
Basic Idea
-

-

vi. are → I. = Elad ) 't to 't I÷E4
"

mi
'

,

I
, m

.

→ Lf = ZI@ol
'

) 't E. ol
'
'

+ t÷z*2¢*

Require 6=101
leg ⇒ E = doo and Fz 'd '=d!

No = Not
identical correlates and

can be identified

⇒zoo
.

L
.
=L
.

'



=D L that = L
"

t La't I do
£

{ Hot't#47¥44 ¥64't't YI ol ' 't ¥4164

⇒ the two construction simply correspond to different
splittings of the same bare Leg region Lo



• tf de E
Rt I can perform such equivalent construction

7
,
we

, ol → Va ) , we fu ) , tofu )

•

q
-
choice optimal to study physics et En M
where log E O Ci )

•Interpretation
L
.
= Lela) + Lot (a)

it

compensates quantum fluctuations at Hz µ



I =fD¢ e

-Jd.

T??;D ! ng
'"
-fool .. e-
Hit f-it

4.peak . ) - - - din (kn)



TDD deal . .
. okay e-

dock )

ki → oki ki - REEL Geo

Idol (offal .

- yoga, )
e-
Lock)

JDdcks.ro/DolCusoaje-LoG)--fDoCkEoajolfal.-ocrge-fealI



A- 7%1
-



* I. = I @old
'
- ¥4.2 - ¥

.

do
"

• µ - dependence ef Hy) , wifey , tofu ) implicitly
determined by

teddy Aoe y# Moko ⇒ do =o

I

Renormalization Group Equations
run rn

rn rn



why R.co
.

?

p → et p
-* = to

IR UU

K - th Gav hee → a ur

lap → - IR



• teddy to = a day fire (rt E t too .)]

adam.
I

= ( Bca) + et ) fit Fi ) tap (E FI ) = o

⇒ pi = -
It I cetaa.im#

= - {et - da ! t [- q ' t a.
'

(a. + to too .}



admin µ → y
'

, 24) → Ifi ) ,
. . . = invariance of UV finite

observables

AL
TEA) = finite

⇒ all I , tea , - - - terms in ph
should Vanish ! !

EE - and + a:(a. + to ,
'

) =o

a
,
→ on fixed by diff. eg .



Qz = C
,
I t Cz d

'

t - - - -

O
,

'
= C

,
t 2 Cz X t o - o

Qz
'

= ( c , tzcz A) (c. At Ed 't 47+2914
= G't t OA ' )

↳ Known

Qz= 2- C , t 003)
-



rdqf.pe/rtEt too .)]
-

tilt + ±aI . .
. )

H H

¥ 700T
1¥ 'z→

"" '
Y
"

SEE



⇒ Bca ) = - eat Ice !
= - et t pH )

• For reuorueeelized quantities e -so smooth

=D add
,
Aca) '

'

air =p-1



• Similar story for teeth ) :

uef= we
' [It BEI te bze t . . .]

e- rdqui-eaduifn.EE]tui[E bein]fe*Ia: )

⇒ take knife) = -
EEedtIa#
[ it E been ]

= - tuft )



• to = f- & cu)

Z = Iet 9 t a{ t . . . ]

• = piddle ⇒ take = - ta) &

Ha) =L Needy In 'Z=z¥hZ)C-extra ! )



• Formal solutions of RG eqs .

Hei )
old

• dating = pay ⇒ In # = f Tsa,
deny = DI aly )

PG)

• dating = -held) ⇒ In fifty - I!tmkfiD ding
Hui )

=
-S FYI, da
HH



• day dat = -861441

⇒ Hi
, µ ) = e- s.im

""

Fit, at

afar.26:*) = - Hafen) 2-Cain)( HMM =L
⇒* dandini -HMMM⇒ 461=26 ! a) 4cm)



EX Examples

⑨ 1/04 . 2. = Xp
' (rt of t o . . )

• d
,
= 31¥ t t 062 )

. BG) = %¥. t off ) > 0

radio = :#it ⇒ n.cat Hair
- ¥94) htt



• TCE) x ¥ . ACE)
-

(et calle) t - -
- )

= ""
'

=¥÷÷e
.

]
'

y
'

= HIGH.TL
" )

i i n
t

Xt# t>oof ⇐ In

"II t - -



EH dO÷= C
,
I tczl

>
t o o e t Cela

@ + '

t ooo

d÷µ = X ( c , t cat t • o - t cent" t . . . )

I b d

44
" Hal)

" 2%4
"

1hL " Int 'd " yeth - I Lh



IX. RG asymptotes of 7/0
"
in GD

Hei) = It
-*edge) hunt

• MR Inti → - a =D Ifi) = l → o
3 the

M
'

• Uv ¥iiHn = , ⇒ al# = a 4%!"

