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Introduction
-

> Sources Es Forces :

- classical Electromagnetism .

-
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Maruble's egenations
E, are forces 3 E

= (Er
, Ey, Es)

e, I -> sources = (Bu By, Br) .



> -F. = 0 => B = XA-
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samGrange transformations.
Bott & are not physical
whereas I andi are physical

(E,3) - (P,) = (A) = A
*
CE . m . field) .

Lem = - For

-An+ 2nd
Fru = Zutu-GrAm ↓

Quantum level For > invariant

=> Fields => operators !



An()= Epic polarization Vector

All the matter fields are described

by fermions . (Spin-"2)
-> Force carries are by gauge bosas.
free

IDirac = /cuman-m-
= TiUMGMP-mTYsmas
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Y - Dival field. -> ↳-component vector.
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Does Loiran has any invariable
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Y(r) -v(u) = Pua) -
P = constant -Global gauge transformation

Vm-Divec matrices UP = (vo
,) , you matrice

Fu= it () 00
Under

,
IDirac is invariant (Trixial)

what about the case when R: O(c)

i.e . more generally
Y(U) =

QR

(H)

Q = Generator
,
here it is a number

P(u) = Local gauge parameter

i .e. it depends on the position "s"

one can see that ID is not invariant
under local gauge transformations

Intutive way.
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Equilibrium

· g disseritty
remain like

this ?



In = [urn-m]Y

↓ NG) -v() = ROC)u(r) .

2mUC) = EQU()+Cus[Q20)

:. La = 'Livranje'-miv
= [iu *2 + 20 [rum]

- muy
Lets consider an interaction term

Lint = -QurAmY and Am-Am +GmP(a)

List : -QumArY-Quryland]

:. Le + Lange + Lint = LRED
is invariant under garge transformation !
U(K)-> plu] and An-Am +GO(k).



In Summary,

2 Red = Flividr-my- Far For
-

Dm = In-icAr : co-variant derivative

-> The quantization of both the Divac
and Grange fields give the respective
field quanta -> Fermions and photos.

-> For Quantization , refer to and

standard Field Theory test book.

-> Interactions and 2-point correlations
can be described byFeynman vules.



FammanRules&ED.

In coming Fermian : -Xu(P)
(towards interaction point) P-

outgoingFermion uli)

Incoming anti-fermion X (P)
P-

outgoing anti-fermion x- v(P)
P-

propagator ↓

#
it

uLps : For the energy (EJO) solution
PCP) : =

-r : (ECO) solution :

Polarization Sum : [ULP) = ((P + u)
S

↑= Prom



:

Incoming Photon : ~ EM(P)
Ps

outgoing photon : · + M(p)
M -P

propagator : igro
P -

↑

Prit

Sum over polarizations

Mu⑭ Es() =

- g

Interaction :
-

Pe

X ma
: -2 & UM·

Pa
- FLPL)[jevM]u(p) Q = -e

Em(a) for electroni

=> jeum .

" i (P3) [ieum] u(p.) · Em(9)



rang Interactions
.

-> Historically it goes back to the

structure of atam

- putherford scattering of 2-particles
on the this gold foil

-> Most of the atan is empty
CC-particles go through the gold foil)

-> centre of the atom has a dense cove

positively charged protors)
(some -particles got deflected by more than go)

protons are held together inspite of large
conlamb repulsions due to the strang
attractive forces

=> Nuclear strong sorce among mulas

Cthing is not &CD).



Note:① scattering experiments are very
helpful in probing the structure

② strong forces are shortrange forces

③ what about mulcas (protons
, neutras)

=> Are they elementary.

④ Do they have spin?

⑤ Answer is again from the
Scalle experiments-

ing
Exercise:
-

scattering of two particles in

↳) The com. from

(ii) the hab frame .

Ex e or Scattering :
-

e (P) + m (P2) -> (i) + M-(PL) ·
muon atvest as P2 = (E ,) = (i,)



Emp. points tote:

-> QFT is a minture of special Theory
of relativity and Quantum mechanics.

-> S .T . R . -> Lot of "c" terms
-> Q . M .

->hot of "to terms

Natural its:
A = 1c = 1

2 . g.E+ mch = Em

& E = hv = tw =w= E= mo

=, r= Fr
-> High energy limit : K .E. D Rest mass

energy

=- => E = 1) .

-> massless limit
-



-> Four Vector :

pr = (E(,) = (E,)
C. g. high energy particle moving

along Z-axis

· = 10
,
0
, ) = (0

,
0
, 2)

:. pr =E(1 , 0, 0,D .

->e'p scatting process :

e
-

(PD + M
-

<P2) -> e (Pz) + M
-

(P2)
-Pa e(Ps)

3= (P+ Pr) = (P3+Pu)

t= [P1-P3]= (P2-Ph]
· -i

-v

↳
u= (P-Pu)E(P2-P3)
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