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The LHC is probing the SM and beyond from ever
imaginable corner (with little success so far
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‘+Small-radius (large-radius) jets are denoted by the letter j (J).
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Getting implications of experimental data on new
physics models is highly non trivial!
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Connect TH and EXP with EFT

EFTs provide an efficient two-step comparison between
theory and experiment

Bottom-up approach to EFT: model-independent
-~ parameterization of experimental data (global fits)

Top-down approach to EFT: model discrimination

~ Has to be done on a model by model basis
- Can be completely classified and automated
~ Range of validity of EFT can be checked

- Comparison of direct and indirect limits
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How to use global fits

We can use UV/IR dictionaries to systematically explore
implications of experimental data on NP models

- Take the global fit from someone you trust, make
sure you understand the results (EFT basis,
assumptions, approximations and omissions)

> Do your thing

e Extract information from the fit on
combinations of WCs (interpret the fit)

e Use dictionary to systematically extract
information on new physics models
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Tree level UV/IR dictionary

The leading contribution (tree level, dimension 6) in the
SMEFT has been recently completed (no spins higher

than 1) . Bias, JC Criado, M Pérez-Victoria, JS *18

Effective description of general extensions of the
Standard Model: the complete tree-level dictionary BU|Id|ng on previous results

Blas, Chala, Pérez-Victoria, JS ‘14;
J. de Blas,* J.C. Criado,” M. Pérez-Victoria®? and J. Santiago* 4 . s . - ¢
‘ o Aguila, Blas, Pérez-Victoria ‘08, ‘10;

@ Dipartimento di Fisica e Astronomia “Galileo Galilei”, Universita di Padova,

Via Marzolo 8, I-35131 Padova, Italy 7 . , \ \ p
YINFN, Sezione di Padova, A I P —V J S OO
. Lo guila, Perez-Victoria,
Via Marzolo 8, I-35131 Padova, Italy
¢CAFPE and Departamento de Fisica Teorica y del Cosmos, Universidad de Granada,
Campus de Fuentenueva, E-18071, Granada, Spain

4 Theoretical Physics Department, CERN,
Geneva, Switzerland

E-mail: Jorge.DeBlasMateo@pd.infn.it, jccriadoalamo@ugr.es,

mpv@ugr.es, jsantiagoQugr.es

ABSTRACT: We compute all the tree-level contributions to the Wilson coefficients of
the dimension-six Standard-Model effective theory in ultraviolet completions with general
scalar, spinor and vector field content and arbitrary interactions. No assumption about
the renormalizability of the high-energy theory is made. This provides a complete ultravi-
olet/infrared dictionary at the classical level, which can be used to study the low-energy
implications of any model of interest, and also to look for explicit completions consistent

with low-energy data.
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Tree level UV/IR dictionary

The leading contribution (tree level, dimension 6) in the
SMEFT has been recently completed (no spins higher

than 1) . Bias, JC Criado, M Pérez-Victoria, JS 18

Name S Sl 82 2 =) El @1 @3
7 Irrep (1,1)0 (131)1 (151)2 (12)% (1*3)0 (1,3)1 (14)% (14)%
(9 Name w1 (09) (o} Hl H7 C
G, | Gy G BDy 6 6 63,

Q/& Name € 0y Q4 T ®

Table 1. New scalar bosons contributing to the dimension-six SMEFT at tree level.
7@} Name N E A, Ag > >,
@/i Irrep (1’1)() (171)_1 (1v2)_% (1~2)_§; (1,3)0 (173)—1
%é Name U D Q1 Qs Q7 T T

Table 2. New vector-like fermions contributing to the dimension-six SMEFT at tree level.

Name B B 12% Wy g g1 H Ly
Irrep (1,1), (L,1), (1,3), (1,3), (8,1), 8,1); (83), (1,2)%

76\ Name L3 Us Us 9 Qs X Vi Vs
//@ Irep  (1,2)_3 (3,12 B1s (32 (32)_: (33): (62, (62) s

%

/:9 Table 3. New vector bosons contributing to the dimension-six SMEFT at tree level.
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Tree level UV/IR dictionary

The leading contribution (tree level, dimension 6) in the
SMEFT has been recently completed (no spins higher

than 1) . Bias, JC Criado, M Pérez-Victoria, JS '18
Using this dictionary we can systematically explore the

implications of experimental data (via global fits) on
arbitrary models of new physics

UVNOLLOICT 55
; 'A}IVN( SILOICT 255 |
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What do the data say?

For the sake of this talk I'll take an in-house partial global
fit including only Higgs and EW precision data

We first interpret the fit:

Include only tree-level generated WC
Find principal components (uncorrelated directions)
Set to zero small contributions (0.1 x WC)

Set to zero (or central value if significantly different from
zero) directions with small error (0.1 TeV-2)

Find largest deviations compatible with constraint
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What do the data say?

Solving for the vanishing of the small directions we get 5
equations for 5 WCs.

