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Meson light-cone distribution amplitudes 
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Light meson LCDAs are also the simplest quantities among parton distributions.

Therefore, LCDAs provide a good laboratory to test the capability of lattice 
QCD in studying parton physics.

⚫ 𝜋 → 𝛾𝛾∗ Transition Factor

⚫ Deeply Virtual Meson Production

⚫ Heavy Meson Decay

⚫ Exclusive Photoproduction

⚫ ……

Meson light-cone distribution amplitudes (LCDAs) play 
an important role in hadron hard exclusive reactions 



Extract LCDAs on lattice
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LaMET(non-local operator): 

Calculate the quasi-DA on the lattice and match it to the LCDA through LaMET

factorization.

OPE(local operator): 

Calculate moments on lattice and reconstruct the LCDA.

Moments:



Previous results of LCDA

4/20

Tension of the DA moments in the literatures. 

Phys.Rev.Lett. 129 (2022) 13, 132001, Jun Hua et al.
Phys.Rev.Lett. 127 (2021) 6, 062002, Jun Hua et al.

LaMET: OPE(form RQCD):
J. High Energ. Phys. 2019, 65 (2019) Bali, G.S. et al.



Previous results of LCDA

5/20

OPE results form RQCD (on CLS ensembles)

J. High Energ. Phys. 2019, 65 (2019) Bali, G.S. et al.

𝝃𝟐 on physical point much larger than others

In order to make a better comparison, we calculate on MILC ensembles using 
OPE method.：



Moments form local operator
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➢ First moments:

➢ Second moments:

First moments of kaon on a12m130

Lattice Formulation:



Moments form local operator
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Lattice Set up:

1-step HYP-smeared clover fermion for the valence quark

MILC 2+1+1 (HISQ) 

Four lattice 
spacing

Finite volume

Physical pion 
mass



Moments form local operator
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➢ First moments:

➢ Second moments:

Partially quenchContinuous extrapolation

Extrapolation form for moments:



Moments form local operator
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• Higher precision compared with RQCD.

• Consistent with RQCD within 2𝝈 (except for 𝒂𝝅/𝑲
𝟐 )

More accurate pion mass dependence

Moments from MILC ensembles:



Moments benchmark for Quasi-DA
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Quasi-DA:

LCDA:

and perturbative matching
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Integral in momentum space  Derivative in coordinate space

Light-cone correlation (LCDA in coordinate space):

➢ Renormalization: 

Different renormalization schemes can lead to 
different long-distance behavior.

➢ Matching :

Large power corrections near x=0 and x=1

➢ 𝝀 Extrapolation and Fourier transformation :

The shape cthe model used in 𝝀 Extrapolation an 
depend on

➢ Renormalization:

Moments only depend on the short-distance 
behavior.

➢ Matching : 

Power corrections is small in short-distance

➢ 𝝀 Extrapolation and FT:

Without 𝝀 Extrapolation and FT

We can check the moments on coordinate space!

Moments benchmark for Quasi-DA



Moments benchmark with non-local operator
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Quasi correlation from 2pt

Self renormalization

Matching in coordinate space

Extract Light-Cone correlation on lattice:



Moments benchmark with non-local operator
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Gamma structure:  (dynamical enhance considered )

• 6 choices for each case to find the better choices

• Take the self renormalization from Wilson lines (to avoid zero-momentum matrix 

elements in some cases) 

Better Choices

: previous choices



Moments benchmark with non-local operator
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➢ The imaginary part show a 
excited state contamination

➢ Different gamma matrix can 
have very different Pz
dependence

Excited contamination and Pz dependence 
of DA on coordinate space:



Moments benchmark with non-local operator
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𝒂 → 𝟎,𝑷𝒛 → ∞ limit (kaon)

Extracted 𝒂𝟐 at fixed 𝒕 ≈ 𝟎. 𝟖𝐟𝐦,𝑷𝒛 → ∞, with different z(𝝀)

Source: 𝚪𝟏
Sink: 𝚪𝟐

Take 𝝀 = 𝟐

𝜆 → 0

However discreate effects ↑ 
at small z(𝝀) 

Second Moments: 

benchmark with 𝒂𝟐 by the curvature of real part of non-local quasi-DA in 
coordiante space

𝒕 dependence of 𝒂𝟐 using 𝝀 = 𝟐



Moments benchmark with non-local operator
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𝒂 → 𝟎,𝑷𝒛 → ∞ limit (kaon)

First Moments: 

Source: 𝚪𝟏
Sink: 𝚪𝟐 𝒕 dependence of 𝒂𝟏 using 𝝀 = 𝟐

𝚪𝟏 = 𝜸𝟓 suffer a large excited state 
contamination. 

