
Alpha Decay
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Chapter 3: Radioactivity

Key concepts
• Coulomb barrier and energy release through alpha decay.
• Energy spectrum of alpha particles.
• Major health hazards related to alpha emission
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Nuclear Binding Energy
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The nuclear binding energy

In this case, the binding energy for the deuterium nucleus is given by
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Average Binding Energy Per Nucleon
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Alpha Emission
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• An alpha particle is a highly
energetic helium nucleus
consisting of two neutrons
and 2 protons.

• It is normally emitted from
isotopes when the neutron-
to-proton ratio is too low –
called the alpha decay.

• Atomic number and atomic
mass number are conserved
in alpha decays

Chapter 3: Radioactivity
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Alpha Decay – An Example
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• Half-life: 138.376 days; Decay mode: alpha-decay (branching ratio: 100%);
Energy release: 5.407MeV

• 210Po has a neutron-to-proton ratio of 126 to 84 (1.5:1) and 206Pb has a
neutron-to-proton ratio of 124 to 82 (~1.51:1)à increased neutron-to-
proton ratio.

• Alpha decay is also accompanied by the loss of two orbital electrons.

Chapter 3: Radioactivity
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Ways to Achieve Increased Nuclear Stability
and the Origin of Nuclear Radiation

NPRE 441, Principles of Radiation Protection
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Potential Energy of Nucleus
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• Nucleons are bounded together in nucleus by the strong force, which has a short
range of ~10-15m.

• The strong force is powerful enough to overcome the Coulomb repulsion between
the positively charged protons.

Coulomb potenital

VC =
1

4πε0

q1 ⋅q2

r
,   where ε0  is the electrical permitivity
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Alpha Emission
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In heavy elements, It would require a minimum kinetic energy of ~3.8MeV
for the alpha particle to “tunneling through” the potential well …

68



Alpha Decay
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With only a few exceptions (Samarium-147), naturally occurring alpha
decay are found only among elements of atomic number greater than 82
because of the following reasons:

Chapter 3: Radioactivity

• Electrostatic repulsive force in heavy nuclei increases much more rapidly
with the increasing atomic number than the cohesive nuclear force. The
magnitude of the electrostatic repulsive force may closely approach or
even exceed that of the nuclear force.

• Emitted alpha particles must have sufficiently high kinetic energy to
overcome the potential barrier resultant from the strong nuclear force.
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Energy Release from Alpha Decay
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An example: Alpha decay of 226Ra

The energy release can be found using the data
shown in the table previously used for deriving
binding energy
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Understanding the Mass Defect and Nuclear 
Binding Energy Table
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Energy Release in Alpha Emission
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The required kinetic energy has to come from the decrease in mass following the
decay process.
The relationship between mass and energy associated with an alpha emission is
given as

72



Energy Release from Alpha Decay
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An example: Alpha decay of 226Ra

The same example, when considering the daughter atom to have two less electrons,
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Energy Spectra of Alpha Particles

NPRE 441, Principles of Radiation Protection
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Measured energy spectrum of alpha
particles emitted from the decay of
238Pu.

m is the mass of the alpha particle, and 
M is the mass of the recoil nucleus. 
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Energy Spectra of Alpha Particles
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Alpha decays are sometimes accompanied by the excited daughter products which
complicates the resultant alpha particle spectra.

Measured energy spectrum of alpha
particles emitted from the decay of
238Pu.

Eα =Q ⋅ A− 4( ) / A,
where A is the atomic mass number of 
the parent nucleus and Q is the energy 
release.

The kinetic energy of alpha particles is given
by
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Half-Life of Alpha Emitters
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The most energetic alpha particles are found to come from radionuclide having
relatively short half-lives.

An early empirical rule known as the Geiger-Nuttall law implies that

constants. are b and a emitted. particles  theof
 range  theandemitter  alphaan   of  life-half  theare R and T where

lnln RbaT +=-
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A Few Remarks

• Q value has to be positive for alpha decay.
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• Energy of the alpha particles generally increases with the atomic number
of the parent. For example, 1.8 MeV for 144Nd to 11.6 MeV for 212mPo.

• All nuclei with mass numbers greater than A of 150 are
thermodynamically unstable against alpha emission (Q is positive).
However, alpha emission is a dominant decay process only for heaviest
nuclei, A≥210.
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Alpha Emission and Potential Health Concerns
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NPRE 441, Principles of Radiation Protection, Spring 2020

Radiation Effect and Dose Delivery
Chapter 8: Chemical and Biological Effects of Radiation

For low LET radiation, Þ RBE µ LET, for higher LET the RBE increases to a 
maximum, the subsequent drop is caused by the overkill effect. 

These high energies are sufficient to kill more cells than actually available!



