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EFFECTIVE FIELD THEORIES

1933 Fermi introduced a 4 fermion interaction for β decay
Now we know that it happens through a 4

Lie
et

But when there was no W boson no SM what do you
observe

441 fancied D 2 6

Not renonalizable
in the traditional
sense
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EFFECTIVE FIELD THEORIES

Not revomalizable Valid only at low energies But you use it

to postulate the W

Even At KEN

et

Yat dimension 8 to

Operator
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EFFECTIVE FIELD THEORIES

1934 2023
Energy GeV Energy GeV

a EID102 102

10 10

102 102

104 104

LEFT 5M
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EFFECTIVE FIELD THEORIES

Energy
can a NEW PHYSICS

Is this all 10

D SMEFT
102

10 LEFT

102

104
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EFFECTIVE FIELD THEORIES

Energy GeV

2023
Also useful for calculations

so EID If I am below the EW

102 Scale whywould I include

100

WIZ in my calculations

E
102

IEEE
10 JK

SM
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EFTs APPLIED TO THE NEDM
Energy
GeV NEW PHYSICS LEFT LEAKED
o

Is L
EID

dn EL.TNOiIN87

sn egn aa

0.78dg 0.0027dg

102
0 ssedu 1 te.de

50 Mevedg
theta term dgquark EDM dq chromoEDM

104 do Tr ftp.GIE
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EFTs APPLIED TO THE NEDM

dm 1.510.7 103Ee.fm 0.2010077dm

0.7810.03 dat 0.00271 0.0076 ds 0.55 0.28 edu

n.nto.ssle.de 50I40 MeVe.do

Lessons learned

1 We need to measure multiple EDM

2 Uncertainties are too big

3 Lattice is key
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RENORMALIZATION

In theory calculations we encounter amphysical infinities

niff something a

The most convenient way to deal with this is to promote the
numberof space time dimensions to be D insteadof 4 andthen

expand D 4 26

miffs something n finite as too
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RENORMALIZATION

The most convenient way to deal with this is to promote the
numberof space time dimensions to be D insteadof 4 andthen

expand 0 4 26

Wight something in finite as too

Still if E 0 we get a

g589Ar g is not physical it is a Lagrangian parameter

So we do g g to cancel the infinity
nowphysical
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RENORMALIZATION NON PERTURBATIVITY

Coupling constants acquire scale dependence

no

Perturbation

theory
breaksdown Perturbationtheory

works well
to

0
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NON PERTURBATIVITY

We are not able to use perturbation theory for QCD at low energies

doesn't converge

te
But we can calculate simulate everything on a computer discretizing
spacetime Lattice Field Theory

BIFIED i
Volume V Spacing a
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THE GRADIENT FLOW FORMALISM

dm ELESTNIO.TN87 D 4 2 Scheme

but this is not what we get from lattice people

TNIO.MS N8 CijTNIG8FN87 Translation between

lattice scheme Gradient flow and perturbative Scheme Minimal

Subtraction

Why the gradient flow

1 No need for renormalization the gradientflow renders all
Green'sfunctions finite

2 Used forscale setting
3 It smears statisticalnoise onthe lattice
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THE GRADIENT FLOW FORMALISM

We extend D dimensional QCD by introducing an extra

artificial dimension called flow time I The flawed gauge

field satisfies
AB E D Borkit
Bp GI O 6pA

Them this flow equation is turned into an integral

equation and solved perturbatively
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THE GRADIENT FLOW FORMALISM

AB D By ABI Bitffinear

Solution to the linear part

BEEN tyrannical ftp.Ctp étp

Full solution

BICINftp.tenNGicid ftdskpCt s t islRics y
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