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QCD Factorization Theorem and PDFs
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0 is the hard cross section; computed order-by-order in a,(ug)
fa(x, ug) is the distribution for parton a with momentum fraction x, at scale ur

Unpolarized collinear parton distribution functions (PDFs)

fa/h (x, Q) fa/n(x, Q) are associated with probabilities for finding a parton a with
the “+” momentum xp™ in a hadron h with the “+” momentum p* for
pT — oo, at a resolution scale Q > 1 GeV .

The (unpolarized) collinear PDFs describe long-distance dynamics of (single parton
scattering) in high-energy collisions.
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Lepton-hadron Sc.

Master Equation for QCD Parton Model
— the Factorization Theorem
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1 Input
Experimental 7
Input Hard Cross-section

perturbative, calculable
(may contain o'"'Log"(M/Q))
universal Parton Dist. Fn.
Non-Perturbative Parametrization at Qo
DGLAP Evolution to Q

Extracted by global analysis
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Global analysis of PDFs

+ PDFs are usually extracted from global analysis on variety of data, e.g., DIS, Drell-Yan, jets and top quark
productions at fixed-target and collider experiments, with increasing weight from LHC, together with SM

QCD parameters [see 1709.04922, 1905.06957 for recent review articles]
'E,_ F R D L '2""'"| '2""'"| T ""'E ],[} 1 LERLE JLLRLL
G108 T Atlas and OfS scale M" = Q : A parameter variations
— F [ Atlas and CMS rapidity platesu
l‘bm'?:_ E= D0 Central+Pwd, Jets = 1 e
" == coFDO Central Jets 08P v ag(Mz)
106 =
o T Mc, Mb, Mt
107 =¥ wc 7 bl oo TR e, e, e
3 06F TAR == N
104 mm :
N GaC i =7 SRR SR N S N — _
1030 " 04 QCD/EW corrections
2
10 M= ToGeY e nuclear corrections
H IIIH |||||||||I|||||| »
10 | “ o 02k
N NI GEs EW parameters
1 .u|||||||I|II|II|||||||||||||||||||||||||||||||||“"' “
10 ¢ ! 0.0% = New Physics
E v vvvinl vl vl sl vl 0 el 0 i -2 -1 4 r
107 100°% 10° ww?* 10? 10? ' 10° 10 10" 02 05 09

+ diversity of the analysed data are important to ensure flavor separation and to avoid theoretical/experimental bias;
possible extensions to include EW parameters and possible new physics for a self-consistent determination

< alternative approach from lattice QCD simulations, for various PDF moments or PDFs directly calculated in x-space
with large momentum effective theory or pseudo-PDFs [2004.03543] 5



Global QCD analysis for PDFs

Input DPFs at Q,| < . :
P o ° Vary ‘{C,_} Minimize Chi?
(x4, })

I ; DIS (fixed target) 1
- HERA ('94) T
v DY
\ 102 | W-asymmetry
o a Direct-y
L Jets
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DGLAP 10" | s e .
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1/ X
: Comparison with Data
x) at @>Q QCD calculation :
@Prn (x) 0 , |atvarious x and Q

Procedure: lterate to find the best set of {a} for the input DPFs
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CT18 NNLO high-energy neutrino-nucleon DIS
cross sections from 10% to 107 GeV

arXiv:2303.13607

We published the first GM NNLO calculation To be filled by FASER measurement at the LHC
for charged current DIS processes in 102 e y
arXiv:2107.00460, which is needed for - NUTeV I fceCube upgoing
e e —
» DUNE (Deep underground neutrino exp) };& - Energy Gap
» EIC (Electron-lon Collider) —~
> lceCube Neutrino Observatory 3 109
» FASER (Forward search exp at the LHC; ~  f
the first observation of collider neutrino 5
events) arXiv:2303.14185 % eCube HESE (Bayesian
At low E,, the contributions from quasi-elastic (QE) Ot i
scattering and resonance (RES) production are important, 102 107 10* 10° 109 107
and not included in this comparison. E, [GeV]

. . Future data can further constrain PDFs.
(See talk by Keping Xie, Pheno23)
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Some basics about PDFs:
relevant kinematics in (x, Q%)

Elf glu:;;“a'”.".;c’//ﬁ o(Q) =~ 72 firp(1, Q) @ fip(w2, Q) @ 63j(w1, w25 Q)
Q? :Zi gm o ) /Aw . Parton%istribution Function f(x, Q)
il - - /‘_@" * Given a heavy resonance with mass Q produced
0 “/;/ at hadron collider with c.m. energy /¢

