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DISCLAIMER
If you think 

this is going to be an AWFUL talk about SMEFT where 

FEAR NOT!

BTW, I suggest you inflict this pain yourself: 
read some nice reviews & do some chi2 fit

thousands of operators and dozens of measurements are mentioned 
a succession of incomprehensible results are flashed 

and profound fear/disgust is caused…

My aim is to give you a gist of what’s up with the SMEFT these days:
why do we do it, where are we going with it 

Masso (’17), Brivio&Trott (’19)



Setting up the scene
Why do we need a new SM?



Particle Physics: today’s pulse

Super-excited about new 
experimental probes 

new LHC upgrades, new 
gravitational wave signals, new 

direct detection experiments, new 
experiments looking for XYZ new 
physics, new astrophysical probes 

new Opportunities



Utterly baffled by the lack of 
discoveries

‘et tu, Naturalness?’
and with a deep theory-fatigue

‘A new theory? Bah, humbug! surely a 
rehash of one of Georgi’s old ideas,

or a Frankenstein model with 
complex structure > problems ‘

(Personal) Statements x10
for illustration purposes 
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Lack of discoveries…

This statement doesn’t make justice to the 
exciting LHC physics programme, 

and to the legacy of the Higgs discovery

The LHC is our best probe to microscopic physics:
controlled and well-understood environment 

programme already at the precision stage 
yet what we have seen so far is  (from a BSM perspective) 

nothing to write home about

Lots of very precise measurements
spanning a good range in energy

with Run3&beyond: more to come
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resonances, excesses in MET distributions…

Example: SUSY analysis searching for Dark Matter with jets



Lack of discoveries…
We haven’t seen indications of producing BSM particles: 

resonances, excesses in MET distributions…

Example: SUSY analysis searching for Dark Matter with jets

To reach discovery one analysis is not enough:
We have to combine many such analyses to see 

deviations 
Needs to assume something: 

mSUGRA, pMSSM…

Possible reasons



Lack of discoveries…
We haven’t seen indications of producing BSM particles: 

resonances, excesses in MET distributions…

Example: SUSY analysis searching for Dark Matter with jets

And/or we haven’t reached yet the 
kinematic range where these BSM particles 

can be produced in the final state
EFFECTIVE FIELD THEORY

Possible reasons



Casting a wide net: the new SM



EFT approach

Well-defined theoretical approach 
Assumes New Physics states are heavy

Write Effective Lagrangian with only light (SM) particles
BSM effects can be incorporated as a momentum expansion

L = LSM +
X ci

⇤2
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d=6
i +

X ci
⇤4

O
d=8
i + . . .

dimension-6 dimension-8

BSM effects SM particles

BSM is a perturbation around the SM
Each operator can be improved at higher orders in 

QCD and EW corrections



EFT from UV models

example: 
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As long as the new states are heavy, one can integrate them out

compute the integral
expand of external momenta 

below the mass

Gorbahn, No, VS. 1502.07352

first terms on the expansion are a number of  dimension-six operators e.g.

next term in the expansion: dimension-eight



Differential information is key
Models offer richer kinematics than the kappa-formalism

and the EFT approach captures them
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Matching to UV theories

Within the EFT, connection to models is straightforward

MODELS

EFT

DATA



Advantages
Combination: LHC Higgs and EW 
production, low energy, EWPTs
Precision: higher-order EW and QCD, 
dimension-eight, chiral logs 
Consistency: Backgrounds and signal
Reduces model biases: explore theories 
beyond known paradigms
Matching: Direct connection to models 

Disadvantages



Disadvantages

Assumptions: Only SM light states
Complexity: Large number of parameters
Validity: EFT cannot be used in regions of 
energies ~ scale of new resonances

Maybe you have been working on 
low-E flavour/CPV/BLV physics

precision calculations or simply using bounds
What’s different for the EFT@EW scale?

EFTs in PP are an old friend

We’re testing it using a hadron collider
flavour physics: heavy means heavy

EW EFT: we are in this border between kinematic 
reach and precision

& parameter space is very large



Challenges



1. Theory biases
Is the EFT framework really model-independent?

Not completely
e.g. In non-linear realisations of EWSB

the Higgs could be a SINGLET
as opposed to the doublet case

Higgs = (vev + higgs particle + W/Z dofs)

*de-correlation of Higgs and VV
*EFT expansion changes

EFT provides a large enough set of deformations from the SM
serves the purpose of guiding searches and interpretation in 

terms of UV models

CONSEQUENCES



2. Parameter complexity

BUT EFT’s extra parameters
constrained by current measurements

Data can’t favour SM yet

Combination is key: single channel not enough 
information for EFTs allowed deformations
Kinematics is key: and calls for AI techniques

freitas, KAUR and VS.  1902.05803

Asimov significance vs Luminosity 
systematics 50%
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Combination of many channels is key—> GLOBAL FITS



3. Extreme kinematics

In these regions our theoretical/experimental understanding is weaker
e.g. WW at high-pT (large EW corrections)

e.g. Higgs+jet at high-pTH
and the EFT validity needs to be taken into account

This problem can be addressed by working harder
Many of us developing MC tools EFT@NLO and dim-8 effects



Now, to Sebastian!
Global Fits

To tackle the SMEFT complexity 
and reach the level of discovery 

we need better, more precise measurements 
and tools to compare with them 
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SMEFT - the new Standard Model
Part II: Global Fits, an Introduction

Sebastian 
Bruggisser
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Why Global Fits?

