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The CTEQ-Tung et al (CT) PDF set

CT18NNLO is the general-purpose PDF set
published in 2019.
[Hou et al, Phys.Rev.D 103 (2021)]

CT methodology is based on minimizing a)(z

expressed in terms of parametrizations for the
PDFs, finding the global minimum, and providing 1000
Hessian error PDFs to estimate the uncertainty.

Q [GeV]

The analysis is carried out at NNLO, and involves all
essential data sets from various experiments.

100

CT’s initial scale is O, = 1.3 GeV.
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Latest kinematic coverage for CT18

3681 data points from over 39 different experiments
O > 2GeVand W? > 12.25 GeV>.
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CT has released various specialized sets from studies of specific physics questions:

® strangeness asymmetry: CT18As
[Hou et al, 2211.11064]

® inclusion of lattice input for s — §: CT18As_lat

® CT18FC: no evidence for fitted (intrinsic) charm in light of thoroughly estimated uncertainties
[Guzzi et al, 2211.01387]
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https://arxiv.org/abs/2211.11064

CT18 NNLO, g(x, 100 GeV)
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Flavor separation

CTI8NNLO Q =2.0 GeV 68%C.L.

10

Flavor separation in the sea is not well constrained at
large x. Pheno large-x regime means x > 0.3 — 0.4.

In CT’s low-sea scenario for the sea, the sea PDFs

are much smaller than the valence PDF for low Q2

and x > 0.2. Other high-sea scenarios are possible,
but require unusual unsmooth shapes for the sea
PDFs.

x f(x,Q)

= need to further constrain the sea PDFs at large x.

Flavor separation could be improved with, e.g., more
data constraintsonu — it andd — d forx — 1.
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Flavor separation

CTI8NNLO Q =2.0 GeV 68%C.L.
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Flavor separation in the sea is not well constrained at
large x. Pheno large-x regime means x > 0.3 — 0.4.

In CT’s low-sea scenario for the sea, the sea PDFs

are much smaller than the valence PDF for low Q2

and x > 0.2. Other high-sea scenarios are possible,
but require unusual unsmooth shapes for the sea
PDFs.

x f(x,Q)

= need to further constrain the sea PDFs at large x.

Flavor separation could be improved with, e.g., more
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How we propose this can be achieved with JLab at 22 GeV.:

|. constrain large-x PDFs at a low-(Q energy from data at high x, such as LHC forward-backward
asymmetry in Drell-Yan pair production.

ll. systematic tools to predict leading-power PDFs at low Q2, I.e., to separate higher twists.
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JLab @ 22GeV — kinematics

Our estimates for JLab 22 GeV:

~JLab 22 GeVkinematics

40+ :
22 GeV (as provided by Nobuo)

30} of|

W2 > 12.25 GeV?
vs W2 > 4 GeV?

02 04 06 08 10

11 GeV (as provided by Nobuo)
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[Owens et al, PRD87]
[Accardi et al, EPJC81]

DIS data

SLAC
JLAB
BCDMS
NMC
HERA NC
HERA CC
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Old kinematic coverage showing the impact
of the W2 cuts on data selection.

JLab22 meeting



Forward-backward asymmetry

Correlation

CT18 NNLO
f(x,Q=2 GeV) and Arg 13 TeV (M,=524 GeV)
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CT18 NNLO
f(x,Q=2 GeV) and Arg 13 TeV (M,=1736 GeV)
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NEW:

based on predictions from Fu,
Hou, Yuan, et al.

§§Strong anti-correlation of AFB with i and
:d (and gluon) at large x for increasing Mll

Drell-Yan backward-forward dilepton production is sensitive to light sea and gluon for increasing M,,.

CT18 NNLO

f(x,Q=2 GeV) and Arg 13 TeV (M,=4359 GeV)
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Growing correlation of AFB with
gluon at x < 0.2.

