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• Free-field expansion of the QCD angular momentum: 

• Jaffe-Manohar sum rule:

Naive sum rule for proton spin
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FIG. 5: 90% C.L. areas in the plane spanned by the truncated
moments of ∆g computed for 0.05 ≤ x ≤ 1 and 0.001 ≤ x ≤
0.05 at Q2 = 10GeV2. Results for DSSV, DSSV*, and our
new analysis, with the symbols corresponding the respective
values of each central fit, are shown.

very limited information on ∆g is also available from
scaling violations of the DIS structure function g1 which
is, of course, fully included in our global QCD analy-
sis. Overall, the constraints on ∆g(x) in, say, the regime
0.001 ≤ x ≤ 0.05 are much weaker than those in the
RHIC region, as can be inferred from Fig. 1. Very little
contribution to ∆G is expected to come from x > 0.2.

Figure 5 shows our estimates for the 90% C.L. area
in the plane spanned by the truncated moments of ∆g
calculated in 0.05 ≤ x ≤ 1 and 0.001 ≤ x ≤ 0.05
for Q2 = 10GeV2. Results are presented both for the
DSSV* and our new fit. The symbols in Fig. 5 denote
the actual values for the best fits in the DSSV, DSSV*,
and the present analyses. We note that for our new cen-
tral fit the combined integral

∫ 1

0.001
dx∆g(x,Q2) accounts

for over 90% of the full ∆G at Q2 = 10GeV2. Not sur-
prisingly, the main improvement in our new analysis is to
shrink the allowed area in the horizontal direction, corre-
sponding to the much better determination of ∆g(x) in
range 0.05 ≤ x ≤ 0.2 by the 2009 RHIC data. Evidently,
the uncertainty in the smaller-x range is still very signif-
icant, and better small-x probes are badly needed. Data
from the 2013 RHIC run at

√
s = 510GeV may help

here a bit. In the future, an Electron Ion Collider would
provide the missing information, thanks to its large kine-
matic reach in x and Q2 [19].

Conclusions and outlook.— We have presented a new
global analysis of helicity parton distributions, taking
into account new and updated experimental results. In
particular, we have investigated the impact of the new
data on ALL in jet and π0 production from RHIC’s 2009
run. For the first time, we find that the jet data clearly

imply a polarization of gluons in the proton at interme-
diate momentum scales, in the region of momentum frac-
tions accessible at RHIC. This constitutes a new ingre-
dient to our picture of the nucleon. While it is too early
to draw any reliable conclusions on the full gluon spin
contribution to the proton spin, our analysis clearly sug-
gests that gluons could contribute significantly after all.
This in turn also sheds a new light on the possible size of
orbital angular momenta of quarks and gluons. We hope
that future experimental studies, as well as lattice-QCD
computations that now appear feasible [20], will provide
further information on ∆g(x) and eventually clarify its
role for the proton spin. We plan to present a full new
global analysis with details on all polarized parton dis-
tributions once the 2009 RHIC data have become final
and additional information on the quark and antiquark
helicity distributions, in particular from final data on W
boson production at RHIC, has become available. Also,
on the theoretical side, a new study of pion and kaon
fragmentation functions should precede the next global
analysis of polarized parton distributions.
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• Gauge dependent but with simple parton picture; 

• : Best constraints given by RHIC polarized pp 
scattering data for 0.05<x<0.2; 

• : twist-3 observables, no 
experimental result so far.
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De Florian, Sassot, Stratmann and 
Vogelsang, Phys.Rev.Lett. 113 (2014)



• Method to calculate in large-momentum effective theory 
(LaMET):

The gluon helicity ΔG

ΔG̃(Pz, μ) = ⟨PS | ⃗E × ⃗A |PS⟩ ⃗∇⋅ ⃗A =0
ΔG̃(Pz, μ) = Zgg(Pz /μ)ΔG(μ) + Zgq(Pz /μ)ΔΣ(μ) + . . . ,

X. Ji, J.-H. Zhang, and YZ, Phys. Rev. Lett. 111 (2013); 
Y. Hatta, Ji and YZ, Phys.Rev.D 89 (2014).

?

First lattice calculation

Y.-B. Yang, K.-F. Liu, YZ, et al. ( QCD 
Collaboration), Phys. Rev. Lett. 118 (2017)

χ

ΔG(Q2 =10 GeV2) = 0.251(47)(16)
Agrees with truncated first moment of 

 within Δg(x) [0.05, 0.2]
Outlook: 
• Lattice renormalization; 
• Higher-order perturbative matching; 
• Exploration of other operator choices to seek 

faster convergence to ; 

• Calculating  and obtain its first moment.Δg(x)

Other choices: , Az = 0 A0 = 0



• Methods have been proposed to calculate with LaMET: 

• Perturbative matching: 

• Systematic corrections in lattice calculations: 
• Lattice renormalization; 
• Mixing with other twist-3 observables in renormalization and matching; 
• Comparison with the derivative method that starts from staple-shaped 

Wilson-line quark bilinear correlators (for Wigner distribution) (M. 
Engelhardt, Phys.Rev.D 95 (2017)).

Parton Orbital Angular Momentum

l̃z
q(2Sz) = lim

Δ→0
ϵij ∂

∂iΔi
⟨P′ S |ψ†(0)i∂ jψ(0) |PS⟩

⃗∇⋅ ⃗A =0
YZ, Liu and Yang, Phys.Rev.D 93 (2016); 
Ji, Zhang and YZ, Phys.Lett.B 743 (2015).
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• Comparison with the orbital angular momentum in the 
gauge-invariant, frame-independent sum rule (Ji, 
Phys.Rev.Lett. 78 (1997)): 

Related to the moment of twist-2 GPDs. 

• Experimental measurement from twist-3 GPD or Wigner 
distributions: 

• Identify the experimental observables in hard exclusive 
processes; 

• Evolution of and higher-order corrections to the cross section; 

• Extraction from the cross section data.

Parton Orbital Angular Momentum
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