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Disentangling PDFs and SMEFT in global fits
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Talk overview

1. Background of SMEFT and PDFs


2. Risk assessment: absorbing signs of new physics in PDFs


3. Solution 1: Bridging “blind spot” in dataset


4. Solution 2: Simultaneous fit of PDFs and SMEFT


5. Conclusions and future prospects
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Background on SMEFT and PDFs
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Physics beyond the Standard Model?
Limits and unsolved puzzles: motivation for new physics

Motivation for BSM physics:


- Dark matter


- Matter/anti-matter asymmetry


- Flavour structure and anomalies


- CP problem


- Hierarchy problem…
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Extension of the Lagrangian:


- New gauge symmetry?


- Right-handed neutrino?


- More Higgs?


- SUSY?


- ALPs?…

A lot of possible 
models

A fair amount of 
questions



New physics searches
Looking toward higher energy scales and indirect searches
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No luck so far…

<latexit sha1_base64="wBetLluiDeviDTOD8looawK3Gqc=">AAACHnicbZDLSsNAFIYnXmu9VV3qIlgEN5ZERF0W3bizgr1AE8rJdNIOnZmEmYlQQzY+iUu3+hDuxK0+gy/hpO3Ctv4w8PGfczhn/iBmVGnH+bYWFpeWV1YLa8X1jc2t7dLObkNFicSkjiMWyVYAijAqSF1TzUgrlgR4wEgzGFzn9eYDkYpG4l4PY+Jz6AkaUgzaWJ3SgRdKwGnXU7THITPAQfcxsPQ2yzqlslNxRrLnwZ1AGU1U65R+vG6EE06ExgyUartOrP0UpKaYkazoJYrEgAfQI22DAjhRfjr6RWYfGadrh5E0T2h75P6dSIErNeSB6cxvVLO13Pyv1k50eOmnVMSJJgKPF4UJs3Vk55HYXSoJ1mxoALCk5lYb98HEok1wU1s0HTyehGQoOIg8HXc2i3lonFbc84pzd1auXk1yKqB9dIiOkYsuUBXdoBqqI4ye0At6RW/Ws/VufVif49YFazKzh6Zkff0CxGKkQg==</latexit>

d�

dO

<latexit sha1_base64="KX7G9HFMGGNcdJiWgzTs7a37fIo=">AAACC3icbVDLSgMxFM34rPVVdekmWAQ3lhkRdVl0484K9gHToWTSTBuax5BkhHHoJ7h0qx/hTtz6EX6DP2GmnYVtPRA4nHMv9+SEMaPauO63s7S8srq2Xtoob25t7+xW9vZbWiYKkyaWTKpOiDRhVJCmoYaRTqwI4iEj7XB0k/vtR6I0leLBpDEJOBoIGlGMjJX8LkdmiBHL7sa9StWtuRPAReIVpAoKNHqVn25f4oQTYTBDWvueG5sgQ8pQzMi43E00iREeoQHxLRWIEx1kk8hjeGyVPoyksk8YOFH/bmSIa53y0E7mEfW8l4v/eX5ioqsgoyJODBF4eihKGDQS5v+HfaoINiy1BGFFbVaIh0ghbGxLM1cMHT2dRiQVHIm8HW++i0XSOqt5FzX3/rxavy56KoFDcAROgAcuQR3cggZoAgwkeAGv4M15dt6dD+dzOrrkFDsHYAbO1y/RkJxK</latexit>

O

SM

NP

Direct searches
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Indirect searches

ENP < Ecollider ENP > Ecollider

Requires precision

Looking for a small

deviation

Looking for a bump



Indirect searches and Effective Field Theories

•Dim 6 EFT operators with SM fields:


•Wilson coefficients fittable from data:


ℒSMEFT = ℒSM + ∑
i

ci

Λ2
𝒪(6)

i + . . .
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Integrate heavy fields out:

UV Model EFT Model
Λ (Heavy)

[10.1007/s10773-021-04723-1] 

Obtain model independent Lagrangian:

ℒUV = ℒSM + ℒHeavy

𝒪(6)
i
ci

Λ2

The Standard Model EFT (SMEFT)



The SMEFT
Dimension-6 operators
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2499 operators

[Grzadkowski et al, arXiv:1008.4884] 

Reduced with symmetry assumptions: 

