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searching for physics beyond the Standard Model (BSM)
→ discovery searches

→ still no SUSY: precision searches

e.g., examining cross sections in previously unprobed kinematical regions

testing the Standard Model through extremely fine measurements

Higgs discovery, 2012 (PDG)

(deviations could reveal presence of new particles/interactions!)

Higgs prod·decay/SM
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PDFs are a linchpin for BSM searches

→ QCD factorization theorem; here, for 
Drell-Yan processes (e.g., LHC):
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PDF global analyses have matured to high level of precision

→  significant interest in jet production, top data: connections to gluon PDF

BSM searches, upcoming programs → reductions to PDF uncertainties

→ analyses are large and challenging: (N)NNLO; NLO EW; many subtleties

→  PDF fits, SM-only! …however, data are often inputs to BSM (EFT) analyses

CT18: Hou, Gao, TJH et al, PRD103 (2021) 1, 014013 CT18 top update, Ablat et al; arXiv: 2307.11153

statistical, methodological assumptions; theory settings; data curation; …

PDF benchmarking
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SM theory predictions from global analyses

from (N)NNLO analyses, state-of-the-art predictions for fundamental LHC 
observables → e.g., total cross sections at 14 TeV

NNLO QCD: Vrap v0.9
NNLO+NNLL: Top++ v2.0

Higgs, NNLO QCD: iHixs v1.3

significant PDF-driven uncertainties;  also, systematic effects: W cross 
sections sensitive to inclusion of 2016 7 TeV ATLAS inclusive W/Z data

2016 ATLAS W/Z
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BSM-sensitive channels limited by PDF uncertainties

→ includes many observables:

→ e.g., recent CDF MW measurement: significant PDF dependence

→ extracted from transverse mass template fits

→ examine mean transverse mass as proxy

→ large PDF variations; outdistance 1-sigma uncertainties

Gao, Liu, Xie: 2205.03942 [hep-ph]
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MCDF
W = 80, 433.5± 6.4 (stat)± 6.9 (syst) MeV
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�H , sin2 ✓W , MW , · · ·
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theory for (precision) electroweak observables: PDF dependence

Brady et al., JHEP06 (2012) 019.

Dulat et al., PRD93, 033006(2016).

theory predictions for EW boson production sensitive
to high-x PDFs: e.g., d(x) at x ~ 1, which is poorly constrained

flavor separation is 
crucial in these channels

see also: Accardi, TJH, Jing, Nadolsky; 2102.01107
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understanding PDFs and their uncertainties: high x

MC sampling of high-x PDFs can sometimes produce irregularities

→  e.g., positive-definiteness not always guaranteed for x → 1

→  can produce subtle but non-negligible   
       phenomenological consequences:

PDF4LHC21 benchmarking: J.Phys.G 49 (2022) 8, 080501.

Courtoy, Huston Nadolsky, Xie, Yan, Yuan: 2205.10444
strong need for high-x sensitive data: (HL-)EIC
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aside: PDF parametrizations, ML generative models

→  can generatively predict PDFs

→  parametrization dependence, MC uncertainty 
       sampling are serious bottlenecks to PDF   
       precision

§ ML models (encoder-decoder 
networks): testbeds to disentangle 
PDF parametrizations

Kriesten, TJH; 2312.02278



knowledge of the gluon content of the nucleon directly translates 
into constraints on SM Higgs production

outside extrapolation region, PDF errors still challenging

Higgs-sensitive region
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compatibility of fitted data sets is a crucial question

examine change in χ2 as 
PDF continuously varies 
away from fitted central 
value

tensions among individual fitted experiments drive a larger PDF uncertainty

serious impediment to higher precision in PDFs and resulting theory predictions

Lagrange Multiplier scan
CT18: PRD103 (2021) 1, 014013

larger gluon… and Higgs 
cross section… favored by 
some expts [like E866pp], 
but not others [like 8 TeV 
CMS jets] 
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EIC sensitive to PDFs → strong HEP implications

1-yr inclusive EIC dataset drives steep reductions in PDF uncertainties

‘CT14H2-DIS’: CT14H2, no fixed-target DIS
‘CT14H2-DIS’ + EIC pseudo-data
CT14H2: fixed-target DIS restored

independent method to estimate uncertainty reduction

→ just inclusive DIS; many other channels with PDF sensitivity; precision QCD tests

