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THE HIDDEN SYMMETRIES OF NATURE

The Royal Swedish Academy of Sciences has decided to award the Nobel Prize in Physics for 
2008 with one half to Yoichiro Nambu of Enrico Fermi Institute, University of Chicago, IL, USA
"for the discovery of the mechanism of spontaneous broken symmetry in subatomic physics"
and the other half jointly to Makoto Kobayashi, High Energy Accelerator Research Organization 
(KEK), Tsukuba, Japan and Toshihide Maskawa, Yukawa Institute for Theoretical Physics (YITP), 
Kyoto University, and Kyoto Sangyo University, Japan
"for the discovery of the origin of the broken symmetry which predicts the existence of at least three 
families of quarks in nature"
   
   - Text of the Press Release from The Royal Swedish Academy of Sciences on October 7, 2008

SYMMETRY
What is symmetry? The following figures help clear the picture.
                                           

Another simple but important example is found in numbers. What do 2 and -2 have in common? 
Notice that the square of 2 is, (2)2 = 2 x 2 = 4. Similarly, the square of -2 is, 
(-2)2 = -2 x -2 = (-)(-)(2 x 2) = 4 (Since (-) times (-) is a plus ‘+’).
That is 4 serves as a common ‘meeting’ 
point for 2 and -2. Now this is 
remarkable, because in the ordinary 
world, 2 can never meet -2 since 2 is 
never ever equal to -2 (2 ≠ -2). But  if 
we live in a world, where ordinary 
numbers are replaced by  their squares 
then, (2)2  is always equal to (-2)2    

( (2)2 = 4 = (-2)2 ) ! Pictorially, this is 
shown in the adjacent figure.
Here 2 and -2, both correspond to 4, 
and that is the reason you find this 
figure symmetric.

ASYMMETRY
The asymmetry or broken symmetry is a state of disorder. The following figures are asymmetric 
versions of those in Figure. 1.
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Figure. 2.

Figure. 3.

       

The story of Physics is a passion for symmetries. A vehement belief that this universe is built on 
one single principle of symmetry. By observing the falling apple, Newton found a symmetry in 
celestial and terrestrial laws. Maxwell found symmetry in, the then distinct branches of 
Electricity and Magnetism, and combined them into one, Electromagnetism.
Especially, we are interested in the symmetries found at the sub-atomic( inside an atom reside 
protons, neutrons and electrons ) level, viz., Mirror, Charge, and Time symmetries.
Mirror symmetry says that there should be no difference in left or right. Time symmetry says that 
whether an event occurs forward in time or backwards, there should be no difference.
According to physics, to each particle is associated an antiparticle, which differs by  the particle 
only  in its charge, which is the same as of particle but with a negative sign. This is the idea of 
Charge symmetry.

SHATTERED MIRROR
But the things took drastic turn in 1950’s, when Lee and Yang proposed the breaking of mirror 
symmetry or mirror asymmetry, and it was shown only a few months later that when the 
radioactive element cobalt 60 decays, the electrons that leave the cobalt nucleus prefered one 
direction to another, i.e., the didn’t treated left and right equally. It is as if you are standing in 
front of the GC University, Lahore and see most of the people turning left out from the University 
gate.

THE PROBLEM 
In the same vein, it  was found that the charge symmetry is also broken, i.e., violated. But the 
interesting thing was that the mirror and charge symmetries, conserved when considered 
simultaneously. Although when we study these symmetries, we deal with them individually. We 
take up one at a time and deal with it, for simplicity. But in the real world these symmetries exist 
simultaneously, and work together all at the same time. Thus scientists were in peace that mirror 
and charge symmetries, albeit broken seperately, are perfectly symmetric when observed together. 
But then in 1960’s, charge and mirror symmetries were observed to 
violate in a much less profound instance, but in physics, like crime 
investigations, it is the minor things that matter most.
At that time, it was known that inside certain elementary particles, 
there is a trio of particles called 
Quarks, e.g., a proton is made up of 
two up and one down quark.
Besides up and down, two other kinds of quarks 
were also known, and these were divided into 
families as depicted in the Figure. 3.
Now coming back to mirror and charge symmetries 
combined violation problem, it was solved by  



Figure. 4.