‣ e.g. baryon number conservation : 
59 operators 

Presented in the Warsaw basis

CorrectionsOperator basis

ℒSMEFT = ℒSM + ∑
i

ci

Λ2
𝒪(6)

i

σSMEFT = σSM + ∑
i

ci

Λ2
|𝒜SM𝒜𝒪i | + ∑

i, j

cicj

Λ4
|𝒜𝒪i𝒜𝒪j |

Linear
Quadratic

𝒪 ( ci

Λ2 ) 𝒪 ( cicj

Λ4 )



SMEFT fit from data

8

 Can fit :


➡ can then be matched to a UV model

{
ci

Λ2
}

[SMEFiT, 2302.06660]



Hadron colliders and PDFs
Collinear factorization theorem
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Parton  
Distribution  

Functions 

Hard 
Scattering: 
Perturbative  
QCD + EW 

d�pp!ab =
X

i,j

fi ⌦ fj ⌦ d�̂ij!ab + ...
<latexit sha1_base64="oxyZj3/UrG0al+1Hz47FI59rqgU="></latexit>

SMEFT corrections



PDFs overview

PDFs in a nutshell:


•  describe proton in terms of partonic content


• 


• Q dependance: DGLAP equation


•  dependance: non-perturbative QCD


➡ Fitted from data

f(x, Q)

x

[Ball et al., NNPDF4.0, 2109.02653]

σ = f1 ⊗ f2 ⊗ ̂σ
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Hadron collider observable:

Using NNPDF methodology



NNPDF fitting methodology
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Bjorken-x

(Momentum fraction)

fi(x, Q = Q̄)

̂σij
SM

fi ⊗ fj

σSM = fi ⊗ fj ⊗ ̂σij
SM

( : fixed scale)Q̄



NNPDF dataset

[Ball et al., NNPDF4.0, 2109.02653] 12

Evolution of the dataset through time:


• Moved toward higher energies


• 30% is LHC data


• More to come with HL-LHC runwith Time



Discrepancy between low and high-energy data fits
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ℒgg = fg ⊗ fg

Impact of energy cut

Qmax = 180 GeV

Kinematic coverage



Absorbing signs of new physics in the PDFs
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[PBSP, 2307.10370, JHEP]

Risk assessment



Risk of absorbing new physics in PDFs?
Methodology for risk assessment

Perform a “Contamination test”:

1. Choose a BSM model


2. Produce BSM pseudodata


3. Fit PDFs from pseudodata assuming 
SM


4. Compare results with baseline PDFs 
(no BSM physics)
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[PBSP, 2307.10370]

Contamination criteria:


• Incompatible with baseline


• Fit quality does not deteriorate

PDF contamination: 

➡ PDFs have absorbed new 
physics signals

χ2 = (Dat − Th)⊤ ⋅ Σ−1
cov ⋅ (Dat − Th)



From UV to the SMEFT
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New physics scenarios: W′￼

ℒW′￼

UV = ℒSM −
1
4

W′￼a
μνW′￼a,μν +

1
2

M2
W′￼

W′￼a
μ W′￼a,μ − gW′￼

W′￼a,μ ∑
fL

f̄LTaγμ fL − gW′￼
(W′￼

a,μφ†TaiDμφ + h.c.)

Heavy triplet under SU(2)L : W′￼

➡ Creates two charged particles:   /  and a neutral one: W′￼+ W′￼− W′￼

3

Matching to the SMEFT:

ℒW′￼

SMEFT = ℒSM −
g2

W′￼

2M2
W′￼

Ja,μ
L Ja

L,μ
Ja,μ

L = ∑
fL

f̄LTaγμ fL

ℒW′￼

SMEFT = ℒSM −
g2Ŵ
2m2

W
Ja,μ

L Ja
L,μ Ŵ =

g2
W′￼

g2

m2
W

M2
W′￼

∝
c

Λ2
New physics parameter



Impact on HL-LHC HMDY projections: W′￼
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Neutral current HMDYCharged current HMDY

MW′￼
= 13.8 TeV



From UV to the SMEFT
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New physics scenarios: Z′￼

ℒZ′￼

UV = ℒSM −
1
4

Z′￼μνZ′￼
μν +

1
2

M2
Z′￼

Z′￼μZ′￼
μ − gZ′￼

Z′￼μ ∑
f

Yf f̄γμ f − YφgZ′￼
(Z′￼μφ†iDμφ + h.c.)