[impact studies made with error profiling methods]

-

-

DIS charm-jet prod.
Arratia, Furletova, TJH, Olness, Sekula
PRD 103 (2021) 7, 074023
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precision QCD through jet and heavy-flavor production

-

-

100 fb-1 CC DIS (10M simulated 
events), at 10x275 GeV (e- on p); Q2 > 
100 GeV2

DIS jet production, including through charge-current interactions, provides further access 
to quark-level information

final-state tagging provides lever arm for flavor separation (here, strangeness)

Arratia, Furletova, TJH, Olness, Sekula; PRD 103 (2021) 7, 074023.

n.b.: event generation, detector sim from PYTHIA8 + DELPHES; FASTJET reconstruction

→ analogous jet measurements might be extended to nonperturbative heavy flavor
13



precision QCD through jet and heavy-flavor production

challenging measurement: final-state flavor tagging; Jacquet-Blondel reconstruction

→ appropriate for ePIC follow-up 

reduced         : enhance knowledge of pT spectrum

Arratia, Furletova, TJH, Olness, Sekula; PRD 103 (2021) 7, 074023.

§ EIC PDF sensitivity will derive from multi-
channel data; inclusive, tagging, …

→ indirect BSM impacts through refined SM baselines2024-02-15 14



meanwhile at colliders: BSM through EFT fits

§ EFT global analyses often assumed fixed SM calculations
→ PDFs not actively fitted alongside SMEFT parameters

152024-02-15 T. Hobbs, INT-24-87W

→ could potentially bias resulting SMEFT analysis 

EFT-based parametrizations: e.g., SM effective field theory (SMEFT)

§ solution: develop joint SMEFT/PDF fits (field at early stage)

→ this work: example in context of CTEQ-TEA (CT) framework

→ demonstration study focusing on select data:
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jet, tt̄ production

→ examine possible PDF-SMEFT correlations

§ strong recent interest: model-independent BSM analyses

conceptually similar to PDF-fitting ideology

Gao, Gao, TJH, Liu, and Shen; JHEP05 (2023) 003



large body of recent EFT analyses

§ disclaimer: this talk → one example of recent PDF-SMEFT activity

→ dedicated EFT fits within CMS, ATLAS

162024-02-15 T. Hobbs, INT-24-87W

→ studies related to current, future expts; e.g., DIS colliders, LHC, …

§ numerous SMEFT fitting frameworks and studies in recent years
<latexit sha1_base64="KcDyjPDNp7EQVOhSMrDkmxagotk="></latexit>

EFTFitter
1, FitMaker2, HEPFit3, SFitter4, SMEFiT5, . . .

multiple talks at this meeting

→ e.g., recent fits within the NNPDF-SMEFiT frameworks 
Kassabov et al.: top-quark joint fit, 2303.06159

→ findings here are representative of current PDF-SMEFT situation

1Castro et al, 1605.05585; 2Ellis et al, 2012.02779; 3De Blas et al, 1910.14012; 
4Brivio et al, 1910.03606; 5Hartland et al, 1901.05965; …

SIMUnet public code: Costantini et al, 2402.03308



basics of (SM)EFT
§ presume BSM scale above the electroweak,

→ explicit non-standard degrees-of-freedom may be integrated away 

172024-02-15 T. Hobbs, INT-24-87W
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⇤ � MW,Z

→ leaves behind basis of higher-dimensional operators

built from SM field content!
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Ci 6= 0

→ extract from global fit alongside PDFs

EFT description

High-energy 
(UV) theory

EFT description

High-energy 
(UV) theory
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p ⌧ MW

analogous EFT – Fermi theory:

see talks, Boughezal, Cirigliano, …



selecting dominant SMEFT operators

→ dim-8 contributions small (may be relevant for future precision!)

