
 

let's pace here to Connect what we here done

we have quantized He Efh field

within the Coalbgaageij.A

k.me Specificeeg we Len guo t.ie ed only
tu tran a vet port of A i.e Á and I using

IAicil.fi ifiifci

jj.si三 fi ⼀一
⼩小⾔言 a project in operator

For the longitudinal part

A ishofdy_i72Aoi
PJA.toA o for free ē am

I is newone l hy the

Gauge Condition OnI

a y
E Elwyn

6 的
e



The hamiltonian Can be written as

H fdncti.in if it A i i l T i 1 Ai 2iA 1

f d了了 fiitii.it Htt i ⼀一 A.ciĚ

___丌⼀一 不不 Ti j 2号 T T ⼆二 万 T

T i 11i 2器器 2 Aj 2 A
__ 2 Ai 2 2是A⼀一 2i A 2 iA

2 8.5 2具 A j 20Aj in Coulomb saage

丌 i 2 iA 22 Aj 2iA in Coalo

sgeug.AT⼆二 8 j 2䛓 A ⼆二 Ai inC.nl us gene CJ Ā 三

s Iii transverse If I ⼆二



for free Ex m file
丌 i i 2i A 三on since A 0

t th equation of motion gives
2 A

L
y A o T o

i E
Then for

H fix i.it tiptrue 7 T T 7

is tu Hamiltonian for free E M field and

only treasure degrnisuffrendo contnih te.co L.is

reflects the fact the t E M wares le

eoctyz_frc.cee.eepolarization

And we an anti red using ⼕匚 A 可 f j___

for interacting fieldI Cwhen we have Chargee

we have
See your HW

I iiii A.in For 2 example
EQMt.iu hrlnteracijcc.be

externalsource or fields

H fi ii.it itii iii A.ci 1 An T

T A P A.cn 卡P ⼆二 为 ⼀一 if it it 8
we still Len T.i.io

therefore Since it's our gauge choice

H Jin t.iiitilii iiii A.i A.sftA.PT
free Intra ni



recall that in Coal ⼀一bge.ge

T Ǒ A
and 𥘅 5 字P

5Apcud
Hintfni iicn A.ie d'iifj.pY ii

fidi ixi i pciT ii
tfusfane.usInteraction
No hindep de.no due to
thegauge we chooseHence H f i ii.i

iljxitildkdit.is尛 8刚 ⼀一 Sni AT4不不

reno
enreletdtfsyj.ir

if
we see that we havetreated the hug it mtinupe.tl Ao I ALI and
He frcnacersepertcii.TT diHereHg in Coulomb gauge

yany dynamical field
which mahsfhhonuttc.ve e eelesiobio us

It can be avoided if We ch.rsecouavietk.re tsac.ge

2 A ⼀一



To see this we Consider

fiilijcxil.li 家

fdicjj.fi sane fj.jfaiipa.ie

if di fai di tech 恶 in e
ini i

Scifi 噐 in in ici til

i fi 器器 in in

⼆二 fifi dig 亠 亦 ēiāipiěiǐgèii4万

Sòisàiàii 亠亦成 sci e iici i.in

4Tl

i i i
j

a pole
叫

hi 前 Ǖ jiffy 点 e gin
⼀一

亦了了 ⼩小pole
ikn

六点fan file _ē 点六hide点9Tin

izifdh.in ⼆二点⾔言 靠 e ⼆二点⾦金金器器 六六



we introduce the

tochfpcua.ciai ⼼心

are Ear.ci

Each I 67 fr r g CE El

lo satisfies arCE lo o

we can build Space t as it reuz
number of photons

eicū Fu I Ir E ˋ
J

1 ph.tn with

helicityrqnt.cn E

点 ⼼心树 庶 Cain ⼌冂 ___c

⼆二 lhr.ch min
f

ni photon with helicitgridoaneutun.li



we calculate the He built in ian
in terms of a r c i

Htree

ˊ

I fat Coin any 令 ⼈人 ST we

sun of infinite harmonic oscillators

each one with ㄩ We

I The meaning ofthe Vacuum Energy

The origin of fun Vacuum energy

Ē À a AT A xa.at

5 5对 a Aix t At a a a

LĒ 三 Col Ē lo x Col et etlo o

C⾼高了了三 Co 1 5 10 2 c 1 a at i o ⼆二

the expectation is o No physical Ph.tn field
in the vacuum



However

Éi 王 cĒ o l i l o to
⾔言 ⼈人 calculated befunand

soiicis.ci 2 colin 10

_o

The deviation on the fluctuation in NoT o

even in the vacuum i

Col H tree 10 i Ni Col ĪHÌ 107 vacuum

f i i E i i 2 energy is
due to the
field

fclctuatiouicoil07s.co1Aix ATx 107
a lil D

I create a photon ct i

immediately annihilate thephoto

So vacuum is NoT empty

Infinities
we note before that c.IHtrn.io is both IR X UV infinite

Col
Htrnlosiixyaiwisylnintin.ly

due to infinite space volume

Since f fdieiihi fii V.li



Define flu Energy density We can get rid of the

l R divergence n

Col Hfine107
GE voc.to 2 x⽓气1 Mioa

2义⽓气Hillel
2 xifian.li 13
从 x 4万 fǚdhlivestill here the UV divergence due

to the modes with k

Solution

I Normal Product
i a ác a did sTo 三 at i n_n a n_n a

e.g HH lo fit 1 data at 1

file w cold at 0
w cc energy



2 Renormalization procedure

Bare Q FT is extremely sensitive to shortdistance Physics
which is not good it means we can predict Nothing
without knowingthe Undenying theorz inAdvance it this is the
case We CANNOT EVEN Do PHYSICS

But we said that Q FT does not necessarily the

fun final theory of our nature It may breakdown

at an large scale A or small distance of分
so we hem to cut of our Heavy at A an below

Now suppose that we hone a FULL Theory which is valid to

arbitrary large scale and Can Predict 9

cr
OoT NEE sure z
FideGerry 1a

9 f dh FULL Theory prediction
o st diHere t DoF.ITvalid for all h as we knowtoday

when u CA we know that Full 7Leong 7 Q FT

means we can do experimental
fest b see Q FT agrees with
experimental results

or QF T is an lkefect.ve theory of the full therj.nrrr.int



Therefore we have

to
壬

C f da Full Thee Prediction e
or

ITdh Tull Theory Prediction 1 冶

4 jiirgpxnun_p.mg 呵
below A we can
uee QF To a

三 E B 4万 duh é 不不
⼀一⼀一

tests

Whatexperinet.ly
I S

can he measured anti J We whet on an predict
CUniverse expansion don'tknowbut

dependson an artificialf Weparaher tite
as a Bare scale choiceAindependentof our
energy densityscale Choice

é兵 acts as a

èniiiiiiu

M
GET coorLf New theory
















