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What is Beauty?What is Beauty?

Depends on whom you ask.

Example:   Taste in motorcycling   (G2 / Andreas).

“The beautiful is that which pleases universally without a concept.”
– Immanuel Kant, Critique of Judgment  (1790)

Huh?



Montréal • 2007.Nov.16 Andreas Warburton • Homer's 101 3/29

Beauty in High-Energy Particle PhysicsBeauty in High-Energy Particle Physics

Subatomic Physics
at the Highest Energies

Shortest Distance Scales

Beauty (b, bottom) Quark

• 5x heavier than a proton!
• picosecond lifetime (long)!
• links to New Physics?!

Recall last 
Homer’s 
talk, by 
Guy

Courtesy particleadventure.org
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Periodic Table of the… Particles!Periodic Table of the… Particles!

Courtesy Fermilab

Weak
Electromagnetic
Strong

(Gravity!)

Quotidian
Human
Experience

Up Quark
Down Quark
Electron
Photon
Gravity
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How the b Quark was DiscoveredHow the b Quark was Discovered

Unlike c (charm) and t (top):  It was sort of an accident.
Experimental Proposal was effectively one page long:

No mention of any search for a new quark!

…
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First Observation of the b QuarkFirst Observation of the b Quark

Here’s how it
looked:

Fermilab
Summer, 1977
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Flashback 1977: Year of the b Quark DiscoveryFlashback 1977: Year of the b Quark Discovery

Leon Lederman et al. 
discover b quarks at 
Fermilab.

Rutherford Physics 
Building opens!

Metrication of Canadian 
road signs takes place.

Too old for the 2008 
McGill Physics calendar:

Elvis died, maybe.

Star Wars opens May 25th.

Tandy TRS-80

Commodore PET

Apple II
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Observing and Measuring, circa 1977Observing and Measuring, circa 1977

Laboratory: Switzerland
(sandals with socks…)

Instrumentation: Tape measure.

The Experiment:  ???
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Unusual Sibling PhenomenonUnusual Sibling Phenomenon
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How to see b Quarks in 2007?How to see b Quarks in 2007?

“Everything has beauty but not everyone sees it.” – Confucius

A search on eBay for “b quark” resulted in one hit:

In order to study b quarks, we first must make them in accelerators.
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Beauty Salons: Where b Quarks get MadeBeauty Salons: Where b Quarks get Made

The clean way:  use electricity and light!

Annihilate electron and positron particle beams

 
e.g., BaBar

 

(ask Steve or Popat) and Belle (in Japan)

The dirty way: smash (anti-)protons together, like 2 bags of marbles:

e.g., Fermilab

 

(Tevatron) and CERN (LHC –

 

Large Hadron

 

Collider)

• PRO: clean production
• CON: lower energies
• PRO: well understood

• CON: messy production
• PRO: higher energies
• PRO: not well understood

Complex 
Structure 

(ask François!)
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The Tevatron Accelerator: 
Fermilab Tevatron Matter-Antimatter Collider 

The Tevatron Accelerator: 
Fermilab Tevatron Matter-Antimatter Collider

World’s highest-energy 
operating particle collider

Circumference ~6.28 km

1.96 TeV collision energy
= mass of 2100 protons
= 3 x 10−24 kg
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How are b Quarks made from protons?How are b Quarks made from protons?

Collide beams of protons and antiprotons at the highest energies

Produce b quarks in reactions of beam constituents: light quarks (q) and gluons (g)

These are all interactions of the Strong force

time
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Studying Jets of b quarksStudying Jets of b quarks

Dr. Rob SnihurGreg Williams

Which reactions occur?  How many b quarks get produced with what energies?

Are theoretical predictions correct?  Are there new exotic physics processes?

Questions:

Find beauty 
here

To figure out what’s 
going on with beauty 

here!
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The Experiment: 
Collider Detector at Fermilab (CDF) 

The Experiment: 
Collider Detector at Fermilab (CDF)
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Mère Nature: Strong Force keeps (most) Quarks ModestMère Nature: Strong Force keeps (most) Quarks Modest

No bare bottoms allowed!

More correctly: all the quark types can stay bare for only 
0.00000000000000000000001 seconds (that’s 10−23 s)

Q: Why is quark nudity so short lived?
A: Because the strong force is so strong.

