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QUANTUM FIELD THEORY

* Infinite number of degrees of freedom
* FIELD (Classical)
* g; (1) (I=1,2,...N)
* limy_,,. g (t) = a(X1,X2.%3,1) = 0(X)
* FIELD (Quantum)
* (p(X) = Operator

* [o(x), o(y)] #0 or {o(x), e(y)}#0



KLEIN-GORDON COMPLEX SCALAR FIELD

(Classical)

o(x) #¢'(x)  X=(Xg=ct, X))
Lic =0"9(x) 0, ¢ (X) —my p(X) ¢ (x)

(0“0, + m) o(x) =0

(0" 0, +m) ¢ () =0

p(x)=> [a, e+ b e'"*]
P



FIELDS

CLASSICAL ‘ QUANTUM

e.g.

EXCITATIONS OF FIELDS

WAVES mmmp PARTICLES

MINKOWSKI (SPACE-TIME) =) FOCK (PARTICLEYS)



¢@(X)— operator In Fock space

p(x)|0>=0 ¢ (X)[0> o |p>

annihilation / creation of a particle of 4-momentum p

creation initiated in Fock space & particle appears in Minkowski 4-d space



o(x)=> [a, e+ b e'"*]
P

A B A A—ipX S+ AiPX
o(x)=> [ e '™+ b e'P]
P
[a;,a;]1=6"(p-4)  [b,,b;1=6"(p—0)

a,|0=b,|0)=0  a;|0)cc[p)  by[0)c|p)



KLEIN GORDON QUANTUM FIELD:

PARTICLES: SPIN ZERO: * K% ...



Ly =0"p(x) 0, 0 (X) =My ¢(x) @ (X)
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QUANTUM ELECTRODYNAMICS
(QED)

FIELDS: Matter fields (e, e*): w(X)

massive (m,)

Gauge fields (y): A (x)
massless



CURRENTS

« CLASSICAL ELECTRODYNAMICS
e p(X,)&JIX,t):0p/0t+V-J=0

*J, (p,d):(@/axr)dw =0 =0



CLASSICAL/QUANTUM ELECTRODYNAMICS

1

L=1y (X)y, 0"y (X)—m, ¥ (X)y (x)—Z F, F*

+e A, (X (X)r v (X)

FL (=0, A (X)-3, A,(X)

J"X)=e vy (x) 7" v (x) Ly =A,(x) )7 (X)



(1Y40, - Mp)a ¥ (X)p =2 1€ A (X) 0" w(X),
0,Fr(x) =ie [ (x) 0" ¢ (x) - ¢ (x) 0" (X)]

F.(x)=0,A(X)-0, A,(X)

coupled non-linear equations for y(x) & A (x) nobody has solved (yet)

“solution”: treat A (X) as known and given, solve for ¥ (x)

ad, F*(x) = J¥(x) given



1"\/vvvv»'vvvv\/\}



PARTICLE PROPAGATION:

particles created/annihilated in Fock space

particles propagated in Minkowski space



GREEN FUNCTION

D, t)wx,t)=f (X, 1) eg D, t)=ve-(1n?) 82/ 8¢
- D(x, t) G(x,t|x" t") =06® (x - x") &(t —t")

o w(x,t)=]d3x" G(x,t|x",t")f(x",t")



PARTICLE PROPAGATION IN QFT

.+ <0| o(y) ¢(x) 0>

X Py Y
I A(X =) = <0] o(y) ¢'(x) |0>

D(x) A(x —y) < dD(x -y



PROPAGATOR IN MOMENTUM SPACE

A(x=y) =[5 B e A(p)
A(P) = ———



PHOTON PROPAGATOR

7
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iD, (x-y)=<0]|A,(x) A (y)|0>
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CURRENTS

e Local bilinear functions of fields
» Definite quantum numbers

* e.g. Electromagnetic current:

J ﬂ(x) |QCD =e y(X) Y v (X)



CORRELATION FUNCTION IN QFT

+ <0] 3, (y) I,H(x) [0>

J ﬂ(x) |QCD =/ (X) Vo v (X) J ﬂ(x) |han =Py (X)



CURRENTS

« QUANTUM ELECTRODYNAMICS
» Matter CurrentJ (X, t)

JH(y) J(X)
Auv (X - y)




et e~ annihilation into hadrons
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n |<O|Vu|n>|2
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oleTe” = = h) x5 /(14-:1’ exp (iq - x) (0]V,(x)V,(0)|0)

V,,(0)[0) jZou )|n)(n|V,,(0)[0)

2 In><n| =



QUANTUM CHROMODYNAMICS

Fritzsch & Gell-Mann 1972

1

inlpa (X) 7//1 0" Ya (X) — My Va(x)l)ya (X) _Z Fi/“/ |:iﬂv

-9G,,(x) w,(x) y” ﬂ’iab W, (X)

1=1,2,...8(gluons) a=12,N_=3(colours)

F'ww=0,G,-0,G, —g f; G G/



QCD

MATTER PARTICLES

L, |



QCD
GAUGE PARTICLES (analog of photon)

01,097 .- &3
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14,(X) = J,(X)