Alpha Emission and Radiation Hazard

Chapter 3: Radioactivity

J. Chadwick, Cavendish Laboratory, 
University of Cambridge. Encyclopaedia of Occupational Health and Safety 

4th Edition, from the International Labor Office
Alpha particles have extremely short ranges (micros to tens of microns in tissue). They can
not penetrate the outer layer of dead skin and in general pose no direct external hazard to
the body.
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https://www.youtube.com/watch?v=Q252mAH7hnI&t=184s 81

Rn-220 in the Cloud Chamber



Alpha Emission and Radiation Hazard

Chapter 3: Radioactivity

However, when inhaled or entering through a wound, an alpha source can present a
hazard as internal emitter.
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Alpha Emission and Radiation Hazard

Chapter 3: Radioactivity

(Left) Measured energy spectrum of
alpha particles emitted from the
decay of 238Pu.

In addition to the internal hazard, alpha particles, one can generally expect gamma ray
emission with an alpha source. Also, many alpha emitters have radioactive daughters that
present radiation protection concerns.
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An Overview of  Radiation Exposure to US Population
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Terrestrial Naturally Occurring Radioactive Materials (NORM)
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http://www.world-nuclear.org/info/inf30.html
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Common characteristics of radioactive series:
• The first member of each series is very long-lived – 232Th: 1.39´1010 years, 238U:

4.51´109 years and 235U: 7.13´108 years.

Naturally Occurring Radioactivity

Actinon called is and series actiniumin  appears 
Thoron called is and series in thorium appears 
Radon called is and series uraniumin  appears 

219
86

220
86

222
86

Rn
Rn
Rn

series actiniumin  appears 
series in thorium appears 
series uraniumin  appears 

207
82

208
82

206
82

Pb
Pb
Pb

• All three naturally occurring series each has a gaseous member.

Artificially created radioactive series, such as the neptunium series has no
gaseous member.

• The end product of all three naturally occurring radioactive series is lead.
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All three isotopes of radon has radioactive daughters, so they are all potentially
hazardous.

Naturally Occurring Radioactivity – Other Isotopes of Radon

seconds 4T U,from  :(Actinon) 
 seconds 56T Th,from  :(Thoron) 

3.81daysT U,from  :(Radon) 
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=
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The health concerns of these isotopes are determined by two factors:
• The rate of production from their parent nuclides.
• The probability of decay before get airborne.

The contributions from the daughters of 220Rn and 219Rn to internal exposure are
usually negligible compared with that from 222Rn.
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Indoor Radon
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Naturally Occurring Radioactivity
– Health Concerns of Radon Gas
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• Airborne radon itself poses little health hazard. It is not retained in significant
amounts by the body.

• The health hazard is closely related to the short-lived daughters of radon.

Naturally Occurring Radioactivity
– Health Concerns of Radon Gas

Beta particle

alpha particle
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The WHO predicts that “The risk of lung cancer increased by 8% per 100 
Bq/m3 increase in measured radon concentration (95% confidence 
interval).” (from the WHO Indoor Radon Handbook)
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α-Emitters of Human Interest (1)

Po K Xrays are emitted that permit
external imaging, the two most
abundant of these X-rays have energies
of 77 and 80 keV, 12 and 20% of all
photon emissions, respectively.

Bismuth-213  emits a 
gamma ray photon at 440 
keV and a yield of 16.5%. 

40 and 727 keV
γ emission
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Radiation Effect and Dose Delivery
Chapter 8: Chemical and Biological Effects of Radiation

For low LET radiation, Þ RBE µ LET, for higher LET the RBE increases to a 
maximum, the subsequent drop is caused by the overkill effect. 

These high energies are sufficient to kill more cells than actually available!
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Fig. 4. Gamma spectra of purified Ac-225 produced 
via cyclotron irradiation (upper spectrum) and Ac-
225 extracted from Th-229 (lower spectrum).

Cyclotron production of Ac-225 for targeted alpha therapy, C.Apostolidis, Applied Radiation and Isotopes, 2005

Energy spectra, normalized by acquisition time, acquired by the 
VECTor scanner for both HEUHR (red) and UHS (green) 
collimators with a comparison to a background spectrum (grey) 
acquired with no collimator or activity present. Spectra were 
acquired using a uniform source containing 1.05 MBq (28.3 μCi) 
of 225Ac. The energy regions used to reconstruct the 221Fr and 
213Bi are shown in blue and red, respectively. The adjacent grey 
regions indicate the energy windows defined for background and 
scatter correction.

The 225Ac decay chain. Photons with a branching ratio >3% 
relative to 225Ac decay are shown.

Example of Dual-Isotope SPECT Imaging

https://www.sciencedirect.com/science/article/pii/S096980430400435X


An Example – 223Ra
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• 223 Ra has inherent bone-seeking
properties.

•Could become logged and irradiate an
individual over a relatively long
period.

•Could also be used as a therapeutic
isotope.
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