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Setting the Scene…

• Parton distribution functions (PDFs): a key ingredient in hadron collider physics!  

C

fi 

Separate short distance perturbative phy

fj 

• QCD factorization: perturbative physics separated from universal non-perturbative PDFs

<latexit sha1_base64="21U0IwxbgqTobEfbbLeUGm9k4Xk="></latexit>

Factorization ⇒ fDIS
i

(x,Q2) ≡ {fCollider
i

(x,Q2)} Drell Yan, Jets, Higgs…

• PDFs at different scales connected by DGLAP evolution

AP equations.
• Foundation of global PDF fits: use data at different scales and processes to extract PDFs. Aim to 

constrain PDFs to high precision for all flavours (           …) over a wide    region.
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etc…

Collinear, unpolarized

q, q, g x



Why do we care about (precision) PDFs?

• The LHC is a Standard Model precision machine, and PDFs are a key ingredient in this. Increasingly a 

limiting factor:

W mass

SM expectation: M
W

 = 80,357 ± 4
inputs

 ± 4
theory

 (PDG 2020)

LHCb measurement : M
W

 = 80,354 ± 23
stat

 ± 10
exp

 ± 17
theory

 ± 9
PDF  

[JHEP 2022, 36 (2022)]  

[CDF 2022]

d b

PDF unc. of CDF / ATLAS / LHCb: 3.9 / 8 / 9 MeV

W boson mass from different experiments
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σPDF ∼ σtot/2
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ATLAS, 2309.12986
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σPDF ∼ σtot/2
Disclaimer: will generally refer to papers 

by their arxiv number, even if published.3
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sin
2
θ
l

eff

CMS PAS SMP-22-010

sin2
θ
`

eff = 0.23157 ± 0.00010(stat)± 0.00015(syst)± 0.00009(theo)± 0.00027(PDF),
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σPDF ∼ σtot



• The LHC is a Higgs factory: PDFs play a key role here.

M. Cepeda et al., 1902.00134

• The LHC is a BSM search machine. Often need 

PDFs here.

• High mass = high     , where PDFs are less well 

known. Key when looking for small/smooth 

deviations.
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Precision

Image Credit: Emanuele Nocera
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Image Credit: Tom Cridge
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Global PDF Fits

measure predictfit

• Basic idea is simple: but many ingredients enter! Workflow:Data = PDF · Ã
H

• In a bit more detail…

<latexit sha1_base64="/WEb/hNxcGBm/sBR97pslYevdvU=">AAAB8nicbVDLSsNAFJ34rPVVdelmsAgVpKRWfK2Kbly2YB+QhjCZTtqhk5kwMxFL6Ge4caGIW7/GnX/jJA2i1gMXDufcy733+BGjStv2p7WwuLS8slpYK65vbG5tl3Z2O0rEEpM2FkzIno8UYZSTtqaakV4kCQp9Rrr++Cb1u/dEKir4nZ5ExA3RkNOAYqSN5AQerTwctzz76Morle2qnQHOk1pOyiBH0yt99AcCxyHhGjOklFOzI+0mSGqKGZkW+7EiEcJjNCSOoRyFRLlJdvIUHhplAAMhTXENM/XnRIJCpSahbzpDpEfqr5eK/3lOrIMLN6E8ijXheLYoiBnUAqb/wwGVBGs2MQRhSc2tEI+QRFiblIpZCJcpzr5fniedk2qtXq23TsuN6zyOAtgHB6ACauAcNMAtaII2wECAR/AMXixtPVmv1tusdcHKZ/bAL1jvX7V6kFw=</latexit>

Parameterise PDFs 

at low scale Q0
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Select data & theory

Perform fit

Output PDFs
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Parameterise PDFs 
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CT, MSHT…

NNPDF

<latexit sha1_base64="NNjtoD1cBAn7Z0TtxSswbwcv8V0=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpTEio9dQRcuK9gHNKFMppN26MwkzEzEEgpu/BU3LhRx60+4829M0iBqPXDhcM693HuPFzKqtGV9GoW5+YXFpeJyaWV1bX3D3NxqqSCSmDRxwALZ8ZAijArS1FQz0gklQdxjpO2NLlK/fUukooG40eOQuBwNBPUpRjqReuaOX7k7dHh0AJ2QQ+eSMI1ypWeWraqVAc4SOydlkKPRMz+cfoAjToTGDCnVta1QuzGSmmJGJiUnUiREeIQGpJtQgThRbpz9MIH7idKHfiCTEhpm6s+JGHGlxtxLOjnSQ/XXS8X/vG6k/TM3piKMNBF4usiPGNQBTAOBfSoJ1mycEIQlTW6FeIgkwjqJrZSFcJ7i5PvlWdI6qtq1au36uFyv53EUwS7YAxVgg1NQB1egAZoAg3vwCJ7Bi/FgPBmvxtu0tWDkM9vgF4z3L7thlm8=</latexit>

<latexit sha1_base64="8Hb2qpI5p0KoZQ9OXxqERnSrX8s=">AAACCXicbVBLSwMxGMzWV62vqkcvwSK0IGXXio9bwYvHFuwDumXJZrNtaJJdkqxYll69+Fe8eFDEq//Am//GdFtErQOBycz3kcz4MaNK2/anlVtaXlldy68XNja3tneKu3ttFSUSkxaOWCS7PlKEUUFammpGurEkiPuMdPzR1dTv3BKpaCRu9DgmfY4GgoYUI20krwjD8t1x07Mr0NVRdnF54qWu5DBAGk0qXrFkV+0McJE4c1ICczS84ocbRDjhRGjMkFI9x451P0VSU8zIpOAmisQIj9CA9AwViBPVT7MkE3hklACGkTRHaJipPzdSxJUac99McqSH6q83Ff/zeokOL/opFXGiicCzh8KEQRN6WgsMqCRYs7EhCEtq/grxEEmEtSmvkJVwOcXZd+RF0j6pOrVqrXlaqtfndeTBATgEZeCAc1AH16ABWgCDe/AInsGL9WA9Wa/W22w0Z8139sEvWO9f8rWYvw==</latexit>

<latexit sha1_base64="IbaXW61y18VEOA5Z9eQ8qmY7gIA=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJUZKSiuCm7cWcE+oDOUTJppQ/MYkoxQxi78FTcuFHHrb7jzb8y0s9DWA4Fzz7mXe3OihFFtPO/bKa2srq1vlDcrW9s7u3vu/kFby1Rh0sKSSdWNkCaMCtIy1DDSTRRBPGKkE42vc7/zQJSmUtybSUJCjoaCxhQjY6W+e3QLA005jANpKCc6r4Yc9d2qV/NmgMvEL0gVFGj23a9gIHHKiTCYIa17vpeYMEPKUMzItBKkmiQIj9GQ9CwVyO4Ks9n9U3hqlQGMpbJPGDhTf09kiGs94ZHt5MiM9KKXi/95vdTEl2FGRZIaIvB8UZwyaCTMw4ADqgg2bGIJworaWyEeIYWwsZFVbAj+4peXSfu85tdr9bt6tXFVxFEGx+AEnAEfXIAGuAFN0AIYPIJn8ArenCfnxXl3PuatJaeYOQR/4Hz+AEFllZo=</latexit>

<latexit sha1_base64="/WEb/hNxcGBm/sBR97pslYevdvU=">AAAB8nicbVDLSsNAFJ34rPVVdelmsAgVpKRWfK2Kbly2YB+QhjCZTtqhk5kwMxFL6Ge4caGIW7/GnX/jJA2i1gMXDufcy733+BGjStv2p7WwuLS8slpYK65vbG5tl3Z2O0rEEpM2FkzIno8UYZSTtqaakV4kCQp9Rrr++Cb1u/dEKir4nZ5ExA3RkNOAYqSN5AQerTwctzz76Morle2qnQHOk1pOyiBH0yt99AcCxyHhGjOklFOzI+0mSGqKGZkW+7EiEcJjNCSOoRyFRLlJdvIUHhplAAMhTXENM/XnRIJCpSahbzpDpEfqr5eK/3lOrIMLN6E8ijXheLYoiBnUAqb/wwGVBGs2MQRhSc2tEI+QRFiblIpZCJcpzr5fniedk2qtXq23TsuN6zyOAtgHB6ACauAcNMAtaII2wECAR/AMXixtPVmv1tusdcHKZ/bAL1jvX7V6kFw=</latexit>

<latexit sha1_base64="Ym2/5j5Zve8m0eilrMX6fZGUePo=">AAAB6nicbVDLSsNAFL2pr1pfUZduBovgqiRWfOwKbly2aB/QhjKZTtqhk0mYmQgl9BPcuFDErV/kzr9xkgZR64ELh3Pu5d57/JgzpR3n0yqtrK6tb5Q3K1vbO7t79v5BR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+9Cbzuw9UKhaJez2LqRfisWABI1gb6a41dIZ21ak5OdAycQtShQLNof0xGEUkCanQhGOl+q4Tay/FUjPC6bwySBSNMZniMe0bKnBIlZfmp87RiVFGKIikKaFRrv6cSHGo1Cz0TWeI9UT99TLxP6+f6ODKS5mIE00FWSwKEo50hLK/0YhJSjSfGYKJZOZWRCZYYqJNOpU8hOsMF98vL5POWc2t1+qt82qjUcRRhiM4hlNw4RIacAtNaAOBMTzCM7xY3HqyXq23RWvJKmYO4Res9y/m4Y2t</latexit>

<latexit sha1_base64="UGtMoVKq1BiAIowyIDkiqc7FP+0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0ms+HErePFYwdZCG8pmu2nXbnbD7kYoof/BiwdFvPp/vPlv3KRB1Ppg4PHeDDPzgpgzbVz30yktLa+srpXXKxubW9s71d29jpaJIrRNJJeqG2BNORO0bZjhtBsriqOA07tgcpX5dw9UaSbFrZnG1I/wSLCQEWys1OkbFlE9qNbcupsDLRKvIDUo0BpUP/pDSZKICkM41rrnubHxU6wMI5zOKv1E0xiTCR7RnqUC2yV+ml87Q0dWGaJQKlvCoFz9OZHiSOtpFNjOCJux/utl4n9eLzHhhZ8yESeGCjJfFCYcGYmy19GQKUoMn1qCiWL2VkTGWGFibECVPITLDGffLy+Szknda9QbN6e1ZrOIowwHcAjH4ME5NOEaWtAGAvfwCM/w4kjnyXl13uatJaeY2YdfcN6/AM5Zj2k=</latexit>

<latexit sha1_base64="NNjtoD1cBAn7Z0TtxSswbwcv8V0=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpTEio9dQRcuK9gHNKFMppN26MwkzEzEEgpu/BU3LhRx60+4829M0iBqPXDhcM693HuPFzKqtGV9GoW5+YXFpeJyaWV1bX3D3NxqqSCSmDRxwALZ8ZAijArS1FQz0gklQdxjpO2NLlK/fUukooG40eOQuBwNBPUpRjqReuaOX7k7dHh0AJ2QQ+eSMI1ypWeWraqVAc4SOydlkKPRMz+cfoAjToTGDCnVta1QuzGSmmJGJiUnUiREeIQGpJtQgThRbpz9MIH7idKHfiCTEhpm6s+JGHGlxtxLOjnSQ/XXS8X/vG6k/TM3piKMNBF4usiPGNQBTAOBfSoJ1mycEIQlTW6FeIgkwjqJrZSFcJ7i5PvlWdI6qtq1au36uFyv53EUwS7YAxVgg1NQB1egAZoAg3vwCJ7Bi/FgPBmvxtu0tWDkM9vgF4z3L7thlm8=</latexit>

<latexit sha1_base64="8Hb2qpI5p0KoZQ9OXxqERnSrX8s=">AAACCXicbVBLSwMxGMzWV62vqkcvwSK0IGXXio9bwYvHFuwDumXJZrNtaJJdkqxYll69+Fe8eFDEq//Am//GdFtErQOBycz3kcz4MaNK2/anlVtaXlldy68XNja3tneKu3ttFSUSkxaOWCS7PlKEUUFammpGurEkiPuMdPzR1dTv3BKpaCRu9DgmfY4GgoYUI20krwjD8t1x07Mr0NVRdnF54qWu5DBAGk0qXrFkV+0McJE4c1ICczS84ocbRDjhRGjMkFI9x451P0VSU8zIpOAmisQIj9CA9AwViBPVT7MkE3hklACGkTRHaJipPzdSxJUac99McqSH6q83Ff/zeokOL/opFXGiicCzh8KEQRN6WgsMqCRYs7EhCEtq/grxEEmEtSmvkJVwOcXZd+RF0j6pOrVqrXlaqtfndeTBATgEZeCAc1AH16ABWgCDe/AInsGL9WA9Wa/W22w0Z8139sEvWO9f8rWYvw==</latexit>

0 1

Perturbative QCD for 

parton-level theory
+ …

<latexit sha1_base64="IbaXW61y18VEOA5Z9eQ8qmY7gIA=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJUZKSiuCm7cWcE+oDOUTJppQ/MYkoxQxi78FTcuFHHrb7jzb8y0s9DWA4Fzz7mXe3OihFFtPO/bKa2srq1vlDcrW9s7u3vu/kFby1Rh0sKSSdWNkCaMCtIy1DDSTRRBPGKkE42vc7/zQJSmUtybSUJCjoaCxhQjY6W+e3QLA005jANpKCc6r4Yc9d2qV/NmgMvEL0gVFGj23a9gIHHKiTCYIa17vpeYMEPKUMzItBKkmiQIj9GQ9CwVyO4Ks9n9U3hqlQGMpbJPGDhTf09kiGs94ZHt5MiM9KKXi/95vdTEl2FGRZIaIvB8UZwyaCTMw4ADqgg2bGIJworaWyEeIYWwsZFVbAj+4peXSfu85tdr9bt6tXFVxFEGx+AEnAEfXIAGuAFN0AIYPIJn8ArenCfnxXl3PuatJaeYOQR/4Hz+AEFllZo=</latexit>

<latexit sha1_base64="/WEb/hNxcGBm/sBR97pslYevdvU=">AAAB8nicbVDLSsNAFJ34rPVVdelmsAgVpKRWfK2Kbly2YB+QhjCZTtqhk5kwMxFL6Ge4caGIW7/GnX/jJA2i1gMXDufcy733+BGjStv2p7WwuLS8slpYK65vbG5tl3Z2O0rEEpM2FkzIno8UYZSTtqaakV4kCQp9Rrr++Cb1u/dEKir4nZ5ExA3RkNOAYqSN5AQerTwctzz76Morle2qnQHOk1pOyiBH0yt99AcCxyHhGjOklFOzI+0mSGqKGZkW+7EiEcJjNCSOoRyFRLlJdvIUHhplAAMhTXENM/XnRIJCpSahbzpDpEfqr5eK/3lOrIMLN6E8ijXheLYoiBnUAqb/wwGVBGs2MQRhSc2tEI+QRFiblIpZCJcpzr5fniedk2qtXq23TsuN6zyOAtgHB6ACauAcNMAtaII2wECAR/AMXixtPVmv1tusdcHKZ/bAL1jvX7V6kFw=</latexit>

<latexit sha1_base64="Ym2/5j5Zve8m0eilrMX6fZGUePo=">AAAB6nicbVDLSsNAFL2pr1pfUZduBovgqiRWfOwKbly2aB/QhjKZTtqhk0mYmQgl9BPcuFDErV/kzr9xkgZR64ELh3Pu5d57/JgzpR3n0yqtrK6tb5Q3K1vbO7t79v5BR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+9Cbzuw9UKhaJez2LqRfisWABI1gb6a41dIZ21ak5OdAycQtShQLNof0xGEUkCanQhGOl+q4Tay/FUjPC6bwySBSNMZniMe0bKnBIlZfmp87RiVFGKIikKaFRrv6cSHGo1Cz0TWeI9UT99TLxP6+f6ODKS5mIE00FWSwKEo50hLK/0YhJSjSfGYKJZOZWRCZYYqJNOpU8hOsMF98vL5POWc2t1+qt82qjUcRRhiM4hlNw4RIacAtNaAOBMTzCM7xY3HqyXq23RWvJKmYO4Res9y/m4Y2t</latexit>

<latexit sha1_base64="UGtMoVKq1BiAIowyIDkiqc7FP+0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0ms+HErePFYwdZCG8pmu2nXbnbD7kYoof/BiwdFvPp/vPlv3KRB1Ppg4PHeDDPzgpgzbVz30yktLa+srpXXKxubW9s71d29jpaJIrRNJJeqG2BNORO0bZjhtBsriqOA07tgcpX5dw9UaSbFrZnG1I/wSLCQEWys1OkbFlE9qNbcupsDLRKvIDUo0BpUP/pDSZKICkM41rrnubHxU6wMI5zOKv1E0xiTCR7RnqUC2yV+ml87Q0dWGaJQKlvCoFz9OZHiSOtpFNjOCJux/utl4n9eLzHhhZ8yESeGCjJfFCYcGYmy19GQKUoMn1qCiWL2VkTGWGFibECVPITLDGffLy+Szknda9QbN6e1ZrOIowwHcAjH4ME5NOEaWtAGAvfwCM/w4kjnyXl13uatJaeY2YdfcN6/AM5Zj2k=</latexit>

<latexit sha1_base64="NNjtoD1cBAn7Z0TtxSswbwcv8V0=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpTEio9dQRcuK9gHNKFMppN26MwkzEzEEgpu/BU3LhRx60+4829M0iBqPXDhcM693HuPFzKqtGV9GoW5+YXFpeJyaWV1bX3D3NxqqSCSmDRxwALZ8ZAijArS1FQz0gklQdxjpO2NLlK/fUukooG40eOQuBwNBPUpRjqReuaOX7k7dHh0AJ2QQ+eSMI1ypWeWraqVAc4SOydlkKPRMz+cfoAjToTGDCnVta1QuzGSmmJGJiUnUiREeIQGpJtQgThRbpz9MIH7idKHfiCTEhpm6s+JGHGlxtxLOjnSQ/XXS8X/vG6k/TM3piKMNBF4usiPGNQBTAOBfSoJ1mycEIQlTW6FeIgkwjqJrZSFcJ7i5PvlWdI6qtq1au36uFyv53EUwS7YAxVgg1NQB1egAZoAg3vwCJ7Bi/FgPBmvxtu0tWDkM9vgF4z3L7thlm8=</latexit>

f(x,Q0) → f(x, µdata)
<latexit sha1_base64="8Hb2qpI5p0KoZQ9OXxqERnSrX8s=">AAACCXicbVBLSwMxGMzWV62vqkcvwSK0IGXXio9bwYvHFuwDumXJZrNtaJJdkqxYll69+Fe8eFDEq//Am//GdFtErQOBycz3kcz4MaNK2/anlVtaXlldy68XNja3tneKu3ttFSUSkxaOWCS7PlKEUUFammpGurEkiPuMdPzR1dTv3BKpaCRu9DgmfY4GgoYUI20krwjD8t1x07Mr0NVRdnF54qWu5DBAGk0qXrFkV+0McJE4c1ICczS84ocbRDjhRGjMkFI9x451P0VSU8zIpOAmisQIj9CA9AwViBPVT7MkE3hklACGkTRHaJipPzdSxJUac99McqSH6q83Ff/zeokOL/opFXGiicCzh8KEQRN6WgsMqCRYs7EhCEtq/grxEEmEtSmvkJVwOcXZd+RF0j6pOrVqrXlaqtfndeTBATgEZeCAc1AH16ABWgCDe/AInsGL9WA9Wa/W22w0Z8139sEvWO9f8rWYvw==</latexit>

DGLAP:

χ2({a}, {λ}) =
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correlated error. Here, s represents the total uncorrelated error

Minimise

<latexit sha1_base64="IbaXW61y18VEOA5Z9eQ8qmY7gIA=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJUZKSiuCm7cWcE+oDOUTJppQ/MYkoxQxi78FTcuFHHrb7jzb8y0s9DWA4Fzz7mXe3OihFFtPO/bKa2srq1vlDcrW9s7u3vu/kFby1Rh0sKSSdWNkCaMCtIy1DDSTRRBPGKkE42vc7/zQJSmUtybSUJCjoaCxhQjY6W+e3QLA005jANpKCc6r4Yc9d2qV/NmgMvEL0gVFGj23a9gIHHKiTCYIa17vpeYMEPKUMzItBKkmiQIj9GQ9CwVyO4Ks9n9U3hqlQGMpbJPGDhTf09kiGs94ZHt5MiM9KKXi/95vdTEl2FGRZIaIvB8UZwyaCTMw4ADqgg2bGIJworaWyEeIYWwsZFVbAj+4peXSfu85tdr9bt6tXFVxFEGx+AEnAEfXIAGuAFN0AIYPIJn8ArenCfnxXl3PuatJaeYOQR/4Hz+AEFllZo=</latexit>

<latexit sha1_base64="/WEb/hNxcGBm/sBR97pslYevdvU=">AAAB8nicbVDLSsNAFJ34rPVVdelmsAgVpKRWfK2Kbly2YB+QhjCZTtqhk5kwMxFL6Ge4caGIW7/GnX/jJA2i1gMXDufcy733+BGjStv2p7WwuLS8slpYK65vbG5tl3Z2O0rEEpM2FkzIno8UYZSTtqaakV4kCQp9Rrr++Cb1u/dEKir4nZ5ExA3RkNOAYqSN5AQerTwctzz76Morle2qnQHOk1pOyiBH0yt99AcCxyHhGjOklFOzI+0mSGqKGZkW+7EiEcJjNCSOoRyFRLlJdvIUHhplAAMhTXENM/XnRIJCpSahbzpDpEfqr5eK/3lOrIMLN6E8ijXheLYoiBnUAqb/wwGVBGs2MQRhSc2tEI+QRFiblIpZCJcpzr5fniedk2qtXq23TsuN6zyOAtgHB6ACauAcNMAtaII2wECAR/AMXixtPVmv1tusdcHKZ/bAL1jvX7V6kFw=</latexit>

<latexit sha1_base64="Ym2/5j5Zve8m0eilrMX6fZGUePo=">AAAB6nicbVDLSsNAFL2pr1pfUZduBovgqiRWfOwKbly2aB/QhjKZTtqhk0mYmQgl9BPcuFDErV/kzr9xkgZR64ELh3Pu5d57/JgzpR3n0yqtrK6tb5Q3K1vbO7t79v5BR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+9Cbzuw9UKhaJez2LqRfisWABI1gb6a41dIZ21ak5OdAycQtShQLNof0xGEUkCanQhGOl+q4Tay/FUjPC6bwySBSNMZniMe0bKnBIlZfmp87RiVFGKIikKaFRrv6cSHGo1Cz0TWeI9UT99TLxP6+f6ODKS5mIE00FWSwKEo50hLK/0YhJSjSfGYKJZOZWRCZYYqJNOpU8hOsMF98vL5POWc2t1+qt82qjUcRRhiM4hlNw4RIacAtNaAOBMTzCM7xY3HqyXq23RWvJKmYO4Res9y/m4Y2t</latexit>

<latexit sha1_base64="UGtMoVKq1BiAIowyIDkiqc7FP+0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0ms+HErePFYwdZCG8pmu2nXbnbD7kYoof/BiwdFvPp/vPlv3KRB1Ppg4PHeDDPzgpgzbVz30yktLa+srpXXKxubW9s71d29jpaJIrRNJJeqG2BNORO0bZjhtBsriqOA07tgcpX5dw9UaSbFrZnG1I/wSLCQEWys1OkbFlE9qNbcupsDLRKvIDUo0BpUP/pDSZKICkM41rrnubHxU6wMI5zOKv1E0xiTCR7RnqUC2yV+ml87Q0dWGaJQKlvCoFz9OZHiSOtpFNjOCJux/utl4n9eLzHhhZ8yESeGCjJfFCYcGYmy19GQKUoMn1qCiWL2VkTGWGFibECVPITLDGffLy+Szknda9QbN6e1ZrOIowwHcAjH4ME5NOEaWtAGAvfwCM/w4kjnyXl13uatJaeY2YdfcN6/AM5Zj2k=</latexit>

f(x, µ)±∆(x, µ)
<latexit sha1_base64="NNjtoD1cBAn7Z0TtxSswbwcv8V0=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpTEio9dQRcuK9gHNKFMppN26MwkzEzEEgpu/BU3LhRx60+4829M0iBqPXDhcM693HuPFzKqtGV9GoW5+YXFpeJyaWV1bX3D3NxqqSCSmDRxwALZ8ZAijArS1FQz0gklQdxjpO2NLlK/fUukooG40eOQuBwNBPUpRjqReuaOX7k7dHh0AJ2QQ+eSMI1ypWeWraqVAc4SOydlkKPRMz+cfoAjToTGDCnVta1QuzGSmmJGJiUnUiREeIQGpJtQgThRbpz9MIH7idKHfiCTEhpm6s+JGHGlxtxLOjnSQ/XXS8X/vG6k/TM3piKMNBF4usiPGNQBTAOBfSoJ1mycEIQlTW6FeIgkwjqJrZSFcJ7i5PvlWdI6qtq1au36uFyv53EUwS7YAxVgg1NQB1egAZoAg3vwCJ7Bi/FgPBmvxtu0tWDkM9vgF4z3L7thlm8=</latexit>

<latexit sha1_base64="8Hb2qpI5p0KoZQ9OXxqERnSrX8s=">AAACCXicbVBLSwMxGMzWV62vqkcvwSK0IGXXio9bwYvHFuwDumXJZrNtaJJdkqxYll69+Fe8eFDEq//Am//GdFtErQOBycz3kcz4MaNK2/anlVtaXlldy68XNja3tneKu3ttFSUSkxaOWCS7PlKEUUFammpGurEkiPuMdPzR1dTv3BKpaCRu9DgmfY4GgoYUI20krwjD8t1x07Mr0NVRdnF54qWu5DBAGk0qXrFkV+0McJE4c1ICczS84ocbRDjhRGjMkFI9x451P0VSU8zIpOAmisQIj9CA9AwViBPVT7MkE3hklACGkTRHaJipPzdSxJUac99McqSH6q83Ff/zeokOL/opFXGiicCzh8KEQRN6WgsMqCRYs7EhCEtq/grxEEmEtSmvkJVwOcXZd+RF0j6pOrVqrXlaqtfndeTBATgEZeCAc1AH16ABWgCDe/AInsGL9WA9Wa/W22w0Z8139sEvWO9f8rWYvw==</latexit>

<latexit sha1_base64="IbaXW61y18VEOA5Z9eQ8qmY7gIA=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJUZKSiuCm7cWcE+oDOUTJppQ/MYkoxQxi78FTcuFHHrb7jzb8y0s9DWA4Fzz7mXe3OihFFtPO/bKa2srq1vlDcrW9s7u3vu/kFby1Rh0sKSSdWNkCaMCtIy1DDSTRRBPGKkE42vc7/zQJSmUtybSUJCjoaCxhQjY6W+e3QLA005jANpKCc6r4Yc9d2qV/NmgMvEL0gVFGj23a9gIHHKiTCYIa17vpeYMEPKUMzItBKkmiQIj9GQ9CwVyO4Ks9n9U3hqlQGMpbJPGDhTf09kiGs94ZHt5MiM9KKXi/95vdTEl2FGRZIaIvB8UZwyaCTMw4ADqgg2bGIJworaWyEeIYWwsZFVbAj+4peXSfu85tdr9bt6tXFVxFEGx+AEnAEfXIAGuAFN0AIYPIJn8ArenCfnxXl3PuatJaeYOQR/4Hz+AEFllZo=</latexit>



Global PDF fits: datasets
Process Subprocess Partons x range

Fixed Target

`± {p, n}! `± + X �åq! q q, q̄, g x & 0.01

`± n/p! `± + X �å d/u! d/u d/u x & 0.01

pp! µ+µ� + X uū, dd̄ ! �å q̄ 0.015 . x . 0.35

pn/pp! µ+µ� + X (ud̄)/(uū)! �å d̄/ū 0.015 . x . 0.35

+(+̄) N ! µ�(µ+) + X Wåq! q0 q, q̄ 0.01 . x . 0.5

+N ! µ�µ+ + X Wås! c s 0.01 . x . 0.2

+̄N ! µ+µ� + X Wå s̄! c̄ s̄ 0.01 . x . 0.2

Collider DIS

e± p! e± + X �åq! q g, q, q̄ 0.0001 . x . 0.1

e+ p! +̄ + X W+ {d, s}! {u, c} d, s x & 0.01

e±p! e± cc̄ + X �åc! c, �åg! cc̄ c, g 10�4 . x . 0.01

e±p! e± bb̄ + X �åb! b, �åg! bb̄ b, g 10�4 . x . 0.01

e±p! jet + X �åg! qq̄ g 0.01 . x . 0.1

Tevatron

pp̄! jet + X gg, qg, qq! 2 j g, q 0.01 . x . 0.5

pp̄! (W± ! `±+) + X ud ! W+, ūd̄ ! W� u, d, ū, d̄ x & 0.05

pp̄! (Z ! `+`�) + X uu, dd ! Z u, d x & 0.05

pp̄! tt̄ + X qq! tt q x & 0.1

LHC

pp! jet + X gg, qg, qq̄! 2 j g, q 0.001 . x . 0.5

pp! (W± ! `±+) + X ud̄ ! W+, dū! W� u, d, ū, d̄, g x & 10�3

pp! (Z ! `+`�) + X qq̄! Z q, q̄, g x & 10�3

pp! (Z ! `+`�) + X, p? gq(q̄)! Zq(q̄) g, q, q̄ x & 0.01

pp! (�å ! `+`�) + X, Low mass qq̄! �å q, q̄, g x & 10�4

pp! (�å ! `+`�) + X, High mass qq̄! �å q̄ x & 0.1

pp! W+c̄,W�c sg! W+c, s̄g! W�c̄ s, s̄ x á 0.01

pp! tt̄ + X gg! tt g x & 0.01

pp! D, B + X gg! cc̄, bb̄ g x & 10�6, 10�5

pp! J/ ,Υ + pp �å(gg)! cc̄, bb̄ g x & 10�6, 10�5

pp! � + X gq(q̄)! �q(q̄) g x & 0.005

6

• Fixed target: sensitive 

to higher    .

• Different lepton/

hadron beams - 

flavour decomposition.

<latexit sha1_base64="Xg2m9c2ygj1Ox4INhJvDige6pc8=">AAAB83icdVBNSwMxEJ2tX7V+VT16CRZBEEq2yNreil48VrC20F1KNs22odnskmSFUvo3vHhQxKt/xpv/xmxbQUUfDDzem2FmXpgKrg3GH05hZXVtfaO4Wdra3tndK+8f3OkkU5S1aSIS1Q2JZoJL1jbcCNZNFSNxKFgnHF/lfueeKc0TeWsmKQtiMpQ84pQYK/kCjZBvEiTQWbdfruAqtvA8lBO3jl1LGo16rdZA7tzCuAJLtPrld3+Q0Cxm0lBBtO65ODXBlCjDqWCzkp9plhI6JkPWs1SSmOlgOr95hk6sMkBRomxJg+bq94kpibWexKHtjIkZ6d9eLv7l9TIT1YMpl2lmmKSLRVEmkP0yDwANuGLUiIklhCpub0V0RBShxsZUsiF8fYr+J3e1qutVvZvzSvNyGUcRjuAYTsGFC2jCNbSgDRRSeIAneHYy59F5cV4XrQVnOXMIP+C8fQKG/ZC8</latexit>

lh → l +X

<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>

x



Global PDF fits: datasets
Process Subprocess Partons x range

Fixed Target

`± {p, n}! `± + X �åq! q q, q̄, g x & 0.01

`± n/p! `± + X �å d/u! d/u d/u x & 0.01

pp! µ+µ� + X uū, dd̄ ! �å q̄ 0.015 . x . 0.35

pn/pp! µ+µ� + X (ud̄)/(uū)! �å d̄/ū 0.015 . x . 0.35

+(+̄) N ! µ�(µ+) + X Wåq! q0 q, q̄ 0.01 . x . 0.5

+N ! µ�µ+ + X Wås! c s 0.01 . x . 0.2

+̄N ! µ+µ� + X Wå s̄! c̄ s̄ 0.01 . x . 0.2

Collider DIS

e± p! e± + X �åq! q g, q, q̄ 0.0001 . x . 0.1

e+ p! +̄ + X W+ {d, s}! {u, c} d, s x & 0.01

e±p! e± cc̄ + X �åc! c, �åg! cc̄ c, g 10�4 . x . 0.01

e±p! e± bb̄ + X �åb! b, �åg! bb̄ b, g 10�4 . x . 0.01

e±p! jet + X �åg! qq̄ g 0.01 . x . 0.1

Tevatron

pp̄! jet + X gg, qg, qq! 2 j g, q 0.01 . x . 0.5

pp̄! (W± ! `±+) + X ud ! W+, ūd̄ ! W� u, d, ū, d̄ x & 0.05

pp̄! (Z ! `+`�) + X uu, dd ! Z u, d x & 0.05

pp̄! tt̄ + X qq! tt q x & 0.1

LHC

pp! jet + X gg, qg, qq̄! 2 j g, q 0.001 . x . 0.5

pp! (W± ! `±+) + X ud̄ ! W+, dū! W� u, d, ū, d̄, g x & 10�3

pp! (Z ! `+`�) + X qq̄! Z q, q̄, g x & 10�3

pp! (Z ! `+`�) + X, p? gq(q̄)! Zq(q̄) g, q, q̄ x & 0.01

pp! (�å ! `+`�) + X, Low mass qq̄! �å q, q̄, g x & 10�4

pp! (�å ! `+`�) + X, High mass qq̄! �å q̄ x & 0.1

pp! W+c̄,W�c sg! W+c, s̄g! W�c̄ s, s̄ x á 0.01

pp! tt̄ + X gg! tt g x & 0.01

pp! D, B + X gg! cc̄, bb̄ g x & 10�6, 10�5

pp! J/ ,Υ + pp �å(gg)! cc̄, bb̄ g x & 10�6, 10�5

pp! � + X gq(q̄)! �q(q̄) g x & 0.005
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<latexit sha1_base64="bsC/ndsEFpOWk7i6os2XjaQxXe4=">AAAB83icdVBNSwMxEJ2tX7V+VT16CRZBEEq2yNreil48VrC20F1KNk3b0OxuSLJCWfo3vHhQxKt/xpv/xmxbQUUfDDzem2FmXigF1wbjD6ewsrq2vlHcLG1t7+zulfcP7nSSKsraNBGJ6oZEM8Fj1jbcCNaVipEoFKwTTq5yv3PPlOZJfGumkgURGcV8yCkxVvIFksg3CRLorNsvV3AVW3geyolbx64ljUa9Vmsgd25hXIElWv3yuz9IaBqx2FBBtO65WJogI8pwKtis5KeaSUInZMR6lsYkYjrI5jfP0IlVBmiYKFuxQXP1+0RGIq2nUWg7I2LG+reXi395vdQM60HGY5kaFtPFomEqkP0yDwANuGLUiKklhCpub0V0TBShxsZUsiF8fYr+J3e1qutVvZvzSvNyGUcRjuAYTsGFC2jCNbSgDRQkPMATPDup8+i8OK+L1oKznDmEH3DePgGTZZDE</latexit>

lp → l +X

• HERA collider DIS: 

backbone of PDF fits.

