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Parton model
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2) plane.
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2) plane.
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DGLAP equations

We just need a functional form for the PDFs
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x ln x

xg(x, Q0) xΣ(x, Q0) xV(x, Q0) xV3(x, Q0) xT3(x, Q0) xT15(x, Q0)xT8(x, Q0)xV8(x, Q0)
xg(x, Q0) xu(x, Q0) xū(x, Q0) xd(x, Q0) xs(x, Q0) xc+(x, Q0)xs̄(x, Q0)xd̄(x, Q0)

n(4) = 8

n(3) = 20

n(2) = 25

n(1) = 2

Figure 3.9. The neural network architecture adopted for NNPDF4.0. A single network is used, whose eight output
values are the PDFs in the evolution (red) or the flavor basis (blue box). The architecture displayed corresponds
to the optimal choice in the evolution basis; the optimal architecture in the flavor basis is di↵erent as indicated by
Table 3.2).

hyperoptimization would be required. Our current understanding encompasses changes to the experimental
data, the theoretical description, and methodological choices (such as the choice of PDF basis).

We have checked that the procedure is quite stable upon reasonably small changes of the dataset.
For instance, the appraisal and selection of the final dataset, see Sect. 4 below, did not require any new
hyperoptimization. In fact, the datasets included in Table 3.1 do not correspond exactly to the datasets
included in the final dataset, since the final appraisal of the data to be included was performed after the
methodology was set. Furthermore, when removing datasets the given methodology remains viable, though
in principle there might be a computationally more e�cient one giving the same results for the small datasets.
This will be seen explicitly in the context of “future tests” in Sect. 6.2 below.

On the other hand, a substantial change in methodology or dataset generally needs a new hyperoptimiza-
tion. This is illustrated by the fact (see Tab. 3.2) that the optimal settings for fitting in the flavor basis di↵er
substantially from those of the evolution basis. Likewise, the addition of a large number of new datasets
a↵ecting kinematic regions or PDF combinations for which currently there is little or no information might
have an impact on the fit su�cient to warrant a new run of the hyperoptimization procedure.

The open source NNPDF4.0 fitting framework released with this paper includes all necessary tools to
carry out an automatic scan of hyperparameters, which means it can be readily used in situations which are
very wildly di↵erent from the specific scenario considered in this work, be it in terms of the experimental
data available or the theoretical framework being considered.

3.4 Performance and quality benchmarks

The new NNPDF fitting framework features a significantly improved computational performance compared
to previous NNPDF. This improvement is mostly driven by the availability of the gradient-based optimizers
provided by the TensorFlow library, combined with the dedicated hyperparameter optimization and other
technical improvements in key parts of the code. Furthermore, the new fitting framework is able to take ad-
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The current status

Typically fits of physics parameters and PDFs do not talk
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FitMaker [2012:02779]
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Can PDFs absorb NP?

Is it possible that NP is being absorbed in the proton?

PDF parametrisation 

is flexible… extrapolation is tricky

Central value/uncertainty 

pre-LHC badly estimated

Separating datasets 

for PDF and NP is not optimal

We want to have as much kinematic coverage as possible, but…
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BSM scenario

Benchmark scenarios in terms of flavour universal Y and W parameters

Correspond to Z’ and  
W’ extensions

If we have the “correct” PDFs,

we would have exp. precision


for a discovery
Discoverable BSM scenarios
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Effects on DY distributions

Only NC affected Both NC and CC affected:

easier for PDFs to accommodate
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NNPDF4.0 dataset + HL-LHC DY projections [arXiv: 2104.02723]

Data kinematic coverage is wide:

can current PDFs absorb NP 


while keeping consistency across

the whole set of observables?
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Summary of methodology

arXiv: 2307.10370

We define a true underlying law of nature: PDFs + discoverable BSM scenario
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T = T (✓SM , ✓NP )

We generate pseudo-data from the true law:

<latexit sha1_base64="nmdA3BzHPxTj+Pn0tR2WiMifaRA="></latexit>

D = T + ⌘ , ⌘ ⇠ N (0,⌃)

Then, perform a PDF fit assuming  using the NNPDF methodology  
(standard SM PDF fit)

