Recent Progress in Study of PDFs
from CT Global Analysis

Tie-Jiun Hou
University of South China

12th Workshop on Hadron Physics in China and Opportunities Worldwide

. " 2024.0805
A ) < )

a‘?’ g /\ f 4 CTEQ
%&’ = \3’\‘; UNIVERSITY OF SOUTH CHINA




Expt. Data

G =falx1, 1) Qfp(x2,u%)®

Statistic

Regression analysis

H1 and ZEUS
" E T T T T
RS ® HERANCe'p 0.5 o' 8 £ ATLAS Woly M M M
S 2o o Ve ncertain stimation
%002 o ZEUS HERATI T a0 e
el BT s 3 gt
? o WiHERA T 420 BT Lk E i i
" MT o 4001 i 1 #"3 E cTi8 A - 108 CDHSWE,
s ' % "wh xq-0008 380F 1 *. E / 109 CDHSW F
' ,,Ak 3 * Eeo , El /
af o & " 360F 4 aeure T b
. Eecne
) A oon2 340F %; 245 LHCbTZW
» ”t.”'.‘w‘% ks = a20E o . 101 BCDMS F§°
I B R A L L TS E a o 104 NMC FU/FE™
300F * wrorso o (1390 3 201E605 - -
Fe b | o 1055 | i fed s e
. H LI F105E ", AR 102 BCDMS Fy
w025 %095 LR TR T C e 1 504 CDF2jet
h m ~ o = s g L L L L 1 — 160 HERA 1411
Qe 2 [ T S R |
= Inf ]
20 TN L4 L6 LIS
u(x=03,Q = 100 GeV)
10 V— < T T
3 cMs o <05 (x10% | 2 g ATLAS Full phase-space.
1 o 05<hl<10(x10°) £ ~87TeV,203 1" |
' =TTV L olhicisear) ] 2 oot e O
™% £ L=50f" 0 15<ii<20(x10') ] = 1= PWGHPYS h = E:
$ L eminter v siiaeci 3 B i S
g .. | = E " ViadGraphpY P2oric
e oeoss 3 s M - 1 2.0 ey T T T T T T
B 5o E £ kb Stat sSyst. unc. 3
o 100 i CT18 at 2 GeV
2 E 3 04 e —_—
&° k| S
® gk = 02~ = s —_— g}fs
10°E ! e | e E S —1u
[ — NNPOF21@NPCom. — | g8
, g —d
200 300 1000 2000

Jet P, (GeV)

—d
—1
C

|




doidp__[pb/GeV]

Ratio

6 = falx1 1) ®fy(x2,12)®

—_— us(mz) =0.118
— = og(m,) =0.128
L L

80
[ pp—Z Vs=8TeV
60|
401
sol-d s---omy=0i08 TTees

e

E—
——

0 5 10
ATLAS, 2309.12986

W Boson mass

15
p, [GeV]

SM

DO 80478 + 83 —_——
CDF | 80432 + 79 —_——
DELPHI 80336 + 67 —_——
L3 80270 + 55 ~——o——
OPAL 80415 + 52 ——
ALEPH 80440 + 51 ——
Dol 80376 + 23 —.—
ATLAS 80370 + 19 -
CDF Il 80433 + 9 -

| |

v Lo b b b L by
79900 80000 80100 80200 80300 80400 80500

C D F 202 2W boson mass (MeV/c?)

2.0

CTI8 at 2 GeV
—
—g/5
—u
—_d
—d
—u

sinZG'eff

a 14

v

‘§‘)h ;w{.‘
}%\\“‘\%\‘\2&\ \\\\\
D

" 5 :‘v :‘ PR 53
.,T\.!\\\\‘Q-‘::““" 3 e
\“.\ TR \\

o

o IIIIIHII[IIH'IHI HIIIIIHlII!IlHIIl

—3— SeaQuest/E906

ne [ Systematic uncertainty
08 —&— NuSea/E866
: w== CT18, NLO, SeaQuest kinematics
07 <\ieex CT18, NLO, NuSea kinematics
06 1 L L L L 1 |

