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NPDESs In valence region

Important framework as we push towards the EIC and
essential for valence analyses
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Outline

® Challenges in the valence region

® Resulting PDFs (nCTEQ15HIX)
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Moving to valence region
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Challenges in valence region

Requires lower (Q2,W) cuts

® EMC Region and Fermi-Smearing
® [exible x-parameterization
® [exible A-dependence
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Challenges in valence region

Requires lower (Q2,W) cuts

® EMC Region and Fermi-Smearing
® [exible x-parameterization
® [exible A-dependence

® Deuterium theory calculation

® [arget-mass and higher-twist effects become important in
theory calculation



EMC region and Fermi smearing
1.4

® nCTEQ15 ?
B O nCTEQ15HIX ¢
1.37 o Currently excluded +




JLab 6GeV has precise data over wide range of A
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Deuterium at high-x

NCTEQ15 Data
calculates reported as
F F

FY + FJ Fp
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Deuterium at high-x

nCTEQ15HIX Data
calculates “evolution”
Fy F} ([ FS
— (Fixed free proton) — .| =

Fg Fg Fg CJ

1.0




TMC & HT Corrections

TMC: Subleading M?/Q? corrections to leading twist
structure function

2
FyMC ~ FY L
02
HT: Non-perturbative multi-quark interactions,

theoretically not well understood, often
parametrized and fitted

A
CH T
Q2
(often called dynamical higher-twist;

what are the dynamics that allow for
12 one quark to carry all momentum)

F;‘ — F‘;[l




Approach to NCTEQ15HIX

Include JLab 6GeV DIS data & remove all isoscalar
corrections from nCTEQ15 data with lowered (Q2,W) cuts
(N, = 740 — 1564)

1.

2.

See how nCTEQ15 works out of the box (hnCTEQ15)
Refit nCTEQ15 (BASE)

Include just HT & TMC corrections (HT)

Include just deuterium-to-proton evolution (DEUT)

Include all corrections (hnCTEQ15HIX)
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NCTEQ15HIX describes data well
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Added JLab 6GeV data adds tighter constraints
on Uy, dy, parameters
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Resulting nPDFs have new behavior at high-x

f;
NCTEQ15 .
/i Carbon PDF Ratios to nCTEQ15 (O =2 GeV)
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_..but we still don’t use data much above x ~ (.7

1.4
® nCTEQ15 &

B O nCTEQLS5HIX
1.37 o Currently excluded +




Stay tuned & check out our work

nCTEQ15HIX — Extending nPDF Analyses into
the High-x Region with New Jefferson Lab Data

E.P. Segarra,'* T. Je70,2 T A. Accardi,>* P. Duwentister,” O. Hen,! T .J. Hobbs,%* C. Keppel,* M. Klasen,’
K. Kovaiik,” A. Kusina,” J.G. Morfin,® K.F. Muzakka,® F.I. Olness,®* 1. Schienbein,’ and J.Y. Yu.’

Carbon PDF Ratios to NCTEQ15-HIX (Q =2 GeV)
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Thanks all!

Questions, comments?
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0? (GeV?)

Extracting PDFES

Finer points of debate

1540 0

5/ HERA
Fixed Targs

10° 10° 10" 10° 10° 10
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® how reliable is theory

in all (0%, W)

® how reliable Is the data

® are all data treated the
same

® how to handle data
uncertainty

® how to calculate PDF

uncertainty
o




Inference results for free proton

CTEQ14 Proton PDFs

https://Ihapdf.hepforge.org/ o4
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| e nCTEQ15 DIS
|5 e Challenge of nPDFs
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NCTEQ15 Framework

(A
xflP/A(x, Qp) ~ ay (A) XA (] = x)iA) gas (A (1 + e“4,i(A)x)a5’l( )

Il =u,d, U+ d),dli, s, g

26 Phys.Rev.D80:094004,2009


http://dx.doi.org/10.1103/PhysRevD.80.094004

NCTEQ15 Framework

(A
X ZP/A(xa Q()) ~ ao,i(A) x@.{A) (1 — X)az,i(A) o 83.(A)X (1 n €a4,i(A)x)a5”( )

\

a;(A) = py;+ my (1 = A~
p;;are fixed free proton parameters from CTEQ

Additional constraints due to baryon and momentum sum rules

Il =u,d, U+ d),dli, s, g

J=10,...5} o7 Phys.Rev.D80:094004,2009


http://dx.doi.org/10.1103/PhysRevD.80.094004

NCTEQ15 Framework

(A
xflP/A(x, Qp) ~ ay (A) XA (1 = )i pas (A (1 + e“4,i(A)x)a5’l( )

\

a;(A) = pyi+ mj (1 = A7)
p;;are fixed free proton parameters from CTEQ

A

FADE0) = = 7 O 2 £, 0)

Additional constraints due to baryon and momentum sum rules

Il =u,d, U+ d),dli, s, g

J=10,...5} 28 Phys.Rev.D80:094004,2009


http://dx.doi.org/10.1103/PhysRevD.80.094004
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Extraction and assessment of fit

> minimization of ~ 16 parameters
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Assessing quality
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Average effective PDFs have some
variance between groups

_plPb -~ mlPb
xfh A
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- NnCTEQ15
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Full effective nPDFs are very similar
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(which is great given completely different approaches)
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Outline

® NnCTEQ framework (nCTEQ15)
® Challenges in the valence region

® Resulting PDFs (nCTEQ15HIX)
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NCTEQ15 Framework

(A
xflP/A(x, Qp) ~ ay (A) XA (1 = )i pas (A (1 + e“4,i(A)x)a5’l( )

\

a; (A) = p;; +m; (1 — A7)

his is pretty inconvenient to think about when
comparing free proton PDFs to "moditied” PDFs.
(follow-up work on changing parameterization)

i~ +c) f

Il =u,d, U+ d),dli, s, g

j = 10....5) N



A DIS

DY in p+A

RHIC Tt d+Au

vA DIS

DY in rt+A

LHC p+Pb dijets

LHC p+Pb W,Z
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|soscalar corrected data

uses some
FA FA FP 4+ Fn assumption on F7
Measured 2 ™ 2 o results in
data: Fg Fg ZFg + NF% degeneracy of

ISOsSpin-symmetric
PDFs: [ = f4

nCTEQ15 F124 This is wrong to the




Similar behavior as compared to other groups

Carbon PDF Ratios to NCTEQ15-HIX (Q = 2 GeV)
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We spent a long time trying to address very-high x
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approach: J.,7 a
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One way to address Fermi-smearing

A
£, OD) — 1" (x,, Q) = fi(%, 2 FA(a)dar

v X1
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One way to address Fermi-smearing

A

£, 0) = f1¥(x,, 02) = ﬁ(%, 02)FA(a)da

dxl

IS computational expensive... but we developed a “trick”

1.3

—— Smeared [S ® f(x)]/f(x)
—— Rescaled f(x’)/f(x)

Instead of calling

f(x, Q%), rescale
x—=x'=x—ex"log A




Rescaling works quite well but
Issues of A-dependence remain

Fit only to black points and rescale resulting PDFs to check quality at high-x
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Future work of overhauling A-dependence

(A
xflP/A(x, Qp) ~ ay (A) XA (1 = )i pas (A (1 + e“4,i(A)x)a5’l( )

\

a; (A) = p;; +m; (1 — A7)

his is pretty inconvenient to think about when
comparing free proton PDFs to "moditied” PDFs.
(follow-up work on changing parameterization)

i~ +c) f

Il =u,d, U+ d),dli, s, g

j = 1{0...5) .



