient is rodue“(u) by & factor
ﬁ relative to the case for targst nuclaua with epin 0. Uowever the plonssring

investigations of Spits et ll(z” showed thet the coxrelstion cosfficient




approachies unity for n @ 1.2, This was interpreted by Kopechy, Spits and

Lanc @ iu the framswwork of direct captuve. Other odd-evan target nuclei which
are good candidates of hard sphere capture ars 27A1. 37(:1. 3951. '“! apd posaibly
1‘91‘1. Figure & illustratea the variation of the correlation coefficient with

the reduction factor for these nuclei. Note chat the correlation coefficient
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for these nuclei approaches umity for a = 1. This information when cowbined with
the small capturs cross sections of these nuclei, which is about thes magnituds
predicted by dirsct capturs, indicates that the cepture process is not a resonance
phenomencn and can ba interprated in term of hard sphere capture. lNowever,

‘91'1 requires special attention. Note thai the knowm positive emergy resonance
of “%11 contzibute 1.16b to the thermal capture crose section out of a total
massurcd cepture cross sactiom of 2.2 £ 0.3 b.

Additional measuremsnts of thermel capture data dy Mariscotti et al(z”

and Groshev et “(Zt) showed that nonstatistical effects are not restricted to

the mass veglon of the )8 gieat resomamce. Thy results of Mariscotel qt al(z”
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showed that a high and significant correlstion coafficients exist betwsen the

(n,y) and (d,p) reactions for n’h. luﬂd. 140

Ce. This was interpreted in
terms of the cormon unique parent assumption of Lsne and Wilkenson. a The data
in this mass region is compiled and an annlyth(n) similar to that csrried

out for the light mass region is carried out hera (Figure 5). In order to shed
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Figure 5

further 11ght on the reaction sechaniem in this wass region & study of the
dependence of correlation coafficient on the reduction factor is carried out.

0f those nuclei, only 138.. 1ie studied extensively by (d,p) resctioms for

the purpose of deriving spectrostopic factors over a broad region of excitation
energy. Detailed .tudy(n) of the correlation coefficient for 1383, ehows that
o is maximized for u = 1.6, thus suggesting hard sphers capture pleys a dominant
role. Un the other haad the lacge thermal cross sacticn of %M (o, =

18.7 ¢ .7b) makes it difficult to interpret the “‘2ud thermsd cepturs date in
terms of hard sphare cspturs. The parassters of a bownd level ars cxttu:tod(zn
in oxder to asseas the iwportance of valemce nautron cepture. The rvesulte

of the snalysie shov that valance ssutron contribution is not sufficienctly large
to sccount for the obssrved data. Poseibly more complex reactiom sechaniems
such as dootwey stats contribution are rzquired here.

138, data with that of 3%

Ba. Spactro~

it is interesting to cowpsre the
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1”& are Lot yet determined. Howewver since both of these
139“

scopic factors for
nuclet contain Pl nsutrons it would be expacted that 'dp of the levals of
at 2509 and 1971 keV are similer to thess of 37Ba at 2179 and 2646 kev (Figure 6).

smﬁ'@ 028 ﬂ
0.79 sl

]
137, v ") v
Bo J (ZJH)S" Ce J (ZJM)S“
EXR RATIO=2.8 EXP. RATiO= .9
CALC. RATIO=3,) CALC.RATIO=29

Figure 6

On the basis of this assusption, one calculates an iatensity ratio of 2.9.

This ls to be compared to an experimantal ratioc of 1.9. It wmust be ootad

that apectroscopic data for 1”& is required in order to confirm thess results.
The summary of the. experimental date in the mass ragion fiom 27A1 to “Zu

is 1llustratad o Figure 7, where 0 e is plotted vereus the atomic nwmber.

¥We note that an interesting gensral trend emsrges from this study. The date

seems to fall into thres groups characterized by n=l.1, 2.4, and 4.8. It is

tempting to intarpret this trend as a change of the reaction mschanisa for s-wvave

oeutton capture with mass number. In the mass reglon from ZAH' to “c-. hard

sphere capture which is characterised by LI = 1.1 domin As va p d

to the mass vegiom comprising Ti, Cr, Fe Ni fsotopss valance or chamnel cap-
turs (n_ = 2-3) plays s dominant role and finslly et msss numbera sbove “lu '
both of these -mfh particls components diminish and the influenca of the
giant dipole resonance sets in, These cbsorvations are consistent with
theoretical expectations which show that the "direct" and valsace componeats

peak at A = 435 and 55 respectively.
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111 EVIDENCE OF VALENCE CAPTURE
" Now let ua turn our atteatfon to the resonance capture data vith ths view
of discusaing valence nsutron capture in the 2p, 3s, Ip glant resonances.
(1) 2p Giant Resonance:

