
CELEBRATION: 

Higgs boson wins Physics Nobel Prize:

Monday October 21, 2013

From the official Nobel Prize Press release:

“On 4 July 2012, at the CERN laboratory for particle physics, the theory was 
confirmed by the discovery of a Higgs particle. CERN’s particle collider, LHC 
(Large Hadron Collider), is probably the largest and the most complex machine 
ever constructed by humans. Two research groups of some 3,000 scientists 
each, ATLAS and CMS, managed to extract the Higgs particle from billions of 
particle collisions in the LHC.”





… like it or not, Higgs Boson is in the public lexicon



Past & Present Discoveries

Discovery of Charm: 1976 Nobel Prize
● November 1974 Revolution
● Mechanism for CKM and CP violation

Discovery of W/Z Boson: 1984 Nobel Prize
● Discovery in 1983 w/ proton anti-proton collider
● Set the stage for the Higgs 

Discovery of Higgs Boson: 2013 Nobel Prize
● Discovery in 2012 w/ LHC proton-proton collider
● Set the stage for the _____???
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Symmetries: A brief history
Einstein’s Special Relativity: 1905

● All inertial reference frames are created equal
● Light travels with speed c in all frames

Gauge Symmetry (and Gauge Invariance) 1954
● Physics is independent of gauge (~ coordinate system)
● Higgs Mechanism respects gauge invariance

SUSY: SuperSymmetry  1976         (7202 Theory Papers; 0 Data)
● There exists a symmetry between Fermions and Bosons 
● Previously: 

● Fermions (s=1/2: building blocks) 
● Bosons (s=0,1, ... : forces)

Mathematical String Theology:  1974 (12533 Theory Papers; 0 Data)
● Things are simple in 11 dimensions
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Higgs Bosons Over-Simplified ... 



F =  m a

m = F/a

Underwater!!!

Enables the theory to have a mass term AND respect gauge invariance



f(x) = x2 

x   ⟶ (1+y ) 

f(y) = y2 + 2 y + 1 

symmetric x⟶ -x

symmetric (1+y)⟶ -(1+y)

An inelegant truth ...



Symmetries: A brief history
Einstein’s Special Relativity: 1905

● All inertial reference frames are created equal
● Light travels with speed c in all frames

Gauge Symmetry (and Gauge Invariance) 1954
● Physics is independent of gauge (~ coordinate system)
● Higgs Mechanism respects gauge invariance

SUSY: SuperSymmetry  1976         (9,545+ Theory Papers; 0 Data)
● There exists a symmetry between Fermions and Bosons 
● Previously: 

● Fermions (s=1/2: building blocks) 
● Bosons (s=0,1, ... : forces)

Mathematical String Theology:  1974 (20.643+ Theory Papers; 0 Data)
● Things are simple in 11 dimensions
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MSSM



Perspective
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The world: Pre-Columbus



Impact on other 
fields
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The New York Review of Books

Physics: What We Do and Don’t Know
Steven Weinberg

In the past fifty years two large branches of physical 

science have each made a historic transition. I recall 

both cosmology and elementary particle physics in the 

early 1960s as cacophonies of competing conjectures. 

By now in each case we have a widely accepted theory, 

known as a “standard model.”   …



The eXtreme Deep Field photo combines 10 years of NASA Hubble Space Telescope photographs taken at the center of the original Hubble Ultra Deep Field





Opto-
electronics
Laboratory
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The ATLAS detector

Size of a person

The Large Hadron Collider (LHC) at the CERN Laboratory

Caveat: Physics is data 
driven while music is 

subjective



●Phase of moonPhase of moon
●Water level in JuraWater level in Jura
●TGV scheduleTGV schedule



The Large Hadron Collider (LHC)

One Higgs per 
Hour  10-4 Hz



One interpretation of a hadron-hadron collision



SMU Opto-electronics Laboratory
● The opto-electronics lab was established in 1998 for the ATLAS experiment and has since been 

built into a state-of-the-art facility for the department of physics. 

● Faculties, postdocs and students (graduate and undergraduate, even high school students) are 
conducting research projects that are in leading positions in particle physics. 

● The optical link system SMU delivered from this lab is the one that reads out the ATLAS Liquid 
Argon Calorimeter and contributed to the discovery of the Higgs particle. This optical link is still 
the leader in particle physics in terms of speed and data bandwidth, the #1 in all readout systems. 

● The integrated circuits that are being developed in the lab for the ATLAS upgrade projects are 
the fastest, smallest in our field, #1 in many sense in particle physics around the World. Because 
of these achievements, this lab is well recognized nationally and internationally. 

● SMU works with Columbia University, Brookhaven National Lab, Oxford University (UK), 
CERN and many other schools and labs and in all these collaborations and R&D projects. SMU 
leads: In terms of speed, SMU achieved 8 Giga-bit-per-second this year.

● SMU designed and prototyped the (TOSA based) smallest optical transmitter in the World, 
beating the industry counterpart by a factor of two in volume. 

● The module developed by SMU will be produced in thousands in the coming years and will be 
used in ATLAS. With the hard work from people in the lab, SMU is now firmly established as 
#1 laboratory in optical link and serial data transmission for particle physics. 

● All these achievements in detector instrumentation contributed to discoveries and precision 
measurements in physics. SMU's laboratory will continue to play leading roles in future 
experiments.  
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