~17.9823 Cyp + 4.56153 Cyq 33 - 43.6536 (Clg'33+Coa 33) 0.00 :0.12  -0.0772397
~18.7374 Cyp + 1.42227 Cyq 33 - 22.1533 (Clg'33+Ciq 33) 0.70 +0.27  2.56747
©.25281 Cyy 33 - 139.611 Cyp + 17.7137 Cyy 33 - 0.421769 Cy, - 161.034 (Cjg'33+Ca 33) 0.0 0.5 0.179559
©.575892 Cyy 33 + 75.7649 Cyp - 9.70501 Cyq 33 - 0.654222 Cy, + 88.8911 (Clzls3+Ciala3) 0.3 :0.5 0.497911
~0.777018 Cyy 33 - ©.623948 C; . ~0.6:0.8 ~0.719065

We simplify further (for the moment) by requiring
custodial symmetry and no corrections to top Yukawa

C

u

€6mw\&
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What do the data say?

We are left with 5 equations for 3 WCs

~1-0.35 0.4
O'OOC?D [ 0 { g] led,'sg —OGY T€U
oo (\C{;‘S* C‘:g )33 Ceopn = 0.4 'TeU

C ol 33
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Implications for NP models

What are the implications for new physics?

Assume a single multiplet
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Implications for NP models

What are the implications for new physics?

Assume a single multiplet
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Implications for NP models

What are the implications for new physics?

Assume a single multiplet R )~ S AR, L v
- + %‘{ L O
Z =9, 8. 5T by —{9, 8~ € exlic bt )
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Area 5: benchmark scenarios from UV 14 What do the data say?

!

&
P ' g
f
i 7 A s W SR\ W
Q) Ry N D o

i a Y

i

J. Santiago



Implications for NP models

Let’s see another (brand new) example
CERN-TH-2021-017, PSI-PR-21-02, ZU-TH 04/21

The Fermi constant from muon decay versus electroweak fits and CKM unitarity

Andreas Crivellin,'»?:3 Martin Hoferichter,* and Claudio Andrea Manzari® 3
"CERN Theory Division, CH-1211 Geneva 23, Switzerland
“Physik-Institut, Universitit Zirich, Winterthurerstrasse 190, CH-8057 Ziirich, Switzerland
YPaul Scherrer Institut, CH-5232 Villigen PSI, Switzerland
“ Albert Einstein Center for Fundamental Physics, Institute for Theoretical Physics,
Unwversity of Bern, Sidlerstrasse 5, CH-3012 Bern, Switzerland

The Fermi constant (Gr) is extremely well measured through the muon lifetime, defining one
of the key fundamental parameters in the Standard Model (SM). However, to search for physics
beyond the SM (BSM), it is the precision of the second-best independent determination of G that

f]D‘F;Y\DC +}'\D COY\C;";‘Y‘;*“Y T]"\Q ]’\OC‘*' f)]"ﬂ"‘h")";‘fﬂ DV+Y‘Qﬁ+;nY\C f\‘F r:'«.——« ‘I’\T‘f\t"ﬂﬂf] ‘7;") *'1'\0 f\"]f\]’\')] D]DI"*‘T‘(\‘XTQO].’

2102.02825
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Implications for NP models

Let’s see another (brand new) example
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Implications for NP models
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Let’s see another (brand new) example
CPly” - af@ ”‘{@ 083§ véﬁ:}
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Implications for NP models

We can increase complexity
> Consider several multiplets
> Relax notion of “small”
- Add data to global fit (including anomalies to explain)
~ Add leading-log one-loop effects via RGEs

The dictionary allows for a systematic and complete
classification

Finite loop effects and higher-dimension contributions
can be important: it is crucial to extend the dictionaries
to 1 loop and dimension 8, also to other EFTs beyond

the SMEFT (VSMEFT, ALPs, ...)
Dawson, Homiller, Lane [2007.01296]

Corbett, Helset, Martin, Trott [2102.02819]
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Automating 1-loop matching

1-loop matching has received a lot of attention recently
thanks to the development of new functional methods

Henning, Lu, Murayama ‘14-‘16

Drozd, Ellis, Quevillon, You, Zhang ‘15-‘17
Aguila, Kunszt, JS ‘16

Fuentes-Martin, Portoles, Ruiz-Femenia ‘16
Das Bakshi, Chakrabortty, Kumar Patra ‘18

Cohen, Lu, Zhang ‘20
Fuentes-Martin, Kéning, Pages, Thomson, Wilsch ‘20

We are developing an alternative approach based on
diagrammatic methods: MatchMaker
Anastasiou, Carmona, Lazopoulos, Olgoso, JS
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Summary

EFTs allow for an efficient 2-step comparison between
theory and experiment

Matching is necessary to get physics info on the UV

UV/IR dictionary (currently tree level) allows for a
complete, systematic calculation of the implications on
experimental data on models of new physics

Important efforts are being made towards automation of
1-loop matching calculations

The final goal is to obtain the 1-loop dim 6, and tree level
dim 8 UV/IR dictionaries

20



