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Appendix B p④
-

A useful identity
FLEX ) GCN - G g) Hope"4

Ho .

where to G ane two smooth bus
pµz

In field theory noteszwe used the

fine integral version of this -

To prone this use fourier transforms.
LHS = Fciff )fdpeih " Ects )

= Sdp Fcpjacyeibx
RHS = G (off )fdqFCq)ei%ei×8/y⇒.

= Sdg Ea ) G Gtx)
= Sdg F- (g) SICK) e

' PG')
dp

.

Idk FCK ) I ein
-×

= LHS .



Appendix C P④
Evaluating M [do]

.

- Heat kernel -dimreg.
read a WEJT - j . do .

jailed by solving Sgwg
-

- Tas.ee

-0 8T/sq= - j

But
@
in "]

. g@aeyeiscaeJxii.o
⇒ edited

=

eicwcices-j.ae)

par
⇒ g@pgeis6Ti-iibexoe.q,

E- qtdg@g.geisaetegtiiae.a.q is:

date . @e'I
=

in. -se
sq

Assuming
trivial measure

= fddllxpifsfddtfe.kaed.ae'
on field space as!%0)
s,
atleast calf 's "? + irked.tl/-q...gI,gsq

Define Koei -- SIEH
seasick

.

Infernal KE.xjci.yy-sss.ua/seEcxsseiicg ) -



Use % ⇐⇒ a
④

@iTEeoIeisEeoTetzTrInkcea.eis.ca ...# I e- iii.
Kuei! if
#E-

t.ie?neFaEffIe
- Issa: Kisseeis, cocoa:]

T xeot.de/o=.o
use identity a

mb④ so we have . an

all orders expression .

T feed - S [old + iz Tr In KCET.

* it In {exlofisfe.ms?ssq.).xexpfisItecio:3ttRsiectssod.k?!
towever we know that T computer

IPI diagrams (seeP12 ) .



i④
A liertex involving a single of
will necessarily fine i p reducible

diagram .

So effectively .

we may write ( for purpose
of computing Play in part . th.

Tfeeif-SLoeifrtETrlnKCoecJes0@Classic.alone - loop .

In {exbfisfe.ms?ssz.) ← E- to

1- .- n
- -

-

+ it

. Lisiecki di) }
, pi. .ci.- o'

32 - loop terms .

Here the instruction on the RHS

means that in umhutiy it only
IPI diagrams should he kept.

2- ' ooh terms ⑤o +
lines are brwhagatr
K
- '
Cdc]



This expression is formal - so
need to regularize the divergences
which arise

consider the representation
I → I tie.

for the propagator . t

'E' cacsx.gs. -* goods eiskceygivejk.at
:

414>⇒ex-y# ion ⇐ on
591×3 = xnixs e't

Suppose we wish to calculate

the effective potential - i. e the

no - derivative part of Theis .
Note : T [ dad may he lxhandd

Tither as P[ did =
µ
. . .fi?xn....xnl.dfxd...qceg

or an reais = fdaixfucaytzlais@defhigher derivative

Ucac) - Effective potential. terms]
see D .



To compute Ucao) me

may set go to a constant .

The
"

Heat kernel
" *

It Cost x. g) = g , @
is 2-Had

↳

Constant of = @
is V''cool

⇐ eisbgyy.
Insert 89.1ns-m =D .

axils = @e÷t

soHcisix.n.eisttadgg.fo.eiskiiEIIims@iiIEC2rM.is
V
"
Cdo)14%7%2e-
i ↳ -232 ,

=
e

Ig¥iE
Hence we have ( PF - ean A J

.

Kick ; x. y] =
-go.%dE-sz-eiskcatiyeicx.my,

*

Sal" of
"

heat eqn
"

III, = k Hosley )



POO

K
-'

Cac ; x. y] =
-go.%ff-sz-eiskcod.ie#icx-ny4sRrtate..ntarroyintegration

i.e.ee/fectrhely-pnrcnosinyat2jBrCx-nk0 )
P

K
-'
Kei, x.ba#Sy.d.ez.e-

' '
"

c""←IIR⑨
Integral well defined for Kyoko but

singular at e -- o if x → g ..

Representation of t - loop
effective action .

Integrate 627 - A w.r.tk to

set 'dinkiest!!. - goes ⇐ eis
'"% ,

⇒ i goof e-
tubes

⇒a
e'EI"

Bat i Take, = - Itr In K¥3
-②

T
i - loop Tr ⇒ setting x -2g r Sdhx .



But at x --g both ⑨ and@④

are divergent ( from eco end of

integral ) . This is of Couse
the expected short distance

singularity of Q FT
.

Thus need to rlfulainether
expressions .

one obvious way is to

cut off the integral at the
lower end

.

so . first define.

Kilda 's x.g) =*g%÷, e-
' *
"

come i*
R

' 112

In kgceisx.ns-io5dezei.IE'e' I
11K

and then take x → y limit .



This is ailed proper-time
P⑧

regularization .
Thus the t - loop term become.

TY ) cos - + iztr In Kofoed
= - assassin.E¥÷÷

"

-can write as incomplete T f n , - DO

Alternatively use dimensional

regularization. In n - dim
"
the

above is replaced by (see P 27A with

and follow the same steps
led→nd)

to get

MY case'zSdnx%Etr¥I÷. -⑤
-

well- defined lie nosing
from z⇒zo in integral for ns - zig

⑤ can he amihan in terms of T fans.

•



B⑦
Evaluating this as n -24
(putting n -- 4 - E )

PE
.
!e= -

'zSa4tr{¥÷?. - reheats

-
In FITZ -10GB

Note that an arbitrary scale has

appeared again even though we
did not cut off the integral
car in④ where we had the sale !
The renormalization group
#

r Cor
u ) ane arbitrary.

scales
.

T should he

independent of them - ie Adapt-0.
This requires that parameters



ce ⇐ do . !

i.e ambling constants , mass parameters
in sheet hurt he n dependent

.

i.e s → sofa = Ice 's#R- Yee)
- in a scalar held theory

for example . Cinch y = mini -Hagia)
so T feed - Saca)+ E T

"'

1st
order

n
a
Coe?

Hamo ⇒ a set ↳ diff cans
for the parameters of the theory .

G- fn earns
a ddi. = pi CI ) . .
dr

{ dies complete
it i

set of parameters .


