
The fission barrier



Deformation of a heavy nucleus
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235U+n->93Rb + 141Cs + 2n

Energy spectrum of prompt neutrons in 235U fission

Fission of 235U

BE(235U+n) = 6.4 MeV Fission Barrier = 6.3 MeV

      --> slow neutrons (E~25 meV)

BE(238U+n)= 4.8 MeV Fission Barrier= 5.8 MeV

      --> fast neutrons (E>1.5MeV)



envelopes to
the resonances

Neutron cross sections of uranium



Scheme of a nuclear reactor
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The moderator slows down the neutron from MeV
energy to thermal energies. Moreover it absorbs
the kinetic energy of the emitted fission
fragments.
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$ f = fission cross% sec tion

$ r = neutron reactioncross% sec tion



235U (n,γ ) 236U
neutron capture

238U (n,γ ) 239U
   → 239Np → 239Pu

× (1-Ps)   fast neutrons escape

× (1-p)    neutrons lost through
                        238U (n,γ ) resonances

× (1-Pth)  thermal neutrons escape

× (1-f )    thermal neutrons absorbed
                      in the moderator

Nηε fast neutrons

Nη

Nηε Ps

are moderated

Nηε Psp
thermal neutrons
are generated

Nηε pfPsPth = Nkeff

thermal neutrons
are available

235U (n,f )
thermal fission

238U (n,f )
fast fission

Nkeff

fate of a neutron
generation

Neutron must be moderated
outside the core!!!!



Keff= effective multiplication

Keff>1 to start the reactor

Keff=1 to keep it stationary
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Delayed neutron emission

Reactor Controlling

235U+n->93Rb + 141Cs + 2n

These neutrons slow down the
reactor period



Moderator:

H2O: p+n -->d (σabsorption = 33.3 mb)

D2O: d+n -->t --> (σabsorption = 0.5 mb) lower neutron
absorption
Graphite: difficult to stop Overheating (Cernobyl)

To compensate for the n
absorption in H2O:

Natural Abundance 235U:0.7%

Enriched A. 235U   ~ 4%

Fission Reactor

Ligth water reactor

P= 71 bar

T= 286°C
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Weizsäcker parabola for even-odd isobars



Weizsäcker parabolas for
       even-even and odd-odd isobars



Beta decay of 40K

Energ y



Modification of the beta spectrum by
Coulomb interaction of β± and daughter nucleus



Indirect method: EC in 37Ar:

 37Ar+e--->37Cl+νe+Δm(=0.814 MeV/c2)

Monoenergetic neutrino and hence a fixed recoil momentum for 37Cl that
one can measure

Direct method: 1) neutrino source? (Reactor)  1953: ν+p-->e++n

          2) how to detect? 200l water with Cadminucloride, g
detected by Scintillation Detector

Neutrino Detection

Nobel Price for
Reines in 1995



SuperKamiokande





The interaction of the neutrino with the proton in the water generates
either a myon or an electron and these will be detected and distinguished
via their Cerenkov-Radiaton
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Massµ=105,658 MeV/c2

Mass e-=0.511MeV/c2



Neutrino Oscillations

The basics idea is to find out if the
atmospherical neutrinos do change their
flavours on the their way to the earth
(about 13000 km)

νe+p-->e++n

νµ+p-->µ++n



Munich reactor


