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Summing the series we obtain
~ 1g 1 ~ ~
Duv(q) = - ql;'/ + q_QHlm(CI)Dg(Q)a (41.6)
or _ _
(ng;m — Hpuy (Q)) D7 (q) = —iguv. (41.7)

Things are simplified rather by the use of the Ward identity, which guarantees that
. I1"Y (q) = 0. As a result, we can write the photon self-energy as

* 10 (g) = (2™ — ¢"q”)M(q). (41.8)
Substitution of this new form yields
¢*[1 — 11(q)] Dyv (q) + T1(q)quan DI (q) = —igpw, (41.9)
whose solution is _ ) o

1 -1(g)]  ¢*[1-TI(g)]’
In practical calculations the g, g, part never contributes to any observable amplitude.
This is because D, (q) is always coupled to conserved currents and we know that
qﬂJ i = 0.
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In what follows we will require an expression for the one-loop amplitude in Fig. 41.5,
which may be translated from diagram to equation, giving

i7(q) = (=1)(~ie )2/ Ep (o by (41.15)
q) = 0 @n)t 77{—m7 Fidm) .
This integral can be done. With the inclusion of the counterterm it is found that
7(q) — 7(0), the one-loop contribution to II(q), is given by
2,1l 2

w0 =70 =35 [ (). L)

# Now let us tie everything to see this “Screening”

o To the second order, the renormalized propagator is given by

. 2
~, —lg (S
DW(‘I) = - S

¢ {10 — 70O}
% [1+ #(g) — #(0))] -

Q

1_ P2
(4=-37)
o To see the consequence of this on electrostatics, then we need static version of the propagation,
obtained by

= - €0 m?
7(—q) — 7(0) “on? | dz (z — z°) In mZ ¥ (5 — 29)q°
o Expanding this in the limit Cl’z<< M D” (@) ~ iguved (1 n iq_z , <= q:
v q> 15w m?2’ a1

A very important interpretation to remember : is the Born approximation interpretation of the

momentum space propagator as proportional to a matrix element of the potential V(?) Vi

~ DS Thverce Fowia o 402
- 3 97\ (2 Vir)=— {_ + 8@ (r) b
Dho ("p) < SO{T eV V() trondormm o 2 Ir] " 15m?
o First term is Coulomb’s potential for a point charge

o Second term is the correction due to the screening of the electron charge



o This screening effect can be visualized by the following diagram, where the pairs represent
effective dipoles.
g
o This screening is known as vacuum polarization ®_ o @

RS

e The most important thing is that this can be measured!

o Lamb shift
» Shift in the Hydrogen energy levels in the 25(1/2) to 2P(1/2) of -27 MHz
» This is only a small part of the Lamb shift (+1057 MHz)
e The main part of the Lamb shift can be seen from the corrections to the electron
propagator

# Renormalization group and electric charge

= mdlel
du

Using our equation for the renormalized electric charge we can expand for small #(q)

to obtain , e We want to see how the
e*(p) = m ~ ed[1 + (7(u) — 7(0))] + O(e*), (41.21) electric charge changes
or ) depending on the size of the
lel ~ leol {1 + 5(7?(“) - 7?(0))} : (41.22) momentum that the photon
The B-function is then given by is carrying!
8= “(jil_zl = %u|eo|dz—i7). (41.23) e We will use the beta-
Now we use eqn 41.16 which states that function here given by
62 1 m
#(u) — 7(0) = —# | dz (z — 2%)In [m] . (41.24)

" I~ o ?
In the large energy scale limit (u > m) differentiation gets us 6 = dlsl .y IC

dt(p) _ e [* ooy €} 2Tt
T w2u/o dz (x — %) = anip (41.25) du 1

Note that, to the order to which we’re working, it’s permissible to swap e for e on
the right-hand side in what follows.

The positive sign is the most important part!

This means that the electromagnetic coupling is increasing with increasing energy scale

This also means, the coupling is increasing with decreasing length scale
This means, as you go closer to the electron, the it seems to be more charged!
o Makes sense with the screening interpretation : Getting closer to the electron you penetrate the



cloud of screening and the charge seems to increase!

We have a measurable prediction from the theory. Interestingly this calculation
can also be done in non-relativistic quantum mechanics using Born’s approximation,
which says that the amplitude for scattering from a potential V() is (p/[iT|p) =
—iV(q)(?ﬂ)é(Ep/ — Ep), where V(q) B (p'|V('r')|p> = fd3rei(p_” )'TV('I'). Com-
paring with our quantum field theory result, we see that Born says that our scattering
potential is

2
= —9
7(q) = —2—. (20.25)
la|? + p2
What function has a Fourier transform that looks like this? The answer is
2
Vir)= e e Ml (20.26)

4|7

the potential dies away over a distance 1/u. But this is just Yukawa’s potential!®
This is the reason why the 1 T1¢ theory is often called Yukawa theory.







