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Global SMEFT interpretations
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The SMEFT framework connects different sectors 
of observables measured at the LHC. 


We need to take a global approach, including as 
many datasets as possible.


Model-independent interpretation of BSM 
physics in LHC data

2012.02779, J. Ellis, MM, K. Mimasu, V. Sanz, T. You

The SMEFT: a powerful framework for capturing deviations from the SM:
<latexit sha1_base64="UGO5WCpIjevUr+KAXFOltwOf4hc="></latexit>
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Global SMEFT fits
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J. Ellis et. al, 2012.02779


Higgs, diboson and electroweak precision data

J. Ellis et. al, 1803.03252
E. da Silva Almeida et. al, 1812.01009:
A. Biekötter et. al, 1812.07587
A. Falkowski et. al, 1911.07866

Top data I. Brivio et. al, 1910.03606:
N. Hartland et. al, 1901.05965:

Higgs, diboson and top data J. Ethier et. al, 2105.00006

Higgs, diboson, top and electroweak precision data

+ many others….
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Global SMEFT fits are dependent on many inputs and assumptions:


• SMEFT flavour symmetry

• Electroweak input scheme: 


Inputs and assumptions
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Inputs and assumptions
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Global SMEFT fits are dependent on many inputs and assumptions:


• SMEFT flavour symmetry

• Electroweak input scheme: 

• Inclusion of              contributions:
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{↵EW,mZ , GF }
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O(⇤�4)

J. Ethier et. al, 2105.00006

<latexit sha1_base64="W9CF6WbSVBv5MComXJg5cdHvdDQ="></latexit>
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‣ important for SMEFT fits in the top sector

‣non-Gaussian likelihood; methodologically more challenging
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Inputs and assumptions
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Global SMEFT fits are dependent on many inputs and assumptions:


• SMEFT flavour symmetry

• Electroweak input scheme: 

• Inclusion of              contributions

• Choice of likelihood

• ….. 

• Parton distribution functions   
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{↵EW,mZ , GF }
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O(⇤�4)

Figure 1.1. The NNPDF4.0 NNLO PDFs at Q = 3.2 GeV (left) and Q = 102 GeV (right).

and LO), NLO electroweak (EW) and mixed QCD-EW processes are implemented for all LHC processes
using recent dedicated tools [16] and assessed both for phenomenology and in the determination of the
input dataset to be used for PDF fitting.

¥ Whenever heavy nuclear or deuteron targets are involved, nuclear e! ects are accounted for as theoret-
ical uncertainties using the methodology of Refs. [17–19], and the results of the nNNPDF2.0 nuclear
PDF determination [20].

¥ Strict positivity of MS PDFs is implemented following the results of Ref. [21].

¥ Integrability of all non-singlet PDF first moments is enforced. This specifically implies finiteness of
the Gottfried sum [22] U ! D and of the strangeness sum U + D ! 2S, where U , D and S denote
respectively the first moment of the sum of quark and antiquark PDFs for up, down and strange
quarks.

¥ The final dataset is determined through an objective two-stage procedure. Potentially problematic
datasets are identified on the basis of either poor compatibility with the global dataset, or indications
of instability of their experimental covariance matrix. These datasets are then subjected in turn to
a dedicated fit in which the failed dataset is given a large weight, and then accepted or rejected
depending on the outcome.

The NNPDF4.0 PDF set is released at LO, NLO and NNLO QCD, for a variety of values of ! s. The
default PDF sets are provided in the FONLL variable-flavor number scheme [23] with maximum number
of flavors nf = 5, and an independently parametrized charm PDF. PDF sets with di! erent maximum
number of flavors and with a perturbatively generated charm PDF are also made available, along with PDF
sets determined using reduced datasets, which may be useful for specific applications. The main sets are
delivered in the following formats: a Monte Carlo representation with 1000 replicas; a Hessian set with 50
eigenvectors obtained from the Monte Carlo set via the MC2Hessianalgorithm [24, 25]; and a compressed
set of 100 Monte Carlo replicas, obtained from the original 1000 through the Compressoralgorithm [26] as
implemented in the new Python code of Ref. [27]. The final NNPDF4.0 NNLO PDFs are shown in Fig. 1.1
both at a low (Q = 3.2 GeV) and a high (Q = 100 GeV) scale.

More importantly, the full NNPDF software framework is released as an open source package [28]. This
includes the full dataset; the methodology hyperoptimization; the PDF parametrization and optimization;
the computation of physical processes; the set of validation tools; and the suite of visualization tools. The
code and the corresponding documentation are discussed in a companion paper [29].

