
INTERPLAY OF GLOBAL PDF AND SMEFT FITS
MARIA UBIALI 
UNIVERSITY OF CAMBRIDGE

   GGI INSTITUTE - FLORENCE                                                                                                                                             10TH OCTOBER 2023



GLOBAL INTERPRETATION OF LHC DATA
Extremely precise LHC data & advances in 
statistical techniques allow to extract SM 
(and BSM) parameters to a great level of 
precision, for example: 

• ⍺s(Mz)  
• Mw 
• Parton Distribution Functions 
• SMEFT Wilson coefficients 
• …

While huge progress made in determining each of these key ingredients of theoretical 
predictions from the data, not yet evident how to combine all these partial fits into a 
global interpretation of the LHC data. Simultaneous fits are pivotal step in this direction.

ATLAS summary plots, February 2022
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• Introduction: 

➡ PDF and SMEFT fits: time to study their interplay 

• Simultaneous fits of PDFs and SMEFT Wilson coefficients 
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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>

Collinear factorisation: separate long-distance universal information on proton structure in terms of 
quarks and gluons (partons) from short-distance parton interaction (hard scattering)



PARTON DISTRIBUTION FUNCTIONS

PDG 2016

Hadronic scale: 
global fit of PDFs

High scale: 
input to the LHCpQCD

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)
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Data
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EXTRACTING PARAMETERS FROM DATA
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Ti({✓}, {c}) = PDFs({✓}, {c})⌦ �̂i({c})

<latexit sha1_base64="qSf+fY/Q+Br50rlOKRP20M54NRQ="></latexit>

Parameters determining PDFs at initial scale

(B)SM parameters: 𝜶s(Mz), Mw, 𝜃w ,SMEFT WCs……

�2 =
1

Ndat

NdatX

i=1

(Ti({✓}, {c})�Di) cov
�1
ij (Tj({✓}, {c})�Dj)

<latexit sha1_base64="rijAlY7OULXi8vocI/NgB2RU81s="></latexit>



EXTRACTING PARAMETERS FROM DATA
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Ti({✓}, {c}) = PDFs({✓}, {c})⌦ �̂i({c})

<latexit sha1_base64="qSf+fY/Q+Br50rlOKRP20M54NRQ="></latexit>

✓ In a PDF fit typically 

Parameters determining PDFs at initial scale

(B)SM parameters: 𝜶s(Mz), Mw, 𝜃w ,SMEFT WCs……

Ti({✓}) = PDFs({✓}, {c = 0})⌦ �̂i({c = 0})

<latexit sha1_base64="E8i298gVaqHmYzenszIDloADglQ="></latexit>

�2 =
1

Ndat

NdatX

i=1

(Ti({✓}, {c})�Di) cov
�1
ij (Tj({✓}, {c})�Dj)

<latexit sha1_base64="rijAlY7OULXi8vocI/NgB2RU81s="></latexit>



EXTRACTING PARAMETERS FROM DATA
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Ti({✓}, {c}) = PDFs({✓}, {c})⌦ �̂i({c})

<latexit sha1_base64="qSf+fY/Q+Br50rlOKRP20M54NRQ="></latexit>

✓ In a PDF fit typically 

Parameters determining PDFs at initial scale

(B)SM parameters: 𝜶s(Mz), Mw, 𝜃w ,SMEFT WCs……

✓ In a fit of SMEFT Wilson Coefficients

Ti({c}) = PDFs({✓ = ✓̄}, {c = 0})⌦ �̂i({c})

<latexit sha1_base64="thq4AKNL07dfoWQU53VHNU/ICno="></latexit>

Ti({✓}) = PDFs({✓}, {c = 0})⌦ �̂i({c = 0})

<latexit sha1_base64="E8i298gVaqHmYzenszIDloADglQ="></latexit>

�2 =
1

Ndat

NdatX

i=1

(Ti({✓}, {c})�Di) cov
�1
ij (Tj({✓}, {c})�Dj)

<latexit sha1_base64="rijAlY7OULXi8vocI/NgB2RU81s="></latexit>



➡  Top pair production and single top 
data included in SMEFT analysis 
[Hartland et al 1901.05965] [Ellis et al 2012.02779]  