• Gluon and flavour 

structure at low to 

intermediate     .
<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>

x



Global PDF fits: datasets
Process Subprocess Partons x range

Fixed Target

`± {p, n}! `± + X �åq! q q, q̄, g x & 0.01

`± n/p! `± + X �å d/u! d/u d/u x & 0.01

pp! µ+µ� + X uū, dd̄ ! �å q̄ 0.015 . x . 0.35

pn/pp! µ+µ� + X (ud̄)/(uū)! �å d̄/ū 0.015 . x . 0.35

+(+̄) N ! µ�(µ+) + X Wåq! q0 q, q̄ 0.01 . x . 0.5

+N ! µ�µ+ + X Wås! c s 0.01 . x . 0.2

+̄N ! µ+µ� + X Wå s̄! c̄ s̄ 0.01 . x . 0.2

Collider DIS

e± p! e± + X �åq! q g, q, q̄ 0.0001 . x . 0.1

e+ p! +̄ + X W+ {d, s}! {u, c} d, s x & 0.01

e±p! e± cc̄ + X �åc! c, �åg! cc̄ c, g 10�4 . x . 0.01

e±p! e± bb̄ + X �åb! b, �åg! bb̄ b, g 10�4 . x . 0.01

e±p! jet + X �åg! qq̄ g 0.01 . x . 0.1

Tevatron

pp̄! jet + X gg, qg, qq! 2 j g, q 0.01 . x . 0.5

pp̄! (W± ! `±+) + X ud ! W+, ūd̄ ! W� u, d, ū, d̄ x & 0.05

pp̄! (Z ! `+`�) + X uu, dd ! Z u, d x & 0.05

pp̄! tt̄ + X qq! tt q x & 0.1

LHC

pp! jet + X gg, qg, qq̄! 2 j g, q 0.001 . x . 0.5

pp! (W± ! `±+) + X ud̄ ! W+, dū! W� u, d, ū, d̄, g x & 10�3

pp! (Z ! `+`�) + X qq̄! Z q, q̄, g x & 10�3

pp! (Z ! `+`�) + X, p? gq(q̄)! Zq(q̄) g, q, q̄ x & 0.01

pp! (�å ! `+`�) + X, Low mass qq̄! �å q, q̄, g x & 10�4

pp! (�å ! `+`�) + X, High mass qq̄! �å q̄ x & 0.1

pp! W+c̄,W�c sg! W+c, s̄g! W�c̄ s, s̄ x á 0.01

pp! tt̄ + X gg! tt g x & 0.01

pp! D, B + X gg! cc̄, bb̄ g x & 10�6, 10�5

pp! J/ ,Υ + pp �å(gg)! cc̄, bb̄ g x & 10�6, 10�5

pp! � + X gq(q̄)! �q(q̄) g x & 0.005

• LHC (Tevatron) collider data.

• Precision Drell-Yan - flavour structure. Top quark, jets - high    gluon…
<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>

x
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Global PDF fits: datasets
Process Subprocess Partons x range

Fixed Target

`± {p, n}! `± + X �åq! q q, q̄, g x & 0.01

`± n/p! `± + X �å d/u! d/u d/u x & 0.01

pp! µ+µ� + X uū, dd̄ ! �å q̄ 0.015 . x . 0.35

pn/pp! µ+µ� + X (ud̄)/(uū)! �å d̄/ū 0.015 . x . 0.35

+(+̄) N ! µ�(µ+) + X Wåq! q0 q, q̄ 0.01 . x . 0.5

+N ! µ�µ+ + X Wås! c s 0.01 . x . 0.2

+̄N ! µ+µ� + X Wå s̄! c̄ s̄ 0.01 . x . 0.2

Collider DIS

e± p! e± + X �åq! q g, q, q̄ 0.0001 . x . 0.1

e+ p! +̄ + X W+ {d, s}! {u, c} d, s x & 0.01

e±p! e± cc̄ + X �åc! c, �åg! cc̄ c, g 10�4 . x . 0.01

e±p! e± bb̄ + X �åb! b, �åg! bb̄ b, g 10�4 . x . 0.01

e±p! jet + X �åg! qq̄ g 0.01 . x . 0.1

Tevatron

pp̄! jet + X gg, qg, qq! 2 j g, q 0.01 . x . 0.5

pp̄! (W± ! `±+) + X ud ! W+, ūd̄ ! W� u, d, ū, d̄ x & 0.05

pp̄! (Z ! `+`�) + X uu, dd ! Z u, d x & 0.05

pp̄! tt̄ + X qq! tt q x & 0.1

LHC

pp! jet + X gg, qg, qq̄! 2 j g, q 0.001 . x . 0.5

pp! (W± ! `±+) + X ud̄ ! W+, dū! W� u, d, ū, d̄, g x & 10�3

pp! (Z ! `+`�) + X qq̄! Z q, q̄, g x & 10�3

pp! (Z ! `+`�) + X, p? gq(q̄)! Zq(q̄) g, q, q̄ x & 0.01

pp! (�å ! `+`�) + X, Low mass qq̄! �å q, q̄, g x & 10�4

pp! (�å ! `+`�) + X, High mass qq̄! �å q̄ x & 0.1

pp! W+c̄,W�c sg! W+c, s̄g! W�c̄ s, s̄ x á 0.01

pp! tt̄ + X gg! tt g x & 0.01

pp! D, B + X gg! cc̄, bb̄ g x & 10�6, 10�5

pp! J/ ,Υ + pp �å(gg)! cc̄, bb̄ g x & 10�6, 10�5

pp! � + X gq(q̄)! �q(q̄) g x & 0.005

• From fixed target, to HERA DIS and collider LHC data.
<latexit sha1_base64="cd4y0sKL8U4JSCfaGsP+n9pYw5I=">AAACAnicdVBNSwMxEM36WevXqifxEiyCF0u61W29iV48iYKthbaUbJpqaLK7JLNCWYoX/4oXD4p49Vd489+YbSuo6IOBx3szycwLYikMEPLhTE3PzM7N5xbyi0vLK6vu2nrdRIlmvMYiGelGQA2XIuQ1ECB5I9acqkDyq6B/kvlXt1wbEYWXMIh5W9HrUPQEo2Cljrt51klbWuEuBfsKDFtGKHxA9nzScQukeFj1vQMPkyIhFa/sZ8Sr7HtlXLJKhgKa4Lzjvre6EUsUD4FJakyzRGJop1SDYJIP863E8JiyPr3mTUtDqrhpp6MThnjHKl3ci7StEPBI/T6RUmXMQAW2U1G4Mb+9TPzLaybQq7ZTEcYJ8JCNP+olEkOEszxwV2jOQA4soUwLuytmN1RTBja1vA3h61L8P6l7xZJf9C/2C0fHkzhyaAtto11UQhV0hE7ROaohhu7QA3pCz8698+i8OK/j1ilnMrOBfsB5+wQQq5aX</latexit>

Ndataset ∼ 50− 60
<latexit sha1_base64="ZKXYPGcU+Olay4BXH08zLgLUpVM=">AAACAnicdVDLSgMxFM34rPU16krcBIvgxpIptba7ohtXUsE+oC1DJs20oUlmSDJCGYobf8WNC0Xc+hXu/BvTh6CiF5J7OOde7r0niDnTBqEPZ2FxaXllNbOWXd/Y3Np2d3YbOkoUoXUS8Ui1AqwpZ5LWDTOctmJFsQg4bQbDi4nevKVKs0jemFFMuwL3JQsZwcZSvrt/5acdJWBs9LijmYBFhNDJqf18N4fyNqNSCU6AV0aeBZVKuVCoQG8qIZQD86j57nunF5FEUGkIx1q3PRSbboqVYYTTcbaTaBpjMsR92rZQYkF1N52eMIZHlunBMFL2SQOn7PeOFAutRyKwlQKbgf6tTci/tHZiwnI3ZTJODJVkNihMODQRnPgBe0xRYvjIAkwUs7tCMsAKE2Ndy1oTvi6F/4NGIe+V8qXrYq56PrcjAw7AITgGHjgDVXAJaqAOCLgDD+AJPDv3zqPz4rzOShecec8e+BHO2yfDLJW/</latexit>

Npts ∼ 4000− 5000
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 Ann.Rev.Nucl.Part.Sci. 70 (2020) 43-76

Kinematic Coverage

• Global fits achieve broad coverage 

from low to high    , and over many 

orders of magnitude in     .x
<latexit sha1_base64="7BDmLpc1X8Lko2TxwJrhB1o3SRs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2FZoQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84hK81jemUmCfkSHkoecUWOl5lO/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+Sdq3qXVRrzctKvZ7HUYQTOIVz8OAK6nALDWgBA4RneIU358F5cd6dj0VrwclnjuEPnM8f5u2M/g==</latexit>

Q2

<latexit sha1_base64="IZeobpXpiWKmaRXCHk6SqenOeSg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2lpoY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTjm5n/8IRK81jem0mCfkSHkoecUWOlu+ZjrV+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/9jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0m7VvUuqrXmZaVez+Mowgmcwjl4cAV1uIUGtIDBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/Q6o17</latexit>
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Precision Theory

[based on slide by M. Grazzini; QCD@LHC 2019]

Z+b-jet

VH

nested soft-coll.

³³³2jets

Z@!(³s³)

WH

WH( )m
b

≠ 0

9

• Has been significant progress in perturbative 

calculations: NNLO QCD + NLO EW now long 

been the standard (~1% level precision).

• Not simply question of adding in a bit more precision. 

E.g. NNLO QCD is essential to give good 

description to global data set (LHC in particular).

Image Credit: Tom Cridge

MSHT20
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Precision fits - a challenging environment

'As LHC datasets become increasingly systematics dominated, sensitive to precise 

treatment of these, and their correlations as well as correlations between datasets!

[EPJC78 (2018) 248; EPJC80 (2020) 797] [EPJC80 (2020) 1; Les Houches proceedings, 2019]

uon

ndat default stat. uncorr. p.s. uncorr

25 7.00 3.28 1.80

appreciable effect on the extracted gluon

Inclusive jets

ndat default part. decorr. full decorr.

140 1.89 1.28 0.83

no significant effect on the extracted gluon

<latexit sha1_base64="7FYdI7bEcWuSYDBwbrymCIijiW8=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4Kpkitd0VunFZwT6gHUomzbShmcyY3CmUod/hxoUibv0Yd/6NmbaCih4IHM65h3tz/FgKA4R8OLmNza3tnfxuYW//4PCoeHzSMVGiGW+zSEa651PDpVC8DQIk78Wa09CXvOtPm5nfnXFtRKTuYB5zL6RjJQLBKFjJg0Fk3SycwmJYLJEysahWcUbcGnEtqddrlUodu0uLkBJaozUsvg9GEUtCroBJakzfJTF4KdUgmOSLwiAxPKZsSse8b6miITdeujx6gS+sMsJBpO1TgJfq90RKQ2PmoW8nQwoT89vLxL+8fgJBzUuFihPgiq0WBYnEEOGsATwSmjOQc0so08LeitmEasrA9lSwJXz9FP9POpWyWy1Xb69Kjea6jjw6Q+foErnoGjXQDWqhNmLoHj2gJ/TszJxH58V5XY3mnHXmFP2A8/YJ7tOS5Q==</latexit>

tt

δ
Σ
/Σ

(0
)

S. Bailey et al., arXiv:2012.04684 S. Bailey and LHL, arXiv:1909.10541
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ATLAS, arXiv:2112.11266

'Global fits adversarial - different datasets pull in different directions and tensions 

exist. See recent study on `L2’ sensitivity

X. Jing et al., arXiv:2306.03918
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Global PDF fits: parameterisation

• Two distinct methodologies on the market to 

parameterising PDFs: Neural Nets (NNPDF) 

or Explicit Parameterisation (CT, MSHT). 

fi(x,Q0) :
<latexit sha1_base64="/WEb/hNxcGBm/sBR97pslYevdvU=">AAAB8nicbVDLSsNAFJ34rPVVdelmsAgVpKRWfK2Kbly2YB+QhjCZTtqhk5kwMxFL6Ge4caGIW7/GnX/jJA2i1gMXDufcy733+BGjStv2p7WwuLS8slpYK65vbG5tl3Z2O0rEEpM2FkzIno8UYZSTtqaakV4kCQp9Rrr++Cb1u/dEKir4nZ5ExA3RkNOAYqSN5AQerTwctzz76Morle2qnQHOk1pOyiBH0yt99AcCxyHhGjOklFOzI+0mSGqKGZkW+7EiEcJjNCSOoRyFRLlJdvIUHhplAAMhTXENM/XnRIJCpSahbzpDpEfqr5eK/3lOrIMLN6E8ijXheLYoiBnUAqb/wwGVBGs2MQRhSc2tEI+QRFiblIpZCJcpzr5fniedk2qtXq23TsuN6zyOAtgHB6ACauAcNMAtaII2wECAR/AMXixtPVmv1tusdcHKZ/bAL1jvX7V6kFw=</latexit>

=

nX

i=1

α f ,iPi(y(x)) ,A f xa f (1 − x)b f I

i NNi(x) (

×<latexit sha1_base64="UGtMoVKq1BiAIowyIDkiqc7FP+0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0ms+HErePFYwdZCG8pmu2nXbnbD7kYoof/BiwdFvPp/vPlv3KRB1Ppg4PHeDDPzgpgzbVz30yktLa+srpXXKxubW9s71d29jpaJIrRNJJeqG2BNORO0bZjhtBsriqOA07tgcpX5dw9UaSbFrZnG1I/wSLCQEWys1OkbFlE9qNbcupsDLRKvIDUo0BpUP/pDSZKICkM41rrnubHxU6wMI5zOKv1E0xiTCR7RnqUC2yV+ml87Q0dWGaJQKlvCoFz9OZHiSOtpFNjOCJux/utl4n9eLzHhhZ8yESeGCjJfFCYcGYmy19GQKUoMn1qCiWL2VkTGWGFibECVPITLDGffLy+Szknda9QbN6e1ZrOIowwHcAjH4ME5NOEaWtAGAvfwCM/w4kjnyXl13uatJaeY2YdfcN6/AM5Zj2k=</latexit>

CT, MSHT…

NNPDF

' MSHT20: 52 free parameters in terms of 

Chebyshev polynomials.

' CT18: 29 free parameters in term of Bernstein 

polynomials. Variations considered and PDF 

uncertainty expanded to account for these.

' Less flexible in general - need to be sure 

flexible enough! Allows direct handle on 

uncertainties in Hessian framework.

'NNPDF4.0: 763 free parameter Neural Net.

x ln x

xg(x, Q0) x£(x, Q0) xV(x, Q0) xV3(x, Q0) xT3(x, Q0) xT15(x, Q0)xT8(x, Q0)xV8(x, Q0)

xg(x, Q0) xu(x, Q0) xū(x, Q0) xd(x, Q0) xs(x, Q0) xc+(x, Q0)xs̄(x, Q0)xd̄(x, Q0)

n(4) = 8

n(3) = 20

n(2) = 25

n(1) = 2

' Increased flexibility, but needs robust optimisation 

+ stopping (avoid over and under fitting).

13
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Major PDF Analyses

Image Credit: 
Jun Gao

• Multiple PDF analyses, with different methodogies and datasets. Cannot cover these all here!

• Major releases from 3 global fitters (CT, MSHT, NNPDF) ~ 2 or more years ago. But they have been 

busy:

'Major push to approximate 

N3LO + theoretical 

uncertainties

'  QED/EW corrections 

standard

'Many dedicated studies

• These advances all build towards next generation of releases.

From Jun Gao

ABMP, CTEQ-TEA, MSHT, NNPDF


NNPDFaN3LO
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Theory updates : aN3LO and missing higher orders

• MSHT20aN3LO and NNPDF4.0aN3LO now go to approximate N3LO in QCD.
<latexit sha1_base64="4mNgprN/ERFPB7bg3EjilBs9COI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCCB4r2A9oQ9lsJ+3SzSbuboRS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPxTea3n1BpHssHM0nQj+hQ8pAzajKpJ/GxX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGn1JlOBM4K/VSjQllYzrErqWSRqj96fzWGTmzyoCEsbIlDZmrvyemNNJ6EgW2M6JmpJe9TPzP66YmvPanXCapQckWi8JUEBOT7HEy4AqZERNLKFPc3krYiCrKjI2nZEPwll9eJa2Lqler1u4vK/XbPI4inMApnIMHV1CHO2hAExiM4Ble4c2JnBfn3flYtBacfOYY/sD5/AEcho5Q</latexit>

6=

Splitting Functions

Singlet (Pqq, Pgg, Pgq, Pqg)
– large-nf limit [NPB915 (2017) 335; arXiv:2308.07958]

– small-x limit [JHEP 06 (2018) 145]

– large-x limit [NPB832 (2010) 152; JHEP 04 (2020) 018; JHEP 09 (2022) 155]

– 5 (10) lowest Mellin moments [PLB 825 (2022) 136853; ibid. 842 (2023) 137944; ibid. 846 (2023) 1

Non-singlet (PNS,v, PNS,+, PNS,−)
– large-nf limit [NPB915 (2017) 335; arXiv:2308.07958]

– small-x limit [JHEP 08 (2022) 135]

– large-x limit [JHEP 10 (2017) 041]

– 8 lowest Mellin moments [JHEP 06 (2018) 073]

Emanuele Nocera, Forward Physics and QCD at the 

LHC and EIC, Bad Honnef 23
• Approximate      poorly known! Much information about splitting 

functions + DIS. Little about hh cross sections (MHO uncertainty here).

• Gives improvement in fit quality…

LO NLO NNLO N3LO

χ
2

Npts
2.57 1.33 1.17 1.14

NLO NNLO aN3LO
1.12

1.14

1.16

1.18

1.20

1.22

1.24

1.26

χ
2 t
o
t
/N

d
a
t

Total Dataset

NNPDF4.0 no MHOU

NNPDF4.0 MHOU

MSHT, arXiv:2207.04739

NNPDF, arXiv:2402.18635

• And moderate but non-negligible 

impact on PDFs with 

implications for e.g. ggH.

MSHT & NNPDF, 

arXiv:2411.05373

42

44

46

48

50

σ
(p
p
→

h
)
[p
b
]

√
s = 13.6 TeV

N3LO ME, µf = µr = mh/2

Higgs in Gluon Fusion (PDF +MHOUs)

N3LO

MSHTxNNPDFNNLO

MSHTxNNPDFaN3LO MSHT20aN3LO

NNPDF4.0aN3LO
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Theory updates : QED corrections

• QED corrections key part of PDF fit. Requires the photon be included as another parton of the 

proton: LUXqed breakthrough enables high precision.
A. Manohar et al., JHEP 1712 (2017) 046

NNPDF, arXiv:2401.08749

• Now included in all fits, and in future will/should be by default.

• Gives direct impact via photon-initiated production, but also 

indirect impact on QCD partons is non-negligble:

• Universality of these 

corrections currently 

under investigation.

CT&MSHT joint study

42

44

46

48

50

σ
(p
p
→

h
)
[p
b
]

√
s = 13.6 TeV

N3LO ME, µf = µr = mh/2

Higgs in Gluon Fusion (PDF +MHOUs)

MSHTxNNPDFNNLO

MSHTxNNPDFNNLOQED

MSHTxNNPDFaN3LO

MSHTxNNPDF

aN3LOQED
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Where do we stand?

10
−5

10
−4

10
−3

10
−2

10
−1

x

0.90

0.95

1.00

1.05

1.10

xg,PDF ratio, Q2 = 104 GeV
2

MSHT20

NNPDF4.0

CT18

• New data & theory updates in fits has clear impact - PDF uncertainties continue to reduce - and 

theoretical precision continues increase.

• But agreement between sets at level of PDF & uncertainties not always as good

• Due in part to data/theory inputs but also methdology.

NNPDF, arXiv:2109.02653
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PDF uncertainty quantification: comments and recent results
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PDF Uncertainties

• Different approaches to PDF uncertainties taken by each group:

'Fixed parameterisation (MSHT/CT):

' Find global minimum of       and evaluate eigenvectors of Hessian matrix at this point.

' Parameter shifts corresponding to given           criteria given in terms of these

<latexit sha1_base64="hVzrVA9U7ZaqmoamawKlzjovvvw=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8ld0i1WPBi8cK9gPatWTTbBubTZYkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdgp7u7tHxyWjo5bRqWasiZVQulOSAwTXLKm5VawTqIZiUPB2uH4Zua3n5g2XMl7O0lYEJOh5BGnxDqp1aMj/lDtl8pexZsDrxI/J2XI0eiXvnoDRdOYSUsFMabre4kNMqItp4JNi73UsITQMRmyrqOSxMwE2fzaKT53ygBHSruSFs/V3xMZiY2ZxKHrjIkdmWVvJv7ndVMbXQcZl0lqmaSLRVEqsFV49joecM2oFRNHCNXc3YrpiGhCrQuo6ELwl19eJa1qxa9VaneX5Xo9j6MAp3AGF+DDFdThFhrQBAqP8Ayv8IYUekHv6GPRuobymRP4A/T5AypVjt8=</latexit>

χ
2

MSTW 2008 NLO PDF fit

t
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g
lo
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l

Hij =
1

2

∂2 χ2
global

∂ai∂aj

�

�

�

�

min

.

<latexit sha1_base64="9sEtzwIEycgUMrpp+4I1TkXzjig=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0WNADx4jmAdk1zA76U2GzD6cmQ2EJd/hxYMiXv0Yb/6Nk2QPmljQUFR1093lJ4Irbdvf1tr6xubWdmGnuLu3f3BYOjpuqTiVDJssFrHs+FSh4BE2NdcCO4lEGvoC2/7oZua3xygVj6MHPUnQC+kg4gFnVBvJc29RaEpcNuSP1V6pbFfsOcgqcXJShhyNXunL7ccsDTHSTFCluo6daC+jUnMmcFp0U4UJZSM6wK6hEQ1Redn86Ck5N0qfBLE0FWkyV39PZDRUahL6pjOkeqiWvZn4n9dNdXDtZTxKUo0RWywKUkF0TGYJkD6XyLSYGEKZ5OZWwoZUUqZNTkUTgrP88ippVStOrVK7vyzX63kcBTiFM7gAB66gDnfQgCYweIJneIU3a2y9WO/Wx6J1zcpnTuAPrM8f5daRiw==</latexit>

∆χ
2

ai(S
±

k ) = a0i ± t eik, with   adjusted to give desired                           
<latexit sha1_base64="/Qbq6aCGyUuRsNVDMEFSCpC61x8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1gNOE+xEdKREKRtFKTRyUK27VXYCsEy8nFcjRGJS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnqaIRN362OHRGLqwyJGGsbSkkC/X3REYjY6ZRYDsjimOz6s3F/7xeiuGtnwmVpMgVWy4KU0kwJvOvyVBozlBOLaFMC3srYWOqKUObTcmG4K2+vE7aV1WvVq01ryv1eh5HEc7gHC7Bgxuowz00oAUMODzDK7w5j86L8+58LFsLTj5zCn/gfP4A4yGNAQ==</latexit>

t

<latexit sha1_base64="GQwXhWvnwfq9qYukcAwezP+U+eM=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKVDdCQRcuK/QFTQyT6aQdOjMJMxOhhG7c+CtuXCji1n9w5984bbPQ1gMXDufcy733hAmjSjvOt1VYWV1b3yhulra2d3b37P2DtopTiUkLxyyW3RApwqggLU01I91EEsRDRjrh6Hrqdx6IVDQWTT1OiM/RQNCIYqSNFNjHzSvvhjCNoIeH9L4aZJ7kcMDiELFJYJedijMDXCZuTsogRyOwv7x+jFNOhMYMKdVznUT7GZKaYkYmJS9VJEF4hAakZ6hAnCg/m30xgadG6cMolqaEhjP190SGuFJjHppOjvRQLXpT8T+vl+ro0s+oSFJNBJ4vilIGdQynkcA+lQRrNjYEYUnNrRAPkURYm+BKJgR38eVl0q5W3FqldndertfzOIrgCJyAM+CCC1AHt6ABWgCDR/AMXsGb9WS9WO/Wx7y1YOUzh+APrM8fmEmYBg==</latexit>

T = ∆χ
2
global

<latexit sha1_base64="V8NLf7UTBiZ0GKCt4aAVl4AGtnA="></latexit>

χ
2
global ∼

(Data − Theory)
2

σ2

'NNPDF: ' Generate set of MC `replicas’ by shifting data by errors.
<latexit sha1_base64="jg20VkdDapGo9VKW6IJ+4BUO2sk="></latexit>

Each Di gives fi and from {fi} ⇒ PDF errors

' Note not specific to NNs: can apply in fixed parameterisation as 

well: shown to be ~ equivalent to Hessian                  in that case.
<latexit sha1_base64="rYMy40fR/f8WdYmURoJJn5rIvq0=">AAAB+HicbVC7SgNBFJ2NrxgfWbUSCweDYBV2U0QbIaCFZQTzgOy6zE5mkyGzM8vMrBCX1H6EjYUitn5KOr/DH3DyKDTxwIXDOfdy7z1hwqjSjvNl5VZW19Y38puFre2d3aK9t99UIpWYNLBgQrZDpAijnDQ01Yy0E0lQHDLSCgdXE7/1QKSigt/pYUL8GPU4jShG2kiBXfSuCdMIerhP7yuXbmCXnLIzBVwm7pyUaodPgRgff9cDe+x1BU5jwjVmSKmO6yTaz5DUFDMyKnipIgnCA9QjHUM5ionys+nhI3hqlC6MhDTFNZyqvycyFCs1jEPTGSPdV4veRPzP66Q6uvAzypNUE45ni6KUQS3gJAXYpZJgzYaGICypuRXiPpIIa5NVwYTgLr68TJqVslstV29NGjUwQx4cgRNwBlxwDmrgBtRBA2CQgmfwCt6sR+vFerc+Zq05az5zAP7A+vwBIa6VzA==</latexit>

∆χ
2
= 1

G. Watt and R. Thorne, arXiv:1205.4024

' However, in NN approach direct correspondence is lost as Hessian approach does not apply.

19

Data = PDF · Ã
H

<latexit sha1_base64="/WEb/hNxcGBm/sBR97pslYevdvU=">AAAB8nicbVDLSsNAFJ34rPVVdelmsAgVpKRWfK2Kbly2YB+QhjCZTtqhk5kwMxFL6Ge4caGIW7/GnX/jJA2i1gMXDufcy733+BGjStv2p7WwuLS8slpYK65vbG5tl3Z2O0rEEpM2FkzIno8UYZSTtqaakV4kCQp9Rrr++Cb1u/dEKir4nZ5ExA3RkNOAYqSN5AQerTwctzz76Morle2qnQHOk1pOyiBH0yt99AcCxyHhGjOklFOzI+0mSGqKGZkW+7EiEcJjNCSOoRyFRLlJdvIUHhplAAMhTXENM/XnRIJCpSahbzpDpEfqr5eK/3lOrIMLN6E8ijXheLYoiBnUAqb/wwGVBGs2MQRhSc2tEI+QRFiblIpZCJcpzr5fniedk2qtXq23TsuN6zyOAtgHB6ACauAcNMAtaII2wECAR/AMXixtPVmv1tusdcHKZ/bAL1jvX7V6kFw=</latexit>

<latexit sha1_base64="Ym2/5j5Zve8m0eilrMX6fZGUePo=">AAAB6nicbVDLSsNAFL2pr1pfUZduBovgqiRWfOwKbly2aB/QhjKZTtqhk0mYmQgl9BPcuFDErV/kzr9xkgZR64ELh3Pu5d57/JgzpR3n0yqtrK6tb5Q3K1vbO7t79v5BR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+9Cbzuw9UKhaJez2LqRfisWABI1gb6a41dIZ21ak5OdAycQtShQLNof0xGEUkCanQhGOl+q4Tay/FUjPC6bwySBSNMZniMe0bKnBIlZfmp87RiVFGKIikKaFRrv6cSHGo1Cz0TWeI9UT99TLxP6+f6ODKS5mIE00FWSwKEo50hLK/0YhJSjSfGYKJZOZWRCZYYqJNOpU8hOsMF98vL5POWc2t1+qt82qjUcRRhiM4hlNw4RIacAtNaAOBMTzCM7xY3HqyXq23RWvJKmYO4Res9y/m4Y2t</latexit>

<latexit sha1_base64="UGtMoVKq1BiAIowyIDkiqc7FP+0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0ms+HErePFYwdZCG8pmu2nXbnbD7kYoof/BiwdFvPp/vPlv3KRB1Ppg4PHeDDPzgpgzbVz30yktLa+srpXXKxubW9s71d29jpaJIrRNJJeqG2BNORO0bZjhtBsriqOA07tgcpX5dw9UaSbFrZnG1I/wSLCQEWys1OkbFlE9qNbcupsDLRKvIDUo0BpUP/pDSZKICkM41rrnubHxU6wMI5zOKv1E0xiTCR7RnqUC2yV+ml87Q0dWGaJQKlvCoFz9OZHiSOtpFNjOCJux/utl4n9eLzHhhZ8yESeGCjJfFCYcGYmy19GQKUoMn1qCiWL2VkTGWGFibECVPITLDGffLy+Szknda9QbN6e1ZrOIowwHcAjH4ME5NOEaWtAGAvfwCM/w4kjnyXl13uatJaeY2YdfcN6/AM5Zj2k=</latexit>

f(x, µ)±∆(x, µ)
<latexit sha1_base64="NNjtoD1cBAn7Z0TtxSswbwcv8V0=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpTEio9dQRcuK9gHNKFMppN26MwkzEzEEgpu/BU3LhRx60+4829M0iBqPXDhcM693HuPFzKqtGV9GoW5+YXFpeJyaWV1bX3D3NxqqSCSmDRxwALZ8ZAijArS1FQz0gklQdxjpO2NLlK/fUukooG40eOQuBwNBPUpRjqReuaOX7k7dHh0AJ2QQ+eSMI1ypWeWraqVAc4SOydlkKPRMz+cfoAjToTGDCnVta1QuzGSmmJGJiUnUiREeIQGpJtQgThRbpz9MIH7idKHfiCTEhpm6s+JGHGlxtxLOjnSQ/XXS8X/vG6k/TM3piKMNBF4usiPGNQBTAOBfSoJ1mycEIQlTW6FeIgkwjqJrZSFcJ7i5PvlWdI6qtq1au36uFyv53EUwS7YAxVgg1NQB1egAZoAg3vwCJ7Bi/FgPBmvxtu0tWDkM9vgF4z3L7thlm8=</latexit>

<latexit sha1_base64="8Hb2qpI5p0KoZQ9OXxqERnSrX8s=">AAACCXicbVBLSwMxGMzWV62vqkcvwSK0IGXXio9bwYvHFuwDumXJZrNtaJJdkqxYll69+Fe8eFDEq//Am//GdFtErQOBycz3kcz4MaNK2/anlVtaXlldy68XNja3tneKu3ttFSUSkxaOWCS7PlKEUUFammpGurEkiPuMdPzR1dTv3BKpaCRu9DgmfY4GgoYUI20krwjD8t1x07Mr0NVRdnF54qWu5DBAGk0qXrFkV+0McJE4c1ICczS84ocbRDjhRGjMkFI9x451P0VSU8zIpOAmisQIj9CA9AwViBPVT7MkE3hklACGkTRHaJipPzdSxJUac99McqSH6q83Ff/zeokOL/opFXGiicCzh8KEQRN6WgsMqCRYs7EhCEtq/grxEEmEtSmvkJVwOcXZd+RF0j6pOrVqrXlaqtfndeTBATgEZeCAc1AH16ABWgCDe/AInsGL9WA9Wa/W22w0Z8139sEvWO9f8rWYvw==</latexit>

<latexit sha1_base64="IbaXW61y18VEOA5Z9eQ8qmY7gIA=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJUZKSiuCm7cWcE+oDOUTJppQ/MYkoxQxi78FTcuFHHrb7jzb8y0s9DWA4Fzz7mXe3OihFFtPO/bKa2srq1vlDcrW9s7u3vu/kFby1Rh0sKSSdWNkCaMCtIy1DDSTRRBPGKkE42vc7/zQJSmUtybSUJCjoaCxhQjY6W+e3QLA005jANpKCc6r4Yc9d2qV/NmgMvEL0gVFGj23a9gIHHKiTCYIa17vpeYMEPKUMzItBKkmiQIj9GQ9CwVyO4Ks9n9U3hqlQGMpbJPGDhTf09kiGs94ZHt5MiM9KKXi/95vdTEl2FGRZIaIvB8UZwyaCTMw4ADqgg2bGIJworaWyEeIYWwsZFVbAj+4peXSfu85tdr9bt6tXFVxFEGx+AEnAEfXIAGuAFN0AIYPIJn8ArenCfnxXl3PuatJaeYOQR/4Hz+AEFllZo=</latexit>

?

where ‘tolerance’               in general for 68% C.L. uncertainties.
<latexit sha1_base64="K9usDo7cFh4JmbOz0zqlD4x/9Zw=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRbBU8kWWdtbQQSPFfoF7VKyadqGZrNrkhXK0h/hxYMiXv093vw3ZtsKKvpg4PHeDDPzglhwbTD+cHJr6xubW/ntws7u3v5B8fCoraNEUdaikYhUNyCaCS5Zy3AjWDdWjISBYJ1gepX5nXumNI9k08xi5odkLPmIU2Ks1Gn2JbtD7qBYwmVs4XkoI24Vu5bUatVKpYbchYVxCVZoDIrv/WFEk5BJQwXRuufi2PgpUYZTweaFfqJZTOiUjFnPUklCpv10ce4cnVlliEaRsiUNWqjfJ1ISaj0LA9sZEjPRv71M/MvrJWZU9VMu48QwSZeLRolAJkLZ72jIFaNGzCwhVHF7K6ITogg1NqGCDeHrU/Q/aVfKrlf2bi9K9etVHHk4gVM4BxcuoQ430IAWUJjCAzzBsxM7j86L87pszTmrmWP4AeftE+IKj1A=</latexit>

T 6= 1



MSTW 2008 NLO PDF fit
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•               : `textbook’ criterion for 68% C.L., would apply if:
<latexit sha1_base64="f7POnWcIRqgrTEkrVJ/U2xFafPI=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU8kWWduDUPDisWK/oF1KNk3b0Gx2SbJCWfoTvHhQxKu/yJv/xmxbQUUfDDzem2FmXhALrg3GH05ubX1jcyu/XdjZ3ds/KB4etXWUKMpaNBKR6gZEM8ElaxluBOvGipEwEKwTTK8zv3PPlOaRbJpZzPyQjCUfcUqMle6aV+6gWMJlbOF5KCNuFbuW1GrVSqWG3IWFcQlWaAyK7/1hRJOQSUMF0brn4tj4KVGGU8HmhX6iWUzolIxZz1JJQqb9dHHqHJ1ZZYhGkbIlDVqo3ydSEmo9CwPbGRIz0b+9TPzL6yVmVPVTLuPEMEmXi0aJQCZC2d9oyBWjRswsIVRxeyuiE6IINTadgg3h61P0P2lXyq5X9m4vSvX6Ko48nMApnIMLl1CHG2hACyiM4QGe4NkRzqPz4rwuW3POauYYfsB5+wT7XI2g</latexit>

T = 1

'Complete statistical compatibility between multiple datasets entering fit.

