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PDF-BSM Interplay

SMEFT Fits and BSM searchesPDF fits

BSM parameters: c

PDF parameters: <latexit sha1_base64="l2+F9CoEARaAp8JlgPrnPZkbCIc=">AAAB7nicbVBNS8NAEN3Ur1q/qh69LBbBU0nEr2PRi8cK1hbaUDbbSbt0swm7E6GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVHFo8lrHuBMyAFApaKFBCJ9HAokBCOxjf5n77CbQRsXrASQJ+xIZKhIIztFK7hyNAVulXa27dnYEuE68gNVKg2a9+9QYxTyNQyCUzpuu5CfoZ0yi4hGmllxpIGB+zIXQtVSwC42ezc6f0xCoDGsbalkI6U39PZCwyZhIFtjNiODKLXi7+53VTDK/9TKgkRVB8vihMJcWY5r/TgdDAUU4sYVwLeyvlI6YZR5tQHoK3+PIyeTyre5f1i/vzWuOmiKNMjsgxOSUeuSINckeapEU4GZNn8krenMR5cd6dj3lrySlmDskfOJ8/3b+PRg==</latexit>

✓

PDF parameters are fixed:BSM parameters are kept fixed:

<latexit sha1_base64="UuB/22fMEQxR/Iz4GxdAAO5ECEY="></latexit>

�(c̄, ✓) = f1(✓)⌦ f2(✓)⌦ �̂(c̄)
<latexit sha1_base64="QlP9xP5+FsbLg6vUQMurvJ2yUus="></latexit>

�(c, ✓̄) = f1(✓̄)⌦ f2(✓̄)⌦ �̂(c)
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PDF-BSM Interplay

SMEFT Fits and BSM searchesPDF fits

BSM parameters: c

PDF parameters: <latexit sha1_base64="l2+F9CoEARaAp8JlgPrnPZkbCIc=">AAAB7nicbVBNS8NAEN3Ur1q/qh69LBbBU0nEr2PRi8cK1hbaUDbbSbt0swm7E6GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVHFo8lrHuBMyAFApaKFBCJ9HAokBCOxjf5n77CbQRsXrASQJ+xIZKhIIztFK7hyNAVulXa27dnYEuE68gNVKg2a9+9QYxTyNQyCUzpuu5CfoZ0yi4hGmllxpIGB+zIXQtVSwC42ezc6f0xCoDGsbalkI6U39PZCwyZhIFtjNiODKLXi7+53VTDK/9TKgkRVB8vihMJcWY5r/TgdDAUU4sYVwLeyvlI6YZR5tQHoK3+PIyeTyre5f1i/vzWuOmiKNMjsgxOSUeuSINckeapEU4GZNn8krenMR5cd6dj3lrySlmDskfOJ8/3b+PRg==</latexit>

✓

PDF parameters are fixed:BSM parameters are kept fixed:

<latexit sha1_base64="UuB/22fMEQxR/Iz4GxdAAO5ECEY="></latexit>

�(c̄, ✓) = f1(✓)⌦ f2(✓)⌦ �̂(c̄)
<latexit sha1_base64="QlP9xP5+FsbLg6vUQMurvJ2yUus="></latexit>

�(c, ✓̄) = f1(✓̄)⌦ f2(✓̄)⌦ �̂(c)

Typically PDF fits assume the SM:
<latexit sha1_base64="F5mmfNd/LTgmWbRzUbPJqwKG6hw=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxgnnAZgmzk0kyZHZnmekVwpLP8OJBEa9+jTf/xkmyB00saCiquunuChMpDLrut1NYWV1b3yhulra2d3b3yvsHTaNSzXiDKal0O6SGSxHzBgqUvJ1oTqNQ8lY4upv6rSeujVDxI44THkR0EIu+YBSt5HdCqjM2ITfE7ZYrbtWdgSwTLycVyFHvlr86PcXSiMfIJDXG99wEg4xqFEzySamTGp5QNqID7lsa04ibIJudPCEnVumRvtK2YiQz9fdERiNjxlFoOyOKQ7PoTcX/PD/F/nWQiThJkcdsvqifSoKKTP8nPaE5Qzm2hDIt7K2EDammDG1KJRuCt/jyMmmeVb3L6sXDeaV2m8dRhCM4hlPw4ApqcA91aAADBc/wCm8OOi/Ou/Mxby04+cwh/IHz+QMuF5CL</latexit>

c̄ = 0

2

PDFs used in BSM searches rely 
on SM assumptions
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Data overlap

Often the data used in PDF fits are 
also used in EFT fits.


This overlap will grow as we 
continue to take a global approach 
to constraining the SMEFT.

Data included in our study
3
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Data overlap

Data included in our study
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LEP I-II
CMS s = 8TeV 19.7fb-1

ATLAS s = 8TeV 20.3fb-1

FIG. 1. Fit to CMS [27] and ATLAS [29] dilepton invariant mass distributions measured at 8TeV. Left: comparison

of data and SM prediction. The error bars include the fractional experimental uncertainties, while the thickness of the SM

predictions include uncertainties from PDF and scale variation. The smaller error bars in the ATLAS plot show the systematic

uncertainties. We also show how the central value of the theoretical prediction changes when W varies within its 95% CL range.

Right: 95%CL constraints in the W-Y plane.

boson propagators as [49]
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where q is the four-momentum and s, c, and t are the sine,
cosine, and tangent of the Weinberg angle. The parame-
ters Ŝ and T̂ have normalizations that di↵er from the con-
ventional normalizations [22] as follows: Ŝ = ↵/(4s2)S
and T̂ = ↵T . All 4 parameters are constrained at the
few per mille level, mainly from precision data collected
at LEP [50] and from W boson mass measurements at
the Tevatron [51, 52].

