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SYSTEMATIC STUDY ON NUCLEAR RESONANT SCATTERING

A A Susrezand M L. B. C. Freitas

ABSTRACY

H-vwee-observed }‘.w resongnt scatte .ng etrects of the-mal neutron cadture gamma rays from T ana Fe
on Sb. Cu. Se and Ca tergets These resu’ts together with those published Dy Other JutnOTs & e SUMMar Ze0
snd drecusesd 10t terms of a poss:ble systemat:c ses ch for new resonant scatter:ng effects,

{ NTRODUCTION

The scattering of photons by nucler is, and will be in the next future_an interesting and
promissing research fieid 1n nuclear structure physics

Specislly the development of an experimental arrangement which parmits the use of 3
resctor s 8 monochromatic gamma source of high intensity has improved appreciably the
exparimental techniques in photon scattering physics'® '8 The main physical information and
insight into the structure of nucle: subject to investigation by photons can be divided into the
following groups:

1) detailed structure of nuciear levels having appreciable strenght to the ground state
and low excitec states.

2) as a toot for the experimentalis's to test nuclear models in high energy region of
excitation

3) the coupling of giant multipoie resorances to low energetic coilective modes
{collective correlations of nucleons)

While unbound nuclear lewels can be populated using particle capture reactions, highy
excited bound levels in stable nucle: can be convaniently reached through the electromagnetic
interaction between the photons of the incident gamma beam and the nucleus.

The nuclear level spacing is usually small in the vicinity of the neutron threshold and
requires an incident radiation with a narrow energy bend (a few eV's) to permit the excitation
of isolated levels. Such nearly monoenergetic gamma lines are obiained in the (n,y) reaction
using thermal neutrons. This method has been used extensively in ine iast decade to excite
bound levels in a wide variety of nuclei.

Although this method is based on an accidental overiap n energy between on cf the lines
in the spectrum of the inzident radiation and a level in the target nucleus, a large number of
resonant levels have been detected so far

Fundamentaily the experiments! method consists of measurements of the effective elastic
cross section, angular distribution, temperature dependence of the intensity of scattered
radiation and & measurement of the seif ab-orption of the particular gamma line

These measurements provide information for the calculation of the total and partial
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radioactive widths of the resonant levels, making use of the expenmentally determined
branching ratios of the nelastic (ransitions to low lying levels as seen from the spectrum of the
sCat’ered rachation

Even more, nfoimations can be cbtained also sbout the iow lying levels of the stable
scatteser nucleus

The angular chstnbution of the resonant scattered radiation depends on the spins of the
energy leveis involved and the muitipolanity of radiation So, the angular Jependence of the
scattening differential cross section Wi L. J, J,), can be caiculated by using stenderd snguler
correlation procedures Here # s the scattering angle, L 13 the multipolanty of the radiation,
6 = {intensity of the L + 1 radiation)/(intensity of the L radiation), J, is the ground state spin,
and !, the excited state spin of the nucleus

The development o7 experimental arrangements and the conseguences from them have
improved rapidly in the past gecane in suct ¢ way that would be seemed to us sn opportune
tme to revien all the daia obtained untit now The resuits obtained in the present work, so as
those published previously are discussed in this paper

cxperimentsl Arrsngsment

The expevimental facilities for resonance scattering of gamma rays at the IEAR-1 resctor
have been described proviously by F G Buanchim 'O 17" The gamma source in this
experimental arrangement 15 placed in the reactor core as it 15 shown in figure 1 since it was
described in reference 50, the neutron density increases in the hmits of the reactor core when
graphite or water are used as reflectors
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With this arrangement a neutron density of about 5x 10' ' n/em’ u aveilabie in the
target posiion Another advantage is that the exchange of targets is made without demount the
coihimator system and the handling of the very active saurce 13 made m safety conditions s:nce
it 15 10 meters desp in the moderator of the reactor. A small co.tamnat:on exists 1n the gamma
beam with the 7724 KeV {ine of aluminum from the structural matenal of the reactor core.
This however contnbutes with less than 1% of the man line of the target in the ncidem

pectra

This new gemma source arrangement into the reactor core &8 1t wes showed by
Bianchimi™' *' nas at least one order of magmitude higher gamme fluxes on the scatterer
POSILION than with Other existing arrangsments