The structure of this paper is the following. First, in Sect. 2 we present the input experimental data and
the associated theoretical calculations that will be used in our analysis, with emphasis on the new datasets
added in comparison to NNPDF3.1. Then in Sect. 3 we discuss the fitting methodology, in particular the
parametrization of PDFs in terms of neural networks, their training, and the algorithmic determination of
their hyperparameters. The procedure adopted to select the NNPDF4.0 baseline dataset is described in

5

Ball et. al, NNPDF4.0, 2109.02653
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Parton distribution functions

7

PDFs are an input to SMEFT fits:

But PDFs are found assuming the SM: 

ÔStandard Model PDFsÕ

<latexit sha1_base64="hZ/JVkp52UQG7ryLZ8hGOAmILq0="></latexit>

! SMEFT (C) = f 1 ! f 2 ! ö! SMEFT (C)
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Parton distribution functions
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PDFs are an input to SMEFT fits:

But PDFs are found assuming the SM: 

ÔStandard Model PDFsÕ

<latexit sha1_base64="hZ/JVkp52UQG7ryLZ8hGOAmILq0="></latexit>

! SMEFT (C) = f 1 ! f 2 ! ö! SMEFT (C)

= an inconsistency in our theoretical predictions
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Data overlap
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Often the data used in PDF fits are also used in EFT fits.


This overlap will grow as we take the global approach to 
constraining the SMEFT.

Figure 2.1. The kinematic coverage of the NNPDF4.0 dataset in the (x, Q2) plane.

10

Data included in NNPDF4.0, [2109.02653]:

Figure 2.1. The kinematic coverage of the NNPDF4.0 dataset in the (x, Q2) plane.

10
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Figure 2.1. The kinematic coverage of the NNPDF4.0 dataset in the (x, Q2) plane.

10

Often the data used in PDF fits are also used in EFT fits.


This overlap will grow as we take the global approach to 
constraining the SMEFT.


‣ e.g. Top quark data used to fit the SMEFT in the 
global fit of 2012.02779, J. Ellis, MM, K. Mimasu, V. 
Sanz, T. You

Data overlap
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How do the constraints on the SMEFT change if we perform a

 consistent simultaneous determination of the PDFs and SMEFT?
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How do the PDFs change if we perform a

 consistent simultaneous determination of the PDFs and SMEFT?

How do the constraints on the SMEFT change if we perform a

 consistent simultaneous determination of the PDFs and SMEFT?
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How do the PDFs change if we perform a

 consistent simultaneous determination of the PDFs and SMEFT?

Could we be absorbing signs of new physics into the PDFs?

How do the constraints on the SMEFT change if we perform a

 consistent simultaneous determination of the PDFs and SMEFT?



Maeve Madigan | The Top Quark Legacy of the LHC Run II for PDF and SMEFT Analyses Pheno 2023  09.05.2314

Simultaneous PDF-SMEFT determinations

Deep Inelastic Scattering data

Carrazza et al.: PRL 123 (2019) 13, 132001 

DIS + Drell-Yan data 
- including high-mass DY tails

Greljo et. al 2104.02723

Top quark data

2303.06159 by Z. Kassabov, MM,  L. Mantani, J. Moore, M. Morales 
Alvarado, J. Rojo,  M. Ubiali

See also 2201.06586, 2211.01094

• proof of concept: PDF and SMEFT 
effects can be disentangled


• no significant interplay found
• sensitive to both quark/antiquark PDFs and 

SMEFT 4F operators

• significant potential for interplay at HL-LHC
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Top quark data provides important constraints on the large-x region of the gluon PDF.


This impact is largely driven by top quark pair production cross sections and differential distributions.