➡ Dijets data  in [Bordone et al 2103.10332] 

[Alioli et al 1706.03068 ] 
➡ Drell-Yan data in [Farina et al 1609.08157, 

Torre et al 2008.12978]  
➡ Jets and dijets [Alte et al 1711.07484] 
➡ Overlap enhanced in HL-LHC 

projections [Abdul Khalek et al1810.03639]

4/22

PDF AND SMEFT INTERPLAY

Abdul Khalek et al,1810.03639Ball et al, arXiv:2109.02653



PDF AND SMEFT INTERPLAY
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• PDFs are low-scale quantities extracted from experimental data at all scales, without considering 
any potential high-scale contamination due to new physics.  

• (SM)EFT fits are performed by assuming a priori that PDFs are SM-like.  

• In principle low-scale physics is separable from high-scale physics, BUT the complexity of LHC 
environment might well intertwine them. 

Ball et al, arXiv:2109.02653 Ethier et al, arXiv: 2105.00006 

MU (PI) M. Madigan, L. Mantani,  
J. Moore (postdocs), M. Morales 

Alvarado, E. Hammou, M. 
Costantini (PhD students)



A FEW COMPELLING QUESTIONS
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• From the point of view of PDF fits: 

➡  How to make sure that new physics effects are not inadvertently fitted away in a PDF fit? 

• From the point of view of SMEFT fits: 

➡  Should I make sure I am using a clean set of PDFs in a SMEFT analysis? How to define it? Is it 
enough?  

➡  How would the bounds change if I was consistently using PDFs that include in the fit the same 
operators that I am fitting? 

d�pp!ab =
X

i,j

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

Simultaneous fits 
can shed light on 
their interplay

LSMEFT = LSM +
X

i

ci
⇤2

O
(6)
i + · · ·

<latexit sha1_base64="kLQLIDAjzG0CR/ZvLfcEyqJ1phc="></latexit>

f({✓k})

<latexit sha1_base64="aS09ZfJVGkZ5JAErYTt8FO1pswo=">AAAB+HicbVBNS8NAEN34WetHox69LBahXkoiFT0WvXisYD+gCWGz3bRLN5uwOxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwDY7zba2tb2xubZd2yrt7+wcV+/Coo5NMUdamiUhULySaCS5ZGzgI1ksVI3EoWDcc38787iNTmifyASYp82MylDzilICRArsS1bzcgxEDEoy96XlgV526MwdeJW5BqqhAK7C/vEFCs5hJoIJo3XedFPycKOBUsGnZyzRLCR2TIesbKknMtJ/PD5/iM6MMcJQoUxLwXP09kZNY60kcms6YwEgvezPxP6+fQXTt51ymGTBJF4uiTGBI8CwFPOCKURATQwhV3NyK6YgoQsFkVTYhuMsvr5LORd1t1C/vG9XmTRFHCZ2gU1RDLrpCTXSHWqiNKMrQM3pFb9aT9WK9Wx+L1jWrmDlGf2B9/gBi+JLs</latexit>

T ({✓k}, {ci})

<latexit sha1_base64="qzqQqWxkMYPOMblhL1z+oL1JaIw=">AAACAHicbVBNS8NAEN34WetX1IMHL8EiVJCSSEWPRS8eK/QLmhA22027dLMJuxOhhFz8K148KOLVn+HNf+O2zUFbHww83pthZl6QcKbAtr+NldW19Y3N0lZ5e2d3b988OOyoOJWEtknMY9kLsKKcCdoGBpz2EklxFHDaDcZ3U7/7SKVisWjBJKFehIeChYxg0JJvHreqbubCiAL2x25+4WbEZ25+7psVu2bPYC0TpyAVVKDpm1/uICZpRAUQjpXqO3YCXoYlMMJpXnZTRRNMxnhI+5oKHFHlZbMHcutMKwMrjKUuAdZM/T2R4UipSRTozgjDSC16U/E/r59CeONlTCQpUEHmi8KUWxBb0zSsAZOUAJ9ogolk+laLjLDEBHRmZR2Cs/jyMulc1px67eqhXmncFnGU0Ak6RVXkoGvUQPeoidqIoBw9o1f0ZjwZL8a78TFvXTGKmSP0B8bnDz67ljE=</latexit>

