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Global SMEFT interpretations

The Standard Model Effective Field Theory: a powerful framework for
capturing deviations from the SM:
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Global SMEFT interpretations
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Global SMEFT fits J. Ellis et. al, 1803.03252

E. da Silva Almeida et. al, 1812.01009:
Higgs, diboson and electroweak precision data A. Biekétter et. al, 1812.07587

A. Falkowski et. al, 1911.07866

|. Brivio et. al, 1910.03606:
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Top + Higgs + VV, Quadratic NLO EFT

Top + Higgs + VV, Linear NLO EFT
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The top sector after Run |i Z. Kassabov et. al , 2303.06159
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- 95% CL new dataset [0p quark data available in 2023
— 05% CL old dataset | TOP quark data available in 2021
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The top sector after Run li Z. Kassabov et. al , 2303.06159

Impact of top quark pair production
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— Q5% CL new dataset [0p quark data available in 2023
— 05% CL old dataset | TOP quark data available in 2021
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Looking forward

Run || data already provides precise constraints on the top quark sector of the SMEFT

As constraints improve, subleading effects may no longer be negligible
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Looking forward

Run || data already provides precise constraints on the top quark sector of the SMEFT

As constraints improve, subleading effects may no longer be negligible
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Wilson coefficients: ¢
PDF-EFT Interplay PDF parameters: ¢

PDF fits

SMEFT parameters are kept fixed:

o(c,0) = f1(0) ® f2(0) ® o(c)

Typically PDF fits assume the SM:
c =10
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Wilson coefficients: ¢
PDF-EFT Interplay PDF parameters: ¢

PDF fits SMEFT Fits
SMEFT parameters are kept fixed: PDF parameters are fixed:
O‘(E, (9) = f1 ((9) X f2(9) 029 5‘(5) O'(C, é) = f1 ((9_) X f2(6’_) X 5‘(6)

Typically PDF fits assume the SM:
c = ()
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Wilson coefficients: ¢
PDF-EFT Interplay PDF parameters: ¢

PDF fits SMEFT Fits
SMEFT parameters are kept fixed: PDF parameters are fixed:
O‘(E, (9) = f1 (9) X f2(9) 029 5‘(5) O'(C, é) = f1 ((9_) X fz(e_) X 5‘(6)

Typically PDF fits assume the SM: ————> PDFs used in SMEFT fits rely on
c =0 SM assumptions
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Kinematic coverage
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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 take the global approach to
constraining the SMEFT.

> e.g. Top quark data used to fit the SMEFT in the
global fit of 20712.02779, J. Ellis, MM, K. Mimasu, V.

Sanz, T. You
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Understanding PDF-EFT Interplay

Simultaneous PDF-EFT determinations:

Contaminated PDF fits:

*Deep Inelastic Scattering data What are the consequences of
performing a SM PDF fit in the

+DIS + high-mass Drell-Yan tails presence of new physics?

Carrazza et al.: PRL 123 (2019) 13, 1320017

Greljo et. al 2104.02723

- Top quark data E. Hammou et. al, 2307.10370

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

Simultaneous PDF-EFT determinations:

How do the constraints

* Deep Inelastic Scattering data on the SMEFT Change
Carrazza et al.: PRL 123 (2019) 13, 1320017

If we perform a simultaneous

-DIS + high-mass Drell-Yan tails determination of the PDFs and
Greljo et. al 2104.02723 SMEFT?

» Top quark data
Kassabov et. al: 2303.06159

See also 2201.06586, 2211.01094
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Understanding PDF-EFT Interplay

Simultaneous PDF-EFT determinations:

-Deep Inelastic Scattering data How do the PDFs change
Carrazza et al.: PRL 123 (2019) 13, 1320017

If we perform a simultaneous

-DIS + high-mass Drell-Yan tails determination of the PDFs and
Greljo et. al 2104.02723 SMEFT?

» Top quark data
Kassabov et. al: 2303.06159

See also 2201.06586, 2211.01094
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Understanding PDF-EFT Interplay

Simultaneous PDF-EFT determinations:

* Deep Inelastic Scattering data

Carrazza et al.: PRL 123 (2019) 13, 132001 Could we be absorbing
o signs of new physics into
* DIS + high-mass Drell-Yan tails
Y the PDFs?

Greljo et. al 2104.02723

» Top quark data
Kassabov et. al: 2303.06159

See also 2201.06586, 2211.01094
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PDF-EFT interplay in high-mass Drell-Yan

Greljo et. al 2104.02723
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PDF-EFT Interplay In high-mass Drell-Yan

Constraints on the large-x region of the
u and d PDFs:

uat 100.0 GeV

1.050 - 7 DIS+DY (68% c.l.)