In view of these strong constraints, one might expect
that no significant progress is possible at the LHC since
DY cross sections, which are the best probes of Eq. (1),
are measured with at best a few percent accuracy [26–
29]. This expectation is correct for Ŝ and T̂, which only
appear on the pole of the propagator, which is better
constrained at LEP. However, W and Y introduce con-
stant terms in the propagator, modifying the cross sec-
tions by a factor that grows with energy as q2/m2

W . Neu-
tral DY measurements from the 8 TeV LHC [27, 29] have
already achieved 10% accuracy at a center of mass energy
q ⇠ 1 TeV, where this enhancement factor is above 100.
They could thus be already sensitive to values of W and
Y as small as 10�3, outside the reach of LEP. More-
over, current high-energy measurements are statistics-

dominated, the systematic component of the error being
as small as 2%. Big improvements are thus possible at
13 TeV thanks to higher energy and luminosity.

The electroweak gauge boson propagators are modi-
fied by an e↵ective Lagrangian, L, containing the two
dimension-6 operators from the middle column of Ta-
ble I. These operators generate the W and Y parameters
of Eq. (1). The e↵ects of W and Y on DY are also cap-
tured by L0, which consists of the operators from the right
column of Table I. Here, JL and JY are the SU(2)L and
U(1)Y currents, and g1,2 are the corresponding couplings.
The current bilinears contain quark-lepton contact oper-
ators (a subset of those considered in Ref. [41]) which di-
rectly contribute to the DY amplitude with a term that
grows with the energy, mimicking the e↵ect of the mod-
ified propagators in Eq. (1). The e↵ective Lagrangian
L0 is obtained from L by field redefinitions, after trun-
cating operators that are higher order in W and Y and
with more derivatives. L and L0 are physically inequiv-
alent because of this truncation, however they agree in
the limits of small W and Y and/or low energy.

Current Limits and Future Prospects.— We com-
pute the tree-level neutral (pp ! l+l�) and charged
(pp ! l⌫) DY di↵erential cross sections with the modi-
fied propagators of Eq. (1). The di↵erential distribution
is integrated in dilepton invariant mass (for neutral DY)
and transverse lepton mass (for charged DY) bins and
compared with the observations using a �2 test. The
value of the cross section in each bin can be written as
� = �SM (1 +

P
p apCp +

P
pq bpqCpCq), C = {W,Y},

‣ e.g. High-mass Drell-Yan data 
used to fit the SMEFT 4-fermion 
operators in Farina et. al 
1609.08157
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Understanding PDF-BSM Interplay

Simultaneous PDF-EFT determinations:

•Deep Inelastic Scattering data


•DIS + high-mass Drell-Yan tails


•Top quark data

Carrazza et al.: PRL 123 (2019) 13, 132001 

Greljo et. al 2104.02723

See James Moore’s talk on Thursday

4

Kassabov et. al: 2303.06159 
See also 2201.06586, 2211.01094
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Understanding PDF-BSM Interplay

Simultaneous PDF-EFT determinations:

•Deep Inelastic Scattering data


•DIS + high-mass Drell-Yan tails


•Top quark data

Carrazza et al.: PRL 123 (2019) 13, 132001 

Greljo et. al 2104.02723

HL-LHC projections: neglecting 

PDF-EFT interplay leads to a 

significant underestimate of PDF 

and SMEFT uncertainties

4

Kassabov et. al: 2303.06159 
See also 2201.06586, 2211.01094
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Understanding PDF-BSM Interplay

Simultaneous PDF-EFT determinations:

•Deep Inelastic Scattering data


•DIS + high-mass Drell-Yan tails


•Top quark data

Carrazza et al.: PRL 123 (2019) 13, 132001 

Greljo et. al 2104.02723

Kassabov et. al: 2303.06159 
See also 2201.06586, 2211.01094

What are the consequences of 

performing a SM PDF fit in the 

presence of new physics?

Contaminated PDF fits:

4
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Contaminated PDFs

PDF parameters Parameters of the BSM model

Assume that we know the true underlying law of nature:   SM + UV model

<latexit sha1_base64="QmkSAkQEwNVpRax4ZNEXVxJr+yM=">AAACEHicbVDJSgNBEO1xjXGLevTSGMQIEmbE7SIEvXhRImaDzDD0dDpJk56F7hohDPkEL/6KFw+KePXozb+xk8whJj4oeLxXRVU9LxJcgWn+GHPzC4tLy5mV7Ora+sZmbmu7psJYUlaloQhlwyOKCR6wKnAQrBFJRnxPsLrXux769UcmFQ+DCvQj5vikE/A2pwS05OYOKvgSVwo2dBkQN7Gljx9uB0d4UrgrDw7dXN4smiPgWWKlJI9SlN3ct90KaeyzAKggSjUtMwInIRI4FWyQtWPFIkJ7pMOamgbEZ8pJRg8N8L5WWrgdSl0B4JE6OZEQX6m+7+lOn0BXTXtD8T+vGUP7wkl4EMXAAjpe1I4FhhAP08EtLhkF0deEUMn1rZh2iSQUdIZZHYI1/fIsqR0XrbPi6f1JvnSVxpFBu2gPFZCFzlEJ3aAyqiKKntALekPvxrPxanwYn+PWOSOd2UF/YHz9AkSwm4M=</latexit>

T = T (✓SM, ✓NP)

5

closely follows the closure test methodology developed by NNPDF, 1410.8849
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Assume that we know the true underlying law of nature:   SM + UV model