0.1 0.2 0.3 0.4
X,

Nature 590, 561-565 (2021)

CT18X CcMS =

CT18A | prefiminary -

CT182 — A, CT18Z

CT18 |- ae ——= £+ Agg (no-prof) |
MSHT20 g r——— [® A (pdh)
NNPDF40 T oA,
NNPDF31 e
0.23 0.231 0.232 0.233
sin“el,

CMS PAS SMP-22-010

\ Higgs Production

Higgs Production Channel

ey —
ver (N2.0) [N

wH N2eo) [

zv (n20) [

% theo. uncertainty o@l13TeV

Bl PDF+as

B Scale

ttH(NILO)
0

5 10

15 20
Lucian, DIS2024



CTEQ (Wu-Ki Tung Et Al.) group

https://cteg-tea.gitlab.io/

*RESEARCH PROJECTS AND RESULTS -

<aPs :

PHYSICAL REVIEW D
covering particles, fields, gravitation, and cosmology

New parton distribution functions from
a global analysis of quantum
chromodynamics
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Carl Schmidt, Daniel Stump, and C.-P. Yuan

Phys. Rev. D 93, 033006 - Published 16 February
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We present new parton distribution functions (PDFs) at
next-to-next-to-leading order (NNLO) from the CTEQ-
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Toward a new generation of CT PDFs

1. Upgrade of PDF grids
2.Multiple based on preliminary the selections NNLO fits with

e vector boson [2305.10733]

e tt data [2307.11153]

e LHC Run-2 (di)jet work in progress]
3. Work on implementation of N3LO contributions [work in progress]
4. Next-generation PDF uncertainty quantification:

e Bézier curves [2311.08447]

o multi-Gaussian approaches [2406.01664]
5.Physics applications

 QCD+QED PDFs for a neutron [2305.10497]

» PDF dependence of forward-backward asymmetry [2307.07839]

e Gluon determination with the help of lattice input [work in progress]



Upgrade of PDF grids
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intervals in x | CT18 CT18up || intervals in x | CT18 CT18up
[0~ 1079 1 1 0.1,0.2] 7 18
[0, 167 11 11 [0.2,0.3] 6 16
[1078,1077) 12 12 [0.3,0.4] 5 12
[10-7,1079) 11 11 [0.4,0.5] 3 13
[1076,1077] 12 12 (0.5, 0.6] 6 18
[107°,107%] 11 15 [0.6,0.7] 6 12
[1074,1073) 12 23 [0.7,0.8] 8 11
[1073,1072] 11 23 [0.8,0.9] 14 17
[1072,107) 12 40 (0.9, 1.0] 15 38
Total | 161 300

PDFs grid in .pds and LHAPDF format are updated from
[Nx, No]=[161, 37] to [300, 49] to have better precision
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[Mec, mp) 8 11
[mp, my) | 14 18
[mtv Qmax] 13 16
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CT18 Drell-Yan data
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e Noticeable tensions between the SIDIS di-muon data and the precision
ATLAS 7 TeV Z/W data were found in global analysis.
e Two versions of PDFs: CT18(w/o ATLAS 7 Z/W data) and

CT18A(w/ ATLAS 7 Z/W data) were released
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Ratio to CT18

Ibrahim Sitiwaldi et al, 2305.10733

Post-CT18 LHC Drell-Yan data

ID Exp Npt X* /Nyt
215 ATLAS 5.02 TeV W.Z 27 0.827950 (1157532 ) CT18: w/o ATL7ZW
211 ATLAS 8 TeV W 99 249550 ( 49510 )
214 ATLAS 8 TeV Z3D 188 1.12+9:05 (1. 99+§ ;g ) CT18A: w/ ATL7ZW
212 CMS 13 TeV Z 12 S48 - (DOET )
217 LHCb 8 TeV W 14 1353020 (1. 35+8 gg ) CT18As: CTI8A w/s asym.
218 LHCb 13 TeV Z 16 1187 g0 ( 1.4975 %5
) (2,0 = 100 GeV), 68%CL H00 d(z,Q = 100 GeV), 68%CL
- o o Los o | New DY data drive
| u quark ~ ~_dquark
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CT18 or CT18A?
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® The new Drell-Yan data ATL8Z3D and CMS13Z drive the strange PDF closer to
CT18A than CT18.

