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Advice to our undergrads

• Mathematics is the language of physics

• Experiment/observation is the method• Experiment/observation is the method 
of physics



Two facets of physics

• Applications-
Spectacular successesSpectacular successes
The latest:  miniaturization of hard-discs
Giant Magneto Resistance discovery 

• Conceptualization and quantification of 
the dynamics of physical universe -



Two main questions….

• What is the matter made up of ??
• How are the things put together (how do 

they interact ?)they interact ?)
Are they indeed two separate questions ?

h i i (i ) d i i l lAre the entities (interactants) and interactions clearly 
distinct?
E i t “ ”Experimenter “sees” ψ f O ψi



Ongoing Enterprise…….

Earliest times - 1550 AD: The Ancients

1550 - 1900 AD: The Scientific Revolution and 
Classical Mechanics

1900 - 1964 AD: Quantum 
Theory

1964 - Present: The Modern 
ViewView
(the Standard Model)



Who needs the particles anyways?W o eeds e p c es yw ys?

• Particle physicists, particle-
astrophysicists, cosmologists,

• Any body who wants to describe theAny body who wants to describe the 
universe away….



History of the  universe

• For a good (almost) theologized account of the origins of 
the universe please visitthe universe, please visit

http://www superstringtheory com/cosmo/bang0 htmlhttp://www.superstringtheory.com/cosmo/bang0.html



You are here
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Simple Question(s)

• How did the universe get to its present state?
Wh d i f h ?• Where does it go from here?

To proceed:To proceed:
• a) Know the fundamental constituents
• b) Know their interactions• b) Know their interactions
• c) Solve the many-body problem

• Exploit symmetries and conservation principles 



Interactions?Interactions?

• Strong
• Electro-weak
• Gravitation

Weak interactions are mischievous brats, not respecting symmetries.
Gravitation is almost ignored by particle physicists.Gravitation is almost ignored by particle physicists.
Many-body problem is a hard nut to crack.
Physics makes strides by not lamenting on short-comings but byPhysics makes strides by not lamenting on short comings but by 

circumventing them.  
Symmetries are of great help.y g p



SymmetriesSymmetries.....

• Symmetrie, ob man ihre Bedeutung weit oder eng faβt, ist y , g g β ,
eine Idee, vermöge derer der Mensch durch die 
Jahrtausende seiner Geschichte versucht hat, Ordnung, , g,
Schönheit und Vollkommenheit zu begreifen und zu 
Schaffen.   

Hermann Weyl in Symmetrie  

• Symmetry, as wide or as narrow as you may define its 
i i id b hi h th h th hmeaning, is one idea by which man through the ages has 

tried to comprehend and create order, beauty, and 
f tiperfection. 



• How do two particles talk to each other?
• They exchange particle(s).
• What are the properties of exchange• What are the properties  of exchange 

particles (mass, charge, spin, isospin, 
l t )?color etc.)?



• Relativistic Klein-Gordon equation (Yukawa)
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Int range  exchange particle   Mass

Grav ∞ graviton 0?g
EM  ∞ photon 0?
Weak <10-18 W+− Z 80 GeVWeak <10 18 W+ ,  Z 80 GeV
Strong 10-15 pion 139.5MeV
Strong < 10-15 gluon 0 ?



PARTICLE year method physical comments

electron 1897 cathode rays yes unexpected

atomic nucleus 1911 scattering yes unexpectedatomic nucleus 1911 scattering yes unexpected

proton 1911-18 ? yes anticipated

neutron 1932 scattering yes anticipatedneutron 1932 scattering yes anticipated

muon 1937 cosmic rays yes anticipated

i 1947 i ti i t dpion 1947 cosmic rays yes anticipated

neutrino 1955 reactor yes sought after

quark 1964-1995 production no sought after

W+-, Z 1983 production no sought after

Higgs 2009? production no sought after

SuSy particles 2010? production no sought after



What constitutes discovery of a particle?

• Ionization trails: π,μ etc.
• Scattering, production processes

• Conservation principle:
h t i ti i i M 2 = Ei

2∑ −
r 
p∑ 2

• characteristic emissions
 cascade photons: ν + p  → n + β+

– W+− → e+− ν

 
M Ei∑ p ∑

i

• Excess events in phase space

top-quark Higgs SuSy(?)top-quark, Higgs, SuSy(?)



π−μ-e tracks in Cloud chamber



Neutrino discovery ν+p→n+β+

β+e−→2γ; νCd→Cd nγ

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.p



Quarks and Leptons
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Neutron decay  n → pe −υ 

d → ue −υ 

     

d → ue υ 
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Ei~Ef~ 1GeV, W mass 81 GeV



W discoveryy







• Up and down hypothesized, never seen 
in the lab.

• Charm quark J/psi resonance: 3 2 GeVCharm quark J/psi resonance: 3.2 GeV
so, charm quark mass 1.6 GeV

• B-quark : Uppsilonium resonance: 10 
GeV, b quark ~ 5GeVGeV,  b quark  5GeV



Top-quark topology









• Strong interactions mediated by gluons,
They are massless - hadron jets are
SignaturesSignatures.  



Higgs - who needs it?

• Why are W, Z massive ?
• Higgs mechanism of spontaneous symmetry 

breaking Introduce a mass term which pushesbreaking. Introduce a mass term, which pushes 
the system from vacuum state of zero energy.
Still di i t l t t• Still divergencies - postulate super symmetry 
(SuSy) [For each Fermion a Bose partner and 
vice versa]   squarks, sleptons, …. 



Higgs production

QuickTime™ and a
 decompressor

are needed to see this picture.



Higgs’ Decay modes

QuickTime™ and a
 decompressor

are needed to see this picture.

LHC-ATLAS will see it in two years from now.



SuSy at ATLAS





• The search continues….
• Are we close to discovering physical 

reality?reality?
• I am afraid NOT.
• A few somber thoughts….



Have we forgotten O’ckam’s razor?

• In formulating hypotheses, keep the 
number of assumptions to the minimum.  
Ruthlessly cut off  gratuitous ingredients.y g g



• Physics knows no absolute truths
» Pierre Duhem 

Does nature design all its experiments to be amenale to 
Mathematical description - a human logic ??

Heisenberg ?



• As every physicist knows, or is supposed to 
have been taught, physics does not deal with 
physical reality.  Physics deals with p y y y
mathematically describable patterns in our 
observationsobservations.

Henry Stapp, Foundations of Physics,21(1991)1



Alfred North Whitehead (1933)Alfred North Whitehead (1933)

• The intimate timidity of professionalized 
h l hi i ib b d ischolarship circumscribes reason by reducing 

its topics to triviality, for example, to bare 
d t t t l i It th f it lfsensa and to tautologies.  It then frees itself 

from criticism by dogmatically handing over 
th i d f i t i lthe remainder of experience to an animal 
faith or religious mysticism, incapable of 

ti li tirationalization.



• The transitions to new fruitfulness of 
understanding are achieved by 
recurrence to the utmost depths of p
intuition for the refreshment of 
imaginationimagination.



I will end an optimistic note that  the crisis of 
physics is serious enough that it will reinventphysics is serious enough that it will reinvent 
itself in not too long future.  


