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Figure 5.8: All types of first order corrections to the DIS process. Real corrections are - -
on the upper line; virtual on the lower line. > —
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The Mikowskian loop integrals are then t
possible sign difference:
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the second diagram.

and similarly for the seven remaining diagrams
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This is not a reqular lecture

. P

- feel free to interrupt
& ask questions
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Symmetries: |
uilding the Lagrangian
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“ Basics

® basic components are fields
® just mathematical tools |
® will give rise to particles :

® principal quantity is the action, which is
the integral of the Lagrangian:

& / d*x L(x, &, 0P)

|
|
|
f: ® all paths possible (simultaneous), but

| path with least action is favoured
.; ® minimising action leads to equations
of motion -
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- Lagrangian

® s kinetic energy minus potential energy
L =10 V

® classical example: spring hwm.

® field example: free electron field
L=ipdp-—mPpp = (id—m)Y=0 (QAM)
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P grang ~ - @

® kinetic terms are quadratic and have e
derivatives Yy, 5’“¢8“¢, ;

® potential terms are what is left

® special type: mass terms: my, m?|$|°, ...
quadratic without derivatives

® others are interaction terms YAy, ...

Ll Sl & L5 110 PR et g B i s it i S Sl s i i - il oy N T L] R Sl

L U e s v gl 4

¢
i
=




i date

e L B PR i 0 i U il Ll b S S i - i

LS St s <alP v agaaniey 4

® |eave theory unchanged
® symmetry => conservation

=> translational invariance

=> momentum conservation
® isotropy of space

=> rotational invariance

=> angular momentum conservation

Emmy Noether
® homogeneity of SPGCQ\, 9




t ® in quantum mechanics, ¥ is an amplitude e

| ® not physical -

| ® [yl2is probability, physical i

|

} ® phase is undetermined, because we can

g scale P — ', then ¢ — e '%Y, such

| that [|° — ||°
¢ => invariant!
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® similar in quantum field theories:

| Gy by mb - mbd :

o in other words [ — [/ :
{ ® free electron field *
- => conservation of electric charge |

\ %3 ® BUT... phase a can depend on spacetime
| coordinates: a4 = a(x)
Wi -b(da)e L= L)
| |

]

=> no longer invariant! £

T ———
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t ® add term gLDAle to the Lagrangian t =
o ® with property A, — A, +1/50,0 ;

f ® because then gAY — gAY + Y(da)y -

f ® invariant !

2 ® but new field also needs kinetic terms

| ® symmetry => conserved tensor:
] va —— 8“AV S 8\/A“
o ® its square will be kinetic term:

af Lo |

= —FguE &
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From the Lagrangian
to a full theory




| electron Kkinetic term

o |

)

|

|
st
|

-
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L U e s v gl 4

Full Lagrangian for Quantum Electro Dynamics:

Laqep = iYIP — mpy + Q\TJA\I—’ - %F“vav

/ X

photon Kinetic term

v
electron mass term

v
electron-photon interaction term

{

—— T . . o T Wy,




' 1 Full Lagrangian for Quantum Electro Dynamics:
|

Laep = VI — mpy + QJJA\P - %F“vav

v

‘free’ theory

gy T P

O o e B

CRIVEN AN S PRI SN " NIV :
e

iy o interaction’ theory

Keep Lo exact, but expand L1 => perturbation theory f .

LSNP 2 e i < gt 2
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;) F ree Theory
v 1 Propagation of an electron from x to y: |
% . .
(01 ()9(x)[0) = [DHDY el -
| Propagation of a photon from x to y: i
:
- X WWWW\ Y
; (OAu(x)Au(y)|0) = /DAp Au(X)Ayu(y) |




. Free Theory E@

Easily generalised to more points: t

and

:

f
s
|
|
|
!
|
:?
:F

<O|¢Y1¢Y2 LTJ><1J)X2 ‘O> = /D\TJD\P eSo




the exponential e> ">
® Equations are not solvable anymore
=> expand interaction part:

v 1 ® Add interaction part from action (Lagrangian) to
|

e T e A e Ty 2 TN i

} St 2 b
s g - 57 Sk e

| 2 b

| ® Propagation of electron from x to y is now:

(W(y)¥(x))= / DYDYDAY Y(y)d(x) e5°(1 +SI+%S?+- - )

B
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® Propaga’rlon of electron from x to y is now:

(W(y)P(x)) = /waw $(y)b(x) S°(l+sx+lsl+ >; _

® Take the second order as example:
St = g°[dzdu (VAY), (VAY), -

® So we have electron propagation from x to z, from
z to u, and from u to y. We also have photon
propagation from z to u. Schematically:

T O B e T I

B i e
—
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 Interaction (2

® Other possibility:

. gt gy TN W AWty < AT Y

f z AVWWWY U
_; |

|

]

|

!

F

® Vacuum diagrams
=> These are unwanted and have fo be cancelled -

o /DYDY $(y)b(x) e
WGl — -

o r————




I m.em Cﬁon @

f ® So the full propagator is: ‘ e
| } L i M I o ; -
f ® This can be extended to any number of particles,
i I.e. electron-electron collision:
?

F

<¢c\|}dq)a\pb> o

P ROR I S GRS LR by = i Naidhiie- & o2 o e 3 .




Feynman Rules@

Full Lagrangian for Quantum Electro Dynamics:

Laqep = iYIP — mpy + Q\TJA\P - %F“vav
V

B e e i e i T I e e S S,

) AVAVAVAVAVAVAVAY
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| -~ SM
The Standard Model
of particle physics
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® We can easily extend our theory by adding new |
parts to our Lagrangian: ;
L — Loep & Lorp - Ldep &7 ‘

® QFD (weak force) and QCD (strong force) are
very similar to QED. They only add two different
types of interaction terms:
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