 What’s the typical x value?
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PDF uncertainties vary as Q via
DGLAP evolution

arXiv: 1912.10053
CT18 NNLO PDFs
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SU(2) Flavor Asymmetry of Light
antiquarks: u and d

> Perturbative mechanism (gluon splitting): d(x) = %(x), with higher order corrections in QCD
> Non-perturbative mechanism: SU(2) flavor asymmetry d(x) # u(x) , much larger than pQCD contributions

1.6

dli(x,Q) @ Q = 100.0 GeV
55 — CT18
' MSHT 20

——— NNPDF 4.

1.4 4 —_
In the past decades, the ratio of d/u in the proton is determined

to have a rising-up structure at x ~ 0.1, known as the SU(2) flavor
asymmetry, which becomes an important evidence of non-
perturbative mechanism of the generation of light quarks

1.3

=)
S 1.21

1.1

1.0

N Il

0.8 T T T T T
1076 107° 1074 1073 1072 107! 0.2 0.5 0.8

X

E/ﬂ ratio in moderon PDF global analyses
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SU(2) Flavor Asymmetry of Light
antiquarks: u and d

The only constraint comes from high energy deuteron measurements

> Pure proton interactions: ideal way, but very difficult, since d and T contributions are indistinguishable in
inclusive experimental observables
> Deuteron data: currently, the only data providing direct constrainton d /u .

Conventional two-body picture:

2u+d
Deuteron - ) ) ) )
In the past, d/u was determined by comparing the deuteron-interaction to
_ — the proton-interaction under same kinematic configuration, based on two
u(u), d(d) : .
important assumptions:
Probing beam
. — — + i. the classic deuteron structure picture: o(D) = o(p) + o(n) + “small
Q deuteromn nuclear corrections”
2d +u ii. the proton-neutron isospin symmetry: uy(u,) = d,(dy), dy(dy)
d(d), = up(up)
u(u)
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NuSea and SeaQuest experiments

Drell-Yan process with deuteron target

> Proton-deuteron interaction vs. proton-proton interaction

d’c 47 o

dxy dxz: 9sxp x4

S €2 la(es)a(ze) + q(a)a(ze))

99D _ TpptTpn _q, Ton
Opp Opp _Opp B
N Quptin + dpdn ] Qupdy, + dpty
~ dupy, + dpd, dupiiy, + dpd,
dp 4 _dp g
= 14+ w4 %
R
High energy proton beam and stationary target — Anti-quarks come from target
Target side: dominated by (& and d) atx, ~ 0(0.1) — s, ¢, b, g contributions suppressed
Beam side: dominated by (u and d) valence quarks at x; = 0.3, and _ o
. — Detection at beam forward direction
d is suppressed than u due to y-exchanged

6/16/2026 C.-P. Yuan, PPP16 Workshop 12



Higher deuteron cross section

> The deuteron cross section is observed to be much higher
> Interpreted as SU(2) flavor asymmetry

NuSea/SeaQuest experimental results

| L ) . L | L L L L

0.2 0.3
X

a 14 25
75 = ~ I seaQuestE906
. E > — D Syst. uncert.
12— sy \\\\_Il o C - NuSea/E866
E SN SNy \\\\\\ : K
~ E \\\\‘Q‘\‘&\\\\\\\ \‘\\“\\\ ‘\\\ \\\ 15—
R \\ N N ——> e [
3 é —F— SeaQuest/E906 \% 1
g% ([ Syst. uncert - [ Alberg and Miller
08— %— NuSea/E866 ) . - [[]Basso, Bourrely, Pasechnik and Soffer
= == CT18NLO, SeaQuest kinematics 05— o CT18NLO, SeaQuest kinematics
0.7 <\eet CT18NLO, NuSea kinematics [~ <= CTEQ6m, SeaQuest kinematics
085 B B - a— 0.2 % o
X,
Nature Vol 590, 561-565, 2021
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Other experimental results

