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How to look for new physics?

New particles New Interactions 
 of SM particles 

Model-dependent Model-Independent
SUSY, 2HDM… simplified models,EFT

anomalous couplings, EFT

Deviations in tails
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SMEFT: What is it all about?

SM

Λ
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A Taylor expansion
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SMEFT: What is it all about?

SM

Λ

New Physics

Energy

Z’

We have integrated out the Z’

A Taylor expansion
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SMEFT: What is it all about?
Energy

SM

New Physics

Λ=M

c/Λ2 can be linked to High Scale physics: 
Matching and Running
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EFT for New Physics 

The way to probe New Physics in the absence of light states

Modified interactions suppressed 
by the scale of New Physics

Low Energy Effective Theory without the Z’

Rate

New Interaction

The first sign of new 
physics from precision 

measurements

Z

Z’

Energy
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Does the effective theory work?

n ! p+ e� + ⌫̄e Fermi formulated his theory in the 1930’s 
It described β-decay data very well

An example of a successful EFT:

1983 Discovery of W-boson 
at CERN UA1 and UA2 
Mw=80 GeV >> Qβ

Energy of β-decay: ~MeVn
p

e�

⌫̄e

Energy borrowed from the vacuum
A virtual W-boson exchange

⌫̄e

e�

But this is not the full theory: cross-section 
rising with energy, violating unitarity

W

d u
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A toy-model example

New scalar

Heavy particle to 
be integrated out

Yukawa 
interaction

We want to describe the same physics, below scale M

Heavy scalar+Massless 
fermions model
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New scalar

9

Matching

Matching will allow us to determine c
Writing down the amplitudes: 

Expanding the propagator in p2/M2:

Reading out c:

Full Theory

EFT
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Matching improvements

Higher order terms in the momentum expansion: 
          dimension-8 operators

EFT expansion systematically improvable by adding higher 
dimension operators

We looked at the matching at dimension-6: How can we 
improve the matching? 
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Higher-order corrections in the QED or QCD couplings: 
1-loop matching instead of tree-level matching

Systematically 
improvable

Matching improvements
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Origin of RG-running
Toy-model example:

Self-energy computation

Vertex corrections

Light scalar

O(      ):

cancellation of the 
divergent pieces

a) 
b) 
c) - 
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Solving the RG equation for c

Divergences require CT:  
Writing the Lagrangian in terms of bare and renormalised 
fields and couplings

Origin of RG-running

From the loop calculations:

c runs with 
the scale
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Origin of RG-mixing

RG of cV

A new operator

Starting by integrating out a vector field:

Divergences 

Loop corrections turn one 
operator into another

The operators mix

Need to consider:
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What we learnt so far

(UV complete model)
matching

EFT: Ci(Λ)

Running and mixing 
RGE: Jenkins et al 

arXiv:1308.2627,1310.4838, 
Alonso et al. 1312.2014

EFT: Ci(Q)

tree or loop
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SMEFT@LHC

• Focus on SMEFT:  
• only SM fields 
• respecting SM symmetries 
• valid below scale Λ 

• Gauge invariant 
• Higher-order corrections: renormalisable order by 

order in 1/Λ 

• Complete description 
• Model Independent

✔

✔

✔
✔

Tuesday tutorial
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SMEFT

Buchmuller, Wyler Nucl.Phys. B268 (1986) 621-653   

Grzadkowski et al arxiv:1008.4884 

4-fermion operators
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EOM
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EFT bases
Bases: 
• SILH, G. Giudice et al  [hep-ph/0703164]. 
• Warsaw arXiv:1008.4884  
• BSM primaries Gupta, Pomarol, Riva arXiv:1405.0181 
• Higgs, LHCHXSWG 
• someone’s favourite basis

Bases construction:
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EFT bases

Biekotter et al., 1406.7320
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Tools for EFT bases
ROSETTA translation between bases: Falkowski et al. arXiv:1508.05895)

Biekotter et al., 1406.7320

Grzadkowski et al arxiv:1008.4884

Mass eigenstates
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Physics applications

K. Mimasu
EFT has a global character

VBS
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SMEFT in Monte Carlos

Lagrangian
FeynRules  

UFO model MG5_aMC/Sherpa/ 
your favourite generator

PYTHIA, HERWIG, 
your favourite PS

Detector simulation 
Delphes,PGS

. 