'Completely faithful evaluation of experimental uncertainties within each dataset.

'Theoretical calculations that match these exactly.

<latexit sha1_base64="cd4y0sKL8U4JSCfaGsP+n9pYw5I=">AAACAnicdVBNSwMxEM36WevXqifxEiyCF0u61W29iV48iYKthbaUbJpqaLK7JLNCWYoX/4oXD4p49Vd489+YbSuo6IOBx3szycwLYikMEPLhTE3PzM7N5xbyi0vLK6vu2nrdRIlmvMYiGelGQA2XIuQ1ECB5I9acqkDyq6B/kvlXt1wbEYWXMIh5W9HrUPQEo2Cljrt51klbWuEuBfsKDFtGKHxA9nzScQukeFj1vQMPkyIhFa/sZ8Sr7HtlXLJKhgKa4Lzjvre6EUsUD4FJakyzRGJop1SDYJIP863E8JiyPr3mTUtDqrhpp6MThnjHKl3ci7StEPBI/T6RUmXMQAW2U1G4Mb+9TPzLaybQq7ZTEcYJ8JCNP+olEkOEszxwV2jOQA4soUwLuytmN1RTBja1vA3h61L8P6l7xZJf9C/2C0fHkzhyaAtto11UQhV0hE7ROaohhu7QA3pCz8698+i8OK/j1ilnMrOBfsB5+wQQq5aX</latexit>

Ndataset ∼ 50− 60

• Good evidence that first two points do not always hold, while last point known not be true (though 

much recent progress on 3rd point).

<latexit sha1_base64="5h5nvjNEN5+0VZiFko4mz4ZCQ+k="></latexit>

SE =

p

2χ2
−

√

2N − 1

<latexit sha1_base64="ZKXYPGcU+Olay4BXH08zLgLUpVM=">AAACAnicdVDLSgMxFM34rPU16krcBIvgxpIptba7ohtXUsE+oC1DJs20oUlmSDJCGYobf8WNC0Xc+hXu/BvTh6CiF5J7OOde7r0niDnTBqEPZ2FxaXllNbOWXd/Y3Np2d3YbOkoUoXUS8Ui1AqwpZ5LWDTOctmJFsQg4bQbDi4nevKVKs0jemFFMuwL3JQsZwcZSvrt/5acdJWBs9LijmYBFhNDJqf18N4fyNqNSCU6AV0aeBZVKuVCoQG8qIZQD86j57nunF5FEUGkIx1q3PRSbboqVYYTTcbaTaBpjMsR92rZQYkF1N52eMIZHlunBMFL2SQOn7PeOFAutRyKwlQKbgf6tTci/tHZiwnI3ZTJODJVkNihMODQRnPgBe0xRYvjIAkwUs7tCMsAKE2Ndy1oTvi6F/4NGIe+V8qXrYq56PrcjAw7AITgGHjgDVXAJaqAOCLgDD+AJPDv3zqPz4rzOShecec8e+BHO2yfDLJW/</latexit>

Npts ∼ 4000− 5000

G. Watt and R. Thorne, arXiv:1205.4024

J. Pumplin, arXiv:0909.0268

M. Yan et al., arXiv.2406.01664

LO NLO NNLO N3LO

χ
2

Npts
2.57 1.33 1.17 1.14

<latexit sha1_base64="WFjiV5j7u5ZlusaGfksA/DOMSvI="></latexit>

χ
2

Npts

� 1 + σ(Npts) á 1.02

And similar for other fits!

MSHTaN3LO

K. Kovarich et al., 

arXiv.1905.06957

• Given complete statistical compatibility, global PDF fit very constraining. Danger is claimed (high) precision 

will increasingly not match accuracy with            . Motivates enlarged tolerance           . Procedure for 

choosing this ‘tolerance’ T differs between MSHT/CT.

<latexit sha1_base64="f7POnWcIRqgrTEkrVJ/U2xFafPI=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU8kWWduDUPDisWK/oF1KNk3b0Gx2SbJCWfoTvHhQxKu/yJv/xmxbQUUfDDzem2FmXhALrg3GH05ubX1jcyu/XdjZ3ds/KB4etXWUKMpaNBKR6gZEM8ElaxluBOvGipEwEKwTTK8zv3PPlOaRbJpZzPyQjCUfcUqMle6aV+6gWMJlbOF5KCNuFbuW1GrVSqWG3IWFcQlWaAyK7/1hRJOQSUMF0brn4tj4KVGGU8HmhX6iWUzolIxZz1JJQqb9dHHqHJ1ZZYhGkbIlDVqo3ydSEmo9CwPbGRIz0b+9TPzL6yVmVPVTLuPEMEmXi0aJQCZC2d9oyBWjRswsIVRxeyuiE6IINTadgg3h61P0P2lXyq5X9m4vSvX6Ko48nMApnIMLl1CHG2hACyiM4QGe4NkRzqPz4rwuW3POauYYfsB5+wT7XI2g</latexit>

T = 1
<latexit sha1_base64="l9kYSIkQ3Yt4MzJChyDzlBTIb9Q=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LBbBU0mKxPYiRS8eKzRtoQ1ls920SzebsLsRSuhv8OJBEa/+IG/+GzdtBRV9MPB4b4aZeUHCmdK2/WEV1tY3NreK26Wd3b39g/LhUUfFqSTUIzGPZS/AinImqKeZ5rSXSIqjgNNuML3J/e49lYrFoq1nCfUjPBYsZARrI3ltdIWcYbliV20D10U5ceq2Y0ijUa/VGshZWLZdgRVaw/L7YBSTNKJCE46V6jt2ov0MS80Ip/PSIFU0wWSKx7RvqMARVX62OHaOzowyQmEsTQmNFur3iQxHSs2iwHRGWE/Uby8X//L6qQ7rfsZEkmoqyHJRmHKkY5R/jkZMUqL5zBBMJDO3IjLBEhNt8imZEL4+Rf+TTq3quFX37qLSvF7FUYQTOIVzcOASmnALLfCAAIMHeIJnS1iP1ov1umwtWKuZY/gB6+0TqcKN9w==</latexit>

T > 1

20

• Simple observations: global fit quality bad strictly 

speaking, distribution amongst datasets not as expected.

• Why introduce a tolerance?

Backup

See Pavel’s talk



• However no such explicit tolerance in NNPDF procedure. Implicitly what is 

going on less clear, given complex nature of NN.

<latexit sha1_base64="jg20VkdDapGo9VKW6IJ+4BUO2sk="></latexit>

Each Di gives fi and from {fi} ⇒ PDF errors

PDF4LHC21, arXiv:2203.05506

Benchmark = 

similar data/settings

10−5 10−4 10−3 10−2 10−1
0.00

0.05

0.10

0.15

0.20

δ
g
/g

(0
)

MSHT20red

NNPDF3.1red

CT18red

10−5 10−4 10−3 10−2 10−1

x

0.00

0.05

0.10

0.15

0.20

0.25

0.30

δ
s+
/s

+ (0
)

• What we do know is that in previous benchmarking NNPDF uncertainties 

generally smallest for ~ same data and theory in fit!

•  With larger difference again 

expected in more recent 

NNPDF4.0 fits

1. NN uncertainty not conservative enough (too small).

2. Fixed par. (MSHT) uncertainty too conservative (too large).

3. Fixed par. (MSHT) fit less accurate, due to parameterisation 

inflexibility, and hence enlarged errors needed (less precise).

' Suggests three 

possibilities:

•  Understanding which essential to reach true accuracy. What to do?

21



Closure Tests 

• First, to answer third point:

<latexit sha1_base64="jg20VkdDapGo9VKW6IJ+4BUO2sk="></latexit>

<latexit sha1_base64="rYMy40fR/f8WdYmURoJJn5rIvq0=">AAAB+HicbVC7SgNBFJ2NrxgfWbUSCweDYBV2U0QbIaCFZQTzgOy6zE5mkyGzM8vMrBCX1H6EjYUitn5KOr/DH3DyKDTxwIXDOfdy7z1hwqjSjvNl5VZW19Y38puFre2d3aK9t99UIpWYNLBgQrZDpAijnDQ01Yy0E0lQHDLSCgdXE7/1QKSigt/pYUL8GPU4jShG2kiBXfSuCdMIerhP7yuXbmCXnLIzBVwm7pyUaodPgRgff9cDe+x1BU5jwjVmSKmO6yTaz5DUFDMyKnipIgnCA9QjHUM5ionys+nhI3hqlC6MhDTFNZyqvycyFCs1jEPTGSPdV4veRPzP66Q6uvAzypNUE45ni6KUQS3gJAXYpZJgzYaGICypuRXiPpIIa5NVwYTgLr68TJqVslstV29NGjUwQx4cgRNwBlxwDmrgBtRBA2CQgmfwCt6sR+vFerc+Zq05az5zAP7A+vwBIa6VzA==</latexit>

1. NN uncertainty not conservative enough (too small).

2. Fixed par. (MSHT) uncertainty too conservative (too large).

3. Fixed par. (MSHT) fit less accurate, due to parameterisation 

inflexibility, and hence enlarged errors needed (less precise).

' Suggests three 

possibilities:

• Perform closure test: generate pseudodata = theory predictions with given input 

PDF set corresponding to global PDF fit (in this case NNPDF4.0).

NNPDF, arXiv:2109.02653

• Then perform fit to this but with MSHT20 parameterisation. True values known - 

can test agreement and hence faithfulness of MSHT.

• How do we do?

22



• Generate unshifted pseudodata for 4.0 global dataset (                     ). In principle exact agreement 

possible, with              . Won’t get exactly due to finite parameterisation. Find: 

Always NNLO, NNPDF4.0 pch as input

<latexit sha1_base64="t/JErmQJm+BROiHiWM1KK3aLQ6U=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lKab0IRS+epIK1hTaEzXbTLt1Nwu6mUEL/iRcPinj1n3jz37htc9DWBwOP92aYmRcknCntON9WYWNza3unuFva2z84PLKPT55UnEpC2yTmsewGWFHOItrWTHPaTSTFIuC0E4xv535nQqVicfSopwn1BB5GLGQEayP5tn3vZ30pUKLV7LpWrzZ8u+xUnAXQOnFzUoYcLd/+6g9ikgoaacKxUj3XSbSXYakZ4XRW6qeKJpiM8ZD2DI2woMrLFpfP0IVRBiiMpalIo4X6eyLDQqmpCEynwHqkVr25+J/XS3V45WUsSlJNI7JcFKYc6RjNY0ADJinRfGoIJpKZWxEZYYmJNmGVTAju6svr5KlaceuV+kOt3LzJ4yjCGZzDJbjQgCbcQQvaQGACz/AKb1ZmvVjv1seytWDlM6fwB9bnDzNGkr0=</latexit>

Npts = 4627
<latexit sha1_base64="XjcElEiRWyw5sqrPDrjjVfGoxKs=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g0YsQ9OIxgnlAsobZSW8yZHZ2nZkVQshPePGgiFd/x5t/4yTZgyYWNBRV3XR3BYng2rjut7Oyura+sZnbym/v7O7tFw4OGzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95hMqzWN5b0YJ+hHtSx5yRo2VWh024A/lK7dbKLoldwayTLyMFCFDrVv46vRilkYoDRNU67bnJsYfU2U4EzjJd1KNCWVD2se2pZJGqP3x7N4JObVKj4SxsiUNmam/J8Y00noUBbYzomagF72p+J/XTk146Y+5TFKDks0XhakgJibT50mPK2RGjCyhTHF7K2EDqigzNqK8DcFbfHmZNMolr1Kq3J0Xq9dZHDk4hhM4Aw8uoAq3UIM6MBDwDK/w5jw6L8678zFvXXGymSP4A+fzBx6Nj2I=</latexit>

χ
2
= 0

• Looks very good! How about PDFs?
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<latexit sha1_base64="t/JErmQJm+BROiHiWM1KK3aLQ6U=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lKab0IRS+epIK1hTaEzXbTLt1Nwu6mUEL/iRcPinj1n3jz37htc9DWBwOP92aYmRcknCntON9WYWNza3unuFva2z84PLKPT55UnEpC2yTmsewGWFHOItrWTHPaTSTFIuC0E4xv535nQqVicfSopwn1BB5GLGQEayP5tn3vZ30pUKLV7LpWrzZ8u+xUnAXQOnFzUoYcLd/+6g9ikgoaacKxUj3XSbSXYakZ4XRW6qeKJpiM8ZD2DI2woMrLFpfP0IVRBiiMpalIo4X6eyLDQqmpCEynwHqkVr25+J/XS3V45WUsSlJNI7JcFKYc6RjNY0ADJinRfGoIJpKZWxEZYYmJNmGVTAju6svr5KlaceuV+kOt3LzJ4yjCGZzDJbjQgCbcQQvaQGACz/AKb1ZmvVjv1seytWDlM6fwB9bnDzNGkr0=</latexit>

<latexit sha1_base64="XjcElEiRWyw5sqrPDrjjVfGoxKs=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g0YsQ9OIxgnlAsobZSW8yZHZ2nZkVQshPePGgiFd/x5t/4yTZgyYWNBRV3XR3BYng2rjut7Oyura+sZnbym/v7O7tFw4OGzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95hMqzWN5b0YJ+hHtSx5yRo2VWh024A/lK7dbKLoldwayTLyMFCFDrVv46vRilkYoDRNU67bnJsYfU2U4EzjJd1KNCWVD2se2pZJGqP3x7N4JObVKj4SxsiUNmam/J8Y00noUBbYzomagF72p+J/XTk146Y+5TFKDks0XhakgJibT50mPK2RGjCyhTHF7K2EDqigzNqK8DcFbfHmZNMolr1Kq3J0Xq9dZHDk4hhM4Aw8uoAq3UIM6MBDwDK/w5jw6L8678zFvXXGymSP4A+fzBx6Nj2I=</latexit>

Fit quality:

<latexit sha1_base64="4CeJ3PnBc+oQG9FqQuSo8kBqFSs=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4KplBxnZXdOOygn1AO5ZMmmljM8mQZIQy9B/cuFDErf/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaSecXOZ+554qzaS4MdOEBjEeCRYxgo2V2n0yZrfeoFxBVWTh+zAnbg25ltTrNc+rQ3duIVQBSzQH5ff+UJI0psIQjrXuuSgxQYaVYYTTWamfappgMsEj2rNU4JjqIJtfO4MnVhnCSCpbwsC5+n0iw7HW0zi0nTE2Y/3by8W/vF5qolqQMZGkhgqyWBSlHBoJ89fhkClKDJ9agoli9lZIxlhhYmxAJRvC16fwf9L2qq5f9a/PKo2LZRxFcASOwSlwwTlogCvQBC1AwB14AE/g2ZHOo/PivC5aC85y5hD8gPP2CYI0jx4=</latexit>

χ
2

<latexit sha1_base64="qSRs1zRCDXd5+8wZqVg4hMbE3w0=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFc1aRIbHdFN66kgn1AE8NkOmmHTiZhZiKWkF9x40IRt/6IO//GSVtBRQ9cOJxzL/feEySMSmVZH8bS8srq2nppo7y5tb2za+5VujJOBSYdHLNY9AMkCaOcdBRVjPQTQVAUMNILJheF37sjQtKY36hpQrwIjTgNKUZKS75ZcfGY3tZPrvzMFRFMlMx9s2rVLA3HgQWxG5atSbPZqNeb0J5ZllUFC7R9890dxjiNCFeYISkHtpUoL0NCUcxIXnZTSRKEJ2hEBppyFBHpZbPbc3iklSEMY6GLKzhTv09kKJJyGgW6M0JqLH97hfiXN0hV2PAyypNUEY7ni8KUQRXDIgg4pIJgxaaaICyovhXiMRIIKx1XWYfw9Sn8n3TrNdupOden1db5Io4SOACH4BjY4Ay0wCVogw7A4B48gCfwbOTGo/FivM5bl4zFzD74AePtE8HNlE0=</latexit>

χ
2/Npts

<latexit sha1_base64="i7qnNarNfJVmQ4kPWcSN4bXNGS4=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZkNYU1uQS8eI5oHJEuYncwmQ2YfzMwKYcknePGgiFe/yJt/42wSQUULGoqqbrq7/ERwpTH+sApr6xubW8Xt0s7u3v5B+fCoo+JUUtamsYhlzyeKCR6xtuZasF4iGQl9wbr+9Cr3u/dMKh5Hd3qWMC8k44gHnBJtpNuqXRuWK9jGBq6LcuLUsWNIo1GvVhvIWVgYV2CF1rD8PhjFNA1ZpKkgSvUdnGgvI1JzKti8NEgVSwidkjHrGxqRkCkvW5w6R2dGGaEglqYijRbq94mMhErNQt90hkRP1G8vF//y+qkO6l7GoyTVLKLLRUEqkI5R/jcaccmoFjNDCJXc3IrohEhCtUmnZEL4+hT9TzpV23Ft96ZWaV6u4ijCCZzCOThwAU24hha0gcIYHuAJni1hPVov1uuytWCtZo7hB6y3T7XrjXQ=</latexit>

2.4

<latexit sha1_base64="qSRs1zRCDXd5+8wZqVg4hMbE3w0=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFc1aRIbHdFN66kgn1AE8NkOmmHTiZhZiKWkF9x40IRt/6IO//GSVtBRQ9cOJxzL/feEySMSmVZH8bS8srq2nppo7y5tb2za+5VujJOBSYdHLNY9AMkCaOcdBRVjPQTQVAUMNILJheF37sjQtKY36hpQrwIjTgNKUZKS75ZcfGY3tZPrvzMFRFMlMx9s2rVLA3HgQWxG5atSbPZqNeb0J5ZllUFC7R9890dxjiNCFeYISkHtpUoL0NCUcxIXnZTSRKEJ2hEBppyFBHpZbPbc3iklSEMY6GLKzhTv09kKJJyGgW6M0JqLH97hfiXN0hV2PAyypNUEY7ni8KUQRXDIgg4pIJgxaaaICyovhXiMRIIKx1XWYfw9Sn8n3TrNdupOden1db5Io4SOACH4BjY4Ay0wCVogw7A4B48gCfwbOTGo/FivM5bl4zFzD74AePtE8HNlE0=</latexit>

<latexit sha1_base64="Q4pfifA1bjiRZmR27L9Bp3//a8c=">AAAB7XicdZDLSgMxFIYz9VbrrerSTbAIrkqm6Njuim5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2ZqYVVPRA4OP/zyHn/EHMmTYIfTiFldW19Y3iZmlre2d3r7x/0NEyUYS2ieRS9QKsKWeCtg0znPZiRXEUcNoNpleZ372nSjMpbs0spn6Ex4KFjGBjpQ6qIoTOh+VKDsjzYAZuHbkWGo16rdaAbm4hVAHLag3L74ORJElEhSEca913UWz8FCvDCKfz0iDRNMZkise0b1HgiGo/zbedwxOrjGAolX3CwFz9PpHiSOtZFNjOCJuJ/u1l4l9ePzFh3U+ZiBNDBVl8FCYcGgmz0+GIKUoMn1nARDG7KyQTrDAxNqCSDeHrUvg/dGpV16t6N2eV5uUyjiI4AsfgFLjgAjTBNWiBNiDgDjyAJ/DsSOfReXFeF60FZzlzCH6U8/YJ/6qOIQ==</latexit>

0.0005

<latexit sha1_base64="dkxm6AgQFhfUXu8erJKC6f7Bo3o=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbBU8kuUttb0YvHCvYD2qVk02wbms0uSVYoS3+DFw+KePUHefPfmG0rqOjAMI/3ZpiZFySCa4Pxh1NYW9/Y3Cpul3Z29/YPyodHHR2nirI2jUWsegHRTHDJ2oYbwXqJYiQKBOsG0+tc794zpXks78wsYX5ExpKHnBJjqTauYuwNy5W8YlyroRy4dexa0GjUPa+B3IWEcQVW0RqW3wejmKYRk4YKonXfxYnxM6IMp4LNS4NUs4TQKRmzvoWSREz72eLYOTqzzAiFsbIpDVqw3ycyEmk9iwLbGREz0b+1nPxL66cmrPsZl0lqmKTLRWEqkIlR/jkaccWoETMLCFXc3orohChCjfWnZE34+hT9Dzpe1a1Va7cXlebVyo4inMApnIMLl9CEG2hBGyhweIAneHak8+i8OK/L1oKzmjmGH+G8fQKMhI3k</latexit>

<latexit sha1_base64="Jf2/8XkEzod6SZlYNSyRrgpkMjQ=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LBbBU0mCxPZW9OKxgmkLbSib7aZdutmE3Y1QQn+DFw+KePUHefPfuGkrqOiDZR/vzTAzL0w5U9q2P6zS2vrG5lZ5u7Kzu7d/UD086qgkk4T6JOGJ7IVYUc4E9TXTnPZSSXEcctoNp9eF372nUrFE3OlZSoMYjwWLGMHaSL5dtx13WK2Z38DzUEGchu0Y0mw2XLeJnIVl2zVYoT2svg9GCcliKjThWKm+Y6c6yLHUjHA6rwwyRVNMpnhM+4YKHFMV5Itl5+jMKCMUJdI8odFC/d6R41ipWRyayhjrifrtFeJfXj/TUSPImUgzTQVZDooyjnSCisvRiElKNJ8ZgolkZldEJlhiok0+FRPC16Xof9Jx645X924vaq2rVRxlOIFTOAcHLqEFN9AGHwgweIAneLaE9Wi9WK/L0pK16jmGH7DePgGOCY3l</latexit>

In data region input PDF matched very well, and much better than               uncertainties. No 

immediate evidence that the increased tolerance is driven by parameterisation inflexibility for MSHT. 

Similar results found for more complete ‘fluctuated’ set of closure tests.

<latexit sha1_base64="kz2YSpQAEUpEVeWQJWi16XxqFsg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1ZMUvHisYD+gDWWz3bRLN7thd6KU0J/hxYMiXv013vw3btsctPXBwOO9GWbmhYngBj3v2ymsrW9sbhW3Szu7e/sH5cOjllGppqxJlVC6ExLDBJesiRwF6ySakTgUrB2Ob2d++5Fpw5V8wEnCgpgMJY84JWilbk/z4QiJ1uqpX654VW8Od5X4OalAjka//NUbKJrGTCIVxJiu7yUYZEQjp4JNS73UsITQMRmyrqWSxMwE2fzkqXtmlYEbKW1LojtXf09kJDZmEoe2MyY4MsveTPzP66YYXQcZl0mKTNLFoigVLip39r874JpRFBNLCNXc3urSEdGEok2pZEPwl19eJa2Lql+r1u4vK/WbPI4inMApnIMPV1CHO2hAEygoeIZXeHPQeXHenY9Fa8HJZ47hD5zPH8UZkZQ=</latexit>

→

<latexit sha1_base64="xRMgIMRya458ElzNwW4gfD7m/rg=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFqheh6MVjhW5baNeSTbNtaDZZkqxQlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v5219Y3Nre3CTnF3b//gsHR03NIyVYT6RHKpOiHWlDNBfcMMp51EURyHnLbD8d3Mbz9RpZkUTTNJaBDjoWARI9hYyW8+Vm+8fqnsVtw50CrxclKGHI1+6as3kCSNqTCEY627npuYIMPKMMLptNhLNU0wGeMh7VoqcEx1kM2PnaJzqwxQJJUtYdBc/T2R4VjrSRzazhibkV72ZuJ/Xjc10XWQMZGkhgqyWBSlHBmJZp+jAVOUGD6xBBPF7K2IjLDCxNh8ijYEb/nlVdKqVrxapfZwWa7f5nEU4BTO4AI8uII63EMDfCDA4Ble4c0Rzovz7nwsWtecfOYE/sD5/AHK+I4J</latexit>

T
2
= 1
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• In less well constrained regions deviation larger, e.g for              at low and high    and the        at high    .  

• Hence in extrapolation region input not always consistent within uncertainties

• As ~ outside data region not inconsistent (errors driven by data), but indicates more conservative error 

definition in these regions may be desirable (as tends to happen in NN approach). 

• At high     MC replica uncertainty gives more conservative uncertainty.    

• Though arguably no ‘right’ answer in true extrapolation region (too conservative vs. over-conservative).

<latexit sha1_base64="YmkPZyceN5/YAOZfnQGmJ4rb3XA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BPXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVW+zOPJwAqdwDh5cQRXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+pljQk=</latexit>

x

<latexit sha1_base64="Tn0icJAnWuKtQNs4gpmwGGAOlBQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REpHos6MFjBZsW2hA2m027dLMJuxuhhP4ILx4U8erv8ea/cdPmoK0PBh7vzTAzL0g5U9q2v63K2vrG5lZ1u7azu7d/UD88clWSSUK7JOGJ7AdYUc4E7WqmOe2nkuI44LQXTG4Lv/dEpWKJeNTTlHoxHgkWMYK1kXqZ716EvuvXG3bTngOtEqckDSjR8etfwzAhWUyFJhwrNXDsVHs5lpoRTme1YaZoiskEj+jAUIFjqrx8fu4MnRklRFEiTQmN5urviRzHSk3jwHTGWI/VsleI/3mDTEc3Xs5EmmkqyGJRlHGkE1T8jkImKdF8aggmkplbERljiYk2CdVMCM7yy6vEvWw6rWbr4arRvivjqMIJnMI5OHANbbiHDnSBwASe4RXerNR6sd6tj0VrxSpnjuEPrM8fyg+PPA==</latexit>

uV , dV

24

<latexit sha1_base64="yKS45bPuyKukL/UKD6uE6+lvAhw=">AAACAnicbVDNS8MwHE3n15xfVU/iJTgEDzJakelJBl48TnAfsJWRpukWliYlSYVRihf/FS8eFPHqX+HN/8Z0K6ibDwIv7/0eye/5MaNKO86XVVpaXlldK69XNja3tnfs3b22EonEpIUFE7LrI0UY5aSlqWakG0uCIp+Rjj++zv3OPZGKCn6nJzHxIjTkNKQYaSMN7IO+MHaeTpPs9OcSZAO76tScKeAicQtSBQWaA/uzHwicRIRrzJBSPdeJtZciqSlmJKv0E0VihMdoSHqGchQR5aXTFTJ4bJQAhkKawzWcqr8TKYqUmkS+mYyQHql5Lxf/83qJDi+9lPI40YTj2UNhwqAWMO8DBlQSrNnEEIQlNX+FeIQkwtq0VjEluPMrL5L2Wc2t1+q359XGVVFHGRyCI3ACXHABGuAGNEELYPAAnsALeLUerWfrzXqfjZasIrMP/sD6+AZ6LJgh</latexit>

u, d
<latexit sha1_base64="YmkPZyceN5/YAOZfnQGmJ4rb3XA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BPXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVW+zOPJwAqdwDh5cQRXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+pljQk=</latexit>
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<latexit sha1_base64="YmkPZyceN5/YAOZfnQGmJ4rb3XA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BPXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVW+zOPJwAqdwDh5cQRXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+pljQk=</latexit>

x



• Can play all sorts of games with this (no 

time to go into here). In brief:
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Input

Input (ratio to n = 2 fit)

Input (ratio to n = 4 fit)

' Restrict number of free PDF parameters - 

start to fail closure test (as expected!). 

Guide to number of free PDF parameters 

needed.

<latexit sha1_base64="2gF85a3c17N63gQu+r+5Iqjt8ng=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWAR3FiSILFdCEU3rqSCfUATwmQyaYdOHsxMhBK78FfcuFDErb/hzr9x0lZQ0QMXDufcy733+CmjQhrGh1ZaWFxaXimvVtbWNza39O2djkgyjkkbJyzhPR8JwmhM2pJKRnopJyjyGen6o4vC794SLmgS38hxStwIDWIaUoykkjx9zwkIkwheebnDI5giPjk7Ni1Prxo1Q8G2YUHMumEq0mjULasBzallGFUwR8vT350gwVlEYokZEqJvGql0c8QlxYxMKk4mSIrwCA1IX9EYRUS4+fT+CTxUSgDDhKuKJZyq3ydyFAkxjnzVGSE5FL+9QvzL62cyrLs5jdNMkhjPFoUZgzKBRRgwoJxgycaKIMypuhXiIeIISxVZRYXw9Sn8n3SsmmnX7OuTavN8HkcZ7IMDcARMcAqa4BK0QBtgcAcewBN41u61R+1Fe521lrT5zC74Ae3tE+FElWU=</latexit>

δNpar = −12
<latexit sha1_base64="UMJ5N24rQvakAgOUo14RmwbFKoA=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWAR3BjStKZ1IRTduJIK9gFNCJPptB06eTAzEUrswl9x40IRt/6GO//GSVtBRQ9cOJxzL/fe48eMCmmaH1puYXFpeSW/Wlhb39jc0rd3WiJKOCZNHLGId3wkCKMhaUoqGenEnKDAZ6Ttjy4yv31LuKBReCPHMXEDNAhpn2IkleTpe06PMInglZc6PIAx4pOzY6vi6UXTOK3Z1okFTcM0q1bZzohVrVhlWFJKhiKYo+Hp704vwklAQokZEqJbMmPppohLihmZFJxEkBjhERqQrqIhCohw0+n9E3iolB7sR1xVKOFU/T6RokCIceCrzgDJofjtZeJfXjeR/Zqb0jBOJAnxbFE/YVBGMAsD9ignWLKxIghzqm6FeIg4wlJFVlAhfH0K/yctyyjZhn1dKdbP53HkwT44AEegBKqgDi5BAzQBBnfgATyBZ+1ee9RetNdZa06bz+yCH9DePgHxdZVv</latexit>

δNpar = −24

' Inject tension 

into closure test 

- break 

(pseudo)dataset 

up into two.
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<latexit sha1_base64="Fvl7NGDUghQx2KVIpql2F7n+35k=">AAACBXicdVDLSgMxFM34rPU16lIXwSK4qjOjjO2u6MaVVLAP6NSSSdM2NMkMSUYoQzdu/BU3LhRx6z+482/MtBVU9EDgcM653NwTxowq7Tgf1tz8wuLScm4lv7q2vrFpb23XVZRITGo4YpFshkgRRgWpaaoZacaSIB4y0giH55nfuCVS0Uhc61FM2hz1Be1RjLSROvZegAf0xju67KSB5DDWYxgoyqFbdI79jl1wio6B78OMuCXHNaRcLnleOYtMUAAzVDv2e9CNcMKJ0JghpVquE+t2iqSmmJFxPkgUiREeoj5pGSoQJ6qdTq4YwwOjdGEvkuYJDSfq94kUcaVGPDRJjvRA/fYy8S+vleheqZ1SESeaCDxd1EsY1BHMKoFdKgnWbGQIwpKav0I8QBJhbYrLmxK+LoX/k7pXdP2if3VSqJzN6siBXbAPDoELTkEFXIAqqAEM7sADeALP1r31aL1Yr9PonDWb2QE/YL19Aiyllxs=</latexit>

χ
2/Npt ∼ 1.036

<latexit sha1_base64="fHahxEM1BA7VOLX3t1CGY4lGy4M=">AAACBXicdVDLSgMxFM34rPU16lIXwSK4GjNFx3ZXdONKKtgHdOqQSdM2NJkZkoxQhm7c+CtuXCji1n9w59+YPgQVPXDhcM693HtPmHCmNEIf1tz8wuLScm4lv7q2vrFpb23XVZxKQmsk5rFshlhRziJa00xz2kwkxSLktBEOzsd+45ZKxeLoWg8T2ha4F7EuI1gbKbD3fNJnN8WjyyDzpYCJHkFfMQGRUy6fBHYBOcjA8+CYuCXkTpxSsViG7sRCqABmqAb2u9+JSSpopAnHSrVclOh2hqVmhNNR3k8VTTAZ4B5tGRphQVU7m3wxggdG6cBuLE1FGk7U7xMZFkoNRWg6BdZ99dsbi395rVR3S+2MRUmqaUSmi7ophzqG40hgh0lKNB8agolk5lZI+lhiok1weRPC16fwf1IvOq7neFfHhcrZLI4c2AX74BC44BRUwAWoghog4A48gCfwbN1bj9aL9TptnbNmMzvgB6y3T0Btlyg=</latexit>

χ
2/Npt ∼ 0.995

Two inputs (tension)

• Fit including tension lies ~ in the middle where tension appears. The             error clearly too small - 
<latexit sha1_base64="f7POnWcIRqgrTEkrVJ/U2xFafPI=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU8kWWduDUPDisWK/oF1KNk3b0Gx2SbJCWfoTvHhQxKu/yJv/xmxbQUUfDDzem2FmXhALrg3GH05ubX1jcyu/XdjZ3ds/KB4etXWUKMpaNBKR6gZEM8ElaxluBOvGipEwEKwTTK8zv3PPlOaRbJpZzPyQjCUfcUqMle6aV+6gWMJlbOF5KCNuFbuW1GrVSqWG3IWFcQlWaAyK7/1hRJOQSUMF0brn4tj4KVGGU8HmhX6iWUzolIxZz1JJQqb9dHHqHJ1ZZYhGkbIlDVqo3ydSEmo9CwPbGRIz0b+9TPzL6yVmVPVTLuPEMEmXi0aJQCZC2d9oyBWjRswsIVRxeyuiE6IINTadgg3h61P0P2lXyq5X9m4vSvX6Ko48nMApnIMLl1CHG2hACyiM4QGe4NkRzqPz4rwuW3POauYYfsB5+wT7XI2g</latexit>

<latexit sha1_base64="f7POnWcIRqgrTEkrVJ/U2xFafPI=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU8kWWduDUPDisWK/oF1KNk3b0Gx2SbJCWfoTvHhQxKu/yJv/xmxbQUUfDDzem2FmXhALrg3GH05ubX1jcyu/XdjZ3ds/KB4etXWUKMpaNBKR6gZEM8ElaxluBOvGipEwEKwTTK8zv3PPlOaRbJpZzPyQjCUfcUqMle6aV+6gWMJlbOF5KCNuFbuW1GrVSqWG3IWFcQlWaAyK7/1hRJOQSUMF0brn4tj4KVGGU8HmhX6iWUzolIxZz1JJQqb9dHHqHJ1ZZYhGkbIlDVqo3ydSEmo9CwPbGRIz0b+9TPzL6yVmVPVTLuPEMEmXi0aJQCZC2d9oyBWjRswsIVRxeyuiE6IINTadgg3h61P0P2lXyq5X9m4vSvX6Ko48nMApnIMLl1CHG2hACyiM4QGe4NkRzqPz4rwuW3POauYYfsB5+wT7XI2g</latexit>

25



Direct Comparison

https://docs.nnpdf.science/

PDFs at input 

scale Q0
<latexit sha1_base64="Ym2/5j5Zve8m0eilrMX6fZGUePo=">AAAB6nicbVDLSsNAFL2pr1pfUZduBovgqiRWfOwKbly2aB/QhjKZTtqhk0mYmQgl9BPcuFDErV/kzr9xkgZR64ELh3Pu5d57/JgzpR3n0yqtrK6tb5Q3K1vbO7t79v5BR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+9Cbzuw9UKhaJez2LqRfisWABI1gb6a41dIZ21ak5OdAycQtShQLNof0xGEUkCanQhGOl+q4Tay/FUjPC6bwySBSNMZniMe0bKnBIlZfmp87RiVFGKIikKaFRrv6cSHGo1Cz0TWeI9UT99TLxP6+f6ODKS5mIE00FWSwKEo50hLK/0YhJSjSfGYKJZOZWRCZYYqJNOpU8hOsMF98vL5POWc2t1+qt82qjUcRRhiM4hlNw4RIacAtNaAOBMTzCM7xY3HqyXq23RWvJKmYO4Res9y/m4Y2t</latexit>

Theory 

predictions

FK tables

Data

<latexit sha1_base64="VpScj38oj1dcIpDZubrvPa1Ey/I=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewSgx6JXjxi4gIJrKRbulDptpu2a0I2/AcvHjTGq//Hm//GAntQ8CWTvLw3k5l5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8tUEeoTyaXqhFhTzgT1DTOcdhJFcRxy2g7HNzO//USVZlLcm0lCgxgPBYsYwcZKrR4ZsYdav1xxq+4caJV4OalAjma//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObXTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6CrImEhSQwVZLIpSjoxEs9fRgClKDJ9Ygoli9lZERlhhYmxAJRuCt/zyKmnVql69Wr+7qDSu8ziKcAKncA4eXEIDbqEJPhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMq747h</latexit>

χ
2

NNPDF

NNPDF

• Possible for first time using of publicly available NNPDF code - suitably adapted to allow fit to be 

performed with a (MSHT) fixed parameterisation, but to NNPDF data/theory - only difference is input 

parameterisation. 

