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The Structure of the Nucleon
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Overview

* Motivation for inclusive physics program using polarized 3He
 Neutron spin-structure functions

 Extraction of Q2 dependence of twist-3 contribution to g»3He (g2n)
 Measurement of the virtual photon Ai3He(x) (A1n(x))
« Summary and Outlook



Inclusive (DIS) Electron Scattering
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Polarized structure functions: < 40 years of studies
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Extraction of Spin Structure Functions

Electron scattering asymmetries: T 1 = spin direction of beam
particles (electrons)
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Moments of Polarized

Transition from Non-perturbative to Perturbative QCD
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The Inclusive Nucleon Spin-Structure Function go

* No simple interpretation in quark parton model

» Related to the transverse spin structure function g (x, 0?) = g (x, 0?) + 2-(x, 0?)

* Can cleanly remove twist-2 contribution — probe quark-gluon correlations



The Inclusive Nucleon Spin-Structure Function go

twist-2 twist-2 o ﬁq (chiral-odd) twist-3

1 1
r(+1) + N( + 5) — 7#(0) + N( — 5)

1 dy ,
gZVVW(xa QZ) — = gl(xa QZ) T J Tgl(y9 Q )

82()59 Q2) — gzvvw(xa QZ) T §2(x9 QZ) dy 0 mq

!
_ n_ | &9 2 2
gr(x, Q°) = L o M/hl(y’Q )+§},Q )

“transversity” “quark-gluon correlation”



g2, d2, and Color Forces

: 9) 1 9) | My | He | | M2 He
Operator product expansion: 1(Q7) = [ g(x, Q)dx =, +—+—+... = jir ~(a,+4d)+41) + 0(—4)
0 Q- 0 90 Q
H> = determined by combination of singlet, triplet, and octet axial charges
| S
a,(0?) =J x°g1(x, 0%)dx twist-2 g
0 C
1 1 E< =
dz(Qz) = 3J x2[2g1(x, Q2) + 3g,(x, Qz)]dx = 3J ngz(x, Qz)dx twist-3 ( >
i ’ (PS|y'gBay| PS) = 1zM*S
_90% [ ) a,(0%) ) T -
J(Q) = M( g1(x, Q)dx —Mz) T4 d,(07) (PS|w'a X gEy|PS) = yzM~S
0

. M? M (4d, +2f) Q2 Fen Fan
ESTT AT T T 3 (GeV?) (MeV/fm) (MeV/fm)
M? M? (4d, — 1) 321  -26.17+1.325tat229.35sys  44.99+2 .4354a1+29.43sys
2 2
Fp=——xp=—
2 2 3
4.43 -29.12+1 .385tati29.34sys 30.69i2.55stati29.405ys

M. Burkardt, Phys. Rev. D 88, 114502 (2013)

E. Stein et al., Phys. Lett. B 353, 107 (1995)

X. Ji. arXiv-ph/9510362 (1995) 9 M. Posik et al., Phys. Rev. Lett. 113, 022002 (2014)



World Data and Predictions: d2n(Q?)
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Measure gi1", g2" over Large Range in x

Parameter
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e- beam

Polarized Helium-3 Target

Method: Hybrid Spin Exchange Optical Pumping
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3He Target Polarization Interpolation with Time for Each Run
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Extraction of Unpolarized Cross Sections
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x2-Weighted g23He Data
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E12-06-121: Preliminary

® No radiative corrections applied

e Statistical uncertainties only

World data for Q2 ~ 3, 5 GeV2 + E97-103 data

Dashed curves: (NNPDFpol)
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Analysis: J. Chen, William & Mary, (2024)
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Virtual Photon Asymmetry A1 at Large Xs;
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Extraction of nucleon asymmetries:
* nuclear effects

e proton: use previously measured data
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M. Chen, PhD thesis, University of Virginia (2023)
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Preliminary As3He Data without DIS Cut
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Summary and Outlook

 Measured successfully d23He(x) (d2n(x)) at three different Q2, keeping Q2 constant over
a large range in X (~0.4 < x < ~0.9).

* Extended measurements of virtual photon asymmetry A13He(x) (A1"(x)) from x ~ 0.6 to
x~0.9

e do" and Ai" experiments in final stages of analyses
* radiative corrections
e extraction of neutron properties from 3He (nuclear corrections)
» systematic uncertainties

* Final results are expected soon
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Elastic Asymmetries

Sign of the Asymmetries
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