. 

.

https://feynrules.irmp.ucl.ac.be/wiki/ModelDatabaseMainPage
EFT models publicly available 
• SMEFT-sim 
• Top-eft 
• TGC 
• Higgs effective Lagrangian 
• Higgs characterisation 
• SMEFTatNLO

A well known chain:

Tuesday tutorial
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SMEFT in Monte Carlos
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Outline 
EFT basics 
LHC physics applications
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Examples of operators
Dimension-6 operators of the SMEFT:

gauge boson self-coupling

Higgs potential, self-coupling

Higgs-fermion (Yukawa)

gauge-fermion (Z,W)

gauge-Higgs

Higgs-Z 

dipole

four fermion

diboson

di-Higgs

ttH, H→bb

Z,W prod.

ggH, H→VV

mZ (LEP)

ffV, ffVH

ffff scattering

Interaction Impact
X

3 : ✏IJKW
I
µ⌫ W

J,⌫⇢
W

K,µ
⇢ X

2
H

2 : ('†
')2Ga

µ⌫G
µ⌫
a

H
6 : ('†

')3 H
4
D

2 : ('†
D

µ
')⇤('†

D
µ
')

 
2
H

3 : ('†
')2(q̄i uj '̃)  

2
XH : (q̄i �

µ⌫
uj '̃)Bµ⌫

 
2
H

2
D : ('†$

Dµ ')(q̄i �
µ
qj)  

4 : (q̄i �
µ
qj)(q̄k �µ ql)

<latexit sha1_base64="f7qwm3FwlUoM83a4Ir0RTd54tEM="></latexit>
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µ
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<latexit sha1_base64="f7qwm3FwlUoM83a4Ir0RTd54tEM="></latexit>

SM gauge 
group singlets



E.Vryonidou Online, HEFT school, 11/04/21 27

What do these operators do?
1) New Lorentz structures: contact interactions & derivatives
• Explicit source of energy growth

2) Modification of SM (dim-4) terms
• After electroweak symmetry breaking

X
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h'i = 1p
2

✓
0
v

◆

<latexit sha1_base64="Q0a9Wef3Hcrg9B/7F7qJF/PRlNk="></latexit>

O6 ! vO5, v
2
O4

<latexit sha1_base64="PTON55tz6mW04Wy6AjMW4rzpygw="></latexit>

('†')(q̄ u '̃) ! v2(q̄ u '̃)

('†')6 ! v2('†')4, v4('†')2, . . .

('†$Dµ')(f̄ �µf) ! v2Zµ(f̄ �µf)

('†')2Fµ⌫Fµ⌫ ! v2Fµ⌫Fµ⌫
<latexit sha1_base64="l+r+L0P9wxFlQAdLUpy1EH6r5I4="></latexit>

Yukawa
Higgs potential
gauge-fermion
gauge kinetic 

• Shift of SM-like interactions 
• Spoiling of unitarity cancellations of the SM → energy growth 
• SM inputs are extracted by comparing a few measurements to theory 
➡ Extraction of SM inputs now depends on ci