T



SIMULTANEOUS PDF AND SMEFT FITS



A SCAN-BASED APPROACH: A DIS CASE STUDY
• First study of interplay in case of DIS data  

[Carrazza, Degrande, Iranipour, Rojo, MU, Phys.Rev.Lett. 123 (2019) 13, 132001] 
• Simple scenario, only right-handed 4F operators, lepton flavour blind, quark flavours split to evade strong LEP constraints  
• N PDF fits in N points of 4D operator space, fits based on DIS only data (Q ≲ 200 GeV for HERA data)
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Only gluon affected by the presence of non-zero coefficients, but distortion of PDFs leads to a 
deterioration of data-theory agreement that scales with energy 
=> A fit based on DIS data is only moderately affected by interplay and the effects of new 
physics can be disentangled

⇤ = 1TeV
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• Focus on effect of oblique operators (Y and W) on high-energy 
Drell-Yan invariant-mass tails  
[Greljo, Iranipour, Kassabov, Madigan, Moore, Rojo, MU, Voisey: 2104.02723]  
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A SCAN-BASED APPROACH: A DY CASE STUDY

• Oblique parameters encapsulate effect of universal new physics 
• Linear combinations of four-fermion operators 
• W and Y effect grows with energy 

Ricci, Torre, Wulzer  
arXiv:2008.12978



• Focus on effect of oblique operators (Y and W) on high-energy 
Drell-Yan invariant-mass tails  
[Greljo, Iranipour, Kassabov, Madigan, Moore, Rojo, MU, Voisey: 2104.02723]  

• Scan on BPs in the (Y,W) space  
• Run I & Run II high-mass neutral current DY data: little effect 

SM PDFs SMEFT PDFs / Simultaneous fit

1. Take data, make theoretical predictions accounting for 
operator in partonic cross section with fixed SM PDFs.  

2. Compute chi2 as a function of WCs (Wilson Coefficients) 
3. Minimise chi2 and find best-fit and C.L.s of WCs 
4. Extract bounds

1. Take data, make theoretical predictions accounting for 
operator in partonic cross section and PDFs.  

2. Compute chi2 as a function of WCs (Wilson Coefficients) 
3. Minimise chi2 and find best-fit and C.L.s of WCs 
4. Extract bounds

8/22

A SCAN-BASED APPROACH: A DY CASE STUDY



• Compare Wilson coefficients bounds from HL-LHC projections including neutral and charged current Drell-
Yan data to the bounds on the same Wilson coefficients obtained from a simultaneous fit of PDFs and 
Wilson coefficients 

• Not accounting for interplay (using PDFs as a black box) leads to over-constrained bounds  
‣
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A SCAN-BASED APPROACH: A DY CASE STUDY

Greljo, Iranipour, Kassabov, Madigan, Moore, Rojo, MU, Voisey: 2104.02723



• Compare Wilson coefficients bounds from HL-LHC projections including neutral and charged current Drell-
Yan data to the bounds on the same Wilson coefficients obtained from a simultaneous fit of PDFs and 
Wilson coefficients 

• Not accounting for interplay (using PDFs as a black box) leads to over-constrained bounds  
‣
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A SCAN-BASED APPROACH: A DY CASE STUDY

Scan in the SMEFT space 
limited to few WCs

Greljo, Iranipour, Kassabov, Madigan, Moore, Rojo, MU, Voisey: 2104.02723



10/22SIMUNET: A DEEP-LEARNING BASED SIMULTANEOUS FIT

S. Iranipour,  MU - arXiv: 2201.07240

‣ The idea: take a PDF fit based on NNPDF4.0 
methodology and make dependence of 
observables on physics parameters {ci} explicit 
before computing the loss function (e.g. 
adding SMEFT corrections, or expanding 
observables in terms of SM precision 
parameters) 

‣ Perform minimisation of loss function over  

    by adding new layer to the deep neural    
network used in NNPDF4.0 

‣ Can expand dependence on ci beyond linear 
terms in T (up to generic power in polynomial 
expansion) by adding non-trainable edges   

‣ Can be done both for SM parameters and 
SMEFT coefficients.