Heavy boson charged under U(1)Y : Z′￼

➡ Creates one neutral particle

Matching to the SMEFT:

ℒZ′￼

SMEFT = ℒSM −
g2

W′￼

2M2
W′￼

Ja,μ
Y Ja

Y,μ
Ja,μ

L = ∑
fL

Yf f̄Lγμ fY

ℒZ′￼

SMEFT = ℒSM −
g2 ̂Y
2m2

W
Ja,μ

Y Ja
Y,μ

̂Y =
g2

Z′￼

g2

m2
W

M2
Z′￼

∝
c

Λ2
New physics parameter



Impact on HL-LHC HMDY projections: Z′￼
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Neutral current HMDYCharged current HMDY



PDF fitting: selection test
Do our BSM datasets have a good ?χ2

Z′￼ W′￼

Selection test: Selection test:

➡ Excluded from PDF fit ➡ Included in PDF fit

No impact on PDFs Absorbed by PDFs
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Impact of contamination: the PDFs
Comparison between contaminated and Baseline PDFs
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σobs = ̂σBSM ⊗ ℒSM ≈ ̂σSM ⊗ ℒBSM−biased

Fit quality Impact on PDFs

Threshold
Threshold

MW′￼
= 13.8 TeV



Missing new physics
Impact of the NP absorption in PDFs on SMEFT fits
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SMEFT Fit with true PDF

SM BSM model

SMEFT Fit with BSM PDF

True model excluded!
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PDF contamination: summary
• BSM data in PDF fit:


‣ At best: BSM data flagged and excluded


‣ At worst: BSM signal absorbed by the PDF


• Consequences of PDF contamination:


‣  New physics is hidden (model can be ruled out)


➡ Possible solutions?



Bridging dataset “blindspot”
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[Hammou et Ubiali, 2410.00963, accepted in PRD]

First solution



Synergy of high and low-energy data
Adding low-energy dataset constraining the large-x region

Excessive antiquark PDF flexibility in 
large-x region:


➡ Accommodates real data and 
BSM pseudodata


➡ Allows contamination


Including low-energy large-x data:


• Constraint large-x region


• Safe from BSM effects

25

BSM data flagged



Future low energy observables
Presentation of the future DIS programmes
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Electron Ion Collider Forward Physics Facility

•  projectiles


• proton, deuteron and heavy ions 
targets


• Hosted in Brookhaven


• Planned for 2030s


• Probes large-x, low-energy

e+/e− • “Neutrino Ion collider” at the LHC


•  projectiles from proton beam


• proton, neutron and other nuclear targets


• FASER  and SND@LHC already running


• Proposed expansion for HL-LHC run 
(FASER 2 , AdvSND, FLArE)


• Probes large-x, low-energy


• Constrain large-x antiquarks

ν/ν̄

ν

ν



EIC, FPF and HL-LHC kinematics
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HL-LHC DY (BSM-like)

EIC + FPF DIS (SM-like) 



Impact on the PDF contamination
Flagging the BSM data

28

BSM data

flagged

Pull on PDFs
Impact on fit quality



Recovering the signs of new physics
BSM data versus SM theory predictions
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̂σBSM ⊗ ℒSM ≈ ̂σSM ⊗ ℒBSM−biased

̂σBSM ⊗ ℒSM ≠ ̂σSM ⊗ ℒEIC+FPF BSM deviation

visible

MW′￼
: 13.8 TeV



Not a complete solution:


Smaller deviations can still be 
absorbed


➡ risk at higher BSM mass


Reduction of the “blindspot”:

Shift of the contamination threshold
From the fit quality
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New Threshold

Old Threshold

MW′￼
: 13.8 → 19.5 TeV



Shift of the contamination threshold

31

Neutral current HMDYCharged current HMDY

MW′￼
= 19.5 TeVImpact on the HLHC HMDY measurements 



Shift of the contamination threshold
Impact on PDF luminosities
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Simultaneous fits of PDFs and SMEFT
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Second solution

[PBSP, 2402.03308, Eur.Phys.J.C]

[PBSP, forthcoming]



Simultaneous fit of PDF and new physics
Separate versus simultaneous fits
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Separate fits Simultaneous fits

PDF fit:

SMEFT fit:

T({θ}, {c = 0}) = PDF({θ}) ⊗ ̂σ({c = 0})