182024-02-15 T. Hobbs, INT-24-87W

§ this study: dim-6 operators only

→ consider several SMEFT operators associated with jet,  
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jet production: contact interaction top production

§ have imposed multiple symmetries on SMEFT space

Warsaw operator basis



theory calculation setup

→ pure SM, pure dim-6 SMEFT, and interference pieces:

192024-02-15 T. Hobbs, INT-24-87W

§ nonzero Wilson coeffs.: finite SMEFT contributions to X-sections
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observable µ0 SM QCD SM EW SMEFT QCD th. unc.

tt̄ total mt NNLO+NNLL no NLO µF,R var.

tt̄ pT dist. mT /2 NNLO NLO NLO µF,R var.

tt̄ mtt̄ dist. HT /4 NNLO(+NLP) NLO NLO µF,R var.

tt̄ 2D dist. HT /4 NNLO no NLO no

inc. jet pT,j NNLO NLO NLO 0.5% uncor.

dijet mjj NNLO NLO NLO 0.5% uncor

§ status of theory calculations, uncertainties for all processes:

→ relevant for interference term, SMEFT-QCD computed to NLO 

→ constrain Wilson coefficients,                    ,  for 
<latexit sha1_base64="kmSFHHnyj+y/+Tk3zu9C1kHL3bo=">AAAB+3icbVC7TsMwFHXKq5RXKCNLRIVUlpJUFTBWdGFgKBJ9SE2IHMdprdpOZDuIKuqvsDCAECs/wsbf4LYZoOVIlo7OuUf3+gQJJVLZ9rdRWFvf2Nwqbpd2dvf2D8zDclfGqUC4g2Iai34AJaaE444iiuJ+IjBkAcW9YNya+b1HLCSJ+b2aJNhjcMhJRBBUWvLNcqvqstRHZ+furU6F8KHumxW7Zs9hrRInJxWQo+2bX24Yo5RhrhCFUg4cO1FeBoUiiOJpyU0lTiAawyEeaMohw9LL5rdPrVOthFYUC/24subq70QGmZQTFuhJBtVILnsz8T9vkKroyssIT1KFOVosilJqqdiaFWGFRGCk6EQTiATRt1poBAVEStdV0iU4y19eJd16zbmoNe4aleZ1XkcRHIMTUAUOuARNcAPaoAMQeALP4BW8GVPjxXg3PhajBSPPHIE/MD5/AFFkk1g=</latexit>

C(µc)/⇤
2

<latexit sha1_base64="1iv2iIlbZBthjRabEWAEbIMwRsE=">AAACBXicbVDLSsNAFJ3UV62vqEtdjBbBhZREiroRim5cVugLmhAm00k7dGYSZiZCCd248VfcuFDErf/gzr9x0nahrQcuHM65l3vvCRNGlXacb6uwtLyyulZcL21sbm3v2Lt7LRWnEpMmjlksOyFShFFBmppqRjqJJIiHjLTD4W3utx+IVDQWDT1KiM9RX9CIYqSNFNiHHk8D7B3Ba1OudwY9jvRA8qxBWuPALjsVZwK4SNwZKYMZ6oH95fVinHIiNGZIqa7rJNrPkNQUMzIueakiCcJD1CddQwXiRPnZ5IsxPDFKD0axNCU0nKi/JzLElRrx0HTmN6p5Lxf/87qpjq78jIok1UTg6aIoZVDHMI8E9qgkWLORIQhLam6FeIAkwtoEVzIhuPMvL5LWecW9qFTvq+XazSyOIjgAx+AUuOAS1MAdqIMmwOARPINX8GY9WS/Wu/UxbS1Ys5l98AfW5w8IQpcI</latexit>

µc=1TeV



learning log-likelihoods through neural net training

→ train a feed-forward neural network (NN) on PDF replicas

202024-02-15 T. Hobbs, INT-24-87W

§ quantify agreement of theory/data through 

Liu, Sun, and Gao; arXiv: 2201.06586
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NNs effectively learn (PDF-SMEFT) likelihood function

→ validate performance on 4x103 test set

212024-02-15 T. Hobbs, INT-24-87W

§ generate 1.2x104 replicas over PDFs, SM parameters, SMEFT coeffs.

