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Emergence of Weak Interaction

» nuclear decay: a-decay, B-decay, and y-decay
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Weak Interaction in Standard Model

ELEMENTARY
PARTICLES

= all quarks and leptons
conducted

» 70 and W+ intermediate
bosons

= contribution to decays
between particles only in the
same family
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Weak Charge

= gravity <> mass

= electromagnetic interaction < electric charge

= strong interaction <> color charge

= weak interaction < weak hypercharge
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Left-handed fermions in the Standard Model.!'"!

Generation 1 Generation 2 Generation 3
Fermion Symbol i::is; Fermion Symbol izﬂ::i'; Fermion Symbol izﬂ:i:i':'l
Electron € —1;’2 Muon o —1;’2 Tau T —1;’2
Electron neutrino |Fe —|—1f2 Muon neutrino 'V,u —|—1/2 Tau neutrine |7 —|—1/2
Up quark L1 —|—1/2 Charm quark |C —I—I/Q Top quark t —I—I/Q
Down quark d —1!2 Strange quark |5 —1/2 Bottom quark | b —1/2

All left-handed antiparticles have weak isospin of 0. Right-handed antiparticles have the opposite weak isospin.



Parity Violation

= interaction rate in electromatnetic interaction
[ ®i(OH (% (r)av %0
PH int_(I’) =+H int_(r) for general case in physics

thus, in order to have non-vanished interaction

PY; = +¥; PY; =¥,
or
PY, =+¥ PY, =¥

HOW ABOUT WEAK INTERACTION?



The ellipzoid on the left represents a large mmber of
/’T’”’J cobalt-60 mcle1, all with their spins i the same
divection, and all enatting beta rays. (In reality,
any one cobalt mmclens exmts only one beta ray -
transformung itself thereby mto a mckel miclens).
O the 1ght thas process 15 seen i1 a oy, The
divection of spin 15 reverzed, wlile the diuection i
wluch miost beta rays are entted remmaims unchanged.
The mitror world i thns distingnishable from the
real world.

BETA RAYS 1 "
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The panty transforuation of (x,7.2) to (-x.-v.-2) 1
completed by tnmng the muror image npside down,
The spis of the cobalt miclel are tlos rehuned to
their o1mnal divection, bat most beta rays are now
enutted upwrard - contrary to experimental fact.
The panty-transforned world 1= not identical with
the real world; panty 1= not conserved.

Hote that the asynunetiy would be perfect with the

beta rays enutting in one diection only (and none

i the other divection), if’ all the cobalt mclel are
aligned perfactly with the magnetic fizld. In the

i- . * MIRROR WORLD actual experiment, the requrements of lugh vacoun

THIS WORLD T— ani:l.l-:w.'.r temperatme (~ 1/100%E) i very diffienlt to

aclhieve,

Parity Violation in Weak Interaction

BETA RAYS
(ELECTRONS)

= implication of parity violation in weak interaction

PH,_ (r)=-H, (r) Hamiltonian (i. e potential):
| | no longer a function of only position



Unification of Two of Four

= SU,(2) X Uy(1) gauge group

y ) _( cos, sing, B° cosg. - M
Z°) |-sing, cos@, \W° Yom,

70_hnenn- a raciilt fram mivina nf WO0_hnenn and RO_hnenn
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= significant question: why are B® and W° mixed?

spontaneous symmetry breaking from HIGGS MECHANISM
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