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BSM parameters: ¢
PDF-BSM Interplay PDF parameters: ¢

PDF fits SMEFT Fits and BSM searches
BSM parameters are kept fixed: PDF parameters are fixed:
0(2,0) = f1(0) ® f2(0) ® 6(c) o(c,0) = f1(0) ® f2(0) ® 6(c)
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BSM parameters: ¢
PDF-BSM Interplay PDF parameters: ¢

PDF fits SMEFT Fits and BSM searches
BSM parameters are kept fixed: PDF parameters are fixed:
O‘(E, (9) = fl ((9) X fz((g) 028 5‘(5) O'(C, (9) — fl ((9) X f2((9) & 5‘(0)
Typically PDF fits assume the SM: PDFs used in BSM searches rely
c =0 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.
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Data included in our study
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Understanding PDF-BSM Interplay

gat172.5 GeV

Simultaneous PDF-EFT determinations: o8
» Deep Inelastic Scattering data %0'9"
Carrazza et al.: PRL 123 (2019) 13, 132001 5 R iy
*DIS + high-mass Drell-Yan tails T 02 03 o4 o5 os o7
Greljo et. al 2104.02723 "
» Top quark data
Kassabov et. al: 2303.06159 »  See James Moore’s talk on Thursday
See also 2201.06586, 2211.01094
4 EPS-HEP2023 22.08.23
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Understanding PDF-BSM Interplay

Simultaneous PDF-EFT determinations:

* Deep Inelastic Scattering data . .
HL-LHC projections: neglectin
Carrazza et al.: PRL 123 (2019) 13, 132001 Pro] Jiecting

PDF-EFT interplay leads to a

*DIS + high-mass Drell-Yan tails X
Greljo et. al 2104.02723 significant underestimate of PDF

and SMEFT uncertainties

» Top quark data
Kassabov et. al: 2303.06159

See also 2201.06586, 2211.01094
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Understanding PDF-BSM Interplay

Simultaneous PDF-EFT determinations:

Contaminated PDF fits:

* Deep Inelastic Scattering data
Carrazza et al.: PRL 123 (2019) 13, 132001 What are the consequences of

- DIS + high-mass Drell-Yan tails performing a SM PDF fit in the

Greljo et. al 2104.02723 .
presence of new physics?

» Top quark data
Kassabov et. al: 2303.06159

See also 2201.06586, 2211.01094
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Contaminated PDFS closely follows the closure test methodology developed by NNPDF, 1410.8849

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

T = T(0sm, Onp)

PDF parameters Parameters of the BSM model
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Contaminated PDFS closely follows the closure test methodology developed by NNPDF, 1410.8849

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

T = T(0sm, Onp)
Generate Monte Carlo pseudodata according to this underlying law:

D ~ N (T(0sm, Onp), 2)
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Contaminated PDFS closely follows the closure test methodology developed by NNPDF, 1410.8849

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

T = T(0swm, Onp)
Generate Monte Carlo pseudodata according to this underlying law:

D ~ N (T(0sm, Onp), 2)

Perform a PDF fit: fit only the SM parameters ()q); using the NNPDF4.0 methodology
2109.02653
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Contaminated PDFS closely follows the closure test methodology developed by NNPDF, 1410.8849

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

T = T(0swm, Onp)
Generate Monte Carlo pseudodata according to this underlying law:

D ~ N (T(0sm, Onp), 2)

Perform a PDF fit: fit only the SM parameters ()q,; using the NNPDF4.0 methodology
2109.02653

PDF has absorbed new physics if the fit quality is good 1o = < 2
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Can PDFs be contaminated by NP?
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BSM scenario

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

Flavour universal W’

N\

2
/ W o
L‘S/‘l/\/IEFT — CSM éme JgJL,,u Jllf — ZfLT YL
W L
‘lmpacts NC and CC DY N pp — L0, pp — Lv

Mg, MT

Maeve Madigan | Can PDFs Absorb New Physics? 38 EPS-HEP2023 22.08.23



BSM scenario

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

Flavour universal W’

N\

y
/ W o
L‘S/‘l/\/IEFT — CSM éme JgJL,,u Jllf — ZfLT YL
W L
‘lmpacts NC and CC DY N pp — L0, pp — Lv

EFT approximation

Mg, MT
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Do our contaminated fits pass the selection criteria?