2

ATLAS-CONF-2020-027

CMS-HIG-19-006

2007.05293

CMS-TOP-17-002

Can new physics be hidden in here?
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Construct Likelihood}
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• Toy Monte Carlo

• Markov Chains

• Analytical

• ...

Extract limits
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Toy MC

µ1 = 105� 5(c1 + c2)
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• Generate a random "toy"-measurement 
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• Report result in Histogram
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<latexit sha1_base64="dErxNCFXbcM8XZkJMl/d19RxvsE=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmAcmS5idzCZDZmaXeQhhyV948aCIV//Gm3/jJNmDJhY0FFXddHdFKWfa+P63V1hb39jcKm6Xdnb39g/Kh0ctnVhFaJMkPFGdCGvKmaRNwwynnVRRLCJO29H4dua3n6jSLJEPZpLSUOChZDEj2Djpsaet6GcRk9N+ueJX/TnQKglyUoEcjX75qzdIiBVUGsKx1t3AT02YYWUY4XRa6llNU0zGeEi7jkosqA6z+cVTdOaUAYoT5UoaNFd/T2RYaD0RkesU2Iz0sjcT//O61sTXYcZkag2VZLEothyZBM3eRwOmKDF84ggmirlbERlhhYlxIZVcCMHyy6ukdVENatXL+1qlfpPHUYQTOIVzCOAK6nAHDWgCAQnP8ApvnvZevHfvY9Fa8PKZY/gD7/MHBPuRJw==</latexit>
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Predictions
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4



Toy MC

µ1 = 105� 5(c1 + c2)

<latexit sha1_base64="w8IfYOsw2Jsyk/pLIta19q8HoG4=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCRSyT0qIboejGZQX7gHYYMmmmhmYyQ5IR6lD8FTcuFHHrf7jzb0zbWWjrgQuHc+7l3nv8mDOlHefbyi0tr6yu5dcLG5tb2zv27l5LRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/7weuK3H6hULBJ3ehRTN8QDwQJGsDaSZx/0wsRDl8ipndVKxEOnxKuceHbRKTtTwEWCMlIEGRqe/dXrRyQJqdCEY6W6yIm1m2KpGeF0XOglisaYDPGAdg0VOKTKTafXj+GxUfowiKQpoeFU/T2R4lCpUeibzhDrezXvTcT/vG6igws3ZSJONBVktihIONQRnEQB+0xSovnIEEwkM7dCco8lJtoEVjAhoPmXF0mrUkbVcu22WqxfZXHkwSE4AiWAwDmogxvQAE1AwCN4Bq/gzXqyXqx362PWmrOymX3wB9bnD8+0kuE=</latexit>

µ2 = 93 + 3(c1 � c2)

<latexit sha1_base64="DfnWReuWN8SFZYNlEyMzVSJmX3k=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQEUvSVtSFUHTjsoJ9QBvCZDpph84kYWYihFB/xY0LRdz6Ie78G6dtFtp64MLhnHu59x4vYlQqy/o2ciura+sb+c3C1vbO7p65f9CWYSwwaeGQhaLrIUkYDUhLUcVINxIEcY+Rjje+nfqdRyIkDYMHlUTE4WgYUJ9ipLTkmsU+j93q9VXttFbGrn2G3eqJa5asijUDXCZ2RkogQ9M1v/qDEMecBAozJGXPtiLlpEgoihmZFPqxJBHCYzQkPU0DxIl00tnxE3islQH0Q6ErUHCm/p5IEZcy4Z7u5EiN5KI3Ff/zerHyL52UBlGsSIDni/yYQRXCaRJwQAXBiiWaICyovhXiERIIK51XQYdgL768TNrVil2vnN/XS42bLI48OARHoAxscAEa4A40QQtgkIBn8ArejCfjxXg3PuatOSObKYI/MD5/AGUfkqw=</latexit>

