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A physical gauge decomposition
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Quark spin 
Anomalous Ward identity

Y.B. Yang et al., 𝛘QCD collaboration 
arXiv:1504.04052
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• Overlap valence quark on 2+1 Domain wall fermion configuration. 
• 483x96, a=0.112(3) fm, L~5.4fm, mπsea=140MeV. 
• 45 configurations with 1000 pairs low lying eigenvectors.

Quark spin 
Lattice setup

• 2pt: 12-12-12-32 diluted smear 
source, with the low mode 
substitution. 

• loop: 4-4-4-2 e/o diluted loop 
with 16 Z3 noises and the low 
mode average.
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The rescaled plot to show 
the signal. 

With the same statistics: 
• The axial case is noisy. 
• The PS case is much 

better due to the low 
mode average. 

The signal to noise ratio is 
another reason to use AWI 
to obtain the quark spin.

Quark spin 
The signal of DI



Quark spin  
The heavy quark case

a=0.112(3) fm, L~5.4fm, 
 mπv=300MeV, mπsea=140MeV

Obvious cancelation 
between the 2mP term 

and the topocharge term, 
the final heavy quark  

contribution consistent to  
zero.

The case with lighter 
 valence quark is still 

noisy.



Quark spin 
The light/strange quark case

a=0.112(3) fm, L~5.4fm, 
 mπv=300MeV, mπsea=140MeV

When the quark mass 
becomes lighter, 

the contribution from  
the 2mP term 

becomes smaller  
and final contribution   

is negative due to 
the topocharge term.



The global fit based on recent 
experimental data (2009 RHIC) shows 
evidence of nonzero polarization of 
gluon in the proton.

Carrying out integration of longitudinal 
momentum reduces to gauge invariant 
gluon spin operator

Glue spin 
The glue helicity

Florian et. al, arXiv:1404.4293

In the infinite momentum frame, it 
corresponds to the gluon helicity in 
the plot.

X. Ji et al.,Phys.Rev.Lett. 111, 112002 (2013)



Glue spin  
What is Aphys? 

X. -S. Chen et al., Phys. Rev. Lett. 103, 
062001 (2009).

X. Ji, J. H. Zhang and Y. Zhao
Phys.Rev.Lett. 111, 112002 (2013)



Glue spin  
How to obtain Aphys on the lattice? 



Glue spin  
The glue spin operator E⤬Aphys 
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• Overlap valence quark on 2+1 Domain wall fermion configuration. 

• 243x64, a=0.112(3) fm, L~2.7fm, mπsea=330MeV. 203 configurations with 
200 pairs low lying eigenvectors. 

• 323x64, a=0.084(2) fm, L~2.7fm, mπsea=300MeV. 304 configurations with 
300 pairs low lying eigenvectors. 

• 2pt: L/2-L/2-L/2-T/2 diluted smear source, loop over t, with the low mode 
substitution.  

• glue: clover operator based on HYP smeared configuration.

Glue Spin 
Lattice setup



Glue spin  
The chiral extrapolation 

The chiral 
dependences 

are mild.

a=0.112(3) fm, L~2.7fm, 
 mπv=330MeV, mπsea=330MeV



The continuum 
limit with the linear 

extrapolation
for the bare value 

at p=2GeV:
SG~0.13(3) 

Glue spin  
The preliminary bare result 



• The perturbative renormalization matching to the MS-bar in 
the continuum. 

    1. We have proven that all the calculation could be done under the 
coulomb gauge, while the iwasaki coulomb gauge fixed glue propagator is 
non-trivial. 
    2. The calculation on the HYP smeared configuration is hard to calculate 
by hand and requires numerical tools. 

• The matching and mixing from a finite momentum to the 
infinite momentum frame (has been performed in the one loop 
level). 

    The coefficients in the one loop level are large at 2 GeV. High order 
calculation would be required.

Glue spin  
Comments for the matching to IMF 



Summary
• The anomalous Ward identity provides a new way to 

obtain the renormalization free quark spin, while the 
calculation will be much more complicated than the direct 
calculation.

• 1.  The cancelation of the 2mP and the topocharge term has been 
confirmed on the 5.6 fm lattice.

• 2.   The final Di contribution would be large, more statistics is 
required.

• The glue spin in the finite momentum has been obtained 
at two lattice spacing, with the chiral extrapolation.

• 1.  The linear continuum extrapolation of the bare value at 2 GeV is
•       Δg~0.13(3) .
• 2.   The perturbative matching is ongoing.


