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Precision Lattice Computations

Control of of finite-volume
effects (FVE)

Inclusion of isospin-breaking
effects (IBE)

QED regularisation
dependence
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…
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Challenge of QED in
finite volume: 

Gauss’ law constraint

Photon’s zero mode

• -conjugate fields at the boundary

• zero mode absent by construction

•

Setup with C* boundary conditions:

collaboration

openQxD codebase

Approaches:

…

[          ] S. Uno and M. Hayakawa, Prog Theor Phys 120, 413 (2008).
[          ] B. Lucini, A. Patella, A. Ramos, and N. Tantalo, J. High Energ. Phys. 2016, 76 (2016).
[           ] M.G. Endres, et. al., Phys. Rev. Lett. 117 (2016)
[          ] Di Carlo, et al., J. High Energ. Phys. 2025, 26 (2025).
[           ] X. Feng and L. Jin, Phys. Rev. D 100, 094509 (2019).

(https://gitlab.com/rcstar/openQxD)

https://gitlab.com/rcstar/openQxD


The Setup and Methodology: Rome 123

Isospin breaking effects via Rome 123 (RM123) method [G. M. De Divitiis, et. al., Phys. Rev. D 87, 114505 (2013)].

• Perturbatively add IBE onto isospin-symmetric QCD (isoQCD):
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[M. Bruno, T. Korzec, and S. Schaefer, Phys. Rev. D 95, 074504 (2017).,
The RCstar collaboration, J. High Energ. Phys. 2025, 158 (2025)]
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strong electromagneticisoQCD

• Observable expansion:
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mass:

effective mass: effective        : 



The Setup and Methodology: Ensembles

Three (four) ensembles with by the                collaboration [The RCstar collaboration, J. High Energ. Phys. 2023, 12 (2023)]:
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• C* B.C
• isoQCD (           ,                )
•
•
• equal bare parameters
•
•

A400                with 2000 configurations

AB400 with 512 configurations (preliminary)

B400                with 540 configurations

D400                with 709 configurations

(see also, https://rcstar.gitlab.io/ensembles )

https://rcstar.gitlab.io/ensembles
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Analytical Prediction of Finite-Volume Scaling

F.V. corrections to meson masses arise as a momentum sum-integral difference:
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set of discrete momenta in the 
FV QED formulation

particle self energy:

[e.g. M. Di Carlo, M. T. Hansen, A. Portelli, and N. Hermansson-Truedsson, Phys. Rev. D 105, 074509 (2022)]
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set of discrete momenta in the 
FV QED formulation

particle self energy:

QEDC Result:
NB: 

[B. Lucini, A. Patella, A. Ramos, and N. Tantalo, J. High Energ. Phys. 2016, 76 (2016)]

[e.g. M. Di Carlo, M. T. Hansen, A. Portelli, and N. Hermansson-Truedsson, Phys. Rev. D 105, 074509 (2022)]
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Masses Separated into Contributions
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strong electromagneticisoQCD

• Observable expansion:

1. Isospin breaking effects via Rome 123 (RM123) method [G. M. De Divitiis, et. al., Phys. Rev. D 87, 114505 (2013)].

• Perturbatively add IBE onto isospin-symmetric QCD (isoQCD):
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strong electromagneticisoQCD
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isoQCD component:

IBE component: 

two-parameter fit

sequential fit

Masses Separated into Contributions

[The RCstar collaboration, J. High Energ. Phys. 2023, 12 (2023)]
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Conclusions & Outlook

Summary:

• Numerically studied finite-volume effects to      mass in C* B.C.

• Separate the power-law scaling in the IBE from the exponential scaling.

• Consistent with analytical prediction (universal coefficients)

Next steps:

• HVP contribution to           with C* B.C. in QCD+QED

• à QCD: P. Tavella’s talk Tue, 16:30 (now)
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With AB400 Fitted

0.0 0.1 0.2 0.3 0.4 0.5 0.6

L 1 [fm 1]

406

408

410

412

414

m
Q
C
D
+
Q
E
D
[M

eV
]

QCD+QED

1 param fit (m1), theoretical c1, c2

0.0 0.1 0.2 0.3 0.4 0.5 0.6

L 1 [fm 1]

396

398

400

402

404

m
is
o
Q
C
D
[M

eV
]

isoQCD

2 param fit (misoQCD
1 , ⇠)

0.0 0.1 0.2 0.3 0.4 0.5 0.6

L 1 [fm 1]

10.50

10.75

11.00

11.25

11.50

11.75

12.00

12.25

12.50

�
m

IB
E
[M

eV
]

IBE only

2 param fit (�m1, m1), theoretical c1, c2

1 param fit (�m1), sequential misoQCD, theoretical c1, c2

27.07.26Organisationseinheit verbal 33



With AB400 Fitted

0.0 0.1 0.2 0.3 0.4 0.5 0.6

L 1 [fm 1]

406

408

410

412

414

m
Q
C
D
+
Q
E
D
[M

eV
]

QCD+QED

1 param fit (m1), theoretical c1, c2

0.0 0.1 0.2 0.3 0.4 0.5 0.6

L 1 [fm 1]

396

398

400

402

404

m
is
o
Q
C
D
[M

eV
]

isoQCD

2 param fit (misoQCD
1 , ⇠)

0.0 0.1 0.2 0.3 0.4 0.5 0.6

L 1 [fm 1]

10.50

10.75

11.00

11.25

11.50

11.75

12.00

12.25

12.50

�
m

IB
E
[M

eV
]

IBE only

2 param fit (�m1, m1), theoretical c1, c2

1 param fit (�m1), sequential misoQCD, theoretical c1, c2

27.07.26Organisationseinheit verbal 34



27.07.26Organisationseinheit verbal 35

The separation is scheme-dependent

à How do we know our scheme    
separates power-law corrections?   

à Pure QCD (           ) is sufficient   

Interlude: Rome 123 and the isoQCD     QCD+QED Separation



Subtracting the Universal Component
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subtracted universal 
component