Modification

<latexit sha1_base64="FDG+iWXOEbUJEzYcIKG0Kzn9avs=">AAACH3icbVBNS8NAEN3Ur1q/oh69LBYhhVISEfVYFNSjgm3FJoTNdtMu7mbD7kYsof/Ei3/FiwdFxJv/xm2bg1ofDDzem2FmXpQyqrTrflmlufmFxaXycmVldW19w97caiuRSUxaWDAhbyKkCKMJaWmqGblJJUE8YqQT3Z2O/c49kYqK5FoPUxJw1E9oTDHSRgrtQ6cfevV+uF+/r/laOD5i6QDVz8OzOg9vaz6PxEMOhYQjp9BMdWqhXXUb7gRwlngFqYICl6H96fcEzjhJNGZIqa7npjrIkdQUMzKq+JkiKcJ3qE+6hiaIExXkk/9GcM8oPRibK2KRaDhRf07kiCs15JHp5EgP1F9vLP7ndTMdHwc5TdJMkwRPF8UZg1rAcViwRyXBmg0NQVhScyvEAyQR1ibSignB+/vyLGnvN7zDhnd1UG2eFHGUwQ7YBQ7wwBFoggtwCVoAg0fwDF7Bm/VkvVjv1se0tWQVM9vgF6yvb5t1oEA=</latexit>

(g1, g2, v) ! (↵, GF ,mZ) or (GF ,mZ ,mW )
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Muon decay data gives: GF = 1.17x10-5 GeV-2→ v = 246 GeV
• EFT contribution:

GF example

W�µ�

⌫µ

⌫̄e

e�

<latexit sha1_base64="1hrQkttv0Tt2DJYHxhpZtqKnW8U="></latexit>

µ�

⌫µ

⌫̄e

e�

<latexit sha1_base64="Ba8WTDAiRITU62Oo4HvVKC5i3yw="></latexit>

• A contains the OF up to a Fierz transformation

A
B,C

• B,C shifts W couplings to leptons after EWSB

New relation between Higgs vev and Fermi constant

Propagate to all observables that depend on v! 
(expanded to order 1/Λ2)
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Current operators

+ · · ·
<latexit sha1_base64="620+6NahZxWQr6BFn0MTxnKH/44="></latexit>

Precision EW on the Z peak (LEP)

No energy 
growth w.r.t SM 
(overall rescaling)

v2

⇤2

<latexit sha1_base64="Dmf0kzM7Xcuw+zWEFav8Y+OvZnM="></latexit>

EW Higgs production

vE
⇤2

<latexit sha1_base64="j5CDkIeP2icyaPh2b31gSNrd5Ic="></latexit>

vE
⇤2

<latexit sha1_base64="Nc2J6iEW7GBeC5xarYePTZi16Bw="></latexit>

⇠ E2

⇤2

<latexit sha1_base64="U551wdllB+AJcpF0yDk+cHBcgl8="></latexit>

Diboson production

Energy growth from non 
energy growing vertex…?

Unitarity non-cancellation 
in ff→WW scattering!

D=4

vE
⇤2

<latexit sha1_base64="+h5IjNy9t3JFokQSLaEekOf32og="></latexit>

Contact operator 
predicted by gauge 

invariant construction

D=5

v2

⇤2

<latexit sha1_base64="nOdrr4cLmJuwfklphynYEAAq4H4="></latexit>

Z,W
<latexit sha1_base64="Rr42MIdndPh9XfXpLMDbfrI6o/Q="></latexit>
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H -> h or Goldstone

Diboson / VH at LHC

� ⇠ E2

⇤2
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30% in �� ) 0.3% in couplings
<latexit sha1_base64="Xnmtn9cYr68HjNlxdu8PS9HWCls=">AAACLnicbVDJSgNBEO1xN25Rj14ag+ApzBhBj6IIHqMYFTIh1HQ6k8Zehu4aNYR8kRd/RQ+Cinj1M+wsB7cHDa9fVVH1XpJJ4TAMX4KJyanpmdm5+cLC4tLySnF17cKZ3DJeY0Yae5WA41JoXkOBkl9lloNKJL9Mro8G9csbbp0w+hy7GW8oSLVoCwbopWbxuBLGWzGNVWLuekL3PW1xiRA7kSrwvzORdhCsNbeFsFz53kuZyf2JOnX9ZrEUlsMh6F8SjUmJjFFtFp/ilmG54hqZBOfqUZhhowcWBZO8X4hzxzNg15DyuqcaFHeN3tBun255pUXbxvqnkQ7V7xM9UM51VeI7FWDH/a4NxP9q9Rzb+w3vLMuRazZa1M4lRUMH2dGWsJyh7HoCzAp/K2UdsMDQJ1zwIUS/Lf8lFzvlqFIOT3dLB4fjOObIBtkk2yQie+SAnJAqqRFG7skjeSVvwUPwHLwHH6PWiWA8s05+IPj8AqtHqF0=</latexit>
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[R. Franceschini et al. 1712.01310]
“High energy primaries”