A. Courtoy—IFUNAM__ CT for JLab22

.07 ‘ ‘ . L ! | | ! | I L
107102 10720.02 0.05 0.1 0.2 05 0.7
X

see also [Ball et al, EPJC 2022 82]
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Large-x PDFs

The CT group has explored the role of quark-counting rules on PDF global analyses.
[Courtoy & Nadolsky, PRD103, 2112.14329 |

The effective fall-off of the valence PDFs follows an approximate (1 — x)**2” where Af is the variation
due to DGLAP and hadronic corrections.
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The ratio of effective exponents for valence PDFs is approximately independent of Q.

ZEUS data at large (x, Q?) to be considered in the future [Abt, PRD101].
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https://arxiv.org/abs/2112.14329

CT fixed d.c., d(x,Q)/u(x,Q)(x, 2 GeV)
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Drell-Yan
vAincl. DIS

Toward lower O~ m

—
o

Mid-Q2 analyses encounter additional radiative contributions:

Ax?,L, sensitivity

= target mass corrections toar production

VA pu SIDIS
~ LHC jets

= higher-twist corrections — O(M?/0?)

= nuclear corrections f | [Accardi et al, EPJC81]
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. . ey g CJ fixed d.c., d(x,Q)/u(x,Q)(x, 2 GeV)
Large-x PDFs determined from high Q2 offer a possibility to R SRR
systematically test the leading-power PDFs toward lower Qz. of
55

CT has studied the impact of various corrections, by analyzing CT vs.

1 3 DIS Proton
i = 4 DIS Deuterium

1 5-me WZ Tevatron

Ax?, L, sensitivity
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CJ (highlight on deuteron corrections), or examining the quark counting

J b A Drell-Yan
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rules at mid-Q~. S
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X

Pulls affected by cuts, e.g., on deuteron data sets

L2 sensitivity shows the correlation between a given
PDF configuration and objective function.

Pulls on y? when f(x) — f(x) + Af(x).
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CT fixed d.c., d(x,Q)/u(x,Q)(x, 2 GeV)
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Impact on parity-violating DIS — Apy

APV at high energies: asymmetry holds to all orders in pQCD

— evaluate as twist-2 at (N)NNLO; constrain PDF uncert., BSM in couplings

at low(er) energies (including JLab20+), complex power-suppressed corrections; e.q.,

Z ¢ Z
APV:_<GFQ2> ' QVYF;

ey |
wora) |7 1\1«? 2 P E]

1+ (1 -y)? -y’ 1 —r?/(1+ R?)) —ayM/E (1+R’YZ> £ 1
I+ (-y? - 21—/ + R) —ayM/E \ 1+ R

higher twist, TMCs, ..., enter structure functions, break Callan-Gross: R # R7Z 0

— JLab20 kinematic range would extend lever arm to control ~ 1/@2



Correlation

Correlation

(W2 =12.9 GeV?)
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- 25(x,Q)/(u(x,Q)+d(x,Q))
—— . (s(x,Q)+s(x,Q))/(2d(x,Q))

realistic APV PDF
Impact studies will
require careful
understanding of
systematics

— CxwxIExardxa)  —> AS a Proxy, consider
| PDF correlations with

YA _
FJ“ ~q—g

post-CT18 fit, lattice constraints to s % §

— — dy(x,Q)
— — Uv(X,Q)
d(x,Q)/u(x,Q)

— - d(x,Q)u(x,Q)
- 25(x,Q)/(U(x,Q)+d(x,Q))
—— (s(x,Q)+s(x,Q))/(2d(x,Q))

CT for JLab22

— (c(x,Q)+c(x,Q))/(U(x,Q)+d(x,Q))
| = (s(x,Q)-s(x,Q))/(s(x,Q)+s(x,Q))

JLab22 meeting

NEW:
CT18 NNLO correlations with F%/Z




Correlation

Correlation

CT18 NNLO
f(x,Q%=4 GeV?) and F;°P%X (x =0.55, Q* = 16 GeV?)
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CT18As_Lat NNLO
f(x,Q%=4 GeV?) and F3°P%X (x =0.55, Q? = 16 GeV?)
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— PDF correlations
have sharp
dependence on
sampled z, Q*

