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Renormalization
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Renormalization
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Renormalization

Renormalized quantities
Yo = Z;)/Z?ﬂ Ag = ZXZA ap = Zaa eo = 7%
Minimal renormalization constants
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Dimensionalities: [L] =d, [Ao] =1 —¢, [¢po] =3/2 — &,
leo] = e. Exactly dimensionless
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Photon propagator

— iD,(p) = —iDY,(p) + (—i) DY, (p)ill*? (p)(—i) D3, (p)
+ (=) D, (p)ill*? (p) (—i) D}, (p)ill* (p) (—i) DY, (p) + - - -

D, (p) = Dy, (p) + Dy (p)TI* (p) Dy (p)

Pubv PuDv

Aw/ = AJ_ |:guu - #2 :| + A|| H2
b ANAY =5
- - PuPv —1PuPv .
Auvl = A" [guv _ ]’;—2} + A“l];;_Q

Dy (p) = (D°), (p) — T (p)



Photon propagator
Ward identity II,,,(p)p” =0
L (p) = (* G — D) 11(P%)



Photon propagator
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Photon propagator
Ward identity 11, (p)p” =0
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Photon propagator
Ward identity 11, (p)p” =0
L (p) = (PG — Pupo)T1(P°)

B 1 DPubv Pubv
Dulp) = g [g“” P2 % 0 p2)2

Renormalized propagator D, (p) = Za(a(p)) Dy, (p; 1)
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Za(a) is constructed to make
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finite at € — 0. But the longitudinal part must be finite

too:
a(p) = Z3*(a(p))ao




Ward identity

p p p p

iSo(p') ieod iS0(p) = ieq [So(p') — So(p)]



Ward identity

p p p p

iSo(p') ieod iS0(p) = ieq [So(p') — So(p)]

05 (p)
op*

= —5S0(p)7.So(p)



Ward identity

o

p p p

iSo(p') ieod iS0(p) = ieq [So(p') — So(p)]

05 (p)
op*

OO O

= —5S0(p)7.So(p)









=lala
=lale



Photon self-energy
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Photon self-energy
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Fermion loop —1

k= p

i(ngw, - pupy)ﬂ(pQ) -

dk . k+p .k

—/WTHGO'YMZWWO%’E

—iel / Ak Tr,(f + Pk
(

(p*) = d—1(—p?) ] Coi[—(k +p)?] (—k2)




Photon self-energy
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Photon self-energy
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Photon self-energy

o d—27de [ d%  Ak+p) -k
I(p7) = d—1—p2 / (2m)® [—(k + p)?] (—k?)
Set —p? =1

D1 = —(k? +p)2 D2 = —k’2

Multiplication table

1
p?=—1 k* = —D, p-k:§(1—|—D2—D1)
d—2 d* —2Dy+ 1+ Dy — Dy
(2 = 2 -2/ 2
") =25=7%0 | Gy D\D,



Photon self-energy

Restoring —p? by dimensionality

—p?) " d—2
(A

)
ea(—p?)F d—2
(Am)a? (d—1)(d—3)d— D"



Photon field renormalization

Transverse propagator
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Photon field renormalization

Transverse propagator
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Photon field renormalization
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Photon field renormalization
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Photon field renormalization
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RG equation
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RG equation
D (p*) = Zs(a(u)) D', (p* i) does not depend on p:
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For a minimal renormalization constant using
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Anomalous dimension
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Anomalous dimension

Yala) = 5 —

RG equation
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with the initial condition
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is enough to reconstruct the result
ap = Za(a(p))a(p) does not depend on p:
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Electron propagator
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Electron propagator
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iS(p) = iSo(p) + iS0(p)(—1)X(p)iSo(p)
Sy (p) ()2 (P)iSo(p)(~1) S(p)iS(p) +
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Electron propagator
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Electron propagator
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iS(p) = 1So(p) + 1So(p)(—7)E(p)iSo(p)
Sy (p) ()2 (P)iSo(p)(~1) S(p)iS(p) +

Massless case: $(p) = pXy(p?) (helicity conservation)
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Electron self-energy
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Electron self-energy
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Electron self-energy

Using the multiplication table
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Electron self-energy

Using the multiplication table
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Electron field renormalization
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Electron field renormalization
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Electron field renormalization
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Vertex

q
l =ieo™(p, 1)

I(p,p") =" + A (p,p')
When expressed via renormalized quantities,
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Matrix element
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Matrix element

S-matrix element = vertex X Zil/ % for each i
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’ Z A/ Laboratory
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Far star Y AN

The physical matrix element
eOFZd,Zilﬂ = GFTZOI/QZ[‘Z,[/,Z}{/Q must be finite

78?7y 2, Z}* must be finite = 1
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Direct calculation
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Direct calculation
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Direct calculation
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Charge renormalization

e3 does not depend on p:
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Charge renormalization

e3 does not depend on p:
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For a minimal renormalization constant
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Charge renormalization
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Charge renormalization
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