Σ({ci}) are pre-computed  
tables for fast interface  
accounting for PDF  
evolution and part. xsec



THE SIMUNET ANALYSIS

S. Iranipour,  MU - arXiv: 2201.07240S. Iranipour,  MU - arXiv: 2201.07240

Linear dim-6 operator

Quadratic dim-6 operator

• SimuNET yields a truly simultaneous fit, rather than a scan in benchmark point in WC space and it does not have 
limit in number of parameters that can be fitted alongside PDFs at the initial scale!

11/22



RESULTS: DRELL-YAN DATA @HL-LHC

✓ Simultaneous analysis of PDFs and W&Y SMEFT coefficient of DIS + DY (including HL-LHC projections) using 
simuNET method shows that at HL-LHC the effect of interplay becomes important as WCs bounds broaden and PDF 
uncertainties change significantly once SMEFT effects allowed in theory predictions entering PDF fit

S. Iranipour,  MU - arXiv: 2201.07240

12/22

x 2.3 broadening of bounds for W 
x 1.3 broadening of bounds for Y



RESULTS: DRELL-YAN DATA @HL-LHC
S. Iranipour,  MU - arXiv: 2201.07240
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✓ Simultaneous analysis of PDFs and W&Y SMEFT coefficient of DIS + DY (including HL-LHC projections) using 
simuNET method shows that at HL-LHC the effect of interplay becomes important as WCs bounds broaden and PDF 
uncertainties change significantly once SMEFT effects allowed in theory predictions entering PDF fit
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THE TOP SECTOR

Z. Kassabov, M. Madigan, L. Mantani, J. Moore, M. Morales, J. Rojo, MU  - arXiv: 2303.06159

• After testing methodology on small number of WC, stress-test on large SMEFT parameters space. 
• Huge amount of Run II top quark data from ATLAS and CMS  
• Four basic processes: inclusive tt~ and asymmetry (inclusive and differential), single top (inclusive and 
differential), associated ttV production, associated single top production 

25 (21) dim-6 
operators at the 
quadratic (linear) 

SMEFT
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PDF-ONLY FIT
78 new datapoints 
in the top sector as 

compared to 
NNPDF4.0

Z. Kassabov, M. Madigan, L. Mantani, J. Moore, M. Morales, J. Rojo, MU  - arXiv: 2303.06159
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SMEFT-ONLY FIT
Linear SMEFT

Z. Kassabov, M. Madigan, L. Mantani, J. Moore, M. Morales, J. Rojo, MU  - arXiv: 2303.06159
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Quadratic SMEFT

SMEFT-ONLY FIT
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SMEFT AND PDF CORRELATIONS
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SIMULTANEOUS PDF-SMEFT FIT 
Linear SMEFT

Simultaneous PDF fit nicely 
sits between PDF only fit  

w/out top and with top data 
with larger uncertainty
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SIMULTANEOUS PDF-SMEFT FIT 
Linear SMEFTWCs stable upon PDF 

variations



Top sectorDY sector



CAN PDFS ABSORB NEW PHYSICS?



CAN PDFS ABSORB NEW PHYSICS? 19/22

✓ NNPDF methodology routinely tested via closure test (in the data region) [Del Debbio, Giani, Wilson, 2111.05787] and 
future test (in the extrapolation region) [Cruz-Martinez, Forte, Nocera, 2103.08606]. 
✓ Closure tests assess methodology robustness and efficiency & faithfulness of uncertainty estimate. 
✓ Input the “true” PDFs, generate MC data according to the “truth” with exp. uncertainty and check if what you get 
out of the fit corresponds to the truth



CAN PDFS ABSORB NEW PHYSICS? 19/22

✓ NNPDF methodology routinely tested via closure test (in the data region) [Del Debbio, Giani, Wilson, 2111.05787] and 
future test (in the extrapolation region) [Cruz-Martinez, Forte, Nocera, 2103.08606]. 
✓ Closure tests assess methodology robustness and efficiency & faithfulness of uncertainty estimate. 
✓ Input the “true” PDFs, generate MC data according to the “truth” with exp. uncertainty and check if what you get 
out of the fit corresponds to the truth

• Imagine that on top of the “true” PDFs one 
inject the “true” UV model in the MC data  

• Generate artificial MC data assuming “true” 
law of nature =  
“true” PDFs + “true” UV model  

• Fit PDFs assuming SM 
• Can PDFs absorb signs of new physics?

