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INTRODUCTION



1/19THEORETICAL PREDICTIONS AT THE LHC

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>



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

Data
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PDF FITS

fi({✓k})
<latexit sha1_base64="W3/2Ly1US3V4WM5z04yJ3koISdw=">AAAB+nicjVDLSgNBEJyNrxhfGz16GQxCvISNCnoMevEYwTwguyyzk95kyOyDmV4lrPkULx4U8eqXePNvnDwOKgoWNBRV3XRRQSqFRsf5sApLyyura8X10sbm1vaOXd5t6yRTHFo8kYnqBkyDFDG0UKCEbqqARYGETjC6nPqdW1BaJPENjlPwIjaIRSg4QyP5djn0RdXNXRwCMn/kTo58u1KvOTPQv0mFLND07Xe3n/Asghi5ZFr36k6KXs4UCi5hUnIzDSnjIzaAnqExi0B7+Sz6hB4apU/DRJmJkc7Urxc5i7QeR4HZjBgO9U9vKv7m9TIMz71cxGmGEPP5ozCTFBM67YH2hQKOcmwI40qYrJQPmWIcTVul/5XQPq7VT2rO9WmlcbGoo0j2yQGpkjo5Iw1yRZqkRTi5Iw/kiTxb99aj9WK9zlcL1uJmj3yD9fYJ6vmTxQ==</latexit>

d�pp!ab =
X

i,j

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

Fit PDF 
parameters 
{𝜃k}Assume SM theory predictions

 PDF fits: 
Extract universal parton 
distribution functions from 
data and propagate data 
uncertainty in PDF 
uncertainty

3/19

f({✓k})

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

Ti({✓k})

<latexit sha1_base64="ybiuqKPJQbvZmmkyS5Ra6CLxcbA=">AAAB+nicbVBNS8NAEN34WetXqkcvi0Wol5JIRY9FLx4r9AuaEDbbbbt0swm7E6XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDMvTATX4Djf1tr6xubWdmGnuLu3f3Bol47aOk4VZS0ai1h1Q6KZ4JK1gINg3UQxEoWCdcLx7czvPDCleSybMEmYH5Gh5ANOCRgpsEvNgFe8zIMRAxKMvel5YJedqjMHXiVuTsooRyOwv7x+TNOISaCCaN1znQT8jCjgVLBp0Us1SwgdkyHrGSpJxLSfzU+f4jOj9PEgVqYk4Ln6eyIjkdaTKDSdEYGRXvZm4n9eL4XBtZ9xmaTAJF0sGqQCQ4xnOeA+V4yCmBhCqOLmVkxHRBEKJq2iCcFdfnmVtC+qbq16eV8r12/yOAroBJ2iCnLRFaqjO9RALUTRI3pGr+jNerJerHfrY9G6ZuUzx+gPrM8fzBqTtg==</latexit>

T



SMEFT FITS

d�pp!ab =
X

i,j

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

Assume SM PDFs LSMEFT = LSM +
X

i

ci
⇤2

O
(6)
i + · · ·

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

Fit of Wilson  
Coefficients 
{ck}
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 SMEFT fits:  
Treat the Standard Model 
as the low energy, IR limit 
of some UV complete 
theory and extract bounds 
on Wilson coefficients ci 
from data

Ti({ck})

<latexit sha1_base64="0S7IoJ+FNqxNOSym67qoRt6F7GE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoiFT0WvXis0C9oQthsN+3SzSbsboQS+je8eFDEq3/Gm//GTZuDtj4YeLw3w8y8IOFMadv+tkobm1vbO+Xdyt7+weFR9fikp+JUEtolMY/lIMCKciZoVzPN6SCRFEcBp/1gep/7/ScqFYtFR88S6kV4LFjICNZGcjs+q7sZ8afu/NKv1uyGvQBaJ05BalCg7Ve/3FFM0ogKTThWaujYifYyLDUjnM4rbqpogskUj+nQUIEjqrxscfMcXRhlhMJYmhIaLdTfExmOlJpFgemMsJ6oVS8X//OGqQ5vvYyJJNVUkOWiMOVIxygPAI2YpETzmSGYSGZuRWSCJSbaxFQxITirL6+T3lXDaTauH5u11l0RRxnO4Bzq4MANtOAB2tAFAgk8wyu8Wan1Yr1bH8vWklXMnMIfWJ8/YVWRRA==</latexit>

T



PDF AND SMEFT INTERPLAY
• PDFs are low-scale quantities extracted from experimental data, without considering any potential high-scale 

contamination due to new physics.  
• Model-independent parametrisation of new physics 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 the LHC environment 

might well intertwine them. 

5/19

d�pp!ab =
X

i,j

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

fi({✓k})
<latexit sha1_base64="CNufhbi+Wza/PDEnnFEVwdG6zMY=">AAAB+nicbVBNS8NAEN34WetXqkcvi0Wol5KooMeiF48V7Ac0IWy2m3bpZhN2J0qJ/SlePCji1V/izX/jts1BWx8MPN6bYWZemAquwXG+rZXVtfWNzdJWeXtnd2/frhy0dZIpylo0EYnqhkQzwSVrAQfBuqliJA4F64Sjm6nfeWBK80TewzhlfkwGkkecEjBSYFeigNe83IMhAxKMvMlpYFedujMDXiZuQaqoQDOwv7x+QrOYSaCCaN1znRT8nCjgVLBJ2cs0SwkdkQHrGSpJzLSfz06f4BOj9HGUKFMS8Ez9PZGTWOtxHJrOmMBQL3pT8T+vl0F05edcphkwSeeLokxgSPA0B9znilEQY0MIVdzciumQKELBpFU2IbiLLy+T9lndPa87dxfVxnURRwkdoWNUQy66RA10i5qohSh6RM/oFb1ZT9aL9W59zFtXrGLmEP2B9fkD5pSTwg==</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]  
➡ Inclusive jets in [Alte et al 1711.07484] 
➡ Overlap enhanced in HL-LHC 

projections [Abdul Khalek et al1810.03639]
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PDF AND SMEFT INTERPLAY



