
Radio Nuclide Imaging



Fundamentals of Radioactivity

• Radioactivity is the spontaneous emission of radiation from

an unstable atomic nucleus, leading to the transformation of

the nucleus into a more stable configuration.

• This process is natural and occurs in certain types of atoms.



Types of Radiation:

Alpha (α) Decay:

• In alpha decay, an unstable nucleus emits an alpha particle, which consists

of two protons and two neutrons.

• This process reduces the atomic number by 2 and the mass number by 4.

Beta (β) Decay:

• Beta decay involves the transformation of a neutron into a proton or vice

versa.

• This results in the emission of a beta particle (an electron) or a positron (a

positively charged electron).

• Beta decay changes the atomic number but not the mass number.



Gamma (γ) Decay:

• Gamma decay occurs when an excited nucleus releases 

excess energy in the form of a gamma ray. 

• Gamma rays are electromagnetic radiation with high energy 

and no mass, and they do not change the atomic or mass 

number of the nucleus.





Half-Life:

• The half-life of a radioactive substance is the time it takes for half

of a sample of that substance to decay.

• Different radioactive isotopes have different half-lives, ranging

from fractions of a second to millions of years.

• The concept of half-life is essential for understanding the rate of

decay and the stability of a radioactive material.



Generation and Detection of Nuclear Emission
Generation of Nuclear Emissions:

1. Radioactive Decay:

Alpha Decay:

• In alpha decay, a heavy, unstable nucleus emits an alpha particle (two protons

and two neutrons).

• This process is common in heavy elements like uranium and radium.

Beta Decay:

• Beta decay involves the conversion of a neutron into a proton (beta-plus decay)

or a proton into a neutron (beta-minus decay).

• This results in the emission of a beta particle (electron) or a positron.



Gamma Decay:

• Gamma decay occurs when an excited nucleus releases excess energy

in the form of a gamma ray, a high-energy electromagnetic wave.

2. Nuclear Reactions:

• Nuclear emissions can also be generated through nuclear reactions,

where two nuclei collide and produce new nuclei and/or particles.

• These reactions are often induced in particle accelerators or in nuclear

reactors.



Detection of Nuclear Emissions:

• Geiger-Muller (GM) Counter:

• GM counters are commonly used for detecting alpha, beta, and gamma

radiation.

• Alpha particles ionize gas molecules in the detector, causing a

detectable electrical pulse.

• Beta particles also cause ionization, and the resulting electrons

produce a pulse.

• Gamma rays interact with the detector material, producing secondary

electrons that generate a pulse.





• Scintillation Detectors:

• These detectors use scintillating materials that emit light when

struck by ionizing radiation.

• Photomultiplier tubes amplify the emitted light, converting it into

an electrical signal.

• Scintillation detectors are effective for detecting alpha, beta, and

gamma radiation.



• Ionization Chambers:

• Ionization chambers measure the ionization of gas caused

by nuclear radiation.

• A voltage is applied across the chamber, and the resulting

current is proportional to the radiation intensity.

• Ionization chambers are suitable for measuring alpha, beta,

and gamma radiation.



• Solid-State Detectors:

• Semiconductor-based detectors use materials like silicon

or germanium.

• They can discriminate between different types of radiation

based on their interaction properties.

• Solid-state detectors are commonly used in research,

medical imaging, and environmental monitoring.



• Gamma-Ray Spectroscopy:

• Gamma-ray spectroscopy involves the identification and quantification
of gamma-ray energies emitted during nuclear processes.

• High-purity germanium detectors are often used for precise gamma-ray
spectroscopy.

• Radiation Dosimeters:

• Dosimeters are devices that measure the absorbed dose of ionizing
radiation.

• They are commonly used for personal monitoring of radiation exposure
in medical, nuclear, and industrial settings.



• Scintillation Cameras (Gamma Cameras):

• Used in nuclear medicine for imaging internal structures of

the body.

• Detects gamma rays emitted by radiopharmaceuticals

administered to patients.



Diagnostic Methods using Radiation Detector

•Radiation detectors play a crucial role in various

diagnostic methods across different fields, including

medicine, industry, and research.



Medical Imaging

X-ray Imaging:

Radiography:

• X-ray detectors capture the attenuation of X-rays by different tissues to create

diagnostic images.

• Flat-panel detectors and image intensifiers are commonly used.

Fluoroscopy:

• Continuous X-ray imaging in real-time, often used for procedures like angiography.

• Detectors capture the X-ray intensity, and the images are displayed on a monitor.



Computed Tomography (CT):

• Detectors in a CT scanner capture X-rays from multiple angles to create

cross-sectional images.

• Modern CT scanners use arrays of detectors to improve image resolution

and reduce scanning time.

Mammography:

• Dedicated X-ray detectors for breast imaging, aiming to detect and diagnose

breast abnormalities.

• Digital mammography has largely replaced traditional film-based systems.
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