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EFT

A model independent probe of heavy New Physics

~1ergy UV physics (heavy particles) ENP(¢, Z’, X, Q, S... )
A

Effective Field Theory Lgns (@) + Laime(P) |+ - - .

Standard Model L SM (¢)

T

ffective Field Theory reveals high energy physics through precise
measurements at low energy: A new era in particle physics

E. Vryonidou DIS2021, 16/4/21, online



SMEFT basics

A theoretically consistent framework

New Interactions of SM particles
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SMEFT

The global aspect

== Top
HH "= Top+Higgs+VV+Lep
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Adapted from K. Mimasu
Ethier, Maltoni, Mantani, Nocera, Rojo, EV and Zhang in preparation

Global fit of the top+Higgs+EW sectors

SMEFT correlates different sectors: Global interpretations are needed
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SMEFT

Not just a theorists’ tool

ATLAS CONF-2020-053
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Parameter Value
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What’s the path to New Physics?

How to maximise the reach of EFT?

Use as many experimental
measurements as possible
Cross-sections+differential distributions

Use SMEFT to look for deviations
from SM predictions

Use the best SM
predictions
QCD/EW corrections

Use precise SMEF
oredictions to maximi
sensitivity

E. Vryonidou DIS2021, 16/4/21, online



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
Most of my work

focuses on this

1 a,
@(C{S, aew) + O (F) + O (F) + O (
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Long History
~50 years ago

Volume 52B, number 3 PHYSICS LETTERS 14 October 1974

OCTET ENHANCEMENT OF NON-LEPTONIC WEAK INTERACTIONS
IN ASYMPTOTICALLY FREE GAUGE THEORIES

G. ALTARELLI
Istituto di Fisica dell'Universita di Roma, Rome, Italy

L. MAIANI

Lab. di Fisica, Istituto Superiore di Sanita, Rome, Italy
and Ist. Naz. di Fisica Nucleare, Sezione Sanita, Rome, Italy

Received 22 June 1974

Octet enhancement of weak non leptonic amplitudes is found to occur in asymptotically free gauge theories of
strong interactions, combined with unified weak and e.m. interactions. The order of magnitude of the enhancement

factor for different models is discussed.

Four fermion operators (dimension six ). For these
operators we can restrict to the massless fermion
theory, so that the coefficients C; will obey chiral
SU(n) ® SU(n) selection rules. This restricts the op-
erators to be considered to:
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2 _ 7 + A Ty~ A )
0F = ¥, L )ty Iy L Ay ety

Ok = V7, R (1=1 )Y v *R™(1—75) ¥
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_ . L, 6
0% = Uy, R* (1-v)t Y U¥*R ™ (1-5)t4 Y

01 = V1, L7 (1+7) ¥ ¥y*R™(1-75)¥ +he.
s, A= 4 (6)
Opp = V7, L7 (Ityg)t YUy"R™(1—v5)t" ¥ +hec.

QCD corrections and renormalisation of dimension-6 operators, pioneering

work by Guido!
~1000 citations

E. Vryonidou

‘These important papers were the first calculations of the QCD corrections to
the coefficients of the Wilson expansion in the product of two weak currents,
an approach that, suitably generalised (by considering other weak processes) and
improved (for example, by computing the anomalous dimensions beyond the
leading order), still represents a basic tool in this field.’

G. Altarelli: The Early Days of QCD arXiv:1106.3189
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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: new operators entering at one-loop

E. Vryonidou DIS2021, 16/4/21, online



Accuracy and precision

Rates and distributions
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Different K-factors for different
operators, different from the SM

Maltoni, EV, Zhang arXiv:1607.05330
E. Vryonidou

Ditferent shapes at NLO

Degrande, Maltoni, Mimasu, EV, Zhang arXiv:1804.07773
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Accuracy and precision

Reduction of scale uncertainty
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approximation to the NLO

result, underestimate the
NLO corrections

Milder EFT scale
dependence at NLO, when
mixing effects also taken into
account

Maltoni, EV, Zhang arXiv:1607.05330
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Improved sensitivity

New operators opening up at NLO

4-heavy operators in top pair production

t t b t

Opo = (Or'T*0)(Qy,T"0)
Opo = (0r"0)(Qr,0)
Oy, = (Qr'T*Q)(Ty, ")
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O, = (fy'0)(Ty,0)
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At NLO:
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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)
Ut{j(ej,AE > 0) + Ut{j(ej,AE < O)

Agp(05) =

E. Vryonidou

DIS2021,

Basan, Berta, Masetti, EV, Westhoff arXiv:2001.07225
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Loop-induced sensitivity

Top operators in Higgs observables

Orp = Q1 (') + h.c.
0% = (¢'iD L) (@' Q)
Oty = (#'iDyip) (D) + h.c., Relatively loose constraints from
O = (Qo"'t) B,y + h.c., + top LHC measurements (1Z, ttZ, tj, ...)
Ot = (1D ) (E1t)
00} = (1D up) (Q1*Q),
Oww = (Qo*7't) gW,,, + h.c.,
bb WW* 77"