µexp
1/2 = 100± 10

<latexit sha1_base64="Uy+768QUWewLg6hD68A+2yuvRzs=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqk5KRTdC0Y3LCvYBTQyT6bQdOpOEmYlYQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv994TxJwpjdC3tbC4tLyyWlgrrm9sbm3bO7tNFSWS0AaJeCTbAVaUs5A2NNOctmNJsQg4bQXDq7HfuqdSsSi81aOYegL3Q9ZjBGsj+fa+KxI/dU4q2V1KH+LswkHIjQV0kG+XUBlNAOeJk5MSyFH37S+3G5FE0FATjpXqOCjWXoqlZoTTrOgmisaYDHGfdgwNsaDKSycvZPDIKF3Yi6SpUMOJ+nsixUKpkQhMp8B6oGa9sfif10l079xLWRgnmoZkuqiXcKgjOM4DdpmkRPORIZhIZm6FZIAlJtqkVjQhOLMvz5NmpexUy6c31VLtMo+jAA7AITgGDjgDNXAN6qABCHgEz+AVvFlP1ov1bn1MWxesfGYP/IH1+QMsrpX/</latexit>
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<latexit sha1_base64="w8IfYOsw2Jsyk/pLIta19q8HoG4=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCRSyT0qIboejGZQX7gHYYMmmmhmYyQ5IR6lD8FTcuFHHrf7jzb0zbWWjrgQuHc+7l3nv8mDOlHefbyi0tr6yu5dcLG5tb2zv27l5LRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/7weuK3H6hULBJ3ehRTN8QDwQJGsDaSZx/0wsRDl8ipndVKxEOnxKuceHbRKTtTwEWCMlIEGRqe/dXrRyQJqdCEY6W6yIm1m2KpGeF0XOglisaYDPGAdg0VOKTKTafXj+GxUfowiKQpoeFU/T2R4lCpUeibzhDrezXvTcT/vG6igws3ZSJONBVktihIONQRnEQB+0xSovnIEEwkM7dCco8lJtoEVjAhoPmXF0mrUkbVcu22WqxfZXHkwSE4AiWAwDmogxvQAE1AwCN4Bq/gzXqyXqx362PWmrOymX3wB9bnD8+0kuE=</latexit>
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<latexit sha1_base64="DfnWReuWN8SFZYNlEyMzVSJmX3k=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQEUvSVtSFUHTjsoJ9QBvCZDpph84kYWYihFB/xY0LRdz6Ie78G6dtFtp64MLhnHu59x4vYlQqy/o2ciura+sb+c3C1vbO7p65f9CWYSwwaeGQhaLrIUkYDUhLUcVINxIEcY+Rjje+nfqdRyIkDYMHlUTE4WgYUJ9ipLTkmsU+j93q9VXttFbGrn2G3eqJa5asijUDXCZ2RkogQ9M1v/qDEMecBAozJGXPtiLlpEgoihmZFPqxJBHCYzQkPU0DxIl00tnxE3islQH0Q6ErUHCm/p5IEZcy4Z7u5EiN5KI3Ff/zerHyL52UBlGsSIDni/yYQRXCaRJwQAXBiiWaICyovhXiERIIK51XQYdgL768TNrVil2vnN/XS42bLI48OARHoAxscAEa4A40QQtgkIBn8ArejCfjxXg3PuatOSObKYI/MD5/AGUfkqw=</latexit>
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<latexit sha1_base64="Uy+768QUWewLg6hD68A+2yuvRzs=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqk5KRTdC0Y3LCvYBTQyT6bQdOpOEmYlYQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv994TxJwpjdC3tbC4tLyyWlgrrm9sbm3bO7tNFSWS0AaJeCTbAVaUs5A2NNOctmNJsQg4bQXDq7HfuqdSsSi81aOYegL3Q9ZjBGsj+fa+KxI/dU4q2V1KH+LswkHIjQV0kG+XUBlNAOeJk5MSyFH37S+3G5FE0FATjpXqOCjWXoqlZoTTrOgmisaYDHGfdgwNsaDKSycvZPDIKF3Yi6SpUMOJ+nsixUKpkQhMp8B6oGa9sfif10l079xLWRgnmoZkuqiXcKgjOM4DdpmkRPORIZhIZm6FZIAlJtqkVjQhOLMvz5NmpexUy6c31VLtMo+jAA7AITgGDjgDNXAN6qABCHgEz+AVvFlP1ov1bn1MWxesfGYP/IH1+QMsrpX/</latexit>
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<latexit sha1_base64="w8IfYOsw2Jsyk/pLIta19q8HoG4=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCRSyT0qIboejGZQX7gHYYMmmmhmYyQ5IR6lD8FTcuFHHrf7jzb0zbWWjrgQuHc+7l3nv8mDOlHefbyi0tr6yu5dcLG5tb2zv27l5LRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/7weuK3H6hULBJ3ehRTN8QDwQJGsDaSZx/0wsRDl8ipndVKxEOnxKuceHbRKTtTwEWCMlIEGRqe/dXrRyQJqdCEY6W6yIm1m2KpGeF0XOglisaYDPGAdg0VOKTKTafXj+GxUfowiKQpoeFU/T2R4lCpUeibzhDrezXvTcT/vG6igws3ZSJONBVktihIONQRnEQB+0xSovnIEEwkM7dCco8lJtoEVjAhoPmXF0mrUkbVcu22WqxfZXHkwSE4AiWAwDmogxvQAE1AwCN4Bq/gzXqyXqx362PWmrOymX3wB9bnD8+0kuE=</latexit>

µ2 = 93 + 3(c1 � c2)

<latexit sha1_base64="DfnWReuWN8SFZYNlEyMzVSJmX3k=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQEUvSVtSFUHTjsoJ9QBvCZDpph84kYWYihFB/xY0LRdz6Ie78G6dtFtp64MLhnHu59x4vYlQqy/o2ciura+sb+c3C1vbO7p65f9CWYSwwaeGQhaLrIUkYDUhLUcVINxIEcY+Rjje+nfqdRyIkDYMHlUTE4WgYUJ9ipLTkmsU+j93q9VXttFbGrn2G3eqJa5asijUDXCZ2RkogQ9M1v/qDEMecBAozJGXPtiLlpEgoihmZFPqxJBHCYzQkPU0DxIl00tnxE3islQH0Q6ErUHCm/p5IEZcy4Z7u5EiN5KI3Ff/zerHyL52UBlGsSIDni/yYQRXCaRJwQAXBiiWaICyovhXiERIIK51XQYdgL768TNrVil2vnN/XS42bLI48OARHoAxscAEa4A40QQtgkIBn8ArejCfjxXg3PuatOSObKYI/MD5/AGUfkqw=</latexit>
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<latexit sha1_base64="Uy+768QUWewLg6hD68A+2yuvRzs=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqk5KRTdC0Y3LCvYBTQyT6bQdOpOEmYlYQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv994TxJwpjdC3tbC4tLyyWlgrrm9sbm3bO7tNFSWS0AaJeCTbAVaUs5A2NNOctmNJsQg4bQXDq7HfuqdSsSi81aOYegL3Q9ZjBGsj+fa+KxI/dU4q2V1KH+LswkHIjQV0kG+XUBlNAOeJk5MSyFH37S+3G5FE0FATjpXqOCjWXoqlZoTTrOgmisaYDHGfdgwNsaDKSycvZPDIKF3Yi6SpUMOJ+nsixUKpkQhMp8B6oGa9sfif10l079xLWRgnmoZkuqiXcKgjOM4DdpmkRPORIZhIZm6FZIAlJtqkVjQhOLMvz5NmpexUy6c31VLtMo+jAA7AITgGDjgDNXAN6qABCHgEz+AVvFlP1ov1bn1MWxesfGYP/IH1+QMsrpX/</latexit>