Consistent conclusion from other deuteron measurements

> NMC inclusive DIS > NAS51 Drell-Yan process > HERMES semi-inclusive DIS

T T '||| T T T TrTrTIrg T T TTTrTOT a 2.5 b 1 ]
«— QPM ) , ® E866 O NA51 ® E£866 [ HERMES
= 03 NMC G = 4GeV 0.15 — GT10 — CT10
3 . —— MSTW2008 | —— MSTW2008
= ISG - - NNPDF2.3 0.75 NNPDF2.3
a & g L
w g 2 +i — 0.1
o Q ¢ +
o 05 ,
.Q# 5 ,
01l 8 §- 005
t 2 "
. s Q 0.25 \+
* a Nl e
0 L4 \|$..l L4 a1l PR ||g|u 0 \'l¥\‘~.-¢
1073 1072 107 1 ) - O
X =3
1 |
1 _ ; ; ; : 0 0.2 0.4 0.6
f dz [d(z) — ()] = 0.147 + 0.039 : )
0

Muon 90-280GeV on H2/D?2 targets
@ CERN SPS
Phys. Rev. Lett. 66 (1991) 2712

Proton 450GeV on H2/D2 targets
@ CERN SPS
Phys. Lett. B 332 (1994) 244

Positron 27.5GeV on H2/D2 targets
@ DESY HERA
Phys. Lett. B 81 (1998) 5519
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Deuteron data provide the only direct
constraint on d/u at x ~ 0.1 in existing
PDF global analysis

-

CT25FlatP fit: with all heavy nuclear and deuteron
data removed from the CT25 dataset.

) Large error band for cf_/ﬁ at x ~ 0.1,
still compatible with d/u ~ 1.

6/16/2026 C.-P. Yuan, PPP16 Workshop 15



d /u analysis with the CT25 proton-only flat prior (CT25F|atP)

December 2025
CT25FlatP is not biased by the E906 data Underlying d /& PDFs
CT25includes E906 (2021)

Postdiction for E906 (2025) — excellent agreement with

d/d (x,Q) at Q=5.0 GeV (sym.err)

i /
2.5} CT25
both ES06 data sets I croem /
' /
| NNPDF4.0
Combined E906 (2021 + 2025) 20F  GcTosFlatP // _
<X2> [
1 5 0,530 . D.'20 O..15
1.4} E906 2025
13f 0.5} A
~ 1-2f 0.0 0.1 0.2 0.3 0.4 0.5
= X
2 11¢ _d/t (x,Q) at Q=5.0 GeV (sym.err)
25F CT25 /
P
1.0" INNPDF4.0 / \
> 20k Tospiae . \
CT25NNLO _Enh_?_r;cemen_t 1_|_p2re|§|en}3 y /:‘:,// N
0.9} ' s in CT25, not in CT25Flat 2 S
0.0 0.2 0.4 0.6 0.8 1.0 0s
<Xg> 00 02

Figures: A. Courtoy
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Measurement of light quark
ratio in pure proton data

Light antiquark ratio in pure proton data

Probe

Proton structure:

Measurement of SU(2) flavor asymmetry, unbiased
from nuclear assumptions

Deuteron structure:
tests on models of nuclear corrections

Today’s talk

> Light quark ratio measured from pp(pp) collisions
> Significantly different from previous deuteron results

6/16/2026

C.-P. Yuan, PPP16 Workshop
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Z-exchanged neutral current interactions

> Flavor-dependent vector/axial vector couplings, so that u(u) and d(a) contributions can be separated
> Experimental observable: spatial asymmetry Arp at Z pole

£~ A
: = A Nt

Np + N

a(x1Ps)
forward event backward event

cosd >0 cos@ <0

The up-type asymmetry A¥p is
in different shape from the
down-type asymmetry AFB as
a function of mass at the pole
region of the Z boson

Z%’Y g — 947°) i Zy

~ 2cos 9W

g4 =tar (i) — 2g; sin” fyy
g4 =tsr(i) ,

—uu — ete’

—dd — e'e

N\

50 100 150 200 250 300
M [GeV]
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Proton Structure Parameters

defined in the observed Arp spectrum
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[u(xl)ﬁ(xz) - ﬁ(xl)u(xz)] Ny

90

Cu(xl, x2) =

[d(xl)éz(xz) - J(xl)d(xz)] Ny

T pmscn [0DA0) + D] A,

Cylxy, x7) =

For LHC’s pp collisions

Y wdses [A0DTX) + F0)q0)] A

TR
100

P I I N
110 120 130

M [GeV]

Observed A, = combination of A% and A%,

weighted by the proton structure parameters C,, and Cj.

> |t holds rigorously at all orders in QCD, in analogy to
factorization for inclusive production in DIS processes.