e Mild tension in the strange PDF comes from the ATL8W and LHCb8W data sets.
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- Alim Ablat et al, 2307.11153
LHC 13 TeV tt data set

521 ATL13had 2006.09274 ATLAS all-hadronic channel at 13 TeV
528 CMS13ll 1811.06625 CMS dilepton channel at 13 TeV

581 CMS13lj 2108.02803 CMS lepton + jets channel at 13 TeV
587 ATL13]j 1908.07305 ATLAS lepton+jets channel at 13 TeV

e Distributions my;, vy, yg‘mt = (ythad 4 ytlery and H g.t, = p?,had + Pg,’lep are concerned.
e ATL13]j releases two binning: ATL-bin and CMS-bin

Npts Mg Yy ngOSt Hrfﬁ Prt i

ATLbin 9 7 9 9
CMSbin 7 10 6 10

Bin-by-bin statistical correlations are made available for ATL bin.
e NNLO theoretical prediction 1s done by using MATRIX.

NNLOMATRIX)
NLOMCEFM 6.8)

NNLO=NLO(Applgrid, MCFM 6.8) x K

10
e Central-scale choices pr = pr = Hr/4 or Hr/2 are examined.



PDF Ratio to CT18

PDF Ratio to CT18

LHC 13 TeV tt

data set: Stronger Impact
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o The ATL13]j data provide minor
impact to gluon PDF in large x
region.

e The difference between CMS-bin and
ATL-bin is mild.

« Statistical correlations have a
negligible impact on the gluon PDF
erTors.

 nTT2 = ATL13had-ys + CMS131l-yq
+ CMS13lj-mg + ATL13lj-ya+y8a+
me+Hr™ w/o stat. corr. (ATL bin)

« New tt data prefer softer gluon for
x > 0.2.

» Stronger ability to reduce the
uncertainty of gluon PDF as compare
to that in CT18. 1



Incl. Jet v.s. dijet data set

Data  Ref ['fgf/] [fﬁblfi] Ny arl‘c}1%_'lfi” Observable Kinematics MS};Z?;(;
Inclusive Jet
) 2o ly| < 3.0 jet 7
ATLAS [56] 8 203 171 06  gle. piet ¢ (70,2500 PT*HT
7 A2 Iy’ <3.0 jet 7
ATLAS [58] 13 82 177 04 grdyy et & oo, 3087 P70 1T
. d20 Iy’ <2.0 jet 7
CMS [60] 13 365 78 07  goe et ¢ o7, 3103 P70 HT
DiJet
. @20 g <80
ATLAS [61] 7 45 90 06  goohe | Cooocomy ™2
: 42z Ymax < 2.5
CMS [62] 7 50 54 07  Geleal my, e (1975058
y* < 3.0 .
” d3 b 12
CMS [63] 8 197 122 07 oo Yy’ <3.0 pr 1 €030+
mis € [133,1784) 75
= d2o y* <3.0
ATLAS [58] 13 3.2 136 0.4 A O -

mya € [260, 9066]

e NNLO theoretical prediction was done by NNLOJET

e Scales choice pr= i = pr'® or Hr were examined.

® Incl. jet data prefer harder gluon in large x.