• Generate a random "toy"-measurement 
according to the uncertainties
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Toy MC
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<latexit sha1_base64="w8IfYOsw2Jsyk/pLIta19q8HoG4=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCRSyT0qIboejGZQX7gHYYMmmmhmYyQ5IR6lD8FTcuFHHrf7jzb0zbWWjrgQuHc+7l3nv8mDOlHefbyi0tr6yu5dcLG5tb2zv27l5LRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/7weuK3H6hULBJ3ehRTN8QDwQJGsDaSZx/0wsRDl8ipndVKxEOnxKuceHbRKTtTwEWCMlIEGRqe/dXrRyQJqdCEY6W6yIm1m2KpGeF0XOglisaYDPGAdg0VOKTKTafXj+GxUfowiKQpoeFU/T2R4lCpUeibzhDrezXvTcT/vG6igws3ZSJONBVktihIONQRnEQB+0xSovnIEEwkM7dCco8lJtoEVjAhoPmXF0mrUkbVcu22WqxfZXHkwSE4AiWAwDmogxvQAE1AwCN4Bq/gzXqyXqx362PWmrOymX3wB9bnD8+0kuE=</latexit>

µ2 = 93 + 3(c1 � c2)

<latexit sha1_base64="DfnWReuWN8SFZYNlEyMzVSJmX3k=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQEUvSVtSFUHTjsoJ9QBvCZDpph84kYWYihFB/xY0LRdz6Ie78G6dtFtp64MLhnHu59x4vYlQqy/o2ciura+sb+c3C1vbO7p65f9CWYSwwaeGQhaLrIUkYDUhLUcVINxIEcY+Rjje+nfqdRyIkDYMHlUTE4WgYUJ9ipLTkmsU+j93q9VXttFbGrn2G3eqJa5asijUDXCZ2RkogQ9M1v/qDEMecBAozJGXPtiLlpEgoihmZFPqxJBHCYzQkPU0DxIl00tnxE3islQH0Q6ErUHCm/p5IEZcy4Z7u5EiN5KI3Ff/zerHyL52UBlGsSIDni/yYQRXCaRJwQAXBiiWaICyovhXiERIIK51XQYdgL768TNrVil2vnN/XS42bLI48OARHoAxscAEa4A40QQtgkIBn8ArejCfjxXg3PuatOSObKYI/MD5/AGUfkqw=</latexit>
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<latexit sha1_base64="Uy+768QUWewLg6hD68A+2yuvRzs=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqk5KRTdC0Y3LCvYBTQyT6bQdOpOEmYlYQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv994TxJwpjdC3tbC4tLyyWlgrrm9sbm3bO7tNFSWS0AaJeCTbAVaUs5A2NNOctmNJsQg4bQXDq7HfuqdSsSi81aOYegL3Q9ZjBGsj+fa+KxI/dU4q2V1KH+LswkHIjQV0kG+XUBlNAOeJk5MSyFH37S+3G5FE0FATjpXqOCjWXoqlZoTTrOgmisaYDHGfdgwNsaDKSycvZPDIKF3Yi6SpUMOJ+nsixUKpkQhMp8B6oGa9sfif10l079xLWRgnmoZkuqiXcKgjOM4DdpmkRPORIZhIZm6FZIAlJtqkVjQhOLMvz5NmpexUy6c31VLtMo+jAA7AITgGDjgDNXAN6qABCHgEz+AVvFlP1ov1bn1MWxesfGYP/IH1+QMsrpX/</latexit>
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according to the uncertainties
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Toy MC
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<latexit sha1_base64="w8IfYOsw2Jsyk/pLIta19q8HoG4=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCRSyT0qIboejGZQX7gHYYMmmmhmYyQ5IR6lD8FTcuFHHrf7jzb0zbWWjrgQuHc+7l3nv8mDOlHefbyi0tr6yu5dcLG5tb2zv27l5LRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/7weuK3H6hULBJ3ehRTN8QDwQJGsDaSZx/0wsRDl8ipndVKxEOnxKuceHbRKTtTwEWCMlIEGRqe/dXrRyQJqdCEY6W6yIm1m2KpGeF0XOglisaYDPGAdg0VOKTKTafXj+GxUfowiKQpoeFU/T2R4lCpUeibzhDrezXvTcT/vG6igws3ZSJONBVktihIONQRnEQB+0xSovnIEEwkM7dCco8lJtoEVjAhoPmXF0mrUkbVcu22WqxfZXHkwSE4AiWAwDmogxvQAE1AwCN4Bq/gzXqyXqx362PWmrOymX3wB9bnD8+0kuE=</latexit>

