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‘@. Nuclear reaction kinematics
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@ Conservation laws:

Le™ 2 The energy
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m,c?+m,c?+E2 = m,c?+m,c?+EL +E Y+eP+eY

Q = E,final — E, nital = m_c2 + m,c? - m,c?- m,c2Reaction energy (Q-value)

E., =-Q(m+m,)/ m, Reaction threshold (only if Q<O)

QUESTION: Why is the reaction threshold larger than Q?



Lecture 1.2 — Nuclear Reactions

b“ A. Negret
@ Conservation laws:

Lo The momentum
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@ Reaction mechanisms

Reaction mechamis@GBMPOUND NUCLEUS @ Low interaction energy (Bohr postu

 PRE-EQUILIBRIUM
 DIRECT REACTION

Examples:Elastic scattering (shape elastic / compound elastic): (n, n), (o, o)

Inelastic scattering: (p,py), (n,ny)

Coulex (Coulomb excitation)

Charge exchange reaction: (p,n), (n,p)

Transfer reaction: Stripping: (d,n), (d,p)

Transfer reaction: Pick-up: (p, d)

Capure: (n,y), (p,y)

Fragmentation: 48Ca + Be -> 4S5 + ... -> RIB, GSI - FRS
Spallation: p(1.4 GeV @ ISOLDE) + 238U -> RIB, CERN - ISOLDE
Fission: 235U(n,F)

Fusion: 2C(a, y)'*O; d + t-> o + n
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Exercise: guess the reaction type

28Si(p, p)?8Si Elastic / inelastic scattering

12C(a, 2He)13C Stripping

14N(d, 2He)4C Charge exchange

194pPt(5Li, 3n)1%’Tl Fusion-evaporation

Elastic scattering (shape elastic / compound elastic): (n, n), (o, o)
Inelastic scattering: (p,py), (n,ny)
Coulex (Coulomb excitation)

Charge exchange reaction: (p,n), (n,p)
Transfer reaction: Stripping: (d,n), (d,p)
Transfer reaction: Pick-up: (p, d)
Capure: (n,y), (p.7)

Fragmentation: 48Ca + Be -> 44S + ...
Spallation: p(1.4 GeV @ ISOLDE) + 238U
Fission: 23°U(n,F)

Fusion: 12C(a, y)**0; d + t-> a + n
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During the Big Bang: H, He, very little amounts of Li, Be, B

. In stars, through fusion: elements Ilghter than >6Fe (Why 56Fe?)
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Nucleosynthesis

Where are the nuclei formed

CNO cycle: Nuclear Lk Ik
fusion process of H AL

KC

occuring in stars and

using C, N, and O.

S-process: Sequence of
n-capture reactions
followed by beta decays
producing elements
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heavier than Fe in the

3. Didng the final explosion of a big star
- Supernovae: elements heavier than
>6Fe, but also lighter elements: 2*Mg -
60N;,

R-process: Sequence of n-capture
reactions followed by beta decays
producing heavy elements during the
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Reaction databases

Evaluated (theoretical) databases:

e ENDF/B-VI.1 (USA)  ‘crosssecion
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Data for plotting: ZvD (23Kb), send to ZWWiew; download ZVView; upload and plot your ZVD file
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