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Outline of the Talk

e Some Background on Effective Field Theories (EFTSs)
@ The Topic of my Work

o Software Steps Necessary to Study EFTs

o An Example Model

o Histograms of Distributions for the Example Model

e Work in Progress & Outlook
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Introduction

e Reaching higher energies
requires larger radii for
circular colliders.

o Maintaining a constant
speed induces energy

losses.
Figure 1: Shows an aerial view of CERN. Credit:
dE 1 Maximilien Brice (CERN), Wikimedia Commons
o< ﬁ4 4 . (1)
dt ~ ’I”2 ’V [J.D Jackson’s Classical Electrodynamics, 2% ed. eq. (14.31)]

Hence, we need stronger magnetic fields or larger radii for the colliders.
Reaching higher COM energies might take a while...
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Introduction

Do we really need to know the exact details of heavy physics to describe
phenomena at low energies?

Historical Example: The Fermi-4 Theory

Low Energly Limit

At tree-level four fermion operators with appropriate parameters can fit the
results.
Question: Can this be justified for arbitrary orders in perturbation theory?
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Effective Field Theories

Which makes it seem like the propagator is
equivalent to an infinite tower of local

operators Y, O(Py), TP (1)), ...

suppresed by higher inverse powers of m.

Next Question: Can one establish an
equality of correlation functions at the
level the Lagrangians between a UV
Lagrangian and a non-renormalizable EFT
Lagrangian?
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Answer: Yes!. See chapters 1-4 of
[C.P Burgess’s Introduction to Effective Field Theory] for the technical
details.
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Effective Field Theories

Answer: Yes!. See chapters 1-4 of
[C.P Burgess’s Introduction to Effective Field Theory] for the technical
details.

Two Ways to EFT

o The Top-Down Approach: Integrate out the heavy particle(s)
and see what operators are induced (i.e "shrinking down” the
W~ propagator from before.)

o The Bottom-Up Approach: Write down every single operator
consistent with the symmetries. Then the coupling coefficients,
often called Wilson Coefficients, must be determined in some way.

Power Counting

Practical calculations require a truncation in the infinite tower of
operators. Figuring out which ones to truncate is called power
counting.
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The Not so Great Things about Symmetries

”The great thing about symmetries is that they are there even
if you don’t realize it.”

- A quote from some book or someone

There are also some not so great things about symmetries.

Examples of Symmetries

o Integration by Parts
o Fierz Identities
e Bianchi Identities

e ”The Equations of Motion”, which is a misleading nomenclature
for field redefinitions.

Certain operators are redundant, different sets of coefficient values may
parametrize the same physics. We need an operator basis.
Example: The Warsaw Basis for the Standard Model’s dimension < 6 terms.

[B. Grzadkowski et. al. Dimension-Siz Terms in the Standard Model Lagrangian, arXiv:1008.4884
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Investigating Distributions

Studying Observables requires event generation, accounting for hadronization
and making appropriate cuts to get a signal out.
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Investigating Distributions

Studying Observables requires event generation, accounting for hadronization
and making appropriate cuts to get a signal out.

A Toolchain Pipeline for Studying Observables

MadGraph — Pythia — MadAnalysis — Plotting Histograms

With a toolchain like this and appropriate cuts one can study the tails of
distributions where EFT corrections are more likely to appear and compare
them to the full UV theory.

Topic of my Work

The topic of my work is to study how well an EFT can reproduce the
high energy tails of distributions of observables.
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Getting the Wilson Coefficients

Examples of programmes for matching:

Mathematica Packages for Performing the Matching

@ MatchMakerEFT (A. Carmona et. al, arXiv:2112.10787 |

@ Matchete (i Fuentes-Martin et. al, arXiv:2212.04510

MatchMakerEFT matches diagrammatically while Matchete uses another
technique called covariant derivative expansion (CDE).

I have been working mainly with Matchete.
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The WCxf File-Format

Passing information between different programmes would in principle be
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Philip Fredholm September 7th| ¢ Slide Number 10/25



The WCxf File-Format

Passing information between different programmes would in principle be
tedious work.

Computer Programmes for Transferring EFT Information

o The WCxf file-format is made for storing information about
EFTs and their associated Wilson-coefficients’ numerical
values. [J. Aebischer et. al, arXiv:1712.05298 |

Philip September 7th Slide Number 10/25



The WCxf File-Format

Passing information between different programmes would in principle be
tedious work.