PDF Ratio to CT18
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Preliminary
x%/N,, for fits that add one inclusive jet or dijet data set

to the CT18 (without LHC jets) baseline at a time

— , ® Dijet data sets
Inclusive jets Xz/pr using pg p < HT or p.

tend to have larger

Experiment Ny HT/2 HT 2HT pl/2 P 2p” o
ATL8IncJet 71 17 174 187 175 1es 17  neeriamues than
ATL13Inclet 177 142 136 14 152 131 128  nC-Jets,on
CMS13IncJet 78 1.2 1.16 1.2 108  1.09 1.1 facilitating PDFs
Experiment N, M;;/2 M 2M; /2 - 2p; similar constraints
ATL7DiJet 90 0.81 079 087 on PDF.
CMS7DiJet 54 155 155 163 e Dijet data are
CMS8DiJet 122 0.95 1.2 1.9 1.25 1 1.01 dominated by the
ATL13DiJet 136 0.9 087 093 CMS 8 TeV dataset

13



Preliminar
Incl. jet vs. dijet data sets: impact on the gluon .
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NNLO fits with new data at 8 and 13 TeV

for CT18+new data (CT18 in parentheses) NNLO fits; 68% CL

ID Exp Nt XN,
Drell-Yan
215 ATLAS 5.02 TeV W,Z 27  0.8270% (1.15%,43)
911 ATLAS 8 TeV W 22 2424219 (4254539
214 ATLAS 8 TeV Z3D 188 1. 12+“ 1 ( 1.99+3-19) nDY
—-(,02 B5
212 CMS 13 TeV Z 12 2487470719, 03“? 21 )
917 LHCb 8 TeV W 14 1.357999 ¢ 13’*‘0 61 )
918 LHCb 13 TeV Z 16 1.18%5¢5 (149558 )
13 TeV tt
521 ATLAS all-hadronic y,; 12 1.067, l,i ( 1.05%0 %0 10 ) NTT
528 CMS dilep ; 10 L10Zoe (103207
587 ATLAS lep+Jet myr+y +y3 + HiE 34 0927935 (0.94%9:32)
581 CMS lep+ijet my; 15 1447018 (1.37508%)
Inclusive Jet
553 ATLAS 8 IncJet 171 L7670 ( 18[)""[’”’ )
554 ATLAS 13 IncJet 177 1. 38+§ o (1.39%097)
555 CMS 13 IncJet 78 1107937 (1.117990)

ninclet

Example

NDYTTInclet

Fits with 1 type of new data A fit with all 3 types

15



XZ/Npt

_ Preliminary
A 3-data-type fit (CT18+nDYTTIncJet)
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® The most precise new experiments tend to have an elevated, in the same pattern as
observed for CT18

® ’/N, increases for experiments 124 and 125 (NuTeV), 126 and 127 (CCFR) and 203
(E866 DY), 266 and 267 (CMS 7TeV Ach), 268 (ATLAS 7TeV W, Ach).

® /N, decreases for experiments 249 (CMS 8 TeV Ach), 250 (LHCb 8 TeV W/Z) 16



Preliminary

Pulls on the gluon PDF by the new data type 1
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Necessary components of an N3LO PDF analysis

Availability

Splitting functions Partial N3LO
DIS, light flavors Full N3LO
Hard NC DIS, heavy flavors Full N3LO (Bliimlein et al.), not yet in fitting codes
cross Vector boson production Full N3LO for some processes, fixed N3LO/N2LO K-factor tables
sections
CC DIS, jet, production N2LO

pp-w+c, pp~z+b, pp—~>b NLO (massive); NNLO (ZM)

® Looking forward to including all components exactly and fully to reduce the QCD
scale uncertainty and guarantee the N3LO accuracy in the near future.

e CTEQ-TEA and other groups include some N3LO contributions in their fitting codes:
remarkable progress of MSHT and NNPDF in aN3LO fits.

® These extended (N2LO+, or aN3LO) calculations agree with N2L.O within their scale
dependence 18



QCD cross sections @N3LO

Work in progress

* DIS: The CTEQ-TEA code implements complete

0.3 g .
3 flavor decompositions of DIS SFs at N3LO using
0.25F  x-001 S approximate zero-mass Wilson coefficients
0.2t et with a rescaling variable (the Intermediate-
0.15F . FFENS Nf=3.N2LO Mass VFN scheme, cf. the figure)
0. 1‘ ﬁ'ﬂmwr‘;ﬁéo Boting Wang’s and Keping Xie's Theses, SMU
0.05F B ;“:A“:S'-&“f;-zmﬁnﬂ * Working on the implementation of massive
00' T 5-'- - 20 L '.2.5. — -310- - N3LO heavy-quark coefficients to obtain N3LO
Factorization Mass dependence  Mass dependence of the  Introduce heavy-quark
Q}" Gev schemes in the FC terms  FE and subtraction terms PDFs at large )
FFN Exact N/A no
ZM None None yes
M Approximate Approximate yes
GM Exact Approximate yes

DGLAP evolution is performed at N3LO with APFEL/APFEL++.

