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*Effectivedescriptions
Path integral JDqe
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⑭ Effective Feld Theory : imagine a solar field
theory emerging from more fundamental physics
at a sade X = E = +

L
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· All Si
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2-> 4

x + x + ..

⑫ 8% =(+ .. )
· ~wide expansion similar to in electrostatics
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but in addition there now effects that grow in

12 and become important of the longest sales
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-
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Overall picture
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X [C] > 4
virme ->
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~ Scale Invariance ( (a) =0 [0) = 4

z2
, 23storationsalesa toswhere RFT is

approximately Scale In v.
# Almost tautological but deep consequences
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Poincare + Scale -> Conformal Invariance very

[so (.) + v(i) - S0(4
, 2)

constraining

# Technically in our case for XE on QFT

described by EAD)" - @nb + /relevent)
↓ ↓

free CFT Marginal defausation
· In gered can imagina situation where CFT

interacis (strongly) ting
· Examples abund in Loud Matt stat

. plys .
· Composite Higgs models are based on Such

Chypothetical) Situation
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Optional : scale hi vechies ingardT
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Symmetries
⑪ IR simplification of effective description
=>excidental symmetries

Ex electrostatis (R)=Ri
--

d
soces tucs nothing
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# Symmetries are important even when broken =>

selection rules & dimensional andly sis
->

EX #ouin electric field E = G = 50(3)
--

H = Ho- . E
1

* UCH(E) UCRIE H(RE) CD "E transforms
like a vector

"

E ↑ (0 ,
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= Fi(RE) = Rijf; (E) = fi = Eif(E)

seems obvious... Point is that in 3D - single z-index
invenient tensor = Dij

· in 2D I Sis and gij Prode
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In general with P-vidation in 2D

<dix = Eif, (E) + E,jEjf, /Ey



· using
dim andysis we can say more

about f(EY

192 -= = du
B

. e

dis = (5 - e).(E) = Eif)
expect 0(1)
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dimensional molysis : rescaling of units G= air
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Dimensional Analysis



Ex pendlieTe=
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dependence Suce also "simply" fixed by
selection rules ofamazing" symmetry of free fidds
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.
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of course this is just -1-
but conceptually important that result can be
cast in terms of synemety like all else
(Atone in E pendulums, ... etc)
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# The Naturalness Criterion 'tHooft 1579

· Under what condition is a QFT natural ?

Ga
N

= zi(ta)
ji corcient =

respects selection rules

· Imagine [Giz]= [Fiz(gi)]=[F
,
(Si(bel)]

fit Six



given the gi's this offers a way
to

assess the naturalness of any pattern

of this set [i]
1973

# originet't Hooft formulation
O Vis swallcoupling naturally

87 O implies the#editin symitII



Exercises Weyl bispinors U

1) 2=p- + in or, + iv

# (8, v,+9,24 +SxV)

· classify couplings according to A-synu
UC : V,

er,

UC, : use

· starting of X m what is the minimum

of gi (m) implied by the values of Sin
,
Giz ?

Chint assume couplings are weak enough to work
at 1-loop RG)
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· characterize corpliys on the basis of their transf
properties under the symmetries offree field
Theor

· consideriy a generic MX ,

what does

Naturalness suggest as uppen
Sound far gr(M)

in terms of J. 2 , Se (work of -loo like

in Exercise 1)
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· EFT perspective : must assume O satisfy
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X
--> approximate UCSy could

be accidental
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IQTn# Natural & Un-Natural mass

Ga

Nor
· Xip determined by [ :

CFT + (2]) under what condition is

7 ↑ No natural
Nir

·
↑ irRc(x

,m)wO()

jV
↑ in Xn* Very slow

evolution



· Natural hierarchy D naturally slow RG evolution

# Two canonical options
5orginality CD CFT does not possess

"strongly relevant" operators
= lowest scolor O has - = 4-e

E

· Ex1YM = 0 = G . Gri Ag = 4 ag =o=

def E
=

nin =/
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Nirano) Xp =More

· to generate hierarely enough algebraically small
For (say Yo)· Moreover -> o is natural

because of free field theor is netura.

I.. Symmetry : Relevantoperators do exist but they
can all be associated with the

breaking of aglobal symmetry
= their coefficients can all be naturally assumed

to be small
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