(with the caveat of “interference resurrection”, see [G. Panico, F. Riva, A. Wulzer 1708.07823 ]) 30
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Gauge only operators

+ · · ·
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Multi-jet production

Operators also have CP violating versions
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Multi-jet production
[Krauss et al.; PRD 95 (2017) 035024] Operators also have CP violating versions
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Gauge/Higgs operators

+ · · ·
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EW Higgs production & decay
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[Ellis et al.; JHEP 06 (2018) 146]
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Two fermion operators
Yukawa operators
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Interplay between Yukawa, dipoles & ggH
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EW top production & decay

Different energy & helicity structure
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Non-Abelian



E^2 vs v^2

34[Henning, Lombardo, Riembau, Riva 1812.09299] 
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EFT in Higgs physics

Gluon fusion VH VBF

Example: VH
Red/Green: modifying existing vertices 

Blue: New vertices 
Black: Input parameter

Tuesday tutorial



E.Vryonidou Online, HEFT school, 11/04/21 36

How do all these operators enter?

ZH

ZH VBF

ggH

from L. Mantani
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Application: EFT fits in the Higgs sector

1511.0517 Englert, Kogler, Schulz, Spannowsky
1404.3667,1410.7703 Ellis, Sanz, You

Higgs, TGC, combination Current, 300fb-1,3000fb-1

TGC not included

Use predictions+measurements: 
ggh, VBF, VH, ttH, Higgs decays
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SMEFT in processes with tops

Rich phenomenology:  

pair production

single 

associated production

top loops
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Top-quark operators and how to look for them

+four-fermion operators 
+non-top operators (mixing)

see for example: Aguilar-Saavedra (arXiv:0811.3842)
                           Zhang and Willenbrock (arXiv:1008.3869)
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Top-quark operators and how to look for them

+four-fermion operators 
+non-top operators (mixing)

see for example: Aguilar-Saavedra (arXiv:0811.3842)
                           Zhang and Willenbrock (arXiv:1008.3869)

Operators entering various processes: Global approach needed





E.Vryonidou Online, HEFT school, 11/04/21 41

EFT in top production
Single top productionTop pair production
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Single top production and decay

de Beurs, Laenen, Vreeswijk, EV arXiv:1807.03576

Identify the optimal observables and provide precise and reliable 
predictions:

Top polarisation angles

CP-violation

Study including 
production and decay
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Top-pair+Z/photon

Anomalous 
coupling approach 4-fermion operators 

Triple gluon operator 
(not discussed here)

~900fb at 13 TeV

Relevant operators
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Results for tt+V

Large contribution at O(1/Λ4) 
rising with energy  
arXiv:1601.08193
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ttH in the EFT

4-fermion 
operators
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Differential distributions for ttH

Maltoni, EV, Zhang arXiv:1607.05330

Different shapes for different operators for the squared terms
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tZj/tHj associated production

O�W

O
(1)
�QO�tOt� O

(3)
�Q O�tbOtW

O
(3,1)
Qq

O
(3,8)
Qq OtG

OtB

tZj
tj

tHj

OW

V V
OHW

V H, V BF

(     )

OHB

Unique interplay

Gauge-Higgs 
Top couplings 
TGC
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Helicity amplitudes for subprocesses
bW → tZ

Amplitudes growing with energy 
as SM cancellations get spoiled

Large deviations 
Differential distributions
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Differential results

Large deviations in the tails, as 
expected from helicity amplitudes 

tZj

Degrande, Maltoni, Mimasu, EV, Zhang arXiv:1804.07773
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A first application: A global top fit

34 d.o.f. 
CP-conserving

Rich phenomenology

Hartland, Maltoni, Nocera, Rojo, Slade, EV and Zhang, arXiv:1901.05965
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The impact of multiple measurements

Brivio, Bruggisser, Maltoni, Moutafis, Plehn, EV, Westhoff, Zhang arXiv:1910.03606
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The impact of multiple measurements

• Energy dependence in PDF. 