T({θ = θ̄}, {c}) = PDF({θ = θ̄}) ⊗ ̂σ({c})

θ̄

c̄

T({θ}, {c}) = PDF({θ}) ⊗ ̂σ({c})

{θ̄, c̄}

Removes assumption-based bias

Assumes SM:

source of bias



Simultaneous fit of PDF and new physics
Presentation of the tool: SIMUnet

SIMUnet:


• Open-source tool:   
github.com/HEP-PBSP/SIMUnet


• Fits PDFs and WC 
simultaneously


• Performs contaminated 
PDF fits
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NNPDF

Extra layer:

SMEFT

[PBSP, 2402.03308]

[Iranipour et Ubiali, 2201.07240]

T({θ}, {c})

http://github.com/HEP-PBSP/SIMUnet


Application to the Drell-Yan sector
Disentangling PDF contamination
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PDF marginal distributionSMEFT marginal distribution

SM BSM model

[PBSP, forthcoming]



PDFs for new physics searches

SMEFT only fit

(True PDF)

SMEFT only fit

(Contaminated PDF)

SMEFT only fit

(Conservative PDF)

Simultaneous fit

(no PDF assumption)

Impossible

Wrong Doable

Doable

Preliminary



Limits of the simultaneous fits
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• Technical limits:


‣ Can only fit linear SMEFT corrections (issue with Monte Carlo replica method)


‣ Working on an alternative bayesian method


• Fundamental limits:


‣  More difficult than PDF fit


‣ Correlation between PDFs and SMEFT?


‣Risk to absorb error as SMEFT signal



Summary and outlook

• Signs of  got fitted away in PDF parametrisation


‣ Missed new physics


‣ Exclude true underlying law


• Bridge the dataset “blind spot”:


‣ Add precise large-x low-energy datasets into fits: FPF + EIC


‣ Pushes the PDF/BSM mixing threshold toward higher energies


• Simultaneous fits of PDFs and SMEFT:


‣ Fitting simultaneously PDF and new physics: SIMUnet tool already available


‣ Ongoing study on real jet data


‣ Developing a bayesian framework

W′￼
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You can contact me at:

eh651@cam.ac.uk 

Thank you for your 
attention!

[Costantini, Moore, Mantani, Schutze, Ubiali, forthcoming (PDF)]

[Greljo, Hammou, Merlotti, Ubiali, forthcoming]

[Hammou, ter Hoeve, Shutze, in progress (SMEFT)]

mailto:eh651@cam.ac.uk


Extra slides
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PARTON DISTRIBUTION FUNCTIONS
Perturbative QCD

