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!     it affects the synthesis of nuclei in explosive  stellar 
burning phases  

!    Important for generating neutrons in stars 

!    information for the description of neutron stars 

!   interesting for nuclear structure phenomena         

The relevant energy 
window for (!,n) 
reactions in  the 
stellar  
photon bath  is 
located in the 
vicinity of the PDR. 



,-'$$$$$$$$$$(-'$

P 

N 

A
ve

ra
ge

 T
ra

ns
it

io
n 

ch
ar

ge
 

de
ns

it
ie

s N 

A
ve

ra
ge

 T
ra

ns
it

io
n 

ch
ar

ge
 

de
ns

it
ie

s 

&.$'/012/032$04.$24$,'!5678998:8;8<98$



There is a trend in  the strength  
to increase with the proton-to-
neutron asymmetry 
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Transition densities 
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The  calculation accounts  
only for 25% of the  
measured yield 





N)*,9(.%@;'1.;U,8/)%

C4O54%D"*;/)%
'2/W'%(%=6%<2(.(<1".%



N)*,9(.%@;'1.;U,8/)%

=H%

N)*,9(.%@;'1.;U,8/)%0/.%>;X".")1%
")".*$%/0%12"%%*(--(Y.($'%%



6HZ+)$

7)"9('8<%'<(#".;)*%%%
6G[%\%HJ%%5"]^,%%
_%!Y.($%
</;)<;>")<"%

7)"9('8<%'<(#".;)*%%%
Z`"%\%PL%%5"]^,%%
_%!Y.($%</;)<;>")<"%

CDE6JIKHJ6JMH6HIJP%



3(1,."%/0%:$*-$%
."'/)()<"R%6HZ+)%

+/-"%-;'';)*%'1.")*12%0/.%%
K6G%[%?%6G%[a%bM%%(U/B"%G%5"]%

+;-;9(.%U"2(B;/,.%('%Kc?%ca%bM%

IJ)K8L%#+M)#M)%$J;)=NO&J)P#LJ)BE/;)2229)Q.99<R)

SJ)C"A+#&)#M)%$J;)=NO&J)P#LJ)B)

<E)Q23.2R)3T?UU.)

G%5"]%I%5"]% F%5"]%

Kb?%baM$

7FbFh:$O2>2$\DGN$"E2^2$



Id=dG%
Gd=dF%

Id=dG%
Gd=dF%

Id=dG% Gd=dF%

Kc?%ca%bM%$

+1.")*12%
;)%:"(e'%

Kb?%baM$

&2"/."8<(9%%:.">;<8/)'Y%';-;9(.%1.")>%/0%12"%>(1(%%

SJ)C"A+#&)#M)%$J;)=NO&J)P#LJ)B)<E)Q23.2R)3T?UU.)

=B;>")<"%0/.%;'/'<(9(.%<2(.(<1".%
%0/.%%Id=dG%f%%
Gd=dF%'1./)*".%;'/B"<1/.%<2(.(<1".%%

&/%U"%-/."%g,()81(8B"%
7'/'<(9(.%'1.")*12%%%
2('%1/%U"%"T1.(<1">%;)%12"%0,1,."%

h,(';Y:(.8<9"%:2/)/)% D"9(8BA%h,(';Y:(.8<9"DCN%



&2"%:$*-$%;)%FJi.$

85$

=Td%F%5"]$
Fd=Td%FAI%%5"]$

6Jd=Td%HH%5"]$

h,(';%(.8<9"%:2/)/)%%
5/>"9%:.">;<8/)'%%

DA%+<2W")*)".%"1%(9?%%
CDSGV?JLZP6ZKHJJVM%



6L[%

6G[%

6V[%
6G[%

iA9$S0T$ iA@$S0T$



GR SPREAD     $

!2>0E>$KGD^$$,'!$\DGN$(2=L4$OGVY40$('$



=)".*$%Ke"]M%

=)".*$%Ke"]M%

=)".*$%Ke"]M%

N
Aj
A%

N
Aj
A%

N
Aj
A%

&k=E%d%G%5"]%

6J%5"]%d%&k=E%d%6P%5"]%

6Z%5"]%d%&k=E%d%6L%5"]%

6U8H$R$8;8;$"$AjU8H$R$ABjj$
A96@$^0Tk$89;,Y$

<U8H$R$8B8@$"$<$U8Z$R$<;9$
A;8B$^0Tk$89;,Y$

@H$R$@j8@$"$<Z$R$jA65$
AA8B$^0Tk$895,Y$

A88B$^0Tk$895,Y$
BH$R$@@8@$"$<Z$R$jA65$

A;;9$^0Tk$89;,Y$
;U8Z$R$8jj6$"$<U8Z$R$<;9$

l.%.$G\$8BA<$^0Tk$895,Y$

8968$^0Tk$89;,Y$
;U8H$R$8BB8$"$<U8Z$R$<;9$

%E$









?G442YGD2JG=$

QASAEA%S."':;?%NA%!.(<</?%OA%!")l/);?%3A%!9(';?%SA%!/;()/?%+A%!.(-U;99(?%%QA%S(-".(?%NA%O;(l?%%
+A%E"/);?%!A%5;99;/)?%NA%5/.(9"'?%DA%3;</9;);?%EA%C"99"*.;?%+A%D;U/9>;?%]A%]()>/)"?%[A%m;"9()>%%

*+,-./0,12%3.45,%6173,%.%89:9%0.;,"+.%3,%<,5=+">%?,=%@.5"/,=%)A>%$&)BB>%<,5=+"%

5A%k-;"<;e?%NA%5(n?%CA%!">)(.<l$e?%%5A%S;"-(9(?%!A%Q/.)(9?%%oA%O.pU/'l?%5A%k.l$';"e(?%kA%5(l,."e?%%
mA%5p<l$q'e;?%5A%i;pU9;q'e;%

CD.%9,.E"3+,F;=+0G,%8+0H171.%"I%97F5.=/%!DJ0,F0>%!"5,0D%KF=3.LJ%"I%6F,.+F.0>%M/=G"E>%!"5=+3%

@A%!(ll(<</?%=A%Q(.)"(?%NA%O/#(.>/?%+A%E")l;?%+A%E,)(.>;?%@A%5")*/);?%%SA%5;<2"9(*)/9;?%QA%D"<<2;(?%SA%j.%%
*+,-./0,12%3,%!=3"-=%.%89:9>%0.;,"+.%3,%!=3"-=>%!=3"-=>%81=5J%

OA%@"%N)*"9;'?%@A%DA%3(:/9;?%oAoA%](9;")1"Y@/U/)%%%
89:9>%N=("/=1"/,%9=;,"+=5,%3,%N.4+=/">%N.4+=/">%81=5J%

NA%O(>"(?%%&A%`,$,e?%@A%!(..;")1/'%
8:8@>%?=5.+F,=>%6O=,+%

!A%!;.e")U(<2?%kA%O";U"9?%`A%`"''?%CA%D";1".%?%&A%+1";)U(<2?%NA%m;")'%
8+0H171%I7/%M./+ODJ0,G%3./%*+,-./0,1=1%;7%M"5+>%P./L=+J%

NA  !r.*".?%NA%Os.*")?%5A%O,#/.-'")?%NASA%E(.'")?%+A%+;"-%

%Q.O=/1L.+1%"I%!DJ0,F0>%*+,-./0,1J%"I%R05">%9"/E=J%


