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GAMMA
RAYS

Gamma rays are the most powerful and energetic light. Their energy range is so vast that it does not have
a well deﬁned upper limit. There is nothing on our planet capable of producing the highest energy gamma
rays and, hence, we need to look up to the sky searching for the most violent and exotic sources in the
Universe to detect and study them. Gamma-ray astronomy is the area of science that pursues that goal, a
young ﬁeld born barely a few decades ago and still developing nowadays.
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To understand what gamma rays are, we need to ﬁrst understand
the electromagnetic spectrum, which is used to classify light
according to its frequency, wavelenght or energy. These three
characteristics are correlated: considering the light as a wave,
the frequency would be the number of occurrences of the wave
in a period of time (usually one second) and wavelength is the
distance between two consecutive points of the wave at the
same phase (for example, the peak). The higher the frequency,
the lower the wavelenght, and vice versa. The energy is
proportional to the frequency: the higher the frequency, the
higher the energy.
Thus, the order of the light or radiation within the electromagnetic spectrum, from lower to higher energy (or lower to
higher frequency, larger to shorter wavelength), would be as follows: radio waves, microwaves, infrared, visible light,
ultra-violet, X-rays and gamma rays. Gamma rays are therefore the most energetic light possible. The Cherenkov
Telescope Array will observe a broad gamma-ray energy range, from 20 gigaelectronvolts (GeV) to 300 teraelectronvolts
(millions to billions more energetic than the visible light).

Most of the electromagnetic radiation arises from hot
objects at different temperatures - what is known as
thermal radiation. The hotter the object, the higher the
frequency of the light emitted: for example, when a piece of
metal gets hot, its colour turns red and changes to blue as
the temperature increases. However, there are not objects
hot enough to emit high-energy gamma rays: these are
produced by mechanisms involving the acceleration or
interaction of high-energy particles (tiny components that
form matter). Therefore, gamma rays are produced by
non-thermal processes.

Those cosmic particles with high energy that can give rise
to gamma rays can be found in special environments in the
Universe, typically related to powerful explosions,
outbursts, beams of material moving almost at the speed
of light nearby exotic astrophysical objects like black holes.
Cosmic sources responsible for the high-energy gamma-ray
emission can be located within our own Galaxy, the Milky
Way, and beyond it, in other distant galaxies. The
Cherenkov Telescope Array will observe and study a great
variety of them.
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1. What are gamma rays?
2. What is the electromagnetic spectrum? Light can be deﬁned according to which characteristics?
Explain how they are connected

4. The light is classiﬁed into seven groups: radio, microwaves, infrared, visible light, ultra-violet, X-rays
and gamma rays. Make a list of objects that emit or use each type of light (at least one per wavelegth).
Read carefully as some objects we use on a daily basis are named after the light they work with or are
related to!
5. High-energy gamma rays are produced by insanely hot objects through thermal mechanisms
True, the hotter the object, the higher its frequency and since frequency and energy are
correlated and gamma rays are the most energetic light, hyperhot objects may produce gamma rays
False, there are not objects hot enough to produce high-energy gamma rays through thermal
processes. Those can only be produced by mechanisms involving the acceleration and interaction of
cosmic particles.
6. What is the general name for the mechanisms in which gamma rays are produced?
Answers:
1. They are the most energetic light (electromagnetic radiation). They can also be deﬁned
as the ligth with the highest frequency or the shortest wavelength
2. It deﬁnes the ranges of light (sort of classiﬁcation) as a function of its frequency,
wavelength or energy. The higher the frequency, the shorter the wavelength, the higher
the energy (and vice versa)
3. False
4. Examples (in order): radio antenna, microwave oven, living beings, light bulb, the Sun,
X-ray machines and jets from the vicinity of supermassive black holes
5. False
6. Non-thermal mechanisms
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3. The Cherenkov Telescope Array will observe electromagnetic radiation at any energy
True, from radio waves up to gamma rays
False, it will observe gamma rays within an energy range that is millions to billions more
energetic than visible light