• Total xsec: 

• Ratio depends on energy. (D) 
E.g. boosted top => larger r. 

• tt + weak boson 

• ttZ: if Z emits from incoming quarks,  
Ctu and Ctd are roughly weighted by  
guZ and gdZ couplings squared. 

• ttW: roughly

<latexit sha1_base64="KkZxQ9DhHFNrIj1ZVXrvqtHHuTQ=">AAACEXicbVDLSsNAFJ34rPUVdelmsAhdlUQU3QhFNy4r2Ac0IUwmk3boZBLmIZSQX3Djr7hxoYhbd+78G6dtBG09MHDuOfdy554wY1Qqx/mylpZXVtfWKxvVza3tnV17b78jUy0waeOUpaIXIkkY5aStqGKklwmCkpCRbji6nvjdeyIkTfmdGmfET9CA05hipIwU2HVx6cUC4TwONIyD3AuRyHVRFEaIfurI1IFdcxrOFHCRuCWpgRKtwP70ohTrhHCFGZKy7zqZ8nMkFMWMFFVPS5IhPEID0jeUo4RIP59eVMBjo0QwToV5XMGp+nsiR4mU4yQ0nQlSQznvTcT/vL5W8YWfU55pRTieLYo1gyqFk3hgRAXBio0NQVhQ81eIh8gEpEyIVROCO3/yIumcNNyzhnN7WmtelXFUwCE4AnXggnPQBDegBdoAgwfwBF7Aq/VoPVtv1vusdckqZw7AH1gf34pAnr4=</latexit>
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Some considerations for a fit

• Validity of the EFT expansion: E<Λ 
• Ensure results are not dominated by high energy regions 
• Report limits as a function of the max scale probed Contino et al 

arXiv:1604.06444 
• Range of Wilson coefficients: 

• The theory: perturbativity, unitarity, linear or non-linear EFT, UV completion 
• The experimental limits: Think about and use as many processes as 

possible to extract allowed range 

• 1/Λ2 vs 1/Λ4 contributions 
• 1/Λ2  suppressed due to helicity Azatov et al arXiv:1607.05236 
• 1/Λ4 can be large for loosely constrained operator coefficients/strongly 

coupled theories 

E<Λ satisfied but O(1/Λ4) large for large operator coefficients 
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Some practical info

interference 
with SM interference between 

operators, squared 
contributions

+

2

Allow one EFT insertion

Formally of dimension-8

EFT=1 
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Impact of quadratic terms in top production

Brivio, Bruggisser, Maltoni, Moutafis, Plehn, EV, Westhoff, Zhang arXiv:1910.03606
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Brivio, Bruggisser, Maltoni, Moutafis, Plehn, EV, Westhoff, Zhang arXiv:1910.03606

Impact of quadratic terms in top production
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Global fit Setup

Theory
(N)NLO QCD for SM 
NLO QCD for SMEFT 

State-of-the-art PDFs without top data

Data
Top pair production and single top (differential) 

Associated production with W,Z,H 
W helicity fractions 

Parton-level  

Global SMEFT fit 
of the top-quark sector

Fit results can be used to bound 
specific UV complete models 

New data can be straightforwardly added

Faithful uncertainty estimate 
Avoid under- and over-fitting 

Validated on pseudo-data (closure test)

Methodology Output
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Observables and theory predictions

Top-pair production 
W-helicities

Single top 
t-channel, s-

channel, tW, tZ

4 tops, ttbb, top-
pair associated 

production

Theoretical predictions

Baseline fit includes:  
• Best available SM predictions 
• NLO EFT predictions 
• O(1/Λ4) terms  One distribution from each dataset, 

to avoid double counting

Data
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Global top fit results (1) 