> Implemented via ResBos, using CSS grresummation formalism.

Afp = Cu[u(x);u(x)] X Afg[sin*6y] + Cq[d(x); d(x)] x Afp[sin®6y]

[u(xl)u(xz) - ﬁ(xl)ﬁ(xz)] Ny

C(x1, %) =
e Z‘Fu,d,s,c,b laGepa(x) + Geg(xy)| A,

[d(x)d(xy) — d(x)d(xy)] H

C(x,x,) =
e th:u,d,s,c,b [Q(xl)Q(xz) + Q(xl)‘?(xz)] Ny

For Tevatron’s pp collisions

Chinese Phys. C 45 (2021) 053001

Eur. Phys. J. C82 (2022) 368

Phys. Rev. D106 (2022) 033001
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R-Parameter
defined through the observed Arp spectrum

_VYM?P+@Q7 Ly

~ ~ ~ = x X e
R— Ca o d(x1)d(x2) — d(x2)d(xy) N d(x1) —d(xq) - d v Vs
Cup  ulxulxy) —ulx)ulxy)  ulxy) —ulx) u 50 s .
CT18 at 100 GeV
» Light quark distributions agree for x, < 0.01, so the contributions from x, ispo —el5 |
cancel out in the ratio. The R parameter is dominated by the information at 5 '
X1~ 0.1. :‘;:1'0 [ :.
» Contributions of s, ¢, and b quarks are greatly suppressed, since 0osp N
their quark and antiquark distributions are nearly identical. *

) d d i
» 'The influence of the R-parameter on the on " and = ratios shows an i
anti-correlation. < e
02 e i
01— *—’:
In conclusion: R is an experimental observable for pure ; ,
— ] DW ‘_‘- uW#i
proton interactions and is sensitive to the d /u ratio. ! e
-0 - initial state
__-: : ; :::::; initiall state
02— -
e T
60 70 80 90 100 110

120
M, (GeV)
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The measured R parameter is
a direct reflection of the observed Arp

C 0.6 =
< 08? 0.5 = +
g WE =
0.6 0.4 = T
n E ==
+ 0.3 —X—
0.4 E -
C o 02 CMS 8 TeV pp collision data
- i E =
0.2 < o1f —=— Measured A,
N ~ —o-
07 ‘ 0 E —*— CT18 Predicted AFB
_01 =
—0a2f Ve, *
-0.2 —
E ——
-04 —ul — e'e - R A T R S S
1~ Ay
-0.6— —dd — ete 3 2 — i \ R
<o Fo— \ —
T oF_— '
08 3 E , _ T
50 100 150 200 250 300 2 " —
M [GeV] 50 . 100 S 150 200 250 300

M [GeV]

> App is suppressed in the data with respect to the PDF predictions
> Since A% is less significant than A%y ,the suppressed Apg observation naturally

reveals a higher weight of A%B component, namely a lower E/ﬂ.

G dxy) - d(x,) i_
K= e, ) —atn) >
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R parameter fitted from Agg R parameter measured in DO

spectrum measurement in

CMS 8 TeV pp collision data

1.96 TeV pp collision data

Experimental results consistently show a tendency that d/i7 is lower than the

current PDF predictions (which is constrained by the deuteron data)

6/16/2026 C.-P. Yuan, PPP16 Workshop
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Phys. Rev. D 107 (2023) 054008

Phys. Rev. D 110 (2024) 1.091101

Phys. Rev. D 113 (2026) 1.011504
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Current experimental data,
as of June 2026

LHCb pp @ 13 TeV
Discrepancy observed (> 2a, preliminary)

ATLAS pp @ 13 TeV
Consistent at small x region (preliminary)

CMS pp @ 13 TeV
Discrepancy observed at high ZY region

ATLAS pp @ 8 TeV (preliminary)
Discrepancy observed (> 20)

CMS pp @ 8 TeV
Discrepancy observed (> 40)

DO pp @ 1.96 TeV
Discrepancy observed (>3.50)

0.01 0.03 0.05 0.08 0.12 0.2 0.4 23



Comparing Global Analyses of CTE Q
Deuteron Data and Pure Proton Data

arXiv: 2510.08941

The R—p_arameter data (pure proton interaction) 1.7 ; )
. d(x,Q)/d(x,Q) @ Q = 100.0 GeV
y|e|d 3 d/u ratio close to unity 1.61 Deuteron data analysis (NuSea+SeaQuest)

1.51 Proton data analysis (R-parameter measurements)

> For proton structure: indicating that the SU(2) flavor M
asymmetry of light antiquarks (d and &) arising from §1-3‘
nonperturbative QCD dynamics is unlikely to be sizable. =12

(We note that a modest SU(2) flavor asymmetry can be M~
perturbatively generated from higher order QCD
corrections.)