E 1 DIS+DY(noHM) (68% c.l.)
+ 1.025
W ,
Q10004 *
o AL S A Sy ey &2y =S AN
> o e ax X
= 0.975 - 1
O N\
ad

0.950

104 1073 1072 107

X
Greljo et. al 2104.02723
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PDF-EFT Interplay In high-mass Drell-Yan

Constraints on the large-x region of the
u and d PDFs:

uat 100.0 GeV

1.050 - 7 DIS+DY (68% c.l.)

E 1 DIS+DY(noHM) (68% c.l.)
+
U
A
S
O
©
ad
0.950
104 1073 1072 107

X
Greljo et. al 2104.02723

Constraints on 4-fermion operators of the SMEFT:

LEP |-l

| CMS v s =8TeV 19.7fb™
" ATLAS /s = 8TeV 20.3fb™

Farina et. al 1609.08157
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PDF-EFT Interplay In high-mass Drell-Yan

q - Constraints on 4-fermion operators of the SMEFT:
E2
>< — > A~ A+ C R —
q ¢
Energy-growing 4-fermion operators manifest 2

as a smooth distortion of the high-mass tail:

= ol \\
S "N
do —2:—
A _
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LEP |-l

_g. CMS V's=8TeV 19.7fb™"
" ATLAS /s = 8TeV 20.3fb™

My

Farina et. al 1609.08157
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PDF-EFT Interplay In high-mass Drell-Yan

Data

Deep inelastic scattering + Drell-Yan

- iIncluding high-mass DY-:

Exp. Vs (TeV) Ref. L (fb™1) Channel 1D/2D Ndat my* (TeV)

ATLAS 7 [120) 4.9 e~et 1D 13 1.0, 1.5
ATLAS (*) 8 [86]  20.3 et 2D 46 0.5, 1.5

CMS 7 (121 9.3 ppt 2D 0.2, 1.5]
8

CMS (*) 87]  19.7 et 1D 41 1.5, 2.0]

~et, ppt 43, 43
CMS (*) 122] 51 ee—zfi £ 1D p [1.5, 3.0]

Total 270 (313)

+ High Luminosity projections
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PDF-EFT Interplay In high-mass Drell-Yan

Data Theory benchmarks

Deep inelastic scattering + Drell-Yan Electroweak obliqgue parameters VAV, ?

- iIncluding high-mass DY-:

Exp. Vs (TeV) Ref. L (fb~1) Channel 1D/2D Ndat my* (TeV)
ATLAS 7 [120] 4.9 e"et 1D 13 1.0, 1.5] 013 5
ATLAS (*) 8 86]  20.3 et 2D 46 0.5, 1.5 Lavppr = Lo — g VQV Ol(s) _ 9Y2Y (Yle 0, +YY, 0,

CMS 7 121 9.3 y—ut 2D 127 0.2, 1.5] dmy, My

CMS (*) 8 [87] 19.7 0t 1D 41 1.5, 2.0] 4 Yqu Ol(l) +Y.Y;,0,.,+Y.Y, O, + Yqu Oqe)
e"et, pput 43, 43 1
CMS (*) 13 [122] 5.1 ’ 1D [1.5, 3.0]
il 43
Total 270 (313)
+ High Luminosity projections See 2104.02723 for a flavourful benchmark

Maeve Madigan | Simultaneous fits of PDFs and SMEFT in the top-sector QCD@LHC 2023, Durham



PDF-EFT Interplay In high-mass Drell-Yan

dq luminosity
Vs =14 TeV

1 T moesRel) / PDF fits under the assumption of nonzero SMEFT

Y= +0.006
O 1.025 - \ | / coefficients:

We see a moderate shift of the PDF central values,
and no change to the PDF uncertainties.

0.950 -
102 103

M (GEV)
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PDF-EFT Interplay In high-mass Drell-Yan

SMEFT constraints are stable: 20

moderate shifts when using SMEFT

vs SM PDFs H0

—10

ATLAS ATLAS, CMS

8 TeV

7,8,13 TeV

8 TeV

© ATLAS ATLAS,CMS

7,8,13 TeV

Farina et al (1609.08157)
this work, SM PDF's
this work, SMEFT PDFs
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PDF-EFT Interplay In high-mass Drell-Yan

Adding HL-LHC projections for NC and CC Drell-Yan:

dqg luminosity

@) Vs =14 TeV

T

- —7 W=0, Y=0 (HLLHC) (68% c.l.)