First limits reported for some operators 
Improvement for some operators: e.g. OtG, O83qq, ObW

Hartland, Maltoni, Nocera, Rojo, Slade, EV and Zhang, arXiv:1901.05965
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Brivio, Bruggisser, Maltoni, Moutafis, Plehn, EV, Westhoff, Zhang arXiv:1910.03606 (SFitter analysis)

Global top fit results (2)
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Connection to Higgs physics

See also  
Degrande et al. arXiv:1205.1065  
Grojean et al. arXiv:1312.3317 
Azatov et al arXiv:1608.00977

Use with 1) ttH and 2) H, H+j to break degeneracy between 
operators and extract maximal information on these operators

Maltoni, EV, Zhang: arXiv:1607.05330

ttH H, H+j, HH
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SMEFT in Higgs production

Higgs pTHiggs pT
Grazzini et al 1612.00283Deutschmann, Duhr, Maltoni, EV arXiv:1708.00460
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SMEFT in Higgs production

Higgs pTHiggs pT

Non-trivial EFT parameter 
combinations not changing the 

inclusive cross-section but 
changing the distributions

Grazzini et al 1612.00283Deutschmann, Duhr, Maltoni, EV arXiv:1708.00460
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Present and future prospects

Maltoni, EV, Zhang arXiv:1607.05330

Current limits using 
LHC Run I  

measurements 

14TeV projection 
3000 fb-1
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Adding Higgs data to a global fit
New data New operators
Run I & 2 signal 
strengths (CMS+ATLAS): 
gluon fusion 
VH 
VBF 
ttH 
H decays

24 new d.o.f.s

New predictions
NLO QCD for all production  
Full decay width computation 
Including corrections to V widths

Ethier, Maltoni, Mantani, Nocera, Rojo, Slade, EV and Zhang in preparation
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Towards a global Higgs & Top fit

PRELIMINARY

New operators

Ethier, Maltoni, Mantani, Nocera, Rojo, EV and Zhang in preparation

Top
Top+Higgs+VV+Lep
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Impact of various datasets

Ethier, Maltoni, Mantani, Nocera, Rojo, EV and Zhang in preparation 
See also Ellis, Madigan, Mimasu, Sanz, You arXiv:2012.02779 for a recent global fit

PRELIMINARY

OtG enters: ttH, H, Hj, HH,…
Higgs
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What’s next?

Use the best SM 
predictions 

QCD/EW corrections

Use SMEFT to look for 
deviations from SM 

predictions 

Use precise SMEFT 
predictions to 

maximise sensitivity

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

distributions
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Aspects of EFT predictions

Higher Orders in 1/Λ4

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 in 1/Λ2

𝒪(αs, αew) + 𝒪 ( 1
Λ2 ) + 𝒪 ( αs

Λ2 ) + 𝒪 ( αew

Λ2 )
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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
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Accuracy and precision

Different shapes at NLO
Degrande, Maltoni, Mimasu, EV, Zhang arXiv:1804.07773

Different K-factors for different 
operators, different from the SM

tHj ttH

Maltoni, EV, Zhang arXiv:1607.05330
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LEP ILC GigaZ [arXiv:1908.11299]

Even EW corrections lead to ~20% 
difference

Accuracy and precision

Dawson and Giardino arXiv:1909.02000 & Giardino@HEFT2020

Impact of NLO corrections on W, Z pole observables:
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Accuracy and precision

Deutschmann, Duhr, Maltoni, EV arXiv:1708.00460 

RG corrections not a 
good approximation 

to the NLO result, 
underestimate the 
NLO corrections

Comparison of exact NLO with LO improved by 1-
loop RG running

Milder EFT scale 
dependence at NLO, 
when mixing effects 

also taken into account

Maltoni, EV, Zhang arXiv:1607.05330

ggH ttH

Scale Uncertainties:
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Improved sensitivity
4-heavy operators in top pair production

𝒪8
QQ = (Q̄γμTAQ)(Q̄γμTAQ)

𝒪1
QQ = (Q̄γμQ)(Q̄γμQ)