E. Hammou, Z. Kassabov, M. Madigan,  
M. Mangano, L. Mantani, J. Moore, M. Morales, MU 

2307.10370
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• Imagine that on top of the “true” PDFs one 
inject the “true” UV model in the MC data  

• Generate artificial MC data assuming “true” 
law of nature =  
“true” PDFs + “true” UV model  

• Fit PDFs assuming SM 
• Can PDFs absorb signs of new physics?

A Z’ AND W’ TEST-CASE

E. Hammou, Z. Kassabov, M. Madigan,  
M. Mangano, L. Mantani, J. Moore, M. Morales, MU 

2307.10370
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•The fit-quality of the closure test is 
unchanged up to W= 8e-5 
(corresponding to Mw’ = 13.8 TeV) 

•Once we go beyond this point ,the 
fit-quality deteriorates due to the 
HL-LHC neutral current and 
charged current Drell-Yan MC data. 

•Already for W= 8e-5 the qq~ 
luminosity shifts far beyond the 
PDF uncertainties because anti-
quark PDFs at large-x compensate 
or “fit away” the effect of New 
Physics and we would not know in 
a real fit. 

•What are the consequences of 
such contamination?

THE W’ TEST-CASE
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Consequence #1:  
Would not see indirect effect of new 
physics as we would find  bound for 
What in [-3e-5,3e-5] missing its true 

8e-5 value

95% C. L.
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Consequence #2:  
Would see New Physics effects where 

there are none (for example in WW)
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•  PDF independent observable ratios 
would shed some light 

•  There are several soft indicators  that 
there is something wrong with the PDFs 
but none conclusive 

•  Need more accurate low-energy/large-
x constraining measurements to really 
disentangle such effects 

•  Strong motivation for SeaQuest, EIC 
precision data, FASERnu… for example

HOW TO AVOID NEW PHYSICS CONTAMINATION?

Alekhin et al, 2306.01918 
Cruz-Martinez et al, 2309.09581 
 



THANK YOU FOR YOUR ATTENTION!

• Interplay between indirect new physics searches via (SM)EFT fits and PDFs is non negligible and it is going to 
be more and more relevant as we move to the High-Luminosity LHC phase 

• Simultaneous fits 
➡  Scan in SMEFT space helps assessing PDF and SMEFT interplay but limited as one includes more than a few 

operators A. Greljo et al,2201.07240 - see also approach by J. Gao et al, 2211.01094 

➡General simuNET methodology for simultaneous fits linear SMEFT + PDFs for an arbitrary number of SMEFT 
operators has been developed S. Iranipour et al,2201.07240  

➡Code will be soon public and EWPO+Higgs will be included 
➡  Effect of simultaneous fits on PDFs and SMEFT depends on the sector 
➡  Top: shift and larger uncertainty in PDFs, unchanged bounds Kassabov et al, 2303.06159 
➡  Drell-Yan: unshifted PDFs and large uncertainties, broader bounds S. Iranipour et al,2201.07240 
➡  Quadratic corrections: beyond MC sampling Kassabov et al, 2303.06159 

• Can PDF absorb new physics?  
➡ Identified a UV scenario such that the high-mass HL-LHC invariant mass can absorb. 
➡ Important to disentangle large-x from high-energy / low-energy (SeaQuest, JLAB, EIC, FASERnu…) 
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CONCLUSIONS AND OUTLOOK



EXTRA MATERIAL
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THE TOP SECTOR
25 (21) dim-6 operators at the 

quadratic (linear) SMEFT



• We performed a similar analysis as in Torre et al, now with emphasis 
on PDF and their interplay with bounds on oblique operators  
[Greljo, Iranipour, Kassabov, Madigan, Moore, Rojo, MU, Voisey: 2104.02723]  

• Methodology for simultaneous fit is similar to the one adopted in  
fits of 𝛂S from a global fit of PDFs

