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LASERS 

Abstract: The invention of the first working laser in 1960 by Theodore Maiman changed science and our daily life. As a matter of fact, 
lasers are present in a variety of fields ranging from medicine to arts. Lasers are used in spectacles and artistic works to create special 
effects. Concerning science and technology, laser opens the way to a variety of research activities such as precise metrology, atomic and 
molecular spectroscopy, controlled nuclear fusion reactions, “cold” atoms and chirurgical applications in medicine. We could say without 
hesitation that laser is one of the most revolutionary achievements in the last fifty years. Since then, laser science has greatly evolved and 
laser pulses of very short duration are at hand in laboratories around the world: attoscience is born bringing us the possibility of 
controlling the motion of electrons in atoms and molecules.

CONTROLLING 
ELECTRON MOTION

ATTOPHYSICS
SHORTER AND SHORTER. The duration of 
laser pulses fell continually until 1986 when 6 
femtosecond pulses were generated. One 
femtosecond is… one quadrillionth, or one 
millionth of one billionth, of a second! This 
opened the way to the study of fast chemical 
reactions and creates the ‘femto-chemistry’. In 
2001, the barrier of the femtosecond was 
broken. One attosecond is one quintillonth of a 
second. To have an idea, an attosecond is to a 
second what a second is to about 30 billion 
years !!! Nowadays, attosecond pulses are 
again opening new fields: ATTOSCIENCE IS 
BORN!

CONCLUSIONS AND PERSPECTIVES

Visible light is only a small part of the 
electromagnetic spectrum that includes from 
radio and TV waves until X rays and Gamma 
rays. Each of these electromagnetic waves has 
a definite frequency and wavelength.

Regular Light has many colours (or 
wavelenghts or frequencies) mixed all together 

‘out of phase’ creating ‘white’ light.

LASER: Light Amplification by Stimulated 
Emission of Radiation

Laser light is of the same wavelength or 
frequency (or colour), all waves moving ‘in 

phase’, or in step, with one another. 
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HOW A LASER WORKS?

1) Pump Transition: An atom is promoted 
to an excited state E* by absorbing one 

photon of definite frequency.

2) Stimulated Emission of Radiation: The 
atom is stimulated by a photon. As a 

consequence, it is deexcited into the state E 
emitting one photon of the same frequency.

HOW AN ATTOPULSE 

IS CREATED?

1) An atom is inmersed in a near infrared 
laser bath. 

2) As a result the atom is ionized and an 
electron escapes from the atom.

3) The electron is redirected by the laser 
towards the atom. As a consequence, the 
electron emits radiation in the form of an 

attopulse.

PUMP-AND-PROBE. The typical reaction in 
attophysics is called pump-and-probe 
experiment. A molecule is ‘pumped’ by an 
extreme ultraviolet attopulse (XUV) to an 
excited state. Then, the molecule is ‘probed’ by 
a near infrared laser (NIR) and as a result the 
molecule is ionized emitting one electron. 

UP or DOWN? By adjusting the phase t0  

between the attopulse and the NIR, we can 
control the emission of electrons in the UP 
(a) or DOWN (e) direction.

In the nineties, pulses of femtoseconds were obtained and revolutionized the molecular spectroscopy giving place to the ‘femto-chemistry’. 
Nowadays, the barrier of the femtosecond has been broken with the obtention in 2001 of pulses of hundreds of attoseconds, i.e., 
attopulses. This was the birth of ‘attophysics’ that could give us the possibility of becoming true a golden dream: the control of 
the electronic motion in atoms and molecules.
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