Contaminated PDFs

<latexit sha1_base64="QmkSAkQEwNVpRax4ZNEXVxJr+yM=">AAACEHicbVDJSgNBEO1xjXGLevTSGMQIEmbE7SIEvXhRImaDzDD0dDpJk56F7hohDPkEL/6KFw+KePXozb+xk8whJj4oeLxXRVU9LxJcgWn+GHPzC4tLy5mV7Ora+sZmbmu7psJYUlaloQhlwyOKCR6wKnAQrBFJRnxPsLrXux769UcmFQ+DCvQj5vikE/A2pwS05OYOKvgSVwo2dBkQN7Gljx9uB0d4UrgrDw7dXN4smiPgWWKlJI9SlN3ct90KaeyzAKggSjUtMwInIRI4FWyQtWPFIkJ7pMOamgbEZ8pJRg8N8L5WWrgdSl0B4JE6OZEQX6m+7+lOn0BXTXtD8T+vGUP7wkl4EMXAAjpe1I4FhhAP08EtLhkF0deEUMn1rZh2iSQUdIZZHYI1/fIsqR0XrbPi6f1JvnSVxpFBu2gPFZCFzlEJ3aAyqiKKntALekPvxrPxanwYn+PWOSOd2UF/YHz9AkSwm4M=</latexit>

T = T (✓SM, ✓NP)

Generate Monte Carlo pseudodata according to this underlying law:


<latexit sha1_base64="gZBj2reGqGD3VVcjbqn0jEE16JE=">AAACKHicbVDLSgMxFM34tr6qLt0Ei9CClBnxtVPUhRul0laFTil30rQNJjNDckcow3yOG3/FjYgibv0S09qFWg8EDufcy805QSyFQdf9cCYmp6ZnZufmcwuLS8sr+dW1axMlmvE6i2SkbwMwXIqQ11Gg5Lex5qACyW+Cu9OBf3PPtRFRWMN+zJsKuqHoCAZopVb+6Iz6RijqK8AeA5leZsVa0cceR2ilvla0epFt05/CZSUrWaUqugpKrXzBLbtD0HHijUiBjFBp5V/8dsQSxUNkEoxpeG6MzRQ0CiZ5lvMTw2Ngd9DlDUtDUNw002HQjG5ZpU07kbYvRDpUf26koIzpq8BODvKYv95A/M9rJNg5bKYijBPkIfs+1EkkxYgOWqNtoTlD2bcEmBb2r5T1QAND223OluD9jTxOrnfK3n5572q3cHwyqmOObJBNUiQeOSDH5JxUSJ0w8kCeyCt5cx6dZ+fd+fgenXBGO+vkF5zPL8l0pTE=</latexit>

D ⇠ N (T (✓SM, ✓NP),⌃)

5

closely follows the closure test methodology developed by NNPDF, 1410.8849
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Assume that we know the true underlying law of nature:   SM + UV model


Contaminated PDFs

<latexit sha1_base64="QmkSAkQEwNVpRax4ZNEXVxJr+yM=">AAACEHicbVDJSgNBEO1xjXGLevTSGMQIEmbE7SIEvXhRImaDzDD0dDpJk56F7hohDPkEL/6KFw+KePXozb+xk8whJj4oeLxXRVU9LxJcgWn+GHPzC4tLy5mV7Ora+sZmbmu7psJYUlaloQhlwyOKCR6wKnAQrBFJRnxPsLrXux769UcmFQ+DCvQj5vikE/A2pwS05OYOKvgSVwo2dBkQN7Gljx9uB0d4UrgrDw7dXN4smiPgWWKlJI9SlN3ct90KaeyzAKggSjUtMwInIRI4FWyQtWPFIkJ7pMOamgbEZ8pJRg8N8L5WWrgdSl0B4JE6OZEQX6m+7+lOn0BXTXtD8T+vGUP7wkl4EMXAAjpe1I4FhhAP08EtLhkF0deEUMn1rZh2iSQUdIZZHYI1/fIsqR0XrbPi6f1JvnSVxpFBu2gPFZCFzlEJ3aAyqiKKntALekPvxrPxanwYn+PWOSOd2UF/YHz9AkSwm4M=</latexit>

T = T (✓SM, ✓NP)

Generate Monte Carlo pseudodata according to this underlying law:


<latexit sha1_base64="gZBj2reGqGD3VVcjbqn0jEE16JE=">AAACKHicbVDLSgMxFM34tr6qLt0Ei9CClBnxtVPUhRul0laFTil30rQNJjNDckcow3yOG3/FjYgibv0S09qFWg8EDufcy805QSyFQdf9cCYmp6ZnZufmcwuLS8sr+dW1axMlmvE6i2SkbwMwXIqQ11Gg5Lex5qACyW+Cu9OBf3PPtRFRWMN+zJsKuqHoCAZopVb+6Iz6RijqK8AeA5leZsVa0cceR2ilvla0epFt05/CZSUrWaUqugpKrXzBLbtD0HHijUiBjFBp5V/8dsQSxUNkEoxpeG6MzRQ0CiZ5lvMTw2Ngd9DlDUtDUNw002HQjG5ZpU07kbYvRDpUf26koIzpq8BODvKYv95A/M9rJNg5bKYijBPkIfs+1EkkxYgOWqNtoTlD2bcEmBb2r5T1QAND223OluD9jTxOrnfK3n5572q3cHwyqmOObJBNUiQeOSDH5JxUSJ0w8kCeyCt5cx6dZ+fd+fgenXBGO+vkF5zPL8l0pTE=</latexit>

D ⇠ N (T (✓SM, ✓NP),⌃)