Q: How much force is required to separate two quarks by 10−15 m?
A: 14 tons.

Courtesy particleadventure.org

Imagine 
replacing 
c (charm) 
with 
b (beauty)

HadronsQuarks
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A Mystery of Bottom HadronsA Mystery of Bottom Hadrons

Do b quarks dress themselves differently in Chicago, Geneva, and 
San Francisco?

More precisely: does the collision environment affect how b quarks 
combine with other quarks to form hadrons?

Flashback McGill, 1993, Leacock 132:
5th International Symposium on Heavy Flavour Physics

A likely discrepancy exists between earlier CERN (electricity) and 
modern Fermilab (bags of marbles) measurements.

We have now, finally, reached the precision to resolve this question.
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Signals to ‘Visualize’ Different b ParticlesSignals to ‘Visualize’ Different b Particles

Philippe Roy

B0 meson: bd quarks B0 meson: bd quarks

Bs meson: bs quarks Λb baryon: bud quarks
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Hunting down the Higgs BosonHunting down the Higgs Boson

The “Holy Grail”, a missing link in Particle Physics.
Theory: Higgs gives particles their masses.

Can we find it at Fermilab before
CERN/LHC/ATLAS does?  Maybe.
Our best bet right now: use b quarks! Adrian Buzatu

The Golden Mode

Higgs Boson

b Quarks
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Adrian Buzatu 
McGill

Article link:   http://www.fnal.gov/pub/today/archive_2007/today07-11-08.html

Our Experiment

Theory

http://www.fnal.gov/pub/today/archive_2007/today07-11-08.html
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The Next Frontier: ATLAS at the LHCThe Next Frontier: ATLAS at the LHC

27 km Large Hadron Collider (LHC)

CERN Laboratory, Geneva, Switzerland

14 TeV proton-proton collision energies!
= 15,000 protons in mass (2 x 10−23 kg)

ATLAS Experiment

First collisions in 2008, 
we hope!

Beauty quarks will get 
produced at ~5 MHz!
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ATLAS Cavern: View from the SurfaceATLAS Cavern: View from the Surface

2006.05.18
~17:00
(A.W.)

Diameter:
~18m

Length:
~100m
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Cavern View of the Same ComponentsCavern View of the Same Components

2006.05.18
~17:00
(Cavern Cam)
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ATLAS Detector: How it looks this weekATLAS Detector: How it looks this week

Yesterday This week back in 2003

Recall Brigitte’s Homer’s Physics talk (March)



Montréal • 2007.Nov.16 Andreas Warburton • Homer's 101 25/29

Recent Press: Higgs Boson & the LHCRecent Press: Higgs Boson & the LHC
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CBC Nature of Things MagazineCBC Nature of Things Magazine

Aired yesterday on CBC-TV at 8pm…

Again next week, Thursday, Nov. 22, 10pm, CBC Newsworld.
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Brevity and the Higgs in Creative WritingBrevity and the Higgs in Creative Writing

A university creative writing class was asked to write a concise
essay containing the following important elements: 

1. Religion
2. Royalty
3. Mystery
4. Sex 

The prize-winning essay read: 

“My God,” said the Queen, “I'm pregnant. I wonder who did it?!”

A particle physics student, reluctantly taking the same class:

“Can’t I just use bare bottom quarks to find the God particle,
unravel the mystery of mass, and have supper with the King of 
Sweden?!”

[Urban Legend, dated as early as 1935; promulgated on the Internet, starting in 2000]
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Closing RemarksClosing Remarks

About 30% of all high-energy physics data analyses involve b quarks

Three categories of measurement, each involving beauty quarks:
1.

 

How do b quarks

 

get made

 

by smashing matter into antimatter?
How does the strong force work?
Is the strong force enough or is there New Physics at play?

2.

 

How do b quarks

 

combine

 

with other quarks?
Partner quark(s): preference and number?
Dependent on collision environment?

3.

 

Hunt for the Higgs Boson using

 

b quarks!

Measurement       and discovery                          are related…

An interest in the beauty of nature for its own sake is always a sign 
of goodness. – Immanuel Kant
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ThanksThanks

A good many thanks to many good people.
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Extra SlidesExtra Slides
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Higgs Production & DecayHiggs Production & Decay
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Higgs ConstraintsHiggs Constraints
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