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(bare ) electron charge screened/reduced

by virtual et cloud . . .
us .
at shorter

distances ( larger q2 ) , cut through

et cloud to probe full charge . . .

⇒ expect charge(coupling constant

to become larger for higher q2

( IR - free ) . . .

will show it is explicitly

due to TTµv (hence vacuum polarization)

- Use f-more
-

formal treatment ( renormalization

group equation etc .) in Phys 851 . . .]
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-
start with LB ( with EB , 4ps , AMB), ire,
conventional renormalization

- amplitude ( including spinors for

external
,

- shell
,
fermions ) :

at tree - level -⑨B)er "EB (QB )#B)e) x
x ¥q2 [ (IB)petMeps (QBHtm]
in

photon propagator

→ at loop - level ( not complete : see in a bit !);

i.e.
, upon adding

feet
m④TE"4

see
-

> \
e-

~(being schematic
about Dirac structure)

( (EB )e . . . @B)a) (
"

product
" of spinors) x
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⇐BY tqzf.IE, re summing Hmu
"

insertions
"

on photon line

- Focus on (cancellation of) divergences , in

bare parameters and loop contributions :

EB /@ - t ( q2)
= ellobserved ( finite)

T F(divergent#
divergent

fogy, + "

g
: pendent])
T

drop for now

with 2-3=11 - It, # finite , q2- independent]31T

= EZ
, dropping 0/22) in product

( so, divergences cancel between Zz & IT,

just like using CT 's .ie,
BPH renormalization)

-

I

- similarly ,@Bierut (*n'
"

Me)
- Qe ⇐ ' le

#germ * Qe Vm # - t )
g-

-

observed #
drop finite parts of Peekof



using divergence in Hot concealed

by Zz CT (for all q2 , ie .

,
not just at

q'→ o
,
where CT was chosen )

- Next
,
use Z ,

= Zz ( from WT identity)

in both terms above to get

÷ ::* :i:i÷÷÷÷i÷
- So

,
as far as divergences are concerned,

full amplitude ~ Ig! Qe Qa } finite
µ

x#Herm@Ble ) ④B)per @Blm)
##

n n o

⇐ le ( Zzloe

• . . so
,
still left with divergences

in €21 e
,
ou ? !



. . .
well

,
not quite done yet(as

"warned
"
at start) : what about

dressing of external (on -shell)

fermion lines ? But
,
didn't

we say (in BPH renormalization)

that can be neglected ? Yes,

but that was when we started
with

L classical , us .
L
B
here

,
i. e.
,
for

bare external fermion lines ,
there

is (non - trivial / dressing :

-1%-1 rest of diagram
-

i.e.
, just like for field ( 4,3=4Fz),

we have UB=UF#
- ↳

"

observed
" '
where

U
'

s are properly normalized ( UB are not) :

Esbinsuu-K-mkobserue.de#
-



- So
,

indeed after dressing bare amplitude

by loops as above, we get finite result :

* (F)eVMluleJHtlaeVm@lJQeQoeeIz.w
here E Te u = K - m etc . (me, Mae , e , Qe

spins

& Qm being observed I
measured parameters)

Summary, after all of the song -
and -dance

,

prescription seems to be
•"

simply
remove

"

B subscript from everywhere
in tree amplitude : e

B
→ e

,
Ups → u,QB→Q . . .

. . . but that's not complete story ,

on cece we look beyond divergences ,
lice
,
there is a significant , finite ,

remnant effects from IT which can be

predicted I tested as follows .