Data + theory fixed to NNPDF4.0 Neural net Fixed parameterisation

• How does fit quality compare? How to PDFs and their uncertainties compare?
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<latexit sha1_base64="6gaQ1y/YS7ehxRnRLzXUxLpG+u0=">AAACCHicbVDLSsNAFJ34rPUVdenCwSJUKCERrW4sBRe6bME+oAlhMp20Q2eSMDMRSujSjb/ixoUibv0Ed/6N08dCWw9cOJxzL/feEySMSmXb38bS8srq2npuI7+5tb2za+7tN2WcCkwaOGaxaAdIEkYj0lBUMdJOBEE8YKQVDG7GfuuBCEnj6F4NE+Jx1ItoSDFSWvLNo7pvXztW+cItwcwVHN6S5gi6pSKsQO7jU98s2JY9AVwkzowUwAw13/xyuzFOOYkUZkjKjmMnysuQUBQzMsq7qSQJwgPUIx1NI8SJ9LLJIyN4opUuDGOhK1Jwov6eyBCXcsgD3cmR6st5byz+53VSFV55GY2SVJEITxeFKYMqhuNUYJcKghUbaoKwoPpWiPtIIKx0dnkdgjP/8iJpnllO2SrXzwvVyiyOHDgEx6AIHHAJquAO1EADYPAInsEreDOejBfj3fiYti4Zs5kD8AfG5w90BpZy</latexit>

<latexit sha1_base64="gVoHEF+A+KtuQvBFS47pcDjYa4g=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpZEpHpRCl48tmA/oI1hs920SzebsLvRltL/4cWDIl79L978N27bHLT6YODx3gwz8/yYM6Vt+8vKLC2vrK5l13Mbm1vbO/ndvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/cHN1G8+UKlYJO70KKZuiHuCBYxgbaR7NCTeaXF4UvPs4yvbyxfskj0D+kuclBQgRdXLf3a6EUlCKjThWKm2Y8faHWOpGeF0kuskisaYDHCPtg0VOKTKHc+unqAjo3RREElTQqOZ+nNijEOlRqFvOkOs+2rRm4r/ee1EB5fumIk40VSQ+aIg4UhHaBoB6jJJieYjQzCRzNyKSB9LTLQJKmdCcBZf/ksaZyWnXCrXzguV6zSOLBzAIRTBgQuowC1UoQ4EJDzBC7xaj9az9Wa9z1szVjqzD79gfXwD6oCQ1g==</latexit>

Find:

<latexit sha1_base64="sDDY+LHK/SU+ypW8y9z40jdNoRM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqeJCCrpwWcE+oIlhMp20QycPZm6EGoq/4saFIm79D3f+jdM2C209cOFwzr3ce4+fCK7Asr6NwtLyyupacb20sbm1vWPu7rVUnErKmjQWsez4RDHBI9YEDoJ1EslI6AvW9odXE7/9wKTicXQHo4S5IelHPOCUgJY888C5ZgIIduiA31e9DDxrfOGZZatiTYEXiZ2TMsrR8MwvpxfTNGQRUEGU6tpWAm5GJHAq2LjkpIolhA5Jn3U1jUjIlJtNrx/jY630cBBLXRHgqfp7IiOhUqPQ150hgYGa9ybif143heDczXiUpMAiOlsUpAJDjCdR4B6XjIIYaUKo5PpWTAdEEgo6sJIOwZ5/eZG0qhW7Vqndnpbrl3kcRXSIjtAJstEZqqMb1EBNRNEjekav6M14Ml6Md+Nj1low8pl99AfG5w9xWZSU</latexit>

∆χ
2

t0
:

<latexit sha1_base64="UQxPZ0atn5SyBTcVQnyc5H06DVg=">AAAB+XicdZDLSgMxFIYz9VbrbdSlm2ARKuiQKWXsbKTgxmUFe4F2KJk004ZmLiSZQhn6Jm5cKOLWN3Hn25hpK6jogcDH/5/DOfn9hDOpEPowCmvrG5tbxe3Szu7e/oF5eNSWcSoIbZGYx6LrY0k5i2hLMcVpNxEUhz6nHX9yk/udKRWSxdG9miXUC/EoYgEjWGlpYJqXNduyYf8CVpCFkHs+MMs5IOQ4MAe7jmwNrluvVl1oLyyEymBVzYH53h/GJA1ppAjHUvZslCgvw0Ixwum81E8lTTCZ4BHtaYxwSKWXLS6fwzOtDGEQC/0iBRfq94kMh1LOQl93hliN5W8vF//yeqkK6l7GoiRVNCLLRUHKoYphHgMcMkGJ4jMNmAimb4VkjAUmSodV0iF8/RT+D+2qZTuWc1crN65XcRTBCTgFFWCDK9AAt6AJWoCAKXgAT+DZyIxH48V4XbYWjNXMMfhRxtsn0KOQkA==</latexit><latexit sha1_base64="shaCGwIlRv5htrMCRk18P637Bn4=">AAAB+XicdZDLSgMxFIYz9VbrbdSlm2ARKuiQKWXsbKTgxmUFe4F2KJk004ZmLiSZQhn6Jm5cKOLWN3Hn25hpK6jogcDH/5/DOfn9hDOpEPowCmvrG5tbxe3Szu7e/oF5eNSWcSoIbZGYx6LrY0k5i2hLMcVpNxEUhz6nHX9yk/udKRWSxdG9miXUC/EoYgEjWGlpYJqXNcdyYf8CVpCFbPt8YJY16HIcmINdR7YG161Xqy60FxZCZbCq5sB87w9jkoY0UoRjKXs2SpSXYaEY4XRe6qeSJphM8Ij2NEY4pNLLFpfP4ZlWhjCIhX6Rggv1+0SGQylnoa87Q6zG8reXi395vVQFdS9jUZIqGpHloiDlUMUwjwEOmaBE8ZkGTATTt0IyxgITpcMq6RC+fgr/h3bVsh3LuauVG9erOIrgBJyCCrDBFWiAW9AELUDAFDyAJ/BsZMaj8WK8LlsLxmrmGPwo4+0T2k6Qlg==</latexit>

−46.9 (0.011)
<latexit sha1_base64="kz2YSpQAEUpEVeWQJWi16XxqFsg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1ZMUvHisYD+gDWWz3bRLN7thd6KU0J/hxYMiXv013vw3btsctPXBwOO9GWbmhYngBj3v2ymsrW9sbhW3Szu7e/sH5cOjllGppqxJlVC6ExLDBJesiRwF6ySakTgUrB2Ob2d++5Fpw5V8wEnCgpgMJY84JWilbk/z4QiJ1uqpX654VW8Od5X4OalAjka//NUbKJrGTCIVxJiu7yUYZEQjp4JNS73UsITQMRmyrqWSxMwE2fzkqXtmlYEbKW1LojtXf09kJDZmEoe2MyY4MsveTPzP66YYXQcZl0mKTNLFoigVLip39r874JpRFBNLCNXc3urSEdGEok2pZEPwl19eJa2Lql+r1u4vK/WbPI4inMApnIMPV1CHO2hAEygoeIZXeHPQeXHenY9Fa8HJZ47hD5zPH8UZkZQ=</latexit>

<latexit sha1_base64="Ym2/5j5Zve8m0eilrMX6fZGUePo=">AAAB6nicbVDLSsNAFL2pr1pfUZduBovgqiRWfOwKbly2aB/QhjKZTtqhk0mYmQgl9BPcuFDErV/kzr9xkgZR64ELh3Pu5d57/JgzpR3n0yqtrK6tb5Q3K1vbO7t79v5BR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+9Cbzuw9UKhaJez2LqRfisWABI1gb6a41dIZ21ak5OdAycQtShQLNof0xGEUkCanQhGOl+q4Tay/FUjPC6bwySBSNMZniMe0bKnBIlZfmp87RiVFGKIikKaFRrv6cSHGo1Cz0TWeI9UT99TLxP6+f6ODKS5mIE00FWSwKEo50hLK/0YhJSjSfGYKJZOZWRCZYYqJNOpU8hOsMF98vL5POWc2t1+qt82qjUcRRhiM4hlNw4RIacAtNaAOBMTzCM7xY3HqyXq23RWvJKmYO4Res9y/m4Y2t</latexit>

<latexit sha1_base64="VpScj38oj1dcIpDZubrvPa1Ey/I=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewSgx6JXjxi4gIJrKRbulDptpu2a0I2/AcvHjTGq//Hm//GAntQ8CWTvLw3k5l5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8tUEeoTyaXqhFhTzgT1DTOcdhJFcRxy2g7HNzO//USVZlLcm0lCgxgPBYsYwcZKrR4ZsYdav1xxq+4caJV4OalAjma//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObXTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6CrImEhSQwVZLIpSjoxEs9fRgClKDJ9Ygoli9lZERlhhYmxAJRuCt/zyKmnVql69Wr+7qDSu8ziKcAKncA4eXEIDbqEJPhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMq747h</latexit>

<latexit sha1_base64="j0nmMX+KYQmVKO26wNdVanWE/7c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS18+jgfBng2rNrbsLkL/EK0gNCrQG1U9/mLAs5gqZpMb0PTfFIKcaBZN8VvEzw1PKJnTE+5YqGnMT5ItzZ+TMKkMSJdqWQrJQf07kNDZmGoe2M6Y4NqveXPzP62cYXQe5UGmGXLHloiiTBBMy/50MheYM5dQSyrSwtxI2ppoytAlVbAje6st/Seei7jXqjfvLWvOmiKMMJ3AK5+DBFTThDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgFylo+p</latexit> <latexit sha1_base64="4SEKKPrCGKu5wJxGiuXVYEFt+mU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ac0oWy203bpZhN2N2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCalGwSU2DTcCO4lCGoUC2+H4dua3H1FpHssHM0kwiOhQ8gFn1Fip7WdPPe5Pe+WKW3XnIKvEy0kFcjR65S+/H7M0QmmYoFp3PTcxQUaV4UzgtOSnGhPKxnSIXUsljVAH2fzcKTmzSp8MYmVLGjJXf09kNNJ6EoW2M6JmpJe9mfif103N4DrIuExSg5ItFg1SQUxMZr+TPlfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmldVL1atXZ/Wanf5HEU4QRO4Rw8uII63EEDmsBgDM/wCm9O4rw4787HorXg5DPH8AfO5w+OJo+7</latexit>

<latexit sha1_base64="6gaQ1y/YS7ehxRnRLzXUxLpG+u0=">AAACCHicbVDLSsNAFJ34rPUVdenCwSJUKCERrW4sBRe6bME+oAlhMp20Q2eSMDMRSujSjb/ixoUibv0Ed/6N08dCWw9cOJxzL/feEySMSmXb38bS8srq2npuI7+5tb2za+7tN2WcCkwaOGaxaAdIEkYj0lBUMdJOBEE8YKQVDG7GfuuBCEnj6F4NE+Jx1ItoSDFSWvLNo7pvXztW+cItwcwVHN6S5gi6pSKsQO7jU98s2JY9AVwkzowUwAw13/xyuzFOOYkUZkjKjmMnysuQUBQzMsq7qSQJwgPUIx1NI8SJ9LLJIyN4opUuDGOhK1Jwov6eyBCXcsgD3cmR6st5byz+53VSFV55GY2SVJEITxeFKYMqhuNUYJcKghUbaoKwoPpWiPtIIKx0dnkdgjP/8iJpnllO2SrXzwvVyiyOHDgEx6AIHHAJquAO1EADYPAInsEreDOejBfj3fiYti4Zs5kD8AfG5w90BpZy</latexit>

<latexit sha1_base64="gVoHEF+A+KtuQvBFS47pcDjYa4g=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpZEpHpRCl48tmA/oI1hs920SzebsLvRltL/4cWDIl79L978N27bHLT6YODx3gwz8/yYM6Vt+8vKLC2vrK5l13Mbm1vbO/ndvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/cHN1G8+UKlYJO70KKZuiHuCBYxgbaR7NCTeaXF4UvPs4yvbyxfskj0D+kuclBQgRdXLf3a6EUlCKjThWKm2Y8faHWOpGeF0kuskisaYDHCPtg0VOKTKHc+unqAjo3RREElTQqOZ+nNijEOlRqFvOkOs+2rRm4r/ee1EB5fumIk40VSQ+aIg4UhHaBoB6jJJieYjQzCRzNyKSB9LTLQJKmdCcBZf/ksaZyWnXCrXzguV6zSOLBzAIRTBgQuowC1UoQ4EJDzBC7xaj9az9Wa9z1szVjqzD79gfXwD6oCQ1g==</latexit>

<latexit sha1_base64="sDDY+LHK/SU+ypW8y9z40jdNoRM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqeJCCrpwWcE+oIlhMp20QycPZm6EGoq/4saFIm79D3f+jdM2C209cOFwzr3ce4+fCK7Asr6NwtLyyupacb20sbm1vWPu7rVUnErKmjQWsez4RDHBI9YEDoJ1EslI6AvW9odXE7/9wKTicXQHo4S5IelHPOCUgJY888C5ZgIIduiA31e9DDxrfOGZZatiTYEXiZ2TMsrR8MwvpxfTNGQRUEGU6tpWAm5GJHAq2LjkpIolhA5Jn3U1jUjIlJtNrx/jY630cBBLXRHgqfp7IiOhUqPQ150hgYGa9ybif143heDczXiUpMAiOlsUpAJDjCdR4B6XjIIYaUKo5PpWTAdEEgo6sJIOwZ5/eZG0qhW7Vqndnpbrl3kcRXSIjtAJstEZqqMb1EBNRNEjekav6M14Ml6Md+Nj1low8pl99AfG5w9xWZSU</latexit>

<latexit sha1_base64="UQxPZ0atn5SyBTcVQnyc5H06DVg=">AAAB+XicdZDLSgMxFIYz9VbrbdSlm2ARKuiQKWXsbKTgxmUFe4F2KJk004ZmLiSZQhn6Jm5cKOLWN3Hn25hpK6jogcDH/5/DOfn9hDOpEPowCmvrG5tbxe3Szu7e/oF5eNSWcSoIbZGYx6LrY0k5i2hLMcVpNxEUhz6nHX9yk/udKRWSxdG9miXUC/EoYgEjWGlpYJqXNduyYf8CVpCFkHs+MMs5IOQ4MAe7jmwNrluvVl1oLyyEymBVzYH53h/GJA1ppAjHUvZslCgvw0Ixwum81E8lTTCZ4BHtaYxwSKWXLS6fwzOtDGEQC/0iBRfq94kMh1LOQl93hliN5W8vF//yeqkK6l7GoiRVNCLLRUHKoYphHgMcMkGJ4jMNmAimb4VkjAUmSodV0iF8/RT+D+2qZTuWc1crN65XcRTBCTgFFWCDK9AAt6AJWoCAKXgAT+DZyIxH48V4XbYWjNXMMfhRxtsn0KOQkA==</latexit><latexit sha1_base64="shaCGwIlRv5htrMCRk18P637Bn4=">AAAB+XicdZDLSgMxFIYz9VbrbdSlm2ARKuiQKWXsbKTgxmUFe4F2KJk004ZmLiSZQhn6Jm5cKOLWN3Hn25hpK6jogcDH/5/DOfn9hDOpEPowCmvrG5tbxe3Szu7e/oF5eNSWcSoIbZGYx6LrY0k5i2hLMcVpNxEUhz6nHX9yk/udKRWSxdG9miXUC/EoYgEjWGlpYJqXNcdyYf8CVpCFbPt8YJY16HIcmINdR7YG161Xqy60FxZCZbCq5sB87w9jkoY0UoRjKXs2SpSXYaEY4XRe6qeSJphM8Ij2NEY4pNLLFpfP4ZlWhjCIhX6Rggv1+0SGQylnoa87Q6zG8reXi395vVQFdS9jUZIqGpHloiDlUMUwjwEOmaBE8ZkGTATTt0IyxgITpcMq6RC+fgr/h3bVsh3LuauVG9erOIrgBJyCCrDBFWiAW9AELUDAFDyAJ/BsZMaj8WK8LlsLxmrmGPwo4+0T2k6Qlg==</latexit>

<latexit sha1_base64="kz2YSpQAEUpEVeWQJWi16XxqFsg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1ZMUvHisYD+gDWWz3bRLN7thd6KU0J/hxYMiXv013vw3btsctPXBwOO9GWbmhYngBj3v2ymsrW9sbhW3Szu7e/sH5cOjllGppqxJlVC6ExLDBJesiRwF6ySakTgUrB2Ob2d++5Fpw5V8wEnCgpgMJY84JWilbk/z4QiJ1uqpX654VW8Od5X4OalAjka//NUbKJrGTCIVxJiu7yUYZEQjp4JNS73UsITQMRmyrqWSxMwE2fzkqXtmlYEbKW1LojtXf09kJDZmEoe2MyY4MsveTPzP66YYXQcZl0mKTNLFoigVLip39r874JpRFBNLCNXc3urSEdGEok2pZEPwl19eJa2Lql+r1u4vK/WbPI4inMApnIMPV1CHO2hAEygoeIZXeHPQeXHenY9Fa8HJZ47hD5zPH8UZkZQ=</latexit>

NNPDF4.0 MSHT fit

χ
2
t0

5692.1 (1.233) 5645.2 (1.222)

χ
2 5354.1 (1.160) 5322.5 (1.153)

<latexit sha1_base64="IQu54ry9lL93RjWyqY13bktGVuE=">AAAB9HicdVDLSgMxFM3UV62vqks3wVZwIUNmtK1dKAU33QgV+4J2LJk004ZmHiaZQin9DjcuFHHrx7jzb0wfgooeuHA4517uvceNOJMKoQ8jsbS8srqWXE9tbG5t76R39+oyjAWhNRLyUDRdLClnAa0ppjhtRoJi3+W04Q6upn5jSIVkYVBVo4g6Pu4FzGMEKy0517fl6gnMVu/sCyvbSWeQiU5tO48gMnN24Sw3JVYxV7QRtEw0QwYsUOmk39vdkMQ+DRThWMqWhSLljLFQjHA6SbVjSSNMBrhHW5oG2KfSGc+OnsAjrXShFwpdgYIz9fvEGPtSjnxXd/pY9eVvbyr+5bVi5Z07YxZEsaIBmS/yYg5VCKcJwC4TlCg+0gQTwfStkPSxwETpnFI6hK9P4f+kbptW3szf2JnS5SKOJDgAh+AYWKAASqAMKqAGCLgHD+AJPBtD49F4MV7nrQljMbMPfsB4+wQa+JBh</latexit>

<latexit sha1_base64="OqF0/NI8eqolHbM3GSj7k37aFo4=">AAAB9XicbVDLSsNAFJ34rPVVdelmsBVcSEhS+3ChFNx0I1TsC9q0TKaTdujkwcxEKaH/4caFIm79F3f+jdM2C60euHA4517uvccJGRXSML60ldW19Y3N1FZ6e2d3bz9zcNgUQcQxaeCABbztIEEY9UlDUslIO+QEeQ4jLWd8M/NbD4QLGvh1OQmJ7aGhT12KkVRS7/a+Wj+HuXrPujKNXD+TNfTyZbFglaGhF6z8RSmviDEHNBOSBQlq/cxndxDgyCO+xAwJ0TGNUNox4pJiRqbpbiRIiPAYDUlHUR95RNjx/OopPFXKALoBV+VLOFd/TsTIE2LiOarTQ3Iklr2Z+J/XiaRbtmPqh5EkPl4sciMGZQBnEcAB5QRLNlEEYU7VrRCPEEdYqqDSKgRz+eW/pGnpZlEv3lnZynUSRwocgxNwBkxQAhVQBTXQABhw8ARewKv2qD1rb9r7onVFS2aOwC9oH9+NpZCb</latexit>

<latexit sha1_base64="//KdK1QAfZrakhFNspYlxtHGFk8=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ6bYdrqRgiKuSgX7gOlQMmnahmYmQ5IRytDPcONCEbd+jTv/xrQdQUUPXDiccy/33hPEnCmN0Ie1srq2vrGZ28pv7+zu7RcODttKJJLQFhFcyG6AFeUsoi3NNKfdWFIcBpx2gsnl3O/cU6mYiO70NKZ+iEcRGzKCtZG8RqN5dX1uo5iM+4UissvILZVrENloAUNct1qpVaGTKUWQodkvvPcGgiQhjTThWCnPQbH2Uyw1I5zO8r1E0RiTCR5Rz9AIh1T56eLkGTw1ygAOhTQVabhQv0+kOFRqGgamM8R6rH57c/Evz0v00PVTFsWJphFZLhomHGoB5//DAZOUaD41BBPJzK2QjLHERJuU8iaEr0/h/6Rdsp2KXbktFesXWRw5cAxOwBlwQBXUwQ1oghYgQIAH8ASeLW09Wi/W67J1xcpmjsAPWG+fDyOQeg==</latexit>

<latexit sha1_base64="0zFOsGXeMONQUcNTi59UY9GIzwM="></latexit>

<latexit sha1_base64="YmkPZyceN5/YAOZfnQGmJ4rb3XA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BPXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVW+zOPJwAqdwDh5cQRXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+pljQk=</latexit>

<latexit sha1_base64="FWw3RXtXB3vse71YhBWK9GcVgeo="></latexit>

<latexit sha1_base64="YmkPZyceN5/YAOZfnQGmJ4rb3XA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BPXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVW+zOPJwAqdwDh5cQRXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+pljQk=</latexit>
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Fit Quality Fitted Charm case - similar 

results for p. charm
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• Fit quality with MSHT parameterisation 

similar to (slightly better) than NNPDF 

central replica result.
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• PDF in some cases similar, but not always consistent.
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Comparison to NNPDF uncertainties

• Completely like-for-like comparision of NN and fixed parameterisation uncertainties. Find indeed that 

neural net approach ~ similar to fixed parameterisation but with 
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'Quark flavour decomposition:
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What to conclude?

• Returning to the original possibilities. Successful closure 

test appear to exclude 3rd option:

1. NNPDF4.0 uncertainty not conservative enough (too small).

2. MSHT uncertainty too conservative (too large).

3. MSHT fit less accurate, due to parameterisation inflexibility, 

and hence enlarged errors needed (less precise).

• But ongoing work to clarify the picture further is certainly need. Priorities for future…?
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• And so we are in situation where two approaches appear to work equally well but approach applied 

to defining uncertainties gives different answers.



Future Goals/Challenges for UQ

• Some questions to address/being addressed:

'Why do we need a tolerance?
L(µ, θ,σ2

ui
) = P(y |µ, θ)
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' Much progress towards including 

theoretical uncertainties.

' Ongoing studies on ‘error on 

error’ for data.

by addressing these questions may hope to reduce need for it and certainly refine treatment.

' Can we identify those datasets that 

are most in tension?

NNPDF4.0aN3LO, 

arXiv:2402.18635

MSHT20aN3LO, 

arXiv:2207.04739

NNPDF, arXiv:2109.02653

E. Canonero & G. Cowan, 

arXiv:2407.05322…

' Further input from closure tests?

30



• Use new tools to continue with further like-for-like comparisons between NN and fixed 

parameterisation approaches:

'  Expand closure tests to include more statistical estimators (bias to variance ratio etc) to give 

more fine grained picture within both approaches.

' How might we account for a tolerance (enlarged error definition) in NNPDF - MC 

replica - approach?

' How can we improve fixed parameterisation fits in extrapolation regions, where they 

work less well (e.g. exploring MC replica generation…)? Input from lattice here?

ξ(pdf)nσ =
1

nflav

1

nx

1

nfit

nflav
X

i=1

nx
X

j=1

nfit
X

l=1

I[−nσi(l)(xj),nσi(l)(xj)]

ã

qi(l)(xj)− q
i(l)
input(xj)

;

. ξPDF
1σ

Total

0.65± 0.01

' Questions of generalisability etc - how well do PDFs work when tested against new 

data or as part of future tests. Again role of lattice inputs here?

•  Some of these questions clearly somewhat open-ended/longer term. Would suggest key is in direct 

comparisons and benchmarking to help understand the situation more clearly.
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'  Expand closure tests to include other fixed parameterisation approaches (CT…).



Conclusions

'Parton Distribution Functions a key input in the precision physics programme of LHC and beyond.

'Precise and accurate PDF determination crucial. Global PDF fits currently the best way to achieve 

this. 

'A significant deal of experimental and theoretical progress: high precision LHC data driving PDF 

fits, and up to (approximate) N3LO will be the standard (+ NLO EW) for theory.

'But path to achieving accuracy and precision is not an easy one: non-negligible differences between 

latest PDF fits. Clear understanding of uncertainties and comparison of methodologies essential. 

'One takeaway: not simply a question of looking at nominal precision of given PDF set to assess 

potential impact of lattice. May also help disentangle above differences? Complementarity is key!

Thank you for listening!
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Backup
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Where might we go? Future Data

• LHC continuing to have an impact, and 

HL-LHC projected to beyond that…

• …but these are only projections. Reality 

usually more complicated. Other 

experiments/colliders providing 

complementary information will be key.

• Amongst many things the EIC 

will give us are better 

constraints on high    PDFs.<latexit sha1_base64="pD+Qen1/aFZZy3adAbRhSeYdkW8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rEF+wFtKJvtpF272YTdjVhCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/Pbj6g0j+W9mSToR3QoecgZNVZqPPVLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrXankcBTiFM7gAD66hBndQhyYwQHiGV3hzHpwX5935WLSuOfnMCfyB8/kD6TGNBQ==</latexit>

x

N. Armesto et al., arXiv:2309.11269

• Expected impact in global PDF context 

moderate but complementarity is key. See 

BSM studies - what if see a disagreement in 

high energy data?
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Future Data?

• In this context LHeC proposal also very advantageous. 

• Clean and complementary ep data over wide region of phase space, with impressive PDF projections.
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PDF4LHC15

+ LHeC

+ HL-LHC

+ LHeC + HL-LHC

PDFs at the HL-LHC ( Q = 10 GeV )

R. Abdul Khalek et al., arXiv:1906.10127
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x
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PDF4LHC15 + HL-LHC

PDF4LHC15 + HL-LHC + LHeC

https://indico.cern.ch/event/1367865/overview

<latexit sha1_base64="HGHjN5TBwbtI27Srx/f4dq1r8tw=">AAAB7nicdVDLSgMxFM34rPVVdekm2AquSmYWY7sruHHhooJ9QDuUTJppQzPJkGTUMvQj3LhQxK3f486/MdNWUNEDFw7n3Mu994QJZ9og9OGsrK6tb2wWtorbO7t7+6WDw7aWqSK0RSSXqhtiTTkTtGWY4bSbKIrjkNNOOLnI/c4tVZpJcWOmCQ1iPBIsYgQbK3Wu5B2s3FcGpTKqIgvfhzlxa8i1pF6veV4dunMLoTJYojkovfeHkqQxFYZwrHXPRYkJMqwMI5zOiv1U0wSTCR7RnqUCx1QH2fzcGTy1yhBGUtkSBs7V7xMZjrWexqHtjLEZ699eLv7l9VIT1YKMiSQ1VJDFoijl0EiY/w6HTFFi+NQSTBSzt0IyxgoTYxMq2hC+PoX/k7ZXdf2qf+2VG41lHAVwDE7AGXDBOWiAS9AELUDABDyAJ/DsJM6j8+K8LlpXnOXMEfgB5+0Tkd+PFg==</latexit>

Low x

<latexit sha1_base64="hP72g7xOqjK81fLm89G6Emu8du0=">AAAB73icdVBNS8NAEJ34WetX1aOXxVbwVJIcYnsreOmxgv2ANpTNdtMu3Wzi7kYsoX/CiwdFvPp3vPlv3LQVVPTBwOO9GWbmBQlnStv2h7W2vrG5tV3YKe7u7R8clo6OOypOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNple5372jUrFY3OhZQv0IjwULGcHaSL0mG09Q5b4yLJXtqm3geSgnTs12DKnXa65bR87Csu0yrNAalt4Ho5ikERWacKxU37ET7WdYakY4nRcHqaIJJlM8pn1DBY6o8rPFvXN0bpQRCmNpSmi0UL9PZDhSahYFpjPCeqJ+e7n4l9dPdVjzMyaSVFNBlovClCMdo/x5NGKSEs1nhmAimbkVkQmWmGgTUdGE8PUp+p903KrjVb1rt9xorOIowCmcwQU4cAkNaEIL2kCAwwM8wbN1az1aL9brsnXNWs2cwA9Yb58vWI9u</latexit>

High x
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• FPF proposal to extend far forward detectors also 

shows promising potential for high energy (TeV) 

neutrino-induced DIS data at the LHC.

• Promising projected constraints on quark flavour 

structure.

¿
e

e
+

neutrino scattering @ 

LHC forward detectors

ATLAS@LHC

FASER

¿

SND@LHC

isolated by 500 m of 

rock and concrete

Future Data?