→ strong, permille-level agreement achieved! 
<latexit sha1_base64="HiguZuXuMkNlIXGUGSL8d6ad+yk="></latexit>
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NN/�

2 = 1)

§ allows rapid exploration of combined PDF-SMEFT uncertainties



explore constraints from range of LHC expts

→ nominally fit ~112 fb-1 of top data; ~67 fb-1 for jet production

222024-02-15 T. Hobbs, INT-24-87W

§ included on top of default CT18 fitted experiments

<latexit sha1_base64="VhAc/5EUd7ZmZR7QDc0MrrzdSaU="></latexit>

Experiments
p
s(TeV) L(fb�1

) observable Npt

⇤†
LHC(Tevatron) 7/8/13(1.96) — tt̄ total cross section 8

⇤†
ATLAS tt̄ 8 20.3 1D dis. in pT,t or mtt̄ 15

⇤†
CMS tt̄ 8 19.7 2D dis. in pT,t and yt 16

CMS tt̄ 8 19.7 1D dis. in mtt̄ 7

⇤†
ATLAS tt̄ 13 36 1D dis. in mtt̄ 7

⇤†
CMS tt̄ 13 35.9 1D dis. in mtt̄ 7

⇤†
CDF II inc. jet 1.96 1.13 2D dis. in pT and y 72

⇤†
D0 II inc. jet 1.96 0.7 2D dis. in pT and y 110

⇤†
ATLAS inc. jet 7 4.5 2D dis. in pT and y 140

⇤†
CMS inc. jet 7 5 2D dis. in pT and y 158

⇤
CMS inc. jet 8 19.7 2D dis. in pT and y 185

†
CMS dijet 8 19.7 3D dis. in pave.T , yb and y⇤ 122

†
CMS inc. jet 13 36.3 2D dis. in pT and y 78

*(in nominal top fits);    †(in nominal jet fits)

§ for top data, correlated theory errors included via nuisance parameters; uncorr. for jets 
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first: sensitivity to SM QCD parameters

§ combined jet and      data significantly constrain strong coupling, top mass
<latexit sha1_base64="0c0gmVf6tDFHGEeqPfSSoKPe7AA=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYns8mQ2dl1plcIS37CiwdFvPo73vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94DjhfkQHSoSCUbRSG7sB1RlOeuWKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn83unZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieO1nQiUpcsXmi8JUEozJ9HnSF5ozlGNLKNPC3krYkGrK0EZUsiF4iy8vk+ZZ1busXtyfV2o3eRxFOIJjOAUPrqAGd1CHBjCQ8Ayv8OY8Oi/Ou/Mxby04+cwh/IHz+QN5H5BF</latexit>

tt̄

§ simultaneously fit       and        in the absence of nonzero SMEFT coefficients<latexit sha1_base64="BcL+ca5IBeyc3Vvt2VUsG6O4oE0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEnons8mQ2dl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGt1O/9cSU5rF8MOOE+REOJA85RWOldhdFMsSe7pUrbtWdgSwTLycVyFHvlb+6/ZimEZOGCtS647mJ8TNUhlPBJqVuqlmCdIQD1rFUYsS0n83unZATq/RJGCtb0pCZ+nsiw0jrcRTYzgjNUC96U/E/r5Oa8NrPuExSwySdLwpTQUxMps+TPleMGjG2BKni9lZCh6iQGhtRyYbgLb68TJpnVe+yenF/Xqnd5HEU4QiO4RQ8uIIa3EEdGkBBwDO8wpvz6Lw4787HvLXg5DOH8AfO5w8cKJAI</latexit>↵s
<latexit sha1_base64="r6VHyMGmaPwqlDIY4GIpyYBnMiM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8eI5gHJEmYns8mQmdllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrTAQ36HnfTmFldW19o7hZ2tre2d0r7x80TZxqyho0FrFuh8QwwRVrIEfB2olmRIaCtcLR7dRvPTFteKwecZywQJKB4hGnBK30IHvYK1e8qjeDu0z8nFQgR71X/ur2Y5pKppAKYkzH9xIMMqKRU8EmpW5qWELoiAxYx1JFJDNBNjt14p5Ype9Gsbal0J2pvycyIo0Zy9B2SoJDs+hNxf+8TorRdZBxlaTIFJ0vilLhYuxO/3b7XDOKYmwJoZrbW106JJpQtOmUbAj+4svLpHlW9S+rF/fnldpNHkcRjuAYTsGHK6jBHdShARQG8Ayv8OYI58V5dz7mrQUnnzmEP3A+fwBjuo3i</latexit>mt