Perform a PDF fit:   fit only the SM parameters 

<latexit sha1_base64="UtPS7z2jf9It335Dqc+5IUdrKSA=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIr2XRjRuhon1AE8JkOmmHziRh5kaooV/ixoUibv0Ud/6N0zYLrR64cDjnXu69J0wF1+A4X1ZpaXllda28XtnY3Nqu2ju7bZ1kirIWTUSiuiHRTPCYtYCDYN1UMSJDwTrh6Grqdx6Y0jyJ72GcMl+SQcwjTgkYKbCrHgwZkCD3lMR3N5PArjl1Zwb8l7gFqaECzcD+9PoJzSSLgQqidc91UvBzooBTwSYVL9MsJXREBqxnaEwk034+O3yCD43Sx1GiTMWAZ+rPiZxIrccyNJ2SwFAvelPxP6+XQXTh5zxOM2AxnS+KMoEhwdMUcJ8rRkGMDSFUcXMrpkOiCAWTVcWE4C6+/Je0j+vuWf309qTWuCziKKN9dICOkIvOUQNdoyZqIYoy9IRe0Kv1aD1bb9b7vLVkFTN76Besj2+YA5MP</latexit>

✓SM using the NNPDF4.0 methodology 
2109.02653 

5

closely follows the closure test methodology developed by NNPDF, 1410.8849
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Assume that we know the true underlying law of nature:   SM + UV model


Contaminated PDFs

<latexit sha1_base64="QmkSAkQEwNVpRax4ZNEXVxJr+yM=">AAACEHicbVDJSgNBEO1xjXGLevTSGMQIEmbE7SIEvXhRImaDzDD0dDpJk56F7hohDPkEL/6KFw+KePXozb+xk8whJj4oeLxXRVU9LxJcgWn+GHPzC4tLy5mV7Ora+sZmbmu7psJYUlaloQhlwyOKCR6wKnAQrBFJRnxPsLrXux769UcmFQ+DCvQj5vikE/A2pwS05OYOKvgSVwo2dBkQN7Gljx9uB0d4UrgrDw7dXN4smiPgWWKlJI9SlN3ct90KaeyzAKggSjUtMwInIRI4FWyQtWPFIkJ7pMOamgbEZ8pJRg8N8L5WWrgdSl0B4JE6OZEQX6m+7+lOn0BXTXtD8T+vGUP7wkl4EMXAAjpe1I4FhhAP08EtLhkF0deEUMn1rZh2iSQUdIZZHYI1/fIsqR0XrbPi6f1JvnSVxpFBu2gPFZCFzlEJ3aAyqiKKntALekPvxrPxanwYn+PWOSOd2UF/YHz9AkSwm4M=</latexit>

T = T (✓SM, ✓NP)

Generate Monte Carlo pseudodata according to this underlying law:


<latexit sha1_base64="gZBj2reGqGD3VVcjbqn0jEE16JE=">AAACKHicbVDLSgMxFM34tr6qLt0Ei9CClBnxtVPUhRul0laFTil30rQNJjNDckcow3yOG3/FjYgibv0S09qFWg8EDufcy805QSyFQdf9cCYmp6ZnZufmcwuLS8sr+dW1axMlmvE6i2SkbwMwXIqQ11Gg5Lex5qACyW+Cu9OBf3PPtRFRWMN+zJsKuqHoCAZopVb+6Iz6RijqK8AeA5leZsVa0cceR2ilvla0epFt05/CZSUrWaUqugpKrXzBLbtD0HHijUiBjFBp5V/8dsQSxUNkEoxpeG6MzRQ0CiZ5lvMTw2Ngd9DlDUtDUNw002HQjG5ZpU07kbYvRDpUf26koIzpq8BODvKYv95A/M9rJNg5bKYijBPkIfs+1EkkxYgOWqNtoTlD2bcEmBb2r5T1QAND223OluD9jTxOrnfK3n5572q3cHwyqmOObJBNUiQeOSDH5JxUSJ0w8kCeyCt5cx6dZ+fd+fgenXBGO+vkF5zPL8l0pTE=</latexit>

D ⇠ N (T (✓SM, ✓NP),⌃)

Perform a PDF fit:   fit only the SM parameters 
 <latexit sha1_base64="UtPS7z2jf9It335Dqc+5IUdrKSA=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIr2XRjRuhon1AE8JkOmmHziRh5kaooV/ixoUibv0Ud/6N0zYLrR64cDjnXu69J0wF1+A4X1ZpaXllda28XtnY3Nqu2ju7bZ1kirIWTUSiuiHRTPCYtYCDYN1UMSJDwTrh6Grqdx6Y0jyJ72GcMl+SQcwjTgkYKbCrHgwZkCD3lMR3N5PArjl1Zwb8l7gFqaECzcD+9PoJzSSLgQqidc91UvBzooBTwSYVL9MsJXREBqxnaEwk034+O3yCD43Sx1GiTMWAZ+rPiZxIrccyNJ2SwFAvelPxP6+XQXTh5zxOM2AxnS+KMoEhwdMUcJ8rRkGMDSFUcXMrpkOiCAWTVcWE4C6+/Je0j+vuWf309qTWuCziKKN9dICOkIvOUQNdoyZqIYoy9IRe0Kv1aD1bb9b7vLVkFTN76Besj2+YA5MP</latexit>

✓SM using the NNPDF4.0 methodology 
2109.02653 

PDF has absorbed new physics if the fit quality is good


5

closely follows the closure test methodology developed by NNPDF, 1410.8849
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Can PDFs be contaminated by NP?