Makoto Kobayashi and Toshihide Maskawa of University of Tokyo, in 1972. They explained 
how can this minor violation of charge and mirror symmetries occur, when considered together. But 
in order to explain this, they had to introduce another family of quarks in Figure. 3.

O f t h e s e , t h e bottom quark was 
d i s c o v e r e d i n 1974, and the top 
was discovered 22 years later in 
1994. The top q u a r k i s a l s o 
known as truth, and bottom as 
beauty.

CHILDREN OF BROKEN SYMMETRY
Where have we come? Physics was a quest for symmetry, balance and rhythm in nature. But 
every symmetry is found to be broken, every  mirror is shattered, Physics has turned into a 
quandary! 
It is a fact that there is no escape from these broken symmetries or asymmetries. In addition to 
those mentioned above, there are others of profound consequences. One is the problem of masses, 
i.e., why these particles have those values of masses that they have ? There is no sense yet in the 
masses of 6 quarks given in Figure. 4. Also the mass of truth(top quark) is three hundred 
thousand times heavier than the electron. For this universe and life to exist, all these broken 
symmetries are inevitable, hence we are children of broken symmetry !
Nonetheless, these symmetries however primitive, are not inherent. This was the shown by 
Yoichiro Nambu of University of Chicago in 1960, when he presented the notion of spontaneous 
symmetry breaking. The word spontaneous here simply means that there is no external force that 

breaks the symmetry, the symmetry  previously existing, suddenly  turns into asymmetry all by 
itself. The see-saw of Figure. 1. is suddenly, all by itself assumes the state of that in Figure. 2., 
even if there are no kids sitting on it ! 
So what Nambu said that although, we observe today  a symmetry violation, but the symmetry lies 
hidden in the asymmetry. Consider the following example, a pencil standing on its point is in a 
perfectly  symmetric condition, i.e., all the directions, the 360 degrees are equal in the eyes of the 
pencil, it has not preferred any direction to fall yet. It may fall at point ‘a’, or ‘b’ or ‘c’ or ‘d’ or 
any  other. But when it falls over point ‘d’, the symmetry  is broken and the pencil has preferred 
the direction of point ‘d’ over the directions of points ‘a’, ‘b’ and ‘c’. The symmetry that existed 
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before is hidden behind the fallen pencil. Thus Dr. Yoichiro Nambu taught us to view the 
phenomenon of symmetry breaking as a blessing in disguise. 

Thus in conclusion, the spontaneous symmetry breaking helps us to understand how our universe 
was created after the Big Bang.

BIOGRAPHICAL SKETCHES

Yoichiro Nambu

Yoichiro Nambu was born on 18th day of January 1921, in Tokyo, Japan. He 
completed his M.S. from Imperial University of Tokyo in 1942. During the WWII 
he served in an army radar laboratory. After the war he received his doctorate in 
1952, from the University of Tokyo. He is a theoretical physicist. Although he 
was primarily interested in particle physics, but University  of Tokyo was strong 
at condensed matter physics, so he started doing condensed matter physics. But 

as they say “Old flames die hard”, he found an analogy among both the branches and successfully 
introduced the notion of symmetry breaking from condensed matter physics into particle physics. 

Makoto Kobayashi

Makoto Kobayashi was born on 7th day of April, 1944 in Nagoya, Japan. He 
completed his doctoral degree in March 1972. He says that in his adulthood, he 
read “The Evolution of Physics” by Albert Einstein and Leopold Infeld, which 
sparked his interest  in physics. He was strongly influenced by Dr. Shoichi Sakata, 
who presented one of the earliest models of elementary particles. He had the 
honor of being a doctoral student of Dr. Sakata’s, but he died before the 

completion of Kobayashi’s doctorate. 

Toshinide Maskawa

Toshinide Maskawa was born on 7th day of February in Nagoya, Japan. He 
graduated from Nagoya University of in 1962. He received his doctorate from the 
same varsity in 1967. Maskawa was also the student of Dr. Shoichi Sakata. As a 
young boy, Maskawa was more interested in mathematics than physics, but 
finally decided to opt physics.
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