→ competing pulls between CMS, ATLAS       data; lower vs higher top mass, resp.
<latexit sha1_base64="0c0gmVf6tDFHGEeqPfSSoKPe7AA=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYns8mQ2dl1plcIS37CiwdFvPo73vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94DjhfkQHSoSCUbRSG7sB1RlOeuWKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn83unZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieO1nQiUpcsXmi8JUEozJ9HnSF5ozlGNLKNPC3krYkGrK0EZUsiF4iy8vk+ZZ1busXtyfV2o3eRxFOIJjOAUPrqAGd1CHBjCQ8Ayv8OY8Oi/Ou/Mxby04+cwh/IHz+QN5H5BF</latexit>

tt̄

(consistent with constraints from first near-threshold         bin)<latexit sha1_base64="GvpBAwWFMaVV2//yFz5JBDbH7v8=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMFawtNKJvttl26uwm7E6GE/A0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvSgQ36HnfTmlldW19o7xZ2dre2d2r7h88mjjVlLVoLGLdiYhhgivWQo6CdRLNiIwEa0fj26nffmLa8Fg94CRhoSRDxQecErRSIHsZBhHRGeZ5r1rz6t4M7jLxC1KDAs1e9SvoxzSVTCEVxJiu7yUYZkQjp4LllSA1LCF0TIasa6kikpkwm92cuydW6buDWNtS6M7U3xMZkcZMZGQ7JcGRWfSm4n9eN8XBdZhxlaTIFJ0vGqTCxdidBuD2uWYUxcQSQjW3t7p0RDShaGOq2BD8xZeXyeNZ3b+sX9yf1xo3RRxlOIJjOAUfrqABd9CEFlBI4Ble4c1JnRfn3fmYt5acYuYQ/sD5/AHKWZIx</latexit>mtt̄



examine SMEFT uncertainties in joint PDF fit

242024-02-15 T. Hobbs, INT-24-87W

§ quantify SMEFT uncert. through Lagrange Multiplier (LM) scans:

→ constraints to top-associated Wilson coefficient,
<latexit sha1_base64="RQc1l6qgPUi6IvydLl3NgD7hZ7c=">AAAB+3icbVC7TsMwFHV4lvIKZWSxqJCYSlJV0LGiCwNDkehDatPIcZzWquME20FUUX6FhQGEWPkRNv4Gt80ALUeydHTOPbrXx4sZlcqyvo219Y3Nre3CTnF3b//g0DwqdWSUCEzaOGKR6HlIEkY5aSuqGOnFgqDQY6TrTZozv/tIhKQRv1fTmDghGnEaUIyUllyz1BzW3VQ9ZBeDW53y0bDqmmWrYs0BV4mdkzLI0XLNr4Ef4SQkXGGGpOzbVqycFAlFMSNZcZBIEiM8QSPS15SjkEgnnd+ewTOt+DCIhH5cwbn6O5GiUMpp6OnJEKmxXPZm4n9eP1FB3UkpjxNFOF4sChIGVQRnRUCfCoIVm2qCsKD6VojHSCCsdF1FXYK9/OVV0qlW7MtK7a5WblzndRTACTgF58AGV6ABbkALtAEGT+AZvII3IzNejHfjYzG6ZuSZY/AHxucPGqOT2Q==</latexit>

C8
tq/⇤

2

§ modest increase in uncertainty when co-fitted with PDFs
§ predominantly quartic shapes for          reflect pure SMEFT contributions

<latexit sha1_base64="Kb1Pbqq270Dfitw6/xQbNS3hc1g=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9EPXjERB4Ju5LZYRYmzD6c6SUhhO/w4kFjvPox3vwbB9iDgpV0UqnqTneXn0ih0ba/rdza+sbmVn67sLO7t39QPDxq6jhVjDdYLGPV9qnmUkS8gQIlbyeK09CXvOUPb2Z+a8SVFnH0gOOEeyHtRyIQjKKRPPeWS6TEZQPxWOkWS3bZnoOsEicjJchQ7xa/3F7M0pBHyCTVuuPYCXoTqlAwyacFN9U8oWxI+7xjaERDrr3J/OgpOTNKjwSxMhUhmau/JyY01Hoc+qYzpDjQy95M/M/rpBhceRMRJSnyiC0WBakkGJNZAqQnFGcox4ZQpoS5lbABVZShyalgQnCWX14lzUrZuShX76ul2nUWRx5O4BTOwYFLqMEd1KEBDJ7gGV7hzRpZL9a79bFozVnZzDH8gfX5A+XMkYs=</latexit>

