
PHY4$9 Week 4:

InternalSeries
Symmetrics:
· Proton and neutron have very similar masses, so we

may define a new basis of "nucleons"

p =(d); n =(i)

similar to the spin-z formalism.

Define isospin and the third component ly (as for Is).

These are components in some abstract coordinate space.

These components have nothing to do with real spin or

rotations.

Ultimately, just an interpretation of quark number

conservation.

p =(,),n =1, -)

"isospin doublet"



Atenberg: strong interactions are invariant under rotations in

"sospin space".

Noether:isospin conserved in strong interactions.

Pions:isospin1=1 (three charge states)

it=11,1) 4 =11,07, i- =11-13.

Isospin at quark (ul:u=1I,2) d=1, -) S=10,0)

Other flavours are also isospin singlets (2,4,1)

Mesons:containing only and quarks can have only isospin) or 0.

ITTo, + + isospin triplet

2 -> isospin singlet.
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Parity:
PC) = - E (eigenvalves 11)

->Any polar vectors ( =(X,2,z)

->Scalars invariant P(a)= 2.

-> Axial (pseudol vectors invariant PC) =PLEX) =E.

-> Pseudo Scalars q: a.(5x2)

Parity conservation:all fundamental particles have intrinsic parity.

QFT: Fermion parity is opposite to that of its untiparticle

Boson parity is the same as itsantiparticle.

-> Assign positive parity to quarts (negative for antiquarius)



->Parity of a composite system is given by the product of

the parity of its constituents, with an addition angular

momentum contribution of (-1)* (R= orbital angular momentum).

↳ Mesons (-1)
**

↳ Bargons (-1) (-* =(-1)2

↳ Individual Hudrows:justa particle property.

Parity violation:(Colbalt) beto-emission is preferentially opposite the direction

of nuclear spin, violating parity conservation

Cobo -> Nix +e+Ve.
ie. n -> p +e

-

+We

Parity is not conserved in weak decays, since the

spin axial vector should not change direction under

parity:



Acity:As the choice of z-axis for spin measurement,

use the axis defined by the particle's velocity:

[units Helicity) =M.

A particle of spin-z (formical can therefore have

helicity 11:

+1: "right handed"-

-1: "left handedin

It isnot Lorentzinvariant unless the particle is

massless. (One can always "flip"helicity of a massive

particle by always transforming intoanother frame with

particle velocity vsv (

Dion decay: To -S -Fr Inm
↑ ↑

Helicity o Spins mist

be anti-aligned
: Must have

same helicity.

cantil
Experimentally, only right-handed neutrinos are observed

(by measuring re-helicity)



Parity violation in weak decays:

· All neutrinos are left-handed

· All antineutrinos are right-handed.

Parity operations on U, should give Un-which

We know does not exist.

Conjugation:inverts all internal quantum numbers while leaving

energy, mass, momentum, and spin unchanged.

This includes inverting charge, lepton number,

baryon number, and strangeness.

Taking a particle into its antiparticle

interactions,
Strong B C(n) =15).

E-M !
ivariant
C This mostparticles are noteigenstates of C,

&
except for photons and call entries in

Meson Octet.

Eigenvally are 11: CIX) -> 11x) =1x).



Charge conjugation is not a symmetry of the weak interaction.

cIV - Ich

CP/22) -> 1ER) Ws

In strong interactions, can extend C by combining it with

an isospin transformation:

Rotations of it about12 takes is- in. Hence

R2π+ -> π-,so

CR2 It -> it.

Any meson composed of only a and a quarks/antiquarks is

an eigenstate of the "G-parity" operator G = CR2.

c
=(yetS.

So G(i)=(-1)"(1) = -1.

evolation:S4 contains only left and right-handed neutrinos,

antileutrinos.

In weak processes:



CIV)=1c) N - violation.

plU) =NR> - violation

CP/UL)=IFR) -> flavour mixing neutrinos

not allowed!

FlavourMixing:

Strongest Coupling:up/down-type quarks of same generation.

Nextstrongest:- of neighbouring generations

Weathest:-"I of 1st, 3rd generations.

ie. S
↳

N

r
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*Weak decays of a quarks require so coupling (generational transistical

Cabibbo Angle:Explains relative branching ratios for weak decays into

leptone:
e

It ↳green
ut Need Form factor"to

2 Un explain how thistakes place
I

in a bound state.



e

12t See
ut

5
2 Un

us notcoupling stronger than udart.

Define the original quark basis (of each generation):

= (u,4,t)

di =(d2,f,b)

then let us, d,be the basiswhich diagonalizes the Higgs

coupling (?). The two are related by the unitary transformations

us =nus

di" =Ud

Then transforming intoa basiswhere these quarks

are allowed to intergenerationally "mix" via the WI

boson coupling:ie,

(at) -Intell
↑

Cabibbo - Kobayashi-Maskawn
(CKM) matrix

for quark coupling. 3 rotationsand a



CKM matrixdescribes the probability of a weak-coupling

transistion interaction from one flavour of quark Ito

another quark i (Vij).

Example:observed CP violation in the 10 system:

Sa ud
Neutral Koons are pseudosculars (P =(-1)*]

W-
LVus· Ved

SO:

ea ~u P/K°) =- 1K0) CP/K0) = -1K
w -

Underne Vus CP/K0) =-1K:
- 21K0) =1150)

a -S
d

So via diagonalization, we have the normalized eigenstates

1K,7 =i (1k07 - 15%) CP/K,) = 1k,)

(12) =E(110) +15°) CP/k2) =-12).

Butthis isn'texperimentally true-

-> What really occurs isthat the weak interaction acts on "long-lined"

and "short-lived"neutral Knon states which are notCP

eigenstates:
1mi) =ar((kaL +E11,2]



Thus CD is nota good symmetry of the weak interaction.

Experimental Determination of CRM matrix:

0.4737310,000310.224310.000$ 0.0031210.00020

Vij =0.221 10.004
0.97510.006 0.0408 10.0014I 0.0056 10.0002 0.0415 10.0009 1.014 10.029 I

Essentially

Consider aunitary chiral transformation between quarks

relating quark mass eigenstates' to 'weak eigenstates'

ur"- We ↳-> U wi

di-W" di di"-ed

These transformations leave the vector fields 300 120

boson) and yur (photon) invariant, but jut IwE

bosous) are not invariant!Consider y**:

jux= Izede- ier(tra)"?
e

vis CRM matrix.



LetLm=-x.d-in aas him the

be the most general renormalizable garage-invariantcoupling

Lagrangian, with in being general (not necessarily symmetric

or Hermitian) complex-valued matrices.

-> cp transformation interchanges from operators without changing

coefficients: xn- (Xan)*.

Eliminate T-dependence via chiral rotation:

Auda- unDi Mat (Left handed chirality)

XX = WnDWnt(Right-handed chirality)

which implies

in =MnDuWnt where we take the positive

square rootof the D2 eigenvalves.

and D2, Du is diagonal (obviously).

The quark masses are then related by

Mir= Div
v:vacuum expectation

mi=Dr value of Higgs field

v =(0) P 10).