6
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Data

2109.02653 

•We generate MC pseudodata for all 
datasets included in NNPDF 4.0

•Additionally, we include HL-LHC 
projections for neutral current and 
charged current DY

as in Greljo et. al 2104.02723

7
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BSM scenario
W’

•Flavour universal W’

•Impacts NC and CC DY
<latexit sha1_base64="BgsMPdabivyhYLU3HfaYcW9PBao=">AAACJHicbVDLSgMxFM3UV62vUZdugkUQ1DIjvsBN0Y3LCvYBnbFk0rQNzWRCklHKMB/jxl9x48IHLtz4LabtLLTtgcDhnHO5uScQjCrtON9Wbm5+YXEpv1xYWV1b37A3t2oqiiUmVRyxSDYCpAijnFQ11Yw0hCQoDBipB/3roV9/IFLRiN/pgSB+iLqcdihG2kgt+1JAAT1Juz2NpIweoUcYu08O0owcpYdwVgR6PG7ZRafkjACniZuRIshQadkfXjvCcUi4xgwp1XQdof0ESU0xI2nBixURCPdRlzQN5Sgkyk9GR6Zwzyht2ImkeVzDkfp3IkGhUoMwMMkQ6Z6a9IbiLK8Z686Fn1AuYk04Hi/qxAzqCA4bg20qCdZsYAjCkpq/QtxDEmFtei2YEtzJk6dJ7bjknpVOb0+K5ausjjzYAbtgH7jgHJTBDaiAKsDgCbyAN/BuPVuv1qf1NY7mrGxmG/yD9fML8lSkZw==</latexit>

pp ! `+`�, pp ! `⌫

<latexit sha1_base64="CG5e2uIlFa+p5Plmz6NMXWBOMnc=">AAAB/XicbVC7TsMwFHXKq5RXeGwsFhUSA6oSxGusYGEsUl9SG0WO67RWbSeyHaQSRfwKCwMIsfIfbPwNTpsBWo5k6/ice3WvTxAzqrTjfFulpeWV1bXyemVjc2t7x97da6sokZi0cMQi2Q2QIowK0tJUM9KNJUE8YKQTjG9zv/NApKKRaOpJTDyOhoKGFCNtJN8+4H7aJ4zB/MpOoXk2M9+uOjVnCrhI3IJUQYGGb3/1BxFOOBEaM6RUz3Vi7aVIaooZySr9RJEY4TEakp6hAnGivHS6fQaPjTKAYSTNERpO1d8dKeJKTXhgKjnSIzXv5eJ/Xi/R4bWXUhEnmgg8GxQmDOoI5lHAAZUEazYxBGFJza4Qj5BEWJvAKiYEd/7Li6R9VnMvaxf359X6TRFHGRyCI3ACXHAF6uAONEALYPAInsEreLOerBfr3fqYlZasomcf/IH1+QMHs5T3</latexit>m``,mT

8

See 2307.10370 for a flavour universal Z’ scenario
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BSM scenario
W’

•Flavour universal W’

•Impacts NC and CC DY
<latexit sha1_base64="BgsMPdabivyhYLU3HfaYcW9PBao=">AAACJHicbVDLSgMxFM3UV62vUZdugkUQ1DIjvsBN0Y3LCvYBnbFk0rQNzWRCklHKMB/jxl9x48IHLtz4LabtLLTtgcDhnHO5uScQjCrtON9Wbm5+YXEpv1xYWV1b37A3t2oqiiUmVRyxSDYCpAijnFQ11Yw0hCQoDBipB/3roV9/IFLRiN/pgSB+iLqcdihG2kgt+1JAAT1Juz2NpIweoUcYu08O0owcpYdwVgR6PG7ZRafkjACniZuRIshQadkfXjvCcUi4xgwp1XQdof0ESU0xI2nBixURCPdRlzQN5Sgkyk9GR6Zwzyht2ImkeVzDkfp3IkGhUoMwMMkQ6Z6a9IbiLK8Z686Fn1AuYk04Hi/qxAzqCA4bg20qCdZsYAjCkpq/QtxDEmFtei2YEtzJk6dJ7bjknpVOb0+K5ausjjzYAbtgH7jgHJTBDaiAKsDgCbyAN/BuPVuv1qf1NY7mrGxmG/yD9fML8lSkZw==</latexit>

pp ! `+`�, pp ! `⌫

<latexit sha1_base64="CG5e2uIlFa+p5Plmz6NMXWBOMnc=">AAAB/XicbVC7TsMwFHXKq5RXeGwsFhUSA6oSxGusYGEsUl9SG0WO67RWbSeyHaQSRfwKCwMIsfIfbPwNTpsBWo5k6/ice3WvTxAzqrTjfFulpeWV1bXyemVjc2t7x97da6sokZi0cMQi2Q2QIowK0tJUM9KNJUE8YKQTjG9zv/NApKKRaOpJTDyOhoKGFCNtJN8+4H7aJ4zB/MpOoXk2M9+uOjVnCrhI3IJUQYGGb3/1BxFOOBEaM6RUz3Vi7aVIaooZySr9RJEY4TEakp6hAnGivHS6fQaPjTKAYSTNERpO1d8dKeJKTXhgKjnSIzXv5eJ/Xi/R4bWXUhEnmgg8GxQmDOoI5lHAAZUEazYxBGFJza4Qj5BEWJvAKiYEd/7Li6R9VnMvaxf359X6TRFHGRyCI3ACXHAF6uAONEALYPAInsEreLOerBfr3fqYlZasomcf/IH1+QMHs5T3</latexit>m``,mT

8

See 2307.10370 for a flavour universal Z’ scenario

EFT approximation
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Do our contaminated fits pass the selection criteria?