"Ii-
'SII, → x*=ue¥¥n



LAH Landau Pole & bare couplings , f-
in DR

• Pauli - Villers e

.
To -_ Tcu) I Calm)

, 1nF )
I

¥?pn G) HE)
"

Po -- s

p n

- ctht -
-
-

•
-

hey : 1. = TCA)[rta.hr/a)taz7Yx) to . - ]

hp week a
.

~ Aca) #t
copley t - ftp.t/m)lhI
f n



70=14) T #Afi) tuft + (Fifthly)
?

t -
-
-

we must work under assumption

Het 3¥41 In 'Y
,
d '

A ⇐ X
*
I Landes
pole
scale



(roll't to 't ¥106t -

-

-



④ Asymptotes of got
'

in GD

g.
= geek (r - g÷. I t . - - )

teddy g. =o =D Ecg )= - ez g - 3,8¥

• as fine,=
- Iff. ⇒ fine - I:÷.

5cm
gym) - -
it 8%) tuff



• UV : theft -so =p gym .

) n
E4

→ o

3141
He

Asymptotic Freedom
-
-

--

• IR g =D for ¥+3 gym)lntf*= - I

A- re
- IIIa,



④ Bene coupling (P. V. )
c

~ 8cm )
fo =-

2

it ¥+819) In

• ⑤ In 't )
"

series of counter-terms makes sense

2

else when g. In't →o



④ The Catan -EyiK equation
0=0 ( aecu ) , In %)

• to,
Ca , ) - - - Ion can ) ) - Cat)"8(Ep ; ) G (p, , o . .

,
Pn )

Fti =# i ⇒ G. Cp . .
. . .

, pm ) = Ifi - G (p, . .
- pm )

0=3 Go = (pdq Tfi)
- G HITE; ) adq G

O
= I udqlnZi t take ] G



D= [ Fri + Mkay ) G

tee ell powders
• G = G (P

, ,
- - - Pa ,

to
. (g), 9) = all couplings &

all messes

| ( Frit E Pa Fae '- a F) G = o



• If • I ve
'

&
'
t ¥, 4k The → me

,

a

• G = G (P . - -
- Pn

,
Ha)

,
nicer)

,
M )

( te Ze t PA ) # t pursue . t ht) G =o

( a # t p Ix - knife. + no ) G = o
-

( Mady t n r) G = O



• Forget solution

Iceni ) -- e- I
Mi')

adqezcn.it -Hap 's

idk (L
-

Tavi) GCI ,
Hal

,
miles

,
ee ) ) =0

⇒ 2-
-

Yu
, a) GCP, Yu) , %) , a) = GCP

, 74447,9)

Gcp
, think) ,m)=£(mi) Glp, inlet ,i )
I



Scattering een pti takes

to. 4. s = Zopeceerz t - - -

t
RG inv M¥y£o = O

£-0 =R 6 in V

⇒LIE
µ Cp

,
- - - pm) = IT Pi÷ too Cp . ) - -

- I. Cpa) > = RG inv

Mddyµ(R---pn



"

single scale
"

observables

0--0 (E
, Ha) , aim) , a ) EOJ =s

= Eo FCF , Eth , Aca ))

we

= E
-

Flt
, ,

ACE ) )

= E' HE)[ I. (WEEI) t AE)RtIIt . . .]
• systematic res. auction of 7h (ALGE)m contribution

• does not automatically capture possible



FR divergences
"
n In ¥2

- with Myer -7 €

present in 44 but not in QED

- a' line. → IEE
collinear divergences often present

-=\



• Ex of pure single scale

ete
-

→ hadrons at all orders

in as

÷:c! + yet .
. .

Tcs ) = NII E on ashes. )



IX. Fixed points A⇒* consistently
-

--

et ell
p 's

• If . All = O

• Aa - tf l page )⇒ / →

(tf t Enif CH) ) Gdi - - Pa , Ma)

• gyu , g) = e- fit""
"hi
,

E r*=rG* )



GCp
, Hr) ,

ai la)
,
a) = 2-

"

H, F) G (p, Heil , Whit ,i)
I



• EI { (P, - p , #ve ) - 2%99) Gdp, - P, it)

FEE = 219
,

G. ( Pip,
#ir )

=(Fhttp ( c. + c, text
'

)

q p
- 2+2 oeeouf.tw sien

=D 24 G) 0/6 ) ) x x
- Z - 2¥

as if Edt = it #
↳

anomalous dimension