µ2 = 93 + 3(c1 � c2)

<latexit sha1_base64="DfnWReuWN8SFZYNlEyMzVSJmX3k=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQEUvSVtSFUHTjsoJ9QBvCZDpph84kYWYihFB/xY0LRdz6Ie78G6dtFtp64MLhnHu59x4vYlQqy/o2ciura+sb+c3C1vbO7p65f9CWYSwwaeGQhaLrIUkYDUhLUcVINxIEcY+Rjje+nfqdRyIkDYMHlUTE4WgYUJ9ipLTkmsU+j93q9VXttFbGrn2G3eqJa5asijUDXCZ2RkogQ9M1v/qDEMecBAozJGXPtiLlpEgoihmZFPqxJBHCYzQkPU0DxIl00tnxE3islQH0Q6ErUHCm/p5IEZcy4Z7u5EiN5KI3Ff/zerHyL52UBlGsSIDni/yYQRXCaRJwQAXBiiWaICyovhXiERIIK51XQYdgL768TNrVil2vnN/XS42bLI48OARHoAxscAEa4A40QQtgkIBn8ArejCfjxXg3PuatOSObKYI/MD5/AGUfkqw=</latexit>
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<latexit sha1_base64="Uy+768QUWewLg6hD68A+2yuvRzs=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqk5KRTdC0Y3LCvYBTQyT6bQdOpOEmYlYQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv994TxJwpjdC3tbC4tLyyWlgrrm9sbm3bO7tNFSWS0AaJeCTbAVaUs5A2NNOctmNJsQg4bQXDq7HfuqdSsSi81aOYegL3Q9ZjBGsj+fa+KxI/dU4q2V1KH+LswkHIjQV0kG+XUBlNAOeJk5MSyFH37S+3G5FE0FATjpXqOCjWXoqlZoTTrOgmisaYDHGfdgwNsaDKSycvZPDIKF3Yi6SpUMOJ+nsixUKpkQhMp8B6oGa9sfif10l079xLWRgnmoZkuqiXcKgjOM4DdpmkRPORIZhIZm6FZIAlJtqkVjQhOLMvz5NmpexUy6c31VLtMo+jAA7AITgGDjgDNXAN6qABCHgEz+AVvFlP1ov1bn1MWxesfGYP/IH1+QMsrpX/</latexit>
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tu(ū3�

µ
T

A
u3)(ūi�µT
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fu(x)fū(s/xS)

fd(x)fd̄(s/xS)
⇠ 2

Valence quark maximum

<latexit sha1_base64="H7vJdVldfweqL4C0Wu5BoekN0oQ="></latexit>

�tt̄ = �SM
tt̄ + �NP

tt̄

h
(r + 1)C1,8

Qq + (r � 1)C3,8
Qq

i
3 1

Probe different r(x) in boosted regime

8



The Data
Resolving blind directions

<latexit sha1_base64="mULjATXOL3bGzpAsrQZsOssWqEY="></latexit>

O
1,8
Qq = C

1,8
Qq (q̄3�

µ
T

A
q3)(q̄i�µT

A
qi)

<latexit sha1_base64="ixhS6zDK9dNjlGEjjlGBYFye5Xo="></latexit>

O
3,8
Qq = C

3,8
Qq (q̄3�

µ
T

A
⌧
I
q3)(q̄i�µT

A
⌧
I
qi)

<latexit sha1_base64="vgsQnRZk9AS5SzwTdJJ5BoQoUMs="></latexit>

r(x) =
fu(x)fū(s/xS)
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fu(x)fū(s/xS)

fd(x)fd̄(s/xS)
⇠ 2

Valence quark maximum

<latexit sha1_base64="H7vJdVldfweqL4C0Wu5BoekN0oQ="></latexit>

�tt̄ = �SM
tt̄ + �NP

tt̄

h
(r + 1)C1,8

Qq + (r � 1)C3,8
Qq

i
3 1

Probe different r(x) in boosted regime

Include ttZ and ttW measurements

8



The Model
Linear vs. Quadratic

9



The Model
Linear vs. Quadratic

A = ASM +
ci
⇤2

Ai

<latexit sha1_base64="w7ktfK6y9wQ7ZlLDle8XkyhG2IE=">AAACKnicbVDLSsNAFJ3UV62vqEs3wSIIQklKRTdCqxsXChXtA5oYJpNJO3TyYGYilJDvceOvuOlCKW79ECdtFn14YOBw7rl37j1ORAkXuj5RCmvrG5tbxe3Szu7e/oF6eNTmYcwQbqGQhqzrQI4pCXBLEEFxN2IY+g7FHWd4l9U7b5hxEgYvYhRhy4f9gHgEQSElW22YPhQDBGnSSG/muJ08P6YXpscgSpBN0sR8kENd+FpNF1wktdWyXtGn0FaJkZMyyNG01bHphij2cSAQhZz3DD0SVgKZIIjitGTGHEcQDWEf9yQNoI+5lUxPTbUzqbiaFzL5AqFN1fmOBPqcj3xHOrM1+XItE/+r9WLhXVsJCaJY4ADNPvJiqolQy3LTXMIwEnQkCUSMyF01NIAyHiHTLckQjOWTV0m7WjFqlcunWrl+m8dRBCfgFJwDA1yBOrgHTdACCLyDT/AFvpUPZaxMlJ+ZtaDkPcdgAcrvHxRTqOk=</latexit>