,1980%)
,1880%)
,1880%)
1880%) (-87%,170%) (-6.5%,5.9%) (-7.1%,7.1%)|(-9.4%.9.9%

loop-Induced tree-level

Poor knowledge of top couplings leads to uncertainties on Higgs
measurements at the LHC

(-88%,200%) (-40%,48%) (-40%,47%) _(-40%.46%
(-88%,170%) (-6.1%,5.3%) (-6.8%.,6.7%)|(-8.8%,9.2%)
(-

88%,170% | (-5.5%,4.2%) (-6.1%,5.6%) |(-7.8%,7.9%) £V, Zhang arxiv:1804.03766
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Loop-induced sensitivity

Top operators in Higgs observables

| | Orp = Q1 (') + h.c.,
&L yed  detera
Oypth = (so*zD p)(t1"b) + h.c., Relatively loose constraints from

+ Oip = (Qo*"'t) $By, + h.c., + top LHC measurements (1Z, ttZ, tj, ...)
E- M Oyt = (phiD up) (tH),
0L = (1D ) (@1*Q),

O = (Qo*r't) @WJV + h.c.,

bb WW* L1L™

vZ
(-88%,200%) (-40%,48%) (-40%,47%) (-40%.46%
(-88%,170%) (-6.1%,5.3%) (-6.8%,6.7%)|(-8.8%,9.2%)
(-88%,170%) (-5.5%,4.2%) (-6.1%,5.6%)

,1980%

1880
,1880% EV, Zhang arXiv:1804.09766

)
)
,1880%)
1880%) (-87%,170%) (-6.5%,5.9%) (-7.1%,7.1%)
loop-induced tree-level
Or... maybe one should use Higgs measurements to

bound top couplings?

E. Vryonidou DIS2021, 16/4/21, online 14



Loop & tree interplay

Higgs production and decay

from L. Mantani

E. Vryonidou DIS2021, 16/4/21, online
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Global Higgs-top fit

Higgs data 3
Run | & 2 signal strengths ot
(CMS+ATLAS): e
* gluon fusion 3z
* VH 3 10}
* VBF :
* {1 :‘g’; 100
* H decays ;

Differential distributions & STXS : 10",
Top data ‘;

Run | & 2 results (CMS+ATLAS):
pair production

tt+V, tttt, ttbb

single top

tZ]

W helicity fractions
Cross-sections & Differential distributions
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Ethier, Maltoni, Mantani, Nocera, Rojo, EV and Zhang in preparation
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Global Higgs-top fit

Fisher Information

PRELIMINARY

4F mostly top

Top Yukawa

Top Chromomagnetic

Processes
Class | Coefficient tt ttV t tV Hrunl Hrun2 Hdiff Vv
Of1qq 81.7(96.0) 16.4(2.4) x(x) x(x) 0.1(-0.0) 1.7(0.8) 0.1(0.7) x(x)
Ollqgq 100.0(98.8) | 0.0{0.5) x(x) E3 x(0.0) 0.0(0.6) x(0.2) x| %)
OX3qq d8.3(46.2) | 25.950.6) | 23.9(2.6) | 0.{0.3) 0.1(-0.0) 1.7(0.2) 0.1(0.1) x| x)
O13qq 0.4(13.8) 0.0(1.2) 96.5(82.7) | 3.1(2.1) x(-0.1) 0.0(0.1) x(0.2) x(x)
O8qt 56.1(47.0) | 38.9(31.4) x(x) x(x) 0.3(0.2) 4.5(12.2) 0.2(9.2) x(x)
Olqt 100.0(94.6) | 0.0(3.3) x(x) x(x) x(0.0) 0.0(1.7) x(0.4) x(x)
OLOH OXut YT.7(97.9) 0.4(0.3) x(x) x| x) 0.1(0.0) 1.7(0.8) 0.1(0.9) x| x)
- Olut 100.0(98.3) | 0.0(0.3) x(x) x| %) x(0.0) 0.0(1.1) x(0.3) x| %)
OSqu NX_8(80.1) 3.6(5.2) x(x) x| x) 0.4(0.1) b.8(%.3) 0.4(6.2) x| x)
Olqu 100.0(97.9) | 0.0(0.7) x(x) x| x) x(0.0) 0.0(1.1) x(0.3) x(x)
OR&dt 95.(97.9) 1.4(0.7) x(x) x(x) 0.2(0.0) 3.3(0.9) 0.2(0.5) x (%)
Oldt 100.0(98.9) | 0.0{0.2) x(x) x| x) x(0.0) 0.0(0.7) x(0.2) x| x)
OSqd 94.3(69.0) 2.6(9.5) x(x) x (%) 0.1(0.3) 2.8(12.6) 0.1(%.6) x| x)
Olqgd 100.0(97.6) | 0.(1.0) x(x) x| %) x(0.0) 0.0(1.2) x(0.2) x| x)
Otp x(x) x(x) x( x) x(x) 13.7(18.6) | 46.2(67.9) | 40.1(13.4) x(x)
OtG b1.1(23.2) 0.2(0.1) x( %) 13 59(10.4) | 17.5(29.5) | 15.2(36.8) 3
OUbp x{x) x{x) x(x) x{x) 26.6(26.58) | 73.4(73.2) x{x) x| x)
Ocp x| x) x| x) x(x) x(x) 26.8(26.3) | 73.2(73.7) x| x) x(x)
OFR Otap x| x) x| x) x(x) x{x) 39.1(38.5) | 60.9(61.5) x| x) % %)
= OtW 9.1{0.4) 0.0{0.0) 0.4(0.0) 0.2(0.0) | 189(20.%) | 7T1.5(7T8.7) x{ %) x{ %)
OtZ (%) 0.0.0) x( x O.0.0) | 21.0(21.0) | T9.O(7TY.0) x| %) X x)
03pQ3 (0.0) 0.0{0.0) f0.0(4.7) | 14.3(0.8) | 1.2(182) 1.5(76.1) 0.00.1) x{x)
OpQM x(x) 11.8(0.0) x(x) 0.6(0.0) | 11.9(20.0) | 45.7(79.9) 0.0§{0.0) x(x)
Opt x( %) 64.5(0.0) x(x) 0.2(0.0) 7.4(21.0) | 27.9(79.0) | 0.0(0.0) x (%)
OpG x| x) x| x) x(x) x| x) 15.3(15.5) | 42.9(42.3) | 41.8(42.2) x(x)
OpB x| x) x| x) x(x) x| x) 21.0(21.0) | 79.0(79.0) | 0.0{0.0) x| x)
OpW x(x) x(x) x(x) x(x) 21.0(21.1) | 789(78.9) | 0.0{0.0) x(x)
B Opd x| x) x| x) x(x) x| x) 254(27.4) | 67.2(72.6) | T7.4(0.0) x| x)
OWWW x| x) x| x) x(x) x| x) x(x) x{x) x| x) 100.0( T00.0)
OpWB x(x) x(x) x(x) x(x) 21.1(21.1) | 78.8(78.8) | 0.1(0.1) 0.0(0.0)
OpD x(x) x(x) x(x) x| x) 21.1(21.1) | 78.8(78.8) | 0.1(0.1) 0.0(0.0)