Drell-Yan: Ongoing work to include N3LO DY effects using NNLO
ApplFast + N3LO/N2LO K-factor tables 19



CT18aN3LO gluon
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Preliminary

zg(z,Q = 100 GeV)/10, 68%CL

1.0

Some of the aN3LO gluon features
reproduced by suitable scale choice in

DIS NNLO (cfr. CT18X)
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Taming PDF uncertainties
Several efforts to refine PDF uncertainty quantification:

PDF Ratio to CTISNNLO

understand conceptual underpinnings of the multivariate inverse problem. Much can be learned
from non-HEP statistics applications

suppress aleatory and perturbative uncertainties (e.g., from higher-order contributions)
comprehensively estimate epistemic uncertainties (e.g., due to the PDF parametrization forms)

T s Q)at Q=13 Gev 68%C.L 1N T CT approach: “Bayesian exploration with Gaussian emulation”

CTISNNLO
CTI8par

| ¥ |
., .
! |
[
;
i
4 _\

preliminary PDFs for alternative parametrizations

final uncertainty with one parametrization

_ o -\ Preliminary fits explore experimental, theoretical,
0 10% 0f 10t 02 05 09 parametrization, methodological uncertainties

The final Hessian error set (50-60) approximates the total
uncertainty due to the above factors.

21



L. Kotz et al, 2311.08447
Bézier-curves methodology for global analyses — A toy model

® Pseudodata

— Truth
|||||||| Carrier

—o deemer - sampling over parametrizations

03

sampling on the distribution

. . — A3 X, $: Control points |
of data uncertainties = 02 ¥ '~ based on Bézier curves
L Ny = 4, ay = 0.45
~« .
i bootstrapped 0l metamorphl
£ ﬁ
0.4
® Pseudodata | 0.0-
—— Truth L R L L o [ ® Pseudodata
O.Sj Metamorph ] 0.0 : : : : 0.3}, —— Truth
== Average | X ' — — Metamorph
— 3 N,, = 4 varying position & a,
é 0.2 Nm =4, ax =0.45, Nigp = 50 7 = 0.2 Neurves = 50
2>< =
0.1 0.1
00 A C++ package with o0y |
‘‘‘‘‘ < 0s 1, the metamorph parametrizations b e 0 o s 1



The Fantomas pion PDFs
xV (x,Q) at Q=1.4 GeV, 68% c.l. (band)

0.8t ;-

0.6L0

Pion PDF

0.4]

0.2l

OO0 -

AOOWONPAOD
]
2 ]
i
| i
i .

0.1 0.2

T |

/
0507/

4
i

FantoPDF (vc)
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» FantOmas was incorporated into the xFitter fitting program

» Framework to access pion PDFs available on xFitter.
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L. Kotz et al, 2311.08447

Xg (X,Q) at Q=1.4 GeV, 68% c.l. (band)
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Statistic analysis Improve precision: | |
CDF science,376 (2022) Repeat measurements with more precise balance
[T I ' ' ' | 3 ' ' '