PDF-EFT interplay is most likely to occur 
between:


• The gluon PDF

• Dimension-6 operators which contribute to      

production:

<latexit sha1_base64="BjiNmJcig6uaY6OGYfrQwGetkVU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ie0oWy2m3bpbhJ2J0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUkS8iQIl7ySaUxVI3g7GtzO//cS1EXH0gJOE+4oOIxEKRtFKj0h6AdUZTvvlilt15yCrxMtJBXI0+uWv3iBmqeIRMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aGlHFjZ/ND56SM6sMSBhrWxGSufp7IqPKmIkKbKeiODLL3kz8z+umGF77mYiSFHnEFovCVBKMyex7MhCaM5QTSyjTwt5K2IhqytBmVLIheMsvr5LWRdW7rNbua5X6TR5HEU7gFM7Bgyuowx00oAkMFDzDK7w52nlx3p2PRWvByWeO4Q+czx/Pk5Bu</latexit>

tøt
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PDF-EFT interplay in the top sector
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Figure 13 : Relevant diagrams for the calculation of the SM-ALP interference ingg ! tøt
production.

where ös, öt, öu are the Mandelstam variables deÞned as

s = ( p1 + p2)2 = 2( p1 áp2)

t = ( p1 " p3)2 = " 2(p1 áp3) + m2
t

u = ( p1 " p4)2 = " 2(p1 áp4) + m2
t ,

(D.3)

where p1, p2 are the momenta of the incoming gluons andp3, p4 are the momenta of the
outgoing top quark and antiquark. Note the di! erence in denominators between the ALP-
ALP and SM-ALP terms: the ALP-ALP contribution to tøt is a purely s-channel diagram;
however it interferes with only the SM t" and u-channels. This is because the ALP is
colourless, leading to a factor of! ab in its coupling to a pair of gluons. The SM s-channel
proceeds through the totally antisymmetric triple gauge coupling# f abc, and hence the
interference between the ALP diagram and the SMs-channel is zero.

To understand the behaviour of the ALP-ALP squared contribution and SM-ALP in-
terference contribution to the di! erential cross sections considered in the analysis of Sec.??,

Ð 28 Ð
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Data: 175 datapoints including LHC Run II 
measurements of 


PDF-EFT interplay in the top sector

Theory: 




SM: NNLO QCD


SMEFT: Apply k-factors calculated at NLO with SMEFT@NLO

Methodology: SIMUnet 
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Figure 3.1 . Schematic depiction of theSIMUnetmethodology. The input nodes (shown in green)
are Bjorken-x and its logarithm. The forward pass through the deep hidden layers (blue) are
performed as in theNNPDF4.0methodology [2] to yield the output PDFs at the initial scale (red).
The initial scale PDFs are then combined in the initial scale luminosity L 0, deÞned in Eq. (2.3).
The initial scale luminosity is then convoluted with the pre-computed FK-tables ! (shown in blue)
to obtain the theoretical prediction T (shown in red), which enters the Þgure of merit (3.1), which
is minimised in the Þt. The ! dependence on the parameters{ cn } is fed into theoretical prediction
T via the trainable edges of the combination layer. All trainable edges are shown by solid edges
and are thus learned parameters determined through gradient descent, while dashed edges are
non-trainable.

The values of{ cn} are associated with the weights of the trainable edges which determine
the FK table, ! , as in Eq. (2.6). Such dependence enters the theoretical predictionT via
the bilinear produce between! ({ cn} ) and the initial scale PDFs, which in Eq. (2.3) we
refer to as L 0, where L 0 indicates either the parametrization of one independent PDF at
the initial scale or the product of two of them.

Letting ! denote the set of trainable neural network parameters (the weights and biases)
that parameterize the PDFs and { cn} the parameters that we Þt alongside the PDFs,
SIMUnetÞts the joint ö! = ! ! { cn} parameter set, by letting gradient descent determine
their optimum value in order to minimize the Þgure of merit used in the Þt, which is deÞned
as

" 2(ö! ) =
1

Ndat
(D " T (ö! ))T (cov )! 1(D " T (ö! )) , (3.1)

with D being the vector of experimental central values,T the vector of theoretical predic-
tions and cov the covariance matrix encapsulating the experimental uncertainties and the

Ð 9 Ð

S. Iranipour, M. Ubiali, 2201.07240  
Propagates uncertainties from data to NN parameters 
using the Monte Carlo replica method
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Impact of top data on PDF fits

17

Top quark data impacts the large-x gluon PDF:  •shift in central values relative to NNPDF4.0 and 
no-top PDF fit  (compatible within uncertainties)


•uncertainty is reduced

Fixed SM PDFs - no SMEFT effects included:
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Impact of top data on SMEFT fits 

18

SMEFT constraints at quadratic order are compared to those obtained from the dataset used by J. Ethier et. al 2105.00006 

Increase in high-              measurements leads to better constraints on 4-fermion operators

Input PDFs are SM PDFs (NNPDF4.0)

SMEFT constraints shown here are produced using the SMEFiT public code 2302.06660
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Simultaneous PDF-SMEFT determination