8

Yes: PDFs absorb new physics

<latexit sha1_base64="7RU6Z0qfTFPwsNP+xJqqV6hzUjE=">AAAB73icbVDLSgMxFL3xWeur6tJNsAiuykzxtSy6cVnBPqAdSibNtKFJZkwyQhn6E25cKOLW33Hn35i2s9DWAxcO59zLvfeEieDGet43WlldW9/YLGwVt3d29/ZLB4dNE6easgaNRazbITFMcMUallvB2olmRIaCtcLR7dRvPTFteKwe7DhhgSQDxSNOiXVSu4q7hg8k6ZXKXsWbAS8TPydlyFHvlb66/ZimkilLBTGm43uJDTKiLaeCTYrd1LCE0BEZsI6jikhmgmx27wSfOqWPo1i7UhbP1N8TGZHGjGXoOiWxQ7PoTcX/vE5qo+sg4ypJLVN0vihKBbYxnj6P+1wzasXYEUI1d7diOiSaUOsiKroQ/MWXl0mzWvEvKxf35+XaTR5HAY7hBM7AhyuowR3UoQEUBDzDK7yhR/SC3tHHvHUF5TNH8Afo8wdn8o+T</latexit>

2�
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NC DY CC DY

Fewer constraints on the large-x antiquark PDFs allow freedom to shift away from the baseline

Data:                  ‘true’ PDF    SM + W’

Theory: contaminated PDF    SM<latexit sha1_base64="lP8S8jshaWIs64Rmq5c5uFmRzLg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cIxgSSJcxOZpMhszPLTK8QQj7CiwdFvPo93vwbJ8keNLGgoajqprsrSqWw6PvfXmFldW19o7hZ2tre2d0r7x88Wp0ZxhtMS21aEbVcCsUbKFDyVmo4TSLJm9Hwduo3n7ixQqsHHKU8TGhfiVgwik5qdjSKhNtuueJX/RnIMglyUoEc9W75q9PTLEu4Qiapte3ATzEcU4OCST4pdTLLU8qGtM/bjirqloTj2bkTcuKUHom1caWQzNTfE2OaWDtKIteZUBzYRW8q/ue1M4yvw7FQaYZcsfmiOJMENZn+TnrCcIZy5AhlRrhbCRtQQxm6hEouhGDx5WXyeFYNLqsX9+eV2k0eRxGO4BhOIYArqMEd1KEBDIbwDK/w5qXei/fufcxbC14+cwh/4H3+AIkrj7c=</latexit>⌦

<latexit sha1_base64="lP8S8jshaWIs64Rmq5c5uFmRzLg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cIxgSSJcxOZpMhszPLTK8QQj7CiwdFvPo93vwbJ8keNLGgoajqprsrSqWw6PvfXmFldW19o7hZ2tre2d0r7x88Wp0ZxhtMS21aEbVcCsUbKFDyVmo4TSLJm9Hwduo3n7ixQqsHHKU8TGhfiVgwik5qdjSKhNtuueJX/RnIMglyUoEc9W75q9PTLEu4Qiapte3ATzEcU4OCST4pdTLLU8qGtM/bjirqloTj2bkTcuKUHom1caWQzNTfE2OaWDtKIteZUBzYRW8q/ue1M4yvw7FQaYZcsfmiOJMENZn+TnrCcIZy5AhlRrhbCRtQQxm6hEouhGDx5WXyeFYNLqsX9+eV2k0eRxGO4BhOIYArqMEd1KEBDIbwDK/w5qXei/fufcxbC14+cwh/4H3+AIkrj7c=</latexit>⌦W’-contaminated PDFs

9
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Excellent data-theory 
agreement


W’-contaminated PDFs Data:                  ‘true’ PDF    SM + W’

Theory: contaminated PDF    SM<latexit sha1_base64="lP8S8jshaWIs64Rmq5c5uFmRzLg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cIxgSSJcxOZpMhszPLTK8QQj7CiwdFvPo93vwbJ8keNLGgoajqprsrSqWw6PvfXmFldW19o7hZ2tre2d0r7x88Wp0ZxhtMS21aEbVcCsUbKFDyVmo4TSLJm9Hwduo3n7ixQqsHHKU8TGhfiVgwik5qdjSKhNtuueJX/RnIMglyUoEc9W75q9PTLEu4Qiapte3ATzEcU4OCST4pdTLLU8qGtM/bjirqloTj2bkTcuKUHom1caWQzNTfE2OaWDtKIteZUBzYRW8q/ue1M4yvw7FQaYZcsfmiOJMENZn+TnrCcIZy5AhlRrhbCRtQQxm6hEouhGDx5WXyeFYNLqsX9+eV2k0eRxGO4BhOIYArqMEd1KEBDIbwDK/w5qXei/fufcxbC14+cwh/4H3+AIkrj7c=</latexit>⌦

<latexit sha1_base64="lP8S8jshaWIs64Rmq5c5uFmRzLg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cIxgSSJcxOZpMhszPLTK8QQj7CiwdFvPo93vwbJ8keNLGgoajqprsrSqWw6PvfXmFldW19o7hZ2tre2d0r7x88Wp0ZxhtMS21aEbVcCsUbKFDyVmo4TSLJm9Hwduo3n7ixQqsHHKU8TGhfiVgwik5qdjSKhNtuueJX/RnIMglyUoEc9W75q9PTLEu4Qiapte3ATzEcU4OCST4pdTLLU8qGtM/bjirqloTj2bkTcuKUHom1caWQzNTfE2OaWDtKIteZUBzYRW8q/ue1M4yvw7FQaYZcsfmiOJMENZn+TnrCcIZy5AhlRrhbCRtQQxm6hEouhGDx5WXyeFYNLqsX9+eV2k0eRxGO4BhOIYArqMEd1KEBDIbwDK/w5qXei/fufcxbC14+cwh/4H3+AIkrj7c=</latexit>⌦

10

- The data appears to agree well with the SM


- The shift in the PDFs compensates the NP effects 

- The effects of NP are completely missed
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Impact on EW processes

The PDF then causes spurious NP effects 
in other observables e.g.  

