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Congratulations!

e Welcome <USERNAME> to your quantum
ground state known affectionately as “The
Vacuum”

— Your participation as a sentient excitation of The
Vacuum surely must give you and your family
great pride

— |f properly cared for and understood, you may
experience many decades of enjoyment from it



My goal in =23 minutes

Introduce the Standard Model of particle physics
Develop an intuition for mass, fields, and particles
Introduce the Higgs mechanism

Provide a segue into Prof. Klay’s experimental Higgs talk
Shameless advertisement for 403 in the winter



The Big Picture

e Can the laws of physics we observe locally be
organized into a single framework?

— Yes*. The Standard Model.

— But, paraphrasing Deep Thought, “There is an
answer, but | really don’t think you are going to
like it.”

*Well, mostly “yes.” Piss off gravity, ever the “work in progress.”



The Problem

 We are living near a ground state that make
the laws we observe appear complicated

 Hypothesis: The global properties of the laws
of physics are very straightforward

 Through phase transitions, the character of
the law changes, hiding the simplicity



Front Matter

matter constituents

FERMIONS <pin = 1/2, 312, 512, ...

Leptons spin =1/2 Quarks spin =1/2
: ApPprox: :
Flavor Electric EISCT Mass Electric
charge charge
Yy e (0-0.13)x10-2 0 W w 0.002 2/3
€ electron 0.000511 —1 ) dgw 0.005 | -\/3
Wm0l [0.009-0.13)x10-9 | 0 ©) ofpm 13
u muon 0.106 —1 @ stinge 0.1 /3
Vit neutiino* \(0.04-0.14)x10-2f 0 | () ®p 173 | f23
[ tau 777 —1 @ botto 4.2 1 /BJ

Why are these masses so different?



Getting Started: Bosons

force carriers

BOSONS spin=0,1, 2, ...

Unified Electroweak spin = 1 Strong (color) spin =1

Electric
charge

? Expect all masses to be zero?!



Hello World: Pushes and Pulls

Properties of the Interactions

The strengths of the interactions (forces) are shown relative to the strength of the electromagnetic force for two u quarks separated by the specified distances.

Weak Electromagnetic
Interaction Interaction
(Electroweak)

Flavor Electric Charge Color Charge

Particles experiencing: [ arks, Gluons

Particles mediating:

10718 m

Strength at {

3x107" m

Why are their strengths so different?
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The Last Bit: Higgs

e All fundamental particles started off in a
highly degenerate zero-mass state

e An extra field (Higgs) turned on spontaneously
and split all the mass states into what we now
observe

The Higgs
Hunter’s Guide
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What's Up With Mass?

V(r) (eV)

N o | 75 R ) S

Different mass states of Hydrogen a.k.a. “energy levels”;
Mass IS energy; energy levels are mass levels!
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Nature's energy levels!

Aeguine mass wia Higge!
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Blnding: Yowur Friends
the Hadrnons!

Mesons are bosonic hadrons (g-gbar) ¥
Baryons are fermionic hadrons (qqq) i

Don't acguine mass wia Aigge!

BE,

ﬁ)ﬁéﬁg A
BBB‘BBB’Bﬁ“BBBE ! °

XLt

PR
+EEEA Ang ANV
"Q?ZS.*?\Z S EE P\NNA”QJQAWA AMEEEE

fz’l fo ’Iwzwx“ﬂh fiber f’ﬁkmﬁ(@

Y +[JXH7¢llhw ) X fo d%m;m% ‘
i i &
e %
a ﬂUrrw *hK% K‘(K LK!<r TK })pﬂ y’li;l(,’A’]Afoft%é

N:z(zmﬁaﬁ“"

b kK
ppP MTKKK(K?_IQKKIE o l“““"(f‘n(/)XXh]b b lldll}K Kiz
KK KYQ“

WpetdS g




Mass Scale Tales
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o m— Chemistry: Bound states from ~1 to ~222 GeV







/eeman Effect: A Field Imparting Mass

Symmetric Broken

Bext = O Bext z O
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(Non Spontaneous) Symmetry Breaking
An applied external field breaks the
symmetry of lab
by selecting a preferred direction in space;
the previously symmetric states respond
Differently to B and identify themselves as
unique;

A separation in energy is also a separation
in mass




AU Panticles Coupled to Phe!
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U Particles Coupled ta Phe!
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Mass Generation
M o g(®)
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Physical Higgs Particle
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Now: Consult CERN Wizards




