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PARTON DISTRIBUTION FUNCTIONS

Parton distribution functions (PDFs) are important ingredients in LHC phenomenology

f(z, Q) 0=6® f

NNPDF4.0 NNLO Q= 100.0 GeV

0 -

: .1 g/10

0.8 - : ; Recent global PDF fits include:
T—1! S

0.6 - o6 - NNPDF 4.0: Ball et al., 2109.02653
~~ d
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PARTON DISTRIBUTION FUNCTIONS

Parton distribution functions (PDFs) are important ingredients in LHC phenomenology

f(z,Qx T 5@ f

NNPDF4.0 NNLO PDFs are usually determined in
the Standard Model (SM)

lude:

How can we account for effects
beyond the SM?

2109.02653
10053

- IVISHTZU: Balley et al., 2012.04684
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Ball et al. arXiv: 2109.02653
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STANDARD MODEL EFFECTIVE FIELD THEORY (SMEFT)

In the SMEFT we supplement the SM Lagrangian with towers of higher dimensional operators

&)
LsvmerT = Lsm + Z FQ§6) + ...

With
In the SMEFT:
&) Wilson coefficient (WC)
- There is a clear separation of scales A
{Q§6)} Dimension 6 operators .
- The only light degrees of freedom are the SM ones
A High energy scale

- The gauge group still is SU(3). X SU(2); X U(1)y
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STANDARD MODEL EFFECTIVE FIELD THEORY (SMEFT)

LSMEFT — LSM -+ E Q(6) —+ - B. Grzadkowski et al., 1008.4884

W. Buchmuller, D. Wyler, Nucl. Phys. B268
(1986) 621-653

We will parametrise the SMEFT using the Warsaw basis (59 operators without generation indices)
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STANDARD MODEL EFFECTIVE FIELD THEORY (SMEFT)

In the SMEFT we supplement the SM Lagrangian with towers of higher dimensional operators

We will parametrise the SMEFT using

B. Grzadkowski et al., 1008.4884
W. Buchmuller, D. Wyler, Nucl. Phys. B268
(1986) 621-653
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PDFS AND SMEFT

From partonic cross sections and PDFs to observables:

osM = 0sM @ fsMm
; SV
~ /N
c=0Qf
F SM\

O obs

Possible inconsistency
in our theoretical
calculations

EFT

OSMEFT = OSMEFT @ fsMm

11
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PDFS AND SMEFT

From partonic cross sections and PDFs to observables:

f SMEFT

We include the
PDF-SMEFT

interplay

12
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OUTLINE

Distribution for 011qq coefficient

.........................

PDF-SMEFT interplay - DY & Top

0 6
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EXTRACTION OF PHYSICAL PARAMETERS FROM DATA

PDFs cannot be calculated from first principles (yet). 107-;

They have to be extracted from data.

f— f({0}) |

105'5

SMEFT predictions depend on {c}. ‘% o
9 E

o

We extract the parameters {0} and {c} 10°
that minimise .
102‘5
SRR o (746}, {c}) — D) covi* (T3({0}, {c}) — D;) 2
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EXTRACTION OF PHYSICAL PARAMETERS FROM DATA

In this way we obtain

PDFs

NNPDF4.0 NNLO Q= 100.0 GeV

1.0 -

0.8 1

0.6 -

0.4 -

0.2 -

0.0 -
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Ball et al., 2109.02653
Bailey et al., 2012.04684
Hou et al., 1912.10053

SMEFT Wilson coefficients

0.05
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002 -
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o e g
001 |
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}  Top + Higgs + VV, Linear NLO EFT

Ll

N. Hartland et al., 1901.05965
Brivio et al., 1910.03606

—100
s52). Ellis et al, 2012.027 79 nss et
°° J. Ethier et al., 2105.00006 vooeee ° 3
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SIMULTANEQUS PDF-SMEFT FITS: SIMUNET

NNPDF4.0 SIMUnet
Input Hidden Hidden PDF Convolution SM SMEFT
layer layer 1 layer 2 flavours step Observable Observable

® Methodology based on NNPDF4.0. It uses
neural networks to perform SM PDF fits by

optimising 6

¢ |t takes the SM prediction 7°" and maps into

T by calling on the {¢;} trainable parameters 7/
(Wilson coefficients) >

® The parameters {c¢;} and the PDF parameters
0 can be optimised simultaneously

Iranipour, Ubiali, 2201.07240
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PDF-SMEFT FITS IN DRELL-YAN DAIA