J. Rojo, PDF4LHC23

J. Cruz-Martinez et al., arXiv:2309.09581
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Cross Sections
• Consider ggH, and W, Z cross sections (14 TeV):

<latexit sha1_base64="CfiqbFXRcz9rYRbUNLqfYDbgbnc=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AInspuhepJCl48VrAf0C4lm6ZtaDZZkllpXfpLvHhQxKs/xZv/xrTdg7Y+GHi8N8PMvDAW3IDnfTu5jc2t7Z38bmFv/+Cw6B4dN41KNGUNqoTS7ZAYJrhkDeAgWDvWjEShYK1wfDv3W49MG67kA0xjFkRkKPmAUwJW6rnFLrAJAKTyUqiJmfXcklf2FsDrxM9ICWWo99yvbl/RJGISqCDGdHwvhiAlGjgVbFboJobFhI7JkHUslSRiJkgXh8/wuVX6eKC0LQl4of6eSElkzDQKbWdEYGRWvbn4n9dJYHAdpFzGCTBJl4sGicCg8DwF3OeaURBTSwjV3N6K6YhoQsFmVbAh+Ksvr5NmpexXy9X7Sql2k8WRR6foDF0gH12hGrpDddRAFCXoGb2iN+fJeXHenY9la87JZk7QHzifP5Gqk64=</latexit>

n3loxs

'  NNPDF uncertainties ~ 

MSHT (              ) but 

significantly smaller than

<latexit sha1_base64="XHrjL1aOsHghzbqDjNDfBT0HcSI=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFqhel4MVjhW5baNeSTbNtaDZZkqxQlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v5219Y3Nre3CTnF3b//gsHR03NIyVYT6RHKpOiHWlDNBfcMMp51EURyHnLbD8d3Mbz9RpZkUTTNJaBDjoWARI9hYyW8+Vm+8fqnsVtw50CrxclKGHI1+6as3kCSNqTCEY627npuYIMPKMMLptNhLNU0wGeMh7VoqcEx1kM2PnaJzqwxQJJUtYdBc/T2R4VjrSRzazhibkV72ZuJ/Xjc10XWQMZGkhgqyWBSlHBmJZp+jAVOUGD6xBBPF7K2IjLDCxNh8ijYEb/nlVdKqVrxapfZwWa7f5nEU4BTO4AI8uII63EMDfCDA4Ble4c0Rzovz7nwsWtecfOYE/sD5/AHJxI4F</latexit>

T
2
= 1

<latexit sha1_base64="Nz0nYMPz810AgDA+qvY/P2MoVRI=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUr0oBS8eK/QL2rVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Hbmt5+o0kyKhpnE1I/wULCQEWys1Go8VK49t18suWV3DrRKvIyUIEO9X/zqDSRJIioM4VjrrufGxk+xMoxwOi30Ek1jTMZ4SLuWChxR7afza6fozCoDFEplSxg0V39PpDjSehIFtjPCZqSXvZn4n9dNTHjlp0zEiaGCLBaFCUdGotnraMAUJYZPLMFEMXsrIiOsMDE2oIINwVt+eZW0KmWvWq7eX5RqN1kceTiBUzgHDy6hBndQhyYQeIRneIU3RzovzrvzsWjNOdnMMfyB8/kDONGOPw==</latexit>

T
2
= 10

<latexit sha1_base64="ai27EuZ/fB+QuP3zce7wwWlPn7A=">AAAB9XicdVDJSgNBEO1xjXGLevTSmAgeZOiZxEw8KAEvuQgRs0E2ejo9SZOehe4eJYT8hxcPinj1X7z5N3YWQUUfFDzeq6KqnhtxJhVCH8bS8srq2npiI7m5tb2zm9rbr8kwFoRWSchD0XCxpJwFtKqY4rQRCYp9l9O6O7ya+vU7KiQLg4oaRbTt437APEaw0lLn+rZUOYWZSse+sFCmm0ojE9kFJ1+AyMw5TjZ7rgnK5R37DFommiENFih3U++tXkhinwaKcCxl00KRao+xUIxwOkm2YkkjTIa4T5uaBtinsj2eXT2Bx1rpQS8UugIFZ+r3iTH2pRz5ru70sRrI395U/MtrxsortMcsiGJFAzJf5MUcqhBOI4A9JihRfKQJJoLpWyEZYIGJ0kEldQhfn8L/Sc02rbyZv7HTxctFHAlwCI7ACbCAA4qgBMqgCggQ4AE8gWfj3ng0XozXeeuSsZg5AD9gvH0Csf+QtQ==</latexit>

MSHT, T 2 = 10
<latexit sha1_base64="YPZjqzAxBC1WX0jGHnTDuEhJjW0=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjK1z40UFHFVKtgHtEPJpJk2NJMZk4xQSn/CjQtF3Po77vwb03YEFT1w4XDOvdx7jxdxpjRCH1ZqZXVtfSO9mdna3tndy+4ftFQYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47TtjS/mfvueSsVCcasnEXUDPBTMZwRrI3Xq9cblVcFG/WwO2cVKuVCtQmSjBQypnBUdVIBOouRAgkY/+94bhCQOqNCEY6W6Doq0O8VSM8LpLNOLFY0wGeMh7RoqcECVO13cO4MnRhlAP5SmhIYL9fvEFAdKTQLPdAZYj9Rvby7+5XVj7VfcKRNRrKkgy0V+zKEO4fx5OGCSEs0nhmAimbkVkhGWmGgTUcaE8PUp/J+08rZTsks3+VztPIkjDY7AMTgFDiiDGrgGDdAEBHDwAJ7As3VnPVov1uuyNWUlM4fgB6y3T6zIjxY=</latexit>

NNPDF4.0
<latexit sha1_base64="zIgBJqFwYTHhMzHTW+EMbk1AB3I=">AAAB9XicbVA9TwJBEJ3zE/ELtbTZCCbYkDsKtNGQ2NCYYOQrgYPsLQts2Nu77O5pyIX/YWOhMbb+Fzv/jQtcoeBLJnl5byYz87yQM6Vt+9taW9/Y3NpO7aR39/YPDjNHxw0VRJLQOgl4IFseVpQzQeuaaU5boaTY9zhteuPbmd98pFKxQNT0JKSuj4eCDRjB2kjdu4dKDeVztW7x2sld9DJZu2DPgVaJk5AsJKj2Ml+dfkAinwpNOFaq7dihdmMsNSOcTtOdSNEQkzEe0rahAvtUufH86ik6N0ofDQJpSmg0V39PxNhXauJ7ptPHeqSWvZn4n9eO9ODKjZkII00FWSwaRBzpAM0iQH0mKdF8YggmkplbERlhiYk2QaVNCM7yy6ukUSw4pULpvpgt3yRxpOAUziAPDlxCGSpQhToQkPAMr/BmPVkv1rv1sWhds5KZE/gD6/MHIaiQUg==</latexit>

MSHT (T 2 = 1)

'  NNPDF and MSHT fit 

basically consistent 

within                 

uncertainties but not 

relevant factor given fit 

qualities.

<latexit sha1_base64="XHrjL1aOsHghzbqDjNDfBT0HcSI=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFqhel4MVjhW5baNeSTbNtaDZZkqxQlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v5219Y3Nre3CTnF3b//gsHR03NIyVYT6RHKpOiHWlDNBfcMMp51EURyHnLbD8d3Mbz9RpZkUTTNJaBDjoWARI9hYyW8+Vm+8fqnsVtw50CrxclKGHI1+6as3kCSNqTCEY627npuYIMPKMMLptNhLNU0wGeMh7VoqcEx1kM2PnaJzqwxQJJUtYdBc/T2R4VjrSRzazhibkV72ZuJ/Xjc10XWQMZGkhgqyWBSlHBmJZp+jAVOUGD6xBBPF7K2IjLDCxNh8ijYEb/nlVdKqVrxapfZwWa7f5nEU4BTO4AI8uII63EMDfCDA4Ble4c0Rzovz7nwsWtecfOYE/sD5/AHJxI4F</latexit>

T
2
= 1
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Perturbative Charm Fitted Charm

22

22.5

23

23.5

24

24.5

25

25.5

50.5 51 51.5 52 52.5 53 53.5

σ
Z

[n
b
]

σggH [pb]

NNPDF4.0 p. charm

MSHT fit (T 2 = 1)

MSHT fit (T 2 = 10)

MSHT fit (n = 2)

MSHT fit (n = 4)

MSHT20

110

112

114

116

118

120

122

124

152 154 156 158 160 162 164

σ
W

−
[n
b
]

σ
W

+ [nb]

NNPDF4.0 p. charm

MSHT fit (T 2 = 1)

MSHT fit (T 2 = 10)

MSHT fit (n = 2)

MSHT fit (n = 4)

MSHT20

22

22.5

23

23.5

24

51 51.5 52 52.5 53 53.5 54

σ
Z

[n
b
]

σggH [pb]

NNPDF4.0
MSHT fit (T 2 = 1)
MSHT fit (T 2 = 10)

MSHT20

110

112

114

116

118

120

122

150 152 154 156 158 160 162

σ
W

−
[n
b
]

σ
W

+ [nb]

NNPDF4.0
MSHT fit (T 2 = 1)
MSHT fit (T 2 = 10)

MSHT20



Cross Sections
• Consider ggH, and W, Z cross sections (14 TeV):

<latexit sha1_base64="CfiqbFXRcz9rYRbUNLqfYDbgbnc=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AInspuhepJCl48VrAf0C4lm6ZtaDZZkllpXfpLvHhQxKs/xZv/xrTdg7Y+GHi8N8PMvDAW3IDnfTu5jc2t7Z38bmFv/+Cw6B4dN41KNGUNqoTS7ZAYJrhkDeAgWDvWjEShYK1wfDv3W49MG67kA0xjFkRkKPmAUwJW6rnFLrAJAKTyUqiJmfXcklf2FsDrxM9ICWWo99yvbl/RJGISqCDGdHwvhiAlGjgVbFboJobFhI7JkHUslSRiJkgXh8/wuVX6eKC0LQl4of6eSElkzDQKbWdEYGRWvbn4n9dJYHAdpFzGCTBJl4sGicCg8DwF3OeaURBTSwjV3N6K6YhoQsFmVbAh+Ksvr5NmpexXy9X7Sql2k8WRR6foDF0gH12hGrpDddRAFCXoGb2iN+fJeXHenY9la87JZk7QHzifP5Gqk64=</latexit>

n3loxs

'  NNPDF uncertainties ~ 

MSHT (              ) but 

significantly smaller than

<latexit sha1_base64="XHrjL1aOsHghzbqDjNDfBT0HcSI=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFqhel4MVjhW5baNeSTbNtaDZZkqxQlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v5219Y3Nre3CTnF3b//gsHR03NIyVYT6RHKpOiHWlDNBfcMMp51EURyHnLbD8d3Mbz9RpZkUTTNJaBDjoWARI9hYyW8+Vm+8fqnsVtw50CrxclKGHI1+6as3kCSNqTCEY627npuYIMPKMMLptNhLNU0wGeMh7VoqcEx1kM2PnaJzqwxQJJUtYdBc/T2R4VjrSRzazhibkV72ZuJ/Xjc10XWQMZGkhgqyWBSlHBmJZp+jAVOUGD6xBBPF7K2IjLDCxNh8ijYEb/nlVdKqVrxapfZwWa7f5nEU4BTO4AI8uII63EMDfCDA4Ble4c0Rzovz7nwsWtecfOYE/sD5/AHJxI4F</latexit>

T
2
= 1

<latexit sha1_base64="Nz0nYMPz810AgDA+qvY/P2MoVRI=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUr0oBS8eK/QL2rVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Hbmt5+o0kyKhpnE1I/wULCQEWys1Go8VK49t18suWV3DrRKvIyUIEO9X/zqDSRJIioM4VjrrufGxk+xMoxwOi30Ek1jTMZ4SLuWChxR7afza6fozCoDFEplSxg0V39PpDjSehIFtjPCZqSXvZn4n9dNTHjlp0zEiaGCLBaFCUdGotnraMAUJYZPLMFEMXsrIiOsMDE2oIINwVt+eZW0KmWvWq7eX5RqN1kceTiBUzgHDy6hBndQhyYQeIRneIU3RzovzrvzsWjNOdnMMfyB8/kDONGOPw==</latexit>

T
2
= 10

<latexit sha1_base64="ai27EuZ/fB+QuP3zce7wwWlPn7A=">AAAB9XicdVDJSgNBEO1xjXGLevTSmAgeZOiZxEw8KAEvuQgRs0E2ejo9SZOehe4eJYT8hxcPinj1X7z5N3YWQUUfFDzeq6KqnhtxJhVCH8bS8srq2npiI7m5tb2zm9rbr8kwFoRWSchD0XCxpJwFtKqY4rQRCYp9l9O6O7ya+vU7KiQLg4oaRbTt437APEaw0lLn+rZUOYWZSse+sFCmm0ojE9kFJ1+AyMw5TjZ7rgnK5R37DFommiENFih3U++tXkhinwaKcCxl00KRao+xUIxwOkm2YkkjTIa4T5uaBtinsj2eXT2Bx1rpQS8UugIFZ+r3iTH2pRz5ru70sRrI395U/MtrxsortMcsiGJFAzJf5MUcqhBOI4A9JihRfKQJJoLpWyEZYIGJ0kEldQhfn8L/Sc02rbyZv7HTxctFHAlwCI7ACbCAA4qgBMqgCggQ4AE8gWfj3ng0XozXeeuSsZg5AD9gvH0Csf+QtQ==</latexit>

MSHT, T 2 = 10
<latexit sha1_base64="YPZjqzAxBC1WX0jGHnTDuEhJjW0=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjK1z40UFHFVKtgHtEPJpJk2NJMZk4xQSn/CjQtF3Po77vwb03YEFT1w4XDOvdx7jxdxpjRCH1ZqZXVtfSO9mdna3tndy+4ftFQYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47TtjS/mfvueSsVCcasnEXUDPBTMZwRrI3Xq9cblVcFG/WwO2cVKuVCtQmSjBQypnBUdVIBOouRAgkY/+94bhCQOqNCEY6W6Doq0O8VSM8LpLNOLFY0wGeMh7RoqcECVO13cO4MnRhlAP5SmhIYL9fvEFAdKTQLPdAZYj9Rvby7+5XVj7VfcKRNRrKkgy0V+zKEO4fx5OGCSEs0nhmAimbkVkhGWmGgTUcaE8PUp/J+08rZTsks3+VztPIkjDY7AMTgFDiiDGrgGDdAEBHDwAJ7As3VnPVov1uuyNWUlM4fgB6y3T6zIjxY=</latexit>

NNPDF4.0
<latexit sha1_base64="zIgBJqFwYTHhMzHTW+EMbk1AB3I=">AAAB9XicbVA9TwJBEJ3zE/ELtbTZCCbYkDsKtNGQ2NCYYOQrgYPsLQts2Nu77O5pyIX/YWOhMbb+Fzv/jQtcoeBLJnl5byYz87yQM6Vt+9taW9/Y3NpO7aR39/YPDjNHxw0VRJLQOgl4IFseVpQzQeuaaU5boaTY9zhteuPbmd98pFKxQNT0JKSuj4eCDRjB2kjdu4dKDeVztW7x2sld9DJZu2DPgVaJk5AsJKj2Ml+dfkAinwpNOFaq7dihdmMsNSOcTtOdSNEQkzEe0rahAvtUufH86ik6N0ofDQJpSmg0V39PxNhXauJ7ptPHeqSWvZn4n9eO9ODKjZkII00FWSwaRBzpAM0iQH0mKdF8YggmkplbERlhiYk2QaVNCM7yy6ukUSw4pULpvpgt3yRxpOAUziAPDlxCGSpQhToQkPAMr/BmPVkv1rv1sWhds5KZE/gD6/MHIaiQUg==</latexit>

MSHT (T 2 = 1)

'  NNPDF and MSHT fit 

basically consistent 

within                 

uncertainties but not 

relevant factor given fit 

qualities.

<latexit sha1_base64="XHrjL1aOsHghzbqDjNDfBT0HcSI=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFqhel4MVjhW5baNeSTbNtaDZZkqxQlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v5219Y3Nre3CTnF3b//gsHR03NIyVYT6RHKpOiHWlDNBfcMMp51EURyHnLbD8d3Mbz9RpZkUTTNJaBDjoWARI9hYyW8+Vm+8fqnsVtw50CrxclKGHI1+6as3kCSNqTCEY627npuYIMPKMMLptNhLNU0wGeMh7VoqcEx1kM2PnaJzqwxQJJUtYdBc/T2R4VjrSRzazhibkV72ZuJ/Xjc10XWQMZGkhgqyWBSlHBmJZp+jAVOUGD6xBBPF7K2IjLDCxNh8ijYEb/nlVdKqVrxapfZwWa7f5nEU4BTO4AI8uII63EMDfCDA4Ble4c0Rzovz7nwsWtecfOYE/sD5/AHJxI4F</latexit>

T
2
= 1

38

Perturbative Charm Fitted Charm

'  Also shown is MSHT20 - 

impact of changing data/

theory alone. Need for 

tolerance clear!
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<latexit sha1_base64="PwDFssmXh5MpH9Q/nbvxIKsVdUI=">AAACA3icdVDLSgMxFM3UV62vUXe6ibaCq5KZxdguhKIb3VXoC9qxZNJMG5p5kGSUUgpu/BU3LhRx60+482/MtBVU9EDgcM69ufceL+ZMKoQ+jMzC4tLySnY1t7a+sbllbu80ZJQIQusk4pFoeVhSzkJaV0xx2ooFxYHHadMbnqd+84YKyaKwpkYxdQPcD5nPCFZa6pp7lyGJQqkH0VDBW6YGsFC7tk+twkHXzKMi0nAcmBKrhCxNyuWSbZehNbUQyoM5ql3zvdOLSBLonwjHUrYtFCt3jIVihNNJrpNIGmMyxH3a1jTEAZXueHrDBB5ppQf9SOinN5mq3zvGOJByFHi6MsBqIH97qfiX106UX3LHLIwTfSKZDfITDlUE00BgjwlKFB9pgolgeldIBlhgonRsOR3C16Xwf9Kwi5ZTdK7sfOVsHkcW7INDcAwscAIq4AJUQR0QcAcewBN4Nu6NR+PFeJ2VZox5zy74AePtE1Rrlq0=</latexit>

Inconsistent with T
2 = 1!

<latexit sha1_base64="PwDFssmXh5MpH9Q/nbvxIKsVdUI=">AAACA3icdVDLSgMxFM3UV62vUXe6ibaCq5KZxdguhKIb3VXoC9qxZNJMG5p5kGSUUgpu/BU3LhRx60+482/MtBVU9EDgcM69ufceL+ZMKoQ+jMzC4tLySnY1t7a+sbllbu80ZJQIQusk4pFoeVhSzkJaV0xx2ooFxYHHadMbnqd+84YKyaKwpkYxdQPcD5nPCFZa6pp7lyGJQqkH0VDBW6YGsFC7tk+twkHXzKMi0nAcmBKrhCxNyuWSbZehNbUQyoM5ql3zvdOLSBLonwjHUrYtFCt3jIVihNNJrpNIGmMyxH3a1jTEAZXueHrDBB5ppQf9SOinN5mq3zvGOJByFHi6MsBqIH97qfiX106UX3LHLIwTfSKZDfITDlUE00BgjwlKFB9pgolgeldIBlhgonRsOR3C16Xwf9Kwi5ZTdK7sfOVsHkcW7INDcAwscAIq4AJUQR0QcAcewBN4Nu6NR+PFeJ2VZox5zy74AePtE1Rrlq0=</latexit>

Inconsistent with T
2 = 1!



Tolerance (and Again)

• Compare to our MSHT fit to NNPDF4.0 data + theory to public MSHT20 fit: only difference due to 

differing data + theory.
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2
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<latexit sha1_base64="TCcH9ydCDbiuv/j1A5aOFMxGCy0=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4KpkiY7sQim5cVugL2rFk0kwbm0mGJCOUof/gxoUibv0fd/6NmbaCih64cDjnXu69J4g50wahDye3srq2vpHfLGxt7+zuFfcP2lomitAWkVyqboA15UzQlmGG026sKI4CTjvB5CrzO/dUaSZF00xj6kd4JFjICDZWajdvKxcuGhRLqIwsPA9mxK0i15JarVqp1KA7txAqgSUag+J7fyhJElFhCMda91wUGz/FyjDC6azQTzSNMZngEe1ZKnBEtZ/Or53BE6sMYSiVLWHgXP0+keJI62kU2M4Im7H+7WXiX14vMWHVT5mIE0MFWSwKEw6NhNnrcMgUJYZPLcFEMXsrJGOsMDE2oIIN4etT+D9pV8quV/Zuzkr1y2UceXAEjsEpcME5qINr0AAtQMAdeABP4NmRzqPz4rwuWnPOcuYQ/IDz9gmRSo6A</latexit>

T
2
= 10
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<latexit sha1_base64="PJ9aoC01NHM6wrv27vvFlnpMsRU=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSJ4KkmQ2B6EohePFZq20May2W7apZtN2N0IpfQ3ePGgiFd/kDf/jZu2goo+GHi8N8PMvDDlTGnb/rBWVtfWNzYLW8Xtnd29/dLBYUslmSTUJwlPZCfEinImqK+Z5rSTSorjkNN2OL7O/fY9lYoloqknKQ1iPBQsYgRrI/nNO/fS6ZfKdsU28DyUE6dqO4bUalXXrSFnbtl2GZZo9EvvvUFCspgKTThWquvYqQ6mWGpGOJ0Ve5miKSZjPKRdQwWOqQqm82Nn6NQoAxQl0pTQaK5+n5jiWKlJHJrOGOuR+u3l4l9eN9NRNZgykWaaCrJYFGUc6QTln6MBk5RoPjEEE8nMrYiMsMREm3yKJoSvT9H/pOVWHK/i3Z6X61fLOApwDCdwBg5cQB1uoAE+EGDwAE/wbAnr0XqxXhetK9Zy5gh+wHr7BCJMjkY=</latexit>

T
2
= 1

One source of difference: Deuteron 

Corrections



Tolerance (and Again)
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<latexit sha1_base64="PJ9aoC01NHM6wrv27vvFlnpMsRU=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSJ4KkmQ2B6EohePFZq20May2W7apZtN2N0IpfQ3ePGgiFd/kDf/jZu2goo+GHi8N8PMvDDlTGnb/rBWVtfWNzYLW8Xtnd29/dLBYUslmSTUJwlPZCfEinImqK+Z5rSTSorjkNN2OL7O/fY9lYoloqknKQ1iPBQsYgRrI/nNO/fS6ZfKdsU28DyUE6dqO4bUalXXrSFnbtl2GZZo9EvvvUFCspgKTThWquvYqQ6mWGpGOJ0Ve5miKSZjPKRdQwWOqQqm82Nn6NQoAxQl0pTQaK5+n5jiWKlJHJrOGOuR+u3l4l9eN9NRNZgykWaaCrJYFGUc6QTln6MBk5RoPjEEE8nMrYiMsMREm3yKJoSvT9H/pOVWHK/i3Z6X61fLOApwDCdwBg5cQB1uoAE+EGDwAE/wbAnr0XqxXhetK9Zy5gh+wHr7BCJMjkY=</latexit>

T
2
= 1
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<latexit sha1_base64="TCcH9ydCDbiuv/j1A5aOFMxGCy0=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4KpkiY7sQim5cVugL2rFk0kwbm0mGJCOUof/gxoUibv0fd/6NmbaCih64cDjnXu69J4g50wahDye3srq2vpHfLGxt7+zuFfcP2lomitAWkVyqboA15UzQlmGG026sKI4CTjvB5CrzO/dUaSZF00xj6kd4JFjICDZWajdvKxcuGhRLqIwsPA9mxK0i15JarVqp1KA7txAqgSUag+J7fyhJElFhCMda91wUGz/FyjDC6azQTzSNMZngEe1ZKnBEtZ/Or53BE6sMYSiVLWHgXP0+keJI62kU2M4Im7H+7WXiX14vMWHVT5mIE0MFWSwKEw6NhNnrcMgUJYZPLcFEMXsrJGOsMDE2oIIN4etT+D9pV8quV/Zuzkr1y2UceXAEjsEpcME5qINr0AAtQMAdeABP4NmRzqPz4rwuWnPOcuYQ/IDz9gmRSo6A</latexit>

T
2
= 10

• Results arguably speak for themselves!

<latexit sha1_base64="PHxuoSVfmKa7TKerDwdc8jTbwNM=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadndxE28BUTwmIB5QLKE2clsMmb2wcysEEK+wIsHRbz6Sd78G2eTCCpa0FBUddPd5SecSWVZH0ZubX1jcyu/XdjZ3ds/KB4etWWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1xlfueeCsni6FZNE+qFeBSxgBGstNQcDYoly7ysuc6FgyzTsqpO2c2IU604ZWRrJUMJVmgMiu/9YUzSkEaKcCxlz7YS5c2wUIxwOi/0U0kTTCZ4RHuaRjik0pstDp2jM60MURALXZFCC/X7xAyHUk5DX3eGWI3lby8T//J6qQpq3oxFSapoRJaLgpQjFaPsazRkghLFp5pgIpi+FZExFpgonU1Bh/D1KfqftB3Tdk23WSnVr1dx5OEETuEcbKhCHW6gAS0gQOEBnuDZuDMejRfjddmaM1Yzx/ADxtsnM+aNPQ==</latexit>

g

40

One source of difference: LHC data 

sensitive to high    .
<latexit sha1_base64="oUFSPve2Nk9+QZ6lVGYrQC2Lqsw=">AAAB6HicdVBNSwMxEJ31s9avqkcvwSJ4Ktkia3urePHYgv2AdinZNNvGZrNLkhVL6S/w4kERr/4kb/4bs20FFX0w8Hhvhpl5QSK4Nhh/OCura+sbm7mt/PbO7t5+4eCwpeNUUdaksYhVJyCaCS5Z03AjWCdRjESBYO1gfJX57TumNI/ljZkkzI/IUPKQU2Ks1LjvF4q4hC08D2XErWDXkmq1Ui5XkTu3MC7CEvV+4b03iGkaMWmoIFp3XZwYf0qU4VSwWb6XapYQOiZD1rVUkohpfzo/dIZOrTJAYaxsSYPm6veJKYm0nkSB7YyIGenfXib+5XVTE1b8KZdJapiki0VhKpCJUfY1GnDFqBETSwhV3N6K6IgoQo3NJm9D+PoU/U9a5ZLrlbzGebF2uYwjB8dwAmfgwgXU4Brq0AQKDB7gCZ6dW+fReXFeF60rznLmCH7AefsEQNKNQw==</latexit>

x

• Compare to our MSHT fit to NNPDF4.0 data + theory to public MSHT20 fit: only difference due to 

differing data + theory.



Restricted Parameterisations

• Returning to fits - with apparently more restrictive parameterisation we are getting a better fit quality 

(and somewhat different PDFs) that NNPDF. What is going on? Try restricting parameterisation (as 

in closure test) - with p. charm.

xf(x,Q0) = Axδ(1− x)η

 

1 +
n
X

i=1

aiTi(y(x))

!

,

<latexit sha1_base64="3AA5BO+79ncVPyTM68p1KJXJmrE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPBS49VbC20oWy2m3bpZjfsTpQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O4W19Y3NreJ2aWd3b/+gfHjUNirVlLWoEkp3QmKY4JK1kKNgnUQzEoeCPYTjm5n/8Mi04Ure4yRhQUyGkkecErRSt3fHhyMkWqunfrniVb053FXi56QCOZr98ldvoGgaM4lUEGO6vpdgkBGNnAo2LfVSwxJCx2TIupZKEjMTZPOTp+6ZVQZupLQtie5c/T2RkdiYSRzazpjgyCx7M/E/r5tidB1kXCYpMkkXi6JUuKjc2f/ugGtGUUwsIVRze6tLR0QTijalkg3BX355lbQvqn6tWru9rNQbeRxFOIFTOAcfrqAODWhCCygoeIZXeHPQeXHenY9Fa8HJZ47hD5zPH5Z7kX4=</latexit>

⇒

<latexit sha1_base64="3AA5BO+79ncVPyTM68p1KJXJmrE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPBS49VbC20oWy2m3bpZjfsTpQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O4W19Y3NreJ2aWd3b/+gfHjUNirVlLWoEkp3QmKY4JK1kKNgnUQzEoeCPYTjm5n/8Mi04Ure4yRhQUyGkkecErRSt3fHhyMkWqunfrniVb053FXi56QCOZr98ldvoGgaM4lUEGO6vpdgkBGNnAo2LfVSwxJCx2TIupZKEjMTZPOTp+6ZVQZupLQtie5c/T2RkdiYSRzazpjgyCx7M/E/r5tidB1kXCYpMkkXi6JUuKjc2f/ugGtGUUwsIVRze6tLR0QTijalkg3BX355lbQvqn6tWru9rNQbeRxFOIFTOAcfrqAODWhCCygoeIZXeHPQeXHenY9Fa8HJZ47hD5zPH5Z7kX4=</latexit>

⇒

<latexit sha1_base64="z72fJhrWg922QP3Wc1kKuwJkL28=">AAAB9XicdVDLSsNAFJ3UV62vqks3g0VwFZK0TetCKLjpsoJ9QBvLZDpph04mYWailND/cONCEbf+izv/xklbQUUPXDiccy/33uPHjEplWR9Gbm19Y3Mrv13Y2d3bPygeHnVklAhM2jhikej5SBJGOWkrqhjpxYKg0Gek60+vMr97R4SkEb9Rs5h4IRpzGlCMlJZu+TAdiBDGSMwvq86wWLLMi7rrVB1omZZVc8puRpxaxSlDWysZSmCF1rD4PhhFOAkJV5ghKfu2FSsvRUJRzMi8MEgkiRGeojHpa8pRSKSXLq6ewzOtjGAQCV1cwYX6fSJFoZSz0NedIVIT+dvLxL+8fqKCupdSHieKcLxcFCQMqghmEcARFQQrNtMEYUH1rRBPkEBY6aAKOoSvT+H/pOOYtmu615VSo7mKIw9OwCk4BzaogQZoghZoAwwEeABP4Nm4Nx6NF+N12ZozVjPH4AeMt087rJJi</latexit>

npar = 52

<latexit sha1_base64="g4+7tEMNRpyp8MzARFG7TinYlTg=">AAAB+nicdVBdSwJBFJ21L7OvtR57GZKgh1jW1dQeAqEXHw1SA5Vldhx1cGZ2mZktZPOn9NJDEb32S3rr3zSrBhV14MLhnHu5954gYlRp1/2wMiura+sb2c3c1vbO7p6d32+rMJaYtHDIQnkTIEUYFaSlqWbkJpIE8YCRTjC5TP3OLZGKhuJaTyPS52gk6JBipI3k23nhJz3JYYTk7MKrnZZd3y64znmt4p150HVct+qVKinxqmWvBItGSVEASzR9+703CHHMidCYIaW6RTfS/QRJTTEjs1wvViRCeIJGpGuoQJyofjI/fQaPjTKAw1CaEhrO1e8TCeJKTXlgOjnSY/XbS8W/vG6sh7V+QkUUayLwYtEwZlCHMM0BDqgkWLOpIQhLam6FeIwkwtqklTMhfH0K/ydtzylWnMpVuVBvLOPIgkNwBE5AEVRBHTRAE7QABnfgATyBZ+veerRerNdFa8ZazhyAH7DePgERMJNE</latexit>

npar = 28, 40
<latexit sha1_base64="rLfBj1jxOWjCuhkuR9G9nlWRmpc=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LBbBg5SklNgehIKXHisYW2hD2Ww37dLNJuxuhBL6G7x4UMSrP8ib/8ZNW0FFHww83pthZl6QcKa0bX9YhbX1jc2t4nZpZ3dv/6B8eHSn4lQS6pGYx7IXYEU5E9TTTHPaSyTFUcBpN5he5373nkrFYnGrZwn1IzwWLGQEayN54qp2UR+WK3bVNnBdlBOnYTuGNJuNWq2JnIVl2xVYoTMsvw9GMUkjKjThWKm+Yyfaz7DUjHA6Lw1SRRNMpnhM+4YKHFHlZ4tj5+jMKCMUxtKU0Gihfp/IcKTULApMZ4T1RP32cvEvr5/qsOFnTCSppoIsF4UpRzpG+edoxCQlms8MwUQycysiEywx0Safkgnh61P0P7mrVR236t7UK632Ko4inMApnIMDl9CCNnTAAwIMHuAJni1hPVov1uuytWCtZo7hB6y3TwQ6jjc=</latexit>

n = 2, 4

<latexit sha1_base64="tC8FiXdAVCVVDssjRbGxcfq1504=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU8kWWduDUPDSY0X7Ae1SsmnahmazS5IVytKf4MWDIl79Rd78N2bbCir6YODx3gwz84JYcG0w/nBya+sbm1v57cLO7t7+QfHwqK2jRFHWopGIVDcgmgkuWctwI1g3VoyEgWCdYHqd+Z17pjSP5J2ZxcwPyVjyEafEWOlWXnmDYgmXsYXnoYy4VexaUqtVK5UachcWxiVYoTkovveHEU1CJg0VROuei2Pjp0QZTgWbF/qJZjGhUzJmPUslCZn208Wpc3RmlSEaRcqWNGihfp9ISaj1LAxsZ0jMRP/2MvEvr5eYUdVPuYwTwyRdLholApkIZX+jIVeMGjGzhFDF7a2ITogi1Nh0CjaEr0/R/6RdKbte2bu5KNUbqzjycAKncA4uXEIdGtCEFlAYwwM8wbMjnEfnxXldtuac1cwx/IDz9gktA43H</latexit>

n = 6

<latexit sha1_base64="rLfBj1jxOWjCuhkuR9G9nlWRmpc=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LBbBg5SklNgehIKXHisYW2hD2Ww37dLNJuxuhBL6G7x4UMSrP8ib/8ZNW0FFHww83pthZl6QcKa0bX9YhbX1jc2t4nZpZ3dv/6B8eHSn4lQS6pGYx7IXYEU5E9TTTHPaSyTFUcBpN5he5373nkrFYnGrZwn1IzwWLGQEayN54qp2UR+WK3bVNnBdlBOnYTuGNJuNWq2JnIVl2xVYoTMsvw9GMUkjKjThWKm+Yyfaz7DUjHA6Lw1SRRNMpnhM+4YKHFHlZ4tj5+jMKCMUxtKU0Gihfp/IcKTULApMZ4T1RP32cvEvr5/qsOFnTCSppoIsF4UpRzpG+edoxCQlms8MwUQycysiEywx0Safkgnh61P0P7mrVR236t7UK632Ko4inMApnIMDl9CCNnTAAwIMHuAJni1hPVov1uuytWCtZo7hB6y3TwQ6jjc=</latexit>

<latexit sha1_base64="3AA5BO+79ncVPyTM68p1KJXJmrE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPBS49VbC20oWy2m3bpZjfsTpQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O4W19Y3NreJ2aWd3b/+gfHjUNirVlLWoEkp3QmKY4JK1kKNgnUQzEoeCPYTjm5n/8Mi04Ure4yRhQUyGkkecErRSt3fHhyMkWqunfrniVb053FXi56QCOZr98ldvoGgaM4lUEGO6vpdgkBGNnAo2LfVSwxJCx2TIupZKEjMTZPOTp+6ZVQZupLQtie5c/T2RkdiYSRzazpjgyCx7M/E/r5tidB1kXCYpMkkXi6JUuKjc2f/ugGtGUUwsIVRze6tLR0QTijalkg3BX355lbQvqn6tWru9rNQbeRxFOIFTOAcfrqAODWhCCygoeIZXeHPQeXHenY9Fa8HJZ47hD5zPH5Z7kX4=</latexit>

<latexit sha1_base64="KOXp9f4l7hI2QhJFzsCYKcbDCc0=">AAAB+nicdVDLSgMxFM34rPXV6tJNsAguZMiMMrYLoeCmywr2Ae1YMmmmDc1khiSjlLGf4saFIm79Enf+jelDUNEDFw7n3Mu99wQJZ0oj9GEtLa+srq3nNvKbW9s7u4XiXlPFqSS0QWIey3aAFeVM0IZmmtN2IimOAk5bwehy6rduqVQsFtd6nFA/wgPBQkawNlKvUOySIbtxLxx0apdPvIqNeoUSspGB58EpccrIMaRSKbtuBTozC6ESWKDeK7x3+zFJIyo04VipjoMS7WdYakY4neS7qaIJJiM8oB1DBY6o8rPZ6RN4ZJQ+DGNpSmg4U79PZDhSahwFpjPCeqh+e1PxL6+T6rDsZ0wkqaaCzBeFKYc6htMcYJ9JSjQfG4KJZOZWSIZYYqJNWnkTwten8H/SdG3Hs72rs1K1togjBw7AITgGDjgHVVADddAABNyBB/AEnq1769F6sV7nrUvWYmYf/ID19gkGNZHz</latexit>

<latexit sha1_base64="tC8FiXdAVCVVDssjRbGxcfq1504=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU8kWWduDUPDSY0X7Ae1SsmnahmazS5IVytKf4MWDIl79Rd78N2bbCir6YODx3gwz84JYcG0w/nBya+sbm1v57cLO7t7+QfHwqK2jRFHWopGIVDcgmgkuWctwI1g3VoyEgWCdYHqd+Z17pjSP5J2ZxcwPyVjyEafEWOlWXnmDYgmXsYXnoYy4VexaUqtVK5UachcWxiVYoTkovveHEU1CJg0VROuei2Pjp0QZTgWbF/qJZjGhUzJmPUslCZn208Wpc3RmlSEaRcqWNGihfp9ISaj1LAxsZ0jMRP/2MvEvr5eYUdVPuYwTwyRdLholApkIZX+jIVeMGjGzhFDF7a2ITogi1Nh0CjaEr0/R/6RdKbte2bu5KNUbqzjycAKncA4uXEIdGtCEFlAYwwM8wbMjnEfnxXldtuac1cwx/IDz9gktA43H</latexit>

<latexit sha1_base64="qNK05lmY7V7mzvtNYMchBEtx0+Q=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSahxHYhFNx0WcE+sI1lMp20QyeTMDMRSuhfuHGhiFv/xp1/46StoKIHLhzOuZd77wkSzpRG6MMqrK1vbG4Vt0s7u3v7B+XDo46KU0lom8Q8lr0AK8qZoG3NNKe9RFIcBZx2g+lV7nfvqVQsFjd6llA/wmPBQkawNtLtgEzYnXvp2tVhuYJsZOB5MCdODTmG1Os1161DZ2EhVAErtIbl98EoJmlEhSYcK9V3UKL9DEvNCKfz0iBVNMFkise0b6jAEVV+trh4Ds+MMoJhLE0JDRfq94kMR0rNosB0RlhP1G8vF//y+qkOa37GRJJqKshyUZhyqGOYvw9HTFKi+cwQTCQzt0IywRITbUIqmRC+PoX/k45rO57tXVcrjeYqjiI4AafgHDjgAjRAE7RAGxAgwAN4As+Wsh6tF+t12VqwVjPH4Aest09ecZAd</latexit>

• Impact on fit quality slightly larger, e.g. ~ 120 

point deterioration for              (~ 70 in closure)
<latexit sha1_base64="+XikbVfUTNQ42jXJ6/g9cVAIhyc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKiF6EoBePEc0DkiXMTmaTIbOzy0yvEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0ikMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo9uZ33ri2ohYPeI44X5EB0qEglG00oO6rvSKJbfszkFWiZeREmSo94pf3X7M0ogrZJIa0/HcBP0J1SiY5NNCNzU8oWxEB7xjqaIRN/5kfuqUnFmlT8JY21JI5urviQmNjBlHge2MKA7NsjcT//M6KYZX/kSoJEWu2GJRmEqCMZn9TfpCc4ZybAllWthbCRtSTRnadAo2BG/55VXSvCh71XL1vlKq3WRx5OEETuEcPLiEGtxBHRrAYADP8ApvjnRenHfnY9Gac7KZY/gD5/MH0NmNgg==</latexit>

n = 4
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MSHT fit (n = 5)

• Impact on PDFs somewhat larger than in closure test.