��2

<latexit sha1_base64="2M6mSIUM/WuilmEN+nwg5QxagYM=">AAACBXicbVC7TsMwFHXKq5RXgBEGlwqJqUpQBYwVLAwMRaIPqQmV4zitVduJbAepirqw8CssDCDEyj+w8Te4bQZoOZKlo3PO1fU9QcKo0o7zbRWWlldW14rrpY3Nre0de3evpeJUYtLEMYtlJ0CKMCpIU1PNSCeRBPGAkXYwvJr47QciFY3FnR4lxOeoL2hEMdJG6tmHnqLcK3tlmLnQi00UejdmPET3tXHPrjhVZwq4SNycVECORs/+8sIYp5wIjRlSqus6ifYzJDXFjIxLXqpIgvAQ9UnXUIE4UX42vWIMj40SwiiW5gkNp+rviQxxpUY8MEmO9EDNexPxP6+b6ujCz6hIUk0Eni2KUgZ1DCeVwJBKgjUbGYKwpOavEA+QRFib4kqmBHf+5EXSOq26Z9Xaba1Sv8zrKIIDcAROgAvOQR1cgwZoAgwewTN4BW/Wk/VivVsfs2jBymf2wR9Ynz9cwpc7</latexit>

⇠ 1

⇤4

<latexit sha1_base64="cet/GfhjsHla3osgt4OGwT9qe/s=">AAAB+HicbVDLTgJBEJzFF+KDVY9eJoKJJ7JL4uNI9OIRE0ES2JDe2QEmzD4y02uCG77EiweN8eqnePNvHGAPClbSSaWqO91dfiKFRsf5tgpr6xubW8Xt0s7u3n7ZPjhs6zhVjLdYLGPV8UFzKSLeQoGSdxLFIfQlf/DHNzP/4ZErLeLoHicJ90IYRmIgGKCR+na5ij0fVIbTKg0AoW9XnJozB10lbk4qJEezb3/1gpilIY+QSdC66zoJehkoFEzyaamXap4AG8OQdw2NIOTay+aHT+mpUQI6iJWpCOlc/T2RQaj1JPRNZwg40sveTPzP66Y4uPIyESUp8ogtFg1SSTGmsxRoIBRnKCeGAFPC3ErZCBQwNFmVTAju8surpF2vuRe187t6pXGdx1Ekx+SEnBGXXJIGuSVN0iKMpOSZvJI368l6sd6tj0VrwcpnjsgfWJ8/GIOSvA==</latexit>

tt̄ data

… i.e., importance of quadratic EFT terms in limit-setting
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pQCD correlations with top EFT coefficients
<latexit sha1_base64="cet/GfhjsHla3osgt4OGwT9qe/s=">AAAB+HicbVDLTgJBEJzFF+KDVY9eJoKJJ7JL4uNI9OIRE0ES2JDe2QEmzD4y02uCG77EiweN8eqnePNvHGAPClbSSaWqO91dfiKFRsf5tgpr6xubW8Xt0s7u3n7ZPjhs6zhVjLdYLGPV8UFzKSLeQoGSdxLFIfQlf/DHNzP/4ZErLeLoHicJ90IYRmIgGKCR+na5ij0fVIbTKg0AoW9XnJozB10lbk4qJEezb3/1gpilIY+QSdC66zoJehkoFEzyaamXap4AG8OQdw2NIOTay+aHT+mpUQI6iJWpCOlc/T2RQaj1JPRNZwg40sveTPzP66Y4uPIyESUp8ogtFg1SSTGmsxRoIBRnKCeGAFPC3ErZCBQwNFmVTAju8surpF2vuRe187t6pXGdx1Ekx+SEnBGXXJIGuSVN0iKMpOSZvJI368l6sd6tj0VrwcpnjsgfWJ8/GIOSvA==</latexit>

tt̄ data

<latexit sha1_base64="NWK26wFniq1Toh+QIzNDu9M05Fs="></latexit>

 (�1,�2, {a`}) = �2({a`}) + �1X1({a`}) + �2X2({a`})

