Nuclear PDF Discussion

Outline and discussion points from nCTEQ perspective
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Motivation for nPDFs???

Make predictions for heavy 1on collisions at:
RHIC (Al, Au, Cu, U, ...)

LHC (pPb, PbPb)

Differentiate flavors of free-proton PDFs:
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Can our Framework adequately/accurately describe all phenomena 3

While in non-peripheral collisions between heavy ions the classification of centrality classes appears to
be robust, in proton-lead collisions at the Large Hadron Collider (LHC) the situation is far more
problematic. Whereas for both dijets and single jets the minimum bias results are well reproduced by
standard pQCD with nuclear modification of parton densities, the centrality-selected results show a
strong dependence on centrality that cannot be accommodated by the existing ideas on the impact
parameter dependence of nuclear parton densities. There is an ongoing discussion on the definition of

centrality in such asymmetric systems.
Nestor Armesto, Doga Can Gulhan, Jose Guilherme Milhano, arXiv:1502.02986

Can a “Nuclear Correction Factor” allow for all possible effects
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Data sets & cuts for nPDF fits

NC DIS & DY
SLAC E-139 & E-049

N = (D, Ag, Al, Au, Be,C, Ca, Fe, He) DIS Cuts:
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N = (D, Al, Be, C, Ca, Cu, Fe, Li, Pb, Sn, W) DSSZ: Q>1.0
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Mechanics of nPDFs S

1) Multiplicative nuclear correction factors (HKN, EPS, DSSZ)
A t
fzp/ (CEN?QO) — Ri(ZENaQO)A) fz‘free pre On(xNaQO)

... for example
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Nuclear PDFs: Complementary efforts in general agreement
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EPS09: Eskola, Paukkunen, Salgado
HKN: Hirai, Kumano, Nagai
R DSSZ.: deFlorian,Sassot,Zurita,Stratmann

Q) = 10GeV
Nuclear PDFs are more complex <19 CTidnlo — —nCTEQLS P
more DOF than Proton case I e —
more “issues’ to consider ¥
% g5l Nuclear vs Proton
more work to do ... Uncertainties
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Nuclear Corrections: Lead PDFs & Ratios to Proton
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Nuclear Corrections:

Lead PDFs & Ratios to Proton
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Nuclear Corrections: Compare Neutrino and Charged Lepton DIS 1!

Charged Lepton DIS
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Strange Quark: Impact on LHC ... W/Z correlation = M_ extraction 12
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p Pb > W/Z and Nuclear Corrections

Vector boson production in pPb & PbPb

A. Kusina, F. Lyonnet, D. B. Clark, E. Godat, T. Jezo,
K. Kovarik, F. I. Olness, I. Schienbein, J. Y. Yu,
arXiv:1610.02925 [nucl-th]
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p Pb > W/Z and Nuclear Corrections

HK

NO7 (NLO)
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A. Kusina, et al., arXiv:1610.02925 [nucl-th]
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o Correlations: Scan in “x” and flavor combinations
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Long ago in a galaxy far away ...
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Intrinsic Polarization of the High
Energy W-Boson Structure Functions*
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A High Energy Physics Division, Argonne
Neational Laboratory, Argonne, IL 604592

b Department of Physics and Astronomy,
University of Kansas, Lawrence, XS 66045

and

¢Department of Physics, Illinoia Institute of Technology, Chicago, IL 60616
ABSTRACT

We present several new issues to be incorporated into a consistent treatment
of high-energy transverse effective-W boson structure functions. The issues in-
clude the numerical importance of the proper choice of scale, and the ¢* evolution
of the boson structure functions in an Altarelli-Parisi framewoerk. We investigate
a novel effect of the V-A coupling which produces a sizable intrinsic polarization
of the W distributions. A preliminary estimate yields a left- to right-helicity
structure function ratio W} /Wh ~ 1 —21/(1— z) +21/(1 — z)2%. For z R 0.06,
there are two left-handed W™’s for every right-handed one in an unpolarized
proton. h—-——r;:“ 2y nil ] /{’. ;;,r,f,.» ada -

To appear in the proceedings of the 1986 Summer Study on the Physics of
the Superconducting Supercollider, Snowmass, Colorzdo, June 23-July 11, 1986;
edited by Rene Donaldson.

* This work was supported in part by the U.S. Department of Energy under contracts DE-
FG02-85ER-40214.A002 and DE-FG02-85ER-40235.
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Electroweak DOF in Proton
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Isospin Symmetry used to relate PDFs 19

9 Proton
oy ~
“New”
Photon .
PDFs Anti-
Proton
proton 9 neutron 5 Isospin terms are comparable
d (2) T (l) to NNLO QCD
Ul 3 d 3
U d QCD & EW Corrections

[/l/] [/l/] do NOT factorize
Y Y

A Review of Target Mass Corrections.

Ingo Schienbein et al,
J.Phys.G35:053101,2008.



Photon PDF using xFitter 20

Determination of the photon PDF from fits to recent ATLAS measurements
of high-mass Drell-Yan dilepton production at Vs=8 TeV

Fit photon PDF at Q, ry(x) = Ay B (1 — 58)07 (1+Dyx+ E, 5132)
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V. Bertone and S. Carrazza, arXiv:1606.07130.

NNPDF Collaboration, JHEP 04 (2015) 040

A. Manohar, P. Nason, G. P. Salam, and G. Zanderighi, arXiv:1607.04266.
L. A. Harland-Lang, V. A. Khoze, and M. G. Ryskin, Eur. Phys. J. C76 (2016)

The photon PDF from high-mass Drell Yan data at the LHC
F. Giuli, et al., xFitter Developers' team
arXiv:1701.08553 [hep-ph]



Impact of Photon PDF & QED Corrections

21

QED corrections to PDFs, Q% = 1000 GeV?
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UPC & nPDFs

Ultra-peripheral collisions Pb

b>RI1 + R2



Key ingredient: Gluon nPDF
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nPDF uncertainties & UPC Production 24
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Thoughts & Discussion Points

25

Nuclear & Proton PDFs;
Intimately connected
Flavor differentiation dependent on nuclear corrections

Nuclear Correction Factors;
Can new LHC data help here
Can W/Z rapidity correlations allow us to “scan” in x

Other 1ssues:
Kinematic cuts: Q, W dependence, extend to low scales

Where do we see breakdown of DLGAP, saturation, BFLK
Is our framework sufficiently general to accommodate ...

QED Dimension:
Photon PDF
Isospin violation

. what did we forget ...



Nuclear Correction Factor

E reweighted R, (EPS & CT)
W old A (EPS & CT)

b>R1 + R2

W/Z @ LHC w/ pPb &
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Auxiliary Reference Material



ManeParse

ManeParse
Data Files Outputs
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Examples: |
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Up Quark Evolution in Q
D8R @\ Compare PDFs at different energies
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Plot of Multiple Partons for a Single PDF

CT10 Ceniral Value at Q=1.5 GeV
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Examples: I

MomentumFraction

100¢

Full sets of PDFs inside Mathematica

Easy to manipulate
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