
Symmetry and Conservation



Snowflakes

600



180



Rotational symmetry

q1q2



Space translation symmetry

Mid-west corn field



Time-
translation 
symmetry 
in music



Prior to Kepler, Galileo, etc

God is perfect, therefore nature must be 

perfectly symmetric:

Planetary orbits must be perfect circles

Celestial objects must be perfect spheres



Kepler: planetary orbits are

ellipses; not perfect circles 



Galileo:There are mountains on 

the Moon; it is not a perfect 

sphere!



Catch in Newton’s Laws

What is an inertial reference frame?:

a frame where the law of inertia works.

Law of Inertia (1st Law):

only works in inertial reference frames.



Newton’s 2nd Law

F = ma

But what is F?

whatever gives you the

correct value for m a

Is this a law of nature?

or a definition of force?



But Newton’s laws led us to discover 

Conservation Laws!

• Conservation of Momentum

• Conservation of Energy

• Conservation of Angular Momentum



Newton’s laws implicitly assume 
that they are valid for all times 
in the past, present & future

Processes that we see 
occurring in these 
distant Galaxies 
actually happened  

billions of years ago

Newton’s laws have time-translation symmetry



Newton’s laws are supposed to 
apply equally well everywhere in 

the Universe

Newton realized that 
the same laws that 
cause apples to fall 
from trees here on 

Earth, apply to planets 
billions of miles away 

from Earth.

Newton’s laws have space-translation symmetry



rotational symmetry

F

F

a

aF=ma
Same rule for
all directions

(no “preferred” directions 
in space.)

Newton’s laws have 
rotation symmetry



Symmetry recovered

Symmetry resides in the laws of nature, not 
necessarily in the solutions to these laws.



Emmy Noether

1882 - 1935

Conservation 
laws are  

consequences 
of symmetries



Symmetries Conservation laws

Symmetry Conservation law

Rotation  Angular momentum

Space translation  Momentum

Time translation  Energy



Noether’s discovery:

Conservation laws are a consequence 
of the simple and elegant
properties of space and time!

Content of Newton’s laws is in their
symmetry properties





















• One of the most striking general properties of elementary particles is their 

tendency to disintegrate.

• Universal principle: Every particle decays into lighter particles, unless prevented 

from doing so by some conservation law.

• Obvious conservation laws:

– Momentum conservation

– Energy conservation

– Charge conservation

• Stable particles: neutrinos, photon, electron and proton.

– Neutrinos and photon are massless, there is nothing to decay for them 

into

– The electron is lightest charged particle, so conservation of charge 

prevents its decay.

BUT

Why proton is stable?

Conservations



For example, 
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• 1943 Leprince-Ringuet: identified  a particle whose mass was 506±61  MeV.

• 1947 Rochester e Butler identified  very clearly some neutral V  particles in the data 

taken for one  year with a cloud chamber at sea  level.



• associate production:

in 1947 was evident that the new  

particles were always pair  produced; 

one had mass around  500 MeV (K) 

and the other one has  a higher mass, 

higher than the mass  of the nucleon (it 

was called  hiperon);

• The hyperon decayed into 
nucleon  plus pion.

K   



Produce in pairs via strong interaction and conserve 

strangeness 

Decay via Weak interaction and don’t 

conserve strangeness



Click to edit Master title styleAssociate production: π-+p→Λ+K

1 GeV/c π- in a bubble chamber  

filled with liquid hidrogen A)  -  p  K0+ 

B) K0      

B

A
C

C)   p   

N.B. : why K0 and not anti-K0?



Click to edit Master title styleMeasurement of mass and life time
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m

From the curvature radius we get the

momentum of the charged particles and, by

knowing the kind of particles, their energies.

Then we get the invariant mass of the  
mother.

   
r r 22

2K 1m  E  E  p1  p2

From the mass and the energy (E1+E2) we  
find the γ  and then the β  of the particle

From the measure of the mean free path λ we get the life time τ of the particle

  c



• The production cross section of these particles is the order of mb, typical 
of the strong  interactions;

• the life time are of the order of 10-10 s, typical of the weak interactions  
(e.m. int. ~ 10-20 s , strong int. ~ 10-23 s)

1. why the decay  p    does not happen through strong 
interactions?

2. Why the new particles are always produced in pairs?

3. (moreover τ-θ puzzle: same mass and same life time but opposed 

parity)

Why are they strange particles?