fi(x, µ)
<latexit sha1_base64="UoTvaXV9sum6U3SvyTEWy5B3kQ8=">AAAB8XicjVDLSgNBEOz1GeMr6tHLYBAiSNgVQY9BLx4jmAcmS5id9CZDZmaXmVkxhPyFFw+KePVvvPk3Th4HFQULGoqqbrq7olRwY33/w1tYXFpeWc2t5dc3Nre2Czu7dZNkmmGNJSLRzYgaFFxhzXIrsJlqpDIS2IgGlxO/cYfa8ETd2GGKoaQ9xWPOqHXSbdzhpfvjtsyOOoViUPanIH+TIsxR7RTe292EZRKVZYIa0wr81IYjqi1nAsf5dmYwpWxAe9hyVFGJJhxNLx6TQ6d0SZxoV8qSqfp1YkSlMUMZuU5Jbd/89Cbib14rs/F5OOIqzSwqNlsUZ4LYhEzeJ12ukVkxdIQyzd2thPWppsy6kPL/C6F+Ug78cnB9WqxczOPIwT4cQAkCOIMKXEEVasBAwQM8wbNnvEfvxXudtS5485k9+Abv7ROwMJBC</latexit><latexit sha1_base64="UoTvaXV9sum6U3SvyTEWy5B3kQ8=">AAAB8XicjVDLSgNBEOz1GeMr6tHLYBAiSNgVQY9BLx4jmAcmS5id9CZDZmaXmVkxhPyFFw+KePVvvPk3Th4HFQULGoqqbrq7olRwY33/w1tYXFpeWc2t5dc3Nre2Czu7dZNkmmGNJSLRzYgaFFxhzXIrsJlqpDIS2IgGlxO/cYfa8ETd2GGKoaQ9xWPOqHXSbdzhpfvjtsyOOoViUPanIH+TIsxR7RTe292EZRKVZYIa0wr81IYjqi1nAsf5dmYwpWxAe9hyVFGJJhxNLx6TQ6d0SZxoV8qSqfp1YkSlMUMZuU5Jbd/89Cbib14rs/F5OOIqzSwqNlsUZ4LYhEzeJ12ukVkxdIQyzd2thPWppsy6kPL/C6F+Ug78cnB9WqxczOPIwT4cQAkCOIMKXEEVasBAwQM8wbNnvEfvxXudtS5485k9+Abv7ROwMJBC</latexit><latexit sha1_base64="UoTvaXV9sum6U3SvyTEWy5B3kQ8=">AAAB8XicjVDLSgNBEOz1GeMr6tHLYBAiSNgVQY9BLx4jmAcmS5id9CZDZmaXmVkxhPyFFw+KePVvvPk3Th4HFQULGoqqbrq7olRwY33/w1tYXFpeWc2t5dc3Nre2Czu7dZNkmmGNJSLRzYgaFFxhzXIrsJlqpDIS2IgGlxO/cYfa8ETd2GGKoaQ9xWPOqHXSbdzhpfvjtsyOOoViUPanIH+TIsxR7RTe292EZRKVZYIa0wr81IYjqi1nAsf5dmYwpWxAe9hyVFGJJhxNLx6TQ6d0SZxoV8qSqfp1YkSlMUMZuU5Jbd/89Cbib14rs/F5OOIqzSwqNlsUZ4LYhEzeJ12ukVkxdIQyzd2thPWppsy6kPL/C6F+Ug78cnB9WqxczOPIwT4cQAkCOIMKXEEVasBAwQM8wbNnvEfvxXudtS5485k9+Abv7ROwMJBC</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ZNcyra/vK/tyIkadXggFeZrOmtI=">AAAB5nicbZBLSwMxFIXv1FetVatbN8EiVJAy40aXghuXFewD26Fk0kwbmmSG5I5Yhv4LNy4U8Se589+YPhbaeiDwcU5C7j1RKoVF3//2ChubW9s7xd3SXnn/4LByVG7ZJDOMN1kiE9OJqOVSaN5EgZJ3UsOpiiRvR+PbWd5+4saKRD/gJOWhokMtYsEoOusx7ova80VPZef9StWv+3ORdQiWUIWlGv3KV2+QsExxjUxSa7uBn2KYU4OCST4t9TLLU8rGdMi7DjVV3Ib5fOIpOXPOgMSJcUcjmbu/X+RUWTtRkbupKI7sajYz/8u6GcbXYS50miHXbPFRnEmCCZmtTwbCcIZy4oAyI9yshI2ooQxdSSVXQrC68jq0LuuBXw/ufSjCCZxCDQK4ghu4gwY0gYGGF3iDd896r97Hoq6Ct+ztGP7I+/wBdOKO4w==</latexit><latexit