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What's next?

In the O(eoz) corrections to leading order in
QED, there are three Feynman diagrams that
require regularization:

The photon self-energy insertion
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The electron self-energy insertion
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Radiative Corrections, continued
The Vertex Modification
(Sections 9.5, 9.6.1, and 10.5)
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Consider the matrix element
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L is UV divergent; A *is UV convergent.

i(p) AMp,p) u(p) with p?=m?

By Lorentz invariance we can write
u(p)A*(p,p)u(p)
=1(p) (ay*+Dbp*) u(p)
Use the Gordon decomposition
2m a(p') y* u(p)
=t(p) [(p'+p)+1iotq ] ulp)
where g =p™ —p*.
Therefore u(p)A*(p,p)u(p)
= L a(p)y*u(p)
where L is a scalar constant .

Now write A*(p',p) = L y*+ A Mp',p) .
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Proof that A*.(p',p) is convergent:

bk gt~ £ T

~ew Pl it

+

%’:. - kidu&- o % bo (eg, ;&‘W

Se L w f{ug. o&‘mw

Ay = A“(ER —Ly™
ey Ty

Tre Cog Ao s .f—‘ﬂ“@f) tod bt

v gt o Ul cmvigedh

Now we have
1T*(p',p)
=1 e, [y*(1+ eO2 L) + eo2 AMp',p) ]
=ie,(1+e,2L)y"+e,> ALP,p)

This requires yet another charge
renormalization, Z,

e=e0(1+e02L)=e0/Z1

1 (p,p)=1ey*
+ie’ AMp',p) + O(ed)
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If we calculate a physical matrix element
to 1-loop order, then all three will occur.
That will require
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and so the matrix element, written in

Recll Ztpy = At (F=-n) B + G-m) T, (p)
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and Gr—m) Ucp) =0, /
Ry S = L-I(p) Ly blp)

hS= RHS = [RB=L
= B e l-e2 L .-z,r’j P

For 1-loop order, Z,'*=Z 1! ; and it is
true to all orders; Z, = Z,

terms of e, will be UV canvergent




AM(p',p) and the anomalous
magnetic moment of the electron

M for electron scattering from a
static external field, to lowest order
In e, is
M =ieu(p)y, ulp) A4Q)
whereq=p'-p

- 1 e ﬁ(p') [ p'M+pH +1 cHV qv ]
u(p) AMq)

Lorentz force | magnetic dipole
interaction

To all orders, we can write
M=1ea(p’)
x [y*F (q*) +i0" q F,(q*) /2m]
xu(p) A (@;
electric and magnetic form factors

To 1-loop order,
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Calculation of A *(p',p)
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Result so far ...
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After a few pages of algebra, and
some gamma-matrix tricks, M =

We can set A = 0 ; the anomalous magnetic
moment does not depend on the IR
behavior.

The limit of low-energy scattering has
a’ — 0:alsop™ — p* and p? = m?

= E(Pf)[“ Y*R L tdr"w_& S ]‘-‘-’ﬁ)
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where R is a scalar, and
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So the matrix element to order e3 is
f?Z = -;—:'ﬂ ﬁ(f’)[(}i*)“(l.;_ﬁ)
4 t'cr"wgV (1+ %) ] ?éfP)Am_fP
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The magnetic moment of the electron
is, to order e3,

A= (v 2D

(Schwinger, 1948)

We usually write
(units:h=1andc=1) /a =

Then the correction to the magnetic
moment is
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I = e (3-2)

To 1-loop order,
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Compare
current theory and current data:
(g — 2)/2 for the electron =
1159 652 183 + 8 x1012 (thy)
1159 652 181 + 7 x10712 (exp)
(g — 2)/2 for the muon is also in play.

+ O(«2)
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