→ 2D Lagrange multiplier scans reveal correlations between fitted quantities; minimize:

§ best fit coupling, mass essentially unshifted when fitted alongside EFT

→ still, some deviation from rotational symmetry: non-quadratic profiles for 
<latexit sha1_base64="+gFDvKNxypTFY7VZl9AZW7BIW3E=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8egF48RzAOSNcxOZpMxszPLzKwQlvyDFw+KePV/vPk3TjZ70MSChqKqm+6uIOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2Mb2Z++4kqzaS4N5OY+hEeChYygo2VWj0yYg+1frniVt0MaJl4OalAjka//NUbSJJEVBjCsdZdz42Nn2JlGOF0WuolmsaYjPGQdi0VOKLaT7Nrp+jEKgMUSmVLGJSpvydSHGk9iQLbGWEz0oveTPzP6yYmvPJTJuLEUEHmi8KEIyPR7HU0YIoSwyeWYKKYvRWREVaYGBtQyYbgLb68TFq1qndRPb87q9Sv8ziKcATHcAoeXEIdbqEBTSDwCM/wCm+OdF6cd+dj3lpw8plD+APn8wcqnY7g</latexit>

�2



joint fits: very weak correlations with PDFs’ x dependence

262024-02-15 T. Hobbs, INT-24-87W

§ SMEFT coefficient uncertainties depend on active fitting of PDFs:

§ small variations in gluon PDF, unc. from co-fitting SMEFT:

<latexit sha1_base64="Roo8baQxKFAoLGwChuHl1DwS6l8="></latexit>

TeV�2 nominal PDF fixed no the. unc.
C1

tu/⇤
2 0.14+0.61

�0.97 0.14+0.60
�0.95 0.14+0.57

�0.92

C8
tq/⇤

2 �0.80+2.58
�2.38 �0.80+2.48

�2.35 -
CtG/⇤2 �0.10+0.26

�0.30 �0.10+0.25
�0.30 -



analogous joint fits: jet data and contact interaction

272024-02-15 T. Hobbs, INT-24-87W

§ fitted jet data modestly sensitive to C1:

§ fixing PDFs: (slightly) larger uncertainty underestimate

§ leading SMEFT sensitivity from CMS: 13 TeV incl. jet, 8 TeV dijet data

<latexit sha1_base64="5Jxqt1WblPRb7h7uSxzrBl8EctU="></latexit>

TeV�2 nominal CMS 8 dijet CMS 8 jet CMS 13 jet
PDF free �0.0015+0.0033

�0.0014 �0.0022+0.0187
�0.0054 �0.0009+0.0138

�0.0045 �0.0013+0.0059
�0.0016

PDF fixed �0.0015+0.0024
�0.0014 �0.0022+0.0180

�0.0051 �0.0009+0.0131
�0.0049 �0.0013+0.0026

�0.0015



more pronounced PDF correlation for jet data

282024-02-15 T. Hobbs, INT-24-87W

§ jointly fitting contact interaction to jet prod. shifts gluon PDF

§ effect somewhat greater at large 
<latexit sha1_base64="zqkcnTxu1KO4M34rrsl/YyIWcR4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1JMUvXisYD+gDWWz3bRLN5uwOxFL6Y/w4kERr/4eb/4bt20O2vpg4PHeDDPzwlQKg5737RRWVtfWN4qbpa3tnd298v5BwySZZrzOEpnoVkgNl0LxOgqUvJVqTuNQ8mY4vJ36zUeujUjUA45SHsS0r0QkGEUrNZ/INfFcv1uueK43A1kmfk4qkKPWLX91egnLYq6QSWpM2/dSDMZUo2CST0qdzPCUsiHt87alisbcBOPZuRNyYpUeiRJtSyGZqb8nxjQ2ZhSHtjOmODCL3lT8z2tnGF0FY6HSDLli80VRJgkmZPo76QnNGcqRJZRpYW8lbEA1ZWgTKtkQ/MWXl0njzPUv3PP780r1Jo+jCEdwDKfgwyVU4Q5qUAcGQ3iGV3hzUufFeXc+5q0FJ585hD9wPn8AY9SOTg==</latexit>