sha1_base64="nqL9neK5yGIh+Xi6xXBIud0eLXU=">AAAB5nicjVDLSgNBEOyNrxijRq9eBoMQQcKul3gUvHiMYB6YLGF20psMmZldZmbFsOQvvHhQxE/y5t84eRxUFCxoKKq66e6KUsGN9f0Pr7C2vrG5Vdwu7ZR39/YrB+W2STLNsMUSkehuRA0KrrBluRXYTTVSGQnsRJOrud+5R214om7tNMVQ0pHiMWfUOukuHvDaw1lfZqeDSjWo+wuQv0kVVmgOKu/9YcIyicoyQY3pBX5qw5xqy5nAWamfGUwpm9AR9hxVVKIJ88XFM3LilCGJE+1KWbJQv07kVBozlZHrlNSOzU9vLv7m9TIbX4Q5V2lmUbHlojgTxCZk/j4Zco3MiqkjlGnubiVsTDVl1oVU+l8I7fN64NeDGx+KcATHUIMAGnAJ19CEFjBQ8AjP8OIZ78l7XcZV8Fa5HcI3eG+feSaO5g==</latexit><latexit sha1_base64="pHfhUa5E/rmkAYBee/OPfxT6pq8=">AAAB8XicjVDLSgNBEOyNrxhfUY9eBoMQQcKuFz0GvXiMYB6YhDA7mU2GzMwuM71iWPIXXjwo4tW/8ebfOHkcVBQsaCiquunuChMpLPr+h5dbWl5ZXcuvFzY2t7Z3irt7DRunhvE6i2VsWiG1XArN6yhQ8lZiOFWh5M1wdDn1m3fcWBHrGxwnvKvoQItIMIpOuo16onx/0lHpca9YCir+DORvUoIFar3ie6cfs1RxjUxSa9uBn2A3owYFk3xS6KSWJ5SN6IC3HdVUcdvNZhdPyJFT+iSKjSuNZKZ+nciosnasQtepKA7tT28q/ua1U4zOu5nQSYpcs/miKJUEYzJ9n/SF4Qzl2BHKjHC3EjakhjJ0IRX+F0LjtBL4leDaL1UvFnHk4QAOoQwBnEEVrqAGdWCg4QGe4Nmz3qP34r3OW3PeYmYfvsF7+wSu8JA+</latexit><latexit sha1_base64="UoTvaXV9sum6U3SvyTEWy5B3kQ8=">AAAB8XicjVDLSgNBEOz1GeMr6tHLYBAiSNgVQY9BLx4jmAcmS5id9CZDZmaXmVkxhPyFFw+KePVvvPk3Th4HFQULGoqqbrq7olRwY33/w1tYXFpeWc2t5dc3Nre2Czu7dZNkmmGNJSLRzYgaFFxhzXIrsJlqpDIS2IgGlxO/cYfa8ETd2GGKoaQ9xWPOqHXSbdzhpfvjtsyOOoViUPanIH+TIsxR7RTe292EZRKVZYIa0wr81IYjqi1nAsf5dmYwpWxAe9hyVFGJJhxNLx6TQ6d0SZxoV8qSqfp1YkSlMUMZuU5Jbd/89Cbib14rs/F5OOIqzSwqNlsUZ4LYhEzeJ12ukVkxdIQyzd2thPWppsy6kPL/C6F+Ug78cnB9WqxczOPIwT4cQAkCOIMKXEEVasBAwQM8wbNnvEfvxXudtS5485k9+Abv7ROwMJBC</latexit><latexit sha1_base64="UoTvaXV9sum6U3SvyTEWy5B3kQ8=">AAAB8XicjVDLSgNBEOz1GeMr6tHLYBAiSNgVQY9BLx4jmAcmS5id9CZDZmaXmVkxhPyFFw+KePVvvPk3Th4HFQULGoqqbrq7olRwY33/w1tYXFpeWc2t5dc3Nre2Czu7dZNkmmGNJSLRzYgaFFxhzXIrsJlqpDIS2IgGlxO/cYfa8ETd2GGKoaQ9xWPOqHXSbdzhpfvjtsyOOoViUPanIH+TIsxR7RTe292EZRKVZYIa0wr81IYjqi1nAsf5dmYwpWxAe9hyVFGJJhxNLx6TQ6d0SZxoV8qSqfp1YkSlMUMZuU5Jbd/89Cbib14rs/F5OOIqzSwqNlsUZ4LYhEzeJ12ukVkxdIQyzd2thPWppsy6kPL/C6F+Ug78cnB9WqxczOPIwT4cQAkCOIMKXEEVasBAwQM8wbNnvEfvxXudtS5485k9+Abv7ROwMJBC</latexit><latexit