I T T T T I

40 MuwSF =80.433 £ 0.009 GeV i
" MwA™S=80.36 + 0.016 GeV -

30 :
[ ATLAS ;
20 - [l CDF :
10 :
{ =5

0 I ; ] I
80.30 80.35 80.40 80.45

mW (GeV) [figures by Kirtimaan Mohan, DIS2023] 24



Gaussian Mixture Model (GMM)

vvvvvvvvvvvvvvvvv

40}

307 ] ATLAS
- CDF
20; Il Combined

10+

0—80.30 80.35 80.40 ;8045
. mw(GeV) |
Combine? 20+
e 20 band does not cover 15:
both means f
 Increase tolerance 10¢
Ay*=T*;T>1
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representation of the

probability distribution

T T

Gaussian Mixture Model

o parameterizing the likelihood

as a sum of Gaussians

e 2 Gaussians is needed in this

casc

0._ : I M “
-, 80.30 80.35 80.40

Combined
Likelihood

/T

PX ] my (GeV)
! Model as a

single Gaussian?
* not a faithful representation

of the likelihood

80.30 80.35 80.40
mwy (GeV)

80.45
8
[figures by Kirtimaan Mohan, DIS2023] 25



Gaussian Mixture Model (GMM)
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M. Yan et al, 2406.01664
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n
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=
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» Single Gaussian fit
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the likelihood of data
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e Enlarge tolerance do
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Neutron's photon PDF
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K. Xie et al, 2305.10497
| CTi8qed z9(z,3Gev) |
—Elastic —R1998 MHO

1.10g

1.08f

1.06F

1.04f

Ratio

1.02f

1.00f
0.98F
: q,9 PDF unc
0,96t
10 104 103 102 101 100

We have determined the neutron’s photon PDF using a similar
methodology as for the proton one.

The structure function is determined using pQCD at high Q2 and
HERMES and CLLAS/CB data a low Q2

We estimated many low-Q2 uncertainties, including the isospin
symmetry violation and the QED evolution effects. We also explored
implications for W-boson production, etc.

CT18ged and MSHT20qged are in a good agreement

In comparison to the first generation of photon PDFs, the uncertainty

1s significantly reduced.



: . Y. Fu et al., 2307.07839
Impact of Arp in the high-mass Drell-Yan process C. Willis et al.. 1809.09481

10? e T R
. L. 102 b WWEQ) at Q =100.0 GeV 68%C.L. 2| @xQ) at Q=100.0 GeV 685 L. )
e App atthe LHC is sensitive to the energy ogggi};ﬂl ’ ! =L LT
. ) . : L2 nnlo ol .5 NNPDF40nnlo
dilution factor D (probability of kg < kg in the SR
. $10°
Collins-Soper frame) e N
10 g
h h 3 N 107 \‘, :
Np—N o X &
b A;;‘L'B — ﬁ = (1 - ZD)A;{B m;.u (}I 02 03 04 05 06 07 08 09 ;Sf:_ 0.1 02 03 04 05 06 0.7 08 3:9
» App at high invariant mass region probes % S
i/u,d/d atx > 0.2 | B ‘
| S o ———
1.6 prr—— T T T T 1.6 prrre T T T . 5_};3;:];_;32003“0Jm%mmm_ﬂmMmMm_;qmjmu i (“j:;i»—‘zrm R R R e o
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S LAl CTiSr A MSHT20) 15 et 23 :
z {j:E—T.-“-'-_'-.;cnaIAEﬁ(NNPDFm) Z13p g}g:gﬁ%‘ggﬁ% « CT1 8,MSHT2_0, and NNPDF4.0 predict
gt Gl very different g/q atx > 0.2
£ osl £ o3 » The article quantified the potential effect of
5 o6l Boel high-mass App on large-x antiquarks
A - 17| N - See also NNPDF (2209.08115), Fiaschi et al. (2211.06188)
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Uncertainty of Gluon PDF

Jet data sets included in each fits 30

CT18mlJet: no jet data

CT18:

CDF 0807.2204
DO 0802.2400
CMS7  1406.0324
ATL7 1410.8857
CMS8 1609.05331

CT18+LHC13jet:
ATLS8 1706.03192

ATL13 1711.02692
CMS13 2111.10431

1.13 fb*
0.7 fb'
5.0 fb'
4.5 fbt
19.7 fb'

20.2 fbt
3.2 fbt
36.3 fb*

Error bands of g(x,Q)

20t  CTI8+LHCI3Jet

00z 04 06 08 10

g(x,Q) at Q =2.0 GeV, PDFs in 68%C.L.