Z 1.2- W=0.4-1075,Y = 21075 (HLLHC) PDF fits under the assumption of nonzero SMEFT
T —— W=1.6-10"Y=8-10"° (HLLHC) coefficients:
<>- 11 W=4.0-10"5,Y=8-10"5 (HLLHC)

CHD | We see a large shift of the PDF central values, In
2 5 ) i some cases beyond PDF uncertainties

o |

)

O

-|(—UJ — T T

x 107 103

M x (GeV)
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PDF-EFT Interplay In high-mass Drell-Yan

Adding HL-LHC projections for NC and CC Drell-Yan:

2.0

[

1.0 1

Neglecting PDF-EFT interplay leads <
to a significant overestimate of the % 00-
EFT constraints. ~ _o5-

—— SM PDFs
—~1.54 —— SM cons. PDFs
—— SMEFT PDFs

_2.0 J T J 1 T T T
—-20 -15 -1.0 -05 0.0 0.5 1.0 1.5 2.0

W (x10%)
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PDF-EFT Interplay In high-mass Drell-Yan

Adding HL-LHC projections for NC and CC Drell-Yan:

2.0

[

1.0 1

Neglecting PDF-EFT interplay leads <
to a significant overestimate of the % 00-
EFT constraints. ~ _o5-

—— SM PDFs
—~1.54 —— SM cons. PDFs

—— SMEFT PDFs

—p what about the top sector? 50 | | | | | | |

-20 -15 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
W (x10%)
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The SIMUnet Methodology

S. Iranipour, M. Ubiali, 2201.07240
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The SIMUnet methOdOlOgy S. Iranipour, M. Ubiali, 2201.07240

Propagates uncertainties from data to NN parameters using the Monte Carlo replica method
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The SIMUnet methOdOlOgy S. Iranipour, M. Ubiali, 2201.07240

(V O & DGLAP evolution

3
j‘ = theory prediction

How does it work?
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The SIMUnet methOdOlOgy S. Iranipour, M. Ubiali, 2201.07240

How does it work”?
= places SMEFT parameters and

PDF parameters on the same
footing
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many SMEFT coefficients
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The SIMUnet methOdOlOgy S. Iranipour, M. Ubiali, 2201.07240

Train only the final layer: reproduce SMEFT fits

Maeve Madigan | Simultaneous fits of PDFs and SMEFT in the top-sector QCD@LHC 2023, Durham



The SIMUnet methOdOlOgy S. Iranipour, M. Ubiali, 2201.07240

Train only the PDF NN weights on all data: reproduce NNPDF
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The SIMUnet methOdOlOgy S. Iranipour, M. Ubiali, 2201.07240

Train only the PDF NN weights on all data except the top sector: conservative PDFs

i\\@ \
\CN.l\\
CN T
\_/‘7\

~
RN NERN\ .
- \
)Y ~ \jfﬁ/ s
~ -~
~N _ -
————————— ——/
x
~
- /7
// 7
- /
- /
-
- 7/
Ve
/

\ A
\ \
\ Ny
\ \ \
\ \ \
\
N \
N N\ \\
N Ny
\ \\
N \ \\
\\ \ \\
\\ \\\\
AN

Maeve Madigan | Simultaneous fits of PDFs and SMEFT in the top-sector QCD@LHC 2023, Durham



The S'Munet methOdOlOgy S. Iranipour, M. Ubiali, 2201.07240

Train only the PDF NN weights on all data except the top sector: conservative PDFs

Maeve Madigan | Simultaneous fits of PDFs and SMEFT in the top-sector QCD@LHC 2023, Durham



The SIMUnet methOdOlOgy S. Iranipour, M. Ubiali, 2201.07240

Train everything: simultaneous fit
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PDF-EFT interplay In the top sector

Kassabov et. al: 2303.06159
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Data

[CMS, Phys. Phys. Rev. D 104 (2021) 092013]
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Theory

SM
NLO QCD using MG5_aMC@NLO

Czakon et. al, 2304.05993

Where available, NNLO QCD using k-factors from HighTea: https://www.precision.hep.phy.cam.ac.uk/hightea/
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Theory

SM
NLO QCD using MG5_aMC@NLO

Czakon et. al, 2304.05993

Where available, NNLO QCD using k-factors from HighTea: https://www.precision.hep.phy.cam.ac.uk/hightea/

SMEFT
25 Wilson coefficients at NLO QCD using SMEFTA@NLO Degrande et. al, 2008.11743

Currents 4-fermion singlets
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Dipoles 4-fermion octets 4-heavy
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PDF-EFT Interplay in the top sector

Top quark data provides important constraints on the large-x region of the gluon PDF.

