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๏ x dependence 

๏ t-dependence

the goal

GPDs from first-principle lattice QCD
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the way it was …
Huey-Wen Lin, Tuesday
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Huey-Wen Lin, Tuesday

momenta transfer:  
symmetric

๏ need a separate calculation for each  
๏ each calculation is costlier than asymmetric momenta transfer  

Δ2 = − t
2 ×

≡ Fs
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the way it was
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the way we wanted …
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momenta transfer:  
asymmetric

≡ Fa
0

๏ multiple  within a single calculation  
๏ each calculation is faster than symmetric frame

Δ2

2 ×

 faster access to t-dependence of GPD≳ 5 ×

the way we wanted
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the way it went …

 MeV,  fm, , twisted mass fermionsmπ = 260 a = 0.093 323 × 64 Nf = 2 + 1 + 1

 GeV,  GeV, Pz = 1.25 t ≃ − 0.67 ξ = 0
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frame-dependent power corrections 

the way it went
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the way it went wrong

symmetric asymmetric

Lorentz boost

transverse to  
Wilson line*

* Euclidean lattice: the operator must remain space-like
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frame-dependent 
power corrections 

h†

γ0

ū
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Lorentz covariant parameterization:
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Ai (z ⋅ P, z ⋅ Δ, Δ2, z2)8 Lorentz invariant amplitudes

≡ Fμ(z, P, Δ, S)
the new Lorentz invariant way …

P = (pi + pf )/2

Δ = pf − pi



ℋ = A1 + ( Δ ⋅ z
P ⋅ z ) A3
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the new Lorentz invariant way …

F+ = ū [γ+ℋ +
iσ+μΔμ

2m
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ℰ = − A1 − ( Δ ⋅ z
Δ ⋅ z ) A3 + 2A5 + 2 (P ⋅ z) A6 + 2 (Δ ⋅ z) A8
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From A’s to GPD, Lorentz invariant mapping:

frame-dependent mapping:

frame-dependent kinematic factors



ℋ = A1 + ( Δ ⋅ z
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the new Lorentz invariant way
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Δ ⋅ z ) A3 + 2A5 + 2 (P ⋅ z) A6 + 2 (Δ ⋅ z) A8
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the way it works …

 are frame independent*Ai

*  can be obtained in any frame from linear combinations of ’s 
with different proton polarizations 
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the way it works …

reduced frame-dependent power corrections in GPD matrix elements
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the way it works …

reduced frame-dependent power corrections in GPD
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the way it works …
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๏ faster:  faster access to t-dependence of GPD 

๏ accurate: reduces frame-dependent power corrections

≳ 5 ×

the new way established …

a novel Lorentz invariant formalism for lattice calculations of GPD

long way to go …

๏ can be naturally extended to other twist-2 and higher-twist GPDs, 
including for spin-0 hadrons