The neutron single particle 2p state is located above the neutron seps-
ration ensrgy at sbout A=30. Resonance neutrom capturs ia 2‘ll. provides us
with che best 11lustration of the iwportance of valance nsutron capture in
this mass region. The rautron resonsnces of z‘llg st 83, 263, and 430 keV are
known to be extraordinirily strong p-wave reso:ances. Since dats on radiative
transitions i the 83 keV resonance are available from both neutron uptur027
and thrashold photomuclaar uoctlm.za calculations of partial radiative widths
dus to neutron capturs in this resonance are carried out by llu;hbwz, in

the framevork of the valence nsutran sodel. Since a atrong transition to

1

T L Y AT A Pk T T8 A A, G e o e R g

e e e SRR s Lt




the ds,z ground ecate of z’h is ocbserved, ths spin of the 83 kev resonance is
3/2. Therofore the importan: valence neutron tramsitioas here ars Py /2 - ds /2

state of 27xg at

and ’3/2 - 8/2° Nota thst the waek transition to the d 3/2
Ex = 976 kev may givae a singature of valance nsutron capture. This is due

to the fact that the angular momentum vactor coupling coefficient for a

Py da/z transition in reduced by a factor of 9 relative to a Py2* "slz
transition. The results are presented in Figura 8 sud are comparsd with :
' measurements of Bergqvist et 0127. In deriving the measured radiative widths
from the inteneity ycluu. a correction dus to the y-xay angular anisotropy

is made, and & to:.ﬂ. radiative width of 5 £ 1 eV was adopted from the experi-
mental data. As shown, the agrsemant between ths predictions (I‘y“ = 0.93 oV)
and neosuremente (r'u = 0.90 aV) is Temarkably good for the ground state
transicion Py, = dg e Tha threshold photoneutron result ie Toag®dd o
for this transition. On the other hand, the partisl radiative width for the
P32 " 872 tranasition is enhanced by a factor of 2.6 over the predictioss

of the madel.
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In this mass vegion, Jackson and tooluy(”) ueing the (y,n) resction
wessured the ground state radistive widths of 2
375~1315 keV. A correlation coefficient p (rvu. ynz) = 0.88 is reported.
This s attributed “o doorway state contributions. Allen and Macklin reported
total radiative widths for 2851. Their data indicate that there ‘s a sug-
gestion of a correlsation between l‘y ad ynz for p-wave resonances.

(11) 35 Giant Resonance

36Ar provides us

beluw the 35 glant resonance, thermal capture dut.n of
with a good example of the dominant role of valence neutron cspiure. A
capture croes section of 5b end e coherent acattering amplituds of + 73.7b,
tndicute that the thermal cepture spactra of JGM are dominated by the effact
of a strong bound s~wave resonance. It is thersfors necesssry to datermins
ite rerassters which are required in the calculation of partisl radiative
widtha in the framswork of tha valence neutron wodel. This ie schievad by
carrying out a paramstric fit Co the total cross uctton(az) (Figure 9) which

is renorsalized to the racommended valuss of o and u..(“) Note that the

TOTAL NEUTRON CROS:: SECTION
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shape of the cross section in the keV region determines reasonably well the i
position and hence sccurately the paramsters of the bound level. A displsy r
of the energy level disgrem of “Ar and the vy ray intensities dus to thermal 5

neutron capture as maasured by Von Hnle(”) are showm in Figure 10. One

-RAY SPECTRA AND WTENSITES
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immedietely recogniszes that El transicions feeding final p states are strongly
correlated with the (d4,p) data. In view of this the partisl radiative widthe
ere calculated in the frasework of thi valence neutron model. A comparison
betvesn measured and predicted partial redistive widths is diﬂ.‘.ieyad in Figure 11

which deronstretes the remarkable agreement betwesn the two sete., It is inter-

“Ar ¥y ray intensit:ies

esting to point out that e dstailed mclylu(n) of the
shows thet p s optuliud for Boex 1.2, & result which cannot be undarstood

in terms of chanmel or velence captura for which Oax 2-3. At the pssk of

the 35 gient resomance socr and '“lu wers presented previously as good candidates

for valence uptuu.(z'“) Here we report 5&,.- as smother candidate for valence
capture. As chan in the previous discussionm, Boer ™ 2.4 for the thermsl inten—
asities of “l'c. implying valence or channsl sffscts. Analysis in terwe of the

positive neutron saergy rescuances of “rc indicates that '“l‘c thersal cross k
section 18 accounted for largely in terms of the 7.8 keV rssonance; and as &

result the radiative widch for this vesonance is 2.4 eV. MUu of this

14
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Figure 11

information snd nsglecting interferensce effects, the thermsi v ray intensities

provide s representation of the capture spectra of the 7.8 keV resvnance of
Stge, (23) ¢ 35pq

are reprasented on the left hand side. A comparison of the msasured partisl

In Tigure 12, the snergy lewel diagrem and y ray intensities

radistive widths ie sade vwith the calculated values in the framework of the

valance neutron model, As demonstrated in Figure 12, valence neutron transitions .