This impact is largely driven by top quark pair production cross sections and differential distributions.
e.qg. Czakon et. al, 1303.7215, 1611.08609, 1912.08801
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PDF-EFT Interplay in the top sector

Top quark data provides important constraints on the large-x region of the gluon PDF.

This impact is largely driven by top quark pair production cross sections and differential distributions.
e.g. Czakon et. al, 1303.7215, 1611.08609, 1912.08801
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PDF-EFT Interplay in the top sector

Top quark data provides important constraints on the large-x region of the gluon PDF.

This impact is largely driven by top quark pair production cross sections and differential distributions.
e.qg. Czakon et. al, 1303.7215, 1611.08609, 1912.08801
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Simultaneous fit

gatl7/72.5 GeV

A simultaneous fit shows better
agreement with the no-top fit:
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Simultaneous fit

A simultaneous fit shows better P O\
agreement with the no-top fit: o/ \\K\
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Simultaneous fit

. . luminosit
A simultaneous fit shows better g\/g— =13 Tevy

agreement with the no-top fit:
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Simultaneous fit

Correlation c§, - SMEFT PDFs
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Simultaneous fit

Constraints on the Wilson coefficients are stable, despite differences in PDFs
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SMEFT PDFs

Simultaneous PDF-EFT determination outputs a SMEFT PDF

Use this as an input to future SMEFT determinations as an approximation for a full PDF-SMEFT fit

v X

Captures the increase in PDF Neglects PDF-SMEFT correlations
uncertainties due to the inclusion captured by a full simultaneous
of SMEFT parameters in the fit determination
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SMEFT PDFs

Simultaneous PDF-EFT determination outputs a SMEFT PDF

Use this as an input to future SMEFT determinations as an approximation for a full PDF-SMEFT fit
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SMEFT PDFs are a good approximation - small PDF-EFT correlation in the top sector
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Conclusions

Global SMEFT fits of LHC Run |l data provide precise constraints on the top sector of the
SMEFT

Studies of PDF-EFT interplay are necessary, particularly as we move towards the HL-LHC:

- signals of new physics may be absorbed by the PDF fit E. Hammou et. al, 2307.10370
- HL-LHC projections show a significant potential to over-constrain the SMEFT and PDFs

Greljo et. al 2104.02723

In top data, moderate interplay is observed between the PDFs and SMEFT.

See 2303.06159 and https://www.pbsp.org.uk/topproject/ for more details and results
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Conclusions Thank you for listening!

Global SMEFT fits of LHC Run |l data provide precise constraints on the top sector of the
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Conservative PDFs

Could we improve the SM PDF ftits by removing
the high-mass data from PDF fits”?

® not in the spirit of global fits do

e still have a theoretical inconsistency due dmee

to SM assumptions

® but much easier than doing a
simultaneous PDF-SMEFT fit

\4
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Conservative PDFs .

dmgg A
Could we improve the SM PDF ftits by removing .
the high-mass data from PDF fits? :
® not in the spirit of global fits E >
® still have a theoretical inconsistency due | ' e
to SM assumptions 103; o s VY, Quadtic NLO BFT 5MEF|T

® but much easier than doing a
simultaneous PDF-SMEFT fit

1025_

See J. Ethier et. al, 2105.00006 for the use
of conservative PDFs in a global SMEFT fit

Magnitude of 95% Confidence Level Bounds (1/TeV?)
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Conservative PDFs for high-mass Drell-Yan

dashed: not including PDF uncertainties

2.0
Conservative PDFs:
® assume the SM 1.5
® are fit to data which does not receive 1.0 -
large SMEFT corrections ,f'\‘
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Conservative PDFs for high-mass Drell-Yan

dashed: not including PDF uncertainties

2.0
Conservative PDFs:
® assume the SM 1.5
® are fit to data which does not receive 1.0 -
large SMEFT corrections 'f\‘
(i.e. no HL-LHC data, no high-mass 0.5 - |

DY data)
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» the constraints using SM
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conservative PDFs are closer to those -0 SM PDEs
using SMEFT PDFs _15] — SM cons. PDFs
—— SMEFT PDFs
» still overestimating the constraints, -2.0 - - - - . | .
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