9



The Model
Linear vs. Quadratic

A = ASM +
ci
⇤2

Ai

<latexit sha1_base64="w7ktfK6y9wQ7ZlLDle8XkyhG2IE=">AAACKnicbVDLSsNAFJ3UV62vqEs3wSIIQklKRTdCqxsXChXtA5oYJpNJO3TyYGYilJDvceOvuOlCKW79ECdtFn14YOBw7rl37j1ORAkXuj5RCmvrG5tbxe3Szu7e/oF6eNTmYcwQbqGQhqzrQI4pCXBLEEFxN2IY+g7FHWd4l9U7b5hxEgYvYhRhy4f9gHgEQSElW22YPhQDBGnSSG/muJ08P6YXpscgSpBN0sR8kENd+FpNF1wktdWyXtGn0FaJkZMyyNG01bHphij2cSAQhZz3DD0SVgKZIIjitGTGHEcQDWEf9yQNoI+5lUxPTbUzqbiaFzL5AqFN1fmOBPqcj3xHOrM1+XItE/+r9WLhXVsJCaJY4ADNPvJiqolQy3LTXMIwEnQkCUSMyF01NIAyHiHTLckQjOWTV0m7WjFqlcunWrl+m8dRBCfgFJwDA1yBOrgHTdACCLyDT/AFvpUPZaxMlJ+ZtaDkPcdgAcrvHxRTqOk=</latexit>

9

� ⇠ |A|2 = |ASM |2 +
X

i

ci
⇤2

A⇤
SMAi + h.c.+

X

i,j

c⇤i cj
⇤4

A⇤
iAj + h.c.

<latexit sha1_base64="9wzCLeGI9fvxyHfL5oyMkfcn/Zg="></latexit>



The Model
Linear vs. Quadratic

A = ASM +
ci
⇤2

Ai

<latexit sha1_base64="w7ktfK6y9wQ7ZlLDle8XkyhG2IE=">AAACKnicbVDLSsNAFJ3UV62vqEs3wSIIQklKRTdCqxsXChXtA5oYJpNJO3TyYGYilJDvceOvuOlCKW79ECdtFn14YOBw7rl37j1ORAkXuj5RCmvrG5tbxe3Szu7e/oF6eNTmYcwQbqGQhqzrQI4pCXBLEEFxN2IY+g7FHWd4l9U7b5hxEgYvYhRhy4f9gHgEQSElW22YPhQDBGnSSG/muJ08P6YXpscgSpBN0sR8kENd+FpNF1wktdWyXtGn0FaJkZMyyNG01bHphij2cSAQhZz3DD0SVgKZIIjitGTGHEcQDWEf9yQNoI+5lUxPTbUzqbiaFzL5AqFN1fmOBPqcj3xHOrM1+XItE/+r9WLhXVsJCaJY4ADNPvJiqolQy3LTXMIwEnQkCUSMyF01NIAyHiHTLckQjOWTV0m7WjFqlcunWrl+m8dRBCfgFJwDA1yBOrgHTdACCLyDT/AFvpUPZaxMlJ+ZtaDkPcdgAcrvHxRTqOk=</latexit>

9

� ⇠ |A|2 = |ASM |2 +
X

i

ci
⇤2

A⇤
SMAi + h.c.+

X

i,j

c⇤i cj
⇤4

A⇤
iAj + h.c.

<latexit sha1_base64="9wzCLeGI9fvxyHfL5oyMkfcn/Zg="></latexit>



The Model
Linear vs. Quadratic

A = ASM +
ci
⇤2

Ai

<latexit sha1_base64="w7ktfK6y9wQ7ZlLDle8XkyhG2IE=">AAACKnicbVDLSsNAFJ3UV62vqEs3wSIIQklKRTdCqxsXChXtA5oYJpNJO3TyYGYilJDvceOvuOlCKW79ECdtFn14YOBw7rl37j1ORAkXuj5RCmvrG5tbxe3Szu7e/oF6eNTmYcwQbqGQhqzrQI4pCXBLEEFxN2IY+g7FHWd4l9U7b5hxEgYvYhRhy4f9gHgEQSElW22YPhQDBGnSSG/muJ08P6YXpscgSpBN0sR8kENd+FpNF1wktdWyXtGn0FaJkZMyyNG01bHphij2cSAQhZz3DD0SVgKZIIjitGTGHEcQDWEf9yQNoI+5lUxPTbUzqbiaFzL5AqFN1fmOBPqcj3xHOrM1+XItE/+r9WLhXVsJCaJY4ADNPvJiqolQy3LTXMIwEnQkCUSMyF01NIAyHiHTLckQjOWTV0m7WjFqlcunWrl+m8dRBCfgFJwDA1yBOrgHTdACCLyDT/AFvpUPZaxMlJ+ZtaDkPcdgAcrvHxRTqOk=</latexit>

9

� ⇠ |A|2 = |ASM |2 +
X

i

ci
⇤2

A⇤
SMAi + h.c.+

X

i,j

c⇤i cj
⇤4

A⇤
iAj + h.c.