The PDF-SMEFT interplay is not negligible. Greljo et al, 2104.02723

Liu et al, 2201.06586

Greljo et al, 2104.02723 CMS 2111.10431

W Y
LsmerT O LsMm (D,W2,)? (0,B..,)°
2 P’ uv 9 pL v
dmys;, dms;,
2.0
1.5-
1.0- )
_05- | - Failing to consider the PDF-SMEFT interplay can
S 0.0- lead to an overestimation of the constraints on
S 0.
Ny the Wilson coefficients
~0.5-
~1.0-
—— SM PDFs
—1.54 —— SM cons. PDFs
—— SMEFT PDFs
—2.0

~20 -15 -10 -05 00 05 1.0 15 2.0
W (x10%)
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PDF-SMEFT FITS IN TOP DAIA

N. Hartland et al., 1901.05965
Brivio et al., 1910.03606
J. Ellis et al., 2012.02779

- The top sector has received a lot of attention over the last couple of years
J. Ethier et al., 2105.00006

- We study the PDF-SMEFT interplay in the top sector

- Considerable effort has been made to include the broadest set of top data points from Runs | and II:

~200 data points from

ATLAS and CMS!

- We study the effect of 25 SMEFT operators (linear and quadratic contributions)

_ _SM G SMEFT Ci Cj _SMEFT
oO=0 —+ E A2 o; —+ E 0
i
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PDF-SM FITS IN TOP DATA

- With the new data, the SM PDFs change.

L da

X

Crange: no-top data Lii(T, M%) = /

T

filw, M%) f;(T/x, M%)

Green:including top data

gg luminosity
g at 1.651 GeV Vs =13 TeV

1.2 4 © 7 CurrentFit (68% c.l.+10) L:-:-' Current Fit (68 cl.+10)
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Sy,

= N =
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@ . © 1.00
- -
2 5
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(o) o
o o
" — e
E 0.6 - g 0.90 -

., Preliminary 0ss{ Preliminary
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PDF-SMEFT FITS IN TOP DATA

- The PDFs change when we perform a simultaneous fit with Wilson coefficients

CGreen: PDF-only fit

(With global top dataset)
Orange: PDF-SMEFT simultaneous fit

gg luminosity
S g at 1.651 GeV VS =13 TeV
2.00 N v"? "=/ Current Fit (68 c.l.+10)
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0.50 2>
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PDF-SMEFT FITS IN TOP DATA

- In a simultaneous PDF-SMEFT fit the constraints on the Wilson are slightly relaxed (~20% broadening)

: fixed PDF fit

Orange: simultaneous PDF-SMEFT fit

Distribution for O13qq coefficient Distribution for O11qq coefficient
221125-Im-global-fixedpdf-nlo-quad 30 - 221125-Im-global-fixedpdf-nlo-quad
25 - 221125-Im-global-nle-quad 221125-Im-global-nle-quad
Prelimi 251 Prelimi
reliminary reliminary
20 -
20 -
€ 15- -
o 3 15 -
O O
10 -
10 -
ok 5
0 T T T T T 0 T T T T T T T
-1.5 -1.0 -0.5 0.0 0.5 -6 -4 -2 0 2 4 6
013qq x10~1 Ol1lqq x10~2
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PDF-SMEFT FITS IN TOP DATA

- In a simultaneous PDF-SMEFT fit the central values of the Wilson coefficients can shift

: fixed PDF fit

Orange: simultaneous PDF-SMEFT fit

Distribution for Ol1lqgt coefficient

221125-Im-global-fixedpdf-nlo-quad
30 - 221125-Im-global-nlo-quad

*1 Preliminary

Preliminary

0

Distribution for O8qt coefficient
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Olqt x10~1

x10~1
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PDF-SMEFT FITS IN TOP DATA

- We constrain 25 SMEFT operators

Green: fixed PDF fit

Orange: simultaneous PDF-SMEFT fit

100
() ) —— SM
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OUTLINE

Conclusions and outlook
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CONCLUSIONS AND OUTLOOK

- We discussed the PDF-SMEFT interplay:
[ We have a developed SIMUnet: a methodology to perform simultaneous PDF-SMEFT fits and fixed-PDF SMEFT fits
] The PDF-SMEFT interplay has to be addressed in BSM searches

[F] We are currently working in the top sector: fitting 25 operators with the broadest dataset up-to-date

- In the future:

] Assess other sectors (EW, top, Higgs, ...)
[JInclude RGE effects

[(J Map constraints to UV theories

n...
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