Computer Programmes for Transferring EFT Information

o The WCxf file-format is made for storing information about
EFTs and their associated Wilson-coefficients’ numerical
values. [J. Aebischer et. al, arXiv:1712.05298 ]

o It is embedded inside the Python-package Wilson, which is
capable of translating between different
bases. [J. Aebischer et. al, arXiv:1804.05033]
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SMEFTsim3

SMEFTsim3 contains Universal Feynman Output-files (UFO-files) for the
Standard Model as an Effective Field Theory (SMEFT) (at dimension 6)
which may be used with Madgraph. [I. Brivio et. al, arXiv:1709.06492 ]

[I. Brivio, arXiv:2012.11343 ]
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SMEFTsim3

SMEFTsim3 contains Universal Feynman Output-files (UFO-files) for the
Standard Model as an Effective Field Theory (SMEFT) (at dimension 6)
which may be used with Madgraph. [I. Brivio et. al, arXiv:1709.06492 ]

[I. Brivio, arXiv:2012.11343 ]

The Workflow:

Going from a UV-model to Madgraph

Matchete — Python Scripts — WCxf/Wilson —
A SMEFTsim3 Parameter Card — Madgraph
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A Coloured Scalar Sextet

We introduce a colored scalar sextet 7g.
L= Lsm + [0y —igGy T}y )me4][(0" — igGa“Tfk)%k]T (6)

+ (y . Qﬁ(Rﬁ)ijﬂgfithE -+ hC)

K¢ is a Clebsch-Gordan Coefficient.
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A Coloured Scalar Sextet

We introduce a colored scalar sextet 7g.
L= Lsm + [0y —igGy T}y )me4][(0" — igGa#Tfk)%k]T (6)
+ (’y . Qﬁ(Rﬁ)ijﬂgfithE -+ hC)
K¢ is a Clebsch-Gordan Coefficient.

y is a coupling constant
The scalar sextet only couples to the right-handed quarks (despite the Py,).

The Studied Process: Four-Top Production

I am studying pp — t t ¢ t.
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Colored Scalar Sextet - Feynman Diagrams

New Feynman diagrams which are not present in the Standard Model.
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Colored Scalar Sextet - Feynman Diagrams

The Corresponding Diagrams in the SMEFT.
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e Hrp (transverse hadronic energy) must be > 500 GeV.
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Colored Scalar Sextet - Cuts

Hrp (transverse hadronic energy) must be > 500 GeV.
There must be exactly two signal leptons.

The signal leptons must have their charges be of the same sign.

Signal Leptons have to satisfy a number of cuts on their pp-, - values.
There are also isolation requirements from other leptons.

There must be at least four signal jets and at least two b-tagged jets.

Signal Jets satisfy cuts on their momenta. The leading and second
leading jets (in pr) have additional requirements.

o There are also restrictions on jet separations and lepton-jet isolation
requirements.
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Colored Scalar Sextet - Dist

Shows the Distribution of Total Hadronic Activity Hy for the various events
for the process p p > ¢ t t ¢ (no electroweak interactions)
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Colored Scalar Sextet - Distributions

Shows the Distribution of Total Hadronic Activity Hr for the various events
for the process p p > t t ¢ t (no electroweak interactions)
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Colored Scalar Sextet - Distributions

Shows the Distribution of the Invariant Mass Myg;;;; of all Signal Leptons and Signal Jets
for the process p p > ¢ € t ¢ (no electroweak interactions)
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Shows the Distribution of the Invariant Mass Myg;;;; of all Signal Leptons and Signal Jets
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Shows the Distribution of the Invariant Mass Myg;;;; of all Signal Leptons and Signal Jets
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New Feynman diagrams which are not present in the Standard Model.
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Colored Scalar Sextet - Feynman Diagrams

The Corresponding Diagrams in the SMEFT.
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Outlook: Statistical Tests

‘Work-in-Progress:
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Outlook: Statistical Tests

‘Work-in-Progress:

Test Statistics & Probing the Tails

@ The x>-test.
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o The y2-test.
o A two-sided Poisson log-likelihood test.
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o A two-sided Poisson log-likelihood test.
@ The two-sided sided Anderson-Darling test.

These may be studied both for/as

o Goodness-of-Fit Quantities.
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Outlook: Statistical Tests

‘Work-in-Progress:

Test Statistics & Probing the Tails

o The y2-test.
o A two-sided Poisson log-likelihood test.
@ The two-sided sided Anderson-Darling test.

These may be studied both for/as
o Goodness-of-Fit Quantities.

@ P-values under the null hypothesis that the histograms come from the
same distribution.
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Thank you for listening!

Thank you for listening!
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