θNP = 0

We compare results with a baseline obtained 

with a consistent fit of SM pseudodata generated with θNP = 0
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Fit results
<latexit sha1_base64="ZlpgAcu/97/JV+/16pikvPBzakQ="></latexit>

n� =
�2 � 1

��2

Baseline: SM pseudodata
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Fit results
<latexit sha1_base64="ZlpgAcu/97/JV+/16pikvPBzakQ="></latexit>

n� =
�2 � 1

��2

Absorbed

FlaggedGood fit

Baseline: SM pseudodata



Luca Mantani

13

W’ contaminated PDFs
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W’ contaminated PDFs

Huge shift, yet good fit for W=8e-5

Large-x behaviour in PDFs is not constrained:

especially anti-quark PDFs allow for NP absorption
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Data-theory comparison

Data:  
Theory: 

f true ⊗ ̂σNP
f fit ⊗ ̂σSM
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Data-theory comparison

Data:  
Theory: 

f true ⊗ ̂σNP
f fit ⊗ ̂σSM

PDF shift is completely 

compensating the NP effect

NP concealed  
in the proton!!
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Spurious NP
<latexit sha1_base64="VsxJJ/AFNbgGqmaLxzKN0mHusb0=">AAACEXicbVDLSgMxFM34rPXRUZdugkUQpGVGfC2LblxWsA9ox5JJM21okglJRhhLv8KlW/0Id+LWL/Ab/AnTdha29cCFwzn3cu89oWRUG8/7dpaWV1bX1nMb+c2t7Z2Cu7tX13GiMKnhmMWqGSJNGBWkZqhhpCkVQTxkpBEObsZ+45EoTWNxb1JJAo56gkYUI2OljluQUMK2iWHj4cRWqeMWvbI3AVwkfkaKIEO14/60uzFOOBEGM6R1y/ekCYZIGYoZGeXbiSYS4QHqkZalAnGig+Hk8BE8skoXRrGyJQycqH8nhohrnfLQdnJk+nreG4v/ea3ERFfBkAqZGCLwdFGUMGgfHacAu1QRbFhqCcKK2lsh7iOFsLFZzWwxdPBUikgqOBIjm44/n8UiqZ+W/Yvy+d1ZsXKd5ZQDB+AQHAMfXIIKuAVVUAMYJOAFvII359l5dz6cz2nrkpPN7IMZOF+/v2icjA==</latexit>

pp ! W+W�
<latexit sha1_base64="Y5W8D9PcqoeHl2CiOQXbdbsUBw4=">AAACDXicbVDLSgMxFM34rPVVdekmWARBLDPia1l002UF+4B2LJk004YmmZhkhHHoN7h0qx/hTtz6DX6DP2HazsK2HrhwOOde7r0nkIxq47rfzsLi0vLKam4tv76xubVd2Nmt6yhWmNRwxCLVDJAmjApSM9Qw0pSKIB4w0ggGNyO/8UiUppG4M4kkPkc9QUOKkbGSL6GEbRPBxv0xrHQKRbfkjgHniZeRIshQ7RR+2t0Ix5wIgxnSuuW50vgpUoZiRob5dqyJRHiAeqRlqUCcaD8dHz2Eh1bpwjBStoSBY/XvRIq41gkPbCdHpq9nvZH4n9eKTXjlp1TI2BCBJ4vCmEH75igB2KWKYMMSSxBW1N4KcR8phI3NaWqLoYOnk5AkgiMxtOl4s1nMk/ppybsond+eFcvXWU45sA8OwBHwwCUogwqoghrA4AG8gFfw5jw7786H8zlpXXCymT0wBefrF/nmm60=</latexit>

pp ! W
+
H
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Spurious NP
<latexit sha1_base64="VsxJJ/AFNbgGqmaLxzKN0mHusb0=">AAACEXicbVDLSgMxFM34rPXRUZdugkUQpGVGfC2LblxWsA9ox5JJM21okglJRhhLv8KlW/0Id+LWL/Ab/AnTdha29cCFwzn3cu89oWRUG8/7dpaWV1bX1nMb+c2t7Z2Cu7tX13GiMKnhmMWqGSJNGBWkZqhhpCkVQTxkpBEObsZ+45EoTWNxb1JJAo56gkYUI2OljluQUMK2iWHj4cRWqeMWvbI3AVwkfkaKIEO14/60uzFOOBEGM6R1y/ekCYZIGYoZGeXbiSYS4QHqkZalAnGig+Hk8BE8skoXRrGyJQycqH8nhohrnfLQdnJk+nreG4v/ea3ERFfBkAqZGCLwdFGUMGgfHacAu1QRbFhqCcKK2lsh7iOFsLFZzWwxdPBUikgqOBIjm44/n8UiqZ+W/Yvy+d1ZsXKd5ZQDB+AQHAMfXIIKuAVVUAMYJOAFvII359l5dz6cz2nrkpPN7IMZOF+/v2icjA==</latexit>