x > 0.1

§ suggests slightly stronger correlation of gluon PDF with C1



correlations between SMEFT coefficients are mild

292024-02-15 T. Hobbs, INT-24-87W

§ co-varying top-, jet-associated coeffs. minimally effects uncertainties

→ strongly rotationally-symmetric            contours imply very weak correlations
<latexit sha1_base64="Kb1Pbqq270Dfitw6/xQbNS3hc1g=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9EPXjERB4Ju5LZYRYmzD6c6SUhhO/w4kFjvPox3vwbB9iDgpV0UqnqTneXn0ih0ba/rdza+sbmVn67sLO7t39QPDxq6jhVjDdYLGPV9qnmUkS8gQIlbyeK09CXvOUPb2Z+a8SVFnH0gOOEeyHtRyIQjKKRPPeWS6TEZQPxWOkWS3bZnoOsEicjJchQ7xa/3F7M0pBHyCTVuuPYCXoTqlAwyacFN9U8oWxI+7xjaERDrr3J/OgpOTNKjwSxMhUhmau/JyY01Hoc+qYzpDjQy95M/M/rpBhceRMRJSnyiC0WBakkGJNZAqQnFGcox4ZQpoS5lbABVZShyalgQnCWX14lzUrZuShX76ul2nUWRx5O4BTOwYFLqMEd1KEBDJ7gGV7hzRpZL9a79bFozVnZzDH8gfX5A+XMkYs=</latexit>

��2

<latexit sha1_base64="h+eDtOxae6gdcxfLLGD2AezAvf4="></latexit>

TeV�2 C1, CtG free fix C1 fix CtG

C1/⇤2 �0.0015+0.0033
�0.0014 0 �0.0015+0.0033

�0.0014

CtG/⇤2 �0.120+0.248
�0.309 �0.117+0.247

�0.309 0



correlations may strengthen with future expts

302024-02-15 T. Hobbs, INT-24-87W

§ increasing Weight (expt. precision) enhances SMEFT coeff. uncertainty 
dependence on co-fitted PDFs

§ in addition, extracted SMEFT unc. depends on PDF error (tolerance) conventions

relevant for HL-LHC!

→ both points suggest a growing need for further investigation 

factor ~2.5 improvement 
in uncorr. uncert

<latexit sha1_base64="NA7G87NJdz7nETjEB2Ohj191veQ=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KUol6Eoh48VrAf0MSy2W7apZtN2J0opfanePGgiFd/iTf/jds2B219MPB4b4aZeUEiuAbH+bZyK6tr6xv5zcLW9s7unl3cb+o4VZQ1aCxi1Q6IZoJL1gAOgrUTxUgUCNYKhldTv/XAlOaxvINRwvyI9CUPOSVgpK5d9K6ZAII9OuD3FXyB3a5dcsrODHiZuBkpoQz1rv3l9WKaRkwCFUTrjusk4I+JAk4FmxS8VLOE0CHps46hkkRM++PZ6RN8bJQeDmNlSgKeqb8nxiTSehQFpjMiMNCL3lT8z+ukEJ77Yy6TFJik80VhKjDEeJoD7nHFKIiRIYQqbm7FdEAUoWDSKpgQ3MWXl0mzUnZPy9Xbaql2mcWRR4foCJ0gF52hGrpBddRAFD2iZ/SK3qwn68V6tz7mrTkrmzlAf2B9/gAMspKS</latexit>

��2 = 1



summary and outlook

→ robust separation between PDFs, co-fitted EFT coefficients 

312024-02-15 T. Hobbs, INT-24-87W

→ these will increase with growing expt precision; e.g., at HL-LHC

§ extends BSM sensitivity through PDF improvements (& QCD/EW theory)

§ EIC will enter complex landscape of BSM-motivated EW experiments

§ jet and      data as CT PDF-EFT demonstration study; examined correlations
<latexit sha1_base64="vu0y03S20ql5G8BZX75uspMeDaA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilDvYCqjOc9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5vfOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2fNkIDRnKCeWUKaFvZWwEdWUoY2oZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExhIeIZXeHMenRfn3flYtBacfOYY/sD5/AF4zZBE</latexit>

tt̄

→ evidence of correlation between high-x gluon, contact interaction

→ need further theory development; more operator combinations, …

§ EIC valuable arena to explore PDF-EFT interplay; UQ essential

(potentially reassuring for contemporary EFT-only analyses)