— PDF correlations
suggest strong potential
sensitivity to high-x
valence-like combinations

NEW:
CT18 NNLO correlations with F372
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Correlation

Correlation

CT18As NNLO — post-CT fit, releases s = §
f(x,Q?=4 GeV?) and F;°P~®X (x =0.85, Q? = 30 GeV/?)
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valence-like combinations
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require further impact studies)
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T (S0Qsx QD) ¢ — ¢ will be very challenging.
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Conclusions

CTEQ-TEA proposal to improve flavor separation in the sea with JLab at 22 GeV-:

|. predict large-x PDFs at a low-Q energy using data at high x, such as LHC forward-backward

asymmetry in Drell-Yan pair production.

ll. systematic tools to predict NNLO PDFs at low Qz, I.e., to separate higher twists.

lll. predictions for hadron structure part of APV.

The CTEQ-TEA has systematically studied related corrections, e.q., large x and deuteron,

and will be able to provide a baseline leading-power PDF ensemble for low Q2 kinematics.
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X f(x,Q)

CT18NNLO Q =2.0 GeV 68%C.L.
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Low-sea scenario with smooth light-sea
quarks. Larger PDF uncertainties reflect
representative sampling of PDF solutions
[2205.10444, accepted to PRD.]

CT for JLab22
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High-sea scenario with non-smooth
light-sea quarks, with sea PDFs that
can be larger than valence PDFs at

large Xx.

JLab22 meeting
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https://arxiv.org/abs/2205.10444

Nonperturbative charm moments Q,= 1.27 GeV
FC PDF moments as F.o0.M. ntorvals of Av? <10 "

even restrictive uncertainties give P (f(’;;:ji ______ .
moments consistent with zero | .
CT18NNLO BHPS3
—> broaden further for default CT tol.
5 lattice may give (x).+, (2?).- )
...... o (x);)::;m-..g}.m..;
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potential connection to nonperturbative charm?

pQCD only very weakly breaks ¢ = ¢ through HO corrections

-1.0F

- large(r) charm asymmetry would signal nonpert dynamics, IC

- MBM breaks ¢ = ¢ through hadronic interactions

0.5} !

CT18NNLO

10xCT18NNLO Q=100 GeV

10xCT18XNNLO Q=100 GeV |

" —— MBMC Qo=1.27 GeV "
~0.5} g

MBME Q,=1.27 GeV
MBMC Q=100 GeV

MBME Q=100 GeV

~~.
-
- -

02

04

06

consider two MBM models as
examples (not predictions)

- asymmetry small but ratio (left) can be
bigger; hard to extract from data

— hypothetically, very precise APV
could constrain/test charm
asymmetry; constraints to
corresponding strange asymmetry
could indirectly help as well



nonperturbative QCD can generate a low-scale charm PDF

Fock expansion Brodsky, Hoyer, Peterson, Sakai (BHPS); Phys. Lett. B93 (1980) 451.

luud> luudg> |uudcc>

_>_
_—

_<_

>

IC PDF: transition matrix element, |proton) — |uudcc)

- -4 —2
5
k'2 -+ m2
P(p — uudce) ~ | M? — Z ! :
; £Lg
: 1=1 -
P(x,) - calculable in old-fashioned perturbation theory; scalar field theory

3.0+
: - generically yields valence-like shape; governed by charm masses

BHPS (x)

20

Me =Mz = € cPHES ()

1.0~

alternative but similar representations exist

Blumlein; Phys. Lett. B753 (2016) 619.