pp ! W+W�
<latexit sha1_base64="Y5W8D9PcqoeHl2CiOQXbdbsUBw4=">AAACDXicbVDLSgMxFM34rPVVdekmWARBLDPia1l002UF+4B2LJk004YmmZhkhHHoN7h0qx/hTtz6DX6DP2HazsK2HrhwOOde7r0nkIxq47rfzsLi0vLKam4tv76xubVd2Nmt6yhWmNRwxCLVDJAmjApSM9Qw0pSKIB4w0ggGNyO/8UiUppG4M4kkPkc9QUOKkbGSL6GEbRPBxv0xrHQKRbfkjgHniZeRIshQ7RR+2t0Ix5wIgxnSuuW50vgpUoZiRob5dqyJRHiAeqRlqUCcaD8dHz2Eh1bpwjBStoSBY/XvRIq41gkPbCdHpq9nvZH4n9eKTXjlp1TI2BCBJ4vCmEH75igB2KWKYMMSSxBW1N4KcR8phI3NaWqLoYOnk5AkgiMxtOl4s1nMk/ppybsond+eFcvXWU45sA8OwBHwwCUogwqoghrA4AG8gFfw5jw7786H8zlpXXCymT0wBefrF/nmm60=</latexit>

pp ! W
+
H

Observables 

not affected by W’ Spurious NP
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Ratio observables

Can we devise an observable which is independent of PDFs?
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Ratio observables

Can we devise an observable which is independent of PDFs?

Ratio of WW and DY:

prediction has suppressed 


dependence on PDF

NP is there… but where?



Luca Mantani

17

Disentangling NP from PDFs

Can we use forward V production to spot the contamination?

Kinematics covered 

is different:


need for larger x



Luca Mantani

17

Disentangling NP from PDFs

Current data not precise enough to disentangle the effect.

 

Future low-energy measurements (e.g. EIC programme)  
could provide crucial input for PDFs: 


devise useful observables, the time is now!

Can we use forward V production to spot the contamination?

Kinematics covered 
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Disentangling NP from PDFs

Current data not precise enough to disentangle the effect.

 

Future low-energy measurements (e.g. EIC programme)  
could provide crucial input for PDFs: 


devise useful observables, the time is now!

Can we use forward V production to spot the contamination?

Kinematics covered 

is different:


need for larger x

Other idea: can a simultaneous fit of PDF-SMEFT offer a solution?
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Conclusions and outlook

❖ An assessment of NP contamination in the PDFs has been performed 

considering flavour universal Z’ and W’ scenarios


❖ Discoverable W’ scenarios exist that are absorbed in the proton 

parametrisation.


❖ Kinematic coverage of the current dataset of PDF fits is insufficient.


❖ There is need to explore NP scenarios more systematically in contaminated 

PDFs, devising strategies to disentangle the effects.


❖ Stay tuned: public release of new SIMUnet tool + global fit (top, higgs, DY, 

EWPO) and with possibility of performing contaminated fits
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Conclusions and outlook

❖ An assessment of NP contamination in the PDFs has been performed 

considering flavour universal Z’ and W’ scenarios


❖ Discoverable W’ scenarios exist that are absorbed in the proton 

parametrisation.


❖ Kinematic coverage of the current dataset of PDF fits is insufficient.


❖ There is need to explore NP scenarios more systematically in contaminated 

PDFs, devising strategies to disentangle the effects.