<latexit sha1_base64="9wzCLeGI9fvxyHfL5oyMkfcn/Zg="></latexit>



The Model
Linear vs. Quadratic

A = ASM +
ci
⇤2

Ai

<latexit sha1_base64="w7ktfK6y9wQ7ZlLDle8XkyhG2IE=">AAACKnicbVDLSsNAFJ3UV62vqEs3wSIIQklKRTdCqxsXChXtA5oYJpNJO3TyYGYilJDvceOvuOlCKW79ECdtFn14YOBw7rl37j1ORAkXuj5RCmvrG5tbxe3Szu7e/oF6eNTmYcwQbqGQhqzrQI4pCXBLEEFxN2IY+g7FHWd4l9U7b5hxEgYvYhRhy4f9gHgEQSElW22YPhQDBGnSSG/muJ08P6YXpscgSpBN0sR8kENd+FpNF1wktdWyXtGn0FaJkZMyyNG01bHphij2cSAQhZz3DD0SVgKZIIjitGTGHEcQDWEf9yQNoI+5lUxPTbUzqbiaFzL5AqFN1fmOBPqcj3xHOrM1+XItE/+r9WLhXVsJCaJY4ADNPvJiqolQy3LTXMIwEnQkCUSMyF01NIAyHiHTLckQjOWTV0m7WjFqlcunWrl+m8dRBCfgFJwDA1yBOrgHTdACCLyDT/AFvpUPZaxMlJ+ZtaDkPcdgAcrvHxRTqOk=</latexit>

9

� ⇠ |A|2 = |ASM |2 +
X

i

ci
⇤2

A⇤
SMAi + h.c.+

X

i,j

c⇤i cj
⇤4

A⇤
iAj + h.c.

<latexit sha1_base64="9wzCLeGI9fvxyHfL5oyMkfcn/Zg="></latexit>



Uncertainties
What matters?

<latexit sha1_base64="K2oJz7hVus5CcCO0JCG6dvzIwYw="></latexit>

µj = µ̄j ± �TQBb,j ± �;�mbb,j ±
X

i

�bvbi,ij ± �i?2Q,j
Central 

Value

Statistical

Uncertainty

Uncorrelated systematic

Uncertainty Correlated systematics


Uncertainty

Flat

Uncertainties

10



Uncertainties
What matters?

<latexit sha1_base64="K2oJz7hVus5CcCO0JCG6dvzIwYw="></latexit>

µj = µ̄j ± �TQBb,j ± �;�mbb,j ±
X

i

�bvbi,ij ± �i?2Q,j
Central 

Value

Statistical

Uncertainty

Uncorrelated systematic

Uncertainty Correlated systematics


Uncertainty

Flat

Uncertainties

10



Uncertainties
What matters?

<latexit sha1_base64="K2oJz7hVus5CcCO0JCG6dvzIwYw="></latexit>

µj = µ̄j ± �TQBb,j ± �;�mbb,j ±
X

i

�bvbi,ij ± �i?2Q,j
Central 

Value

Statistical

Uncertainty

Uncorrelated systematic

Uncertainty Correlated systematics


Uncertainty

Flat

Uncertainties

10



Uncertainties
What matters?

<latexit sha1_base64="K2oJz7hVus5CcCO0JCG6dvzIwYw="></latexit>

µj = µ̄j ± �TQBb,j ± �;�mbb,j ±
X

i

�bvbi,ij ± �i?2Q,j
Central 

Value

Statistical

Uncertainty

Uncorrelated systematic

Uncertainty Correlated systematics


Uncertainty

Flat

Uncertainties

�4 �2 0 2 4 6
Ct (TeV/⇤)2

0.0

0.2

0.4

0.6

0.8

1.0

L s
ca

le
d

Gauss

PoissonSFitter
Gauss

Fig: Michel Luchmann, 8D-Fit10



Uncertainties
What matters?

<latexit sha1_base64="K2oJz7hVus5CcCO0JCG6dvzIwYw="></latexit>

µj = µ̄j ± �TQBb,j ± �;�mbb,j ±
X

i

�bvbi,ij ± �i?2Q,j
Central 

Value

Statistical

Uncertainty

Uncorrelated systematic

Uncertainty Correlated systematics


Uncertainty

Flat

Uncertainties

10



Uncertainties
What matters?

<latexit sha1_base64="K2oJz7hVus5CcCO0JCG6dvzIwYw="></latexit>

µj = µ̄j ± �TQBb,j ± �;�mbb,j ±
X

i

�bvbi,ij ± �i?2Q,j
Central 

Value

Statistical

Uncertainty

Uncorrelated systematic

Uncertainty Correlated systematics


Uncertainty

Flat

Uncertainties

Full 

correlation matrix

Assume full (1)

or no (0) correlation 

Full correlations known?

Yes

No

10



Uncertainties
What matters?

<latexit sha1_base64="K2oJz7hVus5CcCO0JCG6dvzIwYw="></latexit>

µj = µ̄j ± �TQBb,j ± �;�mbb,j ±
X

i

�bvbi,ij ± �i?2Q,j
Central 

Value

Statistical

Uncertainty

Uncorrelated systematic

Uncertainty Correlated systematics


Uncertainty

Flat

Uncertainties

Full 

correlation matrix

Assume full (1)

or no (0) correlation 

Full correlations known?

Yes

No

Correlated

Uncorrelated

2D, ttbar fit

10



Uncertainties
What matters?

<latexit sha1_base64="K2oJz7hVus5CcCO0JCG6dvzIwYw="></latexit>

µj = µ̄j ± �TQBb,j ± �;�mbb,j ±
X

i

�bvbi,ij ± �i?2Q,j
Central 

Value

Statistical

Uncertainty

Uncorrelated systematic

Uncertainty Correlated systematics


Uncertainty

Flat

Uncertainties

Nuisance parameter

Add linearly

Correlated?