] | |
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IC models and formal QCD

models simulate nucleon wave function; aim to mimic nonpert QCD

- bound-state structure driven by constituent-quark masses
- integrate away gluonic degrees-of-freedom

- connect to SU(4) flavor-symm breaking (in meson-baryon models [MBMs])

BUT: IC models in systematically-improvable QCD calculations unclear

- based on truncated Fock-state or similar wave function expansions

- no obvious mapping onto factorization theorems

- ambiguity regarding fact. scale, u, in IC models

F(z,Q) = Z / (52 u0)) fopp(6os) + O 2, 2/

PDF analyses extract fitted charm (FC) # intrinsic charm (IC)




dlu (x,Q) at Q=1.7 GeV (sym. err)
NNPDF NNLO 68% (solid), alt. (Ax?)=0 (dashed)
50 B ]

Unusual unsmooth d/ii at large x

X
Hopscotch uncertainties wash out reported evidence for large
positive strangeness asymmetry and non-zero intrinsic charm.
(s-S)/(s+s) (x,Q) at Q=1.7 GeV (sym. err) xc (x,Q) at Q=1.7 GeV (sym. err)
NNPDF4.0 NNLO 68% (solid), alt. (Ax?)=0 (dashed) ; Ol;lglPDF4.0 NNLO 68% (solid), alt. (Ax?)=0 (dashed)
0.015} ,

alt. EV33
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possibilities with parity violation
lepton beam (parity-violating) helicity asymmetries, APV, combine sensitivity to
electroweak couplings (& possible TeV-scale anomalies), proton structure functions:

APV _ OR —OL

OR T+ 0L

— right-left asymmetry can be expanded,

G Q> oA )7
AT = <4\g?ra> 9a 11 -

F} 2 F}

— with sufficient control over EW theory, may help unravel PDF flavor dep,

F77 (x Zeq gy (q(z) + q(z))

FWZ —QZeq g4 (a(z) — q(x))

NB: these are leading-order expns; full PDF impact of APV requires careful study



NEW:
based on predictions from Fu,

Forward-backward asymmetry at O = 11eV Hou, Yuan, et al

Drell-Yan backward-forward dilepton production is sensitive to light sea and gluon for increasing M,,.

Correlation
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CT18 NNLO
f(x,Q=1000 GeV) and Arg 13 TeV (M;=524 GeV)
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CT18 NNLO
f(x,Q=1000 GeV) and Arg 13 TeV (M;=1736 GeV)
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Growing correlation of AFB with
gluon at x < 0.2.

§§Strong anti-correlation of AFB with i and
:d (and gluon) at large x for increasing Mll

CT18 NNLO
f(x,Q=1000 GeV) and Arg 13 TeV (M,=4359 GeV)
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see also [Ball et al, EPJC 2022 82]
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A fast test of experimental constraints

using L, sensitivity
T.J. Hobbs et al., 1904.00022

* Requires:
— Hessian or Monte Carlo error PDFs
- x* values for fitted or envisioned experiments for each error PDF

Quantifies:
- strengths of constraints from individual experiments on given PDFs

- agreement among the experiments (universality of the best-fit

PDFs)
- sensitivity of processes not included in the global fit

If data point residuals for each error PDF set are also provided, a
related L, sensitivity (B. T. Wang et al., 1803.02777, see backup)
can be computed to visualize kinematic distributions of experimental
constraints in the x-Q plane

2019-09-28 P. Nadolsky, PDFLattice'’2019 workshop



Tolerance hypersphere in the PDF space

2-dim (i,j) rendition of N-dim (26) PDF parameter space

Hessian method: Pumplin et al., 2001

A symnmetric PDF error for a physical ) \
VX :
observable X is given by ﬁ
N
.AA\' J— ﬁ‘\' . .:3,” — ’6‘\7| “

=1, /3N (\'H) _ \'.(")) 2 (b)
2 g=1 \ ™1t — : : - e
“ Orthonormal eigenvector basis

Correlation cosine for observables X and Y: ‘
hep-ph/0110378

o NXXY
((-)hY = R A —
1 -(+) ~(—) (+) (=)
AAX AY Zi:l (‘\i LR ‘\i ) (31 o )i ) (b)

Orthonormal eigenvector basis

2019-09-28 P. Nadolsky, PDFLattice'2019 workshop



L, sensitivity, definition

S¢.1, (E) for experiment E is the estimated Ayz for this experiment when
a PDF f,(x;, Q;) increases by the +68% c.l. Hessian PDF uncertainty

Take X = f.(x;,Q;) oro(f): Y = x3 for experiment E.

