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RESONANT STRUCTURE IN  THE REACTION CHANNELS OF 14c + 14c .

C . BECK, R . M. FREEMAN , F .  HAAS , B .  HEUSCH
Centre de necherches Nucl eai res and Uni vers i te Loui s  Pasteur ,  

Strasbourg , France 
..

H . BOHN , K .A .  EBERHARD , U .  KAUFL , H .  PUCHTA, T. SENFTLEBEN and W. TRAUTMANN ,
Uni vers itat and Techni sche Univers itat Munchen , D-8046 Garchi ng ,  F . R .  Gennany 

Strong resonant behav i or has been observed i n  the y-ray yi el ds of the 
14c + 14c reacti on channel s ,  whi ch have been measured at the Muni ch MP
Tandem from Ec . M. = 12 . 5  to 32 . 5  MeV . The regu l ar osci l l ati on correl ated
i n  i nel asti c ,  transfer and fus i on-evaporati on channel s corroborates the 
resonant g ross structure i n  el asti c scatteri ng studi ed by the Muni ch group 
and Ci ndro et al . l ) . Thi s  peri odi c  gross structure cl osely resembl es the 
shape resonances found i n  160 + 160 reacti on channel s 2 )  whi ch are out of 
phase wi th the broad strong structures i n  the 90° el asti c  scatteri ng data 3 )  

Th is  resonant feature i s . especi al ly  stri ki ng i n  di rect reacti on 
channel s where grazi ng parti al wave effects are strong , as i l l ustrated 
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by Fig . a and Fig .  b where the resul ts for i nel as­
ti c scatteri ng to the 3- state of 14c and one
neutron transfer channel are shown . The evaporati on 
processes are dani nated by the (axn) channel s 
l eadi ng to Ne i sotopes and by the (xn) channel s 
to Mg i sotopes . The summed cross section to the 
Ne i sotopes ( Fi g .  c ) , i ncl udi ng the i ndiv idual 
contri buti on · for 22Ne ( Fi g . d ) , exh i bi ts a 
pers isti ng resonant structure roug hly correl ated
with that of peri pheral channel s .  The 25Mg + 3n
fusion channel is i l l ustrated by the exci tati on 
functi ons for the fonnati on of two states of
25Mg : the fi rst exci tated state (J� = 1/2+ , 
Ex = 585 keV )  and a high spi n state ( J� = 13/2+ , 
Ex = 5462 keV ) are shown i n  Fig . e and Fi·g . f .

Littl e structure appears but more pronounced for 
the high spin state , because resonant behavi or i s  
enhanced for higher angul ar momentum parti al waves . 
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The resonances seem to be correl ated i n  al l the reacti on channel s 
( at Ec .M .  = 13 , 16 .1 , 19 . 2 ,  23 . 0 ,  27 .0  and 31 .5 MeV) as the quasi -molecul ar
resonances observed i n  the reacti on cross secti ons for 160 + 160 2 > .
Al though 14c i s  not a pure a-cl uster nucl eus 14c + 14c i s  very s imi l ar to
160 + 

160 scatteri ng : the stri k i ng resonant structure i s  not obscured by
strong absorpti on . These two reacti ons are i nduced by i denti cal bosons and , 
therefore, strong pari ty dependent effects are related to the fact that the 
reacti on is described by the even partial waves onl y .  The 14c nucl eus l ike
the doubl y-cl osed-shel l nucl eus 160 is very stabl e : it is characterized by 
a cl osed neutron shel l and a cl osed proton subshel l .  14c and 160 are spheri ­
cal nucl ei wi th no l ow-l yi ng 2+ col l ecti ve states : they are the onl y two 
nucl ei heavi er than 4He where the gap between the ground state and the fi rst
exci ted state i s  greater than 6 MeV . The gross structure phenanena observed 
i n  these two reactions i s  l i nked to the peripheral partial waves whi ch are 
weakl y absorbed . Thi s  surface transparency can· be understood by the fact 
that very few di rect channel s are abl e to carry away the l arge angul ar 
momenta brought i n  by the entrance channel . 

Thi s  experi ment al ong wi th 12c + 14c 4 ) and 14c + 160 5 ) data confi rms
the mi croscopi c cal cul ati ons of the Brussel s group 6 ) , whi ch predi ct that 14c 
i nduced reacti ons are very good candi dates to observe mol ecu lar resonances . 
The resonant structure observed i n  the 14c + 14c reacti on is moreover i n
perfect agreement wi th the occurence o f  a mol ecular resonance reg i on 
proposed by Abe 7> .
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