<latexit sha1_base64="Vzxd8kpijruprYLB4KrYTYn2pKY=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4KpkiY7sQCoK4rNAXtGPJpJk2NpMMSUYoQ//BjQtF3Po/7vwbM20FFT1w4XDOvdx7TxBzpg1CH05uZXVtfSO/Wdja3tndK+4ftLVMFKEtIrlU3QBrypmgLcMMp91YURwFnHaCyWXmd+6p0kyKppnG1I/wSLCQEWys1G7eVi5cNCiWUBlZeB7MiFtFriW1WrVSqUF3biFUAks0BsX3/lCSJKLCEI617rkoNn6KlWGE01mhn2gaYzLBI9qzVOCIaj+dXzuDJ1YZwlAqW8LAufp9IsWR1tMosJ0RNmP928vEv7xeYsKqnzIRJ4YKslgUJhwaCbPX4ZApSgyfWoKJYvZWSMZYYWJsQAUbwten8H/SrpRdr+zdnJXqV8s48uAIHINT4IJzUAfXoAFagIA78ACewLMjnUfnxXldtOac5cwh+AHn7ROSfo6E</latexit>

T
2
= 10
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NNPDF4.0 (pch)

MSHT fit (w positivity)

MSHT fit (n = 4, w. positivity)
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NNPDF4.0
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• Some indication that more restricted parameterisation (                         ) gives PDFs closer to NNPDF, 

though less clear in fitted charm case. Less freedom consistent with poorer fit quality observed earlier.

<latexit sha1_base64="2gF85a3c17N63gQu+r+5Iqjt8ng=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWAR3FiSILFdCEU3rqSCfUATwmQyaYdOHsxMhBK78FfcuFDErb/hzr9x0lZQ0QMXDufcy733+CmjQhrGh1ZaWFxaXimvVtbWNza39O2djkgyjkkbJyzhPR8JwmhM2pJKRnopJyjyGen6o4vC794SLmgS38hxStwIDWIaUoykkjx9zwkIkwheebnDI5giPjk7Ni1Prxo1Q8G2YUHMumEq0mjULasBzallGFUwR8vT350gwVlEYokZEqJvGql0c8QlxYxMKk4mSIrwCA1IX9EYRUS4+fT+CTxUSgDDhKuKJZyq3ydyFAkxjnzVGSE5FL+9QvzL62cyrLs5jdNMkhjPFoUZgzKBRRgwoJxgycaKIMypuhXiIeIISxVZRYXw9Sn8n3SsmmnX7OuTavN8HkcZ7IMDcARMcAqa4BK0QBtgcAcewBN41u61R+1Fe521lrT5zC74Ae3tE+FElWU=</latexit>

δNpar = −12

42

• Interestingly change in fit quality for            is similar to difference between MSHT and NNPDF fits…
<latexit sha1_base64="+XikbVfUTNQ42jXJ6/g9cVAIhyc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKiF6EoBePEc0DkiXMTmaTIbOzy0yvEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0ikMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo9uZ33ri2ohYPeI44X5EB0qEglG00oO6rvSKJbfszkFWiZeREmSo94pf3X7M0ogrZJIa0/HcBP0J1SiY5NNCNzU8oWxEB7xjqaIRN/5kfuqUnFmlT8JY21JI5urviQmNjBlHge2MKA7NsjcT//M6KYZX/kSoJEWu2GJRmEqCMZn9TfpCc4ZybAllWthbCRtSTRnadAo2BG/55VXSvCh71XL1vlKq3WRx5OEETuEcPLiEGtxBHRrAYADP8ApvjnRenHfnY9Gac7KZY/gD5/MH0NmNgg==</latexit>

n = 4



Overfitting?
• Various tests performed to examine whether the default MSHT parameterisation (                    ) or 

more restricted ones results in overfitting, i.e. fitting noise in data.

<latexit sha1_base64="z72fJhrWg922QP3Wc1kKuwJkL28=">AAAB9XicdVDLSsNAFJ3UV62vqks3g0VwFZK0TetCKLjpsoJ9QBvLZDpph04mYWailND/cONCEbf+izv/xklbQUUPXDiccy/33uPHjEplWR9Gbm19Y3Mrv13Y2d3bPygeHnVklAhM2jhikej5SBJGOWkrqhjpxYKg0Gek60+vMr97R4SkEb9Rs5h4IRpzGlCMlJZu+TAdiBDGSMwvq86wWLLMi7rrVB1omZZVc8puRpxaxSlDWysZSmCF1rD4PhhFOAkJV5ghKfu2FSsvRUJRzMi8MEgkiRGeojHpa8pRSKSXLq6ewzOtjGAQCV1cwYX6fSJFoZSz0NedIVIT+dvLxL+8fqKCupdSHieKcLxcFCQMqghmEcARFQQrNtMEYUH1rRBPkEBY6aAKOoSvT+H/pOOYtmu615VSo7mKIw9OwCk4BzaogQZoghZoAwwEeABP4Nm4Nx6NF+N12ZozVjPH4AeMt087rJJi</latexit>

npar = 52

'  Closure test - restricted (                         ) parameterisation cannot 

match pseuodata well. Unlikely to result in overfitting in real fit!
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<latexit sha1_base64="g4+7tEMNRpyp8MzARFG7TinYlTg=">AAAB+nicdVBdSwJBFJ21L7OvtR57GZKgh1jW1dQeAqEXHw1SA5Vldhx1cGZ2mZktZPOn9NJDEb32S3rr3zSrBhV14MLhnHu5954gYlRp1/2wMiura+sb2c3c1vbO7p6d32+rMJaYtHDIQnkTIEUYFaSlqWbkJpIE8YCRTjC5TP3OLZGKhuJaTyPS52gk6JBipI3k23nhJz3JYYTk7MKrnZZd3y64znmt4p150HVct+qVKinxqmWvBItGSVEASzR9+703CHHMidCYIaW6RTfS/QRJTTEjs1wvViRCeIJGpGuoQJyofjI/fQaPjTKAw1CaEhrO1e8TCeJKTXlgOjnSY/XbS8W/vG6sh7V+QkUUayLwYtEwZlCHMM0BDqgkWLOpIQhLam6FeIwkwtqklTMhfH0K/ydtzylWnMpVuVBvLOPIgkNwBE5AEVRBHTRAE7QABnfgATyBZ+veerRerNdFa8ZazhyAH7DePgERMJNE</latexit>

npar = 28, 40

' Indeed precisely same effect seen in real fit…
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• In NNPDF fit extensive training/validation used to prevent overfitting (in context of NN fit). Fitting 

same data/theory with MSHT parameterisation we find similar fit qualities.

(After controlling 

for positivity)

• Indeed can try extending parameterisation, and find very mild 

impact on fit quality + PDFs - i.e. no clear trend for overfitting 

setting in with this ~ of parameters.
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<latexit sha1_base64="GXasXSj1St8TQayGbYAofjXPn3k=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgQkKatmldCAVBXFawD2hLmUwn7dDJJMxMlBL7KW5cKOLWL3Hn3zhpK6jogQuHc+7l3nu8iFGpbPvDyKysrq1vZDdzW9s7u3tmfr8lw1hg0sQhC0XHQ5IwyklTUcVIJxIEBR4jbW9ykfrtWyIkDfmNmkakH6ARpz7FSGlpYOb5IOmJAEZIzM4rtVO3PDALtnVWc52KA23LtqtOyU2JUy07JVjUSooCWKIxMN97wxDHAeEKMyRlt2hHqp8goShmZJbrxZJECE/QiHQ15Sggsp/MT5/BY60MoR8KXVzBufp9IkGBlNPA050BUmP520vFv7xurPxaP6E8ihXheLHIjxlUIUxzgEMqCFZsqgnCgupbIR4jgbDSaeV0CF+fwv9Jy7GKruVelwv1y2UcWXAIjsAJKIIqqIMr0ABNgMEdeABP4Nm4Nx6NF+N10ZoxljMH4AeMt08eSJNL</latexit>

npar = 58, 64

<latexit sha1_base64="6gaQ1y/YS7ehxRnRLzXUxLpG+u0=">AAACCHicbVDLSsNAFJ34rPUVdenCwSJUKCERrW4sBRe6bME+oAlhMp20Q2eSMDMRSujSjb/ixoUibv0Ed/6N08dCWw9cOJxzL/feEySMSmXb38bS8srq2npuI7+5tb2za+7tN2WcCkwaOGaxaAdIEkYj0lBUMdJOBEE8YKQVDG7GfuuBCEnj6F4NE+Jx1ItoSDFSWvLNo7pvXztW+cItwcwVHN6S5gi6pSKsQO7jU98s2JY9AVwkzowUwAw13/xyuzFOOYkUZkjKjmMnysuQUBQzMsq7qSQJwgPUIx1NI8SJ9LLJIyN4opUuDGOhK1Jwov6eyBCXcsgD3cmR6st5byz+53VSFV55GY2SVJEITxeFKYMqhuNUYJcKghUbaoKwoPpWiPtIIKx0dnkdgjP/8iJpnllO2SrXzwvVyiyOHDgEx6AIHHAJquAO1EADYPAInsEreDOejBfj3fiYti4Zs5kD8AfG5w90BpZy</latexit>

<latexit sha1_base64="gVoHEF+A+KtuQvBFS47pcDjYa4g=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpZEpHpRCl48tmA/oI1hs920SzebsLvRltL/4cWDIl79L978N27bHLT6YODx3gwz8/yYM6Vt+8vKLC2vrK5l13Mbm1vbO/ndvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/cHN1G8+UKlYJO70KKZuiHuCBYxgbaR7NCTeaXF4UvPs4yvbyxfskj0D+kuclBQgRdXLf3a6EUlCKjThWKm2Y8faHWOpGeF0kuskisaYDHCPtg0VOKTKHc+unqAjo3RREElTQqOZ+nNijEOlRqFvOkOs+2rRm4r/ee1EB5fumIk40VSQ+aIg4UhHaBoB6jJJieYjQzCRzNyKSB9LTLQJKmdCcBZf/ksaZyWnXCrXzguV6zSOLBzAIRTBgQuowC1UoQ4EJDzBC7xaj9az9Wa9z1szVjqzD79gfXwD6oCQ1g==</latexit>

<latexit sha1_base64="sDDY+LHK/SU+ypW8y9z40jdNoRM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqeJCCrpwWcE+oIlhMp20QycPZm6EGoq/4saFIm79D3f+jdM2C209cOFwzr3ce4+fCK7Asr6NwtLyyupacb20sbm1vWPu7rVUnErKmjQWsez4RDHBI9YEDoJ1EslI6AvW9odXE7/9wKTicXQHo4S5IelHPOCUgJY888C5ZgIIduiA31e9DDxrfOGZZatiTYEXiZ2TMsrR8MwvpxfTNGQRUEGU6tpWAm5GJHAq2LjkpIolhA5Jn3U1jUjIlJtNrx/jY630cBBLXRHgqfp7IiOhUqPQ150hgYGa9ybif143heDczXiUpMAiOlsUpAJDjCdR4B6XjIIYaUKo5PpWTAdEEgo6sJIOwZ5/eZG0qhW7Vqndnpbrl3kcRXSIjtAJstEZqqMb1EBNRNEjekav6M14Ml6Md+Nj1low8pl99AfG5w9xWZSU</latexit>

∆χ
2

t0
:

<latexit sha1_base64="UQxPZ0atn5SyBTcVQnyc5H06DVg=">AAAB+XicdZDLSgMxFIYz9VbrbdSlm2ARKuiQKWXsbKTgxmUFe4F2KJk004ZmLiSZQhn6Jm5cKOLWN3Hn25hpK6jogcDH/5/DOfn9hDOpEPowCmvrG5tbxe3Szu7e/oF5eNSWcSoIbZGYx6LrY0k5i2hLMcVpNxEUhz6nHX9yk/udKRWSxdG9miXUC/EoYgEjWGlpYJqXNduyYf8CVpCFkHs+MMs5IOQ4MAe7jmwNrluvVl1oLyyEymBVzYH53h/GJA1ppAjHUvZslCgvw0Ixwum81E8lTTCZ4BHtaYxwSKWXLS6fwzOtDGEQC/0iBRfq94kMh1LOQl93hliN5W8vF//yeqkK6l7GoiRVNCLLRUHKoYphHgMcMkGJ4jMNmAimb4VkjAUmSodV0iF8/RT+D+2qZTuWc1crN65XcRTBCTgFFWCDK9AAt6AJWoCAKXgAT+DZyIxH48V4XbYWjNXMMfhRxtsn0KOQkA==</latexit><latexit sha1_base64="shaCGwIlRv5htrMCRk18P637Bn4=">AAAB+XicdZDLSgMxFIYz9VbrbdSlm2ARKuiQKWXsbKTgxmUFe4F2KJk004ZmLiSZQhn6Jm5cKOLWN3Hn25hpK6jogcDH/5/DOfn9hDOpEPowCmvrG5tbxe3Szu7e/oF5eNSWcSoIbZGYx6LrY0k5i2hLMcVpNxEUhz6nHX9yk/udKRWSxdG9miXUC/EoYgEjWGlpYJqXNcdyYf8CVpCFbPt8YJY16HIcmINdR7YG161Xqy60FxZCZbCq5sB87w9jkoY0UoRjKXs2SpSXYaEY4XRe6qeSJphM8Ij2NEY4pNLLFpfP4ZlWhjCIhX6Rggv1+0SGQylnoa87Q6zG8reXi395vVQFdS9jUZIqGpHloiDlUMUwjwEOmaBE8ZkGTATTt0IyxgITpcMq6RC+fgr/h3bVsh3LuauVG9erOIrgBJyCCrDBFWiAW9AELUDAFDyAJ/BsZMaj8WK8LlsLxmrmGPwo4+0T2k6Qlg==</latexit>

<latexit sha1_base64="kz2YSpQAEUpEVeWQJWi16XxqFsg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1ZMUvHisYD+gDWWz3bRLN7thd6KU0J/hxYMiXv013vw3btsctPXBwOO9GWbmhYngBj3v2ymsrW9sbhW3Szu7e/sH5cOjllGppqxJlVC6ExLDBJesiRwF6ySakTgUrB2Ob2d++5Fpw5V8wEnCgpgMJY84JWilbk/z4QiJ1uqpX654VW8Od5X4OalAjka//NUbKJrGTCIVxJiu7yUYZEQjp4JNS73UsITQMRmyrqWSxMwE2fzkqXtmlYEbKW1LojtXf09kJDZmEoe2MyY4MsveTPzP66YYXQcZl0mKTNLFoigVLip39r874JpRFBNLCNXc3urSEdGEok2pZEPwl19eJa2Lql+r1u4vK/WbPI4inMApnIMPV1CHO2hAEygoeIZXeHPQeXHenY9Fa8HJZ47hD5zPH8UZkZQ=</latexit>

<latexit sha1_base64="Ym2/5j5Zve8m0eilrMX6fZGUePo=">AAAB6nicbVDLSsNAFL2pr1pfUZduBovgqiRWfOwKbly2aB/QhjKZTtqhk0mYmQgl9BPcuFDErV/kzr9xkgZR64ELh3Pu5d57/JgzpR3n0yqtrK6tb5Q3K1vbO7t79v5BR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+9Cbzuw9UKhaJez2LqRfisWABI1gb6a41dIZ21ak5OdAycQtShQLNof0xGEUkCanQhGOl+q4Tay/FUjPC6bwySBSNMZniMe0bKnBIlZfmp87RiVFGKIikKaFRrv6cSHGo1Cz0TWeI9UT99TLxP6+f6ODKS5mIE00FWSwKEo50hLK/0YhJSjSfGYKJZOZWRCZYYqJNOpU8hOsMF98vL5POWc2t1+qt82qjUcRRhiM4hlNw4RIacAtNaAOBMTzCM7xY3HqyXq23RWvJKmYO4Res9y/m4Y2t</latexit>

<latexit sha1_base64="VpScj38oj1dcIpDZubrvPa1Ey/I=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewSgx6JXjxi4gIJrKRbulDptpu2a0I2/AcvHjTGq//Hm//GAntQ8CWTvLw3k5l5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8tUEeoTyaXqhFhTzgT1DTOcdhJFcRxy2g7HNzO//USVZlLcm0lCgxgPBYsYwcZKrR4ZsYdav1xxq+4caJV4OalAjma//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObXTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6CrImEhSQwVZLIpSjoxEs9fRgClKDJ9Ygoli9lZERlhhYmxAJRuCt/zyKmnVql69Wr+7qDSu8ziKcAKncA4eXEIDbqEJPhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMq747h</latexit>

<latexit sha1_base64="j0nmMX+KYQmVKO26wNdVanWE/7c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS18+jgfBng2rNrbsLkL/EK0gNCrQG1U9/mLAs5gqZpMb0PTfFIKcaBZN8VvEzw1PKJnTE+5YqGnMT5ItzZ+TMKkMSJdqWQrJQf07kNDZmGoe2M6Y4NqveXPzP62cYXQe5UGmGXLHloiiTBBMy/50MheYM5dQSyrSwtxI2ppoytAlVbAje6st/Seei7jXqjfvLWvOmiKMMJ3AK5+DBFTThDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgFylo+p</latexit> <latexit sha1_base64="4SEKKPrCGKu5wJxGiuXVYEFt+mU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ac0oWy203bpZhN2N2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCalGwSU2DTcCO4lCGoUC2+H4dua3H1FpHssHM0kwiOhQ8gFn1Fip7WdPPe5Pe+WKW3XnIKvEy0kFcjR65S+/H7M0QmmYoFp3PTcxQUaV4UzgtOSnGhPKxnSIXUsljVAH2fzcKTmzSp8MYmVLGjJXf09kNNJ6EoW2M6JmpJe9mfif103N4DrIuExSg5ItFg1SQUxMZr+TPlfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmldVL1atXZ/Wanf5HEU4QRO4Rw8uII63EEDmsBgDM/wCm9O4rw4787HorXg5DPH8AfO5w+OJo+7</latexit>

<latexit sha1_base64="6gaQ1y/YS7ehxRnRLzXUxLpG+u0=">AAACCHicbVDLSsNAFJ34rPUVdenCwSJUKCERrW4sBRe6bME+oAlhMp20Q2eSMDMRSujSjb/ixoUibv0Ed/6N08dCWw9cOJxzL/feEySMSmXb38bS8srq2npuI7+5tb2za+7tN2WcCkwaOGaxaAdIEkYj0lBUMdJOBEE8YKQVDG7GfuuBCEnj6F4NE+Jx1ItoSDFSWvLNo7pvXztW+cItwcwVHN6S5gi6pSKsQO7jU98s2JY9AVwkzowUwAw13/xyuzFOOYkUZkjKjmMnysuQUBQzMsq7qSQJwgPUIx1NI8SJ9LLJIyN4opUuDGOhK1Jwov6eyBCXcsgD3cmR6st5byz+53VSFV55GY2SVJEITxeFKYMqhuNUYJcKghUbaoKwoPpWiPtIIKx0dnkdgjP/8iJpnllO2SrXzwvVyiyOHDgEx6AIHHAJquAO1EADYPAInsEreDOejBfj3fiYti4Zs5kD8AfG5w90BpZy</latexit>

<latexit sha1_base64="gVoHEF+A+KtuQvBFS47pcDjYa4g=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpZEpHpRCl48tmA/oI1hs920SzebsLvRltL/4cWDIl79L978N27bHLT6YODx3gwz8/yYM6Vt+8vKLC2vrK5l13Mbm1vbO/ndvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/cHN1G8+UKlYJO70KKZuiHuCBYxgbaR7NCTeaXF4UvPs4yvbyxfskj0D+kuclBQgRdXLf3a6EUlCKjThWKm2Y8faHWOpGeF0kuskisaYDHCPtg0VOKTKHc+unqAjo3RREElTQqOZ+nNijEOlRqFvOkOs+2rRm4r/ee1EB5fumIk40VSQ+aIg4UhHaBoB6jJJieYjQzCRzNyKSB9LTLQJKmdCcBZf/ksaZyWnXCrXzguV6zSOLBzAIRTBgQuowC1UoQ4EJDzBC7xaj9az9Wa9z1szVjqzD79gfXwD6oCQ1g==</latexit>

<latexit sha1_base64="sDDY+LHK/SU+ypW8y9z40jdNoRM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqeJCCrpwWcE+oIlhMp20QycPZm6EGoq/4saFIm79D3f+jdM2C209cOFwzr3ce4+fCK7Asr6NwtLyyupacb20sbm1vWPu7rVUnErKmjQWsez4RDHBI9YEDoJ1EslI6AvW9odXE7/9wKTicXQHo4S5IelHPOCUgJY888C5ZgIIduiA31e9DDxrfOGZZatiTYEXiZ2TMsrR8MwvpxfTNGQRUEGU6tpWAm5GJHAq2LjkpIolhA5Jn3U1jUjIlJtNrx/jY630cBBLXRHgqfp7IiOhUqPQ150hgYGa9ybif143heDczXiUpMAiOlsUpAJDjCdR4B6XjIIYaUKo5PpWTAdEEgo6sJIOwZ5/eZG0qhW7Vqndnpbrl3kcRXSIjtAJstEZqqMb1EBNRNEjekav6M14Ml6Md+Nj1low8pl99AfG5w9xWZSU</latexit>

<latexit sha1_base64="UQxPZ0atn5SyBTcVQnyc5H06DVg=">AAAB+XicdZDLSgMxFIYz9VbrbdSlm2ARKuiQKWXsbKTgxmUFe4F2KJk004ZmLiSZQhn6Jm5cKOLWN3Hn25hpK6jogcDH/5/DOfn9hDOpEPowCmvrG5tbxe3Szu7e/oF5eNSWcSoIbZGYx6LrY0k5i2hLMcVpNxEUhz6nHX9yk/udKRWSxdG9miXUC/EoYgEjWGlpYJqXNduyYf8CVpCFkHs+MMs5IOQ4MAe7jmwNrluvVl1oLyyEymBVzYH53h/GJA1ppAjHUvZslCgvw0Ixwum81E8lTTCZ4BHtaYxwSKWXLS6fwzOtDGEQC/0iBRfq94kMh1LOQl93hliN5W8vF//yeqkK6l7GoiRVNCLLRUHKoYphHgMcMkGJ4jMNmAimb4VkjAUmSodV0iF8/RT+D+2qZTuWc1crN65XcRTBCTgFFWCDK9AAt6AJWoCAKXgAT+DZyIxH48V4XbYWjNXMMfhRxtsn0KOQkA==</latexit><latexit sha1_base64="shaCGwIlRv5htrMCRk18P637Bn4=">AAAB+XicdZDLSgMxFIYz9VbrbdSlm2ARKuiQKWXsbKTgxmUFe4F2KJk004ZmLiSZQhn6Jm5cKOLWN3Hn25hpK6jogcDH/5/DOfn9hDOpEPowCmvrG5tbxe3Szu7e/oF5eNSWcSoIbZGYx6LrY0k5i2hLMcVpNxEUhz6nHX9yk/udKRWSxdG9miXUC/EoYgEjWGlpYJqXNcdyYf8CVpCFbPt8YJY16HIcmINdR7YG161Xqy60FxZCZbCq5sB87w9jkoY0UoRjKXs2SpSXYaEY4XRe6qeSJphM8Ij2NEY4pNLLFpfP4ZlWhjCIhX6Rggv1+0SGQylnoa87Q6zG8reXi395vVQFdS9jUZIqGpHloiDlUMUwjwEOmaBE8ZkGTATTt0IyxgITpcMq6RC+fgr/h3bVsh3LuauVG9erOIrgBJyCCrDBFWiAW9AELUDAFDyAJ/BsZMaj8WK8LlsLxmrmGPwo4+0T2k6Qlg==</latexit>

<latexit sha1_base64="kz2YSpQAEUpEVeWQJWi16XxqFsg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1ZMUvHisYD+gDWWz3bRLN7thd6KU0J/hxYMiXv013vw3btsctPXBwOO9GWbmhYngBj3v2ymsrW9sbhW3Szu7e/sH5cOjllGppqxJlVC6ExLDBJesiRwF6ySakTgUrB2Ob2d++5Fpw5V8wEnCgpgMJY84JWilbk/z4QiJ1uqpX654VW8Od5X4OalAjka//NUbKJrGTCIVxJiu7yUYZEQjp4JNS73UsITQMRmyrqWSxMwE2fzkqXtmlYEbKW1LojtXf09kJDZmEoe2MyY4MsveTPzP66YYXQcZl0mKTNLFoigVLip39r874JpRFBNLCNXc3urSEdGEok2pZEPwl19eJa2Lql+r1u4vK/WbPI4inMApnIMPV1CHO2hAEygoeIZXeHPQeXHenY9Fa8HJZ47hD5zPH8UZkZQ=</latexit>
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<latexit sha1_base64="6gaQ1y/YS7ehxRnRLzXUxLpG+u0=">AAACCHicbVDLSsNAFJ34rPUVdenCwSJUKCERrW4sBRe6bME+oAlhMp20Q2eSMDMRSujSjb/ixoUibv0Ed/6N08dCWw9cOJxzL/feEySMSmXb38bS8srq2npuI7+5tb2za+7tN2WcCkwaOGaxaAdIEkYj0lBUMdJOBEE8YKQVDG7GfuuBCEnj6F4NE+Jx1ItoSDFSWvLNo7pvXztW+cItwcwVHN6S5gi6pSKsQO7jU98s2JY9AVwkzowUwAw13/xyuzFOOYkUZkjKjmMnysuQUBQzMsq7qSQJwgPUIx1NI8SJ9LLJIyN4opUuDGOhK1Jwov6eyBCXcsgD3cmR6st5byz+53VSFV55GY2SVJEITxeFKYMqhuNUYJcKghUbaoKwoPpWiPtIIKx0dnkdgjP/8iJpnllO2SrXzwvVyiyOHDgEx6AIHHAJquAO1EADYPAInsEreDOejBfj3fiYti4Zs5kD8AfG5w90BpZy</latexit>

<latexit sha1_base64="gVoHEF+A+KtuQvBFS47pcDjYa4g=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpZEpHpRCl48tmA/oI1hs920SzebsLvRltL/4cWDIl79L978N27bHLT6YODx3gwz8/yYM6Vt+8vKLC2vrK5l13Mbm1vbO/ndvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/cHN1G8+UKlYJO70KKZuiHuCBYxgbaR7NCTeaXF4UvPs4yvbyxfskj0D+kuclBQgRdXLf3a6EUlCKjThWKm2Y8faHWOpGeF0kuskisaYDHCPtg0VOKTKHc+unqAjo3RREElTQqOZ+nNijEOlRqFvOkOs+2rRm4r/ee1EB5fumIk40VSQ+aIg4UhHaBoB6jJJieYjQzCRzNyKSB9LTLQJKmdCcBZf/ksaZyWnXCrXzguV6zSOLBzAIRTBgQuowC1UoQ4EJDzBC7xaj9az9Wa9z1szVjqzD79gfXwD6oCQ1g==</latexit>

<latexit sha1_base64="sDDY+LHK/SU+ypW8y9z40jdNoRM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqeJCCrpwWcE+oIlhMp20QycPZm6EGoq/4saFIm79D3f+jdM2C209cOFwzr3ce4+fCK7Asr6NwtLyyupacb20sbm1vWPu7rVUnErKmjQWsez4RDHBI9YEDoJ1EslI6AvW9odXE7/9wKTicXQHo4S5IelHPOCUgJY888C5ZgIIduiA31e9DDxrfOGZZatiTYEXiZ2TMsrR8MwvpxfTNGQRUEGU6tpWAm5GJHAq2LjkpIolhA5Jn3U1jUjIlJtNrx/jY630cBBLXRHgqfp7IiOhUqPQ150hgYGa9ybif143heDczXiUpMAiOlsUpAJDjCdR4B6XjIIYaUKo5PpWTAdEEgo6sJIOwZ5/eZG0qhW7Vqndnpbrl3kcRXSIjtAJstEZqqMb1EBNRNEjekav6M14Ml6Md+Nj1low8pl99AfG5w9xWZSU</latexit>

<latexit sha1_base64="UQxPZ0atn5SyBTcVQnyc5H06DVg=">AAAB+XicdZDLSgMxFIYz9VbrbdSlm2ARKuiQKWXsbKTgxmUFe4F2KJk004ZmLiSZQhn6Jm5cKOLWN3Hn25hpK6jogcDH/5/DOfn9hDOpEPowCmvrG5tbxe3Szu7e/oF5eNSWcSoIbZGYx6LrY0k5i2hLMcVpNxEUhz6nHX9yk/udKRWSxdG9miXUC/EoYgEjWGlpYJqXNduyYf8CVpCFkHs+MMs5IOQ4MAe7jmwNrluvVl1oLyyEymBVzYH53h/GJA1ppAjHUvZslCgvw0Ixwum81E8lTTCZ4BHtaYxwSKWXLS6fwzOtDGEQC/0iBRfq94kMh1LOQl93hliN5W8vF//yeqkK6l7GoiRVNCLLRUHKoYphHgMcMkGJ4jMNmAimb4VkjAUmSodV0iF8/RT+D+2qZTuWc1crN65XcRTBCTgFFWCDK9AAt6AJWoCAKXgAT+DZyIxH48V4XbYWjNXMMfhRxtsn0KOQkA==</latexit>

−41.1 (0.009)
<latexit sha1_base64="shaCGwIlRv5htrMCRk18P637Bn4=">AAAB+XicdZDLSgMxFIYz9VbrbdSlm2ARKuiQKWXsbKTgxmUFe4F2KJk004ZmLiSZQhn6Jm5cKOLWN3Hn25hpK6jogcDH/5/DOfn9hDOpEPowCmvrG5tbxe3Szu7e/oF5eNSWcSoIbZGYx6LrY0k5i2hLMcVpNxEUhz6nHX9yk/udKRWSxdG9miXUC/EoYgEjWGlpYJqXNcdyYf8CVpCFbPt8YJY16HIcmINdR7YG161Xqy60FxZCZbCq5sB87w9jkoY0UoRjKXs2SpSXYaEY4XRe6qeSJphM8Ij2NEY4pNLLFpfP4ZlWhjCIhX6Rggv1+0SGQylnoa87Q6zG8reXi395vVQFdS9jUZIqGpHloiDlUMUwjwEOmaBE8ZkGTATTt0IyxgITpcMq6RC+fgr/h3bVsh3LuauVG9erOIrgBJyCCrDBFWiAW9AELUDAFDyAJ/BsZMaj8WK8LlsLxmrmGPwo4+0T2k6Qlg==</latexit>

