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STATISTICAL SIGNIFICANCE OF THE DEVIATION FUNCTION IN A SEARCH FOR 
RESONANCES 
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and 
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Insti tute of Physics ,  Jagel lonian Uni versi ty , 30059 Cracow , Poland 

Resonance phenomena observed i n  the exci tation curves of heavy- ion nucl ear 
reacti ons are decerned from the normal statisti cal behaviour due to corre­
lations between di fferent exi t channels .  Apart from very stri ki ng abnormal 
structures stati sti cal tests must be performed to di scrimi nate the i nter­
esti ng phenomena from stati stical fl uctuati ons .  It i s  then important that 
confi dence l imi ts can be speci fi ed. We descri be here the appl i cation of the 
energy dependent deviation functions and use as an exampl e the exci tati on 
functions for the 9ee + 1 2c system measured by the authors (see fi g . l ) .
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Fi g .  l .  Exci tati on functions ·for the system 9ee 
+ 1 2c 
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In the presence of a di rect reaction contri bution d, the relati ve di fferen­
tial cross sections x = o { E ) /<o (E ) >  are di stri buted accordi ng to 

n n n-1 x+d 1n-1 < 2nfxci /(l-d ) )
p(x) = (�1 -d ) x exp(-n �1 d ) (1 ) - (nfxa /(l-d ) )n- 1

The average cross sections <o(E ) >  can be found , e.g . , as a runni ng average 
{solid  li nes i n  the right half of fi g . l )  or , when di rect contri buti ons are 
negligi ble, as Hauser-Feshbach cross secti ons {left half of fi g.l ) . n i s  
the number of i ndependent channel s and I the modi fi ed Bessel functi on .n 
99 % of the· cross secti ons should lie withi n the dashed li nes i n  fi 9.l. 

For · a  set of N i ndependent excitati on functions ok (E ) the deviation func­
tion i s :  

l N D(E ) = N L (xk (E )- 1 ) (2 ) k=l
(fi g.2 ) .  For judgi ng the si gni fi ­
cance of an observed structure the 
probabi l i ty density of D, p (D ) , 
must be known . The characteri st ic
function of p(D }  can be calculated 
easily as product of the characte­
ri stic functions of the origi nal 
distri buti ons (1 ) .  For the vari ance 
one deri ves i nvnedi ately 

2 -2 N a = N l Rk(O )k=l
( 3 )  

The auto-correlation function for 
e:= 0 

2 Rk(O )  = (1 - dk )/nk ( 4 )  
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Fi g .  2. Deviati on functions with 
upper and l ower 1 % fracti les 
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can be evaluated from the measured excitat ion functions so that the deter­
mi nation of the vari ance i s  free from model assuMptions . An exact speci fi ­
cation of the 1 % confi dence li mits requi res a knowledge of nk and dk ' e . g .
as a result of a Hauser-Feshbach calculation ,  and the Fouri er transform 
necessary to fi nd p(D )  has to be done numeri cally (dashed curves i n  fi g.2 ) . 
Approxi mately the probability density of D + l i s  the same as that of the 
cross s.ecti ons ( 1 ) , rep 1 aci ng n by Ntot = I nk and d by <dk >.