0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
> For deuteron structure: indicating that the high-energy X
deuteron cannot be described by the conventional Global analysis:
picture of proton-deutron two-body bound state. » Following CT18 procedure

> With all other nuclear data removed
> Demonstrated with Ay? = 1

24



Comparison of the fitted R-parameter
to the CMS and DO data

0.8/ — Deuteron data analysis (NuSea+SeaQuest)
-=-=- Proton data analysis (R-parameter measurements)

—— Deuteron data analysis (NuSea+SeaQuest)
104 —==- Proton data analysis (R-parameter measurements)

og] Proton data analysis (R-parameter measurements) with 10 times X}% ------- Proton data analysis (R-parameter measurements), with 10 times )(,%
' H+ CMS 8TeV data 4 DO data T
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Q
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p— B | e : o
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A toy model for estimating
the deuteron nuclear effect

LMDF (longitudinal momentum distribution function) in the conventional picture of
proton-deutron two-body bound state.

> Sharp peak: weak interaction between nucleons in deuteron (B.E. ~2 MeV)
> Peak at 0.5: nucleons in deuteron are proton and neutron, so they equally share the deuteron energy

LMDEF in classic picture

(z, Q / = LMDF(2) FN ( 2) "
Q%) Z : (2)F (5@
T T .
Overall distribution of quarks PDF of quarks in nucleons (proton) 205
155
105
Distribution of nucleons in |
the deuteron | ] &

- : z
0.0 0.2 0.4 0.6 0.8 1.0
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A toy model for estimating
the deuteron nuclear effect

LMDF fitted from deuteron data, using pure proton PDF (E/ﬂ ~latx ~0.1)

> Significantly smeared: strong interaction between nucleons
> Shifted peak: not a simple proton-deutron two-body bound

= 1.6p
state. _ S b coonsescueaas
— Fit from proton data PDF b C proton data PDF without LMDF, NuSea Kin.
14 proton data PDF without LMDF, SeaQuest Kin.
f(z) e " proton data PDF with LMDF, NuSea Kin.
- A proton data PDF with LMDF, SeaQuest Kin.
1.3
126 L% : : ,
- + 1 2 $‘ ’ |
1.1Z—a*i,fif.imf?i%‘ ' ¢
- * : .. } :
1;_ L - -D . U. .H -
o.gi— +
0.82—
0.7
0.6:llllllllllllllllllllllllllllllllllll]ll
z 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 2.4
Possible causes: The pure proton PDF (d/u ~ 1)@LMDF
short-distance structure, hidden color, octet-cluster, well explains the NuSea/SeaQuest data

meson cloud, six-quark bond state, etc.
27



Hints from other experimental data

> ATLAS Wi—asymmetry measurement. > Correlation study of W/Z-asymmetry at hadron colliders:

Reaching large x at TeV high my Chin. Phys. C 50 (2026) 023107
n. Phys.
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= 1 00_ Vs = 13 TeV, 140 fb! ¢*-{--corr.unc | B — DO 1.96TeV R i
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Hints from other experimental data

arXiv:2507.09886

@® LMDF found to be with large smearing;
Model deuteron as single-singlet and octet-octet color clusters and compare to its electromagnetic form factors.
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: : Y. Fu et al., 2307.07839
Impact of Ary in the high-mass Drell-Yan process C. Willis et al.. 1809.09481
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The need of Global Analysis of
Pure Proton Data

Proton structure in pure proton data

> For proton structure: avoid potential bias from nuclear data
> For nuclear structure: prior input to analyze high energy nuclear data
> Need new experimental observables and large-x measurements o GRS IR ARSI -
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New types of experimental observables
are needed for global PDF analysis

mixed quarks

T range

CTE Q

~ DIS

u(m) +ﬁ(.’t) + id(r) = %J(I) = (’)(s,c, bv o )

z ~ 0(0.001) to O(0.1)

Z DIS
(lower precision)

u(z) + 4(z) + 1.2d(z) + 1.2d(z) + O(s, ¢, b, - -)

z ~0(0.1)