<latexit sha1_base64="kz2YSpQAEUpEVeWQJWi16XxqFsg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1ZMUvHisYD+gDWWz3bRLN7thd6KU0J/hxYMiXv013vw3btsctPXBwOO9GWbmhYngBj3v2ymsrW9sbhW3Szu7e/sH5cOjllGppqxJlVC6ExLDBJesiRwF6ySakTgUrB2Ob2d++5Fpw5V8wEnCgpgMJY84JWilbk/z4QiJ1uqpX654VW8Od5X4OalAjka//NUbKJrGTCIVxJiu7yUYZEQjp4JNS73UsITQMRmyrqWSxMwE2fzkqXtmlYEbKW1LojtXf09kJDZmEoe2MyY4MsveTPzP66YYXQcZl0mKTNLFoigVLip39r874JpRFBNLCNXc3urSEdGEok2pZEPwl19eJa2Lql+r1u4vK/WbPI4inMApnIMPV1CHO2hAEygoeIZXeHPQeXHenY9Fa8HJZ47hD5zPH8UZkZQ=</latexit>

<latexit sha1_base64="Ym2/5j5Zve8m0eilrMX6fZGUePo=">AAAB6nicbVDLSsNAFL2pr1pfUZduBovgqiRWfOwKbly2aB/QhjKZTtqhk0mYmQgl9BPcuFDErV/kzr9xkgZR64ELh3Pu5d57/JgzpR3n0yqtrK6tb5Q3K1vbO7t79v5BR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+9Cbzuw9UKhaJez2LqRfisWABI1gb6a41dIZ21ak5OdAycQtShQLNof0xGEUkCanQhGOl+q4Tay/FUjPC6bwySBSNMZniMe0bKnBIlZfmp87RiVFGKIikKaFRrv6cSHGo1Cz0TWeI9UT99TLxP6+f6ODKS5mIE00FWSwKEo50hLK/0YhJSjSfGYKJZOZWRCZYYqJNOpU8hOsMF98vL5POWc2t1+qt82qjUcRRhiM4hlNw4RIacAtNaAOBMTzCM7xY3HqyXq23RWvJKmYO4Res9y/m4Y2t</latexit>

<latexit sha1_base64="VpScj38oj1dcIpDZubrvPa1Ey/I=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewSgx6JXjxi4gIJrKRbulDptpu2a0I2/AcvHjTGq//Hm//GAntQ8CWTvLw3k5l5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8tUEeoTyaXqhFhTzgT1DTOcdhJFcRxy2g7HNzO//USVZlLcm0lCgxgPBYsYwcZKrR4ZsYdav1xxq+4caJV4OalAjma//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObXTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6CrImEhSQwVZLIpSjoxEs9fRgClKDJ9Ygoli9lZERlhhYmxAJRuCt/zyKmnVql69Wr+7qDSu8ziKcAKncA4eXEIDbqEJPhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMq747h</latexit>

<latexit sha1_base64="j0nmMX+KYQmVKO26wNdVanWE/7c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS18+jgfBng2rNrbsLkL/EK0gNCrQG1U9/mLAs5gqZpMb0PTfFIKcaBZN8VvEzw1PKJnTE+5YqGnMT5ItzZ+TMKkMSJdqWQrJQf07kNDZmGoe2M6Y4NqveXPzP62cYXQe5UGmGXLHloiiTBBMy/50MheYM5dQSyrSwtxI2ppoytAlVbAje6st/Seei7jXqjfvLWvOmiKMMJ3AK5+DBFTThDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgFylo+p</latexit> <latexit sha1_base64="4SEKKPrCGKu5wJxGiuXVYEFt+mU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ac0oWy203bpZhN2N2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCalGwSU2DTcCO4lCGoUC2+H4dua3H1FpHssHM0kwiOhQ8gFn1Fip7WdPPe5Pe+WKW3XnIKvEy0kFcjR65S+/H7M0QmmYoFp3PTcxQUaV4UzgtOSnGhPKxnSIXUsljVAH2fzcKTmzSp8MYmVLGjJXf09kNNJ6EoW2M6JmpJe9mfif103N4DrIuExSg5ItFg1SQUxMZr+TPlfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmldVL1atXZ/Wanf5HEU4QRO4Rw8uII63EEDmsBgDM/wCm9O4rw4787HorXg5DPH8AfO5w+OJo+7</latexit>

<latexit sha1_base64="6gaQ1y/YS7ehxRnRLzXUxLpG+u0=">AAACCHicbVDLSsNAFJ34rPUVdenCwSJUKCERrW4sBRe6bME+oAlhMp20Q2eSMDMRSujSjb/ixoUibv0Ed/6N08dCWw9cOJxzL/feEySMSmXb38bS8srq2npuI7+5tb2za+7tN2WcCkwaOGaxaAdIEkYj0lBUMdJOBEE8YKQVDG7GfuuBCEnj6F4NE+Jx1ItoSDFSWvLNo7pvXztW+cItwcwVHN6S5gi6pSKsQO7jU98s2JY9AVwkzowUwAw13/xyuzFOOYkUZkjKjmMnysuQUBQzMsq7qSQJwgPUIx1NI8SJ9LLJIyN4opUuDGOhK1Jwov6eyBCXcsgD3cmR6st5byz+53VSFV55GY2SVJEITxeFKYMqhuNUYJcKghUbaoKwoPpWiPtIIKx0dnkdgjP/8iJpnllO2SrXzwvVyiyOHDgEx6AIHHAJquAO1EADYPAInsEreDOejBfj3fiYti4Zs5kD8AfG5w90BpZy</latexit>

<latexit sha1_base64="gVoHEF+A+KtuQvBFS47pcDjYa4g=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpZEpHpRCl48tmA/oI1hs920SzebsLvRltL/4cWDIl79L978N27bHLT6YODx3gwz8/yYM6Vt+8vKLC2vrK5l13Mbm1vbO/ndvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/cHN1G8+UKlYJO70KKZuiHuCBYxgbaR7NCTeaXF4UvPs4yvbyxfskj0D+kuclBQgRdXLf3a6EUlCKjThWKm2Y8faHWOpGeF0kuskisaYDHCPtg0VOKTKHc+unqAjo3RREElTQqOZ+nNijEOlRqFvOkOs+2rRm4r/ee1EB5fumIk40VSQ+aIg4UhHaBoB6jJJieYjQzCRzNyKSB9LTLQJKmdCcBZf/ksaZyWnXCrXzguV6zSOLBzAIRTBgQuowC1UoQ4EJDzBC7xaj9az9Wa9z1szVjqzD79gfXwD6oCQ1g==</latexit>

<latexit sha1_base64="sDDY+LHK/SU+ypW8y9z40jdNoRM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqeJCCrpwWcE+oIlhMp20QycPZm6EGoq/4saFIm79D3f+jdM2C209cOFwzr3ce4+fCK7Asr6NwtLyyupacb20sbm1vWPu7rVUnErKmjQWsez4RDHBI9YEDoJ1EslI6AvW9odXE7/9wKTicXQHo4S5IelHPOCUgJY888C5ZgIIduiA31e9DDxrfOGZZatiTYEXiZ2TMsrR8MwvpxfTNGQRUEGU6tpWAm5GJHAq2LjkpIolhA5Jn3U1jUjIlJtNrx/jY630cBBLXRHgqfp7IiOhUqPQ150hgYGa9ybif143heDczXiUpMAiOlsUpAJDjCdR4B6XjIIYaUKo5PpWTAdEEgo6sJIOwZ5/eZG0qhW7Vqndnpbrl3kcRXSIjtAJstEZqqMb1EBNRNEjekav6M14Ml6Md+Nj1low8pl99AfG5w9xWZSU</latexit>

<latexit sha1_base64="UQxPZ0atn5SyBTcVQnyc5H06DVg=">AAAB+XicdZDLSgMxFIYz9VbrbdSlm2ARKuiQKWXsbKTgxmUFe4F2KJk004ZmLiSZQhn6Jm5cKOLWN3Hn25hpK6jogcDH/5/DOfn9hDOpEPowCmvrG5tbxe3Szu7e/oF5eNSWcSoIbZGYx6LrY0k5i2hLMcVpNxEUhz6nHX9yk/udKRWSxdG9miXUC/EoYgEjWGlpYJqXNduyYf8CVpCFkHs+MMs5IOQ4MAe7jmwNrluvVl1oLyyEymBVzYH53h/GJA1ppAjHUvZslCgvw0Ixwum81E8lTTCZ4BHtaYxwSKWXLS6fwzOtDGEQC/0iBRfq94kMh1LOQl93hliN5W8vF//yeqkK6l7GoiRVNCLLRUHKoYphHgMcMkGJ4jMNmAimb4VkjAUmSodV0iF8/RT+D+2qZTuWc1crN65XcRTBCTgFFWCDK9AAt6AJWoCAKXgAT+DZyIxH48V4XbYWjNXMMfhRxtsn0KOQkA==</latexit><latexit sha1_base64="shaCGwIlRv5htrMCRk18P637Bn4=">AAAB+XicdZDLSgMxFIYz9VbrbdSlm2ARKuiQKWXsbKTgxmUFe4F2KJk004ZmLiSZQhn6Jm5cKOLWN3Hn25hpK6jogcDH/5/DOfn9hDOpEPowCmvrG5tbxe3Szu7e/oF5eNSWcSoIbZGYx6LrY0k5i2hLMcVpNxEUhz6nHX9yk/udKRWSxdG9miXUC/EoYgEjWGlpYJqXNcdyYf8CVpCFbPt8YJY16HIcmINdR7YG161Xqy60FxZCZbCq5sB87w9jkoY0UoRjKXs2SpSXYaEY4XRe6qeSJphM8Ij2NEY4pNLLFpfP4ZlWhjCIhX6Rggv1+0SGQylnoa87Q6zG8reXi395vVQFdS9jUZIqGpHloiDlUMUwjwEOmaBE8ZkGTATTt0IyxgITpcMq6RC+fgr/h3bVsh3LuauVG9erOIrgBJyCCrDBFWiAW9AELUDAFDyAJ/BsZMaj8WK8LlsLxmrmGPwo4+0T2k6Qlg==</latexit>

<latexit sha1_base64="kz2YSpQAEUpEVeWQJWi16XxqFsg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1ZMUvHisYD+gDWWz3bRLN7thd6KU0J/hxYMiXv013vw3btsctPXBwOO9GWbmhYngBj3v2ymsrW9sbhW3Szu7e/sH5cOjllGppqxJlVC6ExLDBJesiRwF6ySakTgUrB2Ob2d++5Fpw5V8wEnCgpgMJY84JWilbk/z4QiJ1uqpX654VW8Od5X4OalAjka//NUbKJrGTCIVxJiu7yUYZEQjp4JNS73UsITQMRmyrqWSxMwE2fzkqXtmlYEbKW1LojtXf09kJDZmEoe2MyY4MsveTPzP66YYXQcZl0mKTNLFoigVLip39r874JpRFBNLCNXc3urSEdGEok2pZEPwl19eJa2Lql+r1u4vK/WbPI4inMApnIMPV1CHO2hAEygoeIZXeHPQeXHenY9Fa8HJZ47hD5zPH8UZkZQ=</latexit>

MSHT fit (w positivity)

5651.0 (1.224)

5341.5 (1.155)

<latexit sha1_base64="oOgt5WKOhumdGv66F9P2Dpm5LUg=">AAACB3icbVDLSsNAFJ3UV62vqktBBovgQkMi2upGCm5cVrAPaGKYTCbt0MkkzEzEErpz46+4caGIW3/BnX/jtM1CqwcuHM65l3vv8RNGpbKsL6MwN7+wuFRcLq2srq1vlDe3WjJOBSZNHLNYdHwkCaOcNBVVjHQSQVDkM9L2B5djv31HhKQxv1HDhLgR6nEaUoyUlrzy7r1HoUO5k51CBwexgrZ1mx3VRoeWee6MvHLFMq0J4F9i56QCcjS88qcTxDiNCFeYISm7tpUoN0NCUczIqOSkkiQID1CPdDXlKCLSzSZ/jOC+VgIYxkIXV3Ci/pzIUCTlMPJ1Z4RUX856Y/E/r5uq8MzNKE9SRTieLgpTBlUMx6HAgAqCFRtqgrCg+laI+0ggrHR0JR2CPfvyX9I6Nu2qWb0+qdQv8jiKYAfsgQNggxqogyvQAE2AwQN4Ai/g1Xg0no03433aWjDymW3wC8bHNwFLl3o=</latexit>

<latexit sha1_base64="sDDY+LHK/SU+ypW8y9z40jdNoRM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqeJCCrpwWcE+oIlhMp20QycPZm6EGoq/4saFIm79D3f+jdM2C209cOFwzr3ce4+fCK7Asr6NwtLyyupacb20sbm1vWPu7rVUnErKmjQWsez4RDHBI9YEDoJ1EslI6AvW9odXE7/9wKTicXQHo4S5IelHPOCUgJY888C5ZgIIduiA31e9DDxrfOGZZatiTYEXiZ2TMsrR8MwvpxfTNGQRUEGU6tpWAm5GJHAq2LjkpIolhA5Jn3U1jUjIlJtNrx/jY630cBBLXRHgqfp7IiOhUqPQ150hgYGa9ybif143heDczXiUpMAiOlsUpAJDjCdR4B6XjIIYaUKo5PpWTAdEEgo6sJIOwZ5/eZG0qhW7Vqndnpbrl3kcRXSIjtAJstEZqqMb1EBNRNEjekav6M14Ml6Md+Nj1low8pl99AfG5w9xWZSU</latexit>

∆χ
2

t0
:

<latexit sha1_base64="1fmpl+MBwnYmKv8eKa1STXCD+y0=">AAAB+XicdVDLSgMxFM34rPU16tJNsAgV7JApZexspODGZQX7gHYomTTThmYeJJlCGfonblwo4tY/ceffmGkrqOiByz2ccy+5OX7CmVQIfRhr6xubW9uFneLu3v7BoXl03JZxKghtkZjHoutjSTmLaEsxxWk3ERSHPqcdf3KT+50pFZLF0b2aJdQL8ShiASNYaWlgmhXbtS2nfwnLFWSh2sXALOmu4TgwJ3Yd2Zq4br1adaG9sBAqgRWaA/O9P4xJGtJIEY6l7NkoUV6GhWKE03mxn0qaYDLBI9rTNMIhlV62uHwOz7UyhEEsdEUKLtTvGxkOpZyFvp4MsRrL314u/uX1UhXUvYxFSapoRJYPBSmHKoZ5DHDIBCWKzzTBRDB9KyRjLDBROqyiDuHrp/B/0q5atmM5d7VS43oVRwGcgjNQBja4Ag1wC5qgBQiYggfwBJ6NzHg0XozX5eiasdo5AT9gvH0C7nqQow==</latexit>

<latexit sha1_base64="kz2YSpQAEUpEVeWQJWi16XxqFsg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1ZMUvHisYD+gDWWz3bRLN7thd6KU0J/hxYMiXv013vw3btsctPXBwOO9GWbmhYngBj3v2ymsrW9sbhW3Szu7e/sH5cOjllGppqxJlVC6ExLDBJesiRwF6ySakTgUrB2Ob2d++5Fpw5V8wEnCgpgMJY84JWilbk/z4QiJ1uqpX654VW8Od5X4OalAjka//NUbKJrGTCIVxJiu7yUYZEQjp4JNS73UsITQMRmyrqWSxMwE2fzkqXtmlYEbKW1LojtXf09kJDZmEoe2MyY4MsveTPzP66YYXQcZl0mKTNLFoigVLip39r874JpRFBNLCNXc3urSEdGEok2pZEPwl19eJa2Lql+r1u4vK/WbPI4inMApnIMPV1CHO2hAEygoeIZXeHPQeXHenY9Fa8HJZ47hD5zPH8UZkZQ=</latexit>

<latexit sha1_base64="mLhhZ5qz/2DyysP0ZHXK9OKFP/E=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISUpUl1JwY3LCvYBTQyT6aQdOjMJMxOhhuCvuHGhiFv/w51/47TNQlsPXDiccy/33hMmjCrtON/W0vLK6tp6aaO8ubW9s2vv7bdVnEpMWjhmseyGSBFGBWlpqhnpJpIgHjLSCUfXE7/zQKSisbjT44T4HA0EjShG2kiBfejhIb2vBVnmSQ4lSfIzJw/silN1poCLxC1IBRRoBvaX149xyonQmCGleq6TaD9DUlPMSF72UkUShEdoQHqGCsSJ8rPp9Tk8MUofRrE0JTScqr8nMsSVGvPQdHKkh2rem4j/eb1UR5d+RkWSaiLwbFGUMqhjOIkC9qkkWLOxIQhLam6FeIgkwtoEVjYhuPMvL5J2rerWq/Xb80rjqoijBI7AMTgFLrgADXADmqAFMHgEz+AVvFlP1ov1bn3MWpesYuYA/IH1+QPy9ZTn</latexit>

<latexit sha1_base64="Yk6QcNP9pbw3vAaASKcJtkOyqdg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj1JwYvHCm5baNeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48ammZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Gbmt5+o0kyKezNJaBDjoWARI9hYqdUjI/ZQ65crbtWdA60SLycVyNHsl796A0nSmApDONa667mJCTKsDCOcTku9VNMEkzEe0q6lAsdUB9n82ik6s8oARVLZEgbN1d8TGY61nsSh7YyxGellbyb+53VTE10FGRNJaqggi0VRypGRaPY6GjBFieETSzBRzN6KyAgrTIwNqGRD8JZfXiWtWtWrV+t3F5XGdR5HEU7gFM7Bg0towC00wQcCj/AMr/DmSOfFeXc+Fq0FJ585hj9wPn8AKbuO3Q==</latexit>

<latexit sha1_base64="pD+Qen1/aFZZy3adAbRhSeYdkW8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rEF+wFtKJvtpF272YTdjVhCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/Pbj6g0j+W9mSToR3QoecgZNVZqPPVLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrXankcBTiFM7gAD66hBndQhyYwQHiGV3hzHpwX5935WLSuOfnMCfyB8/kD6TGNBQ==</latexit>

<latexit sha1_base64="HMNT8paOZY9Tz78pJkINe9ByduQ=">AAAB9XicdVDLSgMxFM34rPVVdekmWIQKdsgMOnZ2BTcuK9gHtGPJpJk2NPMgyShl6H+4caGIW//FnX9jpq2gogcu93DOveTm+AlnUiH0YSwtr6yurRc2iptb2zu7pb39loxTQWiTxDwWHR9LyllEm4opTjuJoDj0OW3748vcb99RIVkc3ahJQr0QDyMWMIKVlm6rLjLPe6eVKjKRfdIvlXXXcByYE6uGLE1ct2bbLrRmFkJlsECjX3rvDWKShjRShGMpuxZKlJdhoRjhdFrspZImmIzxkHY1jXBIpZfNrp7CY60MYBALXZGCM/X7RoZDKSehrydDrEbyt5eLf3ndVAU1L2NRkioakflDQcqhimEeARwwQYniE00wEUzfCskIC0yUDqqoQ/j6KfyftGzTckzn+qxcry/iKIBDcAQqwAIXoA6uQAM0AQECPIAn8GzcG4/Gi/E6H10yFjsH4AeMt0+nC5AL</latexit>

<latexit sha1_base64="oOgt5WKOhumdGv66F9P2Dpm5LUg=">AAACB3icbVDLSsNAFJ3UV62vqktBBovgQkMi2upGCm5cVrAPaGKYTCbt0MkkzEzEErpz46+4caGIW3/BnX/jtM1CqwcuHM65l3vv8RNGpbKsL6MwN7+wuFRcLq2srq1vlDe3WjJOBSZNHLNYdHwkCaOcNBVVjHQSQVDkM9L2B5djv31HhKQxv1HDhLgR6nEaUoyUlrzy7r1HoUO5k51CBwexgrZ1mx3VRoeWee6MvHLFMq0J4F9i56QCcjS88qcTxDiNCFeYISm7tpUoN0NCUczIqOSkkiQID1CPdDXlKCLSzSZ/jOC+VgIYxkIXV3Ci/pzIUCTlMPJ1Z4RUX856Y/E/r5uq8MzNKE9SRTieLgpTBlUMx6HAgAqCFRtqgrCg+laI+0ggrHR0JR2CPfvyX9I6Nu2qWb0+qdQv8jiKYAfsgQNggxqogyvQAE2AwQN4Ai/g1Xg0no03433aWjDymW3wC8bHNwFLl3o=</latexit>

<latexit sha1_base64="sDDY+LHK/SU+ypW8y9z40jdNoRM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqeJCCrpwWcE+oIlhMp20QycPZm6EGoq/4saFIm79D3f+jdM2C209cOFwzr3ce4+fCK7Asr6NwtLyyupacb20sbm1vWPu7rVUnErKmjQWsez4RDHBI9YEDoJ1EslI6AvW9odXE7/9wKTicXQHo4S5IelHPOCUgJY888C5ZgIIduiA31e9DDxrfOGZZatiTYEXiZ2TMsrR8MwvpxfTNGQRUEGU6tpWAm5GJHAq2LjkpIolhA5Jn3U1jUjIlJtNrx/jY630cBBLXRHgqfp7IiOhUqPQ150hgYGa9ybif143heDczXiUpMAiOlsUpAJDjCdR4B6XjIIYaUKo5PpWTAdEEgo6sJIOwZ5/eZG0qhW7Vqndnpbrl3kcRXSIjtAJstEZqqMb1EBNRNEjekav6M14Ml6Md+Nj1low8pl99AfG5w9xWZSU</latexit>

<latexit sha1_base64="1fmpl+MBwnYmKv8eKa1STXCD+y0=">AAAB+XicdVDLSgMxFM34rPU16tJNsAgV7JApZexspODGZQX7gHYomTTThmYeJJlCGfonblwo4tY/ceffmGkrqOiByz2ccy+5OX7CmVQIfRhr6xubW9uFneLu3v7BoXl03JZxKghtkZjHoutjSTmLaEsxxWk3ERSHPqcdf3KT+50pFZLF0b2aJdQL8ShiASNYaWlgmhXbtS2nfwnLFWSh2sXALOmu4TgwJ3Yd2Zq4br1adaG9sBAqgRWaA/O9P4xJGtJIEY6l7NkoUV6GhWKE03mxn0qaYDLBI9rTNMIhlV62uHwOz7UyhEEsdEUKLtTvGxkOpZyFvp4MsRrL314u/uX1UhXUvYxFSapoRJYPBSmHKoZ5DHDIBCWKzzTBRDB9KyRjLDBROqyiDuHrp/B/0q5atmM5d7VS43oVRwGcgjNQBja4Ag1wC5qgBQiYggfwBJ6NzHg0XozX5eiasdo5AT9gvH0C7nqQow==</latexit>

<latexit sha1_base64="kz2YSpQAEUpEVeWQJWi16XxqFsg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1ZMUvHisYD+gDWWz3bRLN7thd6KU0J/hxYMiXv013vw3btsctPXBwOO9GWbmhYngBj3v2ymsrW9sbhW3Szu7e/sH5cOjllGppqxJlVC6ExLDBJesiRwF6ySakTgUrB2Ob2d++5Fpw5V8wEnCgpgMJY84JWilbk/z4QiJ1uqpX654VW8Od5X4OalAjka//NUbKJrGTCIVxJiu7yUYZEQjp4JNS73UsITQMRmyrqWSxMwE2fzkqXtmlYEbKW1LojtXf09kJDZmEoe2MyY4MsveTPzP66YYXQcZl0mKTNLFoigVLip39r874JpRFBNLCNXc3urSEdGEok2pZEPwl19eJa2Lql+r1u4vK/WbPI4inMApnIMPV1CHO2hAEygoeIZXeHPQeXHenY9Fa8HJZ47hD5zPH8UZkZQ=</latexit>

<latexit sha1_base64="mLhhZ5qz/2DyysP0ZHXK9OKFP/E=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISUpUl1JwY3LCvYBTQyT6aQdOjMJMxOhhuCvuHGhiFv/w51/47TNQlsPXDiccy/33hMmjCrtON/W0vLK6tp6aaO8ubW9s2vv7bdVnEpMWjhmseyGSBFGBWlpqhnpJpIgHjLSCUfXE7/zQKSisbjT44T4HA0EjShG2kiBfejhIb2vBVnmSQ4lSfIzJw/silN1poCLxC1IBRRoBvaX149xyonQmCGleq6TaD9DUlPMSF72UkUShEdoQHqGCsSJ8rPp9Tk8MUofRrE0JTScqr8nMsSVGvPQdHKkh2rem4j/eb1UR5d+RkWSaiLwbFGUMqhjOIkC9qkkWLOxIQhLam6FeIgkwtoEVjYhuPMvL5J2rerWq/Xb80rjqoijBI7AMTgFLrgADXADmqAFMHgEz+AVvFlP1ov1bn3MWpesYuYA/IH1+QPy9ZTn</latexit>

<latexit sha1_base64="Yk6QcNP9pbw3vAaASKcJtkOyqdg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj1JwYvHCm5baNeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48ammZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Gbmt5+o0kyKezNJaBDjoWARI9hYqdUjI/ZQ65crbtWdA60SLycVyNHsl796A0nSmApDONa667mJCTKsDCOcTku9VNMEkzEe0q6lAsdUB9n82ik6s8oARVLZEgbN1d8TGY61nsSh7YyxGellbyb+53VTE10FGRNJaqggi0VRypGRaPY6GjBFieETSzBRzN6KyAgrTIwNqGRD8JZfXiWtWtWrV+t3F5XGdR5HEU7gFM7Bg0towC00wQcCj/AMr/DmSOfFeXc+Fq0FJ585hj9wPn8AKbuO3Q==</latexit>

<latexit sha1_base64="pD+Qen1/aFZZy3adAbRhSeYdkW8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rEF+wFtKJvtpF272YTdjVhCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/Pbj6g0j+W9mSToR3QoecgZNVZqPPVLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrXankcBTiFM7gAD66hBndQhyYwQHiGV3hzHpwX5935WLSuOfnMCfyB8/kD6TGNBQ==</latexit>

NNPDF4.0 pch

χ
2
t0

5928.3 (1.282)

χ
2
exp 5543.7 (1.198)

<latexit sha1_base64="HMNT8paOZY9Tz78pJkINe9ByduQ=">AAAB9XicdVDLSgMxFM34rPVVdekmWIQKdsgMOnZ2BTcuK9gHtGPJpJk2NPMgyShl6H+4caGIW//FnX9jpq2gogcu93DOveTm+AlnUiH0YSwtr6yurRc2iptb2zu7pb39loxTQWiTxDwWHR9LyllEm4opTjuJoDj0OW3748vcb99RIVkc3ahJQr0QDyMWMIKVlm6rLjLPe6eVKjKRfdIvlXXXcByYE6uGLE1ct2bbLrRmFkJlsECjX3rvDWKShjRShGMpuxZKlJdhoRjhdFrspZImmIzxkHY1jXBIpZfNrp7CY60MYBALXZGCM/X7RoZDKSehrydDrEbyt5eLf3ndVAU1L2NRkioakflDQcqhimEeARwwQYniE00wEUzfCskIC0yUDqqoQ/j6KfyftGzTckzn+qxcry/iKIBDcAQqwAIXoA6uQAM0AQECPIAn8GzcG4/Gi/E6H10yFjsH4AeMt0+nC5AL</latexit>

<latexit sha1_base64="oOgt5WKOhumdGv66F9P2Dpm5LUg=">AAACB3icbVDLSsNAFJ3UV62vqktBBovgQkMi2upGCm5cVrAPaGKYTCbt0MkkzEzEErpz46+4caGIW3/BnX/jtM1CqwcuHM65l3vv8RNGpbKsL6MwN7+wuFRcLq2srq1vlDe3WjJOBSZNHLNYdHwkCaOcNBVVjHQSQVDkM9L2B5djv31HhKQxv1HDhLgR6nEaUoyUlrzy7r1HoUO5k51CBwexgrZ1mx3VRoeWee6MvHLFMq0J4F9i56QCcjS88qcTxDiNCFeYISm7tpUoN0NCUczIqOSkkiQID1CPdDXlKCLSzSZ/jOC+VgIYxkIXV3Ci/pzIUCTlMPJ1Z4RUX856Y/E/r5uq8MzNKE9SRTieLgpTBlUMx6HAgAqCFRtqgrCg+laI+0ggrHR0JR2CPfvyX9I6Nu2qWb0+qdQv8jiKYAfsgQNggxqogyvQAE2AwQN4Ai/g1Xg0no03433aWjDymW3wC8bHNwFLl3o=</latexit>

<latexit sha1_base64="sDDY+LHK/SU+ypW8y9z40jdNoRM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqeJCCrpwWcE+oIlhMp20QycPZm6EGoq/4saFIm79D3f+jdM2C209cOFwzr3ce4+fCK7Asr6NwtLyyupacb20sbm1vWPu7rVUnErKmjQWsez4RDHBI9YEDoJ1EslI6AvW9odXE7/9wKTicXQHo4S5IelHPOCUgJY888C5ZgIIduiA31e9DDxrfOGZZatiTYEXiZ2TMsrR8MwvpxfTNGQRUEGU6tpWAm5GJHAq2LjkpIolhA5Jn3U1jUjIlJtNrx/jY630cBBLXRHgqfp7IiOhUqPQ150hgYGa9ybif143heDczXiUpMAiOlsUpAJDjCdR4B6XjIIYaUKo5PpWTAdEEgo6sJIOwZ5/eZG0qhW7Vqndnpbrl3kcRXSIjtAJstEZqqMb1EBNRNEjekav6M14Ml6Md+Nj1low8pl99AfG5w9xWZSU</latexit>

<latexit sha1_base64="1fmpl+MBwnYmKv8eKa1STXCD+y0=">AAAB+XicdVDLSgMxFM34rPU16tJNsAgV7JApZexspODGZQX7gHYomTTThmYeJJlCGfonblwo4tY/ceffmGkrqOiByz2ccy+5OX7CmVQIfRhr6xubW9uFneLu3v7BoXl03JZxKghtkZjHoutjSTmLaEsxxWk3ERSHPqcdf3KT+50pFZLF0b2aJdQL8ShiASNYaWlgmhXbtS2nfwnLFWSh2sXALOmu4TgwJ3Yd2Zq4br1adaG9sBAqgRWaA/O9P4xJGtJIEY6l7NkoUV6GhWKE03mxn0qaYDLBI9rTNMIhlV62uHwOz7UyhEEsdEUKLtTvGxkOpZyFvp4MsRrL314u/uX1UhXUvYxFSapoRJYPBSmHKoZ5DHDIBCWKzzTBRDB9KyRjLDBROqyiDuHrp/B/0q5atmM5d7VS43oVRwGcgjNQBja4Ag1wC5qgBQiYggfwBJ6NzHg0XozX5eiasdo5AT9gvH0C7nqQow==</latexit>

<latexit sha1_base64="kz2YSpQAEUpEVeWQJWi16XxqFsg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1ZMUvHisYD+gDWWz3bRLN7thd6KU0J/hxYMiXv013vw3btsctPXBwOO9GWbmhYngBj3v2ymsrW9sbhW3Szu7e/sH5cOjllGppqxJlVC6ExLDBJesiRwF6ySakTgUrB2Ob2d++5Fpw5V8wEnCgpgMJY84JWilbk/z4QiJ1uqpX654VW8Od5X4OalAjka//NUbKJrGTCIVxJiu7yUYZEQjp4JNS73UsITQMRmyrqWSxMwE2fzkqXtmlYEbKW1LojtXf09kJDZmEoe2MyY4MsveTPzP66YYXQcZl0mKTNLFoigVLip39r874JpRFBNLCNXc3urSEdGEok2pZEPwl19eJa2Lql+r1u4vK/WbPI4inMApnIMPV1CHO2hAEygoeIZXeHPQeXHenY9Fa8HJZ47hD5zPH8UZkZQ=</latexit>

<latexit sha1_base64="mLhhZ5qz/2DyysP0ZHXK9OKFP/E=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISUpUl1JwY3LCvYBTQyT6aQdOjMJMxOhhuCvuHGhiFv/w51/47TNQlsPXDiccy/33hMmjCrtON/W0vLK6tp6aaO8ubW9s2vv7bdVnEpMWjhmseyGSBFGBWlpqhnpJpIgHjLSCUfXE7/zQKSisbjT44T4HA0EjShG2kiBfejhIb2vBVnmSQ4lSfIzJw/silN1poCLxC1IBRRoBvaX149xyonQmCGleq6TaD9DUlPMSF72UkUShEdoQHqGCsSJ8rPp9Tk8MUofRrE0JTScqr8nMsSVGvPQdHKkh2rem4j/eb1UR5d+RkWSaiLwbFGUMqhjOIkC9qkkWLOxIQhLam6FeIgkwtoEVjYhuPMvL5J2rerWq/Xb80rjqoijBI7AMTgFLrgADXADmqAFMHgEz+AVvFlP1ov1bn3MWpesYuYA/IH1+QPy9ZTn</latexit>

<latexit sha1_base64="Yk6QcNP9pbw3vAaASKcJtkOyqdg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj1JwYvHCm5baNeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48ammZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Gbmt5+o0kyKezNJaBDjoWARI9hYqdUjI/ZQ65crbtWdA60SLycVyNHsl796A0nSmApDONa667mJCTKsDCOcTku9VNMEkzEe0q6lAsdUB9n82ik6s8oARVLZEgbN1d8TGY61nsSh7YyxGellbyb+53VTE10FGRNJaqggi0VRypGRaPY6GjBFieETSzBRzN6KyAgrTIwNqGRD8JZfXiWtWtWrV+t3F5XGdR5HEU7gFM7Bg0towC00wQcCj/AMr/DmSOfFeXc+Fq0FJ585hj9wPn8AKbuO3Q==</latexit>

<latexit sha1_base64="pD+Qen1/aFZZy3adAbRhSeYdkW8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rEF+wFtKJvtpF272YTdjVhCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/Pbj6g0j+W9mSToR3QoecgZNVZqPPVLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrXankcBTiFM7gAD66hBndQhyYwQHiGV3hzHpwX5935WLSuOfnMCfyB8/kD6TGNBQ==</latexit>