—

VX )
— — COS 0.
\vh'd A yr ¥

A fast version of the Lagrange Multiplier scan of y# along the direction of £, (x;, Q;)!

2019-09-28 P. Nadolsky, PDFLattice'2019 workshop



IV. Towards a thorough understanding of uncertainties in global analyses

. D
A S — irreducible error = Confidence

== Bias intervals

Confidence
intervals

Vo N
The truth //t Our model Small sample size Large sample size
of the truth

Pavlos Msaouel (2022)
Cancer Investigation, 40:7, 567-576

With an increasing size of sample n — ©0, under a set of hypotheses, it is usually expected

—1
that the deviation on an observable decreases like (\/Z ) .

That’s the law of large numbers.

What uncertainties keep us from including the truth, ,u?‘

The law of large numbers disregards the quality of the sampling, ~ gi;esd”db'e iCIEY
Xiao-Li Meng
The Annals of Applied Statistics
Vol. 12 (2018), p. 685

A. Courtoy—IFUNAM Avances en analisis globales Sandoval-Vallarta 23
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Xiao-Li Meng

Trlo |dent|ty The Annals of Applied Statistics

Vol. 12 (2018), p. 685

u — [ = (data+sampling defect) X (measure discrepancy) X (inherent problem difficulty)

l l

-1
depends on the sampling algorithm can tend to <\/5> for random sampling

Confidence
intervals <

== |rreducible error

— Bias = statistical model, quality of data,...

Large sample size

G
.

The truth

For a sample of n items from the population of size N, we
can consider an array built by the random spanning of the

binary responses of the N — n (0) and n (1) items, so that

Our model
of the truth

| N
u — i = Corr[observable, sampling quality] X 1 / — — 1 X o(observable)
n

A. Courtoy—IFUNAM Sampling bias PDF4LHC Meeting 2022




IV. Towards a thorough understanding of uncertainties in global analyses

[AC, Huston, Nadolsky, Xie, Yan & Yuan, 2205.10444]
Accepted in PRD

We have devised an algorithm that focuses on the effective dimensions relevant for
observables, to challenge Monte Carlo-based analyses. The resulting uncertainty is larger

than the nominal one, shown here for (6, 6,).

800 - R N LHC 13TeV, NNLO :
4 - ~ -
\
|
/
780+ / |
/
/
_ 7
Q'
2
o 760 .
CT18 ——
CT18Z ===---
740+ NNPDF4.0: |
Nominal
Axi<0
AX§Xp<0 - -
AxX5p<-60 — —
7207 | | | | | | | | | | | | | | | | | | | | B
45 46 47 48

OH[pb]
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IV. Towards a thorough understanding of uncertainties in global analyses
[AC, Huston, Nadolsky, Xie, Yan & Yuan, 2205.10444]

PDF Ratio to CTISNNLO

Accepted in PRD

We have devised an algorithm that focuses on the effective dimensions relevant for
observables, to challenge Monte Carlo-based analyses. The resulting uncertainty is larger

than the nominal one, shown here for (6, 6,).

Parton distributions need a representative sampling

Monte Carlo uncertainties from sampling bias found

through our dimensional reduction method play a similar
role as sampling of parameter space in Hessian

uncertainties.
2.0 | \ i | L] L] L]
L exQatQ=1.3GeV 68%C.L. I
il CTISNNLO I
15 ,_' \\ CT18par I
1LOE
0.5
0.0

A. Courtoy—IFUNAM

800+ -
780+ \ -
o)
2
o 760 .
CT18 ——
CT18Z ===---
740+ NNPDF4.0: |
Nominal
Axi<0
AX§Xp<0 - -
AxX5p<-60 — —
720- L
45 46 47 48

Avances en analisis globales

OH[pb]