CT18mlet

The uncertainty of the gluon PDF in the
large-x region receives constraints from
jet data. 29



Uncertair

Jet dat
CT18m
CT18:
CDF
DO
CMS7
ATL7
CMS8

CT18+
ATLS

ATL13
CMS13

1.9

| dx.Q) at Q =100.0 Gev 90%C.L. /8
| 1 CTI8NNLO g

I::I ;

5 1.1 2% CTI4HERA2NNLO // 48

Z ; |

s

S 1o

= 7

B

a4

= 0.9 |

E ° ot

o Experiment accessible
D.E wrul L L 1 3

? 2 10T 02 05 009

10° 10 10
x

® PDFs are well determined in  “middle-x" region:
10*<sx=<04

® Region of x—1 and x—0 are not experimental accessible.

30



CT18 with Lattice input on gluon

Result from MSULat/quasi-PDF method [Zhouyou Fan et al, 2210.09985]
- 3.0 , ,
. - CT18 NNLO
sol = MSULat'22 (a - 0, M,; » 135 MeV) —
o = MSULat'22 (a = 0.09 fm, M,, = 310 MeV) 25\ | NNPDF3.1 NNLO
: = HadStruc'21 (a = 0.09 fm, M,, = 358 MeV/) N =1 a~0.09 fm, M,,~310 MeV
<08 == MSULat'20 (a=0.12 fm, My = 310 MeV) £20 A % a> 0, M, > 135 MeV
& = CT18 S B
N 0. == NNPDF3.1 O 15 gg+gq9
L - JAM20 N
S S
R 2
0.2 0.5
O L . . — n | O'Oj L . A L . . . L . "” ) n i)
82 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

® Clover on 2+1+1 HISQ
® 35 0fm, M;— 135 MeV and

a~ 0.09 fm, M;~ 310 MeV which represent the

current and future levels of uncertainty.

X

1 2
M(v,7?) = / dxMRgg (xv, 2°u?)
0 <x>g

® Good agreement with CT18 and NNPDF3.1
® Gluon PDF xg(x) extra at 2 GeV 31



CT18 with Lattice input on gluon

0.4

g2(x,Q) at Q =2.0 GeV, PDFs in 68%C.L.

CTI18
\ 1 CTI8_latg_a00(pre)
- ‘Ei“.!. ——2=0.00 fm, M, =135 MeV :
03 04 05 06 07 08 09 10
X
g2(x,Q) at Q =2.0 GeV, PDFs in 68%C.L.
CTI18
27 CT18 latg_a09(pre)
- ——a=0.09 fm, M;=310 MeV .

oy o
o o
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[\S]
o

©
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i
it
TR
i
]
ANl

T .

03 04 05 06 07 08 09

X
g2(x,Q) at Q =2.0 GeV, PDFs in 68%C.L.

CT18

Preliminary

® Inclusion of lattice
input in the CT18
global analysis has the
potential to reduce its
uncertainty.

® Here, a—0.00 fm case
represents the current
status, while a=0.09
fm case represents
future potential.
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Preliminary

CT18 with Lattice input on gluon

L,, at B, =14.0 TeV, 68%C.L., |y|<5.0

g2(x,Q) at Q =2.0 GeV 68%C.L.
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® The precision of the gluon PDF in the large-x region could potentially be improved

by both incorporating jet data and lattice QCD input. 23



Near-future plans
1.Final selection of experiments for NNLO PDFs planned for the next year
2.Work on N3LO contributions
3.Next-generation PDF uncertainty quantification
4 Recent and imminent releases
e Study on impact of the LHC incl. jet data on the proton structure
 QCD+QED PDFs for protons and neutrons
e Subtracted S-ACOT-MPS PDFs
e Fantdmas 1.0 pion PDFs (Hessian)
» Release of the Fantomas PDF parametrization package in xFitter

» Impact of lattice large-x gluon data in the CTEQ-TEA global analysis



Thank you for your attention!
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