rluy & dominant role.
Measursments of totsl rediative widths with s large liquid scintillator

by Stleglitz et u“ and Spemcer end lcn':’7 showad that the totel radiative

widths of s-wave mmﬁcn sre correlsted with their reduced nsutvom widths
Por 40 resonances of the even-aven nuclei

for tha Ti, Cr, Fa and Ri isotopes.
T l‘°n1) = 0.4 £ 0,10 with 1.6% probability thet this vaiue could occur

randomly. ¥
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(i11) 3P Gisat Resooasce:

The bast ovitdon:a of the importance of valence neutron capture was
initially provided by the investigations of Nughaghheb et 812’1 in the mass
region spanning the 3p glant resonance. At the peak of the Jp giaat .resounance,
9%:: and 962: p~wave capturs data best exasplifies the dominant role of valence
neutTon capture. l'ﬁuu 13 describes the ¥ ray apectrs dus to mewtroms capture
in the 302 aV p~vwave resopance of “Zt. The strong vy tay with energy 5572.1
keV populates the ground state of 972:. vhich is charscterised as s purs single
particle atate. The bottom of Figure 13 shows the remarksbie agresmsat be-
tween predicted and sesasured particsl radiative widthe.

The vy ray epactra dus to p~wave neutron capture in ths nautrom resonances of
%o at 12, 429, 612 and 818 eV resonances sre described in Figure 14. The strike
ing similarity of the 429 ead 612 &V rescmances fa at vaviance with ths etacistical
wmodel, This feature suggests that the nuclear structure properties of these
tvo resonances are gquite similar. HNote tmé v I8y tramaitions in tha s-wvave
resonance are not enhanced. Figure 15 illustrates the doainance of valesce
ueutron p-vave copture is "o resonasces st 12, 429, 612, 818, aad 27C0eV.
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Figure 13

On the other hand the cqulicnun iavestigations of Wasson amd
Shughtcr(”) carried out for 16 p~wave resonsnces of ”Ho showed that valence
neutron capture ple)a & significsnt but not as dominsnt & role as {in 9.llu.
Wasson and Shu.ht.t‘”) reported a corralation coefficient of 0.51 for the
p-wave resonances for the 7126keV y ray populating the first excited 812
state of Ex = 942 kaV. This cocrrelation coefficient is largely dus to the
large reduced width of the 23.9 keV resonance. It is interesting to nota
that other y rays corresponding to transitions to d_.”z and ‘5 /2 final states
do not exhibit any corrslation with the fnitial capturicg state.

To study the correlation of l‘vu with the spectroscopic factora of the
final states, ac sveraging of the partisl radiative widths for four pl 12 and
tvelve P32 Fesonances is carried out. The varistion of the correlation
coefficient with the reduction factor, n, is illustrated in Figure 16. Note
thst for an !'3 snargy dependence of the partial radistive widths, P ) and
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P3yg Fesonances exhibic eigaificaat correlation coefficients 0.8 and 0.77
tespectively. In thass calculations the angular momsntum spin factors and
redisl overlap integrals have been taken into sccount in terms of Equation 2.
In the inset to Figure 16, a comparison batwean messursments and calculstions
1s carried out for the case of Py Tesonances, The ._uxn final states were
not included io the comparisom simce P32 ._u\n transitions sre imhibited
in the valence neutron model. MNote that the transition populsting the first
sxcited state is snhamced by & factor of sbout 3. This enhancessat caa be
brought about by invokiag & doorway stste comtribution.

Using s filtsred nautrom beam, Rimewi and nrn.bncov . atudied the spectrs
dus to neutron cipture in the separated isotopes on.o..of. The results of
thess investigations ehow that the y rsy intensities are highly correlated with
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the (d,p) data.