Ethier, Maltoni, Mantani, Nocera, Rojo, EV and Zhang in preparation
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ttV couplings
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Impact of NLO predictions in global fits

Marginalised constraints

EFT LO EFT NLO
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Posterior distributions

E. Vryonidou

Significant impact of NLO for some operators
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Higher orders in Monte Carlo

SMEFT@NLO

Automated one-loop computations in the SMEFT

- _ . , o . .
Céline Degrande,’>* Gauthier Durieux,?:t Fabio Maltoni,!:3:?
Ken Mimasu,!*3 Eleni \."ryonidou.f"1 and Cen Zhangsvbf“

We present the automation of one-loop computations in the standard-model effective field theory
at dimension six. Our implementation, dubbed SMEFT@NLO, contains ultraviolet and rational
counterterms for bosonic, two- and four-fermion operators. It presently allows for fully differential
predictions, possibly matched to parton shower, up to one-loop accuracy in QCD. We illustrate
the potential of the implementation with novel loop-induced and next-to-leading order computa-
tions relevant for top-quark, electroweak, and Higgs-boson phenomenology at the LHC and future
colliders.

Degrande, Durieux, Maltoni, Mimasu, EV, Zhang
arxiv:2008.11743

Standard Model Effective Theory at One-Loop in QCD

Céline Degrande, Gauthier Durieux, Fabio Maltoni, Ken Mimasu, Eleni Vryonidou & Cen Zhang, ~»arXiv:2008.11743

The implementation is based on the Warsaw basis of dimension-six SMEFT operators, after canonical normalization. Electroweak input
parameters are taken to be Gg, Mz, My. The CKM matrix is approximated as a unit matrix, and a U(2)q x U(2)y x U(3)q x (U(1) x U(1)e)3

flavor symmetry is enforced. It forbids all fermion masses and Yukawa couplings except that only of the top quark. The model therefore
implements the five-flavor scheme for PDFs.

A new coupling order, NP=2 , is assigned to SMEFT interactions. The cutoff scale Lambda takes a default value of 1 TeV-2 and can be

modified along with the Wilson coefficients in the param card . Operators definitions, normalisations and coefficient names in the UFO

model are specified in definitions.pdf .. The notations and normalizations of top-quark operator coefficients comply with the LHC TOP WG

standards of =»1802.07237. Note however that the flavor symmetry enforced here is slightly more restrictive than the baseline assumption

there (see the dim6top page for more information). This model has been validated at tree level against the dimétop implementation (see
1906.12310 and the = comparison details).

Current implementation

UFO model: SMEFTatNLO_v1.0.tar.gz

e 2020/08/24 - v1.0: Official release including notably four-quark operators at NLO.

Support

Please direct any questions to smeftatnlo-dev[at]cern[dot]ch.

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