PHYSICS 489/1489

WRAPUP



REMINDER
* Problem Set 4 due today

e arrangements will be made to return these problem sets.

* Final Examination:
e 1900-2200 on 18 December (Monday) in UC2/3.

* | will be out of town starting Saturday

* Happy to answer questions by email or chat by skype



THE HIGGS FIELD
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HIGGS BOSON DISCOVERY:
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Events / 0.1

HIGGS PROPERTIES:

19.7 fb"' (8 TeV) + 5.1 " (7 TeV)
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* In the standard model, the Higgs particle is:

e ascalar (spin 0) particle

e coupling to other particles determine its mass



THE STANDARD MODEL

Standard Model of Elementary Particles

three generatiors of matter
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THE STANDARD MODEL

FERMICNS [matter) ’ BOSONS [force carriers)
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e The Higgs boson is unigue in being the only elementary scale field/particle in the Standard Model

e |n principle, this is everything . . ..

* searching for “physics beyond the standard model” (BSM)



ISSUES
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* The Higgs mass term is

unstable to higher order * Why are quark and lepton mixing

. matrices so different?
corrections

* Why are neutrinos so much lighter
* |s there a mechanism that than all the other particles?

stabilizes this?

 Could be that's “just the way it is”
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DARK MATTER AND ENERGY

: : C Observed vs. Predicted Keplerian
* Cosmological observations indicate
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MATTER DOMINATED UNIVERSE

SAKHAROV CONDITIONS:
*BARYON NUMBER (B) VIOLATION

“.E“SSI“E"TS e VIOLATION OF C, CP SYMMETRY (CPV)
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REVIEW: WEAK INTERACTIONS

e Chiral interaction vertex:
* parity violation
* helicity suppression
* Massive gauge bosons (W, Z)

* impacts strength of interaction

* Mixing of tlavor/mass states of quarks and leptons
* flavour change: hierarchy of transition strengths based on matrix
e "CKM/Cabibbo"” favored/suppressed processes
e CP violation
* relation to number of generations

e GIM mechanism:

e cancellation at the amplitude level for “tlavor changing neutral currents”



ELECTROWEAK MIXING

* |ocal gauge invariance

e SUR)Lx U(1)y gauge group
* Chiral properties of the gauge coupling
* 4 gauge bosons arise

* how do they correspond to the W+, Z, y?

e where does electromagnetism come from?
e What is Ow and where does it “show up?

®* masses:
e why can't we add mass terms for the gauge bosons?

* why can't we add mass terms for the fermions (quarks/leptons)?



SSB AND HIGGS MECHANISM

* Vacuum expectation value (VEV)

* how does a field acquire a non-zero VEV?

* Now can It resu

* NOW can It resu

t In @ mass term -

'or the gauge boson?

tIn a mass term-

e Goldstone boson:

for fermions?

* massless vector bosons have only transverse polarization.

* how does the massive gauge boson acquire longitudinal

polarization?



CALCULATIONS:

bT#a P, (X)el"d eT"aP,(X)dT"b € (X)eT*d

* Most calculations are one of the above °* a,b,c dareuyvspinors
e annihilation diagram (s-channel) * reverse arrows—reverse ordering of spinors
e exchange digram (t,u channel) e [uisthe vertex factor (usually a constant, y, Y°)
° boson decay * P is the propagator for boson (y, W, 2)

* g, is the polarization for an initial state boson
* Notes

* the amplitude is a number. Note Dirac and Lorentz structure of terms
* beware "-" in spatial components of Lorentz contraction

e when Y® is present, the amplitude can be broken down into vector currents with chiral spinors
o explicit forms of relevant currents will be given

e propagator for W, Z can be simplified if energies « My, Mz

e averaging factors for initial state



NEUTRINO-QUARK SCATTERING
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