• An explanation of this anomaly was given in 1954 by Gell-Mann and 

Pais and,  independently, by Nishijima.

They introduced a new quantum number, the strangeness, that was 

conserved by the  strong interaction but it is violated by the weak 

interaction.

• The strangeness is an additive quantum number. The “old” hadrons, 

the nucleon and the  pion, have S=0, the hyperons S=-1 while the K 

mesons have S=±1.

• In the production the strange particles must be produced in pairs 

(associate production)  with opposed strangeness. The initial state has 

total strangeness equal to zero so, since  the strong interaction 

conserves the strangeness, also the final state must have  strangeness 

zero.

The strangeness



Example of associate production

 -  p  K 0  

   n  K  

;  -  p  K0  K   p

;    n  K   K  p

;  -  p  K   

;    n  K0 

 -  p  K 0  0

   n  K   0

   p  K  

(question: why are not produced the anti-hyperons)

; m(p)  938.3 MeV ; m(n)  939.6

MeV

; m(K0)  497.67 MeV

m(  ) = 139.6 MeV  

m(K ) = 493.68 

MeV  m() = 

1115.7 MeV  m( ) 

= 1189.4 MeV  m(0 

) = 1314.8 MeV

; m(0)  1192.6 MeV

; m(-1)  1321.3

MeV



Isospin and strangenes of Σ and Ξ

3

3

3 I (-)= -1

 I (0)= 0  I=1

Q(+)= 1 , B(+)=1 , S(+)=-1

Q(0 )= 0 , B(0 )=1 , S(0 )=-1  

Q(- )= -1 , B(-)=1 , S(-)=-1

 I (+)= 1

We infere the isospinQ = I3 +
1B+S
2
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Q(0)= 0 , B(0)=1 , S(0)=-2

Q(-1)= -1 , B(-1)=1 , S(-1)=-2

 I ( )=

 I=
1

 I ( )= -



The production of strange particles

A

B

There have been used beams of charged K to produce  

new strange particles. We have an example of a K- that it  

is stopped in a bubble chamber of liquid hidrogen.

A) K-  p    0

Strong Int. :

strangeness is conserved.

B)   p   

Weak Int.:

strangeness is violated.



Interactions of the K mesons

We start from an initial state with strageness 

±1

S  1

B  1

S  1

B  1

With equal energy, the K- produce more particles than K+  

because the hyperons (B=1) have strangeness = -1



Strange hyperons metastable

In the cosmic rays and in the accelerator experiments they  

have been found 6 strange hyperons metastable

To be noticed the life time typical of the e.m. interactions of  

the Σ0. Why it is the only one that does not decays 

weakly?



The barions (½)+ and the mesons 0-

Let’s classify the particles by using their spin and parity



Mesonic resonances 1-



Barionic resonances (3/2)+



The discovery of the Ω-

The Ω- was predicted by Gell-Mann by using his  

new particle classification (the eightfold way)



The 

Eightfold 

Way
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The quark model (1964)
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The quark model: beyond

60

http://www.symmetrymagazine.org/breaking/2012/01/11/belle-experiment-makes-exotic-discovery/



The Standard Model Now

61



• Current model of matter: matter consists of 

point particles (< 10-18m) interacting 

through four forces.

• This picture (excluding gravity) 

summarizes the 

Standard Model of particle physics.  

Fundamental forces Strength    

Strong 1

Electromagnetic 10-2

Weak 10-5

Gravity 10-39





Gellmann and Okubo mass formula

Generally, It was observed that the masses of the different

members of a SU(3) symmetry is not exact and seems to be

broken.

Gellmann and Okubo mass formula was the consequence of

SU(3) symmetry. This formula correctly predicts the relations

of masses of the members of SU(3) multiplets in term of

hypercharge Y and isospin I.

It was one of the early indicator of the existence of Quarks.

The mass formula was first formulated by Murray Gellmann

in 1961 and was independently proposed by Susumu Okubo in

1962.
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The above formula is called equal spacing rule and also predicted equal mass 

spacing in the decuplet  which is in agreement with the observed mass.

This Formula was used by Gellmann to predict the existence, nature and mass 

of the       particle.
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By putting the value for Y and I for charge multiplets of meson octet, we get 

the following relation

Gellmann and Okubo mass formula for the mesons differ slightly from that of 

baryons because of chiral symmetry breaking as

22222
92.0398.04 GeVMMandGeVM K  