sha1_base64="UoTvaXV9sum6U3SvyTEWy5B3kQ8=">AAAB8XicjVDLSgNBEOz1GeMr6tHLYBAiSNgVQY9BLx4jmAcmS5id9CZDZmaXmVkxhPyFFw+KePVvvPk3Th4HFQULGoqqbrq7olRwY33/w1tYXFpeWc2t5dc3Nre2Czu7dZNkmmGNJSLRzYgaFFxhzXIrsJlqpDIS2IgGlxO/cYfa8ETd2GGKoaQ9xWPOqHXSbdzhpfvjtsyOOoViUPanIH+TIsxR7RTe292EZRKVZYIa0wr81IYjqi1nAsf5dmYwpWxAe9hyVFGJJhxNLx6TQ6d0SZxoV8qSqfp1YkSlMUMZuU5Jbd/89Cbib14rs/F5OOIqzSwqNlsUZ4LYhEzeJ12ukVkxdIQyzd2thPWppsy6kPL/C6F+Ug78cnB9WqxczOPIwT4cQAkCOIMKXEEVasBAwQM8wbNnvEfvxXudtS5485k9+Abv7ROwMJBC</latexit><latexit sha1_base64="UoTvaXV9sum6U3SvyTEWy5B3kQ8=">AAAB8XicjVDLSgNBEOz1GeMr6tHLYBAiSNgVQY9BLx4jmAcmS5id9CZDZmaXmVkxhPyFFw+KePVvvPk3Th4HFQULGoqqbrq7olRwY33/w1tYXFpeWc2t5dc3Nre2Czu7dZNkmmGNJSLRzYgaFFxhzXIrsJlqpDIS2IgGlxO/cYfa8ETd2GGKoaQ9xWPOqHXSbdzhpfvjtsyOOoViUPanIH+TIsxR7RTe292EZRKVZYIa0wr81IYjqi1nAsf5dmYwpWxAe9hyVFGJJhxNLx6TQ6d0SZxoV8qSqfp1YkSlMUMZuU5Jbd/89Cbib14rs/F5OOIqzSwqNlsUZ4LYhEzeJ12ukVkxdIQyzd2thPWppsy6kPL/C6F+Ug78cnB9WqxczOPIwT4cQAkCOIMKXEEVasBAwQM8wbNnvEfvxXudtS5485k9+Abv7ROwMJBC</latexit><latexit sha1_base64="UoTvaXV9sum6U3SvyTEWy5B3kQ8=">AAAB8XicjVDLSgNBEOz1GeMr6tHLYBAiSNgVQY9BLx4jmAcmS5id9CZDZmaXmVkxhPyFFw+KePVvvPk3Th4HFQULGoqqbrq7olRwY33/w1tYXFpeWc2t5dc3Nre2Czu7dZNkmmGNJSLRzYgaFFxhzXIrsJlqpDIS2IgGlxO/cYfa8ETd2GGKoaQ9xWPOqHXSbdzhpfvjtsyOOoViUPanIH+TIsxR7RTe292EZRKVZYIa0wr81IYjqi1nAsf5dmYwpWxAe9hyVFGJJhxNLx6TQ6d0SZxoV8qSqfp1YkSlMUMZuU5Jbd/89Cbib14rs/F5OOIqzSwqNlsUZ4LYhEzeJ12ukVkxdIQyzd2thPWppsy6kPL/C6F+Ug78cnB9WqxczOPIwT4cQAkCOIMKXEEVasBAwQM8wbNnvEfvxXudtS5485k9+Abv7ROwMJBC</latexit><latexit sha1_base64="UoTvaXV9sum6U3SvyTEWy5B3kQ8=">AAAB8XicjVDLSgNBEOz1GeMr6tHLYBAiSNgVQY9BLx4jmAcmS5id9CZDZmaXmVkxhPyFFw+KePVvvPk3Th4HFQULGoqqbrq7olRwY33/w1tYXFpeWc2t5dc3Nre2Czu7dZNkmmGNJSLRzYgaFFxhzXIrsJlqpDIS2IgGlxO/cYfa8ETd2GGKoaQ9xWPOqHXSbdzhpfvjtsyOOoViUPanIH+TIsxR7RTe292EZRKVZYIa0wr81IYjqi1nAsf5dmYwpWxAe9hyVFGJJhxNLx6TQ6d0SZxoV8qSqfp1YkSlMUMZuU5Jbd/89Cbib14rs/F5OOIqzSwqNlsUZ4LYhEzeJ12ukVkxdIQyzd2thPWppsy6kPL/C6F+Ug78cnB9WqxczOPIwT4cQAkCOIMKXEEVasBAwQM8wbNnvEfvxXudtS5485k9+Abv7ROwMJBC</latexit>

