
Nuclear Reactions   

Where Would We Be Without Them?

J. Natowitz

T-REX
[ TAMU  

Reaccelerated 

EXotics]

T-REX 









The Atom 

Classical Quantum Mechanical

10-8 cm 10-13 cm

10-13 cm



All Atoms With One Proton in the Nucleus 
are Hydrogen Atoms

There are many possible isotopes of each element.





STABLE NUCLIDES- BLACK SQUARES



Nuclear Binding Energy

• Define binding energy as the mass difference 
between the sum of the mass of free constituents 
(protons, neutrons, electrons) and the mass of the 
nucleus

Z  x  1H     +  N x 1n    AX
Z

EB = [ ( Z x MH + N x MN - M(A,Z) ] c2

C2 = 931.5 MeV/u

Consider the formation of an atom from its constituents



• Binding Energy
– The difference in mass between the constituent 

protons, electrons and neutrons and that of the isotope 
formed converted into energy, usually in MeV.

– For 208Pb   BE = 1636 MeV

• Binding Energy per Nucleon
– The Binding energy divided by A, the total number of 

nucleons. 

– For 208Pb    BE = 1636/208 = 7.87 MeV/nucleon



Binding Energy Per Nucleon





Most Isotopes are Radioactive 
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Note:
In these 
three, 
neutrinos
are also 
emitted



The Nuclear Chemist’s Navigational Chart
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Reversing the Trend --Nuclear  Reactions
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• With such 
reactions new 
isotopes 

and 

new elements 

can be made

1958-My first course in nuclear chemistry



Synthesis of superheavy elements (cold and hot fusion)





Theoretical Limits to the Existence of 
Nuclei

• Only a fraction of the 
theoretically possible isotopes 
have been produced and 
studied.

• A new generation of accelerators 
being constructed will accelerate 
radioactive ions and probe the 
region of unknown isotopes

Less than 300 stable

Terra Incognita

Layout of the accelerator, experimental systems and the

experimental areas of the Facility for Rare Isotope Beams. 

http://www.frib.msu.edu/about


ACCELERATORS

RHIC

LHC

TAMU



Time (fm/c) = 300 32 MeV/nucleon 48Ca + 124Sn

Higher Energy Reactions

b = 11 10 9 8

7 6 5 4

3 2 1 0

[13]  A.L. Keksis, thesis, Texas A&M University, 2007













First  , H and He 

Heavier 
Elements

First Atoms, H and He





HeliumDeuterium  

Deuterium  



Origin of the Lighter Elements





For A Given Number of Nucleons, 
An Increase in Binding Energy per 
Nucleon Means that Energy Will Be 
Released

For Small Numbers of Nucleons, i.e., 
Nuclei Much Lighter Than Iron, 
Energy is Released If Nuclei Fuse (FUSION)

WHY?
Because Floor of 

Binding Energy Valley 
is Not Flat

For Large Numbers of Nucleons
i.e.,  Nuclei Much Heavier Than Iron,

Energy is Released If the Nuclei Split
(FISSION) 









ENERGY IS 
RELEASED



For A Given Number of Nucleons, 
An Increase in Binding Energy per 
Nucleon Means that Energy Will Be 
Released

For Small Numbers of Nucleons, i.e., 
Nuclei Much Lighter Than Iron, 
Energy is Released If Nuclei Fuse (FUSION)

WHY?
Because Floor of 

Binding Energy Valley 
is Not Flat

For Large Numbers of Nucleons
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Using Fossil Fuels is Indirectly Harvesting 
Solar Energy For Energy Production



Directly Harvesting Solar Energy 
For Energy Production



For A Given Number of Nucleons, 
An Increase in Binding Energy per 
Nucleon Means that Energy Will Be 
Released

For Small Numbers of Nucleons, i.e., 
Nuclei Much Lighter Than Iron, 
Energy is Released If Nuclei Fuse (FUSION)

Harnessing Nuclear Reactions 
For Energy Production

For Large Numbers of Nucleons
i.e.,  Nuclei Much Heavier Than Iron,

Energy is Released If the Nuclei Split
(FISSION) 



FISSION REACTOR
Harnessing the Heavy Elements

FUSION REACTOR
Harnessing the Light Elements

NOW Still in the future



“There are more things in heaven and earth, Horatio, 
Than are dreamt of in your philosophy. ”
Shakespeare  
- Hamlet (1.5.167-8), Hamlet to Horatio 

Nuclear Reactions   

Where Would We Be Without Them?