The resuiting gammas produced in the target are colhwmated, 8 1t s showed in figures 2
and 3, and filtered 1n 8 special way in order to remove fismion neutrons wivch enter Into the
beam cirection The thermal neutron flux was determined to be less then 50n/cm’ sec winch is
the iimit of sensibility of the method utilized

The high energy scattered spectra 13 measured with a 425 cm’ Ge(Li) det~ tor shieided
from the room background radistion by 15cm of lead The spectra s obtansa on a
4096 channel analyser and the data reducrion of the spectra and the wericus cacuistons sre
done by standard computer techniques

The GeiLi) s fitted into a graduated rotating arm pivoted around 8 perpendiculsr “xis
passing through the scatterer

The design of the system permitted the vaniation of the distance betwesn trhe detector
anad (he scatterer a3 well as the one from the scatterer 10 the reactor shieiding wall

Through 8 long run, the ntensity of the ncident gamnia besm was monitored by
getecting the neutron flux close to the target 1n the resctor core by using a NeUtron detector
from the firma Reuter-Stokes (Canada} type RSW-20-2M1. The sensibility of such detector was
24 x10° " Amp/nv

This procedure 1s necessary when precise intensity measurements sre required such as in
self absorption and snguiar distribution experiments

Experimental Resuits

In this work some resonant levels were founa in antimony, copper, seienium and cerum
using sources of titanium and ron

The gamma sources were produéd by neutron capture in separsted pistes of netursl
titanium given a total weight of 4830y and natursl iron with 7300 g, p'.ced inside & double
sized fuel element contsiner Details of the expermentsl system ware publishod

previous'y {10! The energy resolution of the Ge{Li) was sbout 10 kev for the 6781 keV line of
titanium

Figure 4 shows the high energy part of §8. scattered spectrum from a netursl copper &
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well & the direct spectrum from the L.ianum target

The resonant scattering of capture gamma rays from a Ti source on copper has been
observed previously by other groups ‘3! 2! 64 5 Dyup 1o the use of Nai detectors it was not
possible to distinguish unambiguously trom which gamma ray the resonance comes

In references (5! 27 ana 51 4 uus suppased to be the weak 8 07 MeV transition from Tt
the responsible for the resonance scattering observed on * ' Cu and ® * Cu with a calculated cros
ssction sround 220mb and 440 mb respectiveiy Toumbev!®4 still using 8 Nal detsctor
upposed 10 be the strong 6 41 MeV' transition the origin of this resonance and caiculated a
crom section of 166 mb Due to the fact that such calculations are 30 dependent of the
hypothess from which gamma ray the resonance comes, we perfomed an experimant in the
gemma scattering faciity of the /EAR-1 reactor of S Paulc using a Ge-Li detector From
figure 4 it 13 possible to observe that the resonant energy is the weak 8 557 MeV line instead of
the 8 07 or 6 417 MeV tines

it was observed some lines in the spectrum of gamma rays scattered elastically and
inelastically from a target of Sb when we were using a titanium gamma source.

The proposed decay scheme for the 6761 KeV level of '*2Sb 1s shown in figure 5
together with the schemes of Cu snd Se The partial decay scheme of Sb is based on few lines
which fits immedistely to the known leveis of Sb

In figure 8 1t is showed the anguiar distribution from the gamma rays scattared elastic and
insissticaly by Sb where it was possible to identify the 1sotope responsiblie for the resonance
scattening

In wable | 1s aimed to be dispiayed all resuits obtained untii now since the first paper on
resonance scattering of capture gamma rays made by Fleischman''8) aposared or at least the
most 1mportant papers were relsted in this table Small fluctuations on the energies of some
gemma ray sources were permited without any correction by us since we cannot be heid the
responsability for discrepancies other than our own contributions

