
Towards Absolute Zero
Introduction to Laser Cooling 

and its

Applications



Interesting Things Happen at Low Temperature
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Kelvin Temperature Scale

W. Thomson (Lord Kelvin) 

1824-1907

Temperature Kelvin(K) Degree Celsius(ϲC)

Boiling point of water 373.15 100.

Melting point of ice 273.15 0.

Absolute zero 0. -273.15

The Kelvin scale is based 

on the concept of 

absolute zero, the 

theoretical temperature at 

which molecules would 

have zero kinetic 

energy. This means that 

there is no temperature 

lower than zero Kelvin, so 

there are no negative 

numbers on the Kelvin 

scale.

Helium becomes liquid at 

4 K, nitrogen at 77 K. 

YBa2Cu3O7 becomes 

superconducting at 90 K.

1 mK=10-3 K

1 ɛȾ=10-6 K

1 nK =10-9 K



New Physics at Lower Temperatures

108 K

273 K New physical phenomena take place when 
the temperature is lowered. For 
one thing, the creation of the organized 
universe as we know it today, and of life 
itself able to carry out observations. 
In physical science we discover new 
phenomena every time we manage to 
explore nature at lower temperatures.
A well known example is superconductivity.

104 K



Superconductivity

Superconductivity 

was discovered 

by Kamerlingh-

Onnes in 1911 in 

Mercury (Hg) 

having Tcå 4 K.

ñMercury has 

passed into a 

new state which 

on account of its 

extraordinary 

electrical 

properties can be 

called the 

superconducting 

stateò  

Dependence of Resistance on 

Temperature

H. Kamerlingh-Onnes

1853-1926



Superconducting Technology

MRI Scanner Human Brain MRI

Large magnetic fields are needed

to get a high Magnetic Resonance

Imaging (MRI) signal Ÿ Large

currents necessary.



Superconducting Technology
Superconducting Radio 

Frequency (SRF) Accelerating 

Cavity

Electron Accelerator with SRF 

Cavities in Liquid Helium Cryostat

Large accelerating gradients (10 MV/m)

are needed to accelerate electrons to

high energy in a small distance. If not

superconducting, the cavities would

melt down.



Temperature Scale and Cooling Methods

Laser 
Cooling



Periodic Table of Laser Cooled Atoms



Laser Cooling around the World

Australia (6)

Austria (2)

Brazil (5)

Canada (6)

China (4)

Taiwan (3)

Italy (6)

Japan (7)

Korea (2)

Netherlands (5)

New Zeeland (2)

Poland (2)

Total=163 Research Groups

Denmark (3)

Finland (1)

France (13)

Germany (21)

India (2)

Israel (2)

Spain (1)

Sweden (1)

Switzerland (2)

UK (6)

USA (59)

Greece (2)

Laboratory for Thermal and Ultra-cold Quantum Gases
http://www.iesl.forth.gr/users/quantum-gases/index.htm

Laboratory for Bose-Einstein Condensation
http://www.bec.gr/



Two Noble Prizes for Laser Cooling and BEC
1997 Nobel Prize in Physics

άFor development of methods to cool and trap
atoms with laser lightέΦ

S. Chu
(Stanford, USA)

C. Cohen-Tannoudji 
(ENS, France)

W. Phillips
(NIST, USA)

2001 Nobel Prize in Physics

άFor the achievement of Bose-Einstein condensation 
in dilute gases of alkali atoms, and for early fundamental 
studies of the properties of the condensatesέΦ

E. Cornell
(JILA, USA)

W. Ketterle
(MIT, USA)

C. Wieman
(JILA, USA)



RbBEC, MIT

Approaching nKis more complicated