ANALYSIS METHODOLOGY

SM PDFs SMEFT PDFs / Simultaneous fit

Greljo  et al, 2104.02723

1. Take data, make theoretical predictions accounting for 
operator in partonic cross section with fixed SM PDFs.  

2. Compute chi2 as a function of WCs (Wilson Coefficients) 
3. Minimise chi2 and find best-fit and C.L.s of WCs 
4. Extract bounds

1. Take data, make theoretical predictions accounting for 
operator in partonic cross section and PDFs.  

2. Compute chi2 as a function of WCs (Wilson Coefficients) 
3. Minimise chi2 and find best-fit and C.L.s of WCs 
4. Extract bounds

T = f1(Ŵ )⌦ f2(Ŵ )⌦ �̂(Ŵ )
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INTERPLAY @ RUN I AND RUN II

• With current data, PDFs are moderately affected by inclusion of 
non-zero W and Y coefficients in the fit, mostly quark-antiquark 
luminosity within uncertainties 

• Broadening of individual bounds on W and Y once SMEFT PDFs 
are used (i.e. PDFs that have been fitted with consistent values of 
W and Y) is not negligible, but still within PDF uncertainties 

• If SMEFT PDFs are used in determining bounds from ATLAS 
search same mild broadening (larger than PDF uncertainties)
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RESULTS: DRELL-YAN DATA @HL-LHC
• Add HL-LHC projections for both NC and CC in PDF fit 

+ muon channel

Abdul-Khalek  et al, 1810.03639
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• Compare Wilson coefficients bounds from HL-LHC projections assuming SM PDFs (that include NC+CC data) to 
the bounds on the same Wilson coefficients obtained from a simultaneous fit of PDFs and Wilson coefficients 

• Not accounting for interplay (using PDFs as a black box) leads to over-constrained bounds  
• PDFs do absorb effect of new physics in this case! 

INTERPLAY @ HL-LHC

Greljo et al, 2104.02723

PDF set with all data in
“Conservative” PDF 

set without any high-
mass DY data

Simultaneous PDF 
and SMEFT fit

All error bands include PDF 
uncertainties
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• Compare Wilson coefficients bounds from HL-LHC projections assuming SM PDFs (that include NC+CC data) to 
the bounds on the same Wilson coefficients obtained from a simultaneous fit of PDFs and Wilson coefficients 

• Not accounting for interplay (using PDFs as a black box) leads to over-constrained bounds  
• PDFs do absorb effect of new physics in this case! 

INTERPLAY @ HL-LHC

Greljo et al, 2104.02723
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RESULTS: DRELL-YAN DATA @HL-LHC

✓ Simultaneous analysis of PDFs and W&Y SMEFT coefficient of DIS + DY (including HL-LHC projections) using 
simuNET method shows that at HL-LHC the effect of interplay becomes important as WCs bounds broaden and PDFs 
change significantly once SMEFT effects allowed in theory predictions entering PDF fit 
✓ Stress-tested and shown robustness with closure tests 

S. Iranipour,  MU - arXiv: 2201.07240

True value of (W,Y) . 105 = (-10,10)

True PDFs = MMHT2020



THE TOP SECTOR
• We extend previous analysis to 20 operators in the top sector, including all available unfolded top data that 

constrain PDFs and/or SMEFT operators: tt~ inclusive and differential/double-differential cross sections at 5, 7, 8 
and 13 TeV,  tt~ asymmetries at 8 an 13 TeV, W-helicity fractions at 8 and 13 TeV, tt~V associated production at 8 
TeV and 13 TeV, tt~tt~ and tb~tb~ production total cross sections, single top t-channel and s-channel production 
and associated single top and vector boson production.  

•  Improved simuNET algorithm allows to include both PDF dependent and independent measurements. 

•  Strategy (Z. Kassabov, M. Madigan, L. Mantani, J. Moore, M. Morales, J. Rojo, MU) :  
➡ Add all available top-sector data  

and assess impact on PDFs 
➡ Add all available top-sector data  

and fit SMEFT coefficients 
➡ Add all available top-sector data  

in simultaneous fit of PDFs and  
SMEFT to assess interplay and correlations 

➡ Verify results via closure tests 

• Note that this is different from analysis by J. Gao et al both in terms of approach (individual vs marginalised, scan 
versus fit) and in number of operators (4 versus 20) and datasets & interesting to compare. 

