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…borrowing liberally from slides from P. Nadolsky, T. Hobbs, …
especially from DIS talks



Some recent publications
1. Exploring the impact of high-precision top-quark pair production data on the structure of 

the proton at the LHC; A. Ablat, M. Guzzi, K. Xie, S. Dulat, T-J Hou; arXiv: 2307.11153
2. Quantifying the interplay of experimental constraints in analyses of parton distributions; 

ATLASpdf, CT and MMHT authors; Phys.Rev.D 108 (2023) 3, 034029
3. Precision studies of the post-CT18 LHC Drell-Yan data in the CTEQ-TEA global analysis; 

I. Sitiwaldi, K. Xie et al; Phys. Rev. D 108 (2023) 3, 034030
4. The persistent nonperturbative charm enigma, M. Guzzi, T. Hobbs et al; Phys. Lett. B 843 

(2023), 13975
5. Parton distributions need representative sampling, A. Courtoy et al; Phys. Rev. D 107 

(2023) 3, 034008
6. CT18 global PDF fit at leading order in QCD; M. Yan et al; Phys. Rev. D 107 (2023) 11, 

116001
7. General heavy-flavor mass scheme for charged-current DIS at nnlo and beyond; J. Gao, 

T. Hobbs et al; Phys. Rev D 105 (2022) 1, L011503
8. Simultaneous CTEQ-TEA extraction of PDFs and SMEFT parameters from jet and ttbar 

data; J. Gao, T. Hobbs et al; arXiv:2211.01094
9. Parton distributions and lattice-QCD calculations: Towards 3D structure, A. Courtoy et al; 

Prog. Part. Nucl. Phys. 121 (2021) 103908
Since 2018, we have examined the impact of new LHC data, new 
parametrizations,joint PDF+EFT fits, as well as the impact of lattice 
constraints (especially on the strange quark). 





l Impact of top/jet data->see talk of Marco 
Guzzi

lL2 sensitivity->see talk of Aurore Courtoy 
lReplicability->see talk of Pavel Nadolsky



• The CT18 family of PDFs includes LHC data available up to 2018, i.e. mostly 7
and 8 TeV data
• CT18 is the primary PDF; CT18A includes the ATLAS 7 TeV W/Z data (excluded 
from CT18 due to very poor fit); CT18X includes scale to simulate effects of 
low x resummation for DIS; CT18Z includes both effects
• CT18As (new) allows a more flexible parametrization for strange
• CT18As_Lat (new) adds lattice constraint
New CT 18 NNLO grids for precision calculations 
• Available on ct.hepforge.org 
• Contain more x and Q points — improved interpolation at the expense of slightly slower 
evaluation 
• Crossing of quark mass thresholds implemented with multiple Q grids. Complement the 
published (less dense) CT 18 grids on LHAPDF that remain sufficient for most applications 







• The new Drell-Yan data increases 
(decreases) the quark-related 
luminosity at low (high) invariant 
mass
• …with a reduction in the size of the 
error bands
• The more flexible strangeness 
parameterization in CT18As can 
enlarge the uncertainty bands for 
quark-related parton luminosities

Parton Luminosities









CT18FC first modern PDF fit
to break c=cbar



EIC will measure precisely in the few- 
GeV, high-x region where FC signals 
are to be expected

NLO

CT14 HERA2 NNLO

EIC + lattice QCD 
will constrain FC 
scenarios

enhanced FC momentum implied by 
EMC data → small high-x effects in 
structure function; need high precision

TJH, Alberg, and Miller; PRD96, 074023 (2017).

■ essential complementary 
input from LHC; CERN FPF

conclusion: require more 
data/input to resolve FC



Reduction in scale uncertainty for gg observed in ggF Higgs region

One slide on ttbar



T.J. Hobbs DIS







UHE neutrinos: probe matter at extreme scales, BSM sensitivity 

q relevant energies are those attained at neutrino telescopes, e.g., IceCube
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E⌫>108 GeV

‘high energy’:

‘ultra-high energy’ (UHE):

q far exceed energy scales achievable at terrestrial facilities (e.g., the LHC)

→ potentially probe saturation physics at extremely low x

→ test BSM scenarios: leptoquarks, hidden extra dimensions, …

→ provide information on 6 of 9 flavor oscillation channels

→ yield insights into astrophysics (‘multi-messenger’ astronomy)

q bridge between HEP-NP research areas





QCD uncertainties remain challenging at high energies 

q combined CT18 and EPPS21 uncertainties represent a more aggressive scenario

→ nCTEQ15-based predictions enlarge high-energy uncertainties further

q many additional model considerations: heavy-quark mass effects; extrapolations, …

→ compelling arena to test QCD across HEP-NP! arXiv: 2303.13607

e.g., nuclear models in saturation regime could strengthen BSM sensitivity…
Low-x (n)PDF and theory uncertainties form a limitation to accuracy at very high energies



Exploratory effort on ~n3lo PDFs at the moment, but more will 
come in the future

see arXiv:2311.08447
on archive yesterdayKrieste, Hobbs—forthcoming study



Extras





…as I was quoted in this week’s Higgs XSWG meeting (re:aN3LO PDFs),
chatGPT jokes about Donald Trump and physics are “informative but not
definitive”







cross sections sensitive to proton PDF extrapolation region

q gluon and singlet PDF uncertainties become poorly controlled below 
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x . 10�5�10�4

q parametrization, low-x resummation and related effects become significant



Error ellipses for new PDFs