Wt DIS
(lower precision)

w(x) +d(x) + O(s, ¢, b, - - +)

z ~ O(0.01) to O(0.1)

W~ DIS

(lower precision)

u(z) + d(z) + O(s, c, b, - - +)

z ~ 0(0.01) to O(0.1)

7 Drell-Yan Target

w(z1)@(z2) + @z )u(za) + 1.2d(z1)d(z2) + 1.2d(z1)d(z2) + O(s,c, b, - - -)

Ti,2 ™~ O(Ul)

Z Drell-Yan LHC

w(z1)a(z2) + Tz )u(z:) + 1.2d(rr_1)d_1(r2) + 1.2d(z1)d(z2)
+ee(zr, x2) + 1.285(x1, 22) + 1.20b(z1, z2) + Oqy, - - -)

21 ~ O(0.01) to O(0.1)
23 ~ ©(0.0001) to O(0.01)

Z Drell-Yan Tevatron
(lower precision)

u(z1)u(z2) + @(z1)8(z2) + 1.2d(z1)d(22) + 1.2d(z1)d(z2)
+ct(x1, x2) + 1.255(x1, £2) + 1.2bb(z1, 22) + O(gg, - - )

Ty~ 0(0.1)
zo ~ 0(0.01)

W Drell-Yan LHC

u(@1)d(z2) + d(@1)u(®s2) + e(@1)5(z2) + s(21)e(22) + Oi 49, )

1 ~ 0(0.01) to @(0.1)
2 ~ ©(0.0001) to ©(0.01)

W™ Drell-Yan LHC

d(z1)a(z2) + wz1)d(z2) + s(z1)E(z2) + c(w1)5(z2) + O(9:d5, 99, - -)

z1 ~ ©0(0.01) to O(0.1)
3 ~ ©(0.0001) to O(0.01)

» Conventional experimental data are sensitive
to the sum of contributions from different
parton flavours..

» Need new data which are sensitive to the
difference of contributions from different
parton flavours, such as R-parameter derived
from the Apg experimental measurement.

» Improving the precision of conventional data
yields far less benefit than introducing new
types of data.

W Drell-Yan Tevatron | w(z1)d(zz2) + d(z1)t(zz2) + e(z1)s(z2) + 3(z1)e(z2) + O(a:ds, a9, - - -) z1 ~ O0(0.1)
25 ~ 0(0.01)

W~ Drell-Yan Tevatron | d(z1)u(z2) + @(z1)d(z2) + s(z1)c(ze) + &(x1)5(z2) + O(g: 5,99, - ) z1 ~0(0.1)
zo ~ 0(0.01)
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Conclusion

e Novel proton-only probe of light antiquark flavor structure using neutral-
current Drell-Yan forward—backward asymmetry

e Pure proton data favor

g~1 at x ~ 0.1

u
in tension with traditional deuteron-based extractions

e Possible interpretations:
—reduced or absent SU(2) sea-quark asymmetry
— underestimated nuclear corrections in deuteron data

e Motivates future proton-only PDF analyses and new (including charged

current) precision Drell-Yan measurements, etc.
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Effect of Deuteron nuclear corrections
in CT25pd fit

1.40 | (d/u)(z,Q = 100GeV) 68%CL = i (d/@)(z,Q = 100GeV) 68%CL
i = ppa21b026 1.80 1 ppa21b026
=3 ppa21b026pdnoNC ) =3 ppa21b026pdnoNC
1.20 |- £z ppa21b026pdwithNC a0 - r=73 ppa21b026pdwithNC
1.00 |
— ~ 1.40
g 0.80 g
= = 1.20
8 0.60 8
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0.00i|i_|_|_|,ui|||||m| L 1 gl | L i.li.LllllI‘_LLLLLLI.I.I 1 |||||||| | 1 | L1 |
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MSHT20, CT18 and NNPDF4.0 PDFs

» MSHT20, CT18 and NNPDF4.0 predict very different
sea quarks at large x.
» App is sensitive to combinations of ti/u and d/d

6/16/2026 C.-P. Yuan, PPP16 Workshop

NNPDF4.0 NNLO, Q =2 GeV
1F —

0.100-

g 0.010

x f(x

0.001

107

00 02 04 06 08

High-sea scenario with non-smooth light-sea
quarks, with sea PDFs that can be larger than

valence PDFs at large x.

Smaller uncertainties.
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