Yes

No

10



Uncertainties
What matters?

<latexit sha1_base64="K2oJz7hVus5CcCO0JCG6dvzIwYw="></latexit>

µj = µ̄j ± �TQBb,j ± �;�mbb,j ±
X

i

�bvbi,ij ± �i?2Q,j
Central 

Value

Statistical

Uncertainty

Uncorrelated systematic

Uncertainty Correlated systematics


Uncertainty

Flat

Uncertainties

Nuisance parameter

Add linearly

Correlated?

Yes

No

�5 0 5
CbW

0.00

0.25

0.50

0.75

1.00

1.25

1.50
L

(r
es

ca
le

d)

10D, Single-top fit

10



Uncertainties
What matters?

<latexit sha1_base64="K2oJz7hVus5CcCO0JCG6dvzIwYw="></latexit>

µj = µ̄j ± �TQBb,j ± �;�mbb,j ±
X

i

�bvbi,ij ± �i?2Q,j
Central 

Value

Statistical

Uncertainty

Uncorrelated systematic

Uncertainty Correlated systematics


Uncertainty

Flat

Uncertainties

Nuisance parameter

Add linearly

Correlated?

Yes

No

• Conservative and ignorant


• Better: e.g. include as nuissance parameters

10



Summary
What really matters!

• We need Data!

• at very high momentum

• unfolded

• precise

• varied


• The model matters for the interpretation


• Uncertainties matter → the more information we have the better

11
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• Part I:  SMEFT basics - Veronica 

• Part II: Global fits - Sebastian 

• How different sectors interact in a global fit  
Higgs + diboson combined with electroweak precision data 

• Outlook: The future of global fits



SMEFT fits - a global effort!
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What is the impact of fermion-gauge couplings on a global fit of 
Higgs + diboson data?
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Adding more freedom 

[AB, Corbett, Plehn (1812.07587)] 

[Hagiwara-Ishihara-Szalapski-Zeppenfeld basis] 
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LHC Run II fit - tighter limits on fermion-gauge operators
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EWPD: [LEP/SLD 0509008, PDG]  

Limits on fermion-gauge operators improved or 
shifted towards SM values by inclusion of Higgs data
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Recent developments in global 
SMEFT fits



Recent developments I - adding new channels
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Adding a single new channel can have a sizeable impact for 
some operators, e.g.

[Ellis, Madigan, Mimasu,  
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Comment: distributions at parton level
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[ATLAS (2006.15458)]
Provided for the top sector, but 
rarely for the Higgs+EW sector 
(beyond Simplified Template Cross 
Sections) 

Distributions at parton level are 
extremely powerful observables for 
SMEFT fits

[Brehmer et al (1908.06980)]

Wh production



Recent developments IIa - combination
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[Ellis, Madigan, Mimasu, Sanz, You (2012.02779)]Combining different sectors, e.g. top + Higgs
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Recent developments IIb - combination
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[Ethier, Gomez-Ambrosio, Magni, Rojo (2101.03180)]

diboson (VV) + vector boson 
scattering (VBS)

Most of these operators are, however, 
tightly constrained by Higgs + EWPO

Top + B physics  
[Bißmann, (Erdmann), Grunwald, Hiller, 
Kröninger (1909.13632), (2012.10456)] 

[Bruggisser, Schäfer, Westhoff, VanDyk 
(2101.07273)]

4 parameter fit in MFV
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Recent developments III - NLO
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SMEFT @ NLO, e.g. NLO QCD for  
diboson + Vh

[POWHEG: Baglio et al (2003.07862)] 

[MG: Degrande et al. (2008.11743)] 

   [Hartland et al (1901.05965)] 

   [Ellis et al. (2012.02779)] 

   [Brivio et al. (1910.03606)] 

Top

   [Dawson, Homiller, Lane (2007.01296)] 



Recent developments III - NLO

13

SMEFT @ NLO, e.g. NLO QCD for  
diboson + Vh

[POWHEG: Baglio et al (2003.07862)] 

[MG: Degrande et al. (2008.11743)] 

   [Hartland et al (1901.05965)] 

   [Ellis et al. (2012.02779)] 

   [Brivio et al. (1910.03606)] 

Top

   [Dawson, Homiller, Lane (2007.01296)] 



UV complete model fits
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• Map UV complete 
models onto EFT 
• Extended scalar sectors  

• Quark bidoublet model 

• Vector-singlet pair model  

• Vector-like quarks 

• …

[Anisha, Bakshi, Chakrabortty, Kumar Patra (2010.04088)] 

[Ellis et al. (2012.02779)] 

[Gorbahn, No, Sanz (1502.07352)] 

[Drozd, Ellis, Quevillon, You (1504.02409)] 

[Ellis, (Madigan, Mimasu, Murphy), Sanz, You (1803.03252), (2012.02779)] 

[Dawson, Homiller, Lane (2007.01296), (2102.02823)] 

[Bakshi, Chakrabortty, (Englert), Spannowsky, (Stylianou) (2009.13394), (2012.03839)] 
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Summary
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What we need 

• More distributions at 
parton level 

• More information on 
correlations 

We are on the way towards a truly global EFT fit!

The future 

• Higgs + diboson + top + 
VBS + diHiggs + … 

• SMEFT@NLO 

• More flavor assumptions



Thank you for your attention!


