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Gauge & Fermion Actions
Symanzik improved gauge action:

c0 = 5/3, c1 = − 1/12
Stout Link Non-perturbative Clover (SLiNC) fermion action

[R. Horsley et al. PRD78 (2008) 054504]



QCDSF ensemble landscape
Physics 

All ensembles are utilised mostly for hadron physics, e.g. spectrum and structure 

Generation 
Algorithm: HMC (2) + Rational HMC (1) 
Code: BQCD [EPJ Web Conf. 175 (2018) 14011] 
Running on: 

JUWELS (Jülich, Germany) 
CSD3 (Cambridge, UK) 
Tursa (Edinburgh, UK) 
NHR@ZIB and NHR-NORD@Göttingen (Germany)



QCDSF ensemble landscape

QCD+QED ensembles exist

Future lattices

21/46

Analysis

Clover action comprises the tree-level Symanzik improved gluon
action together with a stout smeared fermion action, modified for
the use of the FH technique.

Rose Smail
Constraining Beyond The Standard Model Nucleon Isovector Charges

Currently thermalising/generating 

➤  

➤  

➤  

Using BQCD [EPJ Web Conf. 175 (2018) 14011] 

on 

➤ JUWELS (Jülich, Germany) 

➤ CSD3 (Cambridge, UK) 

➤ Tursa (Edinburgh, UK)

643 × 96, a = (0.068,0.052) fm, mπ = (220,270) MeV

803 × 114, a = 0.068 fm, mπ = 150 MeV

963 × 128, a = 0.052 fm, mπ = 140 MeV

(completed - early 2024)

(still thermalising)

(thermalised + O(50) trajectories)

β 5.405.505.655.805.95

on-going

𝒪(103) traj .𝒪(500) traj .

a 0.0820.0740.0680.0590.052 fm

thermalised +  trajectories𝒪(50) still thermalising

QCD+QED ensembles exist



Data management & Sharing
Management 

Data project on Jülich houses some configurations 
, and  are already on the ILDG, although accessing them is non-trivial 
 configs are 11 GB each, goal:  trajectories 
 configs are 22 GB each, goal:  trajectories 

Configs are in ILDG format 
Metadata compliant with ILDG scheme 

Sharing 
Please contact the collaboration before using available the configurations 
Generated configurations will be made available upon request pending collaboration’s 
confirmation  
New collaborative projects welcome

323 × 64 483 × 64
803 × 112 𝒪(500)
963 × 128 𝒪(500)



Backup



Quark mass tuning
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[W. Bietenholz et al. PRD84, 054509 (2011)]



Scale setting
Consider the flavour singlet quantities, 

e.g., , and  

In the SU(3) flavour symmetry breaking expansion,

 
the approach to the physical point along the const. line is 
constant up to quadratic effects 
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[W. Bietenholz et al. PRD84, 054509 (2011)]



Scale setting
Determine the scale by, 

 

where the quantity  
may be hadronic or flow 
scales 

Xlat
S = aSXexp

S

S

S = π, ρ, N, Δ, t0, w0

constant fit

[V.G. Bornyakov et al. (QCDSF–UKQCD Collaboration)  
PLB 767 (2017) 366-373]



Lattice QCD+QED setup
SU(3)f symmetric point? 

QCD: trivial — input 
+QED: with 

Define the “Dashen Scheme” 
Tune quark masses to SU(3)sym point via 

n : 0 
d : -1/3 
u : +2/3 

Nf =1+1+1 O(a)-improved Clover (“SLiNC”)  
Tree-level Symanzik gluon action 
Non-compact QED with αQED = 0.1

mR
u = mR

d = mR
samu = amd = ams

Qu = +
2

3
, Qd = Qs = �1

3
amu = amd = ams mR

u 6= mR
d = mR

s

muū
⇡ = mdd̄

⇡ = mss̄
⇡

mdd̄
⇡ = 409(1) MeV

mnn̄
⇡ = 408(3) MeV

muū
⇡ = 407(3) MeV

V=323x64, a=0.068fm

gauge-fixing of Uno & Hayakawa (2008) 
— on valence quarks


