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ABSTRACT 

resoname am' potentid scatlering innti.ice.s or1 die .aig~~/crr vector 

qffectilv tern? hcr1.e herrr curried out nrd co~npnred wi fh  some 

ISTRODUCTION 

As a matter of course, while the problem of ihe dif'ferential cross 

section gives a quantitative idea about the proctxding of the nuclear 

reaction, the reaction polarization gives a general important knowiedse 

about the scattering of the nuclear reactions In essence the angular 

distribution is the eqectation value in the scattering wave ofthe spin 

tensor of rank zero The ector polarization in sinr~ix manner is sinipl!, 

rile espectation \ d u e s  of the tensor mo~nznt of rank one The most 

established foi-niuh for the angular distnburion for unpolarizeci beam In 

tenns of the scattering m.lti-i\: nas  developed by Bll t t  2nd Riedenllarnl 
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Thc general theory is then specialized for the case of nuclear reactions 

and scattering associated with one isolated resonance levei of the 

compound nucleus. The forgoing treatment has frilly concerned lonely 

to the case of elastic scattering i.e the background reactions together 

with their interference with the resonance reaction both for neutral and 

for charsed particles were considered In the treatment ofBlatt and 

~iedenharnl ,  the incident particles as well as the target nucleus were 

considered to be unpolarized, i.e. their spins are randomly oriented in 

space but as there is a strong spin orbit coupling there arise the 

polarized reactions. Accordinsly, Simon and weltonZ performed 

expressions for the polarization resulting from nuclear reactions in 

terms of the reaction matrix and the Racah coefficients3. Mier that, 

~ i rnon4 made a comprehensive calculations to comprise the spin tensor 

moments yielding from a nuclear reaction at resonance initiated by an 

arbitrav polarized beam.  the?^ assumed that the non-resonance 

scattering contribution can be neglected. The aim of the present lvork is 

to deduce an expression for the resonance-potential scattering 

interference and study its contribution on the vector polarization of the 

elastically scattered neutrons with some spinless nuciei n t  resonance 

The analyzing power of the elastic n-3He scattering has been meusured - 
by Klages et a13 in the energy range from 15 to 50 hIeV and by Broste 

et a16 in the energy range 11.0 to 30 3 hleV. The poinrizar~on of 

elastically scattered neutrons from 12C at neutron ener-glrs 1 Y3 and 

1.983 h k V  have measured by Aspehnd et a17 Similar rne.isurcinrnts 

have been performed by Lane et alS at neutron enersies 0 I yE!,5? 0 

MeV and by  else:^ in the energy range 4.3s to 8.64 \ lev  The 

second goal of this work is to perform n theoretical ~nlcui~ltion 

depending on the here deduced resonance-potentid interference 
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expression and comparing it with available experimental measure- 

rnents5-9. 

THEORY 

One starts from the general formula for the polarization of 

neutron in the neighbourhood of single energy levell*, taking into 

account the potential contribution. The potential may be represented, in 

a phenomological manner, in terms of the phase shifts not of a hard 

sphere as long as they are independent of the total an,oular momentum 

and the channel spin representation. 

The reaction R for the transition as1 to a's'/' can be written as a 
sum of the resonance and potential matrices R, and %; thus: 

As pointed out by Goldfarb and ~ o o k l  l ,  the resonance and the 

potential-matrices take the form 

where < S 1 / 7  IK/ S I J > and < S'I'J /I /  S I J are defined from the 

Breizht-;Vigner formula as. 



a neutron: 
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where the first sum is over IlJ'l,12,1;,S ,,S2,Sr1,S2 ,S and L and the 

second sum is over J2 with parity states included. 

The first term represents the resonance polarization, while the second 

term represents the interference between the resonance and the 

potential contributions. The vector polarization p is related to the 

differential polarization d P / d R 

For the differential cross section d o 1 d Q, the Blatt and 

~iedenharnl  formula can be applied. 

RESULTS AND CONCLUSION 

Table I shows the selected esperimental data from references 

(5-9). By applying the different selection rules governing the scattering 

processes and by choosing the best values for the partial widths of the 

corresponding levels, the vector polarization p can be deduced. 

Table I 



-5  

iArGm r ; ,  :t;_,\rL:il:L~I t~j, t),<tions, tt is clear that the resonance-potential 

term l1.r: L _ !::-TJ(>I:IJ~~J:I; coniribtition. At the same time and according 

$0 the sc-le+-i::?~: nlie:, the Racah, Clebch-Gordan and the X-coefficients 

in xhe reson,~nt;e-resonance term for such spinless (4He and 12C) nuclei 

vanishes The theoreticnlly predicted values for the polarization and the 

experirnentd results are displayed together in figures 1,2 and 3 

Whereas, figire 1 and 2 shotv a partial agreement between the 

theoreticdl and evi;zrimenial results where most values are somewhat 

underesr~lnsted by the theory, figure 3 reproduces a fairly good 

qreernenr between them 

The author greatly appreciates Prof. Dr. Y. Selim for his help in 

tackling the problem. 
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