<latexit sha1_base64="2KdPcWK8YoE8Qwy0phJQ3wBktUg=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCEhIaoE8RorWBiLRB9SEyrHdVqrTpzaDqiKMrPwKywMIMTKF7DxNzhtBmg50r06Oude2fd4EaNSWda3UZibX1hcKi6XVlbX1jfMza2G5LHApI4546LlIUkYDUldUcVIKxIEBR4jTW9wlfnNeyIk5eGtGkXEDVAvpD7FSGmpY+4OoeMhkQxT6Aja6yskBH+AzbvkMM36Udoxy1bFGgPOEjsnZZCj1jG/nC7HcUBChRmSsm1bkXITJBTFjKQlJ5YkQniAeqStaYgCIt1kfEoK97XShT4XukIFx+rvjQQFUo4CT08GSPXltJeJ/3ntWPkXbkLDKFYkxJOH/JhBxWGWC+xSQbBiI00QFlT/FeI+EggrnV5Jh2BPnzxLGscV+6xyenNSrl7mcRTBDtgDB8AG56AKrkEN1AEGj+AZvII348l4Md6Nj8lowch3tsEfGJ8/qn+aQQ==</latexit>

qq̄ ! W+W�

•Data appears to disagree with SM at


•However,              is unaffected by W’ 
model: 


the deviation is in the PDF

<latexit sha1_base64="aBpxRFrew96zscEncTPd2Y3qUhI=">AAAB73icbVDLSgMxFL3xWeur6tJNsAiuyozvZdGNywr2Ae1QMmmmDU0yY5IRytCfcONCEbf+jjv/xrSdhbYeuHA4517uvSdMBDfW877R0vLK6tp6YaO4ubW9s1va22+YONWU1WksYt0KiWGCK1a33ArWSjQjMhSsGQ5vJ37ziWnDY/VgRwkLJOkrHnFKrJNaZ7hjeF+SbqnsVbwp8CLxc1KGHLVu6avTi2kqmbJUEGPavpfYICPacirYuNhJDUsIHZI+azuqiGQmyKb3jvGxU3o4irUrZfFU/T2REWnMSIauUxI7MPPeRPzPa6c2ug4yrpLUMkVni6JUYBvjyfO4xzWjVowcIVRzdyumA6IJtS6iogvBn395kTROK/5l5eL+vFy9yeMowCEcwQn4cAVVuIMa1IGCgGd4hTf0iF7QO/qYtS6hfOYA/gB9/gBpfY+U</latexit>

3�
<latexit sha1_base64="5AKlKq819JlaEsdheoI1jR/LDZo=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSIIYtkVv45FLx4r2G6h3ZZsmm1Ds9mQZIWy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5oeRMG9f9dpaWV1bX1gsbxc2t7Z3d0t5+QyepIrROEp6oZog15UzQumGG06ZUFMchp344vJv4/hNVmiXi0YwkDWLcFyxiBBsr+X7nFPmds26p7FbcKdAi8XJShhy1bumr3UtIGlNhCMdatzxXmiDDyjDC6bjYTjWVmAxxn7YsFTimOsim547RsVV6KEqULWHQVP09keFY61Ec2s4Ym4Ge9ybif14rNdFNkDEhU0MFmS2KUo5Mgia/ox5TlBg+sgQTxeytiAywwsTYhIo2BG/+5UXSOK94V5XLh4ty9TaPowCHcAQn4ME1VOEealAHAkN4hld4c6Tz4rw7H7PWJSefOYA/cD5/APG8jqw=</latexit>

W+W�

Data:                  ‘true’ PDF    SM 

Theory: contaminated PDF    SM<latexit sha1_base64="lP8S8jshaWIs64Rmq5c5uFmRzLg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cIxgSSJcxOZpMhszPLTK8QQj7CiwdFvPo93vwbJ8keNLGgoajqprsrSqWw6PvfXmFldW19o7hZ2tre2d0r7x88Wp0ZxhtMS21aEbVcCsUbKFDyVmo4TSLJm9Hwduo3n7ixQqsHHKU8TGhfiVgwik5qdjSKhNtuueJX/RnIMglyUoEc9W75q9PTLEu4Qiapte3ATzEcU4OCST4pdTLLU8qGtM/bjirqloTj2bkTcuKUHom1caWQzNTfE2OaWDtKIteZUBzYRW8q/ue1M4yvw7FQaYZcsfmiOJMENZn+TnrCcIZy5AhlRrhbCRtQQxm6hEouhGDx5WXyeFYNLqsX9+eV2k0eRxGO4BhOIYArqMEd1KEBDIbwDK/w5qXei/fufcxbC14+cwh/4H3+AIkrj7c=</latexit>⌦

<latexit sha1_base64="lP8S8jshaWIs64Rmq5c5uFmRzLg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cIxgSSJcxOZpMhszPLTK8QQj7CiwdFvPo93vwbJ8keNLGgoajqprsrSqWw6PvfXmFldW19o7hZ2tre2d0r7x88Wp0ZxhtMS21aEbVcCsUbKFDyVmo4TSLJm9Hwduo3n7ixQqsHHKU8TGhfiVgwik5qdjSKhNtuueJX/RnIMglyUoEc9W75q9PTLEu4Qiapte3ATzEcU4OCST4pdTLLU8qGtM/bjirqloTj2bkTcuKUHom1caWQzNTfE2OaWDtKIteZUBzYRW8q/ue1M4yvw7FQaYZcsfmiOJMENZn+TnrCcIZy5AhlRrhbCRtQQxm6hEouhGDx5WXyeFYNLqsX9+eV2k0eRxGO4BhOIYArqMEd1KEBDIbwDK/w5qXei/fufcxbC14+cwh/4H3+AIkrj7c=</latexit>⌦
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Can we disentangle the effect of NP from PDFs?