19

A simultaneous fit shows better 
agreement with the no-top fit:


- the impact of top data is 
diluted by the inclusion of 
the SMEFT


Uncertainties increase relative 
to the SM all top data PDF fit, 
reflecting the increase in fitted 
parameters
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Simultaneous PDF-SMEFT determination

20

Linear SMEFT constraints are unchanged - PDF-EFT interplay is negligible in top data for linear SMEFT fits

We uncovered a problem with the Monte Carlo replica method used to propagate uncertainties in the SIMUnet 
methodology, preventing quadratic SMEFT fits - work in progress will investigate this in more detail.
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Conclusions
Simultaneous PDF and SMEFT fits allow us to disentangle PDF-EFT interplay and assess our potential 

to bias and over-constrain SMEFT interpretations.


• In top data, mild interplay is observed between the PDFs and SMEFT at linear order.  

• Work in progress will assess this interplay at quadratic order in the SMEFT.


See 2303.06159 and https://www.pbsp.org.uk/topproject/ for more details and results!

‣ this is particularly important as we move towards Run III and the HL-LHC; see Greljo et. al 2104.02723

https://www.pbsp.org.uk/topproject/
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Conclusions
Simultaneous PDF and SMEFT fits allow us to disentangle PDF-EFT interplay and assess our potential 

to bias and over-constrain SMEFT interpretations.


• In top data, mild interplay is observed between the PDFs and SMEFT at linear order.  

• Work in progress will assess this interplay at quadratic order in the SMEFT.


See 2303.06159 and https://www.pbsp.org.uk/topproject/ for more details and results!

‣ this is particularly important as we move towards Run III and the HL-LHC; see Greljo et. al 2104.02723

Thank you for listening!

https://www.pbsp.org.uk/topproject/
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The Monte Carlo Replica Method
Consider fitting 1 Wilson coefficient c to 1 datapoint           : define

1. Resample:


2. Minimise: 


3. Treat the sample       as a sample from the Bayesian posterior  

<latexit sha1_base64="pVe+tIKpHlsdeYqx8b+r9KAaPE8="></latexit>

øc = arg min c
(! (c) ! ÷! exp )2

"! 2
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{ øc}
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p(c|D )
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The Monte Carlo Replica Method

!"#$
!"#$%&'(')%&'*+*, -./.*

Problem: in the presence of a quadratic theory, often the minimum       will be given by the same    .  
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øc

! leads to an artificial spike in the distribution

MC replica method
Bayesian
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PDF-EFT interplay in the top sector

26

Simultaneous PDF and SMEFT fits of many Wilson coefficients are made possible by the 
SIMUnet  methodology S. Iranipour, M. Ubiali, 2201.07240

towards a global 
SMEFT & PDF fit
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Figure 3.1 . Schematic depiction of theSIMUnetmethodology. The input nodes (shown in green)
are Bjorken-x and its logarithm. The forward pass through the deep hidden layers (blue) are
performed as in theNNPDF4.0methodology [2] to yield the output PDFs at the initial scale (red).
The initial scale PDFs are then combined in the initial scale luminosity L 0, deÞned in Eq. (2.3).
The initial scale luminosity is then convoluted with the pre-computed FK-tables ! (shown in blue)
to obtain the theoretical prediction T (shown in red), which enters the Þgure of merit (3.1), which
is minimised in the Þt. The ! dependence on the parameters{ cn } is fed into theoretical prediction
T via the trainable edges of the combination layer. All trainable edges are shown by solid edges
and are thus learned parameters determined through gradient descent, while dashed edges are
non-trainable.

The values of{ cn} are associated with the weights of the trainable edges which determine
the FK table, ! , as in Eq. (2.6). Such dependence enters the theoretical predictionT via
the bilinear produce between! ({ cn} ) and the initial scale PDFs, which in Eq. (2.3) we
refer to as L 0, where L 0 indicates either the parametrization of one independent PDF at
the initial scale or the product of two of them.