❖ Stay tuned: public release of new SIMUnet tool + global fit (top, higgs, DY, 

EWPO) and with possibility of performing contaminated fits

Thanks!
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Backup
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Future plans

❖ Develop new methodology to perform quadratic SMEFT + PDF fits (bayesian)


❖ Understand better the pitfalls of the MC replica method and whether PDF fits 

are affected


❖ Explore NP scenarios more systematically in contaminated PDFs, devising 

strategies to disentangle the effects


❖ Release new SIMUnet tool + global fit (top, higgs, DY, EWPO) and with the 

possibility of performing contaminated fits
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Future plans

❖ Develop new methodology to perform quadratic SMEFT + PDF fits (bayesian)


❖ Understand better the pitfalls of the MC replica method and whether PDF fits 

are affected


❖ Explore NP scenarios more systematically in contaminated PDFs, devising 

strategies to disentangle the effects


❖ Release new SIMUnet tool + global fit (top, higgs, DY, EWPO) and with the 

possibility of performing contaminated fits

Thanks!
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The SMEFT proton

arXiv:2303.06159
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Can PDFs conceal NP?

arXiv: 2307.10370
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Constraints on NP

What do we find if we put bounds 

on Y and W parameters from Drell-Yan?

Bounds from data 

that was present 


in the fit
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Constraints on NP

NP is missed + PDF looks fine:

The SM seem to be working fine

What do we find if we put bounds 

on Y and W parameters from Drell-Yan?

Bounds from data 

that was present 


in the fit
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Data overlap

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

10

NNPDF4.0 [2109.02653]

Often data used in SMEFT interpretations and

PDF extraction coincide
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Data overlap

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

10

NNPDF4.0 [2109.02653]

Often data used in SMEFT interpretations and

PDF extraction coincide

e.g. Dijet data used to fit the SMEFT operator

in F. Krauss et. al, 1611.00767
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Figure 1: ST distributions from CMS [14] in various bins of exclusive/inclusive jet multiplicity Njets, compared to our multijet-
merged signal and background predictions including perturbative uncertainties.

published 13 TeV analysis based on a sizeable data set
and extending to a large number of jets without requir-
ing any additional particles in the final state. Obviously,
dedicated ATLAS or CMS analyses of multijet produc-
tion in the light of dimension-six operators will improve
upon our results. The background is completely domi-
nated by QCD jet production, so just as in the original
analysis we neglect non-QCD backgrounds.

For a robust description of the high-multiplicity QCD
jet backgrounds, we employ CKKW multijet merging
within Sherpa [17, 18], with next-to-leading-order ma-
trix elements for dijet production and leading-order ma-
trix elements for up to six jets in the final state. Our
nominal choice for the factorization and renormalization
scales is determined by a backwards clustering procedure
and the scale choice

p
2µ2

r,f = 1/(s�1 + t�1 + u�1) for
the 2 ! 2 core process [17].

As shown in Fig. 1, the observed ST distributions are
accurately described by our SM simulations. We estimate
perturbative uncertainties through independent variation
of both scales by a factor of two around the nominal

values, omitting combinations where one scale is varied
upwards and the other one downwards to avoid large log-
arithms. All di↵erences between data and the SM sim-
ulation are within the estimated perturbative uncertain-
ties. The minimal tension in the exclusive two-jet bin
at low ST only occurs after translating the original in-
clusive results into jet-exclusive distributions. They will
not a↵ect our analysis of the multijet rates and our con-
straints on higher-dimensional operators contributing to
this process.

Our signal simulations including the operator OG are
based on an implementation of the dimension-six op-
erator of Eq.(1) in FeynRules [19]. We employ the
Ufo output format in order to facilitate event gener-
ation with Sherpa and its matrix element generator
Comix [20, 21]. For the purpose of implementing the
new exotic color structures that appear in the Feynman
rules of the dimension-six operator, a code generator
module for arbitrary color structures was implemented
in Sherpa. This feature will become publicly available
along with the next Sherpa release. The automatic gen-
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Data

NNPDF4.0 dataset + HL-LHC DY projections [arXiv: 2104.02723]
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Methodology

SIMUnet 
“A new methodology that is able to yield a simultaneous determination of 

the PDFs alongside any set of parameters that determine the theory predictions”


S. Iranipour, M. Ubiali, [2201.07240]
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Methodology

SIMUnet 
“A new methodology that is able to yield a simultaneous determination of 

the PDFs alongside any set of parameters that determine the theory predictions”


S. Iranipour, M. Ubiali, [2201.07240]

<latexit sha1_base64="5U2oKqvL9vGo4mIbjCrHTQ1aTNU=">AAACInicbVDLSgMxFM3U93vUpZtgEerCMlOKuhTduKxgtdCWkknvtKGZzJDcEcbSrV/i0q1+hDtxJfgH/oRpO4KvA4HDOfdybk6QSGHQ896cwszs3PzC4tLyyura+oa7uXVl4lRzqPNYxroRMANSKKijQAmNRAOLAgnXweBs7F/fgDYiVpeYJdCOWE+JUHCGVuq4NOz4pRb2Adk+bcUoIjBWq9AvseMWvbI3Af1L/JwUSY5ax/1odWOeRqCQS2ZM0/cSbA+ZRsEljJZbqYGE8QHrQdNSxWxiezj5yYjuWaVLw1jbp5BO1O8bQxYZk0WBnYwY9s1vbyz+5zVTDI/bQ6GSFEHxaVCYSooxHddCu0IDR5lZwrgW9lbK+0wzjra8HykoBrcHIWQqYmpk2/F/d/GXXFXK/mG5elEtnpzmPS2SHbJLSsQnR+SEnJMaqRNO7sgDeSRPzr3z7Lw4r9PRgpPvbJMfcN4/AQhXo5Q=</latexit>

f1(✓)⌦ f2(✓)
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Methodology

SIMUnet 
“A new methodology that is able to yield a simultaneous determination of 

the PDFs alongside any set of parameters that determine the theory predictions”


S. Iranipour, M. Ubiali, [2201.07240]

<latexit sha1_base64="5U2oKqvL9vGo4mIbjCrHTQ1aTNU=">AAACInicbVDLSgMxFM3U93vUpZtgEerCMlOKuhTduKxgtdCWkknvtKGZzJDcEcbSrV/i0q1+hDtxJfgH/oRpO4KvA4HDOfdybk6QSGHQ896cwszs3PzC4tLyyura+oa7uXVl4lRzqPNYxroRMANSKKijQAmNRAOLAgnXweBs7F/fgDYiVpeYJdCOWE+JUHCGVuq4NOz4pRb2Adk+bcUoIjBWq9AvseMWvbI3Af1L/JwUSY5ax/1odWOeRqCQS2ZM0/cSbA+ZRsEljJZbqYGE8QHrQdNSxWxiezj5yYjuWaVLw1jbp5BO1O8bQxYZk0WBnYwY9s1vbyz+5zVTDI/bQ6GSFEHxaVCYSooxHddCu0IDR5lZwrgW9lbK+0wzjra8HykoBrcHIWQqYmpk2/F/d/GXXFXK/mG5elEtnpzmPS2SHbJLSsQnR+SEnJMaqRNO7sgDeSRPzr3z7Lw4r9PRgpPvbJMfcN4/AQhXo5Q=</latexit>

f1(✓)⌦ f2(✓)

<latexit sha1_base64="6YiHCXfekoUaNge//QgBxL7RhN8=">AAACCXicbVDLTsJAFJ36RHyhLt00EhNcSFrja0lk4xITeRhoyO0whQkz02ZmalIbvsClW/0Id8atX+E3+BMO0IWAJ7nJyTn35t57/IhRpR3n21paXlldW89t5De3tnd2C3v7DRXGEpM6DlkoWz4owqggdU01I61IEuA+I01/WB37zUciFQ3FvU4i4nHoCxpQDNpIDx1F+xxK1ZNuoeiUnQnsReJmpIgy1LqFn04vxDEnQmMGSrVdJ9JeClJTzMgo34kViQAPoU/ahgrgRHnp5OCRfWyUnh2E0pTQ9kT9O5ECVyrhvunkoAdq3huL/3ntWAfXXkpFFGsi8HRREDNbh/b4e7tHJcGaJYYAltTcauMBSMDaZDSzRdPh02lAEsFBjEw67nwWi6RxVnYvyxd358XKTZZTDh2iI1RCLrpCFXSLaqiOMOLoBb2iN+vZerc+rM9p65KVzRygGVhfvxu/mr8=</latexit>

�(C)
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SM fit

Top data is important especially for the gluon PDF
SM PDF fit, all top data

NNPDF 4.0
Additional data include: DIS, DY, jets, V + jetsSM PDF fit, no top data
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SM fit

Top data is important especially for the gluon PDF
SM PDF fit, all top data

NNPDF 4.0
Additional data include: DIS, DY, jets, V + jets

Impact mostly from ttbar data Likely interplay  
gluon PDF - EFT operators

SM PDF fit, no top data
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EFT fits

Conservative  
fixed PDF fit

NN weights fixed, 
no top PDF
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EFT fits

Conservative  
fixed PDF fit

NN weights fixed, 
all top PDF

Improper  
fixed PDF fit
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EFT fits

Conservative  
fixed PDF fit

NN weights trainable

Improper  
fixed PDF fit

Simultaneous 
PDF-EFT fit
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Conservative vs improper

Linear fit
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Conservative vs improper

Improper fit is more SM like

<latexit sha1_base64="/b/iLKpg2SZH43qUduJ6Eod2PcM=">AAACHnicbZDLSgMxFIYz9VbrrepSF8EiiGCZEW8boejGZRV7gU4dMmmmDU0yQ5IR6jAbn8SlW30Id+JWn8GXMG1nYas/BH7+cw7n5PMjRpW27S8rNzM7N7+QXywsLa+srhXXN+oqjCUmNRyyUDZ9pAijgtQ01Yw0I0kQ9xlp+P3LYb1xT6SiobjVg4i0OeoKGlCMtIm84vaNJ+A5dAOJcII9cbefJq6iXY48kXrFkl22R4J/jZOZEshU9YrfbifEMSdCY4aUajl2pNsJkppiRtKCGysSIdxHXdIyViBOVDsZ/SKFuybpwCCU5gkNR+nviQRxpQbcN50c6Z6arg3D/2qtWAdn7YSKKNZE4PGiIGZQh3CIBHaoJFizgTEIS2puhbiHDBBtwE1s0bT/cBCQgeBoRMeZZvHX1A/Lzkn5+PqoVLnIOOXBFtgBe8ABp6ACrkAV1AAGj+AZvIBX68l6s96tj3FrzspmNsGErM8f1+qjIw==</latexit>

Rn =
c⇤n
�n

Linear fit
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Conservative fit

Why not simply use a conservative PDF fit?
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Conservative fit

Why not simply use a conservative PDF fit?

arXiv:2104.02723
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Conservative fit

Increased PDF uncertainties in high-x region for several processes interesting for NP:

• diboson 

• VBF 

• high mass ttbar 

• high mass jets

• etc..

Why not simply use a conservative PDF fit?

arXiv:2104.02723
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Conservative fit

Increased PDF uncertainties in high-x region for several processes interesting for NP:

• diboson 

• VBF 

• high mass ttbar 

• high mass jets

• etc..

Why not simply use a conservative PDF fit?

Also: NN good at interpolating, bad in extrapolation

arXiv:2104.02723
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Simultaneous fit

Conservative fit

Simultaneous fit

Moderate effect on WC, ~ 5-10% Linear fit



Luca Mantani

33

Simultaneous fit

Conservative fit

Simultaneous fit

Moderate effect on WC, ~ 5-10%

Shift in PDF not as dramatic as SM

Signs of partial NP absorption

Linear fit
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Simultaneous fit

Conservative fit

Simultaneous fit

Moderate effect on WC, ~ 5-10%

Shift in PDF not as dramatic as SM

Signs of partial NP absorption

Correlation gluon-EFT

Linear fit
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SMEFT PDF

We now have a 4th option to perform a SMEFT fit
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EFT degrees of 
freedom

Enhanced PDF 
uncertainties
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SMEFT PDF

We now have a 4th option to perform a SMEFT fit

From the simultaneous fits we now have a SMEFT PDF

EFT degrees of 
freedom

Enhanced PDF 
uncertainties

Simultaneous fit

fixed-SMEFT PDF fit

Results almost identical

<latexit sha1_base64="/b/iLKpg2SZH43qUduJ6Eod2PcM=">AAACHnicbZDLSgMxFIYz9VbrrepSF8EiiGCZEW8boejGZRV7gU4dMmmmDU0yQ5IR6jAbn8SlW30Id+JWn8GXMG1nYas/BH7+cw7n5PMjRpW27S8rNzM7N7+QXywsLa+srhXXN+oqjCUmNRyyUDZ9pAijgtQ01Yw0I0kQ9xlp+P3LYb1xT6SiobjVg4i0OeoKGlCMtIm84vaNJ+A5dAOJcII9cbefJq6iXY48kXrFkl22R4J/jZOZEshU9YrfbifEMSdCY4aUajl2pNsJkppiRtKCGysSIdxHXdIyViBOVDsZ/SKFuybpwCCU5gkNR+nviQRxpQbcN50c6Z6arg3D/2qtWAdn7YSKKNZE4PGiIGZQh3CIBHaoJFizgTEIS2puhbiHDBBtwE1s0bT/cBCQgeBoRMeZZvHX1A/Lzkn5+PqoVLnIOOXBFtgBe8ABp6ACrkAV1AAGj+AZvIBX68l6s96tj3FrzspmNsGErM8f1+qjIw==</latexit>

Rn =
c⇤n
�n
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HL-LHC: DY projection

Things become more relevant at HL-LHCarXiv:2104.02723
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Experimental uncertainties are propagated to the PDFs via Monte Carlo

p(xi) = e− 1
2 (xi−x̄i)TC−1(xi−x̄i) N pseudodata samples {xi}

N ∼ 1000

Each sample is a “parallel universe” in which central data has been fluctuated

Final PDF is the ensemble of N Neural Networks

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 MC2Hessian algorithm [24, 25]; and a compressed
set of 100 Monte Carlo replicas, obtained from the original 1000 through the Compressor algorithm [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

PDFs error bands



Luca Mantani

39

The Standard Model 
Effective Field Theory



Luca Mantani

40

The quest for New Physics

E

SM

Direct search (Bumps)



Luca Mantani

40

The quest for New Physics

E

SM

Indirect (scouting tails)

Direct search (Bumps)



Luca Mantani

40

The quest for New Physics

E > ELHCE

SM

Indirect (scouting tails)

⇒ New physics is heavy

Direct search (Bumps)



Luca Mantani

40

The quest for New Physics

E > ELHCE

SM

Indirect (scouting tails)

⇒ New physics is heavy

Direct search (Bumps)



Luca Mantani

40

The quest for New Physics

E > ELHCE

SM

Indirect (scouting tails)

⇒ New physics is heavy

Framework to describe both precision physics and Heavy New Physics.

Direct search (Bumps)



Luca Mantani

40

The quest for New Physics

E > ELHCE

SM

Indirect (scouting tails)
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Framework to describe both precision physics and Heavy New Physics.

Standard Model Effective Field Theory (SMEFT)

Direct search (Bumps)
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❖ Modified interactions among SM particles 

❖ Higher dimensional operators preserve SM symmetries. 

❖ Mappable to a large class of BSM models. 

❖ Truncate at dim 6: leading corrections

EFT to-do list

❖ Define target operators:  e.g. top-philic EFT 

❖ Find optimal observables to probe them 

❖ Compute with precision theoretical predictions (both SM and EFT) 

❖ Make accurate measurements

[arXiv:1802.07237]
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Fitting the SMEFT

Ken Mimasu

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

We can probe the SMEFT by 
taking a global approach, 
including as many datasets as 
possible.
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What do we learn?

Ellis et al: arXiv:2012.02779

❖ Fits can be interpreted in  
UV completion models 

❖ Bounds on coefficient translate 
on bounds on mass or couplings 

❖ Simple case: single field extension
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EFT quality of fit

For a linear fit,  improves across the boardχ2

For a quadratic fit,  improves only mildlyχ2
Model is less flexible and 

unable to accomodate 
 deviations
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New Physics

v masses

Dark MatterGravity

Baryon asymmetry

We look for New Physics or BSM to explain the deficiencies.

So far, the SM is undefeated: not been able to discover new particles at the LHC.

Where do we go from here?

The SM does not explain everything.
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Inside the proton

gluon

Zoom in

There is A LOT of dynamics inside a proton!
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Current status

LHC operations started around 2010 10000000000000000 proton collisions!!
(16 zeros)

No clear sign of new particles so far… Not enough energy?

New collider!

Many years to wait…  
We are impatient

Precision

Precise measurements Accurate calculations

Indirect discovery!
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Interaction can be described without explicit presence of new states!

New framework Effective Field Theory
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SMEFT fits are highly dependent on several input assumptions

Flavour assumptions EW input scheme EFT truncation

Parton distribution functions

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 MC2Hessian algorithm [24, 25]; and a compressed
set of 100 Monte Carlo replicas, obtained from the original 1000 through the Compressor algorithm [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
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Quadratic fits: a challenge

Let’s consider a simple scenario: 1 operator, 1 datapoint

Δχ2 = χ2 − χmin = 1χ2 =
(σ(c) − σexp)2

δσ2
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Example: CMS Mtt dataset
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