Sandoval-Vallarta 23



Monte-Carlo sampling sensitivity for PDFs

Regions containing (very) good solutions according
to the experimental form of )(2

is used in )(2 summary tables of thei\NN4.0 article, was a
default in the NN4.0 public code)

800 soof cmie —
CT18Z =ue=
[ NNPDF4.0:
NOMINQ | s
780} Jeo| <0 —
AX5)10<O -
Ao <60 m =
g T
i % 7601
or NNPDF4.0: -
Nominal 740
AX?<O
AX§m<O - —
AX?:(:<_60 ==
720 o
45 48 T 7700 7800
Nominal NN4.0 Hessian or MC 68%cl  Region containing good solutions according

to the most recent #, form of y*
(used to train NN4.0 replicas)

A. Courtoy—IFUNAM Sampling bias PDF4LHC Meeting 2022




Optimize the inclusion of large-x data

106 1 1 I l I 1 I L 1 1 I ) 1 1
Experimental Qata in CT1§ PDF anal){sis o DIS data
‘ : : L o o
| 10* o 8 o e [Owens et al, PRD87]
—_ o . 2 BCDMS [Accardi et al, EPJC81]
) o o o NMC
1000 > 108 E E HERA NC
S Q HERA CC
8 = : ;
o o 10°RE Bt b4 .. N o
< 25 57 Old kinematic coverage showing the impact
10! of the W2 cuts on data selection
. W2 > 12.25 GeV? vs W? > 3 GeV?
0.2 0.4 0.6 0.8 1
X
110‘5 101‘4 0.(;01 0.(;10 0.1100 1
X
Latest kinematic coverage for CT18
3681 data points from over 39 different experiments Impact on analysis of the ratio of
) \ 4 structure functions nucleon-deuteron
Q > 2GeV and W? > 12.25 GeV?
1.025 pam ; . : : : : . . . . . . ; — 1.025
— T L, CIWeut| [ _ w7 “*\T_CT Weut
I Sy e e N it 1
CT18: [Hou et al.,, PRD103] I \.l I \'\*-«\\";“
CJ15: [Accardi et al., PRD93] 09751 \"3\\"5 41 L FN2 /Fd2 \4‘\\\\",‘ 10975
\ .
-t.\\ _ 2 2 \‘:}.\ ~ 1
0.951 LS — @ =5GeV Nt Hoos
i W -—-—  =10GeV -};\\
0.925}- N4k Wt 0925
"\\ E "\\ -
0.9 I | | | | I, Y \\_ b . L . L . L W g 0.9
0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 08
X X

[Accardi et al, EPJC81]

A. Courtoy—IFUNAM Large-x PDFs APS —April Meeting 2022




Pheno PDFEs with different perspectives

Comparison of CTEQ-TEA (CT) and CTEQ-JLab (CJ) analyses

0.5

0.4+

0.3}

d/u

0.2

0.1t

0.0

[Accardi et al., PRD93]

[ 1 DIS only
+ BONuS

+ W asym

I |
B + ¢ asym (& Z rap)
[

03 04 05 06 07 08 09

A. Accardi— CJ (04/09 D09)

d(x,Q)/u(x,Q) at Q=2.0 GeV, T°=10 .

— CJnod.c.

Sensitivity of PDF configuration with objective function

<= .= CJ no-W_slac

A. Courtoy—IFUNAM

N iedde o Cleede will vary, from data set to data set, between CJ and CT.
. Importance of deuteron corrections and set of
gl . .
5 approximations.
| %0.4—
0.2
00 [Hou et al, PRD103]
X d(x,Q)/u(x,Q) at Q=2.0 GeV, T* = 10_
1.0 T T T T T T T T T
[Accardi et al, EPJC81] — CTnode. - .- CTnonu-A d(x,Q)/u(x,Q) at Q =10.0 GeV 90%C.L.
08§ T ved g 1 C_1CT18NNLO
\ recee 0.8F -~ CTI4HERA2NNLO :
== CI15NLO
g £ 06}
: 2
' 204 NSRS
f 02f

O‘O 1 1 1 1 1 1 1
00 01 02 03 04 05 06 07 08 09
X

CT: role of parametrization,
detailed uncertainties

Large-x PDFs APS—April Meeting 2022




Theoretical constraints and phenomenological analyses

We explore quark counting rules to probe large-x structure from QCD scattering data.