Maeve Madigan | Can PDFs Absorb New Physics?
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Yes: PDFs absorb new physics

W =8-10"". My ~ 14 TeV
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- Data: ‘true’ PDF ®SM + W’
W,'Contamlnated PDFS Tr?eiry: contaminazfcjeed PDF © SM

NC DY CC DY
ud + dd luminosity ud + dd luminosity
Vs =14 TeV |y| <2.5 Vs =14TeV |y <2.5
1.05 -
1.05 -
) )
Q 1.00 - v
O O
O O
S 8
o 0.95 - o 0.95 -
Z" Z__! baseline (68 c.l.+10) e 771 baseline (68 c.l.+10)
0.90 - W=3e-> 0.90 - W=3e-5
W=15e-5 W=15e-5
0.85 - ——————— - — 0.85 . —
102 103 102 103
my (GeV) myx (GeV)

Fewer constraints on the large-x antiquark PDFs allow freedom to shift away from the baseline
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- Data: ‘true’ PDF ®SM + W’
W,'Contamlnated PDFS Tr?e?)ry: contaminazfcjeed PDF © SM

CC DY
I 1 INC DYI T T 104 1 1 I 1 | Al -
103 Theory W=8-10"5 - Theory W=8-10"">
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¥ DataW=8-10"° 102} 3 Dataxf/=8-10-5 i
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- |
10 1 = . - ‘l * l I
© 1.4 T T T T T T - 1 4 v ' ' ' ' L
o W y w
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é 1.0 II-I—I—I—I-i—i——I——I———{-———————}————— g 1.0 !-I—I-I—I—I—I—-I—-I—-}--}—I—}—}—{———— ——— agreement
-
— —
500 1000 1500 2000 2500 3000 3500 4000 500 1000 1500 2000 2500 3000 3500 4000
my [GeV] mr [GeV]

- 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

Maeve Madigan | Can PDFs Absorb New Physics? 10 EPS-HEP2023 22.08.23



Impact on EW processes

The PDF then causes spurious NP effects
In other observables e.q.

qq — WTW ™

- Data appears to disagree with SM at 3o

-However, W1 W ~is unaffected by W’
model:
the deviation is in the PDF

Maeve Madigan | Can PDFs Absorb New Physics?
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Can we disentangle the effect of NP from PDFs?
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Disentangling new physics effects post-fit
see 2307.10370 for other disentangling strategies

DYE 866 od,/0p,
[Baseline fit]

;\a
1_
1_
0 ———— e — %ﬁ

10> 1074 1073 1072 101
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-0.30

- 0.25

0.20

0.15

0.10

0.05

Fewer constraints on the large-x antiquark PDFs allow

freedom to shift away from the baseline

Low-Q* measurements sensitive to large-x antiquarks may help

= ndependent of NP effects

e.qg.NuSea collaboration fixed target DY [hep-ex/07103030]

13
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Disentangling new physics effects post-fit

DYE 866 od,/0p,
[Baseline fit]
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see 2307.10370 for other disentangling strategies

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

Low-Q* measurements sensitive to large-x antiquarks may help
= ndependent of NP effects

e.qg.NuSea collaboration fixed target DY [hep-ex/07103030]

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

13 EPS-HEP2023 22.08.23



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

Tools to investigate contaminated PDF fits in other BSM scenarios are publicly available:
https://www.pbsp.org.uk/contamination/
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_ Thank you for listening!
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

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

W = 0.00015 -
W = 0.00008 -
W =0.00003 -

18 -15 -12 -1.0 -0.8 -05 —-03 0.0
Bounds minus truth X104
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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:

W = 0.00015 -
W = 0.00008 -
W =0.00003 -

18 -15 -12 -1.0 -0.8 -05 -03 0.0
Bounds minus truth X104

constraints miss the truth by > 20
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W’-contaminated PDFs

uat 2000 GeV

7~ Baseline (68% c.l.+1u (68% c.l.+10)
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- Data: ‘true’ PDF ®SM + 7
Z,'Contamlnated PDFS Tre\leacl)ry: contamina:}cjeed PDF © SM

uu +dd luminosity ud + dd luminosity
Vs=14TeV |y[<2.5 VS=14TeV |y|<2.5
1.050 -
1.05 -
1.025 -

Q
= e 1.000 -
= 1.00 %
S 1 0.975 -
S o
O
4; 0.95 8 0.950 -
o o
&« 77" baseline (68 c.l.+10) § 5925 5 /! baseline (68 c.l.+10)

0.90 - Y=>5€-5 0.900 - Y=5e-5

Y=15e-5 Y=15e-5
Y=25e-5 0.875~ Y=25e-5
0.85 ' ‘ . . - 0.850 : :
10° 10 102 103
myx (GeV) mx (GeV)

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
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