12
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Disentangling new physics effects post-fit
see 2307.10370 for other disentangling strategies

Low-     measurements sensitive to large-x antiquarks may help

e.g.NuSea collaboration fixed target DY  [hep-ex/0103030] 

<latexit sha1_base64="N8tTBOKB2quol/NDZf3VeArE8wc=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw8kV3i60j04hGiPBJYyezQCxNmZzczsyaE8AlePGiMV7/Im3/jAHtQsJJOKlXd6e4KEsG1cd1vZ2V1bX1jM7eV397Z3dsvHBw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNJ1Sax/LBjBL0I9qXPOSMGivd1x7L3ULRLbkzkGXiZaQIGardwlenF7M0QmmYoFq3PTcx/pgqw5nASb6TakwoG9I+ti2VNELtj2enTsipVXokjJUtachM/T0xppHWoyiwnRE1A73oTcX/vHZqwmt/zGWSGpRsvihMBTExmf5NelwhM2JkCWWK21sJG1BFmbHp5G0I3uLLy6RRLnmXpYvaebFyk8WRg2M4gTPw4AoqcAdVqAODPjzDK7w5wnlx3p2PeeuKk80cwR84nz/Tdo2D</latexit>

Q2

➡independent of NP effects

13

Fewer constraints on the large-x antiquark PDFs allow 
freedom to shift away from the baseline
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Disentangling new physics effects post-fit
see 2307.10370 for other disentangling strategies

Low-     measurements sensitive to large-x antiquarks may help

e.g.NuSea collaboration fixed target DY  [hep-ex/0103030] 

<latexit sha1_base64="N8tTBOKB2quol/NDZf3VeArE8wc=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw8kV3i60j04hGiPBJYyezQCxNmZzczsyaE8AlePGiMV7/Im3/jAHtQsJJOKlXd6e4KEsG1cd1vZ2V1bX1jM7eV397Z3dsvHBw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNJ1Sax/LBjBL0I9qXPOSMGivd1x7L3ULRLbkzkGXiZaQIGardwlenF7M0QmmYoFq3PTcx/pgqw5nASb6TakwoG9I+ti2VNELtj2enTsipVXokjJUtachM/T0xppHWoyiwnRE1A73oTcX/vHZqwmt/zGWSGpRsvihMBTExmf5NelwhM2JkCWWK21sJG1BFmbHp5G0I3uLLy6RRLnmXpYvaebFyk8WRg2M4gTPw4AoqcAdVqAODPjzDK7w5wnlx3p2PeeuKk80cwR84nz/Tdo2D</latexit>

Q2

➡independent of NP effects

13

However: 
•data currently included in the fit is not precise enough to 
disentangle this effect


•Future low-energy measurements, e.g. the EIC 
programme, will provide crucial inputs to PDF fits


Fewer constraints on the large-x antiquark PDFs allow 
freedom to shift away from the baseline
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Tools to investigate contaminated PDF fits in other BSM scenarios are publicly available:


Conclusions
PDFs can absorb new physics


- Effect of NP on HL-LHC high-mass DY tails in a realistic W’ scenario can be 
absorbed by PDFs


- This cannot be disentangled post-fit

- Significant impact on DY and EW processes


Future low-energy precision measurements of high-x antiquark PDFs will provide crucial 
inputs to PDF fits to disentangle these effects


https://www.pbsp.org.uk/contamination/
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Tools to investigate contaminated PDF fits in other BSM scenarios are publicly available:


Conclusions
PDFs can absorb new physics


- Effect of NP on HL-LHC high-mass DY tails in a realistic W’ scenario can be 
absorbed by PDFs


- This cannot be disentangled post-fit

- Significant impact on DY and EW processes


Future low-energy precision measurements of high-x antiquark PDFs will provide crucial 
inputs to PDF fits to disentangle these effects


https://www.pbsp.org.uk/contamination/
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Thank you for listening!
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Backup

15
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Impact of W’ model
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Impact on DY of W’-contaminated PDFs

The high-mass DY data appears to agree well with the SM


This leads to constraints on the W’ which miss the truth:
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The high-mass DY data appears to agree well with the SM


This leads to constraints on the W’ which miss the truth:

<latexit sha1_base64="XoJCseg1iuHXo+wsGL2pV/96fjU=">AAAB8XicbVDLSgNBEOyNrxhfqx69DAbBU9gNvk4S9OIxgnlgsoTZyWwyZGZ2mZkVwpK/8OJBEa/+jTf/xkmyB00saCiquunuChPOtPG8b6ewsrq2vlHcLG1t7+zuufsHTR2nitAGiXms2iHWlDNJG4YZTtuJoliEnLbC0e3Ubz1RpVksH8w4oYHAA8kiRrCx0uM1qqKuZgOBe27Zq3gzoGXi56QMOeo996vbj0kqqDSEY607vpeYIMPKMMLppNRNNU0wGeEB7VgqsaA6yGYXT9CJVfooipUtadBM/T2RYaH1WIS2U2Az1IveVPzP66QmugoyJpPUUEnmi6KUIxOj6fuozxQlho8twUQxeysiQ6wwMTakkg3BX3x5mTSrFf+icn5/Vq7d5HEU4QiO4RR8uIQa3EEdGkBAwjO8wpujnRfn3fmYtxacfOYQ/sD5/AFDjZAF</latexit>

> 2�constraints miss the truth by 

Impact on DY of W’-contaminated PDFs
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W’-contaminated PDFs
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Z’-contaminated PDFs Data:                  ‘true’ PDF    SM + Z’
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Charged current DY is not impacted by the Z’ model

➡ CC DY data constrains the large-x quark and antiquark PDFs to be SM-like

➡ PDFs cannot shift enough to absorb NP effects in neutral current DY


NC DY CC DY
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Z’-contaminated PDFs Data:                  ‘true’ PDF    SM + Z’
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