Letting ! denote the set of trainable neural network parameters (the weights and biases)
that parameterize the PDFs and { cn} the parameters that we Þt alongside the PDFs,
SIMUnetÞts the joint ö! = ! ! { cn} parameter set, by letting gradient descent determine
their optimum value in order to minimize the Þgure of merit used in the Þt, which is deÞned
as

" 2(ö! ) =
1

Ndat
(D " T (ö! ))T (cov )! 1(D " T (ö! )) , (3.1)

with D being the vector of experimental central values,T the vector of theoretical predic-
tions and cov the covariance matrix encapsulating the experimental uncertainties and the

Ð 9 Ð

Our fit incorporates 25 operators 
from the top sector, following a top-
specific flavour symmetry 
1802.07237  
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PDF-EFT interplay in the top sector
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Figure 3.1 . Schematic depiction of theSIMUnetmethodology. The input nodes (shown in green)
are Bjorken-x and its logarithm. The forward pass through the deep hidden layers (blue) are
performed as in theNNPDF4.0methodology [2] to yield the output PDFs at the initial scale (red).
The initial scale PDFs are then combined in the initial scale luminosity L 0, deÞned in Eq. (2.3).
The initial scale luminosity is then convoluted with the pre-computed FK-tables ! (shown in blue)
to obtain the theoretical prediction T (shown in red), which enters the Þgure of merit (3.1), which
is minimised in the Þt. The ! dependence on the parameters{ cn } is fed into theoretical prediction
T via the trainable edges of the combination layer. All trainable edges are shown by solid edges
and are thus learned parameters determined through gradient descent, while dashed edges are
non-trainable.

The values of{ cn} are associated with the weights of the trainable edges which determine
the FK table, ! , as in Eq. (2.6). Such dependence enters the theoretical predictionT via
the bilinear produce between! ({ cn} ) and the initial scale PDFs, which in Eq. (2.3) we
refer to as L 0, where L 0 indicates either the parametrization of one independent PDF at
the initial scale or the product of two of them.

Letting ! denote the set of trainable neural network parameters (the weights and biases)
that parameterize the PDFs and { cn} the parameters that we Þt alongside the PDFs,
SIMUnetÞts the joint ö! = ! ! { cn} parameter set, by letting gradient descent determine
their optimum value in order to minimize the Þgure of merit used in the Þt, which is deÞned
as

" 2(ö! ) =
1

Ndat
(D " T (ö! ))T (cov )! 1(D " T (ö! )) , (3.1)

with D being the vector of experimental central values,T the vector of theoretical predic-
tions and cov the covariance matrix encapsulating the experimental uncertainties and the

Ð 9 Ð

& DGLAP evolution

= theory prediction

How does it work?

27

S. Iranipour, M. Ubiali, 2201.07240
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PDF-EFT interplay in the top sector
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S. Iranipour, M. Ubiali, 2201.07240
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Figure 3.1 . Schematic depiction of theSIMUnetmethodology. The input nodes (shown in green)
are Bjorken-x and its logarithm. The forward pass through the deep hidden layers (blue) are
performed as in theNNPDF4.0methodology [2] to yield the output PDFs at the initial scale (red).
The initial scale PDFs are then combined in the initial scale luminosity L 0, deÞned in Eq. (2.3).
The initial scale luminosity is then convoluted with the pre-computed FK-tables ! (shown in blue)
to obtain the theoretical prediction T (shown in red), which enters the Þgure of merit (3.1), which
is minimised in the Þt. The ! dependence on the parameters{ cn } is fed into theoretical prediction
T via the trainable edges of the combination layer. All trainable edges are shown by solid edges
and are thus learned parameters determined through gradient descent, while dashed edges are
non-trainable.

The values of{ cn} are associated with the weights of the trainable edges which determine
the FK table, ! , as in Eq. (2.6). Such dependence enters the theoretical predictionT via
the bilinear produce between! ({ cn} ) and the initial scale PDFs, which in Eq. (2.3) we
refer to as L 0, where L 0 indicates either the parametrization of one independent PDF at
the initial scale or the product of two of them.

Letting ! denote the set of trainable neural network parameters (the weights and biases)
that parameterize the PDFs and { cn} the parameters that we Þt alongside the PDFs,
SIMUnetÞts the joint ö! = ! ! { cn} parameter set, by letting gradient descent determine
their optimum value in order to minimize the Þgure of merit used in the Þt, which is deÞned
as

" 2(ö! ) =
1

Ndat
(D " T (ö! ))T (cov )! 1(D " T (ö! )) , (3.1)

with D being the vector of experimental central values,T the vector of theoretical predic-
tions and cov the covariance matrix encapsulating the experimental uncertainties and the

