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Introduction

Divide discussion into: 
• Hadron Structure 
• Algorithms/machines 
• Weak Matrix elements 
• (Spectroscopy) 
• (BSM) 



Hadron Structure



Muon g-2
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The anomalous magnetic moment of the muon

aµ: Experiment vs. Theory

I measured and calculated very precisely �! test of the Standard Model

I experiment: polarized muons in a magnetic field [Bennet et al., Phys.Rev. D73, 072003 (2006)]

aµ = 11659209.1(5.4)(3.3) ⇥ 10�10

I Standard Model
em (11658471.895 ± 0.008) ⇥ 10�10

[Kinoshita et al., Phys.Rev.Lett. 109, 111808 (2012)]

weak (15.36 ± 0.10) ⇥ 10�10
[Gnendinger et al., Phys.Rev. D88, 053005 (2013)]

HVP (693.26 ± 2.46) ⇥ 10�10
[Keshavarzi et al., Phys. Rev. D97 114025 (2018)]

HVP(↵3) (�9.84 ± 0.06) ⇥ 10�10
[Hagiwara et al., J.Phys. G38, 085003 (2011)]

LbL (10.5 ± 2.6) ⇥ 10�10
[Prades et al.,Adv.Ser.Direct.High Energy Phys. 20, 303 (2009)]

I Comparison of theory and experiment: 3.8� deviation

�aµ = aexpµ � aSMµ = 27.9(6.3)Exp(3.6)SM ⇥ 10�10

required precision to match upcoming experiments �ahvpµ . 0.2% �alblµ . 10%

�ahvpµ

target . 0.2%
current R-ratio ⇡ 0.5%
current lattice ⇡ 2 � 3%
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g-2 - II
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g-2 - III

• Dominated by 2-pion at large t.
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g-2 - IV

!7



Wilson Award
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�

QED + QCD



Wilson Award - II
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Nucleon Structure - Charges
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Tanmoy Bhattacharya

Andre Walker-Loud

c.f. Wally M 
and Nobuo



Flavor-separated
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Nucleon - Form Factors
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Isovector

z-expansion parametrization?

Tanmoy Bhattacharya



Nucleon Charge Radius
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Jason Chang

Moment methods
C. Bouchard, KO, DGR

Description of finite-volume contributions

Plateau in slope



Axial-Vector Form Factor

!14

Tanmoy Bhattacharya

Oliver Baer



PDFs
• Topic close to my heart… ….many references to Karpie et al
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Yong Zhao



PDFs - II
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Nikhil Karthik

I would move it!



PDFs - III
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Need to reach high momenta



Does it make sense?
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Solution of inverse problem
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Paradigm

�n(!, ⇠
2, P 2) =

X

a

Z 1

�1

dx

x
fa(x, µ

2)Ka
n(x!, ⇠

2, x2P 2, µ2) +O(⇠2⇤2
QCD)

Calculated in perturbation 
theory (“process dependent”)Parton Distribution 

function

Calculated in 
LQCD

Short distance scale



Pion PDF - I
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C. Shugert
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Pion PDF - II

C. Shugert

Ioffe-time moments



Hadronic Tensor
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� J.Liang



Hadronic Tensor - II
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Relevant for DUNE?



Scaling and higher twist…
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EicC
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Computing
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Kate Clark
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Supercomputing in China
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M. Xiang-Fei



Theoretical Developments,Quantum Computing…



Tensor Networks
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S. Takeda
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Tensor Networks - II

S. Akiyama

4D Ising Model
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K. Jansen
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Opening Talk!
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Many plenary on spectroscopy + NN 
• Wagman - hadron interactions 
• Rusetsky - 3 particles on the lattice 
• Gongyo - NN interactions (HALQCD) 
• Francis - Tetraquarks



Summary
• Can’t go to everything, so a lot of topics I haven’t 

covered… 
– Finite-temperature 
– Weak matrix elements 
– Spectroscopy and NN interactions - lot of plenary 

talks…. 
– BSM  

• Hadron Structure Parallel Session 
• Lots of references to JLab, both for spectroscopy and 

structure 
– But others are adopting our methods….. 

Projected calculations with  
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