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EFT

A model independent probe of heavy New Physics
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SMEFT

The global aspect
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Adapted from K. Mimasu

First global fit of the top+Higgs+EW sectors
Ellis, Madigan, Mimasu, Sanz, You arXiv:2012.02779

SMEFT correlates different sectors: Global interpretations are needed
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SMEFT

Not just a theorists’ tool
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EFT pathway to New Physics

“—4 Precise EFT predictions

‘— Precise SM predictions

(—p Precise experimental measurements
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EFT pathway to New Physics

“—4 Precise EFT predictions
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Aspects of EFT predictions
And how to improve them
* Higher Orders in 1/\4
* squared dim-6 contributions
* double insertions of dim-6
* dim-8 contributions
* Higher Orders in QCD and EW
* EFT is a QFT, renormalisable order-by-order 1//\2

1 a,
@(C{S, aew) + O (F) + O (F) + O (
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Why bother with higher orders?

Higher orders in SMEFT bring:
* Accuracy

* Precision

* Improved sensitivity

* Accurate knowledge of the deviations (distribution shapes, correlations between
observables, etc.) can be the key to disentangle them from the SM.

* Loop-induced new sensitivity: operators entering at one-loop

E. Vryonidou Benasque, 4/10/23



Accuracy and precision

Example 1: k-factors and shapes
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Different shapes at NLO
Degrande, Maltoni, Mimasu, EV, Zhang arXiv:1804.07773
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Linear

Quadratic

13 TeV o NLO K

oS M 0.507 0 18 0/000--0. 008 1.09
Ot —0.062F 004+ 07001 0.001 1.13
e 0.872} ¢ 1957 0.035.0.016 1.39
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Tree | 0-00197F 0000yt 0 0000 0.0000 | 1-17
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Different K-factors for different
operators, different from the SM

Maltoni, EV, Zhang arXiv:1607.05330




Accuracy and precision
Example 2: EWPO

Impact of NLO corrections on W, Z pole observables:

LEP ILC GigaZ [arXiv:1908.11299]
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Dawson and Giardino arXiv:1909.02000 & Giardino@HEFT2020

Even EW corrections lead to ~20% difference
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Improved sensitivity

New operators opening up at NLO
4-heavy operators in top pair production
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Degrande, Durieux, Maltoni, Mimasu, EV, Zhang arXiv:2008.11743

Complimentary information to ttbb and 4top production

E. Vryonidou Benasque, 4/10/23
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Improved sensitivity
Breaking degeneracies by going beyond LO

S S

Qq Q /;LT Q QZNUJTAQI
Of, = (tv, T ) (" T 4:)

Ditferent top chiralities

An asymmetry observable

Utfj(ejr AE > 0) — Utfj(eja AE < O)
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Agp(05) =
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Basan, Berta, Masetti, EV, Westhoff arXiv:2001.07225

Benasque, 4/10/23

11



simultaneous production of four top

quarks

The ATLAS and CMS collaborations have both observed the simultaneous production
of four top quarks, a rare phenomenon that could hold the key to physics beyond the

Standard Model

24 MARCH, 2023 | By NaomiDinmore
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“Subleading” leading contributions
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Loop-induced sensitivity

Diboson (off-shell Higgs) sensitivity

Trilinear H coupling

* Sensitivity through 1-loop EW corrections to W>

to top couplings

single Higgs production.

* A new opportunity to extract information,
beyond the typical probe of HH production.

4-parameter fit:
) . g 2SR do}»gzsn'm;y}s;@g@a” | . Ct, Cg, CV,CA
\ T e L e B
b 0T b wacomaien Constraint from gg to ZH
) N | R . o Lk Englert et al arXiv:1603.05304
031( L v “q“\ /l /’ / '/
6f B\ LA
Degrassi et al. arXiv:1607.04251, o \
Gorbahn, Haisch 1607.03773, Bizon et of '
al 1610.05771, Maltoni et al ot - %4 02 00 02 04 o0 Constraints on ttZ couplings
1709.08649 oca competitive with ttZ process
Di Vita et al. arXiv:1704.01953 and HH white paper Azatov, Grojean, Paul, Salvioni arXiv:1608.00977

See also: Englert, Soreq, Spannowsky arXiv:1410.5440 and Cao et al 2004.02031
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Improved sensitivity due to EW loops

4-heavy operators in Higgs production
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New loop-induced sensitivity
Competitive to 4top production

E. Vryonidou

Again competitive with top fit bounds!

