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G Compute finite prediction ' from given physical parameter , on and e for l→ a

Recipe

C) Compute UV- divergent amplitude with Uv- regulator 1 to some order in No :

M - M Cmo
, eo ; t ) t O (Ao* )

Lii ) Compute physical wall , physical charge and field - strength renormalization :

m -
- hr (Wo .co ;D ) t O

,

e - e ( Wo
,
@oil)

,

2- = 2- Cheo
,
e. in) t O

(iii ) Renormalization :

Eliminate Wo and eo in favour of ur acid e ( fixed and given by experiments ) :

e. = eo (m, e ; n ) and mo - Mo Curie ; n )

Liv ) Then Mcm, e) = line M (mo (Mie ;r )
,
e. ( Mein ) ; r )

r-so

is finite and independent of 1 in all orders of R .



→ Bare perturbation theory

→ Works for all reuorwealiaasce Q FTS

→ Alternative (but equivalent ! ) formalism : Deuce , malia-d perks Latium theory

1
. $04- fleecy in D= 3+7 dimension :

204 = I ¢ )
'
- I mo2¢2 . '÷, 0/4

2
. With Poly = 4 - Ny (⑤ G. 7) ) and Ny = 0,2 , 4 . . . . one finds the

divergent amplitudes :
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→ 3 divergent quantities

→ Absurd in 3 unobservable parameters : bare was , yo ,
lure coupling do ,

fields ¢

3
.
Recall :
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P '- m2

Absorb unable .name 2- in rescaled fields :
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4. → Lagrdugiu in new fields :

204=122-1%15 - Iwo ' 2- off - tf, 2-24,
"

J
. Split terms into observable parameters and ceuosservasle ones :

physical parameters (fixed)

-

204 = 12%015 - fue ' off - YI, ¢,
" Has
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'
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'
- E. (doe - d) Of

- - san
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Counter terms (cutoff- dependent)

→ Tz ,
Ju

,
and 8
, ushers uuosservasce

, diverging shifts of bare and physical
quantities



6
. Experimental input → Reuorualiaatioucoadih.com#

y
2 conditions

c- g-
I t

. . . . .

Carol

Pi = (mid )

Notes Recall : im (prizes Bpg ) = - ido t Odd)



7.

Perturbation theory of d. g) →

Feynman rules for oeuovcualitedpe.tw/ah'on theory of 0/4- theory in momentum space
for S- matrix elements :

i
1.Edg c- = -

p p2 - untie3.E-xk.ua/liueg(
physical mass !

Xp - n

2Nerh

* = - "ftp.m.ca/coupiiY !...¥⇒l:÷÷÷÷÷÷÷÷÷÷÷
G
.
Divide by the

* = I Tz - Jun ) symmetry factor



8. Poo for computing amplitudes :

a) Sum all relevant diagrams built from the Feynman owes afore

b) If loop integrals diverge
,
introduce a regulator

c) The results depend on thee (yet undetermined ) parameters {8. }
,

the fixed physical parameters we and e
,
and the regulator (A or E)

d) Choose ( " ieuorleralite " ) the parameter , {8. } such that the renormalization
conditions G. no ) and G. re) are satisfied

.

e) With these {8.3 ,
the amplitude is finite , independent of the regulator , and

depends only on the physical parameters .

9 . Bare perturbation theory and reuarunaliaed perturbation theory are equivalent
and yield the same results

.



NO
.Ex in one - loop order :

a) ¢ Amplitude
3 4

Mcnamara - = # t +40! t
I 2

3 4

+ :*
I 2

→
of order d2 ( see

below)

E
- it +⇐ it [ IV till ti VG] - if,

with Mandelstam variates s - (THR 12 , t = (P, - B)
2

,
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,
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b) Evaluate loop integral with dimensional regularization :

P,# Py
•

← iii. ivsi = Ktp = /f÷Y.at#cu+ippe
•

P - Tatts = ) PL - S

ar .
Pn

Feynman parameter , Subltitvtiuu ,
Wich rotation

,
Tsicneuciuual regularization

- ein
' /!d×{ E - rt log Hr) - logan - xx -xspz ] }

c) Enforce renormalization condition G. rn ) to determine Jg :
D

im ) E
- id

5=4m2
C-=U=0



Solved by

Jd := - d'#my + 2. v @ I ] f!dx{f - Srt 31cg @ it)
- log fur- xk-x) 4mi] - 2 log@ 2] }

d) → Amplitude

indie Pspy) = - id - id
'

. Tn ( {Pi } ; m )

F : finite function of the momenta Epi }
, parametrized by the physical mass tee

.

Important : the regulator E drops oof !

e) Enforcer renormalization condition (2. ro) to determine off and Jim :

i ) Define ;µ4py:=#



ii) It follows

-

- = - t -
- t -

- t
. . .

i
=-

I pity t . . . .

P2- m2 -m2 2)

iii ) → G. no) is equivalent to

m4m/p⇐m±0audd%/p⇐m# (712)

iv) In one - loop order : - in' Lpr ) a¥ t Eep

= f- id) . I - f ,d÷Yc, uz.im t i# Sa - din )



= f- id) . I . fY÷kµ uz.im t i# Sa - din )

Wick rotation ,
Dimensional regularization
MK- dlc )

⇒ -iIzITdlz@zgn.dTtiLp28z-ourJ-3fd.r
z ) solved by

1 P G- dh)-
-

Jz := O and Sue : =

- Iz feet ) dlz (urge- dlz

Note : Tz -- O is a special case of ¢
"
- theory in one - loop order



Application to QED:
⑧

1 . Original Lagrangian :

Leep -

- I
,
# u ) 't 4- ( if- mo) 4- e. IVYAn

2
. Interacting propagators :

c- c- = t
. . . .

and If
= -itf7 t . . . . .

3
.

→ Demoralized fields :

Yr : - IF 4 and AT := IF AM

4. → Lae , =
- F Z,#m ) - t 2-24540-mo )4r - e. Zzz?" 4TrM4f(Arty

5. → 2- n := 722-512 .#



6. →

Kae , = - I (frm ) 't 4540-43 Yr - e 4TH Yr (Ark

- I
,
o, #not 't Fr ( iced- su) Yr - es, Irma

I
4 counter terms

with Ji := Zi - 1 for i' 1. 2,3 and due : = -22% - M

f. → Feynman rules (only propagators E- Vertices ) :

Edges : Vertices :
#

§ #
C- =-

← R- untie §•mµ = - ievm #run = - ie E. we
PM←tmu=j÷|¥=iHo

WAY = - i (gag 2-gmqo) 83
M



8 .
4 countertenor coefficients → 4 oeuorbealirahioucoudih.ee#

1
.

Fix electron mass tour : 4
.

Fix electron charge to e :

*⇒

= - i -2.47=4 o
-

-
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.

Fix residue of photon propagator fo l

- - Ccleaoce Ar) :
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