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How well do we know the gluon polarization in the proton?

Y. Zhou, N. Sato, and W. Melnitchouk (Jefferson Lab Angular Momentum (JAM) Collaboration)
Phys. Rev. D 105, 074022 — Published 25 April 2022
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Updates on gluon helicity



What do we mean by positivity?
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Are the negative solutions non-sense? ()

Positivity and renormalization of parton densities

John Collins, Ted C. Rogers, and Nobuo Sato |::> pdfs can be negative
at low scales

Phys. Rev. D 105, 076010 — Published 14 April 2022

e [For BSM searches at LHC, negative pdfs
leads to negative cross sections in some
observables at extreme regions of phase
- need positive pdfs

e For MCEGs, one needs to initiate the markov
chain by sampling parton momentum fractions
- need positive pdfs

e Exploration of origin of proton spin
- do need positive pdfs?

Negative cross sections are non-sense
- true for helicity dependent cross sections

Does negative gluon hpdf violate this?
what does the data tell us?
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e Negative qg subchannel is
admissible by data

e The gg channel can be large and
positive at the expense of
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Measurement of charged pion double spin asymmetries at midrapidity in °u' .
longitudinally polarized p + p collisions at 1/s = 510 GeV ‘E] 0.0 0.00

PHENIX Collaboration - U.A. Acharya (Georgia State U.) et al. (Apr 6, 2020)
Published in: Phys.Rev.D 102 (2020) 3, 032001 - e-Print: 2004.02681 [hep-ex]
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Charged-pion cross sections and double-helicity asymmetries in polarized p+p

o o OIS
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PHENIX Collaboration - A. Adare (Colorado U.) et al. (Sep 5, 2014) —5
Published in: Phys.Rev.D 91 (2015) 3, 032001 - e-Print: 1409.1907 [hep-ex] =
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The PHENIX experiment at the Relativistic Heavy Ion Collider has measured the longitudinal
double spin asymmetries, Arr, for charged pions at midrapidity (|n| < 0.35) in longitudinally
polarized p+p collisions at y/s = 510 GeV. These measurements are sensitive to the gluon spin
contribution to the total spin of the proton in the parton momentum fraction x range between 0.04
and 0.09. One can infer the sign of the gluon polarization from the ordering of pion asymmetries with
charge alone. The asymmetries are found to be consistent with global quantum-chromodynamics fits
of deep-inelastic scattering and data at y/s = 200 GeV, which show a nonzero positive contribution
of gluon spin to the proton spin.




Measurement of Direct-Photon Cross Section and Double-Helicity F'. Inclusive direct photon cross section (@) 1oL+ 1sotated direct photon cross section (]
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The two dashed curves in Fig. 2 come from the global
o analysis of the JAM Collaboration [15, 16]. They found
= &5 there are two distinct sets of solutions for the polarized
_0 02_ ...... OPHENIXData:": gluon PDF, Ag, which differ in sign. Even though the
) . —— DSSV14 with DSSV,,. uncertainty solutions with Ag < 0 violate the positivity assump-
L ---- JAM22 Ag > 0 with JAM__ uncertainty tion, |Ag| < g, all previous data cannot exclude those
| ) MC. ) solutions due to the mixed contributions from quark-
0.04L I IAM22 Ag <O with JAM, _uncertainty| gluon and ghuon-ghuon interactions. However, the dircct-
V. T T T photon Ar; comes mainly from the quark-gluon inter-
5 1 O 15 20 actions and has x? = 4.7 and 12.6 for 7 data points for

the Ag > 0 and Ag < 0 solutions, respectively, with

p [G eV / C] the difference of 7.9 between x? values implying that the
T negative solution is disfavored at more than 2.80 level.




Toward the determination of the gluon helicity distribution in the nucleon from
lattice quantum chromodynamics

HadStruc Collaboration - Colin Egerer (Jefferson Lab) et al. (Jul 18, 2022)
Published in: Phys.Rev.D 106 (2022) 9, 094511 - e-Print: 2207.08733 [hep-lat]
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Constraints from LQCD



Constraints from LQCD
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Constraints from LQCD
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Karpie et al, JAM+HadStruc (in preparation)
Before LQCD After LQCD

> The error bars only includ
diagonal parts of cov matrix

> Offdiagonal entries
weakens the constraints

> LQCD data does not
remove entirely the negative
solutions

> LQCD prefers to less
violation of positivity




So, whats next?

New Al/ML

observables techniques
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The RHIC Cold QCD Program

DSAS in duets White Paper ‘23
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P l l | . h T S' D l S Accessing gluon polarization with high- Py hadrons in SIDIS
o b ' g p R.M. Whitehill (Wichita State U.), Yiyu Zhou (South China Normal U. and UCLA), N.
Sato (Jefferson Lab), W. Melnitchouk (Jefferson Lab and Adelaide U., Sch. Chem. Phys.)
Oct 21, 2022
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Bottom line: sign of gluon polarization
might be resolved empirically with pol SIDIS
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Summary

e Empirical determination of gluon —
polarization at high x is still evolving and o4l =loGe
more studies/more data is needed

Before LQCD

Synergistic activities with LQCD is paving _
new opportunities for parton physics (eg. N =
tensor charge, pion ) e ;
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