𝚪𝟏 = 𝜸𝒕𝜸𝟓 or 𝜸𝟓𝜸𝒛 are better 
choices.

benchmark with 𝒂𝟏 by the slope of imaginary part of non-local quasi-DA in 
coordiante space



Moments benchmark with non-local operator
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Extract LCDA on lattice:

bare correlation

self renormalization with Wilson line

coordinate space matching

extrapolation (𝒂, 𝑷𝒛) in coordinate space benchmark with OPE moments

large lambda extrapolation

FT to final results



Moments benchmark with non-local operator
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Final numerical results of pion DA in momentum space

𝒂𝟐,𝝅
𝐋𝐚𝐌𝐄𝐓,𝐢𝐧𝐭𝐠𝐫𝐚𝐥

= 𝟎. 𝟏𝟖𝟔(𝟒𝟔)

𝒂𝟐,𝝅
𝐎𝐏𝐄 = 𝟎. 𝟏𝟖𝟕(𝟏𝟓)

Consistent

Pion

Previous:

New:

𝒂𝟐,𝝅
𝐋𝐚𝐌𝐄𝐓,𝐢𝐧𝐭𝐠𝐫𝐚𝐥

= 𝟎. 𝟐𝟓𝟖(𝟕𝟎)(𝟓𝟐)

𝒂𝟐,𝝅
𝐎𝐏𝐄(𝐑𝐐𝐂𝐃)

= 𝟎. 𝟏𝟏𝟔−𝟐𝟎
+𝟏𝟗

𝒂𝟐,𝝅
𝐋𝐚𝐌𝐄𝐓,𝐝𝐞𝐫𝐯𝐢𝐚𝐭𝐢𝐯𝐞 = 𝟎. 𝟏𝟕𝟒(𝟔𝟐)



Moments form non-local operator
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Final numerical results of kaon DA in momentum space

𝒂𝟐,𝑲
𝐋𝐚𝐌𝐄𝐓,𝐢𝐧𝐭𝐞𝐠𝐫𝐚𝐥

= 𝟎. 𝟏𝟐𝟔(𝟏𝟏)

𝒂𝟐,𝑲
𝐎𝐏𝐄 = 𝟎. 𝟏𝟓𝟖(𝟏𝟒)

𝒂𝟏,𝑲
𝐋𝐚𝐌𝐄𝐓,,𝐢𝐧𝐭𝐞𝐠𝐫𝐚𝐥

= 𝟎. 𝟎𝟑𝟒(𝟐𝟔)

𝒂𝟏,𝑲
𝐎𝐏𝐄 = 𝟎. 𝟎𝟒𝟕𝟕(𝟐𝟑)

Kaon

Previous:

New:

𝒂𝟐,𝝅
𝐋𝐚𝐌𝐄𝐓,𝐝𝐞𝐫𝐯𝐢𝐚𝐭𝐢𝐯𝐞 = 𝟎. 𝟏𝟓𝟖(𝟑𝟖) 𝒂𝟏,𝑲

𝐋𝐚𝐌𝐄𝐓,,𝐢𝐧𝐭𝐞𝐠𝐫𝐚𝐥
= 𝟎. 𝟎𝟑𝟕(𝟏𝟎)

𝒂𝟐,𝑲
𝐋𝐚𝐌𝐄𝐓,𝐢𝐧𝐭𝐠𝐫𝐚𝐥

= 𝟎. 𝟏𝟕𝟎(𝟏𝟒)(𝟒𝟒)

𝒂𝟐,𝑲
𝐎𝐏𝐄(𝐑𝐐𝐂𝐃)

= 𝟎. 𝟏𝟎𝟔−𝟏𝟔
+𝟏𝟓

𝒂𝟏,𝑲
𝐋𝐚𝐌𝐄𝐓,𝐢𝐧𝐭𝐠𝐫𝐚𝐥

= 𝟎. 𝟏𝟎𝟖(𝟏𝟒)(𝟏𝟓)

𝒂𝟏,𝑲
𝐎𝐏𝐄(𝐑𝐐𝐂𝐃)

= 𝟎. 𝟎𝟓𝟐𝟓−𝟑𝟐
+𝟑𝟏

Consistent
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Summary

• We calculate the Pseudo scalar and Vector meson 1st and 2nd

moments with MILC ensembles

• With the benchmark of lower moments, we systemically control 
the excited  contamination and Pz dependence of Quasi-DA in    
coordinate space 

• With dynamic enhanced operator,  NNLO matching kernel, we 
update most precise light meson LCDAs

• Some tensions still exist in vector mesons due to possible 
heavier masses of 𝑲∗, 𝝓

 LRR & RGR may be tested, new extrapolation will be adopted in 
next step
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