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There	  are	  essen1ally	  no	  free	  neutrons	  around	  with	  the	  excep1on	  of	  a	  few	  produced	  by	  
cosmic	  ray	  interac1ons	  (that	  produce	  14C,	  for	  example).	  	  	  

All	  neutron	  induced	  reac1ons	  have	  some	  general	  features:	  
1.  The	  neutrons	  have	  to	  be	  created	  in	  some	  reac1on,	  thus,	  the	  number	  is	  low	  enough	  that	  

we	  only	  have	  to	  consider	  the	  reac1ons	  with	  one	  neutron	  at	  a	  1me.	  
2.  The	  binding	  energy	  of	  an	  addi1onal	  neutron	  to	  ALL	  stable	  nuclei	  is	  about	  the	  same	  and	  

the	  reac1on	  is	  ALWAYS	  exoergic.	  	  
3.  Neutrons	  do	  not	  have	  any	  barrier	  to	  reac1on	  and	  given	  (item	  2)	  the	  neutrons	  will	  

eventually	  be	  absorbed	  by	  a	  nucleus	  no	  maUer	  how	  low	  their	  energy	  gets.	  

ΔΕ Δτ > h/2π	

Δτ > h/2π ΔE = 6.626x10-34 J-s / (2π 8x106 eV * 1.60x10-19 J/eV) = 8x10-23 s 	  

These	  reac1ons	  are	  called	  (n,γ)	  reac1ons	  because	  a	  neutron	  goes	  in,	  creates	  an	  intermediate	  
and	  very	  excited	  compound	  nucleus	  that	  almost	  always	  de-‐excites	  by	  emiVng	  gamma	  rays.	  	  
For	  reasons	  already	  discussed,	  the	  total	  excita1on	  energy	  is	  about	  the	  same	  and	  generally	  
many	  more	  than	  one	  gamma	  ray	  is	  emiUed.	  

Make	  an	  es1mate	  of	  the	  life1me	  of	  the	  excited	  compound	  nucleus:	  	  	  
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The	  probability	  of	  a	  nuclear	  reac1on	  is	  given	  by	  the	  nuclear	  cross	  sec1on.	  	  We	  encountered	  
the	  idea	  of	  a	  cross	  sec1on	  in	  the	  very	  first	  lecture	  of	  the	  course.	  	  As	  a	  reminder,	  for	  a	  
neutron	  with	  a	  spherical	  nucleus:	  	  
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σGeometrical = π Rnucleus + rneutron( )2

σReaction = π 1.2A1/ 3 + rneutron( )2 fm2

σReaction =
π
100

1.2A1/ 3 + rneutron( )2 barns

The	  probability	  or	  cross	  sec1on	  to	  strike	  dead	  center	  is	  small	  but	  the	  neutron	  induced	  
reac1ons	  produce	  essen1ally	  the	  same	  results	  if	  the	  neutron	  hits	  off-‐center,	  all	  the	  way	  up	  to	  
the	  point	  that	  the	  neutron	  misses	  …	  thus,	  we	  can	  consider	  the	  geometrical	  cross	  sec1on.	  	  	  
The	  normal	  unit	  of	  cross	  sec1on	  would	  be	  fm2	  but	  a	  historical	  unit	  of	  100	  fm2	  =	  1	  barn	  is	  used.	  
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λdeB =
h
mv

=
h
2mT

λdeB = 28 fm at1MeV
λdeB =1 fm at820MeV
λdeB = 2x105 fm at0.025eV
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Resonances	  –	  available	  energy	  exactly	  
matches	  excita1on	  energy	  of	  a	  state	  in	  
the	  compound	  nucleus.	  

Common	  slope	  for	  all	  reac1ons	  !	  	  
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As	  opposed	  to	  neutrons,	  all	  of	  the	  maUer	  that	  we	  have	  at	  hand	  is	  made	  up	  of	  charged	  
nuclei	  and	  since	  some1me	  in	  the	  1970’s	  	  we	  have	  been	  able	  to	  induce	  nuclear	  reac1ons	  
using	  isotopic	  beams	  of	  all	  stable	  elements	  with	  targets	  of	  all	  stable	  elements.	  	  	  	  

All	  nuclei	  repel	  another	  due	  to	  the	  Coulomb	  force	  ac1ng	  between	  like-‐charges.	  	  	  

The	  repulsion	  is	  large	  enough	  that	  there	  are	  essen1ally	  no	  nuclear	  reac1ons	  taking	  place	  
anywhere	  near	  room	  temperature.	  	  	  
The	  geometric	  cross	  sec1on	  is	  only	  aUained	  when	  the	  incident	  energy	  >>	  coulomb	  barrier.	  

Summarizing:	  	  	  σ(E)	  -‐>	  0	  when	  E-‐>	  0	  ,	  σ(E)	  -‐>σGeo	  when	  E	  >>	  Vcoul	  	  
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The	  textbook	  gives	  a	  deriva1on	  of	  the	  algegraic	  effect	  of	  the	  coulomb	  barrier	  on	  the	  reac1on	  
cross	  sec1on	  for	  charged	  par1cle	  induced	  reac1ons.	  	  	  The	  reac1on	  cross	  sec1on	  goes	  to	  zero	  
below	  the	  barrier...	  	  Note	  that	  Vc(R1+R2)	  is	  the	  Coulomb	  poten1al	  at	  R1+R2	  and	  is	  a	  constant	  
for	  a	  given	  reac1on.	  	  
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16O	  +	  208Pb	  



Overview	  of	  Nuclear	  Reac1ons	  

Fig.	  10-‐xyz	  in	  the	  text	  	  

The	  summary	  of	  the	  expected	  (classical)	  behavior	  of	  nuclear	  reac1ons	  is	  given	  in	  a	  
qualita1ve	  figure	  from	  the	  text.	  	  This	  picture	  presents	  the	  total	  reac1on	  cross	  sec1on,	  
regardless	  of	  the	  outcome	  of	  the	  reac1on	  itself.	  	  “something	  happens”	  	  	  
The	  details	  of	  what	  actually	  happens	  are	  s1ll	  to	  be	  considered.	  


