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Why the HVP contribution?  [WP25: arXiv:2505.21476]
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>98% of the error!
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The Hadronic Vacuum Polarization

Relevant diagrams at NLO and NNLO:

The key ingredient is the spectral density of the HVP:

with

Dispersive approach Lattice TMR approach

● Dispersive approach: ● Lattice TMR approach:

Relates          to    
cross-sections via optical theorem
(or to hadronic τ decay)

Relates           to vector-vector   
Euclidean correlation functions

Currently, two theoretical approaches to compute it:

7



S. Bacchio – Muon HVP from Lattice QCD – EINN – Paphos – 28/10/25           /30

From Anomaly to Agreement
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Results in WP25

[Sz. Borsanyi et al., 2020]
● BMW20: first precise lattice QCD calculation
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Ingredients for high-precision Lattice QCD results

● (Pre-)Exascale computing:    EuroHPC-JU is the largest pan-European initiative dedicated to funding HPC resources.
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Ingredients for high-precision Lattice QCD results

● (Pre-)Exascale computing:    EuroHPC-JU is the largest pan-European initiative dedicated to funding HPC resources.

● Reach sub-percent precision:    through the combination of cutting-edge HPC infrastructure and novel algorithms.

Gain 1: Multigrid methods
employed for computing quark 
propagators achieved up to 

100× speed-up for light quarks.

Gain 2: Increased computational 
resources allow to simulate larger 
ensembles and higher statistics

Gain 3: Deflation of low-modes 
allows to reach larger distance
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Ingredients for high-precision Lattice QCD results

Added Lattice    
Spacing

● (Pre-)Exascale computing:    EuroHPC-JU is the largest pan-European initiative dedicated to funding HPC resources.

● Reach sub-percent precision:    through the combination of cutting-edge HPC infrastructure and novel algorithms.

● Reach sub-percent accuracy:    comprehensive set of ensembles enables full control of systematic effects.

✔

 !

✔ : Simulations directly at 
physical parameters

 ! : Finite-size effects exp- 
onentially suppressed

: Inevitable extrapolation!!!

!!
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Ingredients for high-precision Lattice QCD results

● (Pre-)Exascale computing:    EuroHPC-JU is the largest pan-European initiative dedicated to funding HPC resources.

● Reach sub-percent precision:    through the combination of cutting-edge HPC infrastructure and novel algorithms.

● Reach sub-percent accuracy:    comprehensive set of ensembles enables full control of systematic effects.

● Independent calculations for robust final results:    thanks to the collective effort of many collaborations.

arXiv:2505.21476

WP20
WP25

Lattice

Data driven

EXP

All statistically independent results,
but with over-estimated / conservative 
systematic uncertainties!
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Τhe anatomy for the Lattice QCD calculation
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Excited-state
contributions

Ground-state dominance

Loss of signal

The correlation function between two electromagnetic currents:

Key tool: Euclidean correlation functions

Exponential 
suppression!

Key Challenge:
● Exponential growth of 

the noise with distance

f

f’f

Connected

Disconnected
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Key technique: Low-Mode Averaging (LMA)

Concept: Low-modes dominate at large distance in correlation functions!

IR-dominated

UV-dominated

Quark
Propagator

IR contribution UV contribution

Computed StochasticallyComputed Exactly

● In the correlation function computed stochastically, 
we replace the IR part with an exact knowledge of it
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Key technique: Low-Mode Averaging (LMA)

Concept: Low-modes dominate at large distance in correlation functions!

Quark
Propagator

IR contribution UV contribution

Computed StochasticallyComputed Exactly

● In the correlation function computed stochastically, 
we replace the IR part with an exact knowledge of it

Equivalent to 
13x statistics!

[Poster by C. Schneider, Tue. eve.]
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From correlator to HVP contribution

Exponential decay

Numerically integrated
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From correlator to HVP contribution

Any further signal 
included in the error

Taking the continuum limit reduces the parametrization systematic below other uncertainties.

Numerically integrated
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Beyond Muon g-2: Windows observables [RBC/UKQCD]
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➢ Each window observable can be compared 
directly between lattice QCD and data-driven
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Beyond Muon g-2: … with isoscalar (I=0) and isovector (I=1)

22

Confirmation that the two-pion channel is the main source of discrepancy
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Beyond Muon g-2: Energy-smeared R-ratio

Deviation
[arXiv:2212.08467]

Direct comparison with dispersive approaches energy-by-energy

Upcoming result with new data
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Other opportunities with current-current correlators

Inclusive semileptonic τ decay and determination of |Vus|

x

W

Hadronic tensor

[arXiv:2308.03125, arXiv:2403.05404]
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Conclusions

Results in WP25

Resolving the (g-2)μ puzzle was on of the recent 
greatest achievement of Lattice QCD, coming 
with many opportunities.

Credits:

● BMW: First high-precision calculation
● RBC/UKQCD: Windows observables

From (g-2)μ to dispersive vs lattice results:

● Windows comparisons
● Isovector vs isoscalar
● Energy smeared R-ratio

And many other opportunities on the same data
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Question: Can we do better?

Can we bring it to           ?

1st source of 
uncertainty

5x reduction of the error…

One more results coming
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Question: Can we do better?

2st source of 
uncertainty

Goal: 10 fm

Current reference size 
              [5.5,6.5] fm

[arXiv:2411.05413]

~8x the volume
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Question: Can we do better?

Main source
of systematics?

BMW is currently the only collaboration to have 
computed all contributions within the same framework.
Remarkably, they cancel—but what if they didn’t?

Difficulty level
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Answer: Yes, we can!

Can we bring it to           ?

Results in WP25

Nothing prevents Lattice QCD from 
reaching experimental precision.

It’s only a matter of time, resources, 
and interest.

Lattice QCD is a systematically 
improvable framework!
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Answer: Yes, we can!

Can we bring it to           ?

ThaƑƨ yoƲ ƉoƯ 
yoƘƕ atteƑtiƬn!
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Nothing prevents Lattice QCD from 
reaching experimental precision.

It’s only a matter of time, resources, 
and interest.

Lattice QCD is a systematically 
improvable framework!
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