[AC & Nadolsky, PRD 103 (2021)]
Quark counting rules where proved for exclusive and inclusive processes.

They focus on the role of the struck quark when carrying most of the hadron momentum. agpdioty

INTERACTION

o {HADRONS

FQ(CEB) — (1 — ;UB)2p_1+2|>\q_>\A|
rg—1

p = # spectators
A, & 44 = helicities of active quark and target

Brodsky and Farrar; Ezawa; Berger and Brodsky; Soper; Brodsky, Burkardt and Schmidt

Quark counting rules are often extended from structure functions to PDFs.

M o) e (1 — )™

rg—1

Analyze QCR with CT18NNLO global fit of proton PDFs,
explore the functional mimicry of PDFs and

revisit the interpretation of the “data vs. physical manifestations”.

A. Courtoy—IFUNAM Large-x PDFs APS—April Meeting 2022




[Ball et al, EPJC76]
[AC & Nadolsky, PRD 103 (2021)]

Effective exponents for structure functions and PDFs

Baseline functional form in global analyses  Jfa/a(z, Q3) = 20+ (1 — z)422 x @y ()

Oln (F(zx,Q))

. . Aeff F =
such that we can define: > (F) dln (1 — z)
F; follows QCR within uncertainties. Valence PDFs are compatible with QCRs.
4.01‘” 45
i ] i x=0.875 .
. ! 1 L Q=100. GeV ”,
CT18 NNLO, parametrization dependence 35 Jeoes 1 4.0 L

T L R I .’*_. ] I
[ 3 | 3.5¢
3.0 == [

3.5 : 7 | e E

Q=10 GeV

s 8
2.5/ ] f :::J- .
i e ' | 2o o

2.0 -:'.'.', ] i
— 3. : W" -, | 20p
Ny : - | ] S
=~ 3.0 35 4.0 30 35 40 45 50
O L
< |Q=4G

—
——

Q=2 Gev 7 / Az

i 12. E of ¢ A2 eff

S S S S O H (S S S R H R R R BN T\l.’ A

0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 s 5, 2¢ff (rep)
X 4 x=0.75 4 x=0.75
i Q=1.3 GeV Q=100. GeV
3 3
A. Courtoy—IFUNAM Large-x PDFs_ 25730 35 40 45 50 55 3 45 e

Az [g]



Pheno

°DEs with different perspectives

Comparison of CTEQ-TEA (CT) and CTEQ-JLab (CJ) analyses

d(x,Q)/u(x,Q) at Q=2.0 GeV, T2=10 ‘

— CTnod.c.
0.8

......... CT fixed d.c.

d(x,Q)/u(x,Q)

-=- .= CT no nu-A

[Accardi et al, EPJC81]

d(x,Q)/u(x,Q)

0.2

0.0

d(x,Q)/u(x,Q) at Q=2.0 GeV, T2=10 ‘

o8l
0.6/

0.4+

— CJnod.c. <= .- CJ no-W_slac

........ CJ fixed d.c.

—— CJfreed.c.

Lo sensitivity: [Phys.Rev. D98 (2018)], [Phys.Rev.D 100 (2019)]

A. Courtoy—IFUNAM

> sensitivity shows the correlation

between a given PDF configuration and

objective function.
Pulls on y? when f(x) — f(x) + Af(x).

Pulls affected by cuts, e.g. on deuteron data sets

CT fixed d.c., d(x,Q)/u(x,Q)(x, 2 GeV)

Ax?, L sensitivity

L]
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Ax?,L; sensitivity

CJ fixed d.c., d(x,Q)/u(x,Q)(x, 2 GeV)
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