J. Gao et al, 2211.01094



✓ PDF fitting example of inverse problem: aim to find a posterior probability of f given the data D.    

✓ Parametrization of PDFs: finite-dimensional problem. 

✓ The posterior probability for the parametrization depends on both the figure of merit that maximises the data 
likelihood given the parameters and on prior probability H.

PRIOR PROBABILITY IN PDF FITS

f(x) ⇡ f̃(x, ✓) 2 F
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Prior: functional form, integrability, 
positivity, sum rules, behaviour at small-x 
and large-x…
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Ball et al, arXiv:0912.2276

p(f |D) / p(D|f) p(f)
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A RECENT PDF FIT: NNPDF4.0
• NNPDF4.0: most recent global PDF set from NNPDF based on very 

large set of data from LHC: O(5000) data points. 
• New methodology based on hyper-parameter optimisation validated 

by closure tests and future tests. [Ball et al, arXiv:2109.02653] 

• Open-source code [Ball et al. arXiv:2109.02671] 

• Parton luminosity uncertainties down to 1-2% in many regions 



A RECENT PDF FIT: NNPDF4.0
• NNPDF4.0: most recent global PDF set from NNPDF based on very 

large set of data from LHC Run I: O(5000) data points. 
• New methodology based on hyper-parameter optimisation validated 

by closure tests and future tests. [Ball et al, arXiv:2109.02653] 

• Open-source code [Ball et al, arXiv:2109.02671] 

• Parton luminosity uncertainties down to 1-2% in many regions. 
• At such level of precision crucial to account for all th. uncertainties, 

starting from missing higher order uncertainty.  
[Abdul Khalek et al, arXiv:1906.10698]



RESULTS: DRELL-YAN DATA @RUN1 AND RUN2
✓ Simultaneous analysis confirms results 
of previous study based on scan on 
benchmark points in the SMEFT space: 
with current data effect is not-negligible 
but small compared to PDF uncertainties 

✓ Methodology able to find flat direction 
in W-Y parameter space 

✓ To eliminate it, need Drell-Yan charged 
current data



PDFS AND 𝛂S

Ball, Carrazza, Del Debbio, Forte, Kassabov, Rojo, Slade, MU 1802.03398

➡ Early determinations involve a scan over 𝛼s and ignored 
PDF and 𝛼s correlation in the fit 
➡ Recent simultaneous determination of PDF and 𝛼s using 
correlated replica method  
➡ Many determination of 𝛼s from analyses of specific LHC 
processes have been published recently ( from tt~, Z and 
W production, jets)  
➡ How reliable are such partial determination of 𝛼s ?

Ball et al, 1110.2483

➡ PDFs and 𝛼s strongly correlated (PDF evolution with the 
scale and hard cross sections) 
➡ Cleanest determinations of 𝛼s from processes that do not 
require knowledge of the PDFs  
➡ A determination of 𝛼s jointly with the PDFs has advantage 
that it is driven by the combination of many experimental 
measurements from several different processes.



‣ Given the strong correlation between 
PDFs of the proton and 𝛂s, a non 
simultaneous determination of 𝛂s 
along with the PDFs from LHC 
processes might yield misleading 
results

SIMULTANEOUS FITS FOR SM PARAMETERS

‣ Correlation of PDFs and the EW 
parameters or mt weaker than in the case 
of 𝛂s, but the very high accuracy which is 
sought suggests that the effect of 
simultaneous determination is not 
negligible  

‣ Similar considerations for fits of polarised/
unpolarised PDFs, proton/nuclear PDFs or 
PDFs and FFs (universal fits)

Forte, Kassabov 2001.04986

Alekhin, Moch, Their 1608.05212

1806.01176

H1 collaboration 1806.01176



Quadratic SMEFT 

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





P(c) uniform prior, P(d|c) Gaussian

Highest density intervals to compute 100 * 𝛂 % C. L.

Bayesian

MC

Spike

tlin >> tquad => tmin → -∞ then the posterior agree, else they do not 