𝒪8
Qt = (Q̄γμTAQ)(t̄γμTAt)

𝒪1
Qt = (Q̄γμQ)(t̄γμt)

𝒪1
tt = (t̄γμt)(t̄γμt)

tt

t t

tb

b t

Complimentary information to ttbb and 4top production

At NLO:
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Improved sensitivity

Basan, Berta, Masetti, EV, Westhoff arXiv:2001.07225

Different top chiralities

An asymmetry observable

New observables to break degeneracies 
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Loop-induced sensitivity (1)

Sensitivity through 1-loop EW 
corrections to single Higgs 
production.


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

Di Vita et al. arXiv:1704.01953 and HH white paper 

Degrassi et al. arXiv:1607.04251, Gorbahn, Haisch 
1607.03773, Bizon et al 1610.05771, Maltoni et al 
1709.08649

ATLAS-CONF-2019-049
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Loop-induced sensitivity (2)

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

+ +

EV, Zhang 
arXiv:1804.09766

loop-induced tree-level

Relatively loose constraints from
top LHC measurements (tZ, ttZ, tj, …)
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Loop-induced sensitivity (2)

+ +

EV, Zhang 
arXiv:1804.09766

loop-induced tree-level

Relatively loose constraints from
top LHC measurements (tZ, ttZ, tj, …)

Or… maybe one should use Higgs 
measurements to bound top couplings?
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More loop-induced sensitivities

Martini and Schulze arXiv:1911.11244

Diboson (off-shell Higgs) sensitivity to top couplings

Top pair production sensitivity to EW top couplings

Constraint from gg to ZH 
Englert et al arXiv:1603.05304

4-parameter fit:

Azatov, Grojean, Paul, Salvioni arXiv:1608.00977

Constraints on ttZ couplings 
competitive with ttZ process

Azatov, Grojean, Paul, Salvioni arXiv:1608.00977

See also: Englert, Soreq, Spannowsky arXiv:1410.5440 and Cao et al 2004.02031

EW corrections:
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Global Higgs-top fit

PRELIMINARY

Ethier, Maltoni, Mantani, Nocera, Rojo, EV and Zhang in preparation

Top
Top+Higgs+VV+Lep

Higgs data
Run I & 2 signal strengths 
(CMS+ATLAS): 

gluon fusion 
VH 
VBF 
ttH 
H decays 

Differential distributions & 
STXS

Top data
Run I & 2 results (CMS+ATLAS): 

pair production 
tt+V, tttt, ttbb 
single top 
tZj 
W helicity fractions 

Cross-sections & Differential 
distributions
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Global Higgs-top fit

Top Yukawa

Ethier, Maltoni, Mantani, Nocera, Rojo, EV and Zhang in preparation

ttV couplings

PRELIMINARY

Chromo dipole

Tree Loop
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Impact of NLO predictions in global fits
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Figure 5.8. Top: comparison of the posterior distributions in the coe�cients between the fits with
and without NLO QCD corrections to the EFT cross-sections. Bottom: the corresponding 95% CL
ranges, compared to the SM expectation.

66

Posterior distributions Significant impact of NLO for some operators
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How to compute these results?

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

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

SMEFT@NLO



E.Vryonidou Online, HEFT school, 11/04/21 82

What can the code do?

Including 4-fermion operators

And many more on the website…

What’s in the box? 
Warsaw basis operators 
Flavour assumption:  

 
Includes Higgs, top, gauge boson interactions 
Conventions matching dim6top (LHC Top WG) 
CP & Flavour conserving
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Applications at NLO

Triboson production

First computation of VVV@NLO in the SMEFT

c.f. first observation by CMS: arXiv:2006.11191 

NEW
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Summary

• EFT is a theoretically consistent way to look for new 
interactions 

• SMEFT is a systematically improvable framework 
• Tools and automation important to constrain the 

operators using LHC measurements 
• Higher-order corrections needed to match SM precision 

and experimental accuracy 
• Higher-order effects relevant in global fits



Thank you for your attention