fi(x, µ)
<latexit sha1_base64="lU5j/KcQHF6dfAFFaeIfQpG1Nes=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahgpTdKuix6MVjBfuB7VKyabYNTbJLkhXL0n/hxYMiXv033vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTR0litAGiXik2gHWlDNJG4YZTtuxolgEnLaC0c3Ubz1SpVkk7804pr7AA8lCRrCx0kPYY+Wns65ITnvFkltxZ0DLxMtICTLUe8Wvbj8iiaDSEI617nhubPwUK8MIp5NCN9E0xmSEB7RjqcSCaj+dXTxBJ1bpozBStqRBM/X3RIqF1mMR2E6BzVAvelPxP6+TmPDKT5mME0MlmS8KE45MhKbvoz5TlBg+tgQTxeytiAyxwsTYkAo2BG/x5WXSrFa884p7d1GqXWdx5OEIjqEMHlxCDW6hDg0gIOEZXuHN0c6L8+58zFtzTjZzCH/gfP4ArHWQQQ==</latexit>

Dokshitzer - Gribov - Lipatov - Altarelli - Parisi  

DGLAP evolution equation
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• Impressive progress in amplitude computations leading towards solution of DGLAP evolution equations up 
to N3LO in perturbative QCD, plus NLO-coupled QED. Many ingredients made available, some still missing 

➡ 4-loop DGLAP Splitting Functions Pij to evolve PDFs 
non-singlet - large nF limit [NPB 915 (2017) 335; arXiv:2308.07958] 
                    - small-x [JHEP 08 (2022) 135] and large-x [JHEP 10 (2017) 041] limits 
                    - lowest 8 Mellin moments [JHEP 06 (2018) 073] 
singlet         - large nF limit [NPB 915 (2017) 335; arXiv:2308.07958, arXiv:2310.01245] 
                    - small-x [JHEP 06 (2018) 145] and large-x [NPB 832 (2010) 152; JHEP 04 (2020) 018; JHEP 09 (2022) 155] limits 
                    - lowest 5 (10) Mellin moments [PLB 825 (2022) 136853; ibid. 842 (2023) 137944; ibid. 846 (2023) 138215] 

➡ Deep Inelastic Structure Functions (hard scattering coefficient functions for DIS) 
                 - DIS NC (massless) [NPB 492 (1997) 338; PLB 606 (2005) 123; NPB 724 (2005) 3]  
                 - DIS CC (massless) [NPB 813 (2009) 220]  
                 - Massive from param. combining known limits and damping functions [NPB 864 (2012) 399]



New physics scenarios: W′￼

MW′￼
= 10 TeV MW′￼

= 22.5 TeV
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Consideration of different masses



New physics scenarios: Z′￼

MZ′￼
= 14.5 TeV MZ′￼

= 32.5 TeV
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PDF fitting: selection criteria
Exclusion of incompatible datasets (NNPDF criteria)

Two criteria:


• -statistics:


‣                excluded


•  standard deviation:


‣                       excluded

χ2

χ2

ndat
> 1.5

nσ

nσ > 2
nσ =

χ2 − 1
σχ2

χ2 = (D − TSM)T ⋅ V−1
cov ⋅ (D − TSM)
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Constraints from current data

• New physics scenarios 
compared to constraints at 
95% CL

Z′￼

W′￼
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Impact of contamination: fake deviations

SM predictions with:


• Contaminated PDFs (red)


• True PDFs (black)


➡ Fake deviation in other sectors


Also seen in:


WH, WZ, ZH production

pp → W+W− (SM)
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HL-LHC Projections
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List of deviations



SIMUNET: INPUT DATA

Higgs signal strength SMEFT only 

EWPO SMEFT only

Di-boson SMEFT only

+O(4000) data from DIS, DY, jets, di-jets, W and Z production, Z pT - PDF only

Total of ~ 5000 input datapoints, some 
constraining only SMEFT, some only 

PDFs, some both SMEFT & PDFs
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Simultaneous fit of PDF and new physics
SMEFT operators implemented
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• 40 operators implemented


• Observables:


‣  top sector


‣ diboson


‣ Higgs


‣ Drell-Yan


‣ EW Precision Observables



SMEFT PCA results
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BEYOND MONTE CARLO AND NEURAL NETWORKS

• In the quadratic SMEFT fit observed disagreement 
between MC method and Bayesian method. Very 
different posterior (hence different CLs) 

• Study of MC versus Bayesian method based on 
nested sampling for PDF fits and SMEFT fits 
[Costantini, Madigan, Mantani, Moore arXiv:2404.10056] 

• Towards a general Bayesian methodology for 
simultaneous fits [Costantini, Mantani, MU, in progress]
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https://arxiv.org/abs/2404.10056


Study of other sectors (real data)
Closer look at the gg luminosity tension
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Jet sectorTop sector

In progress



Application to the jet sector (real data)
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PDF FitSMEFT Fit

In progress

𝒪8
QLdR

𝒪8
QLuR

4-quark operators

(first two light families)