A FEW COMPELLING QUESTIONS
7/19

• 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})
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T



CASE-STUDY: DEEP INELASTIC SCATTERING
• 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  
• PDF fits based on DIS only data (Q ≲ 200 GeV for HERA data)
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O
(6)
lu = (l̄R�

µlR)(ūR�
µuR)
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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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HIGH-MASS DRELL-YAN TAILS



W&Y INTERPRETATION OF HIGH-ENERGY DRELL-YAN MEASUREMENTS 
• Case study at higher energy: EW oblique corrections in high-mass NC and 

CC Drell-Yan tails. 
• They parametrise the self-energy of gauge bosons and are powerful probes 

of quark-lepton contact interactions that produce effects that grow with 
energy  [Torre et al, 2008.12978]

Torre et al, 2008.12978

PDF set: PDF4LHC15_nlo_30_pdfas 
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• 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]  

• Settings: 
➡ PDF fit based on DIS (~3000 data points), Drell-Yan on-shell and low-mass 

data from ATLAS, CMS and LHCb (~600 data points)  
➡ + Run I and II ATLAS and CMS high mass NC Drell-Yan data (~300 data 

points) 
➡ SM predictions at NNLO QCD + NLO EW and SMEFT corrections added via 

local K-factors

ANALYSIS SETTINGS 
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• High mass Drell-Yan data have a pull on light 
quark and anti-quark PDFs compared to a fit 
that does not include them 

• PDF uncertainties much reduced as 
compared to DIS-only fit 

• Light quark and antiquark uncertainties 
further reduced by inclusion of high-mass 
Drell-Yan data

INPUT PDFS @ RUN I AND RUN II
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ANALYSIS METHODOLOGY

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

• 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]  

12/19



ANALYSIS METHODOLOGY

SM PDFs SMEFT PDFs / Simultaneous fit

Ball et al, 1110.2483

T = f1(↵s)⌦ f2(↵s)⌦ �̂(↵S)
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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

• 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
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• 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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• Add HL-LHC projections for both NC and CC in PDF fit 

INPUT PDF @ HL-LHC
14/19

+ same for muon channel

Abdul-Khalek  et al, 1810.03639



• Add HL-LHC projections for both NC and CC in PDF fit 

INPUT PDF @ HL-LHC
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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  

INTERPLAY @ HL-LHC

Greljo et al, 2104.02723
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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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• 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! 
• What if we use a clean or “conservative” set of PDFs that does not include any high-mass Drell-Yan data?

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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INTERPLAY @ HL-LHC

Note that HL-LHC projections 
based on pseudo-data. If new 
physics was there, simultaneous 
fits of SMEFT and PDFs could 
point to a different minimum, and 
not only to larger uncertainties!



•  Consider a scenario with a single non-zero WC 
among gauge invariant four-fermion operators built 
from the SM quark and lepton SU(2)L doublets 

•  If the observed deviations in R(K(∗) ) due to new 
physics, generically expect |CDµ33 | ≳ 0.001
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FLAVOUR-SPECIFIC 4-FERMIONS  OPERATORS COUPLING MUONS AND B-QUARKS

• From PDF point of view, new physics only in 
Drell-Yan muon data and PDF constrained by 
Drell-Yan electron data 

• Measurements in separate leptonic final states 
is of utmost importance to test BSM scenarios 
that account for violations of Lepton Flavour 
Universality. 

Greljo et al, 2104.02723



THANK YOU FOR YOUR ATTENTION!

• Time to study the interplay between indirect new physics searches via EFT fits and PDFs  

• Current status: 
➡Comparing results of simultaneous fit and of fits assuming SM PDFs starts shedding some lights on the issue 
➡ Run I and Run II high-energy Drell-Yan data: the effect of the interplay is visible but is still within PDF uncertainties 
➡ Search data: bounds broaden compared to SM PDFs (beyond PDF uncertainties)  
➡HL-LHC: Not accounting for interplay (using PDFs as a black box) leads to over-constrained bounds 
➡HL-LHC: Conservative PDFs still yield stronger bounds than simultaneous fit 

• The way ahead:  
➡ The preferred avenue ahead is to be able to perform simultaneous fits (like for PDFs and 𝛂s)  
➡Current methodology not devised to deal with many operators 
➡More powerful methodology is work in progress 
➡ In parallel a more careful investigation of definition of conservative PDF sets & account for PDF uncertainties 
➡Also, would be important to disentangle large-x from high-energy / low-energy (LHCb) as well as scaling 

behaviour (ratios at different centre of mass energies?)
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CONCLUSIONS AND OUTLOOK
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SIMULTANEOUS FITS

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.



SIMULTANEOUS FITS

These results point towards the need of new generation of global fits, in which all ingredients that enter 
theoretical predictions are treated consistently.  

‣However note that at the current level of precision, the determination of the strong coupling constant from the 
precise measurement of a process at the LHC might be problematic 
‣Given the strong correlation between PDFs of the proton and 𝛂s, only simultaneous determination of 𝛂s along with 

the PDFs gives reliable result [Forte, Kassabov 2001.04986]