<latexit sha1_base64="HMNT8paOZY9Tz78pJkINe9ByduQ=">AAAB9XicdVDLSgMxFM34rPVVdekmWIQKdsgMOnZ2BTcuK9gHtGPJpJk2NPMgyShl6H+4caGIW//FnX9jpq2gogcu93DOveTm+AlnUiH0YSwtr6yurRc2iptb2zu7pb39loxTQWiTxDwWHR9LyllEm4opTjuJoDj0OW3748vcb99RIVkc3ahJQr0QDyMWMIKVlm6rLjLPe6eVKjKRfdIvlXXXcByYE6uGLE1ct2bbLrRmFkJlsECjX3rvDWKShjRShGMpuxZKlJdhoRjhdFrspZImmIzxkHY1jXBIpZfNrp7CY60MYBALXZGCM/X7RoZDKSehrydDrEbyt5eLf3ndVAU1L2NRkioakflDQcqhimEeARwwQYniE00wEUzfCskIC0yUDqqoQ/j6KfyftGzTckzn+qxcry/iKIBDcAQqwAIXoA6uQAM0AQECPIAn8GzcG4/Gi/E6H10yFjsH4AeMt0+nC5AL</latexit>

−90.5 (−0.02)

<latexit sha1_base64="oOgt5WKOhumdGv66F9P2Dpm5LUg=">AAACB3icbVDLSsNAFJ3UV62vqktBBovgQkMi2upGCm5cVrAPaGKYTCbt0MkkzEzEErpz46+4caGIW3/BnX/jtM1CqwcuHM65l3vv8RNGpbKsL6MwN7+wuFRcLq2srq1vlDe3WjJOBSZNHLNYdHwkCaOcNBVVjHQSQVDkM9L2B5djv31HhKQxv1HDhLgR6nEaUoyUlrzy7r1HoUO5k51CBwexgrZ1mx3VRoeWee6MvHLFMq0J4F9i56QCcjS88qcTxDiNCFeYISm7tpUoN0NCUczIqOSkkiQID1CPdDXlKCLSzSZ/jOC+VgIYxkIXV3Ci/pzIUCTlMPJ1Z4RUX856Y/E/r5uq8MzNKE9SRTieLgpTBlUMx6HAgAqCFRtqgrCg+laI+0ggrHR0JR2CPfvyX9I6Nu2qWb0+qdQv8jiKYAfsgQNggxqogyvQAE2AwQN4Ai/g1Xg0no03433aWjDymW3wC8bHNwFLl3o=</latexit>

<latexit sha1_base64="sDDY+LHK/SU+ypW8y9z40jdNoRM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqeJCCrpwWcE+oIlhMp20QycPZm6EGoq/4saFIm79D3f+jdM2C209cOFwzr3ce4+fCK7Asr6NwtLyyupacb20sbm1vWPu7rVUnErKmjQWsez4RDHBI9YEDoJ1EslI6AvW9odXE7/9wKTicXQHo4S5IelHPOCUgJY888C5ZgIIduiA31e9DDxrfOGZZatiTYEXiZ2TMsrR8MwvpxfTNGQRUEGU6tpWAm5GJHAq2LjkpIolhA5Jn3U1jUjIlJtNrx/jY630cBBLXRHgqfp7IiOhUqPQ150hgYGa9ybif143heDczXiUpMAiOlsUpAJDjCdR4B6XjIIYaUKo5PpWTAdEEgo6sJIOwZ5/eZG0qhW7Vqndnpbrl3kcRXSIjtAJstEZqqMb1EBNRNEjekav6M14Ml6Md+Nj1low8pl99AfG5w9xWZSU</latexit>

<latexit sha1_base64="1fmpl+MBwnYmKv8eKa1STXCD+y0=">AAAB+XicdVDLSgMxFM34rPU16tJNsAgV7JApZexspODGZQX7gHYomTTThmYeJJlCGfonblwo4tY/ceffmGkrqOiByz2ccy+5OX7CmVQIfRhr6xubW9uFneLu3v7BoXl03JZxKghtkZjHoutjSTmLaEsxxWk3ERSHPqcdf3KT+50pFZLF0b2aJdQL8ShiASNYaWlgmhXbtS2nfwnLFWSh2sXALOmu4TgwJ3Yd2Zq4br1adaG9sBAqgRWaA/O9P4xJGtJIEY6l7NkoUV6GhWKE03mxn0qaYDLBI9rTNMIhlV62uHwOz7UyhEEsdEUKLtTvGxkOpZyFvp4MsRrL314u/uX1UhXUvYxFSapoRJYPBSmHKoZ5DHDIBCWKzzTBRDB9KyRjLDBROqyiDuHrp/B/0q5atmM5d7VS43oVRwGcgjNQBja4Ag1wC5qgBQiYggfwBJ6NzHg0XozX5eiasdo5AT9gvH0C7nqQow==</latexit>

<latexit sha1_base64="kz2YSpQAEUpEVeWQJWi16XxqFsg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1ZMUvHisYD+gDWWz3bRLN7thd6KU0J/hxYMiXv013vw3btsctPXBwOO9GWbmhYngBj3v2ymsrW9sbhW3Szu7e/sH5cOjllGppqxJlVC6ExLDBJesiRwF6ySakTgUrB2Ob2d++5Fpw5V8wEnCgpgMJY84JWilbk/z4QiJ1uqpX654VW8Od5X4OalAjka//NUbKJrGTCIVxJiu7yUYZEQjp4JNS73UsITQMRmyrqWSxMwE2fzkqXtmlYEbKW1LojtXf09kJDZmEoe2MyY4MsveTPzP66YYXQcZl0mKTNLFoigVLip39r874JpRFBNLCNXc3urSEdGEok2pZEPwl19eJa2Lql+r1u4vK/WbPI4inMApnIMPV1CHO2hAEygoeIZXeHPQeXHenY9Fa8HJZ47hD5zPH8UZkZQ=</latexit>

<latexit sha1_base64="mLhhZ5qz/2DyysP0ZHXK9OKFP/E=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISUpUl1JwY3LCvYBTQyT6aQdOjMJMxOhhuCvuHGhiFv/w51/47TNQlsPXDiccy/33hMmjCrtON/W0vLK6tp6aaO8ubW9s2vv7bdVnEpMWjhmseyGSBFGBWlpqhnpJpIgHjLSCUfXE7/zQKSisbjT44T4HA0EjShG2kiBfejhIb2vBVnmSQ4lSfIzJw/silN1poCLxC1IBRRoBvaX149xyonQmCGleq6TaD9DUlPMSF72UkUShEdoQHqGCsSJ8rPp9Tk8MUofRrE0JTScqr8nMsSVGvPQdHKkh2rem4j/eb1UR5d+RkWSaiLwbFGUMqhjOIkC9qkkWLOxIQhLam6FeIgkwtoEVjYhuPMvL5J2rerWq/Xb80rjqoijBI7AMTgFLrgADXADmqAFMHgEz+AVvFlP1ov1bn3MWpesYuYA/IH1+QPy9ZTn</latexit>

<latexit sha1_base64="Yk6QcNP9pbw3vAaASKcJtkOyqdg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj1JwYvHCm5baNeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48ammZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Gbmt5+o0kyKezNJaBDjoWARI9hYqdUjI/ZQ65crbtWdA60SLycVyNHsl796A0nSmApDONa667mJCTKsDCOcTku9VNMEkzEe0q6lAsdUB9n82ik6s8oARVLZEgbN1d8TGY61nsSh7YyxGellbyb+53VTE10FGRNJaqggi0VRypGRaPY6GjBFieETSzBRzN6KyAgrTIwNqGRD8JZfXiWtWtWrV+t3F5XGdR5HEU7gFM7Bg0towC00wQcCj/AMr/DmSOfFeXc+Fq0FJ585hj9wPn8AKbuO3Q==</latexit>

<latexit sha1_base64="pD+Qen1/aFZZy3adAbRhSeYdkW8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rEF+wFtKJvtpF272YTdjVhCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/Pbj6g0j+W9mSToR3QoecgZNVZqPPVLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrXankcBTiFM7gAD66hBndQhyYwQHiGV3hzHpwX5935WLSuOfnMCfyB8/kD6TGNBQ==</latexit>

MSHT fit (w positivity)

5837.8 (1.262)

5470.7 (1.18)
<latexit sha1_base64="HMNT8paOZY9Tz78pJkINe9ByduQ=">AAAB9XicdVDLSgMxFM34rPVVdekmWIQKdsgMOnZ2BTcuK9gHtGPJpJk2NPMgyShl6H+4caGIW//FnX9jpq2gogcu93DOveTm+AlnUiH0YSwtr6yurRc2iptb2zu7pb39loxTQWiTxDwWHR9LyllEm4opTjuJoDj0OW3748vcb99RIVkc3ahJQr0QDyMWMIKVlm6rLjLPe6eVKjKRfdIvlXXXcByYE6uGLE1ct2bbLrRmFkJlsECjX3rvDWKShjRShGMpuxZKlJdhoRjhdFrspZImmIzxkHY1jXBIpZfNrp7CY60MYBALXZGCM/X7RoZDKSehrydDrEbyt5eLf3ndVAU1L2NRkioakflDQcqhimEeARwwQYniE00wEUzfCskIC0yUDqqoQ/j6KfyftGzTckzn+qxcry/iKIBDcAQqwAIXoA6uQAM0AQECPIAn8GzcG4/Gi/E6H10yFjsH4AeMt0+nC5AL</latexit>

• True that we find somewhat better fit quality, but improvement is spread across range of e.g. LHC DY 

datasets that independently constrain similar PDFs.
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Global Fluctuated Closure Test

• Exactly the same closure test settings, but fluctuate pseudodata according to experimental uncertainties. Fit 

quality                                     expected (and found).

• Test faithfulness of MSHT parameterisation by producing MC replica set - perform 100 replica fits.

<latexit sha1_base64="Z/PTF3xCYHw7m6kRcOMnCRNEqg4="></latexit>

χ
2
∼ Ndat ±

p

2Ndat

10
−5

10
−4

10
−3

10
−2

10
−1

x

0.96

0.98

1.00

1.02

1.04

xg,PDF ratio, Q2 = 104 GeV
2

MSHT (T 2
= 1)

MSHT replica

Input

10
−5

10
−4

10
−3

10
−2

10
−1

x

0.90

0.95

1.00

1.05

1.10

xū,PDF ratio, Q2 = 104 GeV
2

MSHT (T 2
= 1)

MSHT replica

Input

• Encouraging agreement between MC replica and Hessian uncertainties. In particular can use these result 

to show that for each replica fit, the truth lies within its       uncertainty with 68% frequency - i.e. 

uncertainties are faithful in fluctuated fit.
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<latexit sha1_base64="2k0JMSUBq3KP38AWz+kRTG0nv9w=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idTJIhM7PLTK8QlnyEFw+KePV7vPk3TpI9aLSgoajqprsrSqSw6PtfXmFtfWNzq7hd2tnd2z8oHx61bJwaxpsslrHpRNRyKTRvokDJO4nhVEWSt6PJ7dxvP3JjRawfcJrwUNGRFkPBKDqpHfSsGCnaL1f8qr8A+UuCnFQgR6Nf/uwNYpYqrpFJam038BMMM2pQMMlnpV5qeULZhI5411FNFbdhtjh3Rs6cMiDD2LjSSBbqz4mMKmunKnKdiuLYrnpz8T+vm+LwOsyETlLkmi0XDVNJMCbz38lAGM5QTh2hzAh3K2FjaihDl1DJhRCsvvyXtC6qQa1au7+s1G/yOIpwAqdwDgFcQR3uoAFNYDCBJ3iBVy/xnr03733ZWvDymWP4Be/jGxBYj2k=</latexit>

1σ



Uncertainty Evaluation

• In textbook case, would simply take                   from minimum, 

to give (roughly):

whilst splitting functions, DIS coeffi

New

aN3LO

<latexit sha1_base64="N4ih39suhg37BA81jYxx7RNX0gI=">AAAB9XicdVDLSsNAFJ34rPVVdelmsAiuyiRIbBdCoS5cVrAPaNIymU7aoZNJmJkoJfQ/3LhQxK3/4s6/cdJWUNEDFw7n3Mu99wQJZ0oj9GGtrK6tb2wWtorbO7t7+6WDw7aKU0loi8Q8lt0AK8qZoC3NNKfdRFIcBZx2gkkj9zt3VCoWi1s9Tagf4ZFgISNYG6nvXVGusUfGrO9c2oNSGVWQgevCnNhVZBtSq1UdpwbtuYVQGSzRHJTevWFM0ogKTThWqmejRPsZlpoRTmdFL1U0wWSCR7RnqMARVX42v3oGT40yhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ6rfsZEkmoqyGJRmHKoY5hHAIdMUqL51BBMJDO3QjLGEhNtgiqaEL4+hf+TtlOx3Yp7c16uN5ZxFMAxOAFnwAYXoA6uQRO0AAESPIAn8GzdW4/Wi/W6aF2xljNH4Aest0/fSJIj</latexit>

∆χ
2
= 1

<latexit sha1_base64="eGiy+Sx92Qk2m/XDUIce/cnghNk=">AAACA3icdZDLSgMxFIYz9VbrbdSdboJFcDVkik7bhVDoxmVF2wqdYcikmTY0cyHJCKUU3Pgqblwo4taXcOfbmE4rqOiBwM/3n8PJ+YOUM6kQ+jAKS8srq2vF9dLG5tb2jrm715FJJghtk4Qn4ibAknIW07ZiitObVFAcBZx2g1Fz5ndvqZAsia/VOKVehAcxCxnBSiPfPHAxT4fYvzpHlm1XEXTTCCILIXTmm+VcIMfJiV1Dthb1eq1SqUM7txAqg0W1fPPd7Scki2isCMdS9myUKm+ChWKE02nJzSRNMRnhAe1pGeOISm+S3zCFx5r0YZgI/WIFc/p9YoIjKcdRoDsjrIbytzeDf3m9TIU1b8LiNFM0JvNFYcahSuAsENhnghLFx1pgIpj+KyRDLDBROraSDuHrUvi/6FQs27Gcy9Nyo7mIowgOwRE4ATaogga4AC3QBgTcgQfwBJ6Ne+PReDFe560FYzGzD36U8fYJwMiVDA==</latexit>

αS = 0.1170± 0.0005

• However from discussion before, expect to be too aggressive. 

Enlarged tolerance needed.

• In MSHT apply `dynamic tolerance’ criterion. Briefly:

'Evaluate individual       profile for each dataset 

'Deviation with        increasing/decreasing monitored and limited such that this does not exceed ‘hypothesis 

testing’ criterion                       i.e. remains good according to this measure.

' In toy model can show given two datasets in tension that PDF uncertainty      difference (unlike             ).

'Will result in one dataset setting most stringent upper/lower limits, but find many others with similar 

limits, i.e. uncertainty not driven by a single (potentially problematic) dataset.

'Broadly corresponds to             .

<latexit sha1_base64="dJ+ouem4caYrkLec8aN55lcM+Xk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WevFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ylsbG5t7xR3S3v7B4dH5eOTjpaJIrRNJJeqF2BNORO0bZjhtBcriqOA024wbWZ+94kqzaS4N7OY+hEeCxYygo2VOgMyYQ+1YbniVt0F0DrxclKBHK1h+WswkiSJqDCEY637nhsbP8XKMMLpvDRINI0xmeIx7VsqcES1ny6unaMLq4xQKJUtYdBC/T2R4kjrWRTYzgibiV71MvE/r5+Y8MZPmYgTQwVZLgoTjoxE2etoxBQlhs8swUQxeysiE6wwMTagkg3BW315nXRqVa9erd9dVRrNPI4inME5XIIH19CAW2hBGwg8wjO8wpsjnRfn3flYthacfOYU/sD5/AErPI7i</latexit>

χ
2

<latexit sha1_base64="R/ZfemcDAJgdMp8g52MbDievPmA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqsdCLx4r2lpoQ5lsN+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwbsz8hyemNI/lvZkkzI9wKHnIKRordXookhH27/rlilt15yCrxMtJBXI0++Wv3iCmacSkoQK17npuYvwMleFUsGmpl2qWIB3jkHUtlRgx7Wfze6fkzCoDEsbKljRkrv6eyDDSehIFtjNCM9LL3kz8z+umJrz2My6T1DBJF4vCVBATk9nzZMAVo0ZMLEGquL2V0BEqpMZGVLIheMsvr5L2RdWrVWu3l5V6I4+jCCdwCufgwRXU4Qaa0AIKAp7hFd6cR+fFeXc+Fq0FJ585hj9wPn8A7DiP6g==</latexit>

αS

*For experts: in reality, limit is rescaled by best fit value:

*

<latexit sha1_base64="/xNt88a7f8SMQwAMPU82JLmv6ow="></latexit>

∆χ2 . χ2

n,0

7

ξ68

ξ50
− 1

ç

<latexit sha1_base64="fbQlLuKz1JEL9LHX1jTPX8Mpp4E=">AAACB3icdVDLSgNBEJz1GeMr6lGQwSB4CruLxOQm6MGTRDBRyK5hdtJrBmcfzvQKYcnNi7/ixYMiXv0Fb/6Nk4egogUNRVU33V1BKoVG2/6wpqZnZufmCwvFxaXlldXS2npLJ5ni0OSJTNRFwDRIEUMTBUq4SBWwKJBwHlwfDv3zW1BaJPEZ9lPwI3YVi1BwhkbqlLa8I5DIPN4Tl64nQWstIurpG4W5ezLolMp2xTaoVumQODXbMaRer7lunTojy7bLZIJGp/TudROeRRAjl0zrtmOn6OdMoeASBkUv05Ayfs2uoG1ozCLQfj76Y0B3jNKlYaJMxUhH6veJnEVa96PAdEYMe/q3NxT/8toZhjU/F3GaIcR8vCjMJMWEDkOhXaGAo+wbwrgS5lbKe0wxjia6ognh61P6P2m5FadaqZ7ulQ8OJ3EUyCbZJrvEIfvkgByTBmkSTu7IA3kiz9a99Wi9WK/j1ilrMrNBfsB6+wRKTJmg</latexit>

∆χ
2 .

√

2N

<latexit sha1_base64="2aE2Cbd/gh/Uk+3UVUCSfL1GwdE=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgKcxGWZNbIBePEfKCZAmzk9lkyMzuMjMrhCUf4cWDIl79Hm/+jZOHoKIFDUVVN91dQSK4Nhh/OLmNza3tnfxuYW//4PCoeHzS0XGqKGvTWMSqFxDNBI9Y23AjWC9RjMhAsG4wbSz87j1TmsdRy8wS5ksyjnjIKTFW6rYGmkt0NSyWcBlbeB5aELeKXUtqtWqlUkPu0sK4BGs0h8X3wSimqWSRoYJo3XdxYvyMKMOpYPPCINUsIXRKxqxvaUQk0362PHeOLqwyQmGsbEUGLdXvExmRWs9kYDslMRP921uIf3n91IRVP+NRkhoW0dWiMBXIxGjxOxpxxagRM0sIVdzeiuiEKEKNTahgQ/j6FP1POpWy65W9u+tSvbGOIw9ncA6X4MIN1OEWmtAGClN4gCd4dhLn0XlxXletOWc9cwo/4Lx9Auwkj1U=</latexit>

T ∼ 3
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New Developments : New Physics + PDFs

LSMEFT = LSM +
X

i

CiO
(6)
i

Λ2
+ . . . ,

• Key element of LHC precision physics: looking for indirect signs of 

new physics in high energy data. Parameterise in SMEFT:

'CT study - joint fit to SMEFT + PDF parameters. 

' NNPDF (PBSP) study: similar conclusion for current data, but what about the HL-LHC?

' HL-LHC pseudodata study: could new physics be absorbed in PDF fit, and if so what to do?

`Physics Beyond the Standard Proton’

'For current LHC data PDF - SMEFT 

correlation small (safely fit SMEFT with 

fixed PDFs).

James Moore, PDF4LHC23

J. Gao et al., arXiv:2211.020194

E. Hammou et al., arXiv:2307.10370

Aside: both of these studies rely on 

use of Neural Networks!
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• When constraining BSM with SMEFT fits, in principle need to account for interplay with PDF fit.

The talk in a nutshell…

‘Reality’ Result of fit

• Predictions are formed from CONTAMINATED 

PDFs, and NO New Physics parameters:

• Predictions are formed from TRUE PDFs, and 

TRUE New Physics parameters:

Ã = �ÃSM+NP · ftrue Ã = �ÃSM · fcont

See also A. Anataichuk et al., arXiv:2310.19638



New Developments : New Physics + PDFs

LSMEFT = LSM +
X

i

CiO
(6)
i

Λ2
+ . . . ,

Why the tension? - Look at the PDFs!

'HL-LHC pseudodata study: could new physics might be absorbed 

in PDF fit?

• For certain models it can. New physics 

in high mass DY absorbed into PDFs, 

with still reasonable fit quality.

New Physics

Reasonable     
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χ
2• Solutions?

' Limit PDF fits to lower mass? Too Naive: if high mass deviation seen, first place would look is PDFs. Suitable 

choice of observables, e.g. cross section ratios better.

'LHC(b) forward data: yes, unclear for high    antiquarks       Low energy future data (EIC), lattice?

'More broadly highlights benefit of global fit: different data constraints can limit above effect. Of course relies on 

a good understanding of PDF absent BSM…
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⇒

E. Hammou et al., arXiv:2307.10370

https://hep-pbsp.github.io/SIMUnet

Public `SIMUnet’ tool for this:

PBSB collab., arXiv:2402.03308
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N3LO - What do we know?

' Splitting functions: a wealth of information. Moments & various limits, 

with much recent further progress.

Splitting Functions

Singlet (Pqq, Pgg, Pgq, Pqg)
– large-nf limit [NPB915 (2017) 335; arXiv:2308.07958]

– small-x limit [JHEP 06 (2018) 145]

– large-x limit [NPB832 (2010) 152; JHEP 04 (2020) 018; JHEP 09 (2022) 155]

– 5 (10) lowest Mellin moments [PLB 825 (2022) 136853; ibid. 842 (2023) 137944; ibid. 846 (2023) 13

Non-singlet (PNS,v, PNS,+, PNS,−)
– large-nf limit [NPB915 (2017) 335; arXiv:2308.07958]

– small-x limit [JHEP 08 (2022) 135]

– large-x limit [JHEP 10 (2017) 041]

– 8 lowest Mellin moments [JHEP 06 (2018) 073]

• Approximate      poorly known!
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6=
Emanuele Nocera, Forward Physics and QCD at the 

LHC and EIC, Bad Honnef 23(x Q )

P(x , αs) = αSP
(0)(x) + α

2
SP

(1)(x) + α
3
SP

(2)(x) + α
4
SP

(3)(x) + ...

'DIS: massless coefficient functions known (+ massive high       ). Massive low      approx. known.

structure functions.

F2(x ,Q2) =
ÿ

α∈H,q,g;β∈q,H

(CVF,nf+1
β,α ⊗ Aαi(Q

2/m2
h) ⊗ f nf

i (Q2))
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Q2
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Q2

'Heavy Flavour: again wealth of information. Moments & various limits, with much recent progress.

f nf+1
α (x ,Q2) = [Aαi(Q

2/m2
h) ⊗ f nf

i (Q2)](x)

σ = σ0 + σ1 + σ2 + σ3 + ... ≡ σN3LO + ...

nown, only a few remaining missing pieces.'Hadronic Cross Sections: while much progress made, thus far not useable in PDF fits.

• First three ingredients now largely known with sufficient precision to give close to a N3LO fit. 

Final ingredient clearly the bottleneck for that - approximation + uncertainty required.
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MSHTaN3LO

• First global aN3LO analysis - MSHT20aN3LO. Released ~ 2 years ago.

• Main bottleneck to ‘real’ N3LO is hadronic cross sections. Include via nuisance parameters:

• Clear improvement in fit quality, ~ driven by known N3LO. LO NLO NNLO N3LO

χ
2

Npts
2.57 1.33 1.17 1.14
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• Largest change is in 

gluon at low and 

intermediate    . Some 

change in e.g. quarks 

at high    .
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• More recent NNPDF4.0aN3LO analysis sees qualitatively similar results, some quantitative differences.
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• Change in gluon 

corresponds to 

reduction in e.g. 

ggH at N3LO - 

improves 

stability.

• Some increase in NC DY - again mild 

improvement in stability.

on in gluon fusion - shift down due

in cross-section at N3LO compensated b

√

s = 13 TeV

Re

mZ

ll change in using aN3LO PDFs relative t

• Have studied impact of 

newer splitting function 

information. Moderate 

impact, within uncertainties. 

ght ∼ 1.5% increase in gluon
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Impact of New Data

• Impact of newer (13 TeV) data being assessed, and older (7-8 TeV) data within new theory approaches:

'New study of impact of jet vs. dijet production at up to aN3LO order (more later).

'Preference for dijet data, and for aN3LO. PDF impact depends on order (NNLO vs aN3LO).

MSHT, arXiv:2312.125050.9
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Total Jets 643 1.67 1.63

Total Dijets 266 1.13 1.04
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' 13 TeV      : study within CT global PDF fit.

'  Impact moderate but non-negligible.

'  Complementarity with LHC jet data 

highlighted.
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αS

MSHT, arXiv:2404.02964

αS(M
2

Z)(NNLO) = 0.1171± 0.0014

αS(M
2

Z)(aN
3LO) = 0.1170± 0.0016

'Nice convergence from NNLO to aN3LO. 

Fully consistent with PDG.

'Errors slightly larger (more accurate) due to 

MHO uncertainty.

' New data - and theory - ‘valence’ charm in 

proton. Evidence for non perturbatively 

generate charm and charm difference - 

`instrinsic’ charm.

' Evidence from global fit quality, but 

particular LHC (+ EIC) data sets can have 

further impact. 
R. Ball et al., arXiv:2311.00743
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CMS, arXiv: 2306.03918

ATLASpdf21, T=1
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'Not just global fitters - experimental 

collaborations also busily assessing impact of 

their data on PDFs.

'Though some caution often needed: impact not 

the same as in global fit.
ATLASpdf21

ATLAS, arXiv:2306.03918

'Not just LHC data. Seaquest example of non-

LHC dataset with important impact (high     

flavour decomposition).

'Though some tension with other (NuSea) data!
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LHC data - Some Examples

0.9

1

1.1

R
a
ti
o
 t
o
 p

o
s
t-

fi
t 
th

e
o
ry

|y| < 0.4

ATLAS, arXiv:2309.12986

• ATLAS first extraction of strong 

coupling from Sudakov peak of          

distribution, at up to aN3LO.
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• Also displays PDF sensitivity to e.g. 

gluon at intermediate     .
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Z p⊥

CMS, arXiv:2312.16669

• Extensive range of jet measurements: triple differential dijet production 

particularly promising. More differential = more constraining!
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Figure 8: Differential dijet cross sections, illustrated

• Sensitivity to e.g. 

gluon at high    .
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• Extensive range of multi-differential Drell Yan measurements.

• ATLAS high precision DY data even 

from Run I had significant impact on 

PDF fits, notably strangeness.

ATLAS, Eur. Phys. J C77 (2017) 367
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Rs =
s+ s

u+ d
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• Many more measurements since then….

• Recent example - polarised W boson 

production.

• Improved sensitivity to valence quarks 

and strangeness.

Measurements of the W boson rapidity, helicity,
double-differential cross sections, and charge asymmetry in

pp collisions at
√

s = 13 TeV

The CMS Collaboration*

CMS, Phys.Rev.D 102 (2020) 9, 092012
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• Many other new observables/data from other experiments also available for future fits:

'New observables:         corrected to 

full phase space. Angular coefficients 

- limit extrapolation uncertainty.
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'New data: Not just the LHC. 

Recent D0 measurement of 

dilepton AFB. Sensitivity to 

high     flavour structure. 

'New ratios: low lumi runs. 

Ratios at different energies 

increase PDF sensitivity.
PDF set Total j2 / d.o.f. j2 p-value Pull on luminosity

MSHT20aN3LO [58] 13/8 0.11 1.2 ± 0.6

CT18A [59] 12/8 0.17 0.9 ± 0.7

MSHT20 [60] 10/8 0.26 0.9 ± 0.6

NNPDF4.0 [61] 30/8 0.0002 0.0 ± 0.2

ABMP16 [62, 63] 30/8 0.0002 1.8 ± 0.4

HERAPDF2.0 [64] 22/8 0.005 −1.3 ± 0.8

ATLASpdf21 [65] 20/8 0.01 −1.1 ± 0.8

ATLAS, arXiv:2309.09318

• And much more not 

shown here.

CMS PAS SM-20-004
58
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' Inject tension into closure test - break 

(pseudo)dataset up into two.
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χ
2/Npt ∼ 1.036
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χ
2/Npt ∼ 0.995

Two inputs (tension)

• Fit including tension lies ~ in the middle where tension appears. The             error clearly too small - 
<latexit sha1_base64="f7POnWcIRqgrTEkrVJ/U2xFafPI=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU8kWWduDUPDisWK/oF1KNk3b0Gx2SbJCWfoTvHhQxKu/yJv/xmxbQUUfDDzem2FmXhALrg3GH05ubX1jcyu/XdjZ3ds/KB4etXWUKMpaNBKR6gZEM8ElaxluBOvGipEwEKwTTK8zv3PPlOaRbJpZzPyQjCUfcUqMle6aV+6gWMJlbOF5KCNuFbuW1GrVSqWG3IWFcQlWaAyK7/1hRJOQSUMF0brn4tj4KVGGU8HmhX6iWUzolIxZz1JJQqb9dHHqHJ1ZZYhGkbIlDVqo3ydSEmo9CwPbGRIz0b+9TPzL6yVmVPVTLuPEMEmXi0aJQCZC2d9oyBWjRswsIVRxeyuiE6IINTadgg3h61P0P2lXyq5X9m4vSvX6Ko48nMApnIMLl1CHG2hACyiM4QGe4NkRzqPz4rwuW3POauYYfsB5+wT7XI2g</latexit>

<latexit sha1_base64="f7POnWcIRqgrTEkrVJ/U2xFafPI=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU8kWWduDUPDisWK/oF1KNk3b0Gx2SbJCWfoTvHhQxKu/yJv/xmxbQUUfDDzem2FmXhALrg3GH05ubX1jcyu/XdjZ3ds/KB4etXWUKMpaNBKR6gZEM8ElaxluBOvGipEwEKwTTK8zv3PPlOaRbJpZzPyQjCUfcUqMle6aV+6gWMJlbOF5KCNuFbuW1GrVSqWG3IWFcQlWaAyK7/1hRJOQSUMF0brn4tj4KVGGU8HmhX6iWUzolIxZz1JJQqb9dHHqHJ1ZZYhGkbIlDVqo3ydSEmo9CwPbGRIz0b+9TPzL6yVmVPVTLuPEMEmXi0aJQCZC2d9oyBWjRswsIVRxeyuiE6IINTadgg3h61P0P2lXyq5X9m4vSvX6Ko48nMApnIMLl1CHG2hACyiM4QGe4NkRzqPz4rwuW3POauYYfsB5+wT7XI2g</latexit>
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global (HERAPDF2.0/NNPDF4.0 pch input, T 2
= 1)

global (NNPDF4.0 pch input, T 2
= 1)

• Key point:                    uncertainty in global 

fit ~ same between consistent and 

inconsistent fits.

<latexit sha1_base64="n5qjuAi+T+gB3DSgd9tHyxJK2iI=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgqkyCxHYhFHXhsoJ9QBPLZDpph04ezEyUEvspblwo4tYvceffOGkrqOiBC4dz7uXee/yEM6kQ+jAKS8srq2vF9dLG5tb2jlnebcs4FYS2SMxj0fWxpJxFtKWY4rSbCIpDn9OOPz7P/c4tFZLF0bWaJNQL8TBiASNYaalvlt0LyhWGLhmxGxueQqtvVlAVaTgOzIlVQ5Ym9XrNtuvQmlkIVcACzb757g5ikoY0UoRjKXsWSpSXYaEY4XRaclNJE0zGeEh7mkY4pNLLZqdP4aFWBjCIha5IwZn6fSLDoZST0NedIVYj+dvLxb+8XqqCmpexKEkVjch8UZByqGKY5wAHTFCi+EQTTATTt0IywgITpdMq6RC+PoX/k7ZdtZyqc3VcaZwt4iiCfXAAjoAFTkADXIImaAEC7sADeALPxr3xaLwYr/PWgrGY2QM/YLx9AmSbktE=</latexit>

∆χ
2
= 1

• PDF uncertainties driven by the quoted experimental 

(theoretical) uncertainties whether underlying fit is self

—consistent or not.
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LHC data

• A wealth of data from the LHC, 

playing a significant role in PDF fits.

Maria Ubiali, ep/ea synergy  workshop, CERN Feb 24A WEALTH OF DATA FROM THE LHC

NNPDF4.0: 

About 30% of 

input data are 

LHC data!

'High energy data - 

probing the high    region. 

Jets, top quarks, vector 

boson     …

'High precision data - 

Drell Yan and flavour 

structure

<latexit sha1_base64="bD12Cp8HdY6HQYD9IXMGGWb4130=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8kXDxCIo8ENmR2aGBkdnYzM2skG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT2txvP6LSPJL3ZhqjH9KR5EPOqLFS46lfLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzO89VMu48SgZMtFw0QQE5H512TAFTIjppZQpri9lbAxVZQZm03BhuCtvrxOWldlr1KuNK5L1VoWRx7O4BwuwYMbqMId1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOoYjQg=</latexit>

x

1612.0301660

• Two key categories:

<latexit sha1_base64="LEEJPAhXOsWz5xX6Z8WJV2S3loQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5id9CZDZmeHmVkhhHyEFw+KePV7vPk3TpI9aLSgoajqprsrUoIb6/tfXmFtfWNzq7hd2tnd2z8oHx61TJpphk2WilR3ImpQcIlNy63AjtJIk0hgOxrfzv32I2rDU/lgJwrDhA4ljzmj1klt1e8p1KpfrvhVfwHylwQ5qUCORr/82RukLEtQWiaoMd3AVzacUm05Ezgr9TKDirIxHWLXUUkTNOF0ce6MnDllQOJUu5KWLNSfE1OaGDNJIteZUDsyq95c/M/rZja+DqdcqsyiZMtFcSaITcn8dzLgGpkVE0co09zdStiIasqsS6jkQghWX/5LWhfVoFat3V9W6jd5HEU4gVM4hwCuoA530IAmMBjDE7zAq6e8Z+/Ne1+2Frx85hh+wfv4Bnirj60=</latexit>
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