Benasque, 4/10/23
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Loop & tree sensitivity in global fits

Higgs production and decay

H decays

()
@qu’ @coqi’

from L. Mantani

E. Vryonidou Benasque, 4/10/23
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Global fit observables

E. Vryonidou

Top

HIQQgs

EW

Category Processes Ndat
tt (inclusive) 94
ttZ, ttW 14
ingle t inclusi 27
Top quark production single top (inclusive)
tZ,tW 9
tttt, ttbb 6
Total 150
Run I signal strengths 22
Higgs production Run II signal strengths 40
and decay Run II, differential distributions & STXS 35
Total 97
LEP-2 40
Diboson production LHC 30
Total 70
Baseline dataset Total 317

Ethier, Maltoni, Mantani, Nocera, Rojo, Slade, EV and Zhang arXiv:2105.00006

Benasque, 4/10/23
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Global top fits

| | | ]
Linear fits:
Inear Tits.
Top + Higgs + VV, Linear NLO EFT

Posterior distributions for Wilson
coefficients

Ethier et al arXiv:2105.00006

E. Vryonidou

Does NLO/1-loop change global fits?

¢  Top + Higgs + VV, Linear NLO EFT
{  Top + Higgs + VV, Linear LO EFT

Significant impact of NLO for some operators

NLO resolves non-interference problem for colour

singlet 4-fermion operators

Benasque, 4/10/23
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Impact of NLO predictions in global fits

Marginalised constraints

Top + Higgs + VV, Quadratic NLO EFT

Top + Higgs + VV, Quadratic LO EFT
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Where is most information from?

E. Vryonidou
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Where is most information from?

E. Vryonidou
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What did we learn from global fits?

Tree-level Loop-level
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Why are loop processes so important?
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Rossia, Thomas, EV arXiv:2306.09963
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Future of global fits

More observables: More/less/different operators:

e particle level observables e different flavour assumptions
* Spin correlations UV Inspired scenarios
* new final states e dimension-8 operators

Better EFT predictions

Higher Orders in 1/A4
e squared dim-6 contributions
* double insertions of dim-6
e dim-8 contributions
Higher Orders in QCD and EW
EFT is a QFT, renormalisable order-by order in 1//2

O(a MO e e
wan+0(55)+o(55)+o (%)

E. Vryonidou Benasque, 4/10/23
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SMEFT computations at dimension-6

= c(p) 1
AQObs, = Obsn‘XP — ObsnSM = Z 2 + @, (F)

NLO QCD & loop-induced: ~Done (SMEFT@NLO)
Degrande, Durieux, Maltoni, Mimasu, EV, Zhang arXiv:2008.11743

http://feynrules.irmp.ucl.ac.be/wiki/SMEFTatNLO

NLO EW: Some examples available, needed to probe unconstrained operators.

E. Vryonidou Benasque, 4/10/23
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SMEFT computations at dimension-6

- cf(p) 1
AQObs, = Obs,;XP — ObsnSM = Z 2 + @, (F)

NLO QCD & loop-induced: ~Done (SMEFT@NLO)
Degrande, Durieux, Maltoni, Mimasu, EV, Zhang arXiv:2008.11743

http://feynrules.irmp.ucl.ac.be/wiki/SMEFTatNLO

NLO EW: Some examples available, needed to probe unconstrained operators.

How about this u?

E. Vryonidou Benasque, 4/10/23
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de One loop anomalous dimension known:
ci(p)

= Yij ¢ (1)

dlog p (Alonso) Jenkins et al arXiv:1308.2627, 1310.4838, 1312.2014

Example: Turn one 1 operator at high-scale

Compute effect on top pair cross-section
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Running and mixing in SMEFT

co, = lat2TeV

12

(-
o

<+ No Running
M= Hr/2
H=m;

3x10% 4 x10?

6 X 102

Aoude, Maltoni, Mattelaer, Severi, EV arXiv:2212.05067
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Impact of RGE on constraints

How does running and mixing impacts the constraints?
Top sector fit:

Bound for O, >’ and O§, Bound for O§; " and Of,
—— No g — No g
10 Merr = Ht/2 10 Uerr = HT/2
Merr =M Merr=m
S 5
COUO' 0 OOUS 0
\/—\‘ ’| ,-—\—_——\
= \‘\ ) / > \\\ K ) II'
-10; \\\_/ //’ -101 R il
-10 5 0 5 10 -10 5 0 5 10
c(8.3) (8. 1)
Qq Qq

Aoude, Maltoni, Mattelaer, Severi, EV arXiv:2212.05067

—ffect becomes more important for differential distributions & measurements with very different
scales

E. Vryonidou Benasque, 4/10/23 25



Summary

Precision computations important to enhance sensitivity (especially for
unconstrained operators)

Global fit results affected by the precision of EFT predictions

Aim to include more and more precise theory predictions in the fits

E. Vryonidou Benasque, 4/10/23
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