If we take a close look Into the Literature, the amount of papers which makes a complete
study of the nuclides n question 15 negiigible Many of those previous papers were done by
using Nal detectors or were done only in order to sesrch for new resonances without any
intention to make 8 deeply study of the scatterer nuclide £o, much work has to be done until a
deeply systemstic of the dasts can be made It siso happens sometimes that not all of the
mesnsirabie resonance have enocugh intensity to permit accurate studies of level schemes and
resonance level parameters Much of the experimentsl difficulty s due also to the high levei of
background caused mainly by multiple electronic scattering from the intenss: gamme rays
belonging to the source material As it has been obssrved by Y Kawaraseki!27) the applicstion
of week lines & & monochromatic beam of neutron-capture gamma rays would provide more
information on highly excited leveis near neutron threshoild, because there remain many untried
emitters ond, hence, many monochromatic lines.

For instance we couid use Cd as s gamma source since it 1s plenty of lines and, by proper
choosing of the geometry » large amount of Cd could be put in the source position.
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Special attention should also be devoted to the methods utilized in the calcuiations unce
much of the discrepancies come® from the critenium utihized in the approxunations Oniy in 8
very few cases the nuclear level can be approximated by 8 pure Doppler form and 50 in the
mast of the cases the Doppler broadened shape of 8 gamma hine has 10 be ceicutated accurately
for quant'tative analysis

in fHigure 7 11 15 shown the average branching ratio versus the resonant energy for thoss
nuchdes of table | where 11l was possible to dentify the resonant 150tope. As it can be seen, the
branching ratio seems to decrease siowly 88 the excitation energy inCroases.

in figure 8 (t 15 displayed the number of resonances observed in each slement and we can
observe cleariy the magic number structure This picture serves aiso as 3 suggestion to find new
resonant elements We can see ciearly in it that 1s highly probsbie to find new resonant leveis in
the region of 20, 28 and 50 neutron closed shells as in the 28 proton ciosed shell Also, Indum
15 8 high probeble candidate to dispiay neéw resonances effects

As was ex, .8ined by Ben-Dmia'®' the low gensity of low-lying levels n the region of
closed shells educes the probatulity ot a dipole transition © an excited state, thus giving a
ground state brancning ratio 'y T close to unit for highly excited states beiow the neutron
emission threshold For nucler far from closed shells this branching ratio 1s ususily much less
than unity, which greatly reduces the scattering croas section, and therefore the probebility of
ubserving resonant scattering from these nuclei

In hgure 9 it 1s shown the dlements which presents some resonant effect agamst the
gamma sources What s curious from this figure i1s that in spite of the ramer smail smount of
data coliected exist the aglomerate of resonances observed 'nvoiving the magic nuMbers either
f.om the scatterer element or the gamma source

RESUMO
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A

Comments

A}  H:gh energy component of a compiex spectrum

B)  The vaiue of [ 1s obta:ned by using the value of € given in ret 6

C)  In the presant reference it was not decrded which ling of ron (7 639 or 7 646 MeV) is
respons:bie for the resonance ohserved

D)  The tines of 6 266 and 6 977 MeV were supposed to be elsstic only in this refsrence

E)  The rough estimate of I';, and T'/I" were proposed without confirmat.on

F)  The correct resonance energy s 6 550 MeV

G) The mass number gven in this reference is 114 instead of 112 as proposed by others
authors

H)  Is probably an independent level in the compiex spectrum of Ni gamma rays on Te

] May be an inelastic component from 7 528 MeV level in Te

J) Orobably a spurtous resonance oriyinated from a compound of chiorine in the vicinity of
the gamma source A Wolfetaln ref 39

K)  The vaiue of the cross section may e in error due to discrepancies of the 7y ray intensities
reported by Barthoiomew and Groshev ref 63

L) Unbound tevels

M}  The relative line intensities in this case are due to Groshev and co workers

N)  The cross section value wa.; not corrected for the presence of two lines of 7 629 and
7 643 MeV of equal intensities in spectrum of iron (Groshey ref 63)

0)  Rough estimate

P)  Probably the 7 310 MeV Iine corresponds to a resonance in * ' Ga

Acknowledgments

The authors would like to thank V S A Segretoand B R S Pecejuilo for their help

'n the preparat:on of table 1 and also R Cunha for preparing the drawings

=== =