Messurements of cspturs y rey spsctra fros individual resonances of 93

have been carried out. A eignificant correlation coefficient betwsen parcisl
rediative widths aud epectroscopic fectors is report for p- but not s-wave
nomncc..“q) This vee interpreted in terss of doorvay state contri-
butions.
Additional support for the importancs of valance neutron trsnsitions
in the 3p glant vesonance comes from the threshold photoneutron work of Toohey
end Jfackeon. ) The (y,n) reaction was sxploitsd to study the ground atate
redistive widthe of ’olr + n resonances. In their detsiled analyeis, Toohey
snd Jackson show that the valence nsutron contribution, in thie cese for
Pyjz * dsn transition, {s se importent as compound nucleuws formation,
in p-wave capturs in the 2.96 eV resonance of 1““. (Figure 17) the
transition Pyz * %2 fesding tha firet excited state of 109“ 1{s vell de-
lcttbld“z) by the valence neutron model. In contrsst, the transition pop-
ulating the dsn ground etate sesms tc be inhibited. The investigations of
p=wave neutron capture which were carried out in the 3p glant resomance indicate
that valence nsutron capture plays an important and sowstimse dominaut role.
The general tresd of the data appeers to indicate that p + e transitioss retain
their atrength better than p + d transitions. Additionsl avidence for this
behevior 1s provided by the y ray transitions in bound p-levels. Some of the
intaresting problems raised ate the following: can this sspect of the dsta be
sxplained in terme of the initial end/or finsl stetes? Is the structure of the
initisl stete as important es the final stste?! Additional sxperimentsl and
therostical inveetigation are required in order to shed additional light on this
intereating and sxciting field of cepture vy ray spectroscopy.
{1v) &5 GIANT RESONANCE
As pointed out previously, in the mase region of the &S giant rmso~
nance, the thermal capture data of the Bs, Cs, sud Nd isotopes establish a

correspondance between the (n,y) and (d,p) dats. The results of 133‘. in-

dicate thet hard sphere capturs is dominsnt. However the 1‘ZM dsta cannot
be interpreted in tsrms of eithar hard sphers or valencs capture. Possibly
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d y etate p come into play hure. The fragmentation of the initisl

and final single particle etates makes the cbservation of nonstatistical

aifects a difficult tesk. The experir.ntal problems assc:iated vith this mass

(43-48)

region have been pointed out.(z) Many attespts were made for a search

of posaible nonstatistical effecte in this mass region. The investigation of
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the resction machsasim in 1nﬁtmw) Yb have been diecussed in detail

pr.\uoull.y.(z) The results of these investigations are summarised in Figure 1.

R it Rl Maall oty sonelt Shets siaet o B
F “lﬂ toy) “lu

Mo 4 RESONANCES "s2*
Ne ® FINAL STATES (E1 TRANSITIONS)
sofe ccom iy, TS 4

Figure 18

As indicated, analysis of nins y rays from four resonances show that & signifi-
cant correletion coefficient p(l‘vu' l‘°M) = 0.54 1o obtained. As sstablished
by Lane ® the existence of & correistion coefficient betvaen ressonances is~
plies the presence of & background term in the cepturs cross saction. Dr Chrien
will diecuss the BNL efforte for a ssarch for this bdackground croes eection in
the Dy and Yb regiom.

In a recent affort to search for nonstatistical effecte, Jalu at ll“”
uade use of the method of integrated intensity rstio where the vatio of the
total intensity of lv > 5 MaV to that for Sv < 1.5 1e obtsined for esch reso-

nance. 1f ooa essumes that the low y ray energy apectrum ia constamt, then
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this ratio, R, gives a msasure of .l’:l‘,'u. A significant correletion cosfficient
batween R and r:‘ is zaported for Tb. However, Ribon et n(”’ ssssured the
Y ray spectra from individual resonancea of Tb and their resulta do not aub~
stantiate the findings of Jain et ‘ul.‘9 Such contradictory Tesults exemplifics
the exparismental problems sssocisted with the datermination of noustatistical
effacts in this mase region.
1V SIRMARY

Raliable and axtensive tharual and resonance captura spactra data are
now aveilable, which indicate that tha capture proceas for low enargy neutrona
1§ not in complata accord with the extreme atatietical model via compound
nucleus formation as postulated by Bohr. Detailed axsmination of the thermal
captura date, particulerly for the odd isotopes, ahow that correlaticn
cosfficients spproaching unity can ba darived for reduction factors of tha
Y ray cnargy of sither 1 or 2,5. Thesa reapactive valuss are precisely what
1s expectad from "direct” and chasnel valence capturs, thus prasanting ons
verification of the Lans and Lyna theory of capture. In resonance captura in
tha neighborhocod of the 2p, Jp, end 3s gisnt resonsmces, quantitative calcu-
lations show that valence capturs plays a sigaificaat sod often ¢ domimant
role. In those casas shere the magnitude of the valsnce composent is in-
adequate to explain tha correlations, doorway state proceasss are laveked.
However, in contrast to the valence model, tha doorwsy or 2 p-lh picture is
still qualitative in nature. Detailad theoretical calculations and further
experimental investigations are requirad in order to shed edditiomal light

on thia fascinating field.
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