Ð 9 Ð

& DGLAP evolution

!   places SMEFT parameters and    
PDF parameters on the same 
footing

How does it work?
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PDF-EFT interplay in the top sector
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S. Iranipour, M. Ubiali, 2201.07240
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Figure 3.1 . Schematic depiction of theSIMUnetmethodology. The input nodes (shown in green)
are Bjorken-x and its logarithm. The forward pass through the deep hidden layers (blue) are
performed as in theNNPDF4.0methodology [2] to yield the output PDFs at the initial scale (red).
The initial scale PDFs are then combined in the initial scale luminosity L 0, deÞned in Eq. (2.3).
The initial scale luminosity is then convoluted with the pre-computed FK-tables ! (shown in blue)
to obtain the theoretical prediction T (shown in red), which enters the Þgure of merit (3.1), which
is minimised in the Þt. The ! dependence on the parameters{ cn } is fed into theoretical prediction
T via the trainable edges of the combination layer. All trainable edges are shown by solid edges
and are thus learned parameters determined through gradient descent, while dashed edges are
non-trainable.

The values of{ cn} are associated with the weights of the trainable edges which determine
the FK table, ! , as in Eq. (2.6). Such dependence enters the theoretical predictionT via
the bilinear produce between! ({ cn} ) and the initial scale PDFs, which in Eq. (2.3) we
refer to as L 0, where L 0 indicates either the parametrization of one independent PDF at
the initial scale or the product of two of them.

Letting ! denote the set of trainable neural network parameters (the weights and biases)
that parameterize the PDFs and { cn} the parameters that we Þt alongside the PDFs,
SIMUnetÞts the joint ö! = ! ! { cn} parameter set, by letting gradient descent determine
their optimum value in order to minimize the Þgure of merit used in the Þt, which is deÞned
as

" 2(ö! ) =
1

Ndat
(D " T (ö! ))T (cov )! 1(D " T (ö! )) , (3.1)

with D being the vector of experimental central values,T the vector of theoretical predic-
tions and cov the covariance matrix encapsulating the experimental uncertainties and the

Ð 9 Ð

& DGLAP evolution

• Much more efficient than a grid 
scan


• Capable of handling more SMEFT 
coefficients 

• Already benchmarked for the W,Y 
parameters in high mass DY

How does it work?
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d!
dm!!

Could we improve the SM PDF fits by removing 
the high-mass data from PDF fits?


• not in the spirit of global fits


• still have a theoretical inconsistency due 
to SM assumptions


• but much easier than doing a 
simultaneous PDF-SMEFT fit
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d!
dm!!

Could we improve the SM PDF fits by removing 
the high-mass data from PDF fits?


• not in the spirit of global fits


• still have a theoretical inconsistency due 
to SM assumptions


• but much easier than doing a 
simultaneous PDF-SMEFT fit

See J. Ethier et. al, 2105.00006 for the use 
of conservative PDFs in a global SMEFT fit
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Figure 5.7. Comparison of the magnitude of 95% CL intervals in the global (marginalised) and
individual Þts at the linear (top) and quadratic (bottom) level, see also Table 5.4.

CL intervals found in the linear EFT anaysis are increased as follows when going from the
individual to the marginalised Þts:

ctZ : [! 0.04, 0.10] (individual) vs [ ! 17, 5.6] (marginalised),

c! B : [! 0.005, 0.002] (individual) vs [! 0.7, 0.3] (marginalised).

This e! ect clearly emphasizes the importance of adopting a Þtting basis as wide as possible,
in order to avoid obtaining artiÞcially stringent bounds simply because one is being blind
to other relevant directions of the parameter space. One important exception of this rule
would be those cases where one is guided by speciÞc UV-complete models, which motivate
the reduction in the parameter space to a subset of operators. We also note that the triple
gauge operatorcW is one of the few coe" cients whose individual and marginalised bounds
are identical: this can be traced back to the fact that this operator is very weakly correlated
with other coe" cients (see also Fig.5.6), being constrained exclusively by the diboson data.

58
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dashed: not including PDF uncertainties 

Conservative PDFs:


• assume the SM

• are fit to data which does not receive 

large SMEFT corrections                   
(i.e. no HL-LHC data, no high-mass 
DY data)
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Conservative PDFs:


• assume the SM

• are fit to data which does not receive 

large SMEFT corrections                   
(i.e. no HL-LHC data, no high-mass 
DY data)


Comparing green to orange:


! the constraints using SM 
conservative PDFs are closer to those 
using SMEFT PDFs


! still overestimating the constraints, 
especially in the      direction


Conservative PDFs for high-mass Drell-Yan
dashed: not including PDF uncertainties 