- Recall that effects of Zi , z ( including any

large , finite)
"

cancel
"
each other

,
so we



are left with IT (q2) to consider :

indeed
, based on above discussion , we

can define an
"effective " coupling

constant
, ee# (q2) as

IB

q¥tqyq
(part of above amplitude)

= ele# (92) / q2

in such a way
that

"

prescription
"

to include

loop effects into
" bare

" amplitude is (as outlined

above) (at level of I , where

e'= GIT X
@Ep (with AQED = ¥7

as

measured at q -30$ . . .
and at

"

neat
"

level ( i - e,k ,
dominant effect) we

also have (
"

keeping
"

photon propagator ¥qz"as is
"

)
- so

,
we have

eke # KEY
= e2.rs/q-*cqyy=e2-Z3fI.-tiCg2B



( again , e
' here is as observed at

very
low energies , e.g. , atomic systems)

←This is same as earlier , but
it's just

that we now keep track of large,
finite effects in Zz and IT(q2), that

k¥00 from multiple fermions ( labeled

by
"

I
"

,
e. g. , i = electron , muon or

tau)
- ez
-

-

ftp.aifziiogmaiIDftz#Eiaifz-Iik4Yg
yo#

2-
3

- TI (92)

( no q - dependence)
where III ( 94 = fda x (z - x) log(mf_µ9)
we see that (as expected and as already
outlined earlier) divergences(a Yee) cancel
between Zz and Tl (q2) . . .

so does



fl - dependence , since we have

Ii (92) = - log perfdance-al t . .
. (noMY

= - Ig log did

Hence we get (as usual dropping
even

higher order
in a)

deff ( q2) = e
'( t 2¥? # Ii (921)

so that
"

running
"

effect
,
i. e
,
difference

in (effective coupling
constant12 at two

different energies (q2 us . q
' 21 , is given by

etq-eezf.EE?fite4-Iiti4Xt
- in--

drop
"eff

"
for simplicity

( actually , it doesnt't really
matter at what

energy
we evaluate e2

,
a on RHS above,

since that
"

difference
""
would be even higher

order in af
-So

,
we get 3 cases , depending on M

( fleet of s > 912 without loss of generality)



Us . q2, q
' '

( both > 0
,
since they are s,s

'
:

corn energies here)

-lit . fq2.ge/2ccm# ⇒ I 194
- 7-(Q'4=0

since both I 's = fdoe x ( I - se) log M4µ2

(ill . /q'2Km2Kq# ⇒ (skipping details)
I coil - Iti 't = ÷@gftmz) -%) > o

Note : log (- 11 = it ,
due to fermion -

imaginary
T *3.142

.

anti fermion
" inside

"

TIµu going on
-shell for

q2⇐ s) S, 4 m2

Liii ) ./q2→qm2- gives

⇐
'

G log (94g ,2) > O
E DI

sub hose qm2z S) q2 s) Mpf ( me = a. 8 GeV

us . M µ =
0 . I GeV) , whereas

MI 3$ 9/2 33 ME ( me = O . 0005 GeV)

i. e
,
we are comparing effective coupling



constant to be used for ete
-

→getµ
-

( but at energies where
ete-→ etc

-

is

kinematically forbidden) to that in

et e-→ et e- at energies such that

ete-→ petri is not allowed .

So
,
we use case lit for T ,

ie
,
DI = o ;

fill . for M ,
i. e.
,
DI E ICH-I (9 'T

= to @g m2) - 513] > o

Liii) .

for electron
,
i. er
,

# I = 46 log@4qz)
( independent of me) > 0

Thus
, e2aetqDm2µ(butKm_#>e2atq12amk(butDm#

(more in HW 2.2 , being careful
with

factors of electric charges & color

for quarks )
i. e.
,
IR-freerunningJ



-
Whhraat about finite loot diagram ?

eet

\mTet
. ( D= - 2)Hunter

- This is not enhanced by a large

logarithm of radio of mass /energy

scales
,
Cf

.

vacuum polarization effect

above
,
where we could be evolving

from 912 - pine to q2 ~ ME =(80 GeV )
'

as in HW 2.2 so that log Mmw_e= 24

- so
,

above eeff (9211 keeps track only
of dominant ( long - enhanced) effect

( for more precise treatment, see

Phys 851 ooh PS




