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Spect roscopic info rmation f rom nuclea r reactions 

I . Ro t t er
Zent ralins titut  fu r Ke rn forschung Rossendo rf , 8051 o ;esden , GDR

The p ropert ies of  nuclea r sta tes a re invest igated expe ri­
mentally by means of nuclea r reactions . It is necessa ry there­
fo re to know the rela t ion between the spect roscopic amplit udes , 
cha racte rizing the nuclea r st ructure , and the decay and pa rtial 
widths , measu red in nuclea r react ions . The rela t ions can be 
obtained on the basis of the cont inuum shell model1 ) which de­
scribes nuclea r st ruc t u re and nuclea r reaction aspects with 
compa rable accuracy . 

Fo r isolated resonance s ta t es R ,  the  relation between the  
decay wid t h  r R and t he part ial  widths rR , c , relat ive to the
channels c ,  is 

( 1 )  

Such a relation is usually used in analyzing t h e  expe rimental 
data . Furthe r , ·  

r 112 
R , c = rR 2- lR • IR c '  , c  , c , c  ( 2)

whe re lR , c ' a re the spect roscopic amp lit udes and IR ,c , c • is
2

an
overlap integral  between bound and sca t t e ring wavefunct ions > .
Fo r la rge spect roscopic a�p lit udes , t he pa rtial width  is p ro­
portional to  t he squared spect roscopic amplitude as it is usually 
assumed . But fo r channels with small parentage , coupling to more 
favoured ( open as well as closed ) channels can change , acco rding 
to eq . (2 ) , t he simple rela t ion between pa rtial widths and 
spect roscopic amplitudes drastically .  Nume rical calcula t ions a re 
pe rfo rmed for  the ispspin fo rbidden p roton and neut ron decay 
of  the  firs t  T = 3/2 state  in t he A =  13 nuclei . Furthe r ,  t he 
disagreement between calculated and measu red CX -widths in heavy 
nuclei known for  many yea rs gives evidence of  the  exist ence of  
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favoured ( closed ) o( -channels .  

The wavefunction o f  e n  isolated resonance state  R is1 >

J2 R = Q> R + Gp H cf, R  ( 3)

where cp R is the  t raditional shell-model wavefunction , Gp t he 
Green f unct ion in t he continuum and H t he Hamiltonian . The ex­
citation of a resonance state in a nuclear reaction is therefore 
proportional to two terms : t he t raditional resonance reaction part 
via the first term of eq . ( 3 ) and the channel-resonance scat tering 
via the second term .  Nuclear reactions a re suitable fo r an ex­
t raction of spect roscopic information if t he direct reaction pa rt 
relative t o  the resonance reaction part is small , since in such 
a case t he channel resonance scat tering is also small . Otherwise 
the influence of  channel coupling cannot be neglected . It leads , 
fo r example , to  neut ron-shell ef fects in the radii of  nuclea r 
charge dist ributions . 

For overlapping resonance states it 1s3 >

r R < 2._ ,
_,

R C . C , 
• ( 4 )  

instead of eq . ( 1 ) .  It  is  there fo re difficult to draw conclusions 
f rom lifetime measurements on partial widths . P roblems appeared , 
indeed , · in the interp retation of the lifet ime data of e .  g .  239u .
Furthermore , f°"' ( E) decreases with energy af ter  reaching a maxi-
11um4 > because of r ( E )  --P O fo r E � 0 and E --J' oo S) . This fact 
is also not taken into account in the int e rp retation of the life­
time data on the basis of a stat ist ical theo ry .  

Another result of the continuum shell model calculat ions is 
t he fact t hat external mixing of resonance states with equal 
spin and parity via the cont inuum becomes impo rtant when the 
resonance states begin to ove rlap . The collectivity of the  
lower- ( higher)  lying states is  enlarged at the  cost  of the  
collectivity of  the  higher- ( lower)  lying stat es due to 
external mixing . Further , the resonance states repel  each 
othe r .  As a consequence , special types of st ructures may 
appear in the reaction cross section . While st ruct ures which 
... caused by only one resonance state appea r at the resonance 
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ene rgy ER in all channels , t his is no t necessa rily the case fo r 
st ruct ures which are gene ra ted by severa l  ove rlapp ing resonance 
s t a tes . The cent re of these s t ruct ures may be shif ted in the  
dif f e rent channels because o f  the  dif f e rent  par tial  wid t hs . The 
"wid ths "  of these s t ructures a re det e rmined , to a g reat extent , 
by the  dist ance of  t he single resonance · s tates which lie close 
toge the r by . chance due to f luctuations in the level density . 
St ruc t u res o f  such a typ e  may appea r as  inte rmedia te- like ones 
in the  reac tion c ross sec tion o r  as subst ruc tures under  a g ross 
st ruct u re . The only condit ion is r � 0 whe re r is the ave rage 
wid th  and D t he ave rage dist ance of  the resonance s ta tes . I f  
r << o then f inest ruc t ure resonances will b e  o bse rved while fo r 
(_,>> D the exte rnal mixing is so s t rong t hat  only a g ross s t ruc­
t ure appea rs . Thus ,  conclusions on the level density can be d rawn 
when subst ruc t u res a re observed in the  reaction c ross sec t ion 
with  excitat ion of , e .  g . ,  isoba ric ana log resonances or  in heavy 
ion react ions . 
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