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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
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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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Could PDFs conceal NP?
PDF parametrisation 

is flexible… extrapolation is tricky

Central value/uncertainty 
pre-LHC badly estimated

Separating datasets 
for PDF and NP is not optimal

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

We want to have as much kinematic coverage as possible, but…
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<latexit sha1_base64="s95pEI3W6wDHg40qyhZWMET0WqM=">AAACB3icbVDLSgMxFM34rPVVdekmWAQ3lhnxtSy6cVnBPqAdSibNtKGZZEjuCOPQD3DpVj/Cnbj1M/wGf8K0nYVtPRA4nHMv5+YEseAGXPfbWVpeWV1bL2wUN7e2d3ZLe/sNoxJNWZ0qoXQrIIYJLlkdOAjWijUjUSBYMxjejv3mI9OGK/kAacz8iPQlDzklYKVmRwGPmOmWym7FnQAvEi8nZZSj1i39dHqKJhGTQAUxpu25MfgZ0cCpYKNiJzEsJnRI+qxtqSQ2xM8m547wsVV6OFTaPgl4ov7dyEhkTBoFdjIiMDDz3lj8z2snEF77GZdxAkzSaVCYCAwKj/+Oe1wzCiK1hFDN7a2YDogmFGxDMynAh0+nIUtlROTItuPNd7FIGmcV77JycX9ert7kPRXQITpCJ8hDV6iK7lAN1RFFQ/SCXtGb8+y8Ox/O53R0ycl3DtAMnK9frA2alw==</latexit>⌦

<latexit sha1_base64="ywV+IcwgN9wccNy8djKdQvzx/AI="></latexit>

� =

Z 1

0
dx1

Z 1

0
dx2

X

q1,q2

fq1(x1)fq2(x2)�̂(x1, x2)
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Kinematic effects
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?Both CC and NC DY affected
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Contaminated PDFs

Huge shift and yet we find a good fit to the data!

Large-x behaviour in PDFs is not constrained:
especially anti-quark PDFs allow for NP absorption
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Data-theory comparison

PDF shift is completely 
compensating the NP effect

NP concealed 
in the proton!!

Data: 
Theory: 

f true ⊗ ̂σNP
f fit ⊗ ̂σSM
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Disentangling the effects

Current data does not cover  
the required kinematics:

we need large x for anti-quarks
(forward V probes the large x  

mostly of valence quarks)

 
Future low-energy measurements  

(e.g. EIC programme)  
could provide crucial input for PDFs!

Can we use forward V production to spot the contamination?
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Disentangling with a joint fit
Simultaneous fit of PDFs and W parameter:



Luca Mantani

The PDF-EFT interplay could be crucial: wrong PDFs can in principle 
mimic EFT corrections.

UV completion exist that can be absorbed in the PDF parametrisation.

Current kinematic coverage of PDF datasets is insufficient, forward 
facilities and DIS experiments will provide vital input.

The SIMUnet methodology offers the possibility to study such scenarios 
and potentially disentangle the EFT effects in the PDF extraction.

17

Conclusions



Thank you
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We extract the physics parameters from data, 
we have implicit dependence C* = C*(C̄, θ̄)

Fix PDF parameters ,  C̄ θ̄

FitMaker [2012:02779]



Luca Mantani 21

Forward facilities
We repeat the exercise with projections from
➡  FASER, FASER2, SND and AdvSND



Luca Mantani 21

Forward facilities
We repeat the exercise with projections from
➡  FASER, FASER2, SND and AdvSND



Luca Mantani 21

Forward facilities
We repeat the exercise with projections from
➡  FASER, FASER2, SND and AdvSND

The additional high-x, low-Q data 
reduces absorption of NP



Luca Mantani 21

Forward facilities
We repeat the exercise with projections from
➡  FASER, FASER2, SND and AdvSND

The additional high-x, low-Q data 
reduces absorption of NP

MW′￼
: 14 TeV → 23 TeV
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The quest for New Physics

E > ELHC
E

SM

Indirect (scouting tails)

New physics is heavy

Framework to describe both precision physics and Heavy New Physics

Standard Model Effective Field Theory (SMEFT)

Direct search (Bumps)
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Spurious New Physics
<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 New Physics
<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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Fit metrics
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Fit metrics
<latexit sha1_base64="ZlpgAcu/97/JV+/16pikvPBzakQ="></latexit>

n� =
�2 � 1

��2

Baseline: SM pseudodata

Absorbed

Flagged
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BSM scenarios
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Ratio observables
Ratio of WW and DY:

prediction has suppressed 
dependence on